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Abstract 

Background. Rectum-preservation for locally advanced rectal cancer 

(LARC) has been proposed as an alternative to total mesorectal excision (TME) in 

patients with major (mCR) or complete clinical response (cCR) after neoadjuvant 

therapy.  

Aim. The main objective of the study is to determine the rate of organ 

preservation and TME-free survival in a real world setting at 3, 5, 10-years in 

patients with primary rectal cancer treated with neoadjuvant therapy followed by 

Local excision (LE) or Watch-and-Wait). Secondary objectives are to determine the 

survival outcomes (OS, DFS, LDFS), the rate of stoma-free patients, the clinical- and 

tumour-related factors associated with pCR, the association between clinical and 

pathological response, the morbidity and mortality rates after local excision, the 

variability between centres with regard to treatment offered and associated 

results, to determine the ability of MRI after RT and/or CT to identify pCR, to assess 

the ability of texture analysis of the primary lesion in MRI images before and after 

RT and/or CT, and the impact on bowel function, faecal continence and QoL. 

Methods. This is a prospective, multicenter, observational registry study.  

The rectum-sparing approach will be considered clinically acceptable if the 

percentage rate of rectum preservation at two years, in patients treated with 

rectum-sparing, is not less than 50%. In a registry therefore placed at 50% the 

expected proportion of rectum-sparing, at 10% the width confidence interval and 

at 95% confidence level the total number of patients to be enrolled will be at least 

384 subjects. The main analysis will be assessment of rectum preservation at 3, 5 

and 10 years in patients with rectal cancer after neoadjuvant treatment by 

rectum-sparing approach. The percentage of rectum preservation will be 

estimated by the ratio between the number of patients with rectum preservation 

at 3, 5 and 10 years and the total number of patients who undergo a LE or WW 

and will be reported with the 95% confidence interval. 

Expected results. Based on our previous study, it is expected that more 

than 50% of patients undergoing local excision can retain their rectum 2 years 

after the start of treatment.    



 
 

Sommario  

Presupposti dello studio. I trattamenti conservativi in pazienti con 

carcinoma del retto localmente avanzato (LARC) con risposta clinica maggiore 

(mCR) o completa (cCR) dopo terapia neoadiuvante, sono stati proposti come 

alternativa all'escissione mesorettale totale (TME).  

Obiettivo. L'obiettivo principale dello studio è determinare il tasso di 

conservazione d’organo e la sopravvivenza libera da TME in un contesto reale a 3, 

5 e 10 anni in pazienti con tumore primario del retto trattati con terapia 

neoadiuvante seguita da escissione locale (LE) o Watch-and-Wait. Gli obiettivi 

secondari sono determinare gli esiti di sopravvivenza (OS, DFS, LDFS), il tasso dei 

pazienti senza stomia, i fattori clinici e tumorali associati alla pCR, la concordanza 

tra risposta clinica e patologica, la morbilità e mortalità dopo EL, la variabilità tra i 

centri per quanto riguarda il trattamento offerto e i risultati ottenuti, determinare 

la capacità della RM dopo la RT e/o la TC di identificare la pCR, valutare la capacità 

dell'analisi texture della neoplasia primitiva nelle immagini RMN prima e dopo RT 

e/o TC, l'impatto sulla funzione intestinale, sulla continenza fecale e sulla qualità 

di vita.  

Metodi. Questo è uno studio di registro prospettico, multicentrico e 

osservazionale. Un approccio rectum-sparing può essere considerato clinicamente 

accettabile se la frequenza percentuale di conservazione del retto a 2 anni, nei 

pazienti trattati con rectum-sparing, non è inferiore al 50%. Nell’ambito di un 

registro, quindi, posta al 50% la proporzione attesa di rectum-sparing, al 10% 

l’ampiezza dell’intervento di confidenza e a 95% il livello di confidenza il numero 

totale dei pazienti da arruolare sarà di almeno 384 soggetti.  L'analisi principale 

sarà la valutazione della conservazione del retto a 3, 5 e 10 anni nei pazienti con 

tumore del retto dopo trattamento neoadiuvante con approccio rectum-sparing. 

La percentuale di conservazione del retto sarà stimata dal rapporto tra il numero 

di pazienti con conservazione del retto a 3, 5 e 10 anni e il numero totale di pazienti 

sottoposti a LE o WW e sarà riportata con l'intervallo di confidenza del 95%. 

Risultati attesi. Sulla base del nostro studio precedente, si prevede che più 

del 50% dei pazienti sottoposti a escissione locale possa conservare il retto a 2 anni 

dall'inizio del trattamento. 
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Chapter 1 

Introduction 

 

1.1 Neoadjuvant therapy in rectal cancer 

Locally advanced rectal cancer (LARC) therapy aims to improve survival and 

patient-reported outcomes. The former essentially include overall survival (OS), 

disease-free survival (DFS) and local recurrence-free survival (LRFS), the latter 

include quality of life (QoL), faecal continence and bowel function. 

The multimodal approach, in particular neoadjuvant therapy, has been 

gaining ground, either according to the classic scheme of long-course pre-

operative chemoradiation therapy (CRT), or according to the scheme of short-

course radiotherapy (RT), followed by total mesorectal excision (TME) and 

adjuvant chemotherapy; the latter scheme is prevalent in northern Europe. These 

treatment schemes resulted in improved local disease control compared to TME 

alone(1) or surgery followed by postoperative CRT (2). With this strategy, the local 

recurrence rate decreased to 6% with an estimated 5- and 10-year survival of 75 

and 60%, respectively (2,3). 

In the most recent version of the National Comprehensive Cancer Network 

guidelines (4) for LARC patients, the chemotherapy regimen associated with long-

course RT includes either Capecitabine or 5-Fluorouracil (5-FU) infusion therapy, 

while adjuvant chemotherapy is usually given as FOLFOX6 (Oxaliplatin IV, 

Leucovorin and 5-FU in continuous infusion) for 6 months or CAPOX (Oxaliplatin 

IV and Capecitabine) for a total of 6 months (4). The administration of 

chemotherapy before starting CRT it is also acceptable regarding the same 

guidelines. This approach is called total neoadjuvant therapy (TNT) as all 

chemotherapy, both sensitising and systemic, is delivered prior to surgery. Within 

TNT, two treatment algorithms have emerged: 
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“Induction chemotherapy”. The first studies date back to 2006 (5–10). The 

patient first receives systemic chemotherapy (generally CAPOX and FOLFOX 

regimens) followed by CRT (RT 45 to 54 Gy and Capecitabine) and finally radical 

surgery according to the TME technique, 4-8 weeks after the last RT dose. The 

pathologic complete response (pCR) rate has been reported to range between 

11% (9) and 36% (10).  

“Consolidation chemotherapy.” The scheme involves the administration of 

systemic chemotherapy (CAPOX or FOLFOX) after CRT and before TME. The first 

related studies were published in 2013-2015 (11,12). The TIMING study by Garcia-

Aguilar et al, compared 4 cohorts of patients, including one control group in which 

systemic chemotherapy was not administered pre-operatively. This trial showed 

that the pCR rate increased from 18% to 38% proportionally to the length of the 

time interval between the end of CRT and surgery and to the increase in cycles of 

systemic chemotherapy. The trial does not discriminate which parameter 

influence more the pCR rate, although the hypothesis is that it depends on both 

factors. In fact, it is commonly believed that the pCR rate is directly proportional 

to the time interval between the end of neoadjuvant therapy and surgery, 

reaching a plateau around week 12-13 (13,14). However, a prolonged interval may 

delay the administration of systemic chemotherapy and it may lead to a higher 

rate of complications and distant progression. The randomised GRECCAR-6 trial 

extended the interval between the end of CRT and surgery from 7 to 11 weeks. 

The results were the increase of the rate of pCR and the negative impact on the 

complication rate and the quality of mesorectal resection (15). Furthermore, a 

recent Italian retrospective multicentre study, Deidda et al., showed that in 

patients in whom neoadjuvant therapy had been poorly effective (non-

responders), a time-to-surgery of more than 8 weeks was associated with worse 

outcomes than an interval of less than 8 weeks (16). These data suggest that 

increasing the interval between CRT and surgery may positively impact the pCR 

rate in responders but may have a negative impact on oncological outcomes in 

non-responders. 

The OPRA trial (Organ Preservation in Rectal Adenocarcinoma) compares 

induction versus consolidation chemotherapy; preliminary results show that the 
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two approaches have similar outcomes in relation to 3-year DFS rates (Induction 

78%, 95%CI 70-87 vs Consolidation 77%, 95%CI 69-86, p=0.9) and distant 

metastases-free survival (Induction 81%, 95%CI 74-90, vs Consolidation 83%, 95% 

CI 76.91; p=0.86). Consolidation chemotherapy had a significant advantage in 

organ preservation rate (43% vs 58%, p=.01) (17). Fokas et al. compared the two 

treatment regimens. in a multicentre randomised trial with a “pick-the-winner” 

design based on the hypothesis that after TNT the pCR rate could increase when 

comparing to the standard preoperative CRT (18). The group receiving 

consolidation chemotherapy had a pCR rate of 25% compared to 17% in the group 

receiving induction chemotherapy. Thus, the consolidation chemotherapy group 

(P < .001), but not the induction chemotherapy group (P = .210), was able to assess 

the predefined statistical hypothesis.  

After neoadjuvant therapy, the pathological complete response rate (pCR) 

can now reach values of over 50%, (17)  and another 20% or so have a greater 

response (few residual cells) (19). The wide variability response depends mostly 

on factors related to the tumor, such as the basal stage, the treatment performed 

and biological factors. However, it is widely accepted that patients with pCR have 

significantly better oncological outcomes than patients demonstrating residual 

disease (20). Despite these advantages, the various combinations of 

chemoradiation therapy associated with TME are burdened by acute and chronic 

toxicities, early and late postoperative complications, and negative consequences 

regarding sexual activity, urinary activity, faecal continence, and bowel function 

that all together negatively impact patients' quality of life (21). 
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1.2 Rectum-sparing approach 

Considering the high rate of postoperative complications, the relevant 

functional consequences associated with neoadjuvant therapy followed by TME, 

and vice versa the excellent outcome found in patients responding to CRT, 

conservative approaches appear to be appropriate in rectal cancer patients with a 

major clinical response (mCR) or complete response (cCR). The conservative 

approach includes simple observation, also called Watch-and-Wait (WW), and 

Local Excision (LE). 

 

Watch-and-Wait (WW). Dr- Habr-Gama designed and developed the WW 

strategy in Brazil for patients with cCR after preoperative CRT (22). The 

encouraging results of the Brazilian experience have been replicated in other 

centres, stimulating a growing interest in this strategy (23–28). In a recent 

systematic review, Dattani et al. report an incidence of cCR of 22.4% (95% CI,14.3-

31.8), with a regrowth rate (neoplastic regrowth in patients diagnosed with a 

complete clinical response) of 22.1%, of which 96% in the first 3 years of 

surveillance (29). The 3-year cumulative risk of regrowth was 21.6% (95% CI, 16.0-

27.8) with a salvage surgery rate of 88%. The authors report a distant metastasis 

rate of 8.2%, of which 60% without synchronous regrowth, and a 3-year OS of 

93.5% (95% CI, 90.2-96.2). Based on these results, the authors concluded that the 

WW approach was feasible provided that close surveillance was implemented to 

allow a high rate of salvage surgery without increasing the risk of systemic spread 

of disease. The Italian Association of Medical Oncology (AIOM) panel for guidelines 

in rectal cancer evaluated nine studies to answer the question whether TME or 

WW should be used in patients with cCR after neoadjuvant radio chemotherapy 

(30). The review showed that the overall recurrence rate was higher in the group 

undergoing the WW approach than in the group undergoing TME (RR = 1.69, 95% 

CI 1.08, 2.64), and the risk of local recurrence was even higher (RR = 5.37, 95% CI 

2.56, 11.27). Having a permanent stoma was a higher risk in patients undergoing 

TME (RR = 0.15, 95% CI 0.08, 0.29). Unfortunately, the level of the evidence was 

too low. The authors’ conclusion was that WW was correlated with a lower risk of 
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having a permanent stomia and a higher risk of recurrence which was not 

associated with a worse OS. The lack of evidence did not allow the panel to make 

recommendations, and therefore the panel still considered WW to be an 

experimental approach.  

The limitations of the WW approach relate to the high regrowth rate, which 

in some studies reaches 38%, but generally ranges between 20 and 25% at 3 years 

(23–28) . The reason for this limitation lies in the suboptimal performance of 

staging investigations (endoscopy, digital exploration, MRI and endorectal 

ultrasound) in distinguishing a complete response from an incomplete one. In fact, 

about 30% of patients who have a cCR still have residual disease. In contrast, most 

pCR cases do not have a picture of cCR (31). Another critical point of the WW 

approach concerns the risk, not yet clearly demonstrated, that patients with 

regrowth are more likely to have distant metastases than those without 

regrowth(32,33). Smith J et al. found a significantly higher rate of distant 

recurrence (36% vs 1%, p<.001) in subjects who have regrowth than in those who 

do not (32). The hypothesis that is suggested to explain this finding is that leaving 

the cancer without systemic treatment for a prolonged time may promote the risk 

of distant progression.  

When comparing to LE, the WW approach avoids intervention and 

consequently LE-related complications altogether. However, whereas LE appears 

to be indicated in patients with cCR and mCR, the WW approach is only used in 

patients with cCR. The reason lies in the fact that the probability of concordance 

between cCR and pCR is extremely high, whereas the concordance between mCR 

and pCR is lower. 
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Local Excision (LE). Historically, LE in chemo- and/or radio-treated patients 

was only used for those who were unable (age, comorbidities) or refused 

conventional surgery. Nowadays, LE may be used as an excisional biopsy whose 

histological outcome decides the subsequent treatment course. When the 

histological examination documents the absence of tumour or the persistence of 

minimal residual disease (ypT1 with favourable histological features), a strict 

follow-up is performed. Patients with ypT1 with unfavourable histological aspects 

(lymph vascular invasion, LVI; perineural invasion, PNI, G3 G4 differentiation 

grade, and positive resection margins) and those with ypT>1 are suggested to 

undergo TME because of the risk of lymph node spread, which is greater than 10% 

in these individuals, and therefore simple LE cannot be considered an adequate 

treatment (34). A prospective phase 2 studies and a single randomised prospective 

study have been published (35–41) (Tab 1) that endorse the hypothesis that LE is 

a feasible approach with acceptable oncological results and that, compared to 

standard treatment, with better functional outcomes, thus a better quality of life 

(42,43). 

 

Table 1: Phase 2 and 3, study on LE after pRT and/or Ct for rectal cancer 

 

Unfortunately, many of the published studies have limitations in terms of 

sample size, monocentric origin of the data, methodological variability, differences 

in patient selection and in the definition of major or complete response. A further 

source of bias is the discrepancy between clinical staging and histopathological 
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outcome, which may significantly affect the selection of patients who are 

candidates for organ-sparing approaches. However, despite these limitations and 

even though organ-sparing approaches are not considered standard of care in 

rectal cancer, there is an increasing use of these approaches in everyday clinical 

practice.  

Unlike WW, LE is still a surgical procedure that requires hospitalisation, 

which has its own morbidity that may impact on eventual completion surgery, this 

may cause re-hospitalizations and re-interventions (35,44). In a 2016 study Habr-

Gama et al. reported worse bowel function, faecal continence and QoL in patients 

undergoing LE compared to patients referred to the WW approach (45).  

LE may require salvage surgery, or completion surgery, which is more 

complex after LE than direct surgery after CRT. Moreover, in most patients there 

is no tumour, thus making completion surgery an overtreatment. (44). However, 

compared to WW, LE gives an histological proof of pCR, and subsequentially 

eliminates the risk of regrowth and allows conservative treatment in patients with 

pCR who clinically do not show a cCR and would therefore be excluded from a WW 

approach. 
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Chapter 2 

Objectives 

 

Main Objective. 

The study aims to determine the rate of organ preservation and TME-free 

survival in a real world setting in patients with primary rectal cancer treated with 

neoadjuvant therapy followed by a rectum-sparing approach (LE or WW).  

 

 

Secondary objectives.  

1. Survival outcomes: overall survival (OS), disease-free survival (DFS) and 

local recurrence-free survival (LRFS) at 3, 5 and 10 years after the end of 

neoadjuvant therapy in real-world setting.  

2. The frequency of stoma-free patients at 3,5 and 10 years in real-world 

setting. 

3. The clinical factors associated with pathological complete response (pCR). 

4. The association between clinical response and pathological response.  

5. The morbidity and mortality rates after LE. 

6. The impact of LE and WW on bowel function, faecal continence, and quality 

of life (QoL). 

7. The ability of MRI after pRT and/or CT to identify pCR  

8. To evaluate the ability of texture analysis of the primary tumour in MRI 

images before and after pRT and/or CT (high resolution T2 sequences, 

diffusion-weighted sequences, and contrast medium sequences) in 

identifying the pCR of the primary tumour (ypT0).  
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Chapter 3 

Materials and Methods  

 

3.1 Study design 

This is an extension of the RSARCH observational study (NCT02710812, 

clinicaltrial.gov) (RESARCH, Rectal Sparing Approach after preoperative Radio- 

and/or Chemo-therapy). This update of the previous protocol included a 

prospective, multicenter observational registry with the principal goal to evaluate 

the efficacy of conservative approaches after neoadjuvant therapy in terms of 

organ-preserving capacity in a real-world setting.  

Patients will be enrolled in the register when they decide to undergo a 

conservative rectum-sparing approach; no indication is given as to the type of pre-

operative radio- and/or chemotherapy treatment. 

The collection of data regarding the baseline staging of the tumor (before 

neoadjuvant therapy) and the therapy regimens used is aimed at identifying which 

type of tumor and which type of neoadjuvant therapy regimen are associated with 

a higher number of pathological complete responses (secondary endpoint). 

Physicians and patients with complete clinical response will discuss the following 

treatment, local excision, or WW approach. 
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3.2 Patients’ selection 

Inclusion and exclusion criteria, definitions of major response and 

complete clinical and pathological response, definition of adequacy of excision are 

the same as those used in the two previous works of our research group (35,46). 

(Flowchart 1 and 2). 

 

Inclusion criteria 

• Patients with a histologically proven adenocarcinoma of the rectum, 

located up to 12 cm from the anal verge at proctoscopy,  

• aged ≥ 18 years, 

• candidates fit to receive neoadjuvant treatment and able to undergo a TME 

surgery, 

• mCR or cCR following neoadjuvant therapy 

• ability to understand the risks and benefits of the trial and to undergo close 

follow-up. 

 

Informed consent 

Informed consent must be signed. The informed consent can be signed 

after the first or after the second resection following neoadjuvant therapy and in 

any case before LE if the patient is enrolled in the LE group.  

The patient will be adequately informed about the advantages and disadvantages 

of this approach and about the fact that the gold standard of therapy is, at present, 

radical surgery (TME).  

 

Exclusion criteria 

Patients with an histotype other than adenocarcinoma and patient unable 

to tolerate TME due to age or severe comorbidities are excluded.  
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Definitions. 

Major clinical response (mCR) is defined as the absence of palpable mass 

on digital exploration of the rectum, or of pathological lymph nodes (≥ 5 mm in 

diameter along the short axis) on pelvic magnetic resonance imaging (MRI); or the 

absence of superficial erosion/ulcer >2 cm in diameter, at proctoscopy.  

Clinical complete response (cCR) is defined as the absence of palpable mass 

on digital exploration of the rectum; the absence of pathological lymph nodes (≥ 

5 mm in diameter along the short axis) on pelvic MRI; the absence of any lesion 

excluding a flat scar. 

Pathological complete response (pCR) is defined as the absence of viable 

cancer cells in the surgical specimen after TME. The term rectum-sparing includes 

both LE and WW approaches. 

 

Figure 1: Flow-Chart (1). DRE digital rectal exploration; cCR, clinical complete response ; mCR, major 
clinical response; TME Total Mesorectal Excision 

 

 

Adenocarcinoma of the rectum, located up to 12 cm from the anal verge, 
treated with neoadjuvant therapy

I restaging at 7-8 weeks (DRE, proctoscopy, full chest-abdomen CT scan 
with contrast medium, pelvic MRI)

mCR or cCR

II restaging at 11-12 
weeks (DRE, 
proctoscopy)

cCR mCR

Incomplete response

TME
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Figure 2: Flow-Chart (2). DRE digital rectal exploration; cCR, clinical complete response; mCR, major 
clinical response; TME Total Mesorectal Excision; LVI, lymphovascular invasion; PNI perineural invasion; 
TRG tumor regression grade 

 

 

 

  

cCR

- absence of mass at DRE

- absence of any lesion excluding a 
flat scar

- cyN0 at the MRI

WW

Regrowth

TME

Persistent 
response

Follow-up

LE

ypT0 or

ypT1 with LVI-, PNI-, 
TRG<4, G1-G2, margins -

Follow-up

≥ypT2 or
ypT1 with LVI+, PNI+ or 

TRG≥4 or margins+

TME

mCR

- absence of mass on DRE

- absence of superficial erosion/ulcer 
≤2 cm in diameter, at proctoscopy

- cyN0 at the MRI
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3.3 Clinical assessment and staging 

Clinical staging and pathological TNM staging are reported according to the 

American Joint Committee on Cancer 8th Edition (Table 2, 3, 4, 5) The histological 

grade of adenocarcinoma is reported according to WHO.  

T Primary Tumor 

TX Primary tumor cannot be assessed 

T0 Non evidence of primary tumor 

Tis Carcinoma in situ, intramucosal carcinoma (involvment of lamina propria with no 

extension through muscolaris mucosae) 

T1 Tumor invades the submucosa (through the muscularis mucosa but not into the 

muscularis propria) 

T2 Tumor invades the muscolaris propria 

T3 Tumor invades trough the muscolaris propria into pericolorectal tissues 

T4 Tumor invades the visceral peritoneum or invades or adheres to adjacent organ or 

structure 

   T4a Tumor invades through the visceral peritoneum (including gross perforation of the 

bowel through tumor and continuos of tumor through areas of inflammation to 

the surface of the visceral peritoneum) 

   T4b Tumor directly invades or adheres to adjacent organs or structures 

Table 2: Definition for T, AJCC TNM Staging Classification for Rectal Cancer 8th ed., 2017 

 

Table 3 Definition for N, AJCC TNM Staging Classification for Rectal Cancer 8th ed., 2017 

N Regional Lymph Nodes 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 One to three regional lymph nodes are positive (tumor in lymph nodes measuring 

≥0.2 mm), or any number of tumor deposits are present and all identifiable lymph 

nodes are negative 

   N1a One regional lymph node is positive 

   N1b Two or three regional lymph nodes are positive 

   N1c No regional lymph nodes are positive, but there are tumor deposits in the 

subserosa, mesentery, or nonperitonealized pericolic, or perirectal/mesorectal 

tissues 

N2 Four or more regional lymph nodes are positive 

   N2a Four to six regional lymph nodes are positive 

   N2b Seven or more regional lymph nodes are positive 
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M  M criteria 

cM0 No distant metastasis by imaging, etc.; no evidence of tumor in distant sites or 

orans (this category is not assigned by pathologists) 

cM1 Metastasis to 1 or more distant sites or organs or peritoneal metastasis is 

identified 

     cM1a Metastasis to 1 site or organ is identified without peritoneal metastasis 

     cM1b Metastasis to 2 or more sites or organs are identified without peritoneal 

metastasis 

     cM1c Metastasis to the peritoneal surface is identified alone or with other site or organ 

metastases 

Table 4: Definition for M, AJCC TNM Staging Classification for Rectal Cancer 8th ed., 2017 

 

 

 

 T N M 

Stage 0 Tis N0 M0 

Stage I T1, T2 N0 M0 

Stage IIA T3 N0 M0 

Stage IIB T4a N0 M0 

Stage IIC T4b N0 M0 

Stage IIIA T1-T2 

T1 

N1/N1c 

N2a 

M0 

M0 

Stage IIIB T3-T4a 

T2-T3 

T1-T2 

N1/N1c 

N2a 

N2b 

M0 

M0 

M0 

Stage IIIC T4a 

T3-T4a 

T4a 

N2a 

N2b 

N1-N2 

M0 

M0 

M0 

Stage IVa Any T Any N M1a 

Stage IVb Any T Any N M1b 

Stage IVc Any T Any N M1c 

Table 5: Prognostic Groups, AJCC TNM Staging Classification for Rectal Cancer 8th ed., 2017 
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Since patients will sign informed consent after neoadjuvant therapy, 

clinical data prior to neoadjuvant treatment (baseline staging and therapy 

performed) will be collected retrospectively. 

Patients will be resected 7-8 weeks after the end of neoadjuvant therapy. 

If there is no evidence of response to therapy, standard surgery (TME) will be 

suggested, while for patients showing mCR or cCR, the interval between 

neoadjuvant therapy and surgery will be extended by another 4 weeks after which 

further staging will be performed (see flow-chart 1). At the end of the last staging 

and if this shows mCR or cCR, the patient can be enrolled in the rectum-sparing 

protocol, otherwise he/she will be a candidate for conventional surgery (TME).  

Baseline clinical staging (cTNM) will correspond to the staging prior to 

neoadjuvant therapy and will include routine laboratory test, CEA level, 

pancolonoscopy with biopsies of the rectal lesion, chest and abdomen CT scan 

with and without contrast medium, pelvic MRI with and without contrast medium. 

In case of contrast medium allergy, liver ultrasound and chest X-ray may be used. 

In case of inability to perform pelvic MRI (e.g., incompatible prosthesis, 

claustrophobia) pelvic CT and transrectal ultrasound will be used.  

Post neoadjuvant clinical staging will include routine blood tests, CEA level, 

proctoscopy, chest and abdomen CT scan with and without contrast medium, 

pelvic MRI with and without contrast medium. If it is decided to wait a further 4-5 

weeks after the first staging, at least the proctoscopy must be repeated. The final 

staging after neoadjuvant therapy and before the choice of the rectum-sparing 

approach will be defined as ycTNM. 

Re-staging of local pathology (assessment of T and N) is performed with 

pelvic MRI according to the guidelines(47). Pelvic MRI has a key role in the 

assessment of lymph node disease status, to define major and complete clinical 

responses (35,46). However, the accuracy of MRI in identifying residual disease 

and lymph node metastases is suboptimal (48,49) 

In recent years, radiomics has been shown to play a role in predicting the 

complete response to preoperative CRT (50); Radiomics is understood as the 

analysis of MRI images to obtain, through mathematical methods and the use of 
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specific software, quantitative information that cannot be detected by simple 

evaluation by the radiologist 
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3.4 Surgical treatment  

Local Excision. After neoadjuvant therapy, Local Excision can be performed 

by conventional transanal excision (TAE) or endoscopic techniques (TEM, TAMIS, 

TEO etc). The rectum is prepared following standard procedures similar to those 

used to perform conventional major surgery, including the use of antibiotics. The 

position of the patient depends on the quadrant where the residual lesion or scar 

is located. Regardless of the technique performed, the following principles should 

be respected (35,46): a gross margin of at least 0.5 cm and a full-thickness excision, 

including mucosa, submucosa, muscularis propria, and perirectal fat was obtained 

in all patients. Surgical specimens are oriented using a cardboard, helping the 

pathologist's histological interpretation. The breach in the rectal wall may be 

closed transversally with resorbable sutures or may be left open at the surgeon's 

discretion.  

The following data will be recorded: duration of hospitalisation, any 

postoperative complications according to the Clavien-Dindo classification (51) 

(Table 6), re-interventions, re-hospitalizations within 30 days of discharge, need 

and reason for completion surgery. If not performed, the reason and viable 

alternative treatment (re-excision, chemotherapy, radiotherapy or other). If it is 

performed report the type of surgery, complications and histological examination 

of the surgical piece. 

LE will be considered an adequate treatment and the patient will not 

undergo further surgical treatment if the histological examination shows that it is 

a lesion (flowchart two): 

• ypT0 

• ypT1 with G1-2 degree of differentiation,  

• histologically non-infiltrated margins, 

• absence of vascular (LVI-) and perineural (PNI-) invasion,  

• TRG <4. 

LE will be considered an inappropriate treatment if the histological 

examination shows a lesion with at least one of the following features:  

• ypT≥2  
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• ypT1 with grade G3 differentiation,  

• histologically infiltrated margins,  

• lymph vascular (LVI+) 0 perineural (PNI+) invasion, 

• TRG≥4 In these cases. 

In this case, the patient will be advised to undergo a TME which will be referred to 

as "completion surgery". 

 

Grades Definition 

Grade I Any deviation from the normal postoperative course without the need for 

pharmacological treatment or surgical, endoscopic and radiological 

interventions 

Allowed therapeutic regimens are drugs as antiemetics, antipyretics, 

analgetics, diuretics and electrolytes and physiotherapy. This grade also 

includes wound infections opened at the bedside. 

Grade II Requiring pharmacological treatment with drugs other than such allowed for 

grade I complications. 

Blood transfusionsand total parenteral nutritionare also included. 

Grade III Requiring surgical, endoscopic or radiological intervention 

    Grade IIIa Intervention not under general anesthesia 

    Grade IIIb Intervention under general anesthesia 

Grade IV Life-threatening complication (including CNS complications) requiring IC/ICU-

management 

    Grade IIIa Single organ dysfunction (including dialysis) 

    Grade IIIb Multiorgan dysfunction 

Grade V Death of a patient 

Table 6: Clavien-Dindo Classification 
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Completion surgery. This term refers to the use of radical surgery (TME) 

due to the presence of histopathological features that make LE therapy 

inadequate. It is performed within about 1 month after LE. However, based on 

existing publications, about 50% of patients refuse this surgery; sometimes 

alternative solutions are proposed (e.g., simple local re-excision, chemotherapy). 

Completion surgery’ data will cover the causes of unsuitability of LE, the rate of 

patients who "should” undergo the surgery and the rate of patients who actually 

undergo completion surgery, the description of alternative treatments to TME 

(local re-excision, non-surgical treatments such as radiotherapy) and the 

histological outcome, morbidity and mortality of completion surgery. 

TME will be performed according to the standard technique (52) using the 

open or minimally invasive approach (laparoscopic or robotic) and includes both 

anterior resection of the rectum and abdominoperineal resection of the rectum.  
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3.5 Histological examination  

The histological examination of the LE must contain at least the following 

information: ypT. 

If there is persistence of tumour, at least the following features must be 

described: status of margins; degree of cell differentiation; presence of lymphatic 

or vascular or perineural invasion; tumour regression grade (TRG) according to 

Mandard's classification (53) (table 6)  

 

 Mandard’s classification 

TRG1 Complete regression: fibrosis without detectable tissue of tumor. 

TRG2 Fibrosis with scattered tumor cells 

TRG3 Fibrosis and tumor cells with preponderance of fibrosis 

TRG4 Fibrosis and tumor cells with preponderance of tumor cells 

TRG5 Tissue of tumor without changes of regression 

Table 7: Mandard's Classification 
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3.6 Follow-up 

Months 3 6 9 12 15 18 21 24 30 36 48 60 

Objective examination X X X X X X X X X X X X 

Laboratory tests + CEA X X X X X X X X X X X X 

Rectoscopy X X X X X X X X X X X X 

Pelvic MRI 
 

X 
 

X 
 

X 
 

X 
 

X X X 

CT chest-abdomen with 

contrast medium 

   
X 

   
X 

 
X X X 

Colonoscopy 
   

X 
      

(X) 
 

Table 8: Follow-up 

Patients will be examined (examination with rectal exploration, 

proctoscopy, CEA level and routine laboratory tests) every 3 months in the first 2 

years, and then every 6 months in the third year, then annually.  

MRI will be performed every 6 months for the first 2 years then once a year. 

Thoraco-abdominal CT scan will be performed annually, unless otherwise clinically 

indicated. Colonoscopy will be performed at the first year after study enrolment, 

if negative at 5 years.  

Follow-up between 5 and 10 years will be performed as recommended in 

AIOM guidelines(54). 

 

Definition of recurrence. The diagnosis of recurrence will be determined 

based on clinical examination, radiological imaging or biopsy. Recurrence shall be 

distinguished into local and distant. Local recurrence is the recurrence of the 

disease in the pelvis: endoluminal or extraluminal. Distant recurrence is the 

presence of the disease at any other site. 
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3.7 Data collection and Ethics  

Data will be collected on the patient's demographic characteristics, 

performance status (Eastern Cooperative Oncology Group, ECOG), American 

Society of Anesthesiologists (ASA) score, blood test results and in particular 

Carcinoembryonic Antigen (CEA), body mass index (BMI). Data on clinical diagnosis 

and staging before and after neoadjuvant therapy will also be recorded. 

Iconographic collection (recording of endoscopic examination and/or 

photographs of the lesion) will be recommended both before neoadjuvant therapy 

and at the time of resection. All participating centres will be advised to keep after 

appropriate anonymisation both the photographic iconography related to the 

endoscopic examination of enrolled patients and the imaging iconography 

(thoracoabdominal CT scan and pelvic MRI pre- and post-neoadjuvant therapy).  

For the MRI images, after anonymisation of the DICOM files, a centralised 

collection will be conducted where possible in order to perform: 

1. a radiological re-evaluation of the MRIs in order to assess 

the accuracy of the examination in identifying the pCR after CRT. 

2. a texture analysis using specific software on the images 

available on the main lesion and lymph nodes. MRIs with available high-

resolution T2 sequences, diffusion-weighted sequences (in particular ADC 

maps) and T1 sequences with fat suppression before and after 

administration of contrast medium will be included, according to the 

protocol indicated in. It will also be necessary to provide the MRI machine 

used and the gadolinium-based contrast injected. MRI staging and 

restaging reports must be prepared. 

 

Data of interest for the study (patient, tumour, treatment, and follow-up) 

will be prospectively collected and pseudo-anonymised by means of special data 

collection forms (CRFs) at diagnosis, during and after pRT and/or CT, at surgery 

and at follow-up for a duration of at least 20 years. The data will be pseudo-

anonymised in that the coordinating centre will only have the patient codes while 

the various participating centres will have a list of names with the corresponding 
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codes so that they can be traced back to the patients if further information is 

needed for a specific study. An online Redcap platform will be used, which each 

centre can access to read its own data while the coordinating centre can access all 

the data without having the identification codes in addition to those of its patients. 

All CRFs, which will include clinical, histological and operator data, will have to be 

sent, also by e-mail, to the trial data manager and entered the online database 

(REDCAP). The same applies to the centres that will participate in the QoL study.  

 

 

Ethics 

The Institutional Review Board of Padova Hospital has approved the final 

protocol of the original protocol; the RESARCH study is registered at 

clinicaltrials.gov (NCT02710812). Moreover, each participating institution 

obtained a specific approval (44). The RESARCH registry (ReRESARCH) is currently 

being evaluated by the Institutional Review Board of Padova Hospital. 
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3.8 Assessment of quality of life, bowel function and faecal continence 

Since this is an ancillary study, it will be restricted to only those centres that 

wish to participate. The evaluation will be longitudinal and will cover QoL, bowel 

function and faecal continence. The following validated questionnaires will be 

given in Italian relating to: 

- Bowel function:  

o Low anterior resection syndrome (LARS) score (55).  

- Quality of life assessment:  

o EORTC QLQ-30 (56).  

o EORTC QLQ-CR29 (57).  

o CPS - Control preference scale (58) 

o SDMQ-9 - Shared Decision-Making Questionnaire (59) 

- Faecal continence assessment:  

o Faecal Incontinence Quality of Life scale (FIQL) (60) 

The timing of questionnaire administration and collection will be as follows: t1, 

before LE, or decision for WW option, t2, at 6 months after t1 and t3, at 12 months 

from the date of t1. 
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3.9 Statistical analysis 

Sample size 

The total number of patients to be enrolled will be at least 384 subjects, 

having set the expected proportion of rectum-sparing at 50%, the confidence 

interval at 10% and the confidence level at 95.  

 

Definition and analysis for the primary endpoint.  

Results will be reported in accordance with the STROBE guidelines (61). All 

continuous variables will be described using means and standard deviation and 

measures of position when appropriated. Categorical variables will be described 

using contingency tables. 

The event of this endpoint is removal of the rectum for any cause: the need 

of completion surgery, surgical complication, bowel function disorders (e.g., 

incontinence, diarrhoea), recurrence, regrowth.  

The main analysis will be assessment of rectum preservation at 3, 5 and 10 

years in patients with rectal cancer after neoadjuvant treatment by rectum-

sparing approach. The percentage of rectum preservation will be estimated by the 

ratio between the number of patients with rectum preservation at 3, 5 and 10 

years and the total number of patients who undergo a LE or WW and will be 

reported with the 95% confidence interval.  

TME-free survival will be estimated using the Kaplan-Meier method at 3, 5, 

and 10-years. TME-free survival will be estimated as time interval from the date 

of enrolment to the date of event (TME) or death, from any cause, or last follow-

up.  

 

Definition and analysis of oncological outcomes.  

The event is defined as death for any cause, local or distant recurrence, 

regrowth and a second primary malignancy. Patients alive at the time of analysis 

will be censored at the date of last assessment. The diagnosis of recurrence is 

determined by clinical examination, radiological imaging or biopsy. Survival will be 

estimated by the Kaplan–Meier method and the 3, 5 and 10-year proportions of 
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surviving patients will be reported with the 95% CI. A Cox model will also be used 

to obtain an estimate of risk in the LE and WW groups. The following outcomes 

will be calculated: 

Overall survival (OS): time interval from the date of enrolment to the date 

of death, from any cause, or last follow-up.  

Disease-free survival (DFS): time interval from the date of enrolment to the 

date of the first event (local or distant recurrence or second primary tumour) or 

death or, in the absence of the former, of the last follow-up. 

Local disease-free survival (LDFS): time interval from the date of enrolment 

to the date of local recurrence (patients undergone LE) or, in patients in WW group 

when the treatment of the regrowth is not feasible with a R0 or R1 resection, or 

recurrence following R0-R1 resection, or death or, in the absence of the former, 

of the last follow-up. 

Distant recurrence-free survival (DRFS): time interval from the date of 

enrolment to the date of distant recurrence or death or, in the absence of the 

former, of the last follow-up. 

 

Definition and analysis of stoma-free patient rate. 

For this endpoint, the event is the presence of stoma. The ratio of the 

number of patients with stoma at a given follow-up (3, 5, 10 years) to the number 

of patients at risk will be calculated. Stoma will be defined as present or absent 

and those present as definitive or temporary.  

 

Definition and analysis of factors associated with pCR.  

A multivariate logistic regression model will be used to define this 

endpoint. Dichotomous variables related to patient, tumour, treatment, and type 

of surgery will be considered as explanatory variables. 
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Definition and analysis of concordance between major clinical response 

(mCR) or complete clinical response (cCR) and pCR.  

This will be assessed by estimating the Kappa statistic, which expresses the 

concordance between two methods not due to chance. Results will be expressed 

with bootstrap 95% confidence intervals.  

 

Definition and analysis of postoperative mortality and complications. 

Mortality will be reported as the number of deaths out of the overall 

number of patients undergoing LE. For morbidity, the same procedure will be 

followed, and complications will be reported according to the Clavien-Dindo 

classification [57] (Table 6). The frequencies of the different preoperative 

treatments administered, morbidity and packing of a stoma at 2 and 5 years will 

be described in terms of percentages and reported with 95% confidence intervals; 

their association with the type of surgical treatment will be verified with the Chi-

square test.  

 

Analysis of bowel function, faecal continence, and quality of life (QoL). 

The minimally clinically relevant difference defined within various quality 

of life measures is stable and corresponds to half a standard deviation (62) With 

this assumption, considering that estimates of standard deviations of published 

data vary between 15 and 20 points and that the minimally important difference 

for the EORTC QLQ-C30 questionnaire is approximately 10 points, data collected 

on at least 130 patients will allow us to verify a 10-point difference between the 

two conservative approaches with a power of 80%, a 2-tailed alpha error of 0.05 

(t-test for independent data).  

The scales of the questionnaires on bowel function, faecal continence and 

quality of life will be constructed using the standard procedures given in the 

reference manuals. Mean scores and standard deviations will be estimated for 

each administration of the questionnaires and reported with 95% confidence 

intervals. The difference in scores between the two conservative approaches will 

be evaluated at 6 and 12 months after the first administration with a student’s t-

test or the non-parametric equivalent.  
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The impact of bowel function on quality of life and faecal continence will 

be analysed at various times of questionnaire administration using a generalised 

linear mixed model. Concomitant variables will include the type of conservative 

approach received and the LARS score categorised into three levels of severity 

corresponding to no functional impairment (LARS: 0-20), minor impairment (LARS: 

21-29) and major impairment (LARS: 30-42). 

An initial study will focus on differences in bowel function, faecal 

continence and quality of life in patients with pathological complete response 

undergoing WW or LE, respectively. In the light of the minimal or absent 

invasiveness of the surgical act we could assume a non-inferiority study with the 

resulting sample size for each of the two groups of at least 69 patients 

(considering, as above, standard deviation estimates of published data around 20 

points, the minimally important difference for the EORTC QLQ-C30 questionnaire 

at around 10 points and assuming a power of 90%, a 2-tailed alpha error of 0.05 

with t-test for independent data). If there is indeed no difference between WW 

and LE treatment, then 138 patients will be 90% confident that the lower limit of 

a one-sided 95% confidence interval (or equivalently a bilateral 90% confidence 

interval) will be above the non-inferiority limit of -10. 

 

Determining the ability of MRI after pRT and/or CT to identify pCR.  

The ability of qualitative MRI signs to identify complete response to 

histopathology for local lesion (ypT0) and lymph node metastases (ypN0) will be 

assessed by accuracy analysis and Receiver Operating Characteristic curve analysis 

(ROC). 

• To evaluate the ability of texture analysis of the primary lesion in 

MRI images before and after pRT and/or CT (high-resolution T2 sequences, 

diffusion-weighted sequences and contrast medium sequences) in identifying the 

complete tumour mass response after pRT and/or CT (ypT0) 

• Determine the ability of texture analysis of mesorectal lymph nodes 

in MRI images before and after pRT and/or CT to identify the absence of loco-

regional lymph node metastases after pRT and/or CT (ypN0 or ycN0 confirmed at 

follow-up). 
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For the latter two objectives, specific software will be used to extract first- 

and second-order texture parameters from MRI images that will be correlated 

with the complete pathological response and selected (Student/ Mann Whitney 

test or logistic regression) to create a model for predicting the complete response 

to CRT of the main lesion (ypT0) and lymph node metastases (ypN0) based on 

some of them. The available cohort will be divided into a test cohort and a 

validation cohort. 

 

 

 

3.10 Data collection timing  

0-3 months: project organisation. 

120 months: patient enrolment. 

12-120 months: follow-up. 

120 months: statistical analysis and drafting of manuscripts on the data 

obtained. 
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Chapter 4 

Discussion 

 
Total mesorectal excision (TME) after neoadjuvant chemoradiotherapy is 

correlated with good long-term outcomes. However, considering the high rates of 

complications, rectum-sparing approaches has been gaining interest in patients 

with mCR or cCR after neoadjuvant therapy. Rectal-sparing approaches are 

associated with better bowel function and quality of life compared with TME (43); 

on the contrary, a higher risk of recurrence has been reported, which may impact 

on patients’ long-term oncologic outcome (63) Although the international 

guidelines still do not consider rectum-sparing strategies as standard of care, they 

are increasing in clinical practice. The major concern in performing a non-standard 

approach (wait-and-see or local excision) is related to the risk of leaving tumor 

tissue at the site of the primary tumor or in the mesorectum (35). The primary 

endpoint of the RESARCH trial is to validate the rectal-sparing policy in patients 

with complete or near-complete clinical response after neoadjuvant 

chemoradiotherapy (46). 

The RESARCH protocol is the first prospective trial that investigates the role 

of both Local Excision and Watch-and-Wait approach in patients treated with 

neoadjuvant therapy(46). The aim of the current protocol is to determine the rate 

of organ preservation and TME-free survival in a real world setting in patients with 

primary rectal cancer treated with neoadjuvant therapy followed by a rectum-

sparing approach (LE or WW). Unfortunately, the implementation of randomised 

prospective studies is challenging due to the difficulty in enrolling patients. The 

only prospective randomised study published so far took four years to enroll 150 

patients. Given the difficulty of completing randomised prospective studies, the 

planning of large prospective observational studies (registries) can play a relevant 

role in the evaluation of new therapeutic strategies. Earlier initiatives of national 

registries designed with the aim of monitoring the quality of care and surgery for 

procedures such as TME have indeed proven effective in improving technical and 
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oncological outcomes. As a result, such strategies qualify as quality-improvement 

projects (Norwegian Registry & Spanish Viking Project) (64,65) 

Based on the above considerations and the European experiences (28,66) 

, we therefore propose the establishment of a pathology registry to enrol patients 

with rectal cancer who, after neoadjuvant therapy, show a greater or complete 

response and who opt for conservative treatment, including both organ-sparing 

strategies (observation or local excision) currently used in daily clinical practice. 

The results may provide useful data for a harmonisation of therapeutic procedures 

in such patients and offer clinically relevant information in clinical practice. 

Furthermore, it is a common opinion in the scientific community that similar 

studies are necessary and that from this perspective, the ReRESARCH study has 

the potential to have scientific relevance and clinical impact of absolute 

importance 

Our study group have published two studies on rectum-sparing treatment 

after CRT for rectal cancer. The first was a multicentre phase 2 study including 

patients with cT2-3 medium-low rectal cancer who, following neoadjuvant RT 

and/or CT, had a major or complete clinical response and therefore underwent LE. 

At 3-year of follow-up, the local recurrence rate was less than 5% (35). Long-term 

analysis from this study were recently published (36) and show that at a median 

follow-up of 108 months, the 5-year OS, RFS, LRFS and DRFS were 87%, 89%, 91%, 

and 90% respectively. Overall, 78% of patients had their rectum preserved and 

84% of patients were stoma-free.  
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Figure 3:Pathological response, completion radical surgery and long-term outcomes of the study group after 
a median follow-up of 108 months (36) 

 

Encouraged by these results, we are coordinating a multicentre, 

prospective, observational study including to patients who, after neoadjuvant 

therapy, experienced a mCR or a cCR and were treated with a rectum sparing 

approach (46). Seventeen Italian centres participated in this study. Preliminary 

results were recently published and showed that out of 160 eligible patients from 

17 centres, 98 underwent LE and 62 underwent WW. The rate of major 

complications in those undergoing LE was less than 3% and, with a median follow-

up of 2 years, the regrowth rate in the WW group was 24% (44). Results on 

outcomes such as organ preservation rate, ostomy-free rate, OS, DFS, LRFS and 

DRFS with a minimum follow-up of 2 years and median follow-up of 3 years are 

currently being published (35,46). In this study, 26.5% of patients showed 

unfavourable histological features after LE, requiring a completion TME. 

Noteworthy, among patients who agreed to undergo completion TME surgery, 

only 1 of 11 patients showed residual cancer (lymph node metastasis) at final 
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histopathology. The clinical implication is relevant as four patients underwent an 

abdominoperineal resection despite the absence of residual cancer at final 

histopathology (44) 

In our previous study (35), the finding showed that LE in patients with a 

mCR after CRT is a feasible and safe approach; the expected result from this 

registry is that more than 50% of patients undergoing local excision can retain their 

rectum 2 years after the start of treatment. 

 

Limitations  

A highly accurate clinical staging after neoadjuvant therapy is pivotal to 

select the best candidates to rectal sparing approaches. A recent systematic 

literature review showed that MRI alone has some limitations when it comes to N 

staging in case of rectal cancer and in discriminating between benign and 

malignant loco-regional nodes (67). The results of this review suggest that [18F] 

FDG PET/MRI should be used for rectal cancer restaging after chemoradiotherapy 

and to select patients for rectum-sparing approaches thanks to its accuracy in T 

and N staging. For M staging, it should be associated at least with a chest CT scan 

to rule out lung metastases. (68) 

Moreover, the definition of cCR and the follow-up strategies are highly 

heterogeneous, thus making comparison between the studies difficult; false-

positive and false-negative pCR findings should also be taken into account.(30) 

 

 

Conclusion 

The ReRESARCH study protocol aim to create a registry to collect data from 

different centers, in order to analyze the long-term outcomes of rectal-sparing 

approach in a real life setting. 
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