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Abstract: Background. Colorectal cancer mortality presents world-wide 

variation. In rectal cancers presenting a complete/nearly-complete tumor 

response (ypT0/ypTis) following neoadjuvant treatment, the features 

correlated to nodal metastases and relapses still need to be defined.  

Methods. An international cohort study enrolling ypT0/ypTis rectal 

cancers surgically treated from 2012-2017 was conducted. A propensity 

matching was used to balance nodal-positive and nodal-negative patients 

and statistical analyses were performed to investigate survivals, using a 

bootstrap model for internal validation. The features correlated with 

nodal metastasis were studied. Countries with participating centres were 

ranked using the World Bank (WBI), Human Development (HDI) and Global 

Gender Gap (GGG) indexes to compare survivals. 

Results. 680 ypT0/ypTis from 52 European, Australian, Indian and American 

Institutions were analyzed. Mean follow-up was of 30.4 months. 96.5% were 

treated with total mesorectal excision, 7.2% were nodal-positive and 8.8% 

relapsed. Distal cancers (HR 0.96 95%CI:0.56-0.91) and nodal metastasis 

(HR 3.85 95%CI:1.12-13.19) correlated with worse DFS, whereas a younger 

age was of borderline significance (HR 0.95 95%CI:0.91-0.99). The 

bootstrap analysis validated the model on 5000 repetitions. A short-

course radiotherapy (OR 0.18 95%CI:0.09-0.37) correlated with the 

occurrence of nodal metastasis. Those countries classified in the 

low/medium-WBI, medium-HDI and lower-GGG ranks documented worse DFS 

curves (respectively p<0.0001, p<0.0001 and p 0.0002). However, the 

clinical stages were similar and patients from medium-HDI countries 

received more adjuvant chemotherapy than the others (p<0.0001). 

Conclusion. Sub-groups at risk for relapses and nodal metastasis were 

identified. A global variation exists also when benchmarking a rectal 

cancer complete regression. 
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Abstract 26 

Background. Colorectal cancer mortality presents world-wide variation. In rectal cancers presenting a 27 

complete/nearly-complete tumor response (ypT0/ypTis) following neoadjuvant treatment, the features 28 

correlated to nodal metastases and relapses still need to be defined.  29 

Methods. An international cohort study enrolling ypT0/ypTis rectal cancers surgically treated from 2012-2017 30 

was conducted. A propensity matching was used to balance nodal-positive and nodal-negative patients and 31 

statistical analyses were performed to investigate survivals, using a bootstrap model for internal validation. The 32 

features correlated with nodal metastasis were studied. Countries with participating centres were ranked using 33 

the World Bank (WBI), Human Development (HDI) and Global Gender Gap (GGG) indexes to compare survivals. 34 

Results. 680 ypT0/ypTis from 52 European, Australian, Indian and American Institutions were analyzed. Mean 35 

follow-up was of 30.4 months. 96.5% were treated with total mesorectal excision, 7.2% were nodal-positive 36 

and 8.8% relapsed. Distal cancers (HR 0.96 95%CI:0.56-0.91) and nodal metastasis (HR 3.85 95%CI:1.12-13.19) 37 

correlated with worse DFS, whereas a younger age was of borderline significance (HR 0.95 95%CI:0.91-0.99). 38 

The bootstrap analysis validated the model on 5000 repetitions. A short-course radiotherapy (OR 0.18 39 

95%CI:0.09-0.37) correlated with the occurrence of nodal metastasis. Those countries classified in the 40 

low/medium-WBI, medium-HDI and lower-GGG ranks documented worse DFS curves (respectively p<0.0001, 41 

p<0.0001 and p 0.0002). However, the clinical stages were similar and patients from medium-HDI countries 42 

received more adjuvant chemotherapy than the others (p<0.0001). 43 

Conclusion. Sub-groups at risk for relapses and nodal metastasis were identified. A global variation exists also 44 

when benchmarking a rectal cancer complete regression.  45 

Keywords. Rectal cancer; ypT0; complete tumor response; organ preservation; local excision.  46 
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Introduction 53 

Recent data from the Global Cancer Observatory (GLOBOCAN 2018), documented that colorectal cancer is still 54 

the third most frequent cancer and the second cause of cancer related mortality, however its incidence and 55 

mortality present a relevant world-wide variation.1,2  56 

Rectal cancers account for about 30% of colorectal cancers3 and represent a field of relevant surgical, clinical 57 

and biological investigations. Over the last three decades the approach to rectal cancer radically changed: the 58 

improvements achieved lead to the introduction of total mesorectal excision (TME) and neoadjuvant 59 

(chemo)radiation treatments4-5. Nevertheless, the state-of-the art is continuously evolving as the effects of 60 

neoadjuvant treatments started to emerge in literature.6  61 

In particular, tumor down-staging following neoadjuvant treatment could result in a complete response, 62 

defined as clinical response (absence of residual primary tumor clinically detectable, cT0) or pathological 63 

response (absence of viable tumor cells within the rectal wall in the surgical specimen, ypT0)7, occurring in 64 

about 10-20% of the patients who were treated with neoadjuvant therapy prior to surgery. 8,9 65 

In this subset of patients, the improved survival outcomes10,11 and the benefits of avoiding major surgical 66 

procedures, are encouraging a more conservative approach including watch and wait protocols12,13 or a local 67 

excision of the residual tumor scar.14 68 

Despite the achievement of a complete response could be acknowledged as a milestone, a number of issues 69 

still need to be addressed, in particular in relation to the surgical strategy, the identification of factors 70 

correlated to relapses and tumor regression, and the incidence and impact of a residual nodal disease. 71 

A pilot multicenter investigation was recently conducted in this field investigating the pattern of survivals of 72 

rectal cancer patients presenting a complete or nearly complete tumor response after neoadjuvant therapy. 73 

Patients were treated using local excision or TME in Italy and Spain and results were highly promising, in 74 

particular in disclosing differences in survivals between patients assessed as nodal negative (ypN0) or 75 

presenting residual nodal metastases (ypN+).6   76 

On the other hand, significant differences are emerging concerning survivals of rectal cancers in different 77 

countries, surprising also when comparing Norther European countries.15 The geographic discrepancies 78 

concerning surgical quality and access to surgical care are currently a prioritizing issue, as widely declared by 79 

the Lancet Commission on Global Surgery.16 On this extent, the National Institute for Health Research (NIHR) 80 

Global Health Research Unit on Global Surgery is in the process of establishing research hubs in low‐ and 81 
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middle‐income countries; a four‐stage modified Delphy study identified three priority areas for future research, 82 

including the access to surgery, surgical oncology and peri-operative surgical care. With respect to the second 83 

domain, the aim was to define a resource‐weighted quality assurance framework for cancer surgery; the 84 

research questions included, among the others, the identification of quality indicators and the role of 85 

multidisciplinary team meeting (MDT) in delivering cancer care. Accordingly, it was agreed that “a global 86 

observational cohort study was needed to benchmark care pathways and outcomes in low-income against high-87 

income countries. This study would capture data on patient pathways, including availability of diagnostic and 88 

therapeutic services, short‐term surgical outcomes and longer‐term cancer‐specific outcomes”. Colorectal 89 

cancer was assessed as a top priority along with breast and gastric cancers.17  90 

This study focused on COmplete pathological ReSponse rectal CAncer (CORSiCA) and aimed to investigate if 91 

nodal metastases independently affected prognosis and the clinical variables correlated with the occurrence of 92 

pathologic nodes. In addition, the global variations in the outcomes of rectal cancers presenting a complete 93 

pathological response were studied. 94 

 95 

 96 

 97 
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Methods 108 

Design. This retrospective cohort study was promoted by the European Society of Surgical Oncology (ESSO) 109 

Young Alumni Club (EYSAC). The project received approval by ESSO board and was registered on 110 

clinicaltrials.gov on November 2017 (ClinicalTrials.gov Identifier: NCT03351959). CORSiCA was publicized using 111 

ESSO network and social media and it was officially launched on December 1st 2017 with a global call closing on 112 

March 2017. Actions were also taken by EYSAC steering committee members to spread the project; each 113 

center could participate a junior (<40 years) member for data collection and a senior investigator for data 114 

validation.6 No limit of enrollment was fixed for patients’ registration, nor there was a minimum number of 115 

patients/center. The project was notified at the PI IRB institution (protocol n. 50973/17). The PI also 116 

standardized the core documentation, in order to have all sites working with the same version of the protocol 117 

and notified the centers with the project status updates using regular newsletters.  118 

Patients. All patients with a rectal cancer surgically treated from 2012 to 2017, presenting a pathological 119 

surgical report consistent with ypT0 (absence of cancerous cells in the rectal wall) or ypTis (intramucosal 120 

carcinoma with no extension into the muscularis mucosae) following neoadjuvant treatment could be enrolled, 121 

independently from the neoadjuvant scheme, type of surgical resection or nodal status. 122 

Clinical and pathological records. All the clinical and pathological records were de-identified by recruiting 123 

centers and pooled in a common database by the PI using a consecutive number. For the purpose of data 124 

collection, a database was designed adhering to the STROBE Statement.18 The records included: demographics, 125 

tumor location and diameter, presence or not of large bowel obstruction, clinical staging (cTNM and clinical 126 

mesorectal fascia involvement – cMRF- defined as the presence or absence of tumor/nodal metastases 127 

involving mesorectal fascia on pre-treatment imaging scans) obtained using computer tomography (CT), 128 

magnetic resonance imaging (MRI) and/or endoscopic ultrasound (Endo-US). Also, the neoadjuvant protocols 129 

were collected, and patients classified into: short-course radiotherapy (SHORT RT) or a long-course chemo-130 

radiotherapy (CHT-RT) sub-groups. The total dose of radiation was recorded (Gy), along with possible dose 131 

reductions or treatment interruptions. The radiological assessment following neoadjuvant treatment was 132 

recorded together with the interval time to surgery (measured in weeks). With respect to the surgical 133 

approaches, low-anterior resection, Miles resection and trans-anal TME were all categorized as TME 134 

procedures. On the other hand, patients undergoing a trans-anal endoscopic microsurgery resection, a trans-135 

anal minimal invasive resection or a traditional  trans-anal excision, were all grouped in the local excision 136 

group. The records included also the pathologic data (ypN stage, lymph-nodes harvested in the surgical 137 

specimen – LNH), the rate of adjuvant chemotherapy treatments and the long term oncological outcomes. 138 
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Outcome measures.  The outcome measures included patients’ survivals and residual nodal disease (ypN+). 139 

The follow-up was registered with the end-points of overall survival (OS, any cause of death) and disease free 140 

survival (DFS, first recurrence after surgical resection). The relapses were differentiated in local relapses 141 

(rectal/anastomotic site), pelvic relapses (nodal) and relapses at distant sites (i.e. lung/liver). 142 

Statistical analysis. Continuous variables were analyzed using means and standard deviations (SD), tested for 143 

normal distribution using Kolmogorov-Smirnov normality test and compared accordingly. Categorical variables 144 

were analyzed using frequencies and percentage values and compared using Chi-square test. In order to 145 

control potential confounders that could affect the outcomes of interest, a propensity score matching19 was 146 

used to generate two different treatment groups with balanced distribution of baseline features. Propensity 147 

scores resulted from logistic regression with dependent variable being the presence of nodal metastases. 148 

Covariates included age at diagnosis, gender and tumor location. The patients were matched one-to-two with 149 

the nearest-neighbor method using a caliper distance of 30% of the standard deviation of the logit of the 150 

estimated propensity score to ensure good matches. The balance between the two groups was assessed using 151 

the relative multivariate imbalance measure L1 as proposed by Iacus, King and Porro.20-22  152 

Survival analyses were conducted using the Kaplan-Meier method with log-rank test and Cox regression 153 

analyses. The Hazard risk and its relative 95% confidence interval (95%CI) was estimated for each variable using 154 

the Cox proportional univariate model adopting the most suitable prognostic category as reference group. A 155 

multivariate Cox proportional hazard model was also developed using stepwise regression (forward selection). 156 

Enter limit and remove limit were p =0.05 and p =0.10, respectively, with significance defined at the p=0.05 157 

level. In order to avoid overfitting, a bootstrap method (resampling with replacement) was used for internal 158 

validation of the DFS univariate model. Ten independent procedures, each containing 1000 bootstrap samples, 159 

were performed. In order to further challenge the model, a larger procedure with 5000 repetitions was carried 160 

out.  161 

To test if putative variables correlated with a ypN+ outcome, a logistic regression was performed in the TME 162 

group including: gender, age, tumor location, cT, cN, cMRF stages and neoadjuvant schemes. The logistic 163 

regression was used since it has been documented an extremely valuable model in epidemiologic studies, 164 

allowing multiple variables to be analyzed in the same time. The odds ratio (OR) obtained expresses the 165 

probability of an event favorable to an outcome and the probability of an event against the same outcome; 166 

accordingly,  a large OR means that the chance of a particular group is much greater than that of the reference 167 

group and vice-versa.23 168 
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Finally, the geographic variation was investigated ranking countries with participating centers  according to the 169 

World Bank Index (WBI)24, the human development index (HDI: a United Nations’ composite statistic including 170 

life expectancy, education, and income indices)25 and the Global Gender Gap (GGG) Index provided by the 171 

World Economic Forum which measure progress towards gender parity across economic participation and 172 

opportunity, educational attainment, health and survival, and political empowerment.26 Briefly, the countries 173 

were ranked into high income countries (HIC), upper middle income countries (UMIC) and lower middle income 174 

countries (LMIC) according to the WBI; very high/high HDI and medium HDI according to the United Nations’ 175 

index and finally in the upper (1-50), middle (51-100) or lower (101-149) ranks of the GGG list report. The 176 

indexes were then compared for the differentiation of HIC-UMIC/very high-high HDI/upper and middle GGG 177 

ranks vs LMIC/medium HDI/lower GGG ranks using the weighted kappa inter-agreement. 178 

All statistical analyses were centralized by the PI, blinded to the recruiting centers and obtained using MedCalc 179 

(MariaKerke, Belgium) version 10.2.0.0 and SPSS (IBM, Armonk USA) version 21.0 software. All tests were 180 

performed two-tailed and a p value <0.05 was considered as statistically significant.  181 

 182 

 183 

 184 
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 193 
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Results 195 

Between December and March 2017, 88 Institutions from all over the world registered in the study, however 196 

exclusively 52 of them (59.0%) performed as recruiting centers. About 93% of these 52 institutions were 197 

European, whereas non-European centers included Australia, India and Argentina, Figure 1. Nine Institutions 198 

were also enrolled in the pilot investigation.6 Mean age of the junior investigators was 32.9±4.2 years whereas 199 

the seniors were about 15 years older (mean age 48.6±8.9 years); the centers were mostly categorized as 200 

University hospitals (67.3%), performing high volume colorectal surgery (92.3% declared >80 colorectal 201 

resections/year) and with colorectal MDTs scheduled on a regular basis in 90.4% of the cases. Nine-hundred 202 

and seven ypT0/ypTis were registered, but patients with incomplete clinical records (date of surgery, age, 203 

clinical staging, neoadjuvant scheme, follow-up data, adjuvant therapy) and clinical stage IV were excluded, 204 

leaving 680 patients for data analysis. Overall, 77 patients, 11.3% of the case series, were enrolled in the same 205 

Institutions as the pilot investigation. Clinical and surgical data of the cohort are detailed in Table 1. Clinical 206 

staging was performed using MRI in 77.8% of the patients, CT scan in 97.3%, and Endo-US in only 33.8% of the 207 

cases. The vast majority of the rectal cancers were clinically assessed as cT3/cT4 (84.6%), cN+ (74.0%), cMRF 208 

negative (74.0%) before the neoadjuvant treatment. 209 

As expected, a prevalence of males was reported (M/F 1.7) with a mean age of 60.0 years±14.2 years. The 210 

majority of the patients presented a low rectal cancer (mean distance from the anal verge 5.8±3.2 cm), and the 211 

neoadjuvant treatment consisted mostly of long-course CHT-RT (91.9%). The tumors were mainly treated using 212 

TME, with only 3.5% of patients undergoing a local excision. Among TME patients, 7.1% were node positive. 213 

Some 85.4% of the SHORT RT sub-group was treated with delayed surgery at a mean interval of 12.9±11.9 214 

weeks. Mean follow up was 30.4±20.4 months and 50.1% of the patients were subsequently treated with 215 

adjuvant chemotherapy following surgery. Sixty relapses were reported (8.8%), thirty-eight at a distant site. 216 

The mean time to relapse was 20.9±13.3 months.  217 

Nodal status and survival outcome. The propensity method was conducted to match ypN+ patients with ypN0 218 

patients from the TME group (ypN+ experimental group=1, ypN0 control group=0; Matching Ratio 1:2), using 219 

the following co-variates: age, gender and tumor location. The analyses yielded 141 matched patients (1:2 220 

ratio; 47 ypN+ and 94 ypN0). The L1 test measure was larger in the unmatched sample (0.764) than in the 221 

matched sample (0.553) indicating that the two groups were well balanced across  all the variables considered. 222 

A lower rectal cancer (HR 0.96 95%CI:0.56-0.91) and ypN+ (HR 3.85 95%CI:1.12-13.19) were variables 223 

correlated with worse DFS, whereas younger age was documented as a variable of borderline significance (HR 224 
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0.95 95%CI:0.91-0.99), Table 2. Although only the tumor location provided significant results in the multivariate 225 

model, all the three parameters were tested using a bootstrap.  226 

A bootstrap method (resampling with replacement) was used for internal validation of the DFS univariate 227 

analysis. Ten independent procedures, each containing 5000  bootstrap samples, were performed and all of 228 

them validated the Cox proportional hazard results, Table 3. 229 

Nodal Metastases. Table 4 shows results of logistic regression analysis. Also in this case the analysis was 230 

restricted to 656 TME patients. The logistic regression documented that a short-course radiotherapy (OR 0.18 231 

95%CI:0.09-0.37) and younger age (OR 0.98 95%CI:0.96-0.99) correlated with the end-point of nodal 232 

metastasis, although age disclosed borderline values. Consistently with the effect of the radio-chemo-therapy, 233 

the long-course group had a significantly smaller nodal harvest (mean 12.3 vs 16.7, Kruskal-Wallis p-value 234 

0.001), Suppl. Figure 1. 235 

ypT0 in a global surgery frame. The patients from  countries ranking in the LMIC, medium HDI and those in the 236 

lower ranks of the GGG index documented worse DFS curves (respectively p value<0.0001,p<0.0001 and p 237 

0.0002), Figure 2. Interestingly, the clinical stages at presentation were reported similar in high and low income 238 

countries, p 0.183 (Table 5). Also, the patients from medium HDI countries received more adjuvant 239 

chemotherapy than the others, Table 5. Finally, the WBI and HDI indexes showed an optimal concordance in 240 

discriminating medium and lower-middle income ranks (weighted kappa 1.000), whereas both two indexes 241 

presented a moderate concordance vs GGG (weighted kappa 0.774), Suppl Table 1.  242 

   243 

 244 

 245 
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 248 

 249 

 250 

 251 
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Discussion 252 

The achievement of a complete pathologic response in the surgical specimen following neoadjuvant treatment 253 

is a benchmark of the progress made so far in rectal cancer treatment. Several manuscripts documented the 254 

benefits of complete response in terms of survival6,10 and clinical research is moving forward to explore the 255 

benefits of an organ preservation.  256 

This study identified a group of “ugly features” in patients treated with TME; in particular, patients with distal 257 

and nodal positive tumors, reported a worse DFS; these results were strongly validated by the bootstrap 258 

model. Although in this study a younger age was documented an independent variable affecting prognosis of 259 

borderline significance,  the literature reports that the incidence of colorectal cancer in individuals <50 years is 260 

escalating, and the tumor behavior in this sub-group has been described as particularly aggressive. 27,28 261 

The presence of residual nodal disease in the in ypT0 sub-group herein reported was similar to past studies in 262 

this field, ranging between 6.7% and 8.7%.6,8 A recent analysis documented that the rate of ypT0-ypN+ could be 263 

low to three percent if patients were clinically staged as nodal negative on pre-treatment MRI.29 Past research 264 

reported also a strict correlation between the residual ypT and ypN following neoadjuvant treatment but no 265 

correlation was documented between ypN and tumor location.30 In CAO/ARO/AIO-04 trial, patients where 266 

noted to have no metastases below the tumor, and more nodal metastases in the peritumoral mesorectum 267 

than proximal to the tumor-site.31 These results were not supported by the present findings where ypN+ 268 

correlated with short-course radiotherapy but not with cT/cN stages or tumor location; of note ypN+ patients 269 

were registered in Australia, Germany, Greece, India, Italy, Poland, Portugal, Romania and Spain (data not 270 

shown).  271 

These findings have significant implications when considering organ-preservation strategies. Nowadays, these 272 

approaches encompass a number of treatments ranging from endoscopical/surgical local excisions to a full 273 

watch and wait approach.32,33 Moreover, they imply the identification of a clinical complete response using 274 

radiological/radiomics criteria of tumor regression.34-37 275 

Undoubtedly, an organ preservation has the advantage of ensuring a better quality of life, although the follow-276 

up schemes are more intensive and the local tumor regrowth has been acknowledged as a critical issue. 13, 38, 39 277 

Recent results from the InterCoRe consortium investigated the factors affecting local regrowth in 600 patients 278 

managed with watch and wait, using an individual participant data meta-analysis. The cumulative incidence of 279 

local regrowth was of 21.4% and correlated with cT stage, reporting, however, high levels of heterogeneity 280 
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between studies.40 Similar results were also obtained in the OnCoRe Project, although local regrowth rates 281 

were higher (34%).41 282 

Possibly because of the difficulties in defining a clinical response, but also due to the limitations of the 283 

researches published so far, the organ preservation strategy is not currently recommended in routinely 284 

practice out of clinical studies. According to the most recent ESMO guidelines this approach could be 285 

considered when a clinical response is achieved in high-risk/fragile patients; however, “a small increased 286 

oncological risk of pelvic and metastatic disease exist, although the prognosis is excellent even without 287 

surgery”.42 The results from large studies, such as the IWWD registry 43,44 or the STAR-TREC trial 45, will provide 288 

more information and will help in selecting eligible patients. 289 

A particular aspect of this large data-set is the involvement of several countries from four continents, aiming to 290 

frame the results of complete response in a global surgery context. As previously reported, surgery is the gold 291 

standard treatment of solid tumors, but currently less than one quarter of patients currently receive a safe, 292 

affordable and timely procedures, since surgical care in low-income countries is largely neglected.16 However, 293 

this issue is affecting also northern Europe, since survival from colorectal cancer in England and Denmark was 294 

recently reported lower than in Norway and Sweden.15 Remarkably, this study reported optimal survivals in 295 

high-income ranking countries according to three different, but concordant, indexes. A significant negative 296 

correlation between relapses and low-income countries was documented on Kaplan Meier analyses, despite all 297 

patients performed neoadjuvant therapy and all of them received a surgical treatment (at least with a local 298 

excision).  299 

If a late presentation could explain the variances in disease free survivals, CORSiCA study disclosed that no 300 

particular difference was noted concerning clinical stages at presentation among different countries. Still, 301 

survival outcomes could be explained on the basis of differences in the tumor biology, but patients were 302 

registered in four continents in a precise time frame. This study highlighted also that medium-HDI countries 303 

perform more adjuvant chemotherapy comparing high/very high-HDI countries, consistently with the 304 

multimodal management. Despite almost the totality of the Institutions participating in this project, self-305 

declared to perform >80 colorectal resections/year and to discuss patients in MDTs on a regular basis, it should 306 

be acknowledged that volume is not the only key indicator of quality and the rise in surgical standards as well 307 

as the achievement of a multimodal treatment in a process of continuous auditing were the elements that 308 

changed the state of the art in rectal cancer management.46,47  309 

Recently, the HDI was used to compare countries on the basis of the surgical curriculum they offered. It was 310 

documented that the length of training and the availability of domestic surgical oncology fellowships had a 311 
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positive correlation with HDI ranks.48 On this basis, the leaders of the Society of Surgical Oncology and 312 

European Society of Surgical Oncology developed a global curriculum to incorporate the domains considered to 313 

be essential in surgical oncology.49 314 

Limitations of this study include the observational design and the impossibility of conducting molecular 315 

analyses to investigate features correlated with residual nodal disease. However, the large sample of patients 316 

from all over the world allowed to obtain significant clinical data, as recently achieved in other large 317 

international audits. 50,51  318 

Finally, the schemes of neoadjuvant treatment for rectal cancer varies considerably across different 319 

countries.52 A recent study in this field demonstrated that between 2007-2014 the use of SHORT RT ranged 320 

from 5% in Belgium to 75% in the Netherlands, whereas CHT-RT was used in the 87% of patients in Belgium and 321 

in the 15% of stage II-III rectal cancers in the Netherlands.52 However, the vast majority of neoadjuvant 322 

protocols are based on CHT-RT schemes, consistently with our results, although they may present variation in 323 

the rate of ypT0 produced. These results are in relation to the radiation dose, the chemotherapy drugs and the 324 

interval to surgery; 53 all these features may vary also in the same Institution through the years. During the 325 

study period, some 17687 rectal cancers where surgically treated across participating Institutions (mean 326 

340.1±338.8 patients, ranging 52-1760 surgical procedures/Institution). On this basis, the rate of complete 327 

responses reported in this study is consistent with the overall population included. Of note, even if patients 328 

were treated by different means and modalities, the entire project focused on the ultimate effect of the 329 

neoadjuvant treatment: the occurrence of a complete rectal cancer regression, thus the cases selected across 330 

sites where homogeneous for this feature.  331 

The findings reported with CORSiCA project have important oncological and oncopolicy implications. This 332 

project identified a particular sub-group of responders patients at risk for relapses, including patients with 333 

distal tumors and those reporting the persistence of nodal disease. In particular and with respect of the nodal 334 

persistence, a short course radiotherapy was documented in relation with ypN+. All these features should be 335 

taken into account when considering a more conservative approach. 336 

Finally, since the clinical stages and rates of adjuvant treatment were comparable, two possible reasons could 337 

explain the geographic discrepancies, one and highly speculative being the difference in the tumor biology that 338 

was not here investigated. The second reason could be a possible shortfall in the provision of surgical oncology 339 

standards. Raising the standards in surgical oncology quality should improve the long-term outcomes globally, 340 

also when the effect of the multimodal treatment of rectal cancer achieve a complete tumor regression. 341 
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However, the addition of molecular features would help in better understanding the international variation 342 

and possible inequalities. 343 
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Figure Legend  516 

Figure 1. CORSiCA Project. A. Registered Institutions map and trend over time. B. Number of participating 517 

Institutions according to different continents and countries. 518 

Figure 2. Kaplan Meier curves with the end-point of DFS in ypT0 patients according to country development 519 

indexes. Curves were censored at 60 months; A. World Bank Index (WBI), log-rank test p <0.0001; B. Human 520 

Development Index (HDI), log-rank test p <0.0001; C. Gender Gap Index, log-rank test p 0.0002.  521 

 522 

Suppl Figure 1. Kolmogorov-Smirnov test showing a non-normal distribution for lymph node harvest in the 523 

Normality Plots of A. Long-course chemo-radiation and B. Short course radiation groups;  on this basis, C. Mean 524 

difference was compared  using a non-parametric Kruskal-Wallis- test.  525 

 526 

 527 

 528 
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Abstract 

Background. Colorectal cancer mortality presents world-wide variation. In rectal cancers presenting a 

complete/nearly-complete tumor response (ypT0/ypTis) following neoadjuvant treatment, the features 

correlated to nodal metastases and relapses still need to be defined.  

Methods. An international cohort study enrolling ypT0/ypTis rectal cancers surgically treated from 2012-2017 

was conducted. A propensity matching was used to balance nodal-positive and nodal-negative patients and 

statistical analyses were performed to investigate survivals, using a bootstrap model for internal validation. The 

features correlated with nodal metastasis were studied. Countries with participating centres were ranked using 

the World Bank (WBI), Human Development (HDI) and Global Gender Gap (GGG) indexes to compare survivals. 

Results. 680 ypT0/ypTis from 52 European, Australian, Indian and American Institutions were analyzed. Mean 

follow-up was of 30.4 months. 96.5% were treated with total mesorectal excision, 7.2% were nodal-positive 

and 8.8% relapsed. Distal cancers (HR 0.96 95%CI:0.56-0.91) and nodal metastasis (HR 3.85 95%CI:1.12-13.19) 

correlated with worse DFS, whereas a younger age was of borderline significance (HR 0.95 95%CI:0.91-0.99). 

The bootstrap analysis validated the model on 5000 repetitions. A short-course radiotherapy (OR 0.18 

95%CI:0.09-0.37) correlated with the occurrence of nodal metastasis. Those countries classified in the 

low/medium-WBI, medium-HDI and lower-GGG ranks documented worse DFS curves (respectively p<0.0001, 

p<0.0001 and p 0.0002). However, the clinical stages were similar and patients from medium-HDI countries 

received more adjuvant chemotherapy than the others (p<0.0001). 

Conclusion. Sub-groups at risk for relapses and nodal metastasis were identified. A global variation exists also 

when benchmarking a rectal cancer complete regression.  

Keywords. Rectal cancer; ypT0; complete tumor response; organ preservation; local excision.  
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Introduction 

Recent data from the Global Cancer Observatory (GLOBOCAN 2018), documented that colorectal cancer is still 

the third most frequent cancer and the second cause of cancer related mortality, however its incidence and 

mortality present a relevant world-wide variation.1,2  

Rectal cancers account for about 30% of colorectal cancers3 and represent a field of relevant surgical, clinical 

and biological investigations. Over the last three decades the approach to rectal cancer radically changed: the 

improvements achieved lead to the introduction of total mesorectal excision (TME) and neoadjuvant 

(chemo)radiation treatments4-5. Nevertheless, the state-of-the art is continuously evolving as the effects of 

neoadjuvant treatments started to emerge in literature.6  

In particular, tumor down-staging following neoadjuvant treatment could result in a complete response, 

defined as clinical response (absence of residual primary tumor clinically detectable, cT0) or pathological 

response (absence of viable tumor cells within the rectal wall in the surgical specimen, ypT0)7, occurring in 

about 10-20% of the patients who were treated with neoadjuvant therapy prior to surgery. 8,9 

In this subset of patients, the improved survival outcomes10,11 and the benefits of avoiding major surgical 

procedures, are encouraging a more conservative approach including watch and wait protocols12,13 or a local 

excision of the residual tumor scar.14 

Despite the achievement of a complete response could be acknowledged as a milestone, a number of issues 

still need to be addressed, in particular in relation to the surgical strategy, the identification of factors 

correlated to relapses and tumor regression, and the incidence and impact of a residual nodal disease. 

A pilot multicenter investigation was recently conducted in this field investigating the pattern of survivals of 

rectal cancer patients presenting a complete or nearly complete tumor response after neoadjuvant therapy. 

Patients were treated using local excision or TME in Italy and Spain and results were highly promising, in 

particular in disclosing differences in survivals between patients assessed as nodal negative (ypN0) or 

presenting residual nodal metastases (ypN+).6   

On the other hand, significant differences are emerging concerning survivals of rectal cancers in different 

countries, surprising also when comparing Norther European countries.15 The geographic discrepancies 

concerning surgical quality and access to surgical care are currently a prioritizing issue, as widely declared by 

the Lancet Commission on Global Surgery.16 On this extent, the National Institute for Health Research (NIHR) 

Global Health Research Unit on Global Surgery is in the process of establishing research hubs in low‐ and 



4 
 

middle‐income countries; a four‐stage modified Delphy study identified three priority areas for future research, 

including the access to surgery, surgical oncology and peri-operative surgical care. With respect to the second 

domain, the aim was to define a resource‐weighted quality assurance framework for cancer surgery; the 

research questions included, among the others, the identification of quality indicators and the role of 

multidisciplinary team meeting (MDT) in delivering cancer care. Accordingly, it was agreed that “a global 

observational cohort study was needed to benchmark care pathways and outcomes in low-income against high-

income countries. This study would capture data on patient pathways, including availability of diagnostic and 

therapeutic services, short‐term surgical outcomes and longer‐term cancer‐specific outcomes”. Colorectal 

cancer was assessed as a top priority along with breast and gastric cancers.17  

This study focused on COmplete pathological ReSponse rectal CAncer (CORSiCA) and aimed to investigate if 

nodal metastases independently affected prognosis and the clinical variables correlated with the occurrence of 

pathologic nodes. In addition, the global variations in the outcomes of rectal cancers presenting a complete 

pathological response were studied. 
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Methods 

Design. This retrospective cohort study was promoted by the European Society of Surgical Oncology (ESSO) 

Young Alumni Club (EYSAC). The project received approval by ESSO board and was registered on 

clinicaltrials.gov on November 2017 (ClinicalTrials.gov Identifier: NCT03351959). CORSiCA was publicized using 

ESSO network and social media and it was officially launched on December 1st 2017 with a global call closing on 

March 2017. Actions were also taken by EYSAC steering committee members to spread the project; each 

center could participate a junior (<40 years) member for data collection and a senior investigator for data 

validation.6 No limit of enrollment was fixed for patients’ registration, nor there was a minimum number of 

patients/center. The project was notified at the PI IRB institution (protocol n. 50973/17). The PI also 

standardized the core documentation, in order to have all sites working with the same version of the protocol 

and notified the centers with the project status updates using regular newsletters.  

Patients. All patients with a rectal cancer surgically treated from 2012 to 2017, presenting a pathological 

surgical report consistent with ypT0 (absence of cancerous cells in the rectal wall) or ypTis (intramucosal 

carcinoma with no extension into the muscularis mucosae) following neoadjuvant treatment could be enrolled, 

independently from the neoadjuvant scheme, type of surgical resection or nodal status. 

Clinical and pathological records. All the clinical and pathological records were de-identified by recruiting 

centers and pooled in a common database by the PI using a consecutive number. For the purpose of data 

collection, a database was designed adhering to the STROBE Statement.18 The records included: demographics, 

tumor location and diameter, presence or not of large bowel obstruction, clinical staging (cTNM and clinical 

mesorectal fascia involvement – cMRF- defined as the presence or absence of tumor/nodal metastases 

involving mesorectal fascia on pre-treatment imaging scans) obtained using computer tomography (CT), 

magnetic resonance imaging (MRI) and/or endoscopic ultrasound (Endo-US). Also, the neoadjuvant protocols 

were collected, and patients classified into: short-course radiotherapy (SHORT RT) or a long-course chemo-

radiotherapy (CHT-RT) sub-groups. The total dose of radiation was recorded (Gy), along with possible dose 

reductions or treatment interruptions. The radiological assessment following neoadjuvant treatment was 

recorded together with the interval time to surgery (measured in weeks). With respect to the surgical 

approaches, low-anterior resection, Miles resection and trans-anal TME were all categorized as TME 

procedures. On the other hand, patients undergoing a trans-anal endoscopic microsurgery resection, a trans-

anal minimal invasive resection or a traditional  trans-anal excision, were all grouped in the local excision 

group. The records included also the pathologic data (ypN stage, lymph-nodes harvested in the surgical 

specimen – LNH), the rate of adjuvant chemotherapy treatments and the long term oncological outcomes. 



6 
 

Outcome measures.  The outcome measures included patients’ survivals and residual nodal disease (ypN+). 

The follow-up was registered with the end-points of overall survival (OS, any cause of death) and disease free 

survival (DFS, first recurrence after surgical resection). The relapses were differentiated in local relapses 

(rectal/anastomotic site), pelvic relapses (nodal) and relapses at distant sites (i.e. lung/liver). 

Statistical analysis. Continuous variables were analyzed using means and standard deviations (SD), tested for 

normal distribution using Kolmogorov-Smirnov normality test and compared accordingly. Categorical variables 

were analyzed using frequencies and percentage values and compared using Chi-square test. In order to 

control potential confounders that could affect the outcomes of interest, a propensity score matching19 was 

used to generate two different treatment groups with balanced distribution of baseline features. Propensity 

scores resulted from logistic regression with dependent variable being the presence of nodal metastases. 

Covariates included age at diagnosis, gender and tumor location. The patients were matched one-to-two with 

the nearest-neighbor method using a caliper distance of 30% of the standard deviation of the logit of the 

estimated propensity score to ensure good matches. The balance between the two groups was assessed using 

the relative multivariate imbalance measure L1 as proposed by Iacus, King and Porro.20-22  

Survival analyses were conducted using the Kaplan-Meier method with log-rank test and Cox regression 

analyses. The Hazard risk and its relative 95% confidence interval (95%CI) was estimated for each variable using 

the Cox proportional univariate model adopting the most suitable prognostic category as reference group. A 

multivariate Cox proportional hazard model was also developed using stepwise regression (forward selection). 

Enter limit and remove limit were p =0.05 and p =0.10, respectively, with significance defined at the p=0.05 

level. In order to avoid overfitting, a bootstrap method (resampling with replacement) was used for internal 

validation of the DFS univariate model. Ten independent procedures, each containing 1000 bootstrap samples, 

were performed. In order to further challenge the model, a larger procedure with 5000 repetitions was carried 

out.  

To test if putative variables correlated with a ypN+ outcome, a logistic regression was performed in the TME 

group including: gender, age, tumor location, cT, cN, cMRF stages and neoadjuvant schemes. The logistic 

regression was used since it has been documented an extremely valuable model in epidemiologic studies, 

allowing multiple variables to be analyzed in the same time. The odds ratio (OR) obtained expresses the 

probability of an event favorable to an outcome and the probability of an event against the same outcome; 

accordingly,  a large OR means that the chance of a particular group is much greater than that of the reference 

group and vice-versa.23 
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Finally, the geographic variation was investigated ranking countries with participating centers  according to the 

World Bank Index (WBI)24, the human development index (HDI: a United Nations’ composite statistic including 

life expectancy, education, and income indices)25 and the Global Gender Gap (GGG) Index provided by the 

World Economic Forum which measure progress towards gender parity across economic participation and 

opportunity, educational attainment, health and survival, and political empowerment.26 Briefly, the countries 

were ranked into high income countries (HIC), upper middle income countries (UMIC) and lower middle income 

countries (LMIC) according to the WBI; very high/high HDI and medium HDI according to the United Nations’ 

index and finally in the upper (1-50), middle (51-100) or lower (101-149) ranks of the GGG list report. The 

indexes were then compared for the differentiation of HIC-UMIC/very high-high HDI/upper and middle GGG 

ranks vs LMIC/medium HDI/lower GGG ranks using the weighted kappa inter-agreement. 

All statistical analyses were centralized by the PI, blinded to the recruiting centers and obtained using MedCalc 

(MariaKerke, Belgium) version 10.2.0.0 and SPSS (IBM, Armonk USA) version 21.0 software. All tests were 

performed two-tailed and a p value <0.05 was considered as statistically significant.  
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Results 

Between December and March 2017, 88 Institutions from all over the world registered in the study, however 

exclusively 52 of them (59.0%) performed as recruiting centers. About 93% of these 52 institutions were 

European, whereas non-European centers included Australia, India and Argentina, Figure 1. Nine Institutions 

were also enrolled in the pilot investigation.6 Mean age of the junior investigators was 32.9±4.2 years whereas 

the seniors were about 15 years older (mean age 48.6±8.9 years); the centers were mostly categorized as 

University hospitals (67.3%), performing high volume colorectal surgery (92.3% declared >80 colorectal 

resections/year) and with colorectal MDTs scheduled on a regular basis in 90.4% of the cases. Nine-hundred 

and seven ypT0/ypTis were registered, but patients with incomplete clinical records (date of surgery, age, 

clinical staging, neoadjuvant scheme, follow-up data, adjuvant therapy) and clinical stage IV were excluded, 

leaving 680 patients for data analysis. Overall, 77 patients, 11.3% of the case series, were enrolled in the same 

Institutions as the pilot investigation. Clinical and surgical data of the cohort are detailed in Table 1. Clinical 

staging was performed using MRI in 77.8% of the patients, CT scan in 97.3%, and Endo-US in only 33.8% of the 

cases. The vast majority of the rectal cancers were clinically assessed as cT3/cT4 (84.6%), cN+ (74.0%), cMRF 

negative (74.0%) before the neoadjuvant treatment. 

As expected, a prevalence of males was reported (M/F 1.7) with a mean age of 60.0 years±14.2 years. The 

majority of the patients presented a low rectal cancer (mean distance from the anal verge 5.8±3.2 cm), and the 

neoadjuvant treatment consisted mostly of long-course CHT-RT (91.9%). The tumors were mainly treated using 

TME, with only 3.5% of patients undergoing a local excision. Among TME patients, 7.1% were node positive. 

Some 85.4% of the SHORT RT sub-group was treated with delayed surgery at a mean interval of 12.9±11.9 

weeks. Mean follow up was 30.4±20.4 months and 50.1% of the patients were subsequently treated with 

adjuvant chemotherapy following surgery. Sixty relapses were reported (8.8%), thirty-eight at a distant site. 

The mean time to relapse was 20.9±13.3 months.  

Nodal status and survival outcome. The propensity method was conducted to match ypN+ patients with ypN0 

patients from the TME group (ypN+ experimental group=1, ypN0 control group=0; Matching Ratio 1:2), using 

the following co-variates: age, gender and tumor location. The analyses yielded 141 matched patients (1:2 

ratio; 47 ypN+ and 94 ypN0). The L1 test measure was larger in the unmatched sample (0.764) than in the 

matched sample (0.553) indicating that the two groups were well balanced across  all the variables considered. 

A lower rectal cancer (HR 0.96 95%CI:0.56-0.91) and ypN+ (HR 3.85 95%CI:1.12-13.19) were variables 

correlated with worse DFS, whereas younger age was documented as a variable of borderline significance (HR 
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0.95 95%CI:0.91-0.99), Table 2. Although only the tumor location provided significant results in the multivariate 

model, all the three parameters were tested using a bootstrap.  

A bootstrap method (resampling with replacement) was used for internal validation of the DFS univariate 

analysis. Ten independent procedures, each containing 5000  bootstrap samples, were performed and all of 

them validated the Cox proportional hazard results, Table 3. 

Nodal Metastases. Table 4 shows results of logistic regression analysis. Also in this case the analysis was 

restricted to 656 TME patients. The logistic regression documented that a short-course radiotherapy (OR 0.18 

95%CI:0.09-0.37) and younger age (OR 0.98 95%CI:0.96-0.99) correlated with the end-point of nodal 

metastasis, although age disclosed borderline values. Consistently with the effect of the radio-chemo-therapy, 

the long-course group had a significantly smaller nodal harvest (mean 12.3 vs 16.7, Kruskal-Wallis p-value 

0.001), Suppl. Figure 1. 

ypT0 in a global surgery frame. The patients from  countries ranking in the LMIC, medium HDI and those in the 

lower ranks of the GGG index documented worse DFS curves (respectively p value<0.0001,p<0.0001 and p 

0.0002), Figure 2. Interestingly, the clinical stages at presentation were reported similar in high and low income 

countries, p 0.183 (Table 5). Also, the patients from medium HDI countries received more adjuvant 

chemotherapy than the others, Table 5. Finally, the WBI and HDI indexes showed an optimal concordance in 

discriminating medium and lower-middle income ranks (weighted kappa 1.000), whereas both two indexes 

presented a moderate concordance vs GGG (weighted kappa 0.774), Suppl Table 1.  
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Discussion 

The achievement of a complete pathologic response in the surgical specimen following neoadjuvant treatment 

is a benchmark of the progress made so far in rectal cancer treatment. Several manuscripts documented the 

benefits of complete response in terms of survival6,10 and clinical research is moving forward to explore the 

benefits of an organ preservation.  

This study identified a group of “ugly features” in patients treated with TME; in particular, patients with distal 

and nodal positive tumors, reported a worse DFS; these results were strongly validated by the bootstrap 

model. Although in this study a younger age was documented an independent variable affecting prognosis of 

borderline significance,  the literature reports that the incidence of colorectal cancer in individuals <50 years is 

escalating, and the tumor behavior in this sub-group has been described as particularly aggressive. 27,28 

The presence of residual nodal disease in the in ypT0 sub-group herein reported was similar to past studies in 

this field, ranging between 6.7% and 8.7%.6,8 A recent analysis documented that the rate of ypT0-ypN+ could be 

low to three percent if patients were clinically staged as nodal negative on pre-treatment MRI.29 Past research 

reported also a strict correlation between the residual ypT and ypN following neoadjuvant treatment but no 

correlation was documented between ypN and tumor location.30 In CAO/ARO/AIO-04 trial, patients where 

noted to have no metastases below the tumor, and more nodal metastases in the peritumoral mesorectum 

than proximal to the tumor-site.31 These results were not supported by the present findings where ypN+ 

correlated with short-course radiotherapy but not with cT/cN stages or tumor location; of note ypN+ patients 

were registered in Australia, Germany, Greece, India, Italy, Poland, Portugal, Romania and Spain (data not 

shown).  

These findings have significant implications when considering organ-preservation strategies. Nowadays, these 

approaches encompass a number of treatments ranging from endoscopical/surgical local excisions to a full 

watch and wait approach.32,33 Moreover, they imply the identification of a clinical complete response using 

radiological/radiomics criteria of tumor regression.34-37 

Undoubtedly, an organ preservation has the advantage of ensuring a better quality of life, although the follow-

up schemes are more intensive and the local tumor regrowth has been acknowledged as a critical issue. 13, 38, 39 

Recent results from the InterCoRe consortium investigated the factors affecting local regrowth in 600 patients 

managed with watch and wait, using an individual participant data meta-analysis. The cumulative incidence of 

local regrowth was of 21.4% and correlated with cT stage, reporting, however, high levels of heterogeneity 
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between studies.40 Similar results were also obtained in the OnCoRe Project, although local regrowth rates 

were higher (34%).41 

Possibly because of the difficulties in defining a clinical response, but also due to the limitations of the 

researches published so far, the organ preservation strategy is not currently recommended in routinely 

practice out of clinical studies. According to the most recent ESMO guidelines this approach could be 

considered when a clinical response is achieved in high-risk/fragile patients; however, “a small increased 

oncological risk of pelvic and metastatic disease exist, although the prognosis is excellent even without 

surgery”.42 The results from large studies, such as the IWWD registry 43,44 or the STAR-TREC trial 45, will provide 

more information and will help in selecting eligible patients. 

A particular aspect of this large data-set is the involvement of several countries from four continents, aiming to 

frame the results of complete response in a global surgery context. As previously reported, surgery is the gold 

standard treatment of solid tumors, but currently less than one quarter of patients currently receive a safe, 

affordable and timely procedures, since surgical care in low-income countries is largely neglected.16 However, 

this issue is affecting also northern Europe, since survival from colorectal cancer in England and Denmark was 

recently reported lower than in Norway and Sweden.15 Remarkably, this study reported optimal survivals in 

high-income ranking countries according to three different, but concordant, indexes. A significant negative 

correlation between relapses and low-income countries was documented on Kaplan Meier analyses, despite all 

patients performed neoadjuvant therapy and all of them received a surgical treatment (at least with a local 

excision).  

If a late presentation could explain the variances in disease free survivals, CORSiCA study disclosed that no 

particular difference was noted concerning clinical stages at presentation among different countries. Still, 

survival outcomes could be explained on the basis of differences in the tumor biology, but patients were 

registered in four continents in a precise time frame. This study highlighted also that medium-HDI countries 

perform more adjuvant chemotherapy comparing high/very high-HDI countries, consistently with the 

multimodal management. Despite almost the totality of the Institutions participating in this project, self-

declared to perform >80 colorectal resections/year and to discuss patients in MDTs on a regular basis, it should 

be acknowledged that volume is not the only key indicator of quality and the rise in surgical standards as well 

as the achievement of a multimodal treatment in a process of continuous auditing were the elements that 

changed the state of the art in rectal cancer management.46,47  

Recently, the HDI was used to compare countries on the basis of the surgical curriculum they offered. It was 

documented that the length of training and the availability of domestic surgical oncology fellowships had a 
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positive correlation with HDI ranks.48 On this basis, the leaders of the Society of Surgical Oncology and 

European Society of Surgical Oncology developed a global curriculum to incorporate the domains considered to 

be essential in surgical oncology.49 

Limitations of this study include the observational design and the impossibility of conducting molecular 

analyses to investigate features correlated with residual nodal disease. However, the large sample of patients 

from all over the world allowed to obtain significant clinical data, as recently achieved in other large 

international audits. 50,51  

Finally, the schemes of neoadjuvant treatment for rectal cancer varies considerably across different 

countries.52 A recent study in this field demonstrated that between 2007-2014 the use of SHORT RT ranged 

from 5% in Belgium to 75% in the Netherlands, whereas CHT-RT was used in the 87% of patients in Belgium and 

in the 15% of stage II-III rectal cancers in the Netherlands.52 However, the vast majority of neoadjuvant 

protocols are based on CHT-RT schemes, consistently with our results, although they may present variation in 

the rate of ypT0 produced. These results are in relation to the radiation dose, the chemotherapy drugs and the 

interval to surgery; 53 all these features may vary also in the same Institution through the years. During the 

study period, some 17687 rectal cancers where surgically treated across participating Institutions (mean 

340.1±338.8 patients, ranging 52-1760 surgical procedures/Institution). On this basis, the rate of complete 

responses reported in this study is consistent with the overall population included. Of note, even if patients 

were treated by different means and modalities, the entire project focused on the ultimate effect of the 

neoadjuvant treatment: the occurrence of a complete rectal cancer regression, thus the cases selected across 

sites where homogeneous for this feature.  

The findings reported with CORSiCA project have important oncological and oncopolicy implications. This 

project identified a particular sub-group of responders patients at risk for relapses, including patients with 

distal tumors and those reporting the persistence of nodal disease. In particular and with respect of the nodal 

persistence, a short course radiotherapy was documented in relation with ypN+. All these features should be 

taken into account when considering a more conservative approach. 

Finally, since the clinical stages and rates of adjuvant treatment were comparable, two possible reasons could 

explain the geographic discrepancies, one and highly speculative being the difference in the tumor biology that 

was not here investigated. The second reason could be a possible shortfall in the provision of surgical oncology 

standards. Raising the standards in surgical oncology quality should improve the long-term outcomes globally, 

also when the effect of the multimodal treatment of rectal cancer achieve a complete tumor regression. 
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However, the addition of molecular features would help in better understanding the international variation 

and possible inequalities. 
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Figure Legend  

Figure 1. CORSiCA Project. A. Registered Institutions map and trend over time. B. Number of participating 

Institutions according to different continents and countries. 

Figure 2. Kaplan Meier curves with the end-point of DFS in ypT0 patients according to country development 

indexes. Curves were censored at 60 months; A. World Bank Index (WBI), log-rank test p <0.0001; B. Human 

Development Index (HDI), log-rank test p <0.0001; C. Gender Gap Index, log-rank test p 0.0002.  

 

Suppl Figure 1. Kolmogorov-Smirnov test showing a non-normal distribution for lymph node harvest in the 

Normality Plots of A. Long-course chemo-radiation and B. Short course radiation groups;  on this basis, C. Mean 

difference was compared  using a non-parametric Kruskal-Wallis- test.  
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Table 1. Clinical and pathological features of CORSiCA population 

Sex N % 

F 254.0 37.4 
M 425.0 62.5 
Total 680 100.0 
M/F 1.7  

Age (years)   

Mean (SD) 60.0 14.2 

Distance from the anal verge (cm)   

Mean (SD) 5.8 3.2 

cT Stage N % 

cT1 4.0 0.6 
cT2 97.0 14.3 
cT3 512.0 75.3 
cT4 67.0 9.9 
Total 680.0 100.0 

cN Stage N % 

cN0 177.0 26.0 
cN+ 503.0 74.0 
Total 680.0 100.0 

°cMRF N % 

Negative 503.0 74.0 
Positive 177.0 26.0 
Total 680.0 100.0 

°°Neoadjuvant  treatment N % 

CHT-RT 625.0 91.9 
SHORT-RT 55.0 8.1 
Total 680.0 100.0 

°°°Surgical Treatment N % 

TME 656.0 96.5 
Local excision 24.0 3.5 
Total 680.0 100.0 

ypN Stage N % 

ypN+ 47 7.2 
ypN0 609 92.8 
Total 656.0 100.0 

Adjuvant Chemotherapy N % 

Performed 341 50.1 
Not performed 339 49.9 
Total 680.0 100.0 

Follow up (months)   

Mean (SD) 30.4 20.4 

Relapses N % 

Distant 38.0 63.3 
Local 9.0 15.0 
Distant + Local 1.0 1.7 
Pelvic 7.0 11.7 
Unknown 5.0 8.3 
Total 60.0 100.0 

°cMRF: clinical mesorectal fascia involvement; °°Neo-adjuvant treatment – CHT-RT (long course chemoradiation) SHORT-RT (short course radiotherapy followed by immediate 

or delayed surgery); °°°Surgical treatment: TME- total mesorectal excision 
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Table 2. Cox proportional hazard model and nodal status: results from ypN+ vs ypN0 PSM analysis 

Endpoint OS *   

Variable Comparison HR 95%CI p-value  

Gender F vs M 0.78 0.20-3.15 0.730  

Age Continuous variable 1.03 0.98-1.09 0.222  
Tumor location Continuous variable 0.96 0.77-1.21 0.744  
§
Neoadjuvant 

treatment 
CHR-RT vs SHORT-RT 23.91 NE -  

ypN ypN+ vs ypN0 1.65 0.44-6.14 0.458  

End-point DFS**  

    Univariate model Multivariate model° 
Variable Comparison HR 95%CI p-value  

Gender F vs M 0.39 0.08-1.82 0.231  

Age Continuous variable  0.95 0.91-0.99 0.008  

Tumor location Continuous variable 0.96 0.56-0.91 0.006 0.71 (0.56-0.91) p=0.006° 
§
Neoadjuvant 

treatment 
CHR-RT vs SHORT-RT 0.88 0.11-7.09 0.908  

ypN ypN+ vs ypN0 3.85 1.12-13.19 0.032  

* OS: Overall Survival 9 events;** DFS: Disease Free Survival 11 events;  §Neo-adjuvant treatment – CHT-RT (long course chemoradiation) SHORT-RT (short course radiotherapy 

followed by immediate or delayed surgery) °Forward selection model 

Table 3. Bootstrap model-internal validation of DFS analysis in ypN+ vs ypN0 PSM sample 

 End-point DFS    

Variable Comparison HR 95%CI p-value Bootstrap Results 

          N samples=5000 

Age  Continuous variable  0.95 0.91-0.99 0.008 Validated (10/10) 

Tumor location Continuous variable 0.71 0.56-0.91 0.006 Validated (10/10) 
ypN ypN+ vs ypN0 3.85 1.12-13.19 0.032 Validated (10/10) 

 

Table 4. Logistic regression with the end-point of ypN+ 

Variable Comparison OR 95%CI p-value 

Gender F vs M 0.87 0.47-1.63 0.665 

Age  Continuous variable 0.98 0.96-0.99 0.040 

Tumor location Continuous variable 0.99 0.90-10.9 0.796 

cT 1+2 vs 3 1.67 0.58-4.80 0.343 

  1+2 vs 4 2.10 0.57-7.77 0.266 

cN cN+ vs cN0 1.66 0.76-3.63 0.204 

°cMRF Positive vs Negative 1.17 0.61-2.25 0.630 
§
Neoadjuvant 

treatment 
         CHR-RT vs SHORT-RT 0.18 0.09-0.37 <0.001 

°cMRF: clinical mesorectal fascia involvement;  §Neo-adjuvant treatment – CHT-RT (long course chemoradiation) SHORT-RT (short course radiotherapy followed by immediate 

or delayed surgery) 
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Table 5. Clinical Stage and adjuvant treatments according to the economic and development indexes 

           high/very high HDI medium HDI p value 

cStage N % % %  

cStage 1 39.0 6.9 3.0 2.6  

cStage 2 109.0 19.3 26.0 22.6 0.183 

cStage 3 417.0 73.8 86.0 74.8  

Total 565.0 100.0 115.0 100.0  

Adjuvant 
Chemotherapy 

                    N                                 %             N                         %  

Performed 235.0 41.6 106.0 92.2 <0.0001 

Not performed 330.0 58.4 9.0 7.8  

Total 565.0 100.0 115.0 100.0  

 

 



Figure(s)
Click here to download high resolution image

http://ees.elsevier.com/ejso/download.aspx?id=528919&guid=53bbc1d1-b5f1-4582-8a4e-340eea8194a7&scheme=1


Figure(s)
Click here to download high resolution image

http://ees.elsevier.com/ejso/download.aspx?id=528920&guid=4c475941-09e7-40ef-98e6-def913175db9&scheme=1


  

Collaborator List to be indexed
Click here to download Supplementary files: Annex 1. CORSiCA Collaborator List.docx

http://ees.elsevier.com/ejso/download.aspx?id=528911&guid=af72df05-5290-435b-b478-786876ace48b&scheme=1


  

Supplementary files
Click here to download Supplementary files: Suppl Figure 1.jpg

http://ees.elsevier.com/ejso/download.aspx?id=528912&guid=78f249e3-9ca3-4f0b-bf32-da5efa237d52&scheme=1


  

Supplementary files
Click here to download Supplementary files: Suppl Table 1 R1.docx

http://ees.elsevier.com/ejso/download.aspx?id=528913&guid=7d8904e4-3263-4634-8bd3-94691347fae9&scheme=1


Rome 30.04.2019 

 

Conflict of interest. None of the authors has any potential financial conflict of interest related to this 

manuscript. 

 

*Conflict of Interest statement



1 
 

Table 1. Clinical and pathological features of CORSiCA population 

Sex N % 

F 254.0 37.4 
M 425.0 62.5 
Total 680 100.0 
M/F 1.7  

Age (years)   

Mean (SD) 60.0 14.2 

Distance from the anal verge (cm)   

Mean (SD) 5.8 3.2 

cT Stage N % 

cT1 4.0 0.6 
cT2 97.0 14.3 
cT3 512.0 75.3 
cT4 67.0 9.9 
Total 680.0 100.0 

cN Stage N % 

cN0 177.0 26.0 
cN+ 503.0 74.0 
Total 680.0 100.0 

°cMRF N % 

Negative 503.0 74.0 
Positive 177.0 26.0 
Total 680.0 100.0 

°°Neoadjuvant  treatment N % 

CHT-RT 625.0 91.9 
SHORT-RT 55.0 8.1 
Total 680.0 100.0 

°°°Surgical Treatment N % 

TME 656.0 96.5 
Local excision 24.0 3.5 
Total 680.0 100.0 

ypN Stage N % 

ypN+ 47 7.2 
ypN0 609 92.8 
Total 656.0 100.0 

Adjuvant Chemotherapy N % 

Performed 341 50.1 
Not performed 339 49.9 
Total 680.0 100.0 

Follow up (months)   

Mean (SD) 30.4 20.4 

Relapses N % 

Distant 38.0 63.3 
Local 9.0 15.0 
Distant + Local 1.0 1.7 
Pelvic 7.0 11.7 
Unknown 5.0 8.3 
Total 60.0 100.0 

°cMRF: clinical mesorectal fascia involvement; °°Neo-adjuvant treatment – CHT-RT (long course chemoradiation) SHORT-RT (short course radiotherapy followed by immediate 

or delayed surgery); °°°Surgical treatment: TME- total mesorectal excision 
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Table 2. Cox proportional hazard model and nodal status: results from ypN+ vs ypN0 PSM analysis 

Endpoint OS *   

Variable Comparison HR 95%CI p-value  

Gender F vs M 0.78 0.20-3.15 0.730  

Age Continuous variable 1.03 0.98-1.09 0.222  
Tumor location Continuous variable 0.96 0.77-1.21 0.744  
§
Neoadjuvant 

treatment 
CHR-RT vs SHORT-RT 23.91 NE -  

ypN ypN+ vs ypN0 1.65 0.44-6.14 0.458  

End-point DFS**  

    Univariate model Multivariate model° 
Variable Comparison HR 95%CI p-value  

Gender F vs M 0.39 0.08-1.82 0.231  

Age Continuous variable  0.95 0.91-0.99 0.008  

Tumor location Continuous variable 0.96 0.56-0.91 0.006 0.71 (0.56-0.91) p=0.006° 
§
Neoadjuvant 

treatment 
CHR-RT vs SHORT-RT 0.88 0.11-7.09 0.908  

ypN ypN+ vs ypN0 3.85 1.12-13.19 0.032  

* OS: Overall Survival 9 events;** DFS: Disease Free Survival 11 events;  §Neo-adjuvant treatment – CHT-RT (long course chemoradiation) SHORT-RT (short course radiotherapy 

followed by immediate or delayed surgery) °Forward selection model 

Table 3. Bootstrap model-internal validation of DFS analysis in ypN+ vs ypN0 PSM sample 

 End-point DFS    

Variable Comparison HR 95%CI p-value Bootstrap Results 

          N samples=5000 

Age  Continuous variable  0.95 0.91-0.99 0.008 Validated (10/10) 

Tumor location Continuous variable 0.71 0.56-0.91 0.006 Validated (10/10) 
ypN ypN+ vs ypN0 3.85 1.12-13.19 0.032 Validated (10/10) 

 

Table 4. Logistic regression with the end-point of ypN+ 

Variable Comparison OR 95%CI p-value 

Gender F vs M 0.87 0.47-1.63 0.665 

Age  Continuous variable 0.98 0.96-0.99 0.040 

Tumor location Continuous variable 0.99 0.90-10.9 0.796 

cT 1+2 vs 3 1.67 0.58-4.80 0.343 

  1+2 vs 4 2.10 0.57-7.77 0.266 

cN cN+ vs cN0 1.66 0.76-3.63 0.204 

°cMRF Positive vs Negative 1.17 0.61-2.25 0.630 
§
Neoadjuvant 

treatment 
         CHR-RT vs SHORT-RT 0.18 0.09-0.37 <0.001 

°cMRF: clinical mesorectal fascia involvement;  §Neo-adjuvant treatment – CHT-RT (long course chemoradiation) SHORT-RT (short course radiotherapy followed by immediate 

or delayed surgery) 
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Table 5. Clinical Stage and adjuvant treatments according to the economic and development indexes 

           high/very high HDI medium HDI p value 

cStage N % % %  

cStage 1 39.0 6.9 3.0 2.6  

cStage 2 109.0 19.3 26.0 22.6 0.183 

cStage 3 417.0 73.8 86.0 74.8  

Total 565.0 100.0 115.0 100.0  

Adjuvant 
Chemotherapy 

                    N                                 %             N                         %  

Performed 235.0 41.6 106.0 92.2 <0.0001 

Not performed 330.0 58.4 9.0 7.8  

Total 565.0 100.0 115.0 100.0  

 

 


