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Summary  

 
This thesis represents the synthesis of the work carried out over three years 

of PhD study and focuses on the exploration of the concept of sentinel lymph node 
applied to colorectal pathology and more specifically, to rectal cancer. 
 

In recent years, significant technological and therapeutic innovations, as 
well as the increasing implementation of prevention strategies, have led to a radical 
transformation in the approach to oncological pathology. Concepts such as 
personalized therapy and tailored surgery have also provided new impetus for a 
therapeutic proposal that is entirely patient-centered, in a continuous effort to 
progressively reduce the undesirable effects and complications often associated 
with oncological treatment. 
In colorectal surgery, screening programs have shown a shift towards earlier staged 

cancers1-3, thus broadening the range of therapeutical chances and granting a space 

to therapeutic proposal for minimally invasive surgery and endoluminal strategies. 

Indeed, Early Rectal Cancer (ERC) represents a heterogeneous group mainly due 

to the different risk of loco-regional lymph nodes metastases4, which gradually 

increases with submucosal invasion, and impacts significantly on the approach to 

these patients, as metastatic spread to regional lymph nodes is one of the most 

important prognostic factors and determines the need for adjuvant chemotherapy. 
 

The standard of care for radical surgery in rectal cancer is low anterior 

resection (LAR) with total mesorectal excision (TME) or abdominoperineal 

resection (APR). Both procedures are worsened by high operative morbidity rate 

and significant negative impact on functional outcome5-7. Furthermore, a huge 

number of patients after TME should face with stoma related difficulties, morbidity 

and subsequent hazards from stoma reversal.  
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In case there are not adverse features for lymph node metastatic involvement, local 

excisional procedures such as Transanal Endoscopic Microsurgery (TEM) are 

appropriate8. In order for TEM to be curative, the tumor must be limited to the rectal 

wall and able to be resected with negative margins. In this regard, accurate staging 

is paramount to selecting appropriate patients for local excision. Among several 

endoluminal proposal, TEM surely stands as standard of care. This technique allows 

more accurate en bloc, full-thickness excision than other techniques, and can 

provide similar oncological results in patients without lymph node involvement 

(clinical cN0) compared with TME, without compromising anorectal function1, 9. 

In this setting TEM could therefore represent both a curative technique, and an 

accurate staging technique.  
Nonetheless, the lack of adequate lymphadenectomy this technique entails so far, 

represents the main concern to this approach. As the risk of lymphatic metastases 

in ERC ties in with submucosal invasion, lymph drainage and its pathway appear 

to be crucial aspects to be assessed in this setting. 
 

The lymphatic vasculature is a system draining the organs through vessels 

and lymph nodes that act as filters. The Sentinel Lymph Node (SLN) is the first 

lymph node that receives lymphatic drainage from a tumor, and its identification 

and analysis for tumor involvement should predict the status of the remaining 

lymph nodes, providing key information in defining a proper oncological 

therapeutic strategy. The SLN procedure is actually regarded as the standard of care 

in the treatment of breast cancer and melanoma. However, its added value in 

colorectal cancer has not yet been established. Among the reason for this 

uncertainty, lack of deep understanding of the complexity of lymphatic drainage in 

the anatomical area of mesorectum certainly plays a central role. 
 

In this scenario, the implementation of imaging diagnostic techniques has 

contributed to the refinement of radiological lymph node staging in a reliable and 

specific manner10-12. As magnetic resonance imaging (MRI) is considered to be the 

standard of care for the assessment of lymph node involvement and local staging in 

rectal cancer, the first step of our research was to evaluate the chance and feasibility 

to identify a preferential lymphatic drainage pathway in the mesorectal space in 

patients with rectal cancer, through the analysis of preoperative MRI scans. The 

positive results of this analysis were then summarized in a recent published 

retrospective radiological study13, which highlights a lymphatic drainage 

preference lane as well as its correlation with primary rectal tumor location, 

although a clear node distribution pattern was not established.  



 

The recent improvement of imaging prognostic tools that correlate with and are 

validated by final histological examination14, 15, along with some authors’ attempt 

to propose different techniques for the identification of metastatic lymph node 

based on histological specimens from patients undergoing rectal resection with 

TME16 acknowledged from literature, synergised with the need of an external 

validation of these preliminary radiologic results.  
 

These efforts led to the development of an on-going protocol designed for a 

prospective pathological study aiming for a pathological validation of previous 

results. Specifically, the main focus of this analysis will be the ability to recognize 

the preferential drainage lymphatic pathway of rectal cancer through the analysis 

of biological samples from patients underwent rectal surgery.  
 

Despite the experimental nature of our analyses and the lack of robust 

supportive literature on this topic still constraint our results to speculations, the 

promising results from our first study and the expected ones from the ongoing 

prospective analysis pave the way for future clinical applications. A prospective 

operative protocol will be set up as third step of this multidisciplinary project, once 

the results from feasibility radiological and validation pathological study will be 

assessed. It will focus on the operative and clinical validation of TEM navigation 

and SLN removal on ex-vivo TME specimen of patients underwent rectal surgery. 

The meaning will be to assess the possibility to surgically perform proper SLN 

removal with TEM, the result being confirmed by pathologist.  
 

In this pioneering setting, that perfectly aligns with increasingly widespread 

concepts such as tailored surgery and organ preserving strategies, accurate patient 

selection appears to be mandatory. Despite endoscopic biopsy is considered to be 

the standard of care for tumor diagnosis, it could be inaccurate in up to 20%17 of 

rectal polyps, as rectal cancers often commence as adenomatous lesions and 

superficial biopsies may miss a malignant focus.  
The spread of Artificial Intelligence (AI) and its applications in many areas of 

modern medicine already offers a complementary rather than an alternative 

proposal. As a matter of fact, it has been already demonstrated, through the use of 

fluorescent indocyanine green (ICG) and near-infrared (NIR) imaging, that 

perfusion is visibly different between cancerous, benign and healthy tissues and that 

this discovery can be exploited for clinical use by the application of AI methods18. 

This idea, combining computer vision and machine learning has significant clinical 

implications, and represents the core of CLASSICA: validating artificial 
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intelligence in classifying cancer in real time surgery19, a Horizon project in which 

Università di Torino is actively involved as partner centre among other European 

Universities and Hospitals.  
 

The research areas explored in this thesis serve as foundational stepping 

stones for future applications, emphasizing the importance of continued exploration 

and multidisciplinary collaboration in oncology. By building upon these insights, 

we can further enhance our understanding of colorectal cancer, ultimately leading 

to better diagnostic tools and treatment options that will improve survival rates and 

quality of life for patients facing this challenging diagnosis.
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Introduction 

1.1 Map of Content 

Figure 1 

 
Figure 1. Map of Content of the present thesis, highlighting principal and secondary 

project covered during the PhD period 2021-2024 

        

                 

         

          

            

            

             

     

            

           

     

           

         

        

        

     

    

                 

              

                                   

  
 
 
 
 
 
 
 
  
 

 
 
 
 
  
 
 
  
 
 

  
 
 
  
  
 
  
 
 
 
  
 
  

 
 
 
 
 
 

 
   

  
 
   

 
 
   

 
   

 
 



 
1.2 Early Rectal Cancer 

Early rectal cancer refers to a lesion confined to the rectal wall, where the 
chances of mesorectal disease, nodal positivity, or deposits are minimal. 
Consequently, the risk of recurrence following local excision remains at an 
acceptable level20. 
 
Figure 2 

 
Figure 2. Colorectal cancer at different stages 

 
Nonetheless, early rectal cancer forms a heterogeneous group due to the different 
risk of loco-regional lymph nodes metastases, which increases with submucosal 
invasion (sm): 1–3% for sm1, 8% for sm2 and 23% for sm34, 9.  
 
Figure 3 

 
Figure 3. Deepening in submucosal invasion for adenocarcinoma 

 
The TNM classification21 is the most commonly utilized staging system for rectal 
cancer. In the context of early-stage rectal cancer, characterized as T1–2 with no 
lymph node involvement, Tis denotes intramucosal adenocarcinoma, T1 refers to 
rectal tumors that have invaded the submucosa, and T2 indicates penetration into 
the muscularis propria. 
Pre-operative staging of early rectal lesions is essential for determining the 
appropriate intervention strategy. Staging outside the pelvis is typically performed 
using a computed tomography (CT) scan of the thorax and abdomen, often 
supplemented with positron emission tomography (PET) scans for selected 
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patients22. The most precise methods for assessing locoregional clinical staging 
include endoscopic optical evaluation, magnetic resonance imaging (MRI), and 
endoscopic rectal ultrasound (ERUS). 

 
Endoscopic optical evaluation, utilizing techniques such as dye 

chromoendoscopy and image-enhanced endoscopy like narrow-band imaging 
(NBI), enables the identification of deep submucosal invasion as soon as a lesion is 
detected23. Morphological characteristics, including lesion size, location, 
spontaneous bleeding, ulceration, and the non-lifting sign, offer vital information 
for predicting the likelihood of achieving a curative endoscopic resection and 
assessing the risk of hidden submucosal invasive cancer24. Classifications utilizing 
advanced imaging methods, such as NICE and JNET, provide tools for accurately 
stratifying the risk of shallow and deep submucosal invasive cancers25. 
Nevertheless, the diagnostic accuracy of these classifications is operator-dependent, 
ranging from 59.5% to 84.2%26. 

 
Chromoendoscopy enhances visualization and characterization of the 

gastrointestinal mucosa by employing stains or dyes to evaluate lesion architecture 
and pit patterns. Although this technique is widely accessible, it is time-consuming 
since the dye must be sprayed over the entire lesion before assessment. In contrast, 
narrow-band imaging is a filter that can be activated with a simple button press on 
the endoscope, allowing for a more efficient evaluation of the surface of the lesion, 
and mucosal microcapillaries. This technique is advantageous due to its immediate 
availability without the need for dye application. Furthermore, numerous studies 
have indicated that NBI is comparable to chromoendoscopy with dye regarding 
diagnostic accuracy for submucosal invasion27. 
Chromoendoscopy can accurately diagnose colorectal cancer lesions with deep 
submucosal invasion from those with or without such invasion (including polyps, 
adenomas, dysplasia, intramucosal cancer, or submucosal invasive cancer), and it 
aids in assessing submucosal invasion depth in T1 early colorectal cancer26. 

 
Magnetic resonance imaging (MRI) is considered the gold standard for the 

local staging of rectal cancer. It assists in predicting the risk of recurrence and 
distant metastases by providing information on the cT substage, the tumor's 
relationship to the mesorectal fascia, extramural vascular invasion, and 
pathologically involved lymph nodes22. However, MRI struggles to distinguish 
between T1 (submucosal infiltration) and T2 (extension to the muscularis propria) 
stages in early rectal cancer due to distortion of the submucosal layer caused by the 
rectal lesion28. This issue is particularly significant, as a population study by 
Detering et al.28 found that 54.7% (792 of 1448) of patients with pT1 tumors were 
overstaged by MRI, which prevented them from being considered for local 
excision. Additionally, MRI has limitations in assessing nodal disease, with a 
sensitivity as low as 28.6% for detecting nodal involvement in patients with pT1 
rectal cancer. The risk of occult lymph node metastasis varies, ranging from 5–10% 
in stage T1 to 20–35% in stage T2 tumors29. 



 
High-resolution MRI is an advanced imaging technique that uses enhanced spatial 
resolution, specialized coils, and optimized sequences to provide detailed 
visualization of small or complex anatomical structures for precise diagnosis and 
treatment planning. High-resolution MRI has the potential to overcome the 
challenges in differentiating between T1 and T2 stages; however, its limited 
availability and the need for radiologists specialized in early rectal cancer hinder its 
application in clinical practice. Combining MRI with 18F-fluorodeoxyglucose 
positron emission tomography (FDG-PET) has also been considered for local 
staging and proved to enhance the delineation of tumor extent and is particularly 
useful in assessing tumor extension beyond the muscularis propria30. Accurate 
characterization of these small pelvic nodes and evaluating extensions beyond the 
muscularis propria are crucial for determining which patients are suitable 
candidates for local excision techniques, making PET/MRI an intriguing, combined 
approach for this patient subset. 

 
Endoscopic rectal ultrasound (ERUS) is a valid technique that improve the 

clinical staging of rectal cancer and can be used alongside MRI to address some of 
MRI's limitations31. ERUS must be performed by skilled clinicians, as it is highly 
operator-dependent. A recent meta-analysis by Luglio G. et al.32 found that ERUS 
outplayed MRI in all T stages except T4, with a significant advantage in T1 tumors. 
Regarding nodal involvement, various meta-analyses suggest that ERUS provides 
similar or slightly more accurate nodal staging compared to MRI32, 33. Although 
contrast-enhanced endoscopic ultrasound (CE-EUS) is not routinely used for 
evaluating and locally staging rectal cancer, a small case series by Gibiino et al.34 
involving 12 rectal lesions found that CE-EUS staging yielded valuable insights 
into the integrity of the muscular layer and the presence of vascularization—both 
factors associated with the likelihood of non-curative endoscopic resection. CE-
EUS staging aligned with the final pathological stages in 75% of lesions, increasing 
the differentiation between T1 and T2 lesions. 
ERUS and MRI are complementary imaging modalities, each with distinct 
limitations and advantages. Moreover, combining these techniques28 in early rectal 
cancer cases results in a reduced percentage of overstaging, although this figure 
remains as high as 31%. 
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1.3 The Role of Transanal Endoscopic Microsurgery 

Minimally invasive local resection techniques were firstly introduced as 
alternative option for selected patients with early-stage rectal cancer. Historically, 
LR methods were primarily used for elderly patients or those with significant co-
existing conditions, where the objective was palliative care. While a systematic 
review and meta-analysis conducted by Kidane et al.35 revealed that local resection 
was linked to reduced 5-year overall survival and an increased rate of local 
recurrence when compared to radical resection. The authors concluded that local 
resection demonstrated a better safety profile; however, this benefit was offset by a 
significantly lower 5-year overall survival (OS) and higher local recurrence rates 
compared to RR. They also noted that LR was more frequently performed on 
tumors located in the lower third of the rectum, which generally have a worse 
prognosis. On the other hand, some studies36, 37 show comparable 5-year survival 
and recurrence outcomes, alongside enhanced functional benefits in early rectal 
cancer, when compared to standard total mesorectal excision resection. Indeed, 
local resection procedures are associated with less morbidity, better anorectal 
function, and an overall improvement in quality of life36.  

 
Therefore, the importance of accurate preoperative staging for early rectal 

cancer cannot be overstated. The National Comprehensive Cancer Network 
(NCCN) has established criteria for local resection38, which include tumors that are 
mobile on examination, located within 8 cm of the anal verge, measuring less than 
3 cm in size, and occupying less than 30% of the bowel circumference, with no 
lymph node involvement detected on preoperative imaging. In case no adverse 
features such as high grade or lymphatic/vascular invasion are present, local 
excisional procedures are appropriate as they can provide similar oncological 
results in early rectal cancer with no lymph nodes involvement compared with 
standard surgical treatment22, 39, 40.  
Pushing further into the potential clinical applications of LE procedures, a recent 
multicenter RCT study, the GRECCAR 2 trial (NCT00427375)41, directly 
compared local excision with total mesorectal excision (TME) in 145 patients with 
T2/T3 low rectal cancers who had shown a favorable response to 
chemoradiotherapy. The study reported no significant differences in oncological 
outcomes between those treated with local excision and those undergoing TME. As 
a result, the authors suggested that local excision may be a viable option for 
carefully selected patients with small T2/T3 low rectal cancers who respond well 
to chemoradiotherapy. The ongoing GRECCAR 12 trial (NCT02514278) is 
designed to investigate whether adding neoadjuvant FOLFIRINOX to 
chemoradiotherapy can improve organ preservation and survival rates in rectal 
cancer treatment. 
 
 

 



 
 
 
 
Figure 4 

 

 
Figure 4. Transanal devices and manipulators (TEM TEO – Storz) 

 
Among LE approaches, TEM surely represent the standard of care. This 

technique allows more accurate en-bloc, full-thickness excision than other local 
excision endoscopic techniques, and can provide similar oncological results in 
pT1sm1 (clinical cN0) rectal cancers compared with TME, without compromising 
anorectal function22. 
 
Figure 5 

 
Figure 5. Demonstration of en-bloc excision provided by TEM approaches 
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From an operative point of view, the tumor's proximity to the anal verge and its 
position within the lumen (anterior, posterior, or lateral) can impact both the 
surgical technique and the patient's positioning during the procedure. Typically, a 
prone position is preferred for anterior and lateral tumors, while lesions located 
directly posterior may be more effectively approached in lithotomy position. 
Generally, tumors located from the anal verge to approximately 15 cm can be 
accessed using various transanal techniques. Special caution is necessary to prevent 
peritoneal entry with lesions situated above 10–12 cm, especially if they are 
anteriorly positioned, since complete full-thickness excision is crucial for adequate 
removal and accurate staging of rectal adenocarcinomas. 
 
Figure 6 

 
Figure 6. Operative TEM setting 

 
As mentioned, the major downside of this approach is still represented by the 

lack of an adequate lymphadenectomy, although examples already exist of transanal 

approach for SLN removal42.  The residual mesorectum and incomplete removal of 

lymph nodes have been linked to an overall rate of metastatic lymph node disease 

ranging from 5.7% to 25%, and a local recurrence rate of 8% to 29%. In 

comparison, a local recurrence rate of 5% to 7% has been observed following 

radical resection of T1 rectal cancers43, 44. Moreover, different risk of loco-regional 

lymph nodes metastases, have been proven to increase with submucosal invasion 

raising from 1–3% for sm1 to 8% for sm2 and 23% for sm34, 9. These data clearly 

highlight the need of proper lymph nodes excision, and how it still represents the 

main concern of this approach, as metastatic spread to regional lymph nodes is one 

of the most important prognostic factors and determines the need for adjuvant 

chemotherapy. 

 
 



 
1.4 The Concept of Sentinel Lymph Node 

The lymphatic system, consisting of vessels and lymph nodes that act as filters, 
drains organs throughout the body. The importance and cancer-related impacts of 
this system, particularly regarding distant metastases, were thoroughly examined 
by Haagensen et al. in 197245. Its complexity arises from the numerous anatomical 
variations identified in studies using cadaver dissections and surgical exploration. 
However, knowledge of these variations is becoming more widely accepted46.  

Clinical imaging techniques for lymph nodes fall into two categories: 
anatomical and functional modalities. Anatomical imaging includes computed 
tomography (CT), ultrasound (US), and magnetic resonance imaging (MRI), each 
providing detailed assessments of lymph node structure and morphology. 
Functional imaging, by contrast, includes positron emission tomography (PET) and 
lymphoscintigraphy. Healthy lymph nodes typically appear elongated or kidney-
shaped, with a long axis and a short axis that is perpendicular to it. Lymph node 
size is assessed by the maximum short-axis dimension, generally a more reliable 
measurement. A short-axis limit of 10 millimeters is often used to define normal 
lymph node size. However, clinical context is essential, as pathological nodes may 
be smaller than 10 mm, while normal nodes may exceed this size. Still, the 10 mm 
short-axis guideline is broadly accepted and incorporated into the Response 
Evaluation Criteria in Solid Tumors (RECIST)47, 48. 
 
Figure 7 

 
Figure 7. Pathological lymph node in different imaging diagnostics 

 
CT, US, and MRI can often differentiate the lymph node cortex from the 
surrounding fatty hilum. However, smaller microscopic structures, such as follicles 
and germinal centers, are not visible with standard imaging. Abnormal features like 
cortical thickening or loss of the fatty hilum may suggest malignancy but can also 
indicate an inflammatory or infectious response.  
While anatomical imaging can offer some functional insights, such as blood flow 
via color Doppler ultrasound and diffusion-weighted MRI, PET and 
lymphoscintigraphy are purely functional modalities that usually complement 
anatomical imaging. These radiotracer-based techniques highlight radiotracer 
accumulation within lymph nodes. The most common radiotracer in PET is 
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fluorine-18 fluorodeoxyglucose (FDG), a glucose form that concentrates in tumor 
cells and cells with elevated glucose metabolism, marking PET-positive nodes as 
“hot spots.” Combining these results with CT or MRI provides vital localization 

and morphological context. PET is particularly useful for identifying metastatic 
nodes before they become enlarged or show other abnormalities in anatomical 
imaging. 
 
Figure 8 

 
Figure 8. CT correlation of PET “hot spot” lymph node 

 
In lymphoscintigraphy, a radiolabeled colloid or technetium-99m 

tilmanocept is injected intradermally near the lesion, facilitating uptake by 
lymphatic vessels and accumulation in lymph nodes to identify sentinel lymph 
nodes (SLNs). As with PET, lymph nodes appear as “hot spots.” Additionally, 
single photon emission computed tomography (SPECT) provides cross-sectional 
images that can align with CT. 
Anatomical imaging methods distinguish normal from abnormal nodes based on 
size and morphology, while functional imaging highlights “hot spots” that reflect 

high uptake of radio-labeled glucose or other receptor-targeting molecules. 
The progression of cancer metastasis is characterized in various models as 
beginning with invasion of the primary draining regional lymph nodes, termed 
sentinel lymph nodes (SLNs)49. This led to the adoption of SLN mapping methods 
that use colorimetric, fluorescent, or radioisotope tracers to outline drainage regions 
of specific anatomical areas, followed by SLN biopsies for pathological evaluation. 
The SLN concept marked significant progress for surgeons, reducing the need for 
extensive lymph node dissections. Sentinel lymph node biopsy, a minimally 
invasive method, is frequently used in managing penile cancer, breast cancer, and 
melanoma due to its reliability and safety50, 51. This technique plays a critical role 
in cancer staging and treatment planning. 
 

In colorectal cancer, interest in indocyanine green (ICG) dye has grown in 
recent years due to its potential to improve vascularization assessment and lymph 
node dissection accuracy, supported by recent meta-analyses and interim findings 
from the GREENLIGHT Trial52, 53. ICG fluorescence imaging enables surgeons to 
visualize blood flow in real time, helping to prevent complications like anastomotic 



 
leaks and aiding in lymph node detection. This improves cancer staging precision 
and may enhance outcomes in colorectal cancer treatment. However, while a 
growing body of literature supports ICG use in lateral pelvic and sentinel lymph 
node dissection both in vivo and ex vivo54, 55, studies on its application for lymph 
node detection in the mesorectal space remain inconsistent. 
This gap is understandable given the intricate and variable nature of lymphatic 
vascularization in this area, underscoring the importance of identifying lymphatic 
flow distribution patterns within the mesorectal space. 
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Applications in Colorectal Surgery 

2.1 Feasibility: Retrospective Radiological Study 

 
Figure 9 

 
Figure 9. Minim Invasive Ther Allied Technol. 2024 Sep 18:1-7. doi: 

10.1080/13645706.2024.2404046. 
 

 
 
Figure 10 

 
Figure 10. Visual abstract highlighting main results 

 

  



 
2.1.1 Introduction 

Colorectal cancer’s global impact is significant, as it represents the fourth 

deadliest cancer worldwide 56, accounting for 10% of all annually diagnosed cancer 
and cancer-related deaths. In the United States, 44,850 new rectal cancer cases 
(26,650 in men; 18,200 in women) were reported in 2022, and 46,050 (27,440 in 
men; 18,610 in women) in 2023 suggesting an increasing incidence57. Furthermore, 
the morbidity and mortality of rectal cancer are projected to rise dramatically by 
203558, reflecting a concerning upward trend, and underscoring the urgent need for 
effective interventions.  

Early rectal cancer represents a heterogeneous entity in terms of oncological 
outcomes due to the varying risk of lymph node metastasis, which significantly 
increases with submucosal infiltration ranging from 1–3% for sm1 to 8% for sm2 
and 23% for sm3 4. Metastatic spread to regional lymph nodes emerges as a pivotal 
aspect in these patients, as it is one of the most important prognostic factors and 
determines the need for adjuvant chemotherapy. Consequently, lymph node staging 
assumes paramount importance and a key role in the diagnostic and therapeutic 
processes, influencing both prognostic assessments and treatment 
recommendations for colorectal cancer patients.  

The sentinel lymph node is the first node involved in the process of 
metastatic dissemination, and its identification and analysis of potential metastases 
can provide valuable information about the involvement of the remaining nodes and 
subsequent oncological prognosis. The search for sentinel lymph nodes is now 
considered the standard in breast and melanoma cancer treatments, but its validity 
in colorectal cancer has not yet been definitively determined, despite several studies 
investigating its existence using various techniques and tracers over the past ten 
years 59, 60. In recent years, the implementation of imaging diagnostic techniques, 
coupled with the use of advanced instrumentation made possible by new 
technologies, has contributed to the refinement of radiological lymph node staging 
in a reliable and specific manner 10-12, leading to the proposal of prognostic tools 
that correlate with and validate final histological examination 14, 15.  
This multidimensional approach, encompassing both direct surgical treatment and 
neoadjuvant radiotherapy settings, holds the potential to enhance and improve 
therapeutic interventions, marking a significant juncture in colorectal cancer 
management. In this scenario, although a clear pattern of mesorectal lymph node 
distribution relative to the site of the primary lesion has not yet been defined, some 
authors have attempted to propose different techniques for their identification based 
on histological specimens from patients undergoing rectal resection with total 
mesorectal excision (TME)16.  

The aim of the study consisted in the identification of suspicious mesorectal 
pathological lymph nodes on pre-operative MRI, as well as the identification of any 
potential drainage node pattern relative to primary rectal lesion location, both in 
patients undergoing direct surgical treatment and those studied before neoadjuvant 
radiotherapy in cases of radiological N+ staging. 
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2.1.2 Material and methods 

We conducted a retrospective study from a prospectively maintained database, 
at the Department of Surgery of the University of Turin in Turin, Italy. Inclusion 
criteria consisted of undergoing an anterior rectal resection (ARR) between January 
1, 2021, and October 31, 2022, either with TME or abdominoperineal resection 
(APR) for histologically proven rectal adenocarcinomas. Patients already treated 
with transanal surgery or ARR, as well as patients with synchronous colorectal 
cancer were excluded from the study in order to omit patients who might exhibit 
any potential alteration or disruption of the lymphatic vessel network at the 
mesorectal level. For each patient, we reviewed the baseline pretreatment 
locoregional MRI staging to analyse those mesorectal lymph nodes showing 
radiological features consistent with malignancy, according to ESGAR criteria. 
Locoregional lymphnodes in other sites (e.g., mesocolon of the distal sigmoid, 
internal iliac space, obturator spaces) were not considered in the present study. 

 
MRI examinations were performed in the same hospital on a 1.5 T scanner 

(Achieva, Philips Medical Systems, Eindhoven, The Netherlands) and Discovery 
MR 450 (GE Healthcare, Milwaukee, WI, USA) with an external surface coil. 
Spasmolytic agents were administered to reduce bowel movement artefacts. All 
acquisition protocols included two-dimensional T2- weighted (T2w) sequences in 
three planes (axial and coronal sequences angulated perpendicular and parallel to 
the rectal tumour axis, respectively) and diffusion-weighted images (DWI), 
including different b values (at least one ≥800) with corresponding apparent 

diffusion coefficient maps (ADC), as reported in the European Society of 
Gastrointestinal and Abdominal Radiology (ESGAR) guidelines (2018). 
Mesorectal nodal staging was evaluated according to the 2018 ESGAR guidelines61, 
referring to malignant node criteria in particular: short axis diameter ≥ 9 mm; short 

axis diameter 5–8 mm and ≥2 morphologically suspicious features (round shape, 

irregular border, and heterogeneous signal); short axis <5 mm and three 
morphologically suspicious features; all mucinous lymph nodes (any size). Each 
suspicious lymph node was subsequently analysed by a radiology resident with less 
than five years of experience and then reviewed by an expert radiologist with more 
than ten years of experience, to confirm or amend the findings. Morphological 
evaluated features were: axial maximal dimension (mm); axial, sagittal and coronal 
distance between each lymph node and the centre of primary neoplasm; axial 
distance between each lymph node and the mesorectal fascia (mm); sagittal distance 
from the anal edge (mm). Furthermore, we assessed the mean distance from 
peritoneal reflection (mm), considered negative if recorded under the peritoneal 
reflection, positive if above it; projection, considered positive if the lymph node 
was reported to be within the projection area on the mesorectal fascia of the primary 
tumour, and negative if not. Mesorectal space was subdivided into three levels and 
four quadrants: lower level from 0 to 5 cm from the anal verge; medium level from 



 
5 to 10 cm from the anal verge and higher level from 10 to 15 cm from the anal 
verge; mesorectal quadrant: anterior (A), posterior (P), right lateral (R), left lateral 
(L), according to the article by Yao et al.62, as shown in Figure 1. For lymph nodes 
with intermediate sites, two letters were reported (e.g., PL, PR). Lymph nodes 
located over the distal border of the primary tumour were also identified as cranial 
(C).  

Although in surgical practice the lower rectum is typically defined starting from 
the anorectal junction rather than the anal margin, we chose to maintain the latter 
anatomical landmark, as it was more commonly used by radiologists who were 
responsible for the measurements. While acknowledging that this choice may lead 
to controversial interpretations, in our study the selection of the landmark is solely 
intended to represent the reference point for the relative distances between the 
neoplasm and the lymph nodes, and thus does not affect the outcome of the analysis. 
 
Figure 11 

 
Figure 11. Mesorectal quadrants and sectors schematic representation 

 
Continuous variables were expressed as average with standard deviation and 

compared with the Student’s t-test for independent distributions. Categorical 
variables were expressed as counts and percentages. Two different groups of data 
were analysed. In the first group, general information about the patient population 
was evaluated, including gender distribution, age of onset of cancer, first TNM 
staging, body mass index (BMI), and percentage of patients who underwent 
neoadjuvant treatment. The second group of analysis focused on the pathological 
lymph nodes, particularly their average dimension, the average distance from the 
rectal tumour in different planes, and the average axial distance from the mesorectal 
fascia and the anal edge. We also calculated how many lymph nodes showed the 
same mesorectal quadrant distribution pattern as the primary tumour, differentiating 
the distribution between each different mesorectal quadrant (A, P, L, R, etc.). For 
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lymph nodes showing different mesorectal quadrant distribution from the primary 
tumour, as well as for those located over the distal border of the primary tumour 
(cranial lymph nodes), the specific mesorectal quadrant distribution was evaluated.  

 

2.1.3 Results 

Between January 2021 and October 2022, 73 patients with histologically 
proven post-surgery metastatic mesorectal lymph nodes met the inclusion criteria. 
Thirteen subjects were excluded from subsequent analyses due to lack of pre-
operative MRI (n=9), absence of pathological lymph nodes (n=3), or presence of 
artefacts significantly affecting imaging diagnostic quality (n=1). A general 
analysis of patient and tumor characteristics is reported in Table 1. A total of 255 
mesorectal lymph nodes, distributed among 60 patients (36 males and 24 females), 
were then included in the current study. The group was homogeneous in gender, 
age, and BMI features. No T1 patients were enrolled in this study, three cases (5%) 
were diagnosed with T2 rectal cancer, while we observed a predominance of 
patients with T3 and T4 rectal cancer, respectively 50 (83.3%) and 7 (11.7%). 
Forty-three patients (71.7%) underwent neoadjuvant therapy. 
 
Table 1 

 
Table 1. General analysis of patients and tumour characteristics.  

SD Standard Deviation, RT Radio Therapy 
 

General analysis of the 255 lymph nodes, including mesorectal location, 
dimension, and distances, were evaluated and listed in Table 2. Most of the lymph 
nodes harvested were found in the middle (131 nodes, 51.4%) and upper part (121 
nodes, 47.4%) of the mesorectum, while three lymph nodes were found in the lower 
part (1.2%). The mean distance between each lymph node and the tumor was 
calculated on axial, coronal, and sagittal planes, measuring 8.9 mm (SD ±5.4), 15.1 



 
mm (SD ±10.7) and 20.4 mm (SD ±14.9), respectively. The average node 
dimension was 5 mm (SD ±1.9), determined on the node’s major axis. Mean 

distance from the mesorectal fascia was estimated to be 6.1 mm (SD ±4.7), while 
mean distances from the anal verge and the peritoneal reflection were 109.3 mm 
(SD ±19.6) and 5.4 mm (SD ±38.1), respectively. 
 
Table 2 

 
Table 2. Lymph nodes analysis. SD Standard Deviation 

 
The mesorectal quadrant analysis of the lymph nodes reported the presence of 

235 (92.1%) lymph nodes distributed in the same mesorectal quadrant where the 
tumour developed (positive distribution pattern), as shown in Figure 2. More 
precisely, three and 25 nodes were found in the anterior and posterior quadrants, 
respectively; 104 and 90 nodes were harvested in the lateral left and right quadrants, 
while eight and five nodes were discovered in the posterior left and posterior right 
quadrants. Three lymph nodes (1.2%) were found in the low mesorectum, 123 
(52.3%) in the medium mesorectum, and 109 (46.4%) in the high mesorectum. 

Among the number of lymph nodes with positive distribution patterns, 208 
(88.5%) also showed a positive projection, as they were recorded to be within the 
projection area on the mesorectal fascia of the primary tumour. Twenty-seven out 
of 235 (11.5%) were located cranial to the rectal tumour lesion: 16 (6.8%) less than 
2 cm away, seven (3%) between 2 and 3 cm, and four (1.7%) more than 3 cm away. 
In 20 cases (7.9%) the distribution of positive mesorectal lymph nodes did not 
match with the primary tumor location, meaning that, the localization of the nodes 
did not match the location of the primary tumor quadrant, therefore not showing a 
correspondent side pattern of distribution: this happened in eight cases (40%) in the 
middle rectum and 12 (60%) in the high rectum (12 L, three P, two R, one PL, two 
PR). Nine out of 20 (45%) were cranial: five (25%) were located less than 2 cm 
from the rectal lesion, three (15%) between 2 and 3 cm and only one (0.05%) more 
than 3 cm from the lesion. 
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Figure 12 

 
Figure 12. From 255 lymph nodes (Lyn), 235 showed positive patern (same 

mesorectal quadrant as the primary tumor), 20 a negative patern. Two hundred and eight 
out 235 were located at the same level of the tumor showing positive projection as they 

were collected in the projection area on mesorectal fascia of the primary tumour. Among 
27 lymph nodes cranial to the tumor, 16 were located less than 20 mm from the tumor 
itself, 7 from 20 to 30 mm, and 4 more than 30 mm; AX – axial plane; COR – coronal 

plane; SAG – sagittal plane 
 

2.1.4 Discussion 

The purpose of this study was to retrospectively investigate the feasibility and 
potential clinical significance of MRI detection of sentinel lymph nodes in 
pathologically confirmed rectal cancer patients. Although various attempts have 
been made in past and recent years to employ different techniques to identify 
sentinel lymph nodes 63-65, the results have never been disruptive, significant, or 
practice-changing, as demonstrated by a meta-analysis published in 2011 by van 
der Pas et al.66. In particular, the authors analysed 52 studies reporting more than 
3,500 sentinel lymph node procedures. Among these, 800 sentinel lymph node 
research attempts in patients diagnosed with rectal cancer were carried out. Results 
showed no dependency of sensitivity on T stage, even if most studies reported a 
significant predominance of T3 and T4 staged rectal cancer. Indeed, the sentinel-
node technique could prove to be more efficient in cases of early-stage cancers. 
This is due to the fact that in advanced cancers, the blockage of efferent lymph 
vessels or nodes caused by extensive tumour growth might redirect lymph drainage 
along an alternative pathway. Authors conclude that, despite a low sensitivity, this 



 
procedure should be considered in addition to conventional resection, since the 
prognostic information provided could be clinically significant. 

In recent times, several authors have suggested different radiological 
techniques for assessing node staging 10, 11, 67, also exploiting new technologies, 
such as SuperParamagnetic Iron Oxide (SPIO) nanoparticles and radiomics 
principles 68, further increasing the chances of merging this knowledge with more 
widespread techniques, such as vital dye application, in surgical practice. To date, 
these techniques have potential in rectal cancer as the evidence available in the 
literature is promising, although the diffusion of these technologies is still restricted 
in clinical practices and frequently confined to experimental settings. Additionally, 
the potential measurement of MRI parameters in SPIO-enhanced MRI is exciting, 
as it marks the initial phase in the creation of automated interpretation algorithms 
utilizing artificial intelligence for clinical assessment 12. Observing these newest 
developments, it is reasonable to expect an increasing role of MRI in nodal staging 
with further clinical implementation. 

Our results on general analyses of lymph nodes are consistent with literature 
findings in terms of node localisation level, showing a smaller rate in the lower and 
in the anterior part of the mesorectal space 62, 69-72. Considering previous studies on 
this issue 73, it is a generally accepted idea that lymphatic drainage in mesorectal 
space approximately flows in a bottom-up direction. A recent article published in 
2023 by Yoo et al.74 also investigated lymphatic flow direction in cadavers and 
patients diagnosed with distal rectal cancer using indocyanine green (ICG) vital 
dye. In this article, the authors suggest the presence of additional drainage pathways 
toward pelvic sidewalls and presacral space, a condition leading to a possible 
increased risk of distant metastases, especially in patients diagnosed with distal 
rectal cancer. Despite being slightly burdened by the limited number of cadavers 
used in dissection and the lack of microanatomical and histological assessment, 
these results highlight a progressive improvement in the exploitation and 
instrumental interpretation of vital dye application in surgical practice. 
Consequently, a possible explanation for the statistically less frequent incidence of 
low and ultra-low rectal cancer reported in our findings could be offered by the 
anatomical features of the mesorectal space, which at its anterior level is almost 
non-existent. 

The most important finding in our research consists of the presence of a vast 
majority of lymph nodes in the same quadrant of the primary tumour. Although a 
clear node distribution pattern was not established, the fact that 235 out of 255 
(92.1%) nodes were reported in the same quadrant may suggest at least a lymphatic 
drainage preference lane. More in-depth, the analysis of the distances between the 
first positive lymphatic station and the tumour showed that 231 (90.6%) out of all 
collected nodes were not further than 3 cm away from the primary lesion, in the 
same mesorectal space. This important result highlights once again the possibility 
of a drainage preference, underpinning the thesis that sentinel lymph node 
assessment and staging are feasible in rectal cancer patients, although still in an 
experimental setting. In this scenario, transanal endoscopic microsurgery (TEM) 
may play a role as a staging and tailored surgery tool in the future 75. 
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Indeed, if confirmed by further studies, the role of the sentinel lymph node in 
the rectum could radically change the treatment of patients with rectal cancer, 
utilizing transanal techniques as part of a more tailored lymphadenectomy19, 76. 
However, as of today, these hypotheses are to be considered speculative since a 
specific lymphatic drainage pattern has not yet been identified and attempts to 
define it are still clearly experimental and not applicable to clinical practice. The 
present study has some limitations which surely impact our findings but, at the same 
time, it is open for possible future research. First, the reliability of MRI in defining 
suspected metastatic lymph nodes is suboptimal, with correspondence to pathology 
of about 60 to 80%, although MRI represents the most reliable tool to assess N+ 
patients. Second, a subgroup analysis for patients undergoing neoadjuvant RCT was 
not carried out. This has several explanations: not only gathering lymph nodes in 
irradiated mesorectal fat is challenging and laborious, but it can sometimes lead to 
erroneous results with higher false negative or positive rate levels. Moreover, it is 
well known how radiotherapy undermines mesorectal structure, and arteriovenous, 
as well as lymphatic, vascularisation, especially at a microscopic level, hence 
altering a possible diffusion pattern 74, 77.  
For these reasons, it was decided not to include a histopathological validation in the 
analysis, both because subject of a future study, and due to the significant 
microvascular alterations in the mesorectal space, which would have made it 
challenging to interpret the number of lymph nodes positive for cancer cells. 
Nonetheless, patients undergoing neoadjuvant RCT represent a substantial slice of 
all rectal cancer patients, therefore making their inclusion in our analysis 
mandatory. Third, a three-dimensional image reconstruction was not performed, 
although preferable for this study. Unfortunately, a 3D scan investigation was not 
routinely conducted at our institution at the time of data collection. While this 
represents a possible downside in our analysis at this point, its recent introduction 
at our institution will enable us to further investigate distances between primary 
lesions and lymph nodes more accurately over the next studies. 

In conclusion, these findings underscore the potential clinical relevance of 
sentinel lymph node radiological mapping and its validation in guiding surgical 
management, even at a baseline scan technique level. Although a clear node 
distribution pattern was not established, these results may suggest at least a 
lymphatic drainage preference lane, worthy of further investigation. Future research 
should focus on refining MRI lymph node mapping protocols and conducting large-
scale trials to assess its accuracy and clinical impact in rectal cancer patients. The 
investigation of sentinel lymph nodes in rectal cancer is a dynamic field with 
evolving techniques and technologies. Our study contributes to this evolving 
landscape, and ongoing research efforts hold promise for improving the 
management of rectal cancer patients through more precise lymph node evaluation. 
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2.2 Validation: Prospective Pathological Study 

Following the previous study achievement, we needed a validation in real 
environment, a pathology proof that the concept of sentinel lymph node in rectal 
cancer could be applied. Therefore, we decided to analyse all Total Mesorectal 
Esxision specimens and measure the exact distance of the closest metastatic lymph 
node from the margin of the primary tumour, describing also the exact position of 
the node in relation to the primary tumour. Here the protocol of the study. 

 

2.2.1 Background and settings 

Rectal cancer cT1 represents a heterogeneous group in terms of oncological 
outcomes due to the differing risk of lymph node metastasis, which increases 
significantly with submucosal infiltration 4, 9. 

Local excision via TEM has been shown to be appropriate in cases of tumors 
with grade 1-2, in the absence of vascular or lymphatic invasion 39, 40, allowing a 
more precise en bloc full-thickness resection compared to other local excision 
techniques, with oncological outcomes similar to TME in pT1sm1N0 tumors 1, 9, in 
addition to representing a very accurate staging technique in these cases. 
Lymph node staging is one of the most significant moments in the diagnostic and 
therapeutic process of patients with rectal cancer, as metastasis to regional lymph 
nodes is certainly one of the most important prognostic factors and is critical in 
determining the need for adjuvant therapy. 

The sentinel lymph node is the first lymph node involved in this process, and 
its identification and analysis for potential metastasis could provide important 
information on the involvement of the remaining lymph nodes and the subsequent 
oncological prognosis. The search for the sentinel lymph node is now the standard 
in the treatment of breast cancer and melanoma, but its validity in colorectal cancer 
has not yet been clearly established, although in the last 10 years some studies have 
investigated its existence using various techniques and tracers 60, 78, 79. 

In recent years, the implementation of imaging techniques 10, 11, 67, as well as 
the use of enhanced equipment thanks to new technologies 12, 68, has contributed to 
the refinement of radiological lymph node staging in such a reliable and specific 
way that some prognostic tools 80, 81 have been proposed, which have found 
correlation and validation in the final histological examination 14, 15. 
The construction of three-dimensional models of the lymph node network, starting 
from preoperative MRI images, has also had the advantage of assisting surgical 
dissection in colorectal cases 82, and although a pattern of mesorectal lymph node 
distribution in relation to the location of the primary lesion has not yet been clearly 
defined, over the years some authors have attempted to propose various techniques 
to identify its existence, starting from histological specimens of patients undergoing 
rectal resection with TME 16, 62. 

The possibility of using new radiological equipment that allows the three-
dimensional reconstruction of high-resolution images combined with pathological 



 
validation makes the hypothesis of experimental lymph node staging via transanal 
endoscopic microsurgery (TEM) feasible. This could allow for increasingly 
detailed stratification of patients with extraperitoneal rectal cancer and favor less 
invasive surgical techniques than TME, with similar oncological outcomes, 
according to the concept of "tailored surgery." 

 

2.3.2 Aim of the protocol 

The identification of the location of pathological lymph nodes within the 
mesorectum, their distance from the mesorectal fascia, and the recognition of a 
possible pattern of lymphatic drainage distribution in relation to the site of the rectal 
lesion. 

 

2.3.3 Material and methods 

The study, of a prospective nature, will involve the establishment of a 
multidisciplinary team that includes surgeons, radiologists, pathologists, and 
experts in statistical analysis. 

 
Inclusion criteria: 

• All patients undergoing anterior resection of the rectum with TME for 
rectal adenocarcinoma, with or without amputation of the anus. 

Exclusion criteria: 
• Patients previously subjected to transanal surgical treatments or anterior 

resection of the rectum. 
• Patients with synchronous colorectal cancer. 

 

The pathological examination will: 
1. Divide the mesorectum into quadrants (anterior, posterior, right lateral, and 

left lateral) and into thirds (distal 0-5 cm, middle 5-10 cm, and proximal 10-
15 cm) according to the scheme proposed by Yao et al. 62, with the 
modification that the anterior quadrant will also be divided into distal, 
middle, and proximal sections, as in the first radiological retrospective 
study. 
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Figure 13 

 
Figure 13. The subdivision of the mesorectum into quadrants; the diagram will 

include the two anterior quadrants. [Yao YF, Wang L, et al. Lymph node distribution and 
pattern of metastases in the mesorectum following total mesorectal excision using the 

modified fat clearing technique. J Clin Pathol. 2011 Epub 2011 Aug 6] 
 

2. For each lymph node, measure its size and the exact distance from the 
nearest margin of the neoplasm, specifying which margin, and indicating 
whether the lymph node (positive or negative) is located between the rectal 
neoplasm and its projection onto the mesorectal fascia. 

3. Also indicate for each lymph node the distance from the peritoneal 
reflection and the anal margin. 

4. Measure the distance of the lymph nodes from the mesorectal fascia. 
5. Indicate the distance from the center of the primary lesion to the peritoneal 

reflection, expressing it as a positive distance if the lesion is above the 
peritoneal reflection, or as a negative distance if below (e.g., center of the 
primary lesion 2 cm above the reflection = +2; 6 cm below = -6). 
 

Dr. Ammirati will be responsible for comparing the preoperative MRI imaging 
with the pathological findings and defining correlations, as well as for marking 
anatomical landmarks on post operative specimen.  
In data analysis, patients will be subdivided into groups based on whether or not 
they received neoadjuvant radiotherapy.  
A sample of 60 specimens will be collected. An interim analysis will be performed 
after the first 10 and first 30 cases. 
 
 
 
 
 
 
 



 
 
 
Figure 14 
 

 
 

 
 

 
Figure 14. Dataset used in data collection 

  

AV (cm) CL Yes/no Short/Long
1
2
3

NRTN. ID
PRE OPERATIVE DATA

Age Gender BMI T
ENDOSCOPY

Dimension AV (cm) PR (cm) Neoplasm AV (cm) MF (cm) PR (cm)
1
2
3

N M
NODE DISTANCE

Projection Quadrant
N. ID

PATHOLOGY

RECTAL NEOPLASM

Gender F=0; M=1
AV (cm) Anal Verge: distance from the lower margin of the lesion to the anal verge, expressed in cm, measured with rigid rectoscopy

Circumferential Location: circumferential extent of the rectal neoplasm using the clock reference system in the gynecological position
I.e. : a lesion occupying one-third of the circumference anteriorly is reported from 10 o'clock to 1 o'clock (10-1)

T cT stage preoperatoria
NRT Neoadjuvant Radio Therapy
Yes/No No=0; Yes=1
Short/LongShort=0; Long=1
DimensionSize of the primary rectal tumor (cm), measured along its largest axis
PR (cm) Distance from the center of the lesion to the peritoneal reflection, expressed as a positive number if above and negative if below
N Node dimension 
M Metastatic node
MF Distance from Mesorectal Fascia (cm)
PR Distance from Peritoneal Reflection (cm)
AV (cm) Distance from Anal Verge
Projection The lymph node is located between the rectal lesion and its projection on the mesorectum (cm)

Indicate the quadrant of the mesorectum in which the lymph node is located using an alphanumeric code in which:

1 = upper quadrants (≥ 10 cm from the anal margin);
2 = middle quadrants (from 5 to 9 cm);
3 = lower quadrants (from 0 to 4 cm).
A = anterior quadrants;
P = posterior quadrants;
R = right quadrants;
L = left quadrants

CL

Quadrant
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2.3.4 Updates on the ongoing protocol 

The protocol is currently ongoing, and the database is in the process of being 
compiled.  

The beginning of the collaboration with the multidisciplinary team was initially 
deferred by the need to develop a common strategy regarding the analysis of 
specimens from patients with rectal cancer. The measurements required for the 
protocol were not included in the standard histopathological analysis process at our 
hospital, which led to modifications in both the macro- and microscopic cutting and 
analysis techniques for the specimen to avoid measurement bias between 
anatomical landmarks.  
These specific needs initially slowed down the analysis and histological reporting 
speed of the pathologists, making it essential to identify and establish dedicated 
analysis pathways for this purpose, which we achieved largely thanks to the 
significant support of Prof. Cassoni, Head of the Pathology Department at the AOU 
Città della Salute in Turin. 

Another factor that has negatively impacted the number of enrolled patients is 
the lower frequency and incidence of patients with rectal cancer compared to those 
with colon cancer. Additionally, the standard treatment for this condition includes 
preoperative radiotherapy and chemotherapy cycles in cases of suspected lymph 
node positivity. Although neoadjuvant treatment is indispensable today for 
prognostic purposes, it makes it extremely challenging to detect suspicious lymph 
nodes in the mesorectal space. As a result of these conditions, data from 5 patients 
had been collected as of the date of this update. Although the small number of 
patients enrolled so far does not allow for a qualitatively adequate analysis, the 
pathological lymph nodes analyzed to date appear to be located at a mesorectal level 
equal to or higher than the neoplasm. However, they show greater variability in 
terms of localization within the mesorectal quadrant. As defined by the protocol, 
once 10 cases have been reached, an interim analysis will be conducted, which may 
provide preliminary results regarding the histopathological validation of the 
radiological study. 

 

  



 

Future Clinical Applications: 
Tailoring Colorectal Surgery 

3.1 Prospective Operative Protocol 

The prospective operational protocol serves as the third and final step of this 
research project, representing its first potential clinical application. 
The confirmation of the presence of sentinel lymph nodes in the mesorectal space 
demonstrated by our radiological study, along with the fact that the distance 
between them and the tumor is in most cases less than or equal to 3 cm, lends 
credibility—at least in an experimental setting—to the idea of surgically targeting 
the mesorectal quadrant where suspicious lymph nodes are most likely to be found. 

 
The protocol planning will be detailed only after receiving potential 

confirmations from the ongoing histopathological study. However, from an 
operational standpoint, both the inclusion criteria for eligible patients and certain 
procedural details are already identifiable. 
To ensure consistency with previous studies, the inclusion criteria will remain the 
same: 

 
Inclusion criteria: 

• All patients undergoing anterior resection of the rectum with TME for 
rectal adenocarcinoma, with or without amputation of the anus. 

Exclusion criteria: 
• Patients previously subjected to transanal surgical treatments or anterior 

resection of the rectum. 
• Patients with synchronous colorectal cancer. 

 
The patients will therefore undergo standard surgical treatment, including 

anterior resection of the rectum with laparoscopic TME and the use of indocyanine 
green to verify perfusion.   

 
As an increasing body of literature is emerging 52, 53, highlighting the possible 

role of ICG in guiding and modifying the extent of lymphadenectomy in patients 
diagnosed with colorectal cancer, this vital dye will be considered. 
A multidisciplinary team will be formed with pathologists to find an agreement on 
the better strategy for specimen treatment and analysis that will ensure the validity 
and accuracy of the histological report, taking into account the manipulations and 
ex vivo procedures. 
 



 

27 
 

Following the removal of the specimen, it will be arranged on TEM system and all 
related devices will be set up.  
At this stage of the procedure, an initial pilot case will attempt to identify sentinel 
lymph nodes by directly injecting ICG into the supplying artery, followed by 
histological evaluation by pathologists. Arterial cannulation of the supplying artery 
will be performed, and a second dose of 0.05 mg/kg of direct intra-arterial ICG will 
be administered ex vivo using fluorescence imaging 55. The specimen will be then 
processed after a 24-hour incubation in a 4% buffered formaldehyde solution and 
sent for traditional pathology grossing. After conventional lymph node dissection 
carried out by a pathologist under naked eye control and traditional palpation 
technique, each specimen will be re-examined using ICG-FI, as formaldehyde does 
not compromise fluorescence excitability 55.  
If this technique does not yield the expected results observed in the study by Lakatos 
et al., subsequent cases will be carried out using perilesional infusion of 1 ml per 
cardinal point of a 5 mg/ml ICG solution. 

 
The exploration and removal of the mesorectal quadrant corresponding to the 

tumor, as well as the tissue located just above it, will be performed using the TEM 
system ex vivo. The specimen and the excised mesorectal tissue will then be sent 
to the pathologists for histological confirmation.  
Technical success will be defined as the pathological proof of SLN removal. 
Clinical success will be defined as the match for the SNL status and the definitive 
pathological report on TME specimen. 

 
  



 
3.2 CLASSICA: an Horizon Project 

Figure 15 

 
Figure 15. Visual abstract of CLASSICA project 

 
3.2.1 Background and rationale 

Sessile rectal polyps larger than 2 cm pose a substantial clinical challenge. 
Smaller polyps can typically be managed through standard endoscopic 
polypectomy, while clinical cancers are handled according to established 
guidelines. However, larger polyps have the option for advanced local excision, 
which can be performed via transanal endoscopic resection (transanal minimally 
invasive surgery - TAMIS or transanal endoscopic microsurgery) or flexible 
endoscopic excision (such as endoscopic mucosal resection or endoscopic 
submucosal dissection). 

Transanal surgical techniques are preferred over endoscopic mucosal resection 
or endoscopic submucosal dissection for early-stage cancers because they can yield 
a single, intact specimen, unlike the other methods75. Currently, it is challenging to 
accurately characterize significant polyps prior to complete removal. Biopsies may 
have an accuracy rate of only 80% for such lesions17, and they can result in scarring 
and epithelial displacement, complicating future local excisions and pathological 
evaluations28. Radiological assessments frequently overestimate the stage of these 
lesions, which is crucial since local excision can be curative for benign lesions and 
some very early-stage cancers. However, removing a more advanced cancer can 
complicate treatment strategies, particularly in cases of locally advanced rectal 
cancer that requires neoadjuvant therapy, as well as the technical aspects of any 
subsequent radical resection83. 
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Moreover, effective endoscopic excision of an early cancer necessitates clear 
surgical margins, so better preoperative tumor characterization may influence the 
choice of endoscopic technique and the dissection plane. On the other hand, 
misidentifying a benign lesion as cancer can prolong treatment and increase costs, 
with radical resection adding unnecessary risks and functional consequences. 
Additionally, local excision techniques often have relatively high rates of positive 
margins, which increases the risk of regrowth in benign lesions84. Thus, while the 
tools and training for endoscopic techniques have become much more accessible 
over the last decade, the primary limiting factors remain appropriate patient 
selection and the adequacy of the excision. 

It has been previously shown18, through the use of fluorescent indocyanine 
green (ICG) and near-infrared (NIR) imaging, that perfusion patterns are visibly 
distinct among cancerous, benign, and healthy tissues.  
 
Figure 16 

 
Figure 16. Differences in perfusion in/out-flow in healty and cancerous tissue 

 
This finding can be harnessed for clinical purposes by employing artificial 

intelligence (AI) methods, such as computer vision and machine learning. In 
essence, fluorescence intensity is recorded over time from multiple video frames, 
and this intensity is plotted as a curve. Since the intensity curves of cancerous 
tissues differ from those of healthy and benign tissues, analyzing the curve features 
for each pixel on the screen allows for accurate classification.  

 

 

 

 

 

 

 

 



 
Figure 17 

 

 
Figure 17. Tissue’s perfusion by ICG vital dye observed with NIR camera, and 

corresponding average intensity of fluorescence 
 

This AI technique has previously been prototyped, including real-time 
applications in the operating room, achieving an accuracy rate of over 80%. 
In this CLASSICA study, the aim is to broadly validate the basic method of 
classifying tissue based on its fluorescence signal characteristics across multiple 
centers by assessing the generalizability and usability of the technique while 
developing clinical-grade software capable of automatically performing such 
classifications. The software will then be tested prospectively as a method for visual 
in situ classification of tissue types and as a means of guiding or potentially 
eliminating the need for endoscopic biopsies compared to standard clinical biopsies, 
as well as serving as a guide for ensuring complete local lesion excision. 
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Figure 18 

 
Figure 18. Visualization of the AI software analysis as a method for in situ classification 

of tissue types 

3.2.2 Material and methods 

The main goal of the CLASSICA study is to validate tissue characterization 
using ICG signal perfusion pattern analysis for distinguishing between benign and 
malignant rectal polyps, demonstrating its effectiveness alongside standard clinical 
practices at five clinical sites in Europe. This will involve the development and 
implementation of new software, ‘CLASSICA-OR’, which builds on previously 

tested algorithms for categorizing rectal cancers by T stage. The study will evaluate 
the software’s usability and acceptance among patients, surgical teams, and clinical 
services through surveys and focus groups. 
CLASSICA-OR will function as a clinical-grade medical device that employs AI 
to classify significant rectal polyps and tumors based on ICG fluorescence patterns, 
utilizing imagery from standard endoscopic cameras during surgery. Alongside 
software validation, the recorded videos will be subjected to rigorous mathematical 
and statistical analysis to quantitatively assess the data, validate assumptions, and 
optimize the software methods. 
If the tissue classification achieves over 80% accuracy, the secondary objectives 
will include comparing the effectiveness of fluorescence in targeting or potentially 
replacing endoscopic biopsies against traditional endoscopist-guided practices,  
defining margins for patients undergoing transanal endoscopic excision, and 
assessing the accuracy of fluorescence perfusion analysis. 

 
CLASSICA is a multicenter prospective investigation involving five 

participating locations within the European Union (EU). The lead surgeons at each 
clinical site possess extensive expertise in assessing rectal polyps and conducting 
transanal procedures. University College Dublin (UCD) will oversee the 
coordination of the study and will serve as the trial sponsor. This research has 



 
received funding from Horizon Europe (Project no. 101057321), and the protocol 
is listed on clinicaltrials.gov (identifier NCT05793554). Alongside the clinical 
locations, this trial will also benefit from the support of software, legal, educational, 
and societal partners. 

 
Clinical partners: 

Hospital, Dublin, Ireland – Prof. Ronan Cahill 
Universita degli Studi di Torino, Italy – Prof. Alberto Arezzo 
Ziekenhuis Oost-Limburg Autonome, Austria – Prof. Joep Knol 
Stichting VUMC, The Netherlands – Prof. Jurriaan Tunymann 
Krankenhaus der Barmherzigen Bruder, Graz, Austria – Prof. Feliz Aigner 

 
Non-clinical partners: 

Arctur - Creation of AI pipeline for tissue classification 
Institut de Recherce contre les Cancer de l'Appareil Digestif - Development 

of training and clinical implementation support and analysis 
Pintail - Project management, communication and dissemination of results 
Pennsylvania State University - Assessment of legal, liability and ethical 

aspects of AI assisted tool 
Kobenhavns Universitet - Assessment of legal, liability and ethical aspects of 

AI assisted tool 
 
Patients’ selection criteria will be assessed as follow: 

Inclusion Criteria: 
• Patients with a confirmed or suspected rectal polyp or tumor of any size who 

are undergoing surgical intervention or assessment. 
• Patients with a diagnosed rectal cancer receiving surgical intervention or 

assessment in the operating room, including those who are pre- or post-
neoadjuvant therapy. 

Exclusion Criteria: 
• Individuals with acute or chronic liver dysfunction. 
• Participants who are unable or unwilling to provide informed consent for 

study participation. 
• Individuals with acute or chronic kidney dysfunction (estimated glomerular 

filtration rate < 60). 
• Male or female patients aged 18 years or older. 
• Pregnant or breastfeeding individuals, or those planning to become pregnant 

within three months of the study. 
• Clinically fit individuals for elective surgery. 
• Known allergy to indocyanine green (ICG). 
• Known allergy to intravenous contrast agents or iodides. 
• Other contraindications to ICG, including the concurrent use of 

anticonvulsants, bisulfite-containing medications, methadone, and 
nitrofurantoin. 
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Patient preparation will be managed as follow. An initial endoscopic 
assessment will be conducted using white light to evaluate the transanal bowel 
segment. An access device (such as a Lone Star retractor, GelPOINT Path, or TEO 
rectoscope) may be required for optimal visualization. Care will be taken to avoid 
trauma to the area to reduce bleeding, as this could interfere with infrared imaging. 
Following this, ICG will be administered systemically at a dosage of 0.25 mg/kg 
body weight, and a near-infrared (NIR) evaluation of the targeted tissue will be 
performed for five minutes to visualize both inflow and outflow. To ensure 
consistency for computational analysis, the same commercially available NIR 
endoscope (PINPOINT) will be utilized at all sites. Local anesthetics containing 
adrenaline should be avoided, as they often include sodium metabisulfite as a 
preservative, which may interact negatively with ICG. 
For recording tumor characteristics, an NIR camera capable of displaying white 
light, infrared, and fluorescent images simultaneously will be employed. A high-
definition recording device should be used to capture videos in MP4 format, 
adhering to a standardized video acquisition protocol. Alternatively, videos can be 
stored and uploaded via CLASSICAWEB, a PC-based portal for data upload and 
classification. After completing these steps, the procedure will proceed as usual. 
 

The intervention videos will be uploaded to the CLASSICA platform once they 
are verified to be free of personal identifying information. These will be annotated 
by the operating surgeon to highlight clinically significant areas. Investigators at 
University College Dublin (UCD) and Arctur will analyze these videos, applying 
classification software to assess quality and accuracy. The pseudonymized data will 
also be shared with software development partners and other collaborating 
institutions, ensuring anonymity in compliance with GDPR regulations. 
 

 
  



 
3.2.3 Current updates 

The centre of Turin is a clinical partner of the project thanks to the involvement 
of the University of Turin. Under the guidance of Prof. Morino and Prof. Arezzo as 
principal investigators of the Collaborating centre, and Dr. Ammirati as co-
investigator, the initial phases of training on the operational procedure have been 
initiated, and the required forms for submission to the Intercompany Ethics 
Committee of the City of Health and Science of Turin have been completed, 
essential for patient enrolment.  
The initial challenges regarding ethical and insurance implications, encountered in 
attempts to apply European directives at both the national and centre levels, were 
resolved during the latest CLASSICA plenary meeting held in Turin on October 
14–15, 2024. Following the meeting, with the full support and collaboration of the 
Principal Investigator of the Coordinating centre Mater Misericordiae Hospital in 
Dublin, Prof. Cahill, the approval request has been submitted to the Ethics 
Committee and is currently awaiting review. 
 
Figure 19 

 
 

Figure 19. CLASSICA Turin plenary meeting 
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Conclusions 

This thesis represents the culmination of three years of research and 
investigation into the role of sentinel lymph node (SLN) assessment in the 
management of colorectal malignancies, with a particular focus on rectal cancer. 
Over the past decade, advancements in technology and therapeutic strategies, 
combined with heightened emphasis on preventive medicine, have revolutionized 
the approach to oncological care. Personalization of therapy and customized 
surgical approaches have become more prevalent, aimed at minimizing side effects 
and improving patient outcomes in cancer treatment. These advancements offer a 
renewed and crucial focus on enhancing patient-centered care, contributing to the 
progressive reduction of post-treatment complications and enhancing overall 
quality of life. 

In colorectal cancer treatment, the benefits of early detection are already 
evident, with screening programs shifting a greater proportion of diagnoses to 
earlier stages. This has opened up new avenues for less invasive surgical 
interventions and endoluminal strategies, which carry the promise of reduced 
morbidity. Among colorectal malignancies, early rectal cancer presents a unique 
challenge due to its heterogeneous nature, particularly regarding the variable risk 
of loco-regional lymph node metastasis, which increases with the degree of 
submucosal invasion. Accurate staging and a deep understanding of the lymphatic 
spread are crucial, as metastasis to regional lymph nodes is one of the primary 
prognostic factors influencing the need for further treatment, including 
chemotherapy. Currently, the standard surgical options for advanced rectal cancer 
are associated with substantial risks of morbidity, as well as stoma-related 
complications. 

For patients with no evidence of lymph node metastasis, local excision 
techniques, particularly Transanal Endoscopic Microsurgery (TEM), provide a 
viable alternative that achieves oncological outcomes comparable to those of TME, 
while preserving anorectal function. TEM’s precision and minimally invasive 

nature make it a preferred approach for resecting tumors confined to the rectal wall. 
However, a critical limitation of TEM is the lack of an adequate lymphadenectomy, 
which remains a major barrier to its broader application in rectal cancer. The 
potential for metastatic spread in early rectal cancer necessitates a reliable 
assessment of lymphatic involvement, particularly given the influence of 
submucosal invasion on lymphatic drainage patterns. To that end, the lymphatic 
system, becomes a critical focus in the context of sentinel lymph node (SLN) 
mapping. 

Despite its value in other cancers, SLN assessment has not yet become standard 
practice in colorectal oncology, partly due to the anatomical complexity of 
lymphatic drainage in the mesorectum. This complexity has motivated considerable 
research, including the application of magnetic resonance imaging (MRI) to 



 
improve staging accuracy for lymph node involvement. Given MRI’s role as the 

gold standard for staging rectal cancer, our initial study aimed to identify 
preferential lymphatic drainage pathways through MRI in patients with rectal 
cancer, which could prove instrumental in better localizing lymph nodes at risk for 
metastasis. 

The findings from this study demonstrate promising evidence of a preferential 
lymphatic drainage route within the mesorectal space that correlates with the 
primary tumor’s location. Although a definitive lymph node distribution pattern 

could not be established, the study’s insights underline the potential for using SLN 

assessment in rectal cancer staging, further informing therapeutic decisions. To 
validate these preliminary findings, our research has expanded to incorporate 
histological analysis of specimens from patients undergoing TME, aiming to 
provide a pathological foundation for identifying preferential lymphatic drainage in 
the mesorectal area. The validation of these patterns through pathological 
examination could lead to highly impactful advancements in both the staging and 
treatment of early rectal cancer. 

Looking ahead, we have developed a protocol for a prospective clinical study 
to further validate the use of SLN removal through TEM. This protocol includes a 
thorough pathological examination of ex vivo TME specimens, which will aim to 
confirm the feasibility of SLN assessment as part of a tailored approach to rectal 
cancer treatment. The focus on individualized surgical approaches underscores the 
alignment of this research with contemporary trends in precision medicine, in which 
patient-specific factors are carefully considered to maximize therapeutic 
effectiveness while minimizing unnecessary intervention. 

 
An additional consideration in this research is the role of artificial intelligence 

(AI) in rectal cancer diagnosis and treatment planning as AI-assisted diagnostic 
methods, incorporating computer vision and machine learning techniques, are 
offering promising alternatives. Furthermore, the ongoing shift towards minimally 
invasive and endoluminal approaches highlights the urgency for proper 
preoperative assessment in rectal cancer management. Sessile large rectal polyps, 
for example, present a challenge in standard endoscopic procedures that often yield 
incomplete resection or positive margins, which can increase the likelihood of 
recurrence.  

Recent studies have shown that AI can differentiate between cancerous and 
benign tissue based on fluorescence intensity, an application already being explored 
in the CLASSICA project, a collaborative effort involving Università di Torino and 
several other European institutions. The CLASSICA project’s objective is to 

validate AI’s use in real-time tissue classification during rectal cancer surgery, an 
innovation with the potential to significantly refine diagnostic accuracy. AI’s ability 

to classify tissues based on fluorescence offers a method for real-time, in situ 
assessment that could ultimately replace or enhance biopsy techniques by 
mitigating its limitations, while facilitating complete and accurate excision of 
tumours through improved preoperative staging and further refining surgical 
decision-making. These advancements are particularly promising in cases where 
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avoiding extensive surgery is feasible, minimizing the impact on patients’ daily 

lives. 
 

The research insights gained from this thesis contribute meaningfully to the 
understanding and management of early rectal cancer. Accurate staging and 
identification of metastatic risk are critical to ensuring the appropriate use of local 
excision techniques like TEM, particularly for patients who may avoid the 
additional risks associated with more extensive surgery. Our findings reaffirm the 
importance of continued research to validate SLN techniques for colorectal cancer. 
If SLN mapping in rectal cancer were validated, it could become a routine part of 
the staging process for early-stage cases, potentially reducing the rate of radical 
surgeries, with significant implications for patient quality of life. 

In conclusion, the research presented in this thesis represents a step toward 
more refined, patient-centered care in rectal cancer management. Through the 
integration of SLN mapping, AI diagnostics, and advanced imaging techniques, this 
work contributes to the evolving paradigm of precision oncology, aiming for 
optimized therapeutic outcomes tailored to each patient's unique clinical profile. 
Future studies will be essential to confirm the feasibility of these approaches in a 
clinical setting, ideally leading to expanded treatment options and improved 
prognoses for rectal cancer patients. The multidisciplinary collaboration fostered 
by this research will continue to be critical, as the fields of oncology, radiology, 
pathology, and AI converge to redefine the standards of care in colorectal cancer. 
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