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1. Abstract 

 

(ENGLISH) 

 

Background: Preoperative radiotherapy with or without chemotherapy has been 

demonstrated of value in reducing local recurrence rates and improving overall survival 

in rectal cancer. Radiation-induced changes in the tumour are well described, whereas 

less attention has been given to the non-neoplastic mucosa. Our aim is to provide a 

detailed analysis of morphological, immunohistochemical and genetic features present 

in non-neoplastic mucosa. Pathologists need to be familiar with aforementioned 

morphological features, when evaluating rectal cancer specimens of patients 

preoperatively treated with radiotherapy, especially with short-course regimen, in order 

to avoid misdiagnosis. 

Methods and Results: We compared 2 groups of 95 rectal cancer patients treated 

preoperatively with either short-course (25 Gy administered in 5 consecutive days, 

followed by surgery a few days after; 45 patients) or long-course radiotherapy (45-50 

Gy in 4-6 weeks, followed by surgery 4 weeks later; 50 patients). Depending on the 

type of protocol, different histopathological features, in terms of inflammation, 

glandular abnormalities and endocrine differentiation were seen in the non-neoplastic 

mucosa within the irradiated volume. Of note, features mimicking dysplasia, such as 

crypt distortion, nuclear and cytoplasmic atypia of glandular epithelium, were identified 

only in the short-course group. DNA mutation analysis, using a panel of 56 genes 

frequently mutated in colorectal cancer, and p53 immunostaining were performed on 

both neoplastic and radiation-damaged non-neoplastic mucosa in a subset of short-

course cases. Somatic mutations were identified only in neoplastic mucosa, supporting 

the concept that tissues with radiation-induced “dysplastic-like” features are not 

genetically transformed. 

Conclusions: Pathologists should be aware of the characteristic morphological changes 

induced by radiation. The presence of features simulating dysplasia in the group treated 

with short-course radiotherapy may lead to serious diagnostic mistakes, if erroneously 

interpreted. NGS analysis further validated the morphological concept that radiation-

induced abnormalities do not represent pre-neoplastic lesions. 

 

(ITALIAN) 
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Background: La radioterapia preoperatoria con o senza chemioterapia si è dimostrata 

utile nel ridurre i tassi di recidiva locale e nel migliorare la sopravvivenza globale nel 

cancro del retto. I cambiamenti indotti dalle radiazioni nel tumoure sono ben descritti, 

mentre è stata prestata meno attenzione agli effetti delle stesse nella mucosa non 

neoplastica. Il nostro scopo è fornire un'analisi dettagliata delle caratteristiche 

morfologiche, immunoistochimiche e genetiche presenti nella mucosa non neoplastica. 

E’ necessario che i patologi acquisiscano familiarità con le suddette caratteristiche 

morfologiche, quando valutano campioni di cancro del retto di pazienti trattati con 

radioterapia preoperatoria, in particolare con schema short-course, al fine di evitare 

diagnosi errate. 

Metodi e risultati: Abbiamo confrontato 2 gruppi di 95 pazienti con cancro del retto 

trattati con radioterapia preoperatoria short-course (25 Gy somministrati in 5 giorni 

consecutivi, seguiti da intervento chirurgico pochi giorni dopo; 45 pazienti) o 

radioterapia long-course (45-50 Gy in 4-6 settimane, seguito da intervento chirurgico 4 

settimane dopo; 50 pazienti). A seconda del tipo di protocollo, sono state osservate 

diverse caratteristiche istopatologiche, in termini di infiammazione, anomalie 

ghiandolari e differenziazione endocrina nella mucosa non neoplastica all'interno del 

volume irradiato. Da notare che le caratteristiche che imitano la displasia come la 

distorsione della cripta, l'atipia nucleare e citoplasmatica dell'epitelio ghiandolare, sono 

state identificate solo nel gruppo short-course. L'analisi della mutazione del DNA, 

utilizzando un pannello di 56 geni frequentemente mutati nel cancro del colon-retto, e 

l'immunocolorazione con p53 sono state eseguite sia su mucosa neoplastica che su 

mucosa non neoplastica e danneggiata da radiazioni in un sottogruppo di pazienti short-

course. Mutazioni somatiche sono state identificate solo nella mucosa neoplastica, 

supportando il concetto che i tessuti con caratteristiche "displasiche" indotte dalle 

radiazioni non sono geneticamente trasformati. 

Conclusioni: I patologi dovrebbero essere consapevoli dei caratteristici cambiamenti 

morfologici indotti dalle radiazioni. La presenza di caratteristiche che simulano la 

displasia nel gruppo trattato con radioterapia short-course può portare a gravi errori 

diagnostici, se interpretata erroneamente. L'analisi NGS ha ulteriormente convalidato il 

concetto morfologico secondo cui le anomalie indotte dalle radiazioni non 

rappresentano lesioni pre-neoplastiche. 
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2. Background 

 

Colorectal cancers (CRCs) are gastrointestinal malignancies which develop either in the 

colon or the rectum [1]. According to their origin, they are defined as colon cancer or 

rectal cancer, although they are often joined, due to several biological and clinical 

common features [1]. Adenocarcinoma is the most frequent colorectal malignancy (up 

to 95% cases), followed by carcinoid tumours, gastrointestinal stromal tumours 

(GISTs), lymphomas and sarcomas [1,2]. 

Rectal cancer represents one of the most common malignancies in Western countries 

[3,4]. Radiation therapy is considered as standard treatment for locally advanced rectal 

cancer involving a high risk of local recurrence, when surgery represents the only 

treatment [5-10]. Two neoadjuvant regimens are preoperative long-course radiotherapy 

with concomitant chemotherapy (LCCRT) and preoperative short-course radiotherapy 

(SCRT), particularly recommended in tumours to be dealt by surgery [5-10]. 

LCCRT is advised in either low-seated tumours or bulky and unresectable ones, which 

should benefit from radiation-induced down staging [11,12]. LCCRT protocol includes 

45–50 gray (Gy) in 4–6 weeks, followed by surgery four weeks later [11,12]. SCRT 

includes 25 Gy administration in five days in a row, shortly followed by surgery [11,12]. 

Preoperative radiation may lead to tumour regression by replacing neoplastic glands hit 

by fibrosis and inflammation [11,12]. Tumour regression is mainly found in LCCRT 

cases [11,12]. SCRT is not followed by significant tumour regression, as time frame 

from radiotherapy conclusion to surgery is too short to allow tumour down-staging 

[11,12]. 

Very few studies thoroughly analyzed histopathological features of radiation damage on 

normal colonic mucosa [13,14]. In accordance with the type of preoperative 

radiotherapy, different alterations may occur in normal colonic mucosa, as inflammation 

and glandular abnormalities are concerned [14]. We were struck by the finding that 

SCRT-associated morphological abnormalities may simulate dysplasia, thus causing 

possible diagnostic misinterpretation. Consequently, our study’s design involved 

comparison between two groups of rectal cancer patients, either treated with SCRT or 

LCCRT. “Dysplastic-like” features in irradiated normal mucosa were observed only in 

SCRT specimens. On a subset of SCRT cases, we performed DNA mutation analysis of 

both tumour and mucosa with atypia, thus confirming that a “dysplastic-like” change 

was not a real dysplasia. Somatic mutations occurred only in tumours, suggesting that 
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tissues showing radiation-induced “dysplastic-like” features do not undergo genetic 

transformation. 

Immunohistochemical p53 staining is deemed as substitute for mutational analysis [15-

17]. Thus we performed p53 immunohistochemistry (IHC) in a SCRT subset, which had 

been evaluated through next generation sequencing (NGS) analysis. Further, we 

detected the presence of endocrine elements in benign and malignant tissues for both 

SCRT and LCCRT cases. 

With the aim of allowing deeper understanding of our methods and results, I am going 

to introduce a first section of my thesis, which was entirely intended to typify 

epidemiological, histopathological, immunohistochemical, genetic features in addition 

to CRC management (particularly preoperative radiotherapy for rectal cancers). 
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3. Colorectal cancer epidemiology 

 

3.1 General population CRC incidence 

According to latest International Agency for Research on Cancer (IARC) statistics of 

World Health Association (WHO), CRC ranks third most frequent malignant disease 

(1.93 million new cases/year; 10% of total malignancies), only preceded by breast 

cancer (2.26 million new cases/year; 11.7% of total malignancies) and lung cancer (2.20 

million new cases/year; 11.4% of total malignancies) (Figure 1) [18].  

 

Figure 1. Estimated number of new cases in 2020, worldwide, both sexes, all ages [18] 

 

 

CRC is third most common type of male malignancy (1.06 million new cases/year), 

after lung and prostate cancers (Figure 2), and second most frequent female malignancy 

(0.86 million new cases/year), after breast cancer (Figure 3) [19,20]. 

 

Figure 2. Estimated number of new cases in 2020, worldwide, males, all ages [19] 
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Figure 3. Estimated number of new cases in 2020, worldwide, females, all ages [20] 

 

Provided that current forecasts are reliable, global CRC burden is expected to record 2.2 

million new cases per year by 2030, thus recording a further 20% rise [21]. This 

increase is assumed to be result of environmental changes, higher level of sedentary 

lifestyle, increase in obesity, higher consumption of processed food, alcohol, meat 

consumption, and increased overall longevity [21]. 

In Australia and New Zealand, CRC incidence is higher (36.7 cases per 100,000) than 

Europe (28.8–32.1 cases per 100,000), Eastern Asia (26.5 cases per 100,000) and North 
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America (26.2 cases per 100,000) [21,22]. It records its lowest level in Africa (6.4–9.2 

cases per 100,000) and South-Central Asia (4.9 cases per 100,000) [21,22]. 

All around the world, cumulative risk of developing CRC is 2.25% when aged between 

0–74 years (2.71% in men and 1.83% in women), recording higher values in countries 

where human development index (HDI) is very high (3.42% between 0–74 years) rather 

than in countries with low HDI (0.84% between 0–74 years) [21,22]. 

Despite being more frequent in highly developed countries, such trend has recently 

become steady or it has even decreased, whereas an increased incidence has been 

recently detected in some low- and middle-income countries, that perhaps adopted 

western lifestyle [21,22]. 

The risk of CRC increases as people grow older, being more common in 50-year-olds or 

ever older [21,22]. Median age at diagnosis is 72 in women and 68 in men [21,22]. 

Notably, colon cancer cases are as follows: 1.5–5.4 per 100,000 people aged between 

25–39 years (1.4–5.3 for men and 1.6–5.5 for women); 10.3–18.5 per 100,000 people 

aged between 40–49 years (10.2–18.9 for men and 10.4–18.1 for women); 34.3–62.5 

per 100,000 people aged between 50–64 years (37.4–72.7 for men and 31.2–53.2 for 

women); 92.6–212.2 per 100,000 people aged between 65–85 years (107.7–229.7 for 

men and 79.2–200.4 for women); up to 240.9 in subjects aged 85 years or older (264.0 

for  men and 229.2 for women), thus recording an over 10-fold increase < 50 to >85 

years [21,22]. 

As regards colon cancer, 1.097 million cases were diagnosed in 2018 (0.576 million 

men and 0.521 women), accounting for a 1.31% global cumulative risk between 0–74 

years (1.51% in men and 1.12% in women) [21,22]. Cumulative risk of colon cancer is 

much higher in Australia and New Zealand (2.59% between 0–74 years), Europe (2.00–

2.41% between 0–74 years) and North America (1.82% between 0–74 years), if 

compared to Africa (0.30–0.96% between 0–74 years) and South-Central Asia (0.29% 

between 0–74 years), in addition to countries with very high HDI (2.18% between 0–74 

years) when compared to countries with low HDI (0.40% between 0–74 years) [21,22]. 

0.704 million rectal cancer cases were diagnosed in 2018 (0.430 million in men and 

0.274 in women), accounting for a 0.91% global cumulative risk between 0–74 years 

(1.20% in men and 0.65% in women) [21,22]. Cumulative risk of rectal cancer is 

considerably higher in Europe (1.17–1.55% between 0–74 years), Australia in addition 

to New Zealand (1.40% between 0–74 years) and Eastern Asia (1.35% between 0–74 

years) when compared to Africa (0.27–0.52% between 0–74 years) and South-Central 
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Asia (0.24% between 0–74 years), as well as in countries with very high HDI (1.30% 

between 0–74 years) when compared to those with low HDI (0.32% between 0–74 

years) [21,22]. 

 

3.2 CRC incidence in young population 

Since the early 1990s, both incidence and mortality have been decreasing among people 

older than 50, likely due to a combination of screening, shifts in distribution of risk 

factors (reduced smoking, wider use of aspirin) and improved treatments [23-25]. 

However, epidemiological studies demonstrated an alarming and continuing increased 

CRC incidence among people younger than 50 [24,25]. 

Early-onset CRC now accounts for 10-12% of all new CRC diagnoses [26]. Following 

adoption of population-based CRC screening in the 1990s, CRC incidence decreased by 

more than 35% in whole population [26]. Nevertheless, as opposed to marked decreases 

among older adults, CRC incidence among younger adults nearly doubled in the same 

time frame [26]. Incidence rates grew rapidly among 20–49 year olds in the USA, 

shifting from 8.6 per 100,000 in 1992 to 13.1 per 100,000 in 2016, with the most 

significant increases taking place among 40–49 years olds [26]. 

Such increases in early-onset CRC were reported in Western countries, including 

Canada, Australia, UK, and Asia. Despite overall population trends in aging, by 2030 

approximately 11% colon cancers and 23% rectal cancers are going to affect adults 

younger than 50 [25]. 

Early-onset CRC has increased through subsequent birth cohorts, while people born in 

1960 or later are at higher risk of CRC, if compared to older generations [24,27]. In the 

USA, CRC incidence rates are higher among 40-year-olds, who were born in 1970 (24.4 

per 100,000) than among 40-year-olds who were born in 1950 (18.3 per 100,000) [26]. 

To our surprise, increased early-onset CRCs by birth cohort occurred worldwide, 

although CRC risk differed by birth cohort in each country [24,27]. In the USA, 

incidence rates started to increase among Baby Boomers, while they are presently at 

highest level among Generation X [24,27]. In Canada and Australia, increased incidence 

of colon cancer vs rectal cancer was first recorded among people born in the 1970s 

[28,29]. In Asian populations from Japan, Hong Kong and Shanghai, increased 

incidence rates were recorded in later birth cohorts [30]. Birth cohort effects point out 

exposures either occurring in early life or frequently experienced by younger 

generations, who may undergo an increased risk of early-onset CRC [31]. 



12 

 

 

If compared to older patients who are mostly affected by proximal colon tumours, a 

higher percentage of younger patients suffer from distal colon or rectum primary 

tumours [26].  

Increasing early-onset CRC incidence rates were driven by increases in rectal cancer if 

compared to colon cancer, particularly in white population [32]. From the early 1990s to 

2016, cases of rectal cancer increased by more than 90% (2.6 to 5.1 per 100,000) across 

all racial/ethnic groups, compared to a 40% increase in colon cancer cases [26]. Women 

witnessed the most important relative increase in rectal cancer incidence (2.7 to 4.6 per 

100,000) [26]. 

A recent meta-analysis by Din et al examined 40 studies stemming from 12 countries 

across five continents [33]. The research focused on temporal trends in yCRC incidence 

and prevalence [33]. Altogether, the research found an increasing yCRC incidence with 

a + 1.33 worldwide pooled Annual Percent Change incidence (APCi) (95% CI, 0.97 to 

1.68; p < 0.0001) [33]. That was largely driven by increasing incidence in the USA, 

Australia, and Canada with reported overall APCi’s up to + 7.9 (95% CI, 1.1 to 15.1) 

and nearly a 30% increased incidence over 20 years [33]. Relying on comparatively 

fewer studies and inconsistent findings, similar conclusions cannot be drawn from 

European, Asian and African studies [33]. According to Din et al systematic review, 

trends of yCRC increasing risk seem to be driven by rectal cancers, as outlined by 9 out 

of 14 studies, that specifically evaluated it and with APCi’s up to + 4.03 (p < 0.001) 

[33]. In a previous meta-analysis, O’Connell et al highlighted rectum and sigmoid colon 

as the most commonly affected sites (54% tumours) [34]. This result agrees with Din et 

al showing that, at population level, rectal cancer contributes to increased yCRC 

incidence [34]. Noteworthy, O’Connell et al found no difference in yCRC sex 

distribution (48.6% in women and 51.4% in men) while according to Din et al, pooled 

sex-specific APCi’s were similar for women (+ 1.02; 95% CI, 0.20 to 1.83) and men (+ 

0.99; 95% CI, 0.31 to 1.67) [34]. 

 

3.3 Mortality 

In accordance with IARC mortality database last update, worldwide CRC deaths have 

approximately reached 0.915 million in 2020, accounting for 9.19% of cancer-related 

ones [35]. In particular, colon cancer represents the 5th deadliest cancer with 576,858 

deaths estimated in 2020, including 5.79% of all cancer deaths. Meanwhile, rectal 

cancer is the 10th deadliest one, with 339,022 deaths, accounting for 3.4% of all cancer 



13 

 

 

deaths. Provided that current trend is not reversed, by 2040 CRC mortality will record 

1.591 million deaths per year, with a further 73.7% increase [35]. 

 

Figure 4. Estimated number of deaths from 2020 to 2040, Both sexes, age [0-85+] [35] 

 

Taking into account particular geographic areas, 2040 CRC mortality will record 0.922 

million deaths per year in Asia, with a further 85.1% increase, 0.322 million deaths per 

year in Europe (+34%), 0.124 million deaths per year in Latin America and Caribbean 

(+82.8%), 0.093 million deaths per year in Northern America (+49.6%), 0.076 million 

deaths per year in Africa (+97.8%), and 0.012 million deaths per year in Oceania 

(+74.9%) [35]. 

Taking into account HDI areas, 2040 CRC mortality will record 0.778 million deaths 

per year in high HDI, with a further 87.2% increase, 0.124 million deaths per year in 

medium HDI (+77.2%), and 0.049 million deaths per year in low HDI (+103.5%) [36]. 

 

3.4 Trends and Survival outcomes 

The relationship between trends in CRC incidence and mortality can be expressed 

thanks to 3 well separated global groups [22,37]. The first one, which includes medium-

HDI countries such as Brazil, Russia, China, Latin America, the Philippines and the 

Baltic countries, witnessed both increased incidence and mortality rates, in the past 

decade [22,37]. Above mentioned countries are now undergoing an economic transition, 

which is the possible cause of an increased CRC incidence. The second group, mostly 

including high-HDI countries such as Canada, the United Kingdom (UK), Denmark and 
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Singapore, witnessed both an increased incidence and a decreased mortality, due to 

improved treatment options [22,37]. Lastly, the third group which includes countries 

with highest HDI (such as the USA, Iceland, Japan, and France) recorded a drop in both 

mortality and incidence, due to successful preventive measures and treatments [22,37]. 

In the second and third above mentioned groups, amended CRC treatments led to 

decreased CRC mortality, even against increased incidence [22]. 

Polyps removal and other early detection methods, colonoscopies, flexible 

sigmoidoscopies, computed tomography (CT) colonography, faecal immunochemistry 

and faecal occult blood testing have represented drive for longer survival times [22,38]. 

At first, the introduction of better screening tests may have increased incidence rates, 

thanks to the possibility of diagnosing previously undiagnosed diseases [22,37]. In the 

long term, it also reduced mortality by removing pre-cancerous or un-metastasised 

polyps [22,37]. 

USA belong to third group of highest HDI countries, as they recorded decreased CRC 

incidence and mortality [22]. In the USA, 5-year relative survival rate for stage I colon 

cancer was approximately 92%, while rates for stage IIA and stage IIB reached 87% and 

65% [22]. To our surprise, the 5-year survival rate for stage IIIA and stage IIIB recorded 

slightly higher values, 90% and 72% respectively [22]. Stage IIIC had a 53% survival 

rate, while stage IV or metastatic colon cancer recorded a 12% 5-year survival rate [22]. 

Five-year survival rates for rectal cancer were mostly slightly lower, with 88% for stage 

I; 81% for stage IIA; 50% for stage IIB; 83% for stage IIIA; 72% for stage IIIB; 58% 

for stage IIIC; 13% for stage IV [22]. 
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4. Colorectal cancer histopathological features 

 

More than 90% CRCs belong to adenocarcinomas originating from epithelial cells in 

the colorectal mucosa [2]. Other uncommon CRCs include the following ones: 

neuroendocrine, mucinous, signet ring cell, medullary, micropapillary, serrated, 

cribriform comedo-type, adenosquamous, spindle cell, and undifferentiated [2]. 

Conventional adenocarcinomas are marked by glandular formation, which represents 

the basis for histologic tumour grading [2]. In well differentiated adenocarcinomas, 

>95% tumour is gland forming (Figure 4) [2]. Moderately differentiated 

adenocarcinomas show 50-95% gland formation (Figure 5) [2]. Poorly differentiated 

adenocarcinomas are mainly solid ones with <50% gland formation (Figure 6) [2]. Most 

colorectal adenocarcinomas (~70%) are diagnosed as moderately differentiated ones [2]. 

Well and poorly differentiated carcinomas account for 10% and 20%, respectively [2]. 

 

Figure 4. Well-formed neoplastic glands consistent with well differentiated adenocarcinoma (G1) [Dr. 

Magda Zanelli; Pathology Unit-Azienda Unità Sanitaria Locale – IRCCS di Reggio Emilia, Italy] 

 

 

Figure 5. A Cribriform neoplastic glands of moderately differentiated adenocarcinoma. Lakes of mucus 

are visible on the left; B Moderately differentiated adenocarcinoma with cribriform neoplastic glands; C 

Neoplastic glands of different sizes within a desmoplastic stroma (moderately differentiated 

adenocarcinoma). Some glands show pseudostratified epithelium; D Moderately differentiated 

adenocarcinoma with mucinous differentiation; E Neoplastic glands with cribriform features (moderately 

differentiated adenocarcinoma) [Dr. Magda Zanelli; Pathology Unit-Azienda Unità Sanitaria Locale – 

IRCCS di Reggio Emilia, Italy] 
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Figure 6. A Fused neoplastic glands and single cell pattern of growth are indicative of poorly 

differentiated adenocarcinoma (G3); B The glandular structures are difficult to be recognized, as glands 

are almost completely fused (poorly differentiated adenocarcinoma) [Dr. Magda Zanelli; Pathology Unit-

Azienda Unità Sanitaria Locale – IRCCS di Reggio Emilia, Italy] 

 A 
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 B 

 

4.1 Macroscopic features 

Approximately 50% of all carcinomas develop in the rectosigmoid area, although their 

relative incidence seems to record a decrease [39]. Past decades have been recording a 

space shift toward the proximal colon [40]. At presentation, right-sided tumours are 

associated to older age [41]. Multicentric carcinomas are detected in 3%-6% cases [42]. 

Broadly speaking, most colorectal carcinomas are either polypoid or 

ulcerative/infiltrating ones [43]. The former looks like a bulky mass with well-defined 

rolled margins, and a sharp dividing line with the normal bowel [43]. The latter has a 

less elevated surface and is centrally ulcerated [43]. A particular variant of this tumour 

type, which has been thoroughly described by Japanese literature, is referred to as “flat” 

or “depressed” carcinoma and is thought to arise de novo, rather than through adenoma 

malignant transformation [43]. These flat carcinomas have a greater tendency for deep 

invasion with lymphovascular permeation than the more common polypoid types [44]. 

All in all, there is good match between tumour gross and microscopic margins [45]. 

Colorectal tumours rarely show extensive lateral superficial spreads as we can often 

detect in stomach, although it sometimes occurs [45]. By examining cross section, 

grayish white tissue replaces the bowel wall [45]. The edges may be well marked or 

create finger-like projections extending from the main mass [45]. Highly mucinous 

tumours show a gelatinous, glaring appearance, while layers of mucus may separate the 

layers of bowel wall [45]. 
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At gross examination, it is paramount to assess: whether tumour is confined to wall or 

has extended to pericolic tissues; whether gross invasion of veins is taking place, and 

remaining colon shows any other carcinomas or polyps. 

 

4.2 Microscopic features 

Well differentiated adenocarcinomas and moderately differentiated ones, which secrete 

variable amounts of mucin, represent the common malignant tumour type affecting 

large bowel [46]. 

The tumour cells represent a combination of columnar and goblet cells, with random 

presence of neuroendocrine cells and exceptional occurrence of Paneth cells [46]. The 

carcinoma consistently elicits an inflammatory and desmoplastic reaction, which is 

particularly prominent at tumour edge [46]. Most inflammatory cells are T lymphocytes, 

although B lymphocytes, plasma cells, histiocytes, and S-100 protein–positive dendritic 

cells are also present [47,48]. By chance, many eosinophils might be present, which 

could be due to interleukin-5 production [49]. 

Tumour surface may have a papillary or villous configuration, which must be 

distinguished both from previously described residual villous adenoma and 

micropapillary pattern [50]. Tumour may invade all bowel layers, extend into pericolic 

fat, permeate perineurial spaces, thus invading veins [50]. The latter feature, which is of 

prognostic significance, can be better appreciated with stains for elastic fibers 

(Verhoeff–van Gieson or Movat stain) [50]. 

Evidence of invasion is the key of microscopic examination [2]. When muscularis 

mucosae can be identified, determining whether it is disrupted by neoplastic cells is of 

paramount importance [2]. Invasive carcinoma peculiarly invades through the 

muscularis mucosae into the submucosa, and it is sometimes seen close to submucosal 

blood vessels [2]. Presence of desmoplasia or desmoplastic reaction, which is a fibrous 

proliferation surrounding tumour cells secondary to invasive tumour growth, represents 

an important feature of invasion [2]. Invasive colorectal carcinoma also frequently 

shows characteristic necrotic debris in glandular lumina, so-called “dirty necrosis”, 

which can be quite useful in suggesting colorectal primary, in case of metastasis of 

unknown origin [2]. 

Tumour edge may show foci of a residual adenoma [51]. More commonly, a reactive 

hyperplastic alteration may be detected in the glands, being taller, more tortuous, and 
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marked by more frequent goblet cells than normal mucosa (so-called transitional 

mucosa) [51]. 

 

4.3 High grade dysplasia 

Pathologic assessment of an adenomatous polyp and dysplasia means to determine 

whether high grade dysplasia is present or not, as it represents outright forerunner to 

invasive colorectal adenocarcinoma [2]. High grade dysplasia shows as a constellation 

of architectural complexity and cytological atypia, that are more malignant-appearing 

than those seen in a conventional adenoma [2]. From architectural point of view, high 

grade areas show typical increased glandular density with crowded glands, that have a 

cribriform or back-to-back growth pattern [2]. From a cytological point of view, cells 

with high grade dysplasia exhibit rounded nuclei, coarse chromatin, prominent nucleoli 

and loss of nuclear polarity, while nuclei have no longer perpendicular orientation to the 

basement membrane [2]. Necrotic debris within the lumina of dysplastic glands may be 

detected [2]. 

High grade dysplasia is usually focal and located on the surface polyp portion, thus 

requiring no additional treatment rather than polypectomy, when polyp undergoes a 

complete endoscopic resection [2]. High grade dysplasia in the colorectum means 

carcinoma in situ or intraepithelial carcinoma [2]. 

Intramucosal adenocarcinoma, which is defined by lamina propria invasion including 

invasion into muscularis mucosae (but not through it), still belongs to high grade 

dysplasia due to its negligible potential of metastasis and it can still be successfully 

treated just by polypectomy [52]. 
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5. Colorectal cancer histochemical and immunohistochemical features 

 

In a histochemical perspective, most colorectal carcinomas are positive for mucin stains 

[53]. Immunohistochemically, MUC1 and MUC3 are the main mucin protein cores 

expressed by conventional colorectal adenocarcinoma (as opposed to MUC2 in 

mucinous carcinoma) [53]. There is also expression of MUC13, particularly in poorly 

differentiated tumours [54]. Recently, the serrated pathway of CRC has witnessed an 

association with increased expression of MUC2, MUC5AC, and MUC6 [55]. 

Colorectal adenocarcinomas are invariably positive for cytokeratin (CK), while CK20 

positivity and CK7 negativity represent the most common features [56]. Reverse 

pattern, which is useful in telling colorectal adenocarcinoma from other ones (such as 

lung and ovary ones) is hardly found [57]. However, aberrant patterns of 

immunoreactivity (such as CK7 positivity) can be detected in some colorectal 

carcinomas, in particular the poorly differentiated ones [58,59]. Carcinoembriogenic 

antigen (CEA) reactivity is also the rule while failure to demonstrate CEA in 

adenocarcinomas makes a colorectal origin unlikely [60]. The positivity for this marker 

is equally distributed throughout the cell surface in most cases, as opposed to polar 

distribution observed in normal mucosa and in better differentiated tumours [61]. Many 

monoclonal antibodies to different epitopes of the CEA molecule are available, although 

antibodies that recognize group1 or group2 epitopes offered the highest levels of 

sensitivity and specificity [56]. 

Caudal-type homeobox CDX2 gene encodes a transcription factor that plays an 

important role in intestinal epithelial cell proliferation and differentiation [62]. It is 

found by immunohistochemistry in most colorectal carcinomas, but it can also be 

expressed in primary mucin-producing carcinomas of ovary, bladder, and lung, as well 

as pancreaticobiliary adenocarcinomas [62,63]. 

Tumour-associated glycoprotein 72 (TAG-72), which is recognized by monoclonal 

antibody B72.3, shows in virtually all invasive colorectal carcinomas but also most 

hyperplastic and adenomatous polyps and even in normal mucosa [64]. Nevertheless, 

reactivity frequency and expression pattern vary according to condition [64]. 

Regardless of differentiation, markers which are consistently expressed by colorectal 

carcinoma are: villin (a cytoskeletal protein associated with the axial microfilament 

bundles of brush border microvilli); cathepsin B (a lysosomal cysteine proteinase); 

neuropilin-1 (a molecule normally present in the developing nervous system); SRCA2 
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(an ATPase crucial to many cell functions); cadherin-17 (also known as liver-intestine 

cadherin) [65-68]. Calretinin can be expressed by a minority of colorectal 

adenocarcinomas (especially the undifferentiated ones), that must be kept in mind in the 

differential diagnosis with mesothelioma [69]. 

Most colorectal carcinomas show immunoreactivity for human chorionic gonadotropin 

(hCG) [70]. This feature seems particularly common in mucinous and poorly 

differentiated tumours [71]. Estrogen and progesterone receptors are either absent or 

present in a small minority of tumour cells [72]. Racemase, a marker for prostatic 

adenocarcinoma, is expressed in over half of colorectal adenocarcinomas, representing a 

potential source of misdiagnosis [73]. 
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6. Colorectal cancer genetic features 

 

CRC represents a genetically and cellular heterogeneous disease [74]. The tumour mass 

is made up of both altered epithelial cells, that accumulate driver mutations, and tumour 

microenvironment made up of stromal and immune cells [74]. In a morphological 

perspective, two morphological multi-step pathways are represented by traditional 

adenoma-to-carcinoma sequence and serrated adenoma pathway [74]. Genetic studies 

have detected two major molecular pathways: chromosomal instability (CIN) pathway 

and microsatellite instability (MSI) one [74]. Some authors regard CpG island 

methylator phenotype (CIMP) as a third molecular pathway although it overlaps with 

MSI positivity, according to TCGA [75,76]. 

Tumour malignancy must experience three steps, i.e. breakthrough, expansion, and 

invasion, taking 2 to 3 decades and requiring at least 2 to 3 driver gene mutations [77]. 

A common mature cell cannot suddenly turn into a cancer cell [77]. CRC arise in the 

stem cell compartment in colonic crypts and CRC lifetime risk is directly related to total 

lifetime number of stem cell divisions [78]. 

First driver gene mutation provides the cell with a small survival advantage, resulting in 

a proliferating hyperplastic lesion with an increased risk of a second driver mutation 

[77,78]. The second driver gene mutation provides the cell with autonomy, uncontrolled 

self-renewal and immortal characteristics paving the way for a third driver mutation 

[77,78]. Third driver gene mutation allows the cell to invade surrounding tissues 

[77,78]. This mutation also provides tumour with capability to metastasize, while no 

additional driver-mutations are required for dissemination [77,78]. 

A driver gene mutation causes a small increase in cell birth/cell death ratio and an 

approximately 0.4% growth advantage in cellular life span, including proliferation 

capability under limited availability of nutrients [77]. By repeating replications once or 

twice a week over 2 to 3 decades, such growth advantage translates into a slow but 

exponential increase of tumour cell number [77]. 

Passenger mutations point to mutations that do not allow any growth advantage, but 

happen to be inside the cell when it acquires driver gene mutation [77]. Most passenger 

mutations are detected in noncoding DNA without showing any clinical relevance [77]. 

99.9% mutations and epigenetic alterations found in malignant tumours have no impact 

on neoplasia itself [78,79]. 
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Driver gene mutations represent rare events, even in tumours, whose growth is usually 

curbed by host defenses, lack of nutrition, and hypoxia, due to abnormal vasculature 

[77]. 

The order of mutations is essential for malignant transformation [77]. In CRC, APC 

mutation must take place before KRAS mutation for carcinogenesis to progress [77]. 

When mutations arise differently, adenoma is not going to turn into carcinoma (as it 

happens in most adenomas) [77]. In addition, consequences of driver mutation are 

related to frame work, where it arises [77]. Targeting identical BRAF mutation both in 

melanoma and CRC shows striking regression in the former tumour but no effect in the 

latter one [77]. Such consequence is due to epithelial growth factor receptor (EGFR) 

expression in CRC circumventing BRAF inhibitors [77]. 

 

6.1 Chromosomal instability (CIN) pathway 

In a recent study looking at CRC mutations, 1321 genes associated with human cancers 

were analyzed in 468 colorectal tumours [80]. A subset of 17 genes with similar 

mutation frequencies most commonly mutated in CRC were identified: KRAS, TP53, 

APC, SMAD4, FBXW7, BRAF, TCF7L2, PIK3CA, GNAS, CBX4, ADAMTS18, 

TAF1L, FAM123B, CSMD3, ITGB4, LRP1B, and SYNE1, given in decreasing order of 

mutation rate [80]. 

Six of these genes have been classified as CRC driver genes: APC, KRAS, BRAF, 

PIK3CA, SMAD4, TP53 with APC, KRAS, PIK3CA, and p53 being most frequently 

mutated (Figure 7) [77,80]. APC, KRAS, and BRAF mutations are early events in the 

transition from normal epithelium to adenoma, whereas PIK3CA mutation and loss of 

SMAD4 and p53 (due to mutations or epigenetic silencing) are late events enabling 

tumour cells to invade surrounding tissues and metastasize thereby transforming the 

adenoma into a carcinoma [77,80]. 

 

Figure 7. Chromosomal instability (CIN) pathway 
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The APC mutations usually co-occur with either KRAS or TP53 mutations, or both 

[77,80]. This triumvirate is highly lethal and predicts poor outcome, whereas BRAF, 

ITGB4, CBX4, CSMD3, SYNE1, FBXW7, and TAF1L are strongly correlated with 

MSI but not with metastatic disease [77,80]. 

APC (adenomatous polyposis coli) gene. It is considered the gate keeper gene for CRC 

and mutations are found in 80% of all cases [77,81]. Mutations may occur in different 

zones of the gene and more than 1 mutation can occur simultaneously [77]. These 

mutations are frameshift mutations causing truncation of the APC protein, preventing it 

from binding β-catenin to the cytoplasmic domain of the membranous e-cadherin 

complex, which becomes defect [77]. Instead, free cytoplasmic β-catenin molecules 

translocate to the nucleus increasing signaling through the Wnt pathway [77]. 

APC plays a central role in predicting overall survival [77,80]. As mentioned, APC may 

assume one or more truncating mutations, each with a striking impact on survival 

[77,80]. Tumours with more than 1 APC mutation (>30% of CRC) concurrent with 

mutant KRAS and loss of TP53 confer the poorest survival among subgroups examined 

[77,80]. 

KRAS (Kirsten rat sarcoma viral oncogene homolog). Mutations in this oncogene are 

early events in CRC tumourigenesis occurring in approximately 30% to 40% patients 

[82]. Being a downstream component of EGFR signaling network, gene product K-ras 

controls growth-promoting signals from cell surface to nucleus [77,82]. To transmit 

signals, K-ras must be activated by binding to GTP. Active GTP-bound K-ras interacts 

with more than 20 effector proteins, while switching to active form normally takes place 

when growth factor receptors (such as EGFR) are activated [77,82] EGFR governs 

cancer cell proliferation, apoptosis and tumour-induced neoangiogenesis [77,82]. When 
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KRAS mutations take place, K-ras protein remains functionally active, regardless of 

EGFR, leading to constitutive activation of downstream pathways, including 

Ras/Raf/MAP/MEK/ERK and PI3K pathways [83,84]. 

KRAS mutation and subsequent EGFR-independent activation of downstream pathways 

predict resistance to treatment with anti-EGFR monoclonal antibodies, such as 

cetuximab or panitumumab, being limited to a subset of patients with metastatic disease 

and wild type KRAS [77]. 

KRAS mutation impact on outcome has been controversial [85]. Two recent analyses on 

metastatic CRC have reported lack of association with KRAS mutations, time-to-

recurrence, recurrence pattern or overall survival [85]. 

BRAF (B-raf proto-oncogene). BRAF, which encodes a protein called B-raf, belongs to 

raf/mil family of serine/threonine protein kinases [77,86]. B-raf is activated by RAS 

GTPase (eg, K-ras) and plays an important role in the EGFR-mediated MAPK pathway 

affecting cell growth, proliferation, differentiation and other key cellular processes, such 

as cell migration, apoptosis (through BCL-2 regulation) and survival [86]. 

Among European and Northern American populations, BRAF mutations are the least 

frequent mutations as they occur in less than 15% CRC cases [77,87]. BRAF-mutated 

tumours are often right-sided, more frequent in woman, and of higher grade [87]. BRAF 

mutations are associated with poor prognosis, sporadic MSI, female subjects and old 

age, while they aren’t ever found in hereditary nonpolyposis CRC [87]. 

Unfortunately, CRC patients have a poor answer to BRAF inhibitors, due to EGFR 

expression circumventing the effect [88]. 

PIK3CA (phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha). It 

encodes PI3Ka, a kinase playing a key role in regulating cell proliferation, survival and 

motility [77]. Occurring in approximately 30% CRCs, PIK3CA mutation leads PI3Ka to 

signal without regulation, leading to a proliferation spinning out of control [77]. 

Amino acid glutamine is often required for cancer cell growth [77,89]. Until recently, 

PIK3CA mutations have not been known as “replanners” of cancer cell metabolism 

[77,89]. In CRC cells, PIK3CA mutation replans glutamine metabolism by upregulating 

glutamate pyruvate transaminase 2 (GPT2), making tumour cells more dependent on 

glutamine [89]. Glutamate pyruvate and glutamine play key roles in intermediary 

metabolism, replenishing citric acid cycle [89]. 

SMAD4 (SMAD family member 4). Encoded SMAD4 protein is a tumour suppressor and 

critical regulator of TGF-beta pathway controlling proliferation [77]. Cells subject to 
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SMAD4 mutations may proliferate out of control [77]. Moreover, mutation is strongly 

involved in EMT and metastatic process [77]. Although it stresses TGF-b signaling, 

SMAD4 activity is regulated by Wnt and fibroblastic growth factor and turns out as not 

compulsory for constitutive activation of TGF-b pathway [90]. 

SMAD4 mutation is detected in 10%-20% CRC patients and it also predicts resistance 

to oxaliplatin-based chemotherapy, thus leading to poor prognosis [91,92]. 

TP53. Impairment of cell cycle progression (in case of DNA damage) and promotion of 

repair represent the two most significant effects of this tumour suppressor gene [77]. 

When DNA damage is too extensive and repair cannot take place, cell undergoes 

apoptosis [77]. As mutant p53 protein has lost its growth-inhibitory function and is quite 

stable, it may even dominate over any remaining wild-type p53 having extremely short 

half-life [77]. 

Mutations or epigenetic silencing leading to loss of p53 function frequently happen in 

most cancers and are detected in nearly 60% CRC [93]. Such loss of function means 

increased cancer aggressiveness, in addition to higher recurrence and mortality rates 

[94]. 

 

6.2 Microsatellite instability (MSI) pathway 

Although not being classified as driver gene mutation, detection of mutations and 

epigenetic changes in mismatch repair (MMR) genes is a key in CRC natural course 

(Figure 8) [77]. In humans, 9 MMR function genes have been identified, out of which 5 

gene mutations have a special role, as they lead to Lynch syndrome [77]. Genes and 

frequency where they are mutated are as follows: MLH1 (49%), MSH2 (38%), MSH6 

(9%), PSM2 (2%), and PMS1 (0.3%) [77]. 

 

Figure 8. Microsatellite instability (MSI) pathway 
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Cancers arising in cells with defective MMR gene function show a peculiar 

accumulation of replication errors in DNA microsatellites [95]. Microsatellites are small 

repeating stretches of DNA scattered throughout entire genome (1–6 base pairs) [77]. 

They account for approximately 3% of human genome and record high mutation rates 

[77]. When compared to normal tissue, any inconsistency in the number of 

microsatellite nucleotide repetitions is defined as microsatellite instability (MSI), which 

comes from a failure of MMR system to correct DNA base errors and keep genomic 

stability [77,95].  

In sporadic CRC without MMR mutations, 3 to 6 driver mutations may take place, in 

addition to multiple passenger mutation, while CRC with MMR deficiency records a 

level of mutations which is 10 times higher [77,95]. Apart from mutations, silencing of 

MMR genes may be due to hypermethylation, resulting in low or lacking production of 

MMR gene products, which may be detected in sporadic CRC (usually by silencing of 

MLH1) [77,95]. 

MSI examination is significantly related to treatment with immune checkpoint 

inhibitors, as they are very effective in subsets of CRC patients with significant MSI 

(MSI-H) [77,95,96]. 

MSI is high (MSI-H) when 2 or more markers out of 5 ones in core panel show 

instability or when more than 30% markers record instability in other marker panel [96]. 

MSI is low (MSI-L) when 1 marker out of the 5 ones in core panel shows instability or 

fewer than 30% markers show instability in other marker panels. MS is stable (MSS) if 

0 (or 0%) of markers show instability in the core panel or other marker panels [96]. 

 

6.3 Complementary pathways to sporadic CRC 

CDX2 has proved to be main gene regulator of gene expression in intestinal epithelial 

cells [97]. No surprise that aberrant expression of CDX2 affects homeostasis of colonic 

epithelial cells [97]. In particular, absence of CDX2 expression and presence of BRAF 

mutations are associated with serrated pathway to colon cancer [98]. In the cohorts 

under examination, loss of CDX2 expression was predominantly found in less than 10% 

cases [99]. 

Loss of CDX2 expression is rarely due to mutations in CDX2 gene, although it 

represents a consequence of promoter methylation in cancer cells [100]. Reduced CDX2 

expression was reported to be related to cancer recurrence, while stage II CRC patients 
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with lack of CDX2 expression took advantage from adjuvant chemotherapy [101]. In 

some CRCs, CDX2 overexpression has been reported as a consequence of gene 

duplication event of CDX2 gene [102]. In such cases, CDX2 plays a key role as linage 

survivor gene for cancer cells and is associated with CRC recurrence [102]. 

CpG island methylator phenotype (CIMP). In fetal development, human body acquires 

DNA reading instructions on how organs are to be formed and preserved [77]. 

Epigenetics is the reading instruction on top (epi-) of DNA [77]. In order to ensure 

common functions and homeostasis, genes are turned on/off/up/down as reaction to 

inputs from epigenetics [77]. Epigenetics controls the expression of genes by attaching 

or removing chemical groups to DNA, chromatin and histones, in addition to modifying 

DNA structure and accessibility inside cell nuclei [77]. Such chemical groups are 

neither part of DNA, nor sequence modifiers [77]. They are mostly methyl-, phosphor-, 

and acetyl-groups [77]. 

DNA methylation, regulated enzymatically (DNA-methyltransferases - DNMT), is 

common throughout the genome [77]. Methylation plays an important role both in 

keeping genome stability and ensuring regulation of transcription [77]. Different 

methylation patterns are responsible for creation of cell lineages and cell differentiation 

[77]. Acting as an on/off switch, a methyl group which is added to cytosines in the 

promotor region can silence (suppress) a gene [77]. The methyl groups shut down 

transcription by preventing transcription factors from binding to the promotor region 

[77]. 

Unlike DNA, which is stably inherited from parents, gametic DNA methylation pattern 

is altered in early fetal life [103]. At embryo implantation stage, de novo DNA 

methylation takes place in almost all genome [103]. Nevertheless, a large group of 

promoter sequences (CpG islands) is recognized and protected from methylation: they 

predominantly represent house-keeping genes [77]. In the course of cell lineage 

differentiation and organogenesis, methylation pattern undergoes changes [104]. Some 

genes keep silenced by methylation and other organ-specific genes are demethylated, 

thereby acting as epigenetic template for tissue-specific gene expression [104]. 

In many cancer types, hypermethylation of CpG islands within promoter regions of 

genes (site-specific methylation) leads to blockage of transcription and reduction in 

tumour-suppressor gene activity, including DNA repair mechanisms, while global 

hypomethylation in other parts of genome is associated with genomic instability, 

chromosomal aberrations, overexpression of oncogenes and growth factors [105]. 
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Altered methylation landscape is primarily confined to cancerous tissue and is difficult 

to be detected in blood, due to low yield of epigenetic material in samples and 

suboptimal sampling and purification methods [105]. 

In cancer, gene silencing by hypermethylation occurs approximately 10 times more 

frequently than by mutations [106]. In contrast to the 3 to 6 driver mutations and less 

than 100 passenger mutations usually found in sporadic CRC, 600 to 800 genes are 

transcriptionally silenced by hypermethylation of CpG islands in promotor regions, also 

known as site-specific DNA hypermethylation [106]. 

A CRC phenotype called CpG island methylator phenotype is marked by significant 

site-specific CpG-island hypermethylation of tumour suppressor genes, MSI, BRAF 

mutations and associated to right-sided CRC, mostly in elderly women [107]. CpG 

island methylator phenotype tumours often lack KRAS and P53 mutations [107]. They 

have mucinous histologic features (signet ring cells) and are associated with advanced T 

stage [107]. 
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7. Management of Locally Advanced Rectal Cancer (LARC) 

 

In the previous sections we analyzed epidemiological aspects, in addition to 

histopathological/immunohistochemical and genetic topics of CRC. As these three 

environments are concerned, large overlaps between colonic features and rectal cancer’s 

ones make it difficult (if not impossible) to consider them as different neoplastic 

diseases. 

Such statement turns out untrue when we consider the management of colonic and rectal 

cancer. As a matter of fact, the two types of cancers require different treatment 

approaches. 

An introduction about the treatment of rectal cancer, mainly focusing on preoperative 

radiotherapy, allows a more thorough understanding of both study design and its results.  

Rectum lower limit is commonly defined by anorectal ring, an anatomic landmark 

which is palpable at physical examination or radiographically visible as upper border of 

anal sphincter and puborectalis muscles [108,109]. Rectum upper limit has been 

differently defined as splaying of the teniae coli, sacral promontory, proximal valve of 

Houston, or level of peritoneal reflection [108,109]. 

A recent consensus conference defined the point of sigmoid take-off (i.e., the junction of 

the sigmoid mesocolon and mesorectum) as the upper limit of the rectum, according to 

what had been observed on cross-sectional imaging [110]. Given an imperfect 

correlation among these landmarks and inconsistent presence of all 3 valves of Houston, 

in a clinical perspective, rectum upper limit can be somewhat elusive [108,109]. All in 

all, location of rectal cancer is most commonly given by the distance from its distal 

margin to the anal verge and it is defined as the beginning of the hair-bearing skin 

[108,109]. Tumours having 15 cm distal extension from anal margin (as measured by 

rigid sigmoidoscopy) are classified as rectal ones, while more proximal tumours as 

colonic ones [108,109]. Cancers are called “low” (up to 5 cm), “middle” (from >5 to 10 

cm) or “high” (from >10 up to 15 cm), although rectum total length can vary by body 

habitus and sex [111]. 

 

7.1 Rectal cancer preoperative radiotherapy 

Patients with early (stage I) rectal cancer receive radical surgery (local excision, low 

anterior resection with total mesorectum excision) without any preoperative 

chemotherapy and/or radiotherapy. On the contrary, given the complexity and variability 
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of clinical presentation, which is strictly related to site (s), number of metastases and 

tumour burden, patients affected by metastatic rectal cancer (stage IV) cannot be 

reduced to standard of care algorithms (Table 1, Table 2). 

 

Table 1. American Joint Committee on Cancer (AJCC) TNM Staging Classification for Rectal Cancer 8th 

ed., 2017 

T Primary Tumour 

TX Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

Tis Carcinoma in situ: intramucosal carcinoma (involvement of lamina propria with no 

extension through muscularis mucosae) 

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

muscularis propria) 

T2 Tumour invades the muscularis propria 

T3 Tumour invades through the muscularis propria into pericolorectal tissues 

T4 Tumour invades* the visceral peritoneum or invades or adheres** to adjacent organ 

or structure 

      T4a Tumour invades* through the visceral peritoneum (including gross perforation 

of the bowel through tumour and continuous invasion of tumour through areas of 

inflammation to the surface of the visceral peritoneum) 

      T4b Tumour directly invades* or adheres** to adjacent organs or structures 

N Regional Lymph Nodes 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

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

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

nodes are negative 

      N1a One regional lymph node is positive 

      N1b Two or three regional lymph nodes are positive 

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

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

N2 Four or more regional lymph nodes are positive 

      N2a Four to six regional lymph nodes are positive 

      N2b Seven or more regional lymph nodes are positive 
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M Distant Metastasis 

M0 No distant metastasis by imaging, etc.; no evidence of tumour in distant sites or 

organs. (This category is not assigned by pathologists) 

M1 Metastasis to one or more distant sites or organs or peritoneal metastasis is 

identified 

      M1a Metastasis to one site or organ is identified without peritoneal metastasis 

      M1b Metastasis to two or more sites or organs is identified without peritoneal 

metastasis 

      M1c Metastasis to the peritoneal surface is identified alone or with other site or 

organ metastases 

 

Table 2. American Joint Committee on Cancer (AJCC) TNM Staging Classification for Rectal Cancer 8th 

ed., 2017 - Prognostic Groups 

Stage 0 Tis N0 M0 

Stage I T1, T2 N0 M0 

Stage IIA T3 N0 M0 

Stage IIB T4a N0 M0 

Stage IIC T4b N0 M0 

Stage IIIA T1-T2 N1/N1c M0 

                   T1 N2a M0 

Stage IIIB T3-T4a N1/N1c M0 

                   T2-T3 N2a M0 

                   T1-T2 N2b M0 

Stage IIIC T4a N2a M0 

                   T3-T4a N2b M0 

                   T4b N1-N2 M0 

Stage IVA Any T Any N M1a 

Stage IVB Any T Any N M1b 

Stage IVC Any T Any N M1c 

 

According to evidence-based guidelines, neoadjuvant radiotherapy is highly 

recommended to patients with clinical stage II-III rectal cancer [111]. Multiple 

prospective trials and meta-analyses have proved that neoadjuvant radiotherapy reduces 

risk of local recurrence, even in the era of total mesorectal excision (TME) [112-119].  
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Despite strong evidence supporting neoadjuvant radiotherapy approach in patients with 

stage II-III rectal cancer, a patient subset may be at low risk for locoregional recurrence, 

due to proximal tumour location and circumferential resection margin, which magnetic 

resonance imaging (MRI) defines as “safe” [116,120]. Based on such limited evidence, 

a conditional recommendation might suggest to omit neoadjuvant radiotherapy in favor 

of upfront surgery for patients in clinical stage IIA (cT3a/b N0), whenever cancer is 

located >10 cm from anal verge or in presence of ≥2 mm predicted circumferential 

resection margin and in the absence of extramural vascular invasion, as prescribed by 

MRI with rectal cancer protocol [121]. 

Long-course chemoradiotherapy (LCCRT), which represents the most common 

neoadjuvant regimen followed in USA, was analyzed by German Rectal Cancer trial 

(CAO/ARO/AIO-94), which randomly assigned patients with clinical stage II/III rectal 

cancer (n=823) to either preoperative LCCRT or postoperative one [114]. 

Chemoradiotherapy consisted of 5,040 cGy in 28 fractions, with concurrent infusional 

5-fluorouracil (5FU) [114]. Standard TME was carried out and all patients underwent an 

additional 4 cycles adjuvant 5FU-based chemotherapy [114]. Local recurrence rate was 

lower in preoperative treatment group (6% versus 13%, p = 0.006) and such benefit 

endured at long-term (10-year) follow-up (7.1% versus 10%, p = 0.04) [114]. 

Meanwhile, no significant difference between the groups was recorded as concerned 10-

year overall survival (OS), disease-free survival (DFS) or rate of distant metastasis 

[114]. When compared to postoperative therapy, preoperative LCCRT led to 

significantly less severe toxicity (grade 3 or 4), acute (27% versus 40%; p = 0.001) and 

long-term (14% versus 24%; p = 0.01) ones [114]. The most common acute toxicities 

related to preoperative therapy were diarrhea, hematologic and dermatologic damages, 

while the most common long-term harms included chronic diarrhea, bowel obstruction, 

anastomotic stricture, bladder and sexual dysfunctions [122]. Though meta-analyses 

have not yet stated that neoadjuvant LCCRT can lead to statistically significant 

differences in the rate of sphincter preservation, chemoradiotherapy may ease sphincter 

preservation by reducing tumour volume in deep pelvis [123]. 

Based on such findings, patients undergoing neoadjuvant conventionally fractionated 

radiotherapy are recommended 5,000 to 5,040 cGy in 25 to 28 fractions with concurrent 

chemotherapy [121]. 

Swedish rectal trial and Dutch rectal study, in additions to researches comparing 

neoadjuvant short-course radiotherapy (SCRT) with LCCRT, established 2,500 cGy in 5 
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fractions, without concurrent chemotherapy as standard of care for patients undergoing 

neoadjuvant SCRT [124,125]. 

Swedish Rectal Cancer trial randomly assigned 1,168 patients to SCRT followed by 

surgery versus surgery alone [124]. SCRT arm was associated with reduced local 

recurrence (9% versus 26%, p < 0.001) and prolonged survival (5-year OS, 38% versus 

30%; p = 0.008) with a 13-year median follow-up [112,124]. 

Dutch TME trial randomly assigned 1,861 patients to SCRT, followed by TME surgery 

in comparison to TME surgery alone [125]. Even in a setting of standardized TME 

surgery, neoadjuvant SCRT significantly reduced local recurrence [125]. At 10 years, 

exclusive TME compared to SCRT and TME (p < 0.001) recorded an 11% local 

recurrence rate and a 5% one respectively, although no benefit was recorded in OS 

(49% after TME versus 48% after SCRT and TME, p = 0.86) [116]. Radiotherapy 

benefit proved to reach the highest level in tumours with nodal involvement located 5-

10 cm from anal verge, with negative resection margins [116]. Neoadjuvant SCRT did 

not offset risk for local failure in low rectal tumours with positive resection margins 

[116]. SCRT addiction to TME led to higher levels of long-term toxicity [126]. In 

particular, higher fecal incontinence (62% versus 38%, p < 0.001), increased pad use 

(56% versus 33%, p < 0.001) and mucus leakage (27% versus 15%, p = 0.005) were 

reported in patients who had received radiation [126]. Irradiated males also reported 

more frequent sexual (erectile) problems [126,127]. 

A Cochrane database meta-analysis highlighted that patients undergoing SCRT followed 

by surgery were associated to lower local recurrence rates, if compared with patients 

who underwent exclusive surgery but they did not significantly increase sphincter-

preservation rates or perioperative complication ones [117]. 

 

7.2 Long-course chemoradiotherapy versus Short-course radiotherapy 

Polish trial (316 patients) and Trans-Tasman Radiation Oncology Group trial (TROG) 

01.04 (326 patients) represent two randomized trials comparing neoadjuvant SCRT with 

LCCRT, which reported long-term oncologic outcomes [6,129]. The local recurrence, 5-

year distant metastasis and OS rates did not differ significantly between either trial’s 

arms [6,129]. Significantly lower acute toxicity was related to SCRT rather than to 

LCCRT (3% versus 18%, p < 0.001 for Polish trial; 1.9% versus 28%, p < 0.001 for 

TROG one), although rates of high-grade late toxicity did not significantly differ in 

either trials [6,128,129]. It is very important to underline that LCCRT turned out as 
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considerably more effective than SCRT in favouring pathologic downstaging and 

tumour regression. Although pooled analysis showed no discrepancy in the rates of 

sphincter preservation or R0 resection, pathological complete response (pCR) recorded 

a 16% rate following LCCRT, in comparison to a 1% value after SCRT (p < 0.001) 

[129,130]. 

The latest meta-analysis by Yu et al aimed at comparing LCCRT’s and SCRT’s 

outcomes and identify the most appropriate approach for rectal cancer preoperative 

treatment [131]. Both regimens proved effective in the preoperative treatment of LARC, 

taking into account pCR, tumour downstaging, local recurrence, distant metastases, 

mortality and serious late toxicity [131]. Furthermore, SCRT group without 

chemotherapy recorded a worse pCR rate compared to that of LCCRT [131]. This could 

explain the benefit of chemotherapy in preoperative treatment of RC. Given the 

significant heterogeneity within meta-analysis, a subgroup analysis was carried out, 

based on study types and intervention with chemotherapy [131]. Results underlined that 

LCCRT group showed a higher pCR prevalence and tumour downstaging in randomized 

control trial (RCT) subgroup [131]. Furthermore, LCCRT group also recorded a higher 

pCR prevalence compared with SCRT group without chemotherapy, suggesting that 

pCR may correlate with chemotherapy [131]. 

Stockholm III trial provided data regarding 385 patients with rectal cancer [132]. They 

were randomly assigned to SCRT with immediate surgery (SCRT), SCRT with delayed 

surgery at 4-8 weeks (SCRT-delay), or LCCRT with delayed surgery at 4-8 weeks 

(LCCRT-delay) [132]. Data concerned an additional 455 patients randomly assigned to 

SCRT or SCRT delay [132]. After a median follow-up of 5.2 years, overall local 

recurrence rate did not statistically differ among the 3 groups [132]. Although no 

discrepancy turned out in postoperative complication rates among patients in the 3-arm 

randomization, pooled analysis comparing patients treated by SCRT versus SCRT-delay 

showed a significantly lower risk of postoperative complications after SCRT-delay 

(41% versus 53%; OR = 0.61; 95% CI, 0.45–0.83; p = 0·001) and a higher rate of pCR 

(11.8% versus 1.7%, p = 0.001) [132-134]. These findings suggested that SCRT-delay 

may ease tumour regression, an advantage which is more commonly attributed to 

LCCRT [132-134]. 

In a perspective which considers efficiency and safety, a recent meta-analysis by Qiaoli 

et al explored SCRT with delayed surgery versus preoperative LCCRT [135]. It revealed 

no statistically significant difference in terms of OS, DFS, pCR, treatment-related grade 
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3/4 toxicity, postoperative complications (PCs), local recurrence (LR) or distant 

metastasis [135]. The two subgroups were then divided, in case any additional 

chemotherapy was available in SCRT arm [135]. The subgroup analysis showed no 

significant difference, as concerned DFS, distant metastasis, PCs or LR [135]. When 

compared with LCCRT group, SCRT group without adjuvant chemotherapy did not 

only record a lower treatment-related grade 3/4 toxicity (RR = 0.19, 95% CI 0.08–0.48, 

P < 0.01) but it also significantly showed lower levels of OS and pCR (HR = 2.05, 95% 

CI 1.13–3.72, P = 0.02; RR = 0.42, 95% CI 0.30–0.60, P < 0.01, respectively) [135]. 

To our surprise, pCR showed an increasing trend in SCRT with adjuvant chemotherapy 

group, although such discrepancy was not significant (RR = 1.37, 95% CI 0.90–2.09, P 

= 0.14) [135]. 

To date, conventionally fractionated long-course chemoradiation or short-course 

radiotherapy are equally recommended for patients requiring neoadjuvant therapy, due 

to high-quality evidence that both approaches can improve local control. Randomized 

studies suggest similar efficacy and patient reported QoL outcomes in either treatment. 
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8. Materials and Methods 

 

8.1. Patients Cohort 

A retrospective study was performed on surgical resection specimens of 95 patients with 

rectal adenocarcinoma, clinical stages II/III, treated with preoperative radiotherapy and 

radical surgery between 2000 and 2017 at the Azienda Unità Sanitaria Locale-IRCCS of 

Reggio Emilia, Italy. 

Patient population was divided into two groups according to the preoperative radiation 

protocol: SCRT vs LCCRT. 

The first group consisted of 45 patients (27 males and 18 females), having mean age 

75.2 (range: 46-90 years), treated with SCRT [duration: 5 consecutive days with a total 

dose of 25 gray (Gy) in 5 fractions of 5 Gy daily] with immediate surgery performed 

within 7–10 days after the end of radiation. 

The second group of 50 patients (25 males and 25 females), having mean age 62.4 

(range: 38-79 years), included unresectable or very low-seated neoplasms. The latter 

group received LCCRT [duration of radiotherapy: 4–6 weeks, with a total dose of 45–50 

Gy fractioned in single doses of 1.8–2 Gy daily] with surgery performed 4–6 weeks 

later. 

In both protocols computerized tomography (CT) scan (with intravenous contrast 

medium administration) of lower abdomen and pelvis was performed. CT scan images 

were transferred to the pretreatment planning system for contouring the target volume 

and organs at risk. The gross total volume (GTV) was contoured based on clinical data, 

endoscopic ultrasound (EUS) and MRI. The clinical target volume (CTV) included at 

least a 3 cm craniocaudal margin to the GTV plus mesorectum, presacral and internal 

iliac lymph nodes. The external iliac nodes were included for T4 tumours involving 

anterior structures. 

LCCRT patients were subsequently treated with chemotherapy. 

 

8.2. Morphological examination 

All hematoxylin and eosin-stained slides were reviewed independently by two expert 

pathologists. None of the examined cancers displayed neuroendocrine differentiation 

before radiotherapy. Non-neoplastic mucosa and tumour mucosa sections were assessed 

to detect radiation-induced changes and endocrine cells presence. Representative 

tumour sections were selected for grading of tumour regression according to Dworak et 
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al [136] system in 5 points as follows: grade 0 - no regression; grade 1 - dominant 

tumour mass with obvious fibrosis and/or vasculopathy; grade 2 - dominantly fibrotic 

changes with few tumour cells or groups; grade 3 - very few tumour cells in fibrotic 

tissue with or without mucous substance; grade 4 - no tumour cells, only fibrotic mass 

(total tumour regression). 

The degree of radiation damage was assessed in the non-neoplastic mucosa, including 

the surgical resection margins. The following histological parameters were evaluated: i) 

inflammation in the lamina propria; ii) architectural crypt distortion; iii) nuclear and 

cytoplasmic atypia of glandular epithelium; iv) apoptotic bodies. All these features were 

categorized as being present or absent and, if present, semi-quantitatively graded as 

mild, moderate and severe. 

 

8.3. Immunohistochemical analysis 

In 25 SCRT and 25 LCCRT cases, the presence of endocrine features was assessed 

morphologically and with chromogranin A (LK 2H10, monoclonal antibody, Ventana, 

Oro Valley, AZ, USA) and synaptophysin (SP11, monoclonal antibody, Ventana, Oro 

Valley, AZ, USA) immunostainings in both neoplastic and radiation-damaged non-

neoplastic mucosae. 

The endocrine differentiation was scored as follows: i) absent; ii) isolated endocrine 

cells; iii) endocrine cells micronests. Endocrine micronests were defined as 5–15 cells 

clusters. 

In a subset of 22 SCRT patients (the same subset in which samples were eligible for 

genomic DNA analysis), p53 (DO-7 monoclonal antibody, Ventana, Oro Valley, AZ, 

USA) immunohistochemical expression was evaluated in both neoplastic and radiation-

damaged non-neoplastic mucosae. 

 

8.4. Next Generation Sequencing (NGS) mutational analysis 

Genomic DNA, from both neoplastic and “dysplastic-like” mucosa samples of a subset 

of 24 SCRT patients was isolated by Maxwell DNA FFPE Kit (Promega, Madison, WI, 

USA), according to the manufacturer instructions. DNA concentration was determined 

using Qubit dsDNA HS assay kit (Invitrogen, Carlsbad, CA, USA). Twenty-two 

samples were eligible for sequencing analysis. For the NGS analysis, DNA libraries 

were prepared using Myriapod NGS-IL 56G Onco Panel for Illumina (Diatech 

Pharmacogenetics, Jesi, Italy), that allows the identification of main mutations in 56 
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oncogenes, following the manufacturer instructions. Libraries quality and quantity were 

assessed by Agilent Bioanalyzer High Sensitivity kit (Agilent Technologies, Santa 

Clara, CA, USA) and Qubit dsDNA HS assay kit (Invitrogen, Carlsbad, CA, USA) 

respectively. Sequencing run on Illumina MiSeq V2 (2x151) cartridge (Illumina, San 

Diego, CA, USA). Sequencing data analysis was conducted by Myriapod NGS Analysis 

software (v 4.0.2) and further analysis were performed using R software (v 3.5.1). 

 

8.5. Statistical analysis 

All statistical analysis in this study were elaborated using R software (v 3.5.1). 

Stastical comparisons of Clinicopathological and Endocrine features between SCRT and 

LCCRT groups were performed applying Fisher test for categorical variables and 

Kruskal Wallis test for continuous variables. 

Waterfall plot of genetic alterations was created using R “GenVisR” package including 

both germinal and somatic variants that passed quality filters applied by default by 

Myriapod NGS Analysis software. 

Differences were considered statistically significant with a p value <0.05. 
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9. Results 

The clinicopathological features of SCRT and LCCRT cases are summarized in Table 3. 

 

Table 3. Clinicopathological features of SCRT and LCCRT cases. 

    SCRT % LCCRT % P 

value 

    45 47.4% 50 52.6%  

         

Age 75.2 years 62.4 years <0.001 

    (46-90) (38-79)  

     

Sex     0.410 

  Female 18 18.9% 25 26.3%  

  Male 

 

27 28.4% 25 26.3%  

Tumour regression system by Dworak 

[16] 

    <0.001 

  Grade 0 31 32.6% 12 12.5%  

  Grade 1 14 14.7% 15 15.8%  

  Grade 2 0 0.0% 20 21.1%  

  Grade 3 0 0.0% 2 2.1%  

  Grade 4 0 0.0% 1 1.1%  

        

Inflammation     <0.001 

  absent 4 4.2% 35 36.7%  

  mild 4 4.2% 13 13.7%  

  moderate 23 24.2% 1 1.1%  

  severe 14 14.7% 1 1.1%  

         

Architectural crypt distortion      <0.001 

  absent 4 4.2% 47 49.4%  

  mild 4 4.2% 2 2.1%  

  moderate 19 20.0% 1 1.1%  

  severe 18 18.9% 0 0.0%  

         

Nuclear and cytoplasmic atypia of 

glandular epithelium 

    <0.001 

  absent 4 4.2% 49 51.5%  

  mild 3 3.2% 1 1.1%  

  moderate 20 21.1% 0 0.0%  

  severe 18 18.9% 0 0.0%  

        

Apoptotic bodies     <0.001 

  absent 5 5.3% 49 51.5%  

  present 

 

40 42.1% 1 1.1%  

 

SCRT: short-course radiotherapy; LCCRT: long-course chemoradiotherapy 
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9.1. Tumour regression 

According to the tumour regression system by Dworak et al [136], tumours were 

classified as not regressed (Grade 0) or with regression from Grade 1 to Grade 4. In the 

SCRT group, 31 cases were classified as not regressed (Grade 0) and 14 cases as Grade 

1. In the LCCRT group the tumours were classified as follows: 12 cases Grade 0; 15 

cases Grade 1; 20 cases Grade 2; 2 cases Grade 3 and 1 case Grade 4. 

 

9.2. Radiation-induced morphological features 

The radiation-induced morphological features were noted in non-neoplastic mucosa 

samples taken within the irradiated volume. They were identified in the resection 

margins, if within the irradiated volume. Two types of parameters were analyzed: i) 

inflammatory component and ii) glandular (“dysplastic-like”) abnormalities. 

 

9.3. Inflammatory component 

In SCRT cases, the non-neoplastic mucosa within the irradiated volume showed a 

moderate to marked inflammation within the lamina propria (Figure 9). The 

inflammation consisted of histiocytes, lymphocytes, plasma cells and typically 

numerous eosinophils. The eosinophils were identified in the lamina propria either 

scattered or in small aggregates and within the glandular epithelium (Figure 10). In 

LCCRT samples the inflammation went from absent to a mild chronic inflammatory 

infiltrate. Eosinophils were rare. 

 

Figure 9. Low power view of radiation-damaged non-neoplastic mucosa in SCRT sample: the lamina 

propria looks expanded by inflammatory cells and crypts (yellow arrows) are decreased (HE 40X). [Dr. 

Magda Zanelli and Dr. Loredana De Marco; Pathology Unit-Azienda Unità Sanitaria Locale – IRCCS di 

Reggio Emilia, Italy] 
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Figure 10. High power view of radiation-damaged non-neoplastic mucosa in SCRT sample: distorted 

glands lined by atypical epithelium (green arrows) and eosinophils aggregates (red arrow) within 

glandular epithelium (HE 200X). [Dr. Magda Zanelli and Dr. Loredana De Marco; Pathology Unit-

Azienda Unità Sanitaria Locale – IRCCS di Reggio Emilia, Italy] 
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9.4. “Dysplastic-like” features 

In SCRT cases, there was a moderate to marked degree of glandular disarray/distortion 

as well as nuclear and cytoplasmic atypia. The crypts were decreased in number, dilated 

or with slit-like lumen (Figure 11). The crypt epithelium was either flattened or 

pseudostratified showing a variable degree of nuclear pleomorphism (Figure 12 

left/right). The cytoplasm of the crypt epithelium was eosinophilic or vacuolated. 

Apoptotic bodies were identified. All these features were named “dysplastic-like” for 

simplicity. 

In contrast to the short-course group, in LCCRT cases the “dysplastic-like” features 

were either absent or occasionally identified. 

 

Figure 11. “Dysplastic-like” features in radiation-damaged non-neoplastic mucosa in SCRT sample: 

glands with slit-like lumen and flattened epithelium close to glands with pseudostratified epithelium (HE 

200x). [Dr. Magda Zanelli and Dr. Loredana De Marco; Pathology Unit-Azienda Unità Sanitaria Locale – 

IRCCS di Reggio Emilia, Italy] 
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Figure 12. left/right “Dysplastic-like” features in radiation-damaged non-neoplastic mucosa in SCRT 

sample: dilated glands with atypical epithelium are present (HE 200x). [Dr. Magda Zanelli and Dr. 

Loredana De Marco; Pathology Unit-Azienda Unità Sanitaria Locale – IRCCS di Reggio Emilia, Italy] 

 

 

9.5. Endocrine features 

The presence of endocrine cells showed differences according to the type of protocol 

(Table 4). 

 

Table 4. Endocrine features in SCRT and LCCRT cases. 
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SCRT LCCRT P value 

N° % N° %  

25 50.0% 25 50.0%  

Endocrine differentiation in radiation-damaged 

mucosae 

    <0.001 

  absent 1 2.0% 20 40.0%  

  isolated endocrine cells 5 10.0% 5 10.0%  

  endocrine cells micronests 19 38.0% 0 0.0%  

         

Endocrine differentiation in tumour      0.490 

  absent 23 46.0% 25 50.0%  

  isolated endocrine cells 1 2.0% 0 0.0%  

  endocrine cells micronests 1 2.0% 0 0.0%  
 

 

SCRT: short-course radiotherapy; LCCRT: long-course chemoradiotherapy 

 

In SCRT cases, the radiation-damaged mucosa showed an increase in endocrine cells 

(Figure 13 left/right) either with isolated cells (5 cases) or micronests (19 cases), 

absence of endocrine cells was seen in one case. In the LCCRT group, the non-

neoplastic mucosa within the irradiated volume showed mainly absence of endocrine 

cells (20 cases) and, more rarely, isolated cells (5 cases). No relevant differences were 

seen in terms of endocrine differentiation in tumour samples of both protocols. 

 

Figure 13. left Endocrine cells in radiation-damaged non-neoplastic mucosa in SCRT sample (HE 200x); 

right Chromogranin immunostaining highlighting endocrine cells in radiation-damaged non-neoplastic 

mucosa in SCRT sample. [Dr. Magda Zanelli and Dr. Loredana De Marco; Pathology Unit-Azienda Unità 

Sanitaria Locale – IRCCS di Reggio Emilia, Italy] 

 

 

9.6. p53 immunohistochemical results 
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In a subset of 22 SCRT cases, different p53 staining patterns were identified in tumours 

(Table 3). 

 

Table 5. Comparative data between p53 phenotype and TP53 genotype in SCRT tumour samples. 

 

p53 IHC 

TP53 NGS 
Total of 

cases 

MUT WT  

Negative-pattern 2 3 5 

Positive-pattern 9 6 15 

Reactive-pattern 0 2 2 

Total of cases 11 11 22 

 

IHC: immunohistochemistry; NGS: next generation sequencing; MUT: mutated; WT: wild-type 

 

A strong and diffuse p53 expression (“positive-pattern”) was present in 15/22 tumours 

(Figure 14 left) a complete lack of expression (“negative-pattern”) was seen in 5/22 

tumours; scattered p53-positive cells (“reactive-pattern”) were present in 2/22 tumours. 

In all samples examined, the mucosa with acute radiation-damage (data not shown in 

Table 5) showed a positive p53 staining limited to the deep portion of the glandular 

epithelium which represents the proliferative compartment of the glands (Figure 14 

right). 

 

Figure 14. left “Positive-pattern” of p53 in SCRT tumour sample (right). Few scattered p53-positive cells 

in mucosa with acute radiation-damage (left) (p53 immunostaining); right Scattered p53-positive cells in 

the deep portion of glandular epithelium of radiation-damaged non-neoplastic mucosa in SCRT (p53 

immunostaining). [Dr. Magda Zanelli and Dr. Loredana De Marco; Pathology Unit-Azienda Unità 

Sanitaria Locale – IRCCS di Reggio Emilia, Italy] 

 

 

9.7. Genetic alterations in tumours and in tissue samples with “dysplastic-like” features 
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We evaluated quality of 48 tissue DNA from both tumour and “dysplastic-like” mucosa 

of 24 SCRT patients included in the study. Only in 22 patients we obtained, from both 

components, DNA eligible for NGS analysis. On these samples, we performed a deep 

sequencing analysis on a commercial panel of 56 genes frequently mutated in cancer, 

detecting 958 alterations (Figure 15 A). Subsequently, the analysis was restricted to 

coding regions variants, excluding intronic, 50-30 UTR and downstream gene variants. 

266 mutations were found, of which 146 (54.9%) were synonymous, 103 (38.7%) 

missense and a small percentage was composed by stop gained and frameshift 

alterations (4.1% and 2.3%, respectively) (Figure 15 B). Based on literature, Exome 

Aggregation Consortium (ExAc) frequency and variant frequency 230/266 alterations 

(86.5%) were classified as germinal and 36/266 (13.5%) as somatic. In each patient, 

“dysplastic-like” mucosa and tumour, shared the same germline alterations confirming 

the constitutiveness of these variants and the validity of our analysis (Table 6). By 

contrast, somatic mutations were present only in tumours, suggesting that “dysplastic-

like” tissues are not genetically transformed (Figure 16). Between tumour-associated 

somatic mutations 52.8% were missense, 30.6% were stop gained and 16.6% were 

frameshift (Figure 15 C). 

Somatic mutations were detected in 7/56 genes and gene alterations frequencies were in 

line with The Cancer Genome Atlas (TCGA (https://www.cancer.gov/about-

nci/organization/ccg/research/structural-genomics/tcga)) data on CRC. The most 

frequently mutated genes were APC and TP53 detected in 47.8% of patients. 66.7% of 

the described somatic alterations were annotated in these genes, mutations in APC were 

in particular stop gained and frameshift variants while TP53 presented a majority of 

missense mutations. Moreover, 26.1% of analyzed tumours presented missense 

mutations in KRAS (6/22) and 13% in PIK3CA. Finally, only one tumour presented a 

missense mutation in FBXW7 and a stop mutation in SMAD4 and one had a missense 

mutation in EGFR (Figure 15 D,E). 

 

Figure 15. Mutational Profile of 44 tumours and mucosa tissues from 22 PSRT patients: (A) Distribution 

of 958 genetic alterations according with position and functional effects; (B) Distribution of 266 coding 

region variants according with predicted functional effects; (C) Distribution of 36 tumour-associated 

somatic mutations according with predicted functional effects; (D) Frequency distribution of somatic 

mutated genes in analysed patients; (E) Frequency distribution of somatic variants with different 

functional effect in mutated genes. 
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Table 6. List of genetic variants detected in tumour and normal tissue of each patient. For each variant 

coding effect and origin are reported. 

 Tumour Normal     

 Gene AA Change Gene AA Change Coding Effect Origin 

Patient 1 

EGFR p.Ala613Ala EGFR p.Ala613Ala synonymous_variant germline 

HRAS p.His27His HRAS p.His27His synonymous_variant germline 

KIT p.Met541Leu KIT p.Leu862Leu missense_variant germline 

KIT p.Leu862Leu KIT p.Met541Leu synonymous_variant germline 

PDGFRA p.Val824Val PDGFRA p.Val824Val synonymous_variant germline 

RET p.Ser904Ser RET p.Ser904Ser synonymous_variant germline 

Patient 2 
APC p.Ile1307Lys APC p.Ile1307Lys missense_variant germline 

HRAS p.His27His HRAS p.His27His synonymous_variant germline 

Patient 4 

EGFR p.Gln787Gln EGFR p.Gln787Gln synonymous_variant germline 

FGFR3 p.Phe384Leu FGFR3 p.Phe384Leu missense_variant germline 

HRAS p.His27His HRAS p.His27His synonymous_variant germline 

MET p.Ser178Ser MET p.Ser178Ser synonymous_variant germline 

PIK3CA p.Ile391Met PIK3CA p.Ile391Met missense_variant germline 

RET p.Ser904Ser RET p.Ser904Ser synonymous_variant germline 

APC p.Arg876*   stop_gained somatic 

APC p.Ile1307fs   frameshift_variant somatic 

TP53 p.Arg273Cys     missense_variant somatic 

Patient 5 

AKT1 p.Gln43His AKT1 p.Gln43His missense_variant germline 

KDR p.Gln472His KDR p.Gln472His missense_variant germline 

PDGFRA p.Val824Val PDGFRA p.Val824Val synonymous_variant germline 

RET p.Ser904Ser RET p.Ser904Ser synonymous_variant germline 

TP53 p.Pro36Pro TP53 p.Pro36Pro synonymous_variant germline 

TP53 p.Arg213Arg TP53 p.Arg213Arg synonymous_variant germline 
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FBXW7 p.Arg347Cys   missense_variant somatic 

PIK3CA p.Glu542Lys   missense_variant somatic 

SMAD4 p.Gln245*   stop_gained somatic 

TP53 p.Pro152Leu     missense_variant somatic 

Patient 6 

EGFR p.Gln787Gln EGFR p.Gln787Gln synonymous_variant germline 

ERBB2 p.Ile655Val ERBB2 p.Ile655Val missense_variant germline 

HRAS p.His27His HRAS p.His27His synonymous_variant germline 

KDR p.Gln472His KDR p.Gln472His missense_variant germline 

KRAS p.Asp173Asp KRAS p.Asp173Asp synonymous_variant germline 

MET p.Arg970Cys MET p.Arg970Cys missense_variant germline 

RET p.Ser904Ser RET p.Ser904Ser synonymous_variant germline 

APC p.Glu1379*   stop_gained somatic 

EGFR p.Asp855Gly   missense_variant somatic 

KRAS p.Gly12Val   missense_variant somatic 

PIK3CA p.Glu542Val   missense_variant somatic 

TP53 p.His214Arg      missense_variant somatic 

 

Patient 7 

ERBB2 p.Ile655Val ERBB2 p.Ile655Val missense_variant germline 

HRAS p.His27His HRAS p.His27His synonymous_variant germline 

KRAS p.Asp173Asp KRAS p.Asp173Asp synonymous_variant germline 

PDGFRA p.Val824Val PDGFRA p.Val824Val synonymous_variant germline 

PIK3CA p.Ile391Met PIK3CA p.Ile391Met missense_variant germline 

APC p.Gln1367*   stop_gained somatic 

KRAS p.Gly12Asp   missense_variant somatic 

PIK3CA p.Glu545Lys   missense_variant somatic 

TP53 p.Gly293fs     frameshift_variant somatic 

Patient 8 

ATM p.Pro604Ser ATM p.Pro604Ser missense_variant germline 

KDR p.Val297Ile KDR p.Val297Ile missense_variant germline 

KIT p.Lys546Lys KIT p.Lys546Lys synonymous_variant germline 

MSH6 p.Gly1072Val MSH6 p.Gly1072Val missense_variant germline 

APC p.Thr1301fs   frameshift_variant somatic 

TP53 p.Arg175His     missense_variant somatic 

Patient 9 

ATM p.Phe858Leu ATM p.Phe858Leu missense_variant germline 

ERBB2 p.Ile655Val ERBB2 p.Ile655Val missense_variant germline 

FGFR3 p.Asn294Asn FGFR3 p.Asn294Asn synonymous_variant germline 

HRAS p.His27His HRAS p.His27His synonymous_variant germline 

IDH1 p.Gly105Gly IDH1 p.Gly105Gly synonymous_variant germline 

KDR p.Cys482Arg KDR p.Cys482Arg missense_variant germline 

KDR p.Gln472His KDR p.Gln472His missense_variant germline 

PIK3CA p.Ile391Met PIK3CA p.Ile391Met missense_variant germline 

RET p.Ser904Ser RET p.Ser904Ser synonymous_variant germline 

TP53 p.Arg213Arg TP53 p.Arg213Arg synonymous_variant germline 
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TSC2 p.Ser1557Ser TSC2 p.Ser1557Ser synonymous_variant germline 

APC p.Arg1114*   stop_gained somatic 

KRAS p.Gly12Val     missense_variant somatic 

Patient 10 

ERBB2 p.Ile655Val ERBB2 p.Ile655Val missense_variant germline 

KRAS p.Asp173Asp KRAS p.Asp173Asp synonymous_variant germline 

PDGFRA p.Val824Val PDGFRA p.Val824Val synonymous_variant germline 

RET p.Ser904Ser RET p.Ser904Ser synonymous_variant germline 

TSC2 p.Ala1560Ala TSC2 p.Ala1560Ala synonymous_variant germline 

KRAS p.Gly12Ala   missense_variant somatic 

TP53 p.Arg306*     stop_gained somatic 

Patient 12 
PDGFRA p.Val824Val PDGFRA p.Val824Val synonymous_variant germline 

ERBB2 p.Ile655Val ERBB2 p.Ile655Val missense_variant germline 

Patient 13 

ERBB2 p.Ile655Val ERBB2 p.Ile655Val missense_variant germline 

PDGFRA p.Val824Val PDGFRA p.Val824Val synonymous_variant germline 

PIK3CA p.Ile391Met PIK3CA p.Ile391Met missense_variant germline 

APC p.Glu1309fs   frameshift_variant somatic 

TP53 p.Leu257Pro     missense_variant somatic 

Patient 14 

EGFR p.Gln787Gln EGFR p.Gln787Gln synonymous_variant germline 

ERBB2 p.Leu696Leu ERBB2 p.Leu696Leu synonymous_variant germline 

FGFR3 p.Asn294Asn FGFR3 p.Asn294Asn synonymous_variant germline 

HRAS p.His27His HRAS p.His27His synonymous_variant germline 

KDR p.Val297Ile KDR p.Val297Ile missense_variant germline 

APC p.Arg1114*     stop_gained somatic 

Patient 15 

ERBB2 p.Ile655Val ERBB2 p.Ile655Val missense_variant germline 

HRAS p.His27His HRAS p.His27His synonymous_variant germline 

KDR p.Gln472His KDR p.Gln472His missense_variant germline 

KDR p.Val297Ile KDR p.Val297Ile missense_variant germline 

MET p.Ser178Ser MET p.Ser178Ser synonymous_variant germline 

MET p.Asn375Ser MET p.Asn375Ser missense_variant germline 

RET p.Ser904Ser RET p.Ser904Ser synonymous_variant germline 

TP53 p.Val272Leu     missense_variant somatic 

Patient 16 

FGFR3 p.Asn294Asn FGFR3 p.Asn294Asn synonymous_variant germline 

HRAS p.His27His HRAS p.His27His synonymous_variant germline 

IDH1 p.Gly105Gly IDH1 p.Gly105Gly synonymous_variant germline 

KDR p.Val297Ile KDR p.Val297Ile missense_variant germline 

KRAS p.Asp173Asp KRAS p.Asp173Asp synonymous_variant germline 

MET p.Arg970Cys MET p.Arg970Cys missense_variant germline 

PDGFRA p.Val824Val PDGFRA p.Val824Val synonymous_variant germline 

RET p.Ser904Ser RET p.Ser904Ser synonymous_variant germline 

Patient 17 
ERBB2 p.Ile655Val ERBB2 p.Ile655Val missense_variant germline 

KIT p.Lys546Lys KIT p.Lys546Lys synonymous_variant germline 
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PDGFRA p.Val824Val PDGFRA p.Val824Val synonymous_variant germline 

APC p.Ser1356*   stop_gained somatic 

TP53 p.Leu188fs     frameshift_variant somatic 

Patient 19 

EGFR p.Ala613Ala EGFR p.Ala613Ala synonymous_variant germline 

FLT3 p.Ile827Leu FLT3 p.Ile827Leu missense_variant germline 

HRAS p.His27His HRAS p.His27His synonymous_variant germline 

KRAS p.Asp173Asp KRAS p.Asp173Asp synonymous_variant germline 

PDGFRA p.Val824Val PDGFRA p.Val824Val synonymous_variant germline 

RET p.Ser904Ser RET p.Ser904Ser synonymous_variant germline 

 

Patient 20 

ATM p.Asp2661Asp ATM p.Asp2661Asp synonymous_variant germline 

IDH1 p.Gly105Gly IDH1 p.Gly105Gly synonymous_variant germline 

KDR p.Gln472His KDR p.Gln472His missense_variant germline 

KIT p.Met541Leu KIT p.Leu862Leu missense_variant germline 

KIT p.Leu862Leu KIT p.Met541Leu synonymous_variant germline 

KRAS p.Asp173Asp KRAS p.Asp173Asp synonymous_variant germline 

RET p.Ser904Ser RET p.Ser904Ser synonymous_variant germline 

Patient 21 

PDGFRA p.Val824Val PDGFRA p.Val824Val synonymous_variant germline 

KIT p.Leu862Leu KIT p.Leu862Leu synonymous_variant germline 

KDR p.Val297Ile KDR p.Val297Ile missense_variant germline 

KRAS p.Asp173Asp KRAS p.Asp173Asp synonymous_variant germline 

ERBB2 p.Ile655Val ERBB2 p.Ile655Val missense_variant germline 

APC p.Gln1367*     stop_gained somatic 

Patient 22 

EGFR p.Ala613Ala EGFR p.Ala613Ala synonymous_variant germline 

HRAS p.His27His HRAS p.His27His synonymous_variant germline 

KRAS p.Gly12Asp     missense_variant somatic 

Patient 23 

HRAS p.His27His HRAS p.His27His synonymous_variant germline 

KIT p.Met541Leu KIT p.Met541Leu missense_variant germline 

KIT p.Leu862Leu KIT p.Leu862Leu synonymous_variant germline 

RET p.Ser904Ser RET p.Ser904Ser synonymous_variant germline 

APC p.Arg876*   stop_gained somatic 

APC p.Gly1466fs   frameshift_variant somatic 

KRAS p.Gly13Asp   missense_variant somatic 

TP53 p.Glu258Asp     missense_variant somatic 

Patient 24 

IDH1 p.Gly105Gly IDH1 p.Gly105Gly synonymous_variant germline 

KDR p.Cys482Arg KDR p.Cys482Arg missense_variant germline 

KDR p.Gln472His KDR p.Gln472His missense_variant germline 

KRAS p.Asp173Asp KRAS p.Asp173Asp synonymous_variant germline 

MET p.Ser178Ser MET p.Ser178Ser synonymous_variant germline 

MET p.Asn375Ser MET p.Asn375Ser missense_variant germline 
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PDGFRA p.Val824Val PDGFRA p.Val824Val synonymous_variant germline 

Patient 25 

ERBB2 p.Ile655Val ERBB2 p.Ile655Val missense_variant germline 

FGFR3 p.Phe384Leu FGFR3 p.Phe384Leu missense_variant germline 

IDH1 p.Gly105Gly IDH1 p.Gly105Gly synonymous_variant germline 

KIT p.Lys546Lys KIT p.Lys546Lys synonymous_variant germline 

APC p.Gln1291*   stop_gained somatic 

TP53 p.Arg248Gln     missense_variant somatic 

 

9.8. Comparison between p53 phenotype and TP53 genotype in tumour and mucosa 

with “dysplastic-like” features 

Mutant TP53 was associated with diffuse and intense p53 immunostaining (“positive-

pattern”) in 9/22 tumours. This “positive-pattern” was also present in 6/22 tumours with 

wild-type TP53. Of 5/22 completely p53-negative (“negative-pattern”) tumours, 2 cases 

had a mutation of TP53 and 3 cases were wild-type TP53. Two tumours with wild-type 

TP53 showed only rare, scattered p53-positive cells (“reactive-pattern”). 

All 22 samples of mucosa with “dysplastic-like” features were TP53 wild-type and 

showed p53 immunostaining only in the deep, proliferative portion of the glandular 

epithelium. 
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10. Discussion 

 

Preoperative or neoadjuvant radiotherapy is used increasingly in the management of 

clinical II/III stages rectal cancer patients. 

It is essential for pathologists to be familiar with radiation-induced morphological 

modifications. Radiation-induced changes in the tumour are well described, particularly 

tumour down-staging as a consequence of long-term radiotherapy [136]. Less attention 

has been given to the non-neoplastic mucosa. 

Chronic radiation colitis pattern (dilated capillaries within hyalinized lamina propria), 

identified months or years after radiotherapy, is well known by pathologists [137]. 

Acute radiation colitis histology is occasionally described [14]. 

Intrigued by the observation that SCRT-associated epithelial changes simulate dysplasia, 

we designed the current study comparing LCCRT cases with SCRT ones. The short time 

interval between the end of radiotherapy and surgery is the reason why in the short-term 

group we found acute radiation colitis features (i.e., acute inflammation rich in 

eosinophils, crypt distortion, epithelial atypia, apoptotic bodies). These changes were 

restricted to the mucosa included in the irradiated volume. 

“Dysplastic-like” features in irradiated normal mucosa were observed only in SCRT 

specimens. In esophagus carcinoma Brien et al noted that radiation-induced atypia 

within benign glands mimics dysplasia or even residual carcinoma [138]. The 

expanding use of SCRT leads the pathologists to have to evaluate acute radiation colitis 

and its differential. The misinterpretation of acute radiation colitis as dysplasia is a 

significant diagnostic error. According to our experience as well as that of most of our 

colleagues, intraoperative pathological analysis of distal section margin related to 

patients undergoing preoperative SCRT and anterior resection of rectum for locally 

advanced medium/low rectal cancer has often led to misinterpretations. As a matter of 

fact, histological similarities between SCRT-induced dysplasia and rectal neoplasia 

often arouse misunderstanding or made it difficult to discriminate between the two types 

of mucosa. 

When frozen sections are performed on resection margins, an erroneous diagnosis of 

dysplasia can cause patient overtreatment. As a consequence, intraoperative distal 

extension of rectal resection turned out compulsory although, on final histological 

examination, it proved unnecessary. Unfortunately, distal extension of resection 

increased risk of both short- and long-term functional surgical complications, Low 
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Anterior Resection Syndrome (LARS), in particular, and defined as a constellation of 

symptoms including incontinence, frequency, urgency, or feelings of incomplete 

emptying, which has a significant impact on quality of life [139]. 

CRC is the result of accumulation of multiple genetic and epigenetic aberrations [140]. 

CRC begins as a benign adenomatous intestinal polyp, evolving to adenoma with high 

grade dysplasia, invasive adenocarcinoma and metastatic disease [140]. According to 

the multistep genetic model by Fearon and Vogelstein, the APC (adenomatous 

polyposis) mutation is the first event transforming normal colorectal epithelium to 

adenoma [75]. APC inactivation is followed by oncogenic KRAS mutations in the 

adenomatous stage and eventually chromosome 18q deletion and inactivation of 

tumour-suppressor gene TP53 on chromosome 17p in the transition to malignancy. 

In a subset of SCRT cases, we performed NGS analysis on both tumour and irradiated 

mucosa with “dysplastic-like” features. Somatic mutations were found only in tumour 

samples. The most frequently mutated genes were TP53 and APC, consistently with the 

literature data reporting APC as the most frequently found mutation in CRC followed by 

TP53. Somatic mutations were not identified in mucosa with acute radiation colitis 

changes, supporting the concept that tissues with features mimicking dysplasia were not 

genetically transformed. 

Consistently with previous studies [14,15], p53 overexpression (positive-pattern) was 

found to closely correlate with TP53 mutation, as in most tumours with mutated TP53 

(9/11; 81.8%) a diffuse and intense p53 staining was present. This positive pattern is 

generally considered indicative of a missense TP53 mutation. As expected, a complete 

absence of nuclear staining (negative-pattern) was identified in 2 TP53 mutated tumours 

(18.1%) presenting a stop gained or frameshift variant responsible for a protein loss of 

function [16,17]. Non-concordant data were obtained only in 6 of the investigated 

samples. 

This is not surprising being already reported in literature that IHC and NGS may 

sometimes result in divergent conclusions. While a formal explanation for this it has not 

yet been provided, this discrepancy is likely associated with p53 alterations, like copy 

number variation (CNV), which cannot be evaluated by the employed NGS approach. 

Interestingly neither the positive- or negative-patterns of p53 staining were seen in the 

mucosa with acute radiation damage. p53 labeling was restricted to the proliferative 

compartment of the glandular epithelium in the mucosa with “dysplastic-like” features, 
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in keeping with the physiologic activity of p53 protein. Accordingly, the mucosa with 

radiation-induced atypia was consistently TP53 wild-type. 

An increase in endocrine cells was noted in the irradiated non-neoplastic mucosa in the 

SCRT group. In analogy to previous observations in esophageal adenocarcinoma after 

neoadjuvant treatment [141], we interpreted the endocrine cells as residual normal 

endocrine elements, appearing more conspicuous for the radiation-induced glandular 

damage causing “passive clustering” [142]. In support of this observation, no endocrine 

cells increase was observed in the non-neoplastic irradiated mucosa in LCCRT cases, in 

which acute radiation colitis features were characteristically absent. Unlike previous 

reports [141], which found the extent of endocrine differentiation within the tumour to 

be proportional to the degree of tumour regression, we did not observe increase in 

endocrine cells within the tumour in either group of patients. 
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11. Conclusions 

 

The present data are a comprehensive morphological, and immunohistochemical 

description of radiation-induced abnormalities after preoperative radiotherapy for rectal 

cancer. NGS analysis supported the morphological concept that SCRT-induced 

“dysplastic-like” tissues are not genetically transformed. 

Short-course radiotherapy may induce morphological features closely simulating 

dysplasia. The misinterpretation may lead to patient’s overtreatment. When facing rectal 

cancer specimens, pathologists need the complete patient’s clinical history and must ask 

if preoperative radiotherapy has been given. p53 immunostaining may be of help in 

problematic cases. 
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