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letter from the editor ACHAIKI IATRIKI   |   2021; 40(4):186

Dear colleagues,
in the current issue, the editorial by Glantzounis et 

al. addresses the significant advances in the manage-
ment of hepatocellular carcinoma, over the last 10 years. 
More specifically, it focusses on the progress in surgical 
management, the complex interventional radiology 
techniques, the application of minimal invasive surgery 
and finally liver transplantation.  the original article by 
Karaivazoglou et al. presents the process of linguistic 
and cultural adaptation and psychometric validation 
of the Multidimensional assessment of interoceptive 
awareness (Maia) to a Greek-speaking setting. another 
original study by Vogiatzis et al. evaluates the effects of 
therapy in patients with a history of syncope episodes 
and a positive tilt test.  

Moreover, this issue includes three reviews. the first 
review, by toumpanakis et al. discusses in a compre-
hensive way the epidemiology, prognosis, and latest 

advances in the field of neuroendocrine tumours (nets), 
with a special focus on nets of the digestive tract, 
(gastroenteropancreatic nets, GeP-nets). roda et al. 
presents evidence on microscopic colitis, an inflamma-
tory disease of the large intestine and describes current 
clinical data on disease etiopathogenesis, diagnosis and 
therapeutic management. lastly, the review by tzelepi et 
al. discusses the three major molecular pathways impli-
cated in the pathogenesis of colorectal carcinoma, with 
an emphasis on the genes implicated, the associated 
cancer predisposition syndromes and the therapeutic 
implications of selected biomarkers. 

c. triantos
assistant Professor in internal Medicine  
and Gastroenterology faculty of Medicine,  
School of health Sciences, university of Patras 
editor-in-chief of the journal “achaiKi iatriKi”



Effective multimodal management  
of hepatocellular carcinoma. An update

Georgios K. Glantzounis, Anastasia D. Karampa, George Pappas-Gogos

editorial ACHAIKI IATRIKI   |   2021; 40(4):187–190

liver cancer is the fifth most common cancer and 
the second most frequent cause of cancer-related death 
globally, with 854,000 new cases and 810,000 deaths 
per year [1]. the incidence of hepatocellular carcinoma 
(hcc) increases progressively with age, reaching a 
peak at 70 years. hcc is usually developing in chronic 
liver disease patients, mainly due to chronic hepatitis 
B and c (hBV, hcV) infection, but also to non-alcoholic 
fatty liver disease (nafld). it is estimated that 500,000-
900,000 new cases of hcc in the uSa may develop as 
a consequence of the high prevalence of nafld [2]. 
hcc has a male preponderance, with a male to female 
ratio estimated to be 2–2.5:1. it represents about 90% of 
primary liver cancers. chronic active hBV, hcV infection, 
high alcohol consumption, aflatoxin exposure, nafld, 
haemochromatosis and steatohepatitis represent the 
main risk factors. the incidence of hcc is increasing 
despite effective antiviral therapy for hBV, hcV, and 
hBV vaccination at birth [3].

diagnosis of hcc is based on contrast enhanced 
imaging methods such as multiphase computed tomog-
raphy (ct) and magnetic resonance imaging (Mri). Mri 
has higher sensitivity compared to ct for small lesions 
1-2cm [1]. hcc may also be diagnosed by ultrasound 
or biopsy, while Pet-ct contributes slightly to the di-
agnosis. Without therapy, survival is ranging between 
6-8 months, whereas transarterial chemoembolization 
(tace) achieves 20-25 months survival [4]. 

hcc is characterized by phenotypic and molecular 
heterogeneity. Biomarkers represent a non-invasive way 
to detect hcc at early stages and have the potential to 

estimate disease prognosis and recurrence. the speci-
ficity of αfP for hcc is close to 100% but the sensitivity 
falls below 45% [5]. for this reason, it is imperative to 
find other more sensitive biomarkers for the diagnosis 
and identification of recurrence.  More specifically, 
autophagy’s molecules, such as beclin-1, lc3-ii and 
p62 seem to play a significant role in hcc [6]. Basal 
autophagy acts as a tumor suppressor by maintaining 
genomic stability in normal cells. however, once car-
cinogenesis is established, unbalanced autophagy will 
promote tumor growth. according to multicenter studies 
increased autophagy has been detected in advanced 
hcc and is closely related to low survival. Moreover, 
autophagy contributes to the chemoresistance of hcc 
cells [6]. another serological and histochemical marker 
that is specific for hcc is glypican GPc3. recent studies 
report higher levels of GPc3 expression in poorly dif-
ferentiated hcc [7]. Other biomarkers involved in the 
development and progression of hcc is β-catenin, cell 
free dna (cfdna) and circular rnas (such as cSMarca5 
and circZKScan1). the latter have been used in clini-
cal trials as biomarkers for diagnosis, early recurrence 
detection and treatment of hcc [8].

Advances in the surgical management  
of hepatocellular carcinoma

Surgery (liver transplantation, resection and ablation) 
can offer potential cure and long-term survival. liver 
transplantation is the ideal treatment for liver cirrhosis 
and hcc, but has several limitations, as it is mainly ap-
plied in patients which fulfil the Milano criteria (single 

Key words: Hepatocellular carcinoma; surgical manage-
ment; intermediate and advanced stage; minimal invasive 
surgery; living related liver transplantation; radiological 
simultaneous portohepatic vein embolization (RASPE)

hPB unit, department of Surgery, university hospital  
of ioannina and School of Medicine, university of ioannina, 
ioannina, Greece

received: 29 Mar 2021; accepted: 01 Jun 2021
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tumor <5 cm, 3 tumors <3cm each, absence of vascular 
infiltration) [9].

liver resection is the treatment of choice for large 
hccs with preserved liver function. among more com-
prehensive staging systems, six have been thoroughly 
tested, three european (the french classification, the 
cancer of the liver italian Program [cliP] classification 
and the Barcelona- clínic liver cancer [Bclc]) and three 
asian (the chinese university Prognostic index [cuPi] 
score, the hong-Kong liver cancer [hKlc] staging 
system and the Japan integrated Staging [JiS]. the Bar-
celona clinic liver cancer (Bclc) is the most commonly 
accepted system for prognosis and study comparisons. 
it is an evolving system that links tumor stage with treat-
ment. it entails prognostic variables related to tumor 
status, liver function and health performance status 
along with treatment-dependent variables obtained 
from randomized trials. it is an evolving system that 
correlates tumor stage with treatment strategy in a 
dynamic manner, enabling the incorporation of novel 
advances in the understanding of the prognosis and 
management of hcc [1].  nevertheless, Bclc proposes 
only conservative treatments for the intermediate and 
advanced stage, excluding these patients from liver 
transplantation and resection [1]. the guidelines of tace, 
as the only management option for the intermediate 
stage, according to Bclc algorithm, has been heavily 
criticized by the international hepatobiliary surgical 
community. an observational multicenter study showed 
that 36% of patients who underwent liver resection for 
hcc were classified as intermediate stage and a 5years 
overall survival of 57% was achieved [4].

a recent systematic review has shown that liver re-
section may broaden its indications as it can be applied 
in intermediate and advanced stages of the disease 
(multinodular hccs, hccs with limited macrovascular 
invasion) with satisfactory long-term survival [10]. re-
cently the Pan-asian adapted eSMO clinical practice 
guidelines have included liver resection as a reliable 
option for multinodular hcc and for advanced stage 
hcc with intrahepatic macrovascular invasion without 
extra-hepatic metastases [11]. Patients with hcc and 
pre-existing liver disease often present the problem of 
small future liver remnant (flr). the gold standard for 
patients with hcc and inadequate flr is portal vein em-
bolization (PVe) [12]. recently a new technique named 
radiological simultaneous portohepatic vein emboliza-
tion (raSPe) has been developed which aims to rapidly 
increase the flr in order to perform major hepatectomy. 

during raSPe the right hepatic vein (hV) and the right 
portal vein are embolized simultaneously [13]. recent 
studies showed that raSPe is safe and induces faster 
and greater flr, with better functional capacity, in 
comparison to PVe [13]. the increase in regeneration 
rate versus PVe could be due to the following reasons: 
embolization of the hepatic vein could reduce portal 
inflow and minimize porto-portal collaterals. further-
more, raSPe can increase liver injury by reducing the 
flow in the hepatic artery through the hepatic arterial 
buffer response. 

raSPe has the potential to overcome the disadvan-
tages of PVe and alPPS, since it increases flr rapidly, is 
safe and has low post-operative mortality. however, until 
nowadays most studies are conducted on patients with 
metastatic liver lesions without pre-existent liver disease 
[14]. therefore, new trials should be carried out with 
hcc, as the regeneration process differs significantly. 

Minimally invasive liver resection (Milr) gains more 
and more ground on a global scale. Milr includes lapa-
roscopic liver resection (llr) and robotic liver resection 
(rlr). for patients with resectable hcc, llr has many 
advantages over the open approach. the main advan-
tages are lower incidence of ascites and postoperative 
liver failure, as the abdominal trauma is smaller and 
the surgical stress significantly less [15]. according to 
a recent systematic review llr for hcc is feasible and 
offers improved short-term outcomes in respect to 
complication rate, blood loss, and duration of hospital 
stay, as well as comparable long-term outcomes to those 
of the open approach [16]. Several studies have shown 
the feasibility of llr for hcc in cirrhotic patients and 
reported reduced complications rates and shortened 
hospital stay [17]. as regards to the size and location of 
the mass, they do not represent contraindications for 
llr in specialized centers [17]. however, llr remains 
a technically demanding procedure that requires ad-
vanced laparoscopic technology and an experienced 
surgical team.

Moreover, the introduction of robotic surgery might 
bridge the gap of conventional laparoscopy. the most 
significant clinical benefit of the robotic system over con-
ventional laparoscopy is presumably the performance 
of minor resections in difficult located liver lesions. also, 
the endo-wristed instruments make the robotic system 
appropriate for parenchymal-sparing resection, and 
parenchymal preservation [18]. it seems that robotic 
liver resection maintains the benefits of minimally in-
vasive surgery, but its superiority over laparoscopy has 
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not been proved yet [18]. On the other hand, robotic 
surgery has much higher cost in comparison with llr.

liver transplantation (lt) is the ideal therapy since 
it may cure both cirrhosis and hcc. until nowadays, lt 
has been offered to patients with hcc within the Milan 
criteria and preserved liver function. however, there 
is a lack of potential donors for deceased donor liver 
transplantation (ddlt). latest data indicate that many 
patients with hcc have low probability of receiving 
ddlt before tumor progression [19]. therefore, living 
donor liver transplantation (ldlt) is emerging as an 
additional therapeutic option, since it has remarkable 
advantages: (1) the transplantation can be performed 
on an elective basis before serious decompensation 
of the recipient or tumor growth, (2) waiting time can 
be short minimizing the risk of dropout, (3) grafts are 
in excellent condition and (4) ldlt provides immuno-
logical benefits. due to the technical complexity of the 
ld allograft, ld recipients have higher complication 
rates, including bleeding, hepatic artery thrombosis, 
biliary complications and late biliary strictures. another 
complication often associated with ldlt is small for 
size syndrome (including coagulopathy, cholestasis, 
encephalopathy and ascites), which can increase mor-
tality. Studies from asian centers demonstrate that with 
the incorporation of biological markers in the selection 
criteria, in order to eliminate biologically aggressive 
hccs, ldlt may contribute to better survival rates for 
hcc patients [20].

in conclusion, significant advances have taken place 
in the surgical management of hepatocellular carci-
noma, over the last 10 years, such as liver resections 
in the advanced stages of the disease, complex inter-
ventional radiology techniques for the management of 
the small liver remnant, broad application of minimal 
invasive surgery and living related liver transplantation.  
all these, along with the conservative management 
(tace, targeted therapies, immunotherapy) can offer 
long term survival with good quality of life and can 
transform an aggressive disease to chronic disease. it 
should be emphasized that the management of hcc 
should be done in specialized hepatobiliary centers 
with harmonic collaboration of different specialities, 
the cases should be discussed in the multidisciplinary 
tumor boards and an individualized approach should 
be followed. 
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Linguistic and cultural adaptation  
and psychometric validation  
of the Multidimensional Assessment  
of Interoceptive Awareness in Greek individuals

Eleni Vinni1*, Katerina Karaivazoglou2*, Evanthia Tourkochristou1, Philippos Gourzis2, 
Konstantinos Thomopoulos1, Eleni Jelastopoulou3, Christos Triantos1 

Abstract
Background: interoception refers to the processing of stimuli from within the body and has been linked to several 
mental and physical health conditions. the Multidimensional assessment of interoceptive awareness (Maia) is a 
32-item self-report instrument, used to assess several dimensions of bodily awareness. the current study’s aim was 
to present the process of linguistic and cultural adaptation and psychometric validation of the Maia in a Greek-
speaking setting.
Methods: the forward-backward translation methodology was employed including cognitive debriefing interviews 
with 6 Greek-speaking adults to assess content validity. the final form of the translation was subsequently adminis-
tered to a larger group of participants to determine the translated questionnaire’s factorial structure and its internal 
consistency. 
Results: following the translated version’s pilot testing, the revised version was administered to 107 Greek-speaking 
adults, 54.2% males with a mean age of 39.4 (12.3) years old. exploratory factor analysis (efa) revealed the existence 
of 8 factors similar to the original version, accounting for 70.6% of the total variance. 31 items presented with satisfy-
ing factor loadings (0.396-0.987) to the same factors as the original version, while only 1 item had a lower loading of 
0.255 to its theoretical subscale. all Maia subscales exhibited satisfactory or high internal consistency (cronbach’s 
alpha ranging between 0.64 and 0.88). in addition, most Maia subscales exhibited moderately high subscale-subscale 
correlations. 
Conclusion: the Greek version of the Maia exhibited satisfying content validity, a factorial structure similar to the 
original version and high reliability and may be useful in assessing interoceptive sensibility in Greek-speaking individuals. 

Key words: Interoception; MAIA; linguistic adaptation; psychometric validation
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INTRoDUCTIoN

interoception is defined as the sensing of internal 
bodily states and is considered crucial for physiological 
homeostasis [1]. it reflects the brain’s capacity to focus 
inwards, on stimuli derived mainly from the gastrointes-
tinal, respiratory and cardiovascular system and is clearly 
differentiated from the other senses (vision, audition, 
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tion of the department of Psychiatry and the depart-
ment of Public health. Study participants were treated 
in accordance with the declaration of helsinki and the 
study protocol and all relevant procedures were ap-
proved by the university hospital’s ethical committee. 
all participants provided written consent prior to study 
entry, after being thoroughly informed about the study’s 
aim and methods.

adult individuals recruited from outpatients, hospital 
personnel and a community convenience sample were 
invited to participate. individuals with major psycho-
pathology, severe cognitive or neurological deficits, 
malignancies, or severe chronic diseases, as well as 
individuals who were not fluent in the Greek language 
were excluded. all collected data were sealed in enve-
lopes and the names of participants were assigned to 
numbers, insuring blinding of participants and person-
nel. data procession was performed by an independent 
researcher, who had exclusive access to the specially 
designed storage space of envelopes. 

Interoception questionnaire
the original Maia is a 32-item self-reported ques-

tionnaire used to assess multiple dimensions of intero-
ceptive sensibility. it consists of 8 sub-scales, namely 
the (1) noticing subscale which reflects awareness of 
uncomfortable, comfortable, and neutral body sensa-
tions, the (2) not-distracting subscale which reflects 
the tendency not to ignore or distract oneself from 
sensations of pain or discomfort, the (3) not-Worrying 
subscale which reflects the tendency not to worry or 
experience emotional distress with sensations of pain 
or discomfort, the (4) attention regulation subscale 
which represents the ability to sustain and control at-
tention to body sensations, the (5) emotional awareness 
subscale which refers to awareness of the connection 
between body sensations and emotional states, the (6) 
Self-regulation subscale which reflects the ability to 
regulate distress by attention to body sensations), the 
(7) Body-listening subscale which refers to the active 
listening to the body for insight, and the (8) trusting 
subscale which refers to the experience of one’s body as 
safe and trustworthy. Maia items are rated on a 6-point 
likert Scale (0-5) and higher scores are suggestive of 
greater interoceptive sensibility [7].  

Translation process and linguistic validation
We followed a forward-backward translation process. 

two independent translators, who were native-speaking 

taste, smell, touch and proprioception) which process 
external information or use bodily stimuli to describe 
the body’s relation to the external environment [2]. 
research has linked impairments in interoceptive pro-
cessing with mental and physical health disturbances 
including sickness behavior, fatigue, obesity, diabetes, 
depression, autism spectrum, anxiety and eating disor-
ders and for this reason there is an emerging interest 
in studying interoception in several chronic disease 
populations [1,3].

interoception constitutes a multidimensional con-
cept encompassing neurophysiological mechanisms, 
emotional and behavioral correlates, and metacognitive 
processing. interoceptive ability consists of interocep-
tive accuracy which refers to the objective perception 
of interoceptive sensations, interoceptive sensibility 
which includes the self-report (subjective) sensitivity 
to interoceptive sensations and interoceptive aware-
ness which refers to the correspondence between a 
person’s interoceptive sensibility and his/her interocep-
tive accuracy [4-6]. the Multidimensional assessment of 
interoceptive awareness (Maia) is a 32-item question-
naire which measures interoceptive sensibility and has 
been widely used in interoception research in various 
linguistic and cultural settings exhibiting satisfying 
psychometric properties [7]. its multidimensional na-
ture has broadened interoceptive assessment and has 
contributed to the discrimination between maladaptive 
and adaptive aspects of body awareness [8]. however, 
the use of any self-reported questionnaire requires its 
translation and adaptation to the socio-cultural char-
acteristics of the research population [9]. this process 
is fundamental to ensure the instrument’s suitability to 
be used in a cultural setting different from the setting 
of its original development and validation, in order to 
exhibit its optimal psychometric properties. in this con-
text, the present study’s aim is to perform the linguistic 
and cultural adaptation and psychometric validation of 
Maia in a Greek-speaking setting. We strongly believe 
that our findings will reveal valuable information re-
garding Greek people’s interoceptive abilities and will 
provide researchers with a promising and highly reliable 
psychometric instrument that might further advance 
research on interoception and its correlates.

PARTICIPANTS AND METHoDS
the current study was conducted at the division of 

Gastroenterology of the internal Medicine department 
of the university hospital of Patras with the collabora-
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Greek language, translated separately the original Maia 
subscales from english into Greek (forward translation). 
a prior detailed analysis of the original questionnaires 
was conducted by translators to clarify their context 
and they were informed about the questionnaires’ 
targets and their use in research. a third independent 
translator and Greek native-speaking reconciled the 
two forward translations to one single target language 
translation, creating a revised version of the question-
naire. a native-speaking english language translator, 
who speaks Greek language fluently and had never 
read the original version of the questionnaire translated 
independently and separately the reconciled version of 
the questionnaire from Greek into english (backward 
translation). a review of the back-translated and rec-
onciled version of the questionnaire was performed 
by an evaluation committee comprised of three native 
Greek-speaking experts in mixed fields [a healthcare 
professional (psychiatrist), specialized in the context of 
the questionnaires, a scientist specializing in the meth-
odology of questionnaire’s validation and an independ-
ent translator of the questionnaire scientist, specialized 
in biomedical sciences] who examined independently 
all the translation process steps, selecting the most ap-
propriate terms or suggesting new terms of translation 
for each questionnaire item.  

Cognitive debriefing 
a pilot-testing of the first consensus of the question-

naire was performed, including cognitive debriefing 
interviews with 6 native Greek-speaking adults, who 
were given the questionnaire and were asked about 
the understanding of questions, whether or not there 
were any clarity issues, inappropriate context, irrelative 
terms or unpleasant feelings caused by the questions. 
Participants were also asked to suggest alternative 
wording regarding some translated terms. the evalu-
ation committee analyzed all participants’ comments 
and suggestions to ensure the comprehension of terms 
by the target language population and revised the 
translated version leading to the final version.

Statistical analysis
content validity was assessed based on the partici-

pants’ answers to the cognitive debriefing interviews 
regarding the content of each question. a descrip-
tive statistical analysis was performed to describe the 
sample’s background characteristics. in order to detect 
the underlying factor structure of the Greek Maia we 

conducted an exploratory factor analysis (efa) of the 
32 items. initially, we computed the Kaiser-Meyer-Olkin 
(KMO) measure of sampling adequacy and the Bartlett’s 
test of sphericity to assess whether our data were factor-
able. estimation of the factors was performed by fac-
toring the Pearson correlation matrix by the maximum 
likelihood (Ml) method. the number of extracted factors 
was based upon eigenvalues >1.0. internal consistency 
was estimated with the calculation of cronbach’s alpha 
for each Maia subscale. Scales means and range of item-
total correlations were also elicited and Pearson correla-
tions were conducted to determine subscale-subscale 
associations. Statistical analyses were performed with 
the SPSS version 20.0 software for Windows.

RESULTS
during the Maia pilot-testing, 6 adults (3 females) 

were initially administered the questionnaires and were 
interviewed regarding their content and the adminis-
tration process. Based on the analysis of the cognitive 
debriefing interviews, all 6 participants reported that 
the questionnaire was administered in a visually sat-
isfying form, item scoring was easy, and they found 
no question disturbing or embarrassing. however, 5 
individuals reported that items 12, 13 and 16 were hard 
to comprehend and asked for clarifications. Based on 
these comments, the evaluation committee properly 
rephrased items 12, 13 and 16 and suggested that the 
Maia should be administered in the presence of a mental 
health professional familiar with its content and scope 
in order to provide appropriate clarification if needed. 

Subsequently, we proceeded with the next part of 
the study which included 107 adults, 58 (54.2%) males 
with a mean age of 39.4 (Sd: 12.3 years). Participants’ 
demographic characteristics are depicted in table 1.

Exploratory factor analysis
the Bartlett’s test of sphericity was significant, χ2 

(496) = 2041.89, p < 0.001, and the Kaiser–Meyer–Olkin 
(KMO) sampling adequacy was 0.78, which together 
indicate that the Maia items had sufficient common 
variance for factor analysis. exploratory factor analysis 
revealed the existence of 8 factors with an eigenvalue 
exceeding 1.0, and the extracted factors explained 
70.6% of the total variance. Supplementary table 1 
includes the factor loadings of all 32 items, with items 
10 (“i can notice an unpleasant body sensation without 
worrying about it”) and 16 (“i can maintain awareness 
of my whole body even when a part of me is in pain or 
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0.65, respectively). table 2 includes cronbach alphas, 
mean scale scores and ranges of item-total correlations 
for each Greek translated Maia subscale.

correlations among the 8 subscales ranged between 
0.002 and 0.688 indicating independence (table 3). the 
strongest correlations were observed between Body 
listening and Self-regulation (0.688) and emotional 
awareness (0.654) and between Self-regulation and 
emotional awareness (0.610). in contrast, the weak-
est correlations were observed between not distract-
ing and not Worrying (-0.031), attention regulation 
(-0.012), emotional awareness (-0.015) and Body listen-
ing (-0.002) and between not Worrying and attention 
regulation (-0.024), Self-regulation (0.005) and Body 
listening (-0.034). 

DISCUSSIoN
the present study’s findings confirm that the Greek 

version of the Maia is a well-accepted and valid instru-
ment and can be reliably used to assess interoceptive 
sensibility in a Greek-speaking setting. all subscales 
exhibited high (5 scales) or satisfying (3 scales) internal 
consistency and for 7 of them, namely the noticing, not 
distracting, not Worrying, attention regulation, emo-
tional awareness, Self-regulation and Body listening, 
the cronbach’s alpha indices were equal or even higher 
to those of the original version. 

exploratory factor analysis confirmed the factorial 
structure of 8 subscales which in general loaded the 
same items as the original version. for items 4, 16, 17, 
18, 19, and 24 factor analysis revealed slightly higher 
loadings to a different factor compared to the original 
version; however, this difference was rather small and 
factor loadings to their theoretical subscales were quite 

Table 1. Socio-demographic characteristics of the study popu-
lation.

total participants 107

Gender, male, n (%) 58 (54.2)

age, mean (Sd) 39.4 (12.3)

education, mean (Sd) 14.3 (2.6)

Family status, N (%)

Single

Married without children

Married with children

divorced, widow/-er

40 (37.4)

6 (5.6)

50 (46.7)

7 (6.5)

Occupation status, N (%)

unemployed

Private sector

Public sector

free lancer

Student

retired

8 (7.5)

24 (22.4)

29 (27.1)

10 (9.3)

10 (9.3)

7 (6.5)

discomfort”) presenting with the lowest loadings (0.255 
and 0.396, respectively), while all the remaining items 
presented with significantly higher loadings ranging 
between 0.444 and 0.987. 

Internal consistency
the noticing, attention regulation, emotional 

awareness, Self-regulation and Body listening subscales 
exhibited high internal consistency with cronbach’s al-
pha ranging between 0.80 and 0.88. the not distracting, 
not worrying and trusting subscales exhibited satisfying 
internal consistency (cronbach’s alpha 0.66, 0.64 and 

Table 2. Scale means, range of item-total correlations and Cronbach’s alphas for the MAIA subscales.

# of items
items  

numbers
Scale means 

(Sd)
range of item-total 

correlations
alpha original  

Maia
alpha Greek 

validation

noticing 4 1-4 3.11 (1.28) 0.45-0.73 0.69 0.80

not-distracting 3 5-7 1.77 (1.09) 0.36-0.56 0.66 0.66

not-worrying 3 8-10 2.50 (1.14) 0.20-0.65 0.67 0.64

attention regulation 7 11-17 2.92 (1.08) 0.48-0.75 0.87 0.85

emotional awareness 5 18-22 3.28 (1.37) 0.59-0.80 0.82 0.88

Self-regulation 4 23-26 2.52 (1.32) 0.51-0.79 0.83 0.84

Body listening 3 27-29 2.34 (1.29) 0.65-0.69 0.82 0.82

trusting 3 30-32 3.79 (0.97) 0.44-0.53 0.79 0.65

Maia: Multidimensional assessment of interoceptive awareness
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Supplementary Table 1. Exploratory factor analysis (EFA) loadings of the Greek MAIA (all 32 1items).

factor

1 2 3 4 5 6 7 8

Noticing

item1 ,220 -,103 ,723 ,230 ,347 ,415 ,309 -,128

item2 ,231 -,208 ,986 ,232 ,132 ,306 ,138 ,022

item3 ,371 -,047 ,623 ,340 ,260 ,252 ,349 ,248

item4 ,505 -,362 ,466 ,438 ,191 ,480 ,142 ,038

Not distracting

item5 ,105 ,161 -,233 -,042 -,189 -,094 -,481 ,250

item6 ,110 ,100 -,216 ,051 -,035 ,029 -,519 ,105

item7 -,029 ,018 -,125 -,069 ,031 ,046 -,552 -,124

Not worrying

item8 -,137 ,750 -,167 -,196 -,076 -,110 ,004 ,289

item9 -,178 ,987 -,180 -,112 ,041 -,188 -,018 ,145

item10 ,087 ,255 ,048 ,056 ,189 ,033 ,516 ,071

Attention regulation

item11 ,276 -,126 ,114 ,637 ,402 ,361 ,157 ,071

item12 ,268 -,051 ,228 ,629 ,246 ,312 ,217 ,001

item13 ,394 -,081 ,164 ,730 ,082 ,383 -,034 ,179

item14 ,399 -,194 ,284 ,920 ,076 ,243 -,141 ,233

item15 ,406 -,143 ,280 ,752 ,187 ,361 ,084 ,365

item16 ,363 ,073 ,204 ,396 ,219 ,139 ,318 ,533

item17 ,451 ,103 ,205 ,496 ,326 ,423 ,254 ,555

Emotional awareness

item18 ,452 -,223 ,412 ,488 ,322 ,634 ,165 ,171

item19 ,509 -,384 ,404 ,361 ,123 ,706 -,003 -,138

item20 ,733 -,306 ,341 ,488 ,177 ,663 ,002 ,104

item21 ,985 -,181 ,329 ,416 ,305 ,432 ,016 ,190

item22 ,801 -,219 ,295 ,492 ,298 ,651 -,009 ,127

Self regulation

item23 ,301 ,089 ,148 ,336 ,444 ,367 ,325 ,353

item24 ,483 -,011 ,145 ,410 ,605 ,654 ,238 ,335

item25 ,451 -,090 ,352 ,391 ,822 ,496 -,019 ,211

item26 ,424 -,077 ,357 ,403 ,866 ,590 ,086 ,223

Body listening

item27 ,378 -,115 ,334 ,378 ,397 ,767 ,012 ,094

item28 ,383 ,090 ,213 ,318 ,533 ,652 ,109 ,330

item29 ,417 -,049 ,348 ,468 ,295 ,677 -,140 ,319

trusting

item30 -,016 ,213 -,011 -,007 ,298 ,028 ,120 ,533

item31 ,308 ,270 -,057 ,169 ,180 ,173 -,038 ,545

item32 ,209 ,175 ,021 ,225 ,034 ,166 -,101 ,631

Maia: Multidimensional assessment of interoceptive awareness
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Table 3. Pearson product-moment correlations among the eight MAIA subscales.

1 2 3 4 5 6 7 8

noticing

not-distracting  -0.268**

not-worrying  -0.196*  -0.031

attention regulation  0.423**  -0.012  -0.024

emotional awareness  0.578**  -0.015  -0.282**  0.566**

Self-regulation  0.452**  -0.065  0.005  0.555**  0.610**

Body listening  0.467**  -0.002  -0.034  0.517**  0.654**  0.688**

trusting  0.055  0.088  0.290**  0.294**  0.096  0.339**  0.275**

Maia: Multidimensional assessment of interoceptive awareness
* p<0.05, ** p<0.001 (bilateral)

satisfactory (equal or exceeding 0.40) and for this rea-
son, these items were grouped to the initial subscale 
in accordance with the original version. item 10 loaded 
significantly higher to the not distracting compared 
to its original not Worrying subscale (0.516 vs 0.255), 
which suggests that item 10 might be more suitable 
to be added to the not distracting subscale. however, 
removing this item from the not Worrying subscale 
would leave only 2 items in that scale, an alteration 
that would significantly weaken the subscale’s internal 
consistency. it should be noted that, the vast majority 
of the translated items presented high factor loadings 
ranging between 0.444 and 0.987, suggesting that the 
Maia translation provides a valid and reliable instrument 
to assess the 8 dimensions of interoceptive sensibility 
described by Mehling et al (2012) in the original valida-
tion study [7]. 

Subscale-subscale correlations analysis revealed 
moderately high correlations among the Maia subscales, 
except for the not distracting subscale which negatively 
correlated only with the noticing subscale and the 
not Worrying subscale which correlated only with the 
emotional awareness and the trusting subscale. these 
moderately high correlations confirm the anticipated 
associations among the subscales as subdimensions of 
the same construct (interoceptive sensibility) and the 
fact that these correlation coefficients did not exceed 
0.80 confirm the validity of each subscale as a measure 
of a distinct aspect of interoception. Our findings cor-
roborate earlier studies [10,11] which have shown that 
the not distracting and the not Worrying subscales are 
not significantly associated with the remaining Maia 
subscales.  

in conclusion, the Greek version of the Maia was 
well accepted by Greek-speaking adults and exhibited 
satisfying psychometric properties, providing a reli-
able and useful instrument in the field of interoception 
research. clinicians and researchers are encouraged to 
use this linguistically and culturally adapted version in 
a variety of clinical settings to improve its qualities and 
expand its usefulness. 
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Effect of counseling on Neurocardiogenic 
Syncope Treatment 

Ioannis Vogiatzis, Evangelos Sdogkos, Eustathios Koulouris, Sarantis Pittas, 
Konstantinos Koutsampasopoulos

Abstract
Background: neurocardiogenic syncope is a common cause of syncope and is found in 50% of patients hospitalized 
because of syncope. neurocardiogenic syncope is not a life-threatening situation; however, it may lead to injuries 
and an impaired quality of life. initial treatment of neurocardiogenic syncope consists of adequate fluid and salt 
intake, regular exercise and implementation of special exercises. the aim of the study is the evaluation of the effects 
of therapy in patients with a history of syncope episodes.
Methods: Sixty-eight patients (33 men and 35 women, mean age 45.8+15.6 years) with a history of syncope episodes 
and positive tilt test, with a diagnosis of neurocardiogenic syncope, entered the study. all participants followed a 
non-pharmacological therapeutic intervention which included counseling to change lifestyle along with daily spe-
cial exercises. the effectiveness of this non-pharmacological treatment in the reduction of syncope episodes and 
improvement of quality of life, using a general questionnaire (eQ-5d) was evaluated.
Results: Our sample had fewer syncope episodes on average, at 3, 6 and 12 months of non-pharmacological treat-
ment compared to the last year before treatment (0.3+0.48 versus 3.9+0.9 / p=0.003). Quality of life was improved 
over time with greater improvement in patients who had fewer recurrences.
Conclusion: in patients with a history of neurocardiogenic syncope, non-pharmacological therapy has the benefit 
of reducing new episodes and ameliorating quality of life.
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INTRoDUCTIoN
Syncope is a sudden and transient loss of con-

sciousness and postural tonus followed by a quick and 
spontaneous recovery. it is caused by an acute decrease 
in systemic arterial blood pressure and cerebral blood 
flow [1]. reflex syncope is caused by systemic arte-
rial hypotension resulting from reflex vasodilation, 
bradycardia, or both [2]. neurocardiogenic syncope, 
mediated by emotional or orthostatic stress, is the 
most common cause of reflex syncope [2-3]. neuro-

cardiogenic syncope (nS), also known as vasovagal 
or neurally-mediated syncope, is a common cause of 
syncope and is found in 50% of patients hospitalized 
because of syncope. neurocardiogenic syncope is not 
life-threatening and its only consequences are injuries 
and reduced quality of life. recently, it was found that 
quality of life (QOl) in patients who suffered from nS 
was poor compared with healthy people [4]. it is typi-
cally triggered by environmental, physical or mental 
stress, with an estimated lifetime prevalence of 35% 
[5]. it is diagnosed by obtaining a detailed history 
and performing a head-up tilt test, with or without 
drug provocation. Widely accepted measures, not 
confirmed to be effective, include explanations of the 
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guidelines on the way they could avoid everything it 
could trigger syncope (eg emotional stress). they were 
asked to avoid certain conditions, such as alcohol, caf-
feine or nicotine consumption and to drink at least 2.0 
l of water per day [11].

Moreover, they were instructed to a daily training 
program consisting of isometric contraction maneuvers 
(figure 1, figure 2) and standing in a special position for 
10 minutes (figure 3) [10,12]. the whole training pro-
gram lasted for about 20 minutes daily. the combined 
effect of information, lifestyle changes and the training 
program was estimated.

follow-up
Patients were asked to note the date and the symp-

toms of probable recurrences. at 1, 3, 6, and 12 months 
after inclusion, patients informed the medical personnel 
about syncopal recurrence, the frequency of physical 
exercises and also their effectiveness. Patients were 
contacted by telephone or were seen at the outpatient 
department of the Syncope unit. 

Quality of Life (QoL)
at the same time, Qol was estimated using a general 

questionnaire (eQ-5d), before intervention initiation and 
at 1 month, 3 months, 6 and 12 months of follow-up.

the questionnaire consists of two parts, the descrip-

underlying mechanism, patient education, reassur-
ance emphasizing the generally benign nature of the 
disorder, recognition of premonitory manifestations 
and avoidance of triggers. Several studies have been 
performed about its management. initial treatment of 
neurocardiogenic syncope consists of adequate fluid 
and salt intake, regular exercise and implementation of 
special exercises (physical counterpressure maneuvers 
i.e. muscle tensing) which are recommended as the 
first line of treatment for neurocardiogenic syncope in 
current syncope management guidelines [6-8]. 

the aim of the present study is the evaluation of the 
effects of treatment in patients with a history of syncope 
episodes and positive tilt test.

METHODS
Sixty-eight patients (33 men and 35 women, mean 

age 45.8+15.6 years), with a history of recurrent syn-
cope episodes (>2 episodes and positive head-up 
tilt-table test - hut-test) were studied prospectively, 
in whom the diagnosis was neurocardiogenic syncope 
(based on the definition of the syncope management 
guidelines of the european Society of cardiology). 
Patients were referred to the Syncope unit in the de-
partment of cardiology. Patients with orthostatic hy-
potension, suspected or confirmed heart disease with 
a high likelihood of cardiac syncope, steal syndrome, 
episodes of loss of consciousness due to other reasons 
than neurocardiogenic syncope, were excluded. in 
the same manner, patients receiving medications 
that could interfere with treatment response or pa-
tients with orthopedic and functional limitations that 
could prevent them from performing exercises, were 
excluded. 

diagnosis was based on the head-up tilt (hut) test. 
tilt test has become a widely accepted method in the 
clinical evaluation of patients with syncope. its dura-
tion is 30 to 45 min at 60 to 80 degrees and is widely 
accepted in laboratories for evaluating adult patients. 
diagnostic specificity is 80 to 100%, however sensitivity, 
in contrast, does not exceed 40 to 70%. isoproterenol 
or nitrates are the most common agents applied for 
pharmacologic provocation [9].

after diagnosis, patients followed a program of non-
pharmacological therapy, with counseling to change 
lifestyle alongside daily special exercises [10]. initially, 
all patients were informed about the benign nature 
of their condition and the potential risks, such as ac-
cidents, downfalls, etc. and were advised with general 

Figure 1. isometric exercises of the arms. a: Grip trial, B: tension 
of the arms.
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tive system which includes 5 dimensions (mobility, 
self-care, usual activities, pain - discomfort, anxiety 
- depression each of which is rated in a 3-point scale) 
and the eQ visual analogue scale (eQ-VaS) to estimate 
the patients’ current health status from zero to one 
hundred. eQ-5d has been extensively used in a large 
number of clinical studies of cardiovascular disease 
patients and is one of the most reliable instruments for 
measuring quality of life, both in the general popula-
tion and in particular subgroups suffering from specific 
diseases [14]. the structure and the features of the eQ-
5d in recording quality of life have been extensively 
described [13].

each patient completed the questionnaire at his/
hers first visit, before application of the program and 
then at one, three, six and twelve months, during the 
follow-up period. Patients completed the questionnaires 
on their own, in a separate room, or with the assistance 
of laboratory staff on the days they had to come to their 
appointment during the follow-up period. the values 
calculated using the eQ-5d range between -0.594, which 
indicates serious problems in mobility, self-care, usual 
activities, pain - discomfort, stress - depression, and 1 
which indicates the absence of any problems. On the 
contrary, death which in our case was not observed has 
a value of 0 [15].

in case of lost values or questionnaires, the last obser-
vation was used. about 12% of the questionnaires had 
missed responses, but due to their small number it was 
not considered to affect the overall evaluation model. 

Moreover, patients during their visits were completed 
a set of questions referring to:
 1) their general health status
 2) frequency and impact of symptoms due to re-

currences of arrhythmia (0 = never, 1 = rarely, 2 = 
sometimes, 3 = often, 4 = always).

 3) Severity of symptoms due to recurrences of arrhyth-
mia (1 = mild, 2 = moderate, 3 = severe).

 4) number of visits to health units and health Services 
consumption (hospitals, health centers, outpatients 
services).
this information was used as a specific tool to meas-

ure quality of life, in accordance with a recent study 
evaluating the impact of atrial fibrillation recurrences 
on quality of life [16].

the study’s protocol was approved by the ethical 
committee of the hospital of Veroia (13/2010) and all 
patients provided written informed consent.

Figure 2. (a, B): isometric exercises of the legs.

Figure 3. Standing trial. the back of the patient lays on the wall 
and the legs lie 15-30 cm from the wall.
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was found that the number of syncopal episodes before 
the counseling period were independent factors for 
syncopal recurrence (>3 episodes per year, hr=1.34 – 
ci=1.15-2.56, p=0.03).

forty-two patients (80.77%) reported that they fol-
lowed the instructions and all of them found them 
beneficial.

Quality of life was improved during the follow-up 
period compared with the baseline (figure 4), with a 
greater improvement in patients who had fewer recur-
rences. these patients reported an improvement in 
severity and frequency of symptoms in questionnaires 
(figure 5).

DISCUSSIoN

Statistical Analysis
analysis was performed using the statistical pack-

age SPSS 19.00 (SPSS inc., chicago, ill, uSa). initially, 
an estimation of the normality of the distribution of 
quantitative variables using the Kolmogorov-Smirnoff 
test (population >50 individuals) was performed. for 
comparison of continuous variables, the t-test and the 
non-parametric Mann-Whitney test were used, while 
the x2 test and the fischer test were used to assess dif-
ferences in the distribution of categorical variables. the 
visualization of the time of syncope recurrences was 
achieved with the Kaplan-Meier curve. the variables 
that were significantly associated with syncope recur-
rences were introduced in a multivariable regression 
model (cox regression model) to calculate the relative 
risk and 95% confidence interval (95% ci). the prob-
ability p < 0.05 (2- way) was considered statistically 
significant.

RESULTS
the sample’s baseline characteristics are shown in 

table 1. the mean age of the population was 46 years 
and 48.5% were males. the mean follow-up time was 
12 months. 

Patients had fewer syncope episodes on average, at 
1, 3, 6 and 12 months of non-pharmacological treatment 
compared to the last year before treatment (0.3+0.48 
versus 3.9+0.9 / p=0.003). in the same way, trauma and 
fractures due to syncopal episodes were decreased 
significantly. thirty patients (44.12%) had experienced a 
syncopal episode during the follow-up period. the mean 
time until a new syncopal episode after the counseling 
period was 46.5 days. using cox regression analysis, it 

Table 1. The basic characteristics and parameters of the patients.

Before intervention after counseling p

Age (years) 45.8+15.6

Onset age (years) 19.64+5.62

Gender (Man) n (%) 33 (48.53)

The elapsed time of symptoms 18.18+10.31

Syncopal episodes in life time (n) 8.54+4.58

Syncopal episodes last year (n) 3.9+1.17 0.3+0.7 <0.001

Trauma n (%)

Fractures n (%)

27 (51.92)

12 (44.44)

11 (21.15)

2 (18.18)

0.01

Time until a new syncopal episode (Days) 46.5+32.8

Patients followed the instructions 42 (80.77)

Figure 4. Quality of life index before intervention and during the 
follow-up period as it was estimated with eQ-5d questionnaire.
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neurocardiogenic syncope (ncS) is a temporal func-
tional abnormality of the autonomic nervous System 
(anS) which affects mainly younger persons, especially 
women, presenting without signs of structural heart 
disease or other neurological abnormality. Patients 
complaining about frequent episodes, present with 
limitations of daily activities and especially their jobs, 
significantly affecting their quality of life [17].

Various medications have been proposed as a defi-
nite therapy including b-blockers, fludrocortisone, 
serotonin reuptake inhibitors. the results are poor and 
disappointing on many occasions [18-20].

in addition, a variety of non-pharmacological meas-
ures have been proposed, as patient education and 
lifestyle modifications, including the avoidance of trig-
gering factors such as hot environment, humid atmos-
phere and prolonged standing, an increase of water 
consumption during the day, normal food intake and 
the use of exercises that prevent syncopal episodes. an 
informative and instructive discussion with the patient 
about the benign nature and prognosis represents 
the first step in the management of neurocardiogenic 
syncope [21,22]

a multicenter, randomized clinical trial, showed that 
vasovagal syncopal patients who received conventional 
therapy plus training in exercise protocols had a lower 
syncope burden than the control group [23]. this means 
that the exercise protocol is a safe, effective, and low-
cost intervention, which should be used as first-line 
treatment for patients with neurocardiogenic syncope. 

the efficacy of non-pharmacological measures in 
managing ncS was obvious in the current study. the 
frequency and severity of symptoms were decreased 
and as a result, patients’ quality of life was improved.

in various studies [24,25] the favorable effect of 
programs encompassing physical counterpressure 
maneuvers was clear and marked in comparison with 
patients that received only lifestyle advice or pharma-
ceutical therapy. Studies [4,26] have shown that the 
results of these therapies are disappointing.  

after a positive tilt test, the patients were given 
instructions to perform lifestyle modifications and an ex-
ercise program. a session protocol [maximum duration 
of 30min- hour] includes a presentation of the program’s 
purpose and session structure, an analysis of simple 
physiology and vasovagal reflexes and a demonstration 
and explanation of the maneuvers. in various studies, 
physical exercise and all these measures have shown a 
decreased or elimination of syncopal recurrences [24,25]. 
these exercises and protocols besides their favorable 
effect on the impact of the autonomic nervous system 
on the cardiovascular system in patients suffering from 
ncS, may also expand the circulatory blood volume 
and increase the muscle tone in the lower limbs. as a 
result, the systolic and diastolic volumes are increased 
and the excitation of ventricular c fibers, responsible 
for triggering ncS is obvious [27]. in our study general 
instructions for the avoidance of triggering factors, an 
increase of water, other liquids and salt intake and the 
performance of physical counterpressure maneuvers 

Figure 5. alterations of frequency and severity of symptoms during the follow-up period according to the questionnaires. 
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were advised. it is concluded that these measures could 
be used as first-line treatment for patients with neuro-
cardiogenic syncope. in the above study 40 patients 
(58.82%) did not present any symptoms during the 
12-month follow-up period in contrast to other studies 
where patients relapsed during the follow-up period. 
this could be explained by the fact that the patients 
included were severely affected, with several syncopal 
episodes before their participation to the study. it is 
known that the burden of syncopal episodes is a pre-
dictor of relapses [26].

On the other hand, it is widely known that physical 
and psychosomatic functions are altered in patients 
with ncS. Sheldon et al. [28] reported a proportional 
decrease of syncopal episodes due to better manage-
ment, better knowledge regarding the pathophysiology 
of syncope, greater reassurance and advice around the 
management of episodes and vigorous application of 
the exercises.

as a result, patients were assured that symptoms are 
decreased or disappeared and this leads to quality-of-life 
improvement as it is recorded in self-report question-
naires, at least six months after the beginning of the 
program. in previous studies, [29,30] Qol was assessed 
only after treatment initiation in groups of patients 
with different health issues and different diagnoses and 
treatment. in our study, Qol was assessed in different 
time intervals during the follow-up period.

General Qol, as it was estimated with the generic 
questionnaire eQ-5d, was significantly improved dur-
ing the follow-up period. Moreover, the severity and 
frequency of symptoms were improved gradually. all 
Qol parameters are expected to improve if patients are 
reassured that they will have no syncopal episode or if 
they can manage them successfully. 

Limitations of the study. in the study, none of the 
patients received any pharmacological treatment. Syn-
copal episodes before and after the application of the 
program were compared and this requires a certain 
caution from the patients in recording the episodes. 
Many of them, suffering from ncS, come to the hospital 
after symptom deterioration. as a result, any improve-
ment in symptomatology would resemble a success. 
the collected data were subjective, as the self-reported 
measures of Qol, which could be subject to bias and 
misinterpretation.

Conclusion: in patients with a history of neurocar-
diogenic syncope, non-pharmacological therapy has the 
benefit of reducing new episodes and enhancing quality 

of life. this kind of therapy should be recommended 
to all patients with ncS, however, some of them need 
additional therapy.
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Gastroenteropancreatic neuroendocrine 
tumours (GEP-NETs). A comprehensive review
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Abstract
neuroendocrine tumours (nets) are a heterogeneous group of epithelial tumours arising from the diffuse endocrine 
system throughout the body. nets are considered to be rare tumours, however their incidence is increasing, while 
their pathophysiology is yet poorly understood. Moreover, given their heterogeneity, they remain a challenging dis-
ease to diagnose and treat. in this review we aim to delineate in a comprehensive way the epidemiology, prognosis, 
as well as the latest advances in diagnosis and management in the field of nets, with focus on nets of the digestive 
tract, (gastroenteropancreatic nets, GeP-nets).
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INTRoDUCTIoN
the discovery of neuroendocrine tumours (nets) 

dates back to 1870, when the German physiologist 
rudolf P.h. heidenhain identified a group of cells that 
were different from the enteric, chief, and parietal cells 
of the gastrointestinal (Gi) tract. a few years later, in 
1907, the German pathologist S. Oberndofer was the 
first to use the term “carcinoid” - from the German word 
for “cancer-like”- to describe nets of the gastrointestinal 
tract. in 1995, a revised classification of nets was pub-
lished suggesting to avoid the use of the term “carcinoid 
tumours”, as it fails to encapsulate their malignant po-
tential and promotes the misconception that all nets 
lead to carcinoid syndrome. instead, the use of the term 
“neuroendocrine tumours” for all nets was established. 
throughout this period, physicians have continuously 
studied neuroendocrine cells in an effort to pinpoint 

their intricacies, analyse their clinical presentation, and 
manage their symptoms [1,2]. 

nets are a group of heterogeneous epithelial tu-
mours originating from secretory cells of the neuroendo-
crine system. they are indolent neoplasms that secrete 
a range of peptide hormones and monoamines [3]. the 
“neuro” component refers to their dense core granules 
(dcGs), which are organelles commonly found in sero-
tonergic neurons that store biogenic amines. the “en-
docrine” component refers to their ability to synthesize 
and secrete these monoamines [4]. the neuroendocrine 
system includes the parathyroid, pituitary, and adrenal 
glands, as well as thyroid and pancreatic endocrine islet 
cells.  the neuroendocrine cells within these glandular 
organs, together with scattered cells found in the gastro-
intestinal, respiratory, or genitourinary tracts, constitute 
the diffuse neuroendocrine system [4]. 

the most common primary tumour sites for nets 
are the lungs, Gi tract and pancreas. however, given 
the extensive distribution of ne cells, nets can also be 
found in a plethora of other organs, such as the prostate, 
breast, skin, thymus, and genitourinary system [5,6]. 

this review will primarily focus on gastroenteropan-
creatic nets (GeP-nets), which consist of tumours of 
the Gi tract and pancreatic tumours (pnets). although 
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HISTOPATHOLOGIC FEATURES
the histopathologic morphology and immunohis-

tochemical profile form the basis for the diagnosis of 
nets [15]. depending on their morphology and degree 
of proliferation, nets can be categorized into poorly 
differentiated neuroendocrine carcinomas (nec) and 
well differentiated neuroendocrine tumours. Well dif-
ferentiated nets are composed of bland, benign look-
ing, monomorphic neoplastic cells. the intermixing 
of coarse chromatin with finely granulated chromatin 
gives these cells their characteristic “salt and pepper” 
appearance. despite their predictable cytologic and 
nuclear features, well differentiated nets demonstrate 
wide-ranging morphological growth patterns. these 
include trabecular, glandular, solid or gyriform growth 
patterns, with tumour cells sometimes arranged in 
pseudorosettes. 

Poorly differentiated neuroendocrine carcinomas 
(nec) are particularly aggressive in nature and lack 
resemblance in morphology, clinical presentation, and 
genetic makeup to well differentiated nets. depending 
on their nuclear size, they are divided into large and 
small cell neuroendocrine tumours. 

Small cell carcinomas morphologically resemble 
their well-differentiated nets counterparts, as they both 
exhibit the characteristic salt and pepper chromatin. 
their cell nuclei are near each other because of their 
thin cytoplasm, thus giving them the distinctive ap-
pearance of nuclear impressions (“nuclear moulding”). 
Small cell carcinomas commonly demonstrate confluent 
growth patterns, with cells arranged in solid sheets in a 
streaming pattern. Single cell necrosis as well as large 
necrotic areas are frequently identified. 

large cell nets demonstrate a clumpy chromatin ap-
pearance with prominent nucleoli. they consist of highly 
pleomorphic and hyperchromatic tumour cells with a 
markedly pronounced cytoplasm. they are character-
ized by a solid growth pattern, with extensive necrotic 
areas centrally and palisading peripherally. 

the immunohistochemical markers of nets include 
synaptophysin, chromogranin a (cga), cluster of dif-
ferentiation 56 (cd56), neuron-specific enolase (nSe) 
and Ki-67. Poorly differentiated tumours are often posi-
tive for synaptophysin and nSe expression, whereas 
well differentiated tumours usually demonstrate high 
levels of synaptophysin and cga expression. thyroid 
transcription factor 1 (ttf1), caudal type homeobox 2 
(cdX2) and insulin gene enhancer protein 1 (iSl1) can 
be immunohistochemically labelled to track the primary 

Gi tumours arise from enterochromaffin cells of the 
gut, pnets originate from the islet of langerhans or 
precursors of the ductal/acinar system [5]. By classify-
ing nets by their embryonic origin, a distinction can be 
made between foregut (gastric and duodenal), midgut 
(jejunal, ileal, and caecal), and hindgut (distal colonic 
and rectal) tumours [5]. 

EPIDEMIOLOGY 
according to the Surveillance, epidemiology, and 

end results (Seer) program in the united States, the 
age-adjusted incidence rate of nets has increased 
6.4-fold from 1973 (1.09 per 100000) to 2012 (6.98 per 
100000) in all stages, grades, and sites of the disease 
[7]. the incidence has been increasing in a 3-10% rate 
depending on the tumour subtype [8]. this increase 
could be attributed to the advancements in disease 
detection via imaging and recognition of neuroendo-
crine histology [9]. 

GeP-nets are the second most prevalent gastroin-
testinal tract cancer [10]. the most common primary 
site of GeP-nets is the small intestine (30.8%), with 
the rectum (26.3%), colon (17.6%), pancreas (12.1%), 
stomach (8.9%), and appendix (5.7%) following. Small 
intestinal nets are more common amongst cauca-
sians, whereas nets originating from the rectum are 
more prevalent in african american, asian, and native 
american populations [7].  although nets of the stom-
ach, appendix, and cecum develop more frequently 
in females, jejunal, ileal, duodenal and rectal nets are 
more common amongst the male population [7]. as far 
as disease progression is concerned, 53% of patients 
have localized disease, 20% present with locoregional 
disease, and 27% present with distant metastases at the 
point of diagnosis [11]. in patients with a family history 
of nets in a first-degree relative, the risk of developing 
nets increases by 3.6-fold [12]. 

although the vast majority of GeP-nets are sporadic, 
approximately 10% of pnets can be found within the 
context of genetic syndromes such as Multiple-endo-
crine-neoplasia type 1 (Men-1), von hippel-lindau 
disease (Vhl), neurofibromatosis type 1 (nf1), and 
tuberous sclerosis complex (tSc). Of those, Men-1 is the 
most common one, consisting of hyperparathyroidism 
(associated with parathyroid adenomas in over 90% 
of cases), pnets (in up to 70% of cases) and pituitary 
adenomas (in 30-40% of cases). Other manifestations 
of Men-1, include bronchial nets and type-ii gastric 
nets [13]. 
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site of metastatic tumours, as these proteins are typi-
cally found in the lung, small intestine, and pancreas 
respectively. Ki-67 is a proliferation marker used for 
grading GeP-nets as well as for predicting the course 
of the disease [14]. 

CLASSIfICATIoN AND STAGING (TAbLE 1)
there are several ways of approaching the clas-

sification of GeP-nets. One classification, based on 
embryonic derivation, distinguishes between foregut 
(gastroduodenal), midgut (jejunal, ileal, and cecal), and 
hindgut (distal colic and rectal) tumours. GeP-nets can 
be subclassified into two groups: carcinoid tumours of 
the luminal Gi tract and pancreatic nets. in addition, 
the grade and degree of differentiation of GeP-nets are 
of paramount importance in determining the clinical 
behaviour of the disease. Grade refers to how rapidly 
the neoplastic cells divide, proliferate and grow. it is 
measured by the Ki-67 index or the mitotic rate. each 
tumour receives a numerical grade, with grade 1 (G1) 
tumours having a Ki-67 index from 0% to 2% or a mi-
totic rate from 0 to 1 per 10 high power fields (hPf), 
G2 tumours having a Ki-67 index from 3% to 20% and 
mitotic rate from 2 to 20 per 10 hPf, and G3 tumours 
having a Ki-67 index over 20% and mitotic count higher 
than 20 per 10 hPf [15]. importantly, it is advised that 
tumour grades should be measured at the areas of the 
histopathology specimen with the highest levels of 
mitotic activity, as GeP-nets are considered to have a 
high degree of intratumor heterogeneity when it comes 
to morphology and proliferative rate. Specifically, it is 
recommended that 40-50 high-power fields should be 
used for the mitotic count, and at least 2000 cells should 
be counted in the areas of highest labelling for an ac-
curate measurement of the Ki67 index [16]. importantly,  
according to the WhO newest classification (2017), 
there is a distinction between well-differentiated (G1, 
G2, or G3) nets and poorly-differentiated necs (found 

primarily in the pancreas), which are considered high-
grade by definition [17].  

the prognostic significance of the current grading 
systems has been demonstrated in a study by Karakas 
et al. [18]. in particular, the 5-year survival rates for G1 
and G2 nets were 97% and 82% respectively; however, 
the prognostic significance of G3 tumours could not be 
evaluated due to the low number of patients presenting 
with G3 tumours. larger, long-term studies with well-
balanced patient populations should be performed to 
effectively evaluate the prognostic significance of the 
2017 WhO classification system. 

the tnM staging system for nets was first intro-
duced by rindi et al in 2006 and was later adopted by 
the european neuroendocrine tumour Society and the 
american Joint committee on cancer in 2010 [19]. the 
latest version (2017) features separate staging systems 
for well-differentiated nets of the appendix, stomach, 
colorectal, duodenal, jejunal, and ileal primary sites. a 
new tnM staging system is also used for pnets, which 
is separate from the one used for exocrine pancreatic 
cancers [20].  

importantly, case reports have also demonstrated 
that nets can rarely co-exist with pancreatic and colorec-
tal adenocarcinomas, giving rise to unique therapeutic 
challenges [21–23]. accordingly, it is recommended 
that patients with net diagnosis should undergo me-
ticulous screening to prevent late-stage diagnosis of 
synchronous tumours [24]. 

CLINICAL PRESENTATION AND SYMPTOMS  
(TABLE 2)
GEP-NETs 

GeP-nets clinical presentation depends greatly on 
the hormonal status of the tumour. non-functioning 
GeP-nets are usually incidentally discovered during 
surgery, as they are commonly asymptomatic [25]. 
nonspecific symptoms such as abdominal discomfort 

Table 1. Classification of GEP-NENs

Grade differentiation Ki-67 % Mitotic rate/10 hPf

G1 net Well <3 <2

G2 net Well/moderate 3-20 2-20

G3 net Moderate >20 >20

G3 nec Poor >20 >20

Abbreviations: GeP-nen, gastroenteropancreatic neuroendocrine neoplasm; net, neuroendocrine tumor; nec, neuroendocrine car-
cinoma; hPf, high power field.
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neuroendocrine cells [entero-chromaffin-like (ecl) 
cells] and development of multifocal, polypoid nets [31]. 
type ii gastric nets are associated with Zollinger-ellison 
and Men-1 syndrome. they are commonly small in size, 
multifocal, and relatively unaggressive. Patients usually 
suffer from symptoms of Zollinger-ellison syndrome, 
such as diarrhoea, heartburn, and peptic ulcers. type 
iii gastric nets are large, sporadic, solitary tumours that 
are not associated with gastrin excess. they are more 
invasive than their type i and ii counterparts and can oc-
casionally present with an “atypical carcinoid syndrome” 
mainly due to histamine production. this can be clinically 
distinguished from the typical (serotonin-associated) 
carcinoid syndrome by the patchy red, serpiginous, 
highly pruritic flush patients usually present with [29,30]. 

3. Small bowel NETs
the majority of small bowel nets are located in the 

distal ileum [32], with around 25% of patients presenting 
with multifocal tumours clustered close to each other at 
the time of diagnosis. despite the fact that the malignant 
potential of GeP-nets is associated with tumour size, 
even small bowel nets less than 1cm in size have the 
ability to metastasize [33]. common sites of metastases 
include the liver, mesentery, and peritoneum. Mesen-
teric desmoplasia and intestinal ischemia can occur 
when the tumour metastasizes to the lymph nodes at 
the root of the mesentery [34]. accordingly, patients 
may present with colicky or intermittent abdominal 
pain and intestinal obstruction [34]. Small bowel nets 
originating from the duodenum are rarely syndromic. 
up to 30-40% of advanced small bowel nets produce 
and secrete serotonin and other vasoactive substances, 
causing “carcinoid syndrome”. carcinoid syndrome oc-
curs due to the hypersecretion of vasoactive amines and 

may also be present, but do not contribute to earlier 
diagnosis due to their vague nature. as a result, diagno-
sis may delay up to a decade, and often symptoms are 
attributed to irritable bowel syndrome or other benign 
gastroenteric disorders. On the other hand, functioning 
tumours may present with a variety of symptoms, based 
on the anatomic location of the tumour, as well as the 
type of produced hormones [26,27]. for example, small 
bowel/midgut carcinoids metastatic to the liver are 
responsible for the carcinoid syndrome, characterized 
by flushing, diarrhoea, wheezing and carcinoid heart 
disease, via releasing serotonin and other vasoactive 
substances in the circulation [5]. Similarly, functioning 
pnets (ViPoma, glucagonoma, gastrinoma etc.) are 
responsible for the development of various clinical 
syndromes which will be described in detail below.

1. Appendiceal NETs 
appendiceal nets are usually benign and not asso-

ciated with any hormonal-related symptoms. they are 
commonly diagnosed incidentally after examining the 
specimens of appendicectomies. Women have higher 
prevalence of appendiceal nets, possibly due to the 
fact that pre-menopausal females undergo diagnostic 
laparoscopies more frequently in order to differenti-
ate between gynaecologic and other reasons of lower 
abdominal pain [28]. 

2. Gastric NETs 
Gastric nets are rare and can be subdivided into three 

categories. type i gastric nets have an association with 
chronic atrophic gastritis and pernicious anaemia. due 
to the loss of the gastric glands and long-term achlo-
rhydria, antral G cells are forced to secrete excessive 
serum gastrin, thus causing hyperplasia of the gastric 

Table 2: Secretory syndromes in patients with hormonally active GEP-NENs

tumor type Symptoms/findings Substances responsible

Midgut nets with liver 
metastases

carcinoid syndrome (diarrhea, flushing, wheezing, 
carcinoid heart disease)

Serotonin, bradykinin, histamine, 
prostaglandins

insulinoma hypoglycemia insulin

Gastrinoma Multiple gastric ulcers, abdominal pain, diarrhea Gastrin

ViPoma Watery diarrhea, hypokalemia, achlorhydria (Whda 
syndrome)

ViP

Glucagonoma diabetes, diarrhea, stomatitis, weight loss, necrolytic 
migratory erythema

Glucagon

Abbreviations: GeP-nen, gastroenteropancreatic neuroendocrine neoplasm; net, neuroendocrine tumor; ViP, vasoactive intestinal 
peptide.
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peptides, such as serotonin. Serotonin is synthesized 
from dietary tryptophan in specialized neuroendocrine 
cells called enterochromaffin (Kultchisky) cells [35].  the 
classical “carcinoid syndrome” symptoms include diar-
rhoea (73%), flushing (65%), and bronchospasm (8%) 
[5]. Other symptoms include hypotension (as part of 
“carcinoid crisis”) and valvular heart disease (“carcinoid 
heart disease”). excess serotonin is primarily responsible 
for the development of diarrhoea, whereas flushing can 
be mainly attributed to substance P, kallikrein, and a 
range of other prostaglandins and tachykinins [36,37]. 
flushing may be triggered by alcohol consumption, 
stress, spices, and tyramine-containing foods. it usually 
manifests in the face, neck, and thorax. high levels of se-
rum serotonin can also lead to “carcinoid heart disease”. 
in this case, serotonin receptors in the subendocardial 
cells of heart valves are activated [38], leading to fibrosis 
of the tricuspid and pulmonary valves and consequently 
to tricuspid regurgitation and pulmonary stenosis [39] 
(figure 1). the left side of the heart is usually unaffected 
as serotonin is metabolised while passing through the 
lungs [40].  Similarly, since serotonin is secreted from 
small bowel nets, it is drained in the portal circulation 
and metabolized by monoamine oxidases in the liver 
before entering the systemic circulation [41]. thus, 
carcinoid syndrome only occurs in patients with liver 
or other distal metastases. carcinoid syndrome patients 
also commonly present with hypoproteinaemia, as 
tryptophan is the precursor for serotonin synthesis [42]. 
Pellagra-like symptoms like diarrhoea, dermatitis, and 
dementia can also manifest, as niacin production is reli-
ant on tryptophan [43]. rarely, carcinoid syndrome can 

be associated with pancreatic (<1% of pnets), bronchial, 
and ovarian nets [44].

4. Colorectal NETs
colorectal nets are rare but have poorer prognosis 

than adenocarcinomas due to their aggressive clinical 
course [45]. they can manifest with rectal bleeding, pain, 
and change in bowel habit. Most colorectal nets are 
small, located in the submucosa, and are incidentally dis-
covered during lower endoscopy [46]. in particular, small 
(<1cm), nonaggressive rectal nets have low metastatic 
potential and are often endoscopically or transanally 
excised. On the other hand, large (>2cm), high-grade 
rectal nets present with stage iV disease in more than 
half of the patients. the tendency of intermediate-size 
tumours to metastasize depends on the depth of tu-
mour invasion of the muscularis propria [47].  tumours 
originating distal to the cecum are more malignant in 
nature than rectal nets, as they are commonly poorly 
differentiated [48].

5. Pancreatic NETs (pNETs)
the vast majority (90%) of pnets are hormonally 

non-functioning. hormonally silent neoplasms appear to 
have worse prognosis than hormonally active tumours, 
possibly because they are diagnosed late in the disease 
progression [49]. insulinomas are the most common type 
of hormonally functioning pnets. they are commonly 
small (<2 cm), solitary, hypervascular tumours, with 
low malignant potential. they usually manifest with 
low blood glucose levels, symptomatic hypoglycaemia, 
reversal of symptoms after administrating glucose 
(Whipple triad) [50], and hypokalaemia due to excessive 
insulin secretion [51]. Gastrinomas commonly present 
in the pancreas and duodenum and are responsible 
for the development of Zollinger-ellison syndrome. 
their clinical features include peptic ulceration, heart-
burn, and diarrhoea. high-dose proton pump inhibitors 
can help in alleviating these symptoms [52]. ViPomas 
are another subtype of pnetS. Given that vasoactive 
intestinal polypeptide (ViP) inhibits electrolyte and 
water absorption and stimulates intestinal secretion, 
ViPomas usually present with profuse, watery diarrhoea 
and electrolyte disturbances, such as hypokalaemia 
[53]. Glucoganomas, on the other hand, are extremely 
rare and manifest with hyperglycaemia, weight loss, 
deep vein thrombosis, dermatitis (necrolytic migratory 
erythema), and depression [54]. Somatostatinomas are 
characterized by excessive secretion of somatostatin. Pa-

Figure 1. tricuspid valve, almost replaced by fibrotic plaque (“car-
cinoid heart disease”).
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tients usually present with steatorrhea, hyperglycaemia, 
cholelithiasis, diabetes, and reduced gastric acid levels. 
acth, PthrP, growth hormone-releasing hormone, 
serotonin, and cholecystokinin, may infrequently be 
secreted by pnets, leading to the development of the 
corresponding syndromes [55]. 

DIAGNoSIS
GeP-net diagnosis requires a high index of suspicion 

and is based on their clinical presentation, histopatho-
logic morphology, immunohistochemical profile, and 
imaging modalities. traditionally, carcinoid syndrome 
diagnosis is largely dependent on detection of elevated 
urinary 5‐hydroxyindoleacetic acid (5-hiaa) over 24 
hours [56]. recently, however, it has been found that 
serum and plasma 5-hiaa can be used as an alternative 
for the diagnosis and monitoring of carcinoid syndrome 
[57]. hormone levels should be measured in patients 
presenting with symptoms of hormonally functioning 
pnets. hormone concentration can then be monitored 
and used as a marker of disease progression or treatment 
response [58]. On the other hand, chromogranin a (cga) 
is the diagnostic biomarker of choice for non-functioning 
nets [59]. cga has a high sensitivity (53%-91%) but 
low specificity (<50%) [59]. endoscopic imaging also 
plays an important in the diagnosis of nets. in particu-
lar, endoscopic ultrasonography is the most sensitive 
test for the diagnosis of pnets (sensitivity 82%-93%), 
especially for detecting tumours smaller than 2 cm and 
for the localization of insulinoma  [60,61]. colo-rectal 
nets are usually identified at colonoscopy. importantly, 
the entire colon needs to be examined to detect any 
potential synchronous tumours [62].

cross sectional imaging is of paramount impor-
tance for the identification of tumour location and the 
assessment of the extent of invasion of GeP-nets. in 
particular, computed tomography (ct) and magnetic 
resonance imaging (Mri) of the abdomen and pelvis 
are employed for the detection of pnets and midgut 
carcinoids respectively. a triple-phase helical ct is rec-
ommended for the diagnosis of liver metastasis [63]; 
however, a rct by Baudin et al showed that Mri may 
be superior to ct [64]. functional imaging modalities 
also play a key role in the diagnosis of GeP-nets. Specifi-
cally, somatostatin receptor scintigraphy (Octreoscan) is 
commonly employed, during which a [111]indium-labeled 
somatostatin analog like octreotide is used to detect 
tumours expressing somatostatin receptors. lately, 
gallium‐68 (68Ga)‐dOtatate Pet/ct has become the 

preferred imaging modality, due to increased patient 
satisfaction, high sensitivity (97%), specificity (95.1%) 
and accuracy (96.6%), as well as decreased radiation 
exposure (figure 2) [65]. Gallium‐68, is a positron emitter 
that can be linked to somatostatin analogues and can 
be localized with positron emission tomography (Pet) 
imaging [66]. (68Ga)‐dOtatate Pet/ct  contributes to 
staging the disease, identifying potential lymph node 
or bone tumour invasion, and detecting previously 
unknown primary tumours in complex cases [67]. a 
18f‐fluorodeoxyglucose Pet/ct scan is usually employed 
for imaging of the Grade 3 nets and poorly differenti-
ated necs [68]. combination of (68Ga)‐dOtatate Pet/
ct and 18f‐fluorodeoxyglucose Pet/ct at follow-up of 
GeP-nets patients is needed, when tumour heterogene-
ity or co-existence of GeP-nets with adenocarcinomas 
is suspected [69].

GEP-NETs: APPRoACHES IN MANAGEMENT
the european Society of Medical Oncology [70] and 

european neuroendocrine tumour Society [65–68] have 
developed an evidence-based approach on the manage-

Figure 2. Gallium‐68 (68Ga)‐dOtatate Pet of a patient with 
metastatic small bowel net with multiple hepatic mesenteric and 
skeletal metastases.
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ment of GeP-nets, including gastric, Si, pancreatic and 
colorectal nets which is delineated below. in summary, 
the main goals of management of GeP-nets include: a) 
control of hormonal-related symptoms (in functioning 
tumours), b) consideration of surgery in localized and 
sometime in metastatic disease (if technically feasible 
and clinically appropriate) and c) control of tumour 
growth with systemic treatments and prolong patients’ 
survival in cases with advanced disease. the selection of 
treatment is generally affected by the extent of disease 
(locoregional vs. locally advanced/metastatic) with the 
latter being the most common presentation, whilst tu-
mour histology and status (stable/progressing), as well 
as patient’s performance status and comorbidities need 
to be taken into account. Patients should be referred to 
a Specialized net unit. Management decisions should 
be individualized and made in Multi-disciplinary-team 
meetings, aiming not only to control the disease, but 
also to improve and maintain patients’ quality of life. 

1. Management of localized/locoregional disease
Surgery is the treatment of choice for local or lo-

coregional disease in net G1 and G2. for small bowel 
nets (SB-nets), radical resection in combination with 
mesenteric lymph node resection is recommended. 
Surgery may also be considered in cases of locally ad-
vanced SB-nets, for palliative purposes and avoidance of 
complications like acute/subacute/chronic small bowel 
obstruction and intestinal ischemia in the presence of 
a large mesenteric mass [70,71]. for pnets, surgery is 
also recommended in locoregional disease, especially 
in tumours >2cm (standard pancreatectomy, pancrea-
ticoduodenectomy or distal pancreatectomy). regional 
lymph node resection should also be considered given 
high risk for nodal metastases. for non-functioning 
pnets <2cm, a conservative watch-and-wait approach 
may be considered, with yearly imaging [70,71]. 

in terms of localized gastric nets, a surveillance 
approach is recommended for type i, with potential 
endoscopic mucosal resection (eMr) or endoscopic 
submucosal dissection (eSd) to be considered in tu-
mours ≥10mm. for type ii, an individualized treatment 
approach is recommended, given the possibility of 
concomitant tumours as part of Men-1 (e.g. pan-nets). 
local or limited excision can be recommended, how-
ever a referral to a net center of excellence should be 
strongly considered for further management. for type 
iii, a partial or total gastrectomy with lymph node resec-
tion is recommended, given that they are considered to 

be more invasive than their i and ii counterparts [72]. 
treatment of colorectal nets depends on site and 

size. for colonic lesions of any size, a localized colectomy 
with lymph node resection should be considered.  for 
rectal nets, lesions <1 cm can be resected endoscopi-
cally, carrying a low risk of developing metastatic disease 
in the future. lesions >2cm have a higher metastatic 
potential and radical surgery (anterior excision) is of-
ten recommended. for borderline lesions 1-2cm with 
unclear metastatic potential, approach is individualized 
based on certain tumour characteristics like histologic 
features (e.g. high mitotic index) and disease extent, 
which can be assessed with a combination of ct/Mri/
Pet or endoscopic ultrasound (euS) techniques [73,74]. 

2.  Management of locally advanced/metastatic 
disease
Management of locally advanced/metastatic disease 

revolves around the role of systemic treatments with 
antiproliferative effect and/or symptomatic control 
of carcinoid syndrome, resection of primary site and/
or metastatic deposits, and utilization of locoregional 
treatments, mainly with palliative intent. Below a sum-
mary of eSMO consensus Guidelines for management 
of locally advanced/metastatic disease is presented [71]. 

A. SySTEMIC THERAPy
Systemic therapy has a dual role in GeP-nets; it is 

used not only to inhibit tumour growth (antiprolifera-
tive) but also to control symptoms related to hormonal 
production (antisecretory), and especially carcinoid 
syndrome (cS) [71]. 

Antiproliferative treatments
in terms antiproliferative treatment options, SSas 

can be considered as first-line especially in slowly-
growing G1 and G2 GeP-nets with Ki-67 up to 10% 
and demonstrated somatostatin receptor (SStr) posi-
tivity on functional imaging modalities (octreoscan, 
Ga-dotatate Pet scan). Octreotide and lanreotide are 
the most commonly utilized SSas and are mainly used 
in long-acting formulations, requiring intramuscular 
administration in 4-week intervals. it should be noted 
that in patients with stable advanced SB-nets, low 
disease burden and very low Ki-67 (<2%) an active 
surveillance strategy can be considered. Other lines of 
antiproliferative treatment include ifn-a, which could 
be considered in patients with midgut nets, where SSas 
have failed or functional imaging shows SStr-negative 
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tumours. everolimus, a selective mtOr inhibitor, is an-
other antiproliferative agent approved by fda for use 
on G1 and G2 advanced well-differentiated GeP-nets 
and bronchial nets, progressing on prior treatment 
lines, based on the results of the radiant-1 trial [75]. 

in addition, sunitinib, a multi-targeted tyrosine kinase 
inhibitor (tKi), is another option for patients with pnets 
progressing on prior lines of treatment, based on the 
results of Sun 1111. this was a phase 3 randomized 
control trial comparing sunitinib to placebo in patients 
with advanced well-differentiated pnets, with disease 
progression <12 months before baseline, demonstrating 
a statistically significant superior median progression-
free survival for sunitinib (11.4 months compared to 
5.5 months with placebo) [76]. it should be noted that 
both sunitinib and everolimus are not valid treatment 
options in G3 tumours. 

an important breakthrough regarding the manage-
ment of advanced GeP-nets has been the development 
of peptide-receptor radionuclide therapy (Prrt). Prrt 
is a targeted form of systemic radiotherapy, utilizing the 
attachment of a radioactive agent such as yttrium- 90 or 
lutetium-177 to a somatostatin analogue, which then 
binds to somatostatin receptors of GeP-nets and directs 
the radionuclides inside the tumour cells [77]. Based on 
the results of netter-1 trial, a phase 3 randomized con-
trolled trial accruing patients with advanced, progressive, 
somatostatin-receptor-positive G1 and G2 midgut nets, 
177lu-dOtatate plus octreotide lar demonstrated 
superior PfS and response rate compared to octreotide 
lar alone [78]. 77lu-dOtatate is fda-approved as a 
second-line therapy for patients with midgut G1 and 
G2 nets and disease progression on SSas. it may also 
be used in pan-nets, after failure of approved therapies, 
as well as in carefully selected patients with net G3 [71]. 
Guidelines recommend that Prrt should ideally be used 
in conjunction with SSas in patients with functioning 
nets and cS to prevent cS flares, which are expected 
to occur in the setting of Prrt [71]. 

Systemic cytotoxic chemotherapy is generally ad-
vised in nets G3 of any site. cisplatin or carboplatin 
plus etoposide is considered first line in nec G3. data 
on second-line regimens are conflicting and several 
combinations have been used, mainly extrapolated from 
the treatment of Gi adenocarcinomas [5-fu/leucovorin/
irinotecan (fOlfiri), 5-fu/leucovorin/oxaliplatin (fOl-
fOX), capecitabine plus temozolomide]. in metastatic 
disease from G1/G2 pan-nets regimens like streptozo-
tocin with 5fu can also be considered [71]. 

Antisecretory treatments
SSas are the mainstay of antisecretory agents for 

cS control in GeP-nets as well as other hormonal syn-
dromes, such as those associated with functional pnets 
(ViPomas, glucagonomas). for patients with cS refrac-
tory to standard doses of SSas, next line options include 
SSa treatment escalation with increased doses or in-
creased frequency of administration, peptide-receptor 
radionuclide therapy (Prrt) and telotristat ethyl [71]. 
telotristat ethyl, a novel inhibitor of tryptophan hydroxy-
lase, which is implicated in the production of serotonin, 
has been developed, for patients with GeP-netS and 
carcinoid syndrome [79]. an international, multicenter, 
randomized, double-blind, placebo-controlled phase iii 
trial (teleStar) reported a reduction of approximately 
40% of bowel movements per day using telotristat ethyl 
doses of 750–1500 mg in those patients [79]. Other an-
tisecretory treatments also specifically target functional 
pnets. in the case of insulinoma, which is characterized 
by excessive production of insulin, diazoxide, a ben-
zothiadiazide derivative that inhibits insulin secretion 
via atP-dependent potassium channels in pancreatic 
β-cells, can be utilized [79]. Similarly, proton pump 
inhibitors (PPis) are frequently used to suppress gastric 
acid hypersecretion in the case of gastrinomas [79].

b. THE RoLE of SURGERy
Surgery for primary net site can be considered in 

the palliative setting for Stage iV nets, especially in the 
case of SB-nets, to prevent or treat complications related 
to small bowel obstruction and intestinal ischemia. a 
similar approach can be followed in advanced functional 
pnets with uncontrolled hormonal symptoms. On the 
other hand, surgical removal of metastases has a limited 
role, and is primarily indicated in the case of liver me-
tastases, in patients with exclusive/predominant liver 
metastatic disease. Other options for treatment of liver 
metastases includes liver transplantation, while locore-
gional liver treatments (e.g. selective internal radiation 
therapy – Sirt) can be considered a more conservative 
approach in patients with otherwise rejectable liver 
deposits, while locoregional liver treatments (as below) 
can be considered a more conservative approach in 
patients with otherwise rejectable liver deposits.[71]. 

C. LoCoREGIoNAL TREATMENTS
locoregional treatments are mainly targeted against 

liver metastatic deposits, aiming to control liver tumour 
burden and sometimes also improve symptoms of 
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carcinoid syndrome. they are divided into two main 
categories; ablative and transarterial. 

Ablative approach
ablative treatments include radiofrequency, mi-

crowave, cryoablation and alcoholization. Of those, 
radiofrequency ablation (rfa) and microwave ablation 
are the most commonly utilized in the management of 
liver metastases. during rfa, liver tumours are ablated 
with the heat generated from medium-frequency 
alternating current between 350-500 khz. Microwave 
ablation utilizes microwaves, a non-ionizing form of 
radiation used to generate heat, in order to ablate liver 
metastatic tissue, and it is an appropriate alternative 
to rfa [80].

Transarterial approach
transarterial treatments are directed against highly 

vascular liver metastases from GeP-nets, which are 
mainly perfused by the hepatic artery. the aim is to 
induce ischemia and necrosis of metastatic liver lesions 
by occluding their arterial supply. these interventions 
are performed by accessing the arterial liver circula-
tion via the femoral artery, followed by transarterial 
embolization (tae) of the hepatic artery with gelatin 
beads, often combined with intraarterial administration 
of cytotoxic chemotherapeutic agents (transarterial 
chemoembolization, tace), or drug-eluding beads. 
(tace-deB). another interesting transarterial approach 
is the so-called transarterial radioembolization (tare) 
with yttrium-90 (y-90) microspheres which are injected 
through the hepatic artery to the pre-capillary level of 
the liver metastases, attaching to the microcirculation 
and releasing radiation [80].

CoNCLUSIoN
in this review, we delineate in a comprehensive 

way the latest data on epidemiology, histopathologic 
features, clinical presentation, diagnosis and manage-
ment of patients with GeP-nets. We demonstrated that 
GeP-nets are a rather heterogeneous group of tumours 
with differences as well as many similarities in terms of 
incidence, diagnostic and therapeutic approach. Patients’ 
management is based on a multi-disciplinary approach 
and needs to be individualized. further research is still 
needed in the field of nets to further elucidate the 
pathogenesis of these malignancies as well as define 
new diagnostic methods and novel treatments in the 
field.
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Microscopic colitis: Overview

Giula Roda

Abstract

Microscopic colitis (Mc) is an inflammatory disease of the large intestine that causes persistent watery diarrhea es-
pecially in older patients.  Microscopic colitis encompasses 2 different subtypes: lymphocytic colitis and collagenous 
colitis.  Mc is characterized by a nearly normal-appearing colonic mucosa. diagnosis is based on histology. risk factors 
for Mc include increasing age, female sex, presence of other autoimmune diseases and possibly use of certain drugs, 
including proton pump inhibitors, nonsteroidal anti-inflammatory drugs, selective serotonin reuptake inhibitors, 
and statins. in the last decade, emerging evidence regarding disease pathogenesis has provided advances in the 
management strategies for this disease. this is a comprehensive review on disease etiopathogenesis, diagnosis and 
therapeutic management.
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INTRoDUCTIoN
Microscopic colitis (Mc) is characterized by the pres-

ence of non-bloody diarrhea with normal colonoscopy 
and microscopic evidence of mucosal inflammatory 
changes of the colonic tissue [1]. Microscopic colitis 
encompasses two different disorders: lymphocytic (lc) 
and collagenous colitis (cc) [1]. Microscopic colitis may 
occur in patients of any age but typically emerges in 
late middle age and the elderly and is more prevalent 
in women. the gender difference is more significant for 
collagenous colitis. non-bloody diarrhea is the predomi-
nant symptom, although abdominal discomfort and 
weight loss may also occur. Both diseases run a benign 
course and there is no risk of malignancy. Sometimes 
patients present a relapsing course with a need for im-
munosuppressive therapy and rarely for surgery [1, 2].

Because both lymphocytic and collagenous colitis, 
manifest with histologic evidence of chronic mucosal 
inflammation, in the absence of endoscopic or radiologic 
abnormalities of the colon, diagnosis is only possible 
through histological analysis. Patients with lymphocytic 

colitis have an increased number of intraepithelial lympho-
cytes in the colonic epithelial layer and increased number 
of sub-epithelial chronic inflammatory cells compared 
with healthy individuals. Patients with collagenous colitis 
have a thickened subepithelial collagen layer that can vary 
between 7 to 100 μm. Similar changes in inflammatory cell 
populations such as increased number of intraepithelial 
lymphocytes also occurs in collagenous colitis [1,2].

Microscopic colitis’ etiology and pathogenesis remain 
unknown. no genetic factors have been identified, 
although some familial cases have been described 
[3,4]. Several hypotheses have been advanced, including 
autoimmune dysfunction or an abnormal immune or 
inflammatory response to an unknown luminal antigen 
or luminal factor. this later hypothesis is supported by 
the regression of inflammation following diversion of 
the fecal stream and recurrence of inflammation follow-
ing restoration of intestinal continuity in some patients 
[5]. however, the identity of the inciting antigenic fac-
tors is uncertain. a variety of luminal factors have been 
implicated in the pathogenesis of Mc, including drugs, 
bile salts, bacterial products, and toxins. nSaids, aspirin, 
proton pump inhibitors, ticlopidine, SSri, acarbose and 
statins, are some of the drugs that have been more 
frequently associated with the disease.
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shown an association with autoimmune diseases that 
reaches 30-40%. the most common diseases which 
have been associated with microscopic colitis are 
celiac disease and several forms of arthritis. Sjögren’s 
syndrome, scleroderma, raynaud’s disease, recurrent 
iritis, giant cell arteritis, systemic lupus erythematosus, 
diabetes mellitus, sarcoidosis, psoriasis, myasthenia 
gravis, crohn’s disease, ulcerative colitis have also 
been reported to be associated with Mc. in patients 
with collagenous colitis there have been reports of a 
significant increase in mean serum concentration of 
immunoglobulin M and a non-significant trend toward 
increased concentrations of antinuclear antibodies and 
perinuclear antineutrophil cytoplasmatic antibody in 
collagenous colitis. tnfα gene polymorphisms were 
found to be more frequent in patients with Mc than in 
controls; these polymorphisms have been associated 
with susceptibility to several autoimmune diseases, 
such as juvenile idiopathic arthritis, systemic lupus, 
dermatitis herpetiform and celiac disease. Some stud-
ies have revealed an association with the hla genes. 
three hla alleles [hla-B*08:01, hla-drB1*03:01, and 
hla-dQB1*02:01], related to the ancestral haplotype 
8.1, were significantly associated with increased cc 
risk [12]. these hla alleles were not associated with 
lc. Moreover, lymphocyte infiltration at the site of in-
flammation can be found and the majority of patients 
respond to steroid therapy.

Role of bacteria
there is some evidence supporting a role for bac-

teria or for bacterial dysregulation (dysbiosis) in the 
pathogenesis of microscopic colitis, although no spe-
cific causative agent has been identified. the strong-
est argument for a luminal agent, which could be a 
bacterial agent or a bacterial toxin, comes from the 
fact that the diversion of fecal stream in patients with 
medically refractory diarrhea results in the resolution 
of histological inflammation, that recurs upon transit 
reconstruction [5, 13].

recent evidence has also suggested the contribu-
tion of an infective agent as risk factor for microscopic 
colitis. indeed, gastrointestinal infection has been as-
sociated with collagenous colitis [14]. in a small case 
series, patients with collagenous colitis presented yers-
inia antibodies more commonly than healthy controls, 
leading the authors to speculate that in some cases, 
yersinia might have been the triggering factor in the 
development of collagenous colitis [15].

autoimmunity is another condition that has been 
proposed to have a role in the pathogenesis of mi-
croscopic colitis. in epidemiological studies a strong 
association with other autoimmune diseases has been 
reported in patients with microscopic colitis, including 
celiac disease, thyroiditis and rheumatoid arthritis. Bude-
sonide, the only drug that has been tested in multiple 
randomized controlled trials (rct), is highly effective 
and achieves clinical remission in approximately 80% of 
patients. however, symptoms’ relapse occurs in 60% to 
80% of patients after treatment withdrawal [6].

EPIDEMIOLOGY
Previously considered to be a rare diagnosis, mi-

croscopic colitis accounts nowadays for 4 to 13% of 
patients investigated for chronic diarrhea [7, 8]. the 
incidence of microscopic colitis seems to be increas-
ing. in the united States, the overall prevalence of 
microscopic colitis is around 103 per 100,000 persons. 
the reason might be a more accurate diagnosis with 
biopsies, or possibly increased incidence of immune-
mediated disorders. Mc is nearly as common as classic 
inflammatory Bowel diseases (iBd) [7,8].

a strong female and elderly predominant have 
been identified. however, 25% of Mc patients are 
younger than 45 [1].

CLINICAL PRESENTATIoN
the key clinical feature is chronic non-bloody diar-

rhea, which is typically watery, leading to urgency in 
70% of patients and, ultimately, fecal incontinence 
in 40% of patients [9, 10]. the two forms of Mc have 
similar symptoms. relapses occur in 60%–80% of the 
cases after discontinuation of budesonide treatment, 
indicating that the course of the disease if often chronic. 
abdominal discomfort or cramps may occur in up to 
50%. Of note, a differential diagnosis between Mc and 
irritable bowel syndrome may be challenging in these 
patients. Moreover, weight loss is observed in 50% of 
patients with active disease [9,10].

ETHIoPATHoGENESIS:
Auto-immunity in microscopic colitis

there is some evidence in the literature pointing 
to a possible role of autoimmunity in microscopic 
colitis. in some case series, cc is more frequent in 
women, as other autoimmune diseases. an overrep-
resentation of autoimmune diseases is found in mi-
croscopic colitis [11]. epidemiological studies have 
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Genetics
familial occurrence of Mc has been reported, but the 

exact role of genetic factors remains to be defined. allelic 
variation of the matrix metalloproteinase-9 gene does 
appear to be associated with cc [16]. three hla alleles 
(hla-B*08:01, hla-drB1*03:01, and hla-dQB1*02:01), 
related to the ancestral haplotype 8.1, were significantly 
associated with increased cc risk but not lc [12].

Risk factors
Smoking is a risk factor for Mc both for men and 

women and smokers develop the disease earlier than 
nonsmokers (by a median of 14 years) [17-19].  drugs 
such as acarbose, aspirin, cyclo3 fort, lansoprazole, non-
steroidal anti-inflammatory drugs, ranitidine, sertraline, 
and ticlopidine have been suggested to act as an envi-
ronmental risk factor in causing or triggering Mc [20]. Of 
note, nonsteroidal anti-inflammatory drugs and proton 
pump inhibitors were identified as the 2 drugs with the 
highest likelihood to cause Mc [21]. Of note, given the 
increased incidence of Mc in postmenopausal women, 
sex hormones disturbances have been suggested as 
risk factors in the development of inflammatory bowel 
disease and other immune-mediated diseases as well 
as in Mc [22].

THERAPEUTIC INTERVENTIONS
currently the primary goal of therapeutic interven-

tions in Mc is to achieve clinical remission, whereas the 
role of histological remission is still unknown [23]. Bude-
sonide is the only drug with strong evidence of response 
rates up to 80%. Moreover, improvement of quality of 
life under budesonide treatment has been shown by a 
small number of studies [24, 25].  no evidence-based 
alternatives to budesonide have been proposed. there 
are no rcts for antidiarrheals drugs. Budesonide has 
been shown to be superior to prednisolone [26]. in-
deed, patients treated with budesonide were less likely 
to experience a recurrence compared to those under 
prednisolone [26].  Of note, rcts have shown that Mc 
patients achieve clinical remission within 4 weeks on 
induction therapy with 9mg budesonide or maintain 
clinical remission on 6mg or less of budesonide.  10% 
to 20% of these patients are non-responders and may 
be candidates for immunosuppressive therapy [24]. no 
sufficient data are available for bismuth subsalicylate 
and data have shown that mesalazine should not be 
used as induction therapy [25]. although evidence is 
limited, biologics should be considered when symptoms 

worsen, and patients are non-responders to budeso-
nide. Moreover, data are limited on long term use of 
biologics in Mc.

an algorithm for the treatment of Mc has been 
proposed by the european Microscopic colitis Group. 
antidiarrheals and/or cholestyramine may be use if 
there are mild symptoms. in active disease short-term 
budesonide (6–8 weeks) should be initiated and re-
administered in case of relapse. in more severe cases, 
biologics should be considered and as maintenance 
treatment, immunomodulators such as aZa or mer-
captopurine. in patients refractory to medical therapy, 
surgical treatment is a therapeutic option.

CoNCLUSIoN
Microscopic colitis is a chronic disease for which 

several data on genetics, autoimmunity and microbi-
ome influences have been generated in the last decade. 
Overlaps with inflammatory bowel disease have offered 
new insights into the etiopathogenesis of Mc as well 
as into treatment options. emerging studies suggest a 
role for biologicals and immunosuppressive therapies 
for the management of budesonide-refractory or bude-
sonide-dependent disease. Mc can have a substantial 
negative effect on patient quality of life and therefore 
well-designed clinical trials are mandatory to assess 
novel therapeutic interventions.
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Abstract

colorectal cancer is a common cause of cancer-related deaths. Significant advances have been made in recent years 
regarding the understanding of its pathogenesis. colorectal carcinomas develop through the serial accumulation 
of genetic and epigenetic events along two pathways: the chromosomal instability pathway, where adenomas are 
the precursor lesions and APC and KRAS mutations represent early events, and the cpG island methylator pathway, 
where serrated lesions are the precursor lesions, BRAF or KRAS mutations represent early events and epigenetic Mlh1 
silencing is a frequent occurrence activating the microsatellite instability pathway (MSi). carcinomas in patients with 
familial adenomatous polyposis develop along the chromosomal instability pathway, whereas in lynch syndrome 
mutations in mismatch repair genes (that is MLH1, MSH2, MSH6, PMS2) result in microsatellite instability. these devel-
opments have important therapeutic implications and testing for the presence of KRAS/BRAF mutations and MSi is 
recommended in patients with colorectal carcinomas to guide therapeutic decisions in the era of precision medicine.
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INTRoDUCTIoN
colorectal cancer (crc) is the second (women) and 

third (men) most common malignant neoplasm [1], with 
its incidence increasing in the last years, especially in 
low and middle income countries [2], probably due to 
lifestyle changes. it also represents the third (women) 
and fourth (men) most common cause of cancer-related 
death in humans [1]. increased cancer screening and 
development of newer therapeutic modalities has 
resulted in a decrease in mortality rates (in patients 
older than 50 years) [3]. there has been an increasing 
understanding of colorectal carcinogenesis pathways 
in the last two decades; cancer predisposition inherited 
syndromes, notably familial adenomatous polyposis and 
lynch syndrome, that consist 5% of all crc cases, have 
played a major role in this progress [4]. 

colorectal cancer develops through a stepwise ac-

cumulation of genetic and epigenetic abnormalities than 
enable cells to bypass proliferation control, evade apop-
tosis, avoid immune destruction, promote angiogenesis, 
and survive and proliferate at metastatic sites [5]. along 
this serial accumulation of genetic and epigenetic events, 
recognizable lesions are formed (i.e. adenomas, serrated 
lesions) that progress to more advanced lesions through 
additional mutations or epigenetic events, a process 
that requires 10 to 15 years [6]. the molecular pathways 
that have been linked to the pathogenesis of colorectal 
carcinoma are the chromosomal instability (cin) path-
way, the microsatellite instability (MSi) pathway, and the 
cpG island methylator phenotype (ciMP) pathway [7]. 
a fourth pathway, the polymerase proofreading aberra-
tions pathway is responsible for a minority (<3%) of crc 
tumors [3]. in this review we summarize the three major 
pathways of colorectal carcinoma pathogenesis, with an 
emphasis on the genes implicated, the associated cancer 
predisposition syndromes and the therapeutic implica-
tions of selected biomarkers. Preneoplastic lesions are 
also mentioned in brief.
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and localization [17]. AURKA is associated with centro-
some maturation and bipolar spindle formation. When 
overexpressed, it leads to amplified centrosomes and 
defective spindle formation. Subsequently, mitosis 
is inhibited and the incomplete cytokinesis results in 
multinucleation [9,18,19]. AURKA has been associated 
with some instances of cin in colorectal tumours [20]. 
AURKB is a passenger protein and participates in cytoki-
nesis, chromatid segregation and the modification of 
histones. its overexpression relates to advanced stages 
of colorectal cancer [21]. 

Telomere dysfunction has also been recognized 
as a causative factor for cin. chromosome ends are 
protected by telomeres, which are short dna sequences 
with their associated proteins. their main function is 
to protect the chromosome ends from double-strand 
breaks, occurring during segregation, and to prevent 
them from fusing [9,22].  however, after each replica-
tion round, a part of telomeric dna is lost, which leads 
to telomere shortening (end-replication problem). this 
occurs as a result of the inability of dna polymerase 
to fully form the 3’ end of linear chromosomes. When 
telomeres reach a critically short length, the cell enters 
senescence, while the ones that fail to complete this path 
undergo massive cell death, after entering a crisis-state. 
activation of telomerase, the enzyme that is responsi-
ble for elongating telomeres, or the alt (alternative 
lengthening of telomeres) mechanism, occurs in cells 
that manage to survive the aforementioned crisis [9].

DNA-damage response (DDR) mechanisms have 
evolved in order to detect structural dna alterations, 
occurring mainly because of environmental agents, 
reactive oxygen species and spontaneous hydrolysis of 
nucleotide residues [23,24]. these protein complexes 
play an important role in identifying an error in a dna 
sequence, so that the cell cycle is paused, allowing the 
damage to be repaired, or, in cases where the damage 
is beyond repair, halting cell’s growth or initiating its 
apoptosis.

as expected, cells with abnormal ddr are more sen-
sitive to dna damaging sources, and exhibit genomic 
instability. Specifically, some of the genes whose pro-
tein products participate in these signalling and re-
pair processes have been reported to relate to certain 
syndromes that predispose humans to cancers. Some 
examples are ATM (ataxia telangiectasia mutated) and 
ATR (ataxia telangiectasia and rad3-related) protein 
kinases, involved in louis-Bar syndrome and Seckel 
syndrome respectively, BRCA1, BRCA2 proteins, whose 

Chromosomal instability (CIN
the cin pathway consists of gains and losses of whole 

chromosomes or fractions of them and it usually occurs 
as a result of mutations in proto-oncogenes or tumour 
suppressor genes [8,9]. tumours developed through this 
pathway are characterized by aneuploidy (abnormal 
number of chromosomes in a cell, that is 46+/-n) and 
loss of heterozygosity (lOh, the somatic loss of wild-type 
alleles, concerning the entire gene and the surround-
ing chromosomal region). Genes frequently altered in 
tumours developing through cin can be divided in 
three categories, that represent different stages of cell 
cycle progression: chromosomal segregation, telomere 
stability and dna damage response [9–11]. 

Chromosome segregation results in separation of 
the duplicated chromosomes into the daughter cells 
during mitosis by the mitotic spindle [11]. this procedure 
is briefly paused by the spindle checkpoint, taking place 
in prometaphase, until all chromosomes have estab-
lished bipolar connections (bioriented chromosomes) 
to the mitotic spindle. On instances where specific 
pairs of sister chromatids are not properly aligned on 
the metaphase plate, usually due to kinetochores not 
being properly attached to microtubules or not under 
enough tension by spindle-pulling forces [12,13] a 
signal is generated so that anaphase is delayed [14]. 
this signal is received by a series of spindle-checkpoint 
proteins, including MAD1, MAD2, BUB3, BUB1, BUBR1, and 
CENP-E (centrosome protein e). the checkpoint inhibits 
the APC/C (anaphase-promoting complex/cyclosome) 
and its coactivator cdc20, (aPc/c(cdc20)). When all 
chromosomes are properly attached and aligned, the 
APC/C complex initiates ubiquitin-dependent degrada-
tion of securin and activation of separase, which in turn 
dissolves the cohesion between sister chromatids, by 
cleaving a multiprotein complex termed cohesin. co-
hesin is responsible for the cohesion between the sister 
chromatids and plays an important role in chromosome 
segregation in dividing cells [15].

Mutations in genes that participate in this process 
lead to errors in segregation and, occasionally, carcino-
genesis. More specifically, mutations in kinetochore 
proteins hRod/KNT, hZw10 and hZwilch/FLJ10036, which 
contribute to the spindle checkpoint, have been iden-
tified in colorectal cancer cases [16]. aurora kinases, 
which consist of AURKA (aurora a), AURKB (aurora B) 
and AURKC (aurora c), are serine/threonine kinases 
that also participate in regulating the process of chro-
mosomal segregation, each one having their own role 
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mutations lead to hereditary ovarian and breast cancer 
and WRN (Werner syndrome protein) linked to Werner 
syndrome. last but not least, mutations in TP53 protein 
have been causatively related to li-fraumeni syndrome, 
which has been linked to cin in colorectal cancer [9,25].  

The Wnt/β-catenin pathway plays an important 
role in the pathogenesis of colorectal cancer, primarily 
affected by mutations of the APC (adenomatous Poly-
posis coli) gene (5q21). the protein encoded by this 
gene participates in many cell functions, but especially 
noteworthy is its participation in the Wnt signalling 
pathway, as it is crucial for tumorigenesis. the purpose 
of the Wnt pathway is to control the translocation 
of β-catenin to the cell nucleus. after its migration, 
β-catenin, interacts with the TCF/LEF (t-cell factor/
lymphoid enhancer factor) family of transcription fac-
tors and, thus, transcriptionally activates various genes, 
which are involved in cancer growth. When Wnt ligands 
are absent, a complex consisting of APC, Axin, CK1 
(casein kinase) and GSK-3β (glycogen synthase kinase) 
mediates β-catenin degradation. More specifically, the 
amino terminal area of β-catenin is phosphorylated by 
the two kinases of the complex, which allows β-trcp, a 
protein with ubiquitin ligase activity, to recognize it. 
Subsequently,  β-catenin is ubiquitinated and subjected 
to degradation by proteasomes [26].

When a Wnt ligand is present, it binds to FZD (friz-
zled) and its co-receptors LRP5 or LRP6 (low-density 
lipoprotein). Subsequently, a complex called ‘signalo-
some’ is formed, which interacts with the Dvl protein 
(dishevelled) and causes LRP6 phosphorylation and Axin 
complex activation. this mechanism inhibits β-catenin 
phosphorylation. β-catenin is, then, translocated to the 
nucleus where it participates in transcriptional gene 
activation [26]. When APC is mutated, the β-catenin 
degradation complex is not formed and, the pathway 
is constantly activated, even in the absence of a signal, 
leading to uncontrolled cell proliferation [26–28]. 

it has been reported that APC mutations are an early 
event in colon carcinogenesis. APC appears somatically 
mutated in 5% of dysplastic aberrant crypt foci, 30%–70% 
of sporadic adenomas and 70% of sporadic tumors 
[9,29–31]. another, albeit not as common, mechanism 
responsible for APC gene inactivation is the hypermeth-
ylation of the gene’s promoter (seen in 18% of primary 
colorectal carcinomas and adenomas) [32]. in addition, 
germline mutations of APC have been directly linked to 
faP (familial adenomatous Polyposis), an inherited colon 
cancer predisposition syndrome (see below) [33,34]. 

apart from APC, gain-of-function mutations have 
been reported in the gene encoding β-catenin (CTNNB1) 
in 50% of colorectal tumours without APC mutations 
[32,35]. it has been shown that CTNNB1 mutations are 
more frequent in small adenomas (12.5%) than they are 
in large ones (2.4%) and invasive cancers (1.4%),  [36], 
a finding which suggests that they are not as prone to 
induce malignancy as aPc mutations. finally, AXIN and 
AXIN2/conductin gene mutations have been found in 
crc, albeit not in those developing through the cin 
pathway, but rather those with an MSi high phenotype 
(see below) [37,38].

in the adenoma to carcinoma sequence, in the cin 
pathway of crc carcinogenesis, a relatively early event 
following APC mutations and Wnt pathway activation, 
with significant clinical implications, is KRAS mutation [9]. 
Proteins that belong to the RAS family (three isoforms; 
KRAS, NRAS, and HRAS with >80% homology) possess 
the ability to bind guanosine triphosphate (GtP) and 
guanosine diphosphate (GdP), cycling between their 
active and inactive alternative states, respectively [39]. 
their role is to mediate a number of signalling pathways, 
so that extracellular signals are transduced to the cell 
nucleus, and enhance gene transcription, leading to 
initiation/regulation of cellular procedures, like cell pro-
liferation and growth, differentiation and migration [40]

raS, in its activated form, is involved in many signal 
transduction pathways, including the RAS/RAF/MAPK 
pathway (also known as the mitogen-activated protein 
kinase (MaPK) cascade) and the Pi3K/aKt pathway [40]. 
these pathways participate in regulating cell cycle, mi-
gration and apoptosis, tissue healing and angiogenesis, 
important hallmarks of carcinogenesis [5].

following ligand (i.e. epidermal growth factor-eGf) 
binding to its receptor (i.e. epidermal growth factor 
receptor-eGfr), the receptor is dimerized, auto-phos-
phorylated and activated, thereby activating adaptor 
proteins which enable raS to exchange its GdP with 
GtP. GtP-bound raS interacts with raf and activates 
a phosphorylation cascade. raf as a family consists of 
three serine/threonine kinases, a-raf, B-raf, and c-raf 
(first recognized as retroviral oncogenes in the avian 
retrovirus Mill hill 2 (Mh2), and the murine sarcoma 
virus (MSV) 3611 isolate) [41] which are activated by 
raS-GtP and in turn, phosphorylate and activate MeK1 
and MeK2. the latter are MaPKs (Mitogen-activated 
Protein Kinases), four different kinds of which have 
been recognized: erK, c-Jun n-terminal kinase (JnK), 
erK5 and p38 MaPK (p38) [42].  MeK1 and MeK2, which 
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panitumumab, targeting the extracellular domain of the 
receptor). thus, current guidelines from the american 
Society of clinical Oncologists, the college of american 
Pathologists, and the association for Molecular Pathol-
ogy recommend that extended ras analysis, including 
KRAS [exons 2 (codons 12,13), 3 (codons 59, 61) and 4 
(codons 117, 146)] and NRAS [exons 2 (codons 12,13), 
3 (codons 59, 61) and 4 (codons 117, 146)], should be 
performed to all patients with metastatic colorectal 
carcinoma considered for anti-eGfr therapy [58,59]. 
Only patients with wild-type KraS are candidates for 
this type of therapies [52,60] as those have a higher 
probability of responding to the treatment. this way 
patients not likely to respond are excluded and saved 
unnecessary toxicity, and cost. an estimate of 7500$ 
per patient is saved when these predictive markers are 
used in therapy selection [61,62]. 

TP53 is another gene frequently mutated in tumours 
associated with cin, albeit this happens relatively late in 
the pathway. this gene encodes a nuclear transcription 
factor which acts as a tumour suppressor, inducing cell 
cycle arrest when the dna appears damaged. that way, 
dna can be repaired or, in case of irreversible damage, 
the cell is led to apoptosis. loss of function mutations in 
TP53 have been reported in more than 50% of cancers, 
so TP53 dysfunction is generally considered a hallmark 
in human tumours [63]. regarding colorectal cancer, 
loss of function in tP53 has been increasingly found 
with progression of the lesion as it is seen in  4%–26% 
of adenomas, 50% of early carcinomas developing in 
adenomas, and in 50%–75% of late carcinomas [9,64], 
making tP53 mutations a defining event in the adenoma 
to carcinoma progression. Most of its mutations are 
missense: transitions of Gc to at principally occurring 
in five hotspot codons (175, 245, 248, 273, and 282) [65]. 

Other abnormalities frequently encountered in crc 
associated with cin are cOX-2 overexpression leading 
to overexpression of its product, PGe2, which regulates 
proliferation, tumorigenesis and angiogenesis [9,66], 
and loss of 18q (where SMad2 and SMad4, mediators 
of the tGfb pathway are located) [67,68]. Mutations in 
PiK3ca leading to its activation, occur late in the ad-
enoma to carcinoma progression in a small proportion 
of cancers [69] and even though there are some reports 
for a positive predictive function of their presence in 
regards to aspirin effect in reducing crc recurrence 
[70,71], data are conflicting [72] and current guidelines 
do not include PiK3ca mutational analysis as necessary 
for crc patients [58].

are characterized by substrate specificity, catalyse the 
phosphorylation of erK1 and erK2, which proceed to 
phosphorylate multiple substrates (because as opposed 
to their activators, they have a wider specificity), leading 
to the regulation of several transcription factors and, 
as a result the expression of multiple genes [9,43,44].  

KRAS is mutated in 30-50% of colorectal cancers 
[9,45] and is generally considered to be one of the on-
cogenes that are most frequently mutated in human 
cancers (also frequently mutated in carcinomas of the 
lung, pancreas, breast, and oesophagus) [46–49]. in 
colon cancer, KraS mutations are a relatively common 
event as they have been identified in 60-95% of aber-
rant crypt foci (the earliest morphologic manifestation 
of adenomas) [9,50,51]. KRAS mutations are not limited 
to carcinomas developing through the chromosomal 
instability pathway, but are an early event in serrated 
carcinogenesis too (through a traditional serrated ad-
enoma precancerous lesion) (see below).

KRAS mutations usually occur in exon 2, followed 
by mutations in exons 3 and 4. Most of its mutations 
consist of amino acid substitutions (caused by single 
nucleotide point mutations) in codons 12 and 13 of 
exon 2, amounting for 88% of recurrent mutations in all 
types of cancers. Mutations may also appear in codons 
59 and 61 of exon 3, and in codons 117 and 146 of exon 
4, albeit less frequently. On the other hand, NRAS and 
HRAS mutations are much less frequent than KraS 
mutations and are usually located in codons 61 and 59 
(exon 3), followed by codons 12 and 13 of exon 2 and 
117 and 146 of exon 146 [43,52]. these alterations have 
the same effect, diminishing the molecule’s endogenous 
GtPase activity and inducing a constant GtP-bound 
state, leading to continuous activation of the cascade 
and finally promoting cell survival, proliferation and 
migration and inducing carcinogenesis.

a therapeutic choice for metastatic colorectal carci-
noma is eGfr inhibition. in contrast to lung cancer, eGfr 
mutations are not common in colorectal cancer and 
their presence does not predict therapeutic response. 
in contrast, the presence of KRAS/NRAS mutations has a 
negative predictive role as they predict lack of response 
to eGfr targeting therapy [53], since activation of the 
pathway is due to a genetic event downstream of the 
receptor. initially, exon 2 KRAS mutations were identi-
fied as predictive [52,54,55], but further research [56,57] 
has shown that all the mutations mentioned above are 
associated with lack of response to anti-eGfr target-
ing therapy (monoclonal antibodies cetuximab and 
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familial Adenomatous Polyposis
familial adenomatous polyposis (faP) is an auto-

somal dominant syndrome, caused by germline APC 
(5q21) mutations (frequency 1 in 6,850 to 29,000 people) 
[73]. Patients with faP develop hundreds to thousands 
of adenomas, morphologically indistinguishable from 
sporadic adenomas. One or more adenomas will eventu-
ally progress to carcinoma and the lifetime probability 
of developing colorectal cancer in faP individuals is 
100%, unless a colectomy is performed (usually at an 
age between 15 and 25 years old) [74]. this syndrome 
presents with various degrees of penetrance and, thus, 
different phenotypes, which is not surprising considering 
the fact that causative mutations can occur at different 
loci in the gene and that environmental factors may 
alter the disease phenotype [74,75]. 

the hallmark feature of this disease is the develop-
ment of adenomatous polyps along the Gi tract be-
ginning in early adolescence, with a rapid increase in 
number and size with age, and progression to colorectal 
cancer by the fourth decade [33]. the adenomas that 

develop in faP are histologically similar to sporadic ad-
enomas (figure 1) [76]. almost 75% of patients suffering 
from faP have already developed colorectal carcinoma 
by the age of 30 [73].

lesions can develop not only in the colon and rec-
tum, but also throughout the Gi tract. in the stomach 
mostly fundic gland polyps are seen, usually benign 
and morphologically similar to their non-syndromic 
counterparts, but, unlike sporadic polyps, exhibiting 
dysplasia in 25% of the cases  [77]. in the small intestine 
adenomas are seen in 30-70% of patients with faP, most 
commonly in the periampullary region of the duodenum 
[74,78]. adenomas vary in size, from 1mm to > 1cm, and 
their number ranges from 100 to more than 5.000. at-
tenuated faP is characterized by <100 polyps, increased 
risk of crc development (albeit a little less than classic 
faP and at an older age) and mutations involving the 
5’ or 3’ part of the gene [75] 

Patients with faP occasionally present extracolonic 
manifestations [74,75] in the bones (osteomas in 65-80% 
of patients), teeth (dental abnormalities found in 30-75% 

Figure 1. Preneoplastic lesions of the colon. tubular adenomas develop through the cin pathway. Sessile serrated lesion is characterized 
by crypt serration that extends to their base. Mlh1 promoter hypermethylation and protein expression loss is characterized by dysplasia 
morphologically. traditional serrated polyp with the characteristic villous architecture and ectopic crypt formation. this lesion harboured 
a KRAS exon 2 mutation (G12X).
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of patients: impacted or unerupted teeth, tooth anky-
losis, congenitally missing teeth, supernumerary teeth, 
compound odontomas), retina (congenital hypertrophy 
of retinal Pigment epithelium, chrPe, the most com-
mon and earliest extraintestinal manifestation of faP), 
thyroid (cribriform-morular variant of papillary thyroid 
carcinoma), liver (hepatoblastoma), central nervous 
system (brain tumours in general, especially patients 
with APC mutations between codons 697 and 1224) [79].

after faP has been confirmed (clinical criteria or aPc 
mutation confirmed by genetic testing) [33], treatment 
can be surgical (colectomy with or without proctectomy) 
or non-surgical (nSaidS, cOX-2 inhibitors). however, 
delaying the former with the use of medication that 
reduces the number of adenomas has limited results 
[75]. annual screening is recommended even after the 
patient has undergone surgery [73,74]. 

MSI (Microsatellite instability)
Microsatellites represent repetitive dna sequences 

(1 to 8 nucleotide units long), found throughout the 
human genome [80,81]. alterations in their length 
are caused by dna polymerase slippage, resulting in 
insertion or deletion of base pairs, thus, altering the 
number of repeats [81–83]. responsible for recognition 
and correction of this type of errors (insertion/deletion 
mispairs) is the dna mismatch repair (MMr) system, 
which also repairs base mismatches [84]. 

the MMr system comprises of several proteins: 
hMutSα (formed by heterodimerization of MSh2 with 
MSh6) and hMutSβ (MSh2-MSh3 heterodimer) rec-
ognize mismatches and single base insertions/dele-
tions loops or 2-8 bases insertions/deletions loops, 
respectively. then, they recruit hMutlα (Mlh1-PMS2 
heterodimer), hMutlß (Mlh1-PMS1 heterodimer) or 
hMutlγ (Mlh1-Mlh3 heterodimer), along with replica-
tion factors and other proteins [83–85]. eXO1, single-
strand dna-binding protein rPa, proliferating cellular 
nuclear antigen (Pcna), dna polymerase d (pol d), and 
dna ligase i, are also involved in this process and medi-
ate the excision of the most recently synthesized helix 
(the one containing the error), its re-synthesis (with the 
correct sequence) and ligation of the new helix with the 
rest of the dna [84].  

loss of action of components of the dna MMr 
system (known as MMr deficiency), is associated with 
a propensity for multiple point mutations across the 
genome (hypermutability), as well as insertions and 
deletions in microsatellite sequences, the latter account-

ing for the name of this state as microsatellite instability 
(MSi or MSi-high) [86,87]. almost 15% of all colorectal 
cancers have been reported to display MMr deficiency 
and MSi [80,86]. defects in this system occur as a result of 
germline mutations in MMr genes (in lynch syndrome), 
or epigenetic inactivation by promoter hypermethyla-
tion (in sporadic MSi high tumours).  

Screening patients for MSi in colorectal carcinomas 
and determining MMr functionality is important, as it 
can help identify individuals with lynch syndrome. this 
has profound consequences not only for the patients 
themselves (increased colon surveillance for the devel-
opment of subsequent tumours, screening for the devel-
opment of tumours in other organs frequently affected 
in this syndrome), but also for their family members that 
may also be affected and need to be enrolled in screen-
ing programs [82,88]. in addition, MSi high carcinomas 
are associated with better prognosis [89] and according 
to the 2021 nccn guidelines adjuvant treatment is not 
needed for patients with MSi high stage ii tumours [90]. 
however, if adjuvant therapy is needed, MSi-h tumours 
do not respond well to therapy based on traditional 
cytotoxic agents (such as 5-fu, oxaliplatin, irinotecan) 
and different regimens should be used. lastly, in the 
metastatic stage, MSi can predict response to immune 
checkpoint inhibitors [80,81] such as anti-Pd-1 antibod-
ies (nivolumab, pembrolizumab) and the anti-ctla-4 
antibody (ipilimumab). consequently, pembrolizumab 
has been fda approved for use as first line treatment 
in patients with dMMr/MSi-h crc [91,92]. nivolumab 
(alone or in combination with ipilimumab) [93] has 
been fda approved for use in patients with dMMr/
MSi-h crcs that have progressed following treatment.

tumours that are MSi-h have been linked to certain 
characteristics, such as location in the proximal part of 
the colon, mucinous (i.e mucins pools with neoplastic 
cells floating within them) or medullary (solid nested 
or trabecular syncytial growth with tumor infiltrating 
lymphocytes) histology, poor differentiation, lower rates 
of KRAS and TP53 mutations, and increased immune 
cell infiltrates (sometimes with a crohn-like reaction) 
[94,95]. however, the predictive value of the histologic 
characteristics in regards to MSi status is rather low 
and, thus, histology is no longer used to guide deci-
sions regarding MSi testing [96].  all newly diagnosed 
colorectal cancers, regardless of family history, should 
be subjected to MMr or MSi testing, according to the 
college of american Pathologists, the american Society 
for clinical Pathology, the association of Molecular Pa-
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thology, and the american Society of clinical Oncology 
[58] and the national comprehensive cancer network 
(nccn) [90].

MSi and MMr status can be detected by various 
methods: MSi-Pcr, immunohistochemistry and next-
generation sequencing (nGS). regarding MSi-Pcr, 
the national cancer institute (nci) has recommended 
five microsatellite sequences as markers, known as the 
Bethesda panel: BAT25, BAT26, D2S123, D5S346 and 
D17S250 [97], albeit additional microsatellite markers 
are now commercially available. in principle, the length 
of each marker is compared between tumour tissue and 
normal tissue. tumours can therefore be classified in 
three categories, based on MSi status: MSi-high (MSI-H), 
indicating a difference in the length of two or more of 
the five markers in tumour dna, MSi-low (MSI-L), when 
only one marker exhibits a difference in its length, and 
microsatellite stable (MSS), when all markers have the 
same length  in tumour and healthy tissue [81,98,99].

another method for determining MSi status is de-
tecting the absence of the expression of one or more of 
the four MMr proteins (Mlh1, MSh2, MSh6 and PMS2) 
with immunohistochemistry (ihc), a state known as 
defective MMr (dMMr). Because these proteins function 
as heterodimers, PMS2 and MSh6 are usually unstable 
without Mlh1 and MSh2 expression (their dimer part-
ners), respectively. thus, when Mlh1 expression is lost, 
PMS2 (its dimer partner) is also lost (same with MSh2 
and MSh6) (figure 2). in contrast, Mlh1 and MSh2 are 
stable even when PMS2 and MSh6 are absent. therefore, 
loss of PMS2 and MSh6 is not accompanied by loss of 
their partners Mlh1 and MSh2, respectively [99,100]. 

comparison between the two methods (MSi-Pcr 
and immunohistochemistry) has shown a high level of 
concordance [99,101]. ihc advantages are that it is fast, 
low-cost and readily available in most laboratories, it has 
low requirements in terms of tissue quantity and is the 

preferred method in cases with low tumour content (i.e. 
intense inflammation) [102]. in addition, it can specifi-
cally indicate which MMr gene is mutated. however, in 
up to 10% of the cases, mutations in the MMr genes 
although affecting their function (thus, the cells are 
dMMr), they do not affect the protein’s expression 
(thus, immunohistochemistry is falsely positive) [103]. 
in addition, technical issues and previous therapy may 
affect the ihc results [102]. nonetheless, both methods 
are crucial as they complement each other in regards 
to recognizing defective MMr [104]. newer techniques, 
such as next generation sequencing are also effective in 
determining MSi status, with comparable results to Pcr 
and immunohistochemistry [105] and the advantages 
of simultaneous analysis of multiple genetic aberra-
tions [106,107], and, in some instances, not requiring 
paired normal tissue [108]. nGS challenges include high 
cost, increased technical demands, difficulties in data 
interpretation and poor diagnostic yield in samples 
with poor dna quality, but technology is continually 
improving [109,110] and, in the future, it may lead to 
its more widespread use.

Lynch syndrome
lynch syndrome, formerly known as hereditary 

nonpolyposis colorectal cancer (HNPCC, a term not cur-
rently preferred), is inherited by an autosomal dominant 
pattern and is characterized by a high risk of develop-
ing various types of tumours, especially, colorectal 
and endometrial carcinomas [111,112]. Other types of 
tumours that have a high probability of developing in 
individuals with lynch syndrome are carcinomas of the 
breast, ovary, stomach, pancreas, small bowel, liver, bile 
duct, kidney, prostate, and urinary tract. in addition, 
brain tumours, namely medulloblastomas, and certain 
types of skin cancers develop in variants of the disease 
(turcot and Muir-torre syndrome respectively [88], the 

Figure 2. this tumour from a 75-year-old female patient was located in the cecum, and displayed poor differentiation and advanced t 
stage (t4b) histologically. loss of both Mlh1 and PMS2 was seen immunohistochemically. a BRAF V600e mutation was detected. this is a 
prototype case of sporadic MSi-h crc (original magnification X20).
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former also termed constitutional mismatch repair defi-
ciency syndrome and is usually seen with homozygous 
mutations of one of the MMr genes [113]. 

inherited alterations in MSh2 (40%) and Mlh1 (30%) 
are responsible for the largest proportion of lynch 
syndrome cases, followed by PMS2, and MSh6. an-
other genetic event recognized as causative of lynch 
syndrome is the deletion of the ePcaM gene, resulting 
in MSh2 methylation and, thus, loss of its expression 
[114]. there are some differences in the phenotype of 
the disease depending on the affected gene, in regards 
of the risk and type of cancer that is developed [76]. 
the risk of cancer development is higher in MSh2 and 
Mlh1 mutations, followed by MSh6 mutations and 
the least when PMS2 is affected. in addition, the risk of 
extracolonic manifestations is null with certain ePcaM 
deletions [76].

CIMP (CPG ISLAND METHYLATOR PHENOTYPE)
cpG islands are regions where cpG dinucleotide (a 

cytosine nucleotide followed by a guanine nucleotide) 
clustering is observed and are commonly found in gene 
promoters. dna methyltransferases mediate the transfer 
of a methyl group to the c-5 position of the cytosine ring 
of dna, resulting in cpG methylation which negatively 
regulates gene expression [115]. the opposite process, 
dna demethylation, results in increased gene transcrip-
tion.  dna methylation is an epigenetic mechanism of 
gene expression regulation. epigenetic refers to the 
change in gene expression without any alteration in 
dna sequence [116]. tumours developing through this 
pathway are believed to harbour a methylator phenotype, 
meaning that there is a progressive increase in the meth-
ylation of cpG islands, leading to tumour suppressor gene 
silencing and, thus, tumorigenesis. an overlap with the 
MSi pathway is observed, as one of the genes frequently 
(although not always) undergoing hypermethylation 
in ciMP high carcinomas is Mlh1 [117–119]. in fact, in 
sporadic colorectal cancer, the MSi phenotype, arises 
as a result of epigenetic silencing of the Mlh1 gene 
by aberrant methylation of cpG islands in its promoter 
region. reportedly, epigenetic silencing of Mlh1 has 
been documented in more than 95% of MSi-h (MSi 
high) sporadic carcinomas [81,82,84,111,120]. 

approximately 20–30% of all crcs exhibit the ciMP 
phenotype and they are classified in three categories 
based on their hymermethylation level: low (ciMP-l), 
high (ciMP-h) or negative (ciMP-0) [121]. two panels 
of genes are now widely used to investigate the ciMP 

status of tumours (p16, hMlh1, Mint1, Mint2 and 
Mint31, described by toyota and cacna1G, iGf2, neu-
rOG1, runX3, and SOcS1 described by Weisenberg) 
[121,122]. ciMP-h is characterized by activation of the 
WnΤ/β-catenin pathway, probably induced by non-aPc 
mutations [121], frequent BRAF mutations and Mlh1 
methylation, with TP53 mutations rarely encountered. 
On the other hand, ciMP-0 exhibits a high TP53 muta-
tion rate, while ciMP-l is usually associated with KRAS 
mutations. 

Serrated polyps, characterized by a saw-toothed 
appearance under the microscope (epithelial infolding) 
are the precancerous lesions in tumours developing 
through this pathway, hence, also known as the serrated 
pathway. they are further classified in three categories 
based on their morphology: hyperplastic polyps, sessile 
serrated lesions and traditional serrated adenomas (TSAs) 
or polyps. Most of colorectal cancers with serrated lesions 
as precursors have been reported to harbour Braf mu-
tations (with KraS being less frequently mutated) and 
have been connected with sporadic MSi and cpG island 
methylator phenotype (ciMP) [117,121].   

Based on their morphology, polypoid lesions have 
also been associated with specific mutations and ciMP 
category. hyperplastic polyps (further classified into 
microvesicular hP, goblet cell hP and mucin poor hP) 
usually harbour a V600e mutation in Braf and belong 
to the ciMP-h category. Braf is often mutated in sessile 
serrated lesions which have been characterized as MSS 
and ciMP-h with an unmethylated Mlh1. the develop-
ment of dysplasia coincides with the appearance of 
MSi-h phenotype, Mlh1 methylation and higher risk of 
progression (as mentioned above). as for traditional ser-
rated adenomas or polyps, they often present with KraS 
or Braf mutations, and can either be ciMP-l or ciMP-h, 
and are MSS [121]. 

More specifically, the pathway usually starts with 
BRAF mutations (V600e point mutation) [123], which 
lead to continuous signalling in the raS/raf/MaPK 
pathway (described in previous paragraphs). Braf 
belongs to the raf (rapidly accelerated fibrosarcoma) 
family of kinases, originally identified through the clon-
ing of a viral mouse gene that induced transformation 
of nih3t3 cells. Braf is a non-receptor serine-threonine 
kinase that is located downstream of KraS. Once acti-
vated, (from KraS) it participates in phosphorylation 
cascades of the MaPK pathway and, thus, transcrip-
tional activation of genes involved in cell growth, 
proliferation, survival and migration. When mutated, 



colorectal cancer pathogenesis 229

ACHAIKI IATRIKI October - December 2021, Volume 40, Issue 4 

it is locked in its active form and mediates continuous 
activation of the pathway [124]. however, after the first 
wave of proliferation, that results in the development 
of hyperplastic polyps, one of the earliest manifesta-
tions of this pathway, the cell reaches a senescence 
state, and may remain there for a very long period; in 
fact, it may never progress. cell cycle regulators, such 
as p53 and p16INK4a, play an important role in this 
oncogene-induced senescence [125], as they halt fur-
ther proliferation. in some lesions however, silencing of 
these molecules or their regulators, for example IGFBP7, 
may ensue, resulting in cell’s escape from senescence 
and in following bursts of proliferation [117]. a sessile 
serrated lesion is the morphologic analogous of these 
molecular events. again, the lesion may remain stable 
for a long period, until Mlh1 is hypermethylated and 
dysplasia is encountered morphologically (sessile ser-
rated lesion with dysplasia) (figure 1). from this stage, 
evolution of the lesion to invasive cancer (through 
additional epigenetic events) is usually quicker than in 
the previous stages and Braf mutated, ciMP-h, MSi-h 
(sporadic MSi-h) carcinomas develop (figure 2 and 3) 
[121]. in some cases, the pathway may progress though 
epigenetic silencing of alternative genes (not MLH1), 
and then, Braf mutated, ciMP-h, MSS carcinomas 
develop [121,126,127].

BRAF mutations are seen in 5-15% of the patients 
with crc, with V600e being the most common and 
characterized by the substitution of valine by gutamic 
acid at the 600 position (located at the activation site 
of the molecule). BRAF mutations are more common 

in female patients, in tumours located in the right side 
of the colon and in MSi-h carcinomas [128]. testing for 
BRAF mutations is necessary for all MSi-h carcinomas 
(their absence indicates that the tumour has developed 
in the setting of lynch syndrome and should prompt 
germline genetic testing) [33]. BRAF mutations are as-
sociated with worse prognosis (in MSS tumours) and 
low response to eGfr targeting therapy [128,129]. 
Based on the results of the BeacOn trial [130], double 
inhibition of Braf (encorafenib) and eGfr (cetuximab/
panitumumab) is a therapeutic option for  BRAF V600e 
mutant crc after prior treatment [90].

in some instances, where the initiating event may 
be a KRAS (instead of BRAF) mutation, precancerous le-
sions are characterized as traditional serrated adenomas 
(figure 1), methylguanine methyltransferase (MGMt) 
gene is methylated [131] and carcinomas that develop 
have a KRAS mutated, ciMP-l, MSS/MSi-l molecular 
phenotype [121,127].

crcs have also been classified into five molecular 
subtypes [132,133], according to their MSi-ciMP status 
and the mutational profiles of KraS and Braf: (1) type 
1: MSi+, ciMP+, BRAF- mutated, KRAS- wildtype; (2) 
type 2: MSi−, ciMP+, BRAF- mutated, KRAS- wildtype; 
(3) type 3: MSi−, ciMP−, BRAF- wildtype, KRAS- mu-
tated; (4) type 4: MSi−, ciMP−, BRAF- wildtype, KRAS- 
wildtype; and (5) type 5: MSi+, ciMP−, BRAF- wildtype, 
KRAS- wildtype. these distinct categories also exhibit 
a different prognosis, with type 1 exhibiting the best, 
type 2 the worst and 5-4-3, with this order, having an 
intermediate prognosis [126] 

Figure 3. the serrated pathway of carcinogenesis. Poorly differentiated carcinoma developing in a sessile serrated lesion with dysplasia. 
note the loss of Mlh1 in the dysplastic and neoplastic epithelium while residual sessile serrated lesion retains its expression.
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CoNCLUSIoN
this review aims to describe the molecular path-

ways that have been implicated in the pathogenesis of 
colorectal carcinoma. as this type of cancer still com-
prises a major health risk nowadays, it is important to 
understand and analyse the underlying mechanisms, 
not only because they offer insights regarding the 
pathogenesis of the disease, but also because some of 
them have predictive and prognostic implications and 
form the basis for personalized therapy in crc patients.
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4. editorials
5. letters to the editor 
6. case reports 

Original research articles  
the maximum length of the main text is 3,500 words excluding 
the abstract, references, tables, and figure legends. a maximum 
of 6 tables and/or figures is allowed. references should not 
exceed a maximum of 100. 

Narrative Reviews / Systematic Reviews / Meta-analyses 
these manuscripts are solicited and unsolicited manuscripts 
that feature an organized and detailed review of the scientific 
literature about a particular topic. this section is peer-reviewed 
and acceptance for publication is not guaranteed. the maxi-
mum length of the main text is 5,000 words excluding the 
abstract, references, tables, and figure legends. a maximum 
of 6 tables and/or figures to summarize critical points is highly 
desirable. references should not exceed a maximum of 150. 

Editorials
editorials are usually solicited by the editor. the maximum 
length is 1500 words excluding the references, tables, and 
figure legends. One table or 1 figure is allowed. references 
should not exceed a maximum of 20. editorials may have a 
maximum of three (3) authors.

Letters to the Editor
letters to the editor will be considered for publication if they 
are related to articles published in recent issues of the achaiki 
iatriki Journal. the maximum length is 800 words (excluding 
references, table, and figure legend). a total number of 1 table 
or figure is allowed and up to 10 references. Such letters will 
be passed to the authors of the original paper, who will be 
offered an opportunity to reply. letters to the editor may have 
a maximum of two (2) authors.

Case Reports 
case reports should ideally include a short introduction, the 
case presentation and a brief discussion. the maximum length 
is 1500 words (excluding references, tables, and figure legend). 
a total number of 2 tables or figures is allowed. references 
should not exceed a maximum of 15. 

Formatting guide
the articles must by typewritten and double spaced. they 
should include the following sections, each starting on a 
separate page: 
•	 title Page
•	 abstract and Key Words
•	Main text
•	 acknowledgements
•	 references
•	 tables 
•	 figures
Margins should be not less than 2.5 cm. Pages should be 
numbered consecutively.

Abbreviations
do not use non-standard abbreviations. the use of abbrevia-
tions in the title and abstract should be avoided. abbreviations 
should be defined on their first appearance in the text; those 
not accepted by international bodies should be avoided.

Title page
the title page should include: 
•	 title of the manuscript
•	 Short title which will be used as a running head
•	 full name of each author 
•	  full location of department and institution where work was 

performed
•	  name and address for correspondence, including fax number, 

telephone number, and e-mail address. 
•	 conflict of interest disclosure.  
•	 declaration of funding sources.  
•	  author contributions according to the following criteria for 

authorship: conception and design; analysis and interpreta-
tion of the data; drafting of the article; critical revision of the 
article for important intellectual content; final approval of 
the article.

Abstract 
for Original articles, structured abstracts should be 250 words 
or less and include the following sections: Background, Meth-
ods, results and conclusion. review articles should carry an 
unstructured abstract which should not exceed 200 words. 

Key words 
the abstract should be followed by a list of 3–5 keywords which 
will assist the cross-indexing of the article and which may be 
published separated by semicolons.

Main Text
for the main body of the text, the recommended structure of 
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the manuscript is: 
•	 introduction
•	Materials and Methods
•	 results
•	 discussion
define abbreviations at first mention in text and in each table 
and figure.

Introduction
State the objectives of the work and provide an adequate 
background, avoiding a detailed literature survey or a sum-
mary of the results.

Materials and Methods
Provide sufficient detail to allow the work to be reproduced. 
Methods already published should be indicated by a reference. 
this includes a description of the design, measurement and 
collection of data, type and source of subjects, inclusion and 
exclusion criteria and measures of outcome, number of subjects 
studied and why this number was chosen. any deviation from 
the study protocol should be stated. randomized controlled 
trials should adhere to the cOnSOrt guidelines that can be 
found at: http://www.consort-statement.org. Observational 
studies should also adhere to Strobe statement: http://www.
strobe-statement.org/. diagnostic accuracy studies should 
follow the Stard statement: http://www.stard-statement.org/. 
Systematic reviews and Meta-analyses should adhere to the 
PriSMa statement: http://www.prisma-statement.org/.

Statistical analysis
the statistical methods used should be relevant and clearly 
stated. Special or complex statistical methods should be 
explained and referenced. describe statistical methods with 
enough detail to enable a knowledgeable reader with access to 
the original data to verify the reported results. When possible, 
quantify findings and present them with appropriate indica-
tors of measurement error or uncertainty (such as confidence 
intervals). avoid relying solely on statistical hypothesis testing, 
such as P values, which fail to convey important information 
about effect size. define statistical terms, abbreviations, and 
symbols. Specify the software used. 

Units
follow internationally accepted rules and conventions: use 
the internal system of units (Si). 

Results
results should be clear and concise. results should be explained 
and illustrated by using tables and figures. do not duplicate 
information contained in tables and figures.

Discussion
discussion should directly relate to the results of the study and 
should explore their significance. do not provide a general 
review of the topic. 

Conclusions
the conclusions should provide a summary of the key results 
and discuss the appropriateness and impact of this original 
work.

Acknowledgements
collate acknowledgements in a separate section at the end of 
the article before the references. acknowledgements should 
be made only to those who have made a substantial contri-
bution to the study. authors are responsible for obtaining 
written permission from people acknowledged by name in 
case readers infer their endorsement of data and conclusions.

References
ensure that every reference cited in the text is also present 
in the reference list (and vice versa). references should be 
numbered in the order they appear in the text. Manuscripts 
should follow the style of the Vancouver agreement detailed 
in the international committee of Medical Journal editors’ 
revised ‘uniform requirements for Manuscripts Submitted 
to Biomedical Journals: Writing and editing for Biomedical 
Publication’, as presented at http://www.icMJe.org/. in the text, 
references should be cited using arabic numerals enclosed in 
square brackets [1]. the last names and initials of all authors 
should be referred to if they are up to six, otherwise only the 
first six are referred, with et al following. references should 
also include full title and source information. Journal names 
should be abbreviated according to the standard in the index 
Medicus. no periods should be placed at the end of abbrevia-
tions of the journal.   

Journal article, up to 6 personal author(s):
example: al-habian a, harikumar Pe, Stocker cJ, langlands K, 
Selway Jl. histochemical and immunohistochemical evaluation 
of mouse skin histology: comparison of fixation with neutral 
buffered formalin and alcoholic formalin. J histotechnol. 
2014;37(4):115-24.

Journal article, more than 6 personal author(s):
example: liaw S, hasan i, Wade, V, canalese r, Kelaher M, lau P, 
et al. improving cultural respect to improve aboriginal health 
in general practice: a multi-perspective pragmatic study. aust 
fam Physician. 2015;44(6):387-92.

Journal article/ Issue with a supplement
example: Bonda c, Sharma P, lafaver K. clinical reasoning: a 28 
year-old woman with lower extremity spasticity and microcytic 
anemia. neurology. 2015;85(2) Suppl:e11-4.

Electronic journal article:
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pital admission for community-acquired pneumonia in a first 
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Book or pamphlet, organization as both author and publisher:
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pathology. 16th ed. Philadelphia: elsevier Saunders; c2013.

Poster presentation/session presented at a meeting or conference:
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Tables
tables should be typewritten, double-spaced, each one on a 
separate page and numbered consecutively with arabic numer-
als in the order of their appearance in the text. do not duplicate 
material presented in a figure. tables should include a short but 
concise title. tables should read vertically when possible. Place 
explanatory matter in footnotes, including any non-standard 
abbreviation. if data from another published or unpublished 
source are used, obtain permission and acknowledge fully.

Figure legends
figure legends should be listed one after the other, as part 
of the main text, separate from the figure files. each figure 
legend should have a brief title (in bold with figure number) 
followed by a description of each panel, and the symbols 
used. the statistical test used as well as the values of statisti-
cal significance (whether significant or not) should always be 
included in the figure legends. if a figure has been published 
previously, acknowledge the original source and submit written 
permission from the copyright holder to reproduce it. authors 
will be required to pay for the extra cost of printing illustrations 
in color. however, there is an option to have their images in 
color in the electronic version of their manuscript and in grey 
scale in the printed version. 

Figures 
all figures for review should be submitted as a separate file in 
JPeG or tiff format in grayscales or in rGB color mode with a 
resolution of at least 300 dpi. number figures consecutively 
using arabic numerals. 
Photographs should be submitted as tiff with a resolution of 
at least 300 pixels per inch; or illustrator compatible ePS files 
with rGB color management or Photoshop or editable Pdf 
files (grayscales or rGB).
Photographs of identifiable patients should be accompanied 
by written permission to publish from patient(s). 
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and in grey scale in the printed version. 

Ethical Considerations
an author should not publish manuscripts describing essen-
tially the same research in more than one journal or primary 
publication. it must not be under consideration for publication 
elsewhere, and, if accepted, must not be published elsewhere 
in similar form, in any language. the international committee 
of Medical Journal editors has a full description about duplicate 
or redundant publication (http://www.icmje.org). 
authorship should be limited to those who have made a sig-
nificant contribution to the conception, design, execution, or 

interpretation of the reported study. 
the ‘achaiki iatriki’ editors endorse the principles of the decla-
ration of helsinki and expect that all investigations involving 
humans will have been performed in accordance with these 
principles. 
authors should carefully protect patients’ anonymity. Manu-
scripts reporting data from research conducted on humans 
must include a statement of assurance in the materials and 
methods section describing that: written informed consent 
was obtained from each patient included in the study and that 
the study protocol conforms to the ethical guidelines of the 
1975 declaration of helsinki as reflected in a priori approval 
by the institution’s human research committee. 
do not use patients’ names, initials, or hospital numbers, 
especially in illustrative material. 
for animal experimentation reported in the journal, it is expect-
ed that investigators will have observed the interdisciplinary 
Principles and Guidelines for the use of animals in research, 
testing, and education issued by the new york academy of 
Sciences’ adhoc committee on animal research. 
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Inform Consent  
Patients have a right to privacy that should not be infringed 
without informed consent. information such as patients’ names, 
initials, or hospital numbers, should not be published in written 
descriptions, photographs, and pedigrees unless the informa-
tion is essential for scientific purposes and the patient (or parent 
or guardian) gives written informed consent.
identifying details should be omitted if they are not essential. 
complete anonymity is difficult to achieve, however, and in-
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is inadequate protection of anonymity. if identifying charac-
teristics are altered to protect anonymity, such as in genetic 
pedigrees, authors should provide assurance that alterations 
do not distort scientific meaning.
further information at international committee of Medical 
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Journal editors (“uniform requirements for Manuscripts Sub-
mitted to Biomedical Journals”) -- february 2006

Human and Animal Rights
Manuscripts reporting experiments using humans or animals 
must include a statement giving assurance that all humans or 
animals received human care and that study protocols comply 
with the institution’s guidelines. When reporting experiments 
on human subjects, authors should indicate whether the pro-
cedures followed were in accordance with the ethical standards 
of the responsible committee on human experimentation 
(institutional and national) and with the helsinki declaration 
of 1975, as revised in 2000. When reporting experiments on 
animals, authors should be asked to indicate whether the insti-
tutional and national guide for the care and use of laboratory 
animals was followed.
further information at international committee of Medical 
Journal editors (“uniform requirements for Manuscripts Sub-
mitted to Biomedical Journals”) -- february 2006

Copyright assignment
upon acceptance of an article, authors will be asked to complete 
a copyright assignment indicating that exclusive copyright in 
the paper is assigned to the Publisher. 

MANUSCRIPT PROCESSING AND REVIEW

Submission 
Submission to achaiKi iatriKi proceeds via email to achaiki.
iatriki@gmail.com

Review process
each manuscript submitted to achaiKi iatriKi is assigned to a 
Section editor who has expertise on the subject of the manu-
script. the Section editor initially evaluates the manuscript if 
it is appropriate and competitive for publication and sends 
the manuscript to 2-4 reviewers who are experts in the field. 

PUBLICATION

Proofs
Proofs will be made available to the author(s) to be checked. 
it is the responsibility of the author(s) to make sure that the 
quality and accuracy of the manuscript, figures, and tables 
in the proofs is correct. at this stage, authors may make only 
minor corrections. authors should return their proofs within 
48 hours, by e-mail. at this point the author may order reprints, 
which are charged according to the number of reprints and 
the number of pages of the article.
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