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Expression of matrix metalloproteinases (MMPs) and their
inhibitor (TIMP) genes on mRNA and protein levels in oral
squamous cell carcinoma
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Introduction. To investigate the mRNA and protein expression of MMP-2, MMP-9, MMP-7 and their tissue inhibitor TIMP-2
in tissue specimens with oral squamous cell cancer (OSCC) and in healthy tissues.

Material and methods. The expression genes of MMP-2, MMP-9, MMP-7 and TIMP-2 on mRNA levels were detected
by the RT-PCR method in 31 samples with oral squamous cell carcinoma and in 31 healthy, control tissues. Secondly, the
concentration of the analysed metalloproteinases and their inhibitor was assessed in tumor and non-tumor tissues using
the enzyme-linked immunosorbent assay (ELISA) method.

Results. The mean values of gene expression of MMP-2, MMP-7, MMP-9 and TIMP in tissues with oral squamous cell cancer
were significantly higher in comparison to normal ones (p < 0.0001). Similar observations were found for concentration
levels of analysed MMPs and TIMP in tissues with and without oral cancer (p < 0.0001).

Conclusions. The present study demonstrated that MMP-2, MMP-7, MMP-9 and TIMP-2 gene expression on protein and
mRNA levels is higher in oral squamous cell carcinoma tissues than in healthy control tissues. This may suggest that MMPs
and TIMP play an important role in tumorogenesis. We did not observe any correlation between the clinicopathological

characteristics of patients with OSCC and expression levels of MMPs and TIMP.

Key words: ELISA, enzyme assays, oral cancer, metalloprteinases

Introduction

According to the WHO, the incidence of only oral cancers worl-
dwide ranges from one to ten cases per 100 000, and the number
of new cases grows every year [1]. A similar situation can be
observed in Poland. According to the National Cancer Regjistry,
oral cancers account for 4% of all cancer cases in men and 1%
in women. In 2010, in Poland, the frequency of oral cavity and
pharynx cancerin men was 1.4 times higherthan the average for

men in other EU countries (data from 2009), while in women this
difference was smaller (about 1.2 times) [2]. In 2012, 1725 new
cases of oral mucosal cancer were recorded [3]. In 2015, there
was an increase by over 4000 new cases of malignant tumoursin
total. [t should be mentioned thatin the same year the Malignant
Cancer Notification Card (KZNZ) was introduced for the first
time, which would help with rapid diagnosis and oncological
treatment, as well as improve the quality of statistical data [4].
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Despite the fact that the knowledge on prevention and
treatment of oral canceris increasing, the number of new cases
increases every year, and treatment outcomes remains poor.
New prognostic factors are being searched for, which could
enable more precise determination of prognosis and selection
of the optimal treatment methods required. Phases of head
and neck carcinogenesis are now being widely investigated.

[t was observed that the initiation of metastatic process
depends on the ability of the primary oral squamous cell
cancer (OSCC) to destroy/digest the extracellular matrix (ECM).
This enables the penetration of tumor cells to the basement
membrane (BM) and the initiation of angiogenesis [5-8]. De-
gradation of BM, which is the first barrier inhibiting growth of
the tumor, allows the invasion of the adjacent tissues and blood
vessels. This process takes places in the pericellular environ-
ment and is a highly controlled cascade of events. Proteolytic
enzymes are mainly responsible for these processes, among
which metalloproteinases (MMPs) play a special role. MMPs
calcium-dependent zinc-containing endopeptidases have va-
rious functions in the human organism. Twenty-five members
of the MMP family have been identified [9, 10]. Most of them
are involved in common physiological processes like tissue
regeneration and angiogenesis, morphogenesis, proliferation,
differentiation and cells apoptosis [9-14].

It was discovered that stromal cells take part in the up-
-regulation of MMPs [15, 16]. It has been assumed that the
tumorogenesis of OSCC is possible due to the ability to utili-
se metalloproteinases produced by stromal cells of the host
[16-18]. There is also a theory that cancer cells can stimulate
their liberation [19].

The MMP family includes 25 different enzymes which
have different functions. It appeared that MMP-2 and MMP-9
degrade collagen type IV which builds the BM, and MMP-7
degrades fibronectin, tenascin and 34 integrin [12, 17, 20-25].

A group of enzymes that are tissue inhibitors of metallo-
proteinases (TIMPs) have also been distinguished. Their role
is to inhibit the activity of MMPs. The aim of this study was to
investigate the mRNAs and protein expression of MMP-2, MMP-
9, MMP-7 and their tissue inhibitor TIMP-2 in tissue specimens
with oral squamous cell cancer and in healthy tissues.

Material and methods

Study group

31 patients (3 women and 28 men) aged 60.6 + 7.3 years
were included in the study. Out of the 26 examined patients,
12 declared their rural origins and this group constitutes almost
half of the total assessed patients. All of them were diagnosed
with oral squamous cell carcinoma and underwent surgery at
the Cranio-Maxillo-Facial and Oncological Department in the
years 2015-2017. Patients enrolled in this research did not
obtain any induction therapy. Tumor size and cancer staging
were assessed according to the guidelines of the Union for

International Cancer Control (UICC) and the American Joint
Committee on Cancer (AJCC) [26, 27]. We also gathered infor-
mation concerning lymph node metastates (negative — NO
versus positive — N1, N2, N3, N4) and smoking and alcohol
habits. None of the patients had distant metastases at the
date of inclusion in the study. The study group characteristics
were presented in table I. This study was approved by the
Ethics Committee (RNN/203/13/KE). The participant’s informed
consent was obtained verbally.

Sample collection and preparation

We gathered tissue fragments from cancerous lesions and from
normal tumor adjacent tissue from all the patients enrolled in
the study. Samples were preserved and stored at -80°C. Normal
tissue was taken to be a control group. Control tissues were
excised from a site distant by at least 2 cm from the macrosco-
pic tumor border and confirmed as not having precancerous or
cancerous lesions in the histopathological assessment. Tumor
tissues were also histopathologically examined — oral squamo-
us cell carcinoma was confirmed in all cases.

RNA extraction and analysis

From the frozen samples, RNA was extracted with the use of
TRIZOL (Invitrogen Life Technologies) liquid — a liquid extrac-
tion technique with acid guanidinium thiocyanate-phenol-
-chloroform. The obtained RNA fragments were separated
by an agarose gel electrophoresis. Only samples with well

Table I. Characterisation of patients with oral cancer (n = 31)

Variables No. of patients (%)

sex female 3(10)
male 28 (90)
age <65 23 (74)
>65 8(26)
primary tumor size (T) T 2(7)
T2 1(3)
T3 0(0)
T4 28(90)5
nodal melostosen NO 19(61)
N1 4(13)
N2 7(23)
N3 10)
clinical stage | 2(7)
I 10)
i 000
IVa 27 (87)
Vb 0(0)
Ve 103)
histopathological grading Gl 103)
G2 25(81)
G3 5(16)



preserved ribosomal 28S, 185 and 55 RNA were used in the
study. Secondly, the RNA was digested with the DNAse | en-
zyme (GIBCO) for 15 min. at room temperature. Five RNA of
prepared ribonucleic acid were used for a reverse transcription
reaction at 42°C. for 60 min, according to manufacturer proto-
col (ImProm-IITM Reverse Transcription System kit, Promega,
USA). Obtained cDNA was then used in a real-time polymerase
chain reaction (PCR) (Tag Mantm, Fast Start Universal Probe
Master, ROX, Roche). In the real-time PCR, we used primers
that were designed with the use of the Universal Probe Library.

Substrates for real-time PCR were performed in 50 pl final
volume with 0.05 pg of cDNA 25 pl of Fast Start Universal
Probe Master (ROX), 250 nM probe and 1 uM of each primer.
PCR was carried out in a typical manner. Initialization consi-
sted of heating the reaction chamber to a temperature of for
10 minutes to activate the Fast Start Tag DNA polymerase. Elon-
gation included 40 rounds of 15 sec each at 95°C. Detection
of amplification was performed with the use of an ABI Prism
7000 Sequence Detection System (Applied Biosystem). Each
sample was tested in triplicate in independent reactions. The
obtained real-time PCR data was automatically calculated with
a special module using the 222 method. Validation of PCR
efficiency was performed. Serial dilution was done to prepare
standard curves for each assessed gene.

Determination of MMP-2, -7, -9, TIMP-2 levels
using Enzyme-Linked Inmunosorbent Assay
(ELISA)

The expression of the MMP-2, MMP-7, MMP-9 metalloprote-
inase proteins and their TIMP-2 inhibitor were assessed using
a sandwich ELISA (enzyme-linked immunosorbent assay) from
RayBiotech. The ELISA test was performed three times for each
slice. Laboratory procedures were carried out in accordance
with the manufacturer’s instructions. The first step was to
perform the coat stage, which was carried out by adding solid
phase to the wells (where there were specific antibodies to
human proteins MMP-2, MMP-7, MMP-9 and TIMP-2), tested
samples (tissue homogonates) and control samples. After the
incubation process, the plate is washed. Secondary antibodies
labeled with horseradish peroxidase conjugated streptavidin,
were then added. The wells were rinsed again. In the next
step, a substrate (tetramethylbenzidine, TMB) was added for
the enzyme (horseradish peroxidase) bound to the antibody;
as a result of the enzymatic reaction this turns into a coloured

product. Using spectrophotometry, the colour intensity was
determined after a specified duration of reaction (Thermo
Labsystem Multiskan Ascent 354), thanks to which the me-
asurement of the antigen concentration in the material used
for the tests was obtained.

Statistical analysis
For data distribution that differed significantly from normal
distribution, non-parametric tests were applied. A Wilcoxon
test for paired data and a Mann-Whitney U test was used to
determine the statistical significance of differences among the
various analysed independent groups. In the case of covariates
of interest, Spearman rank correlation coefficients were used.
The p < 0.05 was considered as a level of statistical significance.
All the calculations were derived by means of Statistica v12.0
software.

Due to the retrospective nature of this study, it was granted
an exemption in writing by the Medical University of Lodz IRB.

Results

MMPs and TIMP mRNA expression
Our study revealed that the mean values of gene expression of
MMP-2, MMP-7, MMP-9 and TIMP in tissues with oral squamous
cell cancer were significantly higher in comparison to normal
ones (p < 0.0001). The detailed data was presented in table II.
We did not observe any relevant statistical correlation
between the mRNA expression of analysed metaloproteinases
and the clinicopathological features of patients with OSCC.

Protein levels of MMPs and TIMP

There was a significantly higher concentration of MMP-2, MMP-7,
MMP-9 and TIMP in tissues with cancer than in control tissues
(p < 0.0001), (tab. ).

No statistically significant correlation was noticed between
protein levels of MMPs or TIMP analysed and the clinicopatho-
logical features of patients with OSCC like TNM advancement
of tumor, clinical stage histopathological grading, smoking,
patients'age and gender (p > 0.05).

Discussion

Our study revealed that there was a higher expression of
MMP-2, MMP-7, MMP-9 and TIMP mRNA in tissues with oral
cancer than in normal tissues. We also observed that the

Table II. Comparison of mRNA level of selected genes (222 expression) in tumor samples and tumor adjacent normal tissues

Tumor adjacent normal tissues

mean * SD

MMP-2 31 032 = 010
MMP-7 31 024 = 007
MMP-9 31 029 = 015
TIMP-2 31 026 = 008

009 = 003 <0.0001
012 £ 004 <0.0001
014 = 004 <0.0001
012 += 003 <0.0001
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Figure 1. Comparison of mRNA level of selected genes in tumor sampels and tumor adjacent healthy tissue

Table I1l. Comparison of protein concentrations (ng /ml) of MMP-2, MMP-7, MMP-9, TIMP-2 in tumor samples and tumor adjacent normal tissues

ormal tissues

MMP-2 31 941 = 179 498 + 102 <0.0001
MMP-7 31 237 £ 45 144 + 31 <0.0001
MMP-9 31 319 + 87 172+ 33 <0.0001
TIMP-2 31 138 + 86 56 + 18 <0.0001*

affected tissues had a significantly higher concentration of
the analysed MMPs and their inhibitor. Many authors noticed
similar results. The MMPs expression was found to be higher
in neoplastic tissues from the head and neck region [28-30].
Higher protein concentration of MMP-2, MMP-7 and MMP-9
in head and neck cancers has also been reported by other

authors [29]. Numerous studies have revealed a significan-
tly increased level of the different MMPs expression and
their inhibitors in head and neck cancers in comparison to
healthy tissues [16-18, 20-25]. Most frequently, researchers
investigate the potential role of MMP-2, MMP-3, MMP-8 and
MMP-9 in tumorogenesis of oral squamous cell carcinoma
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Figure 2. Comparison protein concentrations of MMP-2, MMP-7, MMP-9, TIMP-2 in tumor sampels and tumor adjacent healthy tissue

[28-31] Singh et al. investigated different combinations of
MMPs and tissue inhibitors of MMPs for achieving better
clinical efficacy [32].

In our study, we did not observe any significant correlation
between either MRNA or the protein expression of MMP-2,
MMP-7, MMP-9 and TIMP-2 and clinicopathological features
like clinical stage, tumor size (T) and nodal status (N), as well
as histopathological grading.

The major clinical problem in treating patients with oral
cancers is local infiltration and the resulting destruction of
critical structures, which is responsible for a majority of cancer
related deaths, due to tumor involvement in critical organs [33].
Proteolytic degradation of ECM is an essential part of this pro-
cess and different proteinases — including MMPs — have been
proven to take part in it [34]. These observations prompted

researchers to look for a relationship between gene expression
of metalloproteinases and tumor progression. Thomas G.T. et al.
and Kawamata H. et al. presented the idea that gelatinases and
their tissue inhibitors are not only over-expressed in tissues
with oral squamous cell carcinoma, but are also related to
tumor progression and invasion [18, 35]. A statistical correlation
was observed between gelatinase mRNA, immunoreactive
proteins or enzyme activity and clinical advancement of the
OSCC-like tumor invasion or metastases to the lymph nodes
[17,36]. Similar observations were made by MiyajimaY.etal.in
hypopharyngeal squamous cell carcinoma [37]. On the other
hand, there were also some reports that had results that were
in accordance with ours. They proved a higher expression of
MMPs in cancerous tissues but did not find any association
between MMP protein expression and the stage or grade of



Table IV. Characterisation of patients with laryngeal cancer (n = 96)

Variables No. of patients (%)

sex female 3(10)
male 28 (90)
age <65 23 (74)
>65 8 (26)
primary tumor size (T) T 2(7)
T2 103)
T3 000
T4 28 (90)
nodal metastases NO 19 (61)
N1 4(13)
N2 7(23)
N3 106)
clinical stage | 2(7)
Il 10)
I 000
IVa 27 (87)
Vb 0(0)
Ve 1)
histopathological grading Gl 103)
G2 25(81)
G3 5(16)

the tumor [38]. Vicente J.C. et al. demonstrated over-expres-
sion of MMP-2 and MMP-9 and found a significant correlation
between MMP-2 and MMP-9 and lymph node metastasis in
patients with OSCC [39].

In the literature, there is a wide variety of results regarding
MMPs, expression and their association with tumor staging in the
head and neck region. The data on the correlation of the expres-
sion of metalloproteinases with invasion and nodal metastasis
are inconclusive and the potential predictive role of MMPs and
TIMPs in head and neck cancer progression and the influence on
patients'treatment outcomes is still controversial. Several factors
may contribute to this. First of all, there are different methodolo-
gies, as well as different antibodies, used in the analysed studies.
Secondly, oral squamous cancer presents a heterogeneity of cli-
nical features. Some authors failed to analyse TIMPs in association
with MMPs, and it should be emphasised that the analysis of the
interaction between the metalloproteinases and their inhibitors
is more important than analysis of just one component [40].

Conclusions

The present study demonstrated that MMP-2, MMP-7, MMP-9
and TIMP-2 protein levels and mRNA expression is higher in
oral squamous cell carcinoma tissues than in healthy control
tissues. This may suggest that MMPs and TIMP play an impor-
tantrole in tumorogenesis. We did not observe any correlation
between the clinicopathological characteristics of patients
with OSCC and expression levels of MMPs and TIMP.
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Local excision vs. radical surgery in treating rectal nets
considering the biology of neuroendocrine tumors (NETS)
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Introduction. Local excision (LE) is performed for rectal neuroendocrine tumors (NETs) <1 c¢m in size, whereas radical
surgery (RS) is performed for larger tumors. The lack of data and limited number of studies support such approaches. Thus,
we determined oncological outcomes after primary tumor resection in patients with rectal NETs and identified other
factors of NETs that could influence oncological outcomes.

Material and methods. \We retrospectively examined patients with |-l stage rectal NETs who underwent different surgical
approaches, including LE or RS, in Severance Hospital, Korea between 2006 and 2017. The association between surgery
extent, tumor size (TS), depth of invasion and biological factors of NETs was examined. Oncological outcomes were analyzed.
Results. Local excision (LE) and radical surgery (RS) were performed in 64 and 23 patients, respectively. Patients who
underwent RS were more likely to have larger TS; deeper invasion; higher grade, mitotic index, Ki-67; more lymph node
metastasis (LNMts); and a higher lymphovascular invasion rate (p < 0.001). Most patients with TS < 1.0 cm underwent
LE had better DFS and OS. Primary TS > 10 mm was an independent predictor of invasion (p = 0.001) whereas depth of
invasion was an independent predictor of LN metastases (p = 0.003). In the multivariate analysis, only invasion was an
independent factor associated with poor DFS and OS (p = 0.023 and 0.015, respectively).

Conclusions. Local excision could be an effective method to use in treating rectal NETs in the early stage of the disease,
and depth of invasion was an important factor influencing oncological outcomes. Our findings need to be confirmed in

future prospective and randomized studies.

Key words: rectal neuroendocrine tumor, local excision, radical surgery, invasion, tumor size

Introduction

Rectal neuroendocrine tumors (NETs) are rare tumors acco-
unting for approximately 2% of all rectal tumors. However,
rectal NETs are the second most frequent tumors among all
gastrointestinal tract NETs and account for 20%; they have
showed the highest recent increase in incidence [1, 2]. The
prognosis for rectal NETs is favorable, with a 5-year survival rate
of approximately 90% [3-5]. The current National Comprehen-
sive Cancer Network (NCCN) and European Neuroendocrine
Tumor Society (ENETS) guidelines advise providing aggressive

surgical treatments for rectal NETs >2 cm in size [6, 7]. However,
these size-based surgical approaches are controversial because
only limited studies on these approaches are available [8-10].
Common surgical methods, including low anterior resection
or APR, are used to excise rectal NETs >2 cm in size [6, 11, 12].

Endoscopic approaches, including endoscopic submuco-
sal dissection (ESD) and endoscopic mucosal resection (EMR),
enable resection of rectal NETs with small sizes (<10 mm) and
are recommended by the ENETS 2016 guidelines [7]. However,
these endoscopic methods have a high rate of positive resec-
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tion margins (approximately 24%-46%) according to some
modern studies [13, 14]. Lee at al. revealed 17% positive resec-
tion margins after EMR among patients with tumors 15 mm
in diameter [15]. Studies demonstrated a significant improve-
ment with approximately 96% complete resections when ESR
was used instead of EMR [16-18]. Transanal minimally invasive
surgery (TAMIS) or transanal endoscopic microsurgery (TEM)
enable safe resection of rectal NETs with negative margins,
although the size is >2 cm [19-20].

Some studies have suggested that the size of rectal NETs
is one of the most important factors in prognosis. According
to their results, positive LN metastasis significantly increase
with the size of the tumor and was observed from 40 to 80%
of patients with tumor size >2 cm [21-25].

In contrast, a recent assessment of the SEER database
showed that LN metastasis occurred in only 11.7%, and distant
metastases occurred in only 12% of tumors >2 cm [26]. Accor-
ding to other modern data, there are no significant differences
in oncological outcomes among patients with rectal NETs of
different sizes (<2 or >4 cm) who underwent local excision
or standard surgical approaches with disease-free LN status
[26]. Moreover, there was a paradoxical contradictory report of
outcomes after local excision versus radical surgery. The 10-year
overall survival (OS) rates for T2 rectal NETSs after local excision
or radical surgery were 79.8% and 63.2% and those for T3/4
were 82.39% and 28.3%, respectively (p < 0.01).In addition, Ki-67
>3% and lymphatic or venous invasion were strong predictors
in multivariate analysis [27].

It is worth indicating that compared with local excision
approaches, low anterior resection of the rectum or abdomino-
perineal resection significantly compromises the quality of life
(QOL) of patients. It also can be hypothesized that the biologi-
cal features of NETs appear to play a more important role than
the size of NETs. For example, NET features, including high Ki-67
index, high grade and mitotic index, and lymphovascular inva-
sion are more crucial when the surgical approach is chosen and
their presence results in varying prognosis [26, 28]. However,
the nature and biology of rectal NETs needs to be considered
in further studies because of their increasing incidence and
the promising results of local excision with no evidence of LN
metastasis. The new data might prove the effectiveness of
local excision with the same oncological outcomes as radical
surgery but with better QOL for patients.

Thus, this study aimed to determine oncological outco-
mes depending on the extent of primary tumor resection in
patients with |-l stage rectal NETs in addition to identifying
other factors associated with NET biology and aggressiveness
that can influence oncological outcomes.

Materials and methods

In this single-center, retrospective, nonrandomized study,
patients with -l stage rectal NETs who underwent different
surgical treatments, including local excision or radical opera-

tion, in Severance Hospital, Yonsei University Health System,
Seoul, Korea between 2006 and 2017, were examined. Data
were collected from the electronic medical record database
of Severance Hospital. The clinicopathological characteristics,
such as patients’ age at diagnosis, gender, year of diagnosis,
type of operation, stage, grade, differentiation, distance from
AV, mitotic index, Ki-67, CD56, synaptophysin, chromogranin
status, depth of invasion, and last follow-up status (alive/dead),
were obtained from the database. Type of operation was defi-
ned as radical surgery, which included low anterior resection,
abdominoperineal resection and intersphincter resection per-
formed via the open or laparoscopic/robot approach; local
excision was performed by TAMIS or transanal excision. All
types of operations were included for retrospective analysis
based on inclusion and exclusion criteria.

Based on the inclusion and exclusion criteria, patients were
categorized depending on the surgical approach and clinico-
pathologic characteristics. The inclusion criteria were as follows:
localization — rectum; stage |, Il and Il (AJCCTNM 7t ed.); tumor
size ranging from 1 to 50 mm; tumor distance within 15 cm
from the anal verge; type of operation (local excision versus
radical surgery); patient’s age between 19 and 80 years and
the availability of histopathological and radiologic data. The
exclusion criteria were as follows: stage IV (AJCCTNM 7t ed)),
patient’s age <19 or >80 years, treatment for previous cancer
besides rectal NETs; follow-up loss; or incomplete clinical/
histopathological/radiologic data.

The primary endpoints of this study were long-term survi-
val outcomes of patients with rectal NETSs after surgical treat-
ment using two different approaches, namely radical surgery
or TAMIS, Different factors associated with tumor biology and
aggressiveness were also investigated regardless of the surgical
approaches. OS was calculated from the date of surgery to the
date of death. Disease-free survival (DFS) was calculated from
the date of surgery to the date of recurrence.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics,
version 23 (SPSS Inc,, Chicago, IL, USA). Categorical variables
were expressed as frequencies (%), whereas continuous varia-
bles were presented as means, with their range or standard
deviation. The means of continuous variables were compared
using an independent sample t-test. Categorical variables
were compared using the Pearson test. OS and DFS were es-
timated using the Kaplan-Meier method and were compared
using a log-rank test. A multivariate Cox proportional hazards
model with stepwise method was used to identify statistically
significant independent prognostic factors for OS and DFS.
In logistic regression analysis, p values <0.05 were used to
define statistical significance of variables influencing DFS.
A receiver operating characteristic (ROC) curve analysis was
used to determine the optimal cutoff value of the tumor size.
The variance inflation factor (VIF) method was used to detect



whether multicollinearity was presented among the indepen-
dentvariables (VIF >3 indicated the existent correlation among
investigated variables).

Results
Overall, 1046 patients with rectal NETs underwent different
treatments. An endoscopic approach was performed in 928

Table I. Patients' characteristics

Variables

Radical surgery

patients (365, cold polypectomy and 563, EMR or ESD), local
excisionin 72,and radical surgery in 46. Among those, based
on the study aim and eligibility criteria, we further analyzed
only the clinical data of 64 patients who underwent local
excision and the 23 patients who underwent radical surgery.
The characteristics of both groups of patients are summarized

in table I.

Local excision




Variables Radical surgery Local excision p
synaptophysin 0218
positive 21 (91.3%) 50 (78.1%)

negative 2 (8.7%) 14 (21.9%)

chromogranin 0457
positive 4(17.4%) 16 (25.0%)

negative 19 (82.6%) 48 (75.0%)

SD - standard deviation; AV - anal verge; HPF — high power field; TNM - tumor-node-metastasis; PNIV - peri-neural invasion; LVIN - lympho-vascular invasion

@ cutoff based on mean value

b cutoff based on ROC curve

Patients’ age, gender, differentiation of NET and some
tumors markers according to immunohistochemical analysis
(synaptophysin and chromogranin) were not significantly dif-
ferent between the two groups (all p > 0.05). Patients in the
radical surgery group were more likely to have larger primary
tumors (65.2% vs. 15.6%, p < 0.001), deeper invasion (65.2%
vs. 7.8%, p < 0.001), higher grade (39.1% vs. 7.8%, p < 0.001),
higher mitotic index and Ki-67 (2/10 HPFs: 39% vs. 4.7%; Ki-67
>2%: 30.4% vs. 9.4%, p < 0.001), T stage and LN metastasis
(T3/4:52.2% vs. 3.19%; N1:43.5% vs. 0%, p < 0.001) and a higher
lymphovascular invasion rate (39.1% vs. 1.6%, p < 0.001) than
those in the local excision group. A vast majority of patients
with tumors <1.0 cm underwent local excision (54/64, 84.4%),
whereas those with tumors >2 cm underwent radical surgery
(15/23, 65.2%). Recurrence was observed in five (21.7%) and
three (4.7%) patients in radical surgery and local excision gro-
ups, respectively (p = 0.055).

Typically, the tumor size is one of the most important
factors that predict outcomes and subsequently the surgical
approach. According to the literature, tumor size >2 cm seems
to be a cutoff for local excision, whereas a size between 1 and
2 cm remains controversial. We attempted to identify which
primary tumor size would be applicable in our analysis. We
used a ROC curve analysis to determine the optimal cutoff
value of the tumor size that could influence oncological out-
comes. The optimal cutoff value was 16.5 mm (sensitivity, 80%;
and specificity, 90.2%) with an area under the curve of 0.877
(95% confidence interval [Cl]: 0.764-0.990, p = 0.005). Howe-
ver, only two (3.1%) patients in the local excision group had
a tumor size >16.5 mm compared with 11 patients (47.8%) in
the radical surgery group (<0.001), resulting in inconsistency.
To identify the comparable primary tumor size for analysis in
both groups, we used the descriptive method to determine
the mean tumor size in all 87 patients. We found that a mean
size of 10.2 mm was more homogenous between the two
groups. Thus, 15 and 10 patients in the radical surgery and
local excision groups, respectively, had a primary tumor size
>10.2 mm. A tumor size of 10 mm has been previously repor-
ted as a cutoff for local excision. Considering that, the primary
tumor size of 10.2 mm was chosen for subsequent analysis of
oncological outcomes in our study.

Factors associated with DFS

DFS rates were better in the local excision group than in the
radical surgery. The cumulative 1-, 3-, and 5-year DFS rates of
patients were 82.6%, 72.9% and 68%, respectively in the radical
surgery group; 96.9%, 96.9%, and 94.4%, respectively in the
local excision group (p < 0.05) (table Ill). Factors associated with
an increased risk of recurrence included the type of surgical
treatment (radical surgery vs. local excision), the primary tumor
size >10 mm, poorer differentiation of primary tumor, invasion,
grade >1, mitotic index (>1/10 HPFs), N positivity, perineural
and lymphovascularinvasions and Ki-67 >2% according to the
univariate analysis (p < 0.05).

In contrast, in the multivariate analysis only deep invasion
(HR,17.385;95%C13.684-82.052; p < 0.001) was independently as-
sociated with anincreased risk of tumor recurrence and influenced
DFS (HR, 8.374; 95% Cl 1.342-52.248; p = 0.023). Table Il provides
details on the clinicopathologic factors associated with DFS.,

Factors associated with OS
The cumulative 1-, 3-,and 5-year OS rates of patients were 95.7%,
90.6% and 84.6%, respectively, in the radical surgery group and
100% in all the years in the local excision group (tab. Ill). Factors
associated with poor OS included primary tumor size >10 mm
and tumorinvasion depth (p < 0.05). In the multivariate analysis,
depth of invasion (mucosa/submucosa vs. muscularis propria/
pericolic tissue) was independently associated with poor OS
(HR, 15.333;95% Cl, 1.710-137.447; p = 0.015) (tab. II).

DFS and OS were different between the two groups
(p=0.001).The 1-,3-,and 5-year DFS and OS were longer in the
local excision group than in the radical surgery group (tab. Ill).

Influence of the depth of invasion on 1-, 3-, and
5-year OS and DFS

Depth of invasion was an independent factor associated with
higher recurrence rate and poor OS; thus, we analyzed the
cumulative 1-, 3-, and 5-year DFS and OS with respect to this
factor. We found that the cumulative 1-, 3-,and 5- DFS and OS
rates were shorter in patients with deep invasion (muscular
propria and pericolic tissue) than in those with superficial
invasion (mucosa and submucosa) — regardless of the surgical
approaches (tab. lll; figs. 1 and 2). As shown in table Ill and



Table Il. Univariate and multivariate analyses for disease-free survival (DFS) and overall survival (OS) of patients with rectal NETs after local excision of the

rectum or rectum resection

Variables Disease-free survival

Univariate analysis

HR (95% Cl) p HR (95% Cl)

groups 0.138 (0.036-0.534) 0.004 1.823 (0.086-3.167)
age (years) 3.367 (0.867-13.077) 0.08

gender 1.168 (0.302-4.519) 0.822

primary tumor  11.790 (2.496-55.686)  0.002 3.291 (0.491-22.043)
size (mm)

distance from 1.889 (0.532-6.701) 0.325

AV (cm)

differentiation 5421 (1.145-25675) 0033 2.618(0492-13.943)
invasion 17.385 (3.684-82.052)  <0.001 8374 (1.342-52.248)
grade 5.181 (1.494-17.966) 001 0.156 (0.003-7.929)
HPF 4518 (1.274-16.019) 0.02 3419 (0.147-79.551)
N status 14731 (4131-52529)  <0.001  4.021 (0.896-18.037)
Ki-67 4.144 (1.165-14.747) 0.028 0.931 (0.197-5.200)
CD56 1.355 (0.288-6.390) 0.701

synaptophysin  0.541 (0.140-2.095) 0374

chromogranin 0.376 (0.048-2.966) 0.353

HR - hazard ratio; Cl - confidence interval; AV — anal verge; HPF — high power field

2 Multivariate analysis

Overall survival

Univariate analysis 2 Multivariate analysis

p HR (95% CI) p HR (95% CI)

0551 0006 (0.001-20571) 0216
2557 (0266-24612) 0416
1449 (0240-8754) 0686

0468  12453(1387-111771) 0024  4468(0358-55.707) 0245
1927 (0321-11562) 0473
0408 4477(0464-43247) 0195

0023  15333(1710-137447) 0015 15333(1.710-137447) 0015
089  2782(0463-16701) 0263
098  3233(0535-19529) 0201
0069  49735(0001-78256) 0518
0759  1422(0.159-12727) 0753
32,824 (0006-183676) 0428
28549 (0002-381675) 0489
0033(0001-327.922) 0468

aCox proportional hazards models adjusted for groups (local excision [reference], radical surgery), age (< 65 [reference], >65), gender (male [reference], female), primary tumor size
(<10 [reference], >10), distance from AV (<6 [reference], >6), differentiation (well [reference], moderate), invasion (mucosa + submucosa [reference], muscularis propria + pericolic
tissue), grade (G1 [reference], G2), HPF (<2/10 [reference], >2/10), N status (NO [reference], N1), Ki-67 (<2% [reference], >2%), CD56 (negative [reference], positive), synaptophysin

(negative [reference], positive), chromogranin (negative [reference], positive).

Table lll. Proportion of disease-free survival and overall survival of patients with rectal neuroendocrine tumors in radical surgery and local excision groups,
depending on the depth of invasion of rectal neuroendocrine tumors in both groups over 1, 3,and 5 years (p = 0.001)

Groups

Radical surgery

disease free survival 82.6%
1 year

overall survival 95.7%

disease-free survival 72.9%
3 years

overall survival 90.6%

disease-free survival 638%
5 years

overall survival 84.6%

figures 1 and 2, patients with rectal NETs having invasion to
the mucosa and submucosa had better 1-, 3- and 5-year DFS
and OS rates than those with invasion to the muscular propria
and pericolic tissue in both the groups (p = 0.001).

Factors associated with invasion and LN
metastasis

Regarding survival and recurrence rates, we identified factors
associated with invasion that corresponded to poor DFS and OS.

Depth of invasion
Local excision Mucosa/submucosa  Muscularis/pericolic tissue
96.9% 98.5% 78.9%
100% 100% 94.4%
- 97.1% 72.9%
= 100% 87.7%
94.4% 97.1% 53.1%
100% 100% 87.7%

We also investigated additional factors influencing DFS, such as
LN positivity. We used logistic regression analysis to identify asso-
ciated factors and compare potential factors. We included primary
tumor size, grade, differentiation of primary tumor, T status, mitotic
activity, synaptophysin, chromogranin, N status and invasion.

Factors predicting invasion
We analyzed factors that could predict the depth of invasion of
the primary tumor. As shown in table IV, the mitotic index (HPF)
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Figure 1. Disease-free survival (DFS) of patients with rectal
neuroendocrine tumors (NETs) with two depths of invasion (p < 0.001)

Table IV. Logistic regression analysis of factors predictive for invasion
Variables Groups

Local excis
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Figure 2. Overall survival (OS) of patients with rectal neuroendocrine
tumors (NETs) with two depths of invasion (p = 0.001)

s ratio

primary tumor size (>11 mm) 15 (65.2%) 10 (15.6%) <0.001 38515 4.343-341.594 0.001
high power field (=2/10) 9(39.1%) 3 (4.7%) <0.001 55.560 4.711-655.309 0.001
grade (>G2) 11 (47.8%) 5(7.8%) <0.001 a-
N(+) 10 (43.5%) 0 <0.001 7.570 0.871-65.766 0.066
Ki-67 (>2%) 8(34.8%) 6 (9:4%) 0.001 -
CD56 (+) 21(91.3%) 45 (70.3%) 0.802

synaptophysin (+) 21(91.3%) 50 (78.1%) 0.735

chromogranin (+) 4(17.4%) 16 (25.0%) 0.697

differentiation (moderate) 3(13.0%) 2(3.1%) 0011 b

“Insignificant and not presented

bExcluded by the variance inflation factor (VIF)

associated with NET biology was predictive of the depth of in-
vasion in the univariate analysis and remained an independent
predictor in the multivariate analysis (odds ratio [OR], 55.560;
95% Cl,4.711-655.309; p = 0.001). Primary tumor size >10 mm
was also an independent predictor of invasion according to
the univariate and multivariate analyses (OR, 38.515; 95% Cl,
4.343-341.594; p = 0.001).

Factors predicting LN positivity

We used the same model to investigate factors that could pre-
dict LN metastasis in the multivariate analysis. We found that
only invasion of the primary tumor remained an independent
predictor of LN positivity (OR 14.893 Cl 2.532-87.587, p =0.003)
in the multivariate analysis.

Discussion

According to modern data, an increasing number of patients
visit hospitals with small rectal NETs because of the efficient
screening program. Thus, the proportion of tumors of <10 mm
in size with maximum invasion to the submucosa (T1) has in-
creased over time, accounting for 45-65% of patients in recent
years. This makes the local treatment of rectal NETs with good
oncological outcomes feasible in many cases [1, 4, 26, 271. In
our study, we failed to include a large number of cases that
were treated with local excision and radical surgery because
most cases had small tumors (<10 mm) and were treated with
EMR/ESD or cold polypectomy. Nonetheless, we included
a small proportion of patients with tumors >10 mm in size who
received bigger surgical treatments such as local excision or



radical surgery. We analyzed the effectiveness of local excision
compared with radical surgery and also challenged the main
idea based on NCCN and ENETS guidelines regarding the
size of primary tumors that should be considered as the most
important factor when treatment is planned.

We found that the groups were quite heterogeneous for
analysis. Patients in the local excision group had better DFS
and OS than those in the radical surgery group. However, that
was because the early stage of the disease was mostly found
among patients in the group with LE. The radical surgery group
included patients with larger primary tumor size, LN+, higher
grade and deeper invasion. However, it is worth indicating
that regardless of more aggressive NETs in patients in the
radical surgery group, radical surgery could not improve the
oncological outcomes.

We also investigated other factors that could influence on-
cological outcomes. Factors such as mitotic index, Ki-67, grade,
N+, PNIV and LVIV were insignificant and did not influenced DFS
and OS according to the results of univariate and multivariate
analysis. However, invasion appeared to be an independent
factor influencing the DFS and OS of patients with rectal NETSs.
Patients with rectal NETs who had invasion beyond the submu-
cosa layer had a poorer 1-, 3-, and 5-year DFS and OS compared
with those having superficial invasion. Based on these results, we
attempted to identify factors that influenced invasion. We found
that tumor size >10 mm, mitotic index >2 and LN+ were inde-
pendent predictors of the depth of invasion and thus influenced
the recurrence rate and survival of patients. In contrast, we also
revealed that the depth of invasion (beyond the submucosa)
was an independent predictor of LN positivity, which predic-
ted poor oncological outcomes in many previous studies. We
suggest that the depth of invasion of primary NETs is the most
important factor that should be considered when treatment
strategies are planned. Our study also reviewed modern data
found in much larger studies and discovered that where the
size of the primary tumor or a more radical treatment failed to
be independent factors of DFS and OS.

However, our study does have significant limitations such
as its small sample size, selection bias owing to retrospective
non-randomized data and group heterogeneity. We believe
that more comparative prospective randomized studies with a
larger number of cases are needed to corroborate our findings
and investigate other prognostic factors of rectal NETs that can
determine treatment strategies.

Conclusion

In summary, our findings demonstrated that local excision
could be effective in treating rectal NETs in the early stage.
They revealed that the depth of invasion was an important
factor in influencing oncological outcomes. Nonetheless, our
findings need to be confirmed in more prospective and ran-
domized studies with a larger number of cases and more
homogeneous data.
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Leczenie przedoperacyjne chorych na raka piersi
| jego wptyw na postepowanie operacyjne oraz
radioterapeutyczne (czesS¢ 1))
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Przedoperacyjne leczenie systemowe (neoadjuvant therapy — NAT) jest coraz czesciej stosowane u chorych na pierwotnie
nieoperacyjnego oraz — czesto — pierwotnie operacyjnego raka piersi. Odpowiedz na zastosowane NAT w wiekszosci
przypadkdw wptywa na zakres leczenia operacyjnego i radioterapii, a w niektérych sytuacjach réwniez na uzupetiajgce
systemowe leczenie pooperacyjne. Dostepne badania wskazuja, ze znaczenie ma odpowiedz na NAT w obrebie piersi
i regionalnych weztéw chtonnych. Ocena odpowiedzi na leczenie pozwala na personalizacje leczenia i w niektorych
przypadkach na zmiane terapii, co wptywa na poprawe wynikéw odlegtych.

W artykule podsumowano aktualne zasady postepowania u chorych na wczesnego raka piersi kwalifikowanych do
przedoperacyjnej terapii. Zwrdcono takze uwage na praktyczne aspekty i mozliwosci terapii refundowanych w Polsce.
Szczegdtowo omdwiono stosowane schematy systemowej terapii, techniki zabiegdw operacyjnych oraz zasady kwalifikagji
i obszar radioterapii uzupetniajacej. Przedstawiono réwniez systemy oceny odpowiedzi na leczenie przedoperacyjne.

Stowa kluczowe: rak piersi, chirurgia, leczenie systemowe, leczenie neoadjuwantowe, leczenie adjuwantowe

Przedoperacyjne leczenie systemowe (neoadjuvant therapy —
NAT) jest coraz czesciej stosowane u chorych na pierwotnie
nieoperacyjnego oraz — czesto — pierwotnie operacyjnego raka
piersi. Odpowiedz na zastosowane NAT w wiekszosci przypad-
kow wptywa na zakres leczenia operacyjnego i radioterapii,
a w niektorych sytuacjach réwniez na uzupetniajace syste-
mowe leczenie pooperacyjne. Dostepne badania wskazuja na
znaczenie odpowiedzi na NAT w obrebie piersi i regionalnych
weztéw chtonnych i pozwalajg na personalizacje leczenia.

Przedoperacyjne leczenie systemowe

Pierwsze doniesienia o zastosowaniu przedoperacyjnej (neo-
adjuwantowej) chemioterapii w leczeniu chorych na opera-
cyjnego raka piersi pochodzg z publikacji Jacquillata i wsp.
7 1983 roku. Autorzy tego badania leczyli systemowo 143 pa-
cjentki w |-l stopniu zaawansowania choroby. Uzyskali cat-
kowitg odpowiedz kliniczng (clinical complete response — cCR)
u 30% pacjentek. Praca ta data asumpt do przeprowadzenia
kolejnych badan klinicznych.
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W pierwszym badaniu amerykariskim NSABP B-18, kto-
re trwato od 1988 do 1993 roku, leczono 1523 chore, ktérym
(przed- lub pooperacyjnie) podano chemioterapie wedtug
schematu AC (adriamycyna, cyklofosfamid). U 80% pacjentek
leczonych przedoperacyjnie uzyskano odpowiedz na lecze-
nie. Catkowita odpowiedz na leczenie (cCR) uzyskano u 36%,
a catkowita odpowied? patologiczng (patological complete re-
sponse — pCR ) u 13%, skuteczne leczenie oszczedzajace (bre-
ast conserving treatment — BCT) wykonano u 67,8% (w grupie
z chemioterapia pooperacyjng u 59,8% chorych). W okresie
5- i 9-letniej obserwacji nie stwierdzono réznic w przezyciach
do wznowy (disease free survival - DFS) i przezyciach catkowitych
(overall survival— OS) w obu obserwowanych grupach chorych.

W latach 1995-2000 na grupie 2411 chorych przeprowa-
dzono badanie NSABP B-27.Wykazano ze dotgczenie docetak-
selu (schemat AT — adriamycyna, docetaksel) do adriamycyny
zwiekszyto catkowitg odpowiedz patologiczng — pCR (26% vs.
13%). Nie stwierdzono natomiast réznic w DFS i OS pomiedzy
ramionami AC i AT. Natomiast w badaniu EORTC 10902 oce-
niajacym leczenie przedoperacyjne i pooperacyjne wedtug
schematu FEC (fluorouracyl + epirubicyna + cyklofosfamid)
u 698 chorych, odpowiedz na leczenie uzyskano u49% chorych
(cCR = 7% i pCR - 1,7%). Nie stwierdzono réznic w 10-letniej
obserwacji w zakresie DFSiOS [1]. W historycznych badaniach
klinicznych zrandomizacjg nie wykazano réznic w DFS i OS po
leczeniu przedoperacyjnym i pooperacyjnym [2].

Wspotczesne leczenie systemowe pozwala na wiekszg per-
sonalizacje terapii i uzyskanie lepszej odpowiedzi klinicznej
patologicznej. Catkowita odpowiedzZ patologiczna (pCR) po
NAT wptywa korzystnie na DFS i OS — zwtaszcza w podtypach
rakéw potrdjnie ujemnych (triple-negative breast cancer— TNBC)
i z nadmierng ekspresja receptora ludzkiego naskérkowego
czynnika wzrostu typu naskérka ludzkiego 2 (HER2-dodatni) [2].

Wskazania do przedoperacyjnego leczenia

systemowego

Decyzja, aby leczenie pierwotnie rozpoznanego raka pier-

si rozpocza¢ od przedoperacyjnego leczenia systemowego

(NAT), powinna naleze¢ do wielospecjalistycznego zespotu

terapeutycznego (multidisciplinary team—MDT). Nalezy rozwa-

zy¢zaawansowanie choroby, podtyp biologiczny nowotworu,
oczekiwania pacjentkiipotencjalne korzysci wynikajace z tego
trybu leczenia. Obecnie kandydatkami do NAT sg chore na:

1. pierwotnie nieoperacyjnego raka piersi:

zapalny rak piersi,
zaawansowany rak piersi cT4cN2/cN3;

2. pierwotnie operacyjnego raka piersi, gdy decyzja dotyczy
wykonania operacji oszczedzajacej, w przypadku wyste-
powania ograniczen:

w obrebie piersi — dysproporcja pomiedzy wielkoscig
guza i gruczotem piersiowym, ktérego pierwotne wy-
ciecie powodowatoby nieradykalnos¢ lub nieakcepto-
walny efekt kosmetyczny,

w obrebie weztdw chtonnych pachy — zmienione prze-
rzutowo regionalne wezty chtonne pachy (cN1), gdy
spodziewane jest uzyskanie catkowitej regresji zmian
nowotworowych;

3. pierwotnie operacyjnego raka piersi, gdy na podstawie
przeprowadzonej diagnostyki (szczegdlnie w podtypach
biologicznych raka piersi przebiegajacych szczegdlinie
agresywnie: HER2-dodatni, TNBC) zostatyby zakwalifiko-
wane do systemowego leczenia pooperacyjnego w za-
leznosci od zaawansowania choroby:

cN+/pN+,
w niektérych osrodkach —w przypadku guza cT>1c [3].

Diagnostyka przedoperacyjna

Diagnostyka przedoperacyjna obejmujgca badanie przedmio-
towe, podmiotowe, badania obrazowe, badania histopatolo-
giczne i cytologiczne oraz inne badania dodatkowe zostata
opisana w tomie 5. Biblioteki Chirurga Onkologa Chirurgiczne
leczenie zmian nowotworowych piersi. Il Konsensus Polskiego
Towarzystwa Chirurgii Onkologicznej[4].

Szczegolnie trudno ocenic stan weztdw chtonnych na pod-
stawie badania palpacyjnego i badan obrazowych. Podstawo-
wym badaniem jest badanie kliniczne, chociaz wspotczynnik
fatszywie ujemny (false negative rate — FNR) tego badania moze
siegac¢ 45% [5]. U okoto 25% pacjentek z weztami chfonnymi
w stopniu cNO stwierdzono przerzuty raka, z czego u mniej niz
6% przerzuty w >3 wezfach chtonnych [6].

W kazdym przypadku powinno sie wykonan¢ mammogra-
fie i USG piersi. Badanie USG z biopsjg cienkoigtowg podejrza-
nych weztéw chtonnych uznawane jest za standardowg me-
tode diagnostyczna. Jest jednak obarczone niedoktadnoscia:
czuto$¢ oceniana jest na 47-90%, specyficznosc — 100%, a FNR
na 8-24%. Czutos¢ tej metody wynosi 44% przy przerzutach
<5mmi93% przy przerzutach >5 mm [5-7].

Jesdliw biopsji piersi stwierdza sie raka zrazikowego, choro-
ba ma podtoze genetyczne lub wystepuje rozbieznosci pomie-
dzy rozlegtoscia choroby stwierdzang na podstawie badania
MMG, USG i badania klinicznego, wskazane jest wykonanie
rezonansu magnetycznego piersi. Badanie to nalezy rozwazyc
réwniez w przypadku kwalifikacji do NAT i oceny remisji zmian
w trakcie tego leczenia.

Postepowanie przed rozpoczeciem leczenia
systemowego

Zgodnie z zaleceniami wielu naukowych towarzystw onkolo-
gicznych przed NAT nalezy oznaczy¢ za pomocg znacznikow
wszystkie zdiagnozowane ogniska raka [8]. Mozna rozwa-
7y¢ zatozenie podobnych znacznikéw do zweryfikowanego
(zwierajgcego przerzut) wezta (weztdw chtonnych) pachy, jesli
referencyjny osrodek onkologiczny, ktéry wykonuje biopsje
weztow wartowniczych (sentinel lymph node biopsy — SLNB)
po NAT, stosuje technike TAD (targeted axillary dissection). Po-
lega ona na oznakowaniu wezta chtonnego zawierajgcego



przerzut (techniki znakowania opisano ponizej) przed NAT
i jego celowanej biopsji podczas wykonanej pdzniej SLNB.
Alternatywnga procedurg jest biopsja weztow wartowniczych
sposobem klasycznym — co najmniej 2-3 wezty wartownicze
oznacza sie metodg pozwalajgca na ich identyfikacje wzrokowa
(widoczne zabarwienie) i instrumentalng (sonda wykrywajaca
izotop lub ferromagnetyk).

Leczenie systemowe

W 2019 roku opublikowano dwa istotne dokumenty dotyczace
zasad postepowania z chorymi na wczesnego raka piersi —
zalecenia Europejskiego Towarzystwa Chirurgii Onkologicznej
(European Society for Medical Oncology — ESMO) oraz kon-
sensus ekspertow konferencji St. Gallen 2019 [9, 10]. Wytyczne
te duzy nacisk ktadg na stosowanie przedoperacyjnej terapii
systemowej u wybranych chorych na raka piersi.

Zgodnie z zaleceniami w przypadku raka piersi nalezy
zawsze okresli¢ biomarkery: ekspresje receptoréw estroge-
nowych (ER), progesteronowych (PgR) i receptora ludzkiego
naskérkowego czynnika wzrostu typu 2 (HER2) oraz nasilenie
wskaznika proliferacji Ki-67, a u chorych na potrojnie ujemnego
raka piersi dodatkowo — obecnos¢ limfocytdw naciekajacych
guz (tumor infilitrating lymphocytes - TILs) [10].

Raka piersi podzielono na pie¢ gtéwnych podtypow, wy-
magajacych nieco innej terapii:

1. ER-dodatni luminalny A - LA,

2. ER-dodatniluminalny B - LB,

3. luminalny B HER2-dodatni (HER2-LB),
4. nieluminalny HER2-dodatni (HER2-NL),
5. raki potréjnie ujemne (TNBC).

Najwiecejzmian dokonano w ostatnim czasie w zakresie
definiowania podtypdéw luminalnych. Od kilku lat do ich
rozrdznienia stosuje sie warto$¢ wskaznika proliferacji Ki-67
oraz stopien ztosliwosci (cecha G). Raki luminalne A cha-
rakteryzujg sie matym stopniem ztosliwosci (G1), wysokim
stopniem ekspresji receptorow estrogenowych (ER) i pro-
gesteronowych (PgR) oraz niskim wskaznikiem proliferacji
(Ki-67). Z kolei w rakach luminalnych B nasilenie ekspresji ER
i PgR jest nizsze, natomiast wyzszy jest stopien ztosliwosci
(czesciej wystepuje cecha G3) i wyzsza wartos¢ wskaznika Ki-
67 [11]. Zaproponowany podziat powodowat, ze duza liczba
rakéw piersi miescita sie w zakresie przypadkdw posrednich.
Z tego powodu podtypy luminalne fatwiej okresli¢, stosujac
podziatz zalecen St. Gallen z 2015 roku na podstawie ekspresji
ER, PgR, HER2 i Ki-67:

raki luminalne A: ER-dodatni, PgR >20%, HER2-ujemny,

Ki-67 <20-29%;

raki luminalne B: ER-dodatni, HER2-ujemny, PgR <20% lub

Ki-67 >20-29% [12].

Przedoperacyjne leczenie systemowe stanowi od lat stan-
dard postepowania w miejscowo zaawansowanych rakach
piersi. W zaleznosci od biologicznego podtypu przedopera-
cyjnie wykorzystuje sie:

w rakach luminalnych A i B — hormonoterapie lub che-

mioterapie,

w rakach potréjnie ujemnych — chemioterapie,

w rakach HER2-dodatnich — chemioterapie w pofgczeniu

zrocznag terapig anty-HER2.

Coraz czedciej po przedoperacyjne leczenie siega sie
w pierwotnie operacyjnych rakach piersi — przede wszystkim
TNBC i HER2-dodatnich. Zgodnie z konsensusem z St. Gallen
72019 roku i wytycznymi ESMO z 2019 roku wskazaniem do
takiej terapii sg raki piersi o wielkosci >2 cm i/lub potwierdzony
w badaniu cytologicznym przerzutowy wezet chtonny (cT2
i/lub cN+, czyli Il stopier zaawansowania choroby).

Takie postepowanie wskazuje na trend do ograniczania za-
kresu chirurgii na rzecz leczenia oszczedzajacego w obrebie pier-
sii pachowych weztow chtonnych. Niektére publikacje wykazaty
réwniez, ze korzysc z przedoperacyjnego leczenia systemowego
odnosza takze pacjentkizrakiem o wielkosci powyzej 1 cm [13].
Podobne mozliwosci leczenia chorych na raki HER2 dodatnie
stwarza obowigzujacy obecnie w Polsce program lekowy [14].
Biorac pod uwage aktualna liste refundacyjna lekow antyHER2,
ktdre sg stosowane w leczeniu wczesnego raka piersi, wydaje
sie, ze kwalifikowanie do leczenia neoadjuwantowego pacjen-
tek z cecha cT1c jest postepowaniem poprawiajacym odlegte
wyniki ich leczenia. Podobne stanowisko prezentuje wiele eu-
ropejskich osrodkéw zajmujacych sie leczeniem raka piersi [15].
W materiale Kliniki Nowotwordw Piersi i Chirurgii Rekonstrukcyj-
nej Narodowego Instytutu Onkologii — Paristwowego Instytutu
Badawczego (NIO-PIB) autorzy potwierdzili szczegdlnie wysoki
odsetek uzyskanych catkowitych remisji patomorfologicznych
u chorych leczonych neoadjuwantowo programem TCH (do-
cetaksel, karboplatyna, trasuzumab) — 55% w grupie chorych
na raki o wielkosci od 10 do 50 mm, z cecha cNO lub cNT (przy
czym odsetek pCR w podgrupie chorych na raki nieluminlane
HER2-dodatnie wynidst 66%). Z kolei w kohorcie chorych leczo-
nych programem TCH-P (docetaksel, karboplatyna, trastuzumab,
pertuzumab) odsetek pCR wyniodst 76% (przy czym w grupie
chorych naraki nieluminine HER2-dodatnie stwierdzono az 87%
pCR, szczegolnie w przypadku rakéw mniej zaawansowanych),
co zapewne przetozy sie na odlegte wyniki leczenia [16, 17].

Zastosowanie przedoperacyjnego leczenia systemowego
pozwala tez na sprawdzenie skutecznosci stosowanych lekow
cytotoksycznych u konkretnej chorej w ramach obserwacji
zmiany wielkosci guza piersi i/lub przerzutowych pachowych
weztéw chtonnych. W Klinice Nowotwordw Piersi i Chirurgii
Rekonstrukcyjnej NIO-PIB do leczenia przedoperacyjnego kwa-
lifikowane sg réwniez pacjentki z rozpoznanym TNBC z guzami
ocenionymi jako cT1c cNO wiacznie.

Dopiero od 2-3 lat publikowane sg wyniki badan klinicz-
nych, na podstawie ktorych wybdr leczenia uzupetniajagcego
(adjuwantowego) zalezy od wyniku badania histopatologicz-
nego materiatu operacyjnego. Osiggniecie pCR jest waznym
czynnikiem, ktéry poprawia rokowanie u chorych na potrojnie
ujemnego i HER2-dodatniego raka piersi [18]. W zwigzku z tym



uleczonych chorych nalezy dazy¢ do uzyskania jak najwiekszej
grupy z catkowita odpowiedzig patologiczna (pCR). Mozna to
osiggnac stosujac intensywne leczenie systemowe. U chorych
zrozpoznanym TNBC preferowany jest schemat chemioterapii
ze skroceniem odstepu miedzy cyklami (dose-dense). Koniecz-
na jest wtedy pierwotna profilaktyka gorgczki neutropenicznej
czynnikiem wzrostu granulocytéw. Poza tym do paklitakseluy,
podawanego w drugim etapie leczenia cytostatykami mozna
rozwazy¢ dofgczenie karboplatyny (schemat ACdd — dokso-
rubicyna, cyklofosfamid co 2 tygodnie, nastepnie paklitaksel
+/—karboplatyna co tydzier). Natomiast u chorych z rozpozna-
nym rakiem HER2-dodatnim w I i Il stopniu zaawansowania
wskazana jest podwojna blokada receptora HER2 (pertuzumab
7 trastuzumabem) w potaczeniu z chemioterapig. Zalecane
sg dwa schematy leczenia AC, potem paklitaksel i PT (per-
tuzumab, trastuzumab) lub TCHP (docetaksel, karboplatyna,
pertuzumab, trastuzumab). Aktualny polski program lekowy
umozliwia przedoperacyjne leczenie chorych pertuzumabem
z trastuzumabem w przypadku Il stopnia zaawansowania lub
guzdéw piersi >2 cm i jednoczesnym braku ekspresji ER i PgR
lub tez z obecnoicia potwierdzonego cytologicznie przerzutu
w pachowym wezle chtonnym [14].

Dyskutowany jest czas stosowania podwojnej blokady
HER2. Zgodnie z zaleceniami ESMO roczng terapie trastu-
zumabem z pertuzumabem mozna rozwazy¢ u chorych
z wiekszym ryzykiem nawrotu: wyjsciowo cechag cN+ lub ER/
PgR(-). Leczenie podwdjng blokada anty-HER2 w potacze-
niu z chemioterapia rozpoczyna sie przed lub po operacji.
W warunkach polskich refundowane jest wytgcznie leczenie
przedoperacyjne.

Poza tym u chorych na HER2-LB raka piersi z duzym ry-
zykiem nawrotu choroby (cechg N+) mozna rozwazy¢ prze-
dtuzone leczenie uzupetniajgce neratynibem przez rok po
zakonczeniu rocznej terapii trastuzumabem, pod warunkiem,
Ze nie stosowano pertuzumabu.

Wazng zmiang w postepowaniu jest wybor terapii na
podstawie wyniku patologicznego materiatu operacyjnego.
W badaniu KATHERINE wykazano, ze u chorych, u ktérych nie
uzyskano pCRw materiale operacyjnym, leczenie uzupetniaja-
ceT-DM1 (trastuzumab emtanzyna) jest bardziej skuteczne niz
kontynuacja po operadji terapii trastuzumabem [19]. Lek T-DM1
w grudniu 2019 roku zostat zarejestrowany w tym wskazaniu.

Podobnie u chorych na TNBC istotne byty wyniki badania
CREATE-X [20]. Wykazano, ze jesli w materiale z operadji stwier-
dzono chorobe resztkowa, dodatkowe leczenie uzupetniajace
kapecytabing zmniejszato ryzyko nawrotu i poprawiato czas
przezycia chorych.

Wyniki tych dwodch waznych badan klinicznych zmienity
standard postepowania i zostaty po raz pierwszy uwzglednione
w wytycznych ESMO i St. Gallen z 2019 roku. Podsumowanie
zasad postepowania zaprezentowano na rycinach 1i 2.

Inna strategia dotyczy chorych na raki luminalne. Jezeli
pierwotnie mozliwe jest wykonanie operacji oszczedzajacej,
nalezy ja wykona¢, a nastepnie na podstawie wyniku bada-
nia patologicznego podja¢ decyzje o systemowym leczeniu
uzupetniajgcym. W pozostatych przypadkach wskazane jest
leczenie przedoperacyjne. Czesto sktada sie ono z chemio-
terapii. Natomiast u pacjentek po menopauzie z miejscowo
zaawansowanym rakiem LA mozna rozwazy¢ stosowanie
indukcyjnej hormonoterapii. Najczesciej wybiera sie wtedy

HER2-dodatni rak piersi |

Y

| przedoperacyjnie Chth + trastuzumab +/- pertuzumab |

Y

\

wejsciowo cN+ lub ER-

inne przypadki |

4

kontynuacja do roku
podwadjnej blokady
HER2 (pertuzumabu

kontynuacja do roku
trastuzumabu

T-DM1

7 trastuzumabem) lub
trastuzumabu

Rycina 1. Okofooperacyjne leczenie chorych na HER2-dodatniego raka piersi — na podstawie zaleceri ESMO (2019) [9]
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| potréjnie ujemny rak piersi |

Y

| przedoperacyjna chemioterapia |

\ 4 \ 4
pCR brak pCR
Y \4
obserwacja kapecytabina

Rycina 2. Okofooperacyjne leczenie chorych na potréjnie ujemnego
raka piersi — na podstawie zalecert ESMO (2019) [9]

letrozol. Nalezy mie¢ na uwadze, ze w rakach LA/LB po sys-
temowym leczeniu przedoperacyjnym uzyskanie catkowitej
odpowiedzi patologicznej (pCR) jest mate, ale najczesdciej te
odpowiedzi nie majg wartosci rokowniczej. U chorych przed
menopauza nie stosuje sie przedoperacyjnej hormonoterapii.

U wszystkich chorych z rozpoznanym zapalnym rakiem
piersi standardem postepowania jest chemioterapia przed-

operacyjna. Po operadji (radykalnej mastektomii bez jednocza-
sowej rekonstrukgji) konieczne jest zastosowanie radioterapii.
Stosowanie hormonoterapiii leczenia anty-HER2 (w tym w ra-
mach terapii przedoperacyjnej) zalezy od stanu odpowiednich
receptorow.

Tabela | przedstawia schematy chemioterapii przedope-
racyjnej i pooperacyjnej, ktére sg stosowane w Klinice Nowo-
twordw Piersii Chirurgii Rekonstrukcyjnej NIO-PIB w Warszawie.

W ostatnich latach obserwuje sie ogromny postep w lecze-
niu chorych na raka piersi, miedzy innymi w wyniku rejestracji
nowych lekow. Wiekszo$¢ z nich zarejestrowano w leczeniu
chorych na uogdlnionego raka piersi, niemniej trwaja ba-
dania z wykorzystaniem tych lekéw takze w leczeniu okoto-
operacyjnym. Wyniki prowadzonych badan zdecyduja, czy te
leki zostang standardowo wigczone do leczenia chorych na
wczesnego raka piersi.

W tabeli Il podsumowano obecne wskazania do stosowa-
nia nowo zarejestrowanych lekéw.

Bardzo wazne jest staranne i mozliwie szybkie, po 2—4 ty-
godniach od zakoriczenia NAT, wiaczanie pacjentek do leczenia
chirurgicznego. Wedtug wiekszosci osrodkow operacje byty
wykonywane $rednio w 28 dni po ostatnim kursie chemiotera-
pii. Powiktania po NAT odwlekaty operacje o okoto 8 dni [21, 22].

Tabela I. Schematy leczenia okotooperacyjnego w Klinice Nowotwordw Piersi i Chirurgii Rekonstrukcyjnej NIO-PIB

Schematy leczenia Etapy leczenia

rak piersi HER2-dodatni
przedoperacyjne leczenie systemowe (cT1c—cT4, cNO-cN2)

schemat TCHx 6 .+ schemat TCH:

- docetaksel 75 mg/m? + karboplatyna AUC6 + trastuzumab i.v. 8 mg/kg m.c. — dawka nasycajaca, 6 mg/kg m.c. -
dawki podtrzymujace; kursy: 6 x co 3 tygodnie (+peg-GCSF)

- zabieg operacyjny

- kontynuacja trastuzumabu do 18 kurséw tacznie

- radioterapia u chorych ze wskazaniami

uwaga: schemat preferowany u chorych bez obciazen internistycznych i bez wskazan do zastosowania podwajnej

blokady any-HER2

schemat TCH-P x 6 schemat TCH-P:

- docetaksel 75 mg/m? + karboplatna AUC5-6 + trastuzumab i.v. 8 mg/kg m.c. - dawka nasycajaca, 6 mg/kg m.c. -
dawki podtrzymujace, pertuzumab iv. 840 mg - dawka nasycajaca, 420 mg - dawki podtrzymujace; kursy: 6 x co

3 tygodnie (+peg-GCSF)
- zabieg operacyjny

kontynuacja trastuzumabu do 18 kurséw tacznie

radioterapia u chorych ze wskazaniami

uwaga: schemat preferowany u chorych bez obciazen internistycznych i ze wskazaniami do zastosowania podwdjnej
blokady any-HER2 (raki HER2 nieluminalne (T > 2 cm oraz pN+)

schemat sekwencyjny
ACdd-D+T

schemat sekwencyjny:

- 4 x AC (doksorubicyna 60 mg/m? + cycyklofosfamid 600 mg/m?) co 2 tygodnie (+peg-GCSF), nastepnie:

- 4 xdocetaksel 100 lub 75 mg/m? co 3 tygodnie + trastuzumab i.v. 8 mg/kg m.c. — dawka nasycajaca, 6 mg/kg m.c.

- dawki podtrzymujace
- zabieg operacyjny

kontynuacja trastuzumabu do 18 kurséw tacznie

radioterapia u chorych ze wskazaniami

schemat PCLx 12+ T schemat PCL 12:

- paklitaksel 60-80 mg/m?, co 7 dni x 12 + trastuzumab i.v. 8 mg/kg m.c. - dawka nasycajaca, 6 mg/kg m.c. - dawki

podtrzymujace
- zabieg operacyjny

kontynuacja trastuzumabu do 18 kurséw tacznie

radioterapia u chorych ze wskazaniami

uwaga: schemat podawany u chorych znacznie obcigzonych internistycznie oraz w podesztlym wieku
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Schematy leczenia Etapy leczenia

uwaga: schemat rekomendowany u chorych z przeciwwskazaniami do antracyklin lub innymi obcigzeniami
internistycznymi oraz z cecha pT1c NO, G -2

schemat PCL x 12 - zabieg operacyjny
+ schemat PCL 12:
- paklitaksel 60-80 mg/m?, co 7 dni x 12
- radioterapia u chorych ze wskazaniami

uwaga: schemat podawany pacjentkom z cecha pT1b, NO lub znacznie obcigzonym internistycznie oraz w podesztym
wieku

uzupetniajace leczenie systemowe — postneoadjuwantowe
schemat kapecytabina - kapecytabina x 8 co 3 tygodnie, w dawce 2000-2500 mg/m?/dobe przez 14 dni, nastepnie 7 dni przerwy

uwaga: schemat podawany pacjentkom po operadji z chorobg resztkowa po wczesniejszym leczeniu
neoadjuwantowym i po zakoficzeniu radioterapii (jesli wskazana)

rak piersi luminalny

przedoperacyjne leczenie systemowe (cT2-cT4, cNO-N2 — rak luminalny B, HER2-ujemny, G3 i/lub Ki-67 >50%
oraz cT3-cT4, cNO-N2; raki luminalne A i B HER2-ujemne)

schemat AC-PCL + schemat sekwencyjny:
- 4 xAC (doksorubicyna 60 mg/m? + cyklofosfamid 600 mg/m?) co 2 tygodnie (+peg-GCSF); nastepnie 12 x
paklitaksel 80 mg/m? co tydzier
- zabieg operacyjny
- radioterapia u chorych ze wskazaniami

schemat PCL + schemat PCL:
- paklitaksel 60-80 mg/m? x 12-18 co tydzien
- zabieg operacyjny
radioterapia u chorych ze wskazaniami

uwaga: schemat podawany u chorych z przeciwwskazaniami do antracyklin, u chorych znacznie obcigzonych
internistycznie oraz w podesztym wieku

uzupetniajace leczenie systemowe (raki luminalne A i B: stopien lIIA-C, pT1c—pT3, pNO-pNT; rak luminalny B, G3, +/- wskazania z testéw wielogenowych
lub Magee >31)

schemat AC-PCL - zabieg operacyjny
+ schemat sekwencyjny:
- 4 x AC (doksorubicyna 60 mg/m? + cyklofosfamid 600 mg/m?) co 3 tygodnie;
- nastepnie 12 x paklitaksel 80 mg/m? co tydzien
radioterapia u chorych ze wskazaniami

schemat AC-D - zabieg operacyjny
schemat sekwencyjny:
- 4xAC (doksorubicyna 60 mg/m? + cyklofosfamid 600 mg/m?) co 3 tygodnie; nastepnie
- 4 x docetaksel 75-100 mg/m? co 3 tygodnie
radioterapia u chorych ze wskazaniami

schemat TC x 4 - zabieg operacyjny
- schemat TC:
- 4xco 3 tygodnie: docetaksel 75 mg/m? + cyklofosfamid 600 mg/m?
- radioterapia u chorych ze wskazaniami

uwaga: schemat rekomendowany u chorych z przeciwskazaniami do antracyklin lub z innymi obciazeniami
internistycznymi

schemat PCL x 12 - zabieg operacyjny
schemat PCL 12:
- paklitaksel 60-80 mg/m? co 7 dni x 12
radioterapia u chorych ze wskazaniami

uwaga: schemat podawany u chorych znacznie obcigzonych internistycznie oraz w podesztym wieku

Tabela Il. Nowo zarejestrowane leki w leczeniu chorych na raka piersi

Biologiczny Grupa lekow Zarejestrowane wskazanie Trwajace badania kliniczne w nowych

podtyp raka obszarach terapeutycznych

piersi

ER+HER2- inhibitor CDK4/6 palbocyklib uogdlniony rak piersi: 1. lub 2. linia leczenie uzupetniajace u chorych
rybocyklib w potaczeniu z hormonoterapia (inhibitorem z duzym ryzykiem nawrotu w potaczeniu
abemacyklib  aromatazy lub fulwestrantem) z hormonoterapig (badania Pallas, Natalee,

MonarchE)
potréjnie ujemny  immunoterapia atezolizumab  uogdlniony rak piersi PD-L1+ w 1. linii leczenia  dotaczenie leku w ramach terapii
rak piersi w potaczeniu z chemioterapig okotooperacyjnej
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Biologiczny Grupa lekow

podtyp raka
piersi

nosicielki mutacji  inhibitor PARP olaparyb
BRCA HER2- talazoparyb
HER2+ ER+ inhibitor kinazy neratynib

tyrozynowej

Ocena odpowiedzi w trakcie przedoperacyjnego
leczenia systemowego
Odpowiedz na NAT, zaréwno w obrebie piersi jak i regionalnych
weztdw chtonnych, powinna opierac sie na badaniu klinicznym
i wykonanych po leczeniu systemowym badaniach obrazo-
wych, analogicznych do badan wykonanych przed leczeniem
[4]. Ocena odpowiedzi na NAT powinna by¢ dokonywana kaz-
dorazowo w dniu podawania chemioterapiii moze opierac sie
na ocenie klinicznej [24]. Catkowita odpowied? radiologiczna w
mammografii rezonansu magnetycznego (magnetic resonance
imaging — MRI) piersi po NAT nie definiuje pCR z wtasciwa
doktadnoscia zarowno w piersi jak i weztach chtonnych. Dla-
tego zalecenia réznych gremiéw niejednoznacznie okreslaja
pozycje MRI piersi podczas podejmowania decyzji o zakresie
i rodzaju operacji [25, 26].

Zdecydowana wiekszos¢ osrodkow, ktére wykonujg SLNB
u pacjentek z pierwotnym cN1 z konwersja do ycNO po przed-
operacyjnej terapii systemowej, swoje decyzje o kwalifikagji
do operacji opiera na badaniu klinicznym z ewentualnym
wykorzystaniem USG sptywu pachowego. Doktadnos¢ badania
klinicznego oceniono na 60% (PPV i NPV takze na 60%), a USG
na 69% (PPV — 65%, NPV — 74%) [27, 28].
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Neuroendocrine neoplasms of the digestive system
— current classification and terminology
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The system of classification and terminology of neuroendocrine neoplasms (NENs), updated in 2017 by AJCC and in 2019
by WHO, is now recommended for general use. This article is a review of this classification with respect to NENs of the
digestive tract. Within the new system, two categories of neuroendocrine neoplasms of the digestive system were introdu-
ced, differing in morphology, clinical course and treatment, as based on differentiation and histological maturity grading
(G). Among NENSs of the digestive tract, well differentiated neuroendocrine tumours, with Ki-67 proliferation index below
20%, NET G1 and NET G2, histologically resembling normal neuroendocrine cells were distinguished. Neuroendocrine
neoplasms with Ki-67 above 20% — termed neuroendocrine carcinoma NEC (poorly differentiated carcinoma G3) — were
found to be heterogeneous. In every organ of the digestive tract a limited group of well differentiated tumours with
Ki-67 above 20%, but typically less than 55% (well differentiated high grade NET G3) was distinguished. The remaining
poorly differentiated neuroendocrine neoplasms with Ki-67 above 20%, usually over 55%, were classified as NEC (high
grade neuroendocrine carcinoma). Within NEC, two groups were distinguished - large cell and small cell carcinomas. By
introducing this new classification based on clinical and molecular research, any confusion between NET G3 and NEC is
avoided. NEC, goblet-cell carcinoid of the appendix and MiNEN, which should be classified according to criteria applied

to adenocarcinomas of their respective organs of the digestive system, are not discussed.

Key words: neuroendocrine neoplasms, NET, NEC, G grading system, TNM classification, staging

Introduction
Neuroendocrine neoplasms (NENs) are rare neoplasms found
throughout the body. They originate from endocrine organs,
the nervous system (peptidergic neurons) or from neuroen-
docrine cells of the diffuse endocrine system (DES). Here, only
NENSs present in the gut and pancreas will be discussed.
According to recent epidemiology studies in the US, based
on The Surveillance, Epidemiology and End Results (SEER)
programme [1], there is an increase in NEN incidence. Cur-
rently, the yearly incidence of these neoplasms is estimated
atabout 35 cases per 100 000 individuals. Of these, about 70%
are gastroenteropancreatic neuroendocrine neoplasms (GEP

NENSs), constituting only 2% of all neoplasms of the digestive
system [2, 3]. With respect to their embryonic development,
NENSs of the digestive system are classified as those of the
foregut (i.e. from the oropharynx to the upper duodenum,
liver, gallbladder, pancreas), the midgut (middle part of the
duodenum to the right two-thirds of the transverse colon)
and the hindgut (the left one-third of the transverse colon
including the upper anal canal) [4].

Histopathological classification of NENs
In its Neuroendocrine Neoplasm/Neuroendocrine Tumour
(NEN/NET) classification system, the European Neuroendocrine
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Tumour Society (ENETS) considers the type of cell, organ loca-
tion and histological type including differentiation. According
to ENETS, the histological maturity of the tumour (G — grading)
is of main clinical significance [5]. The pTNM classification of
the tumour [6] and clinical advancement staging (S) [5] need
also to be considered.

The histological tumour maturity grading (G) is a microsco-
pic feature of prognostic value in treating NENs of the digestive
system. It is an independent predictive parameter of clinical
outcome for patients with low (G1), intermediate (G2) or high
(G3) NEN malignancy.[7-11]. The criteria for determining the
histological malignancy grading of NENs based on mitotic and
Ki-67 proliferation indices are presented in table | [3].

The mitotic index is the number of mitotic figures in hot
spots counted in no less than ten HPFs (high power fields,
2 mm?) at 40x magnification. The Ki-67 proliferation index is
evaluated by immunocytochemistry (ICH) with MIB1 antibody
as the percentage of cells presenting a positive reaction, co-
unted in 500-2000 tumour cells. Selection of the higher value
of these two indices is recommended as the G grade. NEN
classification systems and therapeutic decisions rely on the
G grade, as based on those two indices [3, 6, 12-14].

The grading system developed by ENETS for all NETs arising
in the pancreas and gastrointestinal tract was adopted by the
World Health Organization (WHO) in 2010. Within this system,
two categories of neuroendocrine neoplasms of the digestive
system were introduced, differing in morphology, clinical cour-
se and treatment, as based on differentiation and histological
maturity grading (G) [15]. The first category consisted of well
differentiated neoplasms (termed carcinoids prior to the year
2000), the Ki-67 proliferation index of which ranges between
0-20%, NET G1 and NET G2 (well differentiated neuroendocri-
ne tumours: G1, G2). Histologically, NET G1 and NET G2 cells
resemble normal neuroendocrine cells, expressing neuroen-

docrine markers (synaptophysin and chromogranin A [CgAl)
and site-dependent hormones, low or medium nuclear atypia,
and no more than 20 mitotic figures per 10 HPFs. Tumours
classified as NET G1 or NET G2 should be treated according
to standards pertaining to well differentiated neuroendocrine
tumours [3,16-18].Within the 2010 WHO classification, the
second category included neuroendocrine neoplasms with
a Ki-67 proliferation index above 20%, termed neuroendo-
crine carcinoma NEC (poorly differentiated carcinoma G3).
According to the 2017 Eighth Edition of the American Joint
Committee on Cancer (AJCC) [11] and the new 2019 WHO
Classification of Digestive System Tumours (presented in the
5t edition of the WHO Classification of Tumours series [13]),
the group of poorly differentiated neuroendocrine neoplasms
G3 was found to be heterogeneous [7,19]. In every organ of
the digestive system a limited group of well differentiated
tumours with Ki-67 proliferation index above 20%, typically
ranging between 21 and 55% (well differentiated high grade
NET G3) was distinguished [9, 10, 13, 20-24]. Unlike in the case
of NET G3, the remaining poorly differentiated neuroendocrine
neoplasms with Ki-67 proliferation index above 20%, usually
over 55%, were classified as NECs (high grade neuroendocrine
carcinoma). Within NEC, two groups were distinguished - large
cell or small cell carcinomas, the course of the latter resembling
that of aggressive small cell lung cancer. NEC strongly express
synaptophysin and weakly express chromogranin A, demon-
strate apparent nuclear atypia and over 20 mitotic figures per
10 HPFs. By introducing this new classification, based on clinical
and molecular research, the confusion between NET G3 and
NEC is avoided [13]. The currently proposed classification of
NENSs, which includes 2017 AJCC and 2019 WHO recommen-
dations, is presented in table II.

Mixed neoplasms with exo- and endocrine components,
earlier classified as mixed adenoneuroendocrine carcinoma

Table I. Grading criteria for assessing malignancy of neuroendocrine neoplasms [3, 11]

Histological malignancy grade of NEN

Mitotic activity/no. of mitotic

Ki-67 proliferation index/% of cells (per

@) figures/10 HPF

G1 - well differentiated, low grade
G2 - moderately differentiated, intermediate grade

G3 - poorly differentiated, high grade

2,000 cells)
<2 <3
2-20 3-20
>20 >20

Table Il. Neuroendocrine neoplasms grading according to WHO 2019 and AJCC 2017 11, 13-14]

Neuroendocrine neoplasm (NENs)

well-differentiated tumours with Ki-67 proliferation
index below 3%

proliferation index <20%

proliferation index >20%

NET G1 well-differentiated tumours
NET G2 well-differentiated tumours
NET G3 well-differentiated tumours
NEC neuroendocrine cancers

poorly-differentiated

well-differentiated tumours with Ki-67 proliferation
index from 3% to 20%

well-differentiated tumours with Ki-67 proliferation
index usually between 21 and 55%

neuroendocrine cancers with proliferation index
above 21%, usually above 55%

- large-cell cancers

- small-cell cancers
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(MANECQ) [5, 15], are presently termed mixed neuroendocrine-
-non-neuroendocrine carcinoma (MiNEN) if both components
are distinguishable, with each component to be graded indi-
vidually [13, 25].

NEC, goblet-cell carcinoid of the appendix and MiNENs
should be classified according to classical criteria applied to
adenocarcinomas of organs of the digestive system, and are
not discussed here.

Genetics

Current knowledge of genetics and molecular differences be-
tween different types of NENs stimulated a meeting of experts
at the International Agency for Research on Cancer (IARC) in
November 2017. A consensus was proposed to distinguish
between well differentiated neuroendocrine tumours (NETS)
and poorly differentiated neuroendocrine carcinomas (NECs) at
all sites where these neoplasms arise, as based on differences
in their molecular structure [8]. Mutations in MENT, DAXX and
ATRX are found in well-differentiated NETs, while NECs usually
carry TP53 or RB1 mutations [26]. The 2017 IARC consensus has
been incorporated in the 2019 WHO 5t Edition of classification
of neuroendocrine neoplasms [20].

Neuroendocrine tumours of the stomach (gastric
NETs)

Within the gastric NET group, the 2017 AJCC staging system
includes gastric “carcinoid”tumours (NET G1 and G2, and rare
well-differentiated G3). High-grade neuroendocrine carcinoma
(NEC) and mixed adenoneuroendocrine carcinoma MINEN)
are staged according to the classification of stomach adeno-
carcinomas.

The following changes were introduced in the 2017 AJCC
staging system: stage Groups I-IV were condensed, i.e. substa-
ges A and B were excluded; gastrin was added as an additional
recommended clinical care factor; pancreastatin was added as
an emerging prognostic factor of clinical care [9]. Over the years
1975-2014, the yearly incidence of gastric neuroendocrine
tumours has increased from 0.31 to 4.85 per 100 000 indivi-
duals [27]. This most likely results from the availability of more
sophisticated methods and diagnostic tools in endoscopy,
laboratory tests or nuclear medicine.

Gastric NETs may develop from different cells: histamine-
-producing enterochromaffin-like (ECL) cell NETs located in
the corpus/fundus, somatostatin-expressing D-cell and ga-
strin-expressing G-cell NETs located in the antrum, or rare
enterochromaffin-cell NETs producing serotonin, located in
the antrum and corpus/fundus. Measurements of gastric pH,
a-intrinsic factor or a-parietal cell antibody and gastrin levels
are useful in differentiating between the three different types
of gastric ECL NETs and in diagnosing type |, type Il and type
llhgastric NET [11,13, 28-31].

Several prognostic factors may also be useful in diagnosing
these three types of gastric NETs: gastrin is expected to be
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elevated in type I and type Il gastric NETs [31], while gastrin is
expected to remain within the normal range in type Ill gastric
NETs.[13]. CgA is a general NET marker, however with known
limitations [32]. Plasma or serum CgA is used as a marker in
patients with gastric NETs. Higher CgA levels are associated
with aworse prognosis [31]. Moreover, changes in the CgA level
within follow up may be useful in the prognosis of recurrence
after surgery or the response to therapy of metastatic disease
patients [33].

Type 1 gastric NET

Type 1 gastric NETs, composed of ECL-cells are most common
and typically occur as multiple small polyps in the corpus or
fundus. These NETs are associated with autoimmune chronic
atrophic gastritis, causing hypochlorhydria and leading to
hypergastrinemia. Type 1 gastric NETs rarely metastasize. The
5-year survival rate of patients is close to 100%.

Type 2 gastric NET

Type 2 gastric NETs are rare ECL-cell tumours diagnosed in
patients with multiple endocrine neoplasia type 1 (MENT) pre-
senting with multiple gastrinoma of the duodenum or pancreas,
leading to secondary hypergastrinemia. These tumours exhibit
a more aggressive phenotype with metastases in 10-30% of
cases. The 5-year survival rate of patients is 60-90%. As type |l
gastric NETs lead to the Zollinger-Ellison syndrome, the gastric
pH on endoscopy is typically very low, due to high acidity levels.

Type 3 gastric NET

Type 3 gastric NETs are sporadic tumours of no specific etio-
logy (such as atrophic inflammation or MENT1). These solitary
tumours with normogastrinemia have the worst prognosis of
all three ECL cell NETs (50% metastasize). The 5-year survival
rate of patients does not exceed 50% [28-30].

Gastric NENs of type 1 and type 2 are usually graded as well
differentiated NETs G1 and NETs G2. Type 3 Gastric NENs are
graded as NETs G3 or poorly differentiated NECs [9, 13, 21, 25].
Gastric NECs and MiNENSs are usually located in the antrum or
in the cardiac regions [34]. Gastric NECs usually deeply infil-
trate the gastric wall. Gastric NECs and MIiNENs have a poor
prognosis, progress rapidly and take an aggressive course [28].
The TNM classification and staging of gastric NETs are given
in tables llland IV.

Neuroendocrine tumours of the duodenum and
the ampulla of Vater

The 2017 AJCC staging system applies to well-differentiated
neuroendocrine tumours of the duodenum and the ampulla of
Vater. Carcinomas of the ampulla of Vater, including high-gra-
de, poorly differentiated neuroendocrine carcinomas are not
staged within this system and should be classified according
to classical criteria applied to adenocarcinomas of organs of
the digestive system.



Table I1l. AJCC 2017 TNM classification for neuroendocrine tumours of the stomach [9, 11]

Definition of primary tumour (T)

T category T criteria

TX primary tumour cannot be assessed

T0 no evidence of primary tumour

T tumour invades the lamina propria or submucosa and is less than or equal to 1 cm in size

T2* tumour invades the muscularis propria or is greater than 1 cm in size

T3* tumour invades through the muscularis propria into subserosal tissue without penetration of overlying serosa
T4* tumour invades visceral peritoneum (serosa) or other organs or adjacent structures

N category N criteria

NX regional lymph nodes cannot be assessed

NO no regional lymph node metastasis

N1 regional lymph node metastasis

M category M criteria

Mo no distant metastasis

M1 distant metastasis

Mia metastasis confined to liver

M1b metastases in at least one extrahepatic site (e.g. lung, ovary, nonregional lymph node, peritoneum, bone)
M1c both hepatic and extrahepatic

*For any T, add (m) for multiple tumours [TX(#) or TX(m), where X = 1-4 and # = number of primary tumours identified; for multiple tumours with different Ts, use the highest

Table IV. AJCC 2017 prognostic stage groups for neuroendocrine tumours
of the stomach [9, 11]

Most duodenal NETs are non-functioning. Gangliocytic
paragangliomas contain NET-like elements but also show

TNM Stage group variable amounts of ganglion-like cells and spindled Schwann
T1 NOMO | cells. Being indolent, they typically do not recur after resection.
T2-T3 NO MO I Gangliocytic paraganglioma and somatostatin-expressing NET
T4 NO MO M occur almost exclusively in the ampullary and periampullary
anyTNT MO il region [29]. Less frequent are functioning duodenal NETs — ga-

strinomas associated with the Zollinger-Ellison syndrome (ZES),
any T, any N M1 %

The following changes were introduced by the 2017 AJCC
staging system: neuroendocrine tumours of the duodenum and
ampulla, being different in tumour biology and prognosis, are now
considered separately from those in the jejunum and ileum. The
Tis (tumour in situ) distinction has now been eliminated [10, 11].

Over the years 1983-2010, the yearly incidence rate of
duodenal NETs was observed to increase from 0.27 to 1.1 per
100000 individuals [36]. The duodenal NET outcome relies on
the histologic grade, depth of invasion and size of the tumour
[36]. Duodenal NETs (95%) are mostly located in the first part
orin the ampullary region of the duodenum. NETs arising in
the ampulla of Vater are extremely rare but are often larger
and of higher grade (G3), and frequently metastasize — even
while being small and of low grade (G1, G2). Poorer overall
survival than in the case of duodenal NETs can be expected
[37]. Most duodenal NETs are below 2 cm in diameter, usually
without lymph node involvement [38]. However, gastrinomas
may metastasize, despite being very small in size (<1 cm) [36].

which usually occur in the duodenum (60-80% of cases) and
pancreas. However, duodenal/ampullary NETs may produce
somatostatin (about 1% of gastrointestinal NETs), adrenocor-
ticotropic hormone, VIP or serotonin, leading to the traditional
carcinoid syndrome [10, 11, 38].

Not much is known about the etiology of NETs of the
duodenum/ampulla of Vater. Most of these NETSs are sporadic,
however a small fraction (below 10%) is ascribed to hereditary
cancer syndrome, such as multiple endocrine neoplasia type 1
(MENT), neurofibromatosis type 1 (NF1) and von Hippel-Lindau
(VHL) syndrome. Patients with MENT develop multiple duode-
nal gastrinomas, patients with NF1 — somatostatin expressing
tumours [10, 25, 29, 39].

Most duodenal NETs are well-differentiated (G1 and G2)
tumours [12]. NECs (G3 by definition) of the small bowel occur
only within the ampullary region and should be staged as car-
cinomas in this location [37]. An adenocarcinoma component
may also be present in MiNENs. The TNM classification and
staging of NETs of the duodenum and ampulla of Vater are
given in tables V and VI.



Neuroendocrine tumours of the jejunum and
ileum

The 2017 AJCC staging system applies to neuroendocrine
tumours of the jejunum and ileum. These include small bowel
‘carcinoid”tumours NET G1 and G2, and rare well-differentiated
NET G3 arising in these locations. High-grade neuroendocrine
carcinomas (NEC) and mixed adenoneuroendocrine carcino-
mas (MiNEN) should be classified according to classical criteria
applied to the small intestine.

The following changes were introduced by the 2017 AJCC
staging system: a new classification of nodal involvement, N2,
is proposed; stages I-IV were condensed, i.e. substages A and
B were excluded; the duodenum is considered separately;
neurokinin A (NKA) was added as a possible prognostic factor
for clinical care [41].

Over the years 1973-2012, the yearly incidence of well-
-differentiated small intestinal NETs varied between 0.32 in
England and 1.2 in the US, per 100 000 inhabitants [42, 43].
The location of jejunoileal NETs is mainly in the distal part
of the ileum, close to the ileocaecal valve. Therefore diagno-
stics of these NETs depends on their accessibility in routine
endoscopy. About 33% of those NETs in the small intestine
are multifocal. Jejunal orileal NETs are usually small, growing

Table VI. AJCC 2017 prognostic stage groups for neuroendocrine tumours
of the duodenum and the ampulla of Vater [10, 11]

TNM Stage group
T1 NO MO |
T2-T3 NO MO Il
T4 NO MO I
any TN1T MO I11

any T,any N M1 \%

at a slower rate than adenocarcinoma, but disseminating to
the locoregional lymph node and liver [43-45]. Due to the
absence of clinical symptoms, diagnosis is typically delayed
until the tumour has metastasized to the liver [16, 40]. Ho-
wever, despite this advanced presentation, the prognosis for
patients is reasonably favourable. A higher risk of long-term
recurrence is suggested in patients with nodal metastases,
mesenteric involvement and lymphovascular or perineural
invasion [42, 43, 45, 46].

Intestinal NENSs are either functioning or non-functioning
NETs. Functioning NETs are mostly composed of enterochro-

Table V. AJCC 2017 TNM classifications for neuroendocrine tumours of the duodenum and the ampulla of Vater [10, 11]

Definition of primary tumour (T)

T category T criteria

TX primary tumour cannot be assessed

T tumour invades the mucosa or submucosa only and is <1 cm (duodenal tumours); tumour <1 cm and confined within the sphincter
of Oddi (ampullary tumours)

T2 tumour invades the muscularis propria or is >1 cm (duodenal);
tumour invades through the sphincter into the duodenal submucosa or muscularis propria, or is >1 cm (@ampullary)

T3 tumour invades the pancreas or peripancreatic adipose tissue

T4 tumour invades the visceral peritoneum (serosa) or other organs

Definition of regional lymph node (N)

N category N criteria

NX regional lymph nodes cannot be assessed
NO no regional lymph node involvement

N1 regional lymph node involvement

Definition of distant metastasis (M)

M category M criteria

MO no distant metastasis

M1 distant metastases

M1a metastasis confined to liver

M1b metastases in at least one extrahepatic site (e.g., lung, ovary, nonregional lymph node, peritoneum, bone)
M1c both hepatic and extrahepatic metastases

Multiple tumours should be designated as such (and the largest tumour should be used to assign the T category): 1) If the number of tumours is known, use T(#); e.g., pT3(4)NOMO;
2) If the number of tumours is unavailable or too numerous, use the suffix m =T(m) - e.g., pT3(M)NOMO
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Table VII. AJCC 2017 TNM classification for neuroendocrine tumours of the jejunum and ileum [11, 22]

Definition of primary tumour (T)

T category T criteria

TX primary tumour cannot be assessed

T0 no evidence of primary tumour

T tumour invades lamina propria or submucosa and is less than or equal to 1 cm in size

T2* tumour invades the muscularis propria or is greater than 1 cm in size

T3* tumour invades through the muscularis propria into subserosa tissue without penetration of overlying serosa
T4* tumour invades the visceral peritoneum (serosal) or other organs or adjacent structures

Definition of regional lymph node (N)

N category N criteria

NX regional lymph nodes cannot be assessed

NO no regional lymph node metastasis has occurred

N1 regional lymph node metastasis less than 12 nodes

N2 large mesenteric masses (>2 cm) and/or extensive nodal deposits (12 or greater), especially those that encase the

superior mesenteric vessels

Definition of distant metastasis (M)

M category M criteria

MO no distant metastasis

M1 distant metastasis

Mia metastasis confined to liver

M1b metastases in at least one extrahepatic site (e.g., lung, ovary, nonregional lymph node, peritoneum, bone)
M1c both hepatic and extrahepatic metastases

*For any T, add (m) for multiple tumours [TX(#) or TX(m), where X = 1-4, and # = number of primary tumours identified; for multiple tumours with different T, use the highest

maffin (EC) cells secreting serotonin or other peptides. In Euro-
pe, the term carcinoid is used to represent a midgut-originating
tumour, secreting serotonin and associated with the carcinoid
syndrome. The 2019 WHO classification only distinguishes
between well-differentiated NETs G1, G2, G3 and poorly dif-
ferentiated NECs in all sites where they occur.

In the case of functioning NETs, 30% of patients present
with hormone-induced symptoms (flushing, sweating, diarr-
hoea, wheezing), called carcinoid syndrome”which are difficult
to control [47,48]. Factors causing fibrosis (5-HT, tissue growth
factors, tachy- and bradykinins) may also induce right-sided
cardiac valve damage (carcinoid heart disease or Hedinger
syndrome) [16, 47].

Hormonally non-functioning NENs of the small intestine,
usually asymptomatic, are found accidentally during colono-
scopy in the ileocaecal region or when looking for the primary
tumour in patients with metastases. Tumours, of over 1 cm
diameter, are often malignant and metastatic [16, 22, 40].

Most NENs of the small intestine are well-differentiated
NET G1 and NET G2, with a reasonably good 5-year prognosis
[16,40]. Well-differentiated NET G3 are rare, presenting as well-
-differentiated neoplasms, unlike poorly differentiated NECs.
They are located almost exclusively in the ampullary region
and should be staged according to carcinomas arising in this
location [37]. The TNM classification and staging of NETs of the
jejunum and ileum are given in tables Vil and VIII.

Neuroendocrine tumours of the appendix

The 2017 AJCC staging system applies to neuroendocrine
tumours of the appendix. These include appendiceal NETs (car-
cinoid) tumours (NET G1 and G2, and rare well-differentiated
NET G3).High-grade neuroendocrine carcinomas (NEC), goblet
cell carcinoids, mixed adenocarcinomas and adenocarcinomas
should be staged according to the classification for appendix
carcinomas. The following changes were introduced by the
2017 AJCC staging system: stages I-IV were condensed, i.e.
substages A and B were excluded.

Appendiceal NETs similarly to jejunoileal midgut NETSs,
used to be called appendiceal carcinoids. However, wi-
thin the current 2017 AJCC staging system, they are now
classified separately from jejunoileal NETs due to behavio-

TableVIII. AJCC 2017 prognostic stage groups for neuroendocrine tumours
of the jejunum and ileum [11, 22]

TNM Stage group
T1 NO MO I
T2-T3 NO MO Il
T4 NO MO Il
T1-T4 N1, N2 MO Il

any T, any N M1 %



Table IX. AJCC 2017 TNM classification for neuroendocrine tumours of the appendix [11, 23]

Definition of primary tumour (T)

T category T criteria

X primary tumour cannot be assessed

10 no evidence of primary tumour

T tumour is 2 cm or less in greatest dimension

T2 tumour is more than 2 cm but less than or equal to 4 cm

T3 tumour is more than 4 cm or with subserosal invasion or involvement of the mesoappendix

T4 tumour perforates the peritoneum or directly invades other adjacent organs or structures (excluding direct mural

extension to adjacent subserosa of adjacent bowel), e.g., abdominal wall and skeletal muscle

Definition of regional lymph node (N)

N category N criteria

NX regional lymph nodes cannot be assessed
NO no regional lymph node metastasis

N1 regional lymph node metastasis

Definition of distant metastasis (M)

M category M criteria

Mo no distant metastasis

M1 distant metastasis

Mia metastasis confined to liver

M1b metastases in at least one extrahepatic site (e.g., lung, ovary, nonregional lymph node, peritoneum, bone)
M1c both hepatic and extrahepatic metastases

ural differences and higher incidence [12]. Over the years
1973-2012, according to the SEER database, the yearly inci-
dence of appendiceal NETs was 0.2 per 100 000 individuals
[23, 43]. Of all appendiceal neoplasms, typically arising in
the tip of the appendix and discovered accidentally at ap-
pendectomy [50], appendiceal NETs are the most frequent
(up to 85%) [23].

Most NETs of the appendix are smaller than 1 cm in diame-
ter. Major criteria of potential aggressiveness are the tumour
size and infiltration of the mesoappendix. Appendiceal NETs
have an excellent prognosis. With tumours smaller than 1 cm
in diameter, metastases occur only in some 2% of cases [40,
49,51].In patients with appendiceal NETs without lymph node
metastases, the 10-year survival rate ranges between 90-100%
[43,51]. Appendiceal NENs are graded as well - differentiated
NETs G1 and G2. Appendiceal NECs are morphologically similar
to colonic counterparts. They are rare and may occur in any
part of the appendix [13].

Goblet cell carcinoids are now termed goblet cell ade-
nocarcinomas, as neuroendocrine cells are their minor com-
ponent, while mucin-secreting cells are their major element.
MINENSs of the appendix are also rare and may display a com-
bination of NEC and adenocarcinoma, as do colonic MiNENs.
The term mixed adenoneuroendocrine carcinoma (MANEC)
is no longer used. The TNM classification and staging of NETs
of the appendix are given in tables IX and X.

Neuroendocrine tumours of the colon and
rectum
The 2017 AJCC staging system applies to neuroendocrine
tumours of the colon and rectum. These include colonic and
rectal“carcinoid”tumours (neuroendocrine tumour G1 and G2,
and rare well-differentiated NET G3). High-grade neuroendocri-
ne carcinomas and mixed adenoneuroendocrine carcinomas
should be staged according to the classification of colon and
rectum carcinomas. Against the 2010 Seventh Edition, no chan-
ges were introduced in the 2017 Eight Edition of AJCC [13].
The yearly incidence of colonic and rectal NENSs is rising
and estimated at 0.2 and 1.2 new cases per 100 000 indivi-
duals, respectively [53]. Colorectal NENs are usually silent or
associated with mass-related nonspecific symptoms, such as
pain, haemorrhage or constipation.

Table X. AJCC 2017 prognostic stage groups for neuroendocrine tumours
of the appendix [11, 23]

TNM Stage group

T1 NO MO I
T2-T3 NO MO [
T4 NO MO Il
any T N1 MO Il
any T,any N M1 %



Colonic and rectal NENs differ significantly [2]. Colonic NETs
are rare tumours, typically larger than their rectal counterparts,
are more aggressive, poorly differentiated and of histologically
higher grade G3 [2]. Rectal NETs tend to be smaller, over 50%
being below 1 cm in diameter in younger patients and are of
low or intermediate grade G1/G2 [54].

Colonic NETs have the worst prognosis among gastro-
intestinal (Gl) NETs — about 67% of patients have a 5-year
survival rate, while for rectal NETs the 5-year survival rate
is about 96%[55]. Apparently, NETs originating from the
midgut and the hindgut exhibit different clinicopathological
features [56].

On diagnosis, colorectal NECs and MiNENs may be
widely disseminated. MiNENs of the colorectum contain
a poorly differentiated neuroendocrine and an adenocar-
cinoma component. Occasionally, in patients with idio-
pathic inflammatory diseases, MiNENs with a low-grade
NET component may occur [57]. The TNM classification
and staging of NETs of the colon and rectum are given in
tables Xl 'and XII.

Neuroendocrine tumours of the pancreas
The 2017 AJCC staging system applies to well-differentiated
neuroendocrine tumours arising in the pancreas. Carcinomas
of the pancreas, including high-grade (G3) and poorly diffe-
rentiated neuroendocrine carcinomas, should be staged ac-
cording to the classification for exocrine pancreas carcinomas.

The