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Objective: The aim of this study was to evaluate clinical and morphological

features related to nodal involvement in appendiceal neuroendocrine tumors

(NETs), to identify patients who should be referred for oncological radicali-

zation with hemicolectomy.

Background: Appendiceal NETs are usually diagnosed accidentally after

appendectomy; the indications for right hemicolectomy are currently based on

several parameters (ie, tumor size, grading, proliferative index, localization,

mesoappendiceal invasion, lymphovascular infiltration). Available guidelines

are based on scarce evidence inferred by small, retrospective, single-institu-

tion studies, resulting in discordant recommendations.

Methods: A retrospective analysis of a prospectively collected database was

performed. Patients who underwent surgical resection of appendiceal NETs at

11 tertiary Italian centers, from January 1990 to December 2015, were

included. Clinical and morphological data were analyzed to identify factors
 Copyright © 2020 Wolters Kluw

related to nodal involvement.
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Results: Four-hundred fifty-seven patients were evaluated, and 435 were

finally included and analyzed. Of them, 21 had nodal involvement. Grading

G2 [odds ratio (OR) 6.04], lymphovascular infiltration (OR 10.17), size (OR

18.50), and mesoappendiceal invasion (OR 3.63) were related to nodal

disease. Receiver operating characteristic curve identified >15.5 mm as

the best size cutoff value (area under the curve 0.747). On multivariate

analysis, grading G2 (OR 6.98), lymphovascular infiltration (OR 8.63), and

size >15.5 mm (OR 35.28) were independently related to nodal involvement.

Conclusions: Tumor size >15.5 mm, grading G2, and presence of lympho-

vascular infiltration are factors independently related to nodal metastases in

appendiceal NETs. Presence of �1 of these features should be considered an

indication for oncological radicalization. Although these results represent the

largest study currently available, prospective validation is needed.

Keywords: Appendiceal, carcinoid, lymph nodes, NET, neuroendocrine

neoplasms, Nodal metastases, prognostic factors, surgery

(Ann Surg 2020;271:527–533)

N euroendocrine neoplasms of the appendix have an approximate
annual incidence of 0.15 to 0.6/100,000, with a slight female

preponderance in Western series. In recent years, the reported
incidence has increased and the overall incidence rate is similar
among different ethnicities, although some differences have been
reported.1

Appendiceal neuroendocrine neoplasms are mostly diagnosed
incidentally during appendectomy with a rate of approximately 3 to
5/1,000 appendectomies. Neuroendocrine neoplasms, which com-
prise neuroendocrine tumors (NETs), neuroendocrine carcinomas
(NECs), mixed adenoneuroendocrine carcinomas (MANECs), and
goblet cell carcinomas, are the largest subgroup of appendiceal
neoplasms with approximately 30% to 80% of all neoplasms of this
site, followed by adenocarcinomas (36%), sarcomas and gastroin-
testinal stromal tumors (<1%), and lymphomas (1.7%).1,2

According to the most recently updated guidelines3,4 two
surgical procedures should be applied to treat appendiceal NETs:
simple appendectomy and right hemicolectomy.

The European Neuroendocrine Tumor Society (ENETS)
guidelines recommend tailoring the surgical strategy to the indi-
vidual situation. In particular, simple appendectomy is considered
curative for tumors <1 cm in diameter, whereas right hemicolec-
tomy is advised for NETs >2 cm (T3 stage according to ENETS
classification, T2 according to UICC/AJCC classification) because
of the increased risk of lymph node metastases, long-term tumor
er Health, Inc. All rights reserved.

recurrence, and/or distant metastases.
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In case of a T2 (ENETS) or a T1b (UICC/AJCC) NET (tumors
with a size between 1 and 2 cm), lymph node or distant metastases
seem unlikely but possible, particularly considering that, relatively
young patients with long life expectancy represent the majority of
cases. Thus, definitive curative treatment seems much more likely
with right hemicolectomy, but this procedure may be burdened by an
increased perioperative risk when compared to simple appendec-
tomy. Therefore, the localization of the tumor at the base of the
appendix (particularly with R1 resection) or a mesoappendiceal
invasion >3 mm is often taken into consideration as additional
criteria. In any of these cases, right hemicolectomy is recommended
by the most recently updated guidelines, but long-term prospective
data are currently lacking. Additional criteria, such as a Ki67 index of
�3% (NET-G2) or angioinvasion, have been suggested to aid with
decision-making, but even less evidence for these criteria has been
published.3 However, ENETS guidelines are based on small case
series and scarce evidence.

Considering the many issues still under debate in the manage-
ment of these tumors and the need for a better prognostic stratifica-
tion of patients to improve clinical practice, the aim of our study was
to evaluate the clinical, pathological, and immunohistochemical
features related to nodal involvement in a large multicentric cohort
of patients diagnosed with a NET of the appendix after appendec-
tomy, to identify those who should be referred for right hemicolec-
tomy.

METHODS

Study Design
A retrospective analysis of a multicentric prospectively col-

lected database was performed. All consecutive patients who under-
went surgical resection of appendiceal NET at 11 tertiary Italian
centers, from January 1990 to December 2015, were included and
followed up until January 2017. Demographic, clinical, surgical, and
pathological data were collected and analyzed to identify predictive
factors for nodal involvement in these patients.

All patients or their legal representatives provided written
informed consent at the time of surgery for anonymous review of
their data for research purpose. This retrospective study was
approved by local IRB (Comitato Etico Indipendente, S.Orsola-
Malpighi Hospital, Bologna) and was conducted in accordance with
the principles of the Declaration of Helsinki (revision of Edinburgh,
2000).

The primary end-point of this study was the identification of
prognostic factors related to the presence of nodal involvement in
patients with appendiceal NET.

Study Population
All consecutive patients (both male and female; no age

restriction) who underwent surgical resection of appendiceal NET
at 11 tertiary Italian centers during the study period were included.
Patients with NEC G3 (according to WHO 2010 classification) or
poorly differentiated endocrine carcinomas (PDEC) (according to
WHO 2000), MANEC, goblet cell neoplasm, or no evidence of NET
on pathology revision were excluded from the analysis. Cases with
incomplete pathology reports were censored.

Data Collection
All data were prospectively collected at the center where the

patient had been enrolled. A single computerized data sheet was
created and demographic, clinical, surgical, and pathological data
were retrospectively analyzed. For each patient, the following data
were collected: age, sex, date of diagnosis, age at diagnosis, surgical
 Copyright © 2020 Wolters Kluw

indication, indication for subsequent hemicolectomy and
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pathological features, such as tumor size and localization, lym-
pho-vascular invasion, and mesoappendiceal invasion, Ki-67,
WHO 2000 or WHO 2010 classification, and TNM staging according
to ENETS or UICC/AJCC.

Pathology and Immunohistochemistry Features
The histological specimens were examined by an experienced

pathologist at each center. Tumors were classified according to WHO
2010 classification5 and the ENETS grading system.6 The Ki-67
proliferation index was expressed as a percentage based on the count
of Ki-67-positive cells in 2000 tumor cells in the areas of the highest
immunostaining using the Ki67 antibody and Ki-67 (MIB1). Equiv-
ocal cases for lymphovascular infiltration were revised by NET-
expert pathologists using immunostaining for specific endothelial
markers including CD31 or CD34.

Statistical Analysis
Categorical variables were expressed as numbers (percent-

age). Continuous variables were reported as median and interquartile
range (IQR, 25th to 75th percentiles). Categorical variables were
compared using Pearson chi square or Fisher exact test, when
appropriate. Continuous variables were compared using Mann-Whit-
ney U test. Receiver-operating characteristic (ROC) curve was used
to identify the best cutoff value for the prediction of nodal involve-
ment according to the size of the tumor.

Two different analyses were performed. In the analysis A,
patients with nodal involvement at pathology after hemicolectomy
(Nþ group; cases) were compared to patients without nodal involve-
ment at pathology after hemicolectomy (N– group; controls).

Furthermore, we hypothesized that patients with occult nodal
involvement who did not undergo hemicolectomy, would recur and
we arbitrarily set to 10 years the time needed for this to occur. So we
assumed that patients without recurrence at the end of a 10-year
follow-up would not have had extra-appendiceal disease at diagnosis,
whereas patients who showed disease recurrence would have had
extra-appendiceal disease at diagnosis. Consequently, in the analysis
B, we compared Group 1 (patients from the Nþ group and patients
with disease recurrence; cases) with Group 2 (patients from the N–
group and patients who did not present disease recurrence during 10-
year follow-up; controls).

Analysis of the predictive factors of nodal disease was carried
out by univariate and multivariate analysis using logistic regression.
Predictive factors were expressed as odds ratio (OR) and 95%
confidence interval (95% CI). Forward stepwise method was used
to build a multivariate model after inclusion of all variables. All
predictive analyses were shown in the results section and tables.

Overall survival (OS) was defined as the length of time from
the date of diagnosis of NET to the death of patient or last follow-up
visit. Disease-specific survival (DSS) was calculated as the number
of months from diagnosis of appendiceal NET to the date of death
from NETor to the last follow-up date for patients still alive. DSS and
OS distributions were estimated using the Kaplan–Meier algorithm
and compared by the log rank test.

The P value was considered statistically significant when
<0.05. Statistical analysis was performed using SPSS Statistics v.
RESULTS

Four hundred fifty-seven (no. 457) consecutive patients under-
going appendectomy and diagnosed with appendiceal NET were
evaluated; of them, 9 did not meet inclusion criteria because of
diagnosis of goblet cell neoplasia (no. 4), G3 NEC (no. 2), MANEC
er Health, Inc. All rights reserved.

(no. 2), and appendicitis on pathological revision without evidence of

� 2018 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 1. Study flow chart. Nþ Group: patients with nodal involvement at hemicolectomy; N– Group: patients without nodal
involvement at hemicolectomy. Group 1: patients with nodal involvement at hemicolectomy and patients with evidence of disease
recurrence during the 10-year follow up; Group 2: patients without nodal involvement at hemicolectomy and disease-free patients
in the follow-up period.
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tumor (no. 1). Thirteen cases were censored because of missing or
incomplete pathological data. Study flow chart is shown in Figure 1.

The characteristics of the final study population (no. 435) are
listed in Table 1. One-hundred forty-two (no. 142) male (32.6%) and
293 female (67.4%) patients with a median age of 29 years (IQR 21–
41 years) were included. Indications for appendectomy were acute
appendicitis (no. 344; 79.1%), other abdominal surgery (no. 48,
11.0%), other neoplasia (no. 10, 2.3%), primary tumor resection in
stage IV disease (no. 2, 0.5%); in 31 cases (7.1%) indication was not
reported. In 281 cases (64.6%) tumors were located in the tip, in 46
(10.6%) at the body, in 16 (3.7%) in the base of the appendix,
whereas in the remaining 92, (21.1%) site was not reported. Median
size of the appendiceal tumor was 7.0 mm (IQR 4.0–11.0). Lym-
phovascular invasion was present in 51 (11.7%), absent in 286
(65.8%); data were not available in 98 patients (22.5%). Mesoap-
pendiceal invasion was observed in 171 cases (39.3%): among these
patients, 88 had an infiltration <3 mm, 46 patients �3 mm; data on
infiltration depth was not reported in 37 cases. No mesoappendiceal
invasion was observed in 217 patients (49.9%); data were not
reported in 47 cases (10.8%). According to WHO 2010 classification,
 Copyright © 2020 Wolters Kluw

360 patients (82.8%) had G1 NET and 35 (8.0%) had G2 NET.

� 2018 Wolters Kluwer Health, Inc. All rights reserved.
Median Ki-67 was 1.0% (IQR 1.0–1.0). Pathology reports according
to WHO 2010 classification were not available in 40 cases (9.2%): of
them, 39 cases (9.1%) were well-differentiated endocrine tumor and
1 (0.1%) was a well-differentiated endocrine carcinoma, according to
WHO 2000 classification.

Analysis A
Patients’ characteristics according to the presence of nodal

involvement at pathology after right hemicolectomy are described
in Table 2. Among the entire study population, 69 patients (15.9%)
underwent hemicolectomy. Of them, 21 patients (30.4%) had nodal
involvement at pathology (Nþ group), whereas 48 patients (69.6%)
did not present any nodal involvement (N– group). Among patients
with nodal involvement, 8 (38.1%) were males and 13 females
(61.9%); among N– patients, male patients were 16 (33.3%) and
female patients were 32 (66.7%) (P¼ 0.702). Median age was 29 years
(IQR 24–42) in patients with Nþ and 33 years (IQR 20–46) in patients
with N– (P ¼ 0.194). In patients with Nþ, median tumor size was
19.0 mm (IQR 15.5–23.5), whereas in patients with N– was 13.5 mm
(8.0–17.0) (P¼ 0.001). Among Nþ patients, tumor was located in the
er Health, Inc. All rights reserved.

tip in 7 cases (33.3%), in the body in 3 cases (14.2%), and 1 in the base

www.annalsofsurgery.com | 529



TABLE 1. Baseline Characteristics of the Study Population

Characteristic Patients (no. ¼ 435)

Demographic
Sex (male), no. (%) 142 (32.6%)
Sex (female), no. (%) 293 (67.4%)
Age, median (IQR), y 29 (21–41)
Surgical indications
Appendicitis, no. (%) 344 (79.1%)
Other abdominal surgery, no. (%) 48 (11.0%)
Other neoplasia, no. (%) 10 (2.3%)
Debulking, no. (%) 2 (0.5%)
N/A, no. (%) 31 (7.1%)
Pathological features:
Size, median (IQR), mm 7.0 (4.0–11.0)
Site

Tip, no. (%) 281 (64.6%)
Body, no. (%) 46 (10.6%)
Base, no. (%) 16 (3.7%)
N/A, no. (%) 92 (21.1%)

Lymphovascular invasion, no. (%) 51 (11.7%)
Mesoappendiceal invasion, no. (%) 171 (39.3%)

Invasion <3 mm 88 (20.2%)
Invasion �3 mm 46 (10.6%)
N/A 37 (8.5%)

WHO 2010 classification
NET G1, no. (%) 360 (82.8%)
NET G2, no. (%) 35 (8.0%)

WHO 2000 classification
WDET, no. (%) 39 (9.1%)
WDEC, no. (%) 1 (0.1%)

Ki-67, median (IQR), % 1.0 (1.0–1.0)

N/A, not available; WDEC, well-differentiated endocrine carcinoma; WDET, well-
differentiated endocrine tumor.

FIGURE 2. ROC curve for the best cutoff value of tumor size for
the identification of nodal involvement at pathology. Area
under ROC curve (AUROC): 0.747; 95% confidence interval:
0.627–0.867; standard error: 0.061; cutoff value: 15.5 mm.
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(4.8%); among N– patients, tumor was located in the tip in 23 cases
(47.9%), in the body in 7 cases (14.6%), and 1 (2.1%) at the base in one
case (P¼ 0.674). Lymphovascular invasion was present in 12 (57.1%)
Nþ patients and in 14 (29.2%) N– patients (P¼ 0.021). In 16 (76.2%)
 Copyright © 2020 Wolters Kluw

Nþ patients and 28 (58.3%) N– patients, mesoappendiceal invasion

TABLE 2. Patients’ Characteristics According to Nodal
Involvement at Right Hemicolectomy

Characteristic Nþ (no. 21) N– (no. 48) P�

Sex 0.702
Male, no. (%) 8 (38.1%) 16 (33.3%)
Female, no. (%) 13 (61.9%) 32 (66.7%)

Age median (IQR), y 29 (24–42) 33 (20–46) 0.194
Size, median (IQR), mm 19.0 (15.5–23.5) 13.5 (8.0–17.0) 0.001
Site 0.674

Tip, no. (%) 7 (33.3%) 23 (47.9%)
Body, no. (%) 3 (14.2%) 7 (14.6%)
Base, no. (%) 1 (4.8%) 1 (2.1%)
N/A, no. (%) 10 (47.6%) 17 (35.4%)

Lymphovascular invasion,
no. (%)

12 (57.1%) 14 (29.2%) 0.021

Mesoappendiceal invasion,
no. (%)

16 (76.2%) 28 (58.3%) 0.409

WHO 2010 classification 0.254
NET G1, no. (%) 13 (61.9%) 34 (70.8%)
NET G2, no. (%) 8 (38.1%) 11 (22.9%)

Ki-67, median (IQR), % 2.0 (1.0–5.0) 1.0 (1.0–2.0) 0.030

N/A, not available.
�P value from the comparison between negative and positive LN involvement.

530 | www.annalsofsurgery.com
was observed (P ¼ 0.409). Among 21 Nþ patients, 13 (61.9%) had a
NET G1 and 8 (38.1%) a NET G2 according to WHO 2010 classifica-
tion; among N– patients, 34 (70.8%) had a G1 and 11 (22.9%) a G2 (P
¼ 0.254). Median Ki-67 was 2.0% (IQR 1.0–5.0) in Nþ and 1.0%
(IQR 1.0–2.0) in N– (P ¼ 0.030).

The ROC curve of the tumor size in predicting patients who
had Nþ is shown in Figure 2. The size was quite accurate (area under
the curve� standard error, 0.747� 0.061; P < 0.002), and the best
cutoff value for nodal involvement was 15.5 mm. Fifteen (71.4%)
Nþ patients had an appendiceal NET >15.5 mm, whereas only 12
(25.0%) N– patients presented a tumor >15.5 mm.

Factors related to nodal involvement are reported in Table 3.
On univariate analysis, lymphovascular invasion (OR 4.11; P ¼
0.025) and size >15.5 mm (OR 8.50; P ¼ 0.001) were related to
nodal involvement; male sex, NET G2, and mesoappendiceal inva-
sion were not related to nodal involvement at univariate analysis. On
multivariate analysis, size >15.5 mm (OR 10.33; P¼ 0.015) was the
only variable independently related to nodal involvement after hemi-
er Health, Inc. All rights reserved.

colectomy.

TABLE 3. Prognostic Factors Related to Nodal Involvement
at Univariate and Multivariate Analysis in Patients Undergo-
ing Right Hemicolectomy

Univariate Analysis Multivariate Analysis

Characteristic OR 95% CI P OR 95% CI P

Male (sex) 1.23 0.42–3.57 0.703 — — —
NET G2 1.90 0.62–5.79 0.257 — — —
Lymphovascular

invasion
4.11 1.20–14.13 0.025 — — —

Mesoappendiceal
invasion

1.71 0.47–6.21 0.412 — — —

Size >15.5 mm 8.50 2.54–28.43 0.001 10.33 1.57–67.97 0.015

� 2018 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 4. Patients’ Characteristics According to Analysis B

Characteristic
Group 1
(no. 21)

Group 2
(no. 135) P�

Sex 0.770
Male, no. (%) 8 (38.1%) 47 (34.8%)
Female, no. (%) 13 (61.9%) 88 (65.2%)

Age median (IQR), y 30 (21–36) 29 (24–42) 0.519
Size, median (IQR), mm 19.0 (15.5–23.5) 8.0 (3.0–14.0) <0.001
Size >15.5 mm, no. (%) 15 (71.4%) 18 (13.3%) <0.001
Site 0.160

Tip, no. (%) 7 (33.3%) 95 (70.4%)
Body, no. (%) 3 (14.3%) 13 (9.6%)
Base, no. (%) 1 (4.8%) 3 (2.2%)
N/A, no. (%) 10 (47.6%) 24 (17.8%)

Lymphovascular invasion,
no. (%)

12 (57.1%) 21 (15.6%) <0.001

Mesoappendiceal invasion,
no. (%)

16 (76.2%) 65 (48.2%) 0.021

WHO 2010 classification <0.001
NET G1, no. (%) 13 (61.9%) 108 (80.0%)
NET G2, no. (%) 8 (38.1%) 11 (0.9%)

Ki-67, median (IQR), % 1.0 (0.5–1.0) 2.0 (1.0–5.0) <0.001

N/A, not available.
�P value from the comparison of the two groups.
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Analysis B
Eighty-seven patients completed a 10-year follow-up and

none of them presented disease recurrence. As shown in the study
flow chart (Fig. 1), patients with nodal involvement at pathology
examination after right hemicolectomy (no. 21) and patients with
disease recurrence during follow-up (no. 0) were grouped together
and compared to patients with N– (no. 48) grouped with patients
with no evidence of disease recurrence after 10-year follow-up (no.
87). Patients’ characteristics according to analysis B are described in
Table 4. Among Group 1 patients, 8 (38.1%) were males and 13
females (61.9%) and among Group 2, male patients were 47 (34.8%)
and female patients were 88 (65.2%); no difference was observed (P
¼ 0.770). Median age was 30 years (IQR 21–36) in Group 1 patients
and 29 years (IQR 24–42) in Group 2 patients (P¼ 0.519). In Group
1 patients, median tumor size was 19.0 mm (IQR 15.5–23.5),
whereas in Group 2 patients, median tumor size was 8.0 mm (IQR
3.0–14.0) (P < 0.001). Fifteen Nþ patients (71.4%) had an appen-
diceal NET >15.5 mm, whereas 18 Group 2 patients (13.3%)
presented a tumor >15.5 mm (P < 0.001). Among Group 1 patients,
tumor was located in the tip in 7 cases (33.3%), in the body in 3 cases
(14.3%) and 1 at the base (4.8%); among Group 2 patients tumor was
located in the tip in 95 cases (70.4%), in the body in 13 cases, (9.6%)
and 3 (2.2%) at the base (P ¼ 0.160). Lymphovascular invasion
was present in 12 (57.1%) Group 1 patients and in 21 (15.6%) Group
2 patients (P < 0.001). In 16 Group 1 patients (76.2%) and 65
 Copyright © 2020 Wolters Kluw

(48.2%) Group 2 patients, mesoappendiceal invasion was observed

TABLE 5. Prognostic Factors Related to Nodal Involvement at Fol

Univariate Analysis

Characteristic OR 95% CI

Male (sex) 1.15 0.45–2.98
NET G2 6.04 2.06–17.74
Lymphovascular invasion 10.17 3.23–32.01
Mesoappendiceal invasion 3.63 1.15–11.48
Size >15.5 mm 18.50 5.99–57.16

� 2018 Wolters Kluwer Health, Inc. All rights reserved.
(P ¼ 0.021). Among 21 Group 1 patients, 13 (61.9%) had a NET G1
and 8 (38.1%) a NET G2 according to WHO 2010 classification;
among Group 2, 108 (80.0%) had a G1 and 11 (0.9%) a G2 (P <
0.001). Median Ki-67 was 1.0% (IQR 0.5–1.0) in Group 1 and 2.0%
(IQR 1.0–5.0) in Group 2 (P < 0.001).

Factors related to nodal involvement at follow-up are reported
in Table 5. On univariate analysis, G2 NET (OR 6.04; P < 0.001),
lymphovascular invasion (OR 10.17; P< 0.001) size>15.5 mm (OR
18.50; P < 0.001), and mesoappendiceal invasion (OR 3.63; P ¼
0.028) were identified as predictive factors for nodal disease; on the
contrary, male sex was not related. On multivariate analysis, G2 NET
(OR 6.98; P ¼ 0.030), lymphovascular invasion (OR 8.63; P ¼
0.008), and size >15.5 mm (OR 35.28; P < 0.001) were indepen-
dently related to nodal disease within the follow-up period.

Survival Analysis
A total of 11 (4.0%) of 273 patients died during follow-up.

Four patients of 11 died for NET (1.5%), and 7 patients died for other
disease not related with NET. Mean OS was 275 months (95% CI:
263–287 months). Mean DSS was 286 months (95% CI: 279–293
months). Differences in DSS were observed when stratified accord-
ing to: grading (mean DSS of NET G1 vs NET G2: 291 vs 64 months;
P < 0.001), lymphovascular invasion (mean DSS in patients with vs
without lymphovascular invasion: 291 vs 166 months; P < 0.001)
and size >15.5 mm (P < 0.001).

Patients with nodal involvement after hemicolectomy had a
mean DSS of 78 months (95% CI: 65–92 months), whereas patients
without nodal involvement after hemicolectomy had a median DSS
of 141 months (95% CI: 129–154 months; P ¼ 0.102) (Fig. 3).

DISCUSSION

In this study, we evaluated retrospectively clinical, pathologi-
cal, and immunohistochemical features related to nodal involvement
in a large multicentric cohort of patients diagnosed with a NET of the
appendix, to identify those who should be referred for hemicolec-
tomy. We observed that tumor size, grading, and lymphovascular
invasion are independent predictive factors for nodal involvement.

Appendiceal NETs are most frequently diagnosed incidentally
after appendicectomy for suspected or manifest acute appendicitis.
The management of these relatively indolent neoplasms is contro-
versial. Size is considered the most relevant prognostic factor in the
majority of studies, thus guiding the therapeutic approach. Current
ENETS and North American Neuroendocrine Tumor Society
(NANETS) guidelines recommend that appendiceal NETs >2 cm
should be treated with right hemicolectomy because the risk of
lymph node metastases increases with the size of the tumor.3,4

However, as these tumors are rare, management recommendations
have been inferred from the results of small, retrospective, single-
institution studies and long-term prospective data are currently not
available. The clinical management of tumors <2 cm is even more
controversial. Many different factors other than size, such as the
er Health, Inc. All rights reserved.

localization within the appendix, Ki 67 index or grading,

low-up

Multivariate Analysis

P OR 95% CI P

0.770 — — —
<0.001 6.98 1.21–40.45 0.030
<0.001 8.63 1.77–42.53 0.008

0.028 — — —
<0.001 35.28 6.13–203.12 <0.001
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FIGURE 3. Kaplan-Meier estimates of DSS in patients with
appendiceal NEN according to presence of nodal metastases.
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lymphovascular or mesoappendiceal invasion, are usually taken into
account in clinical practice as additional criteria for the choice of the
therapeutic approach. However, even less evidence for these criteria
is available.

Our results confirm the relevance of tumor size as a prognostic
factor and as a pivotal parameter for the management of appendiceal
NETs. However, differently from what reported in current ENETS
guidelines, considering the size of 2 cm as cutoff value for clinical
decisions, our analysis showed a different dimensional cutoff to
identify the patients to refer for right hemicolectomy. Similarly to
what reported by Anderson and Wilson,7 a size>15 mm proved to be
a better value to predict nodal involvement after hemicolectomy and
in patients during 10-year follow-up. These data could allow a better
prognostic stratification of patients at the moment of the diagnosis.

Guidelines and several studies3,4,8–10 suggest the use of
additional parameters to guide the decision-making for the manage-
ment of NET sized 1–2 cm, such as WHO grading (G2), lympho-
vascular invasion, and mesoappendiceal infiltration >3 mm.

In our series, when evaluated in the group of patients under-
going follow-up, grading G2 and lymphovascular infiltration proved
to be independently related to the presence of nodal involvement both
at univariate and multivariate analysis. Although grading has been
proved to be a prognostic factor performing well in GEP NETs,
studies indicating its real significance in this setting are lacking. In a
retrospective analysis of 138 cases, Volante et al11 reported that the
outcome of patients affected by appendiceal NETs was influenced by
neither mitotic nor proliferative index. However, current guidelines
suggest the use of WHO grading as an additional parameter to take
into account in the management of appendiceal NETs <2 cm.

Lymphovascular infiltration (found in 11.7% of our series) has
been considered a factor indicating aggressiveness since the study of
Capella et al in 1995.12 According to Rossi et al,13 angioinvasion
found at pathology in appendiceal NET specimen is frequently a
result of artifacts during the preparation of samples. In our study only
NET-expert pathologists were involved and they were also asked to
revise unclear cases, to avoid this possible bias.

According to the most recently updated guidelines, mesoap-
pendiceal infiltration >3 mm represents an indication to right hemi-
colectomy.3,4 Tumoral invasion of the mesoappendix is observed in
up to 20% of adults and up to 40% in children, but studies report how

14,15
 Copyright © 2020 Wolters Kluw

this parameter is often underreported. In our series, this

532 | www.annalsofsurgery.com
parameter was observed in 39.3% of patients, possibly because of
the high expertise of pathologists involved. The depth of invasion
beyond 3 mm has been suggested to reflect the aggressiveness of the
disease. ENETS TNM classification uses this parameter to distin-
guish T2 from T3 tumors even in case of tumors<2 cm, meaning that
even small tumors with deep mesoappendiceal invasion (ie, beyond
3 mm) carry a higher risk of metastases. A more aggressive surgical
approach and an appropriate follow-up strategy is suggested by
guidelines, although prospective long-term data are not available
at the moment.3 Data on the prognostic role of mesoappendiceal
invasion are supported by scarce evidence,11,16,17 whereas many
authors did not find a prognostic relevance of this factor, similarly
to what we have observed.13,18,19 In particular, Rossi et al13 reported
how simple appendectomy can be considered the adequate treatment
for small appendiceal NETs, even when mesoappendix or serosal
invasion occurs. However, the previously cited analysis by Volante
et al11 showed a significant association of extramural extension
(including the mesoappendix) with adverse clinical outcomes in
these patients.

In our series, mesoappendiceal invasion resulted neither
related to nodal involvement at hemicolectomy nor at long-term
follow-up at multivariate analysis.

We did not find any correlation between localization of tumor
within the appendix and nodal involvement. However, according to
guidelines and several studies, location at the base of appendix is
considered an additional parameter to take into account for referral of
the patient for radicalization with right hemicolectomy.3,4 Although
there is no clear correlation with outcome, several studies report how
incomplete resection resulting in recurrence and metastases may
likely occur more frequently with an appendiceal NET located next
to or at the base of the appendix.19–21

One of the limitations of our study concerns the study design.
To achieve a methodologically correct study, all patients with a
diagnosis of appendiceal NET should have undergone right hemi-
colectomy, to homogeneously evaluate nodal involvement and to
start a follow-up program. This approach would not be considered
ethical and it would not be applicable. We hypothesized that patients
with nodal involvement who did not undergo hemicolectomy would
present a disease recurrence within a 10-year follow-up. Accord-
ingly, all patients who completed a 10-year follow-up and did not
develop disease recurrence have been considered free of nodal
involvement at the time of appendectomy. We also hypothesized
that a 10-year follow-up was sufficient to observe a potential recur-
rence, to enlarge the cohort of patients on which evaluate the
presence of nodal involvement with an ethically acceptable method,
although appendiceal NETs have a very indolent nature and a slow
growth. One of the main limitations of our study is therefore having
used a somehow arbitrary 10-year follow-up cut-off, which could not
be a long enough interval to detect a recurrence in a disease with this
peculiar disease history.

Regarding survival analysis, we observed an important differ-
ence in DSS in patients with nodal involvement compared to those
without nodal metastases (74 vs 141 months). These results, although
not statistically significant, reveal for the first time the potential
effect of nodal metastases on the prognosis of these patients.

In conclusion, even with the above-mentioned limitations, this
is the largest multicentric study not based on registries on appendi-
ceal NETs. According to the reported results, primary tumor size
>15.5 mm, evidence of lympho-vascular infiltration and grading G2
according to WHO 2010 resulted independently related to nodal
involvement in patients with appendiceal NETs. Patients presenting
one or more of these features should be considered for radicalization
with right hemicolectomy. In our series, mesoappendiceal invasion,
er Health, Inc. All rights reserved.

localization of tumor within appendix or demographic data did not

� 2018 Wolters Kluwer Health, Inc. All rights reserved.
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prove to be valid prognostic factors, differently to what suggested by
the guidelines.

To validate these data, a prospective study should be con-
ducted. However, considering the small number of cases due to the
relatively low incidence of this disease, a similar study would require
a wide participation of many tertiary centers to increase the sample
size, thus greatly raising costs and risk of biases.

Nevertheless, there is growing attention on the importance of
registries standardizing and aggregating data from case series and
case reports in the setting of rare diseases. In fact, in these pop-
ulations, due to small sample sizes and logistic limitations, the
conduction of more structured studies- such as randomized con-
trolled trials- is unlikely. A meticulous standardized collection and
critical analysis of the data collected by these registries, could instead
represent a way to guide decision-making and improve the clinical
management of these patients.22
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