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ARTICLE INFO ABSTRACT

Keywords: Because rectal neuroendocrine tumors (NETs) are usually small-sized despite of malignant potential, endoscopic
Carcinoid resection techniques are recommended. It is unclear whether the lymphovascular invasion (LVI) in the endo-
Neuroendocrine

scopic resected specimens of small rectal NETs should be indicated for completion surgery. We performed a
systematic review and meta-analysis for the incidence of LVI in small rectal NETs (<20 mm) treated by endo-
scopic resection and its prognostic impacts.

We searched the relevant literature published before January 2019. A total of 21 publications including 1816
patients were enrolled.

Overall prevalence of LVI in small rectal NETs was 21.8%. Immunohistochemical method significantly in-
creased the detection rate of LVI up to 35.8% compared than H&E staining only (13.2%). Tumor size more than
5 mm was a risk factor for LVI in small rectal NET, whereas tumor grade did not influence the risk. The LVI in the
endoscopic resected specimens was a risk factor for subsequent lymph node metastasis. Separately analyzed in
detail, the vascular invasion had a stronger impact on lymph node metastasis than the lymphatic invasion. The
prognosis of endoscopically treated rectal NET with LVI was excellent with only 0.3% of recurrence rate during
the 5-year follow-up period.

LVI is highly prevalent and a risk factor for lymph node metastasis in the small rectal NETs. Endoscopically
treated small rectal NETs had excellent short-term prognoses despite of LVI. Inmediate completion radical
surgery is not absolutely necessary for the LVI-positive small rectal NETs. However, long-term follow-up is
recommended for any delayed recurrence.

Endoscopic resection
Lymphovascular invasion
Lymph node metastasis
Prognosis

Meta-analysis

1. Introduction Korea [7]. Because the majority (66%—-80%) of rectal NETSs are small in

size (i.e., < 10mm) and are found incidentally during screening colo-

Rectal neuroendocrine tumors (NETs) are rare and usually small in
size, but they are potentially malignant [31]. Thus, its clinical im-
plication is highly debated because the prognosis varies widely based
on grade, size, invasion depth, and lymphovascular invasion (LVI)
[2,4,35,37]. In Asia, the rectum is the most common primary location,
accounting for 60%-89% of all gastroenteropancreatic NETs [7,10].
The worldwide incidence of rectal NETs has been rapidly increasing
[28]; particularly, a nine-fold increase in incidence was recorded in

noscopy [11,28,32], local excision including endoscopic resection
techniques and trans-anal excision are recommended for NETs confined
to the mucosal or submucosal layer and without LVI [2,11,12,25].
However, although patients with tumors measuring <10mm and
11-20 mm still have a 2%-3% and 10%-15% risk of metastasis, re-
spectively even in tumors [31], it is still unclear whether the presence
of LVI in the endoscopic resected specimens of small rectal NETs is a
necessary requisite for further radical resection. The optimal treatment
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Endoscopic submucosal resection with a ligation
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Fig. 1. (A-D) Endoscopic submucosal resection
with a ligation. Small neuroendocrine tumor
measuring 0.7 cm is elevated at 2 cm from anal
verge. (B) Aspiration of the lesion into the li-
gator device and deployment of the elastic
band. (C) Snare resection below the band. (D)
En bloc specimen. (E-H) Endoscopic sub-
mucosal dissection. (E) Small rectal neu-
roendocrine tumor measuring 1 cm is elevated
at 2cm from anal verge. (F) Dissection with
Dual Knife. (G) Submucosal dissection base.
(H) En bloc specimen. (I) Magnified scans of H
&E slide shows a well-demarcated submucosal
tumor with clear resection margins. (J)
Neuroendocrine tumors consisting of well-de-
marcated islands and trabeculae of uniform
tumor cells show marked tumor retraction
from the surrounding fibrotic stroma within
tumor mimicking lymphovascular invasion.
(Footnotes: Fig. 1A-H have been published
previously [18] and the authors permitted
from the original authors of the figures).
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modality for such LVI-positive small rectal NETs is currently debated.
Because there is no consensus on the relevant clinical impact of LVI for
lymph node metastasis or recurrences of small rectal NETS, there are no
clear guidelines for treatment or follow-up plans of LVI-positive small
rectal NETs. Therefore, a meta-analysis to pool study results and clarify
the prognostic value of the presence of LVI in the endoscopically-re-
sected small rectal NETs are crucial to validate the safety of endoscopic
treatment.

LVI is defined as the presence of tumor cells in blood vessels and/or
lymphatic channels, and it plays an important role in lymph node
metastasis and the spread of cancer cells [8]. Further, LVIs are thought
to increase the risk of micrometastasis in loco-regional cancer [8]. Be-
cause rectal NETs are highly vascular tumors [36], LVI can be a po-
tentially high risk factor for metastasis, and thus precise histological
evaluation of LVI in the resected specimens is clinically important.
Nevertheless, identifying true LVI on routine hematoxylin and eosin (H
&E)-stained slides is often challenging due to the marked tumor re-
traction from the surrounding fibrotic stroma within NETs [27]. Ac-
cordingly, the detection rates for LVI vary depending on the diagnostic
modality, which includes either standard H&E staining method or ad-
ditional immunohistochemical (IHC) staining methods [18,23,29,33].
Further, data on the incidence of LVI are limited in rectal NETs.

This meta-analysis aimed to systematically review and investigate
the incidence, risk factors, and prognostic impacts of LVI in the en-
doscopically-resected, small rectal NETs measuring less than 20 mm to
help determine the appropriate management and follow-up strategies
for these patients.

2. Materials and methods
2.1. Search strategy

This study was carried out in accordance with the guidelines of the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
[22]. To identify the potentially relevant publications, MEDLINE, EM-
BASE and the Cochrane Library were searched for articles published up
to January 2019 using the following keywords: (‘rectum’ or ‘rectal’) and
(‘carcinoid’ OR ‘neuroendocrine’) and (‘lymphovascular’ or ‘lymphatic’
or ‘vascular’ or ‘LVI’). We also manually checked the citations of the
included publications.

2.2. Study selection and data extraction

Studies were considered eligible if they included patients with rectal
NETs measuring <20 mm in size who also had LVI (population). Those
treated with local or radical resection (intervention) were compared
with patients without LVI (comparator) to investigate the risk factors,
lymph node metastasis, and prognosis (outcomes) in published ob-
servational studies (study design). Two reviewers (KMJ and KHS) se-
lected the studies, analyzed the manuscripts, and independently ex-
tracted data. Discrepancies were resolved through consensus.

2.3. Quality assessment

The quality of the included studies was independently assessed by
two authors (KMJ and KHS) using the Newcastle-Ottawa Scale (NOS;
range, 0-9) [34]. Studies with a cumulative score of =7 were con-
sidered to be of high quality; 6, moderate quality; and < 6 stars, low
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quality.
2.4. Statistical analysis

This meta-analysis was performed using the Review Manager
(RevMan) software, version 5.3. (The Nordic Cochrane Centre,
Copenhagen, Denmark). All dichotomous variables were analyzed using
estimation of odds ratios (OR) with 95% confidence interval (CI).
Random-effect models were chosen for calculation of pooled odd ratios.
The heterogeneity of the pooled OR with 95% CI was tested via
Cochrane’s Q test (Chi-squared test) and I? metric (¥ < 25%: no het-
erogeneity; I = 25%-50%: mild heterogeneity; 2 = 50%-75%:
moderate heterogeneity; I? > 75%: extreme heterogeneity). Publication
bias was analyzed by using visual inspection of funnel plots.
Additionally, Begg-Mazumdar test and Harbord-Egger test were per-
formed in R (version 1.1.463). A P-value <0.05 was considered a sta-
tistically significant publication bias.

3. Results
3.1. Characteristics of the included studies

The search strategy and study selection flowchart is shown in
Supplementary Fig. 1. A total of 493 potentially relevant studies were
identified through systematic literature search. After title and/or ab-
stract screening, 347 studies were excluded because they were dupli-
cates, reviews, or case reports or the association between LVI and
lymph node metastasis or survival was not evaluated. After reviewing
the 72 remaining studies, 38 were further excluded because they in-
cluded non-rectal NETs or had missing data of LVI. Finally, 21 retro-
spective studies involving 1816 patients were included in the study.

The main characteristics and clinicopathological outcomes in the
included studies are summarized in Tables 1 and 2. All studies were
published between 2007 and 2019, of which 20 studies were pre-
dominantly conducted in Asia (6 in Korea and 14 in Japan) and 1 in the
United States. The treatment modalities were endoscopic resection
(n = 1486), trans-anal excision or trans-anal micro-invasive surgery
(n = 82), and subsequently radical surgery after endoscopic resection
(n = 248) (Fig. 1). The median follow-up of patients ranged from 24 to
67.5 months. Tumor depth was investigated in 1588 cases; of these,
1542 (97.1%) cases had tumors confined to the submucosa. Tumor
grade was recorded in 599 cases; of these, 93.2% (559/599) were grade
1 and 6.6% (40/599) were grade 2.

With respect to the diagnostic modality for LVI (Fig. 2A-D), 6 stu-
dies used IHC, while 15 studies used H&E staining. The overall in-
cidence of LVI after excision was 21.8% (396,/1816) and ranged from
0% to 66.6%. The frequency of LVI in tumors measuring < 10 mm was
26.4% (169/639). The detection rate of LVI was higher in using IHC
method (35.8%, 149/1127) than in using H&E staining method only
(13.2%, 247/689).

3.2. Association between LVI and tumor size in small rectal NETs after local
excision

In total, 10 studies reported on tumor size dichotomized according
to the following two criteria: diameter less than 10mm
[16,18,19,21,33,35] and 10-20 mm [5,6,19,21,30]. The correlation of
LVI according to tumor size [ > 5mm vs. < 5mm (Fig. 3A) or > 1 cm
vs. = 1cm (Fig. 3B)] was investigated independently. A meta-analysis
of the pooled data demonstrated that larger tumor size (> 5 mm) was
associated with a higher frequency of LVI than smaller tumor size
(=5mm) (OR 2.17; 95% CI 1.40-3.36, P = 0.00005). Similarly, the
pooled data revealed that larger tumor size (> 10 mm) was also asso-
ciated with a higher detection rate of LVI (OR 2.94; 95% CI 1.12-7.12,
P = 0.03). Both had low heterogeneity (P = 0.74, P = 0%; P = 0.18,
I? = 34%, respectively). Collectively, these results indicated that larger
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tumor size might increase the risk of LVI regardless of the criteria for
size (OR 2.38; 95% CI 1.57-3.61, P = 0.0001) (Fig. 3C). The Cochrane
Q test (X2 = 12.09; P = 0.36) and I test (7 = 9%) did not show any
significant heterogeneity.

For subgroup analysis on the staining method for detecting LVI,
studies that investigated tumor size (> 1 cm) were excluded. Because
IHC was performed only in the study by Lee at al [19], it was not
analyzed separately. The results showed that the LVI detection rate is
higher in IHC than that in H&E (OR 2.21; 95% CI 1.42-3.44, P =
0.0005 vs. OR 1.23; 95% CI 0.09-16.48, P = 0.87).

3.3. Association between LVI and tumor grade in small rectal NETs after
local excision

Tumor grade was investigated in 3 studies [16,18,21] (Fig. 3D).
Yamagishi et al [35] examined the Ki-67 index only, we classified tu-
mors with Ki-67 index > 2% as grade 2, and included in the meta-
analysis (Fig. 2E-F). The pooled data suggested that tumor grade did
not influence the increased risk of LVI (OR 1.70; 95% CI 0.40-7.26, P =
0.47). Medium heterogeneity was significant (P = 65%, P = 0.04).

3.4. Association of LVI, lymphatic invasion, or vascular invasion with post-
excision lymph node metastasis in small rectal NETs

Histologically confirmed data on LVI and lymph node metastasis
and their association in rectal NETs were available in five studies
[6,17,19,21,35], while one study [19] evaluated LVI and lymph node
metastasis using both histologic evaluation and imaging findings. In
two studies [6,17], both lymphatic invasion and vascular invasion were
independently investigated.

Of the 5 studies [6,17,19,21,35], the pooled data indicated that LVI
showed statistically significant correlation with increased risk of lymph
node metastasis of locally resected small rectal NETs (OR 4.98; 95% CI
1.13-21.95, P = 0.03) (Fig. 4A). The Cochrane Q test (x2 = 14.87;P =
0.005) and P test (7 = 73%) showed medium heterogeneity.

Further, subgroup analysis was also performed on 4 studies
[6,17,21,35], which lymph node metastasis were evaluated by histo-
logical method. Tumors with LVI also exhibited a significantly higher
risk for lymph node metastasis than those without LVI (OR 3.51; 95% CI
1.91-6.45, P < 0.0001), of which studies did not exhibit significant
heterogeneity (P = 0.72, 2 = 0%).

The relationships between lymphatic invasion or vascular invasion
and lymph node metastasis were analyzed separately (Fig. 4B). The
pooled data demonstrated that tumors with vascular invasion had a
significantly higher risk for lymph node metastasis than those without
vascular invasion (OR 3.84; 95% CI 2.01-7.31, P < 0.0001). By con-
trast, the presence of lymphatic invasion in small rectal NETs did not
did not influence the risk of lymph node metastasis after excision (OR
6.02; 95% CI 0.7-51.17, P = 0.100).

3.5. Association of LVI in endoscopic resection specimens with disease
recurrence

Fifteen studies that included 1213 patients provided sufficient data
to evaluate the prognostic impact of LVI on disease recurrence
(Table 2). In total, 1022/1213 (84.2%) cases were followed up. Because
of the heterogeneity of the data, a meta-analysis could not be per-
formed. Two cases (0.3%, 4/1022) of recurrence during follow-up were
recorded. In total, 109 patients in 3 studies did not undergo an addi-
tional operation, although LVI was identified in the endoscopic resec-
tion specimens. None of those 109 cases recurred during the follow-up
period (median, 30-76 months). By contrast, 31 patients underwent
additional radical surgery after endoscopic resection, of which lymph
node metastasis was identified on 21.7% (5/23).
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Characteristics of the included studies with small rectal neuroendocrine tumors less than 20 mm treated by local excision including endoscopic resection and trans-

anal excision.

Author Period Country Multi-center No. of cases Median size (range, mm) Grade 2 (%) Resection methods IHC LVI (%) NOS score
ER (CR) TAE RS
Takita [33] (2019) 2002-2017 Japan No 181 4.7 (2-10) 0° 181(99.4%) Yes 37 7
Matsuhashi [21] (2017) 2005-2013 Japan No 12 7.4 (3-15) 33.3 12 No 66.60 5
Choi [3] (2017) 2008-2015 Korea No 134 5.5 (< 10) 0 134(85.8%) No 0.70 7
Okubo [24] (2016) 1996-2015 Japan No 42" 5 (1-10) 19 42 Yes" 23.8(L), 7
30.9(VD)
Nakamura [23] (2016)  2001-2012 Japan Yes 170 5(2-13) 2.4 170(85.9%) Yes 22.30 6
Kwon [18] (2016) 2005-2015 Korea No 104 5 (1.2-10) 26.0" 104(84.6%) Yes 27.80 7
Kojima [17] (2016) 2001-2011 Japan Yes 200 <20 12.0 200 No 26.5(L), 6
34.5(VD)
Kitagawa [16] (2016) 2001-2011 Japan No 102 5 (1-10) 8.80 102(71.6%) Yes 56.80 7
Sekiguchi [29] (2015) 1997-2011 Japan No 90 5.0 (2-13) 0 90(96.7%) Yes  46.60 7
Mitsuhashi [21] (2015) 2007-2014 Japan No 56 6.2 + 2.5° 0 56 No 23.20 6
Shigeta [30] (2014) 1990-2010 Japan No 74 6 (5-8)° 65 9 No  25.60 7
Kim, J [13] (2014) 2009-2013 Korea No 76 4.65(1-10) 76 No 1.30 6
Lee [19] (2013) 2008-2010 Korea Yes 281 6.0 = 3.5%¢ 243 28 10 No 4.9(LD) 6
Yamagishi [35] (2012)  2000-2011 Japan No 14 12.85(5-20) 14 No 50.00 6
Kim, H [12] (2012) 2001-2010 Korea Yes 100 3-12 100(95%) No O 6
Fuyjii [5] (2011) 1991-2009 Japan No 18 <15 18 No 16.6 5
Fujimoto [6] (2010) 2005-2007 Japan Yes 12 10.5 (6-18) 12 No 66.60 6
Baek [1] (2010) 2004-2009 Korea No 12 10.6 (5-13) 12(100%) No O 4
Mashimo [20] (2008) 1999-2008 Japan No 63 6.4 (2-12) 63(95.2%) No 0 4
Kinoshita [15] (2007) 1994-2006 Japan No 27 9.1 (5-13) 27 No O 4
Fahy [4] (2007) 1957-2004 USA No 48 =20 16.3% 48 12 No 125 6

ER: Endoscopic resection; CR, complete resection rate; TAE, trans-anal excision; RS, radical surgery; IHC, immunohistochemical staining; NOS, Newcastle Ottawa
scale; LVI, lymphovascular invasion; LI, lymphatic invasion; VI, vascular invasion.

a

b

& Mitosis was used to evaluate tumor grade.

1 case of sigmoid neuroendocrine tumor is included in the study.
Mean * SD or Mean.
¢ Inter-quartile range.
Average size that includes the 3 cases of > 20 mm tumor.
Grade 2/3 was excluded from the original study design.

f Ki-67 index was re-evaluated using a cut-off of < 2%.

Only D2-40 staining was used for immunohistochemical staining.

Table 2
Clinical outcomes in small rectal neuroendocrine tumor with lymphovascular invasion.
Case ER only Size (mm) LVI (%) Follow-up
Case Duration Recurrence (%)
(mo, median)
Takita [33] 181 Yes 4.7(2-10) 37 136 26-61° 0
Choi [3] 134 Yes 5.5 (< 10) 0.70 134 27.8 + 16.7° 0
Okubo [24] 42 Yes 5 (1-10) 30.9 22 5-191°¢ 0
Nakamura [23] 170 Yes 5(2-13) 22.3 170 49 0
Kwon [18] 104 Yes 5 (1.2-10) 27.8 68 26.9 0
Kitagawa [16] 102 Yes 5 (1-10) 56.8 95 51.7 0
Sekiguchi [29] 90 Yes 5.0 (2-13) 46.6 920 67.5 0
Mitsuhashi [21] 56 Yes 6.2 + 2,57 23.2 56 2007-2014¢ 0
Shigeta [30] 74 No 6 (5-8)" 25.6 74 31 1(1.3)
Kim, J [13] 76 Yes 4.65 (1-10) 1.30 28 16 + 10° 0
Yamagishi [35] 14 No 12.85 (5-20) 50.0 14 67.1° 1(7.1)%
Baek [1] 12 Yes 10.6 (5-3) 0 12 28" 0
Mashimo [20] 61 Yes 6.4 (2-12) 0 61 24 0
Kinoshita [15] 27 No 9.1 (5-13) 0 14 70.6" 0
Fahy [4] 70 No <20 12.5 48 14.5-17.0° 2 (4.2)"

ER, endoscopically resected; Recur, recurrence; LVI, lymphovascular invasion; OP, Operation; LN +: lymph node metastasis.
2 Mean * SD or mean.

Y Inter-quartile range.

Follow- up month range.
Follow-up was done during the study period.(2007-2014).
14.5 months (size < 10 mm) and 17.0 months of follow up (size.10-19 mm).
20-mm sized tumor with lymphovascular invasion recurred after 18 months.

¢ 15-mm sized tumor with distant metastasis at initial diagnosis.

8 mm- and 10 mm-sized tumor without lymphovascular invasion recurred after 14 and 18 months, respectively.
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Fig. 2. Ancillary staining methods assessed for lymphatic or vascular invasion and Ki-67 index in rectal neuroendocrine tumors. (A) Lymphatic invasion with thin,
endothelial cell lining is observed on H&E (arrow). (B) The tumor emboli in D2-40-stained lymphatic vessels reveal the recognition of lymphatic invasion (arrow). (C)
Vascular invasion in H&E (dotted arrow). (D) Elastica van Gieson stain identifies vascular invasion of tumor cells (dotted arrow). (E) Grade 1 tumor with 0.6% Ki-67
index. (F) Grade 2 tumor with 4.7% Ki-67 index. (G-H) Magnified scan of H&E slide shows lymph node metastasis (white arrow) from grade 1 rectal neuroendocrine
tumor measuring 0.5 x 0.4 cm. The tumor was completely excised by endoscopic submucosal dissection. However, because lymphatic invasion was identified in the
specimen of endoscopic submucosal dissection, the subsequently radical resection was performed and the synchronous lymph node metastasis was observed.
(Footnotes: Figs. 2C-2D have been published previously [18] and the authors permitted from the original authors of the figures).

3.6. Publication bias

The funnel plots of the relevant factors on the risk of LVI including
tumor size (> 5mm vs. < 5mm and > 10 mm vs. < 10 mm) and tumor
grade as well as LVI as a predictor of lymph node metastasis in this
meta-analysis is shown in Supplementary Fig. 2. Visual inspection of
the funnel plots revealed no obvious publication bias for the predictors
studied. Begg’s test and Egger’s test suggested no significant publication
bias for the included studies (tumor size > 5mm vs. < 5mm, P =
0.851 and P = 0.939; tumor size > 10mm vs. < 10mm, P = 0.573
and P = 0.254; tumor grade, P = 1.000 and P = 0.798; LVI as a
predictor of lymph node metastasis, P = 0.624 and P = 0.871).

4. Discussion

This systematic review and meta-analysis assessed the risk factors
for the LVI, lymph node metastasis, or recurrence after endoscopic re-
section in patients with small rectal NETs. We have shown that tumor
size proved to be a risk factor for LVI. LVI itself was proved as a risk
factor for subsequent lymph node metastasis in small rectal NETs, in-
dependent of tumor grade. In fact, we authors have previously experi-
enced a synchronous lymph node metastasis from endoscopically re-
sected, grade 1 small rectal NET in size of 0.5 X 0.4 cm (Fig. 2G-H). In
this meta-analysis, the overall prevalence of LVI in small rectal NETs
less than 2 cm was relatively common in small rectal NETSs, with 21.8%
exhibiting LVI. Notably, this rate was not markedly different from the
29.4% in small rectal NET patients who developed recurrence and the
26.4% rate in patients with tumors measuring < 10 mm. Therefore,
grade 1 rectal NET with LVI also needs be radiologically examined to
rule out the synchronous or metachronous lymph node metastasis.

Our meta-analysis also demonstrated that the detection rate of LVI
was approximately three-fold higher in using IHC method (35.8%) than
in using H&E staining method only (13.2%). Because the detection rate
for LVI using routine H&E staining is low (1.1%-10.2%) due to the
marked tumor retraction [23,27,29], additional ancillary IHC staining
(D2-40, CD34, CD31, and Elastica van Gieson) has increased the sen-
sitivity and the specificity for detecting LVI in small rectal NETs, up to
the detection rate of 22.4%-46.7% [18,23,29,33]. These results

emphasize that adding IHC to the diagnostic method yields more reli-
able findings of LVI in the endoscopic resected specimens.

Despite of the common presence of LVI, the prognosis of small rectal
NET with LVI was favorable, with only 0.3% of recurrence in the 1022
patients. In comparisons, the patients with rectal NETs measuring <
20 mm have a favorable prognosis without lymph node metastasis after
endoscopic resection only, with a 3-year survival rate of up to 100%
[25]. In the era of IHC staining, 3 additional studies reported no me-
tastasis or recurrence over a median follow-up period of 5 years in
patients with small rectal NETs who had LVI in the endoscopic resection
specimens but did not undergo additional surgery [16,18,33]. By con-
trast, lymph node metastasis was observed in 5 of 23 (21.7%) cases that
additionally underwent a radical operation because of the presence of
the LVI in the endoscopic resection specimens [3,16,18,24,33]. Al-
though LVI-positive small rectal NETs were at high risk of post-excised
lymph node metastasis, the prognosis of LVI-positive small rectal NETs
appears to be complex and not proportional to the presence of LVI.
Otherwise, the process of LVI to lymph node metastasis can be as ex-
tremely slow as the nodal metastatic size has remained unchanged
during a 7-year follow-up [14]. A delayed recurrence is developed 23
years after the endoscopic resection of a 4-mm, grade 1, rectal NET [9].
Although the intra-lymphovascular NET cells may gain access to the
lymphatics as one of the earliest events in lymph node metastasis, they
may need further complex factors to reach the lymph node [26]. Vas-
cular invasion might aid to lymphatic invasion in the setting of lymph
node metastasis, because the presence of vascular invasion had a
stronger impact on subsequent lymph node metastasis (OR 3.94) rather
than lymphatic invasion in small rectal NETs. Rectal NETs are truly
highly vascular tumors [36]. The vascular invasion has also been de-
monstrated as a risk factor of lymph node metastasis (OR 6.26) in a
previous meta-analysis of radically resected rectal NETs [37]. Recent
study using next-generation sequencing failed to demonstrate the spe-
cific genetic mutations statistically related to LVI, lymph node metas-
tasis, or recurrence in rectal NETs, although rectal NETs commonly
carry pathogenic/likely-pathogenic mutations [26]. These inconclusive
facts still underline the clinical difficulty with precise prediction for the
recurrences of rectal NETs. Based on our study, completion radical
surgery would not be absolutely necessary for LVI-positive small rectal
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A Tumor size (>5mm)
>5mm = 5mm 0Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M.H, Random, 95% C| M.H, Random, 95% CI
1.1.1 With IHC
Kitagawa 2016 26 36 32 66 25.0% 2.76[1.15,6.62) —
Kwon 2016 1 35 18 69 24.0% 1.30(0.53,3.17) e
Lee 2013 7 151 1 102 4.3% 4.91 (0.59, 40.52) ]
Takita 2019 27 52 40 129 43.9% 2.40[1.24, 4.65) ——
Subtotal (95% Cl) 274 366 97.2% 2.21[1.42,3.44) >
Total events Al 91
Heterogeneity: Tau*= 0.00; Chi*= 2.23, df= 3 (P = 0.53); = 0%
Test for overall effect: Z= 3.50 (P = 0.0005)
1.1.2 Without IHC
Matsuhashi 2017 6 9 1 1 1.6% 0.62(0.02, 19.58)
Yamagishi 2012 1 2 0 1 1.2% 3.00(0.06,151.19) ¥
Subtotal (95% Cl) 11 2 28% 1.23[0.09, 16.48) R E——
Total events 7 1
Heterogeneity: Tau*= 0.00; Chi*= 0.35, df=1 (P = 0.55), I*= 0%
Test for overall effect: Z=0.16 (P = 0.87)
Total (95% Cl) 285 368 100.0% 2.17[1.40, 3.36) >
Total events 78 92
Heterogeneity: Tau™= 0.00; Chi*= 2.77, df= 5 (P = 0.74); IF= 0% 0 0 011 110 1007

Test for overall effect: Z= 3.48 (P = 0.0005)
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Fig. 3. Forest plots of the association between lymphovascular invasion and relevant factors in rectal neuroendocrine tumors. (A) Tumor size > 5mm. (B) Tumor

size > 1 cm. (C) Overall tumor size. (D) Grade.

(Abbreviations: With IHC, lymphovascular invasion (LVI) was evaluated via immunohistochemical staining; Without IHC, LVI was evaluated via H&E staining).



H.S. Kang, et al.

A

LVi+ LVI-

Study or Subgroup

Odds Ratio
Events Total Events Total Weight M.H, Random, 95% Ci

Pathology - Research and Practice 215 (2019) 152642

Lymphovascular invasion

Odds Ratio
M.H, Random, 95% Ci

4.1.1 LN by histology

Fujimoto 2010 6 8 3 4 151% 1.00 [0.06, 15.99)

Kojima 2016 3t 69 22 131 29.8% 4.04 [2.08,7.82) s

Matsuhashi 2017 1 8 0 4 11.9% 1.80[0.06, 54.33)

Yamagishi 2012 3 5 3 7 17.8% 2.00(0.18, 20.61)

Subtotal (95% Cl) 90 146  74.5% 3.51[1.91, 6.45] -

Total events 41 28

Heterogeneity. Tau®= 0.00; Chi*=1.34, df=3 (P = 0.72); F= 0%

Test for overall effect. Z= 4.04 (P < 0.0001)

4.1.2 LN hy histology and Image

Lee 2013 8 14 7 267 25.5% 49.52(13.53,181.30] —
Subtotal (95% CI) 14 267 25.5% 49.52[13.53, 181.30] ‘
Total events 8 7

Heterogeneity: Not applicable

Test for overall effect: Z= 5.89 (P < 0.00001)

Total (95% CI) 104 413 100.0% 4.98 [1.13, 21.95] ."

Total events 49 35

Heterogeneity: Tau"= 1.81; Chi*= 14.87, df = 4 (P = 0.005); F= 73% 00 " uf ” ; 1=0 100’

Test for overall effect. Z=2.12 (P =0.03)

Favours [without LN] Favours [with L]

Test for subaroun differences: Chi*=13.10. df=1 (P = 0.0003). F=982.4%

B

invasion +

Lymphatic or vascular invasion

invasion -

Odds Ratio Odds Ratio

Study or Subgroup

Events Total Events Total Weight M-H, Random, 95% Ci

M-H, Random, 95% CI

5.1.1 Lymphatic invasion

Fujimoto 2010 4 6 5 6 10.9% 0.40(0.03,6.18)

Kojima 2016 27 53 26 147 28.6% 4.83(2.44,9.59) ——

Lee 2013 8 14 7 267 22.3% 49.52(13.53,181.30) —
Subtotal (95% Ci) 73 420 61.8% 6.02[0.71,51.17} S ER——
Total events 39 38

Heterogeneity: Tau®= 2.89; Chi*= 14.66, df= 2 (P = 0.0007); "= 86%

Test for overall effect. Z=1.64 (P=0.10)

5.1.2 Vascular invasion

Fujimoto 2010 5 6 4 5 9.3% 1.25[0.06, 26.87)

Kojima 2016 3 69 22 131 28.9% 4.04 (2.09, 7.82) =

Subtotal (95% Cl) 75 136 38.2% 3.84[2.01,7.31}] R

Total events 36 26

Heterogeneity: Tau®= 0.00; Chi*= 0.54, df=1 (P = 0.46); "= 0%

Test for overall effect: Z= 4.09 (P < 0.0001)

Total (95% Cl) 148 556 100.0% 5.19 [1.71, 15.74] ~eEiR—

Total events 75 64

Heterogeneity: Tau"= 1.00; Chi*= 16.74, df= 4 (P = 0.002); F= 76% 10 ” 0* 1 3 150 1001

Test for overall effect. Z= 2.91 (P = 0.004)
Test for subaroun differences: Chi*= 0.16. df=1 (P = 0.69).

0%

Favours [without LN] Favours [with LN]

Fig. 4. Forest plots of meta-analyses of lymphovascular invasion (A) and lymphatic or vascular invasion (B) as predictors of lymph node metastasis.
(Abbreviations: LN by pathology, lymph node metastasis was evaluated via pathologic evaluation; LN by pathology and imaging, lymph node metastasis was

evaluated via pathologic evaluation or radiologic imaging).

NETs treated with endoscopic resection. However, because of the clear
evidence of LVI associated with lymph node metastasis, LVI-positive
rectal NET patients who do not undergo additional operation should
undergo long-term follow-up of 10-20 years.

The limitations in this meta-analysis are the small numbers of
available studies due to the disease rarity and the possible selection bias
only enrolling locally excised small tumors. Although uniform criteria
were used to select eligible studies, inherent differences among the
studies still existed. Substantial heterogeneity was observed in the
meta-analysis, and this was probably caused by the differences in study
factors including additional radical surgery, follow-up duration, and
limited data of tumor depth due to endoscopic resection. Nevertheless,

some messages emerged from our results. LVI is frequent in small rectal
NETs. LVI is a risk factor for the subsequent lymph node metastasis, but
small rectal NET patients with LVI tend to have excellent short-term
prognoses. Immediate completion radical surgery is not absolutely ne-
cessary for LVI-positive small rectal NETs. However, long-term follow-
up of 10 to 20 years is recommended to assess for any delayed recur-
rence. The present meta-analysis helps improve understanding of the
clinicopathological role of LVI in small rectal NET patients who are
endoscopically treated only.
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