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ABSTRACT

Background. Appendiceal neuroendocrine tumors (NETSs)
are incidentally found in up to 1% of appendectomy
specimens. The association of lymphovascular invasion
(LVI) with risk of regional lymph node involvement is
unclear.

Methods. From the National Cancer Database,
2004-2015, this study identified patients who had tumors
2 cm or smaller with one or more lymph nodes (LNs)
pathologically evaluated. The histology was defined as
typical, goblet cell, or composite NETs. Patient demo-
graphics, tumor characteristics, and treatment variables
were analyzed.

Results. The histologies for the 1767 identified patients
were typical (n =921, 52.1%), goblet cell (n = 556,
31.5%), and composite (n =290, 16.4%). The tumor
grades were low (70.4%), moderate (18.6%), and high
(11%). The overall LN positivity was 17%. Of 1052 tumors
evaluated, 215 (20.4%) had LVI. Overall survival
decreased with node involvement (mean 84 vs.
124 months; p < 0.0001, log-rank). In the multivariate
logistic regression analysis, LVI was independently asso-
ciated with node involvement [odds ratio (OR) 5.0;
p < 0.0001] after adjustment for patient age and tumor
histologic subtype, size, and grade. In the subset analysis of
typical NETs, tumor size of 1-2 cm (ref. < 1 cm; OR 5.5;
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p < 0.001) and presence of LVI (ref. absence of LVI; OR
4.8; p <0.0001) were the only factors independently
associated with LN involvement.

Conclusions. Node involvement is associated with worse
overall survival in appendiceal NETs. The presence of LVI
was strongly associated with lymph node involvement. An
appendectomy specimen showing LVI should prompt
strong consideration of colectomy with regional lym-
phadenectomy even for small, typical appendiceal NETs.

The overall annual incidence of gastrointestinal NETSs in
the United States is approximately 6 in 100,000 and rising."
Appendiceal NETs constitute about 3% of all primary
sites.” Appendiceal NETs are identified in 0.3-0.9% of all
appendectomy specimens, most commonly after resection
for presumed appendicitis.>* Tumors of neuroendocrine
origin represent the most common incidental malignancy
after appendectomy.’

Treatment recommendations for appendiceal NETs are
provided by several expert consensus guidelines.®™® His-
tologic subtype has been recognized as an important
determinant of tumor biology.” For typical NETs, right
colectomy is accepted as standard treatment for primary
tumors larger than 2 cm in diameter. For tumors smaller
than 1 cm, completion colectomy is recommended for a
positive resection margin or involvement at the base of the
appendix. Management of tumors 1-2 cm in size is more
controversial, but most guidelines suggest completion right
colectomy in the setting of lymphovascular invasion (LVI),
high tumor grade, or mesoappendiceal invasion.

In contrast, for goblet cell tumors, right colectomy is
recommended for any tumor size, although it has been
suggested that tumors smaller than 1 cm without other
high-risk features may be adequately treated with appen-
dectomy.'® Finally, treatment of composite NETs follows
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that of the adenocarcinoma component, which generally
entails colectomy because they have been described as the
most aggressive subtype of appendiceal NETs.”!!

The clinical relevance of LVI for small appendiceal
NETs is as a potential marker of regional involvement and
risk for subsequent mesenteric lymphadenopathy.'? How-
ever, literature supporting LVI as a prognostic factor is
limited by small patient numbers among few studies.'>™'

We analyzed the National Cancer Database (NCDB)
given its larger, more representative patient cohort for a
better evaluation of LVI as a predictor of lymph node
involvement in small appendiceal NETs with a diameter of
2 cm or less. We hypothesized that LVI is associated with
node involvement, which would better support existing
treatment recommendations and potentially inform surgical
decision-making regarding colectomy with regional lym-
phadenectomy after appendectomy.

All colorectal and appendiceal
cancer patients
N= 832,638

METHODS

The NCDB is a joint project of the Commission on
Cancer of the American College of Surgeons and the
American Cancer Society. Patients captured within the
database represent 70% of those with new cancer diagnoses
treated at approximately 1500 Commission on Cancer-
designated centers across the United States.

Given the de-identified nature of the data, this study was
exempted from City of Hope institutional review board
approval. The 2015 Participant User File (PUF) was
queried for all patients with a diagnosis of colon cancer
because appendiceal cancer is included in the colon cancer
patient file.

Patient selection from the PUF was performed as shown
in Fig. 1. Appendiceal cancer patients were selected based
on International Classification of Disease for Oncology,
3rd edition (ICD-O-3) topographical code C181, and
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neuroendocrine tumor histology was identified using ICD-
0O-3 morphologic codes. Three histologic groupings were
created as follows: typical, goblet cell, and composite
tumors. The histology codes were 8240, 8241, 8242, and
8249 for typical NETs, 8243 for goblet cell tumors; and
8244 and 8245 for composite tumors.'®

Patients who had tumors 2 cm in diameter or smaller
and one or more lymph node evaluated were selected for
the initial analysis. Surgical procedure codes 20 through 32
indicated appendectomy or segmental colectomy less
extensive than right hemicolectomy, whereas codes 40 and
41 indicated right hemicolectomy, as described in other
NCDB studies of appendiceal cancer patients.'’ The
NCDB began specifically capturing LVI status in 2010.

Data analysis was performed with Stata/MP software,
version 14.0 (StataCorp, College Station, TX, USA) and
JMP Pro, version 14.1 (SAS Institute, Cary, NC, USA).
Statistical significance was defined as p a value lower than
0.05 or 95% confidence intervals (95% ClIs) that exclude
1.0 for all outcomes.

Categorical variables were summarized using counts
and percentages, with group differences assessed by Pear-
son’s Chi square test. Continuous variables were expressed
as medians and interquartile ranges (IQRs), with group
differences assessed by the Kruskal-Wallis rank test.
Multivariate logistic regression was used to identify factors
associated with lymph node involvement, with results
expressed as odds ratios (ORs) and 95% ClIs.

Overall survival was modeled using the Kaplan—Meier
method with log-rank testing, stratifying by node-positive
and node-negative patient groups. Receiver operating
characteristic (ROC) curves were created to determine the
optimal cutoff size for the best prediction of lymph node

involvement, reported as area under the curve
(AUC) =+ standard error (SE) with sensitivity and
specificity.
RESULTS

For the analysis, 1767 patients with appendiceal NETs
were identified (Fig. 1). The median patient age was
50 years (IQR 39-61). Overall, 981 patients (55.5%) were
female, 89.5% were white, 7.5% were black, and 3.1%
were of other or unknown race. Insurance types were pri-
vate (65.7%), Medicare (18.8%), Medicaid (6.5%), and
other (9%). Tumor size was 1-2 cm for 1174 (66.4%) of
the patients. The histologies were typical (n = 921, 52.1%),
goblet cell (n =556, 31.5%), and composite (n = 290,
16.4%).

Tumor grade was available for 1003 patients (56.8%)
overall. Among these patients, the tumors were low grade
for 706 patients (70.4%), moderate grade for 187 patients

(18.6%), and high grade for 110 patients (11.0%). At least
12 lymph nodes were examined in 1178 patients (66.7%).
The overall rate of lymph node involvement was 17%. In
215 (20.4%) of 1052 evaluated tumors, LVI was present.

Procedure codes were evaluable for 1683 patients, 66%
of whom underwent right hemicolectomy. The remaining
patients had segmental resection.

Of the overall patient cohort, 1424 patients (80.6%) had
follow-up data. The median follow-up period was
46.5 months (IQR 27.4-78.5 months). Kaplan—-Meier
analysis of overall survival was performed, with patients
grouped by lymph node involvement (Fig. 2). The median
follow-up period was similar for both node-positive patients
(47.8 months; IQR 27.4-78.5 months) and node-negative
patients (46.1 months; IQR 24.5-73.3 months; p = 0.14).

Median overall survival was not reached for either
group. The mean survival was 84 months for the node-
positive patients, whereas it was 124 months for the node-
negative patients (p < 0.0001, log-rank).

Lymph Node Involvement

The uni- and multivariate analyses were stratified by
lymph node positivity (Table 1). In the univariate analyses,
the factors associated with positive lymph nodes were
younger age at diagnosis, typical NET histology, high
tumor grade, tumor size of 1-2 cm, examination of 12 or
more lymph nodes, LVI, and performance of right hemi-
colectomy. These variables then were included in a
multivariate logistic regression model, which determined
that nodal involvement was independently associated with
high grade, tumor size of 1-2 cm, 12 or more examined
lymph nodes, and LVI. Decreased likelihood of lymph
node involvement was associated with goblet cell or
composite histology.
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TABLE 1 Univariate analyses of patient, disease, and treatment factors stratified by lymph node status and multivariate analysis of odds of
having positive lymph node(s)

Univariate analysis Multivariate analysis

Positive lymph node(s) (n = 295) Negative lymph node(s) (n = 1472) p value OR 95% CI p value

n (%) n (%)
Patient characteristics
Age at diagnosis (years)
18-49 159 (54) 674 (46) 0.032 Ref - -
50-64 93 (31) 532 (36) 091 0.66-1.25 0.55
65-74 35 (12) 185 (13) 1.0 0.64-1.58 0.97
>75 8 () 81 (5) 0.67 0.30-1.49 0.33
Sex
Female 167 (57) 814 (55) 0.68 - - -
Male 128 (43) 658 (45)
Race/ethnicity
White 257 (87) 1324 (90) 0.35 - - -
Black 27 (9) 105 (7)
Other/unknown 11 4) 43 (3)
Insurance
Private 208 (71) 953 (65) 0.26 - - -
Medicare 45 (15) 288 (20)
Medicaid 17 (6) 97 (7)
Other 25 (8) 134 (9)
Comorbidities
None 250 (85) 1234 (84) 0.56 - - -
1 37 (12) 179 (12)
>2 8 () 59 4)
Clinicopathologic characteristics
Histology
Typical 179 (60) 742 (50) < 0.0001 Ref - -
Goblet cell 58 (20) 498 (34) 0.28 0.19-0.41 < 0.0001
Composite 58 (20) 232 (16) 0.54 0.35-0.82 0.0044
Grade
Low 113 (38) 593 (40) 0.014 Ref - -
Moderate 35 (12) 152 (10) 1.2 0.76-2.04 0.39
High 30 (10) 80 (6) 1.9 1.06-3.45 0.032
Unknown 117 (40) 647 (44) 1.0 0.66-1.37 0.78
Size (cm)
<1 26 (9) 567 (39) < 0.0001 Ref - -
1-2 269 (91) 905 (61) 6.1 3.93-933 < 0.0001
Lymphovascular invasion
Absent 72 (24) 765 (52) < 0.0001 Ref - -
Present 80 (27) 135 (9) 5.0 3.40-7.52 < 0.0001
Unknown 143 (49) 572 (39) 3.0 214425 <0.0001

Treatment characteristics
Resection of primary tumor

Appendectomy/ 71 (24) 501 (34) 0.0033 Ref - -
Ileocecectomy
Colectomy 210 (71) 901 (61) 1.5 1.06-2.04 0.021

Other/unspecified 14 (5) 70 (5) 1.8 0.87-3.55 0.12
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TABLE 1 continued

Univariate analysis

Multivariate analysis

Positive lymph node(s) (n = 295) Negative lymph node(s) (n = 1472) p value OR 95% CI p value
n (%) n (%)
Lymph nodes examined
<12 59 (20) 477 (32) < 0.0001 Ref - -
> 12 236 (80) 942 (64) 1.6 1.12-2.22 0.0095
Unknown 0 53 (4) - - -

OR odds ratio, CI confidence interval

Lymphovascular Invasion

From 2010 to 2015, LVI status was available for 83.6%
of the specimens overall (1052 of 1258 tumors), with a
significantly increased rate of recorded information over
time (lowest proportion, 75.3% in 2010; highest propor-
tion, 88.4% in 2014; p = 0.008). Of the 1052 patients with
LVI status, LVI was present in 17.6% of the typical tumors,
23% of the goblet cell tumors, and 27.4% of the composite
tumors (p = 0.016). When the comparison was limited to
1- to 2-cm tumors (n = 673), the frequencies of LVI were
26.7% for the typical tumors, 24% for the goblet cell
tumors, and 29.7% for the composite tumors (p = 0.52).

The patients with 12 or more lymph nodes evaluated
were stratified by LVI status (n = 717) and compared by
number of lymph nodes involved. Among the 176 LVI-
positive patients, 66 (37.5%) had one or more positive
nodes significantly more frequently than the LVI-negative
patients (60 of 541, 11%; p < 0.0001). In addition, multi-
ple positive nodes were found more often in LVI-positive
patients (35 of 66, 53%; vs. 20 of 60, 33.3%; p = 0.026).

Subset Analysis of Typical NETs

The patients who had typical NETs with known LVI
status and at least 12 examined lymph nodes (n = 373)
were separately analyzed (Table 2). The uni- and multi-
variate analyses found that lymph node involvement was
associated with 1- to 2-cm tumor size and LVI. In contrast
to the analyses of the entire study cohort, patient age, high
tumor grade, and performance of right colectomy were not
associated with node involvement. Similar analyses were
performed for goblet cell (n=232) and composite
(n = 112) histologies (data not shown). Among goblet cell
NETs, LVI was independently associated with node
involvement (OR 6.1; 95% CI 2.38-15.8; p = 0.0002),
whereas size of 1-2 cm was not (OR 4.3; 95% CI
0.92-20.4; p = 0.063). In the small subset of composite
NETs, node involvement was not associated with LVI (OR

2.4;95% CI 0.74-7.73; p = 0.15) or 1- to 2-cm tumor size
(OR 4.7; 95% CI 0.55-40.1; p = 0.16).

Tumor Size

In this study, ROC curves were constructed to determine
the optimal cutoff size for predicting lymph node
involvement for all histologic subtypes (Fig. 3a) and for
the subset of typical NETs (Fig. 3b). Among all the his-
tologies, the optimal cutoff size was 12 mm, with an
AUC =+ SE of 0.71 £ 0.014, a sensitivity of 0.79, and a
specificity of 0.33 (p < 0.0001). For typical NETs, the
optimal cutoff size was 11 mm, with an AUC £ SE of
0.77 £ 0.019, a sensitivity of 0.85, and a specificity of 0.43
(p < 0.0001).

DISCUSSION

This study demonstrated that for appendiceal neuroen-
docrine tumors with a diameter of 2 cm or smaller,
lymphovascular invasion is independently associated with
lymph node involvement. This association remained even
when only patients who had typical NET histology with
LVI status and examination of 12 or more lymph nodes
were analyzed. Consensus guidelines such as those of the
North  American Neuroendocrine Tumor  Society
(NANETS) and the European Neuroendocrine Tumor
Society (ENETS) recommend completion colectomy for 1-
to 2-cm tumors with LVL.%® However, as noted in the
United Kingdom and Ireland Neuroendocrine Tumor
Society (UKINETS) guidelines commentary, before this
analysis, data specifically supporting that recommendation
were lacking.”

The finding that node involvement is independently
associated with high tumor grade and tumor size of 1-2 cm
(vs. < 1 cm) has been demonstrated in multiple prior
studies.'*'>'®! Finally, ROC curves for all histologic
subtypes and for the subset of typical NETs showed that
tumor size cutoffs of 12 and 11 mm, respectively, have the
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TABLE 2 Subset of patients with typical histology, > 12 lymph nodes examined, and known LVI status: univariate analyses of patient, disease,
and treatment factors stratified by lymph node status and multivariate analysis of odds of having positive lymph node(s)

Univariate analysis

Multivariate analysis

Positive lymph Negative lymph p value OR 95% CI p value
node(s) (n = 77) node(s) (n = 296)
n (%) n (%)
Age at diagnosis (years)
18-49 50 (65) 165 (56) 0.29 Ref - -
50-64 16 (21) 86 (29) 0.79 0.40-1.56 0.49
> 65 11 (14) 45 (15) 1.1 0.49-2.52 0.81
Grade
Low 57 (74) 220 (74) 0.21 Ref - -
Moderate 8 (10) 26 (9) 0.90 0.35-2.28 0.82
High 23 1< 1.9 0.16-22.4 0.61
Unknown 10 (13) 49 (17) 0.93 0.41-2.10 0.86
Size (cm)
<1 709 124 (42) < 0.0001 Ref - -
1-2 70 91) 172 (58) 5.5 2.40-12.7 < 0.0001
Lymphovascular invasion
Absent 36 (47) 247 (84) < 0.0001 Ref - -
Present 41 (53) 49 (16) 4.8 2.52-7.94 < 0.0001
Resection of primary tumor
Appendectomy/Ileocecectomy 21 (27) 84 (28) 0.36 - - -
Colectomy 51 (66) 203 (69)
Other/unspecified 50 93

OR odds ratio, CI confidence interval

highest sensitivity and specificity for predicting lymph
node involvement, similar to the 10-mm cutoff used in the
consensus guidelines.

Lymphovascular invasion as a pathologic feature rep-
resents invasion of malignant cells into peri-tumoral
lymphatic channels and vasculature. A prospective colon
cancer staging trial by Wasif et al.”” demonstrated that LVI
was associated with an increased risk of occult nodal
metastasis, together with other high-risk local tumor
characteristics such as high T stage and grade.

A recent Japanese multicenter retrospective study of 760
NETs, predominantly of the rectum but also including
several of the colon and appendix, found that LVI was
associated with a significantly higher risk of nodal metas-
tasis.”’ The clinical importance of the status of regional
lymph node involvement by gastrointestinal neuroen-
docrine tumors is that it provides accurate staging and
guides surveillance strategies for patients after resection.?”
In addition, identification and aggressive treatment of
patients at risk for regional nodal involvement may pre-
clude the development of symptomatic mesenteric
lymphadenopathy.'

The data on the role of LVI in predicting nodal metas-
tases in appendiceal NETs are limited. A single-institution
retrospective series of small appendiceal NETs determined
that the presence of small-vessel invasion was associated
with metastatic spread beyond the appendix (60% vs. 0%;
p < 0.001)." The limitations of that study included small
sample size (79 patients), lack of specification of the
number of tumors 2 cm or smaller, and exclusion of
atypical histologic subtypes.

Two recent multi-institutional analyses evaluated pre-
dictors of lymph node involvement including LVI, with
approximately 400 patients in each cohort.'*' In the study
by Rault-Petit et al.,'* several patients with tumors larger
than 2 cm were included in the analysis. In addition,
whereas nearly half of the patients had LVI status docu-
mented, only 25% had one or more lymph nodes removed
between the initial appendectomy and the subsequent right
colectomy to evaluate the significance of LVI.

The series by Brighi et al.'” captured LVI status in
nearly 80% of patients and demonstrated an association
between LVI and node involvement. The analysis, how-
ever, was predicated on the results of right colectomy,
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FIG. 3 Receiver operating characteristic curves of optimal cutoff
size for predicting lymph node involvement a among all
neuroendocrine histologic subtypes and b among typical
neuroendocrine tumors

which was performed for less than 20% of the patient
population. Furthermore, the study evaluated consecutively
resected appendiceal NETs without a size limit. By doing
so, tumors larger than 2 cm with their inherent increased
risk of LVI and nodal dissemination also were included.
Each study provided ROC curve analyses to determine the
optimal tumor size cutoff for predicting lymph node
metastasis. These analyses were hindered by the inclusion

of tumors larger than 2 cm, which likely skewed the cutoffs
to 19.5 and 15.5 mm, respectively. In conjunction with the
substantial detail regarding pathologic features that Rault-
Petit et al.'* and Brighi et al.'> were able to capture, our
study extended the predictive utility of LVI to appendiceal
NETs 2 cm in size or smaller, further supporting the
aforementioned consensus management guidelines.

The overall survival in our patient cohort was durable
but significantly worse for the patients with node
involvement (median not reached; mean, 84 vs.
124 months; p < 0.0001, log-rank). Control of disease is
far more challenging when it extends beyond the organ of
origin.?® Therefore, treatment at early stages represents the
best opportunity for long-term disease control and potential
cure. Lymphovascular invasion has significant value for
identifying patients who are candidates for more aggressive
treatment of early disease, given that the majority of
appendectomy specimens performed for presumed acute
appendicitis will have few or no lymph nodes harvested.”

The question of how many regional lymph nodes should
be assessed to provide adequate staging of appendiceal
NETs has recently been addressed.”* A Surveillance, Epi-
demiology, and End Results (SEER) database analysis
using cut-point statistical modeling determined that for
typical appendiceal neuroendocrine tumors 1-2 cm in
diameter, evaluation of 12 or more lymph nodes was
associated with improved overall survival at 5 years (100%
vs. 85.7%; p = 0.006), which coincides with the recom-
mended number of nodes for colon adenocarcinoma. Using
this threshold, we found that patients with 12 or more
examined nodes were significantly more likely to have
positive regional nodes identified.

We considered that neuroendocrine tumors of the
appendix exist as three entities: typical, goblet cell, and
composite histologies. The three subtypes encompass a
range of tumor biology, and few studies analyze all sub-
types together.”*> In considering all the histologic subtypes
in the same cohort, we were able directly to compare the
locoregional aggressiveness of a range of small appen-
diceal NETs. Rather unexpectedly, we found that
compared with typical NETs, lymph node involvement was
one-fourth as likely among goblet cell tumors and half as
likely among composite tumors, despite a similar fre-
quency of LVI across histologic categories at the 1- to
2-cm tumor size. Therefore, the presence of LVI in NETs
smaller than 1 cm may appropriately support the decision
to perform completion right colectomy and regional node
assessment across all histologic subtypes.

The limitations of databases such as the NCDB are well-
described, particularly the lack of disease recurrence data.
This is particularly limiting in the setting of diseases with
substantial long-term survival, such as small appendiceal
NETs. However, a large dataset such as that offered by the
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NCDB has substantial value for aggregating adequate
numbers of these unusual tumors for analysis. A limitation
specific to our analysis was that the NCDB does not have a
specific code for “appendectomy.” However, by stratifying
patients based on nodal harvest rather than length of colon
removed, we believe that the more relevant end point of
resection was incorporated into the analysis. Finally,
because LVI has been collected only since 2010, overall
survival analyses stratified by LVI were unable to detect
survival differences between patient subsets at the end of
the follow-up period.

In summary, lymphovascular invasion has been identi-
fied in many consensus guidelines as a harbinger of locally
aggressive small appendiceal NETs that should prompt
consideration of completion right colectomy. Empirical
evidence to support that recommendation has been limited
to date. Our analyses have shown that appendiceal NETs of
any diameter with LVI should be considered for right
colectomy and regional lymphadenectomy given the sig-
nificant risk of regional nodal metastases, regardless of
tumor grade or histologic subtype.
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