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Abstract

5-year DFS.

Background: Gastrointestinal stromal tumors (GISTs) account for less than 1% of all gastrointestinal tumors. The
biological behaviors of GISTs vary from benign to malignant. GISTs are common in the stomach (55.6%) and small
intestine (31.8%), but rarely in the rectum, colon (6%), and other sites (5.5%). Currently, the majority of published
reports of primary appendiceal stromal tumors (PASTs) are case reports or case series.

Methods: The PASTs described in this study were identified from a literature review (23 cases) and our center (one
case). The relationship between PAST gross types and clinicopathological factors was analyzed and summarized. At
the same time, the study also analyzed the related risk factors and survival of PASTs and GISTs.

Results: Twenty-four cases of PASTs were compared with 254 cases of GISTs from our center. The results
showed that there was a significant difference between the two groups in tumor size (P<0.001), histological
type (P=0.013), CD34 expression (P <0.001), and DOG-1 expression (P < 0.001). Disease-free survival (DFS)
analysis of 11 cases of PASTs and 227 cases of GISTs found that a comparison of 3-year and 5-year DFS was
not statistically significant (P=0.894 and P=0.846, respectively). In the DFS multivariate analysis, tumor
mucosal ulceration, tumor size, and NIH risk classification were independent prognostic factors in 3-year and

Conclusion: In this study, there was no significance in the survival of patients with appendix and gastric
stromal tumors, which we hypothesized to be associated with the low sample size and incomplete follow-up
records. Based on this, we conclude that the prognosis of primary appendiceal stromal tumors may be better
than gastric tumors, but this needs to be confirmed in further prospective studies.
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Background

Gastrointestinal stromal tumors (GISTs) account for less
than 1% of all gastrointestinal tumors and are generally
considered to emanate from the interstitial cells of Cajal
(ICCs) [1-3]. GISTs were first termed in 1983 by Mazur
and Clark [4], who, using immunohistochemistry (IHC),
discovered that the majority of gastric wall tumors are
not derived from smooth muscle but instead are of
nerve sheath origin. GISTs are classified into spindle
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cells (70%), epithelial cells (20%), and mixed cells (10%)
by IHC and observation of histological characteristics
under light microscopy [5].

The biological behaviors of GISTs vary from benign to
malignant. CD117, CD34, and DOG1 expression is usu-
ally positive in IHC staining, and thus these proteins are
useful when confirming diagnosis [2]. GISTs are com-
mon in the stomach (55.6%) and small intestine (31.8%),
but rarely in the rectum, colon (6%), and other sites
(5.5%) [6]. According to literature reports, PASTSs are ex-
tremely rare [7] and without specific clinical symptoms.
PASTs are often identified because of other diseases of
the appendix (such as appendicitis or other tumors) or
ileocecal tumor surgery [8]. Therefore, correct diagnoses
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of PASTs are very difficult to obtain prior to surgery.
Currently, the majority of published reports of PASTs
are case reports or case series. Therefore, this study
aimed to assess the clinicopathological features and
prognosis of PASTs.

Materials and methods

The cases used in this study were identified through a
review of databases and from our center. Cases were
retrieved from Chinese and foreign databases. The
Chinese databases were China National Knowledge In-
frastructure (CNKI) (seven cases), VIP (eight cases),
WANFANG DATA (13 cases), while the foreign data-
bases included PubMed (12 cases) and EMBASE (four
cases). After data synthesis, 20 reports were filtered [8—
27], which included a total of 24 cases. One case of
PAST that was identified during autopsy was excluded.
From January 2009 to October 2017, our center
reported only one case of PAST, a 59-year-old female
patient, who received an exploratory laparotomy fol-
lowing the identification of a mass in the right lower
quadrant upon CT examination for cervical cancer.
During the exploration, a 10-cm-sized tumor was found
on the appendix, with the ileocecal valve violated, and
the patient received a right hemicolectomy and append-
ectomy. According to the National Institutes of Health
(NIH) primary GIST standard [2, 28], this case was di-
agnosed as a high-risk appendiceal stromal tumor.
Modified NIH risk classification is divided into categor-
ies according to tumor size and mitotic phase, as fol-
lows: very low risk, low risk, intermediate risk, and
high risk [29].

The clinicopathological data of PASTs in this study in-
cluded age, sex, tumor size, gross type, rupture, local ul-
ceration, histological type, mitotic phase, NIH risk
classification, gene mutation types, clinical symptoms,
and survival data. For survival analysis, the exclusion cri-
teria were as follows [30]: (1) stromal tumors with other
sites, (2) the presence of other malignancies, (3) pre-
operative chemotherapy with imatinib, (4) no follow-up
data, and (5) tumor rupture or metastasis before surgery.
And inclusion criteria including (1) postoperative patho-
logical diagnosis were PASTs and (2) RO excision.

Statistical analysis was performed using SPSS 19.0 (SPSS
Inc., USA). In this study, numerical variables were expressed
as the mean + SD. The y*-test and Fisher exact test were ap-
plied to identify differences in clinicopathological parameters
between GISTs and PASTs. Risk factors for survival were
identified by univariate analysis and multivariate analysis
using the Cox proportional hazards regression model. Esti-
mations for disease-free survival (DFS: defined as the time
from surgery to disease recurrence/death (months)) were ob-
tained using the Kaplan-Meier method, and differences be-
tween Kaplan-Meier curves were investigated by log-rank
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test. P values of <0.05 were considered to be statistically
significant.

Results

The clinicopathological features of the PASTs are
shown in Table 1. A total of 24 cases of PASTs were
included in this study. The patients’ age ranged from
7 to 88 years old (median, 59.17 years old) and tumor
size ranged from 10 to 100 mm in maximum diam-
eter; 11 cases exhibited tumors of less than 2 cm in
diameter (45.8%) and only four cases (16.7%) were
larger than 100 mm. Twenty tumors were solid
(83.3%), and others were cystic (16.7%). Intraoperative
exploration found that two cases of PASTs were rup-
tured, and appendix ulceration occurred in one case.
The pathological results of the cases were spindle
type (21/24, 87.5%), epithelial type (2/24, 8.3%), and
mixed type (1/24, 4.2%). Only 17 of the 24 patients
reported a mitotic index, with <5/50 HPF (high
power field) in 14 cases (82.4%) and >5/50 HPF in
three cases (17.6%). Immunohistochemistry showed
that 23 cases were CD117-positive (23/24, 95.8%), 15
were CD34-positive (15/20, 75%), and three were
DOG-1-positive (3/5, 60%). There were only three
cases with a mutation in exon 11 of gene encoding
KIT and two wild-type mutations in all of the studies.
According to the modified NIH risk classification and
literature reports, 11 patients were at very low risk
(45.8%), two patients were low-risk (8.3%), four pa-
tients were at intermediate risk (16.7%), and seven pa-
tients were at high risk (29.2%).

The relationship between PAST gross types and
clinicopathological factors were analyzed and are
summarized in Table 2. According to the results of
the analysis, there is no statistical significance (P>
0.05). We suspect that this may be related to the low
sample size. The clinicopathological factors of 24
cases of PASTs such as age, sex, tumor size, histo-
logical type, mitotic index, CD117 expression, CD34
expression, DOG-1 expression, ulceration, and NIH
risk classification were compared with 254 cases of
GISTs from our center (Table 3). The results showed
that there were significant differences between the
two groups in tumor size (P <0.001), histological type
(P=0.013), CD34 expression (P <0.001), and DOG-1
expression (P <0.001).

Finally, the survival data of 11 cases were selected for
analysis according to the exclusion criteria. These patients
had a DFS ranging from 4 to 96 months and a median
DFS of 29 months (mean, 37.23 + 34.10 months). The
3-year and 5-year DFS rates were 45.5% and 18.2%, re-
spectively. The DFS of PAST patients was analyzed using
Kaplan-Meier survival analysis and is shown in Fig. 1.
Analysis of 11 cases of PASTs and 227 cases of GISTs
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Table 1 Clinicopathological characteristics of 24 cases of PASTs

Characteristics N(©%)
Age (yean)/( =24)

<59 11(45.8)

>59 13(54.2)
Sex (>=24)

Male 14(58.3)

Female 10(41.7)
Tumor size (cm)/(2 =24)

<2 11(45.8)

2.1-50 14.2)

5.1-10 8(33.3)

>10 4(16.7)
Gross type (2 =24)

Solid 20(83.3)

Mixed 4(16.7)

Cystic 0(0.0)
Histologic type (X =24)

Spindle 21(87.5)

Epithelioid 2(8.3)

Mixed 14.2)
Lymph node metastasis (> = 24)

Yes 1(4.2)

No 23(95.8)
Mitotic index(%)/(X=17)

<5 14(82.4)

>5 3(17.6)
Ki-67(%)/(> = 6)

<5 4(66.7)

>5 2(33.3)
Immunohistochemistry (5 = 24)

CD17 (Z=24) 23(95.8)

CD34 (> =20) 15(75.0)

DOG-1 (2 =5) 3(60.0)

SMA (2=17) 4(235)

S-100 (X =24) 7(29.2)
Mutational status (> =15)

Kit 3(60.0)

PDGFRA 0(0.0)

Wild type 2(40.0)

SDHB 0(0.0)
NIH risk category (> =24)

Very low risk 11(45.8)

Low risk 2(8.3)

Intermediate risk 4(16.7)

High risk 7(29.2)
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Table 1 Clinicopathological characteristics of 24 cases of PASTs

(Continued)
Characteristics N(%)
Rupture (= 24)
Yes 2(8.3)
No 22(91.7)
Ulceration (> =24)
Yes 1(4.2)
No 23(95.8)
Symptoms (2 = 24)
Appendicitis 14(58.3)
Abdominal distension or pain or mass 17(70.8)
Hematochezia or anemia 3(12.5)
Nausea or emesis 3(12.5)
Others 6(25.0)

PASTs primary appendiceal stromal tumors, NIH National Institute of Health

found that the two groups of 3-year and 5-year DFS were
not statistically significant (P =0.894 and P =0.846, re-
spectively) (Fig. 2). In the DFS multivariate analysis
(Table 4), tumor mucosal ulceration, tumor size, and NIH
risk classification were independent prognostic factors in
both groups.

Discussion

This study represented the largest number of PAST cases
analyzed thus far. The clinicopathological features and
prognosis of PASTs were statistically analyzed, and the
survival rate of appendiceal stromal tumors was com-
pared with that of gastric stromal tumors treated at our
center; no difference was found between the two groups.

PASTs are extremely rare, constituting approximately
0.1% of all cancer diagnoses [7]. Other tumors also iden-
tified in the appendix include leiomyosarcoma, gastro-
intestinal stromal tumor, Kaposi’s sarcoma, granular cell
tumor, gangliocytic paraganglioma, schwannoma, lip-
oma, hemangioma, and neural tumors. While PASTs are
infrequently diagnosed, they cannot be neglected.

GISTs are generally considered to emanate from the
interstitial cells of Cajal (ICC), which are pacemaker
cells that regulate gut motility [31]. At present, there is
no report about the origin of appendix stromal tumors.
However, the appendix is part of the digestive tract, and
thus gastrointestinal tumor data may have been com-
bined with previously confirmed cases of appendix stro-
mal tumors. We speculate that ICCs or ICC-like cells
and multipotential mesenchymal stem cells also exist in
the appendix. Of course, this conjecture requires further
relative research to corroborate it.

PASTs usually present with nonspecific or appendicitis-like
symptoms and lack of corresponding hematology detection
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Table 2 The relationship between gross type and
clinicopathologic characteristics of PASTs
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Table 3 Comparison of clinicopathologic parameters between
GISTs and PASTs

Characteristics Solid Cystic Mixed P Characteristics Appendix (N =24) Gastric (N =254) P
Age (yean/(Z =24) 0.637 Age (year) 0.697
<59 9 0 2 <59 11.00 106
259 " 0 2 259 13.00 148
Sex (X =24) 0.094 Sex 0335
Male 10 0 4 Male 14.00 122
Female 10 0 0 Female 10.00 132
Tumor size (cm)/(X = 24) 0.112 Tumor size (cm) 0.000
<2 " 0 0 <2 11.00 31
2.1-5.0 1 0 0 2.1-50 1.00 90
5.1-10 6 0 2 5.1-10 8.00 88
>10 2 0 2 >10 4.00 43
Histologic type (5 =24) 0064  Censored 0.00 2
Spindle 18 0 3 Histologic type 0.013
Epithelioid 0 0 1 Spindle 21.00 232
Mixed 2 0 0 Epithelioid 2.00 20
Mitotic index (%)/(> = 24) 0.115 Mixed 1.00 0
<5 18 0 2 Censored 0.00 2
>5 2 0 2 Mitotic index (%) 0.111
Ki-67(%)/(> = 6) 0445 <5 20.00 158
<5 4 0 0 >5 4.00 89
25 2 0 0 Censored 0.00 7
NIH risk category (2 =24) 0.089 D117 0.556
VLR " 0 0 + 23.00 226
VL 2 0 0 - 1.00 24
IR 2 0 2 Undetected 0.00 4
HR 5 0 2 CD34
Ulceration (2 =24) 0.167 + 15.00 236
Yes 0 0 1 — 4.00 12 0.000
No 20 0 3 Undetected 5.00 6
DOG-1 0.000
+ 3.00 182
marker. Therefore, correct diagnoses of PASTs are very diffi- _ 200 29
cult to obtgin p.rior to surgery. In general,. CT and magnetic Undetected 1900 2
resonance imaging (MRI) are the first choice to study tumor _
location and extension [32]. If the tumor is small, it is more Ulceration 0008
difficult to find using CT or MRI, and because of their spe- Yes 100 /4
cial anatomical structure, current endoscopy approaches are No 23.00 164
not yet suitable for this tumor type. The appendiceal small Censored 0.00 16
stromal tumors identified in our cases resulted from other ik category 0000
diseases of the appendix (such as appendicitis or other tu- VLR .00 "
mors) or ileocecal tumor surgery. When tumor volume is
large, it is not difficult to identify them using CT or MRL v 200 €6
Ultrasound or CT-guided fine needle aspiration (US/ R 400 7
CT-FNA) may be helpful for the diagnosis of PASTs. HR 7.00 88
Immunohistochemical staining is useful to confirm the Censored 0.00 1

diagnosis of stromal tumors [33-35]. In GISTs, the
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Fig. 1 Disease-free survival (DFS) of primary appendix stromal tumors
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positive rate of CD34 is about 50-80% and that of
CD117 is 80—-100% [36, 37]. The results of this study are
similar, with 75% of cases CD34-positive and 95.8%
CD117-positive. It has been shown that DOG-1 protein
is characterized by high sensitivity (89%) and specificity
(94.8%) relative to stromal tumor cell GISTs [33, 38],
which is quite different to the results of our study,

probably because of the low detection rate of DOG-1
(only five cases were tested). It was reported that KIT
and PDGFRA gene mutations occurred in approximately
78.5% and 5-8% of GISTs, respectively [39]. In this
study, there were only five cases of mutations (three
cases of exon 11 mutations and two cases of wild type);
thus, we did not study the gene mutation types further.
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Fig. 2 Disease-free survival (DFS) between primary appendix stromal tumors (PASTs) and gastric gastrointestinal stromal tumors (GISTs) (P = 0.846)
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Table 4 Univariate and multivariate analyses of prognostic factors for PASTs and GISTs
Prognostic factors Univariate analysis Multivariate analysis
B HR(95%Cl) p B HR(95%Cl) p

DFS

Age 0633 1.883(0.730-4.860) 0.191

Sex —-1.008 0.365(0.142-0.941) 0.037

Location 0.192 1.210(0.162-9.030) 0.852

Ulceration -0.842 0431(0.247-0.751) 0.003 -0.697 0.498(0.271-0.915) 0.025

Tumor size -1.731 0.177(0.059-0.529) 0.002 1.054 2.868(1.166-7.054) 0.022

Mitotic index 1.569 4.802(1.952-11.814) 0.001

Histologic type 1.249 3.488(1.380-8.816) 0.008

NIH risk category 1.129 3.093(1.649-5.801) 0.000 0.955 2.598(1.402-4.815) 0.002

DFS disease-free survival

Complete surgical resection with negative microscopic
margins is the standard treatment for GISTs [30,
40].Vassos et al [8] found that simple appendectomy was
the standard treatment for most cases that were located
in the body or tail of the appendix. In some cases, resec-
tion of adjacent tissue and organs or the base of the
cecum may be necessary for complete removal of the
tumor to minimize the risk of local recurrence. Chinese
guidelines for the diagnosis and treatment of gastrointes-
tinal stromal tumors indicate that lesions of less than
5 cm in diameter located in favorable anatomic sites,
such as the greater curvature or anterior wall of gastric
body and fundus, can be considered by laparoscopic
method [41]. Considering the pathological features of
cases in this study, 11 were small stromal tumors
(45.8%) and more than half (54.2%) were located in the
body or tail; thus, laparoscopic appendectomy may be
feasible. However, relevant prospective clinical studies
are needed to further confirm the feasibility and safety
of laparoscopic surgery of PASTs. Since tumor rupture is
an independent adverse prognostic factor [2, 28], surgery
should follow the principle of “no touch, less compres-
sion.” Endoscopic application of an “extract bag” to
avoid tumor rupture and spillage should be performed
[41-43], and open surgery for resectable and over-sized
stromal tumors is necessary.

It has been reported that tumor size, mitotic index,
and tumor location are the best prognostic indicators for
determining the malignant potential of GISTs [44], but
the prognosis of appendix stromal tumors has not been
described. The results of the multivariate analysis per-
formed in this study showed that tumor ulcers, tumor
size, and NIH grading were independent prognostic fac-
tors, and we compared the survival of appendix and gas-
tric stromal tumors as well. However, since there are
minimal overall survival (OS) data on appendix stromal
tumors in these cases, we only performed a DFS analysis.
There was no statistically significant difference in DFS

between PASTs and GISTs. At present, because of the
low numbers of appendix stromal tumor cases and in-
complete follow-up records, the survival analysis of the
present study may be different from the real clinical
situation.

The current study has some limitations. This is a
retrospective study with a short follow-up time, so the
data integrity is limited. The sample size is not large
enough, and some appendix stromal tumors are less
than 1 cm in diameter, which will lead to sampling er-
rors. Because the number of stromal tumor cases identi-
fied in other locations were limited at our center
(particularly lower gastrointestinal stromal tumors), they
could not be compared with appendix clinical pathology
and survival characteristics.

Conclusions

In this study, most of the PASTs were solid (20/24,
83.3%); there were no cystic cases, and most of the
pathological diagnosis of PASTs were spindle cells (21/
24, 87.5%). According to the NIH classification criteria,
the median risk was more than 50% (13/24, 54.2%). By
analyzing the data of PASTs and GISTs from our center,
we found that there was a significant statistical differ-
ence between tumor size, histological type, CD34 ex-
pression, DOG-1 expression, ulceration, and NIH grade.
Only one patient died of postoperative lymph node me-
tastases in all selected cases. Rutkowski et al. [45] re-
ported that the location of the primary tumor is an
independent prognostic factor that affects the prognosis
of GISTs. However, in this study, there was no signifi-
cance in the survival of patients with appendix and gas-
tric stromal tumors, which we hypothesized to be
associated with the low sample size and incomplete
follow-up records. Based on this, we conclude that the
prognosis of primary appendiceal stromal tumors may
be better than gastric tumors, but this needs to be con-
firmed in further prospective studies.
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