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Abstract
Objective: We aim to assess factors that affect overall survival in patients with primary small intestinal gastrointestinal stro@
tumors (GISTs) who had undergone RO resection.

Method: A retrospective analysis reviewed the data of 82 consecutive confirmed GIST patients at a single medical center in China
from January 2012 to June 2020. The survival curve was estimated using the Kaplan—Meier method, and independent prognostic
factors were confirmed using the Cox regression model.

Results: A total of 82 patients were included in the study: 42 men and 40 women, the mean age was 59 years old (23-83 years
old). Tumors were commonly found in the jejunum (46.3%), ileum (20.7 %), and duodenum (32.9%). The median tumor size was 6.0
cm (range: 1.0-15.0cm). The number of mitoses per one 50 high-power field was used to define the mitotic rates. In our present
study, 56 patients presented a mitotic rate <5 (68.3%) and 26 patients showed a rate >5 (31.7%) at the time of diagnosis. All
patients accepted tumor resection without lymph node resection. The positivity rate was 97.6% for CD117, 96.3% for delay of
germination 1, 65.9% for CD34, 6.1% for S-100, and 59.8% for smooth muscle actin using immunohistochemistry. Tumor size,
tumor rupture, Ki67 index, mitotic index, and postoperative imatinib were independent prognostic factors for small intestinal GISTs.

Conclusions: In this study, larger tumor size, high Ki67 index, high mitotic index, the occurrence of tumor rupture, and use of
imatinib were independent unfavorable prognostic indicators.

Abbreviations: AFIP = Armed Forces Institute of Pathology, DFS = disease-free survival, DOG-1 = delay of germination 1,
ESMO = European Society for Medical Oncology, GISTs = gastrointestinal stromal tumors, HPF = high-power field, NCCN =
National Comprehensive Cancer Network, NIH = National Institutes of Health, OS = overall survival.
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1. Introduction

Gastrointestinal stromal tumor (GIST) is the most common
mesenchymal tumor of the gastrointestinal tract, with an annual
incidence of 10 to 15 cases per million.""*! GISTs are believed to
originate from the pacemaker cells in the intestinal tract called
Cajal interstitial cells. Activating mutations in KIT or PDGFRA
oncogenes are considered the key molecular drivers of GIST
pathogenesis.®) Most GISTs originate in the stomach (50%-
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60%), followed by the small intestine (20%-30%), colon or
rectum (5%-10%), the esophagus <(5%), and occasionally
outside the gastrointestinal tract./**! In recent years, imatinib, a
selective protein tyrosine kinase inhibitor, has been developed as
a targeted molecular therapy for GISTs. To date, imatinib is the
first-line standard therapy for metastatic or recurrent GISTs.!%”!
Complete surgical resection is still the best treatment modality as
approximately 60% of patients with localized primary GIST are
cured with resection (R0).!®! However, DeMatteo et al reported
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98 consecutive patients registered in the present
center were confirmed pathologically
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Figure 1. Flow chart of patient selection.

that, in more than half of these patients, the disease reappeared
within § years of surgery.”!

Several risk-stratification studies have established independent
risk factors for operable GISTs. The modified NIH (National
Institutes of Health) classification proposed by Joensuu and
colleagues of is the most accepted classification in clinical
practice, as it combines the advantages of the NIH and Armed
Forces Institute of Pathology (AFIP) criteria with the rupture
before or during surgery.'” However, an accurate risk
prediction in patients with GIST who underwent surgery using
the modified NIH classification alone may be insufficient.
Moreover, several studies found that Ki67 expression is
associated with the prognosis of postoperative GISTs.!11713!
Guidelines of the European Society for Medical Oncology
(ESMO; The ESMO/European Sarcoma Network Working
Group, 2018) and the National Comprehensive Cancer
Network (NCCN) recommend that imatinib is the standard
treatment for patients with a significant risk of relapse by
adjuvant imatinib therapy for 3 years. When the risk is
intermediate, a shared decision-making process is needed.!'*!
The relationship of imatinib therapy with clinical benefit in GIST
patients remain poorly defined.

The small intestine is the second most common site of the
appearance of GIST. Studies have shown that small intestinal
GISTs have a worse prognosis than primary gastric GISTs.['>1¢!
The diagnosis of small intestine GISTs is easily delayed for
several reasons, such as insidious onset, nonspecific clinical
manifestations, and challenging examination. Hence, in the
imatinib era, identifying of independent prognostic indicators is
critical for accurately assessing risk stratification, which may
help determine the strategies of imatinib adjuvant therapy and

postoperative follow-up. In our research, to better understand
the prognostic factors and improve the risk stratification
assessment, we analyzed the immunohistochemical expression
and clinicopathological characteristics of a series of small
intestinal GISTs with complete resection at our center.

2. Materials and methods

2.1. Study population

All patients with small intestinal GISTs registered in the general
surgery department of the Second Hospital of Dalian Medical
University, Dalian, China, from January 2012 to June 2020 were
collected for examination. All patients who underwent resection
had negative surgical margins. The inclusion criteria of this study
are as follows: (1) no recurrences or metastasis before surgery;
(2) no coexisting malignant diseases; (3) patients underwent
open RO resection or laparoscopic surgery; (4) patients were not
treated with imatinib, chemotherapy or radiotherapy before
surgery; (5) access to complete follow-up data were complete.
The process of patient selection is shown in Figure 1.

2.2. Follow-up

The regular follow-up data of all 82 patients were retrieved from
course/patients records. Follow-up data were collected once a
year for patients with less than the intermediate risk of
recurrence or, twice a year for medium or high-risk patients.
Endoscopy, abdominopelvic computed tomography scan, and
abdominal ultrasound were performed on every patient. The
clinical examination and pathological results were used to
diagnose recurrence or metastasis.
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Follow-up was performed by outpatient review and telephone
calls, and the last follow-up was completed in June, 2020.
Overall survival (OS) was defined as the time from the date of RO
resection to the date of any death or the last available follow-up.

2.3. Ethics statement

This study, ’prognostic analysis factors of primary small
intestinal gastrointestinal stromal tumors with RO resection’
was approved by the Ethics Committees of the Second Affiliated
Hospital of the Dalian Medical University (Dalian, China). As a
retrospective study, informed consent is not required from
participants. The Ethical Committee found that informed
consent is not necessary and that all samples and information
were incognito.

2.4. Statistical analysis

All statistical calculations were done with the IBM SPSS
statistical software package (Version 25.0; IBM Corp, New
York, NY). Descriptive data were presented as mean, and
classification data were expressed with a 95% confidence
interval. Survival analyzes were performed using Kaplan—-Meier
analysis, and survival distributions were tested using a log-rank
test among every group. The case of P-value <.100 in the
Kaplan—-Meier analysis was incorporated in the forward
stepwise Cox proportional hazards regression model. Predictive
factors were determined depending on cox regression analysis. A
two-sided P-value <.05 was considered statistically significant.

3. Results

3.1. Tumor features and Immunohistochemical expression

All 82 patients with GISTs were analyzed in the study as shown
in Table 1. The total cohort included 42 (51.2%) men and 40
(48.8%) women. The age range was 23 to 83 years (median: 59
years). There were 43 patients (52.4%) who were older than 60
years. Tumor sites included the jejunum (46.3%), ileum
(20.7%), and duodenum (33.0%). The median tumor size
was 6.0cm (range: 1.5-15.0cm), 38 cases (46.3%) were <5cm,
32 cases (39.0%) were 5.1 to 10cm and 12 cases (14.6%) were
>10cm. The mitotic count of 56 patients was <5 (68.3%) and
26 patients were >5 (31.7%). Moreover, 10 of 82 patients
(12.2%) had tumor rupture. The positivity rate of immunohis-
tochemistry was 97.6% for CD117, 96.3% for delay of
germination 1 (DOG-1), 65.9% for CD34, 6.1% for S-100,
and 59.8% for smooth muscle actin. The Ki67 index of 49 cases
was <5%, and 33 cases were >5%. The histological subtypes
included spindle (n=67; 81.7%), epithelioid (n=9; 11.0%) and
mixed (n=6; 7.3%) types. According to the modified NIH
classification, 4 (4.9%) cases of very low, 26 (31.7%) low, 4
(4.9%) intermediate and 48 (58.5%) high-risk tumors.

3.2. Survival analysis

Complete follow-up data were obtained for all 82 patients who
underwent RO resection. The median time of follow-up duration
was 43 months (range: 7-98). According to the modified NIH
classification, there were 4 cases of very low (4.9%), 26 low
(31.7%), 4 intermediate (4.9%), and 48 high (58.5%) risk
tumors. The 5 year survival rate in very low-risk, low,
intermediate, and high-risk patients was 100%, 96.2%,

www.md-journal.com

Patients’ characteristics and univariate analysis.

Univariate
analysis of 0S

Patients’
demographic and
clinical characteristics

Variables n % X P
Gender 0.097 .756
Male 42 51.2

Female 40 48.8

Age (y) 3.394 065
<60 43 52.4

>60 39 47.6

Tumor size (cm) 7111 .029
<5 38 46.4

5.1-10 32 39.0

>10 12 14.6

Mitotic index (/50 HPF) 9.001 .003
<5 56 68.3

>5 26 31.7

Operation procedure 0.282 .595
Open 59 72.0

Laparoscopy 23 28.0

Clinical symptom 3.586 .465
Abdominal pain 40 48.8

Bleeding 24 29.3

Abdominal mass 12 14.6

Asymptomatic 4 4.9

Others 2 2.4

NIH risk score 7.031 .07
Very low 4 4.9

Low 25 317

Moderate 4 49

High 42 58.5

Histological type 4274 118
Spindle 67 81.7

Epithelioid 9 1.0

Mixed 6 7.3

Imatinib therapy 0.142 706
Absent 56 68.3

Present 26 31.7

CD117 0.289 .591
Positive 80 97.6

Negative 2 2.4

DOG-1 0.207 .649
Positive 79 96.3

Negative 3 3.7

CD34 0.113 .737
Positive 54 65.9

Negative 28 341

SMA 2.224 136
Positive 50 61.0

Negative 32 39.0

S-100 0.069 .792
Positive 77 93.9

Negative 5 6.1

Ki67 9.768 .002
<5% 49 59.8

>5% 33 40.2

Tumor rupture 16.824 <.001
Absent 72 87.8

Present 10 12.2

Tumor location 1.291 525
Duodenum 27 32.9

Jejunum 38 46.3

lleum 17 20.7

DOG-1=delay of germination 1, HPF=high power field, NIH=National Institutes of Health, 0S=
overall survival, SMA=smooth muscle actin.
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Figure 2. Overall survival curves based on the modified National Institutes of
Health Classification.

100%, and 68.8%, respectively, by the modified NIH
classification (Fig. 2). The analysis index such as tumor size,
Ki67 index, tumor rupture, mitotic index, and age were all
related to OS by univariate analysis (all P <.1). However, sex,
clinical symptom, postoperative imatinib therapy, and other
parameters showed no significant statistical differences for the
prognosis (All P>.1) (Table 1). Furthermore, two intermediate-
risk and 22 high-risk patients received oral adjuvant imatinib
(400 mg/d). Considering the guidelines that suggested that
adjuvant imatinib therapy was used in the postoperative
intermediate-risk patients for 1 year at least and high-risk
patients for 3 years until unacceptable side effects occurred or
disease were progressed, we further used the Kaplan—Meier
analyses method in these patients with OS (Fig. 3). The Kaplan—
Meier curve showed that surgery together with postoperative
imatinib resulted in better survival than only surgery (OS: 80.8 %
vs. 61.5%; P<.1) in intermediate and high-risk patients.
Therefore, we included imatinib therapy in the multivariate
analysis. Our analysis showed that surgery plus postoperative
imatinib was an independent predictor [hazard ratio: 0.180;
P=.027]. Furthermore, larger tumor size, Ki67 index, tumor
rupture, and mitotic index were also identified as independent
prognostic factors of OS (all P<.05; Fig. 4, Table 2).

4. Discussion

Although GISTs are a relatively rare disease, a large number of
trials and consensus conferences have improved the strategies of
patients with GISTs for diagnosis, treatment, and follow-up.
However, these trials were performed on GIST of all location
and some subgroup analysis was reported at different locations.
Although the small intestine is the second most common site for
the development of GISTs, data to evaluate the prognosis in
patients undergoing resection of RO GIST originating from the
small intestine are relatively inadequate. Due to their heteroge-
neity, small intestinal GISTs require individualized diagnosis and
treatment.'” Imatinib, the first-line drug for advanced GIST-
targeted therapy, dramatically improves patient survival. The
NCCN!8! recommends imatinib as adjuvant therapy for at least
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36 months after GIST resection for patients at high risk of
recurrence. Given the use of adjuvant therapys, it is a significant
challenge to determine which patients are the most likely to
experience metastasis or recurrence. Therefore, our study
retrospectively collected clinicopathological and immunohisto-
chemical characteristics of 82 patients with small intestinal
GISTs who underwent RO resection at our center for further
analysis. These results might help the strategies for more
personalized therapeutic and follow-up.

As with all retrospective studies, missing data were unavoid-
able in the progress of follow-up. As such, there are inherent
limitations that cannot be entirely overcome including omitted
variables and selection bias. Among the patients we followed up,
16 were lost to follow-up for different reasons, which may lead
to selection bias, and loss of follow-up may lead to a small
number of samples, which may have a particular impact on the
accuracy of the study results. We included as many cases as
possible and use all available information to reduce bias. In the
present study, the basic clinic pathologic features of small
intestinal GISTs are consistent with previous studies including
similar immunohistochemical expression and tumor character-
istics.'"”2!! Joensuu et al reported parallel demographic data of
GISTs. They found that the median age of patients with GIST
was 64 years with a slight advantage for men.'*?! Another recent
study, the first attempt to determine and estimate the global
burden of GISTs, also found that the sex distribution of GIST
patients shows a considerably coincident equal distribution
between males and females with the median age 60s.1?! In our
patients, we found a similar distribution between males and
females. Our study also showed a similar median age to Western
studies with a median age of 59 years. In fact, several studies also
showed that age was an independent predictor of affecting
prognosis significantly./**2* However, in the present study,
both age and sex were not significantly associated with OS
(P=.065; P=.756).

The morphology of GIST is variable, and therefore immuno-
histochemical staining of markers is essential for the accurate
diagnosis and differential diagnosis of GIST. Additionally, the
different antibodies were summarized in a recent study that
showed that CD117 (90%-95%), DOG1 (98%), and CD34
(80%—85%) for gastric or (50%) for small intestinal GIST are
the most useful.**! Our results are identical with these studies
through the expression with CD117 (97.6%), DOG1 (96.3%),
and CD34 (65.9%) in the present study.

Several studies suggested that immunohistochemical expres-
sion is related to the prognosis. Rizzo et al suggested that the
strong expression of DOGT is relevant to poor disease-free
survival, revealing its potential ability to predict the detrimental
prognosis of GISTs.?®! Miettinen et al also reported that smooth
muscle actin positivity was a favorable factor.*”! Simultaneous-
ly, a few other studies reported that a high Ki67 positive index
might be a potential negative prognostic predictor for outcome
in GISTs.['113:281 Nevertheless, except for the Ki67 index, we
found no association of other immunohistochemical expressions
with OS in our patients. Ki67, a human nuclear cell prolifera-
tion-associated antigen is expressed in the synthesis and growth
phases of the entire cell cycle, not during the resting phase./*”! On
the contrary, the mitotic index only expressed the M phase. It
may be a potential indicator that affects the prognosis of GISTs
after the mitotic index. However, a consistent methodology is
needed for testing in further studies. Moreover, the cut-off point
for Ki67 positivity is varied. The recent studies, Jeong et al,!>"!
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Figure 3. Overall survival curves based on postoperative imatinib for all patient administration in (A) (P=.701); for intermediate and high risk patients in (B)

(P=.094).

and Seven et al,"?! furtherly showed the association between
disease-free survival and Ki67 positivity and thought the optimal
cut-off value of the Ki67 index was 5%.

In our study, we used the same cut-off point (5%), and
univariate analysis showed that the Ki67 index (>5%) was an
independent prognostic predictor. The multivariate analysis
found that it may have a potential prognostic value (P=.018). A
high Ki67 positive index is associated with worse OS. Although
immunohistochemical staining markers play a crucial role in
diagnosing GISTs, the relationship between immunohistochemi-
cal expression and OS remains uncertain.

Independent risk factors have been extensively over the 20
years. Several risk-stratification criteria have been widely
accepted and applied in clinical practice. The first system, the
consensus criteria of the NIH, was published in 2002, with the
two most crucial prognostic factors, including the mitotic index
and tumor size.*'! GIST location was added as a third risk factor
following the tumor size and mitotic count by the AFIP criteria.
After Rutkowski et al first documented tumor rupture as an
independent risk factor for recurrence,** the modified NIH

classification included the superiority of the NIH and AFIP
criteria along with the factor of tumor rupture before or during
surgery. The two most clarified prognostic factors, size and
mitotic rate, were confirmed by multicenter studies. Although
the mitotic rate of 5 per 50 high-power field (HPF) is widely used
as a cut-off value to risk stratify GISTs,**! a recent study, the first
SEER trend analysis, assessed 5138 patients with GIST, although
a cut-off value of § cm size was used to predict a worse prognosis
may be over-pessimism.

Although the mitotic rate of 5 per 50 (HPF) is used as a cut-off
value to the risk GISTs widely,**! a recent study, the first SEER
trend analysis, assessed 5138 patients with GIST, thought that a
5cm size cut-off value was used to predict a worse prognosis.

They suggested that a tumor size greater than 10cm was
related to worse OS in the multivariate analysis.>*! Moreover,
another study also suggested that size above 10cm was also
related to a worse prognosis.’*>! In our study, similar results of
the multivariate analysis also showed that size above 10cm and a
mitotic rate of 5§ per 50 HPF was also related to worse OS in
small intestinal GISTs patients (P=.037; P=.044).
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Figure 4. Overall survival curves for patients with primary small intestinal gastrointestinal stromal tumors based on (A) tumor size (P <.029); (B) mitotic index

(P=.003); (C) tumor rupture (P<.001), and (D) age (P=.070).

However, tumor rupture is the most widely investigated
among these prognostic factors. In a recent study, Nishida et al
collected 665 patients with primary GISTs who had undergone
RO or R1 resection. In this study, tumor rupture was an
independent prognostic factor for RFS, but not for OS, in the
time of imatinib."®! Several studies found that tumor rupture is
more frequent in small intestinal than in gastric GIST.®”-*¥! In a
European study, Rutkowski, et al found that GIST with tumor
rupture usually had more adverse prognostic features, such as
larger volume, high mitotic count, and non-gastric source
sites.[*®! However, there is no consistent or generally accepted
definition for the term ’tumor rupture’, and its incidence has
varied widely among reported series. Based on the Oslo criteria,
Nishida and colleagues came up with six definitions for
rupture.®*! Ten patients had tumor rupture in our study. We
also follow definitions of tumor rupture to investigate the
relationship between rupture and OS. Multivariate analysis
showed the occurrence of tumor rupture in GIST of small
intestine had an independent negative influence on prognosis.
Although the modified NIH risk assessment may probably be
considered as the standard for pathologists and clinicians, it may
still help to ameliorate the administration of the small intestinal
GISTs by continuing to seek other prognostic factors.

The two guidelines of the NCCN and ESMO suggested the
employ of adjuvant imatinib therapy for GISTs patients with
middle-risk for 1 year and high-risk for 3 years. Guidelines also
pointed out that the data available is insufficient to direct the use of

Multivariate analysis for overall survival.

Variables DF HR 95.0% (HR) CI P
Age 1 2.243 0.693-7.259 178
Tumor size (cm)

0-5 2

5.1-10 1 1.351 0.373-4.902 647

>10 1 5.374 1.103-26.175 037
Mitotic index (>5/HPF) 1 3.655 1.033-12.926 044
Ki67 index 1 4.308 1.282-14.473 018
Imatinib therapy 1 0.180 0.040-0.819 027
tumor rupture 1 2.901 1.033-8.150 .043

95% Cl=95% confidence interval, DF =degree of freedom, HPF=high power field, HR=hazard
ratio.

adjuvant imatinib in these studies. Several studies showed that the
survival time of 3 years of imatinib therapy is better than that of 1
year of imatinib therapy."***1! Another recent study that included
1559 patients showed that adjuvant treatment is connected with a
significant survival preponderance in patients presenting with
high-grade GISTs that are >5cm in size and >5 mitoses/50
HPE.'! Liu and co-workers found that adjuvant imatinib
improved high-risk patients significantly, but intermediate-risk
patients did not.[*?! In our study, univariate analysis showed the
imatinib is not significant. Given that the guidelines suggested
adjuvant treatment for surgical patients with intermediate and
high-risk recurrence, we also applied a Kaplan—-Meier analysis in
intermediate-risk and high-risk patients with OS. We found that
surgery combining postoperative imatinib adjuvant therapy got a
better survival outcome than only surgery (P <.1). Therefore, we
included the variables (imatinib therapy) in our multivariate
analysis and showed that imatinib therapy was a positive
independent predictor of prognosis (P=.027). Therefore, we
suggested that the use of imatinib adjuvant for the patients who
had undergone surgery. However, adjuvant therapy for GISTs,
particularly in small intestinal GISTs, prospective multicenter
randomized controlled trials to further formulate adjuvant
therapy strategies will guide our clinical work and enable us to
achieve standardized, individualized diagnosis strategies, treat-
ment, and follow-up for small intestinal GISTs.

There are some limitations to our study. Our patients were
retrospectively collected from a single center and the number of
patients was less than in some published studies. As such, there
are inherent limitations that cannot be entirely overcome. Our
follow-up period is from 2012 to 2020, which has a long time
span. Our study also lacked the effect of mutation type on the
prognosis. Therefore, a well-designed multi-center cohort study
with a larger sample size was worthy of further investigation.
Furthermore, some recent studies showed that mutant types of
GIST could provide potential prognostic information for risk
assessment.[**!! Regrettably, data were insufficient to investi-
gate the relationship between mutant types and prognosis.

5. Conclusions

In the present study, tumor size, mitotic index, tumor rupture,
Ki67 index, and adjuvant therapy were crucial independent
prognostic factors for small intestinal GISTs. For patients with
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tumor size greater than 10 cm, mitotic index greater than 5, the
occurrence of tumor rupture, high Ki67 positive index (>5%),
closer follow-up is significant. Adjuvant treatment is necessary
for surgical patients with intermediate and high-risk recurrence.
Therefore, we suggest secondary prevention should be per-
formed as soon as possible after surgery for patients with the
above risk factors to obtain for obtaining a better prognosis. The
relationship of tumor rupture and the Ki67 index with a poor
prognosis in small intestinal GISTs should receive more
attention. These parameters may improve not only the accurate
risk assessments, but also lead to more individualized therapeu-
tic and rigorous follow-up strategies in small intestinal GISTs.
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