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Background: Preoperative imaging examination is the primary method for diagnosing
metastatic gastrointestinal stromal tumor (GIST), but it is associated with a high rate of
missed diagnosis. Therefore, it is important to establish an accurate model for predicting
occult peritoneal metastasis (PM) of GIST.

Patients and Methods: GIST patients seen between April 2002 and December 2018 were
selected from an institutional database. Using multivariate logistic regression analyses, we
created a nomogram to predict occult PM of GIST and validated it with an independent
cohort from the same center. The concordance index (C-index), decision curve analysis
(DCA) and a clinical impact curve (CIC) were used to evaluate its predictive ability.
Results: A total of 522 eligible GIST patients were enrolled in this study and divided into
training (n=350) and validation cohorts (n=172). Factors associated with occult PM were
included in the model: tumor size (odds ratio [OR] 1.194 95% confidence interval [CI],
1.034-1.378; p=0.016), primary location (OR 7.365 95% CI, 2.192-24.746; p=0.001), tumor
capsule (OR 4.282 95% CI, 1.209-15.166; p=0.024), Alb (OR 0.813 95% CI, 0.693-0.954;
p=0.011) and FIB (OR 2.322 95% CI, 1.410-3.823; p=0.001). The C-index was 0.951 (95%
CI, 0.917-0.985) in the training cohort and 0.946 (95% CI, 0.900-0.992) in the validation
cohort. In the training cohort, the prediction model had a sensitivity of 82.8%, a specificity of
93.8%, a positive predictive value of 54.7%, and a negative predictive value of 98.4%; the
validation cohort values were 94.7%, 85.0%, 43.9% and 99.2%, respectively. DCA and CIC
results showed that the nomogram had clinical value in predicting occult PM in GIST
patients.

Conclusion: Imaging and inflammatory indexes are significantly associated with micro-
scopic metastases of GIST. A nomogram including these factors would have an excellent
ability to predict occult PM.

Keywords: gastrointestinal stromal tumor, occult peritoneal metastasis, predictors, imaging

index, inflammatory marker

Introduction

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal
tumors in the gastrointestinal tract, most of which have kit- or pdgfra-activating
mutations and express CD117." Approximately 11-47% of patients have significant
metastasis at the time of diagnosis, usually in the peritoneum.”” Therefore, early
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detection and diagnosis of peritoneal metastasis (PM) has
important clinical significance for choosing the best treat-
ment and avoiding progression of the disease.

Computed tomography (CT) is the primary noninva-
sive way to diagnose PM. Studies have shown that CT
detection of PM has high specificity but low sensitivity
(28-56%) in gastric cancer.”> Similarly, it is difficult for
CT to detect the microscopic metastasis of GIST. Both
the European Society for Medical Oncology (ESMO)®
and the
(NCCN) guidelines’ recommended staging laparoscopy

National Comprehensive Cancer Network
as the most reliable method to identify clinically occult
PM. However, laparoscopy is an invasive procedure, and
the selection of patients suitable for laparoscopic
exploration is still controversial. Moreover, laparoscopy
has been confirmed to be associated with tumor progres-
sion and metastases. It is possible that immune or meta-
bolic disturbances due to the use of a pneumoperitoneum
could contribute to this problem.*'° Generally, conven-
tional techniques for the preoperative detection of PM
are invasive and lack sensitivity.

At present, nomograms are widely used to predict the
prognosis of patients with bladder cancer, oropharyngeal
cancer and metastatic GIST.""™'® Due to their convenience
and quantitative characteristics, nomograms has great
value in clinical practice.'* Therefore, we aimed to iden-
tify risk factors for preoperative occult PM of GIST and to
construct a comprehensive nomogram.

Patients and Methods

Study Population

A retrospective analysis of GIST patients admitted to the
Fujian Medical University Union Hospital from April 2002
to December 2018 was performed. A total of 522 patients
were included for retrospective analysis. Patients who
received radical treatment from January 2011 to
December 2018 were divided into a training cohort
(n=350), while patients from April 2002 to December 2010
were divided into a validation cohort (n=172). The inclusion
criteria were as follows: (1) patients who underwent both CT
scanning and laparoscopic or laparotomy exploration; (2)
patients with no typical PM signs (diffuse omental nodules,
irregular thickening with hyperenhancement of peritoneum,
etc.) on CT; (3) patients with no distant metastasis; and (4)
patients with no other malignant tumors. The exclusion cri-
teria of this study are listed in Figure 1.

Patients who received surgical treatment (laparoscopy or
laparotomy) and whose diagnoses were confirmed by histol-
ogy as GIST after operation were included. All patients were
initially diagnosed with no PM by CT, but PM was later
confirmed by laparotomy or laparoscopic exploration as
occult PM. The basic information of patients with GIST,
including age, sex, tumor size, primary location, tumor
capsule, white blood cell count, neutrophil count, monocyte
count, platelet count, fibrinogen (FIB), and albumin (Alb),
were retrieved from electronic medical records. This study

was approved by the Institutional Review Committee of the

824 Patients diagnosed as having GIST
2002-2018

O\

501 Patients diagnosed as having GIST

323 Patients diagnosed as having GIST

2011-2018 2002-2010
Exclusions Excligions
54 Received neoadjuvant therapy 1 Rgcelved neoqdjuvant W2tz
48 With oth i tt 37 With other malignant tumors
ith other malignant tumors 56 With incomplete information
50 With incomplete information h
A 27 Postoperative recurrence
8 Use of anticoagulants and coagulants .
15 Use of anticoagulants and coagulants
29 With occult PM ‘ | 321 No occult PM ‘ I 18 With occult PM | ‘ 154 No occult PM

Figure | Cohort exclusion criteria.
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Fujian Medical University Union Hospital (2019YW024),
and informed consent was obtained from all patients.

Markers of Systemic Inflammation
Hematology and laboratory examinations were performed 1
week before surgery. Parameters including neutrophil count,
lymphocyte count, platelet count, and fibrinogen and Alb
levels were examined. The prognostic nutritional index
(PNI) was calculated as 10 x serum albumin (g/dl) + 0.005 %
total lymphocyte count (per mm3)."”” The neutrophil-to-
lymphocyte ratio (NLR) was calculated as the neutrophil
count divided by lymphocyte count.'® The platelet-to-
lymphocyte ratio (PLR) was defined as the platelet count
divided by the lymphocyte count.'” The lymphocyte-to-
monocyte ratio (LMR) was calculated as the lymphocyte
count divided by the monocyte count."

Statistical Analysis
Student’s #-test was used for continuous data, and the X*
test was used for categorical variables. Univariable and
multivariable analyses were undertaken to identify factors
predictive of occult PM.

A nomogram based on tumor size, primary location,
tumor capsule, FIB and Alb for the prediction of PM was
constructed using the results of the multivariable analyses.
For internal validation of the nomogram, bootstrapping with
1000 resamples was performed. Harrell’s concordance index
(C-index) was used to measure the prediction performance of
the nomogram. To further validate the prediction model, an
independent external cohort was used. Calibration curves
were plotted to assess the calibration of the model.
Decision curve analysis (DCA)'® and clinical impact curve
(CIC) quantified the net benefits of different threshold prob-
abilities to evaluate the clinical value of the nomogram.'”
The probability of PM was estimated based on the 95%
confidence interval (95% CI) of binomial distribution.

All P values were two-sided, and differences with p <
0.05 were considered statistically significant. Statistical
analyses were performed using SPSS version 25.0
(SPSS, IBM Corp., Armonk, New York, USA) and
R software version 3.2.5 (http://www.r-project.org). The

packages included rms, rmda and survival.

Results

Clinicopathological Features
The training cohort included 350 consecutive patients, and
the incidence of occult PM was 8.29% (29/350). The

validation cohort included 172 patients, and the incidence
of occult PM was 11.0% (19/172) in the validation cohort.
The distribution of preoperative tumor size, primary loca-
tion, tumor capsule, PNI, NLR, PLR, LMR, FIB, and Alb
values between the two cohorts are given in Table 1.

Receiver Operating Characteristic (ROC)
Curves and Optimal Cutoff Values for
Predicting the Occult PM of GIST

Supplementary Figure 1 shows the ROC curves of preopera-
tive blood parameters, including PLR, NLR, LMR, PNI; the
area under the curve (AUC) values were 0.600, 0.606, 0.601,
and 0.724, respectively (all p < 0.05 except for LMR, PLR
and NLR) (Supplementary Table 1). The corresponding opti-

mal cutoff values were 149.4, 3.6, 3.9, and 48.4, respectively.

Establishment and Validation of

a Nomogram for Predicting Occult PM
Logistic regression modeling identified five variables that
were associated with occult PM: tumor size (OR 1.194
95% CI, 1.034-1.378; p=0.016), primary location (OR
7.365 95% CI, 2.192-24.746; p=0.001), tumor capsule
(OR 4.282 95% CI, 1.209-15.166; p=0.024), Alb (OR
0.813 95% CI, 0.693-0.954; p=0.011) and FIB (OR
2.322 95% ClI, 1.410-3.823; p=0.001) (Table 2).

A nomogram containing tumor size, primary location,
tumor capsule, Alb and FIB was constructed (Figure 2).
The Hosmer-Lemeshow test indicated a lack of signifi-
cance (p=0.407), indicating a good fit. The C-index of
the predicted nomogram was 0.951 (95% CI, 0.917-0.985)
(Figure 3A). The calibration curve of the prediction model
showed good cohort
(Figure 3C).

The P-value of the Hosmer-Lemeshow test in the vali-

consistency in the training

dation cohort indicated a lack of significance (p=0.745).
The C-index of the nomogram for predicting occult PM
was 0.946 (95% CI, 0.900-0.992) (Figure 3B). The cali-
bration curve in the validation cohort showed that there
was good consistency between the prediction of occult PM
of GIST and the actual situation observed (Figure 3D).

Clinical Utility

DCA was performed according to the nomogram that pre-
dicted the occult PM of GIST. This analysis indicated that
when the threshold probability is within the range
4-100%, using the nomogram to predict occult PM adds
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Table | Demographic and Clinical Characteristics of Patients in Training and Validation Cohorts

Characteristics Training Cohort (n=350) p-value Validation Cohort (n=172) p-value
Occult PM No Occult PM Occult PM No Occult PM
(n=29) (n=321) (n=19) (n=153)
Age,years, mean (SD) 58.3(11.8) 56.9(8.3) 0.524 56.3(14.5) 55.1(13.4) 0.720
Sex 0.325 0.430
Male(n,%) 19(65.5) 180(56.1) 12(63.2) 82(53.6)
Female(n,%) 10(34.5) 141(43.9) 7(36.8) 71(46.4)
Tumor size,cm,mean (SD) 11.4(5.9) 5.2(2.7) <0.001 12.4(4.0) 5.7(3.8) <0.001
Primary location(n,%) <0.001 0.037
Stomach 6(20.7) 250(77.9) 5(26.3) 79(51.6)
Non-stomach 23(79.3) 71(22.1) 14(73.7) 74(48.4)
Tumor capsule(n,%) <0.001 <0.001
No 10(34.5) 276(86.0) 421.1) 121(79.1)
Yes 19(65.5) 45(14.0) 15(78.9) 32(20.9)
PNI(n,%) <0.001 0.039
<48.4 20(69.0) 90(28.0) 18(94.7) 112(73.2)
2484 9(31.0) 231(72.0 1(5.3) 41(26.8)
NLR(n,%) <0.001 0.645
<3.6 16(55.2) 278(86.6) 10(52.5) 89(58.2)
23.6 13(44.8) 43(51.4) 9(47.4) 64(41.8)
PLR(n,%) 0.017 0.982
<1494 11(37.9) 195(60.7) 8(42.1) 64(41.8)
21494 18(62.1) 126(39.3) 11(57.9) 89(58.2)
LMR(n,%) 0.033 0.020
<3.9 16(55.2) 113(35.2) 18(94.7) 106(69.3)
23.9 13(44.8) 208(64.8) 1(5.3) 47(30.7)
Alb,g/l, mean (SD) 38.3(3.8) 42.5(3.4) <0.001 31.6(4.0) 36.5(5.1) <0.001
FIB,g/L, mean (SD) 4.7(1.4) 3.4(0.8) <0.001 5.2(1.1) 34(1.1) <0.001

Table 2 Risk Factors for Occult PM Identified by Multivariate
Analysis

Characteristics § | B Multivariate Analysis | p-Value
Odds Ratio (95% CI)

Tumor size 0.177 1.194 (1.034-1.378) 0.016

Primary location 1.997 7.365 (2.192-24.746) 0.001

Tumor capsule 1.454 4.282 (1.209-15.166) 0.024

Alb (g/L) —0.207 | 0.813 (0.693-0.954) 0.011

FIB (g/L) —0.256 | 2.322 (1.410-3.823) 0.001

more net benefit than the treat-all or treat-none strategies
(Figure 4A).

Based on the DCA, a CIC using the cost:benefit ratio to
evaluate the nomogram can quickly help us understand the
significance of the nomogram in predicting the occult PM

of GIST. Figure 4B shows the estimated number of
patients who would be declared at high risk of occult
PM for each risk threshold and visually shows the propor-
tion of those who are true positives. For example, if a 20%
risk threshold was used, then of 1000 people screened,
approximately 100 would be deemed at high risk of occult
PM, with approximately 50 of these being true cases.
Moreover, in the training and validation cohorts, the
AUC values were 0.951 and 0.946, respectively, and the
corresponding best cutoff values were 0.146 and 0.079,
respectively. The prediction model had a sensitivity of
82.8%, a specificity of 93.8%, a positive predictive value
of 54.7%, and a negative predictive value of 98.4% in the
training cohort. In the validation cohort, the sensitivity,
positive predictive value

specificity, and negative
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Figure 2 Nomogram to estimate the risk of preoperative occult PM of GIST. To use the nomogram, find the position of each variable on the corresponding axis, draw a line to the
points axis for the number of points, add the points from all of the variables, and draw a line from the total points axis to determine the preoperative occult PM of GIST probabilities
at the lower line of the nomogram. Validation of the predictive performance of the nomogram in estimating the risk of preoperative occult PM of GIST (n = 350).

predictive value were 94.7%, 85.0%, 43.9% and 99.2%,
respectively.

Discussion

Occult PM is a special metastasis situation in which CT-
diagnosed PM-negative patients are confirmed as PM-
positive during subsequent laparoscopies. Because
laparoscopic exploration is invasive and changes in abdom-
inal carbon dioxide pressure may lead to tumor
progression,®® many researchers believe that it is necessary
to establish a simple, efficient and noninvasive method for
preoperative prediction of occult PM. While prediction
models have been used to identify the occult PM of patients
with certain malignancies, such as gastric, pancreatic and
ovarian cancer, no data currently exist concerning the occult
PM of patients with GIST.?* ** The ability to predict the
likelihood of occult PM at the time of diagnosis is important
for several reasons. Preoperative histological confirmation
of GIST with a high risk of PM can avoid unnecessary or
inappropriate surgery.”> Moreover, related studies have
shown that transluminal or transcutaneous biopsy of GIST

does not influence oncological outcome in GIST patients**

and that tumor rupture caused by surgery is a poor prog-
nostic factor.”>?’

A nomogram was developed and validated for the pre-
diction of occult PM in patients with GIST. The nomogram
incorporates five factors, namely, tumor size, primary loca-
tion, tumor capsule, FIB and Alb. It has high accuracy in
predicting the risk of occult PM before surgery in patients
with GIST and has potential clinical application value.

The tumor size of GIST is related to the degree of
malignancy of the tumor, and patients with a larger
tumor size have a higher risk of recurrence and
metastasis.”® Compared with patients with stomach GIST,
patients with non-stomach GIST (small intestine, retroper-
itoneum) have a higher risk of metastasis.>> Preoperative
imaging showed that extensive tumor capsule and necrosis
were also associated with the risk of tumor recurrence and
metastasis.”’ In our study, tumor size, tumor location and
tumor capsule status were strongly predictive of occult PM
in the multivariable analysis. Therefore, we incorporated
the tumor size, primary site and tumor capsule status into
the nomogram and demonstrated excellent predictive
ability.
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Figure 3 The accuracy of the model for identifying patients with occult PM was determined using AUC analysis for the training (A) and validation (B) cohorts. The
distribution of the predicted probabilities of preoperative occult PM of GIST in the training (C) and validation (D) cohorts.

In 1863, Virchow initially reported a link between
malignancy and inflammation.*® Systemic inflammation
is considered to play an important role in tumor progres-
sion and metastasis.>’ Studies have shown that markers
of systemic inflammation, including the NLR, LMR and
PLR,
tumors.*>* However, in our study, we found that the

are closely related to the development of
increase or decrease in serum NLR, LMR, and PLR were
not independent predictors of occult PM of GIST.
Therefore, these markers of systemic inflammation were
not included during the development of the present
model.

FIB is an important factor that regulates blood coagu-
lation in humans.>® In the process of blood coagulation,
FIB can promote tumor cell adhesion, mediate the sys-
temic inflammatory response, and promote the coloniza-
tion and metastasis of circulating cancer cells.>® Previous
studies have shown that abnormally elevated FIB
increases the ability of tumor cells to invade and metasta-
size, which results in a poor prognosis of cancer
patients.>” In addition, some studies have found that the
FIB/Alb ratio can predict the prognosis of tumor patients,
and the higher the FIB/AID ratio is, the higher the risk of
recurrence and metastasis.>* *° For this reason, in the
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Figure 4 The DCA of the nomogram for predicting preoperative occult PM of GIST was plotted. (A) The blue solid line assumes that all patients will have occult PM. The
black solid line assumes that no patients will have occult PM. In this analysis, the decision curve provided a larger net benefit across the range of 4 to 100%. The CIC of the
nomogram for predicting preoperative occult PM is shown. (B) The y-axis represents the net benefit.

present study, we evaluated the ability of FIB and Alb to
predict occult PM in GIST. The results of this study
revealed that these two indicators have sufficient predic-
tive strength in the multivariable analysis of the
nomogram.

To further verify the clinical value of the nomogram, we
used DCA and CICs to analyze the clinical value of the
predictive model. DCA is a new method used to evaluate
diagnostic trials, predictive models and molecular markers,
and it uses threshold probability to express the net clinical
benefit."* In the present study, DCA showed the application
of the nomogram in the prediction of occult PM of GIST
within an appropriate range. CICs can visually show the
estimated number of people who would be considered high
risk and the number of cases with real occult PM." For
example, if a risk threshold of 20% is used, of the 1000
people screened, approximately half of the high-risk popula-
tion are truly cases of occult PM. In the training cohort, the
sensitivity was 82.8%, and the specificity was 93.8%, while
the sensitivity and specificity of the validation cohort were
94.7% and 85.0%, respectively. Therefore, the predictive
model has good clinical application value.

However, this study has some limitations. This is
a single-center small-sample retrospective study, and
a greater sample size is needed to improve the nomogram.
The ideal nomogram should be subjected to external valida-
tion from the different centers to evaluate the effectiveness

of the prediction model, but we only performed a self-test
with 1000 resamples of the same population and validated
the nomogram at the same institution. Moreover, due to the
different races of patients in the East and West, this predic-
tion model may only be applicable to patients in the East.
Although this nomogram has some shortcomings, it can
easily and effectively predict the probability of occult PM
in patients with GIST and can guide clinical decision-
making and personalized treatment for patients.

Conclusion

The present study constructed and validated a nomogram
to predict preoperative occult PM of GIST based on tumor
size, primary location, tumor capsule status, FIB and Alb.
This tool can assist clinicians and patients in predicting
potential occult PM and avoiding unnecessary surgery. For
future studies, we should expand the sample size and add
additional centers to validate this nomogram.

Abbreviations

GIST, gastrointestinal stromal tumors; PM, occult perito-
neal metastasis; DCA, decision curve analysis; CIC, clin-
IQR, PNI,
prognostic nutritional index; NLR, neutrophil-lymphocyte

ical impact curve; interquartile range;

ratio; PLR, platelet-lymphocyte ratio; LMR, lymphocyte—
monocyte ratio; Alb, albumin; FIB, fibrinogen.
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