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Abstract

BACKGROUND

There are many staging systems for gastrointestinal stromal tumors (GISTs), and
the risk indicators selected are also different; thus, it is not possible to quantify the
risk of recurrence among individual patients.

AIM

To develop and internally validate a model to identify the risk factors for GIST
recurrence after surgery.

METHODS

The least absolute shrinkage and selection operator (LASSO) regression model
was performed to identify the optimum clinical features for the GIST recurrence
risk model. Multivariable logistic regression analysis was used to develop a
prediction model that incorporated the possible factors selected by the LASSO
regression model. The index of concordance (C-index), calibration curve, receiver
operating characteristic curve (ROC), and decision curve analysis were used to
assess the discrimination, calibration, and clinical usefulness of the predictive
model. Internal validation of the clinical predictive capability was also evaluated
by bootstrapping validation.

RESULTS
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The nomogram included tumor site, lesion size, mitotic rate/50 high power fields, Ki-67 index,
intracranial necrosis, and age as predictors. The model presented perfect discrimination with a
reliable C-index of 0.836 (95%CI: 0.712-0.960), and a high C-index value of 0.714 was also
confirmed by interval validation. The area under the curve value of this prediction nomogram was
0.704, and the ROC result indicated good predictive value. Decision curve analysis showed that
the predicting recurrence nomogram was clinically feasible when the recurrence rate exceeded 5%
after surgery.

CONCLUSION
This recurrence nomogram combines tumor site, lesion size, mitotic rate, Ki-67 index, intracranial
necrosis, and age and can easily predict patient prognosis.

Key Words: Gastrointestinal stromal tumors; Recurrence; Clinicopathological; Predictors; Nomogram

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective study to explore the risk factors for gastrointestinal stromal tumors
recurrence after surgery. The nomogram included tumor site, lesion size, mitotic rate/50 high power fields,
Ki-67 index, intracranial necrosis, and age as predictors. The model presented perfect discrimination with
a reliable index of concordance (C-index) of 0.836 (95%CI: 0.712-0.960), and a high C-index value of
0.714 was also confirmed by interval validation. The area under the curve value of this prediction
nomogram was 0.704, indicating good predictive value. Decision curve analysis showed that the
predicting recurrence nomogram was clinically feasible.
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nomogram of risk factors to predict postoperative recurrence of gastrointestinal stromal tumors. World J
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INTRODUCTION

Gastrointestinal stromal tumors (GISTs) originate from gastrointestinal Cajal cells and are the most
common mesenchymal tumors in the gastrointestinal tract, accounting for 1% to 3% of gastrointestinal
malignancies[1]. GISTs can occur anywhere in the digestive tract, most commonly in the stomach (50%-
60%) and the small intestine (30%-50%)[2]. Surgical resection is the main treatment for GIST. However,
even with complete surgical resection, approximately 40% to 50% of patients with high-risk GISTs will
have recurrence and metastasis[3]. Therefore, by accurately determining the risk factors for pos-
toperative recurrence, effective preventive measures could be performed, and the prognosis of patients
with GIST could be improved.

Clinical characteristics including tumor site, tumor size, and mitotic rate are the most common
indicators for analyzing the risk factors for recurrence after surgery for GIST. Some studies also suggest
that the systemic inflammatory response plays an important role in the progression and metastasis of
tumors[4]. The grade of risk classification after operation for GIST is mainly evaluated by the 2008
modified National Institutes of Health (NIH) risk grading standards[5], the 2020 edition of the World
Health Organization soft tissue tumor classification[6], the National Comprehensive Cancer Network
guidelines (6™ edition, 2019)[7] and the Armed Forces Institute of Pathology criteria[8]. In addition,
Joensuu et al[9] developed a new contour map to predict the prognosis of patients with GIST by
monitoring the follow-up results of more than 2000 patients with GIST. However, the use of a single
grading method to predict the probability of postoperative recurrence in patients with GIST has certain
limitations, especially for some GIST patients who only evaluate the two key indicators of tumor size
and mitotic rate. Therefore, there is currently no consensus on which risk grading system to use.
Nomograms have been developed for most malignant tumors[10,11]. The use of nomograms has been
compared to many traditional cancer staging systems, and it is proposed as an alternative or even a new
standard.

Based on the above factors, a predictive nomogram may provide a more accurate prognostic
assessment and basis for postoperative recurrence of GIST. To our knowledge, reports on the
establishment of a nomogram for the postoperative recurrence of GIST are rare. Therefore, the aim of
this study was to develop an effective and simple predictive tool for the risk assessment of
postoperative recurrence after GIST and to evaluate the risk of postoperative recurrence using only
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postoperative pathological features and general clinical data.

MATERIALS AND METHODS

Patients

The clinical and pathological data of 130 patients with GIST from January 2010 to January 2017 were
retrospectively analyzed. The inclusion criteria were as follows: first, complete surgical resection and
postoperative pathology and immunohistochemistry confirmed as GIST; second, complete medical
records were available; third, patients presented with no other gastrointestinal malignancies; and fourth,
patients reported no history of neoadjuvant targeted therapy. A total of 130 patients were included in
the study according to the inclusion criteria. The classification criteria were as follows: the risk of
recurrence of primary GIST was divided into 4 groups according to the 2008 NIH risk grading standards
[5]: very low risk, low risk, middle risk, and high risk. Tumor size was based on the largest diameter of
the lesion. The Ki-67 indicator was divided into two groups: < 5% and = 5%. The mitotic rate/50 high
power fields were divided into three groups: <5, > 5 and < 10, and > 10. The tumors were divided into
two groups according to whether there was bleeding or necrosis.

Postoperative survival and follow-up

All cases were followed up mainly by telephone and outpatient and inpatient review after surgery.
Recurrence was confirmed by imaging examination (abdominal B-ultrasound, computed tomography or
magnetic resonance imaging) and pathological confirmation by biopsy. The last follow-up time was
until June 2019, and the endpoint event was recurrence or metastasis of the patient. Recurrence-free
survival was defined as the time from the date of surgery to the time of recurrence or metastasis or the
last follow-up time.

Statistical analysis

Data processing was performed using R language (version 3.6.0) statistical software. The best predictive
risk factors for recurrence were selected from the clinical pathological data of patients with GIST using
the least absolute shrinkage and selection operator (LASSO) method suitable for reducing high-
dimensional data[12,13]. The process was as follows: select the factor with a nonzero coefficient in the
LASSO regression model[14], combine the factors selected in the LASSO regression model, and use
multivariate logistic regression analysis to establish the prediction model and obtain the odds ratio
value of the corresponding factor, 95%CI and P value. Statistical significance levels were relative,
variables with a P value of < 0.05 were included in the model, and variables associated with disease and
treatment factors were also included. All potential predictors have been used to develop predictive
models for the risk of GIST recurrence.

Calibration curves were drawn to evaluate the accuracy of the recurrence nomogram. The recognition
performance of the recurrence nomogram was quantified by measuring Harrell’s index of concordance
(C-index). Bootstrap verification (1000 bootstrap resampling) was performed on the recurrence
nomogram to determine the relative corrected C-index[15]. Decision curve analysis was performed to
quantify the clinical values of the recurrence nomogram by quantifying the net benefit at different
threshold probabilities in the GIST cohort[16]. The proportion of all false-positive patients was
subtracted from the proportion of true positive patients, and the net benefit was calculated by weighing
the relative harm of the intervention with the negative consequences of unnecessary interventions[17].

RESULTS

Patient characteristics

In this study, 130 patients with GIST radical surgery were included, including 101 gastric stromal
tumors, 24 small intestinal stromal tumors, and 5 Large intestinal stromal tumors. All patients were
divided into a recurrence group (13 cases) and a nonrecurrence group (117 cases) according to the
presence or absence of recurrence. The ratio of males to females was close to 1:1. The patients were aged
25-82 years old, and the mean age was 57.0 + 11.8 years old. All data and proportions of the two groups
of patients, including general information and clinicopathological features are shown in Table 1.

Factor selection

Of the 130 patients’” general information and clinical pathological features, 9 factors were calculated
using the LASSO regression model, and 5 factors with nonzero coefficients were considered potential
predictors. These factors included the mitotic rate, Ki-67, intratumoral necrosis, tumor size and tumor
site (Figure 1A and B).
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Table 1 Differences between the demographic and clinical characteristics of the recurrence and nonrecurrence groups

n (%)
Demographic characteristics

Recurrence (n=13) Nonrecurrence (n = 117) Total (n = 130)
Age (y1)
<60 8 (61.5) 62 (54.0) 70 (53.8)
> 60 5 (38.5) 55 (47.0) 60 (46.2)
Sex
Male 6 (46.2) 61 (52.1) 67 (51.5)
Female 7 (53.8) 56 (47.9) 63 (48.5)
Tumor site
Stomach 9(69.2) 92 (78.6) 101 (77.7)
Small intestine 1(7.7) 23 (19.7) 24 (18.5)
Large intestine 3(23.1) 2(1.7) 5(3.8)
Tumor size
<2cm 2 (15.4) 25 (21.4) 27 (20.8)
>2and <5cm 6 (46.1) 56 (47.9) 62 (47.7)
>5and <10 cm 1(7.7) 30 (25.6) 31 (23.8)
>10 cm 4 (30.8) 6(5.1) 10 (7.7)
NIH risk category
Very low 3(23.1) 31 (26.5) 34 (26.2)
Low 2 (15.4) 31 (26.5) 33 (25.4)
Middle 1(7.7) 27 (23.1) 28 (21.5)
High 7 (53.8) 28 (23.9) 35 (26.9)
Mitotic rate
<5cm 7 (53.8) 87 (74.4) 94 (72.3)
>5cmand <10 cm 2 (15.4) 22 (18.8) 24 (18.5)
>10 cm 4 (30.8) 8 (6.8) 12 (9.2)
Ki-67
<5% 4 (30.8) 70 (59.8) 74 (56.9)
25% 9 (69.2) 47 (40.2) 56 (43.1)
Intratumoral hemorrhage
Yes 10 (76.9) 100 (85.5) 110 (84.6)
No 3(23.1) 17 (14.5) 20 (15.4)
Intratumoral necrosis
Yes 8 (61.5) 99 (84.6) 107 (82.3)
No 5 (38.5) 18 (15.4) 23 (17.7)

NIH: National Institutes of Health.

Development of an individualized prediction model

Multivariate logistic regression analysis was performed on factors with nonzero coefficients in the
LASSO regression model. In addition, considering the importance of age in oncology, an additional age
factor was added to this analysis is shown in Table 2. Therefore, a total of 6 potential predictors were
mitotic rate, Ki 67, intratumoral necrosis, tumor size, tumor site and age. The potential predictive factors
are integrated together, and scaled line segments are drawn on the same plane to a certain scale to
express the relationship between variables in the predictive model, represented by a nomogram
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Table 2 Prediction factors for recurrence of gastrointestinal stromal tumor

Prediction model

Intercept and variable :
B Odds ratio (95%Cl) P value
Intercept -3.0092 0.049 (0.006-0.245) 0.001
Mitotic rate 3.2152 24.907 (2.215-707.556) 0.020
Ki-67 0.7514 2.120 (0.340-15.083) 0.425
Intratumoral necrosis -0.2675 0.765 (0.081-5.421) 0.799
Tumor size -0.0147 0.985 (0.115-10.405) 0.989
Tumor site 3.4115 30.313 (3.265-405.088) 0.003
Age 0.1048 1.110 (0.228-5.611) 0.895
B: The regression coefficient.
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Figure 1 Clinicopathologic characteristics selection using the least absolute shrinkage and selection operator regression model. A:
Optimal parameter (lambda) selection in the least absolute shrinkage and selection operator (LASSO) regression model used five-fold cross-validation via minimum
criteria. The partial likelihood deviance (binomial deviance) curve was plotted versus log(lambda). Dotted vertical lines were drawn at the optimal values using the
minimum criteria and the 1 Standard Error of the minimum criteria; B: LASSO coefficient profiles of the 9 features. A coefficient profile plot was produced against the
log(lambda) sequence. A vertical line was drawn at the value selected using five-fold cross-validation, where optimal lambda resulted in five features with nonzero
coefficients.

(Figure 2).

Apparent performance of the recurrence risk nomogram in the cohort

The calibration curve of the recurrence risk nomogram used to predict recurrence risk in patients with
GIST showed good consistency (Figure 3). The C-index of the predictive nomogram of this cohort was
0.836 (95%CI: 0.712-0.960), and it was confirmed as 0.714 by bootstrapping validation, which indicated
that this model had great differentiation. In the recurrence risk nomogram, the apparent performance
possessed a good prediction capability.

Clinical use

The decision curve analysis for the GIST recurrence risk nomogram showed that if the threshold
probability of a patient and a doctor is > 5 and < 100%, respectively, using this recurrence nomogram to
predict recurrence risk adds more benefit than the scheme (Figure 4). As the threshold probability
increases, the predictive power will not increase. In this range, according to the risk of recurrence
nomogram, the net benefit is comparable to several overlaps.
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Figure 2 Developed recurrence nomogram. The recurrence nomogram includes mitotic rate, Ki-67, intratumoral necrosis, tumor size, tumor site and age.
GIST: Gastrointestinal stromal tumors.
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Figure 3 Calibration curves of the recurrence nomogram prediction. The x-axis represents a possible risk of recurrence of gastrointestinal stromal
tumor. The y-axis represents the actual recurrence. Diagonal dotted lines indicate predictions under ideal conditions. The solid line indicates the performance of the
nomogram, and the closer it is to the diagonal dotted line, the more predictive the value is.
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DISCUSSION

The global incidence of GIST is approximately 11.0-14.5/1 million[18]. Although it is rare compared
with other tumors in the digestive tract, China has a large population base, so a considerable number of
patients are diagnosed with GISTs every year. In clinical work, an increasing number of patients with
GIST have been diagnosed and treated, and the number should not be underestimated. Although the
use of small molecule targeted drugs such as imatinib has significantly improved the prognosis of
patients with moderate and high-risk GISTs, there is still tumor recurrence or metastasis during or after
adjuvant therapy[19]. Therefore, accurate assessment of the factors affecting the recurrence of GIST in
patients is essential for guiding the individualized treatment of patients.

Four staging systems are commonly used for GIST. At present, the classification of different staging
systems is mainly based on the following three influencing factors: the size of the tumor, the mitotic
rate, and the location of the tumor. However, none of these systems were specifically developed for
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Figure 4 Decision curve analysis of the recurrence nomogram. The y-axis represents the net benefit. The blue line represents the gastrointestinal
stromal tumor (GIST) recurrence risk nomogram. The solid line indicates the hypothesis that all patients have recurrence. The thick solid line indicates the assumption
that there is no patient recurrence. The decision curve shows that if the threshold probability is > 5% and < 100%, the recurrence nomogram in the current study can
be used to predict the risk of recurrence of GIST and adds more benefit than the intervention-all-patients regimen or the intervention-none regimen.
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postoperative prognosis predictions. Similarly, it is not possible to quantify the risk of recurrence among
individual patients. Currently, nomograms are widely used in prognostic studies in oncology and
medicine. To predict the prognosis of certain cancers, some researchers have developed more accurate
scales than conventional staging systems[20,21]. Therefore, the aim of the study was to establish a
recurrence risk nomogram for patients with GIST to achieve higher accuracy and predictions that are
easier to understand to help better clinical decision-making and maximize patient benefit.

We developed and validated a new predictive tool that uses six easily available variables to predict
recurrence risk after radical surgery in patients with GIST. Incorporating general information and risk
factors for clinicopathological features into an easy-to-use nomogram can help individualize the
prediction of the recurrence of GIST. Nomograms are based on statistical models that use a combination
of prognostic variables to determine the likelihood of a particular event and perform well in predicting
postoperative recurrence. The predictions are supported by a C-index of 0.836 (95%ClI: 0.712-0.960) and
a calibration curve. The C-index, an internal verification method, in this study cohort was 0.714,
showing good discrimination and calibration ability. Our high C-index in all cohort verifications
indicates that this nomogram can be widely and accurately used due to its large sample size. This study
provides a relatively accurate predictive tool for postoperative recurrence in patients with GIST. Each
postoperative patient was scored according to the nomogram. The higher the score, the higher the
probability of postoperative recurrence and the higher the follow-up frequency.

GISTs can occur in any part of the digestive tract or in the omentum, mesentery, peritoneum, and
abdominal pelvic cavity, but the stomach (approximately 60%) is the most common, followed by the
small intestine (25% to 30%), while a few cases occur in the colorectal (approximately 5%), esophagus
and other areas[22]. The results of this group of cases show that the stomach and small intestine are the
most common sites of GISTs, similar to previous research reports. Tumors in different parts have large
differences in their malignancy and prognosis. For GISTs, the location of tumor growth is also an
extremely important prognostic factor. A retrospective study of 332 patients with GIST showed that the
tumors with good prognosis were the esophagus, stomach, duodenum, small intestine, parenteral and
colorectal[23]. We screened tumor sites for potential predictors of postoperative recurrence using
LASSO regression analysis, and further differences in tumor location were found in the multivariate
logistic regression analysis (P < 0.003). In this study, nomograms showed that tumors in the colorectal
region had the highest risk of postoperative recurrence, followed by the small intestine, and finally the
stomach region. Studies have shown that the prognosis of gastric stromal tumors is significantly better
than that of small intestinal stromal tumors, which is mainly due to the invasive growth of small
intestinal stromal tumors, often with early peritoneal metastasis, and the ease with which they rupture;
therefore, duodenal stromal tumors should be actively treated as soon as possible[23]. With larger
tumors, preoperative treatment should first be considered, and the rate of pancreaticoduodenectomy
should be minimized. The degree of malignancy of colorectal stromal tumors is higher than that of small
intestine and gastric stromal tumors[24], and the risk of recurrence is the highest. GISTs generally occur
most frequently in middle-aged and elderly people, and the most common onset is between 50 and 70
years old[25]. In this study, the mean age was 57.0 + 11.8 years, and 71.5% of patients were aged 50 years
or older. There was no difference based on sex, which was consistent with the above study reports.
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At present, the influence of mitotic rate and tumor size on the prognosis of GIST has been generally
recognized, and multiple staging systems have been applied to the risk assessment of recurrence after
GIST. It has been reported in a study that univariate survival analysis showed that the factors that had a
significant impact on prognosis were the primary site of the tumor, tumor diameter and the mitotic rate
(P < 0.05)[26]. Multivariate survival analysis showed that the mitotic rate is an independent prognostic
factor for patients with GIST metastasis or recurrence. Catena et al[27] showed that tumor size, mitotic
rate, and microscopic resection margins predicted disease-free survival in GIST patients. In general, the
larger the tumor size is, the higher the malignant biological behavior, and the relatively poor the
prognosis. The prognosis of patients with GIST is closely related to the mitotic rate, and those with a
high mitotic rate often show a worse prognosis[28]. The high mitotic rate and larger lesion range in this
study significantly increased the risk of recurrence after GIST, consistent with most studies.

In recent years, with the development of immunohistochemistry technology, we often use tumor
immunohistochemical markers for tumor prognosis analysis. Ki-67 is a nuclear antigen expressed in
proliferating cells, and its antibody marks proliferating cells in the non-G0 phase of the whole cell cycle,
so it can be used as a marker of cell proliferation. In breast cancer, Ki-67 positivity has been shown to be
negatively correlated with disease-free survival and overall survival[28]. It has been reported[29] that
the expression level of Ki-67 is important for judging the malignant degree of GIST. By analyzing the
correlation between immunohistochemical markers and prognosis in GIST samples, Kadado et al[30]
showed that there was a statistically significant difference in the Ki-67 proliferation index between
localized GIST and patients with recurrence and metastasis (P < 0.001). The nomograms in this study
showed that Ki-67 = 5 increased the risk of recurrence after GIST, consistent with the results of the above
studies. It is suggested that Ki-67 can be used as an important factor to evaluate the recurrence or
metastasis of GIST. In addition, for patients treated with imatinib before surgery, due to tumor
liquefaction necrosis, the capsule is prone to spontaneous rupture, resulting in tumor cell dissemination,
postoperative recurrence or distant metastasis. The 5-year recurrence-free survival rate of tumor
necrosis was significantly lower than that of nonnecrotic rupture (P < 0.016), and the risk of death in the
former was 2.79-3.03 times that of the latter[28]. Clinically, some patients with GISTs often have necrosis
of the lesion at the beginning of diagnosis, which may be associated with metastasis of the abdomen and
liver. Distant metastasis is one of the important factors affecting the prognosis of GIST. Patients with
distant metastasis or local infiltration metastasis are more aggressive, although the prognosis is still
poor after combined resection of the metastatic lesions. This is consistent with the fact that nomogram
tumor intratumoral necrosis in this study can increase the risk of recurrence after GIST. Therefore,
tumor necrosis may also be an important factor in predicting prognosis.

CONCLUSION

The occurrence, development and prognosis of tumors are the result of a multifactor interaction. It is
generally believed that the biological behavior of GIST is the most important factor in determining its
prognosis. At present, among the influencing factors of GIST prognosis, it is most common to consider
the tumor location, size, and mitotic rate. The prediction model developed in this study also includes Ki-
67, tumor intratumoral necrosis and age-related indicators. Comprehensive assessment of patient
outcomes will assist in guiding individualized treatment.

ARTICLE HIGHLIGHTS

Research background

There are many staging systems for gastrointestinal stromal tumors (GISTs), and the risk indicators
selected are also different; thus, it is not possible to quantify the risk of recurrence among individual
patients.

Research motivation
To develop a nomogram of postoperative recurrence risk factors in GIST patients to further guide
individualized treatment.

Research objectives
To investigate the risk factors for postoperative recurrence in GIST patients.

Research methods

We retrospectively analyzed the clinical and pathological data of 130 patients with GIST. The least
absolute shrinkage and selection operator regression model and multivariable logistic regression
analysis were used to develop a prediction model. The index of concordance (C-index), calibration
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curve, receiver operating characteristic curve, and decision curve analysis were used to assess the
discrimination, calibration, and clinical usefulness of the predictive model.

Research results

The nomogram included tumor site, lesion size, mitotic rate/50 high power fields, Ki-67 index,
intracranial necrosis, and age as predictors. The model presented a perfect discrimination with a reliable
C-index. The receiver operating characteristic curve indicated a good predictive value. Decision curve
analysis showed that the predicting recurrence nomogram was clinically feasible.

Research conclusions
This recurrence nomogram combines tumor site, lesion size, mitotic rate, Ki-67 index, intracranial
necrosis, and age and can easily predict patient prognosis.

Research perspectives
We look forward to conducting a multicenter large-sample prospective controlled study in the future to
further explore risk factors after GIST surgery, to better guide individualized treatment.
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