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Abstract

Background The accurate prognosis of gastrointestinal stromal tumors (GISTs) has garnered substantial attention,
yet a gap persists in understanding the influence of inflammatory markers on the prognosis of high-risk GIST patients.
This study investigated the relationship between various factors and the prognosis of high-risk GIST patients, with a
specific focus on first recurrence-free survival (RFS) and overall survival (OS) as crucial prognostic indicators.

Methods A comprehensive collection of clinical data was conducted on 145 high-risk GIST patients meeting specific
inclusion and exclusion criteria at 17 medical centers in Ningxia Hui Autonomous Region, China, covering the period
from January 2013 to December 2019. Single-factor analysis and survival curves were used to analyze the variables,
while the Cox regression model evaluated independent prognostic factors.

Results Within the cohort, a balanced male-to-female ratio of 1:1.1 was observed. Univariate analysis revealed
compelling associations between RFS and age, preoperative neutrophil-to-lymphocyte ratio (NLR), preoperative
platelet-to-lymphocyte ratio (PLR), preoperative systemic immune-inflammatory index (Sll), preoperative prognostic
nutritional index (PNI), mitotic index, and whether or not imatinib (IM) was taken regularly in high-risk GIST patients
(P<0.05). Except age, these other variables were also significantly correlated with OS (P <0.05). Cox regression analysis
showed that age, preoperative PNI, mitotic index and postoperative IM adjuvant therapy independently affected RFS
(P<0.05). In addition, preoperative PNI and postoperative IM adjuvant therapy were also independent factors of OS,
with statistical significance (P<0.05). Age was negatively correlated with RFS, and early routine IM treatment after
operation significantly reduced the risk of recurrence and death. Higher mitotic index is closely related to poor RFS,
and higher preoperative PNl indicates a better prognosis.

Conclusion A close correlation between young age, low preoperative PNI, high mitotic index, and lack of IM
treatment had an unfavorable prognosis in high-risk GIST patients. Notably, the PNI was identified as a potential
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additional prognostic factor, enhancing the accuracy of predicting treatment efficacy and patient outcomes in
high-risk patients with GISTs. Therefore, we advocate for the serious consideration of the PNI as a valuable addition to
standard clinical practice for managing high-risk GIST patients.

Keywords Gastrointestinal stromal tumors (GIST), High recurrence risk, NLR, SI, PLR, PNI, Imatinib

Introduction

Gastrointestinal stromal tumors (GISTs) are a distinct
category of neoplasms arising in the interstitial space of
the gastrointestinal wall or other abdominal soft tissues
[1, 2]. These tumors primarily arise due to mutations in
tyrosine kinase receptor (c-kit) or platelet-derived growth
factor receptor-a (PDGFRA) genes [3]. Although rela-
tively rare, GISTs present a complex challenge, affecting
middle-aged and elderly individuals without sex pre-
dilection. While they can emerge anywhere within the
digestive tract, the stomach (50-60%) and small intestine
(30-35%) are the most common sites, whereas occur-
rences in the colon (5%) and esophagus (<1%) are less
frequent [4].

As for solid neoplasms, the cornerstone of GISTs treat-
ment continues to be comprehensive surgical interven-
tion (RO, complete tumor resection with no macroscopic
residual disease). Notably, patient classification into
extremely low, low, intermediate, and high-risk groups,
primarily determined by tumor size, location, rupture
status, and mitotic count, guides therapeutic decisions
[5, 6]. High-risk GIST patients often receive postopera-
tive adjuvant therapy, such as imatinib, in accordance
with guidelines established by the National Comprehen-
sive Cancer Network (NCCN) and the Chinese Society
of Clinical Oncology (CSCO) [7]. Such protocols have
led to improved prognoses for many patients [8]. How-
ever, some patients continue to experience recurrence or
metastasis following surgery, profoundly impacting their
quality of life and, in some cases, their survival [9, 10].
Therefore, the urgent clinical need revolves around the
identification of novel risk factors for recurrence in high-
risk GIST patients.

In recent years, evidence has highlighted the link
between inflammation and cancer. Tumor cells can
exploit inflammatory stimuli to promote angiogenesis,
evade apoptosis, and enhance proliferation and metasta-
sis [11-13]. In this context, inflammatory markers have
gained prominence in oncology. Studies have shown the
prognostic value of markers such as the neutrophil-to-
lymphocyte ratio (NLR) and the platelet-to-lymphocyte
ratio (PLR) in various cancers, including colorectal, blad-
der, and lung cancers [14—16]. Research has indicated
that the NLR could predict recurrence risk in patients
with GISTs [17, 18], and an elevated PLR is linked to
poorer outcomes in patients with GISTs and patients
with breast cancer [19, 20]. However, most of these

studies were limited to single centers, and lacked insights
from multicenter research.

Our study aimed to fill this gap by conducting a com-
prehensive regional multicenter analysis of inflammatory
markers in the Ningxia region and assessing the relation-
ship of these markers with the prognosis of high-risk
GIST patients. Our hypothesis was that inflammatory
factors affect survival in patients with high-risk GISTs.
Our goal was to identify high-risk GIST patients with
poor prognosis in advance by screening inflammatory
markers, enabling targeted early clinical interventions
and improving patient outcomes.

Materials and methods

Study population

Inclusion criteria

Patients with a pathological diagnosis of GIST or genetic
test confirming GIST. Patients underwent RO resection
(complete tumor resection with no macroscopic residual
disease). Postoperative finding in pathological review
indicate a high risk of recurrence [5]. Complete medical
records and follow-up data were obtained. Absence of
concomitant malignancies. No clinical symptoms were
indicative of the lack of any associated infection.

Exclusion criterion

Patients with concurrent other malignant neoplasms.
History of recurrent GISTs. Perioperative mortality. Dys-
function of other major organs (refers to documented
clinical conditions or diseases in which major organs,
apart from the gastrointestinal system, exhibit substan-
tive and unmanageable impairments or failures that
might limit postoperative survival).

Patient selection

Based on the aforementioned inclusion and exclusion cri-
teria, a total of 145 patients were selected from 17 public
hospitals in Ningxia Hui Autonomous Region. The study
encompassed the period from January 1, 2013, to Decem-
ber 31, 2019.

Ethical considerations

This study was conducted in compliance with the princi-
ples of the Declaration of Helsinki and received approval
from the Medical Research Ethics Committee of General
Hospital of Ningxia Medical University (Ethics-Number
KYLL-2021-339). All study participants were provided
with comprehensive information about the study, its
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objectives, potential risks, and benefits, and voluntarily
signed a notification of consent.

Data collection

Data sources

General clinical data of GIST patients who met the inclu-
sion and exclusion criteria were collected from January
1, 2013, to December 31, 2019. These data were sourced
from the medical records of 17 medical institutions (the
data were collected from a consortium of 17 medical
institutions, that were carefully chosen for their geo-
graphic distribution and diversity to ensure the broad
representation of GIST patients from the Ningxia Hui
Autonomous Region).

Data categories

The data were collected retrospectively and encom-
passed a range of clinical, pathological, and postoperative
parameters, including but not limited to:

Clinical Data: sex, age, preoperative peripheral blood
sample, neutrophil count, preoperative peripheral blood
lymphocyte count, preoperative peripheral blood serum
albumin value (g/L), and preoperative platelet count were
collected. All laboratory blood test data were collected
from tests performed on the patients’ first admission
prior to any treatment. all the procedures were car-
ried out in strict accordance with the operating instruc-
tions, and all the experimental reagents matched the
instruments.

Pathological data

Site of tumor occurrence, tumor diameter (measured in
centimeters), The presence of bleeding or necrosis within
the tumor, and mitotic index (number of mitoses per 50
HPFs; this parameter is utilized to assess the rate of cell
division within the tumor).

Postoperative data

Imatinib was administered based on physician guidance
and clinical indications (imatinib treatment was adminis-
tered according to the guidance of the treating physician,
primarily based on clinical evaluation and the presence of
risk factors. According to the guidelines [2, 7], high-risk
GIST patients should take targeted drugs to get inten-
sive treatment after operation, however some patients
gave up the treatment for personal reasons or economic
reasons).

Data handling and security

To ensure data integrity and confidentiality, stringent
data handling procedures were employed. The data were
securely stored and managed to protect patient privacy
and comply with ethical standards.
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General data analysis

Calculation of indices

Several indices and ratios were derived from the collected
data to facilitate the analysis of GIST patient profiles. The
NLR was calculated as the preoperative neutrophil count
divided by the preoperative lymphocyte count. PLR was
calculated as the preoperative platelet count divided by
the preoperative lymphocyte count. SII: Calculated as the
product of the PLT and neutrophil count divided by the
lymphocyte count. PNI was calculated as the sum of the
serum ALB concentration (in g/L) and five times the total
peripheral blood lymphocyte count (in x10"9/L).

Threshold classification

The optimal critical points of the NLR, PLR, SII and PNI
were determined by the ROC curve of the subjects, and
they were divided into upper and lower groups according
to the critical points. The specific values of these thresh-
olds were determined to enable meaningful classification,
with further details available in the statistical analysis
section.

NIH classification criteria

Pathological data were classified according to the modi-
fied National Institutes of Health (NIH) classification
criteria [5]. These criteria provide a framework for under-
standing and categorizing GISTs based on various patho-
logical attributes, and further details on this classification
are available in the relevant sections of this study.

Follow-up

Data collection methods

All study participants were subjected to follow-up assess-
ments conducted through multiple means, including
hospital outpatient medical records, telephone commu-
nication, and various other channels. This comprehensive
approach was adopted to ensure the thorough tracking of
patient progress.

Follow-Up parameters

The follow-up process included a range of critical param-
eters, including the following: Regular Adjuvant Therapy:
Evaluation of whether patients consistently adhered to
postoperative IM adjuvant therapy, as per physician rec-
ommendations. Recurrence and Metastasis: Detection
of any instances of GIST recurrence or metastasis and
detailed documentation of the timing of these events.
Mortality: Patients were monitored for mortality, and
when applicable, the exact time of death was recorded.
Cause of death: Investigating whether the cause of death
was attributed to GISTs or other factors.
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Fig. 1 Receiver operating characteristic curve of NLR (neutrophil-to-lymphocyte ratio), PLR (platelet-to-lymphocyte ratio), SlI (systemic immune-inflam-
mation index) and PNI (prognostic nutritional index) for High-risk Gastrointestinal Stromal Tumor Patients. a: NLR: AUC:0.767, associated criterion >2.34; b:
PLR: AUC: 0.763, associated criterion >186.96; ¢: SlI: AUC:0.776, associated criterion >482.13; d: PNI: AUC: 0.749, associated criterion <42.25

Data collection procedures

During follow-up, data were meticulously collected to
ensure the accuracy and completeness of the patient
records. This process included a combination of medical
records, direct patient communication via telephone, and
other suitable data collection methods. Specific forms
and questionnaires were employed as required to facili-
tate systematic data capture.

Time intervals

Follow-up intervals were established to facilitate timely
assessments and included an array of time frames for
tracking specific events. The frequency and scheduling of
these intervals were carefully considered to align with the
objectives of this study.
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Table 1 Univariate analysis of postoperative RFS and OS in high-
risk gists based on clinical features

Clinical n(%) RFS(month) P OS(month) P
Feature value value
Sex 0.855 0.819
Male 69(47.6) 69.46 7244
Female 76(52.4) 70.25 74.66
Age(years) 0.022" 0.286
<60 79(54.5) 64.18 72.55
>60 66(45.5) 76.71 74.70
Preoperative 0.001" <0.001"
NLR
>2.34 71(49.0) 61.10 62.17
<234 74(51.0) 7823 89.33
Preoperative 0.001" <0.001"
PLR
>186.96 61(42.1) 59.78 59.75
<186.96 84(579) 76.68 86.38
Preoperative S 0.005" 0.001"
>482.13 87(60.0) 64.16 66.25
<482.13 58(40.0) 78.96 88.36
Preoperative <0.001" <0.001"
PNI
>42.25 94(64.8) 76.10 85.07
<4225 51(35.2) 56.62 5749
Tumor location 0.123 0.308
Gastric 89(61.4) 7381 7512
Non-gastric  56(38.6) 64.02 7197
Tumor size(cm) 0.905 0.722
<10 86(59.3) 71.01 74.08
>10 59(40.7) 68.18 74.30
Mitotic index 0.001" 0.002"
<5 46(31.7) 8355 86.83
>5 99(68.3) 62.07 65.51
Hemorrhage/necrosis 0.759 0913
Yes 93(64.1) 71.54 75.40
No 52(35.9) 67.73 7223
Postoperative IM 0.029" 0.027
Yes 93(64.1) 74.32 77.10
No 52(35.9) 61.59 67.55

Note: mitotic index: number/50HPF. HPF: high-power field, refers to the field of
view on a pathological section visible through the eyepiece under an optical
microscope with a 10x ocular lens and 40x objective lens. NLR: neutrophil-to-
lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; Sll: systemic immune-
inflammation index, platelet count x neutrophil count/lymphocyte count; PNI:
prognostic nutritional index, serum albumin level (g/L)+5 X total peripheral
lymphocyte count (x10~9/L). IM: Imatinib; * represents P<0.05, indicating a
statistically significant difference

Data integrity and confidentiality

Stringent measures were implemented to maintain data
integrity and patient confidentiality throughout the fol-
low-up period. These procedures were designed to pro-
tect the privacy and anonymity of the study participants
while maintaining the highest ethical standards.
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Data collection and statistical analysis

For data acquisition and management, Microsoft Office
Professional Plus Excel 2021 software was used for
meticulous data organization. IBM SPSS Statistics 26.0,
a robust statistical analysis tool, was used to analyze the
dataset. For univariate analysis, we applied the log rank
model, and for the representation of survival curves, the
method was used judiciously. In our pursuit of compre-
hensive insights, the multivariate analysis was performed
with the Cox regression model to evaluate the associa-
tions among multiple covariates. A predetermined sig-
nificance level, denoted by a=0.05, guided our statistical
assessments. A p value (P) less than 0.05 indicated statis-
tical significance.

Results

In this study, we investigated a cohort of 145 high-risk
GIST patients, comprising an equal distribution of males
and females. The optimal critical points of NLR, PLR, SII
and PNI were determined by receiver ROC curve to be
2.34, 186.96, 482.13 and 42.25, respectively. According
to the critical point, they are divided into upper groups
and lower groups (Fig. 1). Our analysis employed the
Kaplan-Meier method to assess the impact of various fac-
tors on first recurrence-free survival (RFS) and overall
survival (OS) among high-risk GIST patients. The follow-
ing variables were examined: sex; age; the NLR, PLR, SII
and PNI; hemorrhage/necrosis; Tumor location; Tumor
size; Postoperative IM and mitotic index. Our find-
ings, as detailed in Table 1, reveal statistically significant
associations between these variables and RFS and OS
in high-risk GIST patients. Among them, for high-risk
GISTs, age, the NLR, PLR, SII and PNI, mitotic index and
whether IM adjuvant therapy is performed after opera-
tion have significant statistical differences for RFS and
the NLR, PLR, SII and PNI, mitotic index and whether
IM adjuvant therapy is performed after operation have
significant statistical differences for OS (p values<0.05).
These results provide valuable insights into the prognosis
and management of high-risk GIST patients.

We conducted a Cox multivariate regression analysis to
examine the factors associated with the prognosis of RFS
in high-risk GIST patients, building on the findings from
previous univariate analyses. Our results revealed age,
preoperative PNI, mitotic index, and postoperative IM
as the independent factors significantly influencing RFS
in high-risk GIST patients (p values <0.05) (Table 2). The
survival curve illustrating these findings can be found in
Fig. 2.

We performed a Cox multivariate regression analy-
sis to assess factors that exhibited correlations with the
prognosis of OS in high-risk GIST patients via single-
factor analyses. Our findings revealed two independent
factors that significantly affect the OS of high-risk GIST
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Table 2 Cox multivariate regression analysis (RFS)
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Variable Regression Coefficient Wald Value HR Value 95%Cl PValue
Age -1.117 6430 0.327 0.138-0.776 0011
Preoperative NLR -0.426 0.489 0.653 0.198-2.157 0.484
Preoperative PLR -0.046 0.009 0.995 0.368-2.477 0.925
Preoperative SlI -0.705 1.031 0494 0.127-1.927 0.310
Preoperative PNI 1.011 5.821 2.749 1.209-6.250 0016
Mitotic index 1532 5572 4.630 1.297-16.527 0018
Postoperative IM 1.021 7.058 2775 1.307-5.891 0.008"

Note: mitotic index: number/50HPF. HPF: high-power field, refers to the field of view on a pathological section visible through the eyepiece under an optical
microscope with a 10x ocularlens and 40x objective lens. NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; Sll: systemicimmune-inflammation
index, platelet count x neutrophil count/lymphocyte count; PNI: prognostic nutritional index, serum albumin level (g/L)+5 X total peripheral lymphocyte count
(x10~9/L). IM: Imatinib; * represents P<0.05, indicating a statistically significant difference

patients: the preoperative PNI and postoperative IM (p
values<0.05) (Table 3). The survival curve illustrating

these findings can be found in Fig. 3.
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Discussion

The increasing incidence of GISTs, a form of soft tis-
sue sarcoma, is becoming a major concern in the medi-
cal field, likely due to enhanced health awareness and
advancements in diagnostic methods [21]. The evolu-
tion of therapeutic strategies for GISTs, transitioning
from conventional surgical resection to a combination of
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Fig. 2 Independent factors affecting postoperative RFS in high-risk GIST patients. A: Age; B: Preoperative PNI; C: Mitotic index; D: Postoperative IM adju-
vant therapy. According to the age characteristics of China population, people over 60 years old are considered as the elderly group. The optimal critical
points of the PNI were determined by the ROC curve of the subjects. Mitotic index was classified according to the modified National Institutes of Health

(NIH) classification criteria
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Table 3 COX multivariate regression analysis (OS)

Variable Regression Coefficient Wald Value HR Value 95%Cl PValue
Preoperative NLR -1.623 2527 0.197 0.027-1.460 0.112
Preoperative PLR -0.671 1.259 0511 0.158-1.651 0.262
Preoperative SII -0410 0.147 0.663 0.081-5411 0.702
Preoperative PNI 0.988 4.590 2.686 1.088-6.632 0.032"
Mitotic index 1.245 3.404 3473 0.925-13.037 0.065
Postoperative IM 0.904 5266 2469 1.141-5.343 0.022"

Note: mitotic index: number/50HPF. HPF: high-power field, refers to the field of view on a pathological section visible through the eyepiece under an optical
microscope with a 10x ocular lens and 40x objective lens. NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; Sll: systemicimmune-inflammation
index, platelet count x neutrophil count/lymphocyte count; PNI: prognostic nutritional index, serum albumin level (g/L)+5 x total peripheral lymphocyte count
(x10~9/L). IM: Imatinib; * represents P< 0.05, indicating a statistically significant difference
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Fig. 3 Independent influencing factors on postoperative OS of high-risk GIST patients, A: Preoperative PNI; B: Mitotic index. The optimal critical points
of the PNI were determined by the ROC curve of the subjects. Mitotic index was classified according to the modified National Institutes of Health (NIH)

classification criteria

surgery and targeted therapies such as imatinib, repre-
sents a substantial advancement in this domain [22-24].
Despite these developments, the risk of recurrence or
metastasis in high-risk GIST patients remains a critical
issue, adversely affecting their quality of life and survival
[25].

In managing high-risk GISTs, refining risk factors
within the modified NIH risk stratification is essential,
but it is equally important to incorporate additional
factors, such as inflammatory markers, to guide treat-
ment and prognostic assessments [26]. Recent studies
have highlighted the role of the tumor microenviron-
ment, particularly inflammatory reactions, in tumor cell
migration and metastasis [18, 27, 28]. This is exempli-
fied by research in early gastric cancer, where patients
with adenocarcinoma had higher NLRs and PLRs than
did those with adenoma, and those with undifferenti-
ated adenocarcinoma had higher NLRs than did those
with differentiated forms [29]. This growing body of evi-
dence underscores the need for a more holistic approach
in GIST patient management, integrating traditional risk
assessments with factors such as inflammation to refine
treatment strategies and improve outcomes [30, 31].

These findings underscore the pressing need for a more
holistic approach to patient management that integrates
these factors with traditional risk assessments. Such
integration holds the promise of not only refining treat-
ment strategies but also enhancing patient outcomes. To
achieve seamless transition, it is paramount to connect
the general trends in GIST incidence with the specific
challenges faced by high-risk patients. Considering the
evolving therapeutic landscape, refining risk factors is
imperative. Exploring the importance of prognostic fac-
tors in predicting disease recurrence can provide better
guidance for clinical decision-making and individualized
monitoring schemes for patient treatment. Currently, in
all GIST risk assessments, the modified National Insti-
tutes of Health risk prediction criteria have been widely
applied in clinical practice, offering a standardized
approach to predict the risk level of GIST patients after
surgery [32]. Tumor location, tumor size, and mitotic
index have been proven to be good predictors of the
risk level of GIST patients [33]. However, exploring the
prognostic influencing factors of high-risk GIST patients
predicted by the modified NIH risk prediction criteria
can further assist high-risk patients in obtaining a more
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accurate risk assessment. In summary, as we navigate the
complexities of GIST management, the integration of
inflammatory factors with established risk assessments
emerges as a pivotal avenue. By fostering a comprehen-
sive understanding of the disease, we not only refined
treatment strategies but also paved the way for improved
patient outcomes.

Our study aimed to assess the factors influencing the
overall survival risk during the initial postoperative pro-
gression survival period in 145 high-risk GIST patients.
We evaluated basic clinical data, preoperative inflam-
matory markers levels (NLR, PLR, SII, and PNI), and
postoperative pathological data. Our research results
strongly suggest that inflammatory factors (NLR, PLR,
SII) are not independent factors affecting patients’ RES
and OS in high-risk GIST. Fortunately, our findings
revealed that age, preoperative PNI, mitotic index, and
postoperative IM were statistically significant factors for
recurrence-free survival. Additionally, the preoperative
PNI and postoperative IM were found to be independent
risk factors for overall survival post-surgery. The corre-
lation between age and GIST prognosis, where younger
patients exhibit worse outcomes, is intriguing and may be
attributed to delayed symptom recognition, genetic fac-
tors, and more aggressive tumor metabolism in younger
individuals.

Our study shows that IM therapy is an independent
prognostic factor for RFS and OS, and this result con-
firms the effectiveness of oral IM therapy after operation
in reducing the recurrence risk and prolonging the sur-
vival time of high-risk GIST patients. Therefore, for high-
risk GIST patients, adjuvant therapy with sufficient time
and dose of imatinib after surgery is required, except for
wild-type GIST [34-37].

It is estimated that 15-40% of cancer patients have
malnutrition at diagnosis and 40-80% of cases will be
malnourished during the treatment of the disease [38].
Malnutrition increases postoperative complications of
patients and worsens RFS and OS of cancer patients [39,
40]. PNI is a simple and effective indictor for assessing
nutrition status. Low PNI not only predicts poor sur-
vival in cancer patients, but also is associated with tumor
stage [41, 42]. The role of the PNI in GIST prognosis,
possibly through its influence on inflammatory reactions
and immune suppression, warrants further investigation
to elucidate its exact mechanism in tumor progression
[43-45].

Limitations and future directions

Our study, while informative, has several limitations. Its
retrospective nature may introduce biases in the data
collection. Although univariate analysis revealed cor-
relations between the preoperative NLR, PLR, and SII
and postoperative outcomes, these correlations were not
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statistically significant according to multivariate analy-
sis. Future studies with larger sample sizes are needed
to explore these relationships further. Additionally, our
study did not examine other clinicopathological factors,
such as gene mutation status, which could be crucial in
understanding GIST prognosis. A deeper exploration of
the biological mechanisms linking inflammatory markers
to GIST prognosis is also necessary.

Conclusion

In conclusion, our study identified key factors influenc-
ing the recurrence-free survival (RES) of high-risk GIST
patients. age, preoperative PNI, mitotic index, and post-
operative IM are important predictors of postoperative
outcomes. Notably, the PNI has emerged as a potential
cost-effective biomarker for predicting treatment out-
comes and patient prognosis as well as a possible focus
of postoperative treatment in high-risk patients with
GISTs, but unfortunately not the inflammatory markers
that have proven to be important in other gastrointesti-
nal malignancies. These findings have direct implications
for the clinical management of high-risk GIST patients,
suggesting the need for the integration of the PNI into
routine clinical practice. Our study contributes to the
evolving landscape of GIST management and under-
scores the need for further research to refine treatment
strategies and improve patient outcomes in this challeng-
ing clinical context.
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