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Abstract
Background: Although systemic inflammation- and nutrition-related indices have 
demonstrated predictive value for treatment response and prognosis in various malignancies, 
their role in locally advanced gastrointestinal stromal tumors (LA-GIST) undergoing 
neoadjuvant imatinib therapy (NIT) remains unclear.
Objectives: To evaluate the predictive value of the Systemic Inflammation-Nutrition Index 
(SINI) for pathological response and prognosis in patients with LA-GIST receiving NIT.
Designs: A retrospective, two-center study was conducted to evaluate the prognostic value of 
high pathological response, and to develop a nomogram incorporating SINI for predicting high 
pathological response in patients with LA-GIST undergoing NIT.
Methods: A retrospective analysis was performed on 200 patients with LA-GIST receiving NIT. 
Least Absolute Shrinkage and Selection Operator regression was used to construct the SINI 
from key hematological markers and to evaluate its association with relapse-free survival 
(RFS). A nomogram for predicting high response was established based on independent 
predictors identified by multivariate analysis, and the performance and prognostic values were 
validated in an external cohort.
Results: High response was independently associated with improved 5-year RFS. The 5-year 
RFS showed a significant stepwise gradient across the low-, medium-, and high-SINI groups 
(46.0% vs 75.3% vs 94.8%, all p < 0.05). SINI independently predicted high response. A 
nomogram incorporating preoperative imatinib duration, tumor size, and SINI demonstrated 
good discrimination in both the training and validation cohorts (area under the curve = 0.798 
and 0.849, respectively), with well-fitted calibration curves and favorable net clinical benefit 
per decision curve analysis. Patients predicted to have a low response showed significantly 
shorter RFS than those with a high response (p < 0.01).
Conclusion: The SINI is an effective predictor of pathological response and prognosis in LA-
GIST patients receiving NIT. The validated nomogram offers a practical tool for individualized 
treatment decision-making.
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Introduction
Gastrointestinal stromal tumors (GISTs) are the 
most common mesenchymal neoplasms of the 
digestive tract.1 Surgical resection remains the 
only curative option for patients with resectable 
GISTs.2,3 However, in cases involving large 
tumors, anatomically complex locations, or close 
proximity to surrounding structures, surgery 
alone is often insufficient and associated with 
poor prognosis. In such scenarios, neoadjuvant 
imatinib therapy (NIT) followed by surgery is com-
monly recommended.4,5 NIT can reduce tumor 
volume, thereby increasing the likelihood of R0 
resection, minimizing surgical extent, preserving 
organ function, and improving quality of life. 
Moreover, NIT suppresses tumor activity and 
reduces the risk of metastasis and iatrogenic dis-
semination.6–8 Despite its benefits, the pathological 
response to NIT is highly variable, ranging from 
minimal to high therapeutic effects.9,10 Studies have 
shown that patients with locally advanced GIST 
(LA-GIST) who achieve high pathological response 
to NIT have significantly better prognoses than 
those who do not.11 Therefore, the degree of patho-
logical response following NIT is crucial for pre-
dicting prognosis and guiding individualized 
treatment strategies. Accurately identifying patients 
likely to achieve a high response to NIT holds sig-
nificant clinical value.

Inflammation plays a pivotal role in tumor initia-
tion and progression. As a key component of the 
tumor microenvironment, it affects pathological 
response and prognosis after neoadjuvant therapy 
by modulating the host’s systemic inflammatory 
status and nutritional metabolism.12,13 Peripheral 
blood tests provide a means to evaluate tumor-
associated inflammation. Basic hematological 
parameters—including white blood cells (WBC), 
lymphocytes (LYM), neutrophils (NEU), and 
platelets (PLT)—and composite indices such as 
the platelet-to-lymphocyte ratio (PLR), neutro-
phil-to-lymphocyte ratio (NLR), and prognostic 
nutritional index (PNI) have been linked to prog-
nosis and treatment response in various malignan-
cies.14–17 Ding et al.11 reported that the systemic 
immune-inflammation index and PNI are signifi-
cantly associated with pathological response and 
prognosis in patients with LA-GIST undergoing 
NIT.11

This study employed pre-NIT systemic blood 
markers to select 5 key biomarkers from 22 can-
didates using Least Absolute Shrinkage and 
Selection Operator (LASSO) regression, which 

were used to develop the Systemic Inflammation-
Nutrition Index (SINI). The predictive value of 
SINI for pathological response and prognosis in 
patients with LA-GIST receiving NIT was subse-
quently assessed. Furthermore, a nomogram 
incorporating SINI was constructed and externally 
validated to predict high pathological efficacy.

Materials and methods

Patients
This retrospective study included 200 patients 
with LA-GIST receiving NIT at Fujian Medical 
University Union Hospital (FMUUH) from May 
2010 to January 2025 and Fujian Cancer Hospital 
(FCH) from November 2012 to January 2025. 
LA-GIST refers to a group of patients with tumors 
confined to the primary site without distant metas-
tasis (M0), in whom curative surgery is rendered 
difficult by high-risk anatomical factors.18–20 
Inclusion criteria were (1) histopathological diag-
nosis of GIST; (2) preoperative assessment identi-
fying one or more high-risk anatomical features, 
such as large tumor size, the need for multivisceral 
resection, and tumor location in anatomically 
complex sites associated with potential functional 
impairment (e.g., lower rectum, gastroesophageal 
junction, and duodenum). Exclusion criteria 
included (1) recurrent or metastatic disease; (2) 
presence of other malignancies; (3) incomplete 
clinical data. The reporting of this study conforms 
to the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) Statement: 
guidelines for reporting observational studies.21

Treatment strategy
The NIT regimen was developed following a 
multidisciplinary team assessment. Treatment 
duration was guided by international authorita-
tive guidelines, including National Comprehensive 
Cancer Network (NCCN), European Society for 
Medical Oncology (ESMO), and Asian consen-
sus recommendations,18–20 with regular imaging 
evaluations to optimize the treatment course. 
Surgical intervention was contingent upon meet-
ing two criteria: (1) radiological evidence of dis-
ease stabilization, defined as no tumor volume 
change on two consecutive imaging assessments; 
and (2) feasibility of curative resection or preser-
vation of organ function as determined. Regardless 
of pathological response, all patients were advised 
to initiate adjuvant imatinib therapy within 
2–4 weeks postoperatively.
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Data collection and definitions
Blood samples were collected within 2 weeks prior 
to the initiation of NIT, including measurements 
of WBC, NEU, PLT, fibrinogen (FIB), LYM, 
hemoglobin (HB), and albumin (ALB). For miss-
ing data, multiple imputation method was used 
for supplementation. Based on their established 
associations with cancer progression, these mark-
ers were classified into four upregulated indica-
tors (WBC, NEU, PLT, and FIB) and three 
downregulated indicators (LYM, HB, and ALB). 
Fifteen composite inflammation-nutrition indices 
were subsequently calculated by deriving ratios 
between the upregulated and downregulated 
markers (Figure 1(a) and (b)).

Clinical data were extracted from a prospectively 
maintained institutional database, including demo-
graphic characteristics, tumor-related features 
(tumor size and Ki-67 index before NIT, tumor site, 

and gene mutation), and treatment details. Based on 
the receiver operating characteristic (ROC) curve, 
the optimal cutoff value for the maximum tumor 
diameter before NIT was determined, categorizing 
patients into two groups: ⩽10 and >10 cm. The 
duration of NIT was classified, according to the 
NCCN and ESMO guidelines,18,19 into three cate-
gories: <6, ⩾6 to ⩽12, and >12 months. 
Radiological response was evaluated in accordance 
with the Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1.22 Pathological 
response was assessed using criteria proposed by 
Antonescu et al.,9 based on the proportion of tumor 
necrosis and fibrosis, and interpreted according to 
the Chinese Guidelines for the Diagnosis and 
Treatment of GIST.10 A fibrotic area occupying 
more than 90% of the tumor was defined as a high 
pathological response. All histological slides were 
independently reviewed and confirmed by two expe-
rienced pathologists in a double-blind manner.

Figure 1.  (a, b) Calculation methods for the 15 composite inflammatory markers. (c) LASSO coefficient profiles 
of the 22 indicators. (d) Ten-fold cross-validation for tuning parameter selection.
LASSO, Least Absolute Shrinkage and Selection Operator.
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Follow-up
During NIT, patients were followed up every 
2–3 months. Postoperatively, follow-up was con-
ducted every 3–4 months for the first 3 years, 
every 6 months during years 3–5, and annually 
thereafter. Follow-up assessments included 
abdominal and pelvic computed tomography or 
magnetic resonance imaging. The primary end-
point was relapse-free survival (RFS), defined as 
the interval from treatment initiation to either 
tumor recurrence or death from any cause. 
Patients without recurrence by the last follow-up 
were censored at that point. The final follow-up 
date was May 24, 2025, with a median follow-up 
duration of 50 months (range: 8–153 months). 
The loss to follow-up rate in this study was 2%, 
and patients who were lost to follow-up were con-
sidered censored.

Development and evaluation of the nomogram
Candidate variables were first screened using uni-
variate logistic regression (p < 0.05), followed by 
multivariate stepwise logistic regression to iden-
tify independent predictors of high pathological 
response (p < 0.05), which were used to construct 
the nomogram. An independent dataset was used 
for external validation. The concordance index 
(C-index) was used to assess the model’s discrim-
inatory ability, while calibration curves and the 
Hosmer–Lemeshow test were used to evaluate its 
predictive accuracy.23 Decision curve analysis 
(DCA) quantified the net benefit across a range 
of risk thresholds,24 and clinical impact curves 
(CICs) were generated to visualize the model’s 
effectiveness in identifying high-response individ-
uals.25 Construction and evaluation of the nomo-
gram were performed in R using the “rms,” 
“caret,” “pROC,” and “rmda” packages.

Prognostic value of the model
To evaluate the prognostic utility of the nomo-
gram for patients with LA-GIST, the optimal cut-
off value was determined based on the maximum 
Youden index in the training cohort. Patients were 
classified into high-response and low-response 
groups, and differences in RFS between the two 
groups were analyzed across different cohorts.

Statistical analysis
All statistical analyses were conducted using R 
(version 4.4.2, The R Foundation for Statistical 
Computing, Vienna, Austria). The sample size 

was estimated using the 10 events per variable 
principle. Continuous variables were expressed as 
medians with interquartile ranges and compared 
using the Mann–Whitney U test. Categorical vari-
ables were presented as percentages (%) and 
compared using the Chi-square test or Fisher’s 
exact test, as appropriate. Pre-NIT hematological 
indicators were screened using LASSO regression 
with 10-fold cross-validation implemented via the 
“glmnet” package in R to eliminate multicolline-
arity, and subsequently used to construct the 
SINI classification system. The optimal cutoff for 
each marker was determined by maximizing the 
Youden index on the ROC curve. Variables sig-
nificantly associated with a high pathological 
response were assigned 1 point; others were 
assigned 0. Total scores of 0–1, 2–3, and 4–5 
defined the low-, medium-, and high-risk groups, 
respectively. The cumulative SINI score was cal-
culated as follows: SINI score = LYM (0/1) + NEU 
to ALB ratio (NAR) (0/1) + PLT to HB ratio 
(PHR) (0/1) + PLR (0/1) + PNI (0/1). Differences 
in RFS between groups were analyzed using the 
Kaplan–Meier method and compared using the 
log-rank test. Kaplan–Meier survival curves were 
generated using the “survminer” and “survival” 
packages in R. A two-sided p-value < 0.05 was 
considered statistically significant.

Results

Baseline characteristics
A total of 200 patients were included in this study, 
comprising 135 from FMUUH (training cohort) 
and 65 from FCH (external validation cohort; 
Figure S1). Except for Ki-67 (p = 0.016), no sta-
tistically significant differences in clinicopatho-
logical characteristics were observed between the 
two cohorts (Table 1). The median age of the 
study population was 57 years, with 121 men 
(60.5%) and 79 women (39.5%). According to 
the RECIST 1.1 criteria for radiological response, 
109 patients (54.5%) achieved partial response 
(PR), while pathological evaluation indicated that 
61 patients (30.5%) attained a high response.

Prognostic value of high pathological response
In the overall cohort, the 5-year RFS was 92.1% 
in patients with a high response and 58.8% in 
those without, with a statistically significant dif-
ference between the two groups (p < 0.001; 
Figure S2(A)). Similarly, in both the training and 
validation cohorts, patients with a high response 

https://journals.sagepub.com/home/tam
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Table 1.  Baseline demographic and clinical characteristics of patients.

Characteristic Total Cohort, No. (%) p-Value

Training Validation

n = 200 n = 135 n = 65

Age (years); median (IQR) 57.0 (17.8) 57.0 (16.0) 58.0 (16.5) 0.232

Sex 0.217

  Male 121 (60.5) 86 (63.7) 35 (53.8)  

  Female 79 (39.5) 49 (36.3) 30 (46.2)  

BMI (kg/m2); median (IQR) 23.3 (3.9) 23.3 (3.8) 23.1 (4.4) 0.323

Comorbidities 0.297

  No 165 (82.5) 114 (84.4) 51 (78.5)  

  Yes 35 (17.5) 21 (15.6) 14 (21.5)  

Pre-IM duration (months) 0.805

  <6 65 (32.5) 45 (33.3) 20 (30.8)  

  ⩾6 and ⩽12 98 (49.0) 64 (47.4) 34 (52.3)  

  >12 37 (18.5) 26 (19.3) 11 (16.9)  

Post-IM therapy 0.931

  No 21 (10.5) 14 (10.4) 7 (10.8)  

  Yes 179 (89.5) 121 (89.6) 58 (89.2)  

Tumor site 0.576

  Gastric 102 (51.0) 67 (49.6) 35 (53.8)  

  Non-gastric 98 (49.0) 68 (50.4) 30 (46.2)  

Number of lesions 0.949

  Single 188 (94.0) 127 (94.1) 61 (93.8)  

  Multiple 12 (6.0) 8 (5.9) 4 (6.2)  

Ki67 (%); Median (IQR) 5.0 (9.0) 5.0 (9.0) 2.0 (9.0) 0.016

Tumor size (cm) 0.301

  ⩽10 112 (56.0) 79 (58.5) 33 (50.8)  

  >10 88 (44.0) 56 (41.5) 32 (49.2)  

Gene mutation 0.077

  c-Kit Exon 11 163 (81.5) 106 (78.5) 57 (87.7)  

  Other 17 (8.5) 11 (8.1) 6 (9.2)  

  Unknown 20 (10.0) 18 (13.3) 2 (3.1)  

(Continued)
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exhibited significantly improved 5-year RFS com-
pared to those without (p < 0.05; Figure S2(B) 
and (C)). Univariate analysis demonstrated that 
the preoperative imatinib (pre-IM) duration, 
number of lesions, Ki-67 index, tumor size, radi-
ological response, and pathological efficacy were 
all significantly associated with 5-year RFS 
(p < 0.05). In multivariate analysis, pre-IM dura-
tion, number of lesions, Ki-67 index, radiological 
response, and pathological efficacy were identi-
fied as independent prognostic factors for 5-year 
RFS (Table S1).

Construction of the SINI and its  
prognostic value
LASSO regression analysis identified five key 
inflammation- and nutrition-related indices 
(Figure 1(c) and (d)). Compared with patients 
without a high pathological response, those with a 
high response had significantly higher LYM and 
PNI values, while NAR, PHR, and PLR were sig-
nificantly lower (Figure S3). ROC analysis deter-
mined the optimal cutoff values for LYM, NAR, 
PHR, PLR, and PNI as 1.740 × 10⁹/L, 0.124, 
2.332, 118.144, and 49.325, respectively (Table 
S2). Based on these thresholds, patients were 
stratified into high-risk and low-risk groups. A 
scoring system was then used to construct the 
SINI, which was further divided into three 
subgroups.

In the overall cohort, the 5-year RFS for the low-, 
medium-, and high-SINI groups were 46.0%, 

75.3%, and 94.8%, respectively, with statistically 
significant differences among the three groups 
(p < 0.05; Figure 2(a)). Similar results were 
observed in the training cohort (p < 0.05; Figure 
2(b)). In the validation cohort, 5-year RFS 
increased with higher SINI scores, although the 
difference between the medium-SINI group 
(72.6%) and the high-SINI group (91.7%) was 
not statistically significant (p = 0.266; Figure 2(c)).

Identification of predictive factors  
for high response
In the training cohort, univariate logistic regres-
sion analysis identified three variables signifi-
cantly associated with a high pathological 
response: pre-IM duration, tumor size, and SINI 
score. Multivariate logistic regression analysis 
further confirmed that pre-IM duration, tumor 
size, and SINI score were independent predictors 
of high pathological response following NIT in 
patients with LA-GIST (Table 2).

Development and validation of  
the predictive nomogram
A nomogram for predicting high pathological 
response was constructed based on the results of 
multivariate logistic regression analysis (Figure 
3(a)). An interactive web application for individ-
ualized patient prediction, based on the devel-
oped nomogram, is available at https://gist.
shinyapps.io/my_shiny_app/ (accessed on August 
12, 2025). The nomogram demonstrated good 

Characteristic Total Cohort, No. (%) p-Value

Training Validation

n = 200 n = 135 n = 65

Radiological response 0.897

  PR 109 (54.5) 74 (54.8) 35 (53.8)  

  SD/PDa 91 (45.5) 61 (45.2) 30 (46.2)  

Pathological efficacy 0.954

  High Response 61 (30.5) 41 (30.4) 20 (30.8)  

  Non-high Response 139 (69.5) 94 (69.6) 45 (69.2)  

aTwo patients with PD.
The bold values indicate statistically significant p-values (p < 0.05).
BMI, body mass index; IM, imatinib; IQR, interquartile range; PD, progressive disease; PR, partial response; SD, stable 
disease.

Table 1.  (Continued)
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discriminatory ability, with area under the curve 
(AUC) values of 0.798 (95% confidence interval 
(CI), 0.716–0.879) in the training cohort and 
0.849 (95% CI, 0.740–0.958) in the validation 
cohort (Figure 3(b) and (c)). Compared to indi-
vidual predictors, the nomogram achieved supe-
rior performance in both cohorts, with higher 
AUC values than those for pre-IM duration 
(0.607, 95% CI, 0.517–0.698; 0.560, 95% CI, 
0.434–0.686), maximum tumor diameter (0.675, 
95% CI, 0.598–0.753; 0.675, 95% CI, 0.554–
0.796), and SINI score (0.722, 95% CI, 0.635–
0.809; 0.805, 95% CI, 0.686–0.924). Additionally, 
calibration curves (Figure 3(d) and (e)) demon-
strated strong concordance between predicted 
and observed probabilities in both cohorts. The 
Hosmer–Lemeshow goodness-of-fit test indi-
cated no significant deviation from ideal calibra-
tion (both p > 0.5).

Clinical utility of the model
DCA (Figure S4(A) and (B)) demonstrated that 
the nomogram yielded a higher net clinical bene-
fit across a broad range of threshold probabilities 
(0.01–0.76), with particularly pronounced advan-
tages observed in the external validation cohort. 
Furthermore, the CIC (Figure S4(C) and (D)) 
showed strong alignment between the number of 
individuals predicted to be at high response and 
the actual number of events, indicating excellent 
model calibration. These results underscore the 
nomogram’s potential value in guiding clinical 
decision-making.

To evaluate its prognostic utility, individual 
response scores were calculated using the nomo-
gram. The optimal cutoff value was determined 
through ROC curve analysis, based on which 
patients were stratified into high-response and 
low-response groups. Across the overall cohort, as 
well as in both the training and validation cohorts, 
the high-response group exhibited significantly 
superior 5-year RFS compared to the low-response 
group (all p < 0.01; Figure 4(a)–(c)), suggesting a 
clear survival benefit among LA-GIST patients 
with a higher probability of achieving a high patho-
logical response. A Sankey diagram (Figure 4(d)) 
illustrated the relationships among pre-IM dura-
tion, tumor size, SINI score, pathological response, 
nomogram-predicted response group, and recur-
rence status in the overall cohort.

Discussion
The efficacy of NIT in LA-GIST has been well 
supported by previous studies. In the phase III 
BFR14 trial, 60% of 25 LA-GIST patients 
achieved a PR after a median NIT duration of 
7.3 months.26 A pooled analysis conducted by the 
EORTC-STBSG, involving 161 patients, reported 
an objective response rate of 80.1%, a disease con-
trol rate of 98.7%, and a 5-year overall survival rate 
of 87%.27 For patients with LA-GIST, NIT can 
reduce tumor volume and clinical stage, facilitate 
organ-preserving surgeries by minimizing the 
extent of resection, and lower the risk of intra-
operative rupture and peritoneal dissemination. 
Collectively, these benefits contribute to a higher 

Figure 2.  Kaplan–Meier analyses of RFS based on SINI score in the overall cohort (a), the training cohort (b), and the validation 
cohort (c).
RFS, relapse-free survival; SINI, systemic inflammation and nutrition index.
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Table 2.  Logistic univariate and multivariate analysis of predictors for high response.

Factors Univariate analysis Multivariate analysis

OR (95% CI) p-Value OR (95% CI) p-Value

Age 0.989 (0.959–1.019) 0.456  

Sex 0.061  

  Male 1 (Reference)  

  Female 0.455 (0.200–1.035)  

BMI 1.015 (0.911–1.130) 0.790  

Comorbidities 0.845  

  No 1 (Reference)  

  Yes 0.903 (0.323–2.521)  

Pre-IM duration 0.034 0.037

  <6 1 (Reference) 1 (Reference)  

  ⩾6 and ⩽12 3.480 (1.346–8.996) 0.010 3.710 (1.271–10.832) 0.016

  >12 2.874 (0.918–8.998) 0.070 1.352 (0.360–5.085) 0.655

Tumor site 0.380  

  Gastric 1 (Reference)  

  Non-gastric 1.391 (0.665–2.909)  

Number of lesions 0.653  

  Single 1 (Reference)  

  Multiple 1.405 (0.320–6.179)  

Ki67 0.983 (0.853–1.015) 0.291  

Tumor size (cm) <0.001 0.012

  ⩽10 1 (Reference) 1 (Reference)  

  >10 0.189 (0.076–0.469) 0.280 (0.104–0.758)  

Gene mutation 0.237  

  c-Kit Exon 11 1 (Reference)  

  Other 0.432 (0.089–2.106) 0.299  

  Unknown 0.389 (0.106–1.431) 0.155  

SINI score <0.001 0.001

  Low 1 (Reference) 1 (Reference)  

  Medium 3.111 (1.019–9.497) 0.046 3.465 (1.055–11.382) 0.041

  High 9.778 (3.193–29.940) <0.001 10.551 (2.966–37.536) <0.001

The bold values indicate statistically significant p-values (p < 0.05).
BMI, body mass index; CI, confidence interval; IM, imatinib; OR, odds ratio; SINI, systemic inflammation and nutrition index.

https://journals.sagepub.com/home/tam


Z Cai, J Chen et al.

journals.sagepub.com/home/tam	 9

rate of complete resection and improved survival 
outcomes.8,28 As a result, NIT has been endorsed 
as an optional treatment strategy for LA-GIST in 
international clinical guidelines.3,10,29 However, 

previous studies have shown that only 21.1% of 
LA-GIST patients achieve a high pathological 
response following NIT,11 slightly lower than the 
rate observed in our study (30.5%). In addition, 

Figure 3.  Nomogram, ROC curves, and calibration curves for predicting a high response in patients with LA-
GIST after NIT. (a) Three variables were included in the nomogram. (b, c) ROC curves of the nomogram and 
individual variables in the training and external validation cohorts are shown. (d, e) Calibration curves of the 
nomogram in the training and external validation cohorts are presented.
LA-GIST, locally advanced gastrointestinal stromal tumor; NIT, neoadjuvant imatinib therapy; ROC, receiver operating 
characteristic.
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tumor progression during NIT has been docu-
mented, causing some patients to miss the opti-
mal window for curative surgery,30 which 
underscores the risk of response heterogeneity. In 
our study, pathological response was identified as 
an independent prognostic factor for RFS (p =  
0.013). Using LASSO regression to select fea-
tures from pre-NIT hematological parameters, 
we developed a novel composite indicator—the 
SINI—which was significantly associated with 
5-year RFS. Furthermore, by integrating SINI 
with clinicopathological features, we established a 
preoperative predictive model for high response. 
This model effectively discriminated between 
high- and low-response groups (p < 0.001), ena-
bling better selection of NIT candidates and opti-
mization of surgical timing. As such, it offers a 
reliable tool for guiding individualized precision 
treatment.

Systemic inflammatory responses and nutritional-
metabolic imbalances play pivotal roles in tumor 
progression, and their biological effects can be 
dynamically monitored via peripheral blood 
inflammatory markers.31,32 NEU facilitate extra-
cellular matrix remodeling and angiogenesis by 
secreting matrix metalloproteinases (MMP8/9), 
vascular endothelial growth factor, and pro-
inflammatory cytokines such as interleukin-8 (IL-
8), thereby promoting tumor invasion and 
metastasis.33,34 LYM, as key effectors of antitu-
mor immunity, when decreased in number, sig-
nify impaired immune surveillance and are 
strongly associated with poor prognosis.35,36 PLT 
regulate the tumor microenvironment’s transition 
from inflammation to malignancy by releasing 
growth factors and inflammatory mediators, with 
their activation closely linked to both tissue repair 
and the exacerbation of chronic inflammation.37,38 

Figure 4.  Kaplan–Meier survival curves for patients with LA-GIST in the overall cohort (a), training cohort  
(b), and validation cohort (c). The Sankey diagram (d) illustrates the relationships among tumor size, mitotic 
index, SINI score, treatment response, RFS, and nomogram-based response groups.
LA-GIST, locally advanced gastrointestinal stromal tumor; RFS, relapse-free survival; SINI, systemic inflammation and 
nutrition index.
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ALB, a core marker of nutritional status, when 
reduced, reflects compromised immune function 
and correlates with diminished anticancer treat-
ment efficacy and adverse outcomes in gastroin-
testinal tumors.39,40 Additionally, hypoxia induced 
by anemia-driven low HB promotes tumor pro-
gression through reactive oxygen species accumu-
lation.41 Recent studies have validated that 
composite inflammatory and nutritional indices—
including PLR, NLR, PNI, NAR, and PHR—
dynamically reflect systemic inflammation 
intensity and nutritional status, effectively predict-
ing long-term prognosis and treatment response 
in patients with solid tumors.42–45 However, inves-
tigations into pre-NIT hematologic markers in 
LA-GIST remain scarce, and their associations 
with pathological response and prognostic value 
are yet to be systematically clarified. This study 
found that LYM, NAR, PHR, PLR, and PNI 
were all significantly associated with high patho-
logical response following NIT (all p < 0.05). 
Accordingly, we developed a composite scoring 
system—SINI—whose three-tier stratification 
(low, medium, high) effectively distinguished 
patients’ long-term prognosis, with 5-year RFS of 
46.0%, 75.3%, and 94.8%, respectively, demon-
strating significant stepwise differences (all 
p < 0.05). Furthermore, SINI independently pre-
dicted high pathological response (p = 0.001). 
These findings suggest that SINI integrates fea-
tures of inflammation activation, immune exhaus-
tion, and nutritional imbalance, providing a 
comprehensive reflection of tumor microenviron-
ment heterogeneity in LA-GIST patients. Patients 
with low SINI scores should undergo intensified 
imaging surveillance during NIT to facilitate early 
detection of primary resistance, whereas those 
with high SINI scores might benefit from extended 
NIT to achieve enhanced tumor downstaging.

Tumor size is a critical indicator of tumor burden 
and aggressiveness in GIST and has been inte-
grated into established risk stratification sys-
tems.46 In this study, it was identified for the first 
time as an independent predictor of pathological 
response in patients with LA-GIST receiving 
NIT (p = 0.012). Larger tumors, characterized by 
high proliferative activity and aberrant angiogen-
esis, often give rise to hypoxic and necrotic micro-
environments,47,48 which may diminish treatment 
efficacy through two principal mechanisms: (1) 
greater tumor volume is associated with increased 
intratumoral heterogeneity and enrichment of 
resistant clonal subpopulations; and (2) hypoxic 
zones and impaired drug diffusion directly 

compromise IM efficacy. The optimal duration of 
NIT remains controversial. Our findings showed 
that treatment response plateaued between 6 and 
12 months, consistent with previous studies sug-
gesting a “window of maximal response.”10,49 
Although extended treatment may enhance tumor 
shrinkage and improve surgical resectability, ther-
apeutic benefits are limited beyond the plateau 
phase and may increase the risk of resistance or 
delay definitive surgery. These results support 
determining the duration of NIT based on indi-
vidualized dynamic assessment, in order to maxi-
mize therapeutic efficacy while minimizing the 
risk of overtreatment.

A nomogram, as a user-friendly and intuitive clin-
ical prediction tool, has demonstrated robust 
accuracy and discriminative capacity in estimat-
ing the probability of outcome events, and is thus 
widely applied in clinical practice.50 Multivariate 
regression analysis identified pre-IM duration, 
tumor size, and SINI as independent predictors 
of high pathological response. Based on these 
variables, we developed a predictive model capa-
ble of quantitative scoring and precise estimation 
of the probability of achieving a high pathological 
response. This model exhibited good predictive 
performance in both the training and external 
validation cohorts, with C-indices of 0.798 and 
0.849, respectively. Calibration curves demon-
strated excellent concordance between predicted 
probabilities and actual observations. Moreover, 
DCA and CIC analyses further confirmed that 
the model provides substantial clinical net benefit 
within a reasonable range of threshold probabili-
ties. When stratified using the nomogram-derived 
probabilities, LA-GIST patients were classified 
into high-response and low-response groups, with 
a significant difference in RFS observed between 
them. Patients in the high-response group exhib-
ited notably superior prognoses. Collectively, 
these findings suggest that the model’s variable 
selection is appropriate and that it holds consider-
able clinical utility.

This study has several limitations. First, although 
the most commonly used pathological response 
assessment method for GIST was employed in 
this study, the relevant criteria have not yet been 
standardized internationally, underscoring the 
need for a unified scoring system. Second, 
although the study incorporated data from two 
high-volume centers, its retrospective design 
may introduce selection bias, highlighting the 
necessity for validation through large-scale, 
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prospective, multicenter studies. Third, the 
absence of gene mutation data for some patients 
may limit a comprehensive evaluation of the rela-
tionship between specific gene mutations and 
treatment response. Finally, this study did not 
assess post-treatment tumor molecular character-
istics or the tumor microenvironment, leaving the 
biological mechanisms underlying SINI’s predic-
tive value unexplored. Future prospective studies 
integrating multi-omics approaches are warranted 
to elucidate the causal pathways through which 
inflammation-nutrition indices influence thera-
peutic response.

Conclusion
This study demonstrated that a high response is 
an independent prognostic factor for 5-year RFS 
in patients with LA-GIST. We developed a novel 
prognostic index, SINI, based on pre-NIT hema-
tological parameters, which was significantly 
associated with 5-year RFS and served as an inde-
pendent predictor of high response. The SINI-
based predictive model showed promising 
accuracy in estimating the likelihood of achieving 
a high response following NIT and provides a 
quantitative tool to facilitate individualized treat-
ment decision-making.

Declarations

Ethics approval and consent to participate
This study was approved by the Fujian Medical 
University Union Hospital (approval number: 
2025KY086) and Fujian Cancer Hospital Ethics 
(approval number: SQ2024-184) Committees. 
Given its retrospective design, informed consent 
was waived. This study complied with the stand-
ards of the Declaration of Helsinki and current 
ethical guidelines.

Consent for publication
Not applicable.

Author contributions
Zhiming Cai: Conceptualization; Formal analy-
sis; Funding acquisition; Methodology; Visuali
zation; Writing – original draft.

Jinhu Chen: Data curation; Methodology; 
Resources; Software; Writing – original draft.

Zhenrong Yang: Data curation; Formal analy-
sis; Software; Writing – original draft.

Lv Lin: Data curation; Formal analysis; 
Investigation.

Tao Lin: Data curation; Validation.

Xincheng Su: Data curation; Validation.

Shichai Hong: Data curation; Methodology.

Weibin Song: Methodology; Software.

Xinyu Chen: Investigation; Methodology.

Yongjian Zhou: Funding acquisition; Project 
administration; Supervision; Writing – review & 
editing.

Acknowledgements
None.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: Joint Funds for 
the Innovation of Science and Technology, Fujian 
province, Grant number: 2021Y9054; Startup 
Fund for scientific research, Fujian Medical 
University, Grant number: 2024QH2029.

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
The data that support the findings of this study 
are available from the corresponding author on 
reasonable request.

ORCID iDs
Zhiming Cai  https://orcid.org/0009-0006- 
4307-8272

Yongjian Zhou  https://orcid.org/0000-0002- 
3940-1595

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Blay JY, Kang YK, Nishida T, et al. 

Gastrointestinal stromal tumours. Nat Rev  
Dis Primers 2021; 7(1): 22.

	 2.	 Nishida T, Blay JY, Hirota S, et al. The 
standard diagnosis; treatment; and follow-up 

https://journals.sagepub.com/home/tam
https://orcid.org/0009-0006-4307-8272
https://orcid.org/0009-0006-4307-8272
https://orcid.org/0000-0002-3940-1595
https://orcid.org/0000-0002-3940-1595


Z Cai, J Chen et al.

journals.sagepub.com/home/tam	 13

of gastrointestinal stromal tumors based on 
guidelines. Gastric Cancer 2016; 19(1):  
3–14.

	 3.	 von Mehren M, Kane JM, Riedel RF, et al. 
NCCN Guidelines® insights: gastrointestinal 
stromal tumors; version 2.2022. J Natl Compr 
Canc Netw 2022; 20(11): 1204–1214.

	 4.	 Fiore M, Palassini E, Fumagalli E, et al. 
Preoperative imatinib mesylate for unresectable 
or locally advanced primary gastrointestinal 
stromal tumors (GIST). Eur J Surg Oncol 2009; 
35(7): 739–745.

	 5.	 Ronellenfitsch U and Hohenberger P. Surgery 
for gastrointestinal stromal tumors: state of the 
art of laparoscopic resection and surgery for M1 
tumors. Visc Med 2018; 34(5): 367–374.

	 6.	 Liu Z, Zhang Z, Sun J, et al. Comparison of 
prognosis between neoadjuvant imatinib and 
upfront surgery for GIST: a systematic review 
and meta-analysis. Front Pharmacol 2022; 13: 
966486.

	 7.	 Marqueen KE, Moshier E, Buckstein M, et al. 
Neoadjuvant therapy for gastrointestinal stromal 
tumors: a propensity score-weighted analysis. Int 
J Cancer 2021; 149(1): 177–185.

	 8.	 Ling J, Shi L, Cheng X, et al. Neoadjuvant 
versus adjuvant imatinib in primary localized 
gastrointestinal stromal tumor. J Gastrointest 
Oncol 2023; 14(1): 73–84.

	 9.	 Antonescu CR, Besmer P, Guo T, et al. Acquired 
resistance to imatinib in gastrointestinal stromal 
tumor occurs through secondary gene mutation. 
Clin Cancer Res 2005; 11(11): 4182–4190.

	10.	 Li J, Ye Y, Wang J, et al. Chinese consensus 
guidelines for diagnosis and management of 
gastrointestinal stromal tumor. Chin J Cancer Res 
2017; 29(4): 281–293.

	11.	 Ding P, Wu J, Wu H, et al. Inflammation 
and nutritional status indicators as prognostic 
indicators for patients with locally advanced 
gastrointestinal stromal tumors treated with 
neoadjuvant imatinib. BMC Gastroenterol 2023; 
23(1): 23.

	12.	 McSorley ST, Lau HYN, McIntosh D, et al. 
Staging the tumor and staging the host: 
pretreatment combined neutrophil lymphocyte 
ratio and modified Glasgow prognostic score is 
associated with overall survival in patients with 
esophagogastric cancers undergoing treatment 
with curative intent. Ann Surg Oncol 2021; 28(2): 
722–731.

	13.	 Wiseman MJ. Nutrition and cancer: prevention 
and survival. Br J Nutr 2019; 122(5): 481–487.

	14.	 Li Z, Li S, Ying X, et al. The clinical value 
and usage of inflammatory and nutritional 
markers in survival prediction for gastric cancer 
patients with neoadjuvant chemotherapy and D2 
lymphadenectomy. Gastric Cancer 2020; 23(3): 
540–549.

	15.	 Cabalag CS, Prall OWJ, Ciciulla J, et al.  
Tumor-infiltrating neutrophils after neoadjuvant 
therapy are associated with poor prognosis in 
esophageal cancer. Ann Surg Oncol 2023; 30(3): 
1614–1625.

	16.	 Cai Z, Lin H, Li Z, et al. A prediction nomogram 
for postoperative gastroparesis syndrome in right 
colon cancer: a retrospective study. Langenbecks 
Arch Surg 2023; 408(1): 148.

	17.	 Ding P, Yang J, Wu J, et al. Combined systemic 
inflammatory immune index and prognostic 
nutrition index as chemosensitivity and 
prognostic markers for locally advanced gastric 
cancer receiving neoadjuvant chemotherapy: a 
retrospective study. BMC Cancer 2024; 24(1): 
1014.

	18.	 von Mehren M, Kane JM, Bui MM, et al. NCCN 
guidelines insights: soft tissue sarcoma; version 
1.2021. J Natl Compr Canc Netw 2020; 18(12): 
1604–1612.

	19.	 ESMO/European Sarcoma Network Working 
Group. Gastrointestinal stromal tumours: ESMO 
Clinical Practice Guidelines for diagnosis; 
treatment and follow-up. Ann Oncol 2014; 
25(Suppl. 3): iii21–iii26.

	20.	 Koo DH, Ryu MH, Kim KM, et al. Asian 
consensus guidelines for the diagnosis and 
management of gastrointestinal stromal tumor. 
Cancer Res Treat 2016; 48(4): 1155–1166.

	21.	 von Elm E, Altman DG, Egger M, et al. The 
Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement: 
guidelines for reporting observational studies. 
Ann Intern Med 2007; 147(8): 573–577.

	22.	 Eisenhauer EA, Therasse P, Bogaerts J, et al. 
New response evaluation criteria in solid 
tumours: revised RECIST guideline (version 
1.1). Eur J Cancer 2009; 45(2): 228–247.

	23.	 Cai Z, Lin H, Li Z, et al. A clinicopathologic 
feature-based nomogram for preoperative 
estimation of splenic hilar lymph node metastasis 
in advanced proximal gastric cancer without 
invasion of the greater curvature. Surgery 2024; 
176(1): 100–107.

	24.	 Van Calster B, Wynants L, Verbeek JFM, 
et al. Reporting and interpreting decision curve 
analysis: a guide for investigators. Eur Urol 2018; 
74(6): 796–804.

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 17

14	 journals.sagepub.com/home/tam

	25.	 Kerr KF, Brown MD, Zhu K, et al. Assessing 
the clinical impact of risk prediction models 
with decision curves: guidance for correct 
interpretation and appropriate use. J Clin Oncol 
2016; 34(21): 2534–2540.

	26.	 Blesius A, Cassier PA, Bertucci F, et al. 
Neoadjuvant imatinib in patients with locally 
advanced non metastatic GIST in the prospective 
BFR14 trial. BMC Cancer 2011; 11: 72.

	27.	 Rutkowski P, Gronchi A, Hohenberger P, 
et al. Neoadjuvant imatinib in locally advanced 
gastrointestinal stromal tumors (GIST): the 
EORTC STBSG experience. Ann Surg Oncol 
2013; 20(9): 2937–2943.

	28.	 van der Burg SJC, van de Wal D, Roets E, 
et al. Neoadjuvant imatinib in locally advanced 
gastrointestinal stromal tumors (GISTs) is 
effective and safe: results from a prospective 
single-center study with 108 patients. Ann Surg 
Oncol 2023; 30(13): 8660–8668.

	29.	 Casali PG, Blay JY, Abecassis N, et al. 
Gastrointestinal stromal tumours: ESMO-
EURACAN-GENTURIS Clinical Practice 
Guidelines for diagnosis; treatment and 
follow-up. Ann Oncol 2022; 33(1): 20–33.

	30.	 Wang D, Zhang Q, Blanke CD, et al. Phase II 
trial of neoadjuvant/adjuvant imatinib mesylate 
for advanced primary and metastatic/recurrent 
operable gastrointestinal stromal tumors: long-
term follow-up results of Radiation Therapy 
Oncology Group 0132. Ann Surg Oncol 2012; 
19(4): 1074–1080.

	31.	 Xu S-J, Lin G-S, Ling H-J, et al. Nomogram to 
predict preoperative occult peritoneal metastasis 
of gastrointestinal stromal tumors (GIST) based 
on imaging and inflammatory indexes. Cancer 
Manag Res 2020; 12: 11713–11721.

	32.	 Weng Y, Wu L, Li Y, et al. Prognostic value of 
immune-inflammatory and nutrition indicators in 
non-metastatic nasopharyngeal carcinoma with 
negative plasma Epstein-Barr virus DNA. Ther 
Adv Med Oncol 2024; 16: 17588359241286489.

	33.	 Tan KW, Chong SZ, Wong FHS, et al. 
Neutrophils contribute to inflammatory 
lymphangiogenesis by increasing VEGF-A 
bioavailability and secreting VEGF-D. Blood 
2013; 122(22): 3666–3677.

	34.	 Lerman I and Hammes SR. Neutrophil elastase 
in the tumor microenvironment. Steroids 2018; 
133: 96–101.

	35.	 Shankaran V, Ikeda H, Bruce AT, et al. 
IFNgamma and lymphocytes prevent primary 

tumour development and shape tumour 
immunogenicity. Nature 2001; 410(6832): 
1107–1111.

	36.	 Kitayama J, Yasuda K, Kawai K, et al. 
Circulating lymphocyte is an important 
determinant of the effectiveness of preoperative 
radiotherapy in advanced rectal cancer. BMC 
Cancer 2011; 11: 64.

	37.	 Menter DG, Kopetz S, Hawk E, et al. Platelet 
“first responders” in wound response, cancer, and 
metastasis. Cancer Metastasis Rev 2017; 36(2): 
199–213.

	38.	 Franco AT, Corken A and Ware J. Platelets  
at the interface of thrombosis, inflammation,  
and cancer. Blood 2015; 126(5):  
582–588.

	39.	 Lv L, Sun X, Liu B, et al. Genetically predicted 
serum albumin and risk of colorectal cancer: a 
bidirectional Mendelian randomization study. 
Clin Epidemiol 2022; 14: 771–778.

	40.	 Kim JS, Keam B, Heo DS, et al. The prognostic 
value of albumin-to-alkaline phosphatase ratio 
before radical radiotherapy in patients with 
non-metastatic nasopharyngeal carcinoma: a 
propensity score matching analysis. Cancer Res 
Treat 2019; 51(4): 1313–1323.

	41.	 Bhandari V, Hoey C, Liu LY, et al. Molecular 
landmarks of tumor hypoxia across cancer types. 
Nat Genet 2019; 51(2): 308–318.

	42.	 Fan M, Tang J, Du W, et al. Systemic 
immunoinflammatory index and prognostic 
nutrition index for predicting pathologic 
responses of patients with advanced gastric 
cancer after neoadjuvant therapy for advanced 
gastric cancer. Am J Cancer Res 2024; 14(8): 
3922–3934.

	43.	 Graziano V, Grassadonia A, Iezzi L, et al. 
Combination of peripheral neutrophil-to-
lymphocyte ratio and platelet-to-lymphocyte ratio 
is predictive of pathological complete response 
after neoadjuvant chemotherapy in breast cancer 
patients. Breast 2019; 44: 33–38.

	44.	 Wang Y, Pan Z, Li S, et al. Prediction and 
validation of pathologic complete response for 
locally advanced rectal cancer under neoadjuvant 
chemoradiotherapy based on a novel predictor 
using interpretable machine learning. Eur J Surg 
Oncol 2024; 50(12): 108738.

	45.	 Huang L, Zhao K, Lu H, et al. Serum 
cholinesterase combined with platelet-to-
hemoglobin ratio for predicting survival 
prognosis in stage I–III colorectal cancer 

https://journals.sagepub.com/home/tam


Z Cai, J Chen et al.

journals.sagepub.com/home/tam	 15

patients undergoing radical surgery: a 
retrospective cohort study. BMC Gastroenterol 
2025; 25(1): 319.

	46.	 Joensuu H. Risk stratification of patients 
diagnosed with gastrointestinal stromal tumor. 
Hum Pathol 2008; 39(10): 1411–1419.

	47.	 Liegl B, Kepten I, Le C, et al. Heterogeneity of 
kinase inhibitor resistance mechanisms in GIST. 
J Pathol 2008; 216(1): 64–74.

	48.	 Jain RK. Normalizing tumor microenvironment 
to treat cancer: bench to bedside to biomarkers.  
J Clin Oncol 2013; 31(17): 2205–2218.

	49.	 Grotz TE and Donohue JH. Surveillance 
strategies for gastrointestinal stromal tumors.  
J Surg Oncol 2011; 104(8): 921–927.

	50.	 Shariat SF, Capitanio U, Jeldres C, et al. Can 
nomograms be superior to other prediction tools? 
BJU Int 2009; 103(4): 492–495.

Visit Sage journals online 
journals.sagepub.com/
home/tam

 Sage journals

https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

