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Objective: Objective: To explore the prognostic factors affecting patients with glioblastoma (GBM) treated with the Stupp regimen
and establish a prediction model based on hematological indicators to guide future clinical decision - making.

Methods: A total of 271 GBM patients meeting the screening criteria were recruited. They were randomly divided into a training set
(190 cases) and a validation set (81 cases) at a 7:3 ratio. The training set was utilized to establish a comprehensive hematology
prognostic scoring system (CHPSS), and the validation set was employed to verify the CHPSS. A Risk Score (RS) was computed from
the CHPSS, and a nomogram model was constructed to predict patients’ overall survival (OS) based on the RS. Additionally, the
relationship between RS and the surgery - to - radiotherapy interval (SRI) was analyzed.

Results: Patients were categorized into low - risk and high - risk groups according to the RS calculated by CHPSS. The overall
survival of patients in these two groups differed significantly. The C - indices of the nomogram model constructed based on RS and
clinical features were 0.79 and 0.73 in the training and validation sets, respectively. The clinical decision curve showed that when the
threshold probability exceeded 20%, the model’s prediction provided the greatest net benefit for GBM patients receiving the Stupp
regimen. In the overall cohort, a correlation between RS and SRI was observed, allowing for the classification of SRI into different risk
subgroups based on RS.

Conclusion: The nomogram model based on CHPSS can effectively evaluate the prognosis of glioblastoma patients.

Keywords: prognostic scoring system, risk score, preoperative hematologic indicators, surgery-to-radiotherapy interval

Introduction

Glioblastoma (GBM) is the most prevalent and aggressive cerebral malignancy in adults, characterized by a dismal
prognosis.! The median survival of GBM patients treated with surgery and the Stupp regimen ranges from only 14 to 24
months, and the 5-year survival rate is merely 10%.2 Numerous factors, including age, race, tumor location, tumor size,
metastasis, epilepsy, surgical intervention, radiotherapy, chemotherapy, and the interval between surgery and radio-
therapy, have been shown to significantly influence the prognosis of GBM patients.* Although the Stupp regimen
combined with surgery has improved overall survival to some extent, there remains substantial inter-patient variability in
survival time.” This situation highlights the urgent requirement for a more comprehensive prognostic index to enable
more precise prediction of patient prognosis. In recent years, an increasing number of studies have revealed that
hematologic biomarkers reflecting patients’ preoperative inflammatory, coagulation, and nutritional status play
a crucial role in prognosis.®® Biomarkers such as the preoperative neutrophil-to-lymphocyte ratio (NLR), monocyte-to-
lymphocyte ratio (MLR), platelet-to-lymphocyte ratio (PLR), systemic immune-inflammation index (SII), and prognostic
nutritional index (PNI) have been associated with the prognosis of various malignancies, especially GBM.''* However,
previous research on the impact of preoperative hematologic markers on GBM prognosis mainly concentrated on single -
aspect indicators of the patient’s functional status, lacking a comprehensive assessment of the patient’s preoperative

physical condition. Therefore, the objective of this study is to develop a comprehensive hematologic prognostic scoring
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system that incorporates patients’ preoperative inflammatory, coagulation, and nutritional status, aiming to enhance the
predictive power of hematologic biomarkers for the overall survival of GBM patients.

Furthermore, the latest version of the WHO Classification of Tumors of the Central Nervous System (2021) indicates
that the diagnosis of “glioblastoma, IDH mutant, WHO grade 4” as outlined in the 2016 classification has been
reclassified as “astrocytoma, IDH mutant, WHO grade 4”.'* Consequently, in order to guarantee the precision and
clinical relevance of the findings, cases with a prior diagnosis of “glioblastoma, IDH mutant, WHO grade 4” were
excluded from this study.

Materials and Methods

Patients

Glioblastoma patients treated at the First Affiliated Hospital of Zhengzhou University between January 2019 and
January 2023 were retrospectively enrolled. Using the random number generator in SPSS 25.0 with a predefined random
seed number, all samples were randomly split in a 7:3 ratio, with labels “1” assigned to the training set and “0” to the
validation set. The training and validation datasets were used to develop and validate a Comprehensive Hematology
Prognostic Scoring System (CHPSS). The study population was selected according to the following inclusion criteria: (1)
All patients underwent maximal surgical resection within safe limits and were histopathologically diagnosed as
“glioblastoma, IDH wild-type, WHO grade 4” (2) Primary glioblastoma without any relevant preoperative treatments.
(3) Receiving the Stupp treatment regimen: Patients underwent maximal surgical resection followed by standard
chemoradiotherapy. Radiotherapy was delivered at a total dose of 60 Gy in 2 Gy fractions over 30 fractions (5 fractions
per week). Concurrent temozolomide was administered orally at 75 mg/m?*/day for 42 consecutive days during radio-
therapy. After a 4-week interval, adjuvant chemotherapy was initiated in 28-day cycles, with temozolomide administered
at 150 mg/m*day for 5 days in cycle 1, followed by 200 mg/m?/day for 5 days in cycles 2—6, totaling 6 cycles. (4)
Having preoperative complete test results of blood routine, blood biochemistry, coagulation function, and clinical history
data. (5) Age >18 years. Patients were excluded if they met any of the following criteria: (1) the presence of other
malignant tumors in combination; (2) the presence of hematologic disorders, autoimmune diseases, severe hepatic or
renal insufficiency, or obvious infections; (3) the occurrence of surgery-related deaths during the perioperative period;
and (4) history of surgery, traumatic injuries, cerebrovascular disease, and heparin therapy within one month. All patients
were followed up through outpatient clinics or by telephone at intervals of three to six months, with the final follow-up
occurring in July 2024. The study was conducted in accordance with the Declaration of Helsinki and received approval
from the Ethics Committee of the First Affiliated Hospital of Zhengzhou University. Ethical number: 2024-KY-1485-001.

Data Collection

Clinical data such as gender, age, preoperative KPS score, first presenting symptom, tumor location, tumor size, tumor
number, extent of resection, history of diabetes, history of hypertension, the interval between surgery and the start of
radiotherapy, and results of imaging and pathology were collected from the electronic medical record system of the First
Affiliated Hospital of Zhengzhou University. The patients’ blood routine, coagulation function, blood biochemistry and
other related indexes were collected within 1 week before the operation. The surgery-to-radiotherapy interval (SRI) was
defined as the time between the date of surgery and the date of the first start of radiotherapy. NLR was defined as
neutrophil count divided by lymphocyte count. MLR was defined as monocyte count divided by lymphocyte count. PLR
is defined as platelet count divided by lymphocyte count. SII is defined as the product of the platelet count and neutrophil
count divided by the lymphocyte count. PNI is defined as albumin concentration (g/L) plus 5 times the lymphocyte count
(x1079/L). The albumin-globulin ratio (AGR) is defined as the albumin content divided by the globulin content. Overall
survival (OS) was defined as the time interval from the date of surgery to the date of the last follow-up or death.

Basic Clinical Data
In accordance with the findings of previous related studies, patients’ age, KPS score, maximum tumor diameter, and
surgery-to-radiotherapy interval (SRI) were all dichotomized. Patients aged over 55 years were assigned a value of 1,
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while those below this age were assigned 0; patients with a KPS score below 80 were assigned 1, while those with
a score above this were assigned 0; patients with a maximum tumor diameter above 4.5 cm were assigned 1, while those
with a diameter below this value were assigned 0; patients with an SRI above 21 were assigned 0, while those with an
SRI below this value were assigned 1.

Hematologic Data

In the entire database, receiver operating characteristic (ROC) curves for individual hematological parameters were
plotted using SPSS 25.0. The optimal cutoff values for each parameter were determined as the point maximizing the
Youden index. In the training set, the pertinent hematological indicators were transformed into binary variables in
accordance with the optimal cutoff values. When the value of an indicator in a patient exceeded the cutoff value, the
indicator was assigned a value of 1; otherwise, it was assigned a value of 0. In the validation set, the data were processed
in a similar manner using the identical cutoff values.

Construction and Validation of CHPSS

Firstly, univariate Cox regression analysis was performed on each hematological index in the training set to preliminarily
screen nine variables related to prognosis. Subsequently, a Lasso-Cox regression analysis was performed on the
preliminarily screened variables. Finally, RDW, BASO, FIB, NLR, MLR, and PNI were identified as the variables to
be used for constructing a comprehensive hematological prognostic scoring system (CHPSS). Subsequently, the RS of
each patient was calculated using the scoring system, and the optimal cut-off value of RS was determined based on the
ROC curve. Patients were then categorized into a high-risk scoring group and a low-risk scoring group. The Kaplan-
Meier method was employed to calculate the survival rates of the two groups separately, and the Log rank test was also
utilized to assess the discrepancy between the survival curves of the two groups. The prognostic efficacy of the CHPSS
on the overall survival of the patients was initially evaluated by the area under the ROC curve of the RS at 1 year, 2
years, and 3 years. In the validation set, patients were grouped using the same RS cutoff values. The predictive efficacy
of CHPSS was subsequently validated by comparing the variability between the survival curves of the two groups and
the area under the ROC curve of RS at 1, 2, and 3 years. Ultimately, the training set demonstrated that CHPSS is an
independent prognostic factor for GBM patients, as evidenced by univariate Cox regression analysis and multivariate
Cox regression analyses. These findings were subsequently validated in the validation set.

Construction and Evaluation of the Nomogram Model

In the training set, all collected clinical variables were initially included in univariate Cox regression analysis. Variables
identified as significant (KPS score, resection extent, SRI, tumor number, and RS) were subsequently entered into
multivariate Cox regression analysis, which retained KPS score, resection extent, tumor number, SRI, and RS as
independent prognostic factors. Simultaneously, based on multivariate Cox regression results, a nomogram was con-
structed using the regplot function from the regplot package in R 4.1.1. Predictive performance of the nomogram was
evaluated via the C-index and calibration curves, while clinical utility was assessed using decision curve analysis. In the
validation set, predictive accuracy of the nomogram was similarly validated using the C-index and calibration curves.

Subgrouping of SRI by RS

In the overall population of 271 patients, we conducted a further investigation into the relationship between RS and
a number of clinical variables. This revealed that RS could be used to subgroup patients according to their prognostic risk
based on SRI. The capacity of RS to categorize patients according to their prognostic risk based on SRI was further
substantiated by dividing patients into two groups based on SRI < 21 days and SRI > 21 days, subsequently subdividing
these two groups based on RS, and comparing the discrepancies in survival curves between the different subgroups.

Statistical Methods
The data analysis was conducted using SPSS 25.0 and GraphPad Prism 8§ statistical software. Continuous variables were
analyzed using a two-independent samples #-test, while categorical variables were evaluated through a chi-square test.
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Figure | Flow chart of the study.
Abbreviations: ROC Curve, Receiver Operating Characteristic Curve; SRI, Surgery to Radiotherapy Interval.

A p-value of less than 0.05 was considered statistically significant. The nomogram model was constructed and validated
using R 4.1.1 software, and its predictive efficacy was evaluated using discrimination, calibration, and clinical decision
curves.

Results

Patient Data Characteristics

This study included a total of 271 GBM (IDH wild-type, WHO grade 4) patients who met the screening criteria and were
randomly assigned to a training set (190 cases) and a validation set (81 cases) in a 7:3 ratio, as shown in Figure 1, the
research flowchart. Table 1 shows the baseline characteristics of the patients in the training and validation sets. There
were no statistically significant differences in age, gender, smoking and alcohol history, first presenting symptom, KPS

Table | Baseline Characteristics of GBM Patients

Characteristic Training Group | Validation Group | P-value
(n=190, 70%) (n=81, 30%)

Age (years)
<55 93(48.9%) 41(50.6%) 0.801
>55 97(51.1%) 40(49.4%)

Gender
Male 98(51.6%) 51(63.0%) 0.085
Female 92(48.4%) 30(37.0%)

Smoking history
Yes 39(20.5%) 24(29.6%) 0.104
No 151(79.5%) 57(70.4%)

Drinking history
Yes 24(12.6%) 13(16.0%) 0.453
No 166(87.4%) 68(84.0%)

First presenting symptom
Epilepsy 66(34.7%) 34(42.0%) 0.258
Others 124(65.3%) 47(58.0%)

(Continued)
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Table | (Continued).

Characteristic Training Group | Validation Group | P-value
(n=190, 70%) (n=81, 30%)

KPS score
<80 85(44.7%) 36(44.4%) 0.965
280 105(55.3%) 45(55.6%)

Tumor location
Single anatomical region 92(48.4%) 37(45.7%) 0.679
Mixed region 98(51.6%) 44(54.3%)

Tumor number
Single 169(88.9%) 69(85.2%) 0.386
Multiple 21(11.1%) 12(14.8%)

Maximum diameter (cm)
<45 91(47.9%) 49(60.5%) 0.057
>45 99(52.1%) 32(39.5%)

Extent of resection
Gross Total 145(76.3%) 70(86.4%) 0.060
Partial 45(23.7%) 11(13.6%)

SRI (days)
<21 71(37.4%) 40(49.4%) 0.066
>21 119(62.6%) 41(50.6%)

G (mmol/L)
<4.67 67(35.3%) 31(38.3%) 0.637
>4.67 123(64.7%) 50(61.7%)

RDW (%)
<13.45 150(78.9%) 56(69.1%) 0.083
>13.45 40(21.1%) 25(30.9%)

ALB (g/L)
<41.10 79(41.6%) 29(35.8%) 0.374
>4].10 111(58.4%) 52(64.2%)

BASO (x 109 /L)
<0.01 46(24.2%) 21(25.9%) 0.764
>0.01 144(75.8%) 60(74.1%)

FIB (g/L)
<2.50 43(22.6%) 22(27.2%) 0.424
>2.50 147(77.4%) 59(72.8%)

NLR
<233 82(43.2%) 32(39.5%) 0.577
>2.33 108(56.8%) 49(60.5%)

MLR
<0.33 145(76.3%) 65(80.2%) 0.478
>0.33 45(23.7%) 16(19.8%)

PLR
<160.87 121(63.7%) 55(67.9%) 0.505
>160.87 69(36.3%) 26(32.1%)

PNI
<50.20 101(53.2%) 36(44.4%) 0.189
>50.20 89(46.8%) 45(55.6%)

NI
<639.12 101(53.2%) 45(55.6%) 0.717
>639.12 89(46.8%) 36(44.4%)

(Continued)
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Table | (Continued).

Characteristic Training Group | Validation Group | P-value
(n=190, 70%) (n=81, 30%)

AGR
<1.36 28(14.7%) 7(8.6%) 0.117
>1.36 162(85.3%) 74(91.4%)

OS (months)
Mean 21.7 23.1 0.374
Range 6-65 6-59

Survival status
Alive 36(18.9%) 17(21.0%) 0.698
Dead 154(81.1%) 64(79.0%)

Note: The p-values in the above table are calculated by chi-square test.

Abbreviations: KPS, Karnofsky performance status; SRI, Surgery to Radiotherapy Interval; G,
glucose; RDW, Red blood cell Distribution Width; ALB, Albumin; BASO, Basophil Granulocyte; FIB,
Fibrinogen; NIR, Neutrophil-to-Lymphocyte Ratio; MLR, Monocyte-to-Lymphocyte Ratio; PLR,
Platelet-to-Lymphocyte Ratio; PNI, Prognostic Nutritional Index; SlI, Systemic Immune-inflammation
Index; AGR, Albumin-Globulin Ratio; OS, overall survival.

score, tumor location, tumor number, maximum tumor diameter, extent of resection, the interval between surgery and
radiotherapy, and various hematological indicators between the two groups. The mean OS of the training and validation
groups were 21.7 (6-65) months and 23.1 (6—-59) months, respectively, and the survival rates were 18.9% and 21%,
respectively.

Screening of Hematological Indicators and Construction and Validation of CHPSS

In the training set, a univariate Cox regression analysis was performed on 12 hematological indicators to assess their
correlation with patients’ OS, as shown in Figure 2A. Among them, RDW, BASO, NLR, MLR, PLR, ELR, FIB, SII, and
PNI had a P-value of less than 0.1, and these 9 hematological indicators were included in the Lasso-cox regression
analysis, as shown in the coefficient distribution plot in Figure 2B and the cross-validation plot in Figure 2C, and then
screened out RDW, BASO, NLR, MLR, FIB, and PNI were used to construct the CHPSS, and the optimal cutoff values
and their coefficients of the 6 hematological markers for constructing CHPSS are shown in Table 2. Ultimately, the
CHPSS was derived from the linear combination of these six markers weighted by their coefficients. The risk score (RS)
of each patient was calculated from the CHPSS. The optimal cutoff value of RS was 0.415, and based on the cutoff value,
the patients were categorized into high-risk and low-risk groups. Compared with the high-risk group, patients in the low-
risk group had significantly better OS (P < 0.001), as shown in Figure 2D and E comparing the survival curves of the two
groups in the training and validation sets, respectively, which indicated that the RS had a better discriminatory effect on
the prognosis of patients. In the training set, the area under the curve of the ROC curve of RS at 1, 2, and 3 years was
0.79, 0.73, and 0.73, respectively, as shown in Figure 3A; in the validation set, the area under the curve of the ROC curve
of RS at 1, 2, and 3 years was 0.81, 0.74, and 0.69, respectively, as shown in Figure 3B, which indicated that the RS
calculated by CHPSS had better differentiation of patients’ long-term survival still has a good predictive ability.
Figure 3C and Figure 3D show the ROC curves of RS at 1 year in the training and validation sets, respectively, with
areas under the curve of 0.79 and 0.81, which are larger than any other single hematological index, indicating that the
predictive value of RS for patient prognosis is better than that of a single hematological index. To evaluate the predictive
capacity of RS in comparison to other clinical variables, we constructed time-dependent ROC curves for these variables,
as illustrated in Figure 3E and F for the training and validation sets, respectively. The results demonstrate that RS
consistently exhibits superior predictive ability compared to KPS score, extent of resection, SRI, and tumor number for
the prognosis of GBM (IDH wild-type, WHO grade 4) patients, when compared to other clinical features.
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Figure 2 The development of the CHPSS. (A) Univariate Cox regression analysis forest plot of the initially hematological markers. (B) Coefficient Distribution Plot. (C)
Cross-validation Plot. (D) Survival Curve of Training Group. (E) Survival curve in internal validation Group.

Abbreviations: RDW, Red blood cell Distribution Width; BASO, Basophil Granulocyte; NIR, Neutrophil-to-Lymphocyte Ratio; MLR, Monocyte-to-Lymphocyte Ratio; PLR,
Platelet-to-Lymphocyte Ratio; ELR, Eosinophil to Lymphocyte Ratio; FIB, Fibrinogen; Sll, Systemic Immune-inflammation Index; PNI, Prognostic Nutritional Index; AGR,
Albumin-Globulin Ratio; ALB, Albumin; G, glucose.

Construction and Evaluation of Nomogram Model Based on CHPSS and Clinical

Characteristics

To ascertain whether RS could be utilized as an independent prognostic factor for GBM (IDH wild-type, WHO grade 4)
patients, we conducted univariate and multivariate Cox regression analyses. In the training set, univariate Cox regression
analysis was performed on all variables, including RS. The results demonstrated that the KPS score (P < 0.001), extent of
resection (P < 0.001), SRI (P < 0.001), tumor number (P = 0.036), and RS (P < 0.001). Figure 4A illustrates the strong
correlation between these variables and the survival prognosis of the patients. The combination of KPS score, extent of
resection, SRI, tumor number, and RS were included in the multivariate Cox regression analysis, and the results
demonstrated that KPS score (P = 0.009), extent of resection (P = 0.001), SRI (P = 0.038), tumor number (P =
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Table 2 The Optimal Cut-off Values and
Weighting Coefficients of Covariates Used
to Construct the CHPSS

Covariates | Cutoff Values | Coefficients
RDW 13.45 0217
BASO 0.0l -0.223
FIB 2.50 0.327
NLR 2.33 0311
MLR 0.33 0.297
PNI 50.20 —-0.160

Abbreviations: RDW, Red blood cell Distribution Width;
ALB, Albumin; BASO, Basophil Granulocyte; FIB,
Fibrinogen; NIR, Neutrophil-to-Lymphocyte Ratio; MLR,
Monocyte-to-Lymphocyte  Ratio;  PNI,  Prognostic
Nutritional Index.

0.036), and RS (P < 0.001) were the independent prognostic factors for the patients, as shown in Figure 4B. In the
validation set, we performed univariate Cox regression analysis for each variable, and the results showed that KPS score
(P < 0.001), extent of resection (P = 0.026), SRI (P = 0.018), tumor number (P = 0.055), and RS (P < 0.001) were
strongly correlated with the survival prognosis of the patients, as shown in Figure 4C. The multivariate Cox regression
analysis included the KPS score, extent of resection, SRI, tumor number, and RS. The results demonstrated that the KPS
score (P = 0.002), extent of resection (P = 0.02), SRI (P = 0.021), and RS (P < 0.001) were independent prognostic
factors for patients, as illustrated in Figure 4D. The univariate and multivariate Cox regression analyses of the validation
set yielded results consistent with those of the training set.

Furthermore, in order to enhance the predictive capacity for the prognosis of GBM (IDH wild-type, WHO grade 4)
patients, we constructed a nomogram based on the findings of the multivariate Cox regression analysis in the training set,
as illustrated in Figure 5A. This nomogram presents a total score, calculated by adding the hazard point scores of the
tumor number, SRI, KPS score, extent of resection, and RS, for a total of five covariates. In the training set, the C-index
of this nomogram was 0.79, and the calibration plot demonstrated that the nomogram model exhibited general
concordance with the observed outcomes in predicting 1-year and 2-year overall survival, as illustrated in Figure 5B.
In the validation set, the C-index of the nomogram was 0.73, and the calibration plot demonstrated that the nomogram
model exhibited good agreement with the observed results in predicting 1-year and 2-year overall survival, as illustrated
in Figure 5C. And the clinical decision curve in the training set demonstrates that when the threshold probability exceeds
20%, the model predicts the greatest net benefit for GBM (IDH wild-type, WHO grade 4) patients treated with the Stupp
regimen, which has good clinical utility, as shown in Figure 5D.

Subgroup Analysis of SRI by RS

To enhance the clinical applicability of CHPSS, we employed RS for risk stratification of each clinical feature. Our
findings revealed that RS in the SRI > 21 days group was markedly lower than that in the SRI < 21 days group, with
a statistically significant difference between the two groups, as illustrated in the violin plot of Figure 6A. This suggests
that the earlier a patient receives postoperative radiotherapy, the higher their prognostic risk score is and the more
detrimental it is to long-term survival. Subsequently, the patients were regrouped based on RS risk grouping, as defined
by SRI. The resulting groups were as follows: Group 1: SRI <21, RS <0.415; Group 2: SRI > 21, RS < 0.415; Group 3:
SRI <21, RS > 0.415; and Group 4: SRI > 21, RS > 0.415. By comparing the difference between the survival curves of
Group 1 and Group 3 and the difference between the survival curves of Group 2 and Group 4, it was determined that RS
could be utilized to more precisely subgroup patients based on the prognostic risk grouping of GBM (IDH wild-type,
WHO grade 4) patients by SRI. Figure 6B illustrates that when SRI is <21 days, the prognosis of patients in the RS <
0.415 group is more favorable. Figure 6C demonstrates that when SRI is >21 days, patients in the RS < 0.415 group have
a more favorable prognosis, and the differences between their survival curves are all statistically significant (P < 0.001).
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Figure 3 Evaluation of CHPSS. (A) The AUCs of RS at |, 2, and 3 years in the training group. (B) The AUCs of RS at |, 2, and 3 years in the validation group. (C) The build
results of the CHPSS were shown in the form of ROC curves at |-year in the training group. (D) The verification results of the CHPSS were shown in the form of ROC
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curves of the RS and important clinical characteristics in the validation group.
Abbreviations: AUC, Area Under the Curve; RDW, Red blood cell Distribution Width; BASO, Basophil Granulocyte; NIR, Neutrophil-to-Lymphocyte Ratio; MLR,
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Figure 4 CHPSS is an independent prognostic factor for GBM patients. (A) Forest plot of univariate Cox regression analysis of all clinical covariates in the training group.
(B) Forest plot of multivariate Cox regression analysis of all significant clinical covariates in the training group. (C) Forest plot of univariate Cox regression analysis of all
clinical covariates in the validation group. (D) Forest plot of multivariate Cox regression analysis of all significant clinical covariates in the validation group.
Abbreviations: KPS, Karnofsky performance status; SRI, Surgery to Radiotherapy Interval.

The subdivision of SRI by RS enables the expedient identification of high-risk GBM (IDH wild-type, WHO grade 4)
patients in clinical settings.

Discussion

In recent years, the factors affecting the prognosis of glioblastoma (GBM) patients have been a focus of extensive
research. GBM is a highly malignant tumor, and the Stupp regimen, which combines maximum safe surgical resection
with postoperative external beam radiotherapy and concurrent temozolomide chemotherapy, is the most commonly used
clinical treatment approach.' Despite this, the five-year survival rate of patients undergoing surgery, radiotherapy, and
chemotherapy remains low. Thus, it is of great urgency to comprehensively explore the prognostic factors related to
GBM patients and establish a predictive model that can identify high-risk GBM patients at an ecarly stage, aiming to
provide evidence for clinical decision-making. Andrea Bianconi et al'® developed a predictive model for the prognosis of
elderly patients with high-grade gliomas, which offers a valuable reference for clinicians to decide whether to perform
neurosurgical interventions on such patients. Ozden Demir et al'” established a hematological predictive model for GBM
patients using hemoglobin, albumin, lymphocytes, and platelets. However, this model did not incorporate inflammatory
factors and had limited predictive ability. Mauro Dobran et al'® used preoperative hematological variables to predict
GBM outcomes, but their analysis was restricted by a small sample size and the lack of internal validation. Changjun Rao
et al'” constructed a GBM prognostic model based on peripheral blood genes, which showed high predictive accuracy.
Nevertheless, these variables are difficult to obtain clinically, limiting the model’s practical application in routine
practice.

Current research indicates that inflammation plays a crucial role in the pathogenesis and progression of
glioblastoma.?® Inflammatory cells in the tumor microenvironment can influence the proliferation, differentiation, and
invasion of tumor cells. Hematological indicators such as the neutrophil-to-lymphocyte ratio (NLR), monocyte-to-
lymphocyte ratio (MLR), and platelet-to-lymphocyte ratio (PLR) can help assess the degree of the inflammatory response
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Abbreviation: SRI, Surgery to Radiotherapy Interval; KPS, Karnofsky performance status.
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Abbreviation: SRI, Surgery to Radiotherapy Interval.

and predict the prognosis of GBM patients.”' >* An elevated NLR suggests a reduction in lymphocyte availability and
a decline in the lytic activity of immune cells, ultimately resulting in an impaired anti-tumor immune response and a poor
prognosis for patients.”* Moreover, monocytes can stimulate tumor cell proliferation by secreting inflammatory factors
such as tumor necrosis factor (TNF), interleukin-6 (IL-6), and interleukin 1 (IL-1). Therefore, an elevated MLR often
indicates a poor prognosis.”>*® This study also found a correlation between preoperative basophil levels and the
prognosis of GBM patients. Higher basophil counts were associated with a more favorable prognosis. The possible
mechanisms are as follows: First, basophils can secrete chemokines C-C motif chemokine ligand 3 (CCL3) and
C-C motif chemokine ligand 4 (CCL4),%” which can attract CD8-positive T cells to enter tumor tissues. The infiltration
of CD8-positive T cells in tumor tissues is related to a better prognosis for GBM patients.”®*? Second, basophils contain
high levels of histamine, which can increase the permeability of tumor tissue cells,”° thereby enhancing the efficacy of
anti-tumor chemotherapeutic drugs. Additionally, basophils can directly secrete inflammatory cytokines, such as tumor
necrosis factor, which can induce apoptosis in tumor cells.*! However, further basic research is needed to clarify the
detailed mechanism of basophils’ action.

In addition, PNI has been demonstrated to be a valuable indicator of patient nutritional status in numerous studies,
with a correlation observed between PNI and the prognosis of various solid tumors, including hepatocellular carcinoma,
non-small-cell lung cancer, and glioblastoma, among others.>*** PNI, which considers both serum albumin and
lymphocytes, offers a more comprehensive reflection of the nutritional status of patients. A higher PNI is typically
associated with a more favorable prognosis for GBM patients. Additionally, it has been demonstrated that the pre-
operative coagulation status of patients is associated with the prognosis of GBM.* Elevated levels of FIB have been
linked to a poor prognosis in GBM patients®® Additionally, a positive correlation has been demonstrated between the
pathological grade of glioma and the level of FIB in patients.>’* As the grade increases, the invasiveness of tumor cells
also rises, potentially due to FIB’s role in promoting tumor angiogenesis, tumor cell invasion, and metastasis.*”*’
Similarly, RDW has been linked to the prognosis of GBM patients. It has been demonstrated that RDW may be
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associated with inflammatory status, oxidative stress in the body, and poorer nutritional status. High levels of RDW have
been shown to predict poorer OS in patients.*' In this study, common hematological inflammatory markers were included
in the Lasso-Cox regression analysis, and NLR, MLR, PNI, FIB, BASO, and RDW were ultimately selected for the
construction of CHPSS. This approach allows for the simultaneous assessment of three key aspects of the patient’s
inflammatory status, nutritional status, and coagulation status, offering a more comprehensive and advantageous
representation compared to traditional single hematological index assessments.

For GBM patients, timely postoperative radiotherapy is usually required. However, the optimal timing of post-
operative radiotherapy remains controversial. Blumenthal et al found that the median survival of patients who received
radiotherapy within a 4-week delay was significantly longer than that of patients who received radiotherapy within
a 2-week delay.*? They concluded that a moderate delay of up to 6 weeks would not affect the OS of GBM patients.
Buszek et al*® analyzed data from 45,942 GBM patients in the National Cancer Data Bank and found that an interval of
4-8 weeks between surgery and radiotherapy could improve patients’ OS, while either too early or too late radiotherapy
would reduce survival. Another study investigated the impact of the surgery-to-radiotherapy interval on the prognosis of
IDH wild-type GBM patients and found that an appropriately prolonged SRI did not negatively affect 0S.** A modeling
study in rats showed that early postoperative radiotherapy for brain tumors caused more severe brain tissue damage than
radiotherapy started more than three weeks after surgery.** In this study, patients were divided into two groups based on
their SRI (<21 days and >21 days), and the correlation between SRI and patients” OS was analyzed. The results showed
that patients with an SRI >3 weeks had a significantly better OS than those with an SRI <3 weeks. Moreover, SRI was an
independent prognostic factor affecting the OS of GBM patients. This may be because residual tumor tissues are in
a relatively hypoxic state after surgery, with reduced blood perfusion and a lack of neovascularization, leading to
radioresistance.*® In addition, premature radiotherapy increases the risk of severe neurological impairment, which is
detrimental to the patient’s prognosis. However, if an appropriate time for radiotherapy can be determined after this
unsuitable period, it may improve the prognosis of GBM patients.

The Karnofsky Performance Status (KPS) score is a widely used tool for evaluating the physical function of cancer
patients. A higher KPS score indicates a better physical condition and greater tolerance to treatments such as surgery,
radiotherapy, and chemotherapy. Li et al demonstrated that a lower preoperative KPS score was associated with
a poorer prognosis in glioma patients.*” In this study, we also found that a higher KPS score was associated with
a better prognosis in GBM patients. Patients with a KPS score of 80 or above had a significantly improved OS
compared to those with a score below 80. The extent of surgical resection is another independent factor affecting the
prognosis of GBM patients. A large number of previous studies have shown a significant correlation between the
extent of surgical resection and the survival of high-grade glioma patients.*®>° The presence of postoperative residual
lesions can facilitate the infiltration and growth of malignant cells into surrounding normal tissues, increasing the risk
of postoperative recurrence. The findings of this study are consistent with previous studies, indicating that patients who
underwent total surgical resection had a better prognosis. This study also found a significant correlation between the
number of tumors and the prognosis of GBM patients. Patients with multiple tumor foci had a much worse prognosis
than those with a single tumor.

The CHPSS model constructed in this study revealed the complex relationship with GBM prognosis by integrating
three - dimensional hematological indicators of inflammation (NLR, MLR, BASO), nutrition (PNI), and coagulation
(FIB, RDW). Elevated NLR and MLR reflected an immunosuppressive microenvironment (such as TAM polarization
and CD8+ T-cell depletion), while BASO recruited anti-tumor immune cells through CCL3 and CCL4. A decreased PNI
suggested immunosuppression caused by malnutrition. Elevated FIB promoted tumor angiogenesis and invasion, and
abnormal RDW was associated with oxidative stress and chemoresistance. The synergy between CHPSS and clinical
features (such as SRI, KPS score, and resection extent) indicated that even in the high-risk group with an SRI<21 days,
patients with a low RS could still gain a survival advantage through a better systemic status. Compared with the
traditional RTOG-RPA model (which depends on clinical parameters) and the MGMT single - molecular model, CHPSS
significantly enhanced the predictive efficacy through multidimensional integration (C-index 0.79 vs 0.65-0.72) and had
the ability for dynamic updating.
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However, this study has several limitations. First, it was a single-center retrospective study with a limited sample size.
The patient cohort in this study may not be fully representative of the entire GBM patient population, which may
introduce biases in statistical analysis. Second, due to the small sample size, this study was unable to conduct a more
refined grouping of SRI to explore its correlation with patient prognosis in depth. Additionally, molecular markers such
as MGMT methylation and EGFR amplification were not considered in this study, which may have led to potential
confounding factors. Finally, the prognostic model in this study was only internally validated. In future research, more
relevant molecular markers should be incorporated, and a larger sample size, multicenter external validation, and
mechanistic studies (such as the immune regulatory network of BASO and the pro-coagulant-promoter metastatic
mechanism of the FIB-RDW axis) are needed to further optimize the model. This will help guide individualized
therapeutic strategies (such as combined anticoagulant and immune modulation interventions) and promote the devel-
opment of GBM precision medicine.

Conclusions

KPS score < 80, subtotal resection, SRI<21 days, multiple tumors, and RS > 0.415 are risk factors for the prognosis of
GBM patients. The nomogram model constructed based on CHPSS exhibits good predictive performance for the
prognosis of GBM patients. The RS calculated by CHPSS serves as an independent prognostic factor for patients and
can be utilized to stratify the prognosis of GBM patients based on SRI.
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