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Purpose: This study aims to construct a novel hematological inflammation-nutrition score (HINS) and investigate its prognostic value
in patients with advanced gastric cancer (AGC). We investigated the risk stratification performance of HINS and developed a HINS-
based nomogram model to predict overall survival by combining traditional predictors.

Patients and Methods: We conducted a retrospective study on 812 AGC patients who received first-line platinum- or fluoropyr-
imidine-containing chemotherapy at The First Affiliated Hospital of Zhengzhou University Hospital between 2014 and 2019. Patients
were randomly divided into a training cohort (N=609) and a validation cohort (N=203). HINS (0-2) was constructed based on a pre-
chemotherapy systemic immune-inflammation index (SII) and albumin (ALB). Prognostic factors were screened by univariate and
multivariate COX proportional regression models. Significant factors were used to construct a nomogram model. Internal validation
was performed by calibration curves, time-dependent receiver operating characteristics (ROC) curves, and decision curve analysis
(DCA), evaluating its prediction consistency, discrimination ability, and clinical net benefit.

Results: HINS was constructed based on SII and ALB. HINS showed a better stratification ability than JCOG prognostic index, with
significant differences between groups. Multivariate analysis showed that ECOG >1 (HR: 1.379; P=0.005), Stage IV (HR: 1.581; P <0.001),
diffuse-type histology (HR: 1.586; P <0.001), number of metastases >2 (HR: 1.274; P=0.038), without prior gastrectomy (HR: 1.830;
P <0.001), ALP >ULN (HR: 1.335; P=0.034), HINS (P <0.001) were independent factors of OS. We successfully established a HINS-based
nomogram model that showed a strong discriminative ability, accuracy, and clinical utility in training and validation cohorts.
Conclusion: HINS shows a superior risk stratification ability, which might be a potential prognostic biomarker for AGC patients
receiving palliative first-line palliative chemotherapy. The HINS-based nomogram model is a convenient and efficient tool for
managing prognosis and follow-up treatments.
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Introduction

Gastric carcinoma (GC) is one of the most common malignancies and the fourth leading cause of cancer-related death
worldwide.! The global average annual incidence of GC was approximately 1806,000 cases, while Asia accounted for
689,000 cases (77.4%)." Palliative chemotherapy remains the standard care of metastatic or recurrent GC, with the combination

of fluoropyrimidine and platinum analog as the first-line treatment.> Despite great breakthroughs in second- or late-line
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therapeutic options, the median survival time of advanced gastric carcinoma (AGC) patients was merely 15 months.>* Thus,
precise prediction of individual prognosis of AGC patients is strongly warranted.

Previous studies have identified several clinicopathological indicators to predict prognosis of AGC patients. The
Japan Clinical Oncology Group (JCOG) prognostic index, including Eastern Cooperative Oncology Group (ECOGQG)
performance status (PS), primary tumor resection, number of metastases, and serum alkaline phosphatase (ALP) level,
was one of the most robust prognostic scoring systems based on JCOG 9912 trial involving 760 patients.” Moreover, the
SPIRITS and G-SOX trials have externally validated the excellent stratification of JCOG prognostic index.*™ Notably, its
clinical applicability still lacks enough real-world data validation since it is originally constructed based on enrolling
appropriate patients into clinical trials.” The American Joint Committee on Cancer (AJCC) staging system is also widely
applied by physicians to predict prognoses. However, patients with the same TNM stage may vary in survival. It is
necessary to improve prediction accuracy by incorporating other indicators.

Systemic inflammation response plays a vital role in tumorigenesis.'® There is a complex interplay between the tumor
microenvironment and cancer-related inflammation. Recently, elements of the complete blood count (CBC), either alone
or in combination, have been widely investigated to mirror the inflammation status in solid tumors."''* CBC-derived
inflammatory indices are calculated by formulas with different blood cell counts, such as neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), systemic immune-inflammation index
(SII), systemic inflammation response index (SIRI), neutrophil to lymphocyte and platelet ratio (NLPR), and aggregate
index of systemic inflammation (AISI). Stratification models based on the abovementioned parameters have been
explored in AGC and other malignancies.”'>'7 SII, a novel inflammatory index calculated by platelet (P), neutrophil
(N), and lymphocyte (L) has been shown to have a strong prognostic value in multiple solid tumors, including esophageal
cancer, lung cancer, colorectal cancer, and hepatocellular cancer.'® 2! A recent meta-analysis confirmed that a high
pretreatment SIT was associated with a worse prognosis in GC.**> However, its prognostication value in GC remains
controversial.>> 2° Nutritional status is another critical factor affecting the response to palliative chemotherapy. Patients
with malnutrition tend to show a bad tolerance to chemotherapy-related adverse events.”” Albumin (ALB), the most
abundant protein in the plasma, reflects the individual’s nutritional status and is closely related to acute phase response.?®
Previous studies supported that ALB was an effective prognostic biomarker in malignancies.” "'

However, there are still many unresolved research gaps. Using CBC-based inflammatory measures as GC biomarkers
is becoming increasingly popular, but there is an overlap between them. A more efficient inflammatory biomarker is an
urgent need. Besides, most studies only investigated one single predictor, whose clinical significance is limited. Although
numerous researchers established different preoperative scoring systems to stratify prognosis after surgery, less evidence
focused on their function in predicting prognosis for patients receiving first-line palliative chemotherapy. Moreover, the
predictive performance of the inflammation-nutrition score is rarely validated using real-world clinical data. To our best
knowledge, this is the first study to evaluate the prognostic value of HINS that combines SII and ALB in AGC. On this
basis, we compare the stratification performance of HINS with JCOG prognostic index and successfully establish
a HINS-based nomogram model to efficiently predict AGC patients’ overall survival (OS).

Materials and Methods

Patients
We retrospectively collected data from AGC patients who received first-line platinum- or fluoropyrimidine-containing
chemotherapy at The First Affiliated Hospital of Zhengzhou University Hospital between January 2014 and December 2019.
Patients were screened based on the following inclusion criteria: 1) age >18 years; 2) histologically confirmed gastric
adenocarcinoma or gastroesophageal junction adenocarcinoma; 3) metastatic tumor at initial diagnosis or recurrent tumor after
prior surgery; 4) platinum- or fluoropyrimidine-based chemotherapy as the first-line palliative therapy; 5) ECOG performance
status of 2 or less; 6) complete hospitalization records and follow-up data; 7) the expected survival at least 3 months. The
exclusion criteria were as follows: 1) with other malignancies; 2) initiated on first-line chemotherapy at another hospital;
3) chemotherapy combined with immunotherapy; 4) relapsed tumor within 6 months after neoadjuvant or adjuvant therapy; 5)
preexisting inflammatory conditions or autoimmune diseases; 6) incomplete medical records or lost to follow-up.
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This study complies with the principle of the Helsinki Declaration. Ethic requirement was approved by the Ethics
Committee of Scientific Research of the First Affiliated Hospital of Zhengzhou University (2023-KY-0369). Given the
retrospective nature of this study, informed consent was waived.

Study Variables

Clinicopathological characteristics consist of age, gender, ECOG status, pathological staging at initial diagnosis, Lauren
classification, number of metastases, liver metastasis, peritoneum metastasis, previous gastrectomy history. Data for peripheral
blood tests prior to the initiation of palliative first-line chemotherapy were obtained. The blood samples were sent to laboratory
within one hour of blood extraction. These included ALP level, ALB level, and candidate hematological inflammation indices.
Inflammatory markers were calculated as follow: NLR=neutrophil/lymphocyte, PLR=platelet/lymphocyte, LMR=lymphocyte/
monocyte, SII=(platelet x neutrophil)/lymphocyte, SIRI=(neutrophil x monocyte)/lymphocyte, NLPR=neutrophil/(lymphocyte
x platelet), AISI=(neutrophil x platelet x monocyte)/lymphocyte.

Assessment of the Model JCOG

The JCOG prognostic index is assessed based on the following factors: ECOG PS >1, metastases >2, without
gastrectomy, and elevated ALP. Each factor is marker as 1 score. GC patients with 0—1, 2-3, and 4 score were classified
into good, moderate, and poor risk groups.

Study Design and Statistical Analysis
The study design is shown in Figure 1. All patients from The First Affiliated Hospital of Zhengzhou University were
randomly divided into a training cohort and a validation cohort. The training cohort was used to construct HINS and

a nomogram model. The validation cohort was used for internal validation of this model.
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Figure | Study design and the flowchart of patient selection.
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Categorical variables were analyzed with the chi-square test or Fisher’s exact test, and continuous variables were
compared by the rank sum test. To avoid multicollinearity problems, we compared similar hematological inflammatory
predictors and only retained the predictor with the superior area under the curve (AUC) for subsequent evaluation. We
respectively used time-dependent receiver operating characteristics (t-ROC) and X-tile software to determine the most
appropriate cut-off value of inflammatory predictor. The time-dependent ROC curve analysis is an extension of the ROC
curve analysis, which can be used for analyzing outcomes over time. X-tile software could assess every possible cut-off
value by dividing populations into different strata. Patients were divided into groups, respectively, with high- and low-
level based on the selected cut-off value.

OS was defined as the duration from diagnosis date to death from any cause or the last follow-up date. Univariate and
multivariate analyses of OS were conducted with Cox proportional regression model.>? Subgroup survival analyses were
displayed with Kaplan—-Meier curves and compared by Log rank test.

The HINS was constructed with the cut-off value of SII and clinical threshold of hypoalbuminemia. Firstly, for comparing
the risk stratification ability between model of JCOG, HINS, and a combined of them, K-M methods and time-dependent AUC
were performed. Secondly, we assessed the prognostic value of HINS with Cox proportional hazards regression model.*
Variables with P <0.05 in the univariate analysis were further screened by the multivariate Cox regression analysis. And
predictors with P <0.05 in multivariate analysis were selected to build a nomogram model. Internal validation of this model
was performed in the training and validation cohort, respectively. The consistency between “predicted value” and “actual
value” was assessed by calibration curves. The time-dependent ROC curves were used to evaluate the discriminative ability.
The net benefit of this nomogram model in a clinical setting was assessed by Decision Curve Analysis (DCA). Finally, based
on the risk threshold of the model, patients in two cohorts were further divided into the high- and low-risk group. Log rank test
was employed to compare survival differences between two groups.

All statistical analyses were performed with SPSS 26.0 and R software (4.2.1 version). The hazard ratio (HR) and the
95% confidence interval (CI) were calculated to determine the association between predictors and survival probability.
All P-values were based on a two-sided hypothesis, with P <0.05 indicating statistical significance.

Results

Clinicopathological Characteristics of Patients in Two Cohorts

Among the 903 advanced gastric cancer patients who received platinum- or fluoropyrimidine-containing first-line
palliative chemotherapy at the First Affiliated Hospital of Zhengzhou University between January 2014 and
December 2019, 812 were eligible for inclusion. Patients were randomly divided into a training cohort (N=609) and
a validation cohort (N=203) with a ratio of 3:1 (Figure 1).

The baseline characteristics of two cohorts are summarized in Table 1. The median OS of training and validation
cohort were, respectively, 407 and 404 days. Of all cases, 516 (63.5%) were <65 years and 587 (72.3%) were males.
A total of 506 (62.3%) and 306 (37.7%) patients had an ECOG PS of 0 and >1, respectively. Moreover, a total of 539
(66.4%) cases had a stage-IV tumor; 517 (63.7%) had a diffuse-type Lauren classification; 203 (25%) patients were
positive for HER-2; 327 (40.3%) had >2 metastatic sites. A total of 304 (37.4%) patients received prior gastrectomy
before chemotherapy. A total of 244 (30%) patients occurred liver metastasis; 101 (12.4%) occurred peritoneum
metastasis; and 66 (8.1%) patients occurred lung metastasis. Regarding the blood detection, 154 (19%) patients had an
ALP >upper limit of normal (ULN) before chemotherapy initiation; 53 (6.5%) patients had hypoalbuminemia. Each
variable was well balanced in two cohorts with no statistical significances (P >0.05).

Due to some degree of overlap among these CBC-based inflammatory indicators, time-dependent AUCs for OS were
performed to identify the optimal inflammatory parameter to avoid redundancy. The results indicated that 1-Y AUC for SII
(0.667) was superior to those for neutrophils (0.598), platelets (0.589), lymphocytes (0.397), NLR (0.649), PLR (0.661),
LMR (0.430), SIRI (0.609), NLPR (0.580), and AISI (0.631) (Table 2). AUCs for 2- and 3-year OS also supported this
finding. Moreover, albumin (ALB) is a marker implicated in nutritional status. Hypoalbuminemia (<35g/L) tend to
represent malnutrition and a worse response to palliative therapy. There was no predictor similar to the ALB. Therefore,
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Table | Baseline Clinicopathological Characteristics of Patients in Two Cohorts (N=812)
Variables Total Training Cohort Validation Cohort P-value
(N=609) (N=203)
N % N %
OS (median, IQR) 407 (235, 678) 404 (240, 651) 0.974
Age (years) <65 516 385 47.41% 131 16.13% 0.736
265 296 224 27.59% 72 8.87%
Sex Male 587 432 53.20% 155 19.09% 0.135
Female 225 177 21.80% 48 5.91%
ECOG PS 0 506 379 46.67% 127 15.64% 0.933
2| 306 230 28.33% 76 9.36%
AJCC stage n 273 208 25.62% 65 8.00% 0.577
v 539 401 49.38% 138 17.00%
Lauren classification Intestinal or others | 295 221 27.22% 74 9.11% 0.966
Diffuse 517 388 47.78% 129 15.89%
HER-2 status Positive 203 154 18.97% 49 6.03% 0.743
Negative/Unknown | 609 455 56.03% 154 18.97%
No. of metastatic sites <2 485 365 44.95% 120 14.78% 0.836
22 327 244 30.05% 83 10.22%
Liver metastasis No 568 425 52.34% 143 17.61% 0.860
Yes 244 184 22.66% 60 7.39%
Peritoneum metastasis No 711 534 65.76% 177 21.80% 0.854
Yes 101 75 9.24% 26 3.20%
Lung metastasis No 746 558 68.72% 188 23.15% 0.656
Yes 66 51 6.28% 15 1.85%
Prior gastrectomy Yes 304 227 27.96% 77 9.48% 0.867
No 508 382 47.04% 126 15.52%
ALP <ULN 658 493 60.71% 165 20.32% 0918
2ULN 154 116 14.29% 38 4.68%
ALB <35¢g/l 53 39 4.80% 14 1.72% 0.806
235g/| 759 570 70.20% 189 23.28%
Abbreviations: OS, overall survival; IQR, interquartile range; ALP, alkaline phosphatase; ALB, albumin.
Table 2 Comparisons of the Time-Dependent AUCs Among CBC-Based Inflammatory
Indicators
Inflammatory Indices | AUC for I-Y OS | AUC for 2-Y OS | AUC for 3-Y OS
Neutrophils 0.598 0.623 0.564
Platelets 0.589 0.597 0.557
Lymphocytes 0.397 0.436 0.387
NLR 0.649 0.641 0.623
PLR 0.661 0.636 0.626
LMR 0.430 0.432 0.452
Nl 0.667 0.663 0.628
SIRI 0.609 0.611 0.567
NLPR 0.580 0.572 0.577
AlSI 0.631 0.637 0.584
Abbreviations: OS, overall survival; AUC, area under the curve; CBC, complete blood count; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio;
Sll, systemic immune-inflammation index; SIRI, systemic inflammation response index; NLPR, neutrophil to
lymphocyte and platelet ratio; and AlSI, aggregate index of systemic inflammation.
Journal of Inflammation Research 2023:16 https: 2933
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we retained SII and ALB for further analysis. The time-dependent ROC was used to determine the cut-off value of SII (540)
according to the 1-year OS. X-tile software also supported this outcome (P <0.0001).

Survival Analysis

Table 3 presents the results of univariate and multivariate Cox regression analyses of OS using baseline characteristics.
Eight significant variables related to OS were further included in the multivariate regression model. The following factors
were independent factors associated with poor prognosis in the training cohort: ECOG >1 (HR=1.381, 95% CI: 1.101-
1.734, P=0.005), stage-IV (HR=1.582, 95% CI: 1.217-2.055, P <0.001), diffuse-type Lauren classification (HR=1.587,
95% CI: 1.238-2.034, P <0.001), number of metastases >2 (HR=1.280, 95% CI: 1.018-1.608, P=0.035), without prior
gastrectomy (HR=1.832, 95% CI: 1.462-2.354, P <0.001), ALP >ULN (HR=1.343, 95% CI: 1.029-1.752, P=0.030),
ALB <35g/L (HR=1.707, 95% CI: 1.150-2.533, P=0.008), SII >540 (HR=1.568, 95% CI: 1.250-1.965, P <0.001).
Consistently, as shown in Figure 2A and B, the overall prognosis of SII-H patients was statistically worse than that of
SII-L patients, whereas patients in ALB-H group had longer OS compared to patients in ALB-L group.

Establishment of Hematological Inflammation-Nutrition Score (HINS)

According to survival analyses above, we combined the ALB and SII level to generate four subgroups. We observed
significant differences (P <0.001) among the four subgroups (Figure 2C). Besides, the OS was similar in subgroups with
either SII >540 or ALB <35 g/L (P=0.376). Therefore, we combined those two subgroups and established the hematological
inflammation-nutrient score (HINS) as follows: (1) ALB <35g/L, score 1; ALB >35g/L, score 0; (2) SII >540, score 1; SII
<540, score 0 (Table 4). The HINS was defined as the sum of score of ALB and SII: HINS = score of ALB (0 or 1) + score of
SII (0 or 1). Therefore, HINS was used to classify patients into good (score 0), moderate (score 1), and poor (score 2) risk
groups. The predictive value of HINS was compared with other classical CBC-based indices through time-dependent ROC
curves (Figure 2D-F). The 1-year, 2-year, and 3-year AUCs of HINS were 0.641, 0.632, and 0.631, respectively. Although
the AUCs of HINS were not always superior to SII, the overall predictive performance of HINS was stable and favorable.
Particularly, the 3-year AUC of SII was the largest among all CBC-based inflammatory indicators. Meanwhile, the HINS
takes into accounts both inflammatory and nutritional states without compromising predictive ability of prognosis. Next, the
distribution of HINS and its correlation with clinicopathological characteristics in the training cohort are summarized in
Table 5. The HINS for most AGC patients (96.7%) were 0 or 1. The distribution of clinicopathological characteristics of
patients in three groups was relatively consistent with no significant statistical difference (P >0.05).

Table 3 Univariate and Multivariate Analyses of Overall Survival (OS) in the Training Cohort

Variables Category (Ref) Univariate Multivariate

HR 95% ClI P-value HR 95% CI P-value
Age, years 265 versus <65 (Ref) 1119 (0.893-1.402) 0.330
Sex Female versus Male 1.128 (0.891-1.428) 0.321
ECOG PS 2| versus 0 1.554 (1.249-1.933) | <0.001* 1.381 (1.101-1.734) 0.005
AJCC stage IV versus IlI 1.996 (1.548-2.573) | <0.001* 1.582 (1.217-2.055) | <0.001*
Histological type Diffuse versus intestinal 1.699 (1.329-2.172) | <0.001* 1.587 (1.238-2.034) | <0.001*
HER-2 status Negative/Unknown versus Positive 1.283 (0.991-1.622) 0.053
No. of metastatic sites 22 versus 0-1 1.619 (1.302-2.013) | <0.001* 1.280 (1.018-1.608) 0.035
Liver metastasis Yes versus No 1.139 (0.904-1.435) 0.271
Peritoneum metastasis Yes versus No 1.062 (0.770-1.465) 0.713
Lung metastasis Yes versus No 1.331 (0.919-1.928) 0.146
Prior gastrectomy No versus Yes 2.145 (1.678-2.742) | <0.001* 1.832 (1.426-2.354) | <0.001*
ALP 2ULN versus <ULN 1.549 (1.197-2.004) | <0.001* 1.343 (1.029-1.752) 0.030
ALB <35g/L versus 235g/L 1.606 (1.089-2.367) 0.017 1.707 (1.150-2.533) 0.008
N 2540 versus <540 1.777 (1.421-2.222) | <0.001* 1.568 (1.250-1.965) | <0.001*

Note: *P<0.05.
Abbreviations: ALP, alkaline phosphatase; ALB, albumin; Sll, systemic immune-inflammation index; HR, hazard ratio; Cl, confidence interval.
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Figure 2 Survival analyses in different subgroups according to (A) ALB, (B) SlI, and (C) Sll and ALB. Comparison of predictive value of HINS with other classical indicators:
(D) I-year time-dependent ROC, (E) 2-Y time-dependent ROC, and (F) 3-Y time-dependent ROC.

Comparison of Model JCOG, HINS, and a Combined of Them
Kaplan-Meier curves for OS were divided into three groups based on the JCOG prognostic index (Figure 3A). The good
(N=300), moderate (N=290), and poor (N=19) risk groups exhibited a median OS of 35.53, 13.77, and 8.03 months,
respectively. In comparison with the good risk group, the moderate and poor risk groups had a hazard ratio of 2.1771
(95% CI: 1.729-2.742, P <0.001) and 3.1552 (95% CI: 1.841-5.408, P <0.001) for OS. AGC patients who reached
a higher JCOG score were associated with a shorter OS (P <0.001). However, no significant difference in OS was
observed between moderate and poor risk groups (HR=1.462, 95% CI: 0.864-2.475, P=0.1568). Despite stratification
ability validated by the real-world data, the JCOG prognostic index did not adequately classify AGC patients.
Similarly, the model HINS classified patients into good (N=265), moderate (N=324), and poor (N=20) risk groups,
with a median OS of 31.3, 15.9, and 6.88 months, respectively. The moderate and poor risk groups had an HR of 1.6934
(95% CI: 1.345-2.132, P <0.001) and 3.7357 (95% CI: 2.239-6.232, P <0.001) for OS relative to the good risk group.
Patients with a higher HINS had worse overall prognosis with statistically significant difference (Figure 3B). The poor
risk group also had significantly worse OS compared to the moderate risk group (HR=2.167, 95% CI: 1.316-3.570,

Table 4 Definition of HINS Scoring System

HINS Scoring System Score

SIl <540 and ALB 235 0
SIl 2540 and ALB 235 |
SIl <540 and ALB <35 |
SIl 2540 and ALB <35 2

Abbreviations: HINS, hematological inflammation-
nutrition score; Sll, systemic immune-inflammation
index; ALB, albumin.
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Table 5 Relationship Between the HINS and Clinicopathological Characteristics in Training Cohort (N=609)

Variables HINS Score P-value
0 1 2
Cases 265 324 20
Age (years) <65 172 28.24% 201 33.00% 12 1.97% 0.738
265 93 15.27% 123 20.20% 8 1.31%
Sex Male 181 29.72% 233 38.26% 18 2.96% 0.102
Female 84 13.79% 91 14.94% 2 0.33%
ECOG PS 0 168 27.59% 198 32.51% 13 2.13% 0.822
2| 97 15.93% 126 20.69% 7 1.15%
Stage 1] 100 16.42% 103 16.91% 5 0.82% 0.216
v 165 27.09% 221 36.29% 15 2.46%
Lauren classification Intestinal or others 103 16.91% 11 18.23% 7 1.15% 0.508
Diffuse 162 26.60% 213 34.98% 13 2.13%
HER-2 status Positive 65 10.67% 85 13.96% 4 0.66% 0.767
Negative/Unknown 200 32.84% 239 39.24% 16 2.63%
No. of metastatic sites <2 162 26.60% 193 31.69% 10 1.64% 0.607
22 103 16.91% 131 21.51% 10 1.64%
Liver metastasis No 186 30.54% 228 37.44% I 1.81% 0.342
Yes 79 12.97% 96 15.76% 9 1.48%
Peritoneum metastasis No 233 38.26% 282 46.31% 19 3.12% 0.568
Yes 32 5.25% 42 6.90% | 0.16%
Lung metastasis No 238 39.08% 301 49.43% 19 3.12% 0.346
Yes 27 4.43% 23 3.78% | 0.16%
Prior gastrectomy Yes Il 18.23% 112 18.39% 4 0.66% 0.050
No 154 25.29% 212 34.81% 16 2.63%
ALP <ULN 222 36.45% 258 42.36% 13 2.13% 0.081
2ULN 43 7.06% 66 10.84% 7 1.15%

Abbreviations: HINS, hematological inflammation-nutrition score; ALP, alkaline phosphatase; ULN, upper limit of normal.

P=0.0024). Therefore, HINS showed relatively better stratification ability than JCOG prognostic index, with significant
differences between each risk group.

We further combined all JCOG and HINS indices to evaluate risk stratification performance. Accordingly, a total of 6
factors (ECOG =1, No. of metastases >2, no prior gastrectomy, elevated ALP, hypoalbuminemia, elevated SII) were
added into the final formula, making it more suitable for patient populations in clinical practice. Thereafter, this
combined index divided patients into good (score 0-2, N=369), moderate (score 3—4, N=226), and poor (score 5-0,
N=14) risk groups, along with a median OS of 34.23, 10.73, and 6.78 months, respectively (Figure 3C). Evidently, this
combined prognostic score had better stratification performance than either JCOG or HINS, as there was less overlapped
area of 95% CI among three groups. Figure 4 displayed dynamic change for predictive abilities of JCOG, HINS, and the
combined index using time-dependent AUC curves. During the observation period, the combined index was significantly
superior to either JCOG or HINS for predicting OS.

Screening for Independent Prognostic Factors

We performed a univariate Cox regression analysis using HINS replace ALB and SII. Thirteen indicators in relation to OS
were screened in the univariate Cox regression analysis and variables with P <0.05 were further included in the multivariate
Cox regression model. Results showed that seven indicators were independent prognostic factors of OS in AGC patients. They
were respectively ECOG >1 (HR: 1.379; P=0.005), Stage IV (HR: 1.581; P <0.001), diffuse-type histology (HR: 1.586;
P <0.001), No. of metastases >2 (HR: 1.274; P=0.038), without prior gastrectomy (HR: 1.830; P <0.001), ALP >ULN (HR:
1.335; P=0.034), HINS (P <0.001). We visualized the results of multivariate regression in a forest plot (Figure 5A).
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Figure 3 Kaplan—Meier curves of overall survival (OS) according to the model (A) JCOG, (B) HINS, and (C) a combined one.

Development of a Nomogram Model

Based on seven independent risk factors (P <0.05) screened by the multivariate analysis, a nomogram model was developed to
predict 1-, 2-, and 3-year OS in AGC patients (Figure 5B). Each factor had a specific score using the point axis as reference,
which transformed the risk of each factor into a calculable value. The total point could be calculated by adding the score of all

variables. Survival probability of 1-, 2-, and 3-year OS can be estimated by locating the ‘total point axis’ down to “survival axis”.
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Figure 4 Dynamic change for predictive abilities of model JCOG, HINS, and a combined of them in training (A) and validation cohort (B).

Through this HINS-based nomogram model, prognostic contribution of each predictor can be intuitively observed, as the width
of the line segment represents the weight of each prognostic factor affecting the OS. Obviously, the weight of HINS was larger
than other clinicopathological parameter, manifesting that HINS might play a vital in prognosis prediction of AGC patients.

Evaluation and Validation of This Nomogram Model

The predictive performance of this nomogram model was comprehensively evaluated by calibration curves and time-
dependent ROC curves in both training and validation cohorts. The 1-, 2-, and 3-year calibration curves demonstrated
that the “predicted survival” was highly consistent with the “actual survival” in the training cohort (Figure 6A—C) and the
validation cohort (Figure 6D-F). The AUCs for predicting 1-, 2-, and 3-year OS in the training cohort were 0.744, 0.726,
and 0.718, respectively (Figure 6G), and those in the validation cohort were 0.715, 0.759, and 0.789 (Figure 6H). All
AUCs were over 0.7, manifesting the favorable discriminative ability of this nomogram model.

DCA was performed to further explore the superiority of HINS-based nomogram proposed in our study. Compared to
the traditional AJCC staging system, it has been confirmed that clinical net benefits for HINS-based nomogram model at
the time endpoint of 1-, 2-, and 3-year OS were better, with a wide range of threshold probabilities in both training
(Figure 7A—C) and validation cohort (Figure 7D-F).

The Optimal Risk Thresholds of the Nomogram Model

Time-dependent ROC curve was used to determine the optimal risk threshold of 1-Y OS prediction. Based on the optimal
cut-off value of risk score (1.64, AUC: 0.744), patients were divided into high- (>1.64) and low-risk (<1.64) groups.
Kaplan-Meier survival analysis (Figure 8A) showed that the OS of patients in high-risk group was significantly shorter
than those in low-risk group in the training cohort (P <0.001). Consistently, this finding had been internally validated in
the validation cohort (Figure §B).

Discussion

Despite great advancements in second- and late-line therapeutic options that improved long-term prognoses,”f35

most
AGC patients still fail to exhaust all treatment options.*® Precise evaluation of individual prognosis is the foundation for
treatment recommendation and follow-up therapy strategy.

Growing evidence suggests that inflammatory mediators could trigger a cascade of inflammatory responses and tissue
atrophy, thereby facilitating tumor progression and metastasis.’’*® Recently, there has been a great interest in applying

CBC-based measures as prognostic biomarkers,>* !

where NLR and PLR were the most well-investigated indices in
GC.*** SII has been regarded as a more effective prognostic indicator than other inflammation indices.*> A recent meta-
analysis provides strong evidence that an elevation of SII is associated with a worse prognosis in GC.*> However, there is
no consensus on which hematological indicator is the best one to reflect AGC prognosis. Meanwhile, several nutritional
indices, such as ALB, BMI, and PNI, have been proven to be related to GC prognosis after gastrectomy.*®*” ALB is one

of the most extensively confirmed prognostic biomarkers in gastric cancer.*®
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Figure 5 Screening prognostic predictors by the multivariate Cox regression models. (A) A forest plot displaying multivariate Cox regression analysis of OS in the training
cohort; (B) A HINS-based nomogram model of AGC patients for predicting the |-, 2-, and 3-year OS.

Various prognostic scoring systems were established based on inflammatory or nutritional indicators,**->* but most of

them focused on a single indicator. Another unsolved question is that previous studies mainly investigated preoperative

indicators rather than pre-chemotherapy indices. The limited prognosis scoring system is designed for advanced GC
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Figure 6 Calibration curves of the nomogram model in the training cohort for predicting (A) I-Y, (B) 2-Y, (C) 3-Y OS and in the validation cohort for predicting (D) I-Y,
(E) 2-Y, (F) 3-Y OS; Time-dependent ROC curves for the nomogram model in the training cohort (G) and validation cohort (H).

patients with few treatment options.>® Considering multicollinearity issues, we first evaluated which CBC-derived
predictors display the greatest potential in prognosis prediction. The higher the AUC is, the higher the predictive
accuracy of the prognostic indicator. This method has been widely utilized in prior studies.’'>* After comparing the
AUC values of similar predictors, SII with the highest AUC value was retained for subsequent evaluation. Moreover,
multivariate analysis revealed that pretreatment SII and ALB were independent predictors of OS in AGC patients,
consistent with previous findings.***3* Furthermore, we divided patients into four subgroups based on SII and ALB
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Figure 8 Kaplan—Meier curves of high- and low-risk groups in two cohorts. (A) OS curves of high- and low-risk groups in the training cohort; (B) OS curves of high- and
low-risk groups in the validation cohort.

levels and observed significant differences in K—M curves among them. Therefore, we constructed a novel hematological
inflammation-nutrition score, namely HINS combining SII and ALB levels, and comprehensively evaluated its prog-
nostic significance in AGC patients. This is the first study to use the inflammation-nutrition score for prognosis prediction
in metastatic or recurrent GC patients following first-line palliative chemotherapy.

On the one hand, this study validated the clinical availability of the JCOG prognostic index using real-world patient
data. However, it might not adequately stratify patients between moderate and poor risk groups with a wide overlapped
95% confidence interval of two groups, which kept in line with previous findings.>> This controversial result might be
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attributed to involving a greater number of GC patients with diffuse-type histology. As previously reported, diffuse-type
GC tends to have a worse prognosis than intestinal-type GC.”® Apart from four factors constituting the original JCOG
prognostic index, a multivariate analysis of our cohort showed that ALB and SII were independent risk factors affecting
OS. We herein compared the model JCOG, HINS, and a combination of them in stratification performance. HINS
showed a better stratification ability than the JCOG system, with a significant difference between the moderate and poor
risk groups. Unsurprisingly, the combined model demonstrated excellent risk stratification by fully considering tumor
condition and inflammation-nutrition status, which showed the best time-dependent AUC compared to either JCOG or
HINS alone. Of note, all three models suggested that the good risk group had a longer median OS than those included in
prior studies, while the median OS of the poor risk group was less than ten months.>*%->> Overall, the JCOG prognostic
index combined with HINS might greatly improve stratification according to prognosis. Our study continued previous
research, finding more effective indicators to optimize the original prognostic scoring system.

On the other hand, we combined HINS and traditional characteristics to establish a nomogram model. In clinical
settings, a single variable only plays a limited role in estimating the risk of death, perhaps due to tumor heterogeneity.”’
A visual nomogram is a good approach to improve prediction accuracy by integrating multiple clinicopathological
factors.”® In our study, variables with P <0.05 in univariate analysis were further screened by multivariate analysis. We
finally determined 7 variables and utilized them to construct the HINS-based nomogram model for predicting 1-, 2-, and
3-year OS among AGC patients. Calibration curves showed high consistency between the predictive and actual observed
values. And the model proposed in our study displayed practical discrimination ability and satisfied clinical net benefit.
To further evaluate the generalizability of the HINS-based nomogram model, we verified it in a validation cohort.
Meanwhile, we divided patients into high- and low-risk death groups based on the model’s risk threshold. A considerable
number of patients in the high-risk group died due to tumor or other complications, which may be attributed to the
exposure to multiple risk factors. Clinicians should pay more attention to high-risk patients identified by this model.
Overall, this HINS-based nomogram model could assist clinicians in making a precise, quick, comprehensive prognosis
evaluation for each patient.

The biological rationale behind the prognostic value of HINS may depend on the function of platelet, neutrophil,
lymphocyte, and ALB. Platelets could directly interact with tumor cells to release factors that facilitate tumor growth,
invasion, and angiogenesis.’® Also, platelets could stabilize the retention of tumor cells at the endothelium and protect
tumor cells from attacks by immune cells.®*®' There is mounting evidence that neutrophils not only prompt an
immunosuppressive microenvironment by secreting various inflammatory mediators (VEGF, IL-8, IL-6)°>"®* but also
facilitate the distant metastasis of circulating tumor cells (CTC).®>°® Tumor-infiltrating lymphocytes form the cellular
basis of immunosurveillance, which significantly induces cytotoxic death and suppresses tumor cell growth.*”~%° It has
been proven that lymphopenia is associated with poor prognosis in cancer patients.””’" In addition, hypoalbuminemia is
a medical sign which potentially affects the quality of life, chemotherapy tolerance, and performance status. Serum
albumin is generated in the liver to maintain body nutrition and plasma osmotic pressure, partly reflecting the nutritional
status of individuals.”® As for metastatic or recurrent GC patients, they are more likely to present hypoalbuminemia or
cachexia due to side effects of chemotherapy or the malignant tumor itself. Hypoalbuminemia has been considered
a predictive factor of poor prognosis in a variety of conditions.”*”*

Tumor microenvironment (TME) is a sophisticated ecosystem, interacting with various immune cells and inflamma-
tory mediators.”* Therefore, an elevation of SII and a decreased ALB imply a dominance of pro-tumor activity in the
TME, manifesting a poor prognosis in patients. Compared to the costly and time-consuming gene sequencing, the
peripheral blood sample was easily available.”” For those who gained a high score of HINS, clinicians should closely
monitor their inflammatory status, timely adjust the application of hormones and immunosuppressants, and improve their
nutritional status by adjusting diets or supplying amino acids, especially for non-normal-weight patients. Since most
patients with advanced AGC present cachexia, infections should be actively prevented. Therefore, on the one hand, the
HINS can help physicians to better stratify patients with AGC, which might be a transition biomarker for future
molecular prognosis; on the other hand, the HINS-based prognostic model holds the potential for wide popularization

and application in clinical practice, providing a more precise basis for guiding follow-up treatment.
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Nevertheless, there are several limitations to our study. Firstly, selection bias is inevitable due to the nature of the
single-centre retrospective design. Secondly, although the sample size is sufficient to some extent, our study still needs
external validation. Thirdly, even if regular blood testing is performed before each cycle of chemotherapy for GC
patients, it is difficult to guarantee that blood tests are taken under a uniform standard. Hence, our study needs to be
further verified in a prospective study. Moreover, blood samples were only collected before first-line chemotherapy, so
the dynamic inflammatory or nutritional status changes cannot be reflected. Future studies will record blood indicators at
multiple time points. Furthermore, in the future study, we will explore the impact of treatment regimens and treatment
cycles on prognosis and further validate our HINS-based prognostic model based on a more extensive study population.

Conclusion

Our study is the first to establish a HINS system by combining SIT and ALB levels. We demonstrated HINS’s superior risk
stratification ability, which may be a potential prognostic biomarker for AGC patients. We also developed a HINS-based
nomogram model combined with several clinicopathological parameters. This model is a convenient and efficient tool for pre-
chemotherapy counselling and helps clinicians better to manage the prognosis and follow-up treatment of patients.
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