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Abstract
BACKGROUND
[bookmark: OLE_LINK7008][bookmark: OLE_LINK7014]The Khorana risk score (KRS) has poor predictive value for cancer-associated thrombosis in a single tumor type but is associated with early all-cause mortality from cancer. Evidence for the association between KRS and all-cause mortality in Japanese patients with gastric and colorectal cancer is limited.

AIM
To investigate whether KRS was independently related to all-cause mortality in Japanese patients with gastric and colorectal cancer after adjusting for other covariates and to shed light on its temporal validity.

METHODS
[bookmark: OLE_LINK7015]Data from Dryad database were used in this study. Patients in the Gastroenterology Department of Sapporo General Hospital, Sapporo, Japan, were enrolled. The starting and ending dates of the enrollment were January 1, 2008 and January 5, 2015, respectively. The cutoff date for follow-up was May 31, 2016. The independent and dependent (target) variables were the baseline measured using the KRS and final all-cause mortality, respectively. The KRS was categorized into three groups: Low-risk group (= 0 score), intermediate-risk group (1-2 score), and high-risk group (≥ 3 score).

RESULTS
[bookmark: OLE_LINK7016]Men and patients with Eastern Cooperative Oncology Group Performance Status (ECOG PS) ≥ 2 displayed a higher 2-year risk of death than women and those with ECOG PS 0-1 in the intermediate/high risk group for KRS. The higher the score, the higher the risk of early death; however, the relevance of this independent prediction decreased with longer survival. The overall survival of each patient was recorded via real-world follow-up and retrospective observations, and this study yielded the overall relationship between KRS and all-cause mortality.

CONCLUSION
The prechemotherapy baseline of KRS was independently associated with all-cause mortality within 2 years; however, this independent predictive relationship weakened as survival time increased.
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[bookmark: OLE_LINK6600][bookmark: OLE_LINK7010]Core Tip: The Khorana risk score (KRS) has poor predictive value for cancer-associated thrombosis in a single tumor type but is associated with early all-cause mortality from cancer. In Japanese patients with gastric and colorectal cancer, the prechemotherapy baseline of KRS was independently associated with all-cause mortality within 2 years. The concept of time-sensitive management needs to be established for clinicians and community workers as well. The earlier the stratified intervention for patients with intermediate/high KRS, the more likely long-term survival benefit will be achieved.


INTRODUCTION
[bookmark: OLE_LINK7023][bookmark: OLE_LINK7011][bookmark: OLE_LINK7024]In recent years, the incidence of and mortality associated with gastric and colorectal cancers have reached the top five positions in Japan[1]. Of late, the cure rate of tumors has been immensely improved owing to advancements in chemotherapy, targeted therapy, radiotherapy, immunotherapy, surgery and other therapeutic modalities. However, at the same time, several treatment-related complications have emerged. Cancer-associated thrombosis (CAT) is one of the most dangerous complications and is directly related to patient prognosis[2]. CAT includes arterial embolic events, such as stroke and myocardial infarction; venous embolic events, such as deep vein thrombosis; pulmonary embolism; and visceral venous thrombosis. The Khorana risk score (KRS) is a risk scoring tool developed by Khorana et al[3] and has been internally and externally validated for stratifying thrombotic risks in patients with cancer. The 2019 revision of the American Society of Clinical Oncology (ASCO) thrombosis guidelines also recommend the use of KRS[4]. Nevertheless, a 2018 systematic review observed that the score exhibited poor predictive power for individual tumor types, and unexpectedly, higher scores were associated with a higher risk of early death[5]. Some prospective studies have demonstrated its ability to predict early death in lung and colorectal cancers[6,7]. However, studies on the relationship between KRS and all-cause mortality are limited. In addition, investigations in Asian populations are especially lacking, and the follow-up observation time for predicting early mortality is not long, which does not exclude the possibility that KRS possesses the ability to predict long-term survival. Therefore, this study aimed to determine whether the KRS is independently associated with all-cause mortality in Japanese patients with gastric and colorectal cancer and to show its temporal validity.

MATERIALS AND METHODS
Study design
[bookmark: OLE_LINK7018]Patient's KRS obtained at baseline prior to chemotherapy served as the independent variable, and all-cause mortality (dichotomous variable: death = 1; survival = 0) served as the dependent (target) variable. The overall survival (OS) time of each patient was recorded as of May 31, 2016.

[bookmark: OLE_LINK7026]Study population
[bookmark: OLE_LINK7027][bookmark: OLE_LINK7212]Data from the Dryad database were used in this study[8]. Patients in the Gastroenterology Department of Sapporo General Hospital, Sapporo, Japan, were enrolled. The starting and ending dates of the enrollment were January 1, 2008 and January 5, 2015, respectively. The cutoff date for follow-up was May 31, 2016. Complete inclusion/exclusion criteria, collection of patient history, and diagnostic methods for CAT have been described in the study by Aonuma et al[9]. The flowchart for the selection of the study cohort is depicted in Figure 1. The requirement for informed consent was waived owing to the retrospective nature of the study. The institutional review board of Affiliated Hospital of Jiaxing University approved this study.

Variables
The KRS at baseline before chemotherapy was obtained and recorded for stratification of categorical variables. The KRS is a predictive scoring system to determine the risk of venous thromboembolic events (VTE) in patients receiving chemotherapy and comprises five parameters: primary cancer site, platelet count, hemoglobin and/or erythropoietin use, white blood cell count, and body mass index (BMI). Patients were classified into three risk categories based on the total risk model: low-risk group (score = 0), intermediate-risk group (score = 1-2), and high-risk group (score = ≥ 3). 
[bookmark: OLE_LINK7030][bookmark: OLE_LINK7031][bookmark: OLE_LINK7078][bookmark: OLE_LINK7032][bookmark: OLE_LINK7033][bookmark: OLE_LINK7108]The following were selected as covariates: (1) Demographic data; (2) variables affecting the KRS or all-cause mortality have been reported in previous studies; and (3) variables based on our clinical experience. The full adjustment model was constructed using the following variables: (1) Continuous variables: age (obtained at baseline); (2) categorical variables: sex, CAT, arterial thromboembolism (ATE), Eastern Cooperative Oncology Group Performance Status (ECOG PS), cancer type [gastric cancer (GC); colorectal cancer (CRC)], pathological type, primary site surgery, adjuvant chemotherapy, single or multiple primary tumor, active cancer (AC), opportunity for diagnosis, central venous catheter (CVC) placement.
[bookmark: OLE_LINK6]AC was defined as unresectable advanced gastric and colorectal tumors that recur during or after the completion of adjuvant chemotherapy and/or other unrelated malignancies. The opportunity for diagnosis was defined as the final clinical diagnosis of a patient based on the presentation of symptoms associated with CAT.
Based on the results of the retrospective and follow-up observations, the outcome variables for all-cause mortality (dichotomous variables) and OS were obtained. The term "all-cause mortality" refers to deaths due to any cause.

Treatment protocol
Patients diagnosed with GC and CRC were treated according to the then-current ASCO or National Comprehensive Cancer Network guidelines, and who developed CAT were administered anticoagulation therapy. 

[bookmark: OLE_LINK7035]Statistical analysis
[bookmark: OLE_LINK7036][bookmark: OLE_LINK7037][bookmark: OLE_LINK7038][bookmark: OLE_LINK7039][bookmark: OLE_LINK7099][bookmark: OLE_LINK7040][bookmark: OLE_LINK7041][bookmark: OLE_LINK7042]Categorical variables were expressed as frequency or percentage. Chi-squared (categorical variables, normal distribution) or Kruskal-Wallis H test (skewed distribution) were used to test for differences among different KRS groups (clinical cut point). Step 1: To examine the association between KRS and all-cause mortality, univariate and multivariate Cox proportional hazards models were employed. Four models were constructed: crude model, no covariates were adjusted; model 1: Only adjusted for sociodemographic data; model 2: Model 1 + those considerable covariates (P < 0.10 or having significant clinical significance); model 3: All covariates. To ensure the robustness of the experimental results, a sensitivity analysis was simultaneously performed by converting the KRS to categorical variables and calculating the trend in P-value. Step 2: Subgroup analyses were performed using the hierarchical Cox proportional hazards model. Continuous variables were initially converted to categorical variables according to the clinical cut point, and subsequently, an interaction test was performed. Tests for effect modification of subgroup indicators were followed by the likelihood ratio test. Step 3: The OS time of each group was recorded, and Kaplan-Meier (KM) survival curves were plotted to compare the median survival time of each group. Step 4: The multivariate Cox proportional hazards model was employed to calculate the risk ratios over a given number of years, and a trend graph was plotted. All analyses were performed using the statistical software packages R 3.3.2 (http://www.R-project.org, The R Foundation) and Free Statistics software version 1.7. A two-tailed test was performed and P < 0.05 was considered statistically significant.

RESULTS
[bookmark: OLE_LINK7043]Baseline characteristics of selected participants
[bookmark: OLE_LINK7213][bookmark: OLE_LINK7215][bookmark: OLE_LINK7214][bookmark: OLE_LINK7044][bookmark: OLE_LINK7045]A total of 500 participants were selected for the final data analysis (Figure 1 for the flow chart). Their median follow-up time was 22.0 mo. The baseline characteristics of these participants are listed in Table 1 based on the clinical grouping of the KRS. Their average age was 68.9 (62.5 ± 75.9) years, and 38.8% were women. There were 194 participants in the KRS low-risk group, 218 in the moderate-risk group, and 88 in the high-risk group. There were group differences among the three KRS groups in terms of cancer type, pathological type, primary site surgery, and CVC placement (P < 0.001); however, there were no statistically significant differences in terms of additional covariates (all P values > 0.05). Furthermore, it was observed that the number of patients with CVC placement (n = 55), primary site surgery (n = 43), well and mod pathological type (n = 28), and cancer type (CRC, n = 5) was lower in the KRS high-risk group than in the other groups. The final diagnosis of CAT was made in 70 (14%) of the 500 patients, of which 11 (2.2%) were diagnosed with ATE. 

Univariate analysis
[bookmark: OLE_LINK7][bookmark: OLE_LINK7046]Results of the univariate analysis for mortality within 2 years are presented in Table 2. The univariate Cox proportional hazards model, revealed that sex, CAT, ATE, single or multiple primary tumor, thrombosis treatment, and opportunity for diagnosis were not associated with all-cause mortality. Moreover, cancer type, primary site surgery, and adjuvant chemotherapy were negatively associated with all-cause mortality (P < 0.001). In contrast, univariate analysis indicated that age (P = 0.034), KRS intermediate/high-risk group, ECOG PS, pathological type (others vs. well and mod), AC and CVC placement were positively correlated with all-cause mortality (P < 0.001).

Results of the unadjusted and adjusted Cox proportional hazards model
[bookmark: OLE_LINK7113][bookmark: OLE_LINK7047][bookmark: OLE_LINK7048][bookmark: OLE_LINK7049][bookmark: OLE_LINK7216]In this study, four models were constructed to analyze the independent effects of KRS on all-cause mortality within 2 years (univariate and multivariate Cox proportional hazards model). The effect sizes [hazard ratios (HRs) and their 95% confidence intervals (CIs)] are listed in Table 3. In the unadjusted model (crude mode), the model-based effect size can be explained as the difference in each group of KRS associated with risk of death. For example, in the unadjusted model, the effect size for all-cause mortality denotes the strength of the correlation between the KRS and the risk of death (KRS, intermediate vs low, HR: 1.6; 95%CI: 1.21-2.13; P = 0.001; KRS, high vs low, HR: 2.67; 95%CI: 1.91-3.73; P < 0.001). In the minimum-adjusted model (model 1), compared with the low-risk group, the medium-risk group demonstrated a 60% increased risk of all-cause death (95%CI: 1.20-2.12; P = 0.001), whereas the high-risk group exhibited a 2.64-fold increase (95%CI: 1.89-3.69; P < 0.001). Similar results were obtained for model 2 (adjusting for significant covariates) and model 3 (full adjustment), which indicated a 45% increased risk of death in the intermediate risk group compared with the low-risk group (95%CI: 1.02-2.06; P = 0.041). On the contrary, the high-risk group showed a two-fold increase (95%CI: 1.26-3.24; P = 0.004). For sensitivity analysis, the KRS was converted from a continuous variable to a categorical variable (clinical grouping of KRS). The p value of the trend test for the different models was < 0.05, which suggesting the same trend effect and stable study results (Table 3).

Subgroup analysis
[bookmark: OLE_LINK7209][bookmark: OLE_LINK7050][bookmark: OLE_LINK7051][bookmark: OLE_LINK7052][bookmark: OLE_LINK7054][bookmark: OLE_LINK7053]Age, sex, cancer type, primary site surgery, ECOG PS, CVC placement, CAT were used as stratification variables to examine the trend of effect sizes in these variables (Figure 2). No interactions were seen in these variables based on our a priori specification (all P values for interaction < 0.05). In this study, a stronger association was detected in men (KRS, intermediate vs low, HR: 1.8; 95%CI: 1.06-3.03; KRS, high vs low, HR: 2.17; 95%CI: 1.04-4.51), and ECOG PS ≥ 2 (KRS, intermediate vs low, HR: 2.71; 95%CI: 1.04-7.04; KRS, high vs low, HR: 3.02; 95%CI: 0.89-10.28). In contrast, a weaker association was perceived in women (ECOG PS 0-1). Patients in the intermediate-risk group aged < 65 years exhibited a lower 2-year relative risk of death (HR: 1.33, 95%CI: 0.66-2.67) than those aged ≥ 65 years and other intermediate/high-risk groups, with a mortality rate of 45.2%. The KRS high-risk group showed a higher mortality rate regardless of cancer type (68.7% in GC and 80% in CRC). In addition, the risk of death was more than two times higher in the high-risk group than in the low-risk group for KRS regardless of surgeries in the primary tumor site (HR: 2.49; 95%CI: 1.31-4.73 in the operated group; HR: 2.13; 95%CI: 0.85-5.32 in the non-operated group). However, the risk of death was not higher with CAT in the KRS high-risk group than in the low-risk group (HR: 0.92, 95%CI: 0.17-4.9). 

KM survival curves and risk ratio trend
[bookmark: OLE_LINK7210][bookmark: OLE_LINK7056][bookmark: OLE_LINK7211]Figure 3 depicts the KM curves of OS for different risk groups. The median OS for the three groups was 28.0 mo in the low-risk group, 20.0 mo in the intermediate-risk group, and 10.5 mo in the high-risk group (P < 0.001). Furthermore, the mortality was higher in the intermediate/high-risk group with KRS in the early/middle period. Nevertheless, all three curves converged as the survival time increased, which suggested that the relationship between KRS and all-cause mortality was unknown at later times. To further test this idea, the OS time was categorized into specific periods, and a separate multivariate Cox proportional hazards model was constructed to plot the trend of risk ratio (Figure 4). The findings indicated that the risk of death within 6 mo was 2.17 times higher in the KRS intermediate-risk group than in the low-risk group (95%CI: 1.01-4.67; P = 0.047) and 2.37 times higher in the KRS high-risk group than in the low-risk group (95%CI: 0.89-3.29; P = 0.083). At the same time, the risk of death within 2 years was 1.45 times higher in the intermediate-risk group than in the low-risk group (95%CI: 1.02-2.06; P = 0.041) and 2.02 times higher in the high-risk group than in the low-risk group (95%CI: 1.26-3.24; P = 0.004). Subsequent risk ratios decreased gradually over 3, 5, and 8 years and at P > 0.05.

DISCUSSION
The findings from this study indicated that the KRS was independently associated with all-cause mortality within 2 years in Japanese patients with GC and CRC before receiving chemotherapy. Subgroup analysis aided in better understanding the trend of KRS and all-cause mortality in different populations. Men and patients with ECOG PS ≥ 2 displayed a higher 2-year risk of death than women and those with ECOG PS 0-1 in the intermediate/high risk group for KRS. Hence, the higher the score, the higher the risk of early death; however, the relevance of this independent prediction decreased with longer survival. The OS of each patient was recorded via real-world follow-up and retrospective observations, and this study yielded the overall relationship between KRS and all-cause mortality, which provides a good guide for future prospective studies. 
[bookmark: OLE_LINK7057][bookmark: OLE_LINK7059][bookmark: OLE_LINK7062][bookmark: OLE_LINK7061][bookmark: OLE_LINK7065][bookmark: OLE_LINK7060]A multivariate Cox proportional hazards model was constructed based on various factors associated with the prognosis of patients with GC and CRC, including age, CAT, cancer type, ECOG PS, primary site surgery, adjuvant chemotherapy, active cancer and CVC placement. The findings pointed to the presence of an independent predictive relationship between baseline KRS before chemotherapy and death within 2 years in patients with GC and CRC. This result is comparable to a global prospective study by Sohal et al[7], which observed that KRS predicted mortality within 6 mo in patients with CRC treated using chemotherapy. Moreover, similar findings have been reported for different tumor types in studies by Shibata et al[10], Kuderer et al[11], Mansfield et al[12], and Vathiotis et al[13]. Without emphasizing the length of the observations, their conclusions agree with the findings from this study. However, all of their follow-up observations were short or had limited sample sizes, and therefore none of the results indicated the dynamic trends in baseline KRS and mortality in patients with tumors.
[bookmark: OLE_LINK7064]Using univariate regression analysis, a study by Salazar Adum et al[14] showed that KRS predicted death in various cancer types, but additional Cox multifactorial analysis indicated the lack of an independent correlation between the two (with a maximum observation period of 25 mo). This parallel comparison confirmed our question about the time frame in which KRS predicts death. Another study demonstrated that KRS did not accurately identify patients with lung cancer who were at an elevated risk for VTE but predicted lung cancer mortality. This study noted a predictive relationship between KRS and long-term survival (180 mo) using KM survival curves but failed to perform additional multivariate Cox regression analysis. Merely based on the trend of KM survival curves, the study found that KRS was significantly associated with death within 2 years, and the grouping curves converged as the survival time increased[12]. Another study that analyzed a large population from the NHIS-HEALS database observed that maintaining hemoglobin levels in the normal range was associated with a reduction in all-cause mortality[15]. It is therefore hypothesized that the possible cause of the time effect is the survival benefit offered by early and timely intervention in the intermediate/high risk group of KRS. 
[bookmark: OLE_LINK7066][bookmark: OLE_LINK7067][bookmark: OLE_LINK7068][bookmark: OLE_LINK7069][bookmark: OLE_LINK7070]Subgroup analysis performed in this study revealed that men and those with ECOG PS ≥ 2 for GC and CRC belonging to the intermediate/high risk group of KRS exhibited a higher risk of mortality. This elevated risk may be due to the higher number of smokers among men, which has been shown to exacerbate the risk of CRC mortality by 9.8% compared with nonsmokers in a large case–control study[16]. It is well known that lower ECOG PS signifies shorter survival for patients with tumor. However, ECOG PS ≥ 2 was also an unfavorable factor for survival in the GC and CRC population in this study (ECOG PS ≥ 2 vs 0-1, HR: 4.05; 95%CI: 2.93-5.61, P < 0.001), which might exert a dual effect with intermediate/high KRS, implying that this population requires special attention from clinicians for early intervention. Further analysis revealed that primary site surgery did not alleviate the 2-year risk of death in the KRS intermediate/high-risk group (KRS, intermediate vs low, HR: 1.57; 95%CI: 1.04-2.37; KRS, high vs low, HR: 2.49; 95%CI: 1.31-4.73; P for interaction = 0.675). This finding is related to the five parameters comprising the KRS. 
[bookmark: OLE_LINK7072][bookmark: OLE_LINK7073]A large retrospective study by the Japanese Association of Clinical Cancer Centers reported a higher 5-year survival rate of 72.2% for patients with colon cancer (5054 patients) than the rate of 68.7% for those with GC (15353 patients)[17], which is consistent with our findings (cancer type CRC vs GC, HR: 0.60; 95%CI: 0.47-0.76, P < 0.001). In addition, the KRS was higher for GC, which suggests that this score predicts death and CAT shares the same pathophysiological features. Several studies have proved that anemia is associated with local recurrence-free survival, recurrence-free survival, and OS not only in GC[18] and CRC[19] but also in other cancers, such as lung, breast, head and neck, and bladder cancer[20-25]. Furthermore, leukocytosis and thrombocytosis, which imply a physiologic inflammatory response, are associated with lower survival in patients with CRC, lung and cervical cancers[19,26-28]. The second World Cancer Research Fund/American Institute for Cancer Research indicated that CRC is strongly associated with obesity[29]. Another meta- analysis that pooled several prospective studies observed that class II/III obesity (BMI ≥ 35 kg/m2) was linked to significantly increased all-cause mortality from CRC[30]. 
[bookmark: OLE_LINK7074][bookmark: OLE_LINK7075]Interestingly, our study did not identify a correlation between the occurrence of CAT and OS in this population (CAT yes vs no, HR: 1.22; 95%CI: 0.95-1.58, P = 0.119). This discrepancy could be attributed to limitations in screening equipment and follow-up, which make it impossible to confirm the diagnosis in all patients who developed CAT in the clinic, which resulted in an underestimation of its incidence. This finding is in contrast to the study by Fuentes et al[31], which signified that VTE was an independent predictor of mortality in patients with GC (112 cases). However, because their results were not subjected to additional multivariate Cox regression analysis and sensitivity analysis, further validation is required. In another study, the incidence of CAT in patients with CRC was highest in the first 6 mo after diagnosis and declined rapidly thereafter. CAT reduces survival in patients with local or regional disease[32]. Not coincidentally, in a prospective multi-cancer study involving 2488 patients in the United States, CAT was associated with lower survival rates in different KRS subgroups[33]. Overall, the relationship between CAT and mortality in gastrointestinal tumors needs to be investigated further. 
The clinical values of this study are as follows: (1) To the best of our knowledge, the first independent correlation and time sensitivity between KRS and all-cause mortality was observed in Japanese patients with stomach and colorectal cancer.; (2) It may guide the follow-up time issue in relevant prospective studies and improve the economic efficacy; (3) It will be helpful for health care professionals working in the clinic to give stratified management of cancer patients in a specific time period and to establish a time-efficient management concept, i.e., the earlier the intervention for blood picture and BMI, the higher the survival benefit is likely to be; and (4) The results of this study will contribute to additional research on what survival benefits this intervention provides to patients with stomach and colorectal cancer, as well as the development of future all-cause mortality prediction models. 
[bookmark: OLE_LINK7217]This study has several advantages: (1) The sample size was larger compared with previous similar studies; (2) This study observed and recorded the OS of each patient with GC and CRC in Japan and analyzed it entirely as well as by time period; (3) This study is the first to explain the temporal validity of KRS at the baseline in predicting cancer-related mortality; and (4) The effect modifier factor analysis enhanced the use of data and yielded stable conclusions in different models and subgroups. 
However, there are certain limitations in this study: (1) This research was a retrospective observational cohort study with selection bias and bias for unknown confounders, which might have affected the findings; (2) The study population comprised Japanese patients with gastrointestinal tract tumors. Therefore, generalizability and extrapolation of the results are somewhat lacking; (3) Regarding the time effect of KRS in predicting mortality, only the approximate period could be derived and not the exact time; and (4) As patients in whom CAT occurred > 1 mo before the start of chemotherapy were excluded, the results cannot be applied to these individuals.

CONCLUSION
In Japanese patients with GC and CRC, the prechemotherapy baseline of KRS was independently associated with all-cause mortality within 2 years; however, this independent predictive relationship decreased as survival time increased.

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK7012][bookmark: OLE_LINK7090]The incidence of and mortality associated with gastric and colorectal cancers have reached the top five positions in Japan. Cancer-associated thrombosis is one of the most dangerous complications and is directly related to patient prognosis. The Khorana risk score (KRS) is a risk scoring tool and has been internally and externally validated for stratifying thrombotic risks in patients with cancer.

Research motivation
Studies on the relationship between KRS and all-cause mortality are limited. In addition, investigations in Asian populations are especially lacking, and the follow-up observation time for predicting early mortality is not long, which does not exclude the possibility that KRS possesses the ability to predict long-term survival.

Research objectives
We performed a retrospective analysis to investigate whether KRS was independently related to all-cause mortality in Japanese patients with gastric and colorectal cancer after adjusting for other covariates and to shed light on its temporal validity.

Research methods
[bookmark: OLE_LINK7077]This retrospective study was conducted using data from the Dryad database. Patient's KRS obtained at baseline prior to chemotherapy served as the independent variable, and all-cause mortality (dichotomous variable: Death = 1; survival = 0) served as the dependent (target) variable. The KRS was categorized into three groups: low-risk group, intermediate-risk group, and high-risk group. All analyses were performed using the statistical software packages R 3.3.2 and Free Statistics software version 1.7.

Research results
In our study, a total of 500 participants were selected for the final data analysis . Their median follow-up time was 22.0 mo. The average age was 68.9 (62.5 ± 75.9) years, and 38.8% were women. There were 194 participants in the KRS low-risk group, 218 in the moderate-risk group, and 88 in the high-risk group. The risk of death within 6 mo was 2.17 times higher in the KRS intermediate-risk group than in the low-risk group (95%CI: 1.01-4.67; P = 0.047) and 2.37 times higher in the KRS high-risk group than in the low-risk group (95%CI: 0.89-3.29; P = 0.083). At the same time, the risk of death within 2 years was 1.45 times higher in the intermediate-risk group than in the low-risk group (95%CI: 1.02-2.06; P = 0.041) and 2.02 times higher in the high-risk group than in the low-risk group (95%CI: 1.26-3.24; P = 0.004). Men and patients with Eastern Cooperative Oncology Group Performance Status (ECOG PS) ≥ 2 displayed a higher 2-year risk of death than women and those with ECOG PS 0-1 in the intermediate/high risk group for KRS. 

Research conclusions
[bookmark: OLE_LINK7019]The overall survival of each patient was recorded via real-world follow-up and retrospective observations, and this study yielded the overall relationship between KRS and all-cause mortality. In Japanese patients with gastric and colorectal cancer, the prechemotherapy baseline of KRS was independently associated with all-cause mortality within 2 years. The higher the score, the higher the risk of early death; however, the relevance of this independent prediction decreased with longer survival.

Research perspectives
A concept of time-sensitive management needs to be established for clinicians and community workers as well, i.e., the earlier the stratified intervention for patients with intermediate/high KRS, the more likely long-term survival benefit will be achieved. Further study with large sample size and more comprehensive prognostic information is desired to verify our findings.
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[bookmark: _Toc3986][bookmark: OLE_LINK7121][bookmark: OLE_LINK7116][bookmark: OLE_LINK7117][bookmark: OLE_LINK7118]Table 1 Baseline characteristics of the study participants
	[bookmark: _Hlk145603944]Variables
	Total, n = 500
	Low-risk group, n = 194
	Intermediate-risk group, n = 218
	High-risk group, n = 88
	P value

	Age, median (IQR)
	68.9 (62.5, 75.9)
	69.1 (62.9, 75.2)
	68.6 (62.6, 76.2)
	69.0 (61.4, 76.8)
	0.93

	[bookmark: OLE_LINK7130]Sex, n (%)
	
	
	
	
	0.459

	Male
	306 (61.2)
	117 (60.3)
	130 (59.6)
	59 (67)
	 

	Female
	194 (38.8)
	77 (39.7)
	88 (40.4)
	29 (33)
	 

	[bookmark: OLE_LINK7131]CAT, n (%)
	
	
	
	
	0.254

	Non
	430 (86.0)
	161 (83)
	190 (87.2)
	79 (89.8)
	 

	All CAT
	70 (14.0)
	33 (17)
	28 (12.8)
	9 (10.2)
	 

	ATE
	11 (2.2)
	0 (0)
	6 (2.8)
	5 (5.7)
	

	[bookmark: OLE_LINK7132]ECOG PS, n (%)
	
	
	
	
	0.053

	0-1
	449 (89.8)
	181 (93.3)
	194 (89)
	74 (84.1)
	 

	≥ 2
	51 (10.2)
	13 (6.7)
	24 (11)
	14 (15.9)
	 

	[bookmark: OLE_LINK7133]Cancer type, n (%)
	
	
	
	
	< 0.001

	GC
	206 (41.2)
	0 (0)
	123 (56.4)
	83 (94.3)
	 

	[bookmark: _Hlk125661066]CRC
	294 (58.8)
	194 (100)
	95 (43.6)
	5 (5.7)
	 

	Adjuvant chemotherapy, n (%)
	
	
	
	
	0.069

	No
	306 (61.2)
	111 (57.2)
	132 (60.6)
	63 (71.6)
	 

	Yes
	194 (38.8)
	83 (42.8)
	86 (39.4)
	25 (28.4)
	 

	Active cancer (AC), n (%)
	
	
	
	
	0.201

	Non-AC
	141 (28.2)
	57 (29.4)
	66 (30.3)
	18 (20.5)
	 

	AC
	359 (71.8)
	137 (70.6)
	152 (69.7)
	70 (79.5)
	 

	[bookmark: OLE_LINK7134]Single or multiple primary tumor, n (%)
	
	
	
	
	0.95

	Single
	450 (90.0)
	174 (89.7)
	196 (89.9)
	80 (90.9)
	 

	Multiple
	50 (10.0)
	20 (10.3)
	22 (10.1)
	8 (9.1)
	 

	[bookmark: OLE_LINK7135]Pathological type, n (%)
	
	
	
	
	< 0.001

	Well and mod
	317 (63.4)
	169 (87.1)
	120 (55)
	28 (31.8)
	 

	Others
	169 (33.8)
	19 (9.8)
	95 (43.6)
	55 (62.5)
	 

	Unknown
	14 (2.8)
	6 (3.1)
	3 (1.4)
	5 (5.7)
	 

	[bookmark: OLE_LINK7136]Primary site surgery, n (%)
	
	
	
	
	< 0.001

	No
	122 (24.4)
	19 (9.8)
	58 (26.6)
	45 (51.1)
	 

	Yes
	378 (75.6)
	175 (90.2)
	160 (73.4)
	43 (48.9)
	 

	CVC placement, n (%)
	
	
	
	
	< 0.001

	No
	168 (33.6)
	46 (23.7)
	89 (40.8)
	33 (37.5)
	 

	Yes
	332 (66.4)
	148 (76.3)
	129 (59.2)
	55 (62.5)
	 

	[bookmark: OLE_LINK7137]Opportunity for Diagnosis, n (%)
	
	
	
	
	0.714

	Asymptomatic
	495 (99.0)
	193 (99.5)
	215 (98.6)
	87 (98.9)
	

	Symptomatic
	5 (1.0)
	1 (0.5)
	3 (1.4)
	1 (1.1)
	

	[bookmark: OLE_LINK7138][bookmark: OLE_LINK7139][bookmark: OLE_LINK7140][bookmark: OLE_LINK7141]Thrombosis treatment, n (%)
	
	
	
	
	0.424

	No
	470 (94.0)
	179 (92.3)
	207 (95)
	84 (95.5)
	

	Yes
	30 (6.0)
	15 (7.7)
	11 (5)
	4 (4.5)
	


[bookmark: _Toc30369][bookmark: OLE_LINK7171][bookmark: OLE_LINK7142][bookmark: OLE_LINK7143][bookmark: OLE_LINK7144][bookmark: OLE_LINK7145][bookmark: OLE_LINK7201]CAT: Cancer associated thrombosis; ATE: Arterial thromboembolism; ECOG PS: Eastern Cooperative Oncology Group; GC: Gastric cancer; CRC: Colorectal cancer; AC: Active cancer; Well: Well-differentiated adenocarcinoma; Mod: Moderately differentiated adenocarcinoma; CVC: Central venous catheter; IQR: Interquartile range.

[bookmark: OLE_LINK7178][bookmark: OLE_LINK7179][bookmark: _Hlk145604621][bookmark: OLE_LINK7180][bookmark: OLE_LINK7181][bookmark: _Hlk145604622][bookmark: OLE_LINK7182][bookmark: OLE_LINK7183][bookmark: _Hlk145604623]

[bookmark: OLE_LINK7146]Table 2 Univariate analyses of all-cause death within 2 years
	Variables
	HR (95%CI)
	P value

	[bookmark: OLE_LINK7147][bookmark: OLE_LINK7148]Age (≥ 65 yr vs < 65 yr)
	1.22 (1.02-1.47) 
	0.034

	[bookmark: OLE_LINK7150]KRS (intermediate vs low)
	1.60 (1.21-2.13)
	0.001

	[bookmark: OLE_LINK7151]KRS (high vs low)
	2.67 (1.91-3.73) 
	< 0.001

	[bookmark: OLE_LINK7152]Sex (female vs male)
	1.02 (0.79-1.30) 
	0.900

	[bookmark: OLE_LINK7153]CAT (yes vs no)
	1.01 (0.71-1.43) 
	0.965

	[bookmark: OLE_LINK7154]ATE (yes vs no)
	1.36 (0.60-3.05)
	0.481

	[bookmark: OLE_LINK7155]ECOG PS (≥ 2 vs 0-1)
	4.05 (2.93-5.61) 
	< 0.001

	[bookmark: OLE_LINK7156]Cancer type (CRC vs GC)
	0.60 (0.47-0.76) 
	< 0.001

	[bookmark: OLE_LINK7157][bookmark: OLE_LINK7159][bookmark: OLE_LINK7158]Pathological type (others vs well and mod)
	1.53 (1.19-1.96) 
	< 0.001

	[bookmark: OLE_LINK7160][bookmark: OLE_LINK7161]Pathological type (unknown vs well and mod)
	1.45 (0.68-3.09) 
	0.338

	[bookmark: OLE_LINK7162]Primary site surgery (yes vs no)
	0.30 (0.23-0.39) 
	< 0.001

	[bookmark: OLE_LINK7163]Adjuvant chemotherapy (yes vs no)
	0.28 (0.21-0.38) 
	< 0.001

	[bookmark: OLE_LINK7164]Active cancer (yes vs no)
	4.28 (2.94-6.24) 
	< 0.001

	[bookmark: OLE_LINK7165][bookmark: OLE_LINK7166]Multiple primary vs single primary
	0.94 (0.62-1.44) 
	0.784

	[bookmark: OLE_LINK7167]CVC placement (yes vs no)
	1.92 (1.44-2.55) 
	< 0.001

	[bookmark: OLE_LINK7168][bookmark: OLE_LINK7169]Thrombosis treatment (yes vs no)
	0.92 (0.56-1.53) 
	0.761

	[bookmark: OLE_LINK7170]Opportunity for diagnosis (symptomatic vs asymptomatic)
	1.57 (0.50-4.91) 
	0.436


[bookmark: OLE_LINK7208][bookmark: OLE_LINK7174][bookmark: OLE_LINK7207]KRS: Khorana risk score; CAT: Cancer associated thrombosis; ATE: Arterial thromboembolism; ECOG PS: Eastern Cooperative Oncology Group; GC: Gastric cancer; CRC: Colorectal cancer; Well: Well-differentiated adenocarcinoma; Mod: Moderately differentiated adenocarcinoma; CVC: Central venous catheter; HR: Hazard ratios; CI: Confidence intervals.



[bookmark: OLE_LINK7175][bookmark: OLE_LINK7177][bookmark: OLE_LINK7176]Table 3 Multivariate analysis of the association between Khorana risk score and all-cause death within 2 years
	[bookmark: _Hlk145604665]Variable
	Crude mode
	[bookmark: OLE_LINK7186]Multivariable-adjusted model 1
	[bookmark: OLE_LINK7187]Multivariable-adjusted model 2
	[bookmark: OLE_LINK7188]Multivariable-adjusted model 3

	
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	Trend test1
	1.63 (1.38-1.93)
	< 0.001
	1.62 (1.37-1.92)
	< 0.001
	1.39 (1.10-1.76)
	0.005
	1.42 (1.12-1.8)
	0.004

	KRS, low-risk group
	1 (Ref)
	
	1 (Ref)
	
	1 (Ref)
	
	1 (Ref)
	

	KRS, intermediate-risk group
	1.6 (1.21-2.13)
	0.001
	1.6 (1.20-2.12)
	0.001
	1.43 (1.00-2.04)
	0.047
	1.45 (1.02-2.06)
	0.041

	KRS, high-risk group
	2.67 (1.91-3.73)
	< 0.001
	2.64 (1.89-3.69)
	< 0.001
	1.95 (1.22-3.12)
	0.005
	2.02 (1.26-3.24)
	0.004


[bookmark: OLE_LINK7189][bookmark: OLE_LINK7190][bookmark: OLE_LINK7191][bookmark: OLE_LINK7192]1A test for linear trend was performed for each model.
[bookmark: OLE_LINK7193][bookmark: OLE_LINK7194][bookmark: OLE_LINK7195][bookmark: OLE_LINK7197][bookmark: OLE_LINK7202][bookmark: OLE_LINK7203][bookmark: OLE_LINK7204][bookmark: OLE_LINK7205][bookmark: OLE_LINK7198][bookmark: OLE_LINK7200][bookmark: OLE_LINK7206][bookmark: OLE_LINK7199]Multivariable-adjusted model 1: Adjusted for age and sex; Multivariable-adjusted model 2: Adjusted for age, sex, cancer-associated thrombosis (CAT), Eastern Cooperative Oncology Group (ECOG PS), cancer type, primary site surgery, adjuvant chemotherapy, active cancer and central venous catheter (CVC); Multivariable-adjusted model 3: Adjusted for age, sex, CAT, ECOG PS, cancer type, pathological type, primary site surgery, adjuvant chemotherapy, active cancer, single or multiple primary, CVC, thrombosis treatment, opportunity for diagnosis. KRS: Khorana risk score; HR: Hazard ratios; CI: Confidence intervals.
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