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Retrospective Study
Diffuse reduction of spleen density is a novel prognostic marker for intrahepatic cholangiocarcinoma after curative resection
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Abstract
BACKGROUND
Diffuse reduction of spleen density (DROSD) is related to cancer prognosis; however, its role in intrahepatic cholangiocarcinoma (ICC) remains unclear. 

AIM
To assess the predictive value of DROSD in the prognosis of ICC after curative resection.

METHODS
In this multicenter retrospective cohort study, we enrolled patients with ICC who underwent curative hepatectomy between 2012 and 2019. Preoperative spleen density was measured using computed tomography. Overall survival (OS) and recurrence-free survival (RFS) rates were calculated and compared utilizing the Kaplan–Meier method. Univariable and multivariable Cox regression analyses were applied to identify independent factors for OS and RFS. A nomogram was created with independent risk factors to predict prognosis of patients with ICC.

RESULTS
One hundred and sixty-seven ICC patients were enrolled. Based on the diagnostic cut-off values (spleen density ≤ 45.5 Hounsfield units), 55 (32.9%) patients had DROSD. Kaplan–Meier analysis indicated that patients with DROSD had worse OS and RFS than those without DROSD (P < 0.05). Cox regression analysis revealed that DROSD, carcinoembryonic antigen level, carbohydrate antigen 19-9 level, length of hospital stay, lymph node metastasis, and postoperative complications were independent predictors for OS (P < 0.05). The nomogram created with these factors was able to predict the prognosis of patients with ICC with good reliability (OS C-index = 0.733). The area under the curve for OS was 0.79. 

CONCLUSION
ICC patients with DROSD have worse OS and RFS. The nomogram is a simple and practical method to identify high-risk ICC patients with poor prognosis.
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Core Tip: This study provides a new indicator for prognosis in intrahepatic cholangiocarcinoma (ICC) patients who have undergone hepatectomy. We believe that our study makes a significant contribution because it gives clinicians a tool to classify high-risk ICC patients who have a poor prognosis after hepatectomy. This tool is a nomogram that we developed using conventional indicators and diffuse reduction of spleen density. The use of this nomogram allows clinicians to take measures to improve the outcomes of patients who have been classified as high risk.


INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is a subtype of cholangiocarcinoma associated with poor prognosis and limited treatment options. The incidence of ICC in the United States currently is nearly 1.65 times higher than it was 30 years ago, and a similar trend has been observed worldwide, highlighting the need for immediate attention[1-3]. Surgery is the most effective treatment for ICC patients[4,5]. Previous studies have demonstrated that the 5-year overall survival (OS) rate in ICC patients with negative surgical margins is 39%-41%[6-9]. However, factors that affect long-term survival after surgical resection remain equivocal. Therefore, it is imperative to explore useful prognostic predictors for ICC patients to implement suitable therapies and follow-up strategies.
The spleen is crucial in regulating immune homeostasis[10], which is vital for a favorable prognostic outcome[11]. Studies have reported the occurrence of diffuse reduction of spleen density (DROSD) in patients with gastric cancer and acute pancreatitis, and speculated that DROSD might be associated with poor prognosis[12,13]. We have observed this phenomenon in some ICC patients; however, the predictive value of DROSD in the prognosis of ICC still needs exploration. 
In this multicenter retrospective cohort study, we focused on the prognostic value of DROSD in ICC patients who underwent surgical resection. We also developed a useful predictive model for the prognosis of ICC based on DROSD to inform surgeons’ clinical decisions. To the best of our knowledge, this is the first study to explore the impact of DROSD on the long-term outcome of patients with ICC who underwent curative partial hepatectomy.

MATERIALS AND METHODS
Patient selection 
The study was based on data from two cohorts of ICC patients who underwent curative resection between August 2012 and October 2019. The two clinical cohorts included were: The First Affiliated Hospital of Wenzhou Medical University (Wenzhou, China) and Qilu Hospital of Shandong University (Jinan, China). This study was performed according to the Declaration of Helsinki, and ethical approval was obtained from the Institutional Ethics Committees of The First Affiliated Hospital of Wenzhou Medical University and Qilu Hospital Shandong University. The study participants’ clinicopathological information was reviewed with their written informed consent.
All patients enrolled were histologically confirmed to have ICC. Patient inclusion criteria were partial hepatectomy for ICC. The exclusion criteria were as follows: history of previous anticancer therapy or history of other malignancies, a history of splenic disease, presence of hematological disease, perioperative mortality, lack of preoperative abdominal computed tomography (CT) to evaluate spleen density, palliative resection, and loss to follow-up after discharge. The study flow diagram is illustrated in Figure 1. 

Collection of baseline characteristics
Patients’ demographic characteristics, preoperative laboratory indicators, clinicopathological information, and operation-related variables were retrieved from the hospital database and retrospectively reviewed. Data collected included age, sex, history of abdominal surgery, length of hospital stay, comorbidities, hepatitis B surface antigen, albumin (ALB), carcinoembryonic antigen (CEA), alpha-fetoprotein, carbohydrate antigen 19-9 (CA19-9), total cholesterol, triglycerides, platelet/lymphocyte ratio (PLR), neutrophil/lymphocyte ratio (NLR), and lymphocyte/monocyte ratio (LMR). According to the Fudan score, CA19-9 cut-off values were set at 37 U/mL[14]. We also retrieved data regarding portal hypertension, tumor node metastasis (TNM) stage (8th staging system for ICC), tumor number, maximum tumor diameter, degree of tumor differentiation, lymph node metastasis, perineural invasion, vascular invasion, type of surgical procedure, extent of hepatectomy, intraoperative blood loss, postoperative complications (PCs), and operating time. Resection of three or more Couinaud liver segments was defined as major hepatectomy, while resection of fewer than three segments constituted minor hepatectomy. PCs were graded using the Clavien–Dindo classification system, which were recorded from the day of surgery until discharge[15]. Clavien–Dindo grade II or higher were considered as relevant complications. 

Measurement of spleen density
The spleen density of each patient was retrospectively reviewed and measured on cross-sectional plain CT images without contrast enhancement. The CT positioning conditions were as follows: Tube voltage 120 kV, tube rotation time 750 ms, tube current 50 mA, layer spacing 5 mm, and layer thickness 5 mm. A special processing system (version 3.0.11.3 BN1732 bit; INFINITT Healthcare Co. Ltd., Seoul, South Korea) was used to measure the CT values at the levels of the upper pole, hilum, and lower pole of the spleen (Figure 2A-C)[12,16]. On each plane, we took two points as density values for calculations. The spleen density was taken as the average value of six CT measurements. Quality control and analysis of all images were performed by two trained physicians, separately. We used the R survminer package to calculate the cut-off value of spleen density and define DROSD (Figure 2D). Based on this cut-off value, patients were then divided into DROSD and non-DROSD subgroups.

Outcomes
Patients were followed up once every 3 mo for the first year after surgery, once every 6 mo for the next 3 years after surgery, and once every year thereafter. OS and recurrence-free survival (RFS) were the primary endpoints. OS was calculated from the date of surgery to the date of patient death or last follow-up. RFS was defined from the date of surgery to the date of first ICC recurrence, death, or last follow-up visit. The last follow-up of the study took place on May 20, 2020.

Statistical analyses
Statistical analyses were performed using the R program (version: 3.6.1). Continuous variables are expressed as the mean ± standard deviation or median (interquartile range). Categorical variables are expressed in terms of frequency (percentage). Missing data were imputed using multiple imputation by logistic regression. The imputation was repeated five times; the results were checked by comparing multivariable distribution of the observed and imputed data. Rubin’s rule was applied when the results were pooled. Student’s t-test was used to compare groups when a continuous variable showed normal distribution; otherwise, the Mann–Whitney U test was used. The χ2 test was applied to compare differences between independent groups of categorical variables. The optimal sex-specific cut-off value of DROSD was selected by the survminer package in R program. The Kaplan–Meier method and log-rank test were used to estimate OS and RFS among the different subgroups. Median follow-up was measured using the R survival package. Univariable and multivariable Cox regression analyses were applied to assess the prognostic factors related to OS and RFS. The R forestplot package was used to visualize the Cox regression analysis results. The multivariable analysis results were used to create a nomogram using the rms package in R software. The C-index was applied to evaluate the performance of the nomogram. The area under the receiver operating characteristic (ROC) curve (AUC) was used to evaluate prediction accuracy by using the R survival ROC package. P < 0.05 was considered statistically significant.

RESULTS
Patients' characteristics
In total, 251 primary ICC patients who underwent partial hepatectomy were shortlisted from the multi-institutional database between August 2012 and October 2019. Of these, 167 patients who satisfied the inclusion criteria constituted the study cohort. The median follow-up time for all patients was 29.3 (95% confidence interval [CI]: 24.9-35.4) mo. The median OS was 22.3 (95%CI: 17.1-32.2) mo. The 1-, 3- and 5-year OS rates were 65.98%, 30.88% and 15.38%, respectively. The 1-, 3- and 5-year RFS rates were 51.7%, 22.06% and 12.82%, respectively. The optimal cut-off level of spleen density that stratified patients into DROSD and non-DROSD subgroups was 45.5 Hounsfield units; 55 (32.9%) patients had DROSD. The demographic and clinicopathological characteristics of patients are presented in Table 1. There were no significant differences in demographic and clinicopathological features between the DROSD and non-DROSD subgroups.

Association of DROSD and ICC patient prognosis
The OS rates of patients with DROSD were worse than those without DROSD. The 1- and 3-year OS rates were 69.9% and 34.69% in non-DROSD patients, and 55.56% and 21.05% in DROSD patients, respectively (P < 0.01). The median OS time in the DROSD group was lower than that in the non-DROSD group (14.8 [95%CI: 9.89-27.1] vs 28.6 [95%CI: 18.2-51.2] mo; log-rank P < 0.001) (Figure 3A). Moreover, the RFS of patients with DROSD was poorer than those without DROSD (P < 0.01). The median RFS time in the DROSD group was 10.4 (95%CI: 6.74-25.6) mo, and that in the non-DROSD group was 25.5 (95%CI: 14.0-41.3) mo (log-rank P = 0.024) (Figure 3B).

Univariable and multivariable analyses identify prognostic factors
Univariable analysis demonstrated that ALB, hemoglobin, length of hospital stay, surgical procedure, DROSD, PCs, TNM stage, lymph node metastasis, vascular invasion, CEA, CA19-9, NLR, LMR, and total cholesterol were prognostic predictors for OS (P < 0.05) (Figure 4A). Multivariable analysis indicated that DROSD (hazard ratio [HR]: 2.80; 95%CI: 1.73-4.56; P < 0.001), CEA (HR: 2.61; 95%CI: 1.60-4.25; P < 0.001), CA19-9 (HR: 1.86; 95%CI: 1.1-3.17; P = 0.021), length of hospital stay (HR: 2.22; 95%CI: 1.31-3.77; P = 0.003), lymph node metastasis (HR: 2.93; 95%CI: 1.33-6.42; P = 0.007), and PCs (HR: 1.62; 95%CI: 1.03–2.57; P = 0.038) were independent prognostic factors for OS (Figure 4B). 
The univariable analysis for RFS revealed that hemoglobin, length of hospital stay, surgical procedure, DROSD, PCs, TNM stage, lymph node metastasis, vascular invasion, CEA, CA19-9, NLR, and LMR were prognostic factors for RFS (P < 0.05) (Figure 5A). Multivariable analysis revealed that DROSD (HR: 2.37; 95%CI: 1.48–3.80; P < 0.001), CEA (HR: 2.73; 95%CI: 1.71–4.36; P < 0.001), CA19-9 (HR: 1.92; 95%CI; 1.14–3.24; P = 0.015), length of hospital stay (HR: 2.33; 95%CI: 1.39–3.91; P = 0.001), lymph node metastasis (HR: 3.79; 95%CI: 1.70–8.45; P = 0.001), and PCs (HR: 1.86; 95%CI: 1.18–2.95; P = 0.008) were independent prognostic factors for RFS (Figure 5B).

Creation of a nomogram to predict OS in patients with ICC
We constructed a prognostic nomogram based on the independent factors for OS identified by multivariable Cox regression analysis. The nomogram demonstrated that DROSD and CEA were the main weighting factors in the scoring system (Figure 6A). The C-index for OS prediction was 0.733 (95%CI: 0.68–0.79). The calibration chart for 3-year postoperative survival rates demonstrated satisfying coherence between nomogram predictions and actual observations (Figure 6B). The AUC of OS was 0.79 (Figure 6C).

DISCUSSION
ICC is a highly aggressive malignancy with a poor clinical prognosis. Radical hepatectomy is by far the most effective therapeutic strategy for patients with ICC. The prognosis of patients with ICC who have undergone curative resection is a common concern for both surgeons and patients. Therefore, it is essential to explore the indicators and establish models that can accurately predict ICC patients’ prognosis. In our study, DROSD was investigated as a new predictor of prognosis in ICC patients who underwent curative hepatectomy. We found that the OS and RFS in ICC patients with DROSD were worse than in those without DROSD. Our study revealed that lymph node metastasis, length of hospital stay, DROSD, PCs, CEA and CA19-9 were independent prognostic factors for OS and RFS. 
Spleen density is a novel indicator of patient prognosis. It has been reported that DROSD is an excellent prognostic predictor in patients with gastric cancer and pancreatitis[12,13]. In our study, the incidence of DROSD was 32.9% in patients with ICC. For OS and RFS of patients with ICC, DROSD was an independent prognostic factor. Further studied in other patients cohorts are required to validate these findings.
The mechanism for DROSD in patients with ICC is unclear. One study revealed that the decrease of spleen density is related to lipid metabolism[17]; however, a previous study demonstrated that lipid deposition is not the cause of DROSD[13]. In our study, we found no difference in total cholesterol or triglyceride levels between DROSD and non-DROSD subgroups. Other studies have demonstrated that hemoperfusion of the spleen could impact its physical density, which is reflected as its density on CT[13,18]. The indicators of increased splenic blood perfusion include hypertension, portal hypertension, and increased hemoglobin, etc. However, in our study, no differences were found between the above-mentioned indicators in the DROSD group and the non-DROSD group, especially portal hypertension, there were 11 patients with portal hypertension, 4 patients were in the DROSD group, and 7 patients in the non-DROSD group, our data did not reflect that the spleen density of patients with external hypertension was higher. The reason may be due to less data of patients with portal hypertension, so it was not statistically significant. However, whether portal hypertension in cirrhosis can affect the change of spleen density needs to be studied. Many studies have suggested that cancer prognosis is closely associated with immune function[19-21]. NLR is an indicator of immune system activity. Some studies have discussed that since NLR is higher in DROSD gastric patients, it could be an indicator of prognosis in gastric cancer patients[12,22]. Thus, NLR may be one of the factors affecting DROSD. Our research revealed that PLR, NLR and LMR were not significantly different between DROSD and non-DROSD subgroups. Nevertheless, NLR and LMR affected the OS of patients in our study, consistent with other reports[20]. There is, therefore, a need to further explore the underlying mechanisms of DROSD in ICC patients extensively.
Several studies have shown that a nomogram has better predictive accuracy for survival than conventional staging systems[23-25]. Other studies have reported that CA19-9 and CEA are independent factors affecting ICC prognosis[26,27]. Our nomogram included DROSD, a new independent prognostic factor for ICC, and included CEA and CA19-9. Since this model combined conventional and new indicators, it is likely to predict ICC prognosis more accurately than its predecessors. 
Our study had several limitations. First, as a retrospective study, selection bias was inevitable. Second, DROSD was observed on CT with no corresponding disease of the spleen. Since we were unable to explain the pathogenesis of DROSD, more research is needed to confirm the cause of this phenomenon. Third, due to the small number of patients with portal hypertension, no correlation between spleen density and portal hypertension was found in this study, which requires further study. Finally, the nomogram was created based on data collected from two institutions, and the accuracy of the model needs to be verified in more hospital settings.

CONCLUSION
DROSD is a novel prognostic marker for OS in ICC patients who underwent curative resection. The nomogram is a practical predictor and can accurately predict the prognosis of ICC patients who underwent curative resection.

ARTICLE HIGHLIGHTS
Research background
Intrahepatic cholangiocarcinoma (ICC) is a malignant tumor with poor prognosis and limited treatment options. Radical surgery is the only effective method, so it is necessary to explore prognostic predictors for patients with ICC after radical surgery.

Research motivation
The diffuse reduction of spleen density (DROSD) is related to the prognosis of cancers; however, its role in ICC remains unclear.

Research objectives
This study assessed the predictive value of DROSD on the prognosis of ICC patients after curative resection.

Research methods
Patients with ICC who underwent curative hepatectomy from 2012 to 2019 were enrolled. Preoperative spleen density was measured using computed tomography scans. Overall survival (OS) and recurrence-free survival (RFS) rates were calculated and compared utilizing the Kaplan–Meier method. Univariable and multivariable Cox regression analyses were applied to identify independent factors for OS and RFS. A nomogram was created with independent risk factors to predict prognosis of patients with ICC.

Research results
A total of 167 ICC patients were enrolled, and 55 (32.9%) had DROSD. Kaplan–Meier analysis indicated that patients with DROSD had worse OS and RFS than those without DROSD. Cox regression analysis revealed that DROSD, carcinoembryonic antigen level, carbohydrate antigen 19-9 level, length of hospital stay, lymph node metastasis, and postoperative complications were independent predictors for OS. The nomogram created with these factors proved to be able to predict the prognosis of ICC patients with good reliability (OS C-index = 0.733).

Research conclusions
ICC patients with DROSD have worse OS and RFS. The nomogram is a simple and practical method to identify high-risk ICC patients with poor prognosis.

Research perspectives
Our study found that DROSD is a novel predictor of prognosis in ICC patients after curative resection. It could best stratify patients with ICC to the appropriate screening. 
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Figure Legends
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Figure 1 Flow diagram showings study inclusion and exclusion criteria. CT: Computed tomography; ICC: Intrahepatic cholangiocarcinoma.
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Figure 2 Spleen density of intrahepatic cholangiocarcinoma patients. A-C: Mean spleen density at the upper pole level (A), hilum level (B), and inferior pole level (C) on computed tomography; D: Optimal cut-off level of spleen density that stratified patients into diffuse reduction of spleen density (DROSD) and non-DROSD subgroups was 45.5 Hounsfield units. 
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Figure 3 Kaplan–Meier curves of overall survival and recurrence-free survival comparisons between patients with and without diffuse reduction of spleen density in the cohort. A: Overall survival; B: Recurrence-free survival. DROSD: Diffuse reduction of spleen density. 
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Figure 4 Forest plot for univariable and multivariable Cox regression analysis of overall survival. A: Univariable analysis: the indicators marked in red and green are significant at P < 0.05 and then included in the multivariable analysis; B: Multivariable analyses: the indicators marked in red are significant at P < 0.05. AFP: Alpha-fetoprotein; ASA: American Society of Anesthesiologists grade score; BMI: Body mass index; CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; CI: Confidence interval; DROSD: Diffuse reduction of spleen density; HR: Hazard ratio; LMR: Lymphocyte/monocyte ratio; NLR: Neutrophil/lymphocyte ratio; OS: Overall survival; PCs: Postoperative complications; PLR: Platelet/lymphocyte ratio.
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Figure 5 Forest plot for univariable and multivariable Cox regression analysis of recurrence-free survival. A: Univariable analysis: the indicators marked in red and green are significant at P < 0.05 and then included in the multivariable analysis; B: Multivariable analysis: The indicators marked in red are significant at P < 0.05. AFP: Alpha-fetoprotein; ASA: American Society of Anesthesiologists grade score; BMI: Body mass index; CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; CI: Confidence interval; DROSD: Diffuse reduction of spleen density; HR: Hazard ratio; LMR: Lymphocyte/monocyte ratio; NLR: Neutrophil/lymphocyte ratio; PCs: Postoperative complications; PLR: Platelet/lymphocyte ratio; RFS: Recurrence-free survival.
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Figure 6 A nomogram predicts the overall survival of patients with intrahepatic cholangiocarcinoma. A: The nomogram predicted 1-, 3- and 5-year overall survival (OS) for intrahepatic cholangiocarcinoma (ICC) patients; B: The calibration plots showed excellent agreement between observed outcomes and predicted survival probabilities; C: The area under the receiver operating characteristic curve of OS. CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; PCs: Postoperative complications.

Table 1 Demographic and clinicopathological characteristics of intrahepatic cholangiocarcinoma patients undergoing curative resection
	Characteristics
	All patients, n = 167
	DROSD, n = 55
	Non-DROSD, n = 112
	P value

	Sex, n (%)
	
	
	
	0.062

	Female
	84 (50.3)
	22 (40.0)
	62 (55.4)
	

	Male
	83 (49.7)
	33 (60.0)
	50 (44.6)
	

	Age, years, mean ± SD
	63.35 ± 8.55
	64.02 ± 8.64
	63.03 ± 8.53
	0.483

	BMI, kg/m2, mean ± SD
	22.61 ± 3.13
	23.19 ± 3.27
	22.35 ± 3.04
	0.122

	Albumin, g/L, mean ± SD
	30.08 ± 5.01
	36.4 ± 5.28
	38.55 ± 4.86
	0.925

	Hemoglobin, g/L, mean ± SD
	126.4 ± 15.36
	121.05 ± 16.12
	127.94 ± 14.89
	0.446

	AFP, ng/mL, median (IQR)
	2.72 (2.01-3.61)
	3.09 (2.03-3.91)
	2.60 (1.99-3.53)
	0.056

	CEA, μg/L, median (IQR)
	2.90 (1.70-5.83)
	2.56 (2.00-7.60)
	2.95 (1.70-5.50)
	0.422

	CA19-9, U/mL, median (IQR)
	109.7 (21.9-852.7)
	103.1 (24.4-1000.0)
	116.7 (20.9-496.2)
	0.544

	PLR, median (IQR)
	141.8 (103.8-196.9)
	146.4 (99.1-236.7)
	141.8 (103.9-195.3)
	0.929

	NLR, median (IQR)
	2.98 (1.99-4.76)
	4.34 (1.55-6.08)
	2.78 (2.06-4.5）
	0.636

	LMR, median (IQR)
	2.91 (1.85-4.15)
	2.28 (1.27-3.55)
	3.14 (1.94-4.23)
	0.688

	Spleen density, HU, median (IQR)
	49.66 (46.19-53.92)
	43.62 (40.46-45.08)
	51.78 (48.26-54.62)
	< 0.001

	Total cholesterol, mmol/L, mean ± SD
	4.77 ± 1.38
	4.59 ± 1.53
	4.85 ± 1.38
	0.28

	Triglyceride, mmol/L, median (IQR)
	1.24 (0.86-1.77)
	1.19 (0.87-1.65)
	1.25 (0.85-1.77)
	0.759

	ASA grade, n (%)
	
	
	
	0.281

	1-2
	156 (93.4)
	53 (96.4)
	103 (92.0)
	

	3-4
	11 (6.6)
	2 (3.6)
	 9 (8.0)
	

	Abdominal surgery history, n (%)
	
	
	
	0.074

	No
	122 (73.1)
	45 (81.8)
	77 (68.7)
	

	Yes
	 45 (26.9)
	10 (18.2)
	35 (31.3)
	

	Hypertension, n (%)
	
	
	
	0.385

	No
	114 (68.3)
	40 (72.7)
	74 (66.1)
	

	Yes
	 53 (31.7)
	15 (27.3)
	38 (33.9)
	

	Diabetes, n (%)
	
	
	
	0.096

	No
	139 (83.2)
	42 (76.4)
	97 (86.6)
	

	Yes
	 28 (16.8)
	13 (23.6)
	15 (13.4)
	

	Liver Cirrhosis, n (%)
	
	
	
	0.847

	No
	135 (80.8)
	44 (80.0)
	91 (81.3)
	

	Yes
	 32 (19.2)
	11 (20.0)
	21 (18.7)
	

	HBsAg, n (%)
	
	
	
	0.213

	Negative
	117 (70.1)
	42 (76.4)
	75 (67.0)
	

	Positive
	 50 (29.9)
	13 (23.6)
	37 (33.0)
	

	Portal hypertension, n (%)
	
	
	
	0.802

	No
	156 (93.4)
	51 (92.7)
	105 (93.8)
	

	Yes
	 11 (6.6)
	4 (7.3)
	7 (6.2)
	

	Surgical time, mins, median (IQR)
	150 (120-210)
	137.5 (130-200)
	150 (115-220)
	0.325

	Length of hospital stay in d, median (IQR)
	19 (14-25)
	17 (14-23)
	20.5 (15-26)
	0.095

	Intraoperative hemorrhage, mL, median (IQR)
	300 (200-600)
	300 (200-925)
	300 (200-600)
	0.304

	Intraoperative blood transfusion, n (%)
	
	
	
	0.849

	No
	120 (71.9)
	39 (70.9)
	81 (72.3)
	

	Yes
	 47 (28.1)
	16 (29.1)
	31 (27.7)
	

	Extent of hepatectomy, n (%)
	
	
	
	0.324

	Minor
	100 (59.9)
	30 (54.5)
	70 (62.5)
	

	Major
	 67 (40.1)
	25 (45.5)
	42 (37.5)
	

	Surgical procedure, n (%)
	
	
	
	0.834

	Laparoscopic
	 20 (12.0)
	7 (12.7)
	13 (11.6)
	

	Open
	147 (80.0)
	48 (87.3)
	99 (88.4)
	

	PCs, n (%)
	
	
	
	0.363

	No
	117 (70.1)
	36 (65.5)
	81 (72.3)
	

	Yes
	 50 (29.9)
	19 (34.5)
	31 (27.7)
	

	TNM stage, n (%)
	
	
	
	0.252

	Ⅰ-Ⅱ
	116 (69.5)
	35 (63.6)
	81 (72.3)
	

	Ⅲ-Ⅳ
	 51 (30.5)
	20 (36.4)
	31 (27.7)
	

	Tumor differentiation, n (%)
	
	
	
	0.096

	Well/Moderately
	103 (61.7)
	29 (52.7)
	74 (66.1)
	

	Poor
	61 (38.3)
	25 (47.3)
	36 (33.9)
	

	Tumor size, cm, n (%)
	
	
	
	0.915

	≤ 5.0
	86 (51.5)
	28 (50.9)
	58 (51.8)
	

	> 5.0
	81 (48.5)
	27 (49.1)
	54 (48.2)
	

	Tumor number, n (%)
	
	
	
	0.103

	Single
	149(89.2)
	46 (83.6)
	103 (92.0)
	

	Multiple
	18 (10.8)
	9 (16.4)
	9 (8.0)
	

	Lymph node metastasis, n (%)
	
	
	
	0.959

	No
	137 (82.0)
	45 (81.8)
	92 (82.1)
	

	Yes
	 30 (18.0)
	10 (18.2)
	20 (17.9)
	

	Vascular invasion, n (%)
	
	
	
	0.461

	No
	133 (79.6)
	42 (76.4)
	91 (81.3)
	

	Yes
	 34 (20.4)
	13 (23.6)
	21 (18.7)
	

	Perineural invasion, n (%)
	
	
	
	0.959

	No
	137 (82.0)
	45 (81.8)
	92 (82.1)
	

	Yes
	 30 (18.0)
	10 (18.2)
	20 (17.9)
	


P < 0.05 was considered statistically significant. AFP: Alpha-fetoprotein; ALB: Albumin; ASA: American Society of Anesthesiologists grade score; BMI: Body mass index; CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; DROSD: Diffuse reduction of spleen density; HBsAg: Hepatitis B surface antigen; HU: Hounsfield units; ICC: Intrahepatic cholangiocarcinoma; IQR: Interquartile range; LMR: Lymphocyte to monocyte ratio; NLR: Neutrophil to lymphocyte ratio; PCs: Postoperative complications; PLR: Platelet to lymphocyte ratio; SD: Standard deviation; TNM: Tumor node metastasis. 
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Patients who under went partial hepatectomy for
ICC between August 2012 and October 2019 at two
Chinese hospitals (7 = 251)

Missing preoperative abdominal CT scans to calculate

spleen density (n=48)
Received preoperative adjuvant therapy (n=2)
Underwent palliative resection (n=28)
Histopathology confirmed the presence of
hepatocellular carcinoma (n=14)
Perioperative mortality on one month (n=18)
Lost to follow-up early after discharge (n=14)

167 patients included in final analysis
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