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Background: Edmondson-Steiner (E-S) grade is a pathological indicator of the degree of hepatocellular carcinoma (HCC) differ-
entiation, and E-S grade III–IV is a poor prognostic factor for HCC patients. Predicting poorly differentiated HCC has essential 
significance for clinical decision-making. Although some studies have developed predictive models based on magnetic resonance 
imaging (MRI) and radiomics, radiomic features that require specific software for analysis are impractical for clinical work. This study 
aims to develop a novel and user-friendly nomogram model to predict E-S grade III–IV.
Patients and Methods: Medical data on patients meeting the inclusion criteria were obtained from the Nanjing Drum Tower 
Hospital HCC database (January 2020 to December 2022). Univariate analysis was used to screen for risk factors associated with 
E-S grade III–IV. A novel nomogram was established based on the subsequent multivariate logistic regression analysis. The 
performance of the established model was evaluated through diagnostic ability, calibration, and clinical benefits.
Results: Overall, 240 HCC patients were included in this study. Among them, 103 were highly differentiated (E-S grade I–II) HCC and 137 
were poorly differentiated (E-S grade III–IV) HCC. A nomogram model that integrated alpha-fetoprotein (AFP), des-γ-carboxy prothrombin 
(DCP), hepatitis B virus surface antigen (HBsAg), hepatitis C virus antibodies (HCVAb), aspartate aminotransferase to lymphocyte ratio index 
(ALRI), and macrovascular invasion was established. The novel model had a good diagnostic performance with an area under the curve (AUC) 
value of 0.763. Meanwhile, the model had a diagnostic accuracy of 72.5%, a sensitivity of 78.1%, and a specificity of 65.1%. The calibration 
curve showed good calibration of the nomogram model (mean absolute error = 0.043), and the decision curve analysis (DCA) demonstrated 
that the clinical benefit was provided.
Conclusion: Our developed nomogram model could successfully predict E-S grade III–IV in HCC patients, which may be helpful in 
clinical decision-making.
Keywords: hepatocellular carcinoma, Edmondson-Steiner grade, nomogram, prediction

Introduction
While the incidence and mortality rates of most cancers are declining, the incidence and mortality rates of hepatocellular 
carcinoma (HCC) are increasing.1,2 It is the second leading cause of cancer-related deaths.2 Localized HCC is asympto-
matic for most of its course. Most HCC patients have advanced disease at first diagnosis and do not qualify for 
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potentially curative treatment.1 Therefore, early identification of poor prognostic factors and carefully evaluating patient 
treatment options are critical. The Edmondson-Steiner (E-S) grade has been identified as one of the poor prognostic 
factors for HCC.3 However, studies using routine laboratory tests and imaging features to predict the E-S grade are 
scarce. Since a large sample cohort study demonstrated that HCC patients with E-S grade III–IV could account for 86.7% 
of all patients,4 it makes sense to focus on the clinical use of the E-S grade.

At present, the E-S grade is commonly used worldwide to distinguish the degree of differentiation of HCC. It is 
a histological classification based on the shape and size of HCC cells.5 Kim et al showed that E-S grade III–IV was 
significantly associated with early recurrence (<1 year) of HCC (HR = 3.456; 95% confidence internal [CI], 1.123– 
10.517).6 Furthermore, a prospective study that included 369 HCC patients demonstrated that E-S grade III–IV was an 
independent risk factor for poor overall survival (HR = 2.781; 95% CI, 1.386–5.577).7 With the development of 
sequencing technology, studies have revealed notable heterogeneity in HCC between the genome, transcriptome, and 
immune microenvironment.8 E-S grade was found to be correlated with specific RNA expression patterns and immune 
infiltrating cells.8,9 Moreover, patients with E-S grade III had significantly higher programmed cell death-ligand 1 (PD- 
L1) expression than patients with E-S grade I–II.10 In conclusion, the E-S grade may also be the basis for screening 
patients for targeted therapy and immunotherapy. Microvascular invasion (MVI) is also an important indicator for the 
pathological diagnosis of HCC. Qu et al reported that the risk of MVI in poorly differentiated HCC patients was about 
2.97 times that of well-differentiated patients.11 Since wide resection margins or anatomic hepatectomy could improve 
the prognosis of patients with MVI,12,13 preoperative prediction of E-S grade may be helpful for the selection of surgery 
type. Local therapy, such as transcatheter arterial chemoembolization (TACE), is a crucial treatment modality for 
unresectable HCC.14 A propensity score matching study suggested that HCC patients with E-S grade I–II may benefit 
from postoperative prophylactic TACE.15

Nomograms are user-friendly statistical predictive models that identify and classify patients and aid clinical decision- 
making.16 Simultaneously, some predictive models have also been developed for E-S grade based on magnetic resonance 
imaging (MRI) and radiomics.17,18 However, not all HCC patients undergo MRI, and radiomic features that require 
specific software analysis are impractical for most clinicians. This study aims to review the importance of predicting 
E-S grade and to develop a novel and user-friendly nomogram.

Patients and Methods
Patients and Data Collection
Patient medical data were obtained from the Nanjing Drum Tower Hospital HCC database (January 2020 to 
December 2022). Patients undergoing hepatectomy were retrospectively reviewed for this study with the following 
inclusion criteria: first diagnosis of HCC (non-recurrent patients); preoperative testing for tumor markers alpha- 
fetoprotein (AFP) and des-γ-carboxy prothrombin (DCP); no receiving targeted, immune, or local anti-tumor therapy 
before the surgery; and no primary tumor at another site. Laboratory test data for all patients were obtained within 1 week 
before the liver resection, which included hepatitis B virus surface antigen (HBsAg), hepatitis C virus antibodies 
(HCVAb), red blood cell distribution width, neutrophil (NE), lymphocyte (LYM), monocyte, platelet (PLT), alanine 
aminotransferase, aspartate aminotransferase (AST), γ-glutamyl transferase (GGT), total bilirubin (TB), albumin (ALB), 
prothrombin time, and international normalized ratio. The patient’s liver reserve function was assessed with the albumin- 
bilirubin (ALBI) score, an objective, evidence-based, and simple method. The ALBI score = 0.66 × log[TB (µmol/L)] − 
0.085 × ALB (g/L), including three levels (grade 1: ≤−2.60; grade 2: greater than −2.60 to ≤ −1.39; grade 3: > −1.39) 
according to the calculation results.19 The calculation formulas of inflammatory markers are as follows: platelet to 
lymphocyte ratio (PLR) = PLT count (109/L)/LYM count (109/L), neutrophil to lymphocyte ratio (NLR) = NE count (109/ 
L)/LYM count (109/L), systemic immune-inflammation index (SII) = PLT count (109/L) × NE count (109/L)/LYM count 
(109/L), aspartate aminotransferase to neutrophil ratio index (ANRI) = AST (U/L)/NE count (109/L), aspartate amino-
transferase to lymphocyte ratio index (ALRI) = AST (U/L)/LYM count (109/L), γ-glutamyl transferase to lymphocyte 
ratio (GLR) = GGT (U/L)/LYM count (109/L).20
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Pathological Examination
Pathological examination of all liver resection specimens was performed independently by two experienced pathologists. 
Any disagreements were negotiated and eventually reached a consensus. Tumor differentiation was determined according 
to the E-S grade,5 typical pathological section images of E-S grade I to grade IV are shown in Figure 1. MVI was defined 
as HCC cells that were microscopically visible in the lumen of the endothelium-lined vessel.21

Imaging Examination
All included patients underwent MRI or contrast-enhanced computed tomography (CT) within 2 weeks before the 
hepatectomy. Supplementary Figure 1 presents typical imaging images of macrovascular invasion. The number of tumors 
was recorded as solitary or multiple. Tumor diameter was the average of the maximum diameter recorded by two 
radiologists. Besides, the presence of liver cirrhosis was considered when there were signs such as splenomegaly, ascites, 
esophageal and gastric varices, disproportionate liver lobes, and uneven liver contours.22 Any disagreements were 
resolved by their discussion.

Statistical Analysis and Model Development
HCC patients were divided into two groups: E-S grade I–II and III–IV. The χ2 test and Mann–Whitney U-test were used 
to compare whether there were differences between the two groups for categorical and continuous variables, respectively. 
The subsequent multivariate logistic regression analysis included preoperative variables with p < 0.05 in the univariate 
analysis. R software (version 4.3.0) was used to establish a novel nomogram based on the multivariate logistic regression 
model. The receiver operating characteristic (ROC) curve was plotted using 1000 bootstrap samples to evaluate the 
diagnostic accuracy of the nomogram model,16 and the area under the curve (AUC) value was calculated. The calibration 
curve with mean absolute error value was used to evaluate the calibration of the nomogram model. Finally, decision 
curve analysis (DCA) and clinical impact curve were used to demonstrate the net benefit at the different thresholds.

Figure 1 Typical pathological section images of Edmondson-Steiner grade. (A) Grade I. (B) Grade II. (C) Grade III. (D) Grade IV.
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Results
Patients
Overall, 240 HCC patients who met the criteria were included in this study. Among them, 103 were highly differentiated 
(E-S grade I–II) HCC, and 137 were poorly differentiated (E-S grade III–IV) HCC (Supplementary Figure 2A). Our 
analysis proved once again that patients with E-S grade III–IV had a significantly higher probability of developing MVI 
(14.6%, 15 of 103 vs 35%, 48 of 137; p < 0.001) (Supplementary Figure 2B), which also indicated the clinical 
significance of preoperative prediction of E-S grade.

Risk Factors for E-S Grade III-IV
First, as shown in Table 1, the comparison of clinical characteristics was conducted between the two groups. Preoperative 
laboratory tests AFP, DCP, HBsAg, HCVAb, and ALRI and imaging-reported macrovascular invasion were associated 
with poor tumor differentiation (p < 0.05) (Figure 2). Second, multivariate logistic regression was applied for the above 
six variables (Table 2). AFP, DCP, HCVAb, and imaging-reported macrovascular invasion were identified as independent 
predictors for E-S Grade III–IV.

Table 1 Baseline and Clinicopathological Participant Characteristics According to the 
Edmondson-Steiner Grade

Variables E-S Grade I–II (N = 103) E-S Grade III–IV (N = 137) P

Age, years† 57.0 (51.0–67.0) 57.0 (51.0–68.0) 0.417

Sex 1.000
Male 83 (80.6) 110 (80.3)

Female 20 (19.4) 27 (19.7)

BMI, kg/m2 0.817

≤ 24 60 (58.3) 83 (60.6)

> 24 43 (41.7) 54 (39.4)

HBsAg 0.036

Positive 67 (65.0) 107 (78.1)
Negative 36 (35.0) 30 (21.9)

HCVAb 0.036
Positive 8 (7.8) 2 (1.5)

Negative 95 (92.2) 135 (98.5)

ALBI grade 0.754

1 72 (69.9) 92 (67.2)

2 or 3 31 (30.1) 45 (32.8)

AFP, ng/mL† 9.4 (3.1–52.5) 79.8 (10.4–425.7) <0.001

DCP, mAU/mL† 115.6 (32.6–753.9) 380.6 (73.8–1960.8) 0.031

RDW, %† 12.9 (12.5–13.4) 12.8 (12.4–13.4) 0.595

NE, ×109/L† 3.0 (2.4–3.8) 3.1 (2.4–3.7) 0.961

LYM, ×109/L† 1.5 (1.2–2.0) 1.4 (1.1–1.8) 0.142

M, ×109/L† 0.4 (0.3–0.5) 0.4 (0.3–0.5) 0.965

PLT, ×109/L† 153.0 (120.0–201.0) 153.0 (107.0–192.0) 0.476

ALT, U/L† 24.0 (17.5–35.5) 26.1 (19.0–36.4) 0.441

(Continued)
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Development and Evaluation of the Prediction Nomogram
A novel nomogram was used to visualize the established multivariate logistic regression model (Figure 3A). The 
prediction model had a good diagnostic performance with an AUC value of 0.763 (95% CI: 0.702–0.823) 
(Figure 3B). Meanwhile, the model had a diagnostic accuracy of 72.5% (95% CI: 66.4–78.1%), a sensitivity of 
78.1%, and a specificity of 65.1%. The calibration curve showed a good calibration of the nomogram model (mean 

Table 1 (Continued). 

Variables E-S Grade I–II (N = 103) E-S Grade III–IV (N = 137) P

AST, U/L† 25.9 (20.5–35.0) 27.0 (22.7–35.8) 0.270

GGT, U/L† 41.9 (28.0–74.0) 44.9 (26.7–76.1) 0.861

TB, μmol/L† 13.5 (10.2–17.3) 12.9 (9.9–16.6) 0.614

ALB, g/L† 40.5 (38.7–42.1) 40.3 (38.8–42.2) 0.808

PT, seconds† 11.3 (10.8–11.8) 11.4 (11.0–12.0) 0.130

INR 0.795
≤ 1 56 (54.4) 71 (51.8)

> 1 47 (45.6) 66 (48.2)

PLR 108.5 (77.6–191.5) 126.7 (86.4–231.4) 0.099

NLR 2.3 (1.7–3.2) 2.4 (1.8–3.4) 0.319

SII 346.2 (228.1–492.7) 378.0 (228.9–546.7) 0.553

ANRI 10.3 (6.3–17.0) 11.8 (8.0–18.3) 0.124

ALRI 21.9 (12.0–39.9) 27.7 (17.5–57.6) 0.029

GLR 27.3 (17.8–55.4) 30.9 (18.9–63.3) 0.357

Number of tumors* 1.000

Solitary 85 (82.5) 112 (81.8)
Multiple 18 (17.5) 25 (18.2)

Tumor diameter, cm* 0.935
≤ 5 64 (62.1) 87 (63.5)

> 5 39 (37.9) 50 (36.5)

Liver cirrhosis* 1.000

Present 42 (40.8) 56 (40.9)

Absent 61 (59.2) 81 (59.1)

Macrovascular invasion* 0.008

Present 8 (7.8) 29 (21.2)
Absent 95 (92.2) 108 (78.8)

MVI <0.001
Present 15 (14.6) 48 (35.0)

Absent 88 (85.4) 89 (65.0)

Notes: †Data are medians, with interquartile range in parentheses. *Imaging results. 
Abbreviations: E-S, Edmondson-Steiner; BMI, body mass index; HBsAg, hepatitis B virus surface antigen; HCVAb, hepatitis 
C virus antibodies; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; DCP, des-γ-carboxy prothrombin; RDW, red blood cell 
distribution width; NE, neutrophil; LYM, lymphocyte; M, monocyte; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; GGT, γ-glutamyl transferase; TB, total bilirubin; ALB, albumin; PT, prothrombin time; INR, international 
normalized ratio; PLR, platelet to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; SII, systemic immune-inflammation 
index; ANRI, aspartate aminotransferase to neutrophil ratio index; ALRI, aspartate aminotransferase to lymphocyte ratio 
index; GLR, γ-glutamyl transferase to lymphocyte ratio; MVI, microvascular invasion.
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absolute error = 0.043), indicating that the predicted E-S grade was basically consistent with the actual E-S grade 
(Figure 3C). DCA and clinical impact curve showed that the novel model increased the net clinical benefit (Figure 4).

Discussion
Although HCC patients who received curative treatment had a considerable improvement in survival, the overall 5-year 
survival rate for HCC was less than 15%.23 This is partly because 70–80% of HCC patients can only receive local or 
systemic anti-tumor therapy after the first diagnosis.14 However, micro- and macrovascular invasion, poor tumor 
differentiation, and the presence of satellite nodules are vital factors leading to postoperative recurrence.24 

Figure 2 Six risk factors associated with Edmondson-Steiner grade III–IV in univariate analysis (p < 0.05). (A) Alpha-fetoprotein (AFP). (B) Des-γ-carboxy prothrombin 
(DCP). (C) Aspartate aminotransferase to lymphocyte ratio index (ALRI). (D) Hepatitis B virus surface antigen (HBsAg). (E) Hepatitis C virus antibodies (HCVAb). (F) 
Macrovascular invasion. *p < 0.05, ***p < 0.001. P-values less than 0.05 or 0.001 indicate significant difference.

Table 2 Multivariate Logistic Regression Analysis of Edmondson-Steiner Grade 
III–IV Based on Univariate Analysis

Variables β OR (95% CI) P

AFP 0.002 1.002 (1.001–1.003) <0.001

DCP 0.000 1.000 (1.000–1.000) 0.031

HBsAg positive 0.161 1.175 (0.614–2.242) 0.624

HCVAb positive −2.056 0.128 (0.016–0.667) 0.026

ALRI 0.003 1.003 (0.998–1.009) 0.207

Macrovascular invasion 1.078 2.938 (1.201–7.926) 0.024

Abbreviations: AFP, alpha-fetoprotein; DCP, des-γ-carboxy prothrombin; HBsAg, hepatitis B virus 
surface antigen; HCVAb, hepatitis C virus antibodies; ALRI, aspartate aminotransferase to lymphocyte 
ratio index; OR, odds ratio; CI, confidence interval.
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Preoperative imaging allows careful evaluation of the patient’s macrovascular invasion, while MVI and E-S grade are 
pathologic diagnostic components. Nonetheless, not all hospital pathology departments can report the presence of MVI 
and the exact E-S grade. In fact, many models to predict MVI have been developed.21,25 Due to the important 
relationship between the two, focusing on the degree of tumor differentiation is necessary. This study found that patients 
with E-S grade III–IV had higher levels of AFP, DCP, and ALRI, higher positivity rates for HBsAg and macrovascular 
invasion, and a lower positivity rate for HCVAb. A user-friendly nomogram model integrating the six variables 
mentioned above was established.

AFP is a traditional biomarker for monitoring HCC, but using AFP alone had unacceptably low sensitivity.23 

Compared to several years ago, DCP is now routinely detected clinically. Both Wang et al and Zhou et al showed that 
the preoperative DCP positivity rate for resectable HCC was significantly higher than that of the AFP positivity rate.26,27 

Figure 3 The development and evaluation of the nomogram model. (A) Established nomogram based on the multivariate logistic regression analysis. (B) The receiver 
operating characteristic (ROC) curve and area under the curve (AUC) value of the nomogram. (C) The calibration curve of the model (mean absolute error = 0.043).
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Besides, a notably higher proportion of patients with positive AFP and DCP had MVI and E-S grade III–IV.27 Many 
previous studies have confirmed that elevated AFP and DCP are independent risk factors for MVI,21,25,28 although the 
cutoff values differ. Our study revealed that higher levels of tumor markers were also linked to poor HCC differentiation. 
In other words, patients with double-positive biomarkers on admission should also be the focus of surveillance.

In China, hepatitis B virus (HBV) infection is the leading factor causing HCC. Serum HBsAg positive rate and HBV 
DNA load were significantly higher in the severe MVI group (M2) compared with the mild MVI group (M1) and the 
MVI-negative group.29 HCC can be classified as early or late recurrence depending on the recurrence time after resection. 
Yoo et al first proved that HBsAg seroclearance after hepatectomy was independently associated with a reduced risk of 
late recurrence (≥2 years) of HCC.30 Early recurrence is correlated with aggressive tumor characteristics (eg, presence of 
MVI and poor differentiation), whereas late recurrence is related to the severity of underlying liver disease (eg, 
uncontrolled chronic hepatitis B [CHB] and cirrhosis).31,32 We found that HBsAg positivity was a risk factor for poor 
HCC differentiation. Combined with previous studies, HBV infection status impacts both early and late HCC 
recurrences.33 Hence, antiviral therapy should be administered throughout HCC treatment to achieve a functional cure 
(loss of HBsAg) for CHB.34 Nevertheless, only 10 patients with hepatitis C virus (HCV)-associated HCC were included 
in this study, and the relationship between HCV infection and E-S grade needs to be confirmed by further studies.

It is known that chronic inflammation plays a central role in the development of HCC, and there is also a direct causal 
relationship between inflammatory tumor microenvironment and tumorigenesis.35 The ALRI index allows assessment of the 
general inflammatory status of the patient. Hepatocellular damage due to chronic inflammation leads to elevated AST, and low 
LYM counts reflect the poor anti-cancer intensity of HCC patients. Casadei Gardini et al indicated that elevated ALRI was 
significantly associated with an increased risk of HCC in cirrhotic patients.36 In addition, higher ALRI levels were related to 
higher TNM stage, larger tumor size, and shorter overall survival (OS) and disease-free survival (DFS) in HCC patients.37 No 
previous studies have reported an association between ALRI and E-S grade, but Li et al discovered two other inflammatory 
markers, NLR and derived neutrophil to lymphocyte ratio (dNLR), could predict E-S grade III–IV.38

Vascular invasion (VI) is a common phenomenon in HCC, with an incidence of 25%–50%.39 Macrovascular invasion is 
tumor invasion of the hepatic or portal vein branches.40 Krishnan et al first identified MYC proto-oncogene (MYC)-driven 

Figure 4 The decision curve analysis (DCA) (A) and clinical impact curve (B) of the nomogram model.
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transcriptional, epigenetic, and proteomic changes as essential factors in the development of VI.39 MYC is an upstream 
regulator of n-myc downstream-regulated gene 1 (NDRG1), which is also highly expressed in HCC.41 Moreover, it was 
demonstrated that moderately and poorly differentiated HCC expressed higher levels of NDRG1 compared to well- 
differentiated HCC.42 Our study revealed that macrovascular invasion was an independent predictor of E-S grade III–IV, 
reflecting the more aggressive nature of poorly differentiated tumor cells.

Three variables (NLR, dNLR, and tumor volume) were included in the user-friendly nomogram established by Li et al 
to predict E-S grade III–IV.38 The model had an AUC value of 0.727 (95% CI: 0.690–0.761), a sensitivity of 51.3%, and 
a specificity of 81.1%. Similar to tumor markers, predictive models should have a higher sensitivity to screen high-risk 
patients. Our developed nomogram had a diagnostic sensitivity of 78.1% and a higher AUC value, which is superior to 
the existing model. This study may be helpful in clinical practice in the following three aspects. For surgeons, patients 
predicted to be E-S grade III–IV preoperatively may undergo anatomic or wide-margin (≥1cm) hepatectomy. For 
pathologists, pathologic specimens from high-risk patients should be examined more closely to determine the accurate 
E-S grade. For patients, they should receive more frequent follow-up visits and cooperate with the doctor’s treatment if 
predicted to have a poorly differentiated HCC.

Our research has several limitations. First, a single-center retrospective study had problems with insufficient sample 
size and selection bias. Second, external validation cohorts are lacking to assess the diagnostic accuracy of the model 
further. Lastly, the realities of HCC incidence in China led us to include mainly patients with HBV-related HCC.

Conclusion
In conclusion, we established a novel and user-friendly nomogram that integrated AFP, DCP, HBsAg, HCVAb, ALRI, 
and macrovascular invasion to predict E-S grade III–IV in HCC patients. The model performs well in diagnostic ability, 
calibration, and clinical benefits, which may be helpful in clinical decision-making. Predicted high-risk patients should be 
carefully evaluated for treatment options and be the focus of follow-up monitoring.
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