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Abstract
[bookmark: _Hlk132211324]Hepatocellular (HCC) and intrahepatic cholangiocarcinoma (ICC), the most common primary tumors of the liver, are among the most important causes of cancer deaths worldwide. Because patients with primary liver tumors are frequently diagnosed at an advanced stage and have high mortality, many efforts have been made to identify new markers to determine their behavior and treatment, similar to those in other solid organ tumors. Recently, morphological assessment of tumor budding (TB) has been revealed as a promising prognostic finding to predict tumor behavior and survival across several different tumor types. Currently, the TB score in colorectal cancer has been revealed as an important parameter in pathology report protocols to determine the course of the disease. Regarding the liver, despite enormous data showing that many mechanisms involved in TB are associated with tumor behavior in both HCC and ICC, studies focusing on the role of TB in predicting the behavior and prognosis of these tumors have started to be investigated very recently. The purpose of this review is to present data about TB in primary tumors of the liver, pointing out the potential role of this parameter in determining the course of the disease, and emphasize the need to increase the number of further studies focusing on the evaluation of this parameter with an overview of the mechanisms involved in TB.
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Core Tip: This review aims to present recent data on the potential of tumor budding (TB) in determining tumor behavior in hepatocellular carcinoma and cholangiocarcinoma. Although the evidence from the published literature indicates that TB may be a promising prognostic factor for primary liver tumors, more multidisciplinary studies are needed to draw a conclusion. Besides, different assessment techniques in previous investigations indicate that a standard method should be established to provide a solid basis for further studies that may clarify whether this parameter will be included in pathology report protocols as in colorectal carcinoma in the near future.

INTRODUCTION
Primary liver cancer is the seventh most common cancer worldwide and the fourth leading cause of cancer death[1]. Two types of liver cancer constitute a significant majority of cases: Hepatocellular carcinoma (HCC), originating from hepatocytes and usually accompanied by another underlying disease (75%-85%), and intrahepatic cholangiocarcinoma (ICC), arising from the bile duct epithelium (12%-15%)[2]. Their incidence rates are increasing in many countries and are expected to continue to rise in the next decade[3,4]. Considering that many patients are diagnosed at an advanced stage, there is a lack of current systemic therapy, especially for HCC, and the mortality rates are high, similar to that of other solid organ tumors. Thus, many efforts have been made to identify new markers to determine the course of the disease and the choice of treatment.
Recently, TB has emerged as a promising prognostic parameter to predict tumor behavior and survival across several tumor types[5,6]. After the international TB consensus conference, the first guideline for reporting TB was published in 2017[7]. Subsequently, the TB score in colorectal carcinoma (CRC) has been included as an important parameter in pathology report protocols[8]. These guidelines have also been confirmed to be helpful in cancers of the lung, stomach cancers, and ductal adenocarcinoma of the pancreas[9]. However, regarding primary liver tumors, studies focusing on the relationship between TB and clinicopathological parameters and prognosis are relatively new. Nevertheless, numerous studies have shown that many mechanisms involved in TB are associated with tumor behavior in HCC and ICC[10,11].
Therefore, this review aims to provide an overview of the events involved in TB, which is also observed in primary liver tumors. Additionally, this review presents the latest data in these tumors to draw attention to the potential role of this parameter in determining behavior and prognosis and underlines the need to increase the number of further studies focusing on the evaluation of this parameter.

GENERAL OVERVIEW OF THE MECHANISMS OF TB
During the invasion-metastasis process in cancers, tumor cells must undergo various changes to invade the surrounding tissue, transition to the vascular system, and finally engage in parenchymal invasion of metastatic organs[12]. The mechanisms involved in TB are presented in Figure 1.
The epithelial-mesenchymal transition (EMT) program, which contributes to developmental events throughout embryogenesis, has been hypothesized to play a fundamental role in TB formation, particularly in the steps of cell dissociation and cell migration[10-14]. Indeed, accumulating evidence indicates that budding tumor cells might display the properties of cells undergoing EMT to acquire more invasive and migratory capacity.
E-cadherin, an essential cell‒cell adhesion protein, plays a pivotal role in cellular dissociation. Therefore, the reports indicating decrease or loss of expression of E-cadherin in the invasive margin and bud areas in many solid organ tumors, including esophageal, colon, pancreas, endometrial, and oral cancers, are not surprising[15-18]. In addition, the increase in the expression of EMT-related transcription factors in tumor buds that suppress the expression of this protein, including ZEB1, ZEB2, TWIST1, TWIST2, SNAI1 (SNAIL) and SNAI2 (SLUG), is also noted in many malignancies[17-19]. Recently, an increase in the expression of these transcription factors and a decrease in E-cadherin and b-catenin levels in tumor buds compared to tumor bulk have been observed in pancreatic and oral cancers[17,18]. In addition, it has been suggested that the decrease in β-catenin expression parallel to that of E-cadherin may be a finding of WNT-b-catenin signaling pathway activation in tumor buds[20-22].
Moreover, data have also shown that TGFβ signaling activation in buds can induce transcriptional repression of E-cadherin by inducing E-cadherin repressors, such as ZEB, TWIST, and SNAIL, via deregulation of SMADs[18,23]. However, the observation that different subtypes of EMT transcription factors are increased in some tumors highlights that not all of them should be expected to be increased together in tumor buds[24]. It has been shown that both E-cadherin and molecules such as CD44 and EpCam are lost in TB areas[25-27]. Signature changes in some miRNAs have also been shown to contribute to TB. In particular, changes in the miR-200 family have been noted[28-31]. The levels of miR-200, which has a suppressive effect on the ZEB family that induces E-cadherin expression, were significantly decreased in tumor buds of colorectal and pancreatic ductal adenocarcinoma[32,33].
In TB, the effect of EMT is not limited to cell dislocation; moreover, it significantly affects cell migration through cytoskeletal reorganization, increased cell-associated proteolytic activity, and reprogramming of gene expression[34]. Recently, many studies have shown that these changes are found in budding tumor cells, and marked differences in the expression of genes involved in integrin-mediated cell adhesion, cell migration, cytoskeletal changes, and extracellular matrix degradation have been noted[35].
A monomeric form of laminin 5 gamma 2, which plays a role in the anchorage of epithelial cells to the underlying basement membrane, has been found to increase during tumor invasion and in tumor buds[35,36]. This finding was associated with aggressive tumor behavior, especially in pulmonary[37,38] and colorectal cancers[39-42]. Moreover, in the latter, the dendritic extensions of budding tumor cells are positive for laminin 5 gamma 2, which is associated with vascular invasion[43,44]. In addition, in line with the findings that β-catenin induces gene expression of this protein by binding to TCF and LEF family transcription factors, decreased membranous β-catenin levels, increased nuclear β-catenin levels, positivity for laminin 5 gamma 2, and decreased E-cadherin expression were associated with TB[40,45]. These data indicate that altered expression of β-catenin may participate in multiple events in TB. In addition, other cell migration markers, including motility class III β-tubulin and high-mobility Group A family proteins, are more abundant in invasive and TB sites[46,47]. Furthermore, the expression of proteins such as matrix metalloproteinase 7, matrix metalloproteinase 9 urokinase plasminogen activator and cathepsin B, which degrade the matrix of cells, was found to be significantly increased in tumor buds[41,48-50]. In this region, various metastasis suppressors (such as rapidly accelerated fibrosarcoma kinase inhibitor protein and maspin) are frequently disrupted and/or downregulated in tumor buds compared to the primary tumor mass[51-54].
The survival of malignant cells in the tumor bud largely depends on their adaptation to a hypoxic environment. Studies have shown that these cells overexpress TRKB, a marker of resistance to cell death, and hypoxia-inducible factor 1α[55,56]. In addition, cells in tumor buds have either shallow levels or the absence of proliferation markers (such as Ki-67)[57,58]. These findings support the view that cell proliferation and migration are mutually exclusive processes and that the transition from cell proliferation to invasion may be triggered by hypoxia. Moreover, the fact that budding tumor cells frequently overexpress stem cell markers, such as LGR5, ALDH1, and CD44, suggests the self-renewal capacity of these cells, including those at metastatic sites[26,59-62].
There are also data showing that T cells in the peritumoral stroma (CD8+ T cells and FOXP3+ T cells)[63-65], EMT marker-positive cancer-associated fibroblasts[66-68], the engulfment of budding tumor cells by CD68+ macrophages, and the loss of MHC class I expression may play roles in TB[69-71].
From a morphological point of view, TB is defined as small clusters of 4 or fewer tumor cells at the interface of invasive carcinoma. Although different methods are performed, TB is usually evaluated by determining the most invasive area of the tumor (hot spot) at 20x magnification on hematoxylin and eosin-stained slides. Regardless of tumor type, buds in these areas are counted, and according to the recommendation of TBCC, TB is classified into three grades: Low, intermediate, and high[7].
In the context of HCC and ICC, there is evidence from numerous studies focusing on the mechanisms involved in TB outlined above. Among these, it is noteworthy that the number of studies focusing on the EMT in primary liver tumors is over 200 per year[10,11].
This is not surprising, given the considerable roles of the EMT in tumor behavior and progression[72-74] Accordingly, the number of studies aiming to detect tumor aggression using comprehensive immunohistochemical and molecular methods far exceeds the number of studies focusing on TB, which can be easily detected as a simple, cost-effective morphological finding from resection materials.

TB IN HCC
Unfortunately, according to the literature, there are very few studies on the relationship between TB and tumor behavior and prognosis in HCC (Table 1). Kairaluoma et al[75] studied the prognostic value of TB, including 259 patients with HCC, in a retrospective cohort study from a single institution. TB is evaluated according to the hot spot method, which is recommended when investigating TB in CRC. The overall 5-year survival in bud-negative patients was higher (72.1%) than that in bud-positive patients (29.2%) (P = 0.009). In addition, the difference between the disease-specific 5-year survival rates of these two groups was also significant (86.5% (in bud-positive patients) vs 35.1% (in bud-negative patients) (P = 0.002). Multivariate analysis demonstrated that TB is an independent prognostic factor in surgically treated cases.
However, this parameter was not correlated with clinicopathological factors. This is the only study investigating TB in HCC in a Western population, although it had some limitations, as noted by the authors. There were relatively few patients, yielding wide confidence intervals in the surgical cohort. Additionally, instead of looking for the optimal threshold value, the analysis was performed by making a negative/positive distinction in TB. Again, the absence of significant results in biopsy samples warrants further studies.
Another study was performed in China by Wei et al[76] to classify HCC based on TB and immune scores in 423 patients. The authors developed a prognosis-relevant immune score based on five types of immune cells. A classification based on TB grade and immune type was established (IS-TB type). To explore the association between IS-TB type and molecular alterations of HCC, tumor samples and adjacent nontumor tissues from 100 patients were investigated by whole-exome sequencing. TB was classified into three grades. In addition, cases were also divided into high-grade TB (with ≥ 10 buds) and low-grade TB (with 0 to 9 buds) groups. TB was an independent prognostic indicator for overall survival (OS) and disease-free survival (DFS) in the training and validation cohorts. They also observed that high-grade TB was significantly associated with EMT markers and had higher incidences in patients with nonsteatotic, nonfibrolamellar HCC, stromal active (high α-SMA expression), and immature tumors. A link between TB and EMT markers (E-cadherin and vimentin) confirmed the hypothesis that TB might represent the EMT process.
Because the role of the immune milieu of HCC as a prognostic feature is only starting to emerge, they also divided cases by an immune score established based on Z scores that included five parameters (CD8 stromal, PD-L1 stromal, mast-cell stromal, CD68 stromal, and FOXP3 stromal) for each patient. According to the cutoff value (0.04), patients were divided into immune type A and B groups. DFS and OS were better in the type A group than in the type B group in both the training and validation cohorts. The combination of TB grade and immune type cases was also divided into four groups: ISA-TBhigh (type I), ISB-TB high (type II), ISA-TBlow (type III), and ISB- TBlow (type IV). While cases within IS-TB type II showed the worst long-term survival, cases within IS-TB type III had the best OS and DFS. These findings are in line with previous observations that indicated that a high lymphocyte-to-TB ratio was a good prognostic factor and that the integration of both TILs and TB was advantageous in the prediction of long-term prognosis in colorectal cancers. These findings provide a rationale for the pathological evaluation of the TME in addition to the current pathological classifications of HCC.
Another interesting finding of this study was the association between IS-TB type and molecular alterations. TP53 (mainly within IS-TB type I) and CTNNB1 (mainly within IS-TB type IV) mutations in two distinct HCC phenotypes exhibit different immune and pathological characteristics. While TP53 mutations were related to poor differentiation and a thick trabecular pattern, CTNNB1 mutations were associated with impaired antitumor immunity (immune type B), well-differentiated morphology, a pseudoglandular pattern, mature stroma, and low α-SMA (fibroblast activation protein) expression.
As noted above, despite the scarcity of studies examining TB in HCC, there is a wealth of data on the processes involved in this phenomenon.

TB IN CHOLANGIOCARCINOMA
Several studies focusing on TB in cholangiocarcinomas have recently been performed. The number of studies, including extrahepatic perihilar (EHCC-PH) and distal cholangiocarcinoma (EHCC-D) cases, exceeded the number of studies that included ICC cases in the study group. The characteristics and results of these studies are summarized in Table 1.
In an earlier investigation of cholangiocarcinomas from all anatomical locations (CCC), TB was associated with the grade but not with the course of the disease[77]. However, in a more recent study, in addition to high grade, high TB was more frequently observed in males and patients with extrahepatic localization, perineural and lymphatic invasion, and presentation in settings with positive resection margins[78]. Moreover, TB is an independent prognostic factor for CCC. However, since TB scoring differed in these two studies, it is not possible to compare the results of one with the other (Tables 1 and 2), as noted by Regmi et al[79], who performed a meta-analysis of CCC samples from different locations, including tumors of the ampulla and gallbladder.
In EHCC-PH, TB is associated with tumor invasion, lymph node metastasis, perineural invasion, lymphovascular invasion, and positive resection margin status. It has also been shown to be an independent prognostic factor in determining the course of the disease in all of the studies[78,80,81]. In EHCC-D, higher TB was more frequent in tumors with deeper invasion, lymph node metastasis, and lymphovascular and perineural invasion[78,80,82]. The correlation between TB and stage and ZEB-1 expression was also noted[83]. Similar to EHCC-P, all but one study[81] showed that TB effectively determines the course of the disease, as shown by both univariate and multivariate analyses[77,78,81-84].
Regarding ICC, TB was shown to be correlated with stage, hilar invasion, grade, venous invasion, lymph node metastasis, and positive surgical margins, which are important parameters for determining the behavior of these tumors. Moreover, when ICCs were analyzed according to growth patterns, it was noted that 80% of mass-forming tumors had high TB. In contrast, this ratio was 16% and 2.3% in periductal infiltrating and intraductal growing subtypes, respectively[85]. In addition, the prognostic role of TB has been described[77,80,81,85]. Budau et al[84] analyzed TB using a three-tier grading system: high, intermediate, and low. While patients with low TB had the most favorable recurrence survival, high TB was associated with the most unfavorable outcomes.
Similarly, TB correlated significantly with the overall survival of patients in univariate and multivariate analyses (P < 0.001). In addition, their data demonstrated that in ICC, TB is significantly independent of the area of investigation (intratumoral or peritumoral). These findings indicate the possibility that TB assessment in preoperative tissue biopsies and in cases that would not be suitable for resection could be used to predict tumor behavior. Nevertheless, the evidence for intratumoral TB is still weak.
In another study, TB was observed to be a powerful prognostic factor for RFS and OS in ICC[80]. In patients stratified into negative and positive TB status, the median time to recurrence in cases with positive TB was 10.26 mo. This was significantly shorter than that of subjects with negative TB (35.57 mo), and the difference among median survival times was significant (P < 0.001). Furthermore, the results of the same study indicated that TB was a decisive and powerful prognostic factor for OS (HR: 4.547). Although these findings need to be supported by further large-scale studies, they suggest that TB may be an important prognostic parameter in these tumors.
Tanaka et al[80] presented an interesting finding about TB in ICC in an elegant study. When they evaluated TB by dividing ICC into two subgroups, Type 1 (hilar) and Type 2 (peripheral), according to the combined scores of mucin productivity and immunoreactivity of S100P, N-cadherin, and neural cell adhesion molecule, this parameter was determined to be a decisive prognostic factor in Type 2 but not in Type 1. They suggested that some differences exist in the biological behavior of these subtypes and pointed out that despite the prognostic importance of TB in ICC, its pathogenetic role in biliary tract carcinomas might differ by anatomic location. However, this finding needs to be supported in further studies. Nevertheless, the results of TB studies in ICC are similar and support the suggestion that TB is a relevant prognostic factor in the histopathological evaluation for these tumors.
Generally, different scoring methods have been used to investigate TB in cholangiocarcinomas. In a few studies, unlike the recommendation of TTBC, five cells were taken as the cutoff for the definition of TB[77,78,81]. The analyses were performed by categorizing the cases as negative vs. positive or low vs. high TB. In most other studies including ICC cases, patients were assessed following the three-tiered system recommended by the TTBC for colorectal cancer[80,82-84]. However, different stratifications were used for further evaluations (Table 2). More recently, in an elegant study, Zlobec et al[86] observed that CRC without TB (TB0) is relatively frequent and provided additional information on tumor behavior, suggesting a new “zero budding” category for TB. There is currently no evidence about the prognostic value of TB0 in cholangiocarcinomas, and it would be interesting to conduct further studies in which this category is addressed separately.
Accumulated data indicate that the preferred staining method for scoring TB is HE. Recently, some studies on TB have reported that IHC is superior to HE regarding reproducibility and interobserver agreement in assessing this parameter in CRC. Regarding CCC, Ogino et al[78] obtained TB scores in HE-stained whole-tissue sections and PanCK immunostained tissue microarray (TMA) sections from 266 patients. They observed that the number of tumor buds in HE-stained slides was almost equal to that in PanCK-stained slides from TMA, with a strong correlation between them (R = 0.763, P < 0.001). This finding also supports that evaluating TB in HE-stained sections is a simple and reproducible method. Nevertheless, more studies are needed to standardize the assessment of TB in ICC because grading systems for this parameter vary between different types of cancer.
In CRC, TB, combined with other established biomarkers, may allow us to discriminate between patients who would benefit from oncological resection and patients who will receive adjuvant therapy and to classify different therapeutic options, especially in advanced-stage patients[87]. Thus, TB can predict prognosis and regulate treatment options in primary liver cancers. However, the role of TB in the treatment of these tumors remains to be investigated.

CONCLUSION
This review highlights that TB may be a promising prognostic factor for primary liver tumors. However, its clinical value in managing patients should be established in multidisciplinary studies. Evidence also suggests that TB in HCC can identify and reclassify tumors of molecular subtypes with different behavioral characteristics. The differences in the classification of TB in primary liver tumors indicate that a standard and validated method should be established to provide a solid basis for large-scale clinicopathological studies for further evaluation. In addition, the precise determination of the value of budding tumor assessment with multiple further studies may allow us to clarify whether this parameter will be included in pathology report protocols as in CRC in the near future.
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Figure Legends
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Figure 1 Tumor budding in primary liver cancers. A: Tumor budding consisting of small clusters of 4 or fewer tumor cells present at the invasive edge in a case of hepatocellular carcinoma; B: The main processes and mechanisms involved in tumor budding. EMT: Epithelial to mesenchymal transition; EpCAM: Epithelial cell adhesion molecule; CAFs: Cancer-associated fibroblasts; MMP: Matrix metalloproteinase; TRKB: Tyrosine kinase receptor B; u-PA: urokinase plasminogen activator.
Table 1 Relationship of tumor budding with clinicopathologic parameters and survival in hepatocellular and cholangiocarcinomas
	Ref.
	Tumor
	No.
	Correlations 
	Prognosis

	Kairaluoma et al[75]
	HCC
	47-R; 212-NR
	Not observed; Not observed
	OS: TB negative vs TB positive; DSS: TB negative vs TB positive

	Wei et al[76]
	HCC
	423
	Tumor subtypes, EMT related marker expression, FOXP3, PD-L1 and CD68 expressions; Frequent mast cell infiltration, p53 mutation (IS-TB type I); CTNNB1 mutation (IS-TB type IV)
	DFS:Type II vs Type I + Type IV; Type III vs Type I + Type IV; OS: Type II vs Type I + Type IV; Type III vs Type I + Type IV; 

	Okubo et al[77]
	CCC
	299
	Dif G1/G2 vs Dif G3
	OS: TB negative vs TB positive

	Ogino et al[78]
	EHCC-PH; EHCC-DC
	195; 115
	Grade, T, LI, VI, PN, LNM, RSM; Grade, Higher T, LI, VI, PN, LNM
	OS: TB low vs TB ıntermediate vs TB high; OS: TB low vs TB high

	Tanaka et al[80]
	ICC
	107
	Stage, Hilar invasion, Grade, VI, LNM, SM
	RFS: TB negative vs TB positive; OS: TB negative vs TB positive

	
	Type 1
	49
	NP
	RFS: Not prognostic; OS: Not prognostic

	
	Type 2
	58
	NP
	RFS: Not prognostic; OS: TB negative vs TB positive

	
	EHCC-PH
	54
	LI
	RFS TB negative vs TB positive; OS TB negative vs TB positive

	
	EHCC-DC
	40
	VI
	RFS: Not prognostic; OS: Not prognostic

	Ito et al[81]
	EHCC-PH
	78
	Grade, T, LNM, M

	
	
	36 NT
	Combined HA/PV Resection, Grade, T, LNM, M
	DSS: TB low vs TB high; RFS: TB low vs TB high

	
	
	42 WT
	Not observed
	DSS: TB low vs TB high; RFS: Not prognostic

	Agostini-Vulaj et al[83]
	EHCC; ICC 
	58; 54
	Gender, Location, Grade, LNI, PNI, RSM; Gender, Location, Grade, LNI, PNI
	DSS: TB ıntermediate vs TB high; RFS: TB ıntermediate vs TB high

	Budau et al[84]
	ICC
	89
	NP
	OS: TB Low vs TB Intermediate vs TB High; RFS TB Low vs TB Intermediate vs TB High ITTB, PTTB, TB

	Kosaka et al[85]
	ICC
	235
	Size, Tumor type, Grade, VI, MBI, LNM 
	DSS: TB Low/Intermediate vs TB High; RFS: TB Low/Intermediate vs TB High

	Nakayama et al[82]
	EHCC-DC
	65
	T, LNM, LI, VI, ZEB-1 expression, stage
	OS: TB Low vs TB High


CCC: Cholangiocarcinoma; DFS: Disease free survival; DSS: Disease specific survival; Dif: Differentiation; DM: Distant metastasis; EHCC-DC: Extrahepatic cholangiocarcinoma-distal; EHCC-PH: Extrahepatic cholangiocarcinoma-perihilar; EMT: Epithelial to mesenchymal transition; G: Grade; HA/PV: Hepatic artery and portal vein; HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma; IS: Immunescore; ITTB: Intratumoral tumor budding; LI: Lymphatic invasion; LNM: Lymph node metastasis; M: Metastasis; MVI: Microvascular invasion; NCR: Noncurative resection; No: Number of cases; NR: Non-resectable; NT: Neoadjuvant therapy OS: Overall Survival; PN: Perineural invasion; PTTB: Peritumoral tumor budding; R: Resectable; ; RFS: Recurrence free survival; RSM: Residual tumor in surgical margin; T: Tumor invasion; TB: Tumor budding; VI: Type I: ISA-TBhigh; Type II: ISB-TBhigh; Type III: ISA-TBlow; Type IV: ISB-TBlow; VI: Vascular invasion; MBI: Major biliary invasion; WT: Without neoadjuvant therapy.


Table 2 Criteria applied for tumor budding in previous studies
	Ref.
	Tumor 
	Tumor budding criteria

	Kairaluoma et al[75]
	HCC 
	Evaluation was performed according to median values; Negative: No buds were found; Positive: At least one bud was present

	Wei et al[76]
	HCC
	Association between TB and clinicopathological parameters; Grade 1 (0-4), Grade 2 (5-9), Grade 3 (≥ 10); For survival analysis; Low grade (0-9), High grade (≥ 10)

	Okubo et al[77]
	CCC
	Negative: < 5 budding focus; Positive: ≥ 5 budding focus

	Ogino et al[78]
	 EHCC-PH, EHCC-DC
	Cut-off values of TB obtained by recursive partioning technique; For EHCC-PH; Low grade (0-4), Intermediate grade (5-11), High grade (≥ 12); For EHCC-DC; Low grade (0-4), High grade (≥ 5)

	Tanaka et al[80]
	ICC, EHCC-PH, EHCC-DC
	Low grade (0-4), Intermediate grade (5-9), High grade (≥10)

	Ito et al[81]
	EHCC-PH
	Low TB: < 5 budding focus; High TB: ≥ 5 budding focus

	Agostini-Vulaj et al[83]
	ICC, EHCC
	Grade 1 (0-4), Grade 2 (5-9), Grade 3 (≥ 10)

	Budau et al[84]
	ICC
	Grade 1 (0-4), Grade 2 (5-9), Grade 3 (≥ 10)

	Kosaka et al[85]
	ICC
	Low grade (0-4), Intermediate grade (5-9), High grade (≥ 10)

	Nakayama et al[82]
	EHCC-DC
	Low TB (0-4), High [TB Grade 2 (5-9) and 3 (≥ 10)]


CCC: Cholangiocarcinoma; EHCC-DC: Extrahepatic cholangiocarcinoma-distal; EHCC-PH: Extrahepatic cholangiocarcinoma-perihilar; HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma.
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