[image: image4.png]// (]‘ World Journal of
¢ Gastroenterology




	Perinodular ductular reaction/epithelial cell adhesion molecule loss in small hepatic nodules
Qin Zhang, Chuan-Shan Zhang, Qi Xin, Zhe Ma, Gui-Qiu Liu, Bing-Bing Liu, Feng-Mei Wang, Ying-Tang Gao, Zhi Du

	CITATION
	Zhang Q, Zhang CS, Xin Q, Ma Z, Liu GQ, Liu BB, Wang FM, Gao YT, Du Z. Perinodular ductular reaction/epithelial cell adhesion molecule loss in small hepatic nodules. World J Gastroenterol 2014; 20(31): 10908-10915 

	URL
	http://www.wjgnet.com/1007-9327/full/v20/i31/10908.htm

	DOI
	http://dx.doi.org/10.3748/wjg.v20.i31.10908

	OPEN ACCESS
	Articles published by this Open-Access journal are distributed under the terms of the Creative Commons Attribution Non-commercial License, which permits use, distribution, and reproduction in any medium, provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license.

	CORE TIP
	Epithelial cell adhesion molecule (EpCAM) may be a new marker of ductular reaction (DR) in routine pathology. We observed the morphological features of DR/EpCAM in 112 small hepatic nodules and compared this with DR/cytokeratin 7 (CK7) and DR/cytokeratin 19 (CK19). The diagnostic value of DR/EpCAM was similar to DR/CK7 and DR/CK19; however, the diagnostic accuracy and specificity increased when these parameters were combined. Therefore, DR/EpCAM loss was confirmed to be a useful marker not only for determining microinvasion in HCCs ≤ 3 cm, but also for predicting prognosis.

	KEY WORDS
	Ductular reaction; Epithelial cell adhesion molecule; Hepatocellular carcinomas; Small hepatic nodule; Microinvasion; Differential diagnosis

	COPYRIGHT 
	© 2014 Baishideng Publishing Group Inc. All rights reserved.

	COPYRIGHT LICENSE
	Order reprints or request permissions: bpgoffice@wjgnet.com


	NAME OF JOURNAL
	World Journal of Gastroenterology

	ISSN
	1007-9327 (print) 2219-2840 (online)

	PUBLISHER
	Baishideng Publishing Group Inc, 8226 Regency Drive, Pleasanton, CA 94588, USA 

	WEBSITE
	http://www.wjgnet.com


Name of journal: World Journal of Gastroenterology 
ESPS Manuscript No: 9603
Columns: EVIDENCE-BASED MEDICINE

Perinodular ductular reaction/epithelial cell adhesion molecule loss in small hepatic nodules

Qin Zhang, Chuan-Shan Zhang, Qi Xin, Zhe Ma, Gui-Qiu Liu, Bing-Bing Liu, Feng-Mei Wang, Ying-Tang Gao, Zhi Du

Qin Zhang, Chuan-Shan Zhang, Qi Xin, Zhe Ma, Gui-Qiu Liu, Bing-Bing Liu, Department of Pathology, the Third Central Hospital of Tianjin Medical University, Tianjin 300170, China

Feng-Mei Wang, Department of Gastroenterology and Hepatology, the Third Central Hospital of Tianjin Medical University, Tianjin 300170, China

Ying-Tang Gao, Key Laboratory of Artificial Cell, Institute for Hepatobiliary Diseases, the Third Central Hospital of Tianjin Medical University, Tianjin 300170, China

Zhi Du, Department of Hepatobiliary Surgery, Key Laboratory of Artificial Cell, Institute for Hepatobiliary Diseases, the Third Central Hospital of Tianjin Medical University, Tianjin 300170, China

Author contributions: Zhang Q and Zhang CS contributed equally to this work; Zhang Q, Zhang CS and Du Z designed research; Xin Q and Ma Z performed research; Liu GQ and Liu BB analyzed data; Wang FM, Gao YT and Du Z supervised the research process; Zhang Q wrote the paper.

Supported by Key Project of Tianjin Science and Technology Committee, No. 05YFSZSF02500; Foundation of Tianjin, No. 08JCYBJC08300; and Key Research Project of Tianjin Healthy Bureau, No. 11KG112

Correspondence to: Zhi Du, PhD, Professor of Hepatobiliary Surgery, Key Laboratory of Artificial Cell, Institute for Hepatobiliary Diseases, the Third Central Hospital of Tianjin Medical University, No. 83 Jintang Road, Tianjin 300170, China. zhi-du@163.com
Telephone: +86-22-84112366  Fax: +86-22-84112095

Received: February 19, 2014   Revised: May 9, 2014  Accepted: July 11, 2014

Published online: August 21, 2014
Abstract
AIM: To investigate if loss of epithelial cell adhesion molecule (EpCAM) is associated with microinvasion in hepatocellular carcinomas (HCCs) in the presence of chronic hepatitis B.

METHODS: The expression of EpCAM, cytokeratin 7 (CK7) and CK19 in 112 hepatic nodules was studied, including 20 HCCs with nodules ≤ 3 cm, 26 HCCs with nodules > 3 cm, 20 high-grade dysplastic nodules, 26 cirrhotic, large regenerative nodules and 20 cases of cirrhosis.

RESULTS: Membranes of ductular reaction (DR) hepatobiliary cells, interlobular bile duct and some hepatic cells were positive for EpCAM expression. Active expression of DR/EpCAM was observed in the majority of noninvasive nodules (50/66, 75.76%); however, expression was absent in the major area of invasion in HCCs (42/46, 91.30%). DR/EpCAM loss in HCCs ≤ 3 cm was higher than in high-grade dysplastic nodules (HGDNs) (P < 0.05), cirrhotic, large regenerative nodules and cirrhosis (P < 0.01). Furthermore, patients (20 HCCs ≤ 3 cm, 26 HCCs > 3 cm, 20 HGDNs) with DR/EpCAM expression had a higher overall survival rate (P < 0.01) and lower early recurrence rate (P < 0.01). DR/EpCAM expression showed a close relationship with DR/CK7 and DR/CK19 expression (P < 0.01). The area under the receiver operating characteristic (ROC) curve of DR/EpCAM was similar to that of DR/CK7 and DR/CK19 (P > 0.05). The diagnostic specificity and diagnostic accuracy were both increased when DR/EpCAM, DR/CK7 and DR/CK19 were combined (P < 0.01).

CONCLUSION: DR/EpCAM loss may be a useful marker for determining microinvasion in HCCs ≤ 3 cm, but also for predicting prognosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Distinguishing well-differentiated hepatocellular carcinomas (HCCs) from high-grade dysplastic nodules (HGDNs) or cirrhotic, large regenerative nodules (CLRNs) can be difficult in patients with small liver nodules. It has been suggested that invasion is a vital diagnostic feature of HCCs[1]. The appearance of microinvasion, however, particularly for the inexperienced liver pathologist without extensive exposure to resected hepatocellular nodules, may be similar to that of regenerative intraseptal hepatocyte buds. Consequently, new methods to identify invasion, particularly small foci of invasion, are required. Intraseptal hepatocyte buds are contiguous with ductular reactions (DRs) which are indicative of regeneration from intrabiliary progenitors[2,3]. DR is lost in the area of invasion in HCCs, but abundant in the majority of noninvasive nodules. It is hypothesized that DR immunostaining in small liver nodules may be a useful method for differential diagnosis. Recent studies of DR/cytokeratin 7 (CK7)[4] and DR/CK19[5,6], have supported this theory. DR can be expressed as CK7 or CK19; however, the diagnosis of small hepatic nodules remains a dilemma.

Epithelial cell adhesion molecule (EpCAM) is a cell surface protein expressed in normal epithelia, with the exception of squamous epithelia, epidermal keratinocytes, gastric parietal cells, myoepithelial cells, thymic cortical epithelium and hepatocytes[7,8]. Adult hepatocytes are EpCAM negative, with only bile duct epithelium being positive in liver tissue. During the regeneration and repair of liver tissues associated with focal nodular hyperplasia and cirrhosis, activation of EpCAM expression was observed, with high expression levels in so-called “ductular proliferations”[9]. The recent discovery of the expression of EpCAM in hepatocytes in the presence of chronic hepatitis B, indicates that these cells are a novel progeny of the hepatobiliary stem/progenitor cell compartment. Furthermore, transit amplifying DR hepatobiliary cells act as intermediates[4,10]. In other words, EpCAM-positive cells are associated with the differentiation of hepatocyte precursors, which are present in the cirrhotic liver, dysplastic nodules or HCCs as tubular structures[11,12]. Consequently, it was hypothesized that EpCAM staining surrounding neoplastic nodules would not only be a marker for DR, but also a diagnostic method for invasion.

To investigate whether loss of DR/EpCAM is associated with invasion in HCCs in the presence of chronic hepatitis B and whether the expression of DR/EpCAM is superior to that of DR/CK7 and DR/CK19, a series of studies were performed to confirm the diagnostic value of DR/EpCAM.

MATERIALS AND METHODS
Case selection

The study was approved by the ethics committee of The Third Central Hospital of Tianjin Medical University. Written informed consent was obtained from each participant. As mentioned in the 2010 Barcelona Clinic Liver Cancer (BCLC) approach, it is crucial to make a diagnosis as early as possible for liver nodules ≤ 3 cm to achieve higher 5-year survival rates[13]. Small hepatic nodules (≤ 3 cm) diagnosed as HCCs, HGDNs or CLRNs following resection were selected from archival files. The size of the liver nodules was determined during surgical resection and small hepatic nodules were defined as a single tumor or 2 tumors (all < 3 cm). All patients with small hepatic nodules were diagnosed as having chronic hepatitis B, Child-Pugh A liver function and serum α-fetoprotein (AFP) < 400 ng/mL, and were followed up for a minimum of 24 mo. Patients with chronic hepatitis C, alcoholic hepatitis or autoimmune hepatitis and pathologically confirmed cholangiocarcinoma were excluded from the study. The specimens were selected from the Department of Pathology in our hospital. The HCCs with nodules > 3 cm and biopsy-proven cirrhosis (CIR) tissue on splenectomy for hypersplenism due to cirrhosis, were selected as the control groups. In total, 112 cases were assessed during HCC surveillance in hepatitis B virus-associated liver cirrhosis patients from Jan 1, 2005 to Feb 11, 2010, including 20 HCCs with nodules ≤ 3 cm, 26 HCCs with nodules > 3 cm, 20 HGDNs, 26 CLRNs and 20 cases of cirrhosis. Tumor recurrence was followed until patient death, or to the end of the study (Feb 1, 2013) using a serum AFP assay, chest radiography and ultrasound scanning or computed tomography every 3 mo after surgery. When recurrence was strongly suspected, selective hepatic angiography and ultrasound-guided biopsy were conducted for definitive diagnosis.

Evaluation of clinical pathology

The pathological features of all small liver nodules were evaluated by two senior pathologists blinded to patient clinical information. The criteria for HCC and HGDN diagnosis were according to the World Health Organisation and International Consensus Group for Hepatocellular Neoplasia guidelines[1,14]. According to the American Association for the Study of Liver Diseases guidelines[15] for the management of HCC, serum AFP, abdominal ultrasound examination and enhanced computed tomography (CT) or magnetic resonance imaging were used to diagnose HCC. Liver cirrhosis was diagnosed based on histological, serological and radiological tests. Small HCCs and HGDNs were accepted. Patients were followed up for a minimum of 24 mo (Table 1).

Immunohistochemistry

All samples were fixed with neutral 4% formaldehyde solution and 4 m thick continuous sections were obtained for Hematoxylin and eosin (HE) staining, reticular fiber staining and CD34 staining for pathological diagnosis. The categorical diagnostic assignments for each of the hepatic nodules in this study were determined by consensus between 2-3 participating pathologists.

Immunohistochemical staining for EpCAM (VU1D9, Cell Signaling, United States; 1:500), CK7 and CK19 (OV-TL 12/30 and RCK108, Shanghai Biosun Sci & Tech Co., Ltd, Shanghai, China, Ready-to-Use) was performed according to the manufacturers’ instructions. Briefly, 4 m sections from formalin-fixed, paraffin-embedded tissue blocks were deparaffinized, rehydrated, and treated with 3% hydrogen peroxide for 15 min to inhibit endogenous peroxidase. Following heat-induced epitope retrieval in 0.1 mol/L of citrate buffer at pH 6.0 in a pressure cooker for 20 min, the slides were incubated with a mouse monoclonal antibody specific for each protein for 1 h at room temperature. Only CK7 received trypsinase-induced epitope retrieval. After incubation with a mouse anti-human secondary antibody, a reaction was performed using the EnVision plus detection system that contained biotin-free horseradish peroxidase-labeled polymers (Biosun Sci & Tech Co., Ltd). Staining was visualized using 3,39-diaminobenzidine substrate-chromogen (DAB) solution and counterstained with hematoxylin.

The DR of EpCAM, CK7, and CK19 was semiquantified as follows: the ”-” label represents less than 25% DR positive cells (diffuse loss of DR); the label of “+/-” represents 26%-75% DR positive cells (focal loss of DR) and the label of “+” represents more than 76% DR positive cells (active DR). Cases were evaluated by independent reviewers along with 2 experienced observers.

Statistical analysis

The percentage of DR/EpCAM focal loss (+/-) and diffuse loss (-) in all HCCs represented the sensitivity, and the percentage of active DR in non-HCCs represented the specificity of immunostaining. The paired 2 test and Fisher’s exact test were used for group comparisons. Pearson’s correlation coefficient was used to determine the relationship between antibodies and clinical data. The receiver operating characteristic (ROC) curve was plotted for each biomarker. The area under the ROC curve (AUC) was calculated to compare the values of DR/EpCAM, CK7 and CK19 as diagnostic biomarkers. Traditionally, a poorly designed experiment has an AUC of 0.5, whereas a well-designed experiment (one that has zero false positives and zero false negatives) has an AUC of 1.0. A Z test was used to compare between the two groups. A follow-up comparison between the two groups was performed and analyzed with the independent-samples Student’s t test. The tumor-free survival time was measured from the date of resection to the detection of recurrent tumor or the end point of this study. Recurrent tumor within two years after surgery was considered early recurrence. The survival curves were generated by the Kaplan-Meier method and compared by the log rank test. A P value of < 0.05 was considered statistically significant. A u test was used to compare two rates. Statistical analyses were performed using the SPSS software (Version 16.0; SPSS, Inc., Chicago, IL, United States).

RESULTS
Patients with small HCC nodules were classified as early stage BCLC, while patients with nodules > 3 cm were classified as intermediate or advanced BCLC. A total of 112 cases participated in the current study (20 HCCs ≤ 3 cm, 26 HCCs > 3 cm, 20 HGNs, 26 CLRNs and 20 CIRs).

The mean age of the 73 male and 39 female patients was 52.68 years. Patients were followed up for 3 to 90 mo. The follow-up time was shorter than 1 year in patients with HCCs due to mortality. A total of 18 patients died, including 1 who died of causes unrelated to HCC or cirrhosis. The death rate, 1-year and 3-year tumor-free survival rate, were significantly different between patients with HCCs ≤ 3 cm and HCCs > 3 cm (P < 0.01), and the early recurrence rate was also significantly different between the two groups (P < 0.05). Only the recurrence rate was significantly different between patients with HCCs ≤ 3 cm and HGDNs (P < 0.01). Twenty-six cases of CLRN and 20 cases of cirrhosis were followed up for at least 24 mo (24-77 mo, mean 45.59 mo), and no malignancy was observed.

DR/EpCAM immunohistochemical pattern

EpCAM-immunoreactive DRs were analyzed at the epithelial-stromal boundaries between the neoplastic tissue and/or paraneoplastic tissue of each nodule. In this study, EpCAM staining was positive on the membrane of hepatic cells and biliary cells. There was diffuse loss of DR/EpCAM in HCCs > 3 cm (Figure 1A). In the HCC ≤ 3 cm group, there were twelve well differentiated HCCs (Figure 2A) and eight moderately differentiated HCCs (Figure 1B). The expression of DR was negative around the HCCs ≤ 3 cm (Figures 1B, 2A, 3), but positive between the dysplastic nodules (Figure 2B, C) and cirrhotic nodules (Figure 1C). A significant number of HCCs were positive for EpCAM (Figure 1D) and some liver cells were EpCAM positive (Figure 1C, circle). These cells showed spotted or focal staining; however, the positive cells were located inside neoplastic cells and not in the boundaries between neoplastic cells.

DR/EpCAM in different clinical groups

Diffuse loss or focal loss of DR/EpCAM was evident in most HCCs ≤ 3 cm and in HCCs with nodules > 3 cm (42/46, 91.30%). However, only 8, 5 and 3 cases presented with diffuse loss or focal loss of DR/EpCAM in HGDNs, CLRNs and CIRs, respectively. Therefore, the positive rate of active DR/EpCAM was 75.76% (50/56) in non-invasive hepatic nodules. DR/EpCAM staining was significantly different between HCCs ≤ 3 cm and HGDNs (P < 0.05), HCCs ≤ 3 cm and CLRNs or CIRs (P < 0.01). Specimens from HCCs ≤ 3 cm showed greater DR/CK19 loss than specimens from HGDNs, CLRNs and CIRs (all P < 0.01). DR/CK7 loss in HCCs ≤ 3 cm was less than that in HCCs with nodules > 3 cm ( P < 0.05), and more than CLRNs and CIRs (both P < 0.01). The distribution of DR among the different groups is listed in Table 2.

DR/EpCAM expression compared with DR/CK7 and DR/CK19 expression
Semiquantitative analysis of DR/EpCAM expression showed a significant correlation between DR/CK7 and DR/CK19 (P < 0.01). The sensitivity of DR/EpCAM loss, DR/CK7 loss and DR/CK19 loss in all HCCs (HCCs ≤ 3 cm and HCCs > 3 cm) was 91.30%, 78.26%, and 89.13%, respectively, and the specificity was 75.76%, 80.30%, and 77.27%, respectively. The ROC curve showed that the area under the ROC curves of DR/EpCAM loss (0.864) was similar to DR/CK7 loss (0.727), DR/CK19 loss (0.831) and active GPC3 (0.914) (Z = 1.51, 0.41, and 0.69, respectively; P > 0.05). The diagnostic accuracy of the loss of DR/EpCAM, DR/CK7 and DR/CK19 was 82.14%, 79.46% and 82.14%, respectively, and the negative predictive value (NPV) was 94.20%, 84.13% and 91.07%, respectively. The results were then combined into a new group. If 2 or more results were positive for DR/EpCAM, DR/CK7 and DR/CK19, then the tumor was considered to be DR positive. If two or more results showed focal/diffuse loss of DR/EpCAM, DR/CK7 or DR/CK19, the tumor was considered to be DR negative. Using this method, the sensitivity was 91.30%, but the specificity increased to 98.48%. The specificity of the new group was higher than that for DR/EpCAM, DR/CK7 or DR/CK19 (u = 3.90, 3.73, and 3.39 respectively; P < 0.01). The area under the ROC curves of the combined group was 0.924 and was similar to DR/EpCAM and DR/CK19 (Z = 1.23 and 1.88, respectively; P > 0.05), but significantly higher than DR/CK7 (Z = 3.36, P < 0.01). The diagnostic accuracy of this method was 95.54% and the NPV was 94.20%. The diagnostic accuracy was increased by this method (u = 3.18, 3.64, and 3.18, respectively, P < 0.01), but the NPV was similar to DR/EpCAM and DR/CK19 (u = 0.06, and 0.90, P > 0.05) and higher than DR/CK7 (u = 2.42, P > 0.05).

DR/EpCAM during follow-up

Of 66 patients (20 HCCs ≤ 3 cm, 26 HCCs > 3 cm, 20 HGDNs), 37 (16 DR/EpCAM positive and 21 DR/EpCAM negative) exhibited tumor recurrence during the follow-up period. Thirty-two patients had intrahepatic tumor recurrence only, while 6 had extrahepatic metastasis. Of 16 patients with DR/EpCAM positive nodules, none showed early recurrence. Of 50 patients with DR/EpCAM negative nodules, the overall survival rate and tumor-free survival rate were significantly lower than those with DR/EpCAM positive nodules (overall survival rate: 2 = 8.285, P = 0.004; tumor-free survival rate: 2 = 14.400, P = 0.000) (P < 0.01) (Figure 3A, B). The incidence of early recurrence in patients with DR/EpCAM negative nodules was significantly higher than in those with DR/EpCAM positive nodules (2 = 10.773, P = 0.001) (P < 0.01) (Figure 3C).

DISCUSSION
The most proximal branches of the biliary tree (i.e., the canals of Hering and ductules) comprise, or at least harbor, facultative hepatic stem cells[2,3]. These intraseptal hepatocytes most likely represent buds of newly formed hepatocytes arising from branches of the biliary tree[3]. It was previously demonstrated that DR is a sign of newly regenerating hepatocytes in chronic hepatitis B, and therefore did not develop from either biliary metaplasia of malignant hepatocytes, or from the outgrowth of biliary cells[4]. The absence of DR is a useful marker for characterizing the areas of microinvasion in HCCs ≤ 3 cm[4,5], especially for HCCs in the presence of chronic hepatitis B cirrhosis. Based on this understanding, the loss of DR/EpCAM is also helpful in defining microinvasion and distinguishing HCC ≤ 3 cm from other hepatic nodules.

The results from the current study confirm that DR/EpCAM underwent focal or diffuse loss in the majority of invasive hepatocellular nodules (HCCs ≤ 3 cm and HCCs > 3 cm), showing an overtly invasive phenotype. The loss of DR/EpCAM was associated with the areas of morphologically identified microinvasion, whereas noninvasive areas showed abundant DR/EpCAM expression at hepatocellular-stromal boundaries in the same tissue section. In contrast, DR/EpCAM expression was evident in the majority of noninvasive nodules, such as HGDNs, CLRNs and cirrhotic nodules. The degree of DR/EpCAM loss differed between HCCs ≤ 3 cm and HGDNs, indicating that DR/EpCAM may be absent in the small foci of invasive areas around cancerous nodules. The absence of DR/EpCAM in the foci of invasion suggests that immunostaining for these structures may be a useful diagnostic tool and may assist pathologists in identifying the appearance of the histologic lesion. These results are in accord with the study of CK19 expression. Perinodular CK19 loss was consistently observed in HCCs and the altered expression of CK19 in cirrhotic nodules, dysplastic nodules and HCCs was an underlying mechanism for the reproducible extralesional CK19 pattern that paralleled progressive stages of intranodular hepatocarcinogenesis[5]. Results from the current study showed that EpCAM was expressed in both proliferating bile ducts and interlobular bile ducts. A considerable overlap between DR/EpCAM and both DR/CK7 and DR/CK19 was observed. However, when DR/EpCAM was combined with DR/CK7 and DR/CK19, the diagnostic accuracy and diagnostic specificity were significantly increased.

EpCAM was originally identified as a marker of carcinoma, attributable to its high expression in rapidly proliferating tumors of epithelial origin[16]. EpCAM positive HCCs were a subset of cells with cancer stem cell features[12], which was similar to CK19[17]. However, the positive expression of EpCAM and CK19 in tumor cells was low in HCCs[5,12]. Therefore, only the morphological features of EpCAM, CK7 and CK19 positive HCCs were observed, and these cells showed spotted or focal staining in neoplastic cells, but not in the boundaries between neoplastic cells. The morphological features and the distribution of these positive cells were different from the cells of DR. This characteristic of HCCs did not result in an adverse effect on the role of DR as a marker of EpCAM, CK7 and CK19.

Moreover, patients with active DR/EpCAM nodules (in HGDNs, HCCs ≤ 3 cm and HCCs > 3 cm) had a better prognosis, including a higher overall survival rate, 1-year and 3-year tumor-free survival rate, and lower early recurrence rate. Consequently, the loss of DR/EpCAM had a close relationship with invasive HCCs and predicted an increased incidence of recurrence, regardless of HCCs ≤ 3 cm or HCCs > 3 cm.

In conclusion, DR loss is an important feature of the epithelial-stromal compartment in the malignant progression of HCCs with cirrhosis. DR/EpCAM expression may be used as a diagnostic marker. The histological pattern of stromal invasion and altered expression of DR/EpCAM at epithelial-stromal boundaries was determined by DR immunostaining. In particular, the differential diagnosis of HCCs ≤ 3 cm and HGDNs may improve diagnostic confidence in pathologists faced with the spectrum of lesions which occur in small hepatocellular nodules. In addition, the loss of DR/EpCAM is associated with increased invasiveness of HCC and poor prognosis.
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Background

Distinguishing a well-differentiated hepatocellular carcinoma (HCC) from high-grade dysplastic nodules (HGDNs) or cirrhotic, large regenerative nodules can be difficult in patients with small liver nodules. It has been suggested that invasion is a vital diagnostic feature of HCC. However, the appearance of microinvasion, particularly for the inexperienced liver pathologist without extensive exposure to resected hepatocellular nodules, may be similar to that of regenerative intraseptal hepatocyte buds. Thus, new methods to identify invasion, particularly small foci of invasion, are required. These intraseptal hepatocyte buds are contiguous with ductular reactions (DRs) which are indicative of regeneration from intrabiliary progenitors. DR is lost in the area of invasion in HCCs, whilst abundant in the majority of noninvasive nodules. It is hypothesized that DR immunostaining in small liver nodules may be a useful method for differential diagnosis. Recent studies of DR/cytokeratin 7 (CK7) and DR/CK19, have supported this theory. DR can be expressed as CK7 or CK19, however, the diagnosis of small hepatic nodules remains a dilemma.

Research frontiers

Epithelial cell adhesion molecule (EpCAM) positive cells are associated with the differentiation of hepatocyte precursors, which are present in the cirrhotic liver, dysplastic nodules or HCCs as tubular structures. Consequently, it was hypothesized that EpCAM staining surrounding the neoplastic nodules would not only be a marker for DR, but also a diagnostic method for invasion recognition.

Innovations and breakthroughs

The authors observed the morphological features of DR/EpCAM in 112 small hepatic nodules and compared these with DR/CK7 and DR/CK19. It has been proved that the diagnostic value of DR/EpCAM was similar to DR/CK7 and DR/CK19, but the diagnostic specificity was increased by the combination of DR/CK7 and DR/CK19. Furthermore, DR/EpCAM loss may predict poor prognosis.

Applications

This study provides new knowledge on the differential diagnosis of small liver nodules and may be useful for daily routine work in pathology. The study results suggest that DR/EpCAM loss may be a new useful marker not only for recognizing microinvasion in small HCCs, but also for differentiating HCCs with nodules ≤ 3 cm from HGDNs.

Peer review

This is a very interesting report. A lot of hard work was done and new information was added to our knowledge. The paper was written very well and provided a set practical procedure for daily routine work. This study can be a guiding method for the differential diagnosis among different liver nodular lesions with their immunohistochemical features.
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Figure Legends
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Figure 1  Immunohistochemistry staining pictures. Diffuse loss of DR/EpCAM in HCC > 3 cm (A, IHC, × 400), a surgical sample of HCC ≤ 3 cm (a moderately differentiated HCC), and the area of foci invasion (black arrow) in HCC ≤ 3 cm; the invasive area showed diffuse loss of DR/EpCAM; but positive on the biliary cells between hepatic lobules (white arrow) (B, IHC, × 400). Active DR/EpCAM was observed in a cirrhotic nodule (C, IHC, × 200), and part of liver cells were EpCAM positive (circle). DR/EpCAM was focally positive (D, IHC, × 400), and the cells showed features of hepatocyte inside the nodules of HCCs. HCC: Hepatocellular carcinoma; DR: Ductular reaction; EpCAM: Epithelial cell adhesion molecule; IHC: Immunohistochemistry.
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Figure 2  Immunohistochemistry and hematoxylin-eosin staining pictures. A surgical sample of HCC ≤ 3 cm (a well-differentiated HCC), with pseudogland-like structure (A1, HE, × 200), and the features of the boundary area of the same nodule (A2, HE, × 200); this area showed diffuse loss of DR/EpCAM (A3, IHC, × 200). HGDN had an increased cell density, more than 1.5 times higher than the surrounding non-tumoral liver, often with an irregular trabecular pattern (2-3 cells thick), and small cell dysplasia (B1, HE, × 400). The cirrhotic, large regenerative nodule (CLRN) showed a mild increase in cell density with a monotonous pattern, without cytologic atypia, although they may have large cell dysplasia (C1, HE, × 400). The features of the boundary area of HGDN (B2, HE, × 200) and CLRN (C2, HE, × 200) with focal fatty change are shown respectively. Active DR/EpCAM was present in a high-grade dysplastic nodule (B3, IHC, × 200) and a CLRN (C3, IHC, × 200). HCC: Hepatocellular carcinoma; HGDN: High-grade dysplastic nodule; CLRN: Cirrhotic, large regenerative nodule; DR: Ductular reaction; EpCAM: Epithelial cell adhesion molecule; IHC: Immunohistochemistry; HE: Hematoxylin-eosin staining.
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Figure 3  Survival analysis of patients with hepatocellular carcinoma ≤ 3 cm (A) and hepatocellular carcinoma with nodules > 3 cm (B) or high-grade dysplastic nodules (C). DR: Ductular reaction; FT: Follow-up time.


Table 2  Ductular reaction distribution among different groups
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HCC1: HCC > 3 cm; HCC2: HCC ≤ 3 cm. HCC: Hepatocellular carcinoma; HGDN: High-grade dysplastic nodules; CLRN: Cirrhotic large regenerative nodule; CIR: Cirrhosis; DR: Ductular reaction; CK: Cytokeratin.
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Table 1  Postoperative follow-up of patients with hepatocellular carcinoma ≤ 3 cm, hepatocellular carcinoma with nodule > 3 cm and high-grade dysplastic nodules


Group


�
Follow-up time (mo)
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Tumor-free survival time (mo)
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Tumor-free survival rate
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HCC: Hepatocellular carcinomas; HGDN: High-grade dysplastic nodules.








