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Background: This study aimed to evaluate the clinical efficacy of postoperative adjuvant transarterial chemoembolization (PA-TACE) in 
cytokeratin 19-positive (CK19+) hepatocellular carcinoma (HCC) patients and to identify cases that may benefit from PA-TACE.
Methods: We conducted a retrospective analysis of 453 CK19+ HCC patients who underwent hepatectomy between November 2013 
and June 2019 at our institution. We compared the recurrence-free survival (RFS) and overall survival (OS) between patients who 
received PA-TACE and those who did not, utilizing propensity score matching (PSM) to balance the groups.
Results: Before and after PSM, both RFS and OS were significantly greater in PA-TACE group compared to the non-TACE group. 
Multivariable analysis identified PA-TACE as a significantly favorable factor of RFS and OS. In subgroups analyses, PA-TACE significantly 
improved RFS and OS in patients with CK19+ HCC under the following conditions: alpha-fetoprotein ≥ 400 ng/mL, cirrhosis, tumor size ≥ 
5 cm, multiple tumors, major resection, Edmondson-Steiner stage III–IV, macrovascular invasion and microvascular invasion. Similar results 
were obtained in patients with higher tumor stages. Further recurrence model analyses revealed that PA-TACE significantly reduced early 
recurrence in patients with high-risk of postoperative recurrence, but had little effect on late recurrence.
Conclusion: Among CK19+ HCC patients with higher recurrence of postoperative risk, PA-TACE could greatly improve RFS and OS.
Keywords: hepatocellular carcinoma, hepatectomy, cytokeratin 19, postoperative adjuvant transarterial chemoembolization, 
recurrence-free survival, overall survival

Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignancies. Hepatectomy remains the major radical 
treatment for HCC, which can significantly improve long-term survival in these patients.1,2 However, the high tumor 
recurrence rate after surgery often leads to poor prognosis for these patients.3 Therefore, identifying high-invasive HCC 
subtypes and providing adjuvant therapy for specific patient groups will be significant in improving the prognosis of 
patients with HCC following surgery.

Among the progenitor cells biomarkers of liver malignancies, cytokeratin 19 (CK19) is typically not expressed in 
hepatocytes, but is highly expressed in liver progenitor cells and cholangiocytes.4 CK19-positive (CK19+) HCC subtypes 
are generally associated with poorer tumor differentiation, higher tumor recurrence, and poorer outcomes.4–6 Moreover, 
CK19+ is strongly linked to more aggressive and migratory HCC subtypes, such as “Chiang Proliferation”,7 “Hoshida S2”,8 

“Shimada MS1”9 and “iCluster1 subtype”.10 Studies have confirmed that CK19+ HCC has a unique molecular profile that 
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differs from other types of HCC.11–14 Taken together, CK19 should be considered as a unique subtype in the clinical 
diagnosis and treatment of HCC. Previous studies have shown that CK19 is closely related to the worse prognosis of HCC, 
but there are currently no effective option specifically targeting this subtype. Notably, previous studies confirmed that 
CK19+ HCC is resistant to chemotherapy drugs such as 5-fluorouracil and doxorubicin.11,15 Consequently, it is extremely 
required to determine adjuvant treatment regimes for CK19+ HCC patients following hepetectomy.

Postoperative adjuvant therapy is considered to be an effective measure to reduce tumor recurrence in patients 
undergoing hepatectomy for HCC.16,17 Recently, transarterial chemoembolization (TACE) is a significant adjuvant option 
to reduce the recurrence of HCC.18,19 Many evidences have suggested that postoperative adjuvant TACE (PA-TACE) is 
the main means to prevent recurrence and prolong survival in patients with HCC.20,21 Nevertheless, few researches have 
estimated the role of PA-TACE in CK19+ HCC patients. Although previous study have suggested that PA-TACE may 
significantly prolong recurrence-free survival (RFS) in CK19+ HCC patients after surgery,22 as a retrospective study, 
patient selection bias may limit the credibility of the findings. Thus, whether PA-TACE is helpful for all CK19+ HCC 
patients remains to be further studied.

The purpose of our research was to assess the clinical value of PA-TACE in patients with CK19+ HCC after liver 
resection, and to screen for potential beneficiaries who may benefit from PA-TACE.

Patients and Methods
Patients
From November 2013 to June 2019, CK19+ HCC patients undergoing hepatectomy at the Guangxi Medical University 
Cancer Hospital were included in the retrospective project. The inclusion criteria were: (1) underwent initial R0 hepatectomy; 
(2) histologically confirmed HCC with CK19+. The exclusion criteria were: (1) accompanied by other malignancies; (2) 
received other treatments for HCC prior to surgery; (3) received postoperative adjuvant therapy in addition to TACE; (4) 
incomplete clinical or imaging data. The flow chart of this study was presented in Supplementary Figure 1.

Diagnosis and Definitions
Histopathological evidence was used to determine the diagnosis of HCC, CK19, microvascular invasion (MiVI), 
macrovascular invasion (MaVI), and Edmondson-Steiner (ES) grade. CK19 expression in tissue biopsies was assessed 
via immunohistochemistry according to established protocols.23 A semi-quantitative scoring system evaluated staining 
intensity (0=absent, 1=faint yellow, 2=moderate brown, 3=strong tan) and positive cell proportion (0=<5%, 1=5-25%, 
2=26-50%, 3=51-75%, 4≤75%). The composite score, derived from multiplying intensity and proportion scores, defined 
CK19 status as follows: 0–4=negative and 5–12=positive. Barcelona Clinical Liver Cancer (BCLC) staging system and 
Milan criteria were used to evaluate HCC stages. Curative hepatectomy was defined as the removal of all visible tumors, 
with microhistopathology showing no tumor cells at the surgical margin. Major hepatectomy was defined as the removal 
of more than three Couinaud hepatic segments.24

Hepatectomy and PA-TACE
The patients enrolled in this project all had good hepatic function and underwent R0 liver resection. The information of 
surgery has been detailed in our previous studies.25,26

PA-TACE was generally recommended for HCC patients with high risk of postoperative recurrence at 1 and 2 months 
after surgery. Adjuvant TACE was administered our per established protocols,27 employing a chemotherapeutic emulsion 
comprising pirarubicin or epirubicin (10–50 mg) combined with oxaliplatin (25–100 mg) and lipiodol (2–10 mL). This 
therapeutic cocktail was selectively delivered through catheterization of the target hepatic arterial branch, with individual 
dosages meticulously calibrated according to patient-specific anthropometric parameters.

Follow-Up
After discharge, all patients were followed up every 2–3 months for the first 2 years, and then every 6 months thereafter. 
Routine tests include liver and kidney function tests, serum alpha-fetoprotein (AFP) levels, abdominal ultrasound, chest 
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and abdominal CT, or abdominal MRI at each follow-up visit. Recurrent HCC may be treated with repeat liver resection, 
radiofrequency ablation, TACE, or molecular targeted drug therapy, depending on the situation. The definitions of 
recurrence-free survival (RFS) and overall survival (OS) were consistent with our previous studies.25,26

Statistical Analysis
Continuous data were presented as mean ± standard deviation (SD) or median (interquartile range) and were compared 
using a two-tailed unpaired T-test or Mann–Whitney U-test. Categorical data were presented as as frequencies (propor
tions) and compared using Chi-square test or Fisher exact test.

Propensity score matching (PSM) analysis was performed by logistic regression to eliminate confounding factors. 
Specifically, age, sex, hepatitis B virus (HBV) infection, AFP, platelet count, prothrombin time, total bilirubin, albumin, 
alanine aminotransferase (ALT), aspartate aminotransferase (AST), tumor size, tumor number, ascites, cirrhosis, ES 
grade, MiVI, MaVI, and resection extent may affect PA-TACE selection and survival factors were included in the PSM 
analysis. A one-to-one nearest neighbor matching between groups was carried out by a 0.05 caliper.

RFS and OS were measured by Kaplan-Meier method and compared by Log rank test. Survival prognostic factors were 
identified through sequential Cox regression, with significant univariate predictors (P<0.05) advanced to multivariate analysis. 
All results were analyzed using SPSS (v26.0) software, and a p value < 0.05 was considered statistically significant.

Results
Patients’ Characteristics
Of the 413 patients included in the study, 136 (32.9%) patients were treated with PA-TACE and were assigned to the PA- 
TACE group, and the remaining 277 (67.1%) were assigned to the non-TACE group. As presented in Table 1, many 
factors were similar between the two groups, including gender, AFP levels, levels of TBIL, PLT, PT, ALB, ALT and 
AST, tumor size, cirrhosis, ascites, MaVI, MiVI, ES grade, Child-Pugh grade, resection extent and Milan criteria. 
Nevertheless, there were significant differences between the two groups in age, HBV infection, tumors number, and 
BCLC stage B HCC. After PSM analysis, 121 matched patients were selected, and all baseline indicators were not 
different between the two groups (Table 1 and Supplementary Figure 2).

Table 1 Clinicopathologic Characteristics of the Non-TACE and PA-TACE Groups in Included CK19+ HCC Patients 
Before and After PSM

Variables Before PSM (n = 413) After PSM (n = 242)

Non-TACE  
(n = 277)

PA-TACE  
(n = 136)

P Non-TACE  
(n = 121)

PA-TACE  
(n = 121)

P

Gender, n (%) Male 232 (83.8) 116 (85.3) 0.686 104 (86.0) 101 (83.5) 0.592

Age (year) Mean ± SD 49 ± 12 46 ± 10 0.009 48 ± 11 46 ± 10 0.408
HBV infection, n (%) 223 (80.5) 122 (89.7) 0.018 106 (87.6) 107 (88.4) 0.843

AFP (ng/mL), n (%) <400 111 (40.1) 46 (33.8) 0.219 43 (35.5) 42 (34.7) 0.893

≥ 400 166 (59.9) 90 (66.2) 78 (64.5) 79 (65.3)
Total bilirubin (μmol/L) Median 13.2 12.9 0.191 13.9 12.7 0.067

IQR 9.8–18.2 9.4–16.3 10.7–18.5 9.4–16.1

Platelet count (109 /L) Median 219 209.5 0.141 202.0 217.0 0.428
IQR 167.0–284.1 160.7–263.3 155.0–265.1 165.3–266.9

Prothrombin time (s) Median 12.7 12.8 0.737 12.8 12.9 0.985

IQR 11.8–13.6 12.1–13.4 12.0–13.7 12.1–13.6
Albumin (g/L) Median 38.8 39.3 0.113 39.5 39.3 0.988

IQR 35.8–41.9 37.0–42.9 36.6–42.5 36.9–43.0

ALT (U/L) Median 33 36 0.186 34.0 36.0 0.474
IQR 22.0–48.0 24.8–50.3 24.0–47.0 24.0–50.0

(Continued)

Journal of Hepatocellular Carcinoma 2025:12                                                                                    https://doi.org/10.2147/JHC.S537915                                                                                                                                                                                                                                                                                                                                                                                                   2409

Mai et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/537915/537915%20Supplementary%20Material.docx


Role of PA-TACE on the RFS
In the entire cohort, the median follow-up time (interquartile range) for RFS was 5.0 (2.0–15.5) months in the non-TACE 
group and 12.0 (4.0–23.0) months in the PA-TACE group. During follow-up, 255 patients (61.7%) occurred HCC 
recurrence, including 177 (63.9%) non-TACE patients and 78 (57.4%) PA-TACE patients. The 1, 3, and 5-year RFS in 
the PA-TACE group (51.7%, 24.1%, and 16.8%) was significantly higher than those in the non-TACE group (34.3%, 
23.9% and 11.5%; P = 0.0036; Figure 1A).

Similarly, after PSM, the 1, 3, and 5-year RFS in the PA-TACE group (48.2%, 22.2%, and 18.2%) also remarkably 
greater than those in the non-TACE group (29.6%, 16.8%, and 12.9%; P = 0.0033; Figure 1B).

Independent Prognosis Predictors of RFS
As shown in Table 2, univariate analysis showed that lower albumin levels, larger tumor size, MaVI, MiVI, major 
resection, and absence of PA-TACE were significantly associated with poorer RFS. Subsequent multivariate analysis 
confirmed MiVI, major resection, and absence of PA-TACE as independent risk factors for poor RFS in patients with 
CK19+ HCC (all p < 0.05, Table 2).

Role of PA-TACE on the OS
The median follow-up for OS was 21.0 (8.0–56.5) months in the non-TACE group and 40.0 (15.8–60.0) months in the 
PA-TACE group. Among these patients, there were 59 deaths (43.4%) in the PA-TACE group and 151 deaths (54.5%) in 

Table 1 (Continued). 

Variables Before PSM (n = 413) After PSM (n = 242)

Non-TACE  
(n = 277)

PA-TACE  
(n = 136)

P Non-TACE  
(n = 121)

PA-TACE  
(n = 121)

P

AST (U/L) Median 40 38.5 0.620 40.0 39.0 0.818

IQR 29.0–62.0 31.0–53.0 29.0–56.0 31.0–53.0
Tumor size (cm), n (%) <5 96 (34.7) 45 (33.1) 0.752 44 (36.4) 42 (34.7) 0.788

≥ 5 181 (65.3) 91 (66.9) 77 (63.6) 79 (65.3)

Tumor number, n (%) Single 214 (77.3) 87 (64.0) 0.004 85 (70.2) 86 (71.1) 0.888
Multiple 63 (22.7) 49 (36.0) 36 (29.8) 35 (28.9)

Cirrhosis, n (%) 131 (47.3) 66 (48.5) 0.813 61 (50.4) 62 (51.2) 0.898

Ascites, n (%) 33 (11.9) 16 (11.8) 0.965 17 (14.1) 14 (11.6) 0.564
MaVI, n (%) 99 (35.7) 37 (27.2) 0.083 37 (30.6) 37 (30.6) 1.000

MiVI, n (%) 144 (52.0) 75 (55.2) 0.545 66 (54.6) 66 (54.6) 1.000

ES grade, n (%) I–II 106 (38.3) 60 (44.1) 0.254 50 (41.3) 54 (44.6) 0.603
III–IV 171 (61.7) 76 (55.9) 71 (58.7) 67 (55.4)

Resection extent, n (%) Minor 170 (61.4) 81 (59.6) 0.723 75 (62.0) 77 (63.6) 0.790

Major 107 (38.6) 55 (40.4) 46 (38.0) 44 (36.4)
Child-Pugh grade, n (%) A 113 (93.4) 113 (93.4) 1.000

B 8 (6.6) 8 (6.6)

BCLC stage, n (%) 0 12 (4.3) 4 (2.9) 0.030 4 (3.3) 4 (3.3) 0.998
A 135 (48.7) 66 (48.5) 64 (52.9) 63 (52.1)

B 31 (11.2) 29 (21.3) 16 (13.2) 17 (14.0)

C 99 (35.7) 37 (27.2) 37 (30.6) 37 (30.6)

Milan criteria, n (%) Within 82 (29.6) 39 (28.7) 0.846 40 (33.1) 37 (30.6) 0.679

Beyond 195 (70.4) 97 (71.3) 81 (66.9) 84 (69.4)

Note: Continuous data are show as median (interquartile range) or mean ± SD, and categorical data are expressed as n (%). 
Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinical Liver Cancer; CK19, 
cytokeratin-19; ES, Edmondson-Steiner; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; MaVI, macrovascular invasion; MiVI, microvascular 
invasion; PA-TACE, postoperative adjuvant TACE; PSM, propensity score matching; TACE, transarterial chemoembolization.
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the non-TACE group. The 1, 3, and 5 -years OS of PA-TACE group (78.2%, 52.9%, 42.5%) was greatly higher than that 
of non-TACE group (60.7%, 44.2%, 34.8%; P = 0.0053; Figure 1C).

After PSM, the 1, 3, and 5-year OS in the PA-TACE group in the PA-TACE group (76.6%, 51.8%, and 43.6%) also 
remarkably greater than those in the non-TACE group (57.5%, 42.0%, and 35.5%; P = 0.038; Figure 1D).

Independent Prognosis Predictors of OS
Univariate analysis found that large tumor size, MaVI, MiVI, major resection, and absence of PA-TACE were significantly 
associated with poorer OS (all p < 0.05, Table 3). Multivariate analysis further found that MiVI, major resection, and absence 
of PA-TACE were independent risk variables for worse OS in patients with CK19+ HCC (all p < 0.05, Table 3).
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Figure 1 Comparison of RFS and OS between CK19+ HCC patients who received PA-TACE and those who did not. (A) RFS in before PSM group; (B) OS in before PSM 
group; (C) RFS in after PSM group; (D) OS in after PSM group. 
Abbreviations: CK19, cytokeratin-19; HCC, hepatocellular carcinoma; PA-TACE, postoperative adjuvant TACE; PSM, propensity score matching; OS, overall survival; RFS, 
recurrence free survival.
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Table 2 Uni- and Multivariable Analyses to Identify Independent Risk Factors Affecting the 
RFS of CK19+ HCC Patients After Curative Hepatectomy

Variables Univariable Cox Analysis Multivariable Cox Analysis

HR 95% CI P HR 95% CI P

Gender (male), n (%) 1.535 0.947–2.487 0.082
Age (year), n (%) 0.993 0.978–1.008 0.350

HBV infection, n (%) 1.004 0.605–1.665 0.988

AFP ≥ 400 ng/mL 1.289 0.910–1.827 0.153
Total bilirubin (μmol/L) 1.003 0.995–1.011 0.455

Platelet count (10 9 /L) 1.001 0.999–1.003 0.249

Prothrombin time (s) 1.056 0.922–1.209 0.434
Albumin (g/L) 0.964 0.930–0.998 0.040 0.971 0.940–1.002 0.068

ALT (U/L) 1.000 0.998–1.003 0.687

AST (U/L) 1.004 1.000–1.007 0.032 1.003 0.999–1.008 0.180
Tumor size ≥ 5 cm 1.717 1.209–2.438 0.003 1.087 0.713–1.657 0.699

Multiple tumor number, n (%) 1.308 0.924–1.853 0.130

Cirrhosis, n (%) 0.941 0.680–1.302 0.715
Ascites, n (%) 1.222 0.769–1.941 0.396

MaVI, n (%) 1.980 1.414–2.773 0.000 1.321 0.883–1.977 1.321

MiVI, n (%) 1.884 1.349–2.630 0.000 1.685 1.160–2.446 0.006
ES grade III/IV, n (%) 1.018 0.736–1.409 0.913

Major resection, n (%) 2.303 1.655–3.205 0.000 1.626 1.072–2.467 0.022

PA-TACE, n (%) 0.623 0.450–0.863 0.004 0.519 0.369–0.728 0.000

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, 
Barcelona Clinical Liver Cancer; CK19, cytokeratin-19; ES, Edmondson-Steiner; HBV, hepatitis B virus; HCC, hepato
cellular carcinoma; MaVI, macrovascular invasion; MiVI, microvascular invasion; PA-TACE, postoperative adjuvant TACE; 
RFS, recurrence free survival.

Table 3 Uni- and Multivariable Analyses to Identify Independent Factors Affecting the OS 
of Patients with CK19-Positive HCC After Curative Liver Resection

Variables Univariable Cox Analysis Multivariable Cox Analysis

HR 95% CI P HR 95% CI P

Gender (male), n (%) 1.41 0.819–2.430 0.215

Age (year), n (%) 1.003 0.986–1.020 0.751
HBV infection, n (%) 1.006 0.584–1.733 0.983

AFP ≥ 400 ng/mL 1.243 0.839–1.842 0.278

Total bilirubin (μmol/L) 1.003 0.998–1.009 0.253
Platelet count (10 9 /L) 1.001 0.999–1.003 0.215

Prothrombin time (s) 1.137 0.980–1.318 0.091

Albumin (g/L) 0.981 0.945–1.019 0.331
ALT (U/L) 0.997 0.992–1.001 0.161

AST (U/L) 1.001 0.997–1.005 0.575

Tumor size ≥ 5 cm 1.937 1.275–2.942 0.002 1.004 0.610–1.652 0.988
Multiple tumor number, n (%) 1.149 0.765–1.727 0.503

Cirrhosis, n (%) 0.993 0.687–1.436 0.971
Ascites, n (%) 1.149 0.667–1.979 0.616

MaVI, n (%) 2.458 1.690–3.574 0.000 1.562 1.022–2.387 0.039

MiVI, n (%) 2.620 1.755–3.911 0.000 2.226 1.449–3.418 0.000
ES grade III/IV, n (%) 1.207 0.831–1.753 0.323

(Continued)
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Subgroups Analyses
Further investigation revealed the clinical value of PA-TACE in distinct recurrence-risk subgroups of CK19+ HCC 
patients stratified by AFP levels, presence of cirrhosis, tumor size, tumor numbers, extent of resection, pathological 
grade, and presence of MaVI or MiVI. We demonstrated that CK19+ HCC patients with AFP ≥400 ng/mL, cirrhosis, 
tumor size ≥5 cm, multiple tumors, major hepatectomy, ES grade III–IV, MaVI, or MiVI derived significant RFS 
(Figure 2A–H) and OS benefits (Figure 3A–H) from PA-TACE treatment. However, when the patient did not suffer the 
high risks of postoperative recurrence factors, PA-TACE did not show a prognostic benefit for these patients 
(Supplementary Figures 3 and 4). Similarly, for CK19+ HCC patients at higher tumor stages (BCLC stage B or C, 
and beyond Milan criteria), PA-TACE also provides significant benefits in terms of RFS and OS, but it is ineffective for 
lower tumor stages (Figure 4A–H). Further recurrence pattern subgroups analyses indicated that the beneficial role of PA- 
TACE on CK19+ HCC patients with high risk of postoperative recurrence was mainly due to reduce recurrence within 3 
months after operation (Supplementary Table 1).

Discussion
In this study, we assessed the clinical role of PA-TACE on the prognosis of CK19+HCC patients who subjected to 
hepatectomy. Our study found that PA-TACE can significantly prolong RFS and OS in CK19+ HCC patients, and PA- 
TACE was a greatly favorable variable for prognosis evaluation. In addition, subgroups analyses showed that the 
beneficial effects of PA-TACE on prognosis in those patients mainly occurred in patients with high risks of postoperative 
recurrence, but were not effective in patients without high risk factors. Therefore, we can definitely suggest that patients 
with CK19+ HCC should be considered selectively for PA-TACE.

At present, many evidences confirmed that CK19 is a specific marker of tumor stem cells, biliary tract and progenitor 
cells, which can significantly promote the malignant progression of HCC.28 CK19+ HCC patients often have the 
characteristics of stronger tumor invasion and metastasis, higher recurrence rate of intrahepatic lymph node metastasis 
and worse prognosis, which are closely related to clinical aggressiveness.29,30 It is of great significance to determine the 
expression status of CK19 in HCC patients for better clinical decision-making and improving prognosis. However, it 
cannot be detected prior to operation and can only be diagnosed by histology of the excised specimen.31 Therefore, in 
order to reduce HCC recurrence, it is very necessary to emphasize adjuvant therapy for CK19+HCC patients after 
surgery. PA-TACE, as the primary adjunctive therapy after hepatectomy, has been shown to be an effective regime for 
preventing recurrence in HCC patients with high risk of recurrences. Although previous study also have proposed that 
PA-TACE may greatly improve RFS in CK19+ HCC patients,22 the clinical value of PA-TACE in CK19+HCC patients is 
still unclear and more studies are needed.

In this study, survival analyses suggested that PA-TACE greatly prolong the RFS and OS of CK19+ HCC patients. 
Moreover, Cox univariate and multivariate analyses revealed that PA-TACE was an independent favorable factor for RFS and 
OS. Furthermore, subgroups analyses suggested that the protective role of PA-TACE on CK19+ HCC cases mainly occurred 
when there were high risks of postoperative recurrence, such as high AFP level, cirrhosis, large tumor, multiple tumors, major 
resection, high ES grade, MaVI and MiVI. These indicators have been extensively studied as high risk factors for post
operative recurrence in HCC patients.32–34 However, for patients without these factors, PA-TACE had little difference on their 

Table 3 (Continued). 

Variables Univariable Cox Analysis Multivariable Cox Analysis

HR 95% CI P HR 95% CI P

Major resection, n (%) 2.565 1.770–3.716 0.000 1.898 1.211–2.975 0.005

PA-TACE, n (%) 0.681 0.470–0.985 0.042 0.611 0.420–0.887 0.010

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, 
Barcelona Clinical Liver Cancer; CK19, cytokeratin-19; ES, Edmondson-Steiner; HBV, hepatitis B virus; HCC, 
hepatocellular carcinoma; MaVI, macrovascular invasion; MiVI, microvascular invasion; PA-TACE, postoperative 
adjuvant TACE; OS, overall survival.

Journal of Hepatocellular Carcinoma 2025:12                                                                                    https://doi.org/10.2147/JHC.S537915                                                                                                                                                                                                                                                                                                                                                                                                   2413

Mai et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/537915/537915%20Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/537915/537915%20Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/537915/537915%20Supplementary%20Material.docx


prognosis. Similarly, for CK19+ HCC patients at higher tumor stages (BCLC stage B or C and beyond Milan criteria), PA- 
TACE also provides significant benefits in terms of RFS and OS, but it is ineffective for lower tumor stages.

Many reports suggested that most HCC patients often experience recurrence within 2 years after surgery (early 
recurrence), and the recurrent lesions usually originate from intrahepatic micrometastases.35–37 Current research has 
confirmed that PA-TACE is an effective treatment option for intrahepatic micrometastasis. In our research, the recurrence 
rate of CK19+HCC patients with high risk of postoperative recurrence within 3 months after surgery was significantly 
higher in patients who did not receive PA-TACE than in patients who did (p<0.05 for both). After 3 months, the 
difference had narrowed significantly. This suggests that the beneficial effect of PA-TACE in CK19+ HCC patients with 
a high risk of postoperative recurrence is primarily in reducing recurrences within the first 3 months after surgery. This 
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Figure 2 Subgroups analyses of RFS among high risk of postoperative recurrence in CK19+ HCC patients. (A) AFP ≥400 ng/mL; (B) presence of cirrhosis; (C) tumor size ≥ 
5cm; (D) multiple tumor numbers; (E) major resection; (F) ES grade III–IV; (G) presence of MaVI; (H) presence of MiVI. 
Abbreviations: AFP, alpha-fetoprotein; CK19, cytokeratin-19; ES, Edmondson- Steiner; HCC, hepatocellular carcinoma; MaVI, macrovascular invasion; MiVI, microvascular 
invasion; RFS, recurrence free survival.
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may be related to the fact that early recurrence mostly results from subclinical dissemination during the operation, and 
PA-TACE can effectively clear it.38,39 However, in patients with a low risk of postoperative recurrence, PA-TACE was 
not effective in reducing early or late recurrences, and the recurrence rates were similar between the two groups. Thus, 
for CK19+HCC patients with a low risk of postoperative recurrence, the limited effect of PA-TACE might be due to the 
low recurrence rate within 3 months after hepatectomy.

Currently, CK19 can only be definitively diagnosed by histopathology of surgical specimens. Consequently, post
operative adjuvant therapy plays a crucial role in preventing tumors recurrences. Unfortunately, in our results, PA-TACE 
failed to show significant effect in low-risk CK19+HCC patients, including AFP < 400 ng/mL, absence of cirrhosis, 
tumor size < 5 cm, single tumors, minor resection, ES I–II stage, absence of MaVI and MiVI. It is also ineffective in 
patients with low tumor stages, including BCLC stage 0 or A, CNLC stage Ia or Ib, and with Milan criteria. To mitigate 
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Figure 3 Subgroups analyses of OS among high risk factors in CK19+ HCC patients. (A) AFP ≥400 ng/mL; (B) presence of cirrhosis; (C) tumor size ≥ 5cm; (D) multiple 
tumor numbers; (E) major resection; (F) ES grade III–IV; (G) presence of MaVI; (H) presence of MiVI. 
Abbreviations: AFP, alpha-fetoprotein; CK19, cytokeratin-19; ES, Edmondson- Steiner; HCC, hepatocellular carcinoma; MaVI, macrovascular invasion; MiVI, microvascular 
invasion; OS, overall survival.
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the adverse effects of CK19, preoperative evaluation of CK19 status and timely surgical intervention are paramount in 
ensuring favorable outcomes. Notably, many current studies are enthusiastic about combining radiomics signatures and 
clinical indicators to predict CK19 expression and evaluate the prognosis of these patients. For example, Choi et al40 

suggested that gadoxetic acid–enhanced and diffusion-weighted magnetic resonance imaging (MRI) may help to predict 
early recurrence in CK19+ HCC patients after hepatectomy. Zhao et al41 further developed a nomogram based on 
radiomics and serum AFP levels for individualized preoperative prediction of CK19 expression in HCC. These models 
can assess the probability of CK19 expression in HCC patients. For HCC patients with high probability of CK19 
expression, expanded surgical resection margins, anatomical resection, and appropriate postoperative adjuvant therapy 
may be important measures to improve the prognosis of these patients.
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Figure 4 Subgroups analyses of RFS and OS in CK19+ HCC patients at different tumor stage. (A) RFS, BCLC stage 0 or A; (B) OS, BCLC stage 0 or A; (C) RFS, BCLC 
stage B or C; (D) OS, BCLC stage B or C; (E) RFS, within Milan criteria; (F) OS, within Milan criteria; (G) RFS, beyond Milan criteria; (H) OS, beyond Milan criteria. 
Abbreviations: BCLC, Barcelona Clinical Liver Cancer; CK19, cytokeratin-19; HCC, hepatocellular carcinoma; OS, overall survival; RFS, recurrence free survival.

https://doi.org/10.2147/JHC.S537915                                                                                                                                                                                                                                                                                                                                                                                                                                                   Journal of Hepatocellular Carcinoma 2025:12 2416

Mai et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



This study has several notable limitations that should be acknowledged. Firstly, although PSM was implemented to 
minimize selection bias, residual confounding factors between compared groups may persist due to inherent methodological 
constraints. Secondly, the clinical relevance of our findings may be geographically constrained as the cohort predominantly 
comprised HBV-associated HCC cases, potentially limiting generalizability to populations with different etiological profiles. 
Thirdly, preoperative assessment of CK19 status currently remains impractical for clinical decision-making as it relies on 
postoperative histopathological confirmation, necessitating empirical selection criteria for PA-TACE candidate stratification. 
Furthermore, the absence of standardized PA-TACE protocols introduces potential variability, as the therapeutic agents and 
dosage regimens employed in this study may differ from those used at other institutions. Finally, while this retrospective 
single-center analysis provides preliminary insights, future multi-center prospective studies with protocol harmonization will 
be necessary to validate our findings and establish broader clinical applicability.

Conclusion
In summary, PA-TACE effectively extends the RFS and OS of CK19+ HCC patients following hepatic resection, 
particularly among those at high risks of postoperative recurrence. Therefore, it is crucial to prioritize comprehensive 
adjuvant therapies for CK19+ HCC patients following hepatic resection to enhance their prognosis.

Abbreviations
AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinical 
Liver Cancer; CK19, cytokeratin-19; ES, Edmondson-Steiner; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; 
MaVI, macrovascular invasion; MiVI, microvascular invasion; PA-TACE, postoperative adjuvant TACE; PSM, propen
sity score matching; TACE, transarterial chemoembolization.
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