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Background: High alpha-fetoprotein (AFP) expressions (>400 ng/mL) are associated with 
poor oncological characteristics for hepatocellular carcinoma (HCC). However, prognosis 
after liver resection for high-AFP HCC is poorly studied. To investigate long-term recurrence 
and survival after hepatectomy for high-AFP HCC, and to identify the predictive value of 
postoperative incomplete biomarker response (IBR) on overall survival (OS) and recurrence- 
free survival (RFS).
Methods: Patients undergoing curative resection for high-AFP HCC were analyzed. 
According to the decline magnitude of serum AFP as measured at first follow-up (4~6 
weeks after surgery), all patients were divided into the complete biomarker response 
(CBR) and IBR groups. Characteristics, recurrence, and survival rates were compared. 
Univariate and Multivariate Cox-regression analyses were performed to identify independent 
predictors associated with poorer OS and RFS after liver resection for high-AFP HCC.
Results: Among 549 patients, the overall and early recurrence rates in patients with IBR 
were significantly higher than patients with CBR (97.8%vs.56.4%, and 92.5%vs.33.3%, both 
P<0.001). On multivariate analysis, postoperative IBR was the strongest risk factor with the 
highest hazard ratio in predicting poor OS (HR 2.97; 95% CI 2.49~3.45; P<0.001) and RFS 
(HR 4.29; 95% CI 3.31~5.55; P<0.001).
Conclusion: Postoperative biomarker response of serum AFP can be used in predicting 
recurrence and survival for high-AFP HCC patients. Once postoperative IBR was identified 
at first follow-up, subsequent enhanced recurrence surveillance and available treatments 
against recurrence should actively be considered.
Keywords: hepatocellular carcinoma, alpha-fetoprotein, hepatectomy, survival, recurrence

Introduction
Hepatocellular carcinoma (HCC) ranks as the sixth most prevalent malignancies 
and the third leading cause of cancer-related deaths, making it a major public health 
issue globally.1 Surgical resection represents the mainstay approach for HCC and 
provides the possibility of cure for patients with HCC.2 Despite recent advances in 
surgical technique and multidisciplinary treatment, long-term prognosis after HCC 
resection remains dismal due to the high risk of tumor recurrence, with 40~50% of 
patients early relapsing within 2 years after surgery.3,4 Many tumor-related patho-
logical characteristics, such as tumor size, tumor number, macrovascular and 
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microvascular invasion, as well as preoperative serum 
levels of HCC biomarkers, such as alpha-fetoprotein 
(AFP) and des-gamma-carboxy prothrombin, have been 
recognized as independent predictors of long-term recur-
rence and survival after HCC resection.5–7 Postoperative 
HCC recurrence could be divided into early recurrence 
(less than 2 years) and late recurrence (more than 2 
years) according to the time to recurrence since surgery.8 

Early recurrence is most likely the consequence of occult 
metastasis from the initial tumor, whereas late recurrence 
after 2 years of surgery is often of clonal origin, which is 
different from the original tumor, suggesting a de 
novo second primary HCC. Numerous previous studies 
have showed that early recurrence is commonly associated 
with aggressive tumor pathological characteristics, while 
late recurrence is usually associated with underlying sever-
ity of liver disease, like cirrhosis and active hepatitis.5,8–10 

Nevertheless, more potentially effective predictors for 
early and late recurrence still need identifying to improve 
long-term oncologic outcomes.

AFP is the most commonly used biomarker of HCC for 
detection, screening, surveillance, therapeutic efficacy mea-
surement, and prognostic evaluation.11–14 When using 
a serum level of 20 ng/mL as the cut-off value, sensitivity 
and specificity for HCC diagnosis were 60~70% and 
80~90%, respectively.12,14 When the cut-off value increases 
to 400 ng/mL, the diagnostic specificity for HCC can go up to 
almost 100%. In clinical settings, a high AFP expression 
(>400 ng/mL) represents a well-accepted indicator of poor 
oncological characteristics of HCC, which has been demon-
strated to be closely associated with bad prognosis after 
various treatment modalities, including liver 
transplantation,14–17 transcatheter arterial chemoemboliza-
tion (TACE),18,19 and systemic therapy.19–21 As for liver 
resection for HCC, previous studies have also identified 
that a high preoperative AFP level (>400 ng/mL) was inde-
pendently associated with a high recurrence rate and poor 
survival when compared with a low preoperative AFP level 
(<400 ng/mL).22–25 To our knowledge, no prognostic studies 
have been published exclusively on liver resection for 
patients with HCC and high AFP expressions (>400 ng/mL).

The post-treatment biomarker response for malignant 
tumors has increasingly been recognized as a potentially 
effective and readily available tool in assessing therapeutic 
efficacy, predicting oncologic prognosis, as well as mon-
itoring postoperative recurrence.26,27 The predictive value 
of post-treatment AFP response has been demonstrated in 
liver transplantation28,29 and in various non-curative 

treatments for HCC such as TACE, chemoradiotherapy, 
systemic therapies including chemotherapy, targeted ther-
apy and immunotherapy.13,26,30–33 However, there have 
only been a few published reports on the predictive value 
of postoperative AFP response on long-term recurrence 
and survival following liver resection.34–40 These studies, 
however, failed to use a relatively unified definition for 
postoperative complete response of serum AFP, including 
time points used in preoperative and postoperative serum 
AFP measurement, and what constituted a significant mag-
nitude of decline in postoperative AFP levels.34–40 The 
conclusions which can be drawn from these studies can 
hardly be used as reference values, let alone for clinical 
application.

Based on a large multicenter database with long-term 
follow-up, the present study aimed to study the clinical 
characteristics, long-term oncologic prognosis and prog-
nostic factors after curative liver resection for HCC 
patients with high-AFP levels (>400 ng/mL). Pertinent 
definitions for postoperative complete and incomplete bio-
marker response of serum AFP were proposed so that the 
results of this study could be generalized. Attempts were 
made to identify the predictive value of postoperative AFP 
response on recurrence and survival after curative resec-
tion for high-AFP HCC to provide data to clinicians in 
planning for recurrence surveillance, and in decision- 
making on offering early treatments against recurrence 
for these patients.

Patients and Methods
Patient Selection
A multicenter study was conducted on patients who under-
went open liver resection with curative-intent for HCC as 
an initial treatment at 11 hospitals in China between 
January 2008 and December 2015. The clinical data of 
these patients were retrospectively reviewed and analyzed. 
These 11 hospitals were Zhejiang Provincial People’s 
Hospital, Eastern Hepatobiliary Surgery Hospital, the 
First Affiliated Hospital of Harbin Medical University, 
Fuyang People’s Hospital, Ziyang First People’s 
Hospital, Meizhou People’s Hospital, Pu’er People’s 
Hospital, Tongji Hospital, Liuyang People’s Hospital, 
Mengchao Hepatobiliary Hospital, and Chongqing 
University Cancer Hospital. All patients had resectable 
tumors, adequate volumes of future liver remnant (FLR) 
with good liver function, and absence of distant metastasis. 
The diagnosis of HCC was confirmed by postoperative 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                            

Journal of Hepatocellular Carcinoma 2021:8 104

Liang et al                                                                                                                                                             Dovepress

http://www.dovepress.com
http://www.dovepress.com


histopathological examinations. Curative resection was 
defined as complete removal of all tumor nodules with 
microscopic-negative margins (R0 resection). Patients 
were excluded with: 1) age less than 18 years, 2) no data 
on preoperative AFP within 1 week before surgery, 3) 
a preoperative AFP level ≤400 ng/mL, 4) R1 (microsco-
pically positive) or R2 (macroscopically positive) resec-
tion, 5) postoperative 90-day mortality, 6) first follow-up 
evaluation in <4 or >8 weeks after surgery, 7) recurrent 
tumor(s) diagnosed by medical imaging at first follow-up 
within 8 weeks after operation, 8) no data of serum AFP 
measurement at the first postoperative follow-up, and 9) 
missing data on potentially important prognostic variables. 
The study was censored on December 31, 2019. 
Perioperative evaluation of the staging method and surgi-
cal procedures were generally consistent at each partici-
pating hospital.41 Resection criteria were constant over the 
study period, and the technical details of liver resection 
have been described previously.41 This study was per-
formed in accordance with the Declaration of Helsinki 
and the Ethical Guidelines for Clinical Studies. It was 
approved by the Institutional Review Board of the 
Eastern Hepatobiliary Surgery Hospital of Shanghai, 
China. Written informed consent was obtained to use 
their medical records for scientific research from all 
patients when they were admitted to hospital.

Clinicopathological Variables
The patients’ demographic and liver-related characteristics 
included age, sex, diabetes mellitus, body mass index, 
American Society of Anesthesiologists score, serological 
tests of serum hepatitis B surface antigen and anti-hepatitis 
C virus antibody, presence of cirrhosis and portal hyper-
tension, and Child-Pugh grading. Liver fibrosis was 
assessed semi-quantitatively on a scale of 0–4: F0, absent; 
F1, portal fibrosis with no fibrosis beyond the portal tract; 
F2, portal fibrosis with a few septa; F3, portal fibrosis with 
numerous septa; and F4, cirrhosis. Portal hypertension was 
confirmed when there was either splenomegaly with 
a decreased platelet count (≤100×109/L) or gastroesopha-
geal varices. Tumor-related characteristics consisted of 
preoperative AFP levels which were measured within 1 
week before operation, maximum tumor diameter, tumor 
number, satellite nodules, tumor encapsulation, tumor dif-
ferentiation, and macroscopic and microscopic vascular 
invasion. Operative variables included intraoperative 
blood loss, requirement of intraoperative blood transfu-
sion, extent of liver resection (minor or major), type of 

hepatectomy (anatomical or non-anatomical), as well as 
resection margin (<1 or ≥ 1cm). Major hepatectomy 
referred to resection of three or more Couinaud’s liver 
segments. Anatomical and non-anatomical liver resections 
were defined according to the Brisbane 2000 nomenclature 
of Liver Anatomy and Resections. All continuous vari-
ables were divided into binaries as categorical variables 
based on those commonly used in previous studies.5,42 

According to the commonly used cut-off values of serum 
AFP level at the vast majority of Chinese hospitals, a level 
<20 ng/mL was defined as negative, a level between 20 
and 400 ng/mL was defined as positive but low, and a level 
>400 ng/mL was defined as high. Among the latter, a level 
between 401 and 1200 ng/mL was defined as intermedi-
ately high, while a level >1200 ng/mL was defined as 
extremely high.

Postoperative Follow-Up
After hospital discharge, all patients were regularly fol-
lowed-up at each hospital. The postoperative surveillance 
strategies for recurrence were consistent across all participat-
ing hospitals. This consisted of history taking, physical 
examination, detection of serum AFP level, ultrasonography 
or contrast-enhanced computed tomography (CT) or mag-
netic resonance imaging (MRI) of the upper abdomen. In 
general, the first follow-up evaluation, either during hospita-
lization or at an outpatient setting, was performed at 4~6 
weeks after surgery. The serum AFP measurement taken at 
this check-up was identified as the postoperative AFP level. 
These patients were subsequently followed-up at 2- or 
3-monthly intervals for the first half-year after surgery, 3- 
to 4-monthly for the next 1.5 years, and then 3- to 6-monthly 
thereafter. When recurrence was suspected, enhanced CT or 
MRI, bone scan or positron emission tomography were per-
formed as clinically indicated. Tumor recurrence was defined 
as new appearance of intrahepatic or extrahepatic tumor 
nodule(s), with typical imaging features which were consis-
tent with HCC on contrast-enhanced CT or MRI, with or 
without a rise in serum AFP level. The diagnosis was made 
when dynamic CT or magnetic resonance imaging showed 
contrast enhancement in the arterial phase and washout in the 
venous phase or when hepatic angiography disclosed high 
tumor vascularity.5,43 Once tumor recurrence was suspected, 
patients were hospitalized to confirm diagnosis. Appropriate 
management for HCC recurrence included re-resection, liver 
transplantation, local ablation, TACE, systemic therapy, 
radiotherapy, and best supportive care. The dates of the initial 
HCC recurrence, last follow-up, and death, as well as 
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patterns of initial recurrence and reasons of death, were 
recorded. The end follow-up time in this study was 
December 31, 2019.

Postoperative Biomarker Response of 
Serum AFP
Post-treatment biomarker response is an important variable 
that reflects the degree of tumor removal which is associated 
with long-term recurrence and overall survival outcomes after 
curative HCC resection. To allow clinical generalizability and 
improve feasibility, two postoperative biomarker responses of 
serum AFP after surgery were compared, ie, postoperative 
complete biomarker response (CBR) and incomplete biomar-
ker conversion (IBR). Considering the half-life of AFP to be 
5~7 days, and routine postoperative first check-up in most 
centers was performed from 1 month to 6 weeks (ie 30~42 
days) after surgery, postoperative CBR was defined as normal-
ization of postoperative AFP levels to <20 ng/mL in HCC 
patients with preoperative intermediately-high-AFP levels 
(401~1200 ng/mL), or to <1/60 (~26) of preoperative serum 
AFP level for patients with preoperative extremely-high-AFP 
levels (>1200 ng/mL). On the other hand, for patients with 
failure of preoperative AFP levels to decrease to the above- 
mentioned levels at first follow-up were defined to have post-
operative IBR.

Study Endpoints
The primary endpoints of this study were overall survival 
(OS) and recurrence-free survival (RFS). OS was calcu-
lated from date of liver resection to either date of death or 
date of the last follow-up, while RFS was calculated from 
date of liver resection to date of first HCC recurrence, date 
of death, or date of the last follow-up. The secondary 
endpoints of this study were the rates of overall recur-
rence, early recurrence (within 2 years after surgery), late 
recurrence (beyond 2 years after surgery), and postopera-
tive cancer-specific and non-cancer-specific mortality on 
follow-up. Note the percentage of late recurrence was 
calculated by the ratio of the number of patients who had 
recurrence after 2 years of surgery to the number of 
patients who were disease-free alive at 2 years of surgery.

Statistical Analysis
Categorical variables were expressed as proportions (%) or 
numbers (n) and compared using the χ2 test or Fisher’s exact 
test. Multivariate analyses were performed using logistic 
regression with a forward stepwise variable selection to 

identify independent predictors of IBR following curative 
liver resection for high-AFP HCC, with odds ratios (OR) 
and their 95% confidence intervals (CIs). Long-term oncolo-
gic outcomes after curative resection were compared 
between patients with postoperative IBR and CBR. The OS 
and RFS rates were calculated and compared using the 
Kaplan–Meier method generated by the Log rank test. 
Univariate and multivariate Cox regression analyses were 
performed to identify independent predictors associated 
with poor OS and RFS, with hazard ratios (HRs) and their 
95% CI. Using a forward stepwise variable selection, vari-
ables that were significant at a P value <0.1 on univariate 
analyses were entered into the Cox proportional hazard 
model. All statistical analyses were performed using the 
SPSS software version 25.0 (SPSS, Chicago, IL, USA). 
A two-tailed P value <0.05 was considered to be statistically 
significant.

Results
Clinical Characteristics
HCC patients with high-AFP levels (>400 ng/mL) after 
curative liver resection who met the inclusion criteria 
(n=549) formed the analytic cohort for this retrospective 
study (Figure 1). There were 469 (85.4%) males and 80 
(14.6%) females. On the first postoperative follow-up 
(median: 35 days after surgery), 456 (83.1%) patients 
achieved a complete response in serum AFP level (the 
CBR group). However, 93 (16.9%) patients failed to 
achieve the predetermined levels (the IBR group). 
Comparison of clinical characteristics between the two 
groups of patients is summarized in Table 1, which 
shows no significant differences in all demographic and 
liver-related characteristics between the two groups. 
However, there were significant differences in most 
tumor-related characteristics and some operative vari-
ables, including preoperative tumor rupture, tumor size, 
macrovascular and microvascular invasion, satellite 
nodules, incomplete tumor encapsulation, intraoperative 
blood loss, and intraoperative blood transfusion (all 
P < 0.05). The proportion of patients with preoperative 
extremely high AFP levels (>1200 ng/mL) in the IBR 
group (77 [82.8%]) was significantly higher than those in 
the CBR group (316 [69.3%]) (P = 0.008).

Predictors of Postoperative IBR
On univariate analysis, variables which were found to be 
significant at a P value <0.1 between the IBR and CBR 
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groups were entered into multivariate logistic regression ana-
lysis. Multivariate analysis showed preoperative tumor rup-
ture (OR: 5.47, 95% CI: 2.14–14.03, P < 0.001), tumor size 
>5 cm (OR: 2.06, 95% CI: 1.22–3.46, P = 0.007), presence of 
macrovascular invasion (OR: 2.58, 95% CI: 1.31–5.06, P = 
0.006) and resection margin <1 cm (OR: 2.25, 95% CI: 
2.35–3.75, P = 0.002) to be independent predictors associated 
with postoperative IBR at first postoperative follow-up after 
curative resection for HCC patients with high-AFP levels.

Long-Term Oncologic Outcomes
At a median follow-up of 47.8 months for the entire cohort 
(n = 549), 290 (52.8%) patients had died, and 348 (63.4%) 
patients developed HCC recurrence, with 237 [68.1%] 
patients with recurrence occurring within 2 years, and 
111 [31.9%] patients beyond 2 years after surgery. The 
1-, 3-, and 5-year OS rates for the whole cohort were 92.2, 
66.5, and 53.9%, respectively. The corresponding RFS 
rates were 70.7, 47.2, and 37.4%, respectively.

Comparison of long-term oncologic outcomes between 
the two groups of patients with postoperative IBR and 
CBR is listed in Table 2. The postoperative mortality and 
overall recurrence rates for patients in the IBR group were 

significantly higher than those in the CBR group (97.8% 
vs 56.4%, and 80.6% vs 47.1%, respectively, both P < 
0.001). The rate of early HCC recurrence in the IBR group 
was also significantly higher than those in the CBR group 
(92.5% [86/93] vs 33.3% [152/456], P < 0.001), despite 
the two groups having comparable rates of late HCC 
recurrence (62.5% [5/8] vs 35.3% [105/297], P = 0.142). 
The cumulative rates of early HCC recurrence between the 
two groups of patients with IBR and CBR are depicted in 
Figure 2A. Similar results of early HCC recurrence with 
significant difference (both P < 0.001) were showed in the 
subgroup cohorts of patients with preoperative intermedi-
ately high (Figure 3A) and extremely high (Figure 4A) 
AFP level, respectively. The patterns of initial HCC recur-
rence also differed between the two groups of patients. 
While 70 (75.3%, 70/93) and 7 (7.5%, 7/93) patients in the 
IBR group developed sole intrahepatic and sole extrahe-
patic recurrences, respectively, the incidences were signif-
icantly higher than those in patients in the CBR group 
(45.4% and 2.4%, both P < 0.05). Furthermore, the inci-
dence of cancer-specific deaths in patients with IBR was 
also significantly higher than those in patients with CBR 
(74.2% vs 36.4%, P < 0.001).

Multicenter data of patients who underwent curative-intent liver 

resection for initial HCC between 2008 and 2015 (N = 1619)

Excluded                  (N = 1070)

Age less than 18 years old (n = 19)

Missing data of preoperative AFP test within 1 week before surgery (n = 20)

Preoperative AFP level < 400 ng/ml (n = 854)

R1 or R2 resection (n = 42)

Postoperative 90-day mortality (n = 31)

< 4 or > 8 weeks after surgery for the first follow-up (n = 26)

Having had recurrent tumor by imaging at first follow-up (n = 58)

Unavailable results of the AFP level at the first follow-up (n = 9)

Missing data on important prognostic variables                   (n = 11)

Enrolled        (N = 549)
Postoperative incomplete biomarker response (IBR)  (n = 93)

Postoperative complete biomarker response (CBR)  (n = 456)

Figure 1 Flow chart of the cohort. 
Abbreviations: HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein.
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Comparison of OS and RFS Between the 
IBR and CBR Groups
The OS and RFS curves between patients with post-
operative IBR and CBR are demonstrated in Figure 2B 
and C, respectively. As shown in Table 2, when com-
pared with patients who had postoperative CBR, patients 
who had postoperative IBR had significantly poorer 1-, 

3-, and 5-year OS (73.0, 26.6, and 19.9% vs 96.0, 74.3, 
and 60.7%, respectively, P<0.001) and RFS rates (20.4, 
5.4 and 2.9% vs 80.9, 55.7 and 44.5%, respectively, 
P<0.001). The median overall and recurrence-free survi-
val outcomes in patients with IBR were 18.2 and 6.1 
months, respectively, which were significantly poorer 
than those in patients with CBR (77.9 and 47.5 months, 

Table 1 Comparisons of Patients’ Clinical Characteristics

Variables (N [%]) Total (N=549) IBR (N=93) CBR (N=456) P

Male Sex 469 (85.4) 76 (81.7) 393 (86.2) 0.262

Age > 60 years old 83 (15.1) 9 (9.7) 74 (16.2) 0.115

Diabetes mellitus 19 (3.5) 3 (3.2) 16 (3.5) 0.892

Overweight* 206 (37.5) 34 (36.6) 172 (37.7) 0.907

ASA score > 2 58 (10.6) 9 (9.7) 49 (10.7) 0.855

HBsAg (+) 511 (93.1) 85 (91.4) 426 (93.4) 0.501

Anti-HCV (+) 8 (1.5) 2 (2.2) 6 (1.3) 0.629

Cirrhosis 431 (78.5) 71 (76.3) 360 (78.9) 0.581

Portal hypertension 127 (23.1) 19 (20.4) 108 (23.7) 0.590

Child-Pugh grade B 55 (10.0) 12 (12.9) 43 (9.4) 0.342

Preoperative AFP level

Intermediately-high (401~1200 ng/mL) 156 (28.4) 16 (17.2) 140 (30.7) 0.008

Extremely-high (> 1200 ng/mL) 393 (71.6) 77 (82.8) 316 (69.3)

Preoperative tumor rupture 21 (3.8) 12 (12.9) 9 (2.0) < 0.001

Maximum tumor size > 5.0 cm 290 (52.8) 68 (73.1) 222 (48.7) < 0.001

Multiple tumors 87 (15.8) 16 (17.2) 71 (15.6) 0.755

Macrovascular invasion 47 (8.6) 18 (19.4) 29 (6.4) < 0.001

Microvascular invasion 252 (45.9) 53 (57.0) 199 (43.6) 0.022

Satellite nodules 118 (21.5) 28 (30.1) 90 (19.7) 0.037

Incomplete tumor encapsulation 289 (52.6) 60 (64.5) 229 (50.2) 0.012

Poor tumor differentiation 370 (67.4) 60 (64.5) 310 (68.0) 0.545

Intraoperative blood loss > 600 mL 111 (20.2) 26 (28.0) 85 (18.6) 0.048

Intraoperative blood transfusion 111 (20.2) 28 (30.1) 83 (18.2) 0.015

Major hepatectomy 128 (23.3) 33 (35.5) 95 (20.8) 0.004

Anatomical resection 406 (74.0) 58 (62.4) 348 (76.3) 0.007

Resection margin < 1.0 cm 269 (49.0) 66 (71.0) 203 (44.5) < 0.001

Note: *Body mass index >24.0 kg/m2. 
Abbreviations: ASA, American Society of Anesthesiologists; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; AFP, alpha-fetoprotein; IBR, incomplete biomarker 
response; CBR, complete biomarker response.
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respectively, both P<0.001). Similar results of OS and 
RFS with significant difference (both P < 0.001) were 
showed in the subgroup cohorts of patients with preo-
perative intermediately high (Figure 3B and C) and 
extremely high (Figure 4B and C) AFP level, 
respectively.

Independent Predictors of OS, RFS, and 
Early Recurrence
Tables 3 and 4 summarize the results of univariate and 
multivariate analyses of predictive factors which were 
associated with poor OS and RFS after curative liver 
resection for high-AFP HCC. Multivariate Cox- 

regression analyses revealed that preoperative tumor 
rupture, tumor size >5 cm, macrovascular invasion, pre-
sence of satellite nodules, intraoperative blood transfu-
sion, resection margin <1cm, and postoperative IBR 
were independent risk factors associated with poor OS 
and RFS. Among all the independent predictors, post-
operative IBR was the risk with the highest HR, and it 
was independently associated with poor OS (HR, 2.97; 
95% CI, 2.49–3.45; P < 0.001) and poor RFS (HR, 
4.29; 95% CI, 3.31–5.55; P < 0.001) after curative 
liver resection for high-AFP HCC. In addition, as 
shown in Table 5, multivariate Cox-regression analysis 
demonstrated that postoperative IBR was also 

Table 2 Comparisons of Long-Term Oncologic Outcomes

Variables (N [%]) Total (N=549) IBR (N=93) CBR (N=456) P

Period of follow-up, months* 47.8±27.3 27.7±25.6 51.9±25.8 < 0.001

Postoperative adjuvant TACE 171 (31.1) 29 (31.2) 142 (31.1) 1.000

Recurrence during the follow-up 348 (63.4) 91 (97.8) 257 (56.4) < 0.001

Early recurrence (within 2 years) 237 (43.2) 86 (92.5) 152 (33.3) < 0.001

Later recurrence (beyond 2 years)** 111 (36.4) 5 (62.5) 105 (35.3) < 0.001

Patterns of initial recurrence

Intrahepatic recurrence 277 (50.5) 70 (75.3) 207 (45.4) < 0.001

Extrahepatic recurrence 18 (3.3) 7 (7.5) 11 (2.4) 0.012

Intra- and Extrahepatic recurrence 53 (9.7) 14 (15.1) 39 (8.6) 0.080

Mortality during the follow-up 290 (52.8) 75 (80.6) 215 (47.1) < 0.001

Cancer-specific mortality 235 (42.8) 69 (74.2) 166 (36.4) < 0.001

Non-cancer-specific mortality 55 (10.0) 6 (6.5) 49 (10.7) 0.257

Median OS, 95% CI, months 65.6 (55.4~75.8) 18.2 (12.8~23.6) 77.9 (65.4~90.4) < 0.001

1-year OS rate, % 92.2 73.0 96.0

3-year OS rate, % 66.5 26.6 74.3

5-year OS rate, % 53.9 19.9 60.7

Median RFS, 95% CI, months 33.5 (26.9~40.1) 6.1 (5.1~7.1) 47.5 (37.5~57.5) < 0.001

1-year RFS rate, % 70.7 20.4 80.9

3-year RFS rate, % 47.2 5.4 55.7

5-year RFS rate, % 37.4 2.9 44.5

Notes: *Values are mean ± standard deviation. **Numbers of patients who were disease-free alive at 2 years of surgery were 305, 8, and 297 in the overall, IBR, and CBR 
cohorts, respectively. 
Abbreviations: CI, confidence interval; OS, overall survival; RFS, recurrence-free survival; TTR, time-to-recurrence; IBR, incomplete biomarker response; CBR, complete 
biomarker response; TACE, transcatheter arterial chemoembolization.
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independently associated with increased early recurrence 
rate following curative liver resection for high-AFP 
HCC (HR, 5.43; 95% CI, 4.08–7.25; P < 0.001).

Discussion
AFP is a widely used biomarker in the surveillance of patients 
at risk of developing HCC, as well as to assess the treatment 
response among patients with known HCC.44 Levels of AFP 
are also correlated with the tumor size, with higher AFP being 
associated with larger lesions. However, AFP as a prognostic 
indicator lacks consistency, as several authors reported limited 
correlation of AFP levels with disease factors such as tumor 
size, stage, or disease progression.45–47 Importantly, about 
30~40% of HCCs are not AFP secretors.12 For these reasons, 
we did not include the data of those patients with negative 
(<20 ng/mL) and positive but low (20–400 ng/mL) AFP 
expressions into the present analyses. Importantly, a high 

AFP expression (>400 ng/mL) is a recognized manifestation 
of HCC with aggressive biological behavior, and it can also 
serve as a reflection of tumor burden.48,49 In the present study, 
clinical characteristics of a specific patient population with 
HCC with preoperative high AFP levels after curative liver 
resection were depicted, and their long-term oncologic prog-
nosis and prognostic factors were evaluated. Using the mag-
nitude in decline between preoperative and postoperative 
serum AFP levels, ie whether a postoperative biomarker 
response could completely be achieved at the first postopera-
tive follow-up or not, the whole cohort (n=549 patients) was 
divided into the CBR group (n=456) and the IBR group 
(n=93). Despite comparable late recurrence rates, the rates of 
overall and early recurrence in patients with postoperative IBR 
were significantly higher than those in patients with postopera-
tive CBR (97.8% vs 56.4%, and 92.5% vs 33.3%, both P < 
0.001). Furthermore, the 5-year OS and RFS rates in patients 

Patients at Risk Total 3mo 6mo 9mo 12mo 15mo 18mo 21mo 24mo

IBR 93 93 48 26 19 11 10 8 8

CBR 456 456 420 388 368 347 333 313 297

P < 0.001

A

IBR

CBR

Patients at Risk Total 1yr 2yrs 3yrs 4yrs 5yrs 6yrs 7yrs 8yrs

IBR 93 66 34 23 20 10 6 4 4

CBR 456 436 383 333 261 148 83 54 34

P < 0.001

B

IBR

CBR

Patients at Risk Total 1yr 2yrs 3yrs 4yrs 5yrs 6yrs 7yrs 8yrs

IBR 93 19 8 6 4 2 2 2 2

CBR 456 368 297 249 180 99 50 33 13

P < 0.001

C

IBR

CBR

Figure 2 Cumulative incidence of early recurrence (<2 years after surgery, (A)), overall survival (B) and recurrence-free survival (C) curves comparisons between patients 
with postoperative incomplete biomarker response (IBR) and complete biomarker response (CBR).
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with IBR were significantly poorer than those in patients with 
CBR (60.7% vs 19.9%, and 44.5% vs 2.9%, both P < 0.001). 
On multivariate Cox-regression analysis, postoperative IBR 

was shown to be the strongest risk associated with poorer OS 
(HR: 2.97) and poorer RFS (HR: 4.29), as well as increased 
early recurrence (HR: 5.43) after liver resection for patients 

P < 0.001

A

IBR

CBR

P < 0.001

B

IBR

CBR

P < 0.001

C

IBR

CBR

Figure 3 Subgroup analyses of cumulative incidence of early recurrence (<2 years 
after surgery, (A)), overall survival (B) and recurrence-free survival (C) curves 
comparisons between patients with postoperative incomplete biomarker response 
(IBR) and complete biomarker response (CBR) in patients with preoperative inter-
mediately high AFP level (401~1200 ng/mL).

P < 0.001

A

IBR

CBR

P < 0.001

B

IBR

CBR

P < 0.001

C
IBR

CBR

Figure 4 Subgroup analyses of cumulative incidence of early recurrence (<2 years 
after surgery, (A)), overall survival (B) and recurrence-free survival (C) curves 
comparisons between patients with postoperative incomplete biomarker response 
(IBR) and complete biomarker response (CBR) in patients with preoperative 
extremely high AFP level (>1200 ng/mL).
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with high-AFP HCC. To our knowledge, this is the first study 
that focused on clinical characteristics and postoperative onco-
logic prognosis exclusively for patients with high-AFP HCC 
(>400 ng/mL). The results of this study can be used as a useful 
guidance in planning for enhanced recurrence surveillance and 

decision-making on early adjuvant therapy for this specific 
group of patients.

The predictive value of postoperative serum AFP 
response to treatment has increasingly been used in locor-
egional and systemic therapies for HCC, especially in 

Table 3 Univariate and Multivariate Cox-Regression Analyses of Predictors Associated with Overall Survival After Curative Liver 
Resection for High-AFP Hepatocellular Carcinoma

Variables UV HR (95% CI) UV P MV HR (95% CI) MV P*

Male sex 1.01 (0.73–1.39) 0.966

Age > 60 years 0.99 (0.71–1.38) 0.957

Diabetes mellitus 1.27 (0.71–2.27) 0.415

Overweight 1.15 (0.91–1.45) 0.253

ASA score > 2 1.12 (0.77–1.63) 0.548

HBsAg (+) 0.83 (0.53–1.32) 0.435

Anti-HCV (+) 1.49 (0.62–3.62) 0.376

Cirrhosis 1.29 (1.02–1.73) 0.041 1.43 (1.06–1.94) 0.020

Portal hypertension 1.13 (0.86–1.47) 0.373

Child-Pugh grade B 1.61 (1.14–2.27) 0.006 NA 0.124

Preoperative AFP > 1200 ng/mL 1.22 (0.94–1.58) 0.135

Preoperative tumor rupture 2.58 (1.58–4.22) < 0.001 2.51 (1.51–4.18) < 0.001

Maximum tumor size > 5 cm 2.07 (1.63–2.63) < 0.001 1.45 (1.09–1.92) 0.011

Multiple tumors 1.78 (1.35–2.38) < 0.001 NA 0.765

Macrovascular invasion 3.98 (2.85–5.56) < 0.001 2.08 (1.45–2.98) < 0.001

Microvascular invasion 1.76 (1.39–2.22) < 0.001 1.32 (1.01–1.73) 0.044

Satellite nodules 2.36 (1.83–3.04) < 0.001 1.47 (1.09–1.97) 0.011

Incomplete tumor encapsulation 2.15 (1.69–2.74) < 0.001 NA 0.234

Poor tumor differentiation 1.23 (0.94–1.60) 0.130

Intraoperative blood loss > 600 mL 1.75 (1.34–2.28) < 0.001 NA 0.109

Intraoperative blood transfusion 2.17 (1.67–2.81) < 0.001 1.63 (1.24–2.13) < 0.001

Major hepatectomy 1.89 (1.46–2.44) < 0.001 NA 0.256

Non-anatomical resection 1.20 (0.93–1.55) 0.170

Resection margin < 1 cm 2.38 (1.88–3.02) < 0.001 1.97 (1.54–2.53) < 0.001

Postoperative adjuvant TACE 0.78 (0.61–1.09) 0.086 NA 0.118

Postoperative IBR 3.37 (2.58–4.41) < 0.001 2.97 (2.49–3.45) < 0.001

Note: *Those variables found significant at P < 0.1 in univariable analyses were entered into multivariable analyses. 
Abbreviations: ASA, American Society of Anesthesiologists; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; AFP, alpha-fetoprotein; HR, hazard ratio; MV, 
multivariable; NA, not applicable; UV, univariable; CI, confidence interval; IBR, incomplete biomarker response; TACE, transcatheter arterial chemoembolization.
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targeted therapy and immunotherapy.12,14,26,50 However, 
unlike the use of predictive value of AFP response to 
various non-curative treatments for HCC, published stu-
dies on its use to predict recurrence and survival after 
curative liver resection are very limited.34–40 There are 
a lot of challenges in designing and conducting such 
studies. On one hand, nearly 40% of HCCs do not express 

AFP, which limits the use of AFP response for patients 
with AFP-negative HCC.51 On the other hand, a clear, 
well-recognized and clinically relevant postoperative 
AFP response is difficult to define. A good definition 
requires precise preoperative and postoperative time points 
to measure serum AFP levels, and a reasonable magnitude 
of decline between pre- and post-operative AFP levels to 

Table 4 Univariate and Multivariate Cox-Regression Analyses of Predictors Associated with Recurrence-Free Survival After Curative 
Liver Resection for High-AFP Hepatocellular Carcinoma

Variables UV HR (95% CI) UV P MV HR (95% CI) MV P*

Male sex 0.97 (0.72–1.30) 0.829

Age > 60 years 0.87 (0.64–1.18) 0.367

Diabetes mellitus 1.32 (0.77–2.25) 0.313

Overweight 1.09 (0.88–1.35) 0.421

ASA score > 2 0.91 (0.64–1.28) 0.574

HBsAg (+) 0.78 (0.53–1.15) 0.211

Anti-HCV (+) 1.39 (0.62–3.12) 0.426

Cirrhosis 1.19 (0.92–1.54) 0.198

Portal hypertension 1.06 (0.83–1.34) 0.658

Child-Pugh grade B 1.38 (1.03–1.91) 0.069 NA 0.331

Preoperative AFP > 1200 ng/mL 1.19 (0.94–1.49) 0.148

Preoperative tumor rupture 2.26 (1.40–3.63) 0.001 1.70 (1.05–2.77) 0.032

Maximum tumor size > 5 cm 1.86 (1.51–2.30) < 0.001 1.29 (1.03–1.62) 0.026

Multiple tumors 1.89 (1.46–2.46) < 0.001 NA 0.130

Macrovascular invasion 6.15 (4.45–8.50) < 0.001 3.50 (2.50–4.88) < 0.001

Microvascular invasion 1.63 (1.33–2.01) < 0.001 NA 0.442

Satellite nodules 2.44 (1.94–3.09) < 0.001 1.77 (1.39–2.27) < 0.001

Incomplete tumor encapsulation 2.16 (1.74–2.67) < 0.001 1.44 (1.14–1.83) 0.003

Poor tumor differentiation 1.29 (1.02–1.62) 0.031 NA 0.962

Intraoperative blood loss > 600 mL 1.69 (1.33–2.15) < 0.001 NA 0.350

Intraoperative blood transfusion 1.90 (1.50–2.42) < 0.001 1.42 (1.10–1.82) 0.006

Major hepatectomy 1.85 (1.47–2.34) < 0.001 NA 0.254

Non-anatomical resection 1.14 (0.90–1.44) 0.281

Resection margin < 1 cm 2.19 (1.77–2.70) < 0.001 1.80 (1.45–2.24) < 0.001

Postoperative adjuvant TACE 1.03 (0.83–1.29) 0.763

Postoperative IBR 5.73 (4.45–7.37) < 0.001 4.29 (3.31–5.55) < 0.001

Note: *Those variables found significant at P < 0.1 in univariable analyses were entered into multivariable analyses. 
Abbreviations: ASA, American Society of Anesthesiologists; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; AFP, alpha-fetoprotein; HR, hazard ratio; MV, 
multivariable; NA, not applicable; UV, univariable; CI, confidence interval; IBR, incomplete biomarker response; TACE, transcatheter arterial chemoembolization.
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determine a significant change in levels. Li et al38 mea-
sured serum AFP before surgery (AFP0) and 1 week after 
surgery (AFP7). They calculated the AFP response using 
the formula: log10AFP7/log10AFP0 to correlate the rela-
tionship between AFP response and long-term survival. 
They concluded that an AFP non-responder corresponded 

to an AFP response >0.8135. This formula is too compli-
cated and difficult to be incorporated into routine use by 
clinicians. Moreover, in this contemporary era of enhanced 
recovery after surgery, patients are becoming more often to 
be discharged from hospitals within 1 week after HCC 
resection. The need to measure postoperative serum AFP 

Table 5 Univariate and Multivariate Cox-Regression Analyses of Risk Factors Associated with Early Recurrence After Curative Liver 
Resection for High-AFP Hepatocellular Carcinoma

Variables UV HR (95% CI) UV P MV HR (95% CI) MV P*

Male sex 1.00 (0.70–1.44) 0.986

Age > 60 years 0.83 (0.57–1.21) 0.322

Diabetes mellitus 1.36 (0.72–2.57) 0.337

Overweight 1.06 (0.81–1.37) 0.686

ASA score > 2 0.81 (0.52–1.26) 0.345

HBsAg (+) 0.71 (0.45–1.11) 0.128

Anti-HCV (+) 1.11 (0.41–2.99) 0.831

Cirrhosis 1.12 (0.81–1.54) 0.494

Portal hypertension 0.90 (0.66–1.23) 0.507

Child-Pugh grade B 1.32 (0.89–1.95) 0.173

Preoperative AFP > 1200 ng/mL 1.53 (1.23–2.08) 0.006 NA 0.592

Preoperative tumor rupture 2.78 (1.67–4.63) < 0.001 NA 0.072

Maximum tumor size > 5 cm 2.02 (1.55–2.64) < 0.001 NA 0.153

Multiple tumors 2.08 (1.54–2.80) < 0.001 1.72 (1.25–2.37) 0.001

Macrovascular invasion 5.57 (3.96–7.82) < 0.001 3.19 (2.25–4.51) < 0.001

Microvascular invasion 1.65 (1.28–2.14) < 0.001 NA 0.674

Satellite nodules 2.56 (1.96–3.35) < 0.001 NA 0.166

Incomplete tumor encapsulation 2.26 (1.72–2.97) < 0.001 1.44 (1.08–1.93) 0.014

Poor tumor differentiation 1.18 (0.89–1.56) 0.244

Intraoperative blood loss > 600 mL 1.75 (1.32–2.33) < 0.001 NA 0.366

Intraoperative blood transfusion 2.13 (1.61–2.81) < 0.001 1.69 (1.27–2.24) < 0.001

Major hepatectomy 1.92 (1.46–2.52) < 0.001 NA 0.095

Non-anatomical resection 1.31 (0.99–1.73) 0.055 NA 0.247

Resection margin < 1 cm 2.49 (1.91–3.26) < 0.001 1.95 (1.49–2.56) < 0.001

Postoperative adjuvant TACE 1.01 (0.77–1.32) 0.973

Postoperative IBR 7.12 (5.40–9.41) < 0.001 5.43 (4.08–7.25) < 0.001

Note: *Those variables found significant at P < 0.1 in univariable analyses were entered into multivariable analyses. 
Abbreviations: ASA, American Society of Anesthesiologists; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; AFP, alpha-fetoprotein; HR, hazard ratio; MV, 
multivariable; NA, not applicable; UV, univariable; CI, confidence interval; IBR, incomplete biomarker response; TACE, transcatheter arterial chemoembolization.
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level at 1 week after surgery is becoming less suitable in 
routine clinical practice. Another study by Zhou et al 
coming from the same hospital used a postoperative 
daily decrease in AFP of 9% as the cut-off value to 
evaluate AFP response. They showed this value to be 
useful in discriminating OS and RFS after HCC resection 
for patients having a preoperative AFP > 40 ng/mL. 
However, this algorithm, in addition to being inconvenient 
to use, could result in false judgments in HCC patients 
with a preoperative low-positive AFP level (41~100 ng/ 
mL).35 Other studies by Shen et al34 and by Allard et al36 

used around 90 days after surgery, and by Rungsakulkij 
et al39 around 180 days after surgery as postoperative 
measurement points of serum AFP levels. These studies 
all concluded that a serum AFP level that failed to decline 
to AFP negativity was independently associated with high 
recurrence rates and poor overall survival after curative 
resection of AFP-positive HCC. However, both 90 days 
and 180 days after surgery are too late to be clinically 
useful either in predicting early recurrence to offer an 
enhanced recurrence surveillance program, or to give 
early adjuvant treatments against recurrence.34,36,39

Thus, the time points used in defining postoperative 
CBR are critical in designing good studies on the predic-
tive value of serum AFP in patients undergoing curative 
resection for AFP-positive HCC (>20 ng/mL), especially 
for those with preoperative extremely high AFP levels 
(>1200 ng/mL). As the first postoperative follow-up of 
around 4~6 weeks after surgery is most commonly carried 
out in centers worldwide, a serum AFP level measured at 
this time point was used in this study. As for the magni-
tude of AFP decline before and after operation, an easy-to- 
use formula to differentiate between postoperative CBR 
and IBR needs to be defined. Some studies defined AFP 
response as CBR to occur in patients with a preoperative 
positive status (≥20 ng/mL) which became negative (<20 
ng/mL) within 1 month after surgery.37,40 However, as the 
half-life of AFP is 5~7 days, this definition is unreasonable 
for HCC patients with preoperative extremely-high-AFP 
levels of >1200 ng/mL. Even after complete resection of 
all tumors, the serum AFP levels will not decline to 
become negative (<20 ng/mL) within 30 days. Therefore, 
in the present study, the patients were classified into two 
groups according to their preoperative AFP levels: inter-
mediately-high-AFP (401~1200 ng/mL) and extremely- 
high-AFP (>1200 ng/mL). CBR was defined as 
a decrease of postoperative AFP level to negative (<20 
ng/mL) for patients with intermediately high AFP HCC, or 

to <1/60 (~26) of preoperative AFP level for patients with 
extremely-high-AFP HCC. Considering the half-life of 
AFP and the commonly used measurement time points 
after surgery, this classification is reasonable and practical.

Conventionally, curative HCC resection is defined 
either by postoperative histopathological examination of 
the resected specimen (R0 or R1 resection) or by radiolo-
gic imaging using contrast-enhanced CT or MRI at the first 
postoperative follow-up after operation. Neither of these 
two techniques can entirely rule out occult micro- 
metastasis or small metastatic HCCs in liver remnants, 
which are the most common sites for early HCC recur-
rence. In the past two decades, accurate prediction and 
early detection of tumor recurrence can be predicted by 
detecting circulating tumor cells, cell-free DNA, or 
microRNAs. However, these techniques suffer from the 
need for high technology and high costs which limit their 
generalizability.26,52–54 A special feature of high-AFP 
HCC being its tumor cells secreting AFP. If residual 
tumor cells were to exist in liver remnants or in patients 
after removal of all targeted tumors, as these cells continue 
to secrete AFP, the serum AFP levels fall slower than 
predicted and would hardly become negative. The present 
study confirmed the rationality of this hypothesis. In this 
study, the rate of early recurrence within 2 years after 
surgery among patients with postoperative IBR was as 
high as 92.5%, suggesting that these patients with high 
risks of early recurrence should be given close surveillance 
to detect early HCC recurrence and to consider offering 
early treatments against recurrence. Although there are 
currently no universally accepted effective treatments 
against early HCC recurrence, clinical trials for adjuvant 
therapy against HCC recurrence in this well-defined high- 
risk population should be considered.

Multivariate logistic regression analysis of this study 
showed many tumor-related characteristics to be indepen-
dently associated with postoperative IBR, with preopera-
tive tumor rupture being the strongest predictor of IBR 
(OR=5.47). Partial hepatectomy is usually considered as 
the most optimal treatment in selected patients with ade-
quate liver function and resectable tumors,55 although 
intraperitoneal tumor dissemination remains a major obsta-
cle in achieving good long-term survival outcomes after 
resection.56 In this study, patients with complete resection 
of ruptured HCC were strongly predicted to have IBR by 
postoperative AFP levels. The existence of peritoneal 
tumor seedings which persist to secret AFP can explain 
such findings.
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This study had several limitations. First, this is 
a retrospective cohort study with its inherent defects. 
Second, most patients enrolled in this study had a history 
of chronic HBV infection. Therefore, the conclusions from 
this study may not be applicable to patients with HCC due 
to other etiologies, such as HCV and alcoholic liver dis-
ease. Third, antiviral therapy against HBV has been shown 
to reduce the baseline AFP level, thus affecting the diag-
nostic accuracy of AFP in patients who had chronic HBV 
infection.57 Additionally, high HBV-DNA load at the post-
operative first follow-up might lead to serum mildly ele-
vated AFP level. However, there was no relevant 
information regarding these above-mentioned issues in 
this study.

In conclusion, the present study revealed that HCC 
patients with high-AFP levels had a relatively poor 
postoperative oncologic prognosis. This study also iden-
tified postoperative IBR to be the strongest predictive 
risk factor of poor OS and RFS for these patients. For 
HCC patients with high-AFP levels, postoperative AFP 
response is an easy-to-use and a practical surrogate end-
point to identify patients who have a very high prob-
ability of early recurrence and poor long-term oncologic 
survival outcomes after liver resection. This study sup-
ports the use of postoperative AFP response in evaluat-
ing long-term oncologic prognosis of patients in clinical 
practice. Once postoperative IBR is identified at first 
follow-up visits, enhanced recurrence surveillance and 
available treatment options against recurrence need to be 
actively considered.

Summary
We investigated the association between postoperative bio-
marker response at first follow-up and long-term recurrence, 
and survival in patients undergoing curative resection for 
hepatocellular carcinoma (HCC) with high alpha- 
fetoprotein (AFP) expressions (>400 ng/mL). Postoperative 
incomplete biomarker response (IBR) predicted more recur-
rence, especially within 2 years after surgery, and poor long- 
term survival after liver resection for patients with high-AFP 
HCC. The results can provide useful guidance in planning for 
enhanced recurrence surveillance and decision-making on 
early adjuvant therapy for patients with postoperative IBR 
at first follow-up visits.

Abbreviations
HCC, Hepatocellular carcinoma; AFP, alpha-fetoprotein; 
IBR, incomplete biomarker response; CBR, complete 

biomarker response; CT, Computed tomography; MRI, 
Magnetic resonance imaging; OS, Overall survival; RFS, 
recurrence-free survival; SD, Standard deviation; HR, 
Hazard ratio; OR, odds ratios; MV, multivariable; UV, 
univariable; CI, Confidence interval.
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