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Abstract 

Background:  The prognosis of hepatocellular carcinoma (HCC) varies considerably among patients with the same 
disease stage and characteristics, and only about two thirds show high levels of α-fetoprotein (AFP), a common prog-
nostic indicator for HCC. Here, we assessed whether the combination of presurgical serum levels of AFP and carbohy-
drate antigen 19-9 (CA19-9) can predict the prognosis of HCC patients after hepatectomy.

Methods:  The clinicopathological characteristics and post-hepatectomy outcomes of 711 HCC patients were retro-
spectively reviewed. The patients were classified into three groups based on whether their preoperative serum levels 
of both AFP and CA19-9 were higher than the respective cut-offs of 400 ng/ml and 37 U/ml [double positive (DP)], the 
level of only one marker was higher than the cut-off [single positive (SP)], or neither level was higher than the cut-off 
[negative (N)]. The overall survival (OS) and recurrence-free survival (RFS) rates were estimated using Kaplan–Meier 
curves. Univariate and multivariate survival analyses were performed to identify the clinicopathological factors signifi-
cantly associated with HCC prognosis.

Results:  The 1-year, 3-year, and 5-year RFS and OS rates in the N group were significantly higher than those in the 
SP group, while the DP group showed the lowest rates. Multivariate Cox regression analysis showed that large tumor 
size (> 5 cm), multiple tumors (≥ 2), incomplete tumor capsule, positive microvascular invasion, Barcelona Clinic Liver 
Cancer C stage, and CA19-9 level > 37 U/mL were independent risk factors for RFS and OS in HCC patients. Moreover, 
aspartate aminotransferase levels > 40 U/L proved to be an independent prognostic factor for OS.

Conclusion:  The combination of serum AFP and CA19-9 levels may be a useful prognostic marker for HCC patients 
after hepatectomy.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most com-
mon malignancies in the world and is the third most 
common cause of cancer mortality [1]. Surgical resection 
is the most effective way to treat HCC [2]. However, the 
5-year recurrence rate after hepatectomy is up to 40–70% 
[3], indicating the need for further investigation of the 
prognostic characteristics of HCC.
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α-fetoprotein (AFP) is a widely known prognostic 
marker of HCC used to identify high-risk populations 
[4]. Our previous long-term follow-up study of 396 HCC 
patients confirmed that high preoperative levels of AFP 
lead to poor prognosis of HCC after hepatectomy [5]. 
However, AFP levels are elevated in only about two-
thirds of patients diagnosed with HCC [4], implying that 
the AFP cut-off value of >400 ng/mL in European guide-
lines [6] cannot reliably predict HCC prognosis on its 
own.

Carbohydrate antigen 19-9 (CA19-9), also known as 
sialyl-Lewis A antigen, is a tumor marker commonly used 
to screen different human cancers in the digestive system 
[7]. High serum CA19-9 levels in pancreatic, colorectal, 
and gastric tumors are associated with poor prognosis 
[8–10]. We recently found that CA19-9 levels >37 ng/mL 
correlate with poor prognosis of HCC [11].

Although CA19-9 and AFP are used in clinical diagno-
sis as single markers and their prognostic value in HCC 
has been demonstrated. A cohort study of 304 HCC 
patients obtained a significant cut-off value of CA19-9 of 
27U/mL according to the AUC curve, and its multivari-
ate analysis showed that a preoperative CA19-9 value >27 
U/mL was independent prognostic factors for long-term 
survival and associated with poor prognosis after resec-
tion for HCC [12]. In another study on the relationship 
between preoperative serum AFP level and prognosis of 
HCC patients, 20 ng/mL and 400 ng/mL were selected as 
cut-off values, and the results showed that preoperative 
serum AFP level has considerable predictive value for the 
malignant feature and a preoperative AFP value >400 ng/
mL was independent prognostic factors for long-term 
survival and associated with poor prognosis after resec-
tion for HCC [13]. The efficiency of their combination 
as a prognostic factor for HCC patients after hepatec-
tomy has not yet been reported, except for a retrospec-
tive study of only 67 patients [14]. Therefore, here, we 
aimed to retrospectively compare the prognostic value 
of CA19-9 and AFP levels, individually and together, in 
HCC patients after hepatectomy.

Methods
Study population and data collection
A total of 921 consecutive patients with histologically 
proven HCC who underwent hepatectomy in the Depart-
ment of Liver Surgery at Guangxi Medical University 
Cancer Hospital (Nanning, China) from January 2014 to 
December 2016 were considered for this study.

Clinicopathological data of the enrolled patients had 
been entered prospectively into the hepatectomy data-
base of the Department of Liver Surgery at Guangxi 
Medical University Cancer Hospital, and they were ret-
rospectively reviewed in the present study. The tumor 

size was considered as the maximum diameter of the 
largest tumor in the resected specimens. The collected 
tumors were histopathologically differentiated as grade 
I (well differentiated), grade II (moderately differenti-
ated), or grade III–IV (poorly differentiated) according 
to the Edmondson–Steiner criteria. Preoperative AFP 
and CA19-9 levels were extracted from the hospital data-
base. For most patients, both values were obtained within 
seven days prior to surgery.

Hepatectomy
All surgical procedures were performed by experienced 
surgeons using standard techniques in the Department 
of Liver Surgery. All patients underwent curative resec-
tion, defined as the removal of all tumor lesions based on 
macroscopic inspection and a negative histology resec-
tion margin, as well as the absence of residual tumor or 
portal tumor thromboses during postoperative imaging. 
At this stage, patients were excluded if they were found 
to have other malignancies, distant metastasis, or lymph 
node involvement. The study was approved by the Eth-
ics Committee of the Guangxi Medical University Cancer 
Hospital (LW2021056).

Postoperative treatment
HCC patients received further treatment after hepa-
tectomy to reduce recurrence risk. In particular, 
postoperative prophylactic transcatheter arterial chem-
oembolization was performed in patients with portal 
vein tumor thrombus or high-risk macrovascular inva-
sion. Patients chronically infected with hepatitis B virus 
received long-term antiviral therapy with nucleoside ana-
logs (entecavir or tenofovir). In the event of recurrence, 
repeat resection, radiofrequency ablation, transcatheter 
arterial chemoembolization, radiotherapy, or systemic 
treatment were applied depending on the patient’s condi-
tion and characteristics of the recurrence.

Follow‑up
All patients were followed up at our outpatient clinic or 
by telephone interview one month after surgery, then 
every three months for the rest of the first year, and 
every six months thereafter. The follow-up period ranged 
from 1 to 63 months with an average of 33 months, and 
it lasted until April 2019. The follow-up visits included a 
physical examination, liver function tests, measurement 
of serum AFP and CA19-9 levels, abdominal ultrasonog-
raphy, and computed tomography or magnetic resonance 
imaging.

Recurrence-free survival (RFS) and overall survival 
(OS) rates were calculated from the date of surgery to the 
detection of recurrent tumors or to the date of the last 
follow-up visit, respectively.
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Statistical analysis
Statistical analysis was performed using SPSS for Win-
dows (version 22.0, IBM., Chicago, IL, USA). Intergroup 
differences in categorical data were assessed for sig-
nificance using the chi-squared test (2-sided) or Fisher’s 
exact test. Kaplan–Meier curves were used to estimate 
cumulative OS and RFS rates, and curves for different 
patient groups were compared using the log-rank test.

Univariate analysis was used to identify factors associ-
ated with the prognosis of HCC patients after liver resec-
tion. Statistically significant (P < 0.05) variables were then 
subjected to multivariate Cox analysis to identify inde-
pendent predictors of OS and RFS. Differences associated 
with P < 0.05 were considered statistically significant.

Results
Patient characteristics
Of the 921 patients initially considered, 210 were 
excluded because (1) they developed potential metastatic 
disease prior to surgery (n = 39), (2) underwent radiof-
requency ablation or transcatheter arterial chemoembo-
lization prior to surgery (n = 22), or (3) died within one 
month after surgery or were followed up for less than one 
month (n = 149). Hence, 711 patients met the eligibility 
criteria and were ultimately enrolled in this retrospective 
study.

Patients were divided into two groups according to the 
preoperative serum AFP levels: a low AFP group (n = 
381; AFP ≤ 400 ng/mL) or a high AFP group (n = 300; 
AFP > 400 ng/mL)] [6]. They were also divided into two 
groups according to preoperative serum CA19-9 lev-
els: a low CA19-9 group (CA19-9 ≤ 37 U/mL) or a high 
CA19-9 group (CA19-9 > 37 U/mL)] [11].

The high AFP group had significantly larger tumors, a 
higher rate of poorly differentiated tumors, and higher 
aspartate aminotransferase (AST) values than the low 
AFP group. High AFP levels were also associated with 
an incomplete tumor capsule, microvascular invasion 
(MVI), and Barcelona Clinic Liver Cancer (BCLC) C 
stage.

In contrast to AFP, CA19-9 levels ≤ 37 U/mL were sig-
nificantly associated with higher values of alanine ami-
notransferase (ALT), AST, serum albumin, Child–Pugh 
score, and total bilirubin (TBil), as well as with positive 
hepatitis B surface antigen (HBsAg) and liver cirrhosis 
(Table 1).

Survival based on AFP level, CA19‑9 level, or their 
combination
We assessed the OS and RFS rates of patients with dif-
ferent preoperative serum AFP or CA19-9 levels. The 
5-year OS and RFS rates of the low AFP group (≤ 400 ng/

mL) were significantly higher than those of the high AFP 
group (> 400 ng/mL) [5-year OS: 50.9 vs. 42.4%, Fig. 1A; 
5-year RFS: 20.9 vs. 19.4%, Fig. 1B), suggesting that low 
preoperative serum AFP levels favor patient survival. 
In addition, patients with preoperative CA19-9 > 37 U/
mL had a significantly worse prognosis than those with 
CA19-9 ≤ 37 U/mL (5-year OS: 31.7 vs. 53.4%; 5-year 
RFS: 16.3 vs. 22.2%) (Fig. 1C and D).

The enrolled patients were also divided into four 
groups based on different combinations of preoperative 
AFP and CA19-9 levels (Fig. 2). Patients in group 1 (n = 
294) had low AFP (≤ 400 ng/mL) and CA19-9 (≤ 37 U/
mL) levels, patients in group 2 (n = 258) had high AFP 
(> 400 ng/mL) and low CA19-9 (≤ 37 U/mL), patients in 
group 3 (n = 87) had low AFP (≤ 400 ng/mL) and high 
CA19-9 (> 37 U/mL), and patients in group 4 (n = 72) 
had high levels of both AFP (> 400 ng/mL) and CA19-9 
(> 37 U/mL) (Table 2).

The 5-year OS rates of groups 1–4 were 59.7%, 46.6%, 
32.1%, and 30.7%, respectively, while the respective 
5-year RFS rates reached 23.4%, 22.6%, 22.9%, and 18.7%. 
Thus, the patients in group 4 showed the worst prognosis 
among the four groups.

Based on these results, we collapsed the four groups 
into three tumor markers types (TMTs): the negative (N) 
group (n = 294; group 1), single positive (SP) group (n = 
345; groups 2 and 3), and double positive (DP) group (n 
= 72; group 4). The 5-year OS rates of the N, SP, and DP 
groups were 59.7%, 40.3%, and 30.7%, respectively, while 
the corresponding 5-year RFS rates were 20.5%, 22.3%, 
and 8.7% (Fig. 3). This confirmed that patients with high 
levels of both AFP and CA19-9 (DP group) had the worst 
prognosis of HCC among the three patient groups.

Survival predictors
The three groups and their clinicopathological data 
were then analyzed by multiple Cox regression mod-
els in which OS and RFS rates were covariates. A total 
of 18 variables that could affect the OS or RFS of HCC 
patients were subjected to univariate analysis: age (≤ 60 
or > 60 years), sex (male or female), tumor size (≤ 5 or 
> 5 cm), number of tumors (single or multiple), tumor 
capsule (incomplete or complete), MVI (positive or neg-
ative), BCLC stage (A–B or C), Edmonson grading (I–II 
or III–IV), HbsAg (positive or negative), liver cirrhosis 
(yes or no), Child–Pugh class (A or B), serum albumin 
(≤ 35 or > 35g/L), ALT (≤ 40 or > 40 U/L), AST (≤ 40 
or > 40 U/L), TBil (≤ 17.1 or > 17.1 μmol/mL), AFP (≤ 
400 or > 400 ng/mL), CA19-9 (≤ 37 or > 37 U/mL), and 
TMT (N, SP, or DP).

Our analysis revealed that 11 variables were signifi-
cant predictors for both OS and RFS: large tumor size (> 
5 cm), multiple tumor number (≥ 2), incomplete tumor 
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Table 1  Clinicopathological characteristics of patients with hepatocellular carcinoma treated with hepatectomy and enrolled in the 
study

MVI microvascular invasion, BCLC Barcelona Clinic Liver Cancer Staging System, HBsAg hepatitis B surface antigen, ALT alanine aminotransferase, AST aspartate 
aminotransferase, TBil total bilirubin

Variable Patients (n = 711) P Patients (n = 711) P

AFP ≤ 400 ng/mL  
(n = 381)

AFP > 400 ng/mL  
(n = 330)

CA19-9 ≤ 37 U/mL  
(n = 552)

CA19-9 > 37 U/mL  
(n = 159)

Sex 0.003 0.485

  Male 339 268 474 133

  Female 42 62 78 26

Age 0.008 0.781

  ≤60 years 300 285 453 132

  >60 years 81 45 99 27

Tumor size

  <5 cm 141 82 <0.001 179 44 0.255

  ≥5 cm 240 248 373 115

Number of tumors

  <2 271 225 0.394 389 107 0.442

  ≥2 110 105 163 52

Tumor capsule 0.006 0.114

  Complete 314 244 426 132

  Incomplete 67 86 126 27

MVI <0.001 0.469

  Negative 189 115 240 64

  Positive 192 215 312 95

BCLC stage <0.001 0.058

  A–B 289 189 381 97

  C 92 141 171 62

Edmonson grade <0.001 0.502

  I–II 340 258 467 131

  III–IV 41 72 85 28

HBsAg 0.141 <0.001

  Negative 57 37 89 5

  Positive 324 293 463 154

Liver cirrhosis 0.789 0.017

  No 226 199 343 82

  Yes 155 131 209 77

Child–Pugh score 0.082 0.142

  A 369 326 542 153

  B 12 4 10 6

Serum albumin 0.752 <0.001

  <35 g/L 48 39 54 33

  ≥35 g/L 333 291 498 126

ALT 0.423 <0.001

  ≤40 U/L 236 214 383 67

  >40 U/L 145 116 169 92

AST 0.024 <0.001

  ≤40 U/L 225 167 336 56

  >40 U/L 156 163 216 103

TBil 0.385 0.008

  ≤17.1 μmol/mL 297 266 449 114

  >17.1 μmol/mL 84 64 103 45
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capsule, positive MVI, BCLC-C stage, Edmonson grading 
III–IV, ALT > 40U/L, AST > 40 U/L, AFP > 400 ng/mL, 
CA19-9 > 37 U/mL, and TMT (DP). Further multivariate 
Cox analysis showed that large tumor size, multiple num-
ber of tumors, incomplete tumor capsule, positive MVI, 
BCLC-C stage, and high CA19-9 levels were independent 
predictors for OS and RFS, whereas high AST level was 
an independent predictor only for OS (Table 3).

Discussion
In this retrospective study, we showed that AFP and 
CA19-9, as single tumor markers, are associated with the 
OS and RFS of HCC patients after radical hepatectomy, 
consistent with the results of previous studies. In order 
to improve the prognostic efficiency for postoperative 
HCC recurrence, we assessed the combination of AFP 
and CA19-9 as a single prognostic indicator, as sensitiv-
ity and specificity in tumor diagnosis can be significantly 

increased by combining two or more serum tumor mark-
ers [15, 16]. In particular, we found that patients with 
high preoperative serum AFP (> 400 ng/mL) and CA19-9 
(> 37 U/mL) levels had a worse prognosis than those with 
other TMTs. In addition to AFP and CA19-9, univariate 
and multivariate regression analysis identified various 
preoperative clinicopathological features significantly 
associated with the OS and RFS of HCC patients.

Continuous advances in the diagnosis and treatment 
of HCC have significantly improved the short-term 
treatment of HCC. However, the long-term survival of 
HCC is still unsatisfactory, and the postoperative recur-
rence rate remains considerably high [3, 17]. Therefore, 
further research is needed to clarify the factors affecting 
the prognosis of HCC, improve the survival time, and 
reduce the overall postoperative recurrence rate of HCC 
by establishing a more accurate prognosis assessment 
system [18].

Fig. 1  Dependence of A, C recurrence-free survival and B, D overall survival of patients with hepatocellular carcinoma after hepatectomy on 
preoperative serum levels of A, B α-fetoprotein (AFP) or C, D carbohydrate antigen 19-9 (CA19-9)
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In addition to conventional clinicopathological indi-
cators, AFP has also been identified as a prognostic fac-
tor for postoperative HCC [5, 13, 19]. Recent European 
guidelines suggest that AFP levels greater than 400 ng/
mL are associated with poor prognosis [6]. Although 
our data confirmed the prognostic value of this AFP 
threshold, serum AFP was not high in all patients and 
those with high AFP levels differed substantially in 
prognosis, reflecting the heterogeneity of HCC.

CA19-9 is commonly used in clinical practice, espe-
cially for the diagnosis of adenocarcinoma, and has 
been recently reported as a valuable prognostic marker 
for HCC [12, 20, 21]. The results of a prospective study 
suggested that serum CA19-9 levels ≥ 100 U/mL are 
an independent predictor of poor OS in HCC patients, 
which probably reflects the activity of progenitor-like 
cells in the non-tumor liver [22]. In contrast, a retro-
spective study reported that preoperative CA19-9 lev-
els > 27 U/mL are associated with poor prognosis after 
resection [12], while a study of 11,096 patients demon-
strated that CA19-9 levels > 37 U/mL accurately dis-
criminate pancreatic cancer from benign pancreatic 
diseases [23]. Our own work further supports a cor-
relation between CA19-9 levels > 37 ng/mL and poor 
prognosis of HCC [11]. In addition, we tried to find 
the optimal CA19-9 threshold for DFS and OS in HCC 
patients by ROC curve and found that the test power 
of the optimal threshold CA19-9 > 30.21 U/mL was not 
significantly better than CA19-9 > 37 U/mL, consider-
ing that CA19-9 < 37 U/mL is also the normal medical 
reference value range, which may be more convenient 

for clinical application, we finally used this concentra-
tion as the cut-off in the present study.

How elevated CA19-9 leads to poor prognosis of 
HCC patients is still unclear. CA19-9 may change the 
molecular microenvironment and promote the pro-
liferation, invasion, and metastasis of cancer cells by 
participating in cell growth and differentiation, signal 
transmission, apoptosis, white blood cell aggregation, 
immune regulation, and other physiological processes 
[24]. AFP and CA19-9 may influence the tumor bio-
logical characteristics of HCC through different mecha-
nisms, with similar consequences for prognosis. AFP 
can block the RA-RAR signaling pathway, thereby pro-
moting tumor cell growth and disrupting the onward 
transduction of apoptotic signaling by binding with 
caspase-3, while it can activate the PI3K/AKT pathway 
by causing dysfunction in the phosphatase and tensin 
homolog, leading to irregular HCC cell proliferation 
[25–27]. Moreover, HCC patients with high AFP serum 
levels (> 300 ng/mL) and positive staining for the epi-
thelial cell adhesion molecule EpCAM show signifi-
cantly higher microvessel density and tissue expression 
of vascular endothelial growth factor, which may be 
related to tumor angiogenesis [28]. CA19-9 is associ-
ated with the severity of liver failure [29], which is also 
supported by our results as well because high CA19-9 
is associated with higher bilirubin and transaminase 
levels in our study. Some patients with HCC, especially 
those with large tumors, who have cirrhosis, often die 
of liver failure rather than tumor recurrence. Therefore, 

Fig. 2  A Overall survival and B recurrence-free survival of patients stratified by preoperative serum levels of α-fetoprotein (AFP) and carbohydrate 
antigen 19-9 (CA19-9). Group 1: n = 294, green curve; group 2: n = 258, yellow curve; group 3: n = 87, blue curve; group 4: n = 72, red curve. A 
P1–2 < 0.001, P2–3 = 0.601, P1–3 = 0.001, P3–4 < 0.001, P1–4 < 0.001, P2–4 = 0.018); B P1–2 = 0.02, P2–3 = 0.334 P1–3 = 0.005, P3–4 = 0.138, 
P1–4 < 0.001, P2–4 = 0.01
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Table 2  Preoperative clinicopathological data of enrolled patients, stratified based on preoperative serum levels of AFP and CA19-9

MVI microvascular invasion, BCLC Barcelona Clinic Liver Cancer Staging System, HBsAg hepatitis B surface antigen, ALT alanine aminotransferase, AST aspartate 
aminotransferase, TBil total bilirub

Variable AFP ≤ 400 ng/mL and 
CA19-9 ≤ 37 U/mL  
(n =294)

AFP > 400 ng/mL and 
CA19-9 ≤ 37 U/mL  
(n = 258)

AFP ≤ 400 ng/mL and 
CA19-9 > 37 U/mL  
(n = 87)

AFP > 400ng/mL and 
CA19-9 > 37 U/mL  
(n = 72)

P

Sex 0.005

  Male 267 207 72 61

  Female 27 51 15 11

Age 0.067

  ≤60 years 231 222 69 63

  >60 years 63 36 18 9

Tumor size 0.003

  <5 cm 111 68 30 14

  ≥5 cm 183 190 57 58

Number of tumors 0.617

  <2 213 176 58 49

  ≥2 81 82 29 23

Tumor capsule 0.019

  Complete 239 187 75 57

  Incomplete 55 71 12 15

MVI 0.001

  Negative 148 92 41 23

  Positive 146 166 46 49

BCLC stage <0.001

  A–B 227 154 62 35

  C 67 104 25 37

Edmonson grade 0.001

  I–II 265 202 75 56

  III–IV 29 56 12 16

HBsAg <0.001

  Negative 52 37 5 0

  Positive 242 221 82 72

Liver cirrhosis 0.120

  No 182 161 44 38

  Yes 112 97 43 34

Child–Pugh score 0.090

  A 287 255 82 71

  B 7 3 5 1

Serum albumin 0.002

  <35 g/L 28 26 20 13

  ≥35 g/L 266 232 67 59

ALT <0.001

  ≤40 U/L 203 180 33 34

  >40 U/L 91 78 54 38

AST <0.001

  ≤40 U/L 192 144 33 23

  >40 U/L 102 114 54 49

TBil 0.053

  ≤17.1 μmol/mL 236 213 61 53

  >17.1 μmol/mL 58 45 26 19
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Fig. 3  (A) Overall survival and (B) recurrence-free survival rates of patients stratified by tumor marker type (see the “Results” section): negative (N, 
green curve), single positive (SP, blue curve), and double positive (DP, red curve). A For 5-year OS rates: PN–SP < 0.001, PN–DP < 0.001, PSP–DP = 
0.022. B For 5-year RFS rates: PN–SP = 0.004, PN–DP < 0.001, PSP–DP = 0.004)

Table 3  Uni- and multivariate analyses to identify predictors of recurrence-free and overall survival of patients with hepatocellular 
carcinoma after hepatectomy

MVI microvascular invasion, BCLC Barcelona Clinic Liver Cancer Staging System, HBsAg hepatitis B surface antigen, ALT alanine aminotransferase, AST aspartate 
aminotransferase, TBil total bilirubin, AFP α-fetoprotein, CA19-9 carbohydrate antigen 19-9

Variable Recurrence-free survival Overall survival

Univariate analysis P Multivariate 
analysis

P Univariate analysis P Multivariate 
analysis

P

Sex (female) 0.861 (0.666–1.113) 0.253 0.758 (0.540–1.065) 0.110

Age (>60 years) 0.876 (0.695–1.105) 0.263 0.976 (0.730–1.304) 0.868

Tumor size (>5 cm) 1.822 (1.483–2.238) <0.001 1.303 (1.038–1.635) 0.022 2.537 (1.902–3.385) <0.001 1.409 (1.027–1.934) 0.034
Number of tumors 
(multiple)

1.491 (1.236–1.797) <0.001 1.421 (1.175–1.718) <0.001 1.532 (1.215–1.932) <0.001 1.509 (1.192–1.923) 0.001

Tumor capsule 
(incomplete)

1.556 (1.267–1.910) <0.001 1.292 (1.044–1.599) 0.019 1.927 (1.510–2.459) <0.001 1.518 (1.174–1.961) 0.001

MVI (positive) 1.622 (1.349–1.950) <0.001 1.333 (1.095–1.623) 0.004 2.173 (1.701–2.774) <0.001 1.589 (1.222–2.066) 0.001
BCLC stage (C) 2.209 (1.840–2.651) <0.001 1.680 (1.309–2.155) <0.001 3.452 (2.755–4.326) <0.001 2.239 (1.651–3.036) <0.001
Edmonson grade 
(III–IV)

1.841 (1.467–2.311) <0.001 0.954 (0.720–1.264) 0.741 2.727 (2.100–3.540) <0.001 1.003 (0.727–1.384) 0.985

HbsAg (positive) 1.217 (0.928–1.594) 0.155 0.933 (0.675–1.287) 0.671

Liver cirrhosis (yes) 1.066 (0.890–1.277) 0.486 1.009 (0.802–1.268) 0.942

Child–Pugh score (B) 1.256 (0.708–2.227) 0.436 1.893 (1.037–3.456) 0.038 1.174 (0.624–2.208) 0.618

Serum albumin (>35 
g/L)

0.850 (0.649–1.112) 0.236 0.598 (0.440–0.812) 0.001 0.841 (0.606–1.168) 0.301

ALT (>40 U/L) 1.266 (1.055–1.519) 0.011 0.977 (0.785–1.216) 0.837 1.360 (1.084–1.707) 0.008 0.963 (0.740–1.259) 0.781

AST (>40 U/L) 1.595 (1.334–1.906) <0.001 1.233 (0.990–1.537) 0.061 2.019 (1.610–2.532) <0.001 1.405 (1.075–1.838) 0.013
TBil (>17.1 μmol/mL) 0.889 (0.709–1.114) 0.306 0.965 (0.728–1.280) 0.804

AFP (>400 ng/mL) 1.267 (1.061–1.514) 0.009 1.051 (0.850–1.300) 0.644 1.558 (1.245–1.951) <0.001 1.308 (0.995–1.720) 0.054

CA19-9 (>37 U/mL) 1.463 (1.193–1.794) <0.001 1.393 (1.038–1.870) 0.027 1.665 (1.301–2.132) <0.001 1.717 (1.188–2.483) 0.004
Tumor marker type 
(double positive)

1.608 (1.229–2.104) 0.001 1.027 (0.683–1.546) 0.895 1.875 (1.362–2.581) <0.001 1.259 (0.763–2.791) 0.366



Page 9 of 10Zhang et al. World Journal of Surgical Oncology          (2022) 20:346 	

this is also one of the reasons for the poor postoperative 
prognosis of HCC patients caused by elevated CA19-9.

CA19-9 is often associated with tumors of epithelial 
origin, such as cholangiocarcinoma and pancreatic can-
cer [30, 31]. The CA19-9 level of the patients of pancre-
atic cancer can even reach 1000U/ml [32], which is much 
higher than that of HCC. Therefore, some studies believe 
that HCC with elevated CA19-9 has certain biological 
characteristics of intrahepatic cholangiocarcinoma [33, 
34]. Although some HCC tumor cells which were named 
dual-phenotype hepatocellular carcinoma (DPHCC) 
showed the phenotypic characteristics of intrahepatic 
cholangiocarcinoma, they still belonged to HCC mor-
phologically. DPHCC is a novel surgicopathologic entity 
that has a highly aggressive behavior and worse post-
operative prognosis than pure HCC [11, 33]. Therefore, 
CA19-9 may be potentially related to DPHCC.

Although our current study supports that the combina-
tion of AFP and CA19-9 can greatly improve the predic-
tion of post-hepatectomy prognosis for HCC patients, 
our results should be interpreted carefully due to several 
limitations such as the lack of additional serum markers 
and short follow-up of the enrolled patients. Multivariate 
Cox analysis showed that TMT was not an independent 
factor for the survival of patients. This implies that TMT 
by itself in sufficient for predicting prognosis. Instead, 
TMT should be considered together with several other 
clinicopathological factors, such as BCLC stage, tumor 
size, and Edmonson grade. Nevertheless, patients with 
high AFP and CA19-9 levels may need to be monitored 
more carefully and analyzed in greater depth, such as 
through postoperative pathological examination, in 
order to fully understand their tumor characteristics and 
ensure the detection of other recurrence risk factors such 
as MVI. This may help improve the treatment and man-
agement of patients at higher risk of HCC recurrence 
after surgery.

Conclusion
Our study indicates that AFP and CA19-19 could efec-
tively predict the prognosis of patients with HCC after 
surgery. The predictive ability of combined the two bio-
markers is relatively promising, and after more extensive 
evaluation and broadened analysis from different popula-
tions, it may assist clinicians in a more precise prediction 
of prognosis.
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