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Purpose: This study aimed to explore the relationship between the tumor marker score (TMS) and the postoperative recurrence of
single small hepatocellular carcinoma (HCC).

Patients and Methods: A total of 409 patients with one resectable HCC with a diameter of 3 cm or less who visited Tianjin Medical
University Cancer Institute & Hospital from January 2010 to December 2014 were included in this study. Their alpha-fetoprotein
(AFP), carcinoembryonic antigen (CEA), and carbohydrate antigen 19-9 (CA19-9) levels were classified into low and high groups
using X-tile software. Each patients' TMS was calculated as the sum of each tumor marker (low = 0; high = 1).

Results: A total of 142 patients were classified as TMSO0, 171 as TMS1, and 96 as TMS2. Kaplan—Meier analysis illustrated that TMS
could divide the patients into groups with remarkably different prognoses, and the patients with high TMS had worse recurrence-free
survival (RFS) than those with low TMS. Multivariate analysis showed that TMS, age, and HBeAg positive were the independent
predictors of RFS rate. Subgroup analysis revealed that high TMS was a stable risk factor relative to TMS0. Receiver operating curves
showed that the 1-, 3-, and 5-year area under curve (AUC) values of TMS were 0.698, 0.662, and 0.673, respectively. The AUC of
TMS was higher than that of other common prognostic models in time-dependent receiver operating curve.

Conclusion: TMS was an independent prognostic factor for the postoperative recurrence of a single small HCC and can provide
a well-discriminated risk stratification, thus contributing to prognostic prediction and adjuvant therapeutic development.

Keywords: hepatocellular carcinoma, recurrence-free survival, tumor marker score, alpha-fetoprotein, carcinoembryonic antigen,
carbohydrate antigen 19-9

Introduction
Hepatocellular carcinoma (HCC) was the sixth most common cancer and the third leading cause of cancer death worldwide in
2020." Approximately 900,000 new cases of HCC have been reported, and China accounted for more than half of these cases.”
With the enhanced awareness of patients’ physical examination and the improvement of hospitals’ diagnosis, the number of
patients diagnosed with early HCC is increasing. In the Barcelona Clinic Liver Cancer (BCLC) system, a single HCC less than
2 cm is classified as a very early stage,” and a single nodule less than 3 cm is classified as an early stage.* © Although surgical
treatments, such as transplantation, surgical resection, and ablation, may be effective for BCLC stage A HCC, the 5-year
overall survival rate after developing this cancer is only 50%—70%, " and the high incidence of postoperative recurrence
remains a major issue.'®!" Thus, biomarkers that can predict postoperative recurrence must be urgently explored.
Alpha-fetoprotein (AFP), carcinoembryonic antigen (CEA), and carbohydrate antigen 19-9 (CA19-9) are well-known
tumor markers in the diagnosis and prognosis of hepatobiliary pancreatic malignancies and have been incorporated in
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various prognostic models.'*'” As a common practical clinical biomarker, AFP is widely used in HCC,' and an
increased serum AFP level is usually related to a high risk of HCC development and a poor prognosis.'® CEA is
a relatively non-specific antigen widely used in the clinical diagnosis and treatment monitoring of gastrointestinal
cancer.” Its high serum level is considered as an independent predictor of recurrence in patients with HCC.>'" >
CA19-9 is mainly used as a sensitive biomarker for pancreatic malignancies,”* and a high level of it is also associated
with poor prognosis in patients with HCC.>> CA19-9 was found to be related to severe cirrhosis and liver inflammation,*®
leading to a poor prognosis in patients with HCC. Approximately 30% of patients with HCC have an elevated serum
level.>>?” The tumor marker score (TMS) based on AFP, CEA, and CA19-9 is correlated with the prognosis of combined
hepatocellular-cholangiocarcinoma.?**%?° However, the relationship between prognosis and TMS in patients with early
HCC remains unclear.

To resolve this question, this study retrospectively analyzed the relationship between the recurrence of a single small
HCC and TMS to compare the predictive performance of TMS with other prognostic models, including clinical stages.

Materials and Methods

Patients and Data Collection
A total of 546 patients with a single small HCC underwent surgery at Tianjin Medical University Cancer Institute &
Hospital from January 2010 to December 2014. Among these patients, 28 received other treatments, 13 received
postoperative adjuvant therapy, 1 had an unclear diagnosis, 8 received incomplete radiofrequency ablation (RFA), 47
had incomplete clinical data, and 40 were lost of follow-up. Finally, 409 patients were enrolled in this study (Figure 1).
The patients received local tumor resection with surgical margin > 1 cm, regular segmental hepatectomy, and
radiofrequency ablation. All the patients signed written informed consent before surgery and were examined by multi-
phase dynamic computed tomography (CT) or magnetic resonance imaging (MRI) before the operation.
A multidisciplinary team, including experienced oncology surgeons, radiologists, and ultrasound doctors, determined
the patient’s eligibility for invasive treatment and the corresponding treatment plan. All treatments were discussed with
the patients, and the patients were allowed to choose the treatment.
Inclusion criteria were as follows: 1) diagnosis of HCC based on the latest clinical guidelines at the time of

treatment,“’g’3 0.31

the pathological diagnosis was made when the clinical diagnosis was not clear; 2) solitary nodular
HCC with a maximum diameter of 3 cm or less on CT or MRI scan; 3) HCC discovered for the first time and evaluated

by our team as resectable, which was defined as the complete removal of all tumors and the retention of enough liver

Total number of patients of 546

Combined with other treatment (n=28)
Postoperative adjuvant therapy (n=13)

Unclear diagnosis (n=1)

Incomplete RFA (n=8)

Incomplete clinical data (n=47)

Loss of follow up (n=40)

Final number of patients of 409

Figure | Flowchart of patient selection.
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portion to maintain liver function; 4) Child-Pugh class A or B, and Eastern Cooperative Oncology Group performance
status of 0; and 5) more than 1 year follow-up after treatment.

Exclusion criteria were as follows: 1) unclear diagnosis or the presence of any evidence of other tumor lesions rather
than confirmed HCC nodules; 2) any preoperative or simultaneous treatment, such as preoperative transcatheter arterial
chemoembolization, alcohol injection, or systemic therapy; 3) complicated with other cancers; 4) tumor with macro-
vascular invasion or distant metastasis; 5) incomplete RFA; 6) incomplete clinical data; and 7) liver transplantation.

All the patients received adequate preoperative preparation and examination before the operation. Blood samples were
collected within three days before the operation. All data including age, sex, tumor size, tumor location, preoperative AFP,
CEA, and CA19-9 levels, hepatitis, hepatitis B virus e antigen (HBeAg) status, platelet count, prothrombin time, liver
cirrhosis, Child-Pugh classification, BCLC stage, TNM eighth stage, albumin—bilirubin (ALBI) grade, and type of surgery
were collected. All the patients diagnosed with hepatitis B or C received standard antiviral treatment during the perioperative
period. The patients’ liver function reserve before the operation was evaluated using Child-Pugh classification and ALBI
grade.*** All the researchers were blinded to clinical outcomes at the time of data collection.

The study was conducted in accordance with the Declaration of Helsinki (as revised in 2013). This study was
approved by the ethics committee of Tianjin Medical University Cancer Institute & Hospital with the requirement for
informed consent waived. And this study complied with the Good Clinical Practice guidelines and applicable local laws.
Any patient data that could identify individual patients were anonymized and de-identified before analysis.

Assessment and Follow-Up

All the patients were followed up one month after the first treatment, once every three months for two years after the
operation, and once every 4—6 months thereafter. Monitoring included blood routine, liver function, tumor biomarker
levels, abdominal ultrasound, or dynamically enhanced CT or MRI. Local tumor recurrence was diagnosed when
subsequent follow-up examination showed a new tumor growing along the edge of the ablation or resection area.
Neoplasms in other hepatic segments were defined as intrahepatic recurrences. Metastases to other organs were defined
as extrahepatic recurrence. All imaging tests were independently reviewed by two or more experienced radiologists.
When tumor recurrences occurred during follow-up, second-line treatments, such as radiofrequency ablation, transcath-
eter arterial chemoembolization, resection, or sorafenib therapy, were performed in accordance with the recommenda-
tions of the multidisciplinary cancer committee depending on the patient’s liver function, general condition, and
characteristics of tumor recurrence. Given that recurrence is the main cause of death in patients with HCC who undergo
surgical treatment,®® recurrence-free survival (RFS) was analyzed to compare long-term outcomes in those cases. RFS
was defined as the interval between the successful surgery date and the recurrence or death date. Patients who chose not
to attend hospital follow-up underwent a telephone follow-up survey. Long-term follow-up was defined as a follow-up
that lasted five years or more from treatment to the last follow-up.

TMS

X-tile software was used to determine optimal cutoff values based on RFS for preoperative serum AFP, CEA, and CA19-9.
The patients were then divided into a low-level group (score = 0) or a high-level group (score = 1). The TMS of each patient
was defined as the sum of his/her AFP, CEA, and CA19-9 scores.

Statistical Analyses

Continuous variables were expressed as mean + standard deviation (SD) or median values with interquartile range values
(IQRs). The normality hypothesis was used for evaluation. If the normality hypothesis and test of homogeneity of
variances were satisfied, then a one-way analysis of variance was used to analyze the continuous variables. Otherwise,
the Wilcoxon rank-sum test was employed. All categorical variables were described as numbers and percentages.
Intergroup comparisons of categorical variables were analyzed by the chi-square test or Fisher exact test. The RFS
rate was estimated by Kaplan—Meier (K—M) analysis and survival curves were statistically compared by Log rank test.
A univariate Cox proportional hazards model evaluated RFS-associated variables. Variables with p<0.05 or clinically
relevant variables were incorporated into multivariate analyses to identify significant factors that could affect the RFS
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rate. All statistical analyses were conducted using SPSS version 26.0 (SPSS, Chicago, IL, USA) and R version 4.1.2 (R
Foundation for Statistical Computing, Vienna, Austria). P-value < 0.05 indicated statistical significance.

Results

Demographics

Data of 409 patients with a single tumor with a maximum diameter < 3 cm who received initial diagnosis and treatment
in this hospital from January 2010 to December 2014 were retrospectively collected. The average age was 57.12 years,
and the patients consisted of 309 (75.6%) men and 100 (24.4%) women. A total of 337 (82.4%) patients were under 65
years, and 72 (17.6%) patients were >65 years. Hepatitis infection and liver cirrhosis were detected in 346 (84.6%), and
333 (81.4%) patients, respectively, and 302 and 44 patients were infected with hepatitis B virus and hepatitis C virus,
respectively. Before surgery, 92 (22.5%) patients were found to be HBeAg positive. The median tumor size was 2.3 cm,
and 178 (43.5%) patients had tumors less than 2 cm. Tumor in the right lobe of the liver was found in 314 (76.8%)
patients. A total of 125 (30.6%) patients accepted anatomical resection (AR), 103 (25.2%) patients received non-
anatomical resection (NAR), and 181 (44.3%) patients took RFA. All the enrolled patients were classified as Chinese
Liver Cancer stage la and RO resection. Other clinical characteristics of 409 patients are shown in Table 1.

Tumor Marker Distribution

X-tile was used to determine the optimal cutoff values for the tumor markers. The cutoff values of preoperative AFP, CEA,
and CA19-9 were 14.90, 5.30, and 27.70, respectively (the normal upper limits of AFP, CEA, and CA19-9 in our hospital
are 7.00 ng/mL, 5.00 ng/mL, and 27.00 U/mL, respectively). The patients with low levels of AFP (< 14.90 ng/mL), CEA (<
5.30 ng/mL), and CA19-9 (< 27.70 U/mL) were given a score of 0. Those with high levels of AFP (> 14.90 ng/mL), CEA
(>5.30 ng/mL), and CA19-9 (> 27.70 U/mL) were given a score of 1. After their scores were summed up, all the patients
were stratified into TMS scores of 0, 1, 2, or 3 points. Since there were no significant survival differences between TMS2
and TMS3 in this study (p = 0.790, Log rank test), these two strata were merged into one group collectively called TMS2
(Figures 2D and E). According to the above definition, 142 patients were classified as TMS0, 171 as TMS1, and 96 as
TMS?2. The median values of AFP, CEA, and CA19-9 increased with the TMS. The median values of AFP were 3.69 ng/mL
in TMS 0, 56.55 ng/mL in TMSI1, and 103.33 ng/mL in TMS2 (p = 0.000). The median values of CEA were 2.39 ng/mL in
TMSO0, 2.72 ng/mL in TMSI, and 5.19 ng/mL in TMS2 (p = 0.000). The median values of CA19-9 were 12.72 U/mL in
TMSO0, 18.32 U/mL in TMS1, and 40.20 U/mL in TMS2 (p = 0.000).

Long-Term Outcomes According to the TMS

The median RFS (mRFS) of the entire cohort was 52 months (IQR 40.8-63.2 months), during which 188 (46.0%)
patients relapsed. No recurrence was found in 221 (54.0%) patients at the end of the follow-up, and the 1-, 3-, and 5-year
RFS rates were 83.8%, 60.9%, and 45.7%, respectively.

Effect of TMS on RFS

The mRFS rate of TMS0, TMS1, TMS2 was 89%, 52%, and 23%, respectively. The 1-year RFS rate was 94.4% for
TMSO0, 93.0% for TMS1, and 68.8% for TMS2. The 3-year RFS rate was 79.9% for TMSO0, 60.1% for TMS1, and 36.0%
for TMS2. The 5-year RFS rate was 68.0% for TMSO0, 45.5% for TMS1, and 19.0% for TMS2 (Supplementary Table 1).
K—M analysis showed that TMS could divide the patients into groups with significantly different prognoses, and the
patients with high AFP, CEA, and CA19-9 scores had worse RFS than those with low scores (Figures 2A-E).

|dentification of Prognostic Factors

A Cox proportional hazards model based on RFS was used to estimate the hazard ratio (HR) and its 95% confidence interval
(95% CI) (Table 2). Univariate analysis indicated that age, HBeAg positive, platelet count, prothrombin time, ALBI grade,
Child—Pugh classification, and TMS were statistically significant. Multivariate analysis revealed that age (HR:1.018, 95% CI:
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Table | Characteristics of 409 Enrolled Patients Grouped by TMS
Variable Cases Tumor Maker Score (TMS) P value

0 (n=142)

1 (n=171)

>2 (n=96)

AFP, ng/mL, median [IQR]
CEA, ng/mL, median [IQR]
CA19-9, U/mL, median [IQR]
Age, years, mean [SD]
Age, years, n (%)
<65
> 65
Sex, n (%)
Female
Male
Tumor size, cm, median [IQR]
Tumor size type, n (%)
<2cm
>2cm
Tumor location, n (%)
N
S2
S3
S4a
S4b
S5
Sé6
S7
S8
Surgery
RFA
NAR
AR
Hepatitis, n (%)
No
HBV
HCV
HBeAg status, n (%)
Negative
Positive
Liver cirrhosis, n (%)
No
Yes
Child-Pugh classification, n (%)
A
B
BCLC stage, n (%)
0
A
TNM eighth stage, n (%)
1A
1B
Platelet count
Prothrombin time
ALBI grade
|
2
3

10.64 [4.06,187.30]
2.75 [1.80,4.13]
18.77 [10.68,33.09]
57.12 [9.39]

337 (824)
72 (17.6)

100 (24.4)
309 (75.6)
23[1.8,28]

178 (43.5)
231 (56.5)

922
24 (5.9)

181 (44.3)
103 (25.2)
125 (30.6)

63 (15.4)
302 (73.8)
44 (10.8)

317 (77.5)
92 (22.5)

76 (18.6)
333 (81.4)

392 (95.8)
17 (42)

178 (43.5)
231 (56.5)

178 (43.5)
231 (56.5)

140.0 [101.0,180.0]
112 [105,12.0]

308 (75.3)
98 (24.0)
3(07)

3.69 [2.58,5.53]
239 [1.63,3.02]
12.72 [9.58,19.34]
56.89 [9.27)]

115 (81.0)
27 (19.0)

28 (19.7)
114 (80.3)
2.5 [1.8,2.8]

55 (38.7)
87 (61.3)

39 (27.5)
34 (23.9)
25 (17.6)
22 (15.5)
63 (44.4)
39 (27.5)
40 (28.2)

26 (18.3)
101 (71.1)
15 (10.6)

117 (82.4)
25 (17.6)

36 (25.4)
106 (74.6)

140 (98.6)
2 (1.4)

55 (38.7)
87 (61.3)

55 (38.7)
87 (61.3)

152.0 [124.8,200.3]
11.0 [10.3,11.6]

119 (83.8)
23 (16.2)
0 (0.0)

56.55 [7.41,374.70]
2.72 [1.58,3.66]
18.32 [11.82,29.33]
56.29 [9.67]

148 (86.5)
23 (13.5)

45 (26.3)
126 (73.7)
22 [1.6,26]

79 (46.2)
92 (53.8)

5 (29)
13 (7.6)
8 (4.7)

12 (7.0)
6 (3.5)

37 (21.6)
37 21.6)
22 (12.9)
31 (18.1)
71 (41.5)
45 (26.3)
55 (32.2)

29 (17.0)
119 (69.6)
23 (13.5)

137 (80.1)
34 (19.9)

31 (18.1)
140 (81.9)

168 (98.2)
3(1.8)

79 (46.2)
92 (53.8)

79 (46.2)
92 (53.8)

138.0 [100.0,176.0]
11.3[10.6,12.0]

130 (76.0)
41 (24.0)
0 (0.0)

103.33 [22.65,633.18]
5.19 [2.83,6.52]
4020 [31.14,64.31]
58.96 [8.89]

74 (77.1)
22 (229)

27 (28.1)
69 (71.9)
23[19.27]

44 (45.8)
52 (54.2)

16 (16.7)
17 (17.7)
15 (15.6)
19 (19.8)

47 (49.0)
19 (19.8)
30 (31.3)

8 (8.3)
82 (85.4)
6 (63)

9 (9.4)
87 (90.6)

84 (87.5)
12 (12.5)

44 (45.8)
52 (54.2)

44 (45.8)
52 (54.2)

117.5 [91.0,150.8]
11.4[11.0,122]

59 (61.5)
34 (35.4)
33.0)

0.000
0.000
0.000
0.077
0.129

0.253

0.333
0.362

0.247

0.612

0.051

0.006

0.008

0.000

0.362

0.362

0.000
0.000
0.001

Note: Bold values: statistically significant P values.
Abbreviations: TMS, tumor marker score; IQR, interquartile ranges; SD, standard deviation; AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate
antigen 19-9; RFA, radio frequency ablation; NAR, none-anatomical resection; AR, anatomical resection; HBV, hepatitis B virus; HCV, hepatitis C virus; HBeAg, hepatitis
B virus e antigen; BCLC, the Barcelona Clinic Liver Cancer; TNM, tumor-node-metastasis; ALBI, albumin-bilirubin.
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Number at risk Number at risk Number at risk
213 165 49 19 8 3 352 255 74 31 12 3 280 215 67 28 " 3
196 121 37 17 5 1 57 31 12 5 1 1 129 7 19 8 2 1
0 25 50 75 100 125 0 25 50 75 100 125 0 25 50 75 100 125

-------------------------------------

050
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°
3

p<0.0001 !

0 25 50 75 100 125 o 25 50 75 100 125
Month Month

Number at risk Number at risk
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1 0.000 1 0.000

2 0.000 0.000 2 0.000 0.000

3 0.000 0.009 0.790

Figure 2 K-M curves of recurrence-free survival after surgery for single small HCC. K-M curves showing RFS of patients grouped by optimal cutoff values of AFP (A), CEA
(B), CA19-9 (C) and TMS (D and E (TMS2 and TMS3 were collectively called TMS2 in (E)).
Abbreviations: PFS, progression-free survival; K-M, Kaplan—Meier.

(1.001,1.035), (P=0.041), HBeAg positive (HR: 1.419, 95% CI: (1.015,1.985), P=0.041), and TMS (HR: TMS1=2.015, 95%
CI: (1.358,2.990), P = 0.001; TMS2=3.459, 95% CI: (2.276,5.258), P=0.000) were significantly different.

Subgroup Analysis to Examine the Impact of TMS on RFS

The potential confounders for different subgroups are displayed in Figure 3. The HR value increased with the TMS, and
a statistically significant difference was found between TMSO0 and TMS2. Statistical significance was also found between
TMSO0 and TMSI in some subgroups. An example is hepatitis status: for the patients without hepatitis, the risk of
recurrence was 2.486 times higher in the TMS1 group than in the TMSO0 (HR: 2.486; 95% CI: 0.961 to 6.426; P=0.060)
and 5.493 times higher in the TMS2 group than in the TMSO (HR: 5.493; 95% CI: 1.752 to 17.221; P=0.003). For the
patients with hepatitis, the risk of recurrence was 2.001 times higher in the TMS1 group than in the TMSO (HR: 2.001;
95% CI: 1.300 to 3.079; P=0.002) and 4.010 times higher in the TMS2 group than in the TMSO (HR: 4.010; 95% CI:
2.616 to 6.147; P=0.000).

Comparison of TMS and Other Predictive Models

The 1-, 3-, 5-year area under curve (AUC) values of TMS were 0.698 (95% CI: 0.634 to 0.762), 0.662 (95% CI: 0.605 to
0.718), and 0.673 (95% CI: 0.596 to 0.749), respectively (Figure 4). The following models, including TMS, AFP, CEA,
CA19-9, TNM, Child-Pugh classification, and ALBI grade, were developed to compare a single small HCC prognosis
(Figure 5). As shown in the time-dependent ROC (td-ROC), the AUC of TMS was higher than that of other models such
as AFP, CEA, CA19-9, TNM, Child-Pugh classification, and ALBI grade, indicating that TMS was the best among these
predictive models.
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Table 2 Univariate and Multivariate Analyses of Prognostic Factors Based on RFS

Variable Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value

Age (years) 1.021 (1.005-1.037) 0.010 1.018 (1.001,1.035) 0.041
Sex (male/female) 1.134 (0.807-1.595) 0.468
Hepatitis (yes/no)

No Reference

HBV 1.350 (0.893-2.041) 0.154

HCV 1.345 (0.747-2.422) 0.323
HBeAg positive (yes/no) 1.487 (1.077-2.053) 0.016 1.419 (1.015,1.985) 0.041
Liver cirrhosis (yes/no) 1.370 (0.911-2.061) 0.131
Platelet count 0.996 (0.993-0.998) 0.001 0.999 (0.996—1.002) 0.579
Prothrombin time 1.271 (1.121-1.440) 0.000 1.129 (0.965-1.320) 0.129
ALBI grade

| Reference

2 1.707 (1.252-2.328) 0.001 1.183 (0.822-1.701) 0.365

3 9.255 (2.906-29.480) 0.000 2.958 (0.735-11.900) 0.127
Tumor size (cm) 1.139 (0.904-1.437) 0.270
Tumor size type (>2/<2cm) 1.118 (0.836—1.495) 0.451
Tumor location

SI Reference

S2 0.394 (0.136-1.137) 0.085

S3 0.778 (0.283-2.142) 0.627

S4a 1.073 (0.407-2.830) 0.887

S4b 0.596 (0.206-1.719) 0.338

S5 0.567 (0.238-1.348) 0.199

Sé6 0.686 (0.292—1.611) 0.386

S7 0.641 (0.264—1.553) 0.324

S8 0.817 (0.345-1.938) 0.647
Surgery

RFA Reference

NAR 0.867 (0.604—1.246) 0.441

AR 0.964 (0.689—1.348) 0.831
Child-Pugh classification (B/A) 2.433 (1.407-4.207) 0.001 0.992 (0.503—-1.956) 0.982
BCLC stage (A/0) 1.118 (0.836—1.495) 0451
TNM eighth stage (IB/IA) 1.118 (0.836—1.495) 0451
T™S

0 Reference Reference

| 2.086 (1.409-3.088) 0.000 2.015 (1.358,2.990) 0.001

2 4.261 (2.865-6.339) 0.000 3.459 (2.276,5.258) 0.000

Note: Bold values: statistically significant P values.

Abbreviations: HR, hazard ratios; 95% Cl, 95% confidence interval; HBeAg, hepatitis B virus e antigen; HBV, hepatitis B virus; HCV, hepatitis
C virus; ALBI, albumin-bilirubin; RFA, radio frequency ablation; NAR, none-anatomical resection; AR, anatomical resection; BCLC, the Barcelona
Clinic Liver Cancer; TNM, tumor-node-metastasis; TMS, tumor marker score.

Discussion

In this work, we developed a simple, easily applicable TMS based on the serum indices AFP, CEA and CA19-9 and can
stratify patients with single small HCC who underwent surgery into groups with statistically different prognoses.
Compared with patients with an AFP of more than 14.9 ng/mL, a CEA of more than 5.30 ng/mL, and a CA19-9 of
more than 27.70 U/mL, the patients who met none of these criteria had a beneficial survival, and the patients who met
only one criterion still had a protective outcome. The predictive power of TMS was also evident in all the subgroups
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Subgroups N HR(95%CI) P
Age
<65
TMSO0 115 1
TMS1 148 - 2.245 (1.441,3.498) 0.000
TMS2 74 > 4.851 (3.008,7.619) 0.000
>65
TMSO0 27 1
TMS1 23 -— 1.625 (0.684,3.860) 0.272
TMS2 22 —a> 2.448 (1.071,5.778) 0.034
Sex
male
TMSO 114 1
TMS1 126 - 2.191 (1.424,3.369) 0.000
TMS2 69 —= 3.876 (2.490,6.034) 0.000
female
TMSO 28 1
TMS1 45 - 2.144 (0.790,5.818) 0.134
TMS2 27 - 6.590 (2.474,17.500) 0.000
HBeAg
negtive
TMSO0 177 1
TMS1 137 - 2.247 (1.447,3.490) 0.000
TMS2 63 - 3.703 (2.314,5.925) 0.000
positive
TMSO 25 1
TMS1 34 -— 1.515 (0.635,3.614) 0.394
TMS2 33 — 4.759 (2.163,10.470) 0.000
Surgery
RFA
TMSO 63 1
TMS1 71 -— 2.079 (1.105,3.911) 0.023
TMS2 47 - 4.559 (2.494,8.322) 0.000
NAR
TMSO 39 1
TMS1 45 -— 1.632 (0.784,3.998) 0.190
TMS2 19 — 4.981 (2.263,10.965) 0.000
AR
TMSO 40 1
TMS1 55 —=> 2.541 (1.226,5.100) 0.009
TMS2 30 —= 3.680 (1.771,7.650) 0.000
Tumor size
<2cm
TMSO 55 1
TMS1 79 -— 2.541 (1.266,5.100) 0.097
TMS2 44 — 3.680 (1.771,7.650) 0.000
>2cm
TMSO 87 1
TMS1 92 - 2.458 (1.478,4.088) 0.001
TMS2 52 - 4.178 (2.480,7.038) 0.000
Hepatitis
no
TMSO 26
TMS1 29 > 2.486 (0.961,6.426) 0.060
TMS2 8 — 5.493 (1.752,17.221) 0.003
yes
TMSO 116
TMS1 142 - 2.001 (1.300,3.079) 0.002
TMS2 88 4= 4.010 (2.616,6.147) 0.000

01234
The estimates

Figure 3 HR of univariable Cox regression analysis for postoperative recurrence comparing TMS in different subgroups of some group.
Abbreviation: HR; hazard ratios.
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Figure 5 Time-dependent ROC curves of the seven models for predicting recurrence-free survival.
Abbreviations: TMS, tumor marker score; AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; ALBI, albumin—bilirubin; TNM,
tumor-node-metastasis.

considered in this work. To our knowledge, this study is the first to present the prognostic value of TMS in patients with
a single small HCC after surgery, suggesting its essential role in recurrence assessment in these patients.

As the “gold standard” biomarker of HCC, AFP has been widely used in treatment monitoring, therapeutic decision
making, and prognosis predicting.*®*” A high level of AFP is closely associated with postoperative recurrence and poor
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prognosis.'® However, no standard cutoff value has been set for dividing patients into high or low recurrence groups.
Although several studies have reported the ideal cutoff value of CEA or CA 19-9 for predicting HCC prognosis,?!*>3%
their optimal cutoff values have also not been established. Most studies chose the clinical standard upper limit of the
tumor markers as their cutoff value,'***?>% but statistical evidence does not support this strategy. According to X-tile
statistical analysis, our novel cutoff values are 14.90 ng/mL for AFP, 5.30 ng/mL for CEA, and 27.70 U/mL for CA19-9
are close to the upper limits of the current clinical norms of our hospital.

This study also clarified the prognostic significance of TMS for patients with a single small HCC. TMS can
distinguish poor prognosis from good prognosis. Patients with high TMS were found to have a significantly poor
prognosis than those with low TMS. Tumor differentiation has been used to predict the prognosis of malignant tumors;
however, recent studies revealed the lack of significant prognosis effect of tumor differentiation.’®** Several serum
markers, such as prognostic nutritional index,*' rapid turnover proteins (RTPs),*? and some inflammation indicators, like
systemic immune inflammation index (SII),** neutrophil-to-lymphocyte ratio (NLR),** lymphocyte-to-monocyte ratio
(LMR),* and platelet-to-lymphocyte ratio (PLR) were found to contribute to tumor progression.*® However, only a few
studies compared AUC with other prognostic systems, such as TNM stage and Child-Pugh classification. The subgroups
analysis in our study provided additional details for TMS and the variable groups.

Univariate Cox proportional hazards regression analysis showed that surgery type was not a significant prognostic factor in
patients with a single small HCC who received RFA, NAR, or AR as initial treatment. K—M analysis also showed no statistical
significance among the different surgical groups (P=0.74) (Supplementary Figure 1). However, several retrospective studies have

reported an improvement in the long-term survival rate of AR compared with NAR.*’>! The NAR group usually includes
patients with severe liver disease; hence, the expected survival time is low, affecting the outcome. Among the six propensity score
analyses that have been published, three have reported better results after AR than those with NAR.'%>%>* The other three have
reported no difference among the groups.>*>® According to a Phase III prospective, randomized, controlled study presented at
the annual meeting of the 2021 American Society of Clinical Oncology, no statistical difference in RFS can be found between
patients with surgical resection and those with RFA. Subgroup analysis showed a significant statistical difference in TMS1 vs
TMSO0 and TMS2 vs TMSO0 in the RFA and AR subgroups and TMS2 vs TMSO0 in the NAR subgroup. Although no statistical
significance was found in TMS1 vs TMSO0 in the NAR subgroup, the HR value increased with the TMS in all subgroups,
indicating that TMS plays an instructive role in distinguishing good prognosis from poor prognosis.

A high TMS may indicate a high recurrence incidence in patients with a single small HCC who undergo RFA, AR, or
NAR. In addition to shortening the time of regular follow-up, adjuvant targeting therapy with or without immunotherapy
should be considered in these patients with a high possibility of recurrence after surgery. Further research is needed to
provide additional details.

Compared with the other models, the TMS had better AUC performance. Although the 1-, 3-, and 5-year AUC values
of TMS were close to 0.70, TMS may better predict the prognosis of a single small HCC than TNM stage, Child-Pugh
classification, ALBI grade, and single tumor marker.

Several limitations exist in our research. First, given its retrospective nature, this study was inevitably exposed to
selection bias. Accordingly, the cohort is heterogeneous in baseline values, such as platelet count, ALBI grade, and liver
cirrhosis. Second, this research is a single-centre study. A large-scale multiple-centre study is necessary to verify our
conclusions. Moreover, only a small number of patients in the RFA group were confirmed by biopsy, thus possibly affecting
the outcome of treatment. Finally, though we pointed out that TMS could accurately predict the recurrence of a single small
HCC after surgery, we failed to make internal and external validations. Despite these limitations, we believe this study
provides valuable insights into the current trend of predicting the prognosis of patients with a single small HCC.

In conclusion, we developed a TMS combining AFP, CEA, and CA19-9 that can accurately predict recurrence in
patients with a single small HCC undergoing RFA, AR, or NAR. The results contribute to the decision-making in daily
clinical practice. The TMS is based on three ubiquitously available laboratory values, making it objective and widely
applicable. However, a large-scale prospective clinical study is warranted to verify our conclusions.
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