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Abstract
Background In China, hepatitis B virus (HBV) is an important causative factor of hepatocellular carcinoma (HCC). The contri-
bution and interaction of fibrosis-4 (FIB-4) score and total tumor volume (TTV) in association with HCC recurrence is unknown.
A reliable point score based on the FIB-4 score, TTV, and differentiation grade was established to predict the postoperative
recurrence of HBV-related HCC patients who underwent hepatic resection (HR).
Methods Three hundred thirty-eight HBV-related HCC patients from three institutions treated by HR were enrolled in this
retrospective study. Prognostic factors were also evaluated by univariate and multivariate analysis using Cox’s proportional
hazards model in the training cohort. The DFT score was established by a Cox regression model and validated in the internal
cohort and the external cohorts from the other two institutions.
Results The DFT score differentiated four groups of HBV-related HCC patients (0, 1–2, 3, 4–5 points) with distinct prognosis
(median recurrence-free survival (RFS), 72.7 vs. 53.0 vs. 23.2 vs. 5.7 months; P < 0.05). Its predictive accuracy as determined by
the area under the receiver operating characteristic curve (AUC) at 1, 3, and 5 years (AUCs 0.7319, 0.7031, and 0.6972) was
greater than the other three staging systems for HCC. These findings were supported by the validation cohorts.
Conclusions The DFT model is a reliable and objective model to predict the RFS of HBV-related HCC patients after HR.
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Introduction

Hepatocellular carcinoma (HCC) is a common malignant tu-
mor and ranks as the third leading cause of cancer-related death
worldwide. Currently, hepatic resection (HR) was recommend-
ed as a first-line treatment for HCC patients with good liver
functional reserve. However, there is a high incidence of recur-
rence and metastasis after HR.1, 2 Therefore, it is necessary to
make some individualizing decisions about their treatment and
individualizing surveillance after HR. Until now, the Barcelona
Clinic Liver Cancer (BCLC) classification staging system has
been endorsed as the best staging system and treatment algo-
rithm for HCC by the European Association for the Study of
Liver Disease (EASL) and the American Association for the
Study of Liver Disease (AALSD).3, 4 BCLC staging system
establishes a link between staging and estimating prognosis.
However, the risk scoring models based on tumor characteris-
tics and peritumoral fibrosis for predicting HCC recurrence are
still little.

In China, more than 90% of HCC is related to hepatitis B.5

Ample evidence indicated that various inflammatory activities
induced by fibrosis or cirrhosis could promote the recurrence
of HCC after HR.6, 7 Liver biopsy has been the gold standard
for evaluation of liver fibrosis. However, it is not routinely
performed in clinical practice due to some limitations of this
procedure. Recently, Bnon-invasive^ scoring systems based
on laboratory tests have been developed and could be an al-
ternative method for assessing the extent of hepatic fibrosis.
Fibrosis-4 (FIB-4) is an index score calculated from age, plate-
let count, alanine aminotransferase (ALT), and aspartate ami-
notransferase (AST).8 A number of studies have described
that FIB-4 could assess the severity of liver fibrosis and pre-
dict the relapse of HCC after HR. More interestingly, Maeda
et al. showed that the pretreatment FIB-4 index was associated
with recurrence and the 5-year recurrence rate after hepatec-
tomy was 69.6% in HCC patients with a FIB-4 index > 3.25.9

A recent study also indicated that a novel nomogram compris-
ing the liver functions (combination of the albumin–bilirubin
and FIB-4), peritumoral inflammatory score, AFP, tumor
number, tumor size, and microvascular invasion could
accurately predict the recurrence-free survival (RFS) of an
individual with HCC after curative resection.10 On the other
hand, some studies reported that total tumor volume (TTV) is
a more accurate indicator of tumor burden as opposed to the
current standard of number and size of tumor nodules of
HCC.11, 12 Huo TI et al. showed that the AFP/TTVratio might
be useful in selecting super-high-risk patients for tumor
recurrence.13 Of note, these studies suggested that FIB-4
score and TTV in the different scoring systems played
the different roles in predicting HCC recurrence after

curative hepatectomy. The contribution and interaction of
FIB-4 score and TTV in association with HCC recurrence is
not clear.

In this multicenter retrospective study, we constructed a
reliable scoring system comprising the FIB-4 score, TTV,
and differentiation grade to predict the postoperative RFS of
HBV-related HCC patients who underwent HR. The aim was
to validate its efficacy in predicting the RFS of HBV-related
HCC patients after HR.

Methods

Clinical Samples and Follow-up

In this study, 255 HBV-related HCC patients who underwent
curative hepatectomy were selected from the third affiliated
hospital of Sun Yat-sen University (ZSSY) between
December 2006 and February 2014. These patients were di-
vided into a training cohort (n = 162, from August 2008 to
November 2013) and an internal validation cohort (n = 93,
from December 2006 and February 2014). Eighty-three
HBV-related HCC patients as the external validation cohorts
were enrolled at two independent centers as follows: 51 pa-
tients from The Affiliated Hospital/Clinical Medical College
of Chengdu University (CDFY) between January 2005 and
October 2016 and 32 patients from the Huashan Hospital of
Fudan University (FDHS) between September 2015 and
July 2017. All HBV-related HCC patients were underwent
R0 resection and not received pre-operative treatment (ie. liver
transplant, transarterial chemoembolization, or radiofrequen-
cy ablation). The hepatic resection procedure was performed
as described previously.14

The data were censored on December 31, 2016, in the
ZSSY cohort and CDFY cohort and on May 1, 2018, in the
FDHS cohort. The follow-up examinations were conducted,
including physical examination, serum alpha-fetoprotein
(AFP), ultrasonography, chest X-ray, and abdominal comput-
ed tomography (CT) and/or magnetic resonance imaging
(MRI) every 3 months in the first 2 years and 6 months there-
after. RFS was defined as the time from the day of operation to
the date of recurrence, metastasis, or last follow-up.

Study Design

The study flowchart was shown in Fig. 1. In our study, clini-
copathologic characteristics (i.e., gender, age, albumin, total
bilirubin, aspartate aminotransferase (AST), alanine amino-
transferase (ALT), alpha-fetoprotein (AFP), tumor size, mi-
crovascular invasion, capsular invasion) of enrolled patients
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were prospectively collected. Two hundred fifty-five HBV-
related HCC patients from ZSSY were divided randomly into
the training (n = 162) and internal validation (n = 93) cohorts.
Univariate and multivariate Cox regression analysis were per-
formed to establish the DFT risk score in the training cohort.
To validate the finding, we also performed internal and exter-
nal validation in 176 HBV-related HCC patients from three
independent centers. In view of the short-term follow-up in the
external validation 2 (FDHS), we only assessed the perfor-
mance of the DFT scoring system in predicting 1-year recur-
rence for these patients.

The retrospective study was approved by the ethics com-
mittee of each study center and written informed consent was
obtained from each participant before HR.

Calculation of Score Values

TTV (cm3) was calculated as the sum of all tumor nodule
volumes, and each tumor nodule volume is calculated as

Fig. 1 Study flowchart. FDHS, Fudan University Huashan Hospital;
ZSSY, The Third Affiliated Hospital of Sun Yat-sen University; CDFY,
The Affiliated Hospital/Clinical Medical College of Chengdu University;
HCC, hepatocellular carcinoma; HR, hepatic resection

Table 1 Demographic characteristics of HBV-related HCC patients in the ZSSY cohort

Variables Training cohort
(n = 162)

Internal validation cohort
(n = 93)

Age (years) 50.0 ± 11.2 48.6 ± 11.4

Gender, M/F, n (%) 151 (93.2)/11 (6.8) 85 (91.4)/8 (8.6)

Liver cirrhosis, Y/N, n (%) 133 (82.1)/29 (17.9) 72 (77.4)/21 (22.6)

Pre-operative laboratory test

HBV-DNA (IU/mL) 4710 (100–575,000,000) 6440 (100–38,300,000)

Platelet count (109/L) 168.6 ± 79.4 199.7 ± 80.0

Prothrombin time (s) 13.6 ± 1.3 13.5 ± 1.2

Total bilirubin (μmol/L) 17.7 ± 12.9 16.0 ± 10.4

Albumin (g/L) 39.8 ± 5.1 40.0 ± 4.9

Alanine aminotransferase (U/L) 50.4 ± 49.4 49.9 ± 36.3

Glutamyl transpeptidase (U/L) 79.1 ± 57.0 96.2 ± 109.9

AFP (ng/ml) 69.2 (1.5–1210.0) 43.0 (0.9–1210.0)

Tumor characteristics

Tumor size (cm) 6.0 ± 3.5 6.3 ± 4.5

Tumor nodule number, 1/> 1, n (%) 128 (79.0)/34 (21.0) 84 (90.3)/9 (9.7)

Satellite nodules, Y/N, n (%) 34 (21.0)/128 (79.0) 14 (15.1)/79 (84.9)

Capsulation formation, Y/N, n (%) 87 (53.7)/75 (46.3) 48 (51.6)/45 (48.4)

Differentiation grade, I–II/III–IV, n (%) 145 (89.5)/17 (10.5) 84 (90.3)/9 (9.7)

Microvascular invasion, Y/N, n (%) 43 (26.5)/119 (73.5) 22 (23.7)/71 (76.3)

Child-Pugh score, A/B, n (%) 159 (98.1)/3 (1.9) 92 (98.9)/1 (1.1)

BCLC stage, 0/A/B/C, n (%) 10 (6.2)/86 (53.1)/24 (14.8)/42 (25.9) 12 (12.9)/42 (45.1)/10 (10.8)/29 (31.2)

TNM, I/II/III, n (%) 90 (55.6)/15 (9.2)/57 (35.2) 54 (58.1)/7 (7.5)/32 (34.4)

HKLC stage, 1/2/3, n (%) 63 (38.9)/56 (34.6)/43 (26.5) 37 (39.8)/30 (32.3)/26 (27.9)

FIB-4 2.8 ± 2.6 2.2 ± 1.8

TTV (cm3) 252.0 ± 566.9 392.8 ± 1018.9

AFP, alpha-fetoprotein; HBsAg, hepatitis B surface antigen; BCLC, Barcelona Clinic Liver Cancer; TNM, tumor node metastasis; HKLC, Hong-Kong
Liver Cancer; FIB-4, fibrosis-4; TTV, total tumor volume. Continuous data are expressed as mean ± SD
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4/3 × 3.14 × (maximum radius of the tumor nodule)3 as previ-
ously described.13 The patients were divided into two groups:
TTV < 115 cm3 and TTV ≥ 115 cm3. The FIB-4 score was
calculated as the following formula exactly as originally
described10: age × AST/platelet count (× 103/μL) × ALT1/2.
The FIB-4 categories were defined as follows: FIB-4 < 3.25
and FIB-4 ≥ 3.25.

Statistical Analysis

All demographic and clinicopathological data had been pro-
spectively collected in computer databases before this retro-
spective analysis. Continuous variables were expressed as
mean ± standard deviation. The RFS was determined by the

Kaplan–Meier analysis. Univariate and multivariate analyses
were performed with the Cox proportional hazard regression
model to generate hazard ratios (HRs) and 95% confidence
intervals (CIs). The regression coefficients (B-values) of the
Cox regression model were multiplied by a factor of 3 and
divided by 2, and rounded to the nearest unit to obtain simple
point numbers to facilitate the calculation of the DFTscore. To
further validate the discriminative ability of the DFT scoring
system, the area under the receiver operating characteristic
curve (ROC) of the DFT scoring system was compared with
that of commonly used staging systems. All statistical analy-
ses were performed with the IBM SPSS 19.0 statistical pack-
age (SPSS, Armonk, USA). All reported P values were the
result of two-sided tests and P < 0.05 was considered statisti-
cally significant.

Results

Patient Characteristics

The baseline characteristics of the ZSSY cohort were present-
ed in Table 1. In the training cohort, 60.5% of HCC patients

Table 2 Clinically significant portal hypertension by pre-operative non-
invasive evaluation in the training cohort

Pre-operative clinically significant portal hypertension N = 109

Platelet count to splenic diameter ratio (PC/SD > 909) 41

Esophageal or gastric varices 67

Splenomegaly with thrombocytopenia 1

Table 3 Univariate and multivariate Cox analysis of risk factors predicting recurrence-free survival of HBV-related HCC in the training cohort

Univariate analysis Multivariate analysis

Variables HR (95% CI) P HR (95% CI) P

Age (years), ≥ 60/< 60 0.391 (0.118–1.293) 0.124

Gender, male/female 0.402 (0.121–1.336) 0.137

Liver cirrhosis, Y/N 3.161 (0.752–13.297) 0.116

HBV-DNA (IU/ml), ≥ 200,000/< 200,000 2.070 (0.954–4.489) 0.066

Platelet count (109/L) < 100/≥ 100 1.577 (0.711–3.495) 0.262

Prothrombin time (s), ≥ 13/< 13 1.110 (0.862–1.429) 0.274

Total bilirubin (μmol/L), ≥ 17.1/< 17.1 0.686 (0.302–1.558) 0.368

Albumin (g/L), < 35/≥ 35 1.121 (0.389–3.232) 0.833

Alanine aminotransferase (U/L), ≥ 40/< 40 1.266 (0.603–2.657) 0.533

Glutamyl transpeptidase (U/L), ≥ 100/< 100 1.132 (0.775–1.653) 0.522

AFP (ng/mL), ≥ 400/< 400 2.506 (1.208–5.196) 0.014

Tumor size (cm), ≥ 5/< 5 5.840 (2.209–15.440) < 0.001

Tumor nodule number, > 1/1 1.922 (0.874–4.228) 0.104

Satellite nodules, presence/absence 1.655 (0.731–3.747) 0.227

Capsulation formation, presence/absence 0.510 (0.241–1.080) 0.079

Differentiation grade, III–IV/I–II 7.848 (3.132–19.663) < 0.001 4.520 (1.766–11.570) 0.002

Microvascular invasion, presence/absence 3.197 (1.464–6.980) 0.004

PHT, presence/absence 1.644 (0.665–4.062) 0.282

NLR, ≥ 2.8/< 2.8 3.071 (1.437–6.564) 0.004

FIB-4, ≥ 3.25/< 3.25 2.127 (1.037–4.366) 0.040 2.314 (1.094–4.892) 0.028

TTV (cm3), ≥ 115/< 115 4.734 (2.219–10.096) < 0.001 4.371 (1.590–12.020) 0.004

AFP, alpha-fetoprotein;HBsAg, hepatitis B surface antigen;PHT, portal hypertension;NLR, neutrophil-to-lymphocyte ratio, FIB-4, fibrosis index 4; TTV,
total tumor volume. Significant results (P < 0.05) are given in italics
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Table 4 The multivariate Cox
analysis in the training cohort Variables B HR 95% CI Score points* P

Differentiation grade 0.002

I–II – 1 0

III–IV 1.509 4.520 1.766–11.570 2

FIB-4 0.028

< 3.25 – 1 0

≥ 3.25 0.839 2.314 1.094–4.892 1

TTV (cm3) 0.004

≥ 115 – 1 0

< 115 1.475 4.371 1.590–12.020 2

HR, hazard ratio; CI, confidence interval; FIB-4, fibrosis index 4; TTV, total tumor volume. *The regression
coefficients (B-values) were multiplied by 3 and divided by 2, and rounded to facilitate the DFTscore and rounded
to facilitate bedside calculation of the score. Significant results (P < 0.05) are given in italics

Fig. 2 Kaplan–Meier estimated RFS curves by DFT score. a Prognostic
significance of the single-point scores for RFS in the training cohort.
HBV-related HCC patients in the training cohort were divided into four
groups (0 point, 1–2 points, 3 points, 4–5 points) based on favorable
median RFS in the Kaplan–Meier curves. b–d Kaplan–Meier estimated

RFS curves by DFT score. The prognostic significance of the four DFT
score groups (0 point, 1–2 points, 3 points, 4–5 points) for RFS in the
training (b), the internal validation cohort (c), and the external validation
cohort 1 (d)
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after HR (98 of 162) developed recurrence, and 21.0% of the
patients (34 of 162) died. The 1-, 3-, and 5-year RFS rates
were 35.8%, 53.1%, and 58.0%, respectively. In the internal
validation cohort, the 1-, 3-, and 5-year RFS rates were 32.3%,
51.6%, and 61.3%, respectively.

Building a Risk Score Model

In the training cohort, the median RFS was 29.2 months. Next,
we selected some variables that might affect RFS of HCC pa-
tients (i.e., pre-operative AFP level, tumor size, differentiation
grade, microvascular invasion, clinically significant portal hy-
pertension (PHT) (Table 2), neutrophil-to-lymphocyte ratio
(NLR), FIB-4, and TTV) to perform univariate andmultivariate

Cox regression analysis. Univariate analysis revealed that pre-
operative AFP level, tumor size, differentiation grade, micro-
vascular invasion, NLR, FIB-4, and TTV were independent
prognostic factors of RFS (Table 3). However, multivariate
analysis demonstrated that only differentiation grade, FIB-4,
and TTV were all significantly associated with RFS (Table 3).

To better investigate the performance of these risk
factors in predicting recurrence, the DFT risk score
model was built, with the regression coefficients weight-
ed by the Cox model in the training cohort. In this
study, the calculated regression coefficients (B-values)
were multiplied by a factor of 3 and divided by 2,
and rounded to facilitate the DFT score (Table 4). The
DFT risk score was calculated as follows: DFT score =
D (III–IV = 2; I–II = 0) + F(≥ 3.25 = 1; < 3.25 = 0) + T(≥
115 = 2; < 115 = 0).

DFT Score Predicts RFS in the Training and Validation
Cohorts

According to the DFTscore, 162 HBV-related HCC patients in
the training cohort were divided into six subgroups. Then, we
further assessed the performance of the DFTscore in predicting
RFS for these patients. As was shown in Fig. 2a, there was no
significant difference between DFT = 1 group and DFT = 2
group in RFS (52.4 months vs. 49.3 months, P = 1.693).
Furthermore, the media RFS of DFT = 4 group and DFT = 5
group were 5.0 months and 7.1 months, respectively.

Table 5 The DFT score
model of predicting the
recurrence of HBV-
related HCC in the
training cohort

Stage DFT score*

A 0

B 1

2

C 3

D 4

5

*DFT score =D (III–IV = 2; I–II = 0) +
F(≥ 3.25 = 1; < 3.25 = 0) + T(≥ 115 = 2; <
115 = 0)

Fig. 3 The AUC of DFT
scoring system and the other three
clinical staging systems (BCLC,
TNM, andHKLC staging system)
in predicting RFS in the training
cohort (a), the internal validation
cohort (b), the external validation
cohort 1 (c), and the external
validation cohort 2 (d) at 1 year
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Based on these results, 162 HBV-related HCC patients
were classified into A stage (DFT = 0), B stage (DFT = 1
and DFT = 2), C stage (DFT = 3), and D stage (DFT = 4
and DFT = 5) (Table 5). In the training cohort, the median
RFS of the HBV-related HCC patients with A (n = 66), B
(n = 80), C (n = 6), and D (n = 10) stage was 72.7 months
(95% CI, 61.9–83.5 months), 53.0 months (95% CI, 42.2–
63.7 months), 23.2 months (95% CI, 1.8–44.6 months),
and 5.7 months (95% CI, 3.8–7.5 months), respectively
(Fig. 2b). Consistently, the novel DFT scoring system also
had good performance in RFS prediction, with four sig-
nificantly different prognostic subgroups in the internal
validation and the external validation 1 (Fig. 2c, d).

The Predictive Accuracy of the DFT Scoring System
in the Training and Validation Cohorts

To better evaluate the predictive value of the DFT scoring
system in predicting RFS, we compared the accuracy of
DFT scoring system with that of the current common used
BCLC, HongKong Liver Cancer (HKLC), and American
Joint Committee on Cancer (AJCC, TNM 8th) staging sys-
tems. In the training cohort, the areas under ROC curve
(AUCs) of the DFT scoring system at 1, 3, and 5 years were
0.7319, 0.7031, and 0.6972, respectively, and were greater
than those of the other three commonly used staging sys-
tems for HBV-related HCC (Figs. 3a and 4a, b). In the

Fig. 4 The AUC of DFT scoring
system and the other three clinical
staging systems (BCLC, TNM,
and HKLC staging system) in
predicting RFS in the training
cohort, the internal validation
cohort, and the external validation
cohort 1 at 3 years (a, c, e) and
5 years (b, d, f)
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internal validation cohort, the AUCs of the DFT scoring
system at 1, 3, and 5 years were 0.6429, 0.6203, and
0.6345, respectively, and were greater than those of the
other three commonly used staging systems for HBV-
related HCC (Figs. 3b and 4c, d). In the external validation
cohort 1, the AUCs of the DFT scoring system at 1, 3, and
5 years were 0.6667, 0.6026, and 0.6345, respectively, and
were greater than those of the other three commonly used
staging systems for HBV-related HCC (Figs. 3c and 4e, f).
In the external validation cohort 2, the AUCs of the DFT
scoring system, BCLC, HKLC, and TNM at 1 year were
0.6345, 0.5000, 0.5263, and 0.6250, respectively (Figs. 3d
and 4g, h). Altogether, our study indicated that the DFT
scoring system had a better predictive value than the other
three staging systems in predicting RFS.

DFT Score Predicts RFS in HBV-Related HCC Patients
with BCLC B/C Stage

Here, we further evaluated the predictive value of the
DFT scoring system in predicting RFS of HBV-related
HCC patients with BCLC B/C stage. Because of the sam-
ple size of HCC patients with BCLC B/C stage in the

training and validation cohorts, we combined the training
cohort and internal validation cohort as the ZSSY cohort
and the two relatively small sample data sets (CDFY and
FDHS) as an external validation cohort.

When HCC patients with BCLC B/C stage were strat-
ified by the DFT scoring system in the ZSSY cohort, the
median RFS of the patients with A (n = 30), B (n = 54), C
(n = 7), and D (n = 15) stage was 53.3 months (95% CI,
36.5–70.2 months), 29.6 months (95% CI, 20.3–
39.1 months), 10.7 months (95% CI, 1.47–21.8 months),
and 4.8 months (95% CI, 3.2–6.4 months), respectively
(Fig. 5a). Furthermore, the AUCs of the DFT scoring sys-
tem at 1, 3, and 5 years were 0.7150, 0.6857, and 0.7148,
respectively, and were greater than those of the other two
commonly used staging systems for BCLC B/C stage
HCC (Fig. 5b–d).

In external validation cohort, HBV-related HCC pa-
tients with BCLC B/C stage were stratified by the DFT
scoring system (Fig. 6a). The AUCs of the DFT scoring
system at 1, 3, and 5 years were 0.7619, 0.7388, and
0.6949, respectively, and were greater than those of the
other two commonly used staging systems for BCLC B/C
stage HCC (Fig. 6b–d).

Fig. 5 Kaplan–Meier estimated
RFS curves by DFT score in
HBV-related HCC patients with
BCLC B/C stage in the ZSSY
cohort (a). The AUC of DFT
score system and the other two
clinical staging systems (TNM
and HKLC staging system) in
predicting RFS of HBV-related
HCC patients with BCLC B/C
stage in the ZSSY cohort at
1 year, 3 years, and 5 years (b–d)
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Discussion

To date, only the BCLC and HKLC systems provided stage-
appropriate treatment modalities. According to the guidelines
of EASL and AASLD, recommended treatments for BCLCB/
C stage patients include transarterial chemoembolization
(TACE), sorafenib, and radioembolization, but not HR.
However, more and more studies from China indicated that
HR could benefit many patients with intermediate or ad-
vanced HCC or with HCC associated with portal
hypertension.5, 15, 16 Herein, we constructed a novel scoring
system (DFT) comprising the liver functions (FIB-4), tumor
burden (TTV), and differentiation grade, and this scoring sys-
tem allowed for a more accurate prognostic prediction for RFS
of an individual with HBV-related HCC after HR.

It is widely accepted that tumor burden and underlying
liver function are associated with the prognosis of HCC pa-
tients. In China, the majority of HCC patients was infected by
HBVand developed HCC from chronic hepatitis B (CHB) and
CHB-induced liver cirrhosis. Previous studies have showed
that the inflammatory activity could promote HCC recurrence
by promoting the proliferation of premalignant cells6, 7 and
aggravating liver damage. The FIB-4 was associated with

peritumoral inflammatory activities in HCC and could predict
the severity of fibrosis. On the other hand, some studies dem-
onstrated that TTV, a more accurate marker of tumor burden,
played a crucial role in predicting tumor recurrence.13, 17–23 In
our DFT scoring system, TTV and FIB-4 partly supports the
seed and soil theory of metastasis and recurrence. The DFT
model, based on the tumor biology and the inflammatory sta-
tus of noncancerous microenvironment, may contribute to a
significantly increased predictive accuracy due to that the re-
currence of HBV-related HCC depends on the interaction be-
tween cancer cells and the inflammatory noncancerous micro-
environment. More interestingly, a recent study reported that a
nomogram, incorporating PIS and combined ALBI and FIB-
4, was associated with recurrence for HCC following curative
hepatectomy.10 The authors also focused on the associations
between inflammatory status and the recurrence of HCC pa-
tients after HR. The combined ALBI and FIB-4 might provide
an entirely objective tool for assessing the progression, recur-
rence, and liver function of patients with HCC.

Although BCLC, HKLC, and AJCC (TNM 8th) staging
systems showed the abilities to stratify HCC patients after
HR into different risk categories, the ROC analysis supported
that our DFT scoring system was superior to the BCLC,

Fig. 6 Kaplan–Meier estimated
RFS curves by DFT score in
HBV-related HCC patients with
BCLC B/C stage in the external
validation cohort (a). The AUC of
DFT scoring system and the other
two clinical staging systems
(TNM and HKLC staging
system) in predicting RFS of
HBV-related HCC patients with
BCLC B/C stage in the external
validation cohort at 1 year,
3 years, and 5 years (b–d)
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HKLC, and AJCC (TNM 8th) staging systems. These sug-
gested that the DFT scoring system was a reliable staging
system and had a better predictive value for RFS of HBV-
related HCC patients compared to the representative HCC
systems. Previous studies indicated that the FIB-4 index that
reflects the degree of fibrosis of the remnant liver seems to be
stronger when predicting long-term outcomes.24 In line with
these results, we demonstrated that the difference in survival
rates between the four groups became apparent approximately
1 year after hepatectomy.

In the present study, we first validated that HBV-related
HCC patients who underwent HR were successfully classified
into four stages according to the DFT score. These finding
suggested that it is feasible to prolong the survival of HCC
patients by reducing the DFT score. As for the methods of
downstaging, TACE, hepatic arterial infusion (HAI), and an-
tiviral treatment could be recommended to appropriate pa-
tients with potential high DFT score. In addition, our studies
may help to identify the subgroup of HBV-related HCC pa-
tients who could benefit most from bridge treatment while
awaiting liver transplantation. More significantly, pre-
operative tumor biopsy is recommended in the DFT scoring
system. The information of molecular and histological char-
acterization from tumor tissue may provide prognostic data
that are useful in the selection of therapy. Now, we face a time
when oncology is moving towards personalized/precision
medicine. In the context of histological HCC sub-classes, each
with distinct molecular patterns, histological characterization,
and prognostic impacts, the need for liver biopsy in HCC
management may become a necessity.

There are several limitations in the present study. First,
HCC patients had a background with HBV infection.
Therefore, the DFT model may not be suitable for non-
HBV-related HCC patients. Second, in the West, HR is not
recommended as the first-line treatment for HCC patients with
BCLC B/C stage. So, it limited the application of the DFT
scoring system in the West. Third, our study was a retrospec-
tively multicenter study, limited by the retrospective nature of
the analysis. To increase reliability of our study, we confirmed
our results in internal cohort and external cohorts.

Conclusion

In conclusion, the DFT model is a reliable and objective mod-
el to predict the RFS of HBV-related HCC patients after HR.
HBV-related HCC patients with low score of DFT, especially
in BCLC B/C stage patients, could benefit from aggressive
hepatectomy. In the future, a large-scale prospective study is
needed to perform and then verify its extensive applicability.
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