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Abstract: It remains impossible to accurately assess the prognosis after thermal ablation in patients with hepatocel-
lular carcinoma (HCC). Our aim was to build a nomogram to predict the survival rate of HCC patients after thermal
ablation. We developed and validated a nomogram using data of 959 HCC patients after thermal ablation from two
centers. Harrell’s concordance index (C-index), calibration plot and Decision curve analysis (DCA) were used to mea-
sure the performance of the nomogram, and we compared it with the Barcelona Clinic Liver Cancer (BCLC) staging
system and a previous nomogram. Six variables including age, serum albumin, operation method, risk area, tumor
number and early recurrence were selected to construct the nomogram. In the training cohort, internal validation
cohort, and external validation cohort, the nomogram all had a higher C-index to predict survival rate than both the
BCLC staging system and the previous nomogram (0.736, 0.558 and 0.698, respectively; 0.763, 0.621 and 0.740,
respectively; and 0.825, 0.551 and 0.737, respectively). Calibration plots showed a high degree of consistency be-
tween prediction and actual observation. Decision curve analysis (DCA) presented that compared with BCLC system
and the previous nomogram, our nomogram had the highest net benefit. In all three cohorts, the nomogram could
accurately divide patients into three subgroups according to predicted survival risk. A nomogram was developed
and validated to predict survival of HCC patients who underwent thermal ablation, which is helpful for prognostic
prediction and individual surveillance in clinical practice.
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Introduction insufficient organ donors, high complication

rates resulting from surgery, and refusal of

Globally, hepatocellular carcinoma (HCC) turns
out to be one of the most common malignan-
cies, with a large number of patients dying
every year [1]. The incidence and mortality of
HCC have been emerging rapidly on the back-
ground of increased alcohol abuse, cirrhosis,
aflatoxin exposure, diabetes, metabolic syn-
drome and obesity [2]. Hepatectomy and liver
transplantation are potentially curative thera-
pies, which are the preferred treatments for
patients with HCC. However, due to various rea-
sons, such as limited liver function reserves,

treatment, only a small percentage of patients
qualify as candidates at the time of diagnosis
[3]. In the past decade, thermal ablation, as one
of the curative and standard therapies for early
HCC, has been widely applied in clinical prac-
tice [4]. Nevertheless, a high postoperative
recurrence rate is still the main factor influenc-
ing long-term prognosis [5].

We already have several staging or grading sys-
tems, including the Barcelona Clinic Liver
Cancer (BCLC) staging system, which can be
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used to predict survival as well as guide thera-
py choice in patients with HCC [6]. According to
previous study, clinical outcomes vary widely
even among patients at the same stage who
receive similar treatment strategies. Therefore,
these systems have significant limitations in
predicting the outcome of patients receiving
thermal ablation [7].

To date, nomograms have been established for
predicting the prognosis of various tumors [8,
9]. They are also used to assess survival in HCC
patients [10, 11]. However, only a few models
are available to predict prognosis after thermal
ablation of HCC. And also, these tools usually
only focused on patients who received either
radiofrequency ablation (RFA) or microwave
ablation (MWA) [12, 13]. As RFA and MWA are
the two most commonly used ablation treat-
ments, it is necessary to develop a model to
predict the prognosis of HCC treated by RFA
and MWA at the same time for clinical conve-
nience and accurate application. Furthermore,
results of several previous studies showed that
early recurrence after radical therapy related to
invasive tumor features, including high alpha-
fetoprotein (AFP), large tumor, microvascular
invasion (MWI), and high albumin-bilirubin
(ALBI) grade and usually led to poor survival in
HCC patients [14, 15]. Few previous nomo-
grams take the influence of early recurrence
after thermal ablation on survival into account,
which may result in poor prediction perfor-
mance, especially for patients with recurrent
HCC. In addition, tumors located in risk areas
can affect the prognosis of HCC patients due to
difficulty in the procedure of ablation and more
complications [16, 17]. However, so far, no pre-
vious study has included the variable whether
tumor located in risk area to develop nomo-
gram. Hence, it is necessary to construct a
nomogram based on ablation methods, early or
late recurrence after ablation, whether tumor
located in risk area and other individual risks to
more accurately predict the outcome of HCC
after thermal ablation. To build a nomogram,
validation is a necessary process for obtaining
unbiased estimates of model performance. As
the gold standard, external validation should be
performed whenever possible [18]. Unfor-
tunately, most previous prognostic nomo-
grams often report results with only internal
validation.
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In the present study, we established a nomo-
gram of prognosis integrating ablation meth-
ods, early or late recurrence after ablation and
whether tumor located in risk area using data
of 565 HCC patients underwent thermal abla-
tion from our center. Then the nomogram was
internally validated using data of 240 patients
from the same center and externally validated
using data of 154 patients from another
center.

Materials and methods

The study was approved by the institutional eth-
ics committee of the participating institutions.
We obtained written informed consent from all
patients.

Patients and study design

All newly diagnosed HCC patients who received
curative-intent thermal ablation at Sun Yat-sen
University Cancer Center (SYSUCC) from
January 2002 to January 2017 were identified.
Initially, 856 consecutive patients entered in
the study. Inclusion criteria as follows were
used: (@) Complete ablation for primary HCC as
mentioned in another study [19]; (b) Liver func-
tion of Child-Pugh class A or B; (c) No evidence
of extrahepatic metastasis; (d) No history of
other treatment for primary HCC both before
and after thermal ablation alone or preopera-
tive transcatheter arterial chemoembolization
(PreTACE) combined thermal ablation; (e) No
other tumor medical history. The following
exclusion criteria were applied: (a) Major hepat-
ic/and portal vein branch invasion; (b) In-
complete clinical data; (c) No imaging efficacy
evaluation after ablation. Finally, 805 patients
were identified. Then, we randomly divided
these patients into a training cohort (n=565)
and an independent internal validation cohort
(n=240), with a ratio of 7:3. We included 227
patients who received ablation therapy in the
Third Affiliated Hospital of Sun Yat-sen
University (TAHSYSU) from December 2010 to
December 2015 into our study for external veri-
fication. Among these patients, 154 patients
entered our study by using the same exclusion
and inclusion criteria, and served as an exter-
nal validation cohort (n=154) (Figure 1).

We collected the following clinical data of
patients, including age, gender, preoperative
transcatheter arterial chemoembolization (pre-
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Figure 1. Flowchart.

TACE), operation methods, tumor number,
tumor size, tumor location, alpha-fetoprotein
(AFP), hemoglobin (Hb), white blood cell (WBC),
red blood cell (RBC), platelet count (PLT), albu-
min (ALB), alanine aminotransferase (ALT),
aspartate transaminase (AST), total bilirubin
(TBIL), albumin-bilirubin (ALBI) grade, Child-
Pugh grade, liver function (O, ALBI grade 1 and
Child-Pugh grade A; 1, ALBI grade 1 or Child-
Pugh grade A; 2, ALBI grade 2 or 3 and Child-
Pugh grade B), prothrombin time (PT), hepatitis
(hepatitis B virus or hepatitis C virus), cirrhosis,
risk area (A tumor located in risk areas was
defined as one that was adjacent to the hepatic
capsule, cavity viscera, large vessels or right or
left bile duct less than 1 cm [20, 21]), BCLC
stage, early recurrence (time from ablation to
recurrence less than 12 months).

Diagnosis and ablation procedure

The diagnosis of HCC in most patients was
according to the American Association for the
Study of Liver Diseases (AASLD) clinical criteria
[22], which had been confirmed by biopsy in a
few patients.

Both RFA and MWA were operated by surgeons
with no less than 15 years of operation experi-
ence. The choice of ablation method (RFA or
MWA) was determined by the treating surgeon
based on factors such as the availability of the
device at that time. After intravenous anesthe-
sia by an anesthetist, patients were performed
ablation therapies under real-time ultrasound
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peutic effect, subsequently
once every 3 to 6 months until
death or loss of follow-up. A
comprehensive physical exa-
mination and a detailed medical history record
were carried out during each follow-up. We also
performed serum AFP, routine blood tests, liver
function tests as well as computed tomography
(CT) or magnetic resonance imaging (MRI). If
there were clinical indications, further investi-
gation was performed. Overall survival (OS)
rates were the primary endpoint of the study.
Overall survival time was defined as the time
elapsed between the time ablation was per-
formed and the time of death or the last follow-
up. We censored this research on January 1,
2019.

Statistical analysis

Student t-test or Mann-Whitney U-test was
used to compare continuous variables. Chi-
square test or Fisher exact test was used to
compare binary categorical variables, and
Kruskal-Wallis test was used to compare ordi-
nal variables. The Kaplan-Meier method was
used to construct survival curves, and the
comparison was made by log-rank test. We con-
verted categorical variables from continuous
variables by optimal cut points which were
selected based on clinical reference values,
judgments of clinical experts, and the statistics
results of the maximum selected rank from
“maxstat” R package. A nomogram was devel-
oped with “rms” R package based on the
results of multivariate as well as univariate
analyses. In univariate analyses, the variables
with P values less than 0.10 were selected into
the multivariate Cox proportional hazard model.
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The variables entered into the final model were
selected based on P values less than 0.10 in
multivariate analyses. To assess the discrimi-
nation performance of the nomogram, we
applied the Harrell's concordance index
(C-index) resulted from comparing the actual
observed survival probability with that nomo-
gram-predicted. Decision curve analysis (DCA)
was performed by using the source file
“stdca.R” to evaluate the clinical utility and net
benefit of this model. The Kaplan-Meier curves
of three subgroups divided by predictions were
also used to assess the discrimination perfor-
mance of the nomogram. We assessed the
nomogram calibration with calibration plots. In
validation cohorts, C-index, calibration plot as
well as Kaplan-Meier curve of the tertile of pre-
dictions were obtained based on the develop-
ed nomogram. Comparisons of C-index of the
nomogram, the previous nomogram and the
BCLC staging system were carried out by rcor-
rp.cens in Hmisc R package. During these activ-
ities, bootstraps with 1000 resample were
used [26, 27]. All statistical analyses were car-
ried out with R software (version 4.0.3, http://
cran.r-project.org/). For all statistical tests, P
less than 0.05 was regarded as with statistical
significance.

Results
Basic characteristics

The clinicopathologic features of patients in the
three cohorts are presented in Table 1. In
patients from SYSUCC, this study enrolled 805
patients who accepted curative thermal abla-
tion for primary HCC. For these patients, the
median follow-up time was 50.6 months. All
805 patients were stochastically separated
into a training cohort (n=565) and an internal
validation cohort (n=240), with a ratio of 7:3.
For the training cohort, the median follow-up
time was 40.7 months, and it was 56.0 months
for the internal validation cohort. The 3-, and
5-year overall survival rates were 82.2% and
68.3%, respectively, for the training cohort and
97.5% and 80.7% for the internal validation
cohort. Finally, 154 out of 227 patients from
TAHSYSU were identified as an independent
external validation cohort, with a median fol-
low-up time of 72.2 months. The 3-, and 5-year
overall survival rates of the external validation
cohort were 94.1% and 89.8%, respectively.
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Development of the prognostic nomogram

First of all, we made univariate analyses in the
training cohort. After univariate analyses, four-
teen factors including age, operation method,
tumor number, tumor size, Hb, PLT, RBC, WBC,
ALB, AST, PT, risk area, early recurrence and
liver function were selected to construct the ini-
tial model (all P<0.1) (Table 2). After selected
by multivariate analyses, six factors with P
value less than 0.1 including age, ALB, opera-
tion method, risk area, tumor number and early
recurrence entered the final model (Table 2).
We also plotted OS curves of patients in train-
ing cohort according to the six factors respec-
tively and the results are presented in Figure 2.
Finally, the six factors that entered the final
model were used to construct a nomogram for
predicting 3- and 5-year OS (Figure 3). The
nomogram presents the predicted probabilities
of each factor with points on a scale, the total
points summed by all factors indicates the pre-
dicted OS of 3 years and 5 years for a patient.

The prognostic nomogram validation

In the training, internal validation, and external
validation cohorts, the C-indexes of the nomo-
gram for OS prediction were 0.736 (95% ClI,
0.689 to 0.783), 0.763 (95% Cl, 0.702 to
0.824), and 0.825 (95% CI, 0.735 to 0.915),
respectively, which were superior to that of the
BCLC staging system, the previous nomogram
(Prenomogram) [28] and the nomogram with-
out operation factor (Nomogram_op) (Table 3).
The calibration plots for 3- and 5-year OS after
thermal ablation demonstrated the best con-
sistency between nomogram prediction and
observation in the training cohort (Figure 4A,
4B). The calibration plots for 5-year OS also
presented optimal consistency between nomo-
gram prediction and the actual observation in
the two validation cohorts (Figure 4C, 4D).

Decision curve analysis (DCA)

We analyzed the clinical usefulness of this
nomogram by DCA. Figure 5 presents the DCA
for all 4 models including this nomogram, BCLC
system, Prenomogram and Nomogram_op. As
shown by the DCA, the net benefit of the nomo-
gram was higher than that of treat none or treat
all strategies for the threshold probability with-
in a range of 0.1-0.5. Furthermore, when com-
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Table 1. Clinicopathologic characteristics of patients in three cohorts

Training cohort

Internal validation cohort

External validation

Variables’ (N=565) (N=240) cohort (N=154)
Age, y median (IQR) 56 (48, 64) 56 (47, 64) 54 (46, 59.8)
Gender, cases (%)

female 65 (11.5) 18 (7.5) 27 (17.5)

male 500 (88.5) 222 (92.5) 127 (82.5)
PreTACE, cases (%)

no 422 (74.7) 176 (73.3) 113 (73.4)

yes 143 (25.3) 64 (26.7) 41 (26.6)
Operation, cases (%)

MWA 151 (26.7) 55 (22.9) 40 (26)

RFA 414 (73.3) 185 (77.1) 114 (74)
Tumor number, cases (%)

solitary 448 (79.3) 190 (79.2) 117 (76)

mutiple 117 (20.7) 50 (20.8) 37 (24)
Tumor size, cm median (IQR) 2.4(1.8,3.2) 2.5(1.9,3.2) 2.2 (1.6,2.8)
Tumor location, cases (%)?

central 277 (49) 134 (55.8) 64 (41.6)

non-central 288 (51) 106 (44.2) 90 (58.4)

AFP, ng/mL median (IQR)
Hb, g/L median (IQR)
PLT, 10%/L median (IQR)
RBC, 10*?/L median (IQR)
WBC, 10°/L median (IQR)
ALB, g/L median (IQR)
ALT, IU/L median (IQR)
AST, IU/L median (IQR)
TBIL, yumol/L median (IQR)
ALBI, cases (%)

grade 1

grade 2

grade3
Child-Pugh, cases (%)

grade A

grade B
PT, s median (IQR)
Hepatitis, cases (%)°

no

yes
Cirrhosis, cases (%)

no

yes
Risk area, cases (%)°

no

yes
BCLC stage, cases (%)

0

A

5130

43.2 (5.6,321.8)
140 (127, 150)
118.3 (74, 167)

4.5 (4.1, 5)
5.1 (4, 6.3)
41.1 (38, 44)
37.1(25.4, 55)
35(27.3, 52)
14.8 (11.4, 21.2)

347 (61.4)
215 (38.1)
3(0.5)

542 (95.9)
23 (4.1)
12.3 (11.6, 13.4)

38 (6.7)
527 (93.3)

109 (19.3)
456 (80.7)

400 (70.8)
165 (29.2)

167 (29.6)
338 (59.8)

39.2 (5.1, 406.4)
143 (130, 152.5)
116 (75, 161.1)
4.6(4.1,5)
5.4(4.2,6.7)
40.8 (37.3, 44.6)
36 (25.8,52.6)
36.7 (27, 56.5)
16 (11.6, 21.9)

139 (57.9)
100 (41.7)
1(0.4)

227 (94.6)
13 (5.4)
12.5 (11.7, 13.6)

16 (6.7)
224 (93.3)

32 (13.3)
208 (86.7)

179 (74.6)
61 (25.4)

71 (29.6)
144 (60)

20.2 (4.3, 165.2)
134.5 (122.2, 147)
106 (76.2, 151.8)
4.3(3.8,4.8)
4.7 (3.7, 6)
37.2 (34.6, 41.4)
32 (23, 43)

33 (26, 43)
16.4 (11.6, 23.4)

53 (34.4)
101 (65.6)
0(0)

136 (88.3)
18 (11.7)
14.2 (13.2, 15.3)

0(0)
154 (100)

36 (23.4)
118 (76.6)

112 (72.7)
42 (27.3)
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B 60 (10.6) 25 (10.4) 2(1.3)
Early recurrence, case (%)°

no 290 (51.3) 129 (53.8) 130 (84.4)

yes 275 (48.7) 111 (46.2) 24 (15.6)
Liver function, case (%)°

0 347 (61.4) 139 (57.9) 53(34.4)

1 195 (34.5) 88 (36.7) 83 (53.9)

2 23 (4.1) 13 (5.4) 18 (11.7)

“Values are presented as the median [interquartile range] or n (%). PreTACE, preoperative transcatheter arterial chemoembo-
lization; MWA, microwave ablation; RFA, radiofrequency ablation; AFP, alpha-fetoprotein; Hb, hemoglobin; PLT, platelet count;
RBC, red blood cell; WBC, white blood cell; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate transaminase; TBIL,
total bilirubin; ALBI, albumin-bilirubin; PT, prothrombin time; BCLC stage, Barcelona Clinic Liver Cancer stage. ®Central means
section 1, 5, 8; non-central means section 2, 3, 6, 7. "Hepatitis B virus or hepatitis C virus. Tumor adjacent to the cavity
viscera, hepatic capsule, right or left bile duct or large vessels less than 1 cm. Early recurrence means time from ablation to
recurrence less than 12 months. °0, ALBI grade 1 and Child-Pugh A; 1, ALBI grade 1 or Child-Pugh A; 2, ALBI grade 2 or 3 and
Child-Pugh B.

Table 2. Univariate and multivariate analysis of OS in the training cohort

Univariate analysis Multivariate analysis

Variables
HR (95% Cl) P value HR (95% Cl) P value

Age, y >60: <60 1.556 (1.095-2.210) 0.014 1.424 (0.981-2.066) 0.063
Gender, male: female 1.193 (0.625-2.276) 0.592
PreTACE, yes: no 0.876 (0.582-1.319) 0.527
Operation, RFA: MWA 1.501 (0.976-2.310) 0.064 1.979 (1.241-3.159) 0.004
Tumor number, multiple: solitary 1.592 (1.071-2.367) 0.022 1.438 (0.940-2.200) 0.094
Tumor size, cm >3: <3 1.478 (1.035-2.111) 0.032 1.286 (0.890-1.858) 0.181
Tumor location?, non-central: central  0.947 (0.670-1.339) 0.758
AFP, ng/mL >2400: <400 0.960 (0.635-1.452) 0.848
Hb, g/L 2120: <120 0.646 (0.420-0.993) 0.046 0.873 (0.531-1.435) 0.593
PLT, 10°/L 2100: <100 0.543 (0.384-0.767) 0.001 0.882 (0.572-1.362) 0.572
RBC, 10'?/L >4.3: <4.3 0.595 (0.421-0.841) 0.003 0.947 (0.622-1.441) 0.799
WBC, 10°%/L >4.0: <4.0 0.621 (0.424-0.908) 0.014 1.000 (0.627-1.595) 0.999
ALB, g/L >35: <35 0.297 (0.201-0.438) <0.001 0.395 (0.236-0.661) <0.001
ALT, IU/L >50: <50 1.256 (0.869-1.816) 0.226
AST, IU/L 240: <40 1.812 (1.282-2.562) 0.001 1.304 (0.887-1.916) 0.177
TBIL, ymol/L >217.1: <17.1 1.216 (0.858-1.724) 0.271
PT prolongation, s >3: <3 2.063 (0.907-4.693) 0.084 2.051 (0.832-5.053) 0.118
Hepatitis®, yes: no 1.638 (0.722-3.719) 0.238
Cirrhosis, yes: no 1.416 (0.901-2.226) 0.132
Risk area®, yes: no 1.525 (1.073-2.168) 0.019 1.675 (1.166-2.408) 0.005
Early recurrence?, yes: no 2.419 (1.698-3.447) <0.001 2.060 (1.414-3.002) <0.001
Liver fucntion®

1:0 2.523 (1.758-3.621) <0.001 1.559 (0.997-2.439) 0.051

2:0 2.503 (1.187-5.277) 0.016 0.876 (0.361-2.124) 0.77

PreTACE, preoperative transcatheter arterial chemoembolization; MWA, microwave ablation; RFA, radiofrequency ablation; AFP,
alpha-fetoprotein; Hb, hemoglobin; PLT, platelet count; RBC, red blood cell; WBC, white blood cell; ALB, albumin; ALT, alanine
aminotransferase; AST, aspartate transaminase; TBIL, total bilirubin; ALBI, alboumin-bilirubin; PT, prothrombin time; HR, hazard
ratio. 2Central means section 1, 5, 8; non-central means section 2, 3, 6, 7. "Hepatitis B virus or hepatitis C virus. “Tumor adja-
cent to the cavity viscera, hepatic capsule, right or left bile duct or large vessels less than 1 cm. “Early recurrence means time
from ablation to recurrence less than 12 months. €0, ALBI grade 1 and Child-Pugh A; 1, ALBI grade 1 or Child-Pugh A; 2, ALBI
grade 2 or 3 and Child-Pugh B.
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Figure 2. Kaplan-Meier OS curves for patients in training cohort stratified by factors included in the nomogram.
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Figure 3. Nomogram for predicting the 3- and 5-year OS rates in patients with HCC receiving thermal ablation.

Table 3. C-index of models in three cohorts

Training cohort

Internal validation cohort

External validation cohort

Model - - -

C-index 95% Cl C-index 95% ClI C-index 95% Cl
Nomogram 0.736 0.689, 0.783 0.763 0.702, 0.824 0.825 0.735, 0.915
BCLC stage 0.558 0.515, 0.601 0.621 0.543, 0.699 0.551 0.445, 0.657
Prenomogram 0.698 0.655, 0.741 0.740 0.666, 0.814 0.737 0.610, 0.864
Nomogram_op 0.713 0.664, 0.762 0.739 0.674, 0.804 0.819 0.721, 0.917

BCLC stage, Barcelona Clinic Liver Cancer stage; Prenomogram, the previous nomogram; Nomogram_op, the nomogram

without operation factor.

paring the net benefit of the nomogram with
that of the other three models, the nomogram
also had the highest net benefit in the same
range.

Comparison of discrimination abilities between
the nomogram and BCLC staging system

According to the prediction probabilities of 0S
rates, patients were separated into three
groups for investigating the discrimination per-
formance of our developed nomogram in OS
prediction through drawing Kaplan-Meier
curves (Figure 6A-C). Based on the nomogram,
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patients were stratified into low-risk, medium-
risk and high-risk groups (n=279, n=257, and
n=29, respectively) on the basis of prediction
probabilities of OS, which presented good prog-
nostic classification of OS for patients in the
training cohort. For the low-, medium-, and
high-risk group in the training cohort, the 3-year
OS rates were 91.3%, 76.4%, and 28.7%
respectively, and the 5-year OS rates were
81.9%, 52.8%, and 19.1% (both P<0.0001).
Patients in the internal validation cohort were
also well classified into low-risk, medium-risk
and high-risk groups (n=102, n=118, and n=20,
respectively), and the 5-year OS rates were
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93.6%, 72.4%, and 36.2%, respectively. As for
the external validation cohort, patients were
also well stratified into low-risk, medium-risk
and high-risk groups (n=89, n=53, and n=12,
respectively) with 5-year OS rates of 97.6%,
87.7%, and 32.4%, respectively. Furthermore,
we also drew Kaplan-Meier curves of patients
in these three cohorts according to the BCLC
staging system to compare the discrimination
abilities between the nomogram and BCLC
staging system (Figure 6D-F). In the training
cohort, at the early stage of follow-up, the sur-
vival curves of patients with BCLC stage B over-
lapped with those of the other two stages.
However, for patients in the internal validation
cohort, BCLC staging system could differenti-
ate them well based on prognosis. As for
patients in the external validation cohort, they
were well distinguished based on prognosis by
the nomogram rather than the BCLC staging
system.

Discussion

Due to regular surveillance of patients at risk
for HCC, more patients have improved progno-
sis by receiving curative therapies [29]. As a
form of curative therapy, thermal ablation is
widely used in patients who are unable or
unwilling to undergo liver resection or liver
transplantation [4]. Therefore, it is important to
clarify the accurate prognosis of HCC after ther-
mal ablation. Previous studies have developed
nomogram which predicted prognosis more
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05 a common HCC staging sys-
tem. It integrates several fac-
tors including liver function
preservation, tumor exten-
sion, cancer-associated symp-
toms, and physical status, and
could serve as the practice guideline for HCC
[32-34]. The BCLC staging system provides
treatment suggestions for each stage accord-
ing to the currently available options, which are
the most different from other staging systems
[35]. However, the BCLC staging system is
unable to distinguish patients receiving differ-
ent treatments for the same stage as well as
patients receiving the same treatment for dif-
ferent stages, resulting in poor predicting effi-
cacy. Furthermore, the BCLC staging system
was not specially constructed to predict the
survival of HCC patients after thermal ablation.
The above problems might affect the predictive
accuracy of the BCLC staging system for
patients with HCC receiving thermal ablation. In
the present study, compared with the devel-
oped nomogram, the BCLC staging system
showed less effective for OS prediction in all
of training, internal and external validation
cohorts (C-index, 0.736 vs. 0.558, 0.763 vs.
0.621, and 0.825 vs. 0.551, respectively), and
in terms of discrimination ability, it was also
less useful to stratify patients based on prog-
nosis. The DCA analysis showed that the nomo-
gram was superior to the BCLC staging system
within most of the reasonable threshold proba-
bility range, and indicated that it added incre-
mental value to the BCLC staging system in
terms of individual evaluation.

Previous study has developed a nhomogram to
predict prognostic of HCC after thermal abla-
tion [28]. However, the following defects might

Am J Cancer Res 2021;11(10):5126-5140



1.00

Overall survival probability
o o
g o

o
&

0.00

O

1.00

e
~
»

Overall survival probability
o
3

o
N
L4

0.00

p <0.0001 = Low Riek
=+ Medium Risk
== High Risk
0 20 40 60 80 100 120 140 160
Follow up time(months)
p = 0.0071 -~ BCLCO
== BCLCA
-+ BCLCB
0 20 40 60 80 100 120 140 160

Follow up time{months)

Nomogram for HCC after ablation

1.00

Overall survival probability
° o
3 &

o
&

0.00

1.00

o o
g &

Overall survival probability

o
na
L)

0.00

:'5 0.75
=1
3
o
s
Zos0
3
P~ §
L
]
g 0.25
p < 0.0001 =+ Low Risk p <0.0001 —+ Low Risk
=+ Madium Risk == Medum Risk
=+ High Risk == High Risk
0.00
0 20 40 60 80 100 120 140 20 40 60 80 100 120
Follow up time(months) Follow up time{months)
F
B .
:5 0.75
o
2
[
Q
Sos0
c
=
w
g
2025
p = 0.00033 -+ BCLCO o p=0.81 -+ BCLCO
== BCLC A == BCLCA
=~ BCLCB =~ BCLCB
0.00
0 20 40 60 80 100 120 140 20 40 60 80 100 120
Follow up time(months) Follow up time(months)

Figure 6. Kaplan-Meier OS curves for subgroups of patients. Patients were stratified by the nomogram in the training cohort (A), internal validation cohort (B), and
external validatio cohort (C). Patients were stratified by the BCLC staging system in the training cohort (D), internal validation cohort (E), and external validation
cohort (F).

5136

Am J Cancer Res 2021;11(10):5126-5140



Nomogram for HCC after ablation

affect the accuracy and reliability of this previ-
ous nomogram in predicting prognosis. Firstly,
the sample size of the previous study is smaller
than that of the present study. Secondly, the
previous study did not validate the established
nomogram by validation cohort after it was
established, which is necessary for developing
a nomogram. Thirdly, the previous nomogram
was not compared with conventional staging
systems, so the superiority and necessity of
the model cannot be reflected. In our study, the
nomogram we established integrated 6 factors
affecting survival, including age, tumor number,
risk area location, ALB level, early recurrence
and operation method, which overcame the
above defects. The results of C-index compari-
son and DCA analysis also revealed the superi-
ority of our nomogram than the previous
nomogram.

At present, RFA and MWA are two commonly
used thermal ablation methods in clinical prac-
tice. Previous study demonstrated that MWA
was superior to RFA in both 5-year OS and RFS
among HCC patients within Milan criteria [19].
Santambrogio et al. compared the outcome of
HCC patients with 1 to 3 tumors and tumor
diameter <3 cm after laparoscopic MWA and
RFA, and found that the MWA group had a low-
er tumor progression rate and a better 5-year
local tumor progression rate compared with the
RFA group [36]. However, a previous study also
showed that the OS of patients who were treat-
ed with RFA and MWA was almost identical,
although there was a possibility that MWA is
superior to RFA in terms of local tumor control
[37]. In our present study, we found that MWA
was associated with better survival rate than
RFA. The significant difference in heat genera-
tion between the two ablation methods might
lead to different therapeutic effects on HCC
[19]. Additionally, tumor number was identified
to be factors predicted prognostic in this study,
which was consistent with previous studies
[12, 38, 39]. Tumors located in risk areas might
resulted in difficulty in the procedure of abla-
tion and more complications, which can affect
the prognosis of patients with HCC [16, 17]. Our
present study also identified tumor located in
risk areas to be a factor leading to poor progno-
sis. The prognosis of patients with early recur-
rence after radical therapy is generally poor,
because it is often accompanied by invasive
tumor features such as high AFP, large tumor
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size and MWI [14, 15]. Like previous studies,
our study found that patients with early recur-
rence after ablation had poor prognosis, which
was included in the prognostic nomogram.
Other variables entering our prediction model
are ALB and age, which can reflect the condi-
tion of liver function and patient and have suf-
ficient scientific basis in determining the prog-
nosis of patients. AFP level was demonstrated
as a prognostic factor of HCC in previous stud-
ies [40, 41]. However, this study and other stud-
ies failed to find it to be a prognostic factor of
HCC [24, 42]. AFP level may not be powerful
enough to predict the survival of HCC after
ablation compared with other factors included
in our nomogram.

There are some limitations in our study. First,
despite a multi-center and large number of
patients, this is a retrospective study. Thus,
prospective randomized controlled trials will be
necessary to validate our conclusions. Second,
most HCC patients enrolled our study were
infected by hepatitis B virus. Therefore, our
present nomogram needs to be further validat-
ed in areas where hepatitis C or alcoholic hepa-
titis is the main risk factors.

In conclusion, based on several clinical factors,
we put forward a nomogram for predicting the
OS of HCC patients receiving thermal ablation,
which can be used to assist prognosis predic-
tion and individual monitoring.
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