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Background: Individuals with hepatocellular carcinoma (HCC) are at risk of tumor recur-
rence after surgical resection, which affects their survival. The aim of the present study was
to establish a model for predicting tumor progression in patients with HCC.

Methods: To develop and validate the efficacy of a novel prognostic model, a retrospective
cohort with HCC (n = 1005) at Beijing Ditan Hospital was enrolled from January 2008 and
June 2017. Furthermore, a prospective cohort (n = 77) was recruited to validate the association
between thyroid-stimulating hormone (TSH) levels and tumor progression in patients with HCC.
Results: The model used in predicting the progression of HCC included four variables
(namely, Barcelona Clinic Liver Cancer [BCLC] stage, presence of portal vein tumor
thrombus, alpha-fetoprotein level, and TSH level). The AUROC of the 1-year progression-
free survival (PFS) model was 0.755 and 0.753 in the deriving cohort and validation cohort,
respectively, and these values were significantly higher than those of the Child—Pugh score,
Model for End-stage Liver Disease (MELD), tumor—lymph node—metastasis (TNM) staging
system, Okuda classification, and CLIP score. A simple assessment using a nomogram
showed the 1-year PFS rate of patients with HCC. In the prospective cohort, the KM
curve showed that the high TSH level group had a shorter PFS than the low TSH level
(» =0.001).

Conclusion: The prognostic model of HCC progression was superior to other well-known
classical tumor scoring systems. A high TSH level was correlated to poor outcome, particu-
larly those with advanced HCC.
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Background

Hepatocellular carcinoma (HCC) is the fourth leading cause of cancer-related
deaths worldwide based on the 2018 Global Cancer Statistics. Moreover, the
countries that are at high risk for HCC are China and Eastern Africa.' Based on
China’s cancer statistics in 2015, HCC accounts for one-third, or even half, of the
total HCC cases globally.? HCC poses a serious threat to the life and health of
people.

Several classical prediction models used for evaluating liver function, which
include the Child-Pugh and MELD scores, cannot assess for liver tumors.’
However, there are three well-known tumor prediction models, which are as
follows: tumor—lymph node—metastasis (TNM) staging system, which is used for
the prognostication of most solid tumors,* Okuda staging system, which is utilized
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for measuring liver function (ascites, albumin, and biliru-
bin levels) and estimating the percentage of liver tumor
involvement, and CLIP system (Child—Pugh score, liver
tumor load, AFP level, and presence of portal vein tumor
thrombus [PVTT]).> All the above mentioned models are
used to predict the mortality of HCC. However, in predict-
ing the prognosis of HCC, a novel model for tumor pro-
gression must be established.

Most of the current models for predicting the recur-
rence of HCC are concentrated in resection or liver trans-
plantation population, while there are few models related
to the progression of HCC compared with other treatment
methods of HCC patients. Recurrence and progression will
affect the survival outcome of patients with HCC.
Although liver transplantation is the highest level of treat-
ment for patients with HCC, the recurrence of such con-
dition remains a limiting factor of long-term survival.”

Meanwhile, the recurrence rate for radical treatment
methods is still high in patients with HCC after
resection.® Progression-free survival (PFS) is becoming
more and more important as an alternative endpoint for
overall survival of solid tumors,9 because it is measured
earlier in the same follow-up. Therefore, different models
were used to predict the recurrence of HCC after liver
transplantation and curative resection. In addition, in the
whole HCC population, a model for predicting tumor
progression is not yet available.

The present study aimed to identify a novel prognostic
model for tumor progression in patients with HCC.
Furthermore, a prospective cohort was included to validate
the correlation between thyroid-stimulating hormone
(TSH) level and tumor progression.

Methods
Study Design and Population

A retrospective cohort (n=1005) and prospective cohort
(n=77) were included in the study. The retrospective
cohort comprised patients with HCC from Beijing Ditan
Hospital between January 2008 and June 2017, and the
prospective cohort included patients with HCC from
Beijing Ditan Hospital between January 2018 and
June 2018. In patients with HCC, radiological examination
was performed every 3—6 months. The time of tumor
progression was identified on radiological examination.
The definition of progression conforms to the mRECIST
criteria.'® Progression-free survival (PFS) was calculated

from the date of diagnosis to the date when tumor progres-
sion was diagnosed or date of last follow-up.

The inclusion criteria were as follows: (1) patients with
HCC who were diagnosed according to the 2017 China
guidelines (based on biopsy, radiology, and alpha-
fetoprotein [AFP level > 400 pg/L] serology results),"
(2) those with complete clinical data, (3) those with more
than 1 year of follow-up.

The exclusion criteria were as follows: (1) pregnant
women, (2) those younger than 18 years, (3) those with

incomplete data, and (4) those with <1 year of follow-up.

Demographic and Clinical Data

The following demographic data were collected: age, gender,
alcohol consumption, smoking history, family history of
HCC, etiology, Barcelona clinic liver cancer (BCLC) stage,
tumor multiplicity, tumor size, and presence of PVTT at
baseline, cirrhosis, hypertension, diabetes, and coronary dis-
ease. The following laboratory parameters were included:
white blood cell (WBC), neutrophil/lymphocyte (N/L), red
blood cell, hemoglobin (HGB), platelet, blood urea nitrogen,
creatinine (CR), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total bilirubin (TBIL), albumin
(ALB), y-glutamyl transferase, prothrombin (PTA), AFP,
triiodothyronine (T3), tetraiodothyronine (T4), TSH, free
triiodothyronine (FT3), and free tetraiodothyronine levels.
The following complications were observed: ascites, bacter-
ial infection, hepatorenal syndrome, esophageal and gastric
varices, upper gastrointestinal hemorrhage, portal hyperten-
sion, and hepatic encephalopathy.

Scoring Models

The prognostic scores of the five classical models were
included: The Child—Pugh score was calculated using the
following values: hepatic encephalopathy level, prothrombin
time, presence of ascites, TBIL level, and ALB level.'? The
MELD score was calculated using the following formula:
MELD = 3.78 x In[TBIL (mg/dL)] + 11.2 x In(INR) + 9.57
x In[CR (mg/dL)] + 6.43."> The TNM staging system
includes tumor load, lymph node involvement, and
metastasis.* Okuda classification uses ALB and TBIL levels,
presence or absence of ascites, and liver involvement.” The
CLIP score includes the Child—Pugh score, tumor morphol-
ogy, AFP level, and presence of PVTT.

Statistical Analysis
Demographic data and clinical factors, which included
progression and no progression, were compared across
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the two groups using Student’s #-test, and continuous data
were expressed as means + standard deviation (SD) or
medians with interquartile range (P25-P75) using the non-
parametric Mann—Whitney U-test. Categorical variables
were analyzed using the * test or Fisher’s exact probabil-
ity test.

Cox proportional regression analysis was performed to
identify the independent prognostic factors of HCC. The
PFS rates were compared using the Kaplan—-Meier method.

Orthogonal partial least squares discriminant analysis
(OPLS-DA) was used to rank the ability of the parameters
in predicting the prognosis of patients with HCC using the
SIMCA software (version 14.0). The prognostic model
formula was developed using the means of multivariate
logistic regression. Based on the multivariate analysis
results, the nomogram models were established using rms
in R project version 3.4.2 package (http://www.rproject.

org/). The Statistical Package for the Social Sciences soft-
ware (version 22.0) and R (version 3.6.0) were used for
statistical analysis.

Results
Characteristics of the Retrospective
Cohort of Patients with HCC

The retrospective cohort (n=1005) was divided into deriv-
ing cohort (January 2008 and December 2014, n=698) and
validation cohort (January 2015 and June 2017, n=307) to
establish a novel prognostic model. The characteristics of
the two cohorts of patients with HCC are presented in
detail (Table 1). In the deriving and validation cohorts,
the progression group had higher conservative treatments,
BCLC stage (stages C-D), N/L, AST, TBIL, y-GGT, and
AFP levels and lower HGB, ALB, PTA, TSH, T3, and FT3
levels and was more likely to present with PVTT, ascites,
and bacterial infection than the no progression group.

Identification of the Optimal Model for
Predicting the Progression of HCC

Cox proportional regression analysis was performed to
evaluate the effect of clinical variables on the outcome
of patients with HCC. Cox multivariate analysis revealed
that PVTT at baseline (hazard ratio [HR] = 1.91; 95%
confidence interval [CI]: 1.28-2.84; p = 0.001), tumor
size (>5 cm; HR = 1.42; 95% CI: 1.06-1.92; p = 0.02),
BCLC stage (stages C-D; HR = 1.49; 95% CI: 1.04-2.13;
p = 0.03), WBC level (>4*10°/L; HR = 1.26; 95% CI:
1.01-1.57; p = 0.039), HGB level (>120 g/L; HR = 0.75;

95% CI: 0.57-0.99; p = 0.04), CR level (>111 umol/L; HR
=2.05; 95% CI: 1.30-3.24; p = 0.002), ALB level (>40 g/
L; HR = 0.66; 95% CI: 0.46-0.96; p = 0.028), y-GGT level
(>60 TU/L; HR = 1.82; 95% CI: 1.40-2.36; p < 0.0001),
AFP level (>400 ng/mL; HR = 2.57; 95% CI: 1.97-3.36;
p <0.0001), and TSH level (>5 uIU/mL; HR = 2.40; 95%
CI: 1.83-3.15; p < 0.0001) were the independent prognos-
tic predictors of HCC (Table 2).

OPLS-DA was conducted via optimization of the ability
of the variables and the order of clinical variables affecting
the outcome of HCC. The ROC and 3D plots were signifi-
cantly different between the progression and no progression
groups (Figure 1A and B). Combined with Cox multivariate
regression factors, the top four clinical variables (namely,
BCLC stage, presence of PVTT, AFP level, and TSH level)
can better predict the outcome of tumor progression in
patients with HCC (Figure 1C and D).

A new model for predicting the progression of HCC
(the progression model) was established via COX regres-
sion analysis: prognostic index (PI) = 0.793 * BCLC stage
+0.500 * PVTT + 1.004 * AFP level + 0.986 * TSH level
(0 for patients with BCLC stage 0-B, without PVTT, AFP
level <400 ng/mL, and TSH level <5ulU/mL; 1 for
patients with BCLC stage C-D, PVTT at baseline, AFP
level >400 ng/mL, and TSH level >5 u IU/mL).

Validation of the Progression Model

We divided the progression model into the high-risk group
(>0.4266) and low-risk group (<0.4266), with cut-off values
of 0.4266. The progression model in the high-risk group
was significantly shorter than that in the low-risk group for
PFS both in the deriving and validation cohorts (both p <
0.0001; Figure S1 A, B). The area under the receiver
operating characteristic (AUROC) curve of the progression
model for predicting 1-year PFS in the deriving and valida-
tion cohorts was 0.755 and 0.753, respectively. The
AUROC of the progression model was significantly better
than that of the separate variables in the model and classical
model (Child—Pugh score, MELD score, TNM stage, Okuda
classification, and CLIP score) (Figure 2A, B, C, and D).
The AUROCs of all models are listed (Table S1). We
further assessed the risk of One-year PFS in HCC patients
with high levels of TSH and low levels of TSH according to
different treatments in the deriving cohorts. Whether in
conservative treatment, minimally invasive or resection,
the risk of 1-year PFS of HCC patients with low level of
TSH was significantly better than that in the high level of
TSH group (Figure S2 A, B, and C).
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Table 1 Characteristics of Patients with Hepatocellular Carcinoma According to Outcome in the Derivation Cohort and Validation

Cohort
Variables Derivation Cohort(n=698) P value | Validation Cohort(n=307) P value
Progression No Progression Progression No Progression
(n=263) (n=435) (n=144) (n=163)
Demographic
characteristics (%)
Age(>50y) 205(77.9) 351(80.7) 0.38 106(73.6) 126(77.3) 0.45
Gender(male) 203(77.2) 325(74.7) 0.46 114(79.2) 121(74.2) 0.31
Smoking 115(43.7) 166(38.2) 0.15 71(49.3) 64(39.3) 0.08
Alcohol 108(41.1) 163(37.5) 0.35 69(47.9) 57(35.0) 0.02
Family history of 10(3.8) 13(3.0) 0.56 12(8.3) 9(5.5) 0.33
HCC
Etiology HBV 190(72.2) 305(70.1) 0.80 107(74.3) 124(76.1) 0.02
HCV 30(11.4) 56(12.9) 10(6.9) 23(14.1)
Alcohol 32(12.2) 57(13.1) 22(15.3) 11(6.7)
NAFLD 3(1.1) 8(1.8) 2(1.4) 0(0.0)
Unknown 8(3.0) 9(2.1) 32.1) 53.1)
Treatment 80(30.4) 71(16.3) <0.0001 | 43(29.9) 18(11.0) <0.0001
Conservative
Minimally invasive | 176(66.9) 347(79.8) 99(68.8) 135(82.8)
Resection 72.7) 17(3.9) 2(1.3) 10(6.2)
BCLC 0-B 148(56.3) 369(84.8) <0.0001 | 83(57.6) 149(91.4) <0.0001
C-D 115(43.7) 66(15.2) 61(42.4) 14(8.6)
Cirrhosis 248(94.3) 409(94.0) 0.88 133(92.4) 148(90.8) 0.62
PVTT at baseline 71(27) 25(5.7) <0.0001 | 51(35.4) 12(7.4) <0.0001
Hypertension 76(28.9) 129(29.7) 0.83 32(22.2) 53(32.5) 0.04
Diabetes 54(20.5) 115(26.4) 0.08 37(25.7) 35(21.5) 0.38
Coronary disease 10(3.8) 15(3.4) 0.81 3(1.8) 4(2.8) 0.58
Laboratory
parameters
WBC(10%/L) 4.42(3.11,6.07) 4.10(2.76,5.41) 0.004 4.52(3.24,6.16) 4.29(3.00,5.69) 0.16
N/L 2.50(1.67,4.35) 2.08(1.45,3.21) <0.0001 | 2.91(1.96,4.44) 2.08(1.35,2.90) <0.0001
RBC(10%/L) 3.76(3.15,4.30) 3.97(3.37,4.40) 0.01 4.09(3.26,4.62) 4.26(3.70,4.68) 0.08
HGB(g/L) 120.10(104.20, 137.50) | 130.10(111.70, 142.00) | <0.0001 | 126.00(106.50,141.30) | 134.00(117.10,148.00) | 0.0l
PLT(10°/L) 91.00(58.60, 142.00) 81.50(53.4, 129.00) 0.03 95.00(62.25,136.38) 89.00(60.00,133.00) 0.54
BUN(umol/L) 5.42(4.33, 7.08) 5.25(4.41, 6.50) 0.22 5.36(4.16,6.70) 5.26(4.16,6.18) 0.39
CR(umol/L) 66.00(58.00, 79.00) 66.00(56.00, 77.00) 0.36 68.00(58.45,79.75) 68.00(57.00,75.00) 0.22
ALT(IU/L) 34.20(24.90, 54.70) 30.30(21.40, 48.20) 0.01 31.55(21.23,63.80) 28.50(19.70,45.40) 0.05
AST(IU/L) 51.70(33.70, 79.80) 35.10(26.50, 52.20) <0.0001 | 47.00(33.00,89.80) 30.90(23.60,49.90) <0.0001
TBIL(u mol/L) 22.10(14.70, 35.20) 17.40(13.00, 25.20) <0.0001 | 22.00(12.95,32.70) 16.60(11.30,24.20) 0.002
ALB(g/L) 32.70(28.50, 37.90) 36.50(31.40, 40.40) <0.0001 | 34.79+6.97 37.19+5.87 0.001
y-GGT(IU/L) 70.60(38.40, 138.40) 44.20(25.50, 82.00) <0.0001 | 83.65(43.08,183.43) 44.90(25.30,86.30) <0.0001
PTA(%) 73.44£17.31 78.49+18.08 <0.0001 | 75.21%16.94 82.28+14.76 <0.0001
AFP(ng/mL) 26.50(5.78, 154.78) 12.65(4.40, 55.55) <0.0001 | 42.5(7.55,300.00) 5.60(2.40,27.70) <0.0001
T3(ng/mL) 0.77(0.59, 0.97) 0.89(0.70, 1.05) <0.0001 | 0.75(0.54,0.97) 0.95(0.79,1.15) <0.0001
T4(u g/dl) 6.62(5.34, 8.42) 6.29(5.21, 7.48) 0.07 6.27(4.94,7.94) 6.35(5.37,7.39) 0.63
TSH(u IU/mL) 1.86(1.19, 5.60) 1.63(1.04, 2.91) 0.007 2.05(1.23,5.78) 1.72(1.18,2.56) 0.002
FT3(pg/mL) 2.17(1.82, 2.58) 2.41(2.00, 2.73) <0.0001 | 2.09+0.60 2.47£0.49 <0.0001
FT4(ng/dl) 1.08(0.95, 1.24) 1.03(0.92, I.16) 0.004 1.00(0.89,1.13) 0.98(0.90,1.08) 0.77
(Continued)
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Table | (Continued).
Variables Derivation Cohort(n=698) P value | Validation Cohort(n=307) P value
Progression No Progression Progression No Progression
(n=263) (n=435) (n=144) (n=163)
Complication(%)
Ascites 145(55.1) 148(34.0) <0.0001 | 64(44.4) 37(22.7) <0.0001
Bacterial infection 52(12.0) 74(28.1) <0.0001 | 13(9.0) 1(0.6) <0.0001
Hepatorenal 3(1.1) 2(0.5) 0.30 2(1.4) 0(0.0) 0.13
syndrome
Esophageal and 65(24.7) 116(26.7) 0.57 38(26.4) 45(27.6) 0.81
gastric varices
Upper 10(3.8) 16(3.7) 0.93 6(4.2) 9(5.5) 0.58
gastrointestinal
hemorrhage
Portal hypertension | 66(25.1) 123(28.3) 0.36 40(27.8) 45(27.6) 0.97
Hepatic 19(7.2) 15(3.4) 0.03 5(3.5) 2(1.2) 0.19
encephalopathy

Notes: p value between progression and no progression groups in the derivation cohort and validation cohort. Data are presented as n (%), mean = SD, or median

(interquartile range)

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; NAFLD, non-alcoholic fatty liver disease; BCLC, Barcelona Clinic Liver Cancer classification system; PVTT,
portal vein tumor thrombus; WBC, white blood cell; N/L, neutrophil-lymphocyte ratio; RBC, red blood cell; HGB, haemoglobin; PLT, platelet; CR, creatinine; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; ALB, albumin; y-GGT, y-glutamyl transferase; PTA, prothrombin time activity; AFP, alpha-fetoprotein;
T3, triiodothyronine; T4, tetraiodothyronine; TSH, thyroid-stimulating hormone; FT3, free triiodothyronine; FT4, free tetraiodothyronine.

Establishment and Evaluation of the

Progression Model Using a Nomogram

The progression model was further established using
a nomogram for PFS by combining BCLC stage, presence
of PVTT, AFP level, and TSH level identified via the Cox
multivariate analyses and OPLS-DA (Figure 3A). The
nomogram included three tumor parameters (BCLC
stage, presence of PVTT, and AFP level) and one thyroid
function parameter (TSH level), and the detailed point
assignment is presented (Table S2). The calibration plot
for the probabilities of 1-year PFS fitted well between the
actual observation and prediction of the progression model
using a nomogram (Figure 3B and C). Meanwhile, we
further established the decision curve analysis (DCA),
a novel evaluation method for predicting the clinical net
benefit. The clinical net benefit rate of the progression
model using the nomogram was significantly higher than
that of BCLC stage and TSH level (Figure 3D and E).

TSH Level of the Prospective Cohort

As TSH level is the fourth most powerful variable that can
predict the progression of HCC, we further evaluated the
relationship between TSH level and HCC progression in
the prospective cohort. The clinical characteristics of

patients with HCC are shown (Table S3). In the progres-
sion group, most patients were older (age > 50 years) and
had PVTT, BCLC stage C-D, and high TSH level. The
KM curve showed that the high TSH level group (TSH
level > 5SulU/mL) had a shorter PFS than the low TSH
level group (TSH level < 5 u IU/mL). Moreover, the effect
of a high TSH level on the outcome of HCC was greater in
patients with BCLC stage C-D than in those with BCLC
stage 0-B (Figure 4A, B, and C).

Discussion

At present, patients with HCC are still at risk of tumor
progression after receiving different treatments (such as
liver transplantation or resection, interventional therapy, or
even conservative treatment). Tumor progression will
directly affect the survival of patients with HCC.
However, studies about solid tumors have identified and
approved the surrogate endpoints of survival (including
PFS) to reflect the survival benefits of patients.”'
Therefore, a simple tumor progression model must be
established for patients with HCC. We performed Cox
multivariate analysis and OPLS-DA to identify the best
variables and finally determine that the four variables
(BCLC stage, presence of PVTT, AFP level, and TSH
level) were the optimal models of HCC progression.
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Table 2 Univariate and Multivariate Cox Regression Analyses for PFS in Patients with HCC from the Derivation Cohort

Variables Univariate Analysis Multivariate Analysis
Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value

Age(y),<50 vs.>50 0.89(0.66—1.19) 0.42
Gender; male vs.female 0.91(0.68-1.21) 051
Smoking, no vs.yes 1.18(0.93—1.51) 0.18
Alcohol, no vs.yes 1.14(0.89—1.46) 0.29
Family history of HCC, no vs.yes 1.16(0.62-2.19) 0.64
Etiology

HBV 1.03(0.77-1.37) 0.86

HCV 0.84(0.59-1.20) 0.33

Alcohol 0.95(0.66—1.37) 0.78

NAFLD 0.05(0.00—422.86) 0.52

Unknown 1.07(0.40-2.87) 0.90
Cirrhosis, no vs.yes 1.07(0.64-1.81) 0.79
PVTT at baseline, no vs.yes 3.88(2.95-5.11) <0.0001 1.91 (1.28-2.84) 0.001
Hypertension, no vs.yes 0.96(0.73-1.25) 0.74
Diabetes, no vs.yes 0.75(0.55-1.01) 0.06
Coronary disease, no vs.yes 1.09(0.58-2.04) 0.80
Tumor multiplicity, solitary vs.multiple 1.57(1.23-2.00) <0.0001
Tumor size(cm),<5 vs.>5 2.35(1.80-3.06) <0.0001 1.42(1.06-1.92) 0.020
Meld,<6.3 vs.>6.3 1.75(1.38-2.23) <0.0001
Child—Pugh, A+B vs C 1.86(1.37-2.54) <0.0001
BCLC, 0-B vs C-D 3.15(2.47-4.03) <0.0001 1.49(1.04-2.13) 0.030
WBC(10%/L),54 vs.>4 1.30(1.05-1.62) 0.018 1.26(1.01-1.57) 0.039
N/L,<2.41 vs.>2.41 1.53(1.20-1.95) 0.001
RBC(10°/L),4 vs.>4 0.69(0.53-0.88) 0.003
HGB(g/L),<120 vs.>120 0.66(0.52-0.84) 0.001 0.75(0.57-0.99) 0.040
PLT(10%/L),£100 vs.>100 1.29(1.01-1.65) 0.039
BUN(pmol/L),<9.5 vs.>9.5 1.81(1.25-2.64) 0.002
CR(umol/L), 2111 vs>111 2.66(1.72-4.12) <0.0001 2.05(1.30-3.24) 0.002
ALT(IU/L),<50 vs.>50 1.33(1.02-1.74) 0.038
AST(IU/L),<40 vs.>40 2.18(1.70-2.80) <0.0001
TBIL(umol/L),<18.8 vs.>18.8 1.62(1.27-2.08) <0.0001
ALB(g/L),<40 vs.>40 0.52(0.37-0.73) <0.0001 0.66(0.46—0.96) 0.028
v-GGT(IU/L),<60 vs.>60 2.32(1.82-2.96) <0.0001 1.82(1.40-2.36) <0.0001
PTA(%),<70 vs.>70 0.67(0.53-0.86) 0.001
AFP(ng/mL),<400 vs.>400 3.28(2.54-4.24) <0.0001 2.57(1.97-3.36) <0.0001
T3(ng/mL),<1.6 vs.>1.6 0.48(0.07-3.39) 0.46
T4(ug/dl),<11.7 vs.>1 1.7 1.24(0.66-2.34) 0.50
TSH(u lU/mL),<5 vs.>5 2.87(2.20-3.75) <0.0001 2.40(1.83-3.15) <0.0001
FT3(p g/mL),<3.71 vs.>3.71 1.48(0.21-10.54) 0.69
FT4(n g/dl),<1.48 vs.>1.48 1.80(1.09-2.99) 0.02

In the prognosis model of HCC, in terms of etiology,
the prognostic model of hepatitis B correlated to HCC
(PAGE-B, CU-HCC, GAG-HCC, and REACH-B for the

d,">'® and in

development of HCC) must be establishe
terms of treatment, it is more important to evaluate the

prognosis of recurrence and survival after surgical

resection.'”'® However, in the whole HCC population,
a tumor progression model for the evaluation of the clin-
ical condition of patients with HCC is not available. In this
study, we established a novel model for predicting HCC
progression, and this model was compared with well-
known classic tumor models (TNM staging system,
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Okuda classification, and CLIP score). Finally, the pro-
gression model for evaluating PFS was found to be super-
ior to the classical tumor models in patients with HCC.
A nomogram is a widely used prediction model in
clinical settings, which is simple and visualization. It can
directly predict the probability of a single clinical variable
and model to facilitate clinical decision-making.'® In our
study, the nomogram integrated the optimal prognostic
variables of HCC, including tumor grade (BCLC stage),
serum tumor biomarkers (AFP level), presence of PVTT,
and TSH level, thus making it accurate for the prediction
of PFS. The calibration plot is used to evaluate how close
the nomogram estimated risk is to the actual risk.'® The
DCA has proposed the use of the clinical net benefit rate to

evaluate the clinical benefit of the prediction model.**'

Via the presentation of DCA, the progression model based
on the nomogram has a good clinical benefit rate com-
pared with BCLC stage and TSH level for predicting
1-year PFS.

In the progression model, the other three indices
(BCLC stage, presence of PVTT, and AFP level) are all
clinical variables directly correlated to HCC, and TSH
level is a novel independent prognostic factor associated
with HCC progression. If patients continually present
with TSH levels exceeding 5 ulU/mL, they are then
diagnosed with hypothyroidism. A previous study has
shown that a high prevalence of hypothyroidism was
observed in patients with HCC, and the incidence of
hypothyroidism was as high as 11.7%. The risk of HCC
was 2-fold in patients with hypothyroidism compared
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Figure 2 Receiver operating characteristic curves of the different models in predicting the |-year PFS of patients with hepatocellular carcinoma. (A-B) Separate prognostic
variables and other models in the deriving cohort. (C-D) Separate prognostic variables and other models in the validation cohort.

with those without.?* Moreover, hypothyroidism was also
observed in a patient with an HCC of unknown
etiology.”® Numerous clinical studies have found that
hypothyroidism is an independent risk factor of
HCC.?*?% Furthermore, the role of thyroid hormone in
HCC was observed in animal research and basic experi-
mental studies. Frau C et al have found that hypothyroid-
ism enhances the development of precancerous lesions
for HCC in an animal study.”® Hypothyroidism directly
affects the reduction of catalase and glutathione in the
liver, resulting in liver cell damage.’’*® Thyroid-
stimulating hormone receptor (TSHR) exists not only in
thyroid tissue but also in human liver tissues. TSH/TSHR
has been shown to play an important role in maintaining
liver glucose, triglyceride, and bile acid homeostasis in
animal models,?® ! and it has also been found that TSH/
TSHR overexpression in human HCC tissues is asso-
ciated with poor prognosis.>> However, the role of thyr-
oid hormone in HCC has been controversial.”> The
studies have found that patients with high levels of
TSH, the larger the tumor, the worse the prognosis.** In
contrast, another independent study has shown that

higher TSH or FT4 in the blood is associated with
better clinical outcomes in HCC patients receiving
chemotherapy.”® Therefore, in our prospective cohort,
we found that TSH level was associated with HCC pro-
gression, and patients with a high TSH level were at risk
of tumor progression. Further analysis showed that the
PFS of HCC patients with BCLC stage C-D who had
high TSH level was shorter than that of patients with low
TSH level.

The present study had several limitations. First, in the
establishment of the progression model, only internal ver-
ification was performed, and external multicenter data
were not available for validation. Second, the correlation
between TSH level and progression outcome in patients
with HCC was only observed in a small proportion of the
prospective cohort, and the number of HCC patients with
high TSH level was not sufficient. Therefore, a large sam-
ple of prospective data is required for evaluation. Third,
PFS was used as the predictive index of outcome, which
requires radiological data to determine the presence of
tumor progression. Thus, the time is not as accurate as

the overall survival.
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Conclusions survival of HCC patients. Moreover, a high TSH level
In conclusion, the establishment of the progression model ~ Wwas correlated to poor outcome in HCC patients, particu-
can predict tumor progression and positively affect the larly those with advanced HCC.
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