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Optimal scoring system for clinical prognostic factors in patients with unresectable hepatocellular carcinoma (HCC) is
currently uncertain. We aimed to develop and externally validate an easy to use tool, particularly for this population,
and named it the “unresectable hepatocellular carcinoma prognostic index” (UHPI). We evaluated the data of patients
with treatment-naive unresectable HCC who were diagnosed in the training center from 2010 to 2019 (n = 209). A
simple prognostic model was developed by assigning points for each covariate in proportion to the beta coefficients
in the Cox multivariable model. Predictive performance and distinction ability of the UHPI were further evaluated
in an independent European validation cohort (n = 147) and compared with 11 other available models. A simple
scoring system was derived, assigning 0.5/1/2 scores for six independent covariates including, the Child-Pugh score,
Eastern Cooperative Oncology Group performance status, maximum tumor size, vascular invasion or extrahepatic
metastasis, lymph node involvement, and alpha-fetoprotein. The UHPI score, ranging from 0 to 6, showed superior
performance in prognosis prediction and outperformed 11 other staging or prognostic models, giving the highest ho-
mogeneity (c-index, 6-month and 1-year area under the receiver operator characteristic curves), lowest Akaike informa-
tion criterion, and —2 log-likelihood ratio values. The UHPI score allocated well the risk of patients with unresectable
HCC for mortality within the first year, using two cut-off values (low-risk, <0.5; intermediate-risk, 0.5-2; high-risk,
>2). Conclusion: The UHPI score can predict prognosis better than other systems in subjects with unresectable HCC
and can be used in clinical practice or trials to estimate the 6-month and 1-year survival probabilities for this group.
(Hepatology Communications 2022;6:633-645).

epatocellular carcinoma (HCC) is the sev- depends not only on tumor burden but also three
enth most common cancer and the second other key factors: hepatic synthetic function, overall
leading cause of cancer-related deaths glob- health status of the patient, and type of treatment.

ally. ) Prognosis of HCC is complex and multifac-

torial. Unlike other solid malignancies, prognosis

Staging of HCC is the crucial step for determin-

ing management strategy and thereby prognosis. To
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albumin-bilirubin; AUROG, area under the receiver operator characteristic; BCLC, Barcelona Clinic Liver Cancer; BSC, best supportive care; CHB,
chronic hepatitis B; CHC, chronic hepatitis C; CI, confidence interval; c-index, concordance index; CLIR Cancer of the Liver Italian Program;
CPS, Child-Pugh score; CSPH, clinically significant portal hypertension; CUPL, Chinese University prognostic index; EASL, European Association
Jor the Study of Liver Diseases; ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular carcinoma; HKLC, Hong-Kong Liver Cancer;
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date, several clinical staging systems of HCC have
been proposed. These include Barcelona Clinic Liver
Cancer (BCLC), American Joint Committee on
Cancer Tumor Node Metastasis version 8 (AJCC-
TNMS), Okuda, and the most recent Hong-Kong
Liver Cancer (HKLC).Q_S) Due to the lack of abil-
ity to predict the expected prognosis in these staging
systems, several prognostic scoring models have been
developed to cover this insufficiency. Most prom-
inent prognostic scoring models were the Chinese
University prognostic index (CUPI), Cancer of the
Liver Italian Program (CLIP), Japanese Integrated
Staging (JIS), Tokyo Score, and the more recent
Model to Estimate Survival in Ambulatory Patients
With HCC (MESIAH), Model to Estimate Survival
in Patients With HCC (MESH), and Italian Liver
Cancer (ITA.LL.CA) prognostic scores.*? BCLC
and HKLC are primarily staging systems that were
designed to guide treatment decisions. The other sys-
tems targeted prognosis prediction that does not give
guidance for treatment.

HCC encompasses heterogeneous subgroups that
show differences in tumor burden and liver functions
and is associated with wide differences in applied
treatment modalities and survival outcomes. When
HCC is caught in an early stage and treated with
curative intent, the patient is expected to have a pro-
longed survival compared to HCCs not suitable to
curative treatment modalities, so-called unresectable

HCC. However, treatment of HCCs beyond the
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curative options is not specific, and the outcome is
usually unpredictable. Existing staging systems possess
the paucity of being constructed from cohorts treated
with various types of treatment modalities and using
the statistically significant variables from patients with
both early stage and unresectable HCC. In this regard,
conventional staging systems may not be inclusive
of literal prognostic parameters and representative of
their exact powers when applied to patients with unre-
sectable HCC. A prognostic model for advanced-stage
HCC according to the BCLC system (BCLC stage C)
was developed in 2016 based on nodular numbers,
tumor infiltration, alpha-fetoprotein level (AFP),
Child-Pugh score (CPS), and Eastern Cooperative
Oncology Group (ECOG) score (NIACE) but was
only investigated in those with extrahepatic spread and
did not cover all unresectable HCCs." The optimal
prognostic system to refine the patients with HCC
who are not candidates for curative therapy options is
currently uncertain. A specific validated model estab-
lished especially for this population is urgently needed.

In the present article, we aimed to derive a novel
prognostic index for patients with HCC exceeding
the curability border and named it the “unresectable
HCC prognostic index” (UHPI). We then aimed
to externally validate the UHPI in an independent
European cohort. Another objective was to compare
the UHPI with other conventional staging or prog-
nostic scoring systems to determine whether it is the
most suitable system for this group of patients.
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Materials and Methods

PATIENT SELECTION AND STUDY
DESIGN

We reviewed the database of consecutive patients
with HCC who were treatment naive in the
Gastroenterology and Hepatology Unit at Marmara
University, School of Medicine Hospital, in a 9-year
period (February 2010-March 2019). Baseline demo-
graphic, clinical, laboratory, and radiologic data were
collected and evaluated. HCC was either diagnosed
by typical radiologic appearance and/or histologically
according to European Association for the Study of
the Liver (EASL) and American Association for the
Study of Liver Diseases (AASLD) guidelines.1*'
Lymph node involvement, vascular invasion, and
metastasis were determined radiologically. Patients
with insufficient entry or follow-up data and uncer-
tain HCC diagnosis were excluded. Clinically sig-
nificant portal hypertension (CSPH) was defined as
the presence of esophagogastric varices or thrombo-
cytopenia with splenomegaly because hepatic venous
pressure gradient measurement was not feasible for
performing on this patient population.

Treatment decisions were guided at the multi-
disciplinary HCC council of our hospital with the
attendance of an experienced hepatologist, medical
oncologist, interventional radiologist, nuclear medicine
physician, and liver-transplant surgeon in line with the
EASL and AASLD HCC clinical practice guidelines.
All patients with adequate liver function and radio-
logically resectable tumors were initially evaluated for
surgical resection. Patients within the Milan criteria
(one tumor <5 cm; or three or fewer tumors with each
tumor <3 cm) and having adequate performance status
were offered liver transplantation.”® If they were not
amenable or unwilling to undergo surgical approaches,
they were offered transarterial chemoembolization
(TACE), transarterial radioembolization (TARE), or
local ablative procedure depending on the size, num-
ber, and position of tumoral lesions. Systemic therapy
was considered when the patient was not suitable for
any curative treatment and/or locoregional treatment
modality. Patients with overt liver failure or poor per-
formance status at the time of presentation were not
given any anticancer therapy and followed by best

supportive care (BSC).
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Unresectable HCC was defined as a liver tumor
limited to the liver but beyond Milan criteria and
inadequate liver function and/or evidence of vascular
or distant metastasis and/or poor patient performance
(ECOG 22), making them unsuitable for curative
therapies. Patients with HCC who underwent at least
one curative treatment modality, including surgical
resection, liver transplantation, and/or local ablative
therapies, were excluded from the analysis. After the
exclusion, 209 patients treated with either noncurative
options (TACE, TARE, and/or systemic therapies)
or followed with BSC were enrolled as the training
cohort.

CALCULATION OF OTHER
SCORING SYSTEMS AND OVERALL
SURVIVAL

Twelve baseline scores (BCLC, TNM, CUPI,
CLIP, JIS, Tokyo, Okuda, HKLC, MESH, MESIAH,
NIACE, and ITA.LI.CA) were noted for each patient
using the collected clinical, radiologic, and laboratory
data. Patients were not included if they had any miss-
ing data relative to the 12 classifications. Overall sur-
vival (OS) time was calculated from the date of initial
HCC diagnosis in our unit until the date of death
or the last follow-up, and survival was censored on

March 1, 2020.

DEVELOPMENT OF THE UHPI

The prognostic index was developed by consid-
ering all patient-related (age, sex, body mass index,
comorbidities, cigarette and alcohol consumption),
liver-related (etiology, laboratory, and complications of
cirrhosis; indicators of liver disease severity, including
CPS, Model for End-Stage Liver Disease [MELD],
and MELD-Na score; albumin-bilirubin [ALBI]
grade; and tumor-related (maximum tumor size, num-
ber of lesions, up to seven and up to 11 criteria, lymph
node involvement, vascular invasion, and extrahepatic
metastasis) candidate prognostic factors. Only vari-
ables that are commonly assessed in clinical practice
were included in the model as potential parameters to
enable comparison between different institutions. Cut-
off values were determined based on the most widely
accepted thresholds or the Youden index identified by

receiver operating characteristic (ROC) curves.
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As indicators of liver disease severity (CPS, MELD,
MELD-Na, and ALBI) and intrahepatic tumor bur-
den (tumor size and the number of lesions, up to
seven and up to 11 criteria) share common parame-
ters, only the variables with the most significant indi-
vidual prognostic value, giving the highest individual
hazard ratio in the univariate regression analysis were
included in the multivariate model (Supporting Table
S1). For indicators of liver disease severity, the param-
eters that are not involved in the one with the highest
prognostic significance were included in the multivar-
iate model separately to prevent any loss of predictive
performance.

A scoring system was initially derived by assign-
ing exact points for each covariate in proportion to
the beta coefficients in the final multivariable model.
To improve clinical practicality, coefficients from
the final model were standardized by dividing the
smallest coefficient and then rounding to allow sim-
ple calculation of the new index. We then performed
sensitivity analysis to verify that the discriminatory
power lost in this simplification process was negligi-
ble. Finally, the UHPI score was divided into three
categories to obtain low-risk, intermediate-risk, and
high-risk 6-month and 1-year survival probabil-
ities. Taking advantage of the significant shifts in
the median OS time with increasing UHPI scores,
the cutoffs for three-group risk stratification were
determined.

VALIDATION OF THE UHPI

We validated the UHPI score in an external cohort
of patients with unresectable HCC, defined by the
same criteria, from the Hepatology Unit, University
Hospital of Pisa, Italy. Similarly, treatment decisions
were given by a multidisciplinary board with the
attendance of the same specialties in the validation
center, and both centers had identical treatment strat-
egies throughout the study period. Same selection and
exclusion criteria were applied to form the validation
cohort. The UHPI score was checked for external
validity in the Pisa cohort using the prespecified cut-
off values for categorical variables. We calculated 11
other staging models or prognostic scores, except the
CUPIT score due to lack of data on symptomatic pre-
sentation status, using the complete variables obtained
from each patient. The performance of the UHPI was
compared with other staging or prognostic systems
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in the validation cohort as well by applying the same
analytic tools.

ETHICAL CONSIDERATIONS
The study protocol was approved by the local

research ethical review board of the Marmara
University, School of Medicine (Approval date July
24, 2020; Approval No. 09.2020.860). The study was
done in accordance with the principles of the Helsinki
Declaration. Informed consent was not required as
this was a retrospective evaluation of the collected
data.

STATISTICAL ANALYSIS

Continuous data were expressed as mean = SD or
medians with interquartile ranges (IQRs), while cat-
egorical variables were presented as absolute num-
bers with percentages. To assess potential prognostic
factors, we performed the log-rank test and Cox
regression analysis in univariate analysis for cate-
gorical and noncategorical variables, respectively.
Variables with P < 0.05 in univariate analysis were
included in a Cox proportional regression model
with a forward selection method to identify inde-
pendent predictors of OS. Finally, variables with
P < 0.05 were weighted using beta coefficients from
the final multivariate model to derivate a prognostic
scoring system.

We compared the prognosis prediction accuracy
between the scoring systems using several meth-
ods to identify homogeneity, discriminatory abil-
ity, and monotonicity of gradients. Discriminatory
capacity and goodness of fit for survival prediction
of the UHPI score were tested and compared with
other models using the concordance index (c-index),
Akaike information criteria (AIC), Wald test, and
-2 log-likelihood ratio derived from the Cox regres-
sion model."” C-index estimates the proportion
of correct predictions, and a higher c-index value
indicates a better prognostic score. Results of the
c-index varied from 0.5 (no discrimination) to 1
(perfect discrimination). A c-index value higher than
0.8 indicates an excellent model, while 0.7 to 0.8
is considered decent. The smaller AIC and -2 log-
likelihood ratio with higher Wald test values indi-
cate better performance of the model. To evaluate
the predictive accuracy for survival at 6 months and
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1 year, we performed time-dependent area under the
receiver operating characteristic (AUROC) curves
for each system. The median OS times were esti-
mated using the Kaplan-Meier method. All statisti-
cal analyses were conducted using SPSS version 20.0

(IBM, Armonk, NY) and R Open Source Software
version 4.0.3.

Results

BASELINE CHARACTERISTICS OF
THE TRAINING COHORT

Baseline characteristics of the training (n = 209)
and validation (n = 147) cohorts are shown in Table 1.
The majority of the subjects were men (77%), and
the median age was 64 years. The most common
etiology of HCC was chronic hepatitis B (CHB)
virus (57.4%) in the training cohort, followed by
nonalcoholic steatohepatitis (NASH) and chronic
hepatitis C (CHC) virus. The median CPS was 6.0
9 The median maximum tumor size was 70 mm,
and approximately half (52.6%) had a single lesion.
Overall, 64.6% received active treatment. The median
OS time was 9.2 (IQR, 1.0-106.7) months, and 167
(79.9%) patients died in the study period. Six-month
and 1-year survival rates were 63.6% (n = 133) and

42.6% (n = 89), respectively.

BASELINE CHARACTERISTICS OF
THE VALIDATION COHORT

Patients in the validation cohort were significantly
older (median age, 70 years) than the training cohort,
but sex proportions were similar. The most common
etiology was CHC (47.6%), followed by NASH and
CHB. The median CPS was 6 (IQR, 5-13). The
validation cohort had a significantly smaller median
tumor size (57 mm), and nearly a quarter (23.6%) of
them had a single lesion. Overall, 44.2% of the vali-
dation cohort received active treatment. The median
OS time was 12.9 (IQR, 1.0-104.2) months, and 133
(90.5%) patients died in the study period. Six-month
and 1-year survival rates were 80.3% (n = 118) and
53.1% (n = 78), respectively. Application of staging
and prognostic models to subjects in training and
the validation cohort are presented in Supporting

Table S2.
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DERIVATION OF THE UHPI
MODEL

Univariate and multivariate Cox proportional haz-
ards regression analysis in the training cohort are pre-
sented in Table 2. The Cox proportional regression
model confirmed that increasing CPS, ECOG score
>2, maximum tumor size >8 cm, vascular invasion
or extrahepatic metastasis, lymph node involvement,
and AFP >500 ng/mL were independent predictors
of worse survival outcomes. The UHPI model was
generated according to independent predictors iden-
tified by Cox multivariate analysis (Table 3). The
newly constructed UHPI model was able to predict
survival outcomes better than the 12 previous staging
or prognostic systems by showing the highest c-statis-
tic (0.82), 6-month (0.84; IQR, 0.79-0.90) and 1-year
(0.825; IQR, 0.771-0.88) AUROC values, and Wald
test, with the lowest AIC and -2 log-likelihood ratio
(Supporting Table S3).

VALIDATION OF THE UHPI
MODEL

The UHPI showed an excellent performance in
the validation cohort by giving the highest c-statis-
tic (0.80), 6-month (0.83; IQR, 0.75-0.90) and 1-year
(0.85; IQR, 0.78-0.91) AUROC value, and Wald
test, with the lowest AIC and -2 log-likelihood ratio,
which registered that the UHPI was better than other
systems (Supporting Table S3).

CLINICAL UTILITY OF THE UHPI
SCORE

Overall survival distributions according to UHPI
scores in the training and validation cohorts are
given in Table 4. The UHPI score was divided into
three categories to obtain low risk (<0.5), intermedi-
ate risk (0.5-2), and high risk (>2) for 6-month and
1-year mortality in the training cohort according to
the median OS time >24, 10-24, and <10 months,
respectively. In the training cohort, UHPI low risk
(n = 27, 12.9%) showed an OS rate of 100% at 6
months and 96.3% 1 year, whereas the 6-month and
1-year OS rates were 78.3% and 50.9% for UHPI
intermediate risk (n = 106, 50.7%) and 30.3%
and 11.8% for UHPI high risk (n = 76, 36.4%),

respectively.
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TABLE 1. DEMOGRAPHIC, LABORATORY, TUMOR, AND TREATMENT CHARACTERISTICS OF THE
TRAINING AND VALIDATION COHORT

Training Cohort (n = 209) Validation Cohort (n = 147) PValue

Age, years 64 (20-89) 70 (38-90) <0.001
Male sex 165 (78.9) 113 (76.9) 0.64
Cirrhosis 183 (87.6) 147 (100) <0.001
Etiology

CHB 120 (57.4) 21 (14.3)

NASH 45 (21.5) 29 (19.7)

CHC 35(16.7) 70 (47.6) <0.001

Alcoholic 6(2.9) 24 (16.3)

CHB+CHC 2(1.0) 1(0.7)

Autoimmune/PBC 1(0.5) 1(0.7)

CHC+alcohol — 1(0.7)
ECOG performance status

0 123 (58.9) 104 (70.7)

1 45 (21.5) 30 (20.4)

2 31(14.8) 10 (6.8) 0.05

3 7 (3.3) 3(2.0)

4 3(1.4) _
Laboratory Values

AST 63 (13-782) 67 (14-486) 0.83

ALT 44 (7-727) 50 (5-386) 0.25

ALP 151 (42-661) 143 (22-1,348) 0.48

GGT 123 (22-2,018) 129 (18-1,059) 0.8

Total bilirubin 1.2 (0.3-12.8) 1.1 (0.3-7.6) 0.31

Albumin 3.6 (1.7-6.4) 3.7 (2.4-4.9) 0.09

Creatinine 0.8 (0.3-6.6) 0.8 (0.5-2.0 0.06

INR 1.2 (0.8-3.9) 1.15 (0.95-2.83) 0.017

Sodium 137 (121-148) 139 (124-144) <0.001

Platelet count, x10° 156 (38-838) 140 (40-626) 0.03

AFP 92.0(1.4-371,458.0) 36.9 (1.4-114,963.0) 0.43
CPS 6 (5-13) 6 (5-13) 0.04
Child-Pugh class

A 117 (56.0) 105 (71.4)

B 77 (36.8) 16 (10.9) <0.001

C 15(7.2) 26 (17.7)
MELD score 9 (6-20) 10 (6-27) 0.004
MELD-Na score 14 (9-30) 11 (5-26) <0.001
ALBI score -2.20 (-4.501t0-0.14) -2.26 (-3.6410-0.92) 0.09
ALBI grade

Al 52 (24.9) 47 (32.0)

A2 122 (58.4) 81 (65.1) 0.27

A3 35(16.7) 19.(12.9)
Ascites 92 (44.0) 52 (35.4) 0.12
Hepatic encephalopathy 7(3.3) 13 (8.8) 0.03
CSPH 127 (60.8) 113(76.9) 0.001
Maximum tumor size, mm 70 (11-200) 57 (15-160) <0.001
Number of tumoral lesions

1 110 (52.6) 34 (23.1)

2 25(12.0) 28 (19.0) <0.001

3 17 (8.1) 27 (18.4)

>3 57 (27.3) 58 (39.5)
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TABLE 1. Continued

Training Cohort (n = 209) Validation Cohort (n = 147) PValue

In up fo 7 criteria 56 (26.8) 58 (39.5) 0.01
Inup to 11 criteria 115 (55.0) 114.(77.6) <0.001
Lymph node involvement 57 (27.3) 32 (21.8) 0.23
Vascular invasion 67 32.1) 74 (50.3) 0.001

Portal vein -55(26.3) -66 (44.9)

Hepatic vein -7 (3.4) -4(2.7)

Inferior vena cava -5(2.4) -4(2.7)
Extrahepatic metastasis 16 (7.7) 11 (7.5) 0.95
Treatment option

TACE 95 (45.5) 24 (16.3)

Sorafenib 25(11.9) 24 (16.3)

TARE 12 (5.7) 13 (8.8) <0.001

TACE+TARE 2(1.0) —

TACE+Sorafenib 1(0.5) 1(0.7)

TARE+Sorafenib — 3(@2.0)

Best supportive care 74 (35.4) 82 (55.8)

Unless otherwise indicated, values show median (IQR) or number (%).
Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl
transferase; INR, international normalized ratio; IQR, interquartile range; NS, not significant; PBC, primary biliary cholangitis.

In the validation cohort, each risk group had
compatible median survival time and prespecified
OS cutoffs as the training cohort (Table 4). In the
validation cohort, UHPI low risk (n = 30, 20.4%)
showed OS rates of 100% at 6 months and 93.3%
at 1 year, whereas 6-month and 1-year OS rates
were 86.7% and 58.7% for UHPI intermediate-
risk (n = 75, 51%) and 54.8% and 14.3% for UHPI
high-risk (n = 42, 28.6%) groups, respectively
(Fig. 1). The rates of patient follow-up with BSC
was significantly higher in the UHPI high-risk
group in both training (52.6%) and validation
(78.6%) cohorts (Supporting Table S4).

SUBGROUP ANALYSIS OF THE
UHPI MODEL ACCORDING TO
TREATMENT STATUS

Patients who received active treatment had a higher
OS than the BSC group both in training (active treat-
ment, 12.8 months; 95% confidence interval [CI],
10.5-15.2 months) versus BSC (active treatment 4.0
months; 95% CI, 2.0-6.0 months; P < 0.001) and
validation (active treatment, 27.9 months; 95% CI,
20.3-35.4 months) versus BSC (active treatment, 8.7
months; 95% CI, 7.1-10.4 months; P < 0.001) cohorts.
As the decision to implement therapy or follow-up

with BSC is highly affected by the parameters used in

the UHPI model, we did not include treatment sta-
tus as an extra parameter to the multivariable model.
Instead, we performed subgroup analysis according to
treatment status as active treatment or BSC to reveal
the efficacy of the UHPI model in different therapeu-
tic approaches. Survival curves were significantly dif-
ferent among the three UHPI strata in training and
validation sets for patients who received active treat-
ment and were followed up with BSC (all log-rank
P < 0.001; Fig. 2).

Discussion

We developed and externally validated an easy
to calculate scoring system to predict the prognosis
of patients with HCC who cannot be treated with
curative intent. The novel UHPI score comprises six
routinely assessed parameters: CPS, ECOG perfor-
mance status, maximum tumor size, vascular invasion
or extrahepatic metastasis, lymph node involvement,
and AFP. Patients get scores ranging from 0 to 6 and
grouped into low, intermediate, and high risk accord-
ing to their 1-year OS rates. The UHPI can deter-
mine the survival outcome of unresectable patients
with HCC better than major conventional models.
We externally validated the UHPI score in an inde-
pendent European cohort to assess its robustness and
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TABLE 2. UNIVARIATE AND MULTIVARIATE ANALYSIS WITH POTENTIAL PROGNOSTIC FACTORS INTHE

TRAINING COHORT
Univariate Multivariate
HR 95% Cl PValue Beta Coefficient HR 95% Cl PValue

Age, years 0.99 0.94-1.01 0.23
Male sex 0.88 0.63-1.22 0.44
Etiology (viral vs. nonviral) 1.14 0..81-1.60 0.44
Child-Pugh class

A <0.001 <0.001

B 2.25 1.64-3.09 <0.001 0.83 2.30 1.66-3.20 <0.001

C 5.12 2.939.21 <0.001 1.87 6.53 3.55-12.00 <0.001
ECOG performance status (0-1 vs. 2-4) 1.98 1.38-2.86 <0.001 0.84 2.32 1.55-3.45 <0.001
CSPH 1.28 0.94-1.73 0.11
Maximum tumor size, (>8 cm vs. <8 cm) 2.07 1.53-2.79 <0.001 0.70 2.02 1.45-2.82 <0.001
Number of tumoral lesions

1 0.02

2-3 0.95 0.64-1.40 0.78 0.25 1.28 0.85-1.92 0.24

>3 1.57 1.11-2.23 0.01 0.27 1.30 0.90-1.90 0.16
Lymph node involvement 1.59 1.15-2.20 0.005 0.45 1.56 1.12-2.19 0.009
Vascular invasion or metastasis 1.96 1.44-2.66 <0.001 0.66 1.95 1.39-2.72 <0.001
AFP (>500 vs. <500 ng/mL) 2.29 1.68-3.10 <0.001 0.58 1.79 1.29-2.47 <0.001
Platelet count (<140 vs. <140, x10%) 1.05 0.77-1.41 0.77
ALT (<40 vs. 240 IU/L) 1.35 0.99-1.83 0.05 0.04 1.04 0.75-1.44 0.81
ALP (<200 vs.>200 IU/L) 1.85 1.35-2.53 <0.001 0.28 1.32 0.92-1.89 0.13
GGT (<48 vs. 248 IU/L) 1.19 0.80-1.78 0.38
INR (<1.2vs.21.2) 1.28 0.90-1.80 0.16
Creatinine (<1.1 vs.>1.1 mg/dL) 1.10 0.74-1.62 0.64
Sodium (<135 vs. 2135 mEqg/L) 1.21 0.86-1.69 0.27

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; INR, international normal-

ized ratio; NS, not significant.

TABLE 3. UNRESECTABLE HCC PROGNOSTIC

INDEX

Variable Point
Child-Pugh class

A 0

B 1

C 2
ECOG performance status

0-1 0

2-4 1
Maximum tumor size

<8cm 0

>8 cm 1
Vascular invasion or extrahepatic metastasis 1
Lymph node involvement 0.5
AFP

<500 ng/mL 0

>500 ng/mL 0.5
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applicability in populations with different character-
istics. The UHPI showed significant superior perfor-
mance in classification of survival probabilities in both
training and validation cohorts. For use in clinical
practice, the UHPI low-risk group had 100% 6-month
and >90% 1-year OS probability, the intermediate-risk
group had 75%-90% 6-month and 50%-60% 1-year
OS probability, and the high-risk group had 30%-60%
6-month and <20% 1-year survival probability. This
new scoring model may provide valuable information,
especially for 1-year survival prediction.

The UHPI model accommodates rational variables,
acknowledged as prognostic factors in the HCC lit-
erature. All components have been used in previous
models but with different expressions. Most scoring
systems use tumor size (except NIACE) and num-
ber of tumoral lesions (except Okuda) as factors in
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TABLE 4. OS DISTRIBUTIONS ACCORDING TO UHPI SCORE IN THE TRAINING AND VALIDATION
COHORTS

Training Cohort (n = 209) Median (1QR) OS, Months

Validation Cohort (n = 147) Median (IQR) OS, Months

UHPLO (n = 27, 12.9%)
UHPI0.5 (n = 12,5.7%)
UHPL-T (n = 42,20.1%)
UHPL-1.5 (n = 25, 12.0%
UHPI-2 (n = 27, 12.9%)

45.3 (33.9-56.6)
16.9 (0.1-37.0)
13.5(9.3-17.8)
10.8(7.7-13.8)
112 (6.8-15.5)

UHPI-2.5 (n = 23,11.0%) 48(2.67.1)
UHPI-3 (n = 20, 9.6%) 6.1 (0.4-11.8)
UHPI-3.5 (n = 13, 6.2%) 2.3(1.6-2.9)
UHPI4 (n = 13,6.2%) 22 (1.1-3.4)
UHPI-4.5 (n = 7, 3.3%) 1.5(0.7-2.2)
UHPI-5.5 -
UHPI-6

6-Month Overall Survival Rates

Training  Validation

100

Validation

80

60

Validation

40

20

Low risk Intermediate risk High risk

UHPI0 (n = 30, 20.4%) 40.9 (18.9-62.9)
UHPI-0.5 (n = 4,2.7%) 15.6 (0.1-59.1)
UHPL-1 (n = 37, 25.2%) 17.5(8.3-26.7)
UHPI1.5 (n=17,11.6%) 13.1 (10.9-15.3)
UHPI2 (n=17,11.6%) 9.4 (5.9-12.8)
UHPI-2.5 (n = 15, 10.2%) 9.8(5.813.9)
UHPI-3 (n = 11,7.5%) 7.1 (4.79.5)
UHPI-3.5 (n = 7, 4.8%) 4.8(2.27.4)
UHPI-4 (n = 3,2.0%) 3.8(1.36.2)
UHP-4.5 (n = 3,2.0%) 3.9 (1.1-6.7)
UHPL5.5 (n=1,0.7%) 2.6
UHPL6 (n=2,1.4) 33

1-Year Overall Survival Rates

100

80

60 Validation

Training

40

20

Low risk Intermediate risk High risk

FIG. 1. Survival rates within year 1 for risk groups according to the UHPI score in the training and validation cohort.

their model. Our cohort included only unresectable
HCCs, and nodularity of HCC was not found to be
an independent predictor of survival and therefore not
included in the UHPI. Similarly, in a Chinese cohort
with only unresectable HCCs, tumor size was demon-
strated as an independent predictor of OS but not the
number of tumoral lesions.*® The CPS is cither used
in its original form or by its covariates, including albu-
min, bilirubin, and/or ascites in most staging systems,
except the TNM model, which uses only tumoral fea-
tures. The Child-Pugh stage has the most significant
impact on survival outcomes, which explains the worst
performance of the TNM system in survival predic-
tion. The ECOG performance score is another well-
established parameter used in scoring systems and

is very successful at representing the general health
condition of the patient.(lg) ECOG performance (the
best performance score being 0 and the worst 4) is
used in several scoring systems with different catego-
rization, including BCLC (0 vs. 1-4), HKLC (0-1 vs.
2-4), ITA.LI.CA (0 vs. 1 vs. 2 vs. 3-4), MESH (0-1
vs. 2-4), and NIACE (0 vs. 1-4). We used ECOG
categories in line with HKLC and MESH because
an ECOG performance score of 1 is not an obsta-
cle for any intervention or treatment in clinical prac-
tice. Vascular invasion with distant organ metastasis
is also a commonly used parameter in HCC staging
models as it is one of the main drivers of treatment
decision and thereby prognosis. We did not separate
the type of vascular invasion in the analysis as only a
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Median OS (95% CI). months
(<0.5) 453 (36.1-54.5)

Intermediate risk (0.5-2):  13.5(10.2-16.8)
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FIG. 2. Subgroup analysis of the UHPI model according to treatment status. (A) Kaplan-Meier curve of stratified survival in the training
set that received active therapy. (B) Kaplan-Meier curve of stratified survival in the training set that received BSC. (C) Kaplan-Meier
curve of stratified survival in the validation set that received active therapy. (D) Kaplan-Meier curve of stratified survival in the validation

set that received BSC.

limited number of patients with extrahepatic vascu-
lar invasion were in the training cohort; consequently,
the prognostic significance of the vascular invasion in
our analysis is mainly representative of intrahepatic
vascular invasion. We included vascular invasion and
extrahepatic organ metastasis in the same category
as used in HKLC, ITA.LI.CA, and MESH score, as
the management strategies are similar. Lymph node
involvement, a relatively weaker variable than others
used in our model, has also been used in the TNM
and BCLC models.

The prognostic and diagnostic value of AFP is well
known in patients with HCC.?%*) Several prognostic
AFP cut-off values have been proposed as prognostic
markers in HCC staging models, including MESH
(cut-off value, 20 ng/mL), NIACE (200 ng/mL),
CLIP (400 ng/mL), CUPI (500 ng/mL), and ITA.
LI.CA (1,000 ng/mL). In line with the CUPI score,
we used the AFP cut-off value of 500 ng/mL, which
was determined by using the Youden index.

We selected the patients who were unresect-

able, as described in the EASL and AASLD HCC
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guidelines.(22’23) This HCC subgroup is still clinically
very heterogeneous. Some patients with unresectable
HCC can initially be characterized by older age, poor
performance, or altered liver function, making them
unsuitable to any treatment option, while others may
undergo locoregional treatment or systemic treat-
ment for palliation. Local ablative therapies, including
radiofrequency, microwave, or percutaneous ethanol
ablation, are considered curative options for tumors
smaller than 3 cm as they are almost equally effective
as surgery in this group. However, a few reports have
proposed that local ablative therapies might act as a
curative option for even larger tumors.**2? We did
not include those who underwent any local ablative
treatments to this analysis to preclude any potential
bias of their unknown curative impact, although they
are generally known as palliative modalities for unre-
sectable HCCs.

The prognostic distinction of unresectable HCC
is of great importance as it is currently the focus of
clinical trials in HCC. In the last 2 decades, numer-
ous randomized controlled clinical trials targeted
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improving the OS of unresectable HCCs.*’ 2 TACE
is globally the most commonly used primary treat-
ment modality in unresectable HCC.(33% Briefly,
an unresectable HCC is traditionally first considered
for TACE, which has wide availability, and treated
with other options if TACE is not convenient.®”
However, with the recent advances in immunotherapy
combined with targeted molecular therapies,(%) the
treatment algorithms might be about to change in the
near future for unresectable HCCs. The UHPI risk
assessment score is a promising tool for use in further
clinical trials targeting unresectable HCC due to its
superior prognostic risk stratification to predict 1-year
survival and ease in calculating during busy daily clin-
ical practice. The UHPI also demonstrated validity in
a different geographic region and ethnic population.
The UHPI risk score is derived based on a rela-
tively small data set of predominantly patients with a
history of CHB. Although we acknowledge that treat-
ment modality and its efficacy may have a confound-
ing impact on prognosis, we were not able to perform
further subgroup analyses regarding the treatment
status or etiology of underlying liver disease due to
the small sample size. The UHPI model was validated
in an independent European cohort, which consists
of a Caucasian population with significantly different
demographic characteristics, including the etiology
of HCC mainly based on CHC. Therefore, we can
report the excellent performance of the UHPI risk
score, and the model works regardless of differences
in demographics, underlying liver diseases, and treat-
ment status. Considering the development cohorts in
previous models, including patients with HCC treated
with curative palliative approaches or followed with
BSC, the UHPI risk score has a more homogeneous
group of patients. Moreover, the higher rates of UHPI
high-risk patients who were followed up with BSC
in our patient population compared to others is not
surprising. We interpret this finding as a reflection of
real-life decisions rather than a potential bias of the
study. Finally, we were not able to compare the UHPI
score with another scoring model derived particularly
for a similar patient population as ours, namely the
Advanced Liver Cancer Prognostic System (ALCPS),
in both training and validation cohorts due to the
lack of several parameters in our data, including the
type of symptom.®” The ALCPS was based on 11

prognostic factors and is not used in clinical practice

DEMIRTAS ET AL.

owing to its complicated and impractical structure. In
general, these limitations require further investigations
in prospective larger cohorts. The UHPI model is not
constructed to guide treatment decisions. The staging
and treatment algorithms provided in BCLC, and
HKLC in some Asian regions, are well endorsed, but
they are both outperformed in distinguishing prog-
nosis by other models in several comparative stud-
ies. 183540 We also generally acknowledge BCLC
treatment algorithms in our centers with personal-
ization in some circumstances in accordance with the
EASL and AASLD guidelines. Yet, we developed the
UHPI risk score to serve as a better prognostic model
for survival in patients with heterogeneous unresect-
able HCC.

In conclusion, the present study derived and vali-
dated a novel prognostic risk scoring system for patients
with unresectable HCC by using routinely evaluated
parameters. The UHPI score can predict prognosis
strongly and better than most of the accepted mod-
els in subjects with unresectable HCC. Furthermore,
the three risk categories stratified in UHPI can be
used in clinical practice to assess 6-month and 1-year
survival probabilities and in clinical trials to estimate
the potential candidates for more aggressive treatment
approaches.
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