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INTRODUCTION: Prognostic classifications for patients treated with sorafenib for hepatocellular carcinoma (HCC)

facilitate stratification in trials and inform clinical decision making. Recently, 3 different prognostic

models (hepatoma arterial-embolization prognosis [HAP] score, sorafenib advanced HCC prognosis

[SAP] score, and Prediction Of Survival in Advanced Sorafenib-treated HCC [PROSASH]-II) have been

proposed specifically for patients treated with sorafenib. This study aimed to compare the prognostic

performance of different scores.

METHODS: We analyzed a large prospective database gathering data of 552 patients treated with sorafenib from 7

Italian centers. The performance of the HAP, SAP, and PROSASH–II models were compared with those

of generic HCC prognostic models (including the Barcelona Clinic for Liver Cancer and Italian Liver

Cancer staging systems, albumin–bilirubin grade, and Child-Pugh score) to verify whether they could

provide additional information.

RESULTS: The PROSASH-II model improved discrimination (C-index 0.62) compared with existing prognostic

scores (C-index £0.59). Its stratification significantly discriminated patients, with a median overall

survival of 21.5, 15.3, 9.3, and6.0months for risk group1, 2, 3, and4, respectively. TheHAP andSAP

score were also validated but with a poorer performance compared with the PROSASH-II.

DISCUSSION: Although suboptimal, PROSASH-II is the most effective prognostic classification model among other

available scores in a large Italian population of patients treated with sorafenib.
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INTRODUCTION
Sorafenib is amultitarget tyrosine kinase inhibitor (TKI) used as
frontline systemic treatment for patients with unresectable he-
patocellular carcinoma (HCC) not amenable to locoregional
procedures (1). Single-agent treatment with sorafenib has been
an effective strategy for themanagement of advancedHCC since
2007, and the recent approvals of the newer TKIs, lenvatinib (2),
regorafenib (3), and cabozantinib (4), have further expanded
treatment options (5).

Most recently, a combination of the immune checkpoint in-
hibitor atezolizumab plus the antivascular endothelial growth
factor monoclonal antibody bevacizumab outperformed sorafenib
(6), but the role of sorafenib and other TKIs is far from being

exhausted. Patients with contraindications to the immune oncol-
ogy drugs (including liver transplant recipients and patients with
systemic autoimmune conditions) are still poised to be treatedwith
TKIs. At the same time, pharmacoeconomic issues and logistical
problems in organizing frequent intravenous infusions might slow
down the diffusion of the new regimen, especially in the time-lapse
immediately after the coronavirus disease 2019 emergency. Even
more importantly, many different TKIs (including sorafenib itself)
are being tested in combination with immune oncology drugs (7),
with very encouraging preliminary results (8).

The identification of the patients who could benefit most from
sorafenib is one of the most daunting tasks because sorafenib and
other TKIs cost-effectiveness have been questioned (9–13).
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Recently, different prognostic scores specifically designed for
sorafenib-treated HCC have been proposed. Edeline et al. found
that the hepatoma arterial-embolization prognosis (HAP) score,
previously created to assess the prognosis of patients treated with
transarterial chemoembolization, also provided useful in-
formation in patients treated with sorafenib (14). In the same
study, the authors refined the HAP score and created the new
sorafenib advanced HCC prognosis (SAP) score. Most recently,
Labeur et al. proposed an elaborate prediction model (Prediction
Of Survival in Advanced Sorafenib-treated HCC [PROSASH])
and its simplified version (PROSASH-II), containing only vari-
ables easy to acquire in the everyday clinical practice (15,16).

TheHAP, SAP, andPROSASH-II scores seemingly refined the
prognostic information deriving from the Barcelona Clinic for
Liver Cancer (BCLC) classification and outperformed other
prognostic scores such as the albumin–bilirubin (ALBI) grade
(17). However, no external independent validation of HAP, SAP,
and PROSASH-II is available so far. In this study, we used a
nationwide multicenter dataset of patients treated with sorafenib
to verify whether the HAP, SAP, and PROSASH-II models im-
prove the prediction of survival in comparison with other widely
adopted HCC prognostic scores.

METHODS
Design of the study

This study was performed using medical records from the Ar-
chives of Patients with hEpatocellular carcinoma treated with
Sorafenib (ARPES) database. This prospective database was
created in 2010 to collect data acquired in a real-life scenario of
patients treated with sorafenib, to identify clinical, laboratory,
and imaging predictors of response to the drug. This database
includes consecutive patients treated with sorafenib in 6 different
Italian Centers (Sant’Orsola-Malpighi Hospital, Bologna; Istituto
Scientifico Romagnolo per lo Studio e la Cura dei Tumori IRCCS,
Meldola; Cardarelli Hospital, Naples; Papa Giovanni XXIII
Hospital, Bergamo; Azienda Ospedaliero-Universitaria Pisana,
Pisa; Humanitas Clinical and Research Center, Milan). Data were
entered every 3–6 months starting from January 2010 into elec-
tronic data files by coinvestigators from each center and were
checked at the data management center for internal consistency.
For this study, we considered patients who were prescribed from
January 2010 toDecember 2018. The starting date coincided with
the creation of the database and, therefore, with the possibility of
obtaining prospective data from all the study centers. The closing
date was chosen to allow an adequate follow-up of patients. The
closing time for the last follow-up was December 31, 2019.

Baseline evaluation

The following data were available for each patient at the time of the
first sorafenib prescription: parameters entailing the residual
liver function according to the Child-Pugh score, tumor staging
according to the BCLC classification, baselinea-fetoprotein (AFP)
value, performance status according to the Eastern Cooperative
Group Performance Status, and the size of themain tumor nodule.

Management of sorafenib

All patients were prescribed with sorafenib at an initial dose of
400 mg twice a day. Dose modifications (including dose reduc-
tions and discontinuation) were performed in cases of intolerable
adverse effects. Sorafenib was continued until: (i) radiological
(according to the modified RECIST criteria, as recommended by

EASL guidelines) (1,18,19) and clinical progression (for patients
eligible for second-line clinical trials; in these cases, radiological
progression alone was sufficient for discontinuation); (ii) un-
acceptable toxicity; and (iii) deterioration of liver function. The
median duration of sorafenib treatment was 4.7 months (inter-
quartile range [IQR] 2.3–10.3 months), and median dose of
sorafenib was 474 mg (IQR 400–700 mg).

Prognostic scores

The HAP, SAP, and PROSASH-II scores were calculated
according to the authors’ original description. In brief, the HAP
score was calculated according to the following criteria: largest
tumor nodule .7 cm (1 point); bilirubin .1 mg/dL (1 point);
albumin ,36 g/L (1 point); AFP .400 mg/dL (1 point). It was
categorized as follows: HAP A (0 points); HAP B (1 point); HAP
C (2 points); HAP D (.2 points) (20).

The SAP score calculation was very similar but included an
additional criterion (PS . 0 5 1 point). This score was catego-
rized as follows: SAP A (0–1 points); SAP B (2–3 points); SAP C
(.3 points) (14).

The PROSASH–II score was calculated as follows: ([20.0337
3 albumin in g/L]1 [0.3153 Ln(bilirubin inmmol/L)]1 [0.295
3macrovascular invasion, where 05no and 15 yes]1 [0.1813
extrahepatic spread, where 05 no and 15 yes]1 [0.03363 size
in cm of the largest tumor]1 [0.07033 Ln(AFP in U/L)]). It was
categorized as follows: #20.0760 (risk group 1), .20.0760 to
#0.355 (risk group 2), .0.355 to #0.858 (risk group 3), and
.0.858 (risk group 4) (16).

The sorafenib-specific HAP, SAP, and PROSASH-II scores
were compared with other generic prognostic models for HCC
such as the BCLC system (21), the Italian Liver Cancer (ITA.L-
I.CA) staging system (22), the Child-Pugh classification (23), and

Table 1. Characteristics of the study population (n 5 552)

Age, yr 69 (61–75)

Men 475 (86.1)

Cirrhosis 535 (96.9)

Etiology

Hepatitis B virus 108 (19.6)

Hepatitis C virus 281 (50.9)

Nonviral 163 (29.5)

Bilirubin, mg/dL 0.91 (0.66–1.31)

Albumin, g/L 36 (33–40)

International normalized ratio 1.12 (1.06–1.25)

Ascites 48 (8.7)

Encephalopathy 21 (3.8)

Performance status .0 158 (28.8)

Main tumor .7 cm 126 (22.8)

Macrovascular invasion 211 (38.2)

Extrahepatic spread 180 (32.6)

a-Fetoprotein .400 ng/mL 178 (32.2)

Continuous variables are expressed asmedian (interquartile range). Categorical
variables are expressed as frequencies (percentages).
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the ALBI grade (17). The ALBI score was calculated as follows:
ALBI5 (log10 bilirubin3 0.66)1 (albumin320.085), where
bilirubin is expressed in mmol/L and albumin in g/L, and cate-
gorized as ALBI grade 1 (#2.60), ALBI grade 2 (.0.60 and#2
1.39), and ALBI grade 3 (.1.39) (17).

We did not include the Cancer Liver Italian Program score (24)
or theOkuda staging system(25) because tumorvolumetrywasnot
systematically performed in the real-life clinical practice of the
enrolling centers. In addition, theTNMstaging system(26)wasnot
considered because of the difficulties in the correct classifications of
the porta hepatis lymph nodes in nonsurgical cases with chronic
liver diseases. For the same reasons, scores including TNM as a
variable, such as the Chinese University Prognostic Index (27) and
the Japanese Integrated Staging score (24), were not assessed.

Ethics

The study protocol was reviewed and approved by the local Ethics
Committees. All patients gave their written informed consent.
The study was conducted according to the ethical guidelines of
the 1975 Declaration of Helsinki.

Statistical Analysis

Continuous variables are expressed as median and IQR. Categor-
ical variables are expressed as frequencies. Group comparisons
were performedwith theMann-Whitney test. Categorical variables
were evaluated using the 2-tailed Fisher test. Overall survival (OS)
was measured from the starting date of sorafenib until the date of
death or of the last visit or the end of the follow-up period. Survival

curves were estimated using the product-limit method of Kaplan-
Meier. The role of stratification factors was analyzed with log-rank
tests. To define the predictors of OS, we used a time-dependent
covariates survival approach including statistically significant
clinical variables (P, 0.05) from the univariate Cox analysis.

For each prognostic model, the utility and discriminative
performances were quantified using the Akaike Information
Criterion (AIC) and Harrell C-index. A lower AIC indicates
better goodness of fit, whereas a higher Harrell C-index indicates
a larger proportion of patient pairs has agreement between pre-
dicted and observed survival for rank. Some prognostic models
consisted of a linear predictor with a risk group categorization,
which can lead to loss of information (i.e., ALBI score and ALBI
grade 1, 2, and 3). To assess the difference, we tested the perfor-
mance of these models as linear predictor and as risk groups.
Statistical analysis was performed using SPSS Statistics for Win-
dows (version 24.0; IBM) and STATA/SE 14.1 (StataCorp).

RESULTS

Study population

This study included all 552 patients of the Archives of Patients
with hEpatocellular carcinoma treated with Sorafenib database.
Most patients were cirrhotic (96.9%), and viral hepatitis was the
leading cause of chronic liver disease (hepatitis B virus infection
19.6%, hepatitis C virus infection 50.9%, and nonviral causes
29.5%). The main demographic, clinical, and laboratory charac-
teristics are reported in Table 1. The median OS was 12.1 months

Figure 1.Disposition of the study population according to the prognostic criteria. Lower- to higher-risk categories are reported from the left to the right. BCLC
categories (from left to right): intermediate stage and advanced stage; Child-Pugh categories: Child-PughA andChild-PughB; ITA.LI.CA: quartile 2, quartile
3, and quartile 4; ALBI: grade 1, grade 2, and grade 3; HAP score: HAPA; HAPB, HAP C, and HAPD; SAP score: SAPA, SAP B, and SAP C; PROSASH-II:
risk class 1, risk class 2, risk class 3, and risk class 4. ALBI, albumin–bilirubin; BCLC, Barcelona Clinic for Liver Cancer; HAP, hepatoma arterial-
embolization Prognosis; HCC, hepatocellular carcinoma; ITA.LI.CA, Italian Liver Cancer; PROSASH, Prediction Of Survival in Advanced Sorafenib-treated
HCC; SAP, sorafenib advanced HCC prognosis.
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(95% confidence interval 10.7–13.6), with a median follow-up of
10.6 months (95% confidence interval 9.7–11.6).

Distribution of the population according to the prognostic scores

Mostpatientswere classifiedasBCLC-Cstage (61.6%),Child-PughA
(93.3%), ALBI grade 2 (73.6%), and ITA.LI.CA 4 (60.9%). A plurality
of patientswas classified as SAPA(45.1%)or SAPB(46.6%),whereas
SAPC patients were fewer (8.3%). Themost balanced distribution of
patients occurred across the HAP classes (Figure 1).

Stratification of the OS according to the prognostic scores

The median OS was 19.3 and 9.9 months in patients belonging to
the intermediate and advanced BCLC stage, respectively (P ,
0.01). Child-Pugh B patients had a significantly lower survival
than that of Child-Pugh A patients (6.9 vs 18.9 months, P ,
0.001). Patients classified as ITA.LI.CA quartile 2 had a better

medianOS than those as quartile 3 and quartile 4 (22.5 vs 15.6 and
10.1 months, respectively (P , 0.001). According to the ALBI
grade, the median OS was 16.6, 11.3, and 6.0months for grades 1,
2, and 3, respectively (P 5 0.039).

Moreover, the SAP score was able to successfully stratify pa-
tients, with a median OS of 16.8, 11.1, and 5.5 months in SAP A,
SAP B, and SAP C, respectively (P , 0.001). In the case of the
HAP score, although the omnibus log-rank test was still signifi-
cant across classes taken together (from A to D: 19.2, 11.6, 12.6,
and 6.3 months, respectively, P, 0.001), the OS of HAP B and C
classes did not differ significantly.

Finally, the PROSASH-II score identified the following median
OS for its risk groups: risk class 1, 21.5 months; risk class 2, 15.3
months; risk class 3, 9.3 months; and risk class 4, 6.0 months
(Figure 2). The hazard ratios for each class of every single score are
summarized in Table 2.

Table 2. Stratification of the OS according the prognostic models analyzed in this study

n OS, mo 95% CI Hazard ratio 95% CI P

BCLC

Intermediate stage 212 19.3 16.8–21.8 Reference

Advanced stage 340 9.9 8.8–11.1 1.464 1.208–1.775 ,0.001

Child-Pugh

Class A 515 12.9 11.0–14.8 Reference

Class B 37 6.9 3.1–10.6 1.958 1.369–2.801 ,0.001

ALBI grade

Grade 1 134 16.6 14.1–19.2 Reference

Grade 2 406 11.3 10.1–12.4 1.170 0.937–1.461 0.165

Grade 3 12 6.0 0.9–11.1 2.083 1.145–3.791 0.016

ITA.LI.CA

Risk class 2 60 22.5 17.1–27.7 Reference

Risk class 3 156 15.6 12.3–18.9 1.458 1.028–2.067 0.034

Risk class 4 336 10.5 9.4–11.6 1.825 1.322–2.519 ,0.001

HAP score

HAP A 122 19.2 17.3–21.1 Reference

HAP B 169 11.6 9.6–13.6 1.428 1.090–1.871 0.010

HAP C 166 12.6 9.1–16.1 1.311 1.000–1.719 0.050

HAP D 95 6.4 5.1–7.6 2.560 1.894–3.459 ,0.001

SAP score

SAP A 249 16.8 14.7–19.0 Reference

SAP B 257 11.1 9.5–12.7 1.337 1.098–1.629 0.004

SAP C 46 5.5 2.9–8.0 2.947 2.109–4.116 ,0.001

PROSASH-II model

Risk class 1 103 21.5 19.2–23.8 Reference

Risk class 2 180 15.3 11.5–19.0 1.524 1.144–2.029 0.004

Risk class 3 207 9.3 7.6–11.0 2.042 1.543–2.702 ,0.001

Risk class 4 62 6.0 4.9–7.0 2.952 2.062–4.225 ,0.001

Hazard ratios have been calculated according to a Cox survival analysis.
ALBI, albumin–bilirubin; BCLC, Barcelona Clinic for Liver Cancer; CI, confidence interval; HAP, hepatoma arterial-embolization prognosis; HCC, hepatocellular carcinoma;
ITA.LI.CA, Italian Liver Cancer; OS, overall survival; PROSASH, Prediction Of Survival in Advanced Sorafenib-treated HCC; SAP, sorafenib advanced HCC prognosis.
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Performance of the prognostic models

The C-index scores ranged for a minimum of 0.53 to a maximum
of 0.64 (Table 3). The ALBI model had the lowest values both as
linear score (0.55) and after categorization (0.53). The BCLC
classification (0.57), SAP score (0.58), and HAP score (0.59) had
better performances than ALBI. The PROSASH-2 system had the
highest C-index values both as linear score (0.64) and after cat-
egorization (0.62).

The analysis of the AIC largely confirmed the ranking pro-
vided by theC-index, with the only difference being slightly better
performance of the SAP score (4,802) in comparison with the
HAP score (4,807).

DISCUSSION
With this study, we provided an independent and external vali-
dation of the 3 prognostic scores specifically proposed for patients
treated with sorafenib. We found that the HAP, SAP, and
PROSASH-II scores have prognostic abilities, with the most re-
cently proposed PROSASH-II showing the best performance
with a C-index score of 0.62. However, it should be considered
that none of these scores had satisfactory performances because,
from a merely statistical point of view, only C-indexes.0.70 are
usually considered indicative of a good model (28), and in this
study, even the strongest model was far from reaching such a
threshold. To explain the unsatisfactory performance of the
“sorafenib-dedicated” prognostic models, some considerations
have to be made. First, all of these scores only consider pre-
treatment parameters, and we know that the radiological and
biochemical (AFP) responses to the treatment greatly influence
the survival (29–32). Moreover, the development of sorafenib-
related dermatological events is related to a more favorable
prognosis (33–35). The occurrence of such key events cannot be

guessed when sorafenib is started, and therefore, the current
scores have to rely only on parameters that should be considered
as “prognostic” rather than “predictive.” Better scores could be
achieved with the identification of predictive biomarkers. Since
the licensing of sorafenib, the search of actual predictors has been
felt to be of paramount importance. Early evidence seemed to
suggest that specific polymorphisms of the Ang-2 genes might
predict the subsequent development of dermatological adverse
effects (and, therefore, a better survival) (36), but unfortunately
these findings were unconfirmed. As a matter of fact, to date, no
effective predictive biomarker has been identified. Thus, imper-
fect C-indexes are to be expected.

On the other hand, the imperfect current scenario should not
lead us to disregard the information provided by the existing
scores, and we have to take into account that the PROSASH-II
model outperformed the other sorafenib-dedicated scores HAP
and SAP scores. The combination of tumor-related parameters,
liver function, and performance status was the pivotal element
favoring the PROSASH-II model. In addition, the PROSASH-II
was designed to obtain more detailed tumor-related information.
In fact, although the HAP and SAP scores concern only with the
tumor size and AFP, the PROSASH-II model also considers
macrovascular invasion and extrahepatic spread as separate
predictors of survival. In the brivanib trial, an imbalance between
the study and control groups occurred because of the combined
“macrovascular invasion and/or extrahepatic spread” stratifica-
tion factor and contributed to the study failure (37–39). More-
over, real-life studies on sorafenib showed that both extrahepatic
spread and macrovascular invasion separately contribute to the
risk of death (33,40).

Indeed, the PROSASH-II scorewas not intended to replace the
BCLC system because the latter can provide both prognostic and

Figure 2. Kaplan-Meier curves of the survival of patients treated with (a) sorafenib according to the generic hepatocellular carcinoma and (b) sorafenib-
specific prognostic scores. ALBI, albumin–bilirubin; BCLC, Barcelona Clinic for Liver Cancer; HAP, hepatoma arterial-embolization prognosis; HCC,
hepatocellular carcinoma; ITA.LI.CA, Italian Liver Cancer; PROSASH, Prediction Of Survival in Advanced Sorafenib-treated HCC; SAP, sorafenib advanced
HCC prognosis.
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therapeutic implications for unselected patients with HCC.
However, the prognostic value of BCLC staging for patients
treated with the samemodality is poor. As such, the PROSASH-II
model should be seen as a tool to refine the prognostic in-
formation deriving from the BCLC system for patients treated
with sorafenib. This approach can provide some valuable benefit
both in clinical practice and for future studies. In clinical practice,
the information derived from the stratification can help in giving
more precise information to the patients and in researching for
therapeutic alternatives. For instance, patients in the PROSASH-
II higher risk class (and in theHAP and SAP highest scores) had a
median OS around 6months, even lower than that of Child-Pugh
B patients (41). Sorafenib can bring limited benefit to this pop-
ulation, in which the therapeutic decision should be discussed on
a single patient basis. On the contrary, patients in the lowest risk
classes that are borderline candidate for transarterial procedures
could receivemore benefits from a systemic treatment rather than
locoregional therapies that could worsen their liver function
(jeopardizing the possibility of receiving any further treat-
ment) (42).

Our study has some limitations. First, wewere not able to test all
of the prognostic scores for HCC. Prognostic models such as
Cancer Liver Italian Program score and Okuda were not included
because some of their variables were not present in our database.
However, it should be considered that such variables (including
volumetry) are not commonly available in clinical practice, and
therefore, these scores are not universally used. Second, some pa-
tients receivedpostsorafenib treatments orwere included in clinical
trials testing new second-line therapies. However, the more re-
cently approved second-line treatments for advanced HCC most
likely did not have a major impact on our results, because the
included patients were treated with sorafenib before the Food and
Drug Administration/European Medicines Agency approval of
these treatments and the landmark trials of these agents had strict
inclusion criteria.

Despite its limitations, we think that our multicenter pro-
spective study represents a reliable assessment of the validity of
sorafenib-dedicated prognostic score, with potential implications
on the futuremanagement of these patients. Althoughnot reaching
the classical threshold of 0.70 indicating a good prognostic ability,
the PROSASH-II score still represents an improvement in com-
parison with the preexisting scores. Thus, its use might be con-
sidered in clinical practice to refine information about patientswith
HCC, providing both a risk group stratification and an in-
dividualized survival prediction that can help to tailor on an in-
dividual basis the treatment of HCC in daily practice and allows to
improve the design of future studies on the systemic therapy of
HCC, taking into account the great differences in life expectancy of
the potential candidates.
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Study Highlights

WHAT IS KNOWN

3 Prognostic scores provide risk stratification and survival
prediction in patients with HCC.

3 Prognostic scores are useful to better select patients for
systemic therapies.

3 Sorafenib-dedicated scores have a better prognostic
performance compared with other generic scores.

WHAT IS NEW HERE

3 PROSASH-II is an effective tool in themanagement of patients
with HCC.

3 Higher risk classes could benefit most from other systemic
therapies.
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