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Highlights:

The prognosis of patients with unresectable HCC receiving
immunotherapy with atezolizumab and bevacizumab var-
ies greatly.

Several scores to predict the prognosis of patients have
been established but their incremental value has so far
been unknown.

We developed and validated the CABLE score allowing to
estimate the individual prognosis of patients using a web-
based calculator.

We found large differences in the predictive performance of
the models with the CABLE score, ALBI, EZ-ALBI, and
mALBI showing the highest accuracy.

In patients with Child-Pugh A, the CABLE score out-
performed ALBI, EZ-ALBI, and mALBI in the first 9 months.
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Impact and implications:

The CABLE score allows estimation of the prognosis of pa-
tients with unresectable hepatocellular carcinoma undergoing
first-line immunotherapy with atezolizumab and bevacizumab
at an individual level using our web-based calculator. This
feature, as well as the evaluation of the score’s added benefit
through an extensive comparison with other established
scores, can inform clinicians on their significance and may
guide clinical decision-making in the context of a malignant
disease where the prognosis has become highly variable.
Further large validation studies are needed to investigate the
incremental value of the CABLE score compared with the ALBI
score, in particular in subgroups such as patients designated
as Child-Pugh A.
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Background & Aims: Immunotherapy with atezolizumab and bevacizumab (a + b) has improved the prognosis of patients with
unresectable hepatocellular carcinoma (HCC). However, the outcome for individual patients is highly variable. This study aimed to
(i) develop and validate a prognostic prediction model to estimate individual prognosis and (i) compare it with established models.

Methods: In this multicenter retrospective study, patients with HCC undergoing first-line immunotherapy with a + b from 24
centers (Europe, USA) were included. Statistical analysis and reporting followed the TRIPOD guidelines. The primary objective was
overall survival (OS). A Cox model was developed and externally validated.

Results: In total, 683 patients were included (training: 526, validation: 157). The C-reactive protein, albumin, bilirubin, lympho-
cytes, ECOG performance status, and extrahepatic spread (CABLE score) remained significantly associated with OS in Cox
regression analysis. In the training set, the CABLE score had a higher discriminatory accuracy relative to ALBI, EZ-ALBI, mALBI,
CRAFITY, PNI, NLR, PLR, and GPS (time-dependent AUC 0.79 and C-index 0.75 (95% CI 0.71-0.78) at 12 months). In the external
validation set, the discriminatory performance of the CABLE score was comparable to ALBI, EZ-ALBI, and mALBI, but on average
higher than PNI, CRAFITY, NLR, PLR, and GPS. In patients with Child-Pugh A, the CABLE score outperformed ALBI, EZ-ALBI, and
mALBI in the first 9 months. We provide a web-based calculator for the CABLE score to allow estimation of individual prognosis
for these patients (http://shiny.imbei.uni-mainz.de:3838/CABLE_Score/).

Conclusions: The CABLE score shows good discriminatory performance in assessing the individual prognosis of patients un-
dergoing first-line immunotherapy with a + b. Further validation studies are needed to investigate its performance compared with
the ALBI score, in particular in subgroup analysis.

© 2024 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction Thus, a + b is currently one of the recommended first-line (1L)
systemic treatments for patients with uHCC.%”

In addition to tumor-related characteristics, the prognosis of
this population is highly dependent on several additional factors
arising from the underlying chronic liver disease. In this context,
systemic inflammation plays a key role by fueling the development
of HCC irrespective of its underlying etiology.® In addition, various
biomarkers reflecting the stage of systemic inflammation
including C-reactive protein (CRP), lymphocytes or the negative
acute-phase protein albumin are associated with outcome
in HCC.®

Liver cancer is the third leading cause of cancer-associated
deaths worldwide and its incidence is predicted to continue
to rise."? In particular, unresectable hepatocellular carcinoma
(UHCC) is associated with poor prognosis. Immunotherapy with
atezolizumab (a; anti-programmed death-ligand 1 [PD-L1]
antibody) and bevacizumab (b; anti-vascular endothelial
growth factor [VEGF] antibody) has significantly improved
prognosis of patients with unresectable HCC relative to sor-
afenib yielding a median overall survival (OS) of 19.2 months.>™
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Prognostic scores in patients undergoing immunotherapy with a+b

Currently, there are several prognostic scoring systems
reflecting liver function, systemic inflammation or immunonu-
tritive status.®”'? In the past, the Child-Pugh score has been
used to assess liver function in patients with HCC. However,
the albumin-bilirubin (ALBI) score which contains only two
predictors (albumin and bilirubin) is increasingly replacing the
Child-Pugh score because of its complete objectivity and at
least similar discriminative performance in patients with
HCC®'®'* and is increasingly being used in the setting of
clinical trials evaluating treatments for HCC.%'>'® Corre-
spondingly, post hoc analyses of phase 3 trials testing a + b,"”
STRIDE,'® lenvatinib,'® cabozantinib,?° Click or tap here to
enter text. and ramucirumab®’ have demonstrated the prog-
nostic value of the ALBI score (for a comprehensive review of
the body of evidence for the role of ALBI in HCC refer to
Demirtas et al.*?). In addition, further modifications of the ALBI
score such as easy-ALBI (EZ-ALBI)?® Click or tap here to enter
text. and modified ALBI?*?® have been suggested to improve
its prognostic ability and applicability. In the context of sys-
temic treatment of uHCC with a + b, several other prognostic
scores have been proposed or evaluated previously: (i) The
CRAFITY (CRP and AFP in immunotherapy) score which
combines CRP and alpha-fetoprotein (AFP).' (i) The Glasgow
Prognostic Score (GPS) which combines albumin with CRP,
and which was also shown to be associated with 0S.2527 (jii)
The Prognostic Nutritional Index (PNI) which combines albumin
and absolute lymphocyte counts which has been demonstrated
to be an independent prognostic factor for OS and
progression-free survival (PFS).?®*° (iv) Scores reflecting
selected cellular components of the peripheral blood and
thereby mirroring the extent of systemic inflammation, namely,
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR), which have been shown to be associ-
ated with OS and PFS.""?17%°

However, the incremental value of these prediction models
is unknown, and it is unclear which model serves the purpose
of prognosis estimation best. To address this knowledge gap,
this study aimed to evaluate the prognostic value of all these
candidate predictors and to integrate them into one prognostic
prediction model that allows accurate estimation of the indi-
vidual prognosis of patients with HCC undergoing 1L immu-
notherapy with a + b.

Patients and methods

This study and manuscript are based on the Transparent
Reporting of a multivariable prediction model for Individual
Prognosis Or Diagnosis (TRIPOD) statement.*®**” The meth-
odological approach was based on that of Aberg et al.®®
(CLivD score).

Study design and patients

This retrospective multicenter study included patients from a
total of 24 centers in Germany (DE), Austria (AT), ltaly (IT), the
UK, and the USA. The data set was split into a training set
(center 1-12) and a validation set (center 13-24) based on the
time of their data reporting. Immunotherapy with a + b was
initiated between March 2018 and November 2022. Data were
received until December 2022. Further details including the
outcome of interest, candidate predictors, response

assessment, sample size, and calculation of scores are sum-
marized in the Supplementary methods.

Ethics

This study was approved by the ethics committee of the
Medical Association of Rhineland Palatinate, Mainz, Germany
(permit number 2022-16779) and conducted according to the
ethical guidelines of the 1975 Declaration of Helsinki (6th revi-
sion, 2008).

Statistical analysis

Details on descriptive statistics, modification of candidate
predictors, and handling of missing data are given in the Sup-
plementary methods.

Model building

The model development consisted of two parts. In the first part,
a model was fitted on the imputed data with variables having
<10% missingness. In the second part, we examined whether
the variables with >10% missingness could improve prediction
in the complete cases subset (see section Missing data).

In the first part, a preselection of variables was made using
univariable Cox proportional hazard models with center as
random effect to account for different case mixes across
participating centers. Continuous variables were fitted with
cubic regression splines to account for potential non-linear
effects. Variables with p <0.1 were considered for the multi-
variable model. We then imputed 10 sets with predictive mean
matching, using the R-package mice and fitted a model with
only continuous terms on each imputation set. Shrinkage
smoothers were used for variable selection as described in
Marra and Wood.*® Knots were placed explicitly to allow for
later pooling of the models. We considered three variable sets
of continuous variables as candidates with variable inclusion
frequency 10%, 50%, and 100%, respectively. For categorical
variables, we used forward selection on each imputation, which
similarly resulted in three candidate sets of categorical vari-
ables. We combined continuous and categorical variable sets
to get 3 x 3 = 9 candidate models. Those candidate models
were compared with repeated cross validation with 10 repeti-
tions and five folds. This led to 50 imputations because the
‘hold-out-fold’ was ignored in the imputation procedure to
prevent contamination. The model with the best time-
dependent AUC was then selected.

In the second part, the variables with missingness of >10%
were then added to the resulting model from the first part. A
backward—forward elimination on the subset of complete cases
resulted in the final model.

Model performance measures

Discrimination. The model performance in terms of discrimina-
tion was analyzed by the time-dependent AUC using the R-
package timeROC and Uno’s C with bootstrapped confi-
dence intervals.*>*!

Calibration. To analyze the calibration of the prediction model,
patients in the training and validation set were divided into
quintiles according to their prognosis in the CABLE score.
Subsequently, the agreement between the observed and
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predicted survival was visually compared using the Kaplan—
Meier curve within each quintile.*?

Risk groups

Risk groups were identified by dividing the patients into three
groups according to their prognostic score (low risk: lowest
25%, intermediate risk: 25-90%, high risk: highest 10%).
External validation

To externally validate the newly developed model, data from
centers 13-24 were used. Here, only patients with complete

Germany (19 centers)

Europe (4 centers)

Research article

data on the variables included in the models and the estab-
lished scores were used (n = 157, outcome events = 60, Fig. 1).
Again, discrimination was analyzed by comparing the time-
dependent AUC and Uno’s C.

Results

Study cohort

The training cohort included 526 patients, the external valida-
tion cohort 157 patients. Fig. 1 displays the composition of the
training and validation cohort and the number of outcome
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Lubeck (n = 15)
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Leipzig (n = 52)
Hamburg (n = 44)

|
L Eligible for study inclusion (n = 844)

)

Excluded patients (n = 119)=

Not systemic therapy-naive (n = 54)

Child-Pugh C (n = 36)

ECOG >2 (n=5)

No follow-up (n = 6)

No laboratory values (n = 7)

No laboratory values within 30 days before start of treatment (n = 3)
Individualized concepts with simultaneous brachytherapy (n = 5)
Mixed hepatocellulcar carcinoma (n = 3)

Simultaneous chemotherapy due to second malignancy (n = 3)
History of liver transplantation (n = 2)

2patients may have more than one reason for exclusion

.

.

.

.

( Study cohort (n = 725) w

Training set (n = 526)
12 centers

Outcome events
(n =235, 44.7%)

Validation set (n = 199)

12 centers
Exclusion of patients with missing data
in albumin, bilirubin, INR, creatinine,
CRP, AFP, lymphocytes, pretreatment,
ECOG, and EHS
(n=42)
n =157

l

Outcome events
(n =60, 38.2%)

Fig. 1. Flow chart of patients eligible for study inclusion. AT, Austria; ECOG, Eastern Cooperative Oncology Group; GB, Great Britain; IT, ltaly; LMU, Ludwig
Maximilian University of Munich; TU, Technical University of Munich; US, United States.
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events, respectively. Before data analysis, we decided to use
centers 1-12 as the training set, and centers 13-24 as the
validation set. Table 1 summarizes the baseline characteristics
of the study participants for both cohorts including the number
of missing values for each candidate predictor. Compared with
the training set, the validation cohort had significantly lower
Eastern Cooperative Oncology Group (ECOG) performance
stages, a lower frequency of pretreatment, different etiology
composition (more alcohol-associated, less viral), lower inter-
national normalized ratio (INR) levels, and no brachytherapy. No
outcome event data were missing. The median follow-up time
was 12.6 months (95% CI: 11.7-14.0) for the training set, and
11.9 months (95% CI: 10.9-14.8) for the validation set (reverse
Kaplan—-Meier method). In total, two patients were censored
because of liver transplantation during follow-up. The reasons
for discontinuation of a + b are detailed in Table S2.

Overall survival and tumor response

Median OS was 13.7 months (95% Cl: 12.1-15.8) for the
training cohort, and 16.0 months (95% CI: 13.5, not reached)
for the validation cohort. In the subgroup of patients with Child-
Pugh A and with an ECOG of 0-1, median OS was 20.9 months
(95% CI: 15.7, not reached) in the training cohort and 19.0
months (95% ClI: 14.9, not reached) in the validation cohort. In
total, 343 patients in the training cohort (65.2%), and 142 pa-
tients (90.4%) in the validation cohort had available follow-up
imaging data. The overall response rate (ORR) was 31.8% in
the training, and 31.0% in the validation cohort. The disease
control rate (DCR) was 71.7% in the training, and 69.7% in the
validation cohort. Detailed response data are given in Table S3.

Model building

The stepwise model building process is described in detail in the
Patients and methods section. First, candidate predictors were
preselected via univariable models (Table S4). In the imputed
training set (n = 526), seven predictors including albumin
(smoothing spline), creatinine,g1o (smoothing spline), bilir-
ubinieg1o, INRiog10, ECOG (0/1/2), extrahepatic spread (EHS; no/
yes), and pretreatment (no/yes) remained in the model after the
variable selection procedure (Model with imputed data: Model)
Fig. S1A shows the smoothing splines of albumin and crea-
tininejog10. Table S5 displays the adjusted log(HR) for Model;.

Next, the training set was trimmed to complete cases for the
variables included in the Model; and CRP, lymphocytes, and
monocytes (n = 320, outcome events: 136). Baseline charac-
teristics for this data set are given in Table S6. Here, six pre-
dictors remained in the model including albumin (smoothing
spling), bilirubineg1o, lymphocytes, CRP,.g10, ECOG (0/1
[whereby the value 1 includes ECOG 1 and 2]), and EHS (no/
yes). This score was named CABLE score (CRP, Albumin,
Bilirubin, Lymphocytes, ECOG, and EHS). Fig. S1B displays the
non-linear predictor-outcome relation of albumin in the CABLE
score. Table 2 displays the adjusted log(HR) for the CABLE
score. Table S7 shows the variables included in the CABLE
score compared with other prediction models.

Internal validation

For the internal and external validation, only individuals with
complete data for the tested predictors were included

(complete-case analysis). Fig. 2 displays the time-dependent
AUC of the CABLE score compared to Model;, ALBI (contin-
uous and graded), EZ-ALBI, mALBI, CRAFITY, PNI, NLR, PLR,
and GPS. The CABLE score continuously had the highest AUC
values (0.77-0.82). Model; yielded the second highest AUC
values (0.75-0.79). PNI, ALBI, and EZ-ALBI had AUC values
>0.7. CRAFITY, mALBI, ALBI graded, and PLR had AUC values
<0.7. Table S8 shows the AUC for all scores at 6, 12, and 18
months. Table 3 shows the respective Uno’s C indices for 6, 12,
and 18 months. Here, the CABLE score showed the highest C-
index at all time points. Additionally, only the CABLE score and
Model; yielded values >0.7. PNI, ALBI, and EZ-ALBI had C
indices between 0.68 and 0.69. All other scores had C indices
between 0.59 and 0.66.

External validation

Fig. 3 displays the time-dependent AUC of the CABLE score
compared to Model;, ALBI (continuous and graded), EZ-ALBI,
mALBI, CRAFITY, PNI, NLR, PLR, and GPS in the validation
cohort. The AUCs for 6, 12, and 18 months are displayed in
Table S9. Compared with the training set, most models showed
a higher time-dependent AUC on average at 6 months. At 6
months, the CABLE score, Model;, ALBI, and EZ-ALBI had the
highest AUC values (AUC 0.84-0.85). mALBI and GPS had
AUC values >0.8, while PNI, ALBI graded, and CRAFITY
showed AUC values between 0.75 and 0.76. NLR and PLR had
the lowest performance with AUC values <0.6. At 12 months,
ALBI, EZ-ALBI, PNI, and mALBI had AUC values between 0.73
and 0.74, the CABLE score and Model; values of 0.71. ALBI
graded, GPS, CRAFITY, NLR, and PLR had values <0.7. At 18
months, the CABLE score, ALBI, EZ-ALBI, mALBI, and PNI had
the highest AUC values (0.75-0.76), while ALBI graded, Model,,
and CRAFITY had AUC values between 0.71-0.73. GPS, NLR,
and PLR had values <0.7. Uno’s C indices for 6, 12, and 18
months are given in Table S10. The CABLE score, Model;, ALBI,
EZ-ALBI, and mALBI had C indices >0.7 at all time points.

Risk groups

For the CABLE score, risk groups were created by stratifying
the training and validation set according to their prognostic
score into three groups (low risk: lowest 25% (<0.425), inter-
mediate risk: 25-90% (>-0.425 and <1.53), high risk: highest
10% (>1.53)). Kaplan—-Meier curves for the CABLE score for the
training and validation set are shown in Fig. 4. The groups
identified patients with clearly different prognosis yielding a
median overall survival of not reached (95% CI: 20.88, not
reached; low risk), 11.24 months (95% CI 9.67-14.83; inter-
mediate risk), and 1.91 months (95% CI 1.18-11.57; high risk) in
the training set, and 21.34 months (95% CI 18.97, not reached,
low risk), 12.92 months (95% CI 9.37;18.05; intermediate risk),
and 5.62 months (95% CI 3.32, NA; high risk) in the valida-
tion set.

Calibration

Calibration plots for the CABLE score are shown in Fig. S2. The
CABLE score showed a very good agreement in Q1-Q5 in the
training set. In the validation set, the agreement in Q5 and Q4
was high, medium in Q2 and Q3, and low in Q1.

JHEP Reports, March 2025. vol. 7 | 101295 4



Table 1. Demographics and baseline characteristics of the study cohort.
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Training set (n = 526) Validation set (n = 157) p values
Age (years)
Median (Min, Max) 67.0 (25.0, 89.5) 69.0 (29.0, 85.0) 0.1
Sex
Male 427 (81.2%) 127 (80.9%) 1
Female 99 (18.8%) 30 (19.1%)
ECOG
0 239 (45.4%) 92 (58.6%) 0.009
1 251 (47.7%) 60 (38.2%)
2 36 (6.8%) 5 (3.2%)
Cirrhosis
No 133 (25.3%) 1 (26.3%) 0.9
Yes 393 (74.7%) 115 (73.7%)
Missing 0 (0%) 1 (0.6%)
Etiology
Unknown/no liver disease 1(17.3%) 34 (21.7%) <0.001
HBV 55 (10.5%) 7 (4.5%)
HCV 93 (17.7%) 22 (14.0%)
Harmful alcohol use 128 (24.3%) 62 (39.5%)
MASLD/MASH 89 (16.9%) 15 (9.6%)
Mixed (viral and non-viral) 34 (6.5%) 6 (3.8%)
Mixed (only non-viral) 17 (3.2%) 3 (1.9%)
Mixed (only viral) 1(0.2%) 2 (1.3%)
Other 18 (3.4%) 6 (3.8%)
BCLC
A 8 (1.5%) 0 (0%) 0.2
B 133 (25.3%) 47 (29.9%)
C 385 (73.2%) 110 (70.1%)
Pretreatment
No 231 (43.9%) 7 (55.4%) 0.01
Yes 295 (56.1%) 0 (44.6%)
History of surgery
No 419 (79.7%) 131 (83.4%) 0.3
Yes 107 (20.3%) 26 (16.6%)
History of ablation
No 469 (89.2%) 141 (89.8%) 0.9
Yes 57 (10.8%) 16 (10.2%)
History of TACE/TAE
No 358 (68.1%) 115 (73.2%) 0.3
yes 168 (31.9%) 42 (26.8%)
History of SIRT/TARE
No 475 (90.3%) 143 (91.1%) 0.9
Yes 51 (9.7%) 14 (8.9%)
History of radiation/SBRT
No 517 (98.3%) 157 (100%) 0.2
Yes 9 (1.7%) 0 (0%)
History of brachytherapy
No 502 (95.4%) 157 (100%) 0.01
Yes 24 (4.6%) 0 (0%)
Macrovascular invasion (MVI)
No 295 (56.1%) 7 (61.8%) 0.2
Yes 231 (43.9%) 60 (38.2%)
Extrahepatic spread (EHS)
No 311 (69.1%) 105 (66.9%) 0.1
Yes 215 (40.9%) 52 (33.1%)
Child-Pugh
A 384 (73.4%) 114 (72.6%) 0.9
B 139 (26.6%) 43 (27.4%)
Missing 3 (0.6%) 0 (0%)
ALBI score
Median (Min, Max) -2.42 (-3.70, -0.733) -2.40 (-3.46, -0.677) 0.7
Missing 21 (4.0%) 0 (0%)
ALBI grade
1 194 (38.4%) 65 (41.4%) 0.08
2 287 (56.8%) 78 (49.7%)
3 24 (4.8%) 14 (8.9%)
Missing 21 (4.0%) 0 (0%)

JHEP Reports, March 2025. vol. 7 | 101295

(continued on next page)



Table 1. (continued)

Prognostic scores in patients undergoing immunotherapy with a+b

Training set (n = 526) Validation set (n = 157) p values

mALBI grade
1 194 (38.4%) 65 (41.4%) 0.2
2a 102 (20.2%) 27 (17.2%)
2b 185 (36.6%) 51 (32.5%)
3 24 (4.8%) 14 (8.9%)
Missing 21 (4.0%) 0 (0%)

EZ-ALBI
(Min, Max) -32.9 (-45.2, -14.6) -32.5 (-42.7, -14.6) 0.4
Missing 21 (4.0%) 0 (0%)

CRAFITY score
Low 104 (29.7%) 51 (32.5%) 0.7
Intermediate 151 (43.1%) 62 (39.5%)
High 95 (27.1%) 44 (28.0%)
Missing 176 (33.5%) 0 (0%)

GPS
GPS 0 130 (37.4%) 64 (40.8%) 0.8
GPS 1 133 (38.2%) 56 (35.7%)
GPS 2 85 (24.4%) 37 (23.6%)
Missing 178 (33.8%) 0 (0%)

PNI
Median (Min, Max) 43.2 (23.0, 63.1) 42.9 (20.8, 58.0) 0.6
Missing 74 (14.1%) 0 (0%)

NLR
Median (min, max) 3.62 (0.337, 117) 3.87 (0.834, 21.8) 0.7
Missing 62 (11.8%) 0 (0%)

PLR
Median (min, max) 151 (33.3, 3300) 152 (25.8, 852) 0.5
Missing 63 (12.0%) 0 (0%)

Bilirubin (mg/dl)
Median (min, max) 0.800 (0.160, 12.2) 0.748 (0.170, 6.31) 0.4
Missing 1 (0.2%) 0 (0%)

Albumin (g/dl)
Median (min, max) 3.80 (1.70, 5.16) 3.70 (1.73, 4.80) 0.4
Missing 21 (4.0%) 0 (0%)

INR
Median (min, max) 1.15 (0.890, 3.90) 1.10 (0.900, 4.30) 0.01
Missing 6 (1.1%) 0 (0%)

Creatinine (mg/dl)
Median (min, max) 0.870 (0.386, 8.00) 0.890 (0.380, 5.40) 0.4
Missing 2 (0.4%) 0 (0%)

CRP (mg/l)
Median (min, max) 10.2 (0.200, 299) 10.0 (0.100, 173) 0.6
Missing 172 (32.7%) 0 (0%)

AFP (ng/ml)
Median (min, max) 56.1 (1.00, 2,070,000) 44.1 (1.00, 91,000) 0.7
Missing 11 (2.1%) 0 (0%)

Platelets per nl
Median (min, max) 164 (29.0, 760) 170 (35.0, 483) 0.5
Missing 3 (0.6%) 0 (0%)

Neutrophils per nl
Median (min, max) 4.10 (0.550, 21.0) 4.10 (0.730, 55.7) 1
Missing 47 (8.9%) 0 (0%)

Lymphocytes per nl
Median (min, max) 1.09 (0.0700, 3.59) 1.13 (0.210, 3.26) 1
Missing 62 (11.8%) 0 (0%)

Monocytes per nl
Median (min, max) 0.600 (0.0490, 2.29) 0.570 (0.170, 2.10) 0.6

Missing

63 (12.0%)

0 (0%)

Continuous data are given as median and range (min, max), categorial data as frequency with percentage. Percentages refer to patients with available data. A X2 test was applied for
categorial data, a Mann-Whitney U test or Student’s t test for continuous data (depending on data distribution). Patients may have received more than one category of pretreatment.
AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; BCLC, Barcelona Clinic Liver Cancer; CRAFITY, CRP, and AFP in immunotherapy; CRP, C-reactive protein; ECOG, Eastern
Cooperative Oncology Group; EZ-ALBI, easy-ALBI; GPS, Glasgow Prognostic Score; HCC, hepatocellular carcinoma; INR, international normalized ratio; MASH, metabolic
dysfunction-associated steatohepatitis; mALBI, modified ALBI; MASLD, metabolic dysfunction-associated steatotic liver disease; NLR, neutrophil-to-lymphocyte ratio, PLR,
platelet-to-lymphocyte ratio; PNI, prognostic nutritional index; SBRT, stereotactic body radiation therapy; SIRT, selective internal radiation therapy; TACE, transarterial chemo-
embolization; TAE, transarterial embolization; TARE, transarterial radioembolization.
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Table 2. Adjusted multivariable Cox model of the CABLE score.

Variables Beta* 95% CI p values
CRPiog10 0.55 0.20-0.90 0.002
s(Albumin) <0.001
Bilirubiniog1o 1.1 0.49-1.7 <0.001
Lymphocytes -0.61 -0.98 to -0.25 <0.001
ECOG

0 — —

1 0.60 0.21-1.0 0.003
EHS

No - -

Yes 0.40 0.03-0.77 0.033

Adjusted multivariable Cox model.

CRP, C-reactive protein; ECOG, Eastern Cooperative Oncology Group; EHS, extrahe-
patic spread; s, smoothing spline.

*log(HR).

Subgroup analysis

Next, we analyzed the performance of the CABLE score in
relevant subgroups in the validation cohort (Table S11). For this
purpose, we built univariable Cox regression models for each
subgroup, using the score as the sole predictor. A higher HR
indicates better relative performance. Here, the CABLE score
performed well in all subgroups with the exception of the group
of patients with Child-Pugh B.

Consequently, we analyzed the time-dependent AUC in the
subgroup of patients with Child-Pugh A. In the training cohort,
the CABLE score had the highest AUC over the entire obser-
vation period (Fig. S3). Corresponding Uno’s C indices are
shown in Table S12. In the validation cohort, the CABLE score
mostly showed higher AUCs than the ALBI score during the
first 9 months after the start of a + b (Fig. S4). From 9 months
onwards, CABLE and ALBI had almost the same AUC values.
Uno’s C indices for 3, 6, 12, and 18 months for the CABLE
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score were 0.84, 0.74, 0.67, and 0.67 compared with 0.80, 0.66,
0.67, and 0.68 for the ALBI score (Table 4). EZ-ALBI and
modified ALBI (mALBI) showed similar results as the ALBI
score. PNI had similar results as the ALBI score in the first 5
months but showed better AUC values in the later observation
period and even higher AUC values than the CABLE score from
around month 8. CRAFITY showed similar results compared to
the CABLE score in the first 5 months, showed a better AUC
after 6 months, but had continuously lower AUC values from
month 8 onwards. GPS, NLR, and PLR had continuously lower
AUC values than the CABLE score (Table 4).

Prediction of ORR and DCR

Next, we tested whether the CABLE score and the other
models tested are able to predict response to treatment with
a + b. Table S13 shows the AUC of all models in the validation
data set. In summary, all models had AUCs <0.7 and thus were
not useful to predict either ORR or DCR. Table S14 shows the
association of variables with ORR in terms of the explained
deviance. Here, ECOG performance status, MVI, platelets, and
neutrophils had a significant association with ORR. Etiology
was not associated with ORR. In addition, we tried to fit new
models aiming to predict response to a + b (data not shown),
but given their very poor predictive performance, we did not
validate these models.

Online calculator

To make the CABLE score available and usable as a tool for
prognosis assessment of patients with uHCC receiving a + b,
we have developed an online calculator (http://shiny.imbei.uni-
mainz.de:3838/CABLE_Score/). Here, the CABLE score is
calculated and the survival probability at 6, 12, and 18 months

CABLE

Model,

ALBI

PNI

CRAFITY
EZ-ALBI

ALBI (grades)
mALBI (grades)
GPS

NLR

I W R o R W

PLR

Fig. 2. Time-dependent AUC of the CABLE score and Model; in comparison with established prediction models in the training set. ALBI, aloumin-bilirubin;
CABLE, CRP, albumin, bilirubin, lymphocytes, ECOG, and EHS; CRAFITY, CRP and AFP in immunotherapy; EZ-ALBI, easy-ALBI; GPS, Glasgow Prognostic Score;
mALBI, modified ALBI; Model;, Cox PH model derived from the imputed training set; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI,

Prognostic Nutritional Index.
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Table 3. Uno’s C indices with bootstrapped confidence intervals for the training set.

Model 6 months 12 months 18 months
CABLE score 0.748 (0.692-0.804] 0.745 (0.709-0.781) 0.743 (0.707-0.78)
Model; 0.731 (0.681-0.782 0.714 (0.666-0.762) 0.717 (0.674-0.76)
ALBI 0.692 (0.628-0.756 0.681 (0.636-0.725) 0.689 (0.639-0.739)
ALBI grade 0.626 (0.583-0.67, 0.62 (0.582-0.659) 0.627 (0.588-0.665)
mALBI grade 0.65 (0.597-0.703 0.638 (0.585-0.692) 0.65 (0.602-0.698)
EZ-ALBI 0.677 (0.635-0.719) 0.684 (0.64-0.728)

)
)
)
)
)
0.686 (0.634-0.739)

PNI 0.693 (0.636-0.751)
( )

)

)

)

CRAFITY 0.662 (0.607-0.717
GPS 0.607 (0.553-0.661
NLR 0.643 (0.575-0.71
PLR 0.594 (0.531-0.656

0.689 (0.636-0.741)
0.66 (0.611-0.71)
0.627 (0.584-0.671)
0.62 (0.57-0.67)
0.589 (0.532-0.647)

0.692 (0.646-0.739)
0.633 (0.588-0.678)
0.63 (0.591-0.668)
0.623 (0.568-0.678)
0.588 (0.545-0.63)

ALBI, albumin-bilirubin; CABLE, CRP, albumin, bilirubin, lymphocytes, ECOG, and EHS; CRAFITY, CRP and AFP in immunotherapy; EZ-ALBI, easy-ALBI; GPS, Glasgow prognostic
score; mALBI, modified ALBI; Model;, Cox PH (proportional hazards) model derived from the imputed training set; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte

ratio; PNI, prognostic nutritional index.
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Fig. 3. Time-dependent AUC of the CABLE score and Model; compared to other prediction models in the validation cohort. ALBI, albumin-bilirubin; CABLE,
CRP, albumin, bilirubin, lymphocytes, ECOG, and EHS; CRAFITY, CRP and AFP in immunotherapy; EZ-ALBI, easy-ALBI; GPS, Glasgow Prognostic Score; mALBI,
modified ALBI; Model;, Cox PH model derived from the imputed training set; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio. PNI, Prognostic

Nutritional Index.

is given. In addition, the R model for calculating the CABLE
score is available for download from the app. The risk formula is
not provided in the manuscript as it is not possible to include
the non-linear terms here.

Discussion

In this large multicenter study, we evaluated and compared the
prognostic value of several clinical variables and established
scores in patients with uUHCC undergoing 1L immunotherapy
with a + b. We developed and validated the CABLE score that
allows prediction of the individual prognosis of these patients
using the provided web-calculator. In the training set, the CA-
BLE score outperformed all other scores. In the external vali-
dation set, the CABLE score had superior discriminatory
performance compared with PNI, CRAFITY, NLR, PLR, and
GPS and similar performance to ALBI, EZ-ALBI, and mALBI.

Although the CABLE score did not outperform ALBI, EZ-ALBI,
and mALBI in the validation cohort, we believe that this study
provides valuable insights for the following reasons. First, to our
knowledge, we have performed the first statistically sound and
thorough head-to-head validation of the currently used scoresina
large, multicenter setting of a homogenous cohort including only
patients with uHCC undergoing 1L immunotherapy with a + b.
Here, we found large differences in the predictive performance of
currently used scores, which is of great interest for clinicians using
these scores in daily clinical practice. Second, all of the extracted
patient- and tumor-related characteristics and laboratory values
have previously been associated with outcome of patients with
HCC and are part of several scoring systems. However, the in-
cremental value of the variables used in these prediction models in
terms of improving the predictive accuracy was unknown and the
rationale for this study. Our study highlights the fact that adding
variables which are highly associated with the outcome to a
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Fig. 4. Kaplan-Meier curves of patients risk-stratified into three groups according to their CABLE score. In the (A) training and (B) validation set. The lower the
CABLE score, the higher the survival probability. CABLE, CRP, albumin, bilirubin, lymphocytes, ECOG, and EHS.

prediction model does not necessarily enhance its predictive
performance. One explanation could be that our validation data
set was too small or biased (see below). Another, and in our
opinion more likely, explanation could be, that some of the infor-
mation of the added variables is already captured to some extent
by albumin and bilirubin (e.g. albumin is a negative acute-phase
protein and could reflect changes in CRP levels). Consequently,
other variables need to be investigated to improve the predictive
accuracy of these models that capture completely independent
information about patient prognosis (e.g. molecular markers or
frailty). Third, in subgroup analyses including only patients with

Child-Pugh A, the CABLE score outperformed ALBI, EZ-ALBI, and
mALBI in the first 9 months. This could be because liver function
reflected by albumin and bilirubin may be less relevant in patients
with Child-Pugh A and that other variables such as CRP or lym-
phocytes may have a greater impact on the outcome in this
subgroup. Fourth, we have launched a web-calculator which al-
lows to estimate prognosis of patients on an individual level
attributing them a survival probability value at 6, 12, and
18 months.

The CABLE score includes six variables which have
exhibited the highest predictive performance in this cohort and
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Table 4. Uno’s C indices for the validation set in the subgroup of patients with Child-Pugh A with bootstrapped confidence intervals.

Model 3 months 6 months 12 months 18 months
CABLE score 0.839 (0.673-1.004) 0.739 (0.571-0.908) 0.668 (0.566-0.77) 0.671 (0.575-0.767)
Model; 0.86 (0.618-1.103) 0.667 (0.406-0.928) 0.641 (0.524-0.758) 0.643 (0.528-0.757)
ALBI 0.803 (0.61-0.995) 0.664 (0.457-0.871) 0.667 (0.547-0.787) 0.676 (0.579-0.773)
EZ-ALBI 0.79 (0.612-0.969) 0.669 (0.459-0.879) 0.675 (0.567-0.783) 0.684 (0.587-0.781)
ALBI grade 0.724 (0.563-0.886) 0.63 (0.45-0.811) 0.615 (0.519-0.711) 0.632 (0.544-0.72)
mALBI grade 0.779 (0.592-0.966) 0.679 (0.489-0.868) 0.656 (0.557-0.754) 0.66 (0.568-0.753)

PNI 0.801 (0.63-0.972)

CRAFITY 0.836 (0.59-1.081)
GPS 0.78 (0.525-1.035)
NLR 0.627 (0.342-0.912)
PLR 0.454 (0.276-0.632)

0.69 (0.501-0.879)
0.859 (0.713-1.006) 0.613 (0.474-0.751)
0.725 (0.565-0.885)
0.578 (0.383-0.774)
0.524 (0.369-0.679)

0.709 (0.608-0.81) 0.714 (0.623-0.805)

0.618 (0.496-0.74)
0.611 (0.548-0.674)
0.565 (0.384-0.747)

0.451 (0.349-0.554)

0.626 (0.542-0.709)
0.564 (0.383-0.745

)
0.475 (0.375-0.575)

ALBI, albumin-bilirubin; CABLE, CRP, albumin, bilirubin, lymphocytes, ECOG, and EHS; CRAFITY, CRP and AFP in immunotherapy; EZ-ALBI, easy-ALBI; GPS, Glasgow Prognostic
Score; mALBI, modified ALBI; Model;, Cox PH model derived from the imputed training set; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic

nutritional index.

are routinely measured at the start of therapy with a + b. It
combines clinical information about systemic inflammation,
liver insufficiency, tumor distribution, nutritional status, and the
general condition of patients with HCC. Albumin is part of ALBI,
EZ-ALBI, mALBI, PNI, and GPS and is a well-known highly
prognostic parameter in patients with cirrhosis.®>2¢:28:29 Biji-
rubin is included in ALBI, EZ-ALBI, and mALBI, reflecting the
liver parenchymal damage.®?*> CRP is incorporated in the
CRAFITY score and GPS, and reflects the inflammatory state,
where higher values are associated with worse outcome.'%2¢
Lymphocytes are part of PNI, NLR, and PLR.'"2829:31-85
Here, lower values at treatment start are associated with
shorter survival. EHS reflects the systemic distribution of HCC,
and, if positive, is frequently associated with worse prognosis.
ECOG is the only not completely objective parameter included
in the CABLE score. However, the prognostic value of the
general condition of patients in oncology is well established.*®
In addition, the CABLE score discriminates only ECOG 0 vs.
ECOG 1/2, which is comparatively clear in most patients in
our opinion.

Strengths of this work are the large multinational and ho-
mogenous cohort, yielding an appropriate proportion of
outcome events for the development of a new prediction
model. In addition, the TRIPOD-driven statistically elaborate
development procedure and the external validation increase
the robustness of our study. Furthermore, the CABLE score
only includes broadly available and cost-effective predictors.
However, this study has several limitations that have to be
acknowledged. First, the retrospective nature of the study.
Second, we integrated patients with missing data in the
development cohort. However, the TRIPOD statement clearly
advocates including patients with missing data by using mul-
tiple imputation rather than conducting a complete-case anal-
ysis.®®*” Third, some patients have received atezolizumab
monotherapy intermittently for example because of an
increased risk of bleeding. Fourth, the cohort was derived only
from Western countries, which is reflected in the distribution of
etiologies. Thus, the score needs to be validated in other
countries not included in the current dataset. Fifth, while we
could compare the CABLE score to various established scores
in our study, we were not able to include several other

previously published prognostic scores because of missing
parameters in our data set (such as CAR (CRAFITY score and
AFP-Response) classification,** HCC-GRIm (hepatocellular
carcinoma modified Gustave Roussy Immune) score,*® and
ABE (atezolizumab plus bevacizumab) index.*® Sixth, the
categorization of patients into the training and validation co-
horts based on the time of data reporting of the centers may
have introduced bias as a result of changes in baseline char-
acteristics of the cohort. However, we decided not to change
our statistical analysis plan once we knew the results owing to
good scientific practice.

It is an important finding that the CABLE score and the other
here evaluated scores do not perform well at response pre-
diction. This underscores the need for better biomarkers to
sufficiently address this question. While there has been some
success in this regard when considering changes in AFP during
the first weeks of treatment (either alone®”*® or in combination
with ALBI*®), such an approach is not a true response predic-
tion but rather a response assessment using the serum tumor
marker AFP. It also does not enable response prediction before
the initiation of treatment which would be highly desirable and
relevant for future clinical trials focusing on subgroups of pa-
tients with HCC who have a high chance of not responding to
a + b. Therefore, the identification and validation of such pre-
dictive biomarkers remains an unmet medical need in the field
of systemic treatment of HCC and should be pursued with
high priority.

In this large multicenter study, we developed and validated
the CABLE score to predict the individual prognosis of patients
with uHCC undergoing 1L immunotherapy with a + b. To make
the CABLE score usable in daily practice we have launched a
web-based calculator which computes survival probabilities of
this patient group at 6, 12, and 18 months. Further external and
geographically diverse validation is needed to confirm the
performance of the CABLE score and its incremental value
compared with other models, in particular the ALBI score. The
validation studies should also focus on subgroup analysis, for
example in patients with Child-Pugh A. In the future, the CABLE
score may be used for prognostic assessment in clinical
practice and as a stratification tool in clinical trials evaluating
systemic treatments of HCC.
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nosis or Diagnosis; uHCC, unresectable HCC; VEGF, vascular endothelial
growth factor.
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