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Prognosis o1 patients with HCC treated with
Immunotherapy —the CRAFITY score

A simple score based on C-reactive protein (CRP) and alpha-fetoprotein (AFP)
identifies patients with favourable survival

CRAFITY (CRP & AFP in
ImmunoTherapY) score

- AFP 2100 ng/mL: 1 point
- CRP 21 mg/dl: 1 point

$

CRAFITY-low: 0 points
CRAFITY-intermediate: 1 point
CRAFITY-high: 2 points

$

European multicenter study:

- Training cohort:
6 centers — 190 patients

- Validation cohort:
8 centers — 102 patients

Overall survival
according to CRAFITY
score (training cohort)
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- CRAFITY-low: median 27.6 months (95%Cl, 19.5-35.8)
- CRAFITY-intermediate: median 11.3 months (95%ClI, 8.0-14.6)
-- CRAFITY-high: median 6.4 months (95%ClI, 4.8-8.1)

Overall survival
according to CRAFITY
score (validation cohort)
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-+ CRAFITY-low: median 21.7 months (95%ClI, 5.5-38.0)
- CRAFITY-intermediate: median 13.9 months (35%ClI, 7.4-20.4)
-- CRAFITY-high: median 8.4 months (95%ClI, 6.6-10.1)
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Abstract

Background: Immunotherapy with atezolizumab plus bevacizumab represents the
new standard of care in systemic front-line treatment of hepatocellular carcinoma
(HCC). Prognostic biomarkers are an unmet need.

Methods: Patients with HCC put on PD-(L)1-based immunotherapy in 6 European
centers (training set; n=190) and in 8 European centers (validation set; n=102) were
included. We investigated the prognostic value of baseline variables on overall survival
by using a Cox model in the training set and developed the easily applicable CRAFITY
(CRP and AFP in ImmunoTherapY) score. The score was validated in the
independent, external cohort, and evaluated in a cohort of patients treated with
sorafenib (n=204).

Results: Baseline serum alpha-fetoprotein >100 ng/ml (HR, 1.7; p=0.007) and C-
reactive protein >1 mg/dl (HR, 1.7; p=0.007) were identified as independent prognostic
factors in multivariable analysis and were used to develop the CRAFITY score.
Patients who fulfilled no criterion (0 points; CRAFITY-low) had the longest median
overall survival (27.6 (95%CI, 19.5-35.8) months), followed by those fulfilling one
criterion (1 point; CRAFITY-intermediate; 11.3 (95%CI, 8.0-14.6) months), and
patients meeting both criteria (2 points; CRAFITY-high; 6.4 (95%ClI, 4.8-8.1) months;
p<0.001). Additionally, best radiological response (complete response/partial
response/stable disease/progressive disease) was significantly better in patients with
lower CRAFITY score (CRAFITY-low:9%/20%/52%/20% vs. CRAFITY-
intermediate:3%/25%/36%/36% vs. CRAFITY-high:2%/15%/22%/61%; p=0.003).
These results were confirmed in the independent validation set as well as in different

subgroups including Child-Pugh A and B, performance status 0 and 21, and first-line
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and later lines. In the sorafenib cohort, CRAFITY was associated with survival, but not
radiological response.

Conclusions: The CRAFITY score is associated with survival and radiological
response. The score may help with patient counseling, but requires prospective

validation.

Key words: C-reactive protein, alpha-fetoprotein, immune checkpoint inhibitor, liver

cancer

Lay summary:

The immunotherapy based regimen of atezolizumab plus bevacizumab represents the
new standard of care in systemic first-line therapy of hepatocellular carcinoma (HCC).
Biomarkers to predict treatment outcome are an unmet need in patients undergoing
immunotherapy for HCC. We developed and externally validated a score that predicts
outcome in patients with HCC undergoing immunotherapy with immune checkpoint

blockers.
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Introduction

Hepatocellular carcinoma (HCC) is the most common primary liver cancer and usually
develops in patients with underlying liver disease [1]. With sorafenib representing the
only available systemic therapy for roughly a decade, the treatment landscape has
expanded rapidly over the last few years. Beside several tyrosine kinase inhibitors and
a monoclonal antibody against VEGFR-2 being added to the treatment
armamentarium, immunotherapy with immune checkpoint blockers (ICBs) has been
extensively investigated in patients with HCC [2-4]. Nivolumab, pembrolizumab, and
the combination of nivolumab plus ipilimumab have been approved by the United
States Food And Drug Administration (FDA) based on phase Il studies [4], but
nivolumab and pembrolizumab failed to reach their primary endpoints in subsequent
phase Il trials in first- and second-line, respectively [5, 6]. The combination of
atezolizumab with bevacizumab finally succeeded in a phase lll trial versus sorafenib
[7], making this combination the new reference standard in front-line systemic
treatment for the majority of HCC patients [8].

Approximately one-third of patients achieved an objective response with atezolizumab
plus bevacizumab [7], which is almost twice as high as compared to PD-1
monotherapy [5, 6]. Several predictive biomarkers for immunotherapy have been
proposed, including PD-L1 expression [9, 10] and activated Wnt/B-catenin signaling
[11], but currently no validated biomarker exists to guide treatment decisions in HCC
patients undergoing immunotherapy. Exploratory analyses of the CheckMate 040
study demonstrated that an inflammatory gene signature was associated with
response and survival in nivolumab-treated HCC patients [9], suggesting that
inflammatory biomarkers could aid in the identification of patients who benefit from

immunotherapy.
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In the current study, we developed a simple and easily applicable score to predict
treatment success (defined as response or disease stabilization) as well as survival in
patients with HCC undergoing immunotherapy with ICBs, which was validated in an

independent, external cohort.

Patients and methods

Study design and patients

Immunotherapy cohorts:

Patients with histologically or radiologically diagnosed HCC who received anti-PD-
(L)1-based immunotherapy were considered for this retrospective study. Patients who
received immunotherapy in combination with loco-regional therapies or as adjuvant
treatment after curative therapies were excluded. Only patients with available baseline
serum alpha-fetoprotein (AFP) and C-reactive protein (CRP) levels were eligible. The
training set included patients from 6 centers in Austria and Germany that participated
in a previous publication on immunotherapy in HCC [12]. In these patients, PD-(L)1-
targeted immunotherapy was initiated between July 2015 and December 2020. The
validation set included patients from 8 centers in Germany, Italy, and Switzerland in
whom anti-PD-(L)1-based immunotherapy was initiated between August 2015 and
December 2020. Data from some of these centers were published previously [12-14].
The training and the validation set represent patient populations treated within a similar
therapeutic setting and thus, these cohorts are expected to be inherently comparable

in terms of patient and tumor characteristics.

Sorafenib cohort;:
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Patients with HCC in whom sorafenib was initiated between May 2006 and April 2019
at the Medical University of Vienna were included as a non-immunotherapy cohort.
Patients who received combination treatments (e.g., with local ablative
therapy/chemoembolization/SIRT) and patients with insufficient medical records were
excluded. We also excluded patients who received prior or subsequent
immunotherapy. Similar to the immunotherapy cohorts, only patients with available

baseline serum AFP and CRP were eligible.

In all cohorts, data including patient history, laboratory results, and radiological
information were collected retrospectively. The start of immunotherapy or sorafenib
was considered the baseline. The retrospective analysis was approved by the Ethics
Committee of the Medical University of Vienna. Informed consent was waived due to

the retrospective nature of the study.

Assessments

Computed tomography (CT) and/or magnetic resonance imaging (MRI) were
performed at baseline and about every 6 to 12 weeks thereafter in both the training
and validation set. Patients who had at least one radiological follow-up imaging were
evaluated for best radiological response, which was evaluated according to the
modified Response Evaluation Criteria in Solid Tumors (MRECIST) [15]. Disease
control rate (DCR) was defined as the proportion of patients achieving complete/partial
response or stable disease as best radiological response. Laboratory values were
included if obtained at least within 1 month before immunotherapy initiation. If more
than one value was available, the closest to treatment start was chosen; this was

frequently but not always the value obtained at day one of cycle 1.
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Statistics

As this is a retrospective study, no formal sample size calculation was performed,
instead, all available patients fulfilling in- and exclusion criteria were considered for
this study.

Data on baseline characteristics and radiological tumor response were summarized
using descriptive statistics. Chi square test or Fisher's exact test were used to
compare nominal data. Standardized differences were calculated to compare patient
and tumor characteristics between different cohorts [16]. Overall survival (OS) was
defined as the time from start of immunotherapy/sorafenib until death, and patients
who were still alive were censored at the date of last contact. Survival curves were
calculated by the Kaplan-Meier method and compared by means of the log rank test.
Uni- and multivariable analyses were conducted with Cox regression models.
Variables with a p-value <0.05 on univariable analysis were considered for
multivariable analysis. In order to develop an easy-to-apply score, which provides
additional prognostic insight to already well-established factors, the following strategy
was chosen. At first, the functional forms of the effects of continuous variables (in
concrete terms, CRP and AFP) on OS was flexibly assessed with restricted cubic
splines [17]. Based on these results, easy-to-remember cut-off values for AFP and
CRP were chosen which are also compatible with previous publications [18-23]. To
avoid overoptimistic results by developing and testing the score in the same dataset,
we validated the score in an independent, external validation cohort [24, 25].

Internal validation of the model was performed via the bootstrap method.

As overall discrimination measure, the c-statistic for the Cox model by Uno was
applied [26]. We also performed time-dependent area under the receiver operating

characteristic curve analyses and reported the corresponding AUC-values at 12, 24,
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and 36 months (30 months in validation set). Further details on statistical methods for
model validation are specified in the supplement, where also some additional results
can be found.

To assess the potential effect of missing values on radiological tumor response, a
worst case sensitivity analysis was performed, that is, all missing values were
considered as disease progression.

Median estimated follow-up was calculated using the reverse Kaplan-Meier method
[27].

Statistical analyses were performed using IBM SPSS Statistics version 26 (SPSS Inc.,
Chicago, IL), SAS 9.4 (SAS Institute Inc., Cary, NC) and GraphPad Prism 8
(GraphPad Software, Inc., San Diego, CA). A two-sided significance level of 5 percent

was used.

Results

Patient characteristics (training set)

One-hundred and ninety patients receiving anti-PD-(L)1-based immunotherapy were
included in the training set (Figure 1). Baseline characteristics are described in Table
1 and type of immunotherapeutic agents used are shown in Supplemental Table 1.
Immunotherapy was used as systemic first-, second-, or later-line treatment in 82
(43%), 57 (30%), and 51 (27%) patients, respectively. The majority (78%) had
advanced stage HCC and Child-Pugh class A (53%). Median duration of estimated
follow-up was 15.6 (95%CI, 4.2-27.1) months in the whole cohort, and 9.1 (95%ClI,
6.3-11.9) months in first-line patients, 30.8 (95%ClI, 24.1-37.6) months in second-line,

and 31.2 (95%Cl, 26.3-36.2) months in later lines.
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Efficacy (training set)

Median OS was 11.0 (95%CI, 7.1-14.8) months. In univariable analysis, Child-Pugh
stage, performance status, AFP, and CRP were significantly associated with OS
(Table 2) and included in a multivariable model. Beside Child-Pugh stage and
performance status, AFP <100 vs. >100 ng/ml (HR, 1.7 (95%CIl 1.2-2.6) and CRP <1
vs. >1 mg/dl (HR, 1.7 (95%CI 1.2-2.6) remained independent prognostic factors after
multivariable adjustment (Table 2, Supplemental Table 2).

One-hundred and fifty-six (82%) patients with at least one follow-up imaging were
available for radiological tumor response assessment. Overall, seven of them (5%)
achieved complete response (CR) and 32 (21%) subjects had partial response (PR),
resulting in an ORR of 25%. Fifty-seven (37%) patients had stable disease (SD) and
60 (39%) progressed (progressive disease, PD) at first radiological assessment.

In patients receiving immunotherapy as first-line, 2 (3%)/16 (24%)/24 (36%)/24 (36%)
had CR/PR/SD/PD compared to 4 (8%)/9 (18%)/17 (34%)/20 (40%) patients treated
in second-line and 1 (3%)/7 (18%)/16 (40%)/17 (40%) patients undergoing
immunotherapy in later lines. The disease control rate (DCR) was 62% in the whole
cohort, and 64%, 60%, and 60% in patients treated in first-, second- and later lines,

respectively.

The CRAFITY score predicts overall survival in HCC patients undergoing PD-
(L)1-targeted immunotherapy (training set)

Next, we aimed to develop an objective, lab-based score to predict outcome of HCC
patients undergoing immunotherapy. Given that both AFP and CRP were prognostic
factors, independently of Child-Pugh class and ECOG performance status, and that

both had similar regression coefficients (both 0.55) in multivariable analysis, we
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developed a simple score based on those two variables and assigned 1 point for
having an AFP >100 ng/ml and 1 point for having a CRP >1 mg/dl. Thus, a patient
could achieve either 0 (AFP <100 ng/ml and CRP <1 mg/dl), 1 (either AFP >100 ng/mi
or CRP >1 mg/dl), or 2 (AFP >100 ng/ml and CRP >1 mg/dl) points. The resulting
score was named CRAFITY score (CRP and AFP in ImmunoTherapY). Restricted
cubic spline analyses supported the cut-offs for CRP and AFP (Figure 2).

Median OS of patients with 0 points (CRAFITY-low, n=53), 1 point (CRAFITY-
intermediate, n=75), and 2 points (CRAFITY-high, n=62) was 27.6 (95%CI, 19.5-35.8)
months, 11.3 (95%ClI, 8.0-14.6) months, and 6.4 (95%ClI, 4.8-8.1) months (p<0.001)

(Figure 3A).

The CRAFITY score predicts radiological response in HCC patients undergoing
PD-(L)1-targeted immunotherapy (training set)

In patients with at least one follow-up imaging (n=156), CRAFITY score correlated with
better best radiological response, as CR was n= 4/46 (9%) vs. n= 2/64 (3%) vs. n=
1/46 (2%), and PR was n= 9/46 (20%) vs. n= 16/64 (25%) vs. n=7/46 (15%) for
CRAFITY-low vs. CRAFITY-intermediate vs. CRAFITY-high; SD was n=24/46 (52%)
vs. Nn=23/64 (36%) vs. n=10/46 (22%), and PD was n=9/46 (20%) vs. n=23/64 (36%)
vs. n=28/46 (61%) for CRAFITY-low vs. CRAFITY-intermediate vs. CRAFITY-high
(p=0.001). The DCR was 80% vs. 64% vs. 39% for CRAFITY-low vs. CRAFITY-
intermediate vs. CRAFITY-high (p<0.001) (Table 3).

Given that radiological follow-up was not available in 18% of patients, we performed a
worst case scenario analysis assigning all patients without radiological evaluation to
the progressive disease group. While the DCR was lower in all CRAFITY subgroups,

the difference between the subgroups remained unchanged (Supplemental Table 3).
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The CRAFITY score predicts overall survival in an independent external cohort
of HCC patients undergoing PD-(L)1-targeted immunotherapy (validation set)

We next validated our results in an independent cohort of 102 patients treated with
immunotherapy (Figure 1). Baseline characteristics are described in Table 1 and type
of immunotherapeutic agents used are shown in Supplemental Table 1. Median
duration of estimated follow-up was 24.8 (95%CI, 17.4-32.1) months in the overall
cohort, and 9.2 (95%Cl, 5.7-12.8) months in first-line, 31.3 (95%Cl, 24.5-38.0) months
in second-line, and 25.8 (95%CI, 25.3-26.3) months in later lines. Median OS was 13.9
(95%ClI, 10.1-17.7) months in the whole cohort, and 21.7 (95%ClI, 5.5-38.0) months
for CRAFITY-low (n=26), 13.9 (95%CI, 7.4-20.4) months for CRAFITY-intermediate
(n=47), and 8.4 (95%ClI, 6.6-10.1) months for CRAFITY-high (n=29) (p=0.001) (Figure

3B).

The CRAFITY score is associated with radiological response in an independent
external cohort of HCC patients undergoing PD-(L)1-targeted immunotherapy
(validation set)

Ninety (88%) patients had at least one follow-up imaging and were therefore available
for radiological response evaluation (CRAFITY-low vs. CRAFITY-intermediate vs.
CRAFITY-high, n=25/26 vs. n=41/47 vs. n= 24/29). The DCR was n=20/25 (80%) vs.
n=28/41 (68%) vs. 11/24 (46%) for CRAFITY-low vs. CRAFITY-intermediate vs.

CRAFITY-high (p=0.037).

Score validation
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C-statistics for the CRAFITY score in the training as well as in the validation set were
0.62 each. Using time-dependent AUCs, discrimination in the training set was 0.71
(95%CI: 0.62-0.80), 0.69 (95%CI: 0.59-0.80), and 0.62 (95%CI: 0.40-0.84) at 12, 24,
and 36 months. Results of time-dependent AUCs were comparable for the validation
set (Supplemental Figure 1, Supplemental Material).

When comparing the Cox-model fit with Kaplan-Meier plots, good agreement
(calibration) between the predictions from the model to the observed survival
probabilities was observed; the respective figures for the training as well as the
validation set are displayed in the Supplemental material (Supplemental Figure 2).
Further information on the overall performance of the CRAFITY score in the training
as well as the validation set can be found in the Supplemental material.

Internal bootstrap validation generated consistent results and confirmed the overall

performance (Supplemental material).

The CRAFITY score predicts outcome in different subgroups (pooled set)

In order to increase the number of patients for exploratory subgroup analyses, we
pooled the training and validation set (n=292).

In the pooled cohort, the median OS was 27.5 (95%CI, 16.9-38.2) months for
CRAFITY-low (n=79), 13.5 (95%CI, 11.0-16.1) months for CRAFITY-intermediate
(n=122), and 6.9 (95%CI, 5.4-8.4) months for CRAFITY-high (n=91) (Figure 3C).

In Child-Pugh A patients, median OS was 31.3 (95%CI, 20.7-41.8) months for
CRAFITY-low (n=54), 21.5 (95%CI, 5.0-38.0) months for CRAFITY-intermediate
(n=75), and 11.0 (95%CI, 0.0-21.9) months for CRAFITY-high (n=44) (p<0.001).

Similarly, in Child-Pugh B patients, median OS was 21.8 (95%ClI, 15.1-28.5) months
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for CRAFITY-low (n=23), 7.6 (95%CI, 1.9-13.4) months for CRAFITY-intermediate
(n=40), and 6.4 (95%CI, 4.3-8.6) months for CRAFITY-high (n=37) (p=0.003).

In patients who received immunotherapy as first-line, median OS was 27.6 (95%Cl,
11.7-43.6) months for CRAFITY-low (n=34), 11.1 (95%CI, 2.4-19.9) months for
CRAFITY-intermediate (n=52), and 4.8 (95%CI, 2.5-7.1) months for CRAFITY-high
(n=31) (p<0.001). In patients who underwent immunotherapy in second-line, median
OS was 31.3 (95%Cl, 17.4-45.2) months for CRAFITY-low (n=25), 13.9 (95%ClI, 7.7-
20.2) months for CRAFITY-intermediate (n=46), and 6.8 (95%CI, 2.3-11.3) months for
CRAFITY-high (n=30) (p<0.001). Similarly, in patients treated with immunotherapy in
later lines, median OS was 19.6 (95%CI, 10.6-28.6) months for CRAFITY-low (n=20),
13.4 (95%CI, 4.6-22.3) months for CRAFITY-intermediate (n=24), and 8.6 (95%ClI,
7.4-9.8) months for CRAFITY-high (n=30) (p=0.036).

Comparable results were also obtained in further subgroups including patients with
viral and non-viral etiology, age <65 and >65 years, ECOG PS 0 and >1, absence and
presence of macrovascular invasion, and absence and presence of extrahepatic
metastases (Figure 4, Supplemental Table 4 and 5). Two-hundred and forty-six (84%)
patients were available for assessment of radiological response. Disease control rates
for different subgroups are displayed in Supplementary Table 4. Results of 20 patients

with BCLC stage D are shown in the Supplementary Results.

Performance of CRAFITY score in a sorafenib-treated cohort of patients with
HCC

We next investigated the CRAFITY score in an independent cohort of 204 patients in
whom sorafenib was initiated between May 2006 and April 2019. Baseline

characteristics are described in Supplemental Table 6.
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Median duration of estimated follow-up was 58.9 (95%CI, 39.9-77.9) months and
median OS was 8.2 (95%CIl, 6.5-10.0) months. One-hundred and forty-one (69%)
patients had at least one follow-up imaging and were therefore available for
radiological response assessment.

While the CRAFITY score was associated with survival, it failed to predict DCR in
sorafenib-treated patients. Median OS was 18.3 (95%CI, 12.2-24.3) months for
CRAFITY-low (n=47), 7.9 (95%CI, 6.1-9.7) months for CRAFITY-intermediate (n=90),
and 4.6 (95%Cl, 3.0-6.1) months for CRAFITY-high (n=67) (p<0.001) (Figure 3D). The
DCR was n=13/35 (37%) vs. n=40/65 (62%) vs. 15/41 (37%) for CRAFITY-low vs.
CRAFITY-intermediate vs. CRAFITY-high.

Direct comparison between patients with BCLC A-C treated with sorafenib or
immunotherapy in systemic first-line revealed that median OS was longer and DCR
was higher in immunotherapy-treated patients within the CRAFITY-low/intermediate
group, while there was no substantial difference between sorafenib- and
immunotherapy-treated patients within CRAFITY-high (details are outlined in the

Supplemental results and Supplemental Table 7).

Discussion

In the current work, we developed a simple, easily applicable score — based on the
two serum parameters AFP and CRP - that predicts likelihood of immunotherapy
success and improved survival in patients with advanced HCC who received ICBs.
Accordingly, in contrast to patients with an AFP of 100ng/mL or higher and a CRP of
1mg/dL or higher, patients who fulfilled none of these criteria had an excellent disease
control rate and survival; patients who fulfilled only one criterion still had an improved

outcome. These results were confirmed in an independent, external validation cohort
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of HCC patients treated with ICBs. While the score was also prognostic in HCC
patients treated with sorafenib, it was not able to predict DCR.

Both AFP and CRP are well known prognostic factors in HCC and have been
incorporated in different prognostic models [18, 19, 28-32]. Notably, our score was not
only associated with survival but also with achieving radiological disease control
(response or stabilization) with ICBs. Achieving disease stabilization or response can
be considered a treatment success since both are associated with improved survival
rates compared to patients having progressive disease as best radiological response
[33, 34]. In our study, progressive disease was observed in 39% of patients at first
radiological assessment which is comparable to phase Ill studies testing PD-1-
targeted monotherapy in first- (37%)[6] or second-line (32%)[5], but higher compared
to the IMbravel50 trial testing the combination of atezolizumab and bevacizumab
(20%) [34]. This might be due to the fact that the majority of our patients received anti-
PD1-monotherapy in second- or later lines.

There is a good rationale for the combined use of AFP and CRP to predict outcome of
patients with HCC undergoing immunotherapy. Inflammation — a hallmark of cancer —
contributes to tumorigenesis and cancer progression [35]. CRP is an acute phase
protein and a well-accepted marker of cancer-induced systemic inflammation, a
condition which is clinically often reflected in cancer symptoms such as anorexia,
weight loss, and fatigue [36-38]. In the local tumor microenvironment, inflammation
has several tumor-promoting effects, including fostering of cancer cell proliferation,
metastatic seeding, angiogenesis, as well as inhibition of adaptive immunity [39]. CRP
has also been directly linked to tumor progression. In myeloma studies, CRP
enhanced cell proliferation and prevented chemotherapy-induced apoptosis [40].

Moreover, interleukin-6 — a main inducer of CRP - is associated with
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hepatocarcinogenesis and development of liver metastases from other cancer types
[41-43].

More recent evidence links CRP to tumor immunosuppression. CRP suppresses
proliferation and effector functions of activated CD4+ and CD8+ T cells from
melanoma patients, reduces the expression of co-stimulatory signals on mature
dendritic cells (DC), and inhibits the expansion of MART-1 antigen specific CD8+ T
cells [44]. CRP also promotes expansion of myeloid derived suppressor cells [45]. In
lung cancer patients, high CRP was associated with PD-L1 positivity [46].

By exerting these immunosuppressive effects, CRP may impair the efficacy of
immunotherapy. Indeed, several studies reported that elevated baseline CRP levels
were associated with reduced response rates and/or shorter survival in ICB-treated
patients with different tumor types, including non-small cell lung cancer and melanoma
[44, 47-49].

AFP is a widely used serum biomarker in the management of HCC and the only
biomarker to guide treatment decisions in HCC [20, 50]. Beside promoting tumor
growth, partly by inhibition of apoptosis [20, 51], AFP may also hinder anti-tumor
immunity as it suppresses proliferation of T lymphocytes, inhibits natural killer cell
activity and DC differentiation, and increases the activity of T suppressor cells [20, 52,
53].

Moreover, emerging evidence suggests that AFP is also associated with up-regulation
of VEGF signaling [54, 55]. VEGF is not only a main regulator of angiogenesis but also
fosters an immunosuppressive tumor microenvironment by inhibiting function and
maturation of effector T cells and antigen-presenting cells, promoting infiltration of
immunosuppressive cell types, and up-regulating immune checkpoint molecules (i.e.,

PD-1) [4, 56]. Together, these data indicate that both CRP and AFP affect tumor cells
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either directly or indirectly via modulation of the tumor microenvironment and promote
an immunosuppressive milieu that may hamper the efficacy of immunotherapy.

We want to acknowledge the retrospective design as a limitation of the study, which
prevented scheduled radiological assessment. Thus, to ultimately evaluate the
CRAFITY score as a predictor of radiological response, a prospective cohort with
predefined and homogeneous imaging assessments is required. The CRAFITY score
was developed in patients with mainly intermediate-advanced HCC not amenable to
surgical or loco-regional therapies, however the cohort was heterogeneous in terms
of liver function, treatment line, and type of immunotherapy potentially leading to a
selection bias. For instance, some patients received ICBs in third or even later lines of
systemic treatment which could reflect selection of tumors with a less aggressive
tumor biology. Moreover, some patients had advanced or decompensated liver
cirrhosis who, by nature, have a poorer outcome and thus, are usually excluded from
clinical trials. Nevertheless, they are often treated in real-life practice. To account for
a potential selection bias, we included these and other relevant variables as candidate
covariates in our multivariable modelling strategy and successfully assessed our score
in several subgroups of interest. Additionally, CRP is associated with increased
cardiovascular events [57], which may represent a competing risk, especially in
patients with metabolic-associated liver disease. Even though we demonstrated that
the CRAFITY score was only prognostic for OS but not predictive for DCR in the
sorafenib group, these analyses do not replace a true control group. Finally, in phase
[l randomized controlled immunotherapy trials [5-7], AFP was not associated with a
lack of immunotherapy efficacy versus control group. Our data suggest that high AFP

and CRP are associated with worse outcome, however, this does not equal lack of
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efficacy. Therefore, immunotherapy should not be withheld just because of high AFP
or CRP.

In conclusion, we developed an externally validated score combining AFP and CRP —
both known to promote immunosuppression — that predicts outcome of patients
undergoing immunotherapy for HCC, independently of Child-Pugh class and
performance status. Since the CRAFITY score is based on two lab values ubiquitously
available, it is objective and widely applicable. The score could aid in the selection of
patients for clinical trial inclusion and support decision-making in daily clinical practice.
The score warrants prospective validation in a large clinical study, ideally with an

active control not treated with immunotherapy.
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Tables

Table 1 Baseline characteristics of the training and validation cohort

Training set,

n=190 (100%)

Validation set,

n=102 (100%)

Standardized

differences

Age (years), | 66.2+10.4 64.6+11.9

0.143
meanxSD
Sex
Male 153 (81%) 83 (81%)

-0.022
Female 37 (19%) 19 (19%)
Etiology
Viral 55 (29%) 39 (38%)

-0.198
Non-viral 135 (71%) 63 (62%)
Child-Pugh stage
A 101 (53%) 72 (71%)

Avs. B/C
B 72 (38%) 28 (28%)

-0.365
C 17 (9%) 2 (2%)
ECOG PS
0 88 (46%) 46 (45%)

0.024
>1 102 (54%) 56 (55%)
Prior treatment 149 (78%) 82 (80%) -0.049
Immunotherapy as
systemic
First-line 82 (43%) 35 (34%) First-vs. second-/later-
Second-line 57 (30%) 44 (43%) line
Later-line 51 (27%) 23 (23%) 0.182
Macrovascular 77 (41%) 33 (32%)

0.170
invasion
Extrahepatic 85 (45%) 55 (54%)

-0.184

metastasis




BCLC stage

A 2 (1%) -
B 21 (11%) 12 (12%) A/B vs. C/D
C 149 (78%) 88 (86%) 0.011
D 18 (10%) 2 (2%)
Alpha-Fetoprotein
<100 ng/ml 93 (49%) 56 (55%)

-0.119
>100 ng/ml 97 (51%) 46 (45%)
C-reactive protein
<1 mg/di 88 (46%) 43 (42%)

0.084
>1 mg/di 102 (54%) 59 (58%)

Abbreviations: BCLC, Barcelona-Clinic Liver Cancer; ECOG PS, Eastern Cooperative

Oncology Group Performance Status.




Table 2 Univariable and multivariable analyses of prognostic factors for overall survival in the

training cohort

Univariable Multivariable

HR (95%CIl) | p-value | HR (95%CIl) | p-value
Etiology Viral vs. non-viral 1.3(0.8-2.0) | 0.245
Immunotherapy | 15-/2M-line vs. later-line | 0.8 (0.5-1.3) | 0.393
line
Child-Pugh Avs. BIC 2.9(1.9-42) |<0.001 |2.3(1.5-3.4) | <0.001
class
ECOG PS 0vs. >1 2.6 (1.7-3.8) | <0.001 |2.1(1.4-3.2) |<0.001
Macrovascular Absent vs. present 1.3(0.9-1.8) | 0.241
invasion
Extrahepatic Absent vs. present 0.9 (0.6-1.3) | 0.532
metastases
Alpha- <100 vs. >100 ng/ml 2.0(1.3-2.9) | 0.001 1.7 (1.2-2.6) | 0.007
Fetoprotein
C-reactive <1 vs. >1 mg/di 2.1(1.4-3.1) | <0.001 1.7 (1.2-2.6) | 0.007
protein

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status.




Table 3 Efficacy according to CRAFITY score in the training set

CRAFITY CRAFITY CRAFITY
low, n=53 intermediate, | high, n=62
n=75
Overall survival p<0.001
Median (95%Cl), | 27.6  (19.5- | 11.3 (8.0-14.6) | 6.4 (4.8-8.1)
months 35.8)
HR (95%CI) 0 2.0 (1.1-3.4) 3.6 (2.1-6.2)
Best radiological p=0.001
response*
Complete/partial 13 (28%) 18 (28%) 8 (17%)
response
Stable disease 24 (52%) 23 (36%) 10 (22%)
Progressive disease 9 (20%) 23 (36%) 28 (61%)
Disease control* p<0.001
Yes (CR/PR/SD) 37 (80%) 41 (64%) 18 (39%)
No (PD) 9 (20%) 23 (36%) 28 (61%)

Abbreviations: CR, complete response; PD, progressive disease; PR, partial

response; SD, stable disease.

* 156 of 190 (82%) patients had at least one follow-up imaging and were

evaluable
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Figures

Figure 1. Patient flowchart.

Abbreviations: TACE, transarterial chemoembolization.

Figure 2. Restricted cubic spline analyses for CRP and AFP.

(A) Log hazard ratio function and 95 % pointwise confidence band estimated by a
restricted cubic spline function for quantifying the effect of logio(CRP) on overall
survival. Smaller log hazard ratios indicate better survival. A reference value of 1 mg/d|
was used (that is a value of O on the decadic log-scale). The 5 spline knots where
placed at -0.854, -0.310, 0.059, 0.403, and 0.879, which corresponds to the 5th, 27.5th,

50th, 72.5th and 95th percentile of the logio(CRP)-distribution, respectively.

(B) Log hazard ratio function and 95 % pointwise confidence band estimated by a
restricted cubic spline function for quantifying the effect of logi0(AFP) on overall
survival. Smaller log hazard ratios indicate better survival. A reference value of 100
ng/ml was used (that is a value of 2 on the decadic log-scale). The 5 spline knots where
placed at 0.255, 1.053, 2.102, 3.093, and 4.726, which corresponds to the 5th, 27.5th,

50th, 72.5th and 95th percentile of the logio(AFP)-distribution, respectively.

Abbreviations: CRP, C-reactive protein; AFP alpha-fetoprotein.

Figure 3. Kaplan-Meier survival curves according to CRAFITY score. Overall survival
according to CRAFITY points in the training cohort (A), validation cohort (B), pooled

cohort (C), and sorafenib cohort (D).



Figure 4. Median overall survival (OS) and hazard ratios for death comparing
CRAFITY categories (0 vs. 2 and 1 vs. 2 points) in different subgroups in the pooled

immunotherapy cohort.

* Including patients who received combination of PD-(L)1-targeted immunotherapy
and VEGF-targeted agents.
Abbreviations: CI confidence interval; ECOG, Eastern Cooperative Oncology Group

Performance Status; mOS, median overall survival; MVI, macrovascular invasion;

NE, not evaluable.



Centers (in alphabetical order):

1. Training cohort: Frankfurt (DE), Hamburg (DE), Hanover (DE), Klagenfurt
(AT), Mainz (DE), Vienna (AT)

2. Validation cohort: Bellinzona (CH), Bern (CH), Cologne (DE), Esslingen (DE)
Mannheim (DE), Milan (IT), Tuebingen (DE), Zurich (CH)

Training cohort Validation cohort
Reasons for exclusion n=193 n=197
Concomitant TACE n;O n=;Ll
AFP / CRP not available n=.3 n=é4
Patients included in this study n=190 n=1I02




Highlights:

Baseline serum alpha-fetoprotein >100 ng/ml and C-reactive protein >1 mg/dl
were independently associated with worse overall survival in patients with
hepatocellular carcinoma (HCC) treated with immune checkpoint blockers (ICB)
A score based on these two variables predicts disease control rate and overall
survival in HCC patients treated with ICB-based systemic therapies

The score was validated in an independent cohort of patients with HCC who
received ICB-based systemic therapies

In HCC patients treated with sorafenib, the score was prognostic for overall

survival but not predictive for disease control rate



