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Abstract: Biomarkers for predicting the treatment efficacy of immune checkpoint inhibitor (ICl)-based therapy in
patients with unresectable hepatocellular carcinoma (UHCC) are crucial. Previous studies demonstrated that C-
reactive protein and alpha-fetoprotein (AFP) in immunotherapy (CRAFITY) score at baseline predicted treatment
outcomes and that patients with uHCC with AFP response, defined as > 15% decline in AFP level within the initial 3
months of ICl-based therapy, had favorable outcomes when receiving ICI-based therapy. However, whether the com-
bination of CRAFITY score and AFP response could be used to predict treatment efficacy of programmed death-1
(PD-1) blockade-based therapy in UHCC patients remains unclear. We retrospectively enrolled 110 consecutive
UHCC patients from May 2017 to March 2022. The median ICI treatment duration was 2.85 (1.67-6.63) months,
and 87 patients received combination therapies. The objective response and disease control rates were 21.8% and
46.4%, respectively. The duration of progression-free survival (PFS) and overall survival (OS) was 2.87 (2.16-3.58)
months and 8.20 (4.23-12.17) months, respectively. We categorized patients into three groups based on CRAFITY
score (2 vs 0/1) and AFP response: patients with a CRAFITY score of O/1 and AFP response (Group 1), those with a
CRAFITY score of 2 and no AFP response (group 3), and those who did not belong to Group 1 and 3 (i.e., Group 2).
The combination of CRAFITY score and AFP response could predict disease control and could predict PFS compared
with CRAFITY score or AFP response alone. The combination of CRAFITY score and AFP response was an indepen-
dent predictor of OS (Group 2 vs Group 1, HR: 4.513, 95% Cl 1.990-10.234; Group 3 vs Group 1, HR: 3.551, 95%
Cl 1.544-8.168). Our findings indicated that the combination of CRAFITY score and AFP response could predict
disease control, PFS, and OS in uHCC patients receiving PD-1 blockade-based immunotherapy.
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Introduction hepatitis C virus (HCV)-endemic areas, includ-

ing Southeast Asia [1]. Many patients have
Hepatocellular carcinoma (HCC) is one of the unresectable HCC (UHCC) at the time of HCC
most common malignancies and the leading diagnosis [2], and immune checkpoint inhibi-
cause of cancer-related death worldwide. Its tors (ICls) have become part of the standard

incidence is higher in hepatitis B virus (HBV)- or therapy against uHCC [3, 4].


http://www.ajcr.us

CRAFITY score and AFP response predicts treatment outcomes of PD-1 based therapy

In a randomized multicenter phase 3 trial for
patients with advanced HCC (CheckMate 459),
the median overall survival (0S) was 16.4
months in the nivolumab group and 14.7
months in the sorafenib group (hazard ratio
[HR] 0.85, P = .075) [5]. Although first-line
nivolumab therapy did not significantly im-
prove OS compared with sorafenib, nivolumab
had an acceptable objective response rate
(ORR, rate of complete response [CR] and par-
tial response [PR]) (15.4%) and a favorable
safety profile [5]. In a branch cohort of the
CheckMate 040 study, patients with previous
sorafenib-treated advanced HCC who were
administered a combination of nivolumab (1
mg/kg) and ipilimumab (3 mg/kg) exhibited
a longer median OS of 22.8 months [6].
Pembrolizumab also demonstrated antitumor
activity; the median OS was 13.9 months in the
pembrolizumab group and 10.6 months (HR
0.781, P =.0238) in the control group. However,
immunotherapy did not reach statistical signifi-
cance per prespecified criteria [7]. Combining a
tyrosine kinase inhibitor (TKI) and an immuno-
therapeutic agent, such as lenvatinib plus pem-
brolizumab [8, 9] and lenvatinib plus nivolumab
[10], has yielded promising results.

Objective, reproducible, and applicable bio-
markers are required to predict the treatment
efficacy of ICl-based therapy in patients with
uHCC. Patients with uHCC who exhibited a
decline (> 10%-20%) in serum alpha-fetopro-
tein (AFP) level within the initial 4, 12, or 18
weeks of ICl therapy have favorable outcomes
[11-14]. We previously demonstrated that AFP
response-defined as a decline of > 15% in AFP
level within the initial 3 months of ICI therapy-
could predict disease control, progression-free
survival (PFS), and OS in patients with uHCC
receiving ICl monotherapy or combination ther-
apy [15]. However, serial serum AFP levels need
to be measured until 12 or 18 weeks after
ICl initiation. Scheiner et al. indicated that the
C-reactive protein (CRP) and AFP in immuno-
therapy (CRAFITY) score at baseline could pre-
dict treatment outcomes in patients receiving
ICI therapy [16]. However, whether the combi-
nation of CRAFITY score and AFP response can
be used to predict the treatment efficacy of pro-
grammed death (PD)-1 blockade-based immu-
notherapy in patients with uHCC remains
unclear.

In this study, we investigated whether the com-
bination of CRAFITY score and AFP response
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(CRAFITY/AFPr) can predict treatment respon-
se, including disease control, PFS, and OS, in
patients with uHCC receiving PD-1 blockade-
based immunotherapy.

Patients and methods
Patients

In this retrospective study, we enrolled 192
consecutive patients with uHCC who received
at least one dose of nivolumab or pembrolizum-
ab at China Medical University Hospital or Asia
University Hospital in central Taiwan between
May 2017 and March 2022. Patients with ter-
minal HCC (Barcelona Clinic Liver Cancer
[BCLC] stage D, n = 17), history of malignant
cancer other than HCC, missing data showing a
decline in AFP level (n = 28), no baseline CRP
level (n = 58), liver transplantation, or HIV infec-
tion were excluded. Patients might have met
more than one exclusion criterion. Of the 110
patients included in the final analysis, 93 had
evaluable radiological imaging; 13 died and 4
were lost to follow-up before the first radiologi-

cal assessment (Supplementary Figure 1).

Baseline hematologic and biochemical data,
comorbidities, virological features, and tumoral
characteristics were recorded. AFP Kkinetics
were determined using the maximal difference
between AFP levels at baseline and 4, 8, or 12
weeks after ICI initiation. AFP response was
defined as a decline of > 15% in AFP level with-
in the initial 3 months of ICI therapy [15].
Information regarding combination therapies
with ICls, including TKls and locoregional thera-
pies, such as radiofrequency ablation (RFA),
transarterial chemoembolization (TACE), and
liver radiotherapy, were recorded. This study
was performed in accordance with the 1975
Declaration of Helsinki and approved by
the Research Ethics Committee of China
Medical University Hospital, Taichung, Taiwan
(CMUH108-REC3-140). Each patient’s identifi-
cation number was encrypted to protect their
privacy; thus, the need for informed consent
was waived.

ICl and TKI doses, locoregional therapies,
tumor assessment, and safety

The doses of sorafenib and lenvatinib were
400-800 mg and 8-12 mg per day, respective-
ly, and that of regorafenib was 80 mg per day or
120-160 mg per day for the first 21 days of
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each 28-day cycle. The doses of ICIs were
administered (2-3 mg/kg every 2 weeks for
nivolumab and every 3 weeks for pembrolizum-
ab) per the protocols of previous studies [15].
Concurrent TKI therapy was defined as the
combination of an ICI and a TKI for > 7 days.
Three patients received real-time ultrasound-
guided RFA (Covidien, Dublin, Ireland) for viable
tumors (1.3-2.0 cm in size) 10-160 days after
initiating nivolumab therapy. Patients with HCC
with Child-Pugh class A or B and patent main
portal vein or main portal vein thrombosis with
cavernous transformation were eligible for
TACE. Combined radiotherapy was defined as
overlapping ICI therapy with liver radiotherapy.
The detailed procedures of TACE [17] and liver
radiotherapy [18] have been described pre-
viously.

Tumor response was evaluated through dynam-
ic computed tomography or magnetic reso-
nance imaging every 8-12 weeks according to
the modified Response Evaluation Criteria in
Solid Tumors (mMRECIST) [19]. Patients with
objective response were defined as those with
CR or PR, and patients with disease control
were defined as those with CR, PR, or stable
disease (SD). Safety was evaluated according
to the National Cancer Institute Common
Terminology Criteria for Adverse Events Version
4.03.

Laboratory tests

Complete blood count analyses (Sysmex HST
series, Kanagawa, Japan) and biochemistry
tests (Beckman Coulter, Brea, CA, USA) were
performed in the central laboratory of the hos-
pitals. HBV infection was defined as the pres-
ence of serum hepatitis B surface antigen for >
6 months, and HCV infection was defined
as the presence of serum anti-HCV antibody for
> 6 months and detectable HCV RNA. Liver
cirrhosis was defined according to unequivo-
cal clinical, ultrasonographic, or histological
analysis.

Statistical analysis

Continuous variables are presented as median
(interquartile range), PFS and OS are presented
as median (95% Cl), and categorical variables
are presented as frequency (percentage). Be-
tween-group comparisons of continuous vari-
ables were performed using the Mann-Whitney
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U test. Logistic regression analysis was per-
formed to identify factors associated with dis-
ease control, and Cox regression analysis was
performed to identify variables associated with
PFS or OS. Variables with P < .20 in the univari-
ate analysis were subjected to multivariate
logistic or Cox regression analysis to deter-
mine their association with disease control,
PFS, or 0S, in accordance with the convention-
al approach proposed previously [20]. The pre-
dictive performance of CRAFITY score or AFP
response alone or their combination for OS was
examined using an area under the receiver
operating characteristic curve (AUROC) analy-
sis using the DelLong test. Kaplan-Meier analy-
sis with the log-rank test was used to compare
PFS and OS between patient subgroups. The
formula of total tumor volume (TTV) was (4/3) x
3.14 x (radius of the tumor in cm)® [21]. All sta-
tistical analyses were conducted using SPSS
v25.0 (IBM Corp., Armonk, NY, USA). Statistical
significance was defined as two-sided P < .05.

Results
Baseline characteristics

Of the 175 patients eligible for investigation,
65 were excluded. The excluded patients had
a lower platelet count; a lower proportion
of alcohol consumption, macrovascular inva-
sion (MVI); and a higher proportion of diabetes
mellitus (DM); longer median 0S (23.23
[16.00-30.47] months vs 8.20 [4.23-12.17]
months, P = .010). The enrolled and excluded
patients received a similar duration of ICI ther-
apy and proportion of concurrent therapy
(Supplementary Table 1).

The median age of the enrolled patients was
64.5 (54.6-72.4) years, and 94 of 110 (85.5%)
patients were men. In total, 35 (31.8%), 62
(56.4%), 27 (24.5%), and 29 (26.4%) patients
drank alcohol, had HBV infection, had HCV
infection, and had DM, respectively. The medi-
an neutrophil-to-lymphocyte ratio (NLR), ala-
nine aminotransferase (ALT) level, and AFP
level were 5.34 (3.01-8.28), 35 (23-57) U/L,
and 126.48 (12.25-5056.00) ng/mL, respec-
tively. The median Child-Pugh score was 6 (5-
7). Among the enrolled patients, 6 (5.5%), 16
(14.5%), and 88 (80.0%) had BCLC stages A, B,
and C, respectively. The maximum tumor size
was 4.7 (2.7-9.7) cm, and TTV was 740.4
(143.1-5339.6) cm?. Extrahepatic metastasis
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(EHM) and MVI were observed in 61 (55.5%)
and 65 (59.1%) patients, respectively. App-
roximately one-third of the patients (n = 35,
31.8%) received ICIs as the first-line systemic
therapy. Most patients received combination
therapies (n = 87, 79.1%), and 76 (69.1%)
patients received an ICI-TKI combination, with
sorafenib being the most frequent TKI adminis-
tered in the combination (n = 43, 39.1%). A
total of 14 (12.7%) and 20 (18.2%) patients
received ICls combined with TACE and liver
radiotherapy, respectively, for HCC (Table 1).

Therapeutic response

The median treatment duration of ICls was
2.85 (1.67-6.63) months. Seventeen patients
did not undergo radiological imaging; among
them, 13 (11.8%) died before evaluation, and 4
(3.6%) were lost to follow-up because of treat-
ment-related adverse events (TRAESs). In all, 7
(6.4%), 17 (15.5%), 27 (24.5%), and 59 (53.6%)
patients had CR, PR, SD, and progressive dis-
ease (PD), respectively. The ORR and disease
control rate (DCR, rate of CR + PR + SD) were
21.8% (24/110) and 46.4% (51/110), respec-
tively. The duration of PFS and OS was 2.87
(2.16-3.58) and 8.20 (4.23-12.17) months,
respectively (Figures 2A, 3A; Table 1).

Only 16 patients had a CRAFITY score of 0, so
we combined patients with a CRAFITY score of
0 or 1 into one subgroup. The patients with a
CRAFITY score of O or 1 had lower aspartate
aminotransferase (AST), ALT, and AFP levels; a
lower proportion of HBV infection; a lower Child-
Pugh score; a smaller maximal tumor size and
TTV; and a longer median PFS and OS than
those with a CRAFITY score of 2 (Table 1).

Approximately two-thirds of the patients (n =
74, 67.3%) experienced at least one TRAE of
any grade, with 26 experiencing grade > 3
TRAESs: hepatitis (n = 12), dermatitis (n = 5),
pneumonitis (n = 4), fatigue (n = 3), hand-foot
syndrome (n = 3), colitis (n = 2), fever (n = 1),
and gastric necrosis (n = 1). Some patients
experienced more than one grade > 3 TRAE.
Five and two patients died from the severe
TRAEs of hepatitis and pneumonitis, respec-

tively (Supplementary Table 2).

AFP response and CRAFITY/AFPr are indepen-
dent predictors of disease control

Among the 93 patients with radiological imag-
ing data, univariate logistic regression analysis
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identified MVI, NLR (> 3.0 vs < 3.0), and AFP
response as factors associated with disease
control. Multivariable logistic regression analy-
sis indicated that AFP response (odds ratio
[OR]: 7.177, 95% Cl: 2.504-20.573) was an
independent predictor of disease control
(multivariable analysis 1, Supplementary Table
3). CRAFITY score was not a predictor of dis-
ease control in univariate (P = .282) or multi-
variable analysis (P = .793).

We categorized the patients into three groups
based on CRAFITY score (2 vs O/1) and AFP
response: patients with a CRAFITY score of O or
1 and AFP response (Group 1); patients with a
CRAFITY score of 2 and AFP response or
patients with a CRAFITY score of O or 1 and no
AFP response (Group 2); patients with a CRA-
FITY score of 2 and no AFP response (Group 3,
Figure 1). The CRAFITY/AFPr was associated
with disease control in univariate logistic
regression analysis (Group 3 vs Group 1, OR:
0.083, 95% CI: 0.022-0.320, P < .001).
Multivariable logistic regression analysis using
CRAFITY/AFPr instead of either parameter
alone revealed that the combination was an
independent predictor of disease control
(Group 3 vs Group 1, OR: 0.136, 95% CI:
0.032-0.576, P = .007; multivariable analysis

2, Supplementary Table 3).
CRAFITY/AFPr can predictor PFS

Univariate Cox regression analysis revealed
that alcohol consumption, grade 1-2 TRAEs,
TTV (> 1000 vs <1000 cm?3), MVI, NLR (> 3.0 vs
< 3.0), Child-Pugh class (B vs A), AFP response,
CRAFITY score (2 vs 0/1), CRAFITY/AFPr (Group
2 vs Group 1, HR: 2.342, 95% Cl: 1.311-4.185,
P =.004; Group 3 vs Group 1, HR: 4.905, 95%
Cl: 2.521-9.541, P < .001), combination thera-
py (including combined ICI therapy with TKiIs,
RFA, TACE, or liver radiotherapy vs ICI mono-
therapy), and disease control were significantly
associated with PFS among the 110 enrolled
patients. Multivariable Cox regression analysis
indicated that MVI (HR: 1.823, 95% CI: 1.003-
3.316), EHM (HR: 1.663, 95% CI: 1.015-2.727),
combination therapy (HR: 0.458, 95% CI:
0.247-0.852), and disease control (HR: 0.087,
95% Cl: 0.040-0.190) were independent pre-
dictors of PFS (multivariable analysis 1, Table
2). BCLC stage was not analyzed as a variable
because most patients had BCLC stage C (n =
80, 84.2%), which confounded with MVI and
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Table 1. Patient demographics, baseline characteristics, and therapeutic response

Character All CRAFITY score O or 1 CRAFITY score 2 Pvalue
(n=110) (n=57) (n=53)
Age (years) 64.5 (54.6-72.4) 65.0 (55.8-72.2) 63.8 (51.0-74.1) AT5
Sex (male), n (%) 94 (85.5) 49 (86.0) 45 (84.9) .875
Body mass index (kg/m?) 23.43 (20.96-26.72) 23.54 (21.12-27.05) 23.31 (20.71-26.50) .647
NLR 5.34 (3.01-8.28) 5.18 (2.70-7.80) 5.34 (3.22-8.59) 327
Platelet count (x 10%/L) 174 (109-251) 178 (105-256) 168 (117-252) 914
AST (U/L) 48 (32-92) 41 (25-65) 69 (39-118) <.001
ALT (U/L) 35 (23-57) 35 (19-55) 43 (27-61) .036
Total bilirubin (mg/dL) 0.97 (0.66-1.60) 0.90 (0.67-1.20) 1.28 (0.60-1.92) .099
Albumin (g/dL) 3.6 (3.3-4.0) 3.7(3.34.1) 3.5(3.2-3.9) 106
INR 1.06 (1.01-1.17) 1.05 (0.99-1.18) 1.07 (1.03-1.16) .364
Etiology
Alcohol 35(31.8) 16 (28.1) 19 (35.8) .384
HBV 62 (56.4) 26 (45.6) 36 (67.9) .019
HCV 27 (24.5) 17 (29.8) 10 (18.9) 184
Diabetes mellitus 29 (26.4) 16 (28.1) 13 (24.5) .675
Liver cirrhosis 84 (76.4) 40 (70.2) 44 (83.0) 115
Child-Pugh score 6 (5-7) 5 (5-7) 6 (5-8) .007
Child-Pugh class A 72 (66.1) 42 (73.7) 30 (57.7)
Child-Pugh class B 37 (33.9) 15 (26.3) 22 (42.3)
ALBI grade .072
1 33(30.6) 20(35.1) 13 (25.5)
2 67 (62.0) 36 (63.2) 31 (60.8)
3 8(7.4) 1(1.8) 7(13.7)
AFP (ng/mL) 126.48 (12.25-5056.0) 13.42 (3.01-57.72) 3406.0 (526.43-54000) <.001
BCLC stage 481
A 6 (5.5) 3(5.3) 3(5.7)
B 16 (14.5) 10 (17.5) 6(11.3)
C 88 (80.0) 44 (77.2) 44 (83.0)
Max. tumor size (cm) 4.7 (2.79.7) 4.0 (2.3-8.2) 6.83 (3.79-11.09) .003
Total tumor volume (cm?) 740.4 (143.1-5339.6) 382.5(76.7-2378.2) 2242.0 (426.2-6413.7) .001
MvIe 65 (59.1) 29 (50.9) 36 (67.9) .070
VP3 24 (21.8) 14 (24.6) 10 (18.9)
VP4 34 (30.9) 12 (21.1) 22 (41.5)
Hepatic vein 7(6.4) 3(5.3) 4(7.5)
EHM?® 61 (55.5) 36 (63.2) 33(62.3) 168
Prior therapy
Sorafenib 63 (57.3) 36 (63.2) 27 (50.9)
Lenvatinib 19 (17.3) 10 (17.5) 9 (17.0)
Surgery 21(19.1) 10 (17.5) 11 (20.8)
PEI/RFA 7 (6.4)/20 (18.2) 5 (8.8)/14 (24.6) 2(3.8)/6 (11.3)
TACE®/TARE 66 (60.0)/3 (2.7) 36 (63.2)/1 (1.8) 30 (56.6)/2 (3.8)
Radiotherapy 3(2.7) 1(1.8) 2(3.8)
ICI duration (months) 2.85(1.67-6.63) 3.40 (1.85-9.08) 2.37 (1.55-4.65) .053
Nivolumab® 100 (90.9) 48 (84.2) 52(98.1)
Nivolumab + ipilimumab® 3(2.7) 0(0) 3(5.7)
Pembrolizumab® 12 (10.9) 11 (19.3) 1(1.9)
Reduction > 25% 59 (53.6) 34 (59.6) 25 (47.2)
As 18t/2nd/319/ A% |ine systemic therapy 35(31.8)/53 (48.2) 16 (28.1)/30 (52.6) 19 (35.8)/23 (43.4)
16 (14.5)/6 (5.5) 8(14.0)/3 (5.3) 8(15.1)/3 (5.7)
Concurrent therapy 87 (79.1) 44 (77.2) 43 (81.1) 613
Sorafenib? 43(39.1) 21 (36.8) 22 (41.5)
Lenvatinib® 32(29.1) 16 (28.1) 16 (30.2)
Regorafenib? 17 (15.5) 11 (19.3) 6(11.3)
RFA 3(2.7) 1(1.8) 2(3.8)
TACE 14 (12.7) 9 (15.8) 5(9.4)
658 Am J Cancer Res 2023;13(2):654-668
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Liver radiotherapy 20(18.2) 10 (17.5) 10 (18.9)
Therapeutic response

Best Response

Complete response 7(6.4) 3(5.3) 4 (7.5)

Partial response 17 (15.5) 12 (21.1) 5(9.4)

Stable disease 27 (24.5) 15 (26.3) 12 (22.6)

Progressive disease 59 (53.6) 27 (47.4) 32(60.4)
Not evaluable

Death before evaluation 13 (11.8) 5(8.8) 8(15.1)

Lost to follow-up® 4 (3.6) 2(3.5) 2(3.8)
Objective response 24 (21.8) 15 (26.3) 9 (17.0) .238
Disease control 51 (46.4) 30 (52.6) 21 (39.6) 174
Progression-free survival (months)* 2.87 (2.16-3.58) 4.07 (1.54-6.59) 2.47 (2.09-2.85) .017
Overall survival (months)* 8.20 (4.23-12.17) 15.73 (4.76-26.71) 4.90 (2.64-7.16) <.001

Data presented as median (first quartile-third quartile). “Data presented as median (95% confidence interval). AFP, a-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; EHM, extrahepatic metastasis; HBV, hepatitis B virus; HCV, hepatitis C virus;
ICl, immune checkpoint inhibitor; MVI, macrovascular invasion; NLR, neutrophil-lymphocyte ratio; TACE, transarterial chemoembolization; TARE, transarterial radioem-
bolization; PEI, percutaneous ethanol injection; INR, international normalized ratio; RFA, radiofrequency ablation. *Thirty-eight patients with HCC had both macrovas-
cular invasion and extrahepatic metastasis. "The median number of TACE sessions was 3 (2-5). °Five patients received sequential ICl therapy because of progressive
disease: nivolumab—pembrolizumab—atezolizumab plus bevacizumab (n = 1), nivolumab—pembrolizumab—nivolumab (n = 2), nivolumab—atezolizumab plus
bevacizumab—nivolumab plus ipilimumab (n = 1), and nivolumab plus ipilimumab—nivolumab plus sorafenib (n = 1). “Eighteen patients received sequential tyrosine
kinase inhibitor therapy because of progressive disease: sorafenib—regorafenib (n = 8), sorafenib—lenvatinib (n = 3), sorafenib—regorafenib—lenvatinib (n = 1),
lenvatinib—sorafenib (n = 2), lenvatinib—regorafenib (n = 1), sorafenib—ramucizumab (n = 1), and lenvatinib—cabozantinib (n = 2). *Four patients were lost to follow-
up because of immune-related adverse events.

110 patients with CRAFITY score and AFP response

Group 1 Group 2 Group 3
CR:10.7% (n = 3) CR: 59% (n=3) CR: 3.2% (n=1)
PR:32.1% (n=9) PR: 15.7% (n = 8) PR: 0% (n=0)
SD: 28.6% (n = 8) SD: 29.4% (n = 15) SD: 12.9% (n =4)
PD: 28.6% (n = 8) PD: 49.0% (n = 25) PD: 83.9% (n = 26)

PFS: 8.20 (0.00-16.45) m
0S: 23.47 (9.56-37.38) m

PFS: 2.87 (2.42-3.31) m
08:6.93 (3.05-10.82) m

PFS: 2.17 (1.65-2.68) m
0S: 3.70 (1.47-5.93) m

Figure 1. Three groups according to the combination of CRAFITY score and AFP response. Group 1: patients with a
CRAFITY score of O or 1 and AFP response; Group 2: patients with a CRAFITY score of 2 and AFP response or pa-
tients with a CRAFITY score of O or 1 and no AFP response; Group 3: patients with a CRAFITY score of 2 and no AFP
response. AFP, a-fetoprotein; CRAFITY, C-reactive protein and a-fetoprotein in immunotherapy.

EHM. In this study, we used disease control
instead of objective response to prevent collin-
earity [15, 22].

and CRAFITY/AFPr (Group 2 vs Group 1, HR:
2.091, 95% Cl: 1.111-3.935, P = .022) were
independent predictors of PFS (multivariable

analysis 2, Table 2).
Another multivariable Cox regression analysis

using CRAFITY/AFPr instead of CRAFITY score
or AFP response alone revealed that MVI,
EHM, disease control, combination therapy,
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Kaplan-Meier analysis revealed that the proba-
bility of PFS significantly differed between the
patients with and without MVI (Figure 2B),
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Figure 2. Kaplan-Meier analyses of progression-free survival. A. All patients. B. Patients with or without macrovascular invasion (MVI). C. Patients with or without
combination therapy. D. Patients with or without disease control. E. Patients in different groups according to the combination of CRAFITY score and AFP response

(CRAFITY/AFPr). Progression-free survival is presented as median (95% confidence interval). AFP, a-fetoprotein; CRAFITY, C-reactive protein and a-fetoprotein in im-
munotherapy; mPFS, median progression-free survival.
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Figure 3. Kaplan-Meier analyses of overall survival. A. All patients. B. Patients with or without macrovascular invasion (MVI). C. Patients with a CRAFITY score of 2 vs
score = 0 or 1. D. Patients with or without combination therapy. E. Patients with or without disease control. F. Patients in different groups according to the combina-

tion of CRAFITY score and AFP response (CRAFITY/AFPr). Survival is presented as median (95% confidence interval). AFP, a-fetoprotein; CRAFITY, C-reactive protein
and a-fetoprotein in immunotherapy; mOS, median overall survival.
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Table 2. Factors associated with progression-free survival in 110 patients with unresectable hepatocellular carcinoma

Univariate analysis

Multivariable analysis 1

Multivariable analysis 2

Character
HR (95% Cl) P value HR (95% CI) P value HR (95% Cl) P value
Age (year) 0.987 (0.971-1.004) 122
Sex Mvs F 0.755 (0.425-1.342) .338
Alcohol Yes vs no 1.852 (1.180-2.907) .007
HBV Yes vs no 0.898 (0.584-1.381) .623
HCV Yes vs no 1.045 (0.648-1.686) .856
DM Yes vs no 0.974 (0.611-1.552) 912
Grade 1-2 TRAEs Yes vs no 0.586 (0.379-0.908) .017
Grade > 3 TRAEs Yes vs no 1.253 (0.773-2.029) .360
TTV (cm?3) > 1000 vs < 1000 1.719 (1.124-2.630) .012
MVI Yes vs no 2.914 (1.793-4.736) <.001 1.823 (1.003-3.316)  .049 1.894 (1.027-3.493) .041
EHM Yes vs no 1.396 (0.908-2.144) 128 1.663 (1.015-2.727)  .044 1.877 (1.122-3.139) .016
AST (U/L) >40vs <40 1.517 (0.952-2.419) .080
ALT (U/L) >40vs <40 1.406 (0.908-2.175) 126
NLR >3.0vs<3.0 2.247 (1.296-3.895) .004
Child-Pugh class Bvs A 1.741 (1.114-2.719) .015
ALBI grade 2/3vs1 1.289 (0.795-2.088) .303
AFP decline > 15% Yes vs no 0.343 (0.214-0.550) <.001 Not assessed
CRAFITY score 2vs 0/1 1.684 (1.089-2.605) .019 Not assessed
Combined CRAFITY score and AFP response? Group 1 Referent Not assessed Referent
Group 2 2.342 (1.311-4.185) .004 Not assessed 2.091 (1.111-3.935) .022
Group 3 4.905 (2.521-9.541) <.000 Not assessed 1.757 (0.838-3.684) 136
Combination therapy® Yes vs no 0.422 (0.253-0.704) .001 0.458 (0.247-0.852) .014 0.488 (0.267-0.893) .020
Best response CR+PR+SDvsnone 0.053(0.026-0.110) <.001 0.087 (0.040-0.190) <.001 0.074 (0.034-0.163) <.001

aGroup 1: patients with a CRAFITY score O or 1 and AFP response; Group 3: patients with a CRAFITY score = 2 and no AFP response group 3; Group 2: patients who did not belong to Group 1 or 3. "“Combina-
tion therapy included a tyrosine kinase inhibitor, radiofrequency ablation, transarterial chemoembolization, and liver radiotherapy. AFP, a-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; CR + PR + SD, complete response plus partial response plus stable disease; DM, diabetes mellitus; EHM, extrahepatic metastasis; HBV, hepatitis B virus; HCV, hepatitis C
virus; HR, hazard ratio; M vs F, male versus female; MVI, macroscopic vascular invasion; NLR, neutrophil-lymphocyte ratio; TRAEs, treatment-related adverse events; TTV, total tumor volume.

662

Am J Cancer Res 2023;13(2):654-668



CRAFITY score and AFP response predicts treatment outcomes of PD-1 based therapy

those with and without combination therapy
(Figure 2C), those with and without disease
control (Figure 2D), and among different
groups according to CRAFITY/AFPr (Figure 2E).
Patients in Group 1 had a longer PFS, follow-
ed by Groups 2 and 3 (median: 8.20, 2.87,
and 2.17 months, respectively, P < .01 be-
tween groups, Figures 1 and 2E).

CRAFITY/AFPr can predict OS

Univariate Cox regression analysis indicated
that TTV (> 1000 vs < 1000 cm?), MVI, AST, and
ALT levels (> 40 vs <40 U/L), NLR (> 3.0 vs <
3.0), Child-Pugh class (B vs A), albumin-bilirubin
grade (2/3 vs 1), AFP response, CRAFITY score
(2 vs 0/1), CRAFITY/AFPr, combination therapy,
and disease control were significantly associ-
ated with OS. Multivariable Cox regression
analysis indicated that MVI (HR: 2.798, 95% CI:
1.427-5.488), EHM (HR: 2.013, 95% CI: 1.158-
3.500), CRAFITY score (2 vs 0/1, HR: 2.497,
95% Cl: 1.368-4.559), combination therapy
(HR: 0.382, 95% Cl: 0.177-0.825), and disease
control (HR: 0.288, 95% CI: 0.148-0.560) were
independent predictors of OS (multivariable
analysis 1, Table 3).

Another multivariable analysis using CRAFITY/
AFPr revealed that TTV (> 1000 vs < 1000 cmé,
HR: 1.987, 95% CI: 1.074-3.674), MVI, EHM,
combination therapy, disease control, and
CRAFITY/AFPr (Group 2 vs Group 1, HR: 4.513,
95% Cl: 1.990-10.234, P < .001; Group 3 vs
Group 1, HR: 3.551, 95% CI: 1.544-8.168, P =
.003) were independent predictors of OS (multi-
variable analysis 2, Table 3).

A time-dependent AUROC was used to as-
sess the predictive performance of CRAFITY
score, AFP response, and their combination.
The AUROCs of CRAFITY/AFPr for 1-year and
2-year OS were 0.744 (95% Cl: 0.638-0.832;
Supplementary Figure 2A) and 0.750 (95%

Cl: 0.639-0.841; Supplementary Figure 2B),
respectively; the values were significantly high-

er than that of AFP response alone but nonsig-
nificantly higher than that of CRAFITY score
alone.

Kaplan-Meier analysis revealed that the proba-
bility of survival significantly differed between
the patients with or without MVI (Figure 3B),
those with a CRAFITY score of 2 versus 0/1
(Figure 3C), those with and without combina-
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tion therapy (Figure 3D), those with and without
disease control (Figure 3E), and among differ-
ent groups according to CRAFITY/AFPr (Figure
3F). Patients in Group 1 had the longest OS, fol-
lowed by Groups 2 and 3 (median: 23.47, 6.93,
and 3.70 months, respectively, P <.05 between
groups, Figures 1 and 3F).

In the subgroup of patients receiving concur-
rent ICl and TKI therapies (n = 76), Group 1 had
longer OS than Group 2 (P <.001), and Group 2
also tended to have longer OS than Group 3 (P
= .072, Supplementary Figure 3A). In another
subgroup of patients receiving concurrent ICI
and liver radiotherapy (n = 20), Group 1 also
had the longest OS (Supplementary Figure 3B).

Discussion

This real-world study revealed that the combi-
nation of CRAFITY score and AFP response pre-
dicted disease control, PFS, and OS in patients
with uHCC receiving PD-1 blockade-based
immunotherapy. The AFP response alone (a
decline of > 15% in the AFP level within the ini-
tial 3 months of ICI therapy) could predict dis-
ease control, and CRAFITY score (2 vs 0/1)
alone could predict OS. Moreover, patients with
a CRAFITY score of O or 1 and AFP response
(Group 1) had the longest OS compared with
other groups of patients in the subgroup analy-
sis of concurrent ICl and TKI therapies (n = 76)
or ICl and liver radiotherapy (n = 20).

Clinical parameters predicting treatment out-
comes after initiating ICl therapy can help in
the clinical decision-making of whether to con-
tinue or modify the ongoing therapeutic modal-
ity in patients with uHCC. Various definitions of
AFP response have been proposed [11-14, 23].
In previous studies, only a proportion of patients
received ICl-combined therapies with ICls [12,
13]. We previously reported that AFP response
could predict treatment outcomes in patients
with uHCC receiving ICl with or without TKI or
locoregional therapies. We extended the appli-
cation of AFP response in patients receiving ICl
monotherapy or combination therapies [15].
Serial serum AFP levels need to be measured
until 12 or 18 weeks after ICI initiation. The
CRAFITY score using baseline serum CRP and
AFP levels predicts treatment outcomes in
patients undergoing immunotherapy for HCC
[16]. However, in our cohort, only 16 of 110
(14.5%) patients had a CRAFITY score of O, and
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Table 3. Factors associated with overall survival in 110 patients with unresectable hepatocellular carcinoma

Univariate analysis

Multivariable analysis 1

Multivariable analysis 2

Character
HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value
Age (year) 0.994 (0.975-1.013) 502
Sex Mvs F 1.426 (0.682-2.984) .346
Alcohol Yes vs no 1.155 (0.692-1.927) 581
HBV Yes vs no 0.979 (0.602-1.593)  .932
HCV Yes vs no 1.089 (0.621-1.911) .765
DM Yes vs no 0.997 (0.586-1.696) 991
Grade 1-2 TRAEs Yes vs no 0.636 (0.390-1.038)  .070
Grade > 3 TRAEs Yes vs no 1.196 (0.681-2.102) 533
TTV (cm?3) > 1000 vs < 1000 2.342(1.441-3.805) .001 1.987 (1.074-3.674) .029
MVI Yes vs no 3.413(1.968-5.917) <.001  2.798(1.427-5.488) .003 3.529 (1.714-7.269) .001
EHM Yes vs no 1.529 (0.936-2.498)  .090 2.013(1.158-3.500) .013 2.366 (1.325-4.227) .004
AST (U/L) > 40vs <40 2.397 (1.380-4.164)  .002
ALT (U/L) >40vs <40 1.717 (1.059-2.784) .028
NLR >3.0vs<3.0 2.757 (1.439-5.284)  .002
Child-Pugh class BvsA 2.697 (1.647-4.419) <.001
ALBI grade 2/3vs1 2.090 (1.173-3.725) .012
AFP decline > 15% Yes vs no 0.535 (0.327-0.874) .013 Not assessed
CRAFITY score 2vs0/1 2.692 (1.637-4.429) <.001 2.497 (1.368-4.559) .003 Not assessed
Combined CRAFITY score and AFP response? Group 1 Referent Not assessed Referent
Group 2 2.509 (1.296-4.860) .006 Not assessed 4.513 (1.990-10.234) <.001
Group 3 4.428 (2.212-8.866) <.001 Not assessed 3.551 (1.544-8.168) .003
Combination therapy® Yes vs no 0.483 (0.271-0.862) .014 0.382 (0.177-0.825) .014 0.306 (0.141-0.667) .003
Best response CR+PR+SDvsnone 0.191(0.109-0.335) <.001  0.288(0.148-0.560) <.001 0.251 (0.127-0.498) <.001

aGroup 1: patients with a CRAFITY score = 0 or 1 and AFP response; Group 3: patients with a CRAFITY score = 2 and no AFP response group 3; Group 2: patients who did not belong to Group 1 or 3. ®Combi-
nation therapy included a tyrosine kinase inhibitor, radiofrequency ablation, transarterial chemoembolization, and liver radiotherapy. AFP, a-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; CR + PR + SD, complete response plus partial response plus stable disease; DM, diabetes mellitus; EHM, extrahepatic metastasis; HBV, hepatitis B virus; HCV, hepatitis C
virus; HR, hazard ratio; M vs F, male versus female; MVI, macroscopic vascular invasion; NLR, neutrophil-lymphocyte ratio; TRAEs, treatment-related adverse events; TTV, total tumor volume.
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AFP response could serve a complementary
role to CRAFITY score to categorize patients
into three groups (Figure 1). AFP is a routine
marker examined during HCC therapy, and the
initial 3-month duration of ICI therapy is rela-
tively short. Physicians could monitor the pos-
sible adverse effects of ICls during this period.

Zhu et al. defined AFP response as a decline of
> 75% or an increase of < 10% in AFP level
between the baseline and 6 weeks of atezoli-
zumab plus bevacizumab and identified AFP
response as a predictor of objective response
and disease control in the phase Ib GO30140
study and phase lll IMbrave 150 trial [24]. On
the basis of Zhu's proposed AFP response,
Teng et al. reported that the combination of
CRAFITY score and AFP response at 6 weeks of
therapy could predict treatment outcomes in
patients with uHCC receiving atezolizumab plus
bevacizumab [25]. However, the probability of
survival was not different among the groups
stratified by Zhu's proposed AFP response in
our cohort (Supplementary Figure 4). This dif-
ference might result from different immuno-
therapy regimens or patient populations.

ICls are the frontline therapy against HCC.
However, nivolumab (CheckMate 040) [26] or
pembrolizumab (KEYNOTE-240) [7], used as
second-line systemic therapy, had suboptimal
outcomes in patients with advanced HCC.
Attention has been focused on combination
therapies, including two ICls, an ICl with a TKI,
or ICls with locoregional treatments. The sec-
ond-line therapy of nivolumab plus ipilimumab
following first-line sorafenib therapy resulted in
a longer median OS in patients with advanced
HCC (CheckMate 040) [6]. Studies evaluating
the ICI-TKI combination have also revealed
promising results. Wu et al. concluded that the
combination of lenvatinib and pembrolizumab
had a high ORR (34.1%) and DCR (84.1%) in 71
patients with uHCC with or without prior target
therapy or nivolumab therapy [9]. Patients
receiving the combination of lenvatinib and
nivolumab (n = 40) also had a higher ORR and
longer PFS and OS than those receiving lenva-
tinib alone (n = 47) [10].

Integrated and multimodal locoregional inter-
ventions for HCC, including RFA, TACE, and liver
radiotherapy, have been used for local disease
control or as a bridge to curative treatment for
years. These therapies induce the release of
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neoantigens and local inflammatory factors.
Antigen-presenting cells uptake the released
antigens and promote the innate and adaptive
immunity of human beings [27, 28]. Duffy et al.
conducted a pilot study using tremelimumab in
combination with RFA (n = 12) or TACE (n = 11)
compared with tremelimumab monotherapy (n
= 5) to explore the role of immunotherapy in
combination with locoregional therapies in
patients with advanced HCC [29]. A multina-
tional registry study proved the concept, and
the authors concluded that TACE could be inte-
grated with PD-1 blockade, resulting in a delay
in tumor progression and possible downstaging
in selected patients [30]. The combinations of
ICls and TKIs also play a role in downstaging
[31]. Kudo proposed that using upfront system-
ic therapy with subsequent locoregional thera-
py in patients with intermediate-stage HCC or
the combination of atezolizumab and bevaci-
zumab in patients with uHCC may result in
curative conversion in selected patients [32].

Disease control is a significant predictor of
OS in patients receiving combined TACE and
sorafenib [33], ICI, or ICI-based therapies [15,
22]. Scheiner et al. stated that patients with a
lower CRAFITY score (O or 1) had a higher
chance of achieving an objective response or
SD than those with a high CRAFITY score [16].
Our findings also indicated that patients with a
CRAFITY score of O or 1 tended to have a higher
likelihood of disease control (P = .174), and
the combination of CRAFITY score and AFP
response could predict disease control (Group
3vs Group 1, OR: 0.136, 95% CI: 0.032-0.576).
The differences may result from fewer enrolled
patients and more advanced HCC status in the
present study: 65 (59.1%) and 61 (55.5%)
patients had MVI and EHM, respectively, and
only 35 (31.8%) patients received ICI as first-
line systemic therapy. In the original CRAFITY
study, 32.4%-40.5% and 44.7%-53.9% of
patients had MVI and EHM, respectively, and
34.3%-43.2% of patients received ICI as first-
line systemic therapy [16].

This study has some limitations. First, this was
a retrospective study that enrolled only 110
patients from two medical centers in central
Taiwan. Second, this study used mRECIST [19]
instead of RECIST version 1.1 [34] to assess
radiological response. Approximately two-thirds
of patients received prior locoregional therapy
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(20 [18.2%] and 66 [60%)] patients receiving
RFA and TACE, respectively), and mRECIST is a
more suitable method with which to evaluate
tumor response [35]. Third, the retrospective
design precluded the evaluation of the longitu-
dinal kinetics of CRAFITY score, which should
be investigated in future studies.

In conclusion, our findings indicated that the
combination of CRAFITY score and AFP res-
ponse can predict disease control, PFS, and OS
in patients with uHCC receiving PD-1 blockade-
based immunotherapy.
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| 192 patients with HCC received = one dose of ICI |

—> 17 patients had terminal stage HCC

N
| 175 patients were eligible for investigation |

65 patients had no record of AFP
decline or CRAFITY score

110 patients included in this cohort
Evaluable image (n = 93)
Death before evaluation (n = 13)
Lost to follow-up (n = 4)

Supplementary Figure 1. Flowchart of patient recruitment. AFP, a-fetoprotein; CRAFITY, C-reactive protein and
a-fetoprotein in immunotherapy; HCC, hepatocellular carcinoma; ICI, immune checkpoint inhibitor.

Supplementary Table 1. Patient demographics, baseline characteristics, and therapeutic response

Character Eligible for investigation Enrolled Excluded Pvalue
(n=175) (n=110) (n=65)
Age (years) 64.9 (55.9-72.0) 64.5 (54.6-72.4) 65.3 (58.4-70.5) 461
Sex (male), n (%) 148 (84.6) 94 (85.5) 54 (83.1) 675
Body mass index (kg/m?) 23.67 (21.38-26.35) 23.43 (20.96-26.72) 24.05 (22.18-26.16) .387
NLR 5.02 (2.96-7.91) 5.34 (3.01-8.28) 4.43 (2.78-6.41) 126
Platelet count (x 10%/L) 159 (104-239) 174 (109-251) 137 (88-207) .014
AST (U/L) 50 (32-89) 48 (32-92) 52 (32-82) 912
ALT (U/L) 37 (25-60) 35 (23-57) 39 (27-66) 211
Total bilirubin (mg/dL) 0.93 (0.69-1.40) 0.97 (0.66-1.60) 0.92 (0.70-1.35) 627
Albumin (g/dL) 3.6 (3.3-4.0) 3.6 (3.3-4.0) 3.7 (3.34.1) 467
INR 1.07 (1.01-1.17) 1.06 (1.01-1.17) 1.08 (1.02-1.16) .507
Etiology
Alcohol 45 (25.7) 35 (31.8) 10 (15.4) .017
HBV 95 (54.3) 62 (56.4) 33(50.8) A74
HCV 47 (26.9) 27 (24.5) 20 (30.8) 371
Diabetes mellitus 58 (33.1) 29 (26.4) 29 (44.6) .013
Liver cirrhosis 134 (76.6) 84 (76.4) 50 (76.9) .933
Child-Pugh score 6 (5-7) 6 (5-7) 6 (5-7) .945
Child-Pugh class A 113 (64.6) 72 (66.1) 41 (64.1)
Child-Pugh class B 60 (34.3) 37 (33.9) 23(35.9)
ALBI grade .680
1 52(30.2) 33(30.6) 19 (29.7)
2 105 (61.0) 67 (62.0) 38 (59.4)
3 15 (8.7) 8(7.4) 7 (10.9)
AFP (ng/mL) 114.53 (8.84-3220.50) 126.48 (12.25-5056.0) 103.61 (6.39-1548.92) 197
BCLC stage .766
A 11 (6.3) 6 (5.5) 5(7.7)
B 25 (14.3) 16 (14.5) 9(13.8)
C 139 (79.4) 88 (80.0) 51(78.5)
Max. tumor size (cm) 4.7 (2.5-8.9) 4.7 (2.79.7) 4.4 (1.8-7.7) .097
Total tumor volume (cm?®) 703.9 (124.3-4042.1) 740.4 (143.1-5339.6) 680.2 (48.0-2755.5) 102
MvIe 89 (50.9) 65 (59.1) 24 (36.9) .005
VP3 30 (17.1) 24 (21.8) 6(9.2)
VP4 50 (28.6) 34 (30.9) 16 (24.6)
Hepatic vein 9(5.1) 7(6.4) 2(3.1)
EHM?® 102 (58.3) 61 (55.5) 41 (63.1) .324
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Prior therapy
Sorafenib
Lenvatinib
Surgery
PEI/RFA
TACE®/TARE
Radiotherapy

ICI duration (months)
Nivolumab®
Nivolumab + ipilimumab®
Pembrolizumab®
Reduction > 25%
As 1°t/2M/3/4™-|ine systemic therapy

Concurrent therapy
Sorafenib?
Lenvatinib¢
Regorafenib?
RFA
TACE
Liver radiotherapy
Therapeutic response
Best Response
Complete response
Partial response
Stable disease
Progressive disease
Not evaluable
Death before evaluation
Lost to follow-up®
Objective response
Disease control
Progression-free survival (months)*

Overall survival (months)*

102 (58.3)
28 (16.0)
37 (21.1)

12 (6.9)/38 (21.7)
109 (62.3)/3 (1.7)
3(1.7)

3.27 (1.70-8.40)
157 (89.7)
5(2.9)

19 (10.9)

92 (52.6)

55 (31.4)/88 (50.3)/
24 (13.7)/8 (4.6)

135 (77.1)
62 (35.4)
52 (29.7)
27 (15.4)
3(1.7)
26 (14.9)
35 (20.0)

14 (8.0)
29 (16.6)
46 (26.3)
86 (49.1)

23 (13.1)
5(2.9)
43 (24.6)
89 (50.9)
3.63 (2.27-5.00)
14.53 (9.68-19.38)

63 (57.3)
19 (17.3)
21(19.1)

7(6.4)/20 (18.2)

66 (60.0)/3 (2.7)

3(2.7)
2.85 (1.67-6.63)
100 (90.9)
3(2.7)

12 (10.9)

59 (53.6)

35 (31.8)/53 (48.2)/
16 (14.5)/6 (5.5)

87 (79.1)
43(39.1)
32(29.1)
17 (15.5)
3(2.7)
14 (12.7)
20 (18.2)

7(6.4)
17 (15.5)
27 (24.5)
59 (53.6)

13(11.8)
4(3.6)
24 (21.8)
51 (46.4)
2.87 (2.16-3.58)
8.20 (4.23-12.17)

39 (60.0)
9(13.8)
16 (24.6)
5(7.7)/18 (27.7)
43 (66.2)/0 (0)
0(0)
4.20 (1.90-11.87) 118
57 (87.7)
2(3.1)
7(10.8)
33(50.8)

20 (30.8)/35 (53.8)/
8(12.3)/2(3.1)

48(73.8) 426
19 (29.2)
20 (30.8)
10 (15.4)
0(0)
12 (18.5)
15 (23.1)

7(10.8)

12 (18.5)

19 (29.2)

27 (41.5)

10 (15.4)
(1.5)

19 (29.2) 272

38 (58.5) 123

5.87 (2.47-9.26) 127

23.23 (16.00-30.47) .010

0
1

Data presented as median (first quartile-third quartile). “Data presented as median (95% confidence interval). AFP, o-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; EHM, extrahepatic metastasis; HBV, hepatitis B virus; HCV, hepatitis C

virus; ICl, immune checkpoint inhibitor; MVI, macrovascular invasion; NLR, neutrophil-lymphocyte ratio; TACE, transarterial chemoembolization; TARE, transarterial
radioembolization; TKI, tyrosine kinase inhibitor; PEI, percutaneous ethanol injection; INR, international normalized ratio; RFA, radiofrequency ablation. #Fifty-two
patients with HCC had both macrovascular invasion and extrahepatic metastasis. "The median number of TACE sessions was 3 (2-5). “Seven patients received se-
quential ICl therapy because of progressive disease: nivolumab—atezolizumab plus bevacizumab (1), nivolumab—pembrolizumab—atezolizumab plus bevacizumab
(n = 1), nivolumab—pembrolizumab—nivolumab (2), nivolumab—atezolizumab plus bevacizumab—nivolumab plus ipilimumab (1), nivolumab—atezolizumab plus
bevacizumab—pembrolizumab (1), and nivolumab plus ipilimumab—nivolumab plus sorafenib (1). ‘“Twenty-eight patients received sequential TKI therapy because of
progressive disease: sorafenib—regorafenib (13), sorafenib—lenvatinib (4), sorafenib—regorafenib—lenvatinib (2), lenvatinib—sorafenib (2), lenvatinib—regorafenib
(1), sorafenib—ramucizumab (1), and lenvatinib—cabozantinib (5). ¢Five patients were lost to follow-up because of immune-related adverse events.
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Supplementary Table 2. TRAEs in 110 patients with hepatocellular carcinoma
TRAE, n (%)

Type of TRAE (n = 74)

Any grade Grade > 3
Hepatitis”™ 25 (22.7) 12 (10.9)
Fatigue 16 (14.5) 3(2.7)
Dermatitis 15 (13.6) 5(4.5)
Hand foot syndrome 15 (13.6) 3(2.7)
Colitis 10 (9.1) 2(1.8)
Fever 8(7.3) 1(0.9)
Pneumonitis™ 5(4.5) 4 (3.6)
Proteinuria 2(1.8) 0 (0)
Gastric necrosis 1(0.9) 1(1.2)
Thyroid disorder 1 (0.9) 0 (0)
Edema 1(0.9) 0(0)

“Among seven patients who died from TRAESs, five and two died from severe hepatitis and pneumonitis, respectively. TRAEs,
treatment-related adverse events.



CRAFITY score and AFP response predicts treatment outcomes of PD-1 based therapy

Supplementary Table 3. Factors associated with disease control in 93 patients with HCC who underwent radiological imaging

Univariate analysis Multivariable analysis 1 Multivariable analysis 2

Character
OR (95% CI) P value OR (95% CI) P value OR (95% ClI) P value
Age (year) 1.027 (0.993-1.062) 128
Sex Mvs F 2.045 (0.663-6.309) 213
Alcohol Yes vs no 0.914 (0.382-2.188) .840
HBV Yes vs no 0.896 (0.391-2.053) .796
HCV Yes vs no 1.387 (0.531-3.623) 504
DM Yes vs no 1.211 (0.473-3.098) .690
Grade 1-2 TRAEs Yes vs no 1.828 (0.797-4.196) 155
Grade > 3 TRAEs Yes vs no 0.880 (0.332-2.332) 797
TTV (cm?®) > 1000 vs < 1000 0.792 (0.344-1.823) .583
MVI Yes vs no 0.269 (0.111-0.651) .004 0.363 (0.127-1.035) .058
EHM Yes vs no 0.547 (0.238-1.255) 155
AST (U/L) > 40 vs <40 0.863 (0.367-2.030) .736
ALT (U/L) > 40 vs <40 0.594 (0.259-1.361) .218
NLR >3.0vs<3.0 0.258 (0.092-0.724) .010
Child-Pugh class BvsA 0.827 (0.329-2.078) .686
ALBI grade 2/3vs 1 0.695 (0.282-1.712) 429
AFP decline > 15% Yes vs no 7.680 (3.027-19.487) <.001 7.177 (2.504-20.573) <.001 Not assessed
CRAFITY score 2vs0/1 0.636 (0.279-1.449) .282 Not assessed
Combined CRAFITY score and AFP response?  Group 1 Referent Not assessed Referent
Group 2 0.433(0.145-1.292) 134 Not assessed 0.568 (0.173-1.872) .353
Group 3 0.083 (0.022-0.320) <.001 Not assessed 0.136 (0.032-0.576) .007
Combination therapy® Yes vs no 1.765 (0.560-5.564) 332

aGroup 1: patients with a CRAFITY score of O or 1 and AFP response; Group 3: patients with a CRAFITY score of 2 and no AFP response; Group 2: patients who did not belong to Group 1 or 3. "Combination therapy includes tyrosine kinase in-
hibitors, radiofrequency ablation, transarterial chemoembolization, and stereotactic body radiotherapy for hepatocellular carcinoma. AFP, a-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
DM, diabetes mellitus; EHM, extrahepatic metastasis; HBV, hepatitis B virus; HCV, hepatitis C virus; TRAEs, treatment-related adverse events; M vs F, male versus female; MVI, macroscopic vascular invasion; NLR, neutrophil-to-lymphocyte
ratio; TTV, total tumor volume.
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Supplementary Figure 2. Time-dependent AUROCs for the predictive performance of combined CRAFITY score
and AFP response, CRAFITY score, or AFP response alone for OS. A. AUROCs at year 1. B. AUROCs at year 2.
AFP, a-fetoprotein; AUROC, area under the receiver operating characteristic curve; CRAFITY, C-reactive protein and
o-fetoprotein in immunotherapy; CRAFITY/AFPr, combined CRAFITY score and AFP response; OS, overall survival.
The P values relate to the other two parameters compared with CRAFITY response using the DelLong test.
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Supplementary Figure 3. Kaplan-Meier analyses of overall survival in different groups of patients according to the
combination of CRAFITY score and AFP response (CRAFITY/AFPr). A. A subgroup of patients receiving combined
immune checkpoint inhibitor (ICl) and tyrosine kinase inhibitor therapy (n = 76). B. A subgroup of patients receiv-
ing combined ICI and liver radiotherapy (n = 20). Survival is presented as median (95% confidence interval). AFP,
a-fetoprotein; CRAFITY, C-reactive protein and a-fetoprotein in immunotherapy; mOS, median overall survival.
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Supplementary Figure 4. Kaplan-Meier analysis of overall survival among groups stratified by Zhu’s proposed AFP
response [24]. AFP, a-fetoprotein; mOS, median overall survival.



