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Background: Levels of C-reactive protein (CRP) and alpha-fetoprotein (AFP) in

immunotherapy (CRAFITY) scores are associated with the prognosis of patients

with hepatocellular carcinoma (HCC). This study aimed to explore the efficacy of

lenvatinib and pembrolizumab (Len-P) based on the CRAFITY score.

Methods: In this study, 228 patients with HCC who received Len-P in Sun Yat-

sen University Cancer Center were included. CRAFITY 0 score was defined as AFP

level below 100 ng/ml, CRP level below 1 mg/dl, CRAFITY 1 score was defined as

AFP level at least 100 ng/ml or CRP level at least 1 mg/dl. CRAFITY 2 scores were

defined as AFP levels exceeding 100 ng/ml and CRP levels exceeding 100 ng/ml.

The primary outcome was overall survival (OS). The second outcome was tumor

response rate.

Results: The survival time of CRAFITY 0 is significantly longer than that of

CRAFITY 1 and CRAFITY 2 (p =.044). Univariate analysis showed that largest

tumor size (HR = 2.149; 95% CI 1.129 - 4.091; p =.02), lymph node metastasis

(HR = 2.012; 95% CI 1.132- 3.579; p = .017), and CRAFITY (HR = 0.372; 95% CI

0.168-0.824; p = .015) were important risk determinants of OS in all patients. The

results of multivariate analysis show that CRAFITY score is an independent risk

factors for OS (HR = 0.719; 95% CI 0.377-1.374; p =.048). The ORR of CRAFITY 0,

1 and 2 scores were 36.4%, 32% and 27.4%, respectively (p = .556). The ORR of

intrahepatic lesions by CRAFITY 0, 1 and 2 were 37.9%, 35%, 30.6% (p= .688).

Conclusion: CRAFITY score is a good predictor of prognosis in HCC patients

receiving Len-P.
KEYWORDS

hepatocellular carcinoma, lenvatinib, pembrolizumab, C-reactive protein and A-fetoprotein
in immunotherapy score, overall survival
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common

gastrointestinal malignancies in the world (1). It is estimated that

between 2020 and 2040, the annual new cases of liver disease will

increase by 55%, and 1.4 million people may be diagnosed with liver

cancer in 2040, and 1.3 million people may die from liver cancer in

2040 (2). Regrettably, due to the insidious onset of HCC, most of

patients are diagnosed initially at an intermediate or advanced

stage, thereby constraining treatment options primarily to non-

surgical interventions (3). Systemic therapy is the first choice for

patients with advanced HCC. The first-line treatment strategy for

advanced HCC has shifted from anti-angiogenic tyrosine kinase

inhibitor (TKI) monotherapy to immunotherapy-based

combination therapy (4).

Lenvatinib, an oral small-molecule multi-receptor TKI, has

been approved as a first-line treatment for patients with

unresectable liver cancer in the United States, the European

Union, Japan and China. In the Phase 3 REFLECT study, the

overall survival rate of lenvatinib was no less than that of sorafenib

(5). Based on the results of the Phase 2 KEYNOTE-224 study, the

U.S. Food and Drug Administration approved pembrolizumab (an

anti-PD-1 antibody) for use in patients with advanced

hepatocellular carcinoma who had previously received Sorafenib

(6). In a KEYNOTE-394 study in Asia, pembrolizumab significantly

extended overall survival and progression-free survival of HCC

patients (7). In a Phase 1b study, the combination of lenvatinib and

pembrolizumab demonstrated favorable antitumor activity in first-

line therapy with an objective response rate of 36.0% (95% CI 26.6-

46.2) (8). In the LEAP-002 study, median overall survival was 21.2

months (95% CI 19.0–23.6) with lenvatinib plus pembrolizumab

versus 19.0 months (95% CI 17.2–21.7) with lenvatinib plus placebo
Frontiers in Immunology 02
(hazard ratio [HR] 0.84; 95% CI 0.71–1.00; stratified log-rank

p=0.023) (9).

The CRAFITY score based on serum C-reactive protein (CRP)

and alpha-fetoprotein (AFP) levels is an easy-to-apply prognostic

score for HCC patients treated with anti-PD-1-based immunotherapy

(10). Moreover, CRAFITY score has been shown to be effective in

predicting the survival of HCC patients receiving Atezolizumab

combined with Bevacizumab (11). However, the prediction of the

CRAFITY score’s response to Len-P has not been established. The use

of this treatment regimen is expected to increase in the future, so the

predictive performance of the CRAFITY score for this treatment is of

particular interest.

The objective of this study was to investigate the efficacy of Len-

P immunotherapy of HCC patients, and to evaluate the association

of CRAFITY score with the prognosis of HCC patients.
Materials and methods

Patients

The study included 317 patients who received pembrolizumab

combined with lenvatinib therapy at Sun Yat-sen University Cancer

Center from October 2018 to August 2023. Patients were selected

based on the following criteria: (a) imaging or pathological

diagnosis of HCC according to the American Association for the

Study of Liver Diseases (AASLD) Practice guidelines (12); (b)

Patients had received at least 3 cycles of Len-P; (c) Complete AFP

and CRP test data are available; (d) There is at least one measurable

lesion according to the Modified Response Evaluation Criteria in

Solid Tumors (mRECIST) (13). Patients with poor liver function

(Child-Pugh C) or other malignancies and with no follow-up data
FIGURE 1

Flow chart of the disposition process of HCC patients. HCC, hepatocellular carcinoma. CRAFITY, C-reactive protein and alpha-fetoprotein
in immunotherapy.
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were excluded. Finally, 228 HCC patients were included in the

study. The research process is shown in Figure 1.
Treatment procedure

Lenvatinib is administered according to the following regimen:

The recommended daily dose of lenvatinib for patients weighing less

than 60 kg is 8 mg once daily. For patients weighing 60 kg or more,

the recommended daily dose of lenvatinib is 12 mg once daily.

Treatment is continued until the disease progresses or an

intolerable toxic effect occurs. Pembrolizumab is administered

intravenously every 3 weeks and is started on the same day that

transarterial therapy ends.

Transarterial therapy comprised two approaches: hepatic

arterial infusion chemotherapy (HAIC) and transhepatic arterial

chemotherapy with embolization (TACE). HAIC utilized a

combination of 5-fluorouracil and oxaliplatin (FOLFOX). The

interval for HAIC was 3 weeks, while for TACE, it was 6 weeks.

Efficacy assessments were conducted after 6 weeks.

Within the patients who received Lenvatinib and Pembrolizumab

plus transarterial therapy, the interval between transarterial therapy

and immunotherapy is within 1 day. As long as there is no focal

progression or intolerable toxicity, lenvatinib and pembrolizumab

immunotherapy continues. All patients underwent contra-enhanced

computed tomography (CT), magnetic resonance imaging (MRI),

and peripheral blood tests every 3 months for 5 years.
Data collection

Basic statistical measures and clinical characteristics of the

patients were collected, including age, gender, AFP and CRP within

4 weeks before starting Len-P therapy. The CRAFITY score was

composed of serum AFP and CRP levels at baseline (10). CRAFITY 0

was defined as AFP levels below 100 ng/ml and CRP levels below 1

mg/dl. CRAFITY 1 scores are defined as AFP levels exceeding 100 ng/

ml or CRP levels exceeding 1 mg/dl. CRAFITY 2 scores are defined as

AFP levels of at least 100 ng/ml and CRP levels of at least 1 mg/dl. In

addition, we calculated a series of inflammatory prognostic scores

composed of systemic inflammatory response factors, which include

platelet to lymphocyte ratio (PLR) (14), neutrophil to lymphocyte

ratio (NLR) (15), lymphocyte to C-reactive protein ratio (LCR) (16),

lymphocyte-to-monocyte rat io (LMR) (17) , systemic

immunoinflammatory Index (SII) (18), C-reactive protein to

albumin ratio (CAR) (19), the Glasgow prognostic Score (GPS)

(20), prognostic index (PI) (21), prognostic nutritional index (PNI)

(22). All showed strong predictive power in cancer prognosis.

OS is the interval from the start of Len-P therapy to death or the

last follow-up. The Response Evaluation Criteria in Solid Tumors

(RECIST) 1.1, including complete response (CR), partial response

(PR), stable disease (SD), and progressive disease (PD), were

employed for the evaluation of tumor response.
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Statistical analysis

Continuous variables with abnormal distribution were expressed

as median [interquartile range (IQR)] and analyzed by the Wilcoxon

rank sum test. Disaggregated data are presented as numbers

(percentages) and evaluated by Pearson Chi-square test or Fisher

precision test. Survival differences between patients with different

CRAFITY scores were shown by the Kaplan-Meier curve and

assessed by a log-rank test. Multivariate Cox proportional hazard

regression models were used to determine the predictors of OS. The

predictive power of the CRAFITY score and other inflammatory

markers was compared using the area under the curve (AUC) of the

time-dependent receiver Operating characteristic (ROC) curve. All

statistical analyses were performed using SPSS software (version 25.0;

IBM Corp) and R (version 4.0.2). A two-tailed P-value of less than

0.05 is considered statistically significant.
Results

Characteristics of patients

Table 1 presents the baseline characteristics of 228 HCC

patients with a median age of 55.5 years, and most of patients

(91.7%) were male. More than half (84.2%) of patients had a history

of hepatitis B virus infection. There were 170 (74.6%), 45 (19.7%)

and 13 (5.7%) patients with Child-Pugh scores of 5, 6 and ≥7,

respectively. More than half (51.3%) of these patients did not have a

portal vein cancer thrombus (PVTT). 106 (46.5%) patients had

cirrhosis and 75 (32.9%) had extrahepatic metastases. More than

half (79.4%) of patients had stage C of Barcelona Clinical Liver

Cancer (BCLC). The median maximum diameter of the tumor was

45 mm. Of these, 124 patients (54.4%) received transarterial

therapy. 48.7% of patients had baseline AFP levels of at least

100ng/ml, and 46.9% had baseline CRP levels of more than 1mg/

dl. Of these, 66 patients were assigned to CRAFITY 0, 100 to

CRAFITY 1, and 62 to CRAFITY 2. Table 1 indicated that

CRAFITY score was closely correlated with Child-Pugh score,

portal vein cancer thrombus, BCLC stage, tumor diameter, and

transarterial therapy (all p <.05).
Overall survival

The average follow-up time was 15.5 months (95%CI: 13.9 – 17.1

months). We compared the survival time between different

CRAFITY rating groups (Figure 2). The survival time of CRAFITY

0 is significantly longer than that of CRAFITY 1 and CRAFITY 2

(p =.044). Therefore, CRAFITY score can predict the prognosis of

HCC. Other inflammation-based scores were associated with OS in

patients who received Len-P therapy (Supplementary Figure 1). Low

CRP, PLR, NLR, LCR, LMR, SII, CAR, GPS, PI, PNI scores suggested

a good prognosis (all P <.05).
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TABLE 1 Baseline clinicopathological characteristics of HCC patients.

Variables Primary
cohort (n=228)

CRAFITY 0
points (n=66)

CRAFITY 1
points (n=100)

CRAFITY 2
points (n=62)

p value

Age (years-old) 55.5 [48.75,62] 56.5 [51, 64.5] 57 [48, 62] 53.5 [47, 58] 0.201

Gender 0.102

Male 209 (91.7) 57 (86.4) 92 (92) 60 (96.8)

Female 19 (8.3) 9 (13.6) 8 (8) 2 (3.2)

ECOG PS 0.489

0 158 (69.3) 49 (74.2) 69 (69) 40 (64.5)

1-2 70 (30.7) 17 (25.8) 31 (31) 22 (35.5)

HBV infection 0.652

Yes 192 (84.2) 56 (84.8) 86 (86) 50 (80.6)

No 36 (15.8) 10 (15.2) 14 (14) 12 (19.4)

Child-Pugh score 0.019

5 170 (74.6) 53 (80.3) 79 (79) 38 (61.3)

6 45 (19.7) 12 (18.2) 17 (17) 16 (25.8)

≥7 13 (5.7) 1 (1.5) 4 (4) 8 (12.9)

Portal vein thrombosis 0.001

Vp1 12 (5.3) 3 (4.5) 6 (6) 3 (4.8)

Vp2 37 (16.2) 8 (12.1) 18 (18) 11 (17.7)

Vp3 55 (24.1) 8 (12.1) 22 (22) 25 (40.3)

Vp4 7 (3.1) 0 (0) 6 (6) 1 (1.6)

No 117 (51.3) 47 (71.3) 48 (48) 22 (35.6)

Cirhosis 0.073

Yes 106 (46.5) 23 (34.8) 50 (50) 33 (53.2)

No 122 (53.5) 43 (65.2) 50 (50) 29 (46.8)

Extra-hepatic metastasis 0.475

Yes 75 (32.9) 19 (28.8) 32 (32) 24 (38.7)

No 153 (67.1) 47 (71.2) 68 (68) 38 (61.3)

BCLC stage <0.001

A 9 (3.9) 6 (9.1) 3 (3) 0 (0)

B 38 (16.7) 20 (30.3) 12 (12) 6 (9.7)

C 181 (79.4) 40 (60.6) 85 (85) 56 (90.3)

Tumor diameter (mm) 45 [9.575, 95] 12.5 [2.425, 51.75] 46.5 [10.525, 95] 92 [18, 129.5] <0.001

AFP≥100ng/ml 117 (51.3) 0 (0) 55 (55) 62 (100) <0.001

CRP≥1mg/dl 107 (46.9) 0 (0) 45 (45) 62 (100) <0.001

Plus transarterial therapy 0.613

No 104 (45.6) 31 (47) 48 (48) 25 (40.3)

YES 124 (54.4) 35 (53) 52 (52) 37 (59.7)

Cycles of immunotherapy 5 [3, 9] 6 [4, 9] 5.5 [3, 9] 4 [3, 7.75] 0.693
F
rontiers in Immunology
 04
Values are presented as the median (IQR) or n (%). P-value < 0.05 is statistically significant.
ECOG PS, Eastern Cooperative Oncology Group performance status; HBV, hepatitis B virus; BCLC, Barcelona Clinic Liver Cancer; AFP, alphafetoprotein; CRP, C-reactive protein.
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Tumor response on imaging examinations

Supplementary Table 1 summarizes the radiological assessment

of treatment response. 6, 57, 89 and 76 patients achieved CR, PR, SD

and PD, respectively. The ORR and DCR of the entire cohort were

27.6% and 66.7%, respectively. The ORR of CRAFITY 0, 1 and 2

were 36.4%, 32% and 27.4%, respectively (p = .556). The DCR of

CRAFITY 0, 1 and 2 were 62.1%, 73% and 61.3%, respectively (p =

.199). The ORR and DCR of intrahepatic response by CRAFITY 0, 1

and 2 were 37.9% vs 35% vs 30.6% (p=.688) and 70% vs 77% vs

69.4% (p=.453), respectively. Although there was no significant
Frontiers in Immunology 05
difference in ORR, the CRAFITY 0 group still had a higher ORR

than the other two groups. The optimal response for intra-hepatic

target lesions by patient according to RECIST1.1 criteria was

illustrated in the waterfall plot in Figure 3.
Univariate and multivariate Cox regression
analyses in the cohorts

Univariate and Multivariate Cox proportional hazard

regression model was used to determine the prognostic factors of
FIGURE 3

Waterfall plot for tumor size changes of intra-hepatic target lesions. PD, progressive disease; PR, partial response. CRAFITY, C-reactive protein and
alpha-fetoprotein in immunotherapy.
FIGURE 2

Kaplan-Meier curves of the overall survival based on the CRAFITY score. CRAFITY, C-reactive protein and alpha-fetoprotein in immunotherapy.
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OS. Univariate analysis showed that Largest tumor size (HR =

2.149; 95% CI 1.129 - 4.091; p =.02), Lymph node metastasis (HR =

2.012; 95% CI 1.132- 3.579; p = .017), and CRAFITY (HR = 0.372;

95% CI 0.168-0.824; p = .015) were important risk determinants of

OS in all patients. As shown in Table 2, the results of multivariate

analysis show that CRAFITY score is an independent risk factors

for OS (HR = 0.719; 95% CI 0.377-1.374; p =.048).
Comparison of the predictive power of the
CRAFITY score and other
inflammation markers

The predictive power of the CRAFITY score and other

inflammatory markers was evaluated using time-dependent ROC

curves. The results showed that the CRAFITY score could more

accurately predict OS in HCC patients receiving Lenvatinib plus

Pembrolizumab immunotherapy than other inflammatory markers

(Figure 4). The CRAFITY score predicts an AUC of 0.663, 0.668

and 0.689 for OS at 5, 10 and 15 months, respectively

(Supplementary Table 2).
Discussion

Combination therapy is the main treatment method for patients

with advanced liver cancer, and more and more of them are treated with

Len-P. Therefore, it is necessary to use biomarkers to identify those who

may benefit from Len-P. Our study found that CRAFITY score can

predict the prognosis of patients receiving Len-P, with significant

differences in OS between different CRAFITY score groups. Moreover,

compared with other inflammatory markers, CRAFITY score can more

accurately predict OS in HCC patients treated with Len-P.

Based on baseline AFP and CRP levels, 228 HCC patients treated

with Len-P were divided into CRAFITY 0 (n=66), CRAFITY 1

(n=100), and CRAFITY 2 (n=62) groups. The study suggests that
Frontiers in Immunology 06
higher CRAFITY scores are associated with poorer OS. The results

were similar to previous studies.

CRAFITY score is widely used in clinical trials. Studies have

shown that CRAFITY score can predict the survival and prognosis

of patients receiving PD-L1 immunotherapy (10). The CRAFITY

score is an ideal and useful predictor for unresectable HCC patients

receiving atezolizumab combined with bevacizumab (23). Yi Yang

et al. have also demonstrated that CRAFITY score can predict the

prognosis of HCC patients receiving TKI and immunotherapy (24).

It is reasonable to use the CRAFITY score to predict the

outcome of HCC patients treated with Len-P. As we all know,

one of the hallmarks of cancer is inflammation, which promotes

tumor occurrence and progression (25). CRP, as an acute phase
FIGURE 4

Time-dependent ROC analysis of the CRAFITY score and other
infammation markers for overall survival. ROC, receiver operating
characteristics, CRAFITY, C-reactive protein and alpha-fetoprotein
in immunotherapy.
TABLE 2 Univariate and multivariate Cox Regression analyses of Risk Factors for Overall Survival.

Variables Univariate Multivariate

HR 95%CI P-value HR 95%CI P-value

Age (>/≤50) 1.006 0.532-1.904 0.984

Gender (female/male) 0.693 0.274-1.753 0.439

Largest tumor size (>/≤10) 2.149 1.129-4.091 0.02

Tumor number (>/≤1) 1.734 0.809-3.718 0.157

Lymph node metastasis (yes/no) 2.012 1.132-3.579 0.017

Metastasis (yes/no) 1.524 0.853-2.72 0.154

CRAFITY

0 Reference Reference

1 0.372 0.168-0.824 0.015 0.719 0.377-1.374 0.048

2 0.695 0.364-1.324 0.268 1.644 0.905-2.986 0.318
P-value < 0.05 is statistically significant in both univariate and multivariate analyses.
CRAFITY, C-reactive protein and alpha-fetoprotein in immunotherapy.
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protein, can be induced by factors such as interleukin-1 (IL-1),

interleukin-6 (IL-6), and tumor necrosis factor-a (TNF-a). It is
often used to evaluate the efficacy of tumor treatment, such as

predicting PD-L1 expression and immunotherapy effect in non-

small cell lung cancer (26, 27). High CRP levels often indicate an

immunosuppressive tumor microenvironment, and CRP can

induce the infiltration of M2 macrophages and regulatory T cells

(28) and inhibit the proliferation and function of CD4+ and CD8+T

cells (29). In addition, AFP, as a biomarker to assist in the diagnosis

of HCC, is commonly used to predict HCC recurrence and disease

progression (30). The study about serum a-fetoprotein to predict

the prognosis of bevacizumab plus immunotherapy in

hepatocellular carcinoma have found that the reduction of serum

AFP level after anti-PD-1 treatment is associated with a good

prognosis for advanced HCC (31). Therefore, it can be considered

that AFP may be related to immune escape of HCC, and some

studies have shown that AFP may impair the function of

macrophages, thereby leading to the decline of antigen

presentation and phagocytosis (32). AFP can also cause dendritic

cell dysfunction, which affects the activation and differentiation of T

cells in HCC (33). Therefore, CRAFITY score can be used to

evaluate the immune microenvironment and invasion degree

of HCC.

Although CRAFITY 0 had the highest ORR based on

intrahepatic response compared to the other two groups, the

difference in ORR between CRADITY 0, 1 and 2 was not

significant, most likely due to the insufficient number of cases.

The number of enrolled cases needs to be increased in subsequent

studies to further supplement ORR confidence.

Due to incomplete medical records, we were unable to quantify

treatment-related adverse events (AEs) in our study. However,

referring to previous literature on the relationship between the

CRAFITY score and liver cancer, higher CRAFITY scores have been

associated with an increased likelihood of adverse events. For

instance, Renguo Guan et al. found that patients with a CRAFITY

2 score were more prone to fever compared to those with other

scores, and that higher CRAFITY scores correlated with a greater

incidence of Grade 3 and above liver injury (34). Additionally, a

study by Takeshi Hatanaka et al. reported that patients with a

CRAFITY score of 0 had the lowest incidence of AEs, followed by

those with scores of 1 and 2 (11). Similar conclusions were drawn by

Lijie Zhang et al. (35).

Cutaneous adverse events are also non-negligible side effects

associated with the use of pembrolizumab for cancer treatment.

Studies have indicated that patients with lung cancer may develop

severe dermatological conditions such as eczema and psoriasis

following treatment with pembrolizumab. These symptoms can

be alleviated upon discontinuation of the drug and subsequent

symptomatic management (36).

In addition, we also analyzed other inflammatory prognosis

scores composed of systemic inflammatory response factors, and

although these scores showed strong predictive power in cancer

prognosis, the CRAFITY score was more powerful in predicting

cancer prognosis from the time-dependent ROC curve.
Frontiers in Immunology 07
The study has some limitations. First of all, this study is

retrospective and the sample size is limited, selection bias still

exists. Secondly, this study was not a multicenter study, so there

was no external cohort to verify the predictive value of CRAFITY

score in HCC patients treated with Len-P. Large-scale prospective

multicenter randomized clinical trials are needed to validate

our findings.
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