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Background: Immune checkpoint inhibitor (ICl)-based combination therapy has
opened a new avenue for the treatment of multiple malignancies including
hepatocellular carcinoma (HCC). However, considering the unsatisfactory
efficacy, biomarkers are urgently needed to identify the patients most likely to
benefit from ICI-based combination therapy.

Methods: A total of 194 patients undergoing ICl-based combination therapy for
unresectable HCC were retrospectively enrolled and divided into a training
cohort (n = 129) and a validation cohort (n = 65) randomly. A novel circulating
immune index (Cll) defined as the ratio of white blood cell count (x10%/L) to
lymphocyte proportion (%) was constructed and its prognostic value was
determined and validated.

Results: Patients with Cll < 43.1 reported prolonged overall survival (OS)
compared to those with Cll > 43.1 (median OS: 24.7 vs 15.1 months; 6-, 12-,
18-month OS: 94.2%, 76.7%, 66.1% vs 86.4%, 68.2%, 22.8%, P = 0.019), and ClI
was identified as an independent prognostic factor for OS (hazard ratio, 2.24;
95% confidence interval, 1.17-4.31; P = 0.015). These results were subsequently
verified in the validation cohort. Additionally, patients with low ClI levels had
improved best radiological tumor response (complete response, partial
response, stable disease, progressive disease: 3%, 36%, 50%, 11% vs 0%, 27%,
46%, 27%; P = 0.037) and disease control rate (89% vs 73%; P = 0.031) in the
pooled cohort and better pathologic response (pathologic complete response,
major pathologic response, partial pathologic response, no pathologic response:
20%, 44%, 28%, 8% vs 0%, 0%, 40%, 60%; P = 0.005) in the neoadjuvant cohort.
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Detection of lymphocyte subsets revealed that an elevated proportion of CD4+ T
cells was related to better OS, while the proportion of CD8+ T cells was not.

Conclusions: We constructed a novel circulating immune biomarker that was
capable of predicting OS and therapeutic efficacy for HCC patients undergoing
ICI and lenvatinib combination therapy.

KEYWORDS

hepatocellular carcinoma, prognostic models, immunotherapy, lenvatinib, circulating

immune index

1 Introduction

Hepatocellular carcinoma (HCC) is the sixth most frequently
diagnosed malignancy and the third leading cause of cancer-related
death globally (1). Despite improvements in screening programs
and diagnostic tools, patients were frequently diagnosed as
advanced tumor stage and not eligible for curative treatments
such as surgical resection, liver transplantation, or ablation,
leading to a poor prognosis (2, 3).

Immune checkpoint inhibitor (ICI), predominantly represented
by monoclonal antibodies to programmed death 1 (PD-1) or
programmed death ligand 1 (PD-L1), has opened a new avenue
for cancer therapy and has been approved as a treatment for
multiple solid tumor types including advanced HCC (4-8).
However, the objective response rates of ICI monotherapy only
range from 14% to 20% in HCC, whereas all the treated confront the
risk of several immune-related side effects that sometimes are life-
threatening (2, 9). Recently, ICI-based combination therapy such as
ICI plus angiogenesis inhibitors or tyrosine kinase inhibitors (TKI)
becomes a promising regimen and achieves great efficacy in various
malignancies, including HCC (10-12). However, the LEAP-002
trial which applied ICI and lenvatinib failed to reach the primary
endpoint, indicating that not all patients could benefit from it.
Therefore, biomarkers capable of predicting the prognosis and
efficacy of ICI-based combination therapy before treatment
initiation are urgently needed.

It is well established that the tumor immune microenvironment
affected the efficacy of immunotherapy (13, 14). Considering the
tumor samples from the biopsy are hardly available from advanced
HCC patients, it is more feasible to screen biomarkers from
peripheral blood. Recently, emerging evidence has shown that
circulating immune status might partially reflect the tumor
immune microenvironment and serve as a potential prognostic
biomarker of immunotherapy in various tumors (15-17). In HCC,
traditional tumor marker alpha-fetoprotein (AFP) or well-
established predicting models including neutrophil to lymphocyte
ratio (NLR) and platelet to lymphocyte ratio (PLR), as well as newly
constructed scores such as C-reactive protein and AFP in
Immunotherapy (CRAFITY) have been reported to be correlated
with prognosis of patients treated with immunotherapy (18-20).
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However, the association between circulating immune status and
efficacy of ICI and lenvatinib combination therapy in HCC was
not clear.

Here, we constructed a novel circulating immune index (CII)
based on the immune components in peripheral blood and
validated its prognostic value for predicting efficacy and
outcomes in patients with unresectable HCC treated with ICI
and lenvatinib combination therapy. Meanwhile, the prognostic
values of different subtypes of immune cells in peripheral blood
were also explored.

2 Materials and methods
2.1 Patient inclusion

Patients with HCC who underwent combination therapy of ICI
(nivolumab, camrelizumab, sintilimab, pembrolizumab,
toripalimab, atezolizumab, or tislelizumab) and lenvatinib for
unresectable HCC at Zhongshan Hospital between February 2018
and December 2020 were retrospectively enrolled as the
combination therapy cohort. Meanwhile, a cohort of patients with
HCC receiving neoadjuvant combination therapy and subsequent
surgical resection at the same institute from February 2019 to
September 2021 was recruited as the neoadjuvant cohort. The
inclusion criteria for patients were listed as follows: (1)
histopathological or radiological diagnosis of HCC; (2) without a
history of other malignancies; (3) availability of complete
clinicopathological features and follow-up data; (4) at least one
radiological evaluation after the initiation of treatment. Patients
without measurable intrahepatic foci were excluded from
the analysis.

Clinicopathological information, radiological data, and
laboratory parameters at baseline (within 30 days before the start
of therapy) were collected. The tumor stage was classified under the
Barcelona Clinic Liver Cancer (BCLC) staging system (21). Liver
function was evaluated based on the Child-Pugh score (22).
Approval for this study was granted by the Ethics Committee of
Zhongshan Hospital (No. B2020-401) and informed consent was
obtained from each patient included in the analysis.
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2.2 Assessment of efficacy

Each patient was followed up every 2 to 4 weeks after the
initiation of treatment until loss to follow-up or death. Laboratory
tests including routine blood, serum AFP, and liver function were
conducted at each follow-up visit. Dynamic contrast-enhanced
abdominal magnetic resonance imaging (MRI) or computed
tomography (CT) scans were performed about every 3 months or
when intrahepatic tumor progression was suspected. And
extrahepatic metastases were assessed using chest CT, isotope
bone scan, positron emission tomography-computed tomography
(PET-CT), and other radiological examinations. The best
radiological tumor response was evaluated as per the Response
Evaluation Criteria in Solid Tumors version 1.1 (RECIST1.1). The
treatment response was evaluated independently by experienced
radiologists. The primary endpoint was overall survival (OS), which
was defined as the interval from the initiation of treatment to death
from any cause. The secondary endpoint was the disease control
rate (DCR), defined as the proportion of complete response (CR),
partial response (PR), and stable disease (SD). The time of last
follow-up was October 1st, 2022.

2.3 Circulating immune index

The CII was defined as the ratio of white blood cell (WBC)
count (x10°/L) to lymphocyte proportion (%). The optimal
threshold of CII was calculated using the X-tile software (Version
3.6.1, Yale University, New Haven, CT). Ultimately, 43.1 was
determined as the optimal cutoff value of CII in the training
cohort and was used to stratify patients in subsequent analyses.

2.4 Assessment of histopathologic
response to combination therapy

For the patients in the neoadjuvant cohort, tissue specimens
obtained from surgical resection were handled and sampled
according to the guidelines for pathological diagnosis of HCC
(23). Hematoxylin and eosin (H&E)-stained sections from these
specimens were histologically assessed via experienced pathological
experts, based on the immune-related pathologic response criteria
(irPRC) (24). Pathologic complete response (pCR) was defined as
the absence of any viable tumor in the tumor bed area. Patients with
residual viable tumor (RVT) were stratified into three groups: major
pathologic response (MPR, RVT% < 10%), partial pathologic
response (pPR, 10% < RVT% < 90%), and no pathologic response
(pPNR, RVT% > 90%) (25). Neoadjuvant combination therapy
failure was defined as reaching pPR or pNR.

2.5 Statistical analysis

Statistical analyses were conducted using R software (Version
4.1.1, R Foundation for Statistical Computing, Vienna, Austria)
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and IBM SPSS Statistics (Version 26.0, IBM Corp, Armonk, NY).
Continuous variables were presented as mean (standard
deviation) or median (interquartile range). Differences between
the two groups were analyzed by T-test or Mann-Whitney U test
as appropriate. For discrete variables, proportions were calculated,
and the Chi-square test or Fisher’s exact test was applied for
intergroup comparisons. Survival analysis was conducted by the
Kaplan-Meier method, and the differences between the two groups
were compared using the log-rank test. The Cox regression model
was applied to perform univariate and multivariate analyses. The
hazard ratio (HR) and 95% confidence interval (CI) were
calculated. Variables with a P value inferior to 0.1 in univariate
analysis were included for multivariate analysis. All the statistical
tests were two-tailed, and a P value < 0.05 was considered
statistically significant.

3 Results
3.1 Patient characteristics

A total of 194 patients with unresectable HCC undergoing ICI
and lenvatinib combination therapy were retrospectively enrolled in
the study (Figure 1). All patients were divided into the training
cohort (n = 129) and the validation cohort (n = 65) randomly.
There was no significant difference in baseline characteristics
between the training cohort and the validation cohort (Table 1).
The majority of patients were hepatitis B surface antigen (HBsAg)
positive (86%), BCLC C stage (84%), and Child-Pugh grade A
(91%). 125 (64%) patients harbored macrovascular invasion and 71
(37%) had extrahepatic metastases. The median duration of follow-
up was 14.2 (1.1-38.1) months. 72 (37%) patients died at the end of
the follow-up.

3.2 High Cll associates with poor OS in the
training cohort

Patients in the training cohort were separated into the CII low
group (n = 107) and CII high group (n = 22) according to the cutoff
value of 43.1. The Kaplan-Meier survival analysis was utilized to
evaluate the prognostic value of CII. CII low group showed
prolonged OS compared to CII high group (median OS: 24.7 vs
15.1 months; P = 0.019; Figure 2A). The 6-, 12-, and 18-month
cumulative survival rates were 94.2%, 76.7%, and 66.1% for patients
with low CII respectively, compared with 86.4%, 68.2%, and 22.8%
for patients with high CIL

Univariate Cox regression analysis revealed that the presence
of extrahepatic metastases and high CII levels were associated
with poor OS (Table 2). Upon the following multivariate
analysis, extrahepatic metastases (HR, 1.95; 95%CI, 1.11-3.42;
P = 0.021; Table 2) and CII (HR, 2.24; 95%CI, 1.17-4.31; P =
0.015; Table 2) were identified as independent prognostic factors
for OS in HCC patients receiving ICI and lenvatinib
combination therapy.
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HCC patients undergoing ICI and lenvatinib HCC patients undergoing neoadjuvant
combination therapy from February 2018 to combination therapy from February 2019 to
December 2020 (n = 231) September 2021 (n = 46)
Excluded:
® Incomplete information (n = 19) Excluded
® Without measurable intrahepatic ® Incomplete information (n = 16)
foci (n = 18)
Patients included in analysis (n = 194) Patients included in analysis (n = 30)
Training cohort Validation cohort
(n=129) (n=65)
FIGURE 1
Flowchart of the recruitment pathway for patients. HCC, hepatocellular carcinoma; ICI, immune checkpoint inhibitor.

TABLE 1 Clinicopathological characteristics in the training cohort and validation cohort.

Variables Levels Training cohort Validation c P value
Case 129 65
Age, years <50 45 (35%) 27 (42%) 0.365
>50 84 (65%) 38 (58%)
Gender female 15 (12%) 4 (6%) 0.226
male 114 (88%) 61 (94%)
HBsAg negative 21 (16%) 7 (11%) 0.303
positive 108 (84%) 58 (89%)
Child-Pugh stage A 116 (90%) 61 (94%) 0.362
B 13 (10%) 4 (6%)
BCLC stage B 23 (18%) 8 (12%) 0.322
C 106 (82%) 57 (88%)
Lines of combination therapy first 117 (91%) 58 (89%) 0.746
later 12 (9%) 7 (11%)
Tumor number solitary 43 (33%) 27 (42%) 0.261
multiple 86 (67%) 38 (58%)
Tumor size, cm <5 42 (33%) 16 (25%) 0.254
>5 87 (67%) 49 (75%)
Macrovascular invasion no 47 (36%) 22 (34%) 0.722
yes 82 (64%) 43 (66%)
Extrahepatic metastases no 82 (64%) 41 (63%) 0.947
yes 47 (36%) 24 (37%)
AFP, ng/mL <400 65 (50%) 33 (51%) 0.960
>400 64 (50%) 32 (49%)
Best radiological response CR 2 (2%) 3 (5%) 0.589
PR 48 (37%) 19 (29%)
SD 62 (48%) 33 (51%)
PD 17 (13%) 10 (15%)

HBsAg, hepatitis B surface antigen; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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(B). Abbreviations: ClI, circulating immune index.

3.3 Verification of the prognostic value of
Cll in the validation cohort

In the validation cohort, 65 patients were grouped in the same
way (CII low group, n = 54; CII high group, n = 11). Consistent with
the results from the training cohort, survival analysis indicated that
low CII levels were significantly correlated with better OS (median
OS: 25.3 vs 10.0 months; P = 0.007; Figure 2B). The cumulative
survival rates of the CII low group were markedly superior to the
CII high group at 6, 12, and 18 months (92.3%, 81.7%, 76.2% vs
78.8%, 33.8%, 16.9%). Furthermore, univariate and multivariate
analyses were performed to validate the independent prognostic
role of CII (HR, 3.27; 95%ClI, 1.33-8.07; P = 0.010; Table 2) for OS in
patients with HCC.

3.4 The prognostic significance of Cll in
different subgroups

In the pooled cohort, subgroup analyses were performed to
explore the applicability of our CII in patients with diverse
characteristics (Figure 3). Median OS was 24.7 (95% CI 21.3-28.1)
months for CII low group (n = 161) and 14.2 (95% CI 11.0-17.3)
months for CII high group (n = 33) (P = 0.001). In patients who
underwent combination therapy as first-line treatment, median OS
was 25.3 (95% CI 21.1-29.4) months for CII low group (n = 146),
and 15.1 (95% CI 11.6-18.6) months for CII high group (n = 29)
(P = 0.005). Similarly, in patients who underwent combination
therapy as later-line treatment, median OS was 17.1 (95% CI 2.4-
31.9) months for CII low group (n = 15), and 4.1 (95% CI 0.6-7.6)
months for CII high group (n = 4) (P = 0.023). Comparable results
were observed in other subgroups including female and male,
HBsAg negative and positive, Child-Pugh stage A and B, first and
later lines of combination therapy, absence and presence of
macrovascular invasion, absence and presence of extrahepatic
metastases, age > 50 years, BCLC stage C, multiple tumors, tumor
size > 5 cm, and AFP < 400 ng/mL.
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3.5 ClI predicts the best radiological
response in the pooled cohort

To investigate the predictive value of CII for efficacy, we
compared the best radiological tumor response of the two groups
in the pooled cohort. The result demonstrated that high CII levels
were concerned with unsatisfactory radiological response to ICI and
lenvatinib combination therapy. In CII low group, the patients
assessed as CR, PR, SD, and progressive disease (PD) were 5 (3%),
58 (36%), 80 (50%), and 18 (11%), respectively. As a comparison, 0
(0%), 9 (27%), 15 (46%), and 9 (27%) patients had CR, PR, SD, and
PD in CII high group, respectively (P = 0.037; Table 3). The DCR
was significantly higher in CII low group (89%) than that in CII
high group (73%) (P = 0.031; Table 3).

3.6 ClI predicts pathologic response in the
neoadjuvant cohort

To explore the predictive value of CII pathologically, a total of
30 HCC patients who received neoadjuvant ICI and lenvatinib
combination therapy were included and their resection specimens
were histologically assessed. Baseline characteristics were displayed
in Supplementary Table 1. In CII low group, 5 (20%), 11 (44%), 7
(28%), and 2 (8%) patients had pCR, MPR, pPR, and pNR,
respectively, while 2 (40%) and 3 (60%) patients had pPR and
PNR in CII high group (P = 0.005; Table 3). And the patients
assessed as neoadjuvant treatment failure were 9 (36%) vs 5 (100%)
for CII low group vs CII high group (P = 0.014; Table 3).

3.7 Association of circulating lymphocyte
subsets with the efficacy of ICl and
lenvatinib combination therapy

To further investigate the circulating lymphocyte subsets
associated with the efficacy of ICI and lenvatinib combination
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TABLE 2 Univariate and multivariate analyses for overall survival in the training cohort and validation cohort.

Training cohort

10.3389/fonc.2023.1109742

Validation cohort

Variables Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95%Cl) P value HR (95%Cl) P value HR (95%Cl) P value HR (95%Cl) P value

Age, years (<50: >50) 0.72 (0.40-1.29) 0.271 1.83 (0.75-4.48) 0.184
Gender (female: male) 0.87 (0.39-1.93) 0.727 1.13 (0.15-8.49) 0.906
HBsA

A8 B 145 (0.68-3.11) | 0337 157 (044-5.63) | 0.489
(negative: positive)
Child-Pugh stage (A: B) 1.87 (0.66-5.28) 0.238 1.96 (0.45-8.65) 0.372
Li f bination th first:
la’::;; of combination therapy (firs 203 (091-454) 0084 | 2.19(098-493) 0058 | 322(1.16-891) 0024 268 (0927.80)  0.070
Tumor number

) i 1.50 (0.81-2.77) 0.197 0.87 (0.38-1.98) 0.744
(solitary: multiple)
Tumor size, cm (<5: >5) 1.25 (0.69-2.26) 0.458 1.84 (0.67-5.02) 0.233
M Lot invasi

acrovaseuiar mvasion 129 (0.72-232) | 0387 0.66 (029-1.51)  0.321

(no: yes)
Extrahepatic metastases
(ot yes) 1.88 (1.07-3.30) 0.028 1.95 (1.11-3.42) 0.021 2.38 (1.04-5.46) 0.040 2.09 (0.88-4.95) 0.094
AFP, ng/mL (<400: >400) 1.36 (0.77-2.40) 0.284 0.72 (0.31-1.66) 0.441
CII (<43.1: >43.1) 2.14 (1.12-4.11) 0.022 2.24 (1.17-4.31) 0.015 3.27 (1.33-8.07) 0.010 3.27 (1.33-8.07) 0.010
NLR (£2.7: >2.7) 1.39 (0.79-2.46) 0.257 1.09 (0.48-2.48) 0.839
PLR (< 33.1: >133.1) 1.00 (0.56-1.79) 0.998 0.88 (0.37-2.07) 0.761
SIT (<330: >330) 1.46 (0.81-2.63) 0.212 1.08 (0.46-2.57) 0.855

HR, hazard ratio; CI, confidence interval; HBsAg, hepatitis B surface antigen; AFP, alpha-fetoprotein; CII, circulating immune index; NLR, neutrophil to lymphocyte ratio; PLR, platelet to

lymphocyte ratio; SII, systemic immune-inflammation index.

therapy, we performed flow cytometry in 77 patients in the pooled
cohort. Among all the detected lymphocyte subsets, significant
differences between the CII groups were observed in the
proportion of CD4+ T cells. Patients with low CII levels showed a
higher proportion of CD4+ T cells than patients with high CII levels
(P = 0.044, Table 4).

Then, we performed the Kaplan-Meier analyses for these
lymphocyte subsets based on their optimal cutoff thresholds. The
high proportion of CD4+ T cells (CD4+ T cells > 29.2%) was found
to prolong OS (median OS, 25.3 vs 8.9 months; P < 0.001;
Figure 4A), while the proportion of CD8+ T cells, CD3+ T cells,
B cells, and NK cells showed no significant association with OS (all
P > 0.05, Figures 4B-E).

4 Discussion

Increasing studies have revealed the prognostic significance of
circulating immune biomarkers in patients with various types of
cancer receiving immunotherapy. However, the lack of such
biomarkers in HCC makes it difficult to distinguish patients
suitable for ICI-based immunotherapy. In the current study, a
simple biomarker CII was developed based on the easily
accessible WBC count and lymphocyte proportion. It was
identified as an independent prognostic factor for OS in patients
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with HCC undergoing ICI and lenvatinib combination therapy.
Patients with CII < 43.1 reported prolonged OS compared to those
with CII > 43.1. These results were subsequently verified in a
validation cohort. Concerning the efficacy prediction, patients
with low CII levels had improved radiological tumor response
and DCR in the pooled cohort. The predictive value for treatment
efficacy was further validated in a neoadjuvant cohort by assessing
the pathologic response of resection specimens.

There were some prognostic models for predicting the survival
of patients who received systemic treatment for advanced HCC,
including sorafenib and immunotherapy. The PROSASH and
PROSASH-II model, which consisted of serum albumin, bilirubin,
AFP, macrovascular invasion, extrahepatic spread, and largest
tumor size, could predict the survival of patients with HCC
treated with sorafenib (26, 27). The CRAFITY score, which was
based on the baseline level of AFP and C-reactive protein, could
stratify HCC patients undergoing immunotherapy into three
groups with significantly different treatment responses and OS
(20). Another study investigated the prognostic significance of the
systemic inflammatory response in HCC patients receiving ICI,
finding that high levels of NLR and PLR were associated with
shorter OS and progression-free survival (PFS) (28). However, all
these studies were designed for TKI or ICI monotherapy and their
efficiency in TKI and ICI combination therapy needs further
investigation. Few studies investigated the clinical significance of
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https://doi.org/10.3389/fonc.2023.1109742
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Guo et al. 10.3389/fonc.2023.1109742

Subgroups Clllow CIl high HR (95%Cl) P value
Overall 161 33 2.52 (1.49-4.26) 0.001 P
Age, years

<50 54 (75%) 18 (25%)  1.82(0.80-4.16)  0.152  EO—

>50 107 (88%) 15 (12%)  3.42 (1.70-6.87) <0.001 —O—
Gender :

female 16 (84%) 3(16%)  4.64(1.09-19.81) 0.038 +—0—>

male 145 (83%) 30 (17%)  2.27 (1.29-3.99)  0.005  iHO—i
HBsAg :

negative 24 (86%) 4 (14%)  4.45(1.10-18.02)  0.036 :—o—>

positive 137 (83%) 29 (17%)  2.25(1.28-3.97)  0.005  -O—
Child-Pugh stage

A 149 (84%) 28 (16%)  2.00 (1.11-3.59)  0.020  o—

B 12(71%)  5(29%) 14.46 (1.61-129.81) 0.017 +—>
BCLC stage

B 29 (94%)  2(6%) 10.31(0.91-116.30) 0.059 +———>

o] 132 (81%) 31(19%) 2.12(1.23-366) 0007  +Oo—
Lines of combination therapy

first 146 (83%) 29 (17%)  2.31 (1.29-4.14)  0.005  FO—

later 15 (79%) 4 (21%)  4.68 (1.24-17.67)  0.023 r—o—>
Tumor number

solitary 57 (81%) 13 (19%) 2.16(0.83-5.65) 0.114 Fo—i

multiple 104 (84%) 20 (16%) 276 (1.46-5.21)  0.002  :—O—i
Tumor size, cm

<5 53(91%) 5 (9%) 1.87 (0.55-6.34)  0.315 »—o—«

>5 108 (79%) 28 (21%)  2.60 (1.41-4.77)  0.002  +O—i
Macrovascular invasion

no 60 (87%) 9 (13%) 2.82(1.14-6.98)  0.025 +—O0—

yes 101 (81%) 24 (19%)  2.36 (1.22-4.55)  0.010  -o—
Extrahepatic metastases

no 101 (82%) 22 (18%)  2.92 (1.41-6.04)  0.004 00—

yes 60 (85%) 11 (15%)  2.24(1.04-482) 0.039 +HO—
AFP, ng/mL :

<400 85(87%) 13 (13%) 3.74 (1.71-8.17) <0.001 +—O0—>

> 400 76 (79%) 20 (21%)  1.86(0.90-3.85)  0.095 +0—i

01234567
FIGURE 3

Forest plot of HR for survival in different subgroups in the pooled cohort. HR, hazard ratio; ClI, circulating immune index; Cl, confidence interval;
HBsAg, hepatitis B surface antigen; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein.

circulating immune status for efficacy and prognosis of
immunotherapy. In the present study, we found that the
combination of WBC count and lymphocyte proportion was
associated with outcomes after ICI and lenvatinib combination
therapy for unresectable HCC and could serve as a biomarker to
identify patients with potential survival benefits. For the first time,
we found the association between CII and the efficacy of ICI-based
combination therapy in HCC, indicating that the circulating
immune status could reflect the immune microenvironment in
tumors and predict the efficacy of ICI-based combination therapy.

The lymphocyte is one of the most commonly applied
hematological indices to evaluate the systemic immune status. A
variety of biomarkers based on the lymphocyte were initially
proved to be involved with the efficacy and prognosis of ICI-
based immunotherapy in various tumors, especially in lung cancer
(15, 16, 28-30). For example, Lung Immune Prognostic Index, the
combination of derived neutrophil to lymphocyte ratio and lactate
dehydrogenase, was proved to be correlated with unfavorable
outcomes for immunotherapy, but not for chemotherapy (29).
Besides, low absolute lymphocyte count was found to be
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associated with shorter OS and PFS in patients with non-small
cell lung cancer treated with nivolumab (9). In HCC, although
lymphocyte is a predominant component of prognostic models
predicting outcomes after radical resection or TACE, such as NLR,
PLR, and systemic immune-inflammation index (SII) (31, 32), its
prognostic value in immunotherapy, especially in ICI and
lenvatinib combination therapy was not clear. In our study, the
prognostic value of circulating lymphocytes was expanded into
ICI-based combination therapy in unresectable HCC, which
makes it possible to dynamically monitor the efficacy of
combination therapy through circulating immune status in
the future.

Although ICI facilitates anti-tumor immune responses by
activating various immune cells of both the innate and adaptive
arms, lymphocytes are the linchpins of ICI-based immunotherapy
(33). Given that ICI-induced lymphocyte subset changes can be
reflected in peripheral blood, flow cytometry which depicts the pre-
treatment circulating immune status of patients may help to further
explain the prognostic value of CII. CD8+ T cells have been
classically viewed as the predominant effector responsible for
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TABLE 3 Efficacy according to Cll in the pooled combination therapy cohort and neoadjuvant cohort.

Pooled combination cohort

Cll low, n=161

P value

Cll high, n=33

Best radiological response 0.037
CR 5 (3%) 0 (0%)
PR 58 (36%) 9 (27%)
SD 80 (50%) 15 (46%)
PD 18 (11%) 9 (27%)

Disease control 0.031
Yes (CR/PR/SD) 143 (89%) 24 (73%)
No (PD) 18 (11%) 9 (27%)

Neoadjuvant cohort

Cll low, n=25

Cll high, n=5 P value

Pathologic response 0.005
pCR 5 (20%) 0 (0%)
MPR 11 (44%) 0 (0%)
pPR 7 (28%) 2 (40%)
pNR 2 (8%) 3 (60%)

Neoadjuvant treatment failure 0.014
Yes (pPR/pNR) 9 (36%) 5 (100%)
No (pCR/MPR) 16 (64%) 0 (0%)

CII, circulating immune index; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; pCR, pathologic complete response; MPR, major pathologic response;

PPR, partial pathologic response; pNR, no pathologic response.

anti-tumor immune responses due to its direct tumor-killing
feature, while CD4+ T cells function as auxiliary roles by
promoting the priming and differentiation of naive CD8+ T cells
(33, 34). Emerging studies indicate that heightened levels of CD4+
T cells and CD8+ T cells in the peripheral blood before or after
immunotherapy are connected with improved clinical outcomes
(33, 35). However, we found that it was CD4+ T cells instead of
CD8+ T cells that correlated with outcomes after ICI and lenvatinib
combination therapy. The high proportion of CD4+ T cells before
treatment predicted higher response and longer OS for patients. To
our knowledge, it was the first time that the prognostic value of
circulating T cells, specifically CD4+ T cells had been revealed in
ICI-based combination therapy in unresectable HCC, which might
help clinical decision-making. And increasing the proportion of
CD4+ T cells in peripheral blood may be a potential way to improve
the efficacy of combination therapy.

TABLE 4 Lymphocyte subsets according to Cll in the pooled cohort.

The tumor immune microenvironment serves a pivotal role in
tumor metastasis, relapse, and treatment resistance (36). In HCC,
the immune microenvironment composed of various immune and
stromal cells is characterized by strong immunosuppressive (37).
Liver-resident macrophages, M2-type tumor-associated
macrophages, regulatory T cells, and myeloid-derived suppressor
cells are the predominant immunosuppressive cells that contributed
to the immune escape of HCC through the expression of
immunosuppressive factors, especially checkpoint molecules (38,
39). Thus, immunotherapy represented by ICI has captured
increasing attention in HCC. However, due to the high
heterogeneity of HCC, ICI monotherapy did not show
improvement in OS compared with sorafenib, along with limited
objective response rates (2, 40). To overcome the resistance of
immunotherapy, the combination of ICI and angiogenesis
inhibitors or TKI was proposed and its efficacy was evaluated in

Variables Cll low, n=65 Cll high, n=12 P value
Proportion of CD4+ T cells, % 40.0 (35.7-45.8) 34.1 (31.1-40.3) 0.044
Proportion of CD8+ T cells, % 24.5 (20.4-29.9) 29.4 (23.8-31.8) 0.209
Proportion of CD3+ T cells, % 70.6 (64.0-75.8) 67.4 (62.5-77.2) 0.569
Proportion of B cells, % 12.1 (8.3-15.9) 10.4 (8.4-12.2) 0.347
Proportion of NK cells, % 15.4 (10.3-22.1) 20.1 (12.2-24.4) 0.350

CII, circulating immune index.
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patients with unresectable HCC. Regrettably, ICI plus lenvatinib
failed to improve OS and PFS compared with lenvatinib
monotherapy in the LEAP-002 trial, which is the standard first-
line treatment for unresectable HCC. Therefore, except for the
accurate identification of candidate patients who may benefit from
current treatment regimens, efforts should be made to reveal the
heterogeneity of HCC and develop novel therapeutic agents and
combination strategies.
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There were some limitations of the current study. The most
prominent is the retrospective design since this is subject to
unintentional biases. Moreover, the sample size was relatively small
due to the short period of combination therapy for HCC. Thus, a
prospective study with a large sample size was needed to validate the
prognostic model. Additionally, all patients involved in our study were
from China and the most common etiology was hepatitis B virus. The
efficiency of the model in other ethnicities and etiologies needs further
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validation. Besides, the components of CII are both easily accessible
clinical hematological indices. However, against the backdrop of the
rapid development of precision medicine and the high heterogeneity
of HCC, more individualized approaches for prognosis stratification
based on genomic information need to be explored.

5 Conclusion

In conclusion, our study identified the ratio of WBC count to
lymphocyte proportion as a novel circulating immune biomarker
that was capable of predicting OS and therapeutic efficacy for HCC
patients undergoing ICI and lenvatinib combination therapy.
Application of CII may help to distinguish patients expected to
benefit from ICI and lenvatinib combination therapy and guide
treatment decisions.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by the Ethics Committee of Zhongshan Hospital. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

JZ, AH, X-RY, and D-ZG conceptualized this study and wrote
the manuscript. S-YZ and S-YD conducted data analysis. J-YY and
Y-PW collected the clinical information of patients. YC, S-XR, and

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer ] Clin (2021) 71(3):209-49. doi: 10.3322/
caac.21660

2. Llovet JM, Kelley RK, Villanueva A, Singal AG, Pikarsky E, Roayaie S, et al.
Hepatocellular carcinoma. Nat Rev Dis Primers (2021) 7(1):6. doi: 10.1038/s41572-020-
00240-3

3. Cabibbo G, Enea M, Attanasio M, Bruix J, Craxi A, Camma C. A meta-analysis of
survival rates of untreated patients in randomized clinical trials of hepatocellular
carcinoma. Hepatology (2010) 51(4):1274-83. doi: 10.1002/hep.23485

4. Motzer RJ, Escudier B, McDermott DF, George S, Hammers HJ, Srinivas S, et al.
Nivolumab versus everolimus in advanced renal-cell carcinoma. New Engl ] Med (2015)
373(19):1803-13. doi: 10.1056/NEJMoal510665

5. Brahmer J, Reckamp KL, Baas P, Crino L, Eberhardt WEE, Poddubskaya E, et al.
Nivolumab versus docetaxel in advanced squamous-cell non-Small-Cell lung cancer.
New Engl ] Med (2015) 373(2):123-35. doi: 10.1056/NEJMoa1504627

6. El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, et al. Nivolumab
in patients with advanced hepatocellular carcinoma (CheckMate 040): an open-label,

Frontiers in Oncology

10.3389/fonc.2023.1109742

JF interpreted the data. All authors edited the manuscript. All
authors contributed to the article and approved the
submitted version.

Funding

This study was jointly supported by the National Key R&D
Program of China (2019YFC1315800, 2019YFC1315802), National
Natural Science Foundation of China (N0.82150004, 81830102,
81772578, 81802991), Fudan University (IDF152064/014),
Zhongshan Hospital Fudan University (2021ZSYQO09), and
Shanghai Municipal Key Clinical Specialty.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1109742/
full#supplementary-material

non-comparative, phase 1/2 dose escalation and expansion trial. Lancet (2017) 389
(10088):2492-502. doi: 10.1016/S0140-6736(17)31046-2

7. Finn RS, Ryoo B-Y, Merle P, Kudo M, Bouattour M, Lim HY, et al.
Pembrolizumab as second-line therapy in patients with advanced hepatocellular
carcinoma in KEYNOTE-240: A randomized, double-blind, phase III trial. J Clin
Oncol (2020) 38(3):193-202. doi: 10.1200/JC0O.19.01307

8. Qin S, Ren Z, Meng Z, Chen Z, Chai X, Xiong J, et al. Camrelizumab in patients
with previously treated advanced hepatocellular carcinoma: a multicentre, open-label,
parallel-group, randomised, phase 2 trial. Lancet Oncol (2020) 21(4):571-80. doi:
10.1016/51470-2045(20)30011-5

9. Tanizaki J, Haratani K, Hayashi H, Chiba Y, Nakamura Y, Yonesaka K, et al.
Peripheral blood biomarkers associated with clinical outcome in non-small cell lung
cancer patients treated with nivolumab. J Thorac Oncol (2018) 13(1):97-105. doi:
10.1016/j.jtho.2017.10.030

10. Finn RS, Tkeda M, Zhu AX, Sung MW, Baron AD, Kudo M, et al. Phase ib
study of lenvatinib plus pembrolizumab in patients with unresectable
hepatocellular carcinoma. J Clin Oncol (2020) 38(26):2960-70. doi: 10.1200/
JCO.20.00808

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1109742/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1109742/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1002/hep.23485
https://doi.org/10.1056/NEJMoa1510665
https://doi.org/10.1056/NEJMoa1504627
https://doi.org/10.1016/S0140-6736(17)31046-2
https://doi.org/10.1200/JCO.19.01307
https://doi.org/10.1016/S1470-2045(20)30011-5
https://doi.org/10.1016/j.jtho.2017.10.030
https://doi.org/10.1200/JCO.20.00808
https://doi.org/10.1200/JCO.20.00808
https://doi.org/10.3389/fonc.2023.1109742
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Guo et al.

11. Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, Kim T-Y, et al. Atezolizumab
plus bevacizumab in unresectable hepatocellular carcinoma. New Engl ] Med (2020) 382
(20):1894-905. doi: 10.1056/NEJMoal915745

12. Xu J, Shen J, Gu S, Zhang Y, Wu L, Wu J, et al. Camrelizumab in combination
with apatinib in patients with advanced hepatocellular carcinoma (RESCUE): A
nonrandomized, open-label, phase II trial. Clin Cancer Res (2021) 27(4):1003-11.
doi: 10.1158/1078-0432.CCR-20-2571

13. Galon J, Bruni D. Approaches to treat immune hot, altered and cold tumours
with combination immunotherapies. Nat Rev Drug Discov (2019) 18(3):197-218. doi:
10.1038/s41573-018-0007-y

14. Pitt JM, Marabelle A, Eggermont A, Soria J-C, Kroemer G, Zitvogel L.
Targeting the tumor microenvironment: removing obstruction to anticancer
immune responses and immunotherapy. Ann Oncol (2016) 27(8):1482-92. doi:
10.1093/annonc/mdw168

15. Weide B, Martens A, Hassel JC, Berking C, Postow MA, Bisschop K, et al.
Baseline biomarkers for outcome of melanoma patients treated with pembrolizumab.
Clin Cancer Res (2016) 22(22):5487-96. doi: 10.1158/1078-0432.CCR-16-0127

16. Diem S, Schmid S, Krapf M, Flatz L, Born D, Jochum W, et al. Neutrophil-to-
Lymphocyte ratio (NLR) and platelet-to-Lymphocyte ratio (PLR) as prognostic
markers in patients with non-small cell lung cancer (NSCLC) treated with
nivolumab. Lung Cancer (2017) 111:176-81. doi: 10.1016/j.lungcan.2017.07.024

17. Du F, Qiu Z, Ai W, Huang C, Ji ], Xiao X, et al. Blood tests predict the
therapeutic prognosis of anti-PD-1 in advanced biliary tract cancer. ] Leukocyte Biol
(2021) 110(2):327-34. doi: 10.1002/JLB.5MA1220-631R

18. Spahn S, Roessler D, Pompilia R, Gabernet G, Gladstone BP, Horger M, et al.
Clinical and genetic tumor characteristics of responding and non-responding patients
to PD-1 inhibition in hepatocellular carcinoma. Cancers (2020) 12(12):3830. doi:
10.3390/cancers12123830

19. Sangro B, Melero I, Wadhawan S, Finn RS, Abou-Alfa GK, Cheng A-L, et al.
Association of inflammatory biomarkers with clinical outcomes in nivolumab-treated
patients with advanced hepatocellular carcinoma. J Hepatol (2020) 73(6):1460-9. doi:
10.1016/j.jhep.2020.07.026

20. Scheiner B, Pomej K, Kirstein MM, Hucke F, Finkelmeier F, Waidmann O, et al.
Prognosis of patients with hepatocellular carcinoma treated with immunotherapy -
development and validation of the CRAFITY score. ] Hepatol (2022) 76(2):353-63. doi:
10.1016/j.jhep.2021.09.035

21. Reig M, Forner A, Rimola J, Ferrer-Fabrega J, Burrel M, Garcia-Criado A, etal.
BCLC strategy for prognosis prediction and treatment recommendation: The 2022
update. ] Hepatol (2022) 76(3):681-93. doi: 10.1016/j.jhep.2021.11.018

22. Pugh RNH, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R.
Transection of the oesophagus for bleeding oesophageal varices. Br ] Surgery (2005)
60(8):646-9. doi: 10.1002/bjs.1800600817

23. Zhou J, Sun H, Wang Z, Cong W, Wang J, Zeng M, et al. Guidelines for the
diagnosis and treatment of hepatocellular carcinoma (2019 edition). Liver Cancer
(2020) 9(6):682-720. doi: 10.1159/000509424

24. Cottrell TR, Thompson ED, Forde PM, Stein JE, Duffield AS, Anagnostou V,
et al. Pathologic features of response to neoadjuvant anti-PD-1 in resected non-small-
cell lung carcinoma: a proposal for quantitative immune-related pathologic response
criteria (irPRC). Ann Oncol (2018) 29(8):1853-60. doi: 10.1093/annonc/mdy218

25. Ling Y, Li N, Li L, Guo C, Wei ], Yuan P, et al. Different pathologic responses to
neoadjuvant anti-PD-1 in primary squamous lung cancer and regional lymph nodes.
NPJ Precis Oncol (2020) 4(1):32. doi: 10.1038/s41698-020-00135-2

26. Berhane S, Fox R, Garcia-Fifiana M, Cucchetti A, Johnson P. Using prognostic
and predictive clinical features to make personalised survival prediction in advanced

Frontiers in Oncology

11

10.3389/fonc.2023.1109742

hepatocellular carcinoma patients undergoing sorafenib treatment. Br J Cancer (2019)
121(2):117-24. doi: 10.1038/s41416-019-0488-4

27. Labeur TA, Berhane S, Edeline J, Blanc JF, Bettinger D, Meyer T, et al. Improved
survival prediction and comparison of prognostic models for patients with
hepatocellular carcinoma treated with sorafenib. Liver Int (2020) 40(1):215-28. doi:
10.1111/1iv.14270

28. Muhammed A, Fulgenzi CAM, Dharmapuri S, Pinter M, Balcar L, Scheiner B,
et al. The systemic inflammatory response identifies patients with adverse clinical
outcome from immunotherapy in hepatocellular carcinoma. Cancers (2021) 14(1):186.
doi: 10.3390/cancers14010186

29. Mezquita L, Auclin E, Ferrara R, Charrier M, Remon J, Planchard D, et al.
Association of the lung immune prognostic index with immune checkpoint inhibitor
outcomes in patients with advanced non-small cell lung cancer. JAMA Oncol (2018) 4
(3):351. doi: 10.1001/jamaoncol.2017.4771

30. Liu J, Li S, Zhang S, Liu Y, Ma L, Zhu J, et al. Systemic immune-
inflammation index, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte
ratio can predict clinical outcomes in patients with metastatic non-small-cell
lung cancer treated with nivolumab. J Clin Lab Analysis (2019) 33(8):¢22964. doi:
10.1002/jcla.22964

31. Hu B, Yang X-R, Xu Y, Sun Y-F, Sun C, Guo W, et al. Systemic immune-
inflammation index predicts prognosis of patients after curative resection for
hepatocellular carcinoma. Clin Cancer Res (2014) 20(23):6212-22. doi: 10.1158/1078-
0432.CCR-14-0442

32. Schobert IT, Savic L], Chapiro J, Bousabarah K, Chen E, Laage-Gaupp F, et al.
Neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios as predictors of tumor
response in hepatocellular carcinoma after DEB-TACE. Eur Radiol (2020) 30
(10):5663-73. doi: 10.1007/s00330-020-06931-5

33. Bagchi S, Yuan R, Engleman EG. Immune checkpoint inhibitors for the
treatment of cancer: Clinical impact and mechanisms of response and resistance.
Annu Rev Pathol: Mech Disease (2021) 16(1):223-49. doi: 10.1146/annurev-pathol-
042020-042741

34. Zuazo M, Arasanz H, Bocanegra A, Fernandez G, Chocarro L, Vera R, et al.
Systemic CD4 immunity as a key contributor to PD-L1/PD-1 blockade immunotherapy
efficacy. Front Immunol (2020) 11. doi: 10.3389/fimmu.2020.586907

35. Martens A, Wistuba-Hamprecht K, Yuan J, Postow MA, Wong P, Capone M,
et al. Increases in absolute lymphocytes and circulating CD4+ and CD8+ T cells are
associated with positive clinical outcome of melanoma patients treated with
ipilimumab. Clin Cancer Res (2016) 22(19):4848-58. doi: 10.1158/1078-0432.CCR-
16-0249

36. Greten FR, Grivennikov SI. Inflammation and cancer: Triggers, mechanisms,
and consequences. Immunity (2019) 51(1):27-41. doi: 10.1016/j.immuni.2019.06.025

37. Xue R, Zhang Q, Cao Q, Kong R, Xiang X, Liu H, et al. Liver tumour immune
microenvironment subtypes and neutrophil heterogeneity. Nature (2022) 612, 141-7.
doi: 10.1038/541586-022-05400-x

38. Shen W, Chen Y, Lei P, Sheldon M, Sun Y, Yao F, et al. Inmunotherapeutic
approaches for treating hepatocellular carcinoma. Cancers (2022) 14(20):5013. doi:
10.3390/cancers14205013

39. Leone P, Solimando AG, Fasano R, Argentiero A, Malerba E, Buonavoglia A,
et al. The evolving role of immune checkpoint inhibitors in hepatocellular carcinoma
treatment. Vaccines (2021) 9(5):532. doi: 10.3390/vaccines9050532

40. Yau T, Park J-W, Finn RS, Cheng A-L, Mathurin P, Edeline J, et al. Nivolumab
versus sorafenib in advanced hepatocellular carcinoma (CheckMate 459): a
randomised, multicentre, open-label, phase 3 trial. Lancet Oncol (2022) 23(1):77-90.
doi: 10.1016/S1470-2045(21)00604-5

frontiersin.org


https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1158/1078-0432.CCR-20-2571
https://doi.org/10.1038/s41573-018-0007-y
https://doi.org/10.1093/annonc/mdw168
https://doi.org/10.1158/1078-0432.CCR-16-0127
https://doi.org/10.1016/j.lungcan.2017.07.024
https://doi.org/10.1002/JLB.5MA1220-631R
https://doi.org/10.3390/cancers12123830
https://doi.org/10.1016/j.jhep.2020.07.026
https://doi.org/10.1016/j.jhep.2021.09.035
https://doi.org/10.1016/j.jhep.2021.11.018
https://doi.org/10.1002/bjs.1800600817
https://doi.org/10.1159/000509424
https://doi.org/10.1093/annonc/mdy218
https://doi.org/10.1038/s41698-020-00135-2
https://doi.org/10.1038/s41416-019-0488-4
https://doi.org/10.1111/liv.14270
https://doi.org/10.3390/cancers14010186
https://doi.org/10.1001/jamaoncol.2017.4771
https://doi.org/10.1002/jcla.22964
https://doi.org/10.1158/1078-0432.CCR-14-0442
https://doi.org/10.1158/1078-0432.CCR-14-0442
https://doi.org/10.1007/s00330-020-06931-5
https://doi.org/10.1146/annurev-pathol-042020-042741
https://doi.org/10.1146/annurev-pathol-042020-042741
https://doi.org/10.3389/fimmu.2020.586907
https://doi.org/10.1158/1078-0432.CCR-16-0249
https://doi.org/10.1158/1078-0432.CCR-16-0249
https://doi.org/10.1016/j.immuni.2019.06.025
https://doi.org/10.1038/s41586-022-05400-x
https://doi.org/10.3390/cancers14205013
https://doi.org/10.3390/vaccines9050532
https://doi.org/10.1016/S1470-2045(21)00604-5
https://doi.org/10.3389/fonc.2023.1109742
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Guo et al.
Glossary
HCC hepatocellular carcinoma
ICI immune checkpoint inhibitor
PD-1 programmed death 1
PD-L1 programmed death ligand 1
TKI tyrosine kinase inhibitor
CII circulating immune index
BCLC Barcelona Clinic Liver Cancer
AFP alpha-fetoprotein
MRI magnetic resonance imaging
CT computed tomography
PET-CT positron emission tomography-computed tomography
RECIST1.1 Response Evaluation Criteria in Solid Tumors version 1.1
0os overall survival
DCR disease control rate
CR complete response
PR partial response
SD stable disease
WBC white blood cell
H&E hematoxylin and eosin
irPRC immune-related pathologic response criteria
pCR pathologic complete response
RVT residual viable tumor
MPR major pathologic response
pPR partial pathologic response
PNR no pathologic response
HR hazard ratio
CI confidence interval
HBsAg hepatitis B surface antigen
PD progressive disease
NLR neutrophil to lymphocyte ratio
PLR platelet to lymphocyte ratio
PFS progression-free survival
SIT systemic immune-inflammation index
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