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Background: Based onmolecular biomarkers, anti-angiogenic drugs in combination with
programmed cell death protein 1 (PD-1) antibodies can screen the potentially beneficial
populations with hepatocellular carcinoma (HCC) and predict the efficacy after treatment.
Therefore, we aimed to study predictive molecular biomarkers to improve the
effectiveness of immuno-targeted combination therapy for HCC.

Patients and Methods: Baseline clinical data, blood samples, and imaging data of the
first evaluation after two cycles of treatment were collected for 40 patients with advanced
HCC who underwent combination therapy, and then these data were compared
according to the efficacy. Since 15 patients had complete hematology samples, we
additionally tested the T lymphocyte subpopulations of these 15 patients and also
compared them according to the efficacy. In addition, we also selected five patients
who benefited the most from the combination therapy and five patients with the worst
curative effect for gene detection based on survival time and efficacy evaluation. Finally,
the relationship between certain clinical characteristics, laboratory indicators, specific T
lymphocyte subpopulations, gene mutations and the response of immuno-targeted
combination therapy for HCC was evaluated.

Results: The high levels of CD3+CD4+CD279+, CD3+CD8+CD45RO+CD62L+T
lymphocytes and tumor mutational burden (TMB) were associated with good efficacy of
the combination therapy (P=0.03, P<0.01 and P=0.03). The high levels of
CD3+CD4+CD28+ T lymphocytes were associated with poor efficacy of the
combination therapy (P=0.02). The high mutation frequency of TP53 and ARID1A
appeared in the non-response cohort. In addition, amplification mutation of 11q13-
CCND1, FGF3, FGF4, and FGF19 was found in a patient with hyperprogression (HP).

Conclusions: The certain clinical characteristics, laboratory indicators, specific T
lymphocyte subpopulations, and gene mutations established in this paper were
potential predictive biomarkers for HCC patients treated with combination therapy.
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BACKGROUND

In China, hepatocellular carcinoma (HCC) ranks the top five
most frequently diagnosed cancer types that have high morbidity
and mortality (1). So far, immune checkpoint inhibitors (ICIs)
against programmed cell death protein 1 (PD-1), cytotoxic T
lymphocyte antigen-4 (CTLA-4), and so on have brought new
hope for the treatment of advanced HCC, especially in
combination with targeted drugs, which can significantly
improve the long-term prognosis of potentially beneficial
populations. The GO30140 research has shown that patients
with advanced HCC can obtain a progression-free survival (PFS)
of 7.3 months and overall survival (OS) of 17.1 months when
using the first-line combination of atezolizumab and
bevacizumab (2). Imbrave150 research has shown that the
global objective response rate (ORR) of atezolizumab in
combination with bevacizumab can reach 27.3% in the
treatment of unresectable HCC (3). The median overall
survival (mOS) reaches 19.2 months (17.0-23.7 months)
(HR=0.66; 95% CI: 0.52-0.85) (4), and the mOS of the Chinese
subgroup is 24 months (17.1-NE) (HR=0.53; 95% CI: 0.35-
0.80) (5).

Although combination therapies have achieved significant
effects on the treatment of HCC, the less than 27.3%-46%
response rate of drugs and high treatment costs have greatly
restricted the application of immuno-targeted combination
therapy (3, 6). Therefore, it is urgently necessary to improve
the efficiency of combination therapy and identify potentially
beneficial populations through laboratory characteristics,
hallmark T lymphocyte subsets and other features.

The Tasuku Honjo team, who won the 2018 Nobel Prize in
Physiology or Medicine, has discovered PD-1 and programmed
cell death ligand 1 (PD-L1) (7). The binding of PD-1 and PD-L1
plays an important role in the mechanism underlying the tumor
immune escape (8, 9), suggesting that inhibiting the interaction
can mediate the body’s anti-tumor activity. Since then,
immunotherapy has been widely used in the field of
tumor treatment.

The multi-kinase inhibitor sorafenib has become the standard
treatment for HCC patients without indications for surgery since
2007 (10). However, its clinical efficacy is not satisfactory. The
current emergence of anti-angiogenic drugs has broken this
deadlock. A REFLECT study has reported the lenvatinib
monotherapy for HCC patients, with a PFS of 7.4 months and
an ORR of 24.1% (11), which is significantly higher compared
with the sorafenib monotherapy (PFS of 3.7 months, ORR of
9.2%) (11).

As far as immunotherapy is concerned, the GO30140 study
has shown that the ORR of atezolizumab as a single agent in
advanced HCC is 17%, and the PFS is 3.4 months (1.9-5.2
months)(HR=0.55, 80% CI: 0.40-0.74 P=0.0108) (2). The
Checkmate459 study has shown that when nivolumab
monotherapy is used for unresectable HCC, the OS is 16.4
months (P= 0.075), PFS is 3.7 months (95%CI: 3.1-3.9), and
ORR is 15% (12). The above-mentioned data all indicate that no
more than 20% patients can benefit more from single PD-1
antibody treatment. A large number of research data in the past 5
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years have shown that anti-angiogenic drugs in combination
with PD-1 antibody therapy can further improve patient’s
survival, such as Imbrave150 (3), Rescue (13), Orient-32 (14),
Keynote-524 (6) and so on.

At present, clinical trials of different types of anti-angiogenic
drugs and PD-1 antibodies in the treatment of HCC are actively
carried out in various tumor centers. However, the relevant
indicators that can predict the potentially beneficial
populations of combination therapy are only reported in
malignant melanoma, non-small cell lung cancer (NSCLC),
and other tumor types. There is no definite evidence in the
field of HCC treatment.

In the present study, we performed statistics on the clinical
characteristics, laboratory indicators, multiple T lymphocyte
subtypes, and gene mutations of patients with advanced HCC in
clinical trials who underwent immuno-targeted combination
therapy. Moreover, we aim to explore sensitive response predictors
of HCC combination therapy, and analyze the relationship between
predictors and the sensitivity of combination therapy.
PATIENTS AND METHODS

Study Design and Participants
All specimens and relevant clinical data were obtained from the
department of oncology, Drum Tower Hospital Affiliated to
Medical School of Nanjing University. Baseline clinical data,
blood samples, and imaging data of the first evaluation after
two cycles of treatment were collected for 40 patients with
advanced HCC treated with anti-angiogenic drugs in
combination with PD-1 antibody. Patients started the
combined treatment from May 2018. Since 15 patients had
complete hematology samples, we additionally tested the T
lymphocyte subpopulations. Based on the evaluation of
response, the results of gene mutations of five patients each
with the greatest and the worst clinical benefit were obtained. All
HCC patients were confirmed by histopathology. Clinical data
including the patient’s age, gender, histopathological diagnosis,
tumor location and stage, lymph node metastasis, and evaluation
data after combination treatment. Clinical characteristics of the
patients were summarized in Table 1. Informed consent was
obtained from all patients. The protocols for our study were
approved by the Human Research Protective Committee of
Drum Tower Hospital.

Assessments
The blood sample was collected before the patients’ first
treatment, focusing on the patients’ lymphocyte and neutrophil
counts, and calculating the neutrophil to lymphocyte ratio
(NLR). The first imaging evaluation was carried out within 28
days before the patients’ initial treatment and was repeated every
two cycles after medication. The Independent Radiological
Review Committee (IRRC) evaluated the response according to
RECIST V1.1. Since 15 patients had complete hematological
samples, their T lymphocyte subpopulations were additionally
tested. The peripheral venous blood of 15 patients were collected
before treatment. CD3-FITC, CD19-PE, CD16-PE CD279-PE,
July 2022 | Volume 13 | Article 930096
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CD223-PE, CD366-PE, CD137-PE, CD62L-PE, CD27-PE, CD4-
PerCP, CD8-PerCP, CD8-APC, CD56-APC, CD45RO-APC,
CD28-APC, IgG1 k, IgG2ak were used for direct labeling and
staining with multiple combinations. The T lymphocyte
subpopulations were detected by flow cytometry (The
data of fluorescence-activated cell sorting were list in the
Supplementary Materials). The five patients who benefited the
most from the combination therapy and the five patients with the
worst curative effect were selected for gene detection. The
samples of gene detection came from tumor tissue and
hematological samples. Comprehensive genomic alteration
analysis of the tumor and matched blood samples were
performed with an assay panel that captured 450 cancer-
related genes and selected introns of 38 genes frequently
Frontiers in Immunology | www.frontiersin.org 3
rearranged in cancer (YuansuTM, OrigiMed). The genomic
profile was produced using the NGS-based YuanSuTM 450
gene panel. The genes were captured and sequenced with a
mean coverage of 900× by using Illumina NextSeq 500.

Statistical Analysis
As demonstrated by the overall workflow (Figure 1), pre-
treatment clinical data, blood samples and imaging data were
collected for 40 patients, and then these data were compared
according to the efficacy. Among them, there were 9 partial
remission (PR) patients named as Group PR, 30 stable disease
(SD) patients and 1 progressive disease (PD) patient named as
Group SD/PD at the first evaluation. T lymphocyte subtypes
were measured in 15 patients, and the effect evaluation were also
compared. Among them, there were 3 patients with PR and 12
patients with SD. Finally, we conducted gene detection on 10
patients based on the response evaluation. All statistical analyses
were performed using SPSS 20.0. Chi-square test was used for
qualitative data and t-test was used for quantitative data. P<0.05
was considered to be statistically significant. The Kaplan-Meier
method was used to estimate PFS and OS.
RESULTS

Among 40 patients who received clinical data collection,
hematological sample analysis, and imaging evaluation, 9
patients achieved PR, and 31 patients achieved SD/PD. The
differences between the two cohorts were listed in Table 2A.

NLR Although there was no significant statistical difference in
NLR (2.48 ± 2.07 and 3.53 ± 2.70) (P=0.291), there was still a
trend that the PR group was lower than the SD/PD group.

Metastasis Among lung metastases, the PR group accounted
for 44.44%, and the SD/PD group accounted for 29.03%.
Although there was no significant statistical difference, it
seemed that patients with lung metastasis had a higher rate
of PR.

Lymphocyte Subpopulations Among 15 patients who
received flow cytometry for the detection of lymphocyte
TABLE 1 | Baseline Demographic and Clinical Characteristics of Patients
Receiving Combination Therapeutics (N =40).

Characteristic No. (%)

Sex
Male 36 (90)
Female 9 (10)
Age, years
Median 57.1
Range 40-73
Age group, years
<65 31 (77.5)
≥65 9 (22.5)
No.of involved disease site per patient
1-2 7 (17.5)
3-4 28 (70.0)
≥5 5 (12.5)
No.of target lesions/total lesions
Median 0.58
Range 0.33-1
Total diameter of target lesion,mm
Median 51.88
Range 11.04-150.29
Involved disease sites
Liver 29 (72.5)
Lung 13 (32.5)
Lymph nodes 11 (27.5)
Bone 13 (32.5)
FIGURE 1 | The overall work flow of the whole study.
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subpopulations, 3 patients achieved PR, and 12 patients achieved
SD. The differences between the two cohorts were listed in
Table 2B. Among them, T lymphocytes with surface molecules
e xp r e s s i n g CD3+CD4+CD279+ ,CD3+CD4+CD28+ ,
CD3+CD8+CD45RO+CD62L+ showed significant statistical
differences (Figure 2; P=0.030, P=0.022, P=0.004). The high
e x p r e s s i o n o f C D 3 + C D 4 + C D 2 7 9 + a n d
CD3+CD8+CD45RO+CD62L+ T lymphocytes indicated a good
prognosis for the pat ient . The high expression of
CD3+CD4+CD28+ T lymphocytes suggested that immuno-
targeted combination therapy was not effective.

Gene Mutations The OS (Figure 3A, 95% CI 0.08-0.55;
p=0.025) and PFS (Figure 3B, 95% CI 0.08-0.48; p=0.014) of
the patients evaluated as PR (n=9) for the first imaging
assessment based on RECIST V1.1 were significantly longer
than those of SD/PD patients (n=31). This suggested that the
first evaluation of the efficacy could predict the long-term
prognosis. So we selected the most and the least clinical benefit
five patients each for gene detection and compared them based
Frontiers in Immunology | www.frontiersin.org 4
on the efficacy. The difference in gene mutation frequency
between the two cohorts was shown in Figure 4A, and the
difference in signal pathways was shown in Figure 4B. Among
them, ARID1A and TP53 had a higher proportion in the SD/PD
cohort(60% vs 0%;100% vs 40%), PI3K was enriched in the SD/
PD cohort.

The TMB of patients was detected, and there was a significant
statistical difference between the two cohorts. TMB of the PR was
significantly higher than that of the SD/PD (P=0.025) (Figure 5).
In addition, in a patient with hyperprogression within two
months of the combination treatment, multiple gene
amplification on the chromosomes of 11q13-CCND1, FGF3,
FGF4, and FGF19 were found in gene sequencing.
DISCUSSION

In terms of the current research, although immuno-targeted
combination therapy has brought new hope to patients with
TABLE 2A | Differences in clinical data, hematology samples and imaging evaluations between the PR and SD/PD (n=40): PR (n=9), SD/PD (n=31).

PR SD/PD t P

gender 59.88 ± 10.43 56.29 ± 8.64 1.05 0.300
ANC 2.80 ± 1.03 3.95 ± 1.88 -1.76 0.087
LC 1.41 ± 0.59 1.53 ± 0.94 -0.36 0.724
NLR 2.48 ± 2.07 3.53 ± 2.70 -1.07 0.291
Target lesion/total lesion 13.26 ± 7.58 14.99 ± 8.28 -0.56 0.577
Liver metastasis 6 (66.67) 23 (74.19) 0.0004 0.983
Bone metastasis 0 1 (3.23) / 1.00
Lung metastasis 4 (44.44) 9 (29.03) 0.216 0.642
Lymph node metastasis 3 (33.33) 8 (25.81) 0.0004 0.983
J
uly 2022 | Volume 13 | Article 9
ANC, Absolute Neutrophil Count; LC, lymphocyte count.
TABLE 2B | Differences in lymphocyte subpopulation between the PR and SD (n=15): PR (n=3), SD (n=12).

PR SD t P

CD3+ 71.06 ± 12.74 59.39 ± 12.96 -1.40 0.185
CD3+CD8+ 42.37 ± 6.11 55.18 ± 11.00 1.91 0.079
CD3+CD4+ 35.13 ± 15.89 33.01 ± 11.16 -0.27 0.788
CD8+/CD4+ 150.0 ± 98.04 193.9 ± 95.61 0.71 0.491
CD56+CD16+ 11.67 ± 3.48 20.09 ± 10.14 1.38 0.189
CD3+CD19+ 6.63 ± 4.37 8.83 ± 7.69 0.47 0.648
CD3+CD8+CD279+ 15.83 ± 14.52 13.79 ± 8.46 -0.33 0.748
CD3+CD8+CD223+ 2.33 ± 3.78 0.717 ± 0.529 -1.60 0.133
CD3+CD8+CD366+ 8.20 ± 9.68 5.51 ± 4.46 -0.74 0.470
CD3+CD8+CD137+ 0.53 ± 0.75 0.67 ± 0.60 0.33 0.747
CD3+CD4+CD279+ 27.06 ± 20.07 11.18 ± 6.92 -2.43 0.030
CD3+CD4+CD223+ 0.63 ± 0.92 0.60 ± 0.39 -0.10 0.921
CD3+CD4+CD366+ 2.70 ± 4.25 1.07 ± 0.81 -1.38 0.191
CD3+CD4+CD137+ 0.73 ± 0.58 0.52 ± 0.52 -0.61 0.554
CD3+CD8+CD27+ 72.76 ± 14.55 73.51 ± 14.04 0.08 0.935
CD3+CD8+CD28+ 70.90 ± 21.23 72.67 ± 15.68 0.17 0.871
CD3+CD4+CD27+ 60.83 ± 26.73 82.43 ± 12.73 2.13 0.053
CD3+CD4+CD28+ 68.20 ± 25.07 90.54 ± 9.66 2.61 0.022
CD3+CD8+CD45RO+CD62L+ 49.56 ± 8.68 29.65 ± 8.79 -3.52 0.004
CD3+CD4+CD45RO+CD62L+ 44.46 ± 16.18 57.08 ± 10.17 1.73 0.107
CD3+CD8+CD45RO+CD62L- 34.06 ± 10.72 48.52 ± 11.51 1.96 0.071
CD3+CD4+CD45RO+CD62L- 24.00 ± 12.35 26.25 ± 6.67 0.45 0.663
Bold values means that there are statistical differences in these T lymphocyte subpopulations.
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advanced HCC, molecular biomarkers that can be applied to
predict the efficacy of combination therapy are rarely
systematically described due to the heterogeneity of HCC.

In this study, we preliminarily proved NLR through
hematological sample analysis, CD3+CD4+CD279+ T
lymphocytes, CD3+CD4+CD28+ T lymphocytes, and
CD3+CD8+CD45RO+CD62L+T lymphocytes through
lymphocyte subtype determination, and TP53, ARID1A, TMB,
and 11q13 through genetic testing. These may be the predictive
molecular biomarkers for screening effective populations for
immuno-targeted combination therapy of HCC.

NLR is an inflammatory marker, which has been studied as a
predictor of the efficacy of combination therapy for HCC. The
median cut-off value of NLR is 4 (15). It has been confirmed that
the increase in NLR has the same effect on OS in different tumor
types, different sites, and different disease stages (HR=1.81, 95%
CI=1.67-1.97; P <0.001), all suggesting a poor prognosis (15).
Although there is no significant statistical difference in NLR in
this research, there is still a trend that NLR in PR is lower
compared with SD/PD. The sample size of this research is small,
and the correlation between the NLR and HCC immuno-
targeted combination therapy predictors still needs to be
confirmed by a larger sample.

At present, only some studies believe that the detection of
CD279+ (PD-1) T lymphocytes can better predict the clinical
outcome of patients (16). Studies have also found that after
treatment with PD-1 antibody for NSCLC, low PD-1 T
lymphocytes indicate a poor prognosis (17). In addition, T
cells with memory phenotypes (CD45RO+ and CD62L+) show
Frontiers in Immunology | www.frontiersin.org 5
better anti-tumor ability and better endurance both in vivo and
in vitro (18), and related adoptive cell-transfer (ACT) therapy is
also in the fiery research stage. In this study, the high expression
of CD3+CD4+CD279+ and CD3+CD8+CD45RO+CD62L+ T
lymphocytes reflects a correlation with a good prognosis.
Nevertheless, whether CD279+, CD45RO+, and CD62L+ can be
used as predictors of HCC combination therapy still needs
further retrospective research.

CD28 is a co-stimulatory molecule expressed on the surface of
activated T cells. It can promote the proliferation and
differentiation T cells by binding to B7 molecules on antigen-
presenting cells (APCs). Recent studies have pointed out that the
efficacy of PD-1 antibody treatment is related to the proliferation
of cytotoxic T lymphocytes (CTLs), and the proliferation of CTLs
depends on CD28 co-stimulation (19). This finding indicates
that the CD28 pathway may reverse the immuno-suppressive
state. Furthermore, in lung adenocarcinoma, patients with high
CD28 expression have lower disease-free survival (DFS) (20).
The high expression of CD28 in the SD in our study was
consistent with the above-mentioned conclusion, indicating
that the high baseline status of CD28 might exhaust the ability
of the co-stimulatory pathway to reverse immunosuppression,
which led to the occurrence and development of tumors.

TP53 mutation is not only related to HCC staging, but also
related to lower OS and recurrence-free survival (RFS) of patients
(21). At present, studies have confirmed that lung cancer patients
carrying TP53 or KRAS mutations have significant clinical
efficacy on PD-1 antibody therapy, which can be used as a
potential predictor of immunotherapy (22). In addition,
A B C

FIGURE 2 | T lymphocytes with surface molecules expressing CD3+CD4+CD279+ (A), CD3+CD4+CD28+ (B), CD3+CD8+CD45RO+CD62L+ (C) showed
significant statistical differences (P=0.030, P=0.022, P=0.004).
A B

FIGURE 3 | Kaplan-Meier analysis of OS (A) and PFS (mRECIST; B).
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ARID1A can exert a tumor suppressor effect by regulating the
function of switching defective/sucrose non-fermenting (SWI/
SNF) complex (23). At present, it is generally believed that the
low expression of ARID1A is related to the poor prognosis of
HCC (24), and patients with ARID1A mutations often get longer
OS after immunotherapy (25). In this study, TP53 and ARID1A
were enriched in the SD/PD cohort, and the contradictory
conclusion might be attributed to the small test sample.

At present, many studies have confirmed that high TMB is
related to the increased survival rate after immunotherapy for
multiple tumor types. However, there is no uniform statement
about the specific quantification of high TMB for different tumor
types (26). The high TMB that appeared in the PR in this study
was consistent with the above-mentioned statement, suggesting
Frontiers in Immunology | www.frontiersin.org 6
that it was a predictive factor for the efficacy of combination
therapy for HCC.

Hyperprogression (HP) is closely related to the shortening of
OS and PFS. At present, studies have found that the MDM2/
MDM4 and copy number changes of several genes located on
11q13 are related to the HP of patients after treatment with ICIs
(27). The 11q13 amplification mutation in hyperprogressive
patients in this study was consistent with the above-mentioned
conclusion, which prel iminari ly indicated that the
immunotherapy was not effective for patients with 11q13
amplification mutation.

The above-mentioned laboratory indicators, lymphocyte
subtypes, and gene mutations models might provide evidence for
screening potentially beneficial populations for advanced HCC,
A B

FIGURE 4 | (A) difference in gene mutation rate between PR (n=5) and SD/PD (n=5), (B) difference in signaling pathway between PR (n=5) and SD/PD (n=5).
FIGURE 5 | TMB showed significant statistical difference between PR and SD/PD (P=0.025).
July 2022 | Volume 13 | Article 930096

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Liu et al. Biomarkers for Advanced Hepatocellular Carcinoma
although the number of patients in our study was not large enough.
From our primary study, it was indicated that NLR,
C D 3 + C D 4 + C D 2 7 9 + , C D 3 + C D 4 + C D 2 8 + , a n d
CD3+CD8+CD45RO+CD62L+ T lymphocytes in peripheral blood,
and the mutations of TP53, ARID1A, TMB, and 11q13 could
predict the efficacy of immuno-targeted combination therapy for
patients with advanced HCC. We will expand the number of
samples and conduct a more in-depth exploration in future studies.
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