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ABSTRACT
Objective  This study aimed to assess the efficacy and 
safety of camrelizumab plus apatinib in patients with 
resectable hepatocellular carcinoma (HCC) as neoadjuvant 
therapy.
Methods  Initially, 20 patients with HCC were screened 
and 18 patients with resectable HCC were enrolled 
in this open-label, single-arm, phase II clinical trial. 
Patients received three cycles of neoadjuvant therapy 
including three doses of camrelizumab concurrent with 
apatinib for 21 days followed by surgery. Four to 8 
weeks after surgery, patients received eight cycles of 
adjuvant therapy with camrelizumab in combination with 
apatinib. Major pathological reactions (MPR), complete 
pathological reactions (pCR), objective response rate 
(ORR), relapse-free survival (RFS), and adverse events 
(AE) were assessed. In addition, cancer tissue and plasma 
samples were collected before and after treatment, 
and genetic differences between responding and non-
responding lesions were compared by tumor immune 
microenvironment (TIME) analysis, circulating tumor DNA 
(ctDNA) analysis and proteomics analysis.
Results  In 18 patients with HCC who completed 
neoadjuvant therapy, 3 (16.7%) and 6 (33.3%) patients 
with HCC reached ORR based on Response Evaluation 
Criteria in Solid Tumors (RECIST) V.1.1 and modified 
RECIST criteria, respectively. Of the 17 patients with HCC 
who received surgical resection, 3 (17.6%) patients with 
HCC reported MPR and 1 (5.9%) patient with HCC achieved 
pCR. The 1-year RFS rate of the enrolled patients was 
53.85% (95% CI: 24.77% to 75.99%). Grade 3/4 AEs were 
reported in 3 (16.7%) of the 18 patients, with the most 
common AEs being rash (11.1%), hypertension (5.6%), 
drug-induced liver damage (5.6%), and neutropenia 
(5.6%) in the preoperative phase. The 289 NanoString 
panel RNA sequencing showed that TIME cell infiltration 
especially dendritic cells (DCs) infiltration was better in 
responding tumors than in non-responding tumors. Our 
results of ctDNA revealed a higher positive rate (100%) 

among patients with HCC with stage IIb–IIIa disease. 
When comparing patients with pCR/MPR and non-MPR, 
we observed more mutations in patients who achieved 
pCR/MPR at baseline (6 mutations vs 2.5 mutations, 
p=0.025). Patients who were ctDNA positive after adjuvant 
therapy presented a trend of shorter RFS than those who 
were ctDNA negative. Proteomic analysis suggested that 
abnormal glucose metabolism in patients with multifocal 
HCC might be related to different sensitivity of treatment in 
different lesions.
Conclusion  Perioperative camrelizumab plus apatinib 
displays a promising efficacy and manageable toxicity 
in patients with resectable HCC. DCs infiltration might 
be a predictive marker of response to camrelizumab 
and apatinib as well as patients’ recurrence. ctDNA as a 
compose biomarker can predict pathological response and 

Key messages

	► The combination therapy of camrelizumab plus ap-
atinib has been shown to be effective as a first-line 
and second-line treatment for patients with hepa-
tocellular carcinoma (HCC). In terms of efficacy and 
safety of its combination as neoadjuvant therapy for 
patients with HCC, few studies report this issue.

	► Perioperative camrelizumab plus apatinib displays a 
promising efficacy and manageable toxicity in pa-
tients with resectable HCC. Dendritic cells infiltration 
might be a predictive marker of response to camrel-
izumab and apatinib as well as patients’ recurrence. 
Circulating tumor DNA as a compose biomarker can 
predict pathological response and relapse.

	► A small dose of neoadjuvant therapy combined with 
postoperative assistance plays a role in inhibiting 
HCC recurrence and postoperative adjuvant therapy 
is very necessary in improving the lowpathological 
reactions rate brought by low-intensity neoadjuvant 
therapy.
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relapse. Abnormal glucose metabolism in patients with multifocal HCC 
may be related to different sensitivity of treatment in different lesions.
Trial registration number  NCT04297202.

INTRODUCTION
Liver malignancy, as one of the most common solid 
tumors, is the second leading cause of cancer-related 
deaths in the world with estimated new deaths of 830,180 
in 2020.1 Hepatocellular carcinoma (HCC), as the most 
common type of primary liver malignancy across the 
world, shows an increasing prevalence rate globally.2 
Approximately 40% patients with HCC were in locally 
advanced stage (CNLC, Chinese Liver Cancer Stage, 
IIb/IIIa stage) when diagnosed in China, who were not 
recommended for surgical resection according to the 
guidelines from European Association for the Study 
of the Liver and American Association for the Study of 
Liver Diseases.3–7 However, in China, patients with locally 
advanced HCC who meet the certain criteria (such as 
more than three tumor nodules in the same segment or 
lobe and can be controlled by radiofrequency ablation 
during surgery, completely resected tumor localized in 
one lobe, obstructive jaundice caused by resectable intra-
hepatic tumors, portal lymph node metastases which can 
be managed with additional intraoperative lymph node 
dissection or postoperative external radiation therapy) 
are still eligible for surgical resection and may achieve 
negative surgical margin status.8 Unfortunately, even after 
surgical resection and active postoperative management, 
54% of patients developed recurrent HCC at a median 
of 22 months after primary resection.9 10 The emergence 
of neoadjuvant chemotherapy has been proved to bring 
more surgical opportunity for patients with cancer with 
unresectable lesions.11 12 While few studies report the 
perioperative systematic therapy in patients with HCC, 
developing novel and reliable therapeutic intervention 
to reduce the recurrence and improve the prognosis of 
patients with locally advanced HCC is urgent.

Recently, the combination of immunotherapy and anti-
angiogenesis therapy is of great interest in the treatment 
of cancer. Preclinical studies have disclosed a synergistic 
antitumor effect of immunotherapy plus anti-angiogenesis 
therapy via regulating multiple signal pathways.13–16 For 
instance, the IMbrave150 study exhibits that atezoli-
zumab plus bevacizumab improves the progression-free 
survival (PFS) and overall survival in unresectable HCC 
compared with sorafenib alone.17 The KEYNOTE-524 
study demonstrated that patients with locally advanced 
unresectable HCC treated with pembrolizumab plus 
lenvatinib achieved an objective response rate (ORR) of 
46.0% (based on modified Response Evaluation Criteria 
in Solid Tumors (mRECIST) criteria).18 Aforementioned 
studies have proved the clinical value of immunotherapy 
plus anti-angiogenesis therapy in patients with unresect-
able HCC, while as to its role serving as the neoadjuvant 
therapy in patients with locally advanced HCC, only a few 
studies report this issue. For instance, nivolumab plus 

cabozantinib as neoadjuvant therapy in patients with 
locally advanced HCC presents a margin-negative resec-
tion rate of 80% and major pathological response (MPR) 
rate of 42%.19

Camrelizumab is a program-death receptor 1 (PD-1) 
inhibitor and has been approved by Chinese Food and 
Drug Administration in HCC.20 Meanwhile, apatinib, a 
highly selective tyrosinase inhibitor acting on vascular 
endothelial growth factor 2, which is first developed 
in China, has shown a certain efficacy in patients with 
advanced HCC.21 22 Recently, the combination therapy of 
camrelizumab plus apatinib as first-line and second-line 
therapy in patients with HCC has shown a certain efficacy 
profile. The RESCUE study illuminates an ORR of 34.3% 
and a PFS of 5.7 months in patients with advanced HCC 
receiving camrelizumab plus apatinib.23 While, as to the 
efficacy and safety profile of their combination serving as 
the neoadjuvant therapy in patients with HCC, few studies 
report this issue.

Our study aimed to evaluate the efficacy and safety of 
camrelizumab plus apatinib as the neoadjuvant therapy 
in patients with HCC. In addition, genetic differences 
between responding and non-responding lesions were 
compared by tumor immune microenvironment (TIME) 
analysis, circulating tumor DNA (ctDNA) analysis and 
proteomics analysis.

METHODS
Study design and patients
In this single-armed, open-labeled, phase II, prospective 
study, patients with HCC who were willing to receive camrel-
izumab plus apatinib as neoadjuvant therapy were recruited 
between December 2019 and June 2021 in Jiangsu Province 
Hospital. The main inclusion criteria were as follows: (i) 
had clinical diagnosis of HCC or had histologically or cyto-
logically confirmed HCC; (ii) age no less than 18 years; (iii) 
not received systematic therapy for HCC prior to this study; 
(iv) with at least one measurable lesion as the target lesion 
according to the Response Evaluation Criteria in Solid 
Tumors (RECIST) criteria (V.1.1)24 (v) China liver cancer 
staging of IIb or IIIa with potentially resectable lesion; (vi) 
Eastern Cooperative Oncology Group performance status 
(ECOG PS) of 0–1. Meanwhile, patients met the following 
criteria were excluded from the present study: (i) known 
intrahepatic cholangiocarcinoma (ICC) or mixed HCC, 
sarcomatoid HCC and hepatic fibrolamellar carcinoma; 
(ii) malignant tumor except HCC in the past 5 years; (iii) 
undergoing or have previously received the organ trans-
plantation or allogeneic bone marrow transplantation; 
(iv) moderate-to-severe ascites with clinical symptoms 
needed drainage; (v) history of gastrointestinal bleeding, 
with gastrointestinal bleeding tendency, abdominal fistula, 
gastrointestinal perforation, or abdominal abscess within 6 
months prior to the initiation of this study.

Treatment
After enrolment, all patients received the neoadju-
vant therapy with camrelizumab plus apatinib for three 
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cycles with each cycle lasting for 2 weeks. In details, the 
camrelizumab was administered intravenously at a dose 
of 200 mg each time every 2 weeks for three cycles, and 
the apatinib was taken orally and continuously with a 
dose of 250 mg for 21 days from the beginning of the 
study. Then, at the 46 days after initiating administration 
of camrelizumab, the hepatectomy was performed for 
those patients with resectable lesions. Subsequently, adju-
vant therapy including combination of camrelizumab 
and apatinib was administrated within 4 weeks after the 
hepatectomy. In detail, the camrelizumab was adminis-
tered intravenously at a dose of 200 mg each time, every 
3 weeks for eight cycles, the apatinib was taken orally 
with a dose of 250 mg. During the study, dose discon-
tinuations, interruptions, and modifications of apatinib 
were permitted until meeting the prespecified criteria for 
treatment resumption per protocol, in details, the dose 
discontinuations, interruptions, and modifications in 
dose frequency of apatinib (to 250 mg/day for 1 day on-1 
day off, 5 days on-2 days off, or 7 days on-7 days off) were 
allowed. Camrelizumab treatment was continued until 
investigator-assessed disease progression, unacceptable 
toxicity, withdrawal of consent, investigator decision, or 
study completion.

Endpoints and assessments
The primary endpoint was MPR defined as 90%–99% 
tumor necrosis in resected tissue. The secondary endpoint 
included the postoperative pathological complete 
response (pCR) defined as no residual cancer cells in the 
resected tissue, preoperative ORR which was calculated as 
complete response (CR) rate plus partial response (PR) 
rate under CT (based on RECIST V.1.1 and mRECIST 
criteria),25 postoperative relapse-free survival (RFS), 
adverse events (AEs) during the whole study based on 
the National Cancer Institute Common Toxicity Criteria 
for Adverse Events V.5.026 and perioperative complica-
tions. Both imaging and pathology were identified by 
two specialists in their respective fields. The exploratory 
endpoint included the gene expression profiling of a 
custom panel including the TIME analysis, the ctDNA 
analysis and the proteomics analysis.

289 NanoString panel RNA sequencing
Tumor tissues were collected pre-neoadjuvant therapy 
(1–7 days before treatment) and at surgery for gene 
expression analysis. Gene expression was measured 
using the nCounter platform (NanoString Technologies, 
Seattle, USA) and transcriptome analysis was based on the 
289-immunogene panel. This panel allows simultaneous 
analysis of 289 genes involved in the immune response in 
cancer. For each sample, quality control (QC) indicators 
include the imaging QC, binding density QC, positive 
control linearity QC, positive control limit of detection 
QC, positive normalization factor, and content normal-
ization factor were then calculated. Samples qualified for 
QC were included in subsequent analysis. The raw data of 
each sample and gene were standardized against internal 

External RNA Controls Consortium to eliminate tech-
nical variability in the assay, and then counts were normal-
ized to the geometric mean of endogenous housekeeping 
genes followed by log2 transformation.

Estimation of TIME cell infiltration
Marker genes of 14 immune cell types, including B-cells, 
dendritic cells (DCs), macrophages, T-cells, regulatory T 
cells (Tregs), CD8 T cells, exhausted CD8, neutrophils, 
mast cells, cytotoxic cells, natural killer (NK) cells, NK 
CD56dim cells, CD45, and Th1 cells were retrieved from 
the method previously reported.27–29 We further divided 
the macrophages into macrophages M1 and macrophages 
M2 according to the previous reports.30 31 All TIME cell 
infiltration scores were calculated as arithmetic mean of 
the constituent genes.27

Generation of TIME signatures
We constructed a set of gene sets that stored genes associated 
with some biological processes, including (1) CTL (cyto-
toxic T lymphocytes) levels; (2) CYT (cytolytic activity) score; 
(3) chemokines; (4) T cell markers; (5) total TILs (tumor 
infiltrating lymphocytes) score; (6) Teff (T-effector) score; 
(7) interferon (IFN)-γ signature; (8) GEP (gene expression 
profiling) score. The CYT score of each sample can be eval-
uated based on the geometric mean of the product of PRF1 
and GZMA genes32; GEP score was calculated as a weighted 
linear average of the constituent genes33 34; the remaining 
TIME signatures were calculated as arithmetic mean of the 
corresponding gene.27

Gene set enrichment and pathway analysis
The Kyoto Encyclopedia of Genes and Genomes (KEGG)/
gene ontology (GO) enrichment analysis was performed in 
the ClusterProfiler R package. The list of gene IDs was used 
as the input file. The Benjamini-Hochberg method was used 
to adjust the p values. The cut-off of p values was set to 0.05. 
The enrichment results were visualized with the ggplot2 R 
package. Enrichment statistic was set to classic.

ctDNA sequencing and bioinformatics analysis
Plasma samples were collected pre-neoadjuvant (T0, 1–7 days 
before treatment, baseline), post-neoadjuvant (T1, 1–7 days 
after treatment), post surgery (T2, 7–10 days after surgery) 
and post-adjuvant therapy (T3, 1–7 days after treatment) 
for ctDNA analysis. ctDNA was extracted using the Apostle 
MiniMaxTM High Efficiency ctDNA Isolation Kit (Apostle, 
USA) with optimized manufacturer’s protocols. Sequencing 
libraries were prepared using the KAPA Hyper Prep kit 
(KAPA Biosystems, USA) according to the manufacturer’s 
protocol. Libraries were enriched using a panel targeting 
202 genes. The target-enriched library was then sequenced 
on Illumina NovaSeq6000 NGS platforms (Illumina, USA) 
according to the manufacturer’s instructions. The average 
sequencing depth of ctDNA samples was ~30,000 X.A custom 
pipeline was developed to perform reads alignment, variants 
calling, fusion detection, CNV (copy number variation) iden-
tification and QC. The fastp (V.2.20.0)35 was used for adapter 
trimming. Sequence reads were aligned against the human 
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reference genome (hg19) using BWA-mem (V.0.7.17)36 
with additional realignment of select regions using the 
ABRA2(V.2.21).37 Candidate tumor specific mutations, 
consisting of point mutations, small insertions, and dele-
tions were identified and annotated using VarDict (V.1.5.7)38 
and InterVar.39 CNVs and fusions were analyzed by CNVkit 
(dx1.1)40 and factera (V.1.4.4),41 respectively. Additional 
filter and inspection of somatic mutations, CNVs and fusion 
results were analyzed by custom scripts. Plasma samples with 
detectable somatic variants (≥1) were defined as ctDNA 
positive. Status of ctDNA and its variation trend along with 
intervention were analyzed to explore their association with 
pathological response and recurrence.

Proteomics
Cell pellets/tissue were suspended on ice in 200 µL lysis 
buffer. Cells/tissue were disrupted with agitation using a 
homogenizer, and boiling for 5 min. The samples were 
further ultrasonicated and boiling again for another 
5 min. Undissolved cellular debris were removed by 
centrifugation at 16,000 rpm for 15 min. The superna-
tant was collected and quantified with a BCA Protein 
Assay Kit (Bio-Rad, USA). Digestion of protein (200 µg 
for each sample) was performed according to the filter-
aided sample preparation(FASP) procedure described 
by previous study.42 Peptides were labeled with TMT 
(tandem mass tag) reagents according to the manufac-
turer’s instructions (Thermo Fisher Scientific, USA). 
Each aliquot was reacted with one tube of TMT reagent, 
respectively. After the sample was dissolved in 100 µL of 
0.05M tetraethylammonium bromide(TEAB)solution, 
pH 8.5, the TMT reagent was dissolved in 41 µL of anhy-
drous acetonitrile. The mixture was incubated at room 
temperature for 1 hour. Then 8 µL of 5% hydroxylamine 
to the sample and incubate for 15 min to quench the 
reaction. The multiplex labeled samples were pooled 
together and lyophilized. TMT-labeled peptides mixture 
was fractionated using a Waters XBridge BEH130 column 
on Agilent 1290 high performance liquid chromatogra-
phy(HPLC) operating at 0.3 mL/min. Buffer A consisted 
of 10 mM ammonium formate and buffer B consisted 
of 10 mM ammonium formate with 90% acetonitrile; 
both buffers were adjusted to pH 10 with ammonium 
hydroxide. The fractions were dried for nano LC-MS 
analysis.

Statistical analysis
SPSS V.26.0 (IBM Corp), GraphPad Prism V.6.0 (GraphPad 
Software) and R system were applied for data analysis and 
graph illustrating. The unpaired t-test was used for compar-
isons between two-group means, where the data could 
be assumed to have been sampled from populations with 
normal (or approximately normal) distributions. Survival 
analyses were performed with Kaplan-Meier curves and log-
rank test, and p value<0.05 was used as significant threshold 
in the remaining statistical analysis.

RESULTS
Study flow
Totally, 20 patients with resectable HCC were initially 
recruited (figure  1A). While 2 patients withdrew their 
consent, 1 patient had disease progression and was unable 
to receive surgery, the remaining 17 patients received 
surgical resection. Subsequently, 1 patient was diagnosed 
with combined hepatocellular-cholangiocarcinoma, 
and 3 patients violated the study protocol, leaving 13 
patients with HCC who received adjuvant therapy. After 
enrolment, all patients received the neoadjuvant therapy 
including administration of camrelizumab plus apatinib 
for three cycles with each cycle lasting for 2 weeks. Then, 
hepatectomy was performed for patients with resectable 
lesions 46 days after initiating administration of camreli-
zumab, adjuvant therapy with a combination of camrel-
izumab and apatinib was administrated within 4 weeks 
after hepatectomy (figure 1B).

Patients’ characteristics
The median age of patients with resectable HCC was 
54.7 (range: 34–76) years consisting of 17 (94.4%) men 
(online supplemental table S1). The ECOG PS score was 
0 in 18 (100%) patients with HCC. Moreover, 5 (27.8%) 
and 13 (72.2%) patients with HCC were classified as 
Barcelona clinic liver cancer (BCLC) stage B and stage C, 
respectively. Other detailed baseline characteristics were 
shown in online supplemental table S1.

Treatment response
In 18 patients with HCC who completed neoadjuvant 
therapy, 3 (16.7%) patients with HCC reached ORR 
based on RECIST V.1.1 criteria and 6 (33.3%) patients 
with HCC achieved ORR based on mRECIST criteria 
(figure 1C, online supplemental table S2). Among the 17 
patients with HCC who underwent surgical resection, 3 
(17.6%) patients with HCC achieved MPR, 1 patient with 
HCC (5.9%) achieved pCR and the remaining 13 patients 
were non-MPR (online supplemental table S3).

The alpha-fetoprotein(AFP) level and its longitudinal 
change during perioperative period in surgical resectable 
HCC could provide some evidence of early tumor recur-
rence and tumor residues. The AFP level was determined 
in 17 patients with HCC at study baseline, preoperative 
and postoperative period. Nine (52.9%) patients had AFP 
levels <400 µg/L, and 8 (47.1%) patients had AFP levels 
≥400 µg/L. Among eight patients with abnormal baseline 
AFP level, two patients experienced AFP level decline 
ranging from 54% to 99% after neoadjuvant therapy, all 
patients experienced AFP level decline ranging from 85% 
to 100% after surgical resection (figure 1D).

In figure 2A–C, we showed the imaging and pathological 
data of several typical patients. After neoadjuvant therapy, 
patient five obtained PR according to both RECIST V.1.1 
and mRECIST criteria, but pCR was obtained for both 
pathological scores. The RECIST V.1.1 score of patient 14 
was stable disease (SD), but the mRECIST score was PR, 
and the single foci was MPR. It is worth mentioning that 
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patient 12 had a total of 7 tumor nodules, the largest of 
which was 80 mm in diameter. After neoadjuvant therapy, 
five tumors were removed, among which S3–2 lesion 
gained pCR, S4–2 and S8 lesions were treated with micro-
wave. Imaging evaluations of other patients were shown 
in the online supplemental figure S1. In particular, we 
would like to emphasize that patient 17, who was rated 
progressive disease after neoadjuvant evaluation. Due 
to the formation of cancer thrombus in the vena cava, 
surgery was not performed, and radiotherapy was added 
on the basis of camrelizumab  +apatinib. The thrombus 
disappeared, and transcatheter arterial chemoemboliza-
tion was continued, and the tumor also shrank, which was 
evaluated as PR. Surgery was available, but the patient 
refused surgery and continued with systematic treatment 
(online supplemental figure S2).

In addition, we evaluated the relationship between 
tumor diameter and pathological response. To our 
delight, tumor diameter was significantly higher in the 
non-pCR group than in the pCR group (figure  2D), 
suggesting that patients with smaller tumor diameter 
benefit more from neoadjuvant therapy.

Safety
Eighteen patients who received neoadjuvant therapy 
were included in the safety analysis (online supplemental 
table S4). During the neoadjuvant period, 16 (88.9%) 
patients had at least one treatment-related adverse event 
(TRAE). The most common TRAEs of any grade were 
fever (38.9%), hypertension (33.3%), elevated lactate 

dehydrogenase (33.3%), and abdominal pain (33.3%) et 
al. Grade 3 or greater TRAEs were reported in 3 (16.7%) 
of the 18 patients, with the most common AEss being 
rash (11.1%), hypertension (5.6%), drug-induced liver 
damage (5.6%), and neutropenia (5.6%). Apatinib 
administration was suspended in one patient (5.6%) 
due to elevated blood pressure and resumed after hyper-
tension recovered to grade I. There were two patients 
requiring glucocorticoids for the management of serious 
preoperative toxicity events, in details, one patient 
required glucocorticoid due to severe liver function 
injury and the other one required glucocorticoid due to 
severe skin rash. After being treated with corticosteroids 
in these two patients, their disease remained stable and 
no disease progress occurred.

The characteristics of surgical and postoperative 
features were as shown in online supplemental table S5. 
Seven patients had post-hepatectomy liver failure and 
classified grade A according to the International Study 
Group of Liver Surgery, one patient had precordial 
pain with chest tightness and high-sensitivity troponin 
increased significantly 6 days after surgery, three patients 
experienced postoperative biliary leakage, two patients 
had anemia and treated with blood transfusion therapy. 
No death occurred during the perioperative period. 
Furthermore, no complications requiring reoperation 
occurred.

During the adjuvant treatment period, all patients who 
received camrelizumab in combination with apatinib 

Figure 1  Study design. (A) Flowchart of enrolled patients. (B) Flowchart of therapeutic regimen. (C) Treatment was evaluated 
for the enrolled patients based on RECIST V.1.1 criteria and mRECIST criteria. (D) Measuring of AFP level change during 
perioperative period in patients with surgical resectable HCC. HCC, hepatocellular carcinoma; mRECIST, modified RECIST; 
RECIST, Response Evaluation Criteria in Solid Tumors.
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had at least one TRAE (online supplemental table S6). 
The most common TRAEs of any grade were hyperten-
sion (61.5%), leukopenia (53.8%), proteinuria (46.2%), 
and elevated thyroid stimulating hormone (46.2%), et al. 
Grade 3 or greater TRAEs were reported in 5 (38.5%) 
of the 13 patients, with the most common AEs being 
hypertension (23.1%), elevated alkaline phosphatase 
(7.7%), increased glutamyl transferase (7.7%), and diar-
rhea (7.7%). Seven patients (53.8%) experienced dose 
adjustment with a manner of 1 day-on 1 day-off. Apatinib 
administration was suspended in six patients (40%) due 
to periodontal disease, oral mucositis, blood bilirubin 
increased, and other reasons, while the apatinib was 
resumed after those patients recovered from the adverse 
reactions.

Patient follow-up
We followed-up 13 patients who underwent R0 resection 
and completed all the treatments, of them 8 had single 
lesions and 5 had multiple lesions. There was no recur-
rence in six (75%) of eight single foci patients and one 
(20%) of five multi-foci patients. As shown in online 

supplemental figure S3A, the 1 year RFS rate was 53.85% 
(95% CI: 24.77% to 75.99%). Online supplemental 
figure S3A showed that the RFS of patients with MPR/
pCR was higher than that of patients without non-MPR, 
but there was no statistical difference. The RFS of patients 
with multiple foci was shorter than that of patients with 
single foci (online supplemental figure S3C). Although 
the p value was very close to 0.05, it still failed to meet the 
standard, possibly due to our small sample size.

Specifically, three (37.5%) of the eight patients with 
a single lesion achieved MPR, one of the three patients 
relapsed within 1 year, and the other two patients had not 
relapsed so far. The RFS was 555 and 402 days, respec-
tively. One of the five patients without MPR relapsed, and 
RFS of the remaining four patients was as follows: 449, 
430, 411 and 380 days. For five cases of multiple lesions, 
only one case of patients with multiple lesions reached 
pCR, the remaining four patients were non-pCR. Only 
the patients with all lesions having reached pCR had not 
relapsed so far, and the RFS was 421 days, while the other 
four patients with multiple lesions had relapsed within 

Figure 2  Response to treatment in typical cases. (A) Patient 5; male; 70 years old; stage IIb; total five lesions, maximum 
diameter 32.6 mm; after neoadjuvant therapy, RECIST V.1.1 and mRECIST evaluation were PR; surgical pathology only 
showed two large lesions and were both pCR. (B) Patient 14; female; 53 years old; stage IIIa; tumor diameter 108.1 mm; 
after neoadjuvant therapy, RECIST V.1.1 evaluation was stable disease, mRECIST evaluation was PR; surgical pathology 
was MPR. (C) Patient 12; male; 55 years old; stage IIb; seven tumor nodules; the largest of which was 80 mm in diameter; 
after neoadjuvant therapy, five tumors were resected, among which S3–2 lesion was treated with pCR, S4–2 and S8 lesions 
with microwave. DFS is 293 days. (D) The relationship between tumor diameter and pathological response. *P＜0.05. Arrows 
represent lesions.RECIST, Response Evaluation Criteria in Solid Tumors; mRECIST, modified RECIST;PR, partial response; pCR, 
pathological reactions;MPR, major pathological reactions; DFS, Disease Free Survival.
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1 year. Therefore, multiple lesions are more likely to 
relapse than single lesions. It is possible that postopera-
tive recurrence can be reduced only when all lesions in 
multiple lesions reach pCR or MPR. In addition, only two 
(25%) of the eight patients with single lesions have recur-
rence, which was obviously lower than the recurrence rate 
of patients who did not receive treatment.

Pre-neoadjuvant TIME between responding and non-
responding lesions
The transcriptional profiling of baseline tissue samples 
was performed to compare responding (≥50% tumor 
necrosis) (R) and non-responding tumors (<50% tumor 
necrosis) (NR) to find possible pretreatment biomarkers 
which can be predictive of the neoadjuvant therapy 
response. Comparing with non-responding tumors, biop-
sies in responding tumors revealed a higher transcrip-
tional level of CCL13, MLANA, TNFSF9, IDO1, CD70, 
IL12RB2, CD19 and IL4 as well as a lower transcriptional 
levels of HILA-DQ1 and GUSB (figure  3A,B). GO terms 
analysis and KEGG pathways analysis were conducted 
to identify the biological function of the changed genes 
between the two groups. The results of the GO anal-
ysis revealed that genes were significantly enriched in 
‘lymphocyte proliferation’, ‘mononuclear cell prolif-
eration’ and so on (figure  3C). KEGG pathway analysis 

revealed that genes were highly associated with ‘cytokine-
cytokine receptor interaction’, ‘Epstein-Barr virus infec-
tion’ and so on (figure 3D). Meanwhile, different TIME 
cell infiltration score of baseline tumor specimen was 
analyzed. Totally, there was a better TIME cell infiltration 
in responding tumors compared with non-responding 
tumors (figure  4A,B). Especially, the score of DCs was 
significantly higher in responding tumors (figure  4C). 
However, TIME signature scores were similar in both 
groups. The IFN-γ score was higher in responding tumors 
with no statistical difference (figure  4B). These results 
indicated that DCs could act as the predictive biomarkers 
of neoadjuvant therapy in HCC, which needs to be 
confirmed in further study.

Changes of TIME in HCC after neoadjuvant therapy of 
camrelizumab and apatinib
The gene expression changes of pre/post treatment were 
also analyzed in our study (figure  5A). Post-treatment 
assessment revealed increases of CCL13, CSF2, CXCL10 
and so on in non-responding tumors, while increases 
of CXCR4, NT5E and so on in responding tumors 
(figure 5B). In addition, TIME cell infiltration and TIME 
signatures were evaluated (figure  5C). The significant 
post-treatment increases in DCs infiltration and IFN-γ 

Figure 3  Comparison of expression of immune-related genes between responding and non-responding lesions. (A–
B) Expression of immune-related genes per pretreatment sample of response and non-response groups. In the heatmap (A), red 
indicates an increased gene expression and blue indicates a decreased gene expression. (C–D) GO (C) and Kyoto Encyclopedia 
of Genes and Genomes (D) pathway analysis of the pretreatment samples. The count represents the number of genes in each 
pathway and dot size corresponds to ‘count’. GO, gene ontology.
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score were observed in non-responding tumors, but non-
significant changes in responding tumors (figure 5D,E).

We further explored the relationship between the 
TIME signature of the post-treatment samples and the 
recurrence risk. For patients with a single lesion, the risk 
of recurrence was not associated with IFN-γ in the post-
treatment samples (online supplemental figure S4A). 
Although the DCs of the non-recurrence group was 
higher than that of the recurrence group, there was no 
statistical difference in p values, perhaps due to the small 
sample size (online supplemental figure S4B). However, 
when we included GEP data of the worst response lesion 
in patients with multiple focal, the DCs of the non-
recurrence group was significantly higher than that of the 
recurrence group, and there was a statistical difference 
(online supplemental figure S4C). But, there was still no 
difference in IFN-γ expression between the two groups 
(online supplemental figure S4D). These results indicate 
that the expression of DCs after neoadjuvant therapy 
might predict the recurrence of patients.

Association between ctDNA and pathological response
Fifteen patients with available plasma samples were 
enrolled for ctDNA analysis. In the 12 baseline samples 
(T0), ctDNA was detected in all patients (figure 6A). The 
positive rates decreased to 73.3%, 28.6% after neoad-
juvant therapy and surgery and increased to 38.5% 

after adjuvant therapy. The mutational landscape at 
T0 revealed an average of three mutations per patient 
(figure 6B). TP53 (75%), CTNNB1 (33%), TERT (33%) 
were the top three altered genes.

When comparing patients with pathological response 
of MPR/pCR and non-MPR (non-MPR), we observed 
more mutations (counts of mutations in ctDNA at base-
line) in MPR/pCR at baseline (6 mutations vs 2.5 muta-
tions, p=0.025) (online supplemental figure S5A). After 
neoadjuvant therapy, a higher positive rate in group non-
MPR (83.3% vs 33.3%, p=0.080) was revealed (figure 6C), 
and it re-increased to 50% after adjuvant therapy in non-
MPR group (50% vs 0% in MPR/pCR, p=0.119).

Change of maximum variant allele frequency (mVAF) 
before and after neoadjuvant therapy was shown in 
figure 6D. Average mVAF decreased from 2.85% to 1.12% 
in patients with non-MPR (p=0.083) and decreased from 
11.11% to 0.30% in patients with MPR/pCR (p=0.30).

Association between ctDNA with R0 resection and RPS
Among patients with R0 resection and available ctDNA at 
T2 post surgery, 16.7% (2/12) was confirmed with ctDNA 
positive. This was significantly lower than that of patients 
with R1 resection (100%, p=0.016) (online supplemental 
figure S5B). This further confirmed minimal residue 
disease in patients who did not have radical resection.

We further explored the association between RFS 
and status of ctDNA. Patients with positive ctDNA after 

Figure 4  Comparison of cell type scores between responding and non-responding lesions. (A–B) Different cell type scores in 
per pretreatment sample of response and non-response groups. Red indicates an increased cell type scores and blue indicates 
a decreased cell type scores. (C) The cell type scores of DCs between response and non-response groups. CTL, cytotoxic T 
lymphocyte; CYT, cytolytic activity; DC, dendritic cell; GEP, gene expression profiling; IFN, interferon; NK, natural killer; Teff, T-
effector; TIL, tumor infiltrating lymphocytes.
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adjuvant therapy (T3) presented a trend of shorter RFS 
than those with negative ctDNA (mean Disease Free Surviv-
al(mDFS), 205.0 days vs not reached, p=0.170) (online 
supplemental figure S6–C). The association between 
change of ctDNA status and RFS during neoadjuvant, 
surgery and adjuvant therapy was analyzed, respectively 
(online supplemental figure S7A–C). The results showed 
that patients with favorable ctDNA change during adju-
vant therapy (T2 positive/negative, T3 negative) could 
achieve superior RFS than those without ctDNA clear-
ance (T2 positive/negative, T3 positive) (not reached vs 
165.5 days, p<0.001).

Change of ctDNA along with treatment in patient 14 
and 16 was presented in figure 7. Patient 14 achieved 
MPR after neoadjuvant therapy and was relapse free 
after 1 year’s observation post surgery. Her mVAF had 
a 97.29%’s decrease at T1 and kept negative at T2 and 
T3 (figure  7A,B). As for Patient 16, his mVAF had a 
29.30%’s decrease with a pathological response of 
SD (non-MPR) (figure  7C,D). After adjuvant therapy, 
his mVAF showed a slightly increase (0.16% to 0.19% 
from T2 to T3), relapse was confirmed at 190 days post 
surgery.

The difference in proteomics between the responding and 
non-responding lesions
Based on the above study results, the sensitivity of 
different lesions to neoadjuvant therapy was explored. 
Twelve neoadjuvant resection lesions (4 lesions were 
responding (R) with ≥50% tumor necrosis, 8 lesions were 
non-responding (NR) with  <50% tumor necrosis) were 
collected and performed proteomics profiling. We were 
surprised to find that PCBD1, TPI1, C1QA, FLAD1 and so 
on were significantly upregulated in the non-responding 
group compared with the responding group, while FASN, 
TCP1, PKM and so on were significantly upregulated 
in the responding group, which was shown by heatmap 
(figure 8A, online supplemental figure S8) and volcano 
map (figure 8B). GO analysis results showed that altered 
genes were significantly enriched in ‘protein location’, 
‘Golgi apparatus’ and ‘T cell receptor binding’ and so 
on (figure 8C). KEGG pathway analysis showed that these 
altered genes were highly correlated with ‘glycolysis’ and 
‘mannose metabolism’ and so on (figure 8D).

We also performed KEGG analysis on the proteins of the 
reactive lesions and non-reactive lesions of each patient, 
and the results of all four patients have been shown in 

Figure 5  Pre-to-post-treatment changes of tumor immune microenvironment between responding and non-responding 
lesions. (A–B) Pre-to-post-treatment changes of immune-related genes expression according to response and non-response 
groups. In the heatmap (A), red indicates an increase and blue indicates a decrease. (C) Pre-to-post-treatment changes of cell 
type scores and immune signature scores according to response and non-response groups. Red indicates an increase and blue 
indicates a decrease. (D) Pre-to-post-treatment changes of IFN-γ signature scores between response and non-response groups. 
(E) Pre-to-post-treatment changes of DCs scores between response and non-response groups. CTL, cytotoxic T lymphocyte; 
CYT, cytolytic activity; DC, dendritic cell; GEP, gene expression profiling; IFN, interferon; NK, natural killer; Teff, T-effector; TIL, 
tumor infiltrating lymphocytes.
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online supplemental figure S9–D. Both the analysis of 
each patient and the common analysis of all samples 
suggested that abnormal glucose metabolism in patients 
with multifocal HCC might be related to different sensi-
tivity of treatment in different lesions, but the underlying 
mechanisms needs to be verified by further studies.

DISCUSSION
This single-arm, open-label, phase II trial was designed 
to study the perioperative efficacy and safety of camrel-
izumab in combination with apatinib in patients with 
surgically resectable HCC. Our results showed that 16.7% 
patients with HCC reached ORR based on RECIST V.1.1 
criteria, 33.3% patients with HCC achieved ORR based 
on mRECIST criteria, 17.6% patients with HCC achieved 
MPR, and 5.9% patients with HCC achieved pCR. Previous 
studies illustrated that the combination of immuno-
therapy with anti-angiogenesis also displayed encour-
aging efficacy with few safety issues in the treatment of 
patients with HCC in adjuvant setting. For instance, the 
combination therapy of avelumab and axitinib achieved 
13.6% ORR in patients with advanced HCC according to 
RECIST 1.1% and 31.8% ORR according to mRECIST 

criteria.43Another open-label, phase II clinical trial 
exhibits that patients with advanced HCC reached the 
ORR of 34.3% and 23.8% after receiving camrelizumab 
plus apatinib as first-line therapy and second-line therapy 
based on RECIST V.1.1, respectively.23 However, our 
research is aimed at patients with resectable HCC, and 
the purpose of the research is completely different from 
the above two researches. So far, only Won Jin Ho’s study 
reported neoadjuvant cabozantinib and nivolumab could 
convert locally advanced HCC into resectable disease with 
enhanced antitumor immunity.19 Although their patho-
logical response rate (42%, 5/12) was higher than our 
result (23.5%, 4/17), the types of patients with HCC we 
enrolled were different. In Won Jin Ho’s study, only 20% 
of patients with HBV-infected HCC were enrolled, while 
in our study, 83.3% of patients with HBV-infected HCC 
were enrolled, which is more suitable for the applicability 
of therapeutic effects for patients with HCC in Chinese 
population. In addition, our course of neoadjuvant 
therapy was significantly shorter than Won Jin Ho’s plan 
19, because we pay more attention to the safety of preop-
erative neoadjuvant therapy, based on the fact that some 
scholars have reported severe cases of postoperative liver 

Figure 6  Detection of ctDNA and its association with pathologic response. (A) Plot of ctDNA status for group MPR and 
non-MPR at T0 (pre-neoadjuvant), T1 (post-neoadjuvant), T2 (post surgery) and T3 (post-adjuvant therapy). Non-MPR, 
group of patients did not achieve pathologic response of MPR/pCR. (B) Mutational landscape of 12 samples at baseline 
(T0). (C) Comparison of positive rates from T0 to T3 between group of MPR/pCR and non-MPR. (D) Maximum variant allele 
frequency (mVAF) in group of non-MPR, MPR/pCR before and after neoadjuvant therapy and comparison of the change of 
mVAF. ctDNA, circulating tumor DNA; MPR, major pathological reactions; pCR, pathological reactions.
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Figure 7  Change of tumor lesion and mVAF of ctDNA in Patient 14 (A–B) and 16 (C–D). Arrows represent lesions. mVAF, 
maximum variant allele frequency.

Figure 8  The difference in proteomics between the responding and non-responding tumors. (A–B) Heatmap (A) and volcano 
map (B) of different proteins between responding and non-responding lesions. T indicates non-responding lesions and W 
indicates responding lesions. (C) Gene ontology analysis results of different proteins between responding and non-responding 
lesions. (D) Kyoto Encyclopedia of Genes and Genomes pathway analysis of different proteins between responding and non-
responding lesions.
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failure and death caused by preoperative immunotherapy 
plus targeted therapy.44 Therefore, shorter courses and 
smaller doses can ensure the safety of treatment. The 
advantage of preoperative immune neoadjuvant thera-
pies is that it can induce a stronger immune response by 
taking advantage of the high preoperative tumor load. 
Based on this, we can also achieve a fairly satisfactory low 
recurrence rate by combining preoperative neoadjuvant 
therapy with postoperative adjuvant therapy.

A number of studies have reported a high postoperative 
recurrence rate of BCLC stage C patients, with a 1 year 
recurrence rate of more than 50%. Torzilli G45 and Yang 
T46 reported 1 year recurrence rates of 54% and 51.8%, 
respectively. In our research, the 1 year recurrence rate 
of single lesion patients with HCC in stage BCLC C 
treated by our regimen was only 22.2% (2/8), and that in 
patients with total HCC was 46.15%, lower than previous 
reports.45 46 Therefore, this protocol has achieved good 
results for patients with HCC especially for those with 
single foci. In Won Jin Ho’s study, among the seven patients 
who did not reach MPR/pCR,19 four patients recurred 
within 1 year, with a recurrence rate of 57%. In our study, 
among nine patients who did not reach MPR/pCR, five 
patients recurred within 1 year, with a recurrence rate of 
55%. As for the recurrence time, the recurrence time of 
patients in Won Jin Ho’s study were 56–155 days, while 
ours was 127/148/205/293/326 days, indicating that the 
recurrence time was significantly prolonged. Based on 
the above information, we believe that a small dose of 
neoadjuvant therapy combined with postoperative assis-
tance played a role in inhibiting recurrence and postop-
erative adjuvant therapy is very necessary in improving 
the low MPR/pCR rate brought by low-intensity neoad-
juvant therapy. For multiple lesions, neoadjuvant regi-
ment of camrelizumab with apatinib may not significantly 
reduce postoperative recurrence rates. In addition, we 
found that tumor diameter was significantly higher in 
the non-pCR group than in the pCR group, which might 
be explained by previous reports that small tumor foci 
has more immune cell infiltration and immune pathway 
upregulation compared with large tumor foci.47

Apart from the short-term efficacy, the safety of camrel-
izumab plus apatinib during perioperative period in 
patients with HCC is of great concern. In the present 
study, we observed that the proportion of grade 3 or 4 
AEs in patients with surgical resectable HCC was 16.7% 
before surgery and 38.5% after surgery, no new AE was 
reported with all AEs being manageable and no death 
occurred during the perioperative period. These data 
reminds clinicians to closely monitor patients’ AE occur-
rence and reduce the dosage of camrelizumab plus 
apatinib or discontinue this therapy. In addition, we 
found that the mean value of duration of surgical resec-
tion was 248.0±77.3 min with a mean bleeding volume of 
784.7±605.1 mL. The time for postoperative hospital was 
13.2±4.2 days. The postoperative biliary leakage rate was 
17.6%. These values were numerically higher than that 
in those patients with HCC who were not treated by the 

neoadjuvant regimen,48 while similar with that in those 
patients with HCC who received the neoadjuvant radio-
therapy.49 This phenomenon might be explained as the 
surgical resection became more harder (manifesting as 
the increased bleeding volume and duration of surgical 
resection during the surgical resection) after the neoadju-
vant therapy with immunotherapy plus anti-angiogenesis 
therapy, which might because of the administration 
of TKI. Furthermore, no death and no complications 
requiring reoperation occurred during the perioperative 
period. We discontinued the apatinib 3 weeks before the 
surgical resection. Unfortunately, even though we had 
fully considered the extension of the preoperative discon-
tinuation of the TKI, the surgical resection was still hard 
and the postoperative biliary leakage rate was still high. 
These findings implied that a more sufficient preparation 
and a more dedicated manipulation during the periop-
erative period were needed to reduce the postoperative 
complications.

The biggest highlight of this study is that we found 
highly expressed DCs can predict good sensitivity to 
neoadjuvant therapy and the higher the DCs after neoad-
juvant therapy, the less likely patients are to relapse based 
on TIME analysis. Previous studies had found that DCs 
may be involved in tumor immune checkpoint blockade 
(ICB) therapy. Enhanced DCs may increase responsive-
ness to ICB regimens through effector T cell activity 
regulation, epigenetic modulation and other factors.50–52 
It is worth mentioning that our study is the first to 
report that the high expression of DC after neoadjuvant 
therapy predicts a better prognosis of patients, which is 
exactly in line with our treatment plan and explains why 
immunotherapy-based adjuvant therapy is still needed 
after surgical treatment. The high expression of DC after 
neoadjuvant therapy leading to more sensitive of post-
operative adjuvant therapy, so patients are less likely to 
relapse. However, the sample size of our study is small, 
and a larger sample size is needed to conduct to support 
our point of view.

Our results of ctDNA revealed a higher positive rate 
(100%) among patients with stage IIb–IIIa disease with 
the high depth of sequencing. The top mutated genes of 
TP53, CTNNB1 and TERT was in consistent with previous 
reports,53 54 while the frequencies might be affected by 
the limited sample size. By reviewing studies in HCC, 
we could also notice that, ctDNA has showed potential 
in prediction of treatment and prognostic outcome and 
disease monitoring.55–57 Currently, its value in predicting 
the efficacy of immunotherapy in HCC is gaining atten-
tion as well. In unresectable HCC, the mutations detected 
and variation trend of ctDNA were found associated 
with response and PFS after immunotherapy.58 59 As for 
perioperative treatment, ctDNA also showed potential 
of reflecting pathological reaction and recurrence post 
surgery in multiple cancers.60–62 In our exploratory anal-
ysis, patients with more decrease of mVAF and higher 
mutation burden tended to achieve favorable patholog-
ical response. ctDNA positive post perioperative treatment 
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was more often seen in patients without MPR and showed 
potential of predicting earlier recurrence. These findings 
preliminary confirmed the in predicting value of ctDNA 
in recurrence. It also provided evidence of ctDNA as a 
potential compose biomarker to predict pathological 
response and relapse after perioperative immunotherapy 
in HCC. It could probably assist in tumor assessment 
before surgery and the following patients’ management, 
thus improving the clinical outcome. Meanwhile, the 
application of ctDNA on immunotherapy of HCC faces 
challenges including appropriate detection techniques 
for ctDNA, interpretation of ctDNA results, improvement 
of clinical outcome guided by ctDNA, which require 
further investigation.63–65

Based on the samples of patients enrolled in this study, 
we not only interpreted the sample differences before and 
after neoadjuvant therapy from the RNA (289 NanoString 
panel RNA sequencing) and DNA (ctDNA analysis) levels, 
but also explained the differential proteins of responding 
foci and non-responding foci from the protein level, 
which enriched our mechanism research level. We were 
pleasantly surprised to find that both the analysis of each 
patient and the common analysis of all samples suggested 
that abnormal glucose metabolism in patients with multi-
focal HCC may be related to different sensitivity of treat-
ment in different lesions. Na Kwon Joong et al reported 
the ratio of GLUT3 and GLUT1, a surrogate of the 
reciprocal glucose metabolic activity between cancer and 
immune cells, predicts good immunotherapy response 
(anti-PD1 and anti-CTLA4).66 However, Renner Kathrin et 
al reported restricting glycolysis preserved T cell effector 
functions and augments checkpoint therapy.67 More 
mechanistic studies are expected to further elucidate the 
causes of drug resistance to anti-PD1 therapy. In response 
to these findings, we conclude that heterogeneity of the 
immune microenvironment of multifocal HCC should 
be considered when different or combined immuno-
therapy is performed for patients with multifocal HCC. 
The individualized immunotherapy strategy of single 
drug or combined targeted drug therapy with immune 
checkpoint inhibitors is an important step for patients 
with multifocal HCC to obtain better clinical efficacy.47 68

There were some limitations in the current study. First, 
the sample size of our study was relatively small. Second, 
this study was a single-arm phase II clinical trial, which 
lacked the control group. Third, this treatment option 
required adjustment and improvement based on clinical 
experience. Fourth, the follow-up period in the current 
study was relatively short (around 1 year). Last but not 
least, despite the reasons for drug sensitivity and resis-
tance of neoadjuvant therapy have been evaluated from 
RNA, DNA and protein levels, our study still remained 
in the interpretation of phenomena, and further mech-
anism researches are needed. It is expected that the 
sequencing results of our study will lay the foundation for 
further research and open a bright light for further eluci-
dation of the mechanism of camrelizumab plus apatinib 
therapy in HCC.

In conclusion, perioperative camrelizumab plus 
apatinib displays a promising efficacy and manageable 
toxicity in patients with resectable HCC. DCs infiltration 
might be a predictive marker of response to camrelizumab 
and apatinib as well as recurrence. ctDNA as a compose 
biomarker can predict pathological response and relapse. 
Abnormal glucose metabolism in patients with multifocal 
HCC may be related to different sensitivity of treatment 
in different lesions.

Author affiliations
1Hepatobiliary Center, The First Affiliated Hospital of Nanjing Medical University, Key 
Laboratory of Liver Transplantation, Chinese Academy of Medical Sciences, NHC 
Key Laboratory of Living Donor Liver Transplantation, Nanjing, China
2Department of Radiology, The First Affiliated Hospital of Nanjing Medical University, 
Nanjing, China
3Department of Pathology, The First Affiliated Hospital of Nanjing Medical University, 
Nanjing, China
4The State Key Laboratory of Translational Medicine and Innovative Drug 
Development, Jiangsu Simcere Diagnostics Co, Nanjing, China

Acknowledgements  We are grateful for the help from Mingzhe Xiao, Dongsheng 
Chen, Lei Ye, Xiaomin Li, Ran Ding, Guanghua Lu, Chao Zhang, who are all from the 
State Key Laboratory of Translational Medicine and Innovative Drug Development, 
Jiangsu Simcere Diagnostics Co., Nanjing, China.

Contributors  There are three first authors in this manuscript and they have 
equally contributed to this project. YXX, LYP, PW, and XHW were responsible for 
the design of the project and all data sorting, and writing articles. WWT and XFQ 
were responsible for data analysis and writing articles. XSL, LQ, and FPZ were 
responsible for imaging evaluation. XX was responsible for pathological evaluation. 
SL, YYY, WJX, WLD, and CQ were responsible for sample sequencing and data 
analysis. The remaining authors were responsible for patient enrollment and sample 
collection. XHW is guarantor. All authors read and approved the final manuscript.

Funding  This work was supported by grants from National Natural Science Key 
Foundation of China (Grant No.31930020) and National Natural Science Foundation 
of China (Grant No. 82070676).

Competing interests  No, there are no competing interests.

Patient consent for publication  Consent obtained directly from patient(s).

Ethics approval  This study was approved by the Institutional Review Board of the 
First Affiliated Hospital of Nanjing Medical University, and was in accordance with 
the Declaration of Helsinki and Good Clinical Practice. Written informed consents 
were obtained from all patients. Participants gave informed consent to participate in 
the study before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data sharing not applicable as no datasets generated 
and/or analysed for this study.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See https://creativecommons.org/​
licenses/by/4.0/.

ORCID iDs
Weiwei Tang http://orcid.org/0000-0002-8516-819X
Guwei Ji http://orcid.org/0000-0003-1736-062X

 on A
pril 3, 2022 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2022-004656 on 3 A

pril 2022. D
ow

nloaded from
 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-8516-819X
http://orcid.org/0000-0003-1736-062X
http://jitc.bmj.com/


14 Xia Y, et al. J Immunother Cancer 2022;10:e004656. doi:10.1136/jitc-2022-004656

Open access�

REFERENCES
	 1	 Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: 

GLOBOCAN estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin 2021;71:209–49.

	 2	 Clark T, Maximin S, Meier J, et al. Hepatocellular carcinoma: 
review of epidemiology, screening, imaging diagnosis, response 
assessment, and treatment. Curr Probl Diagn Radiol 2015;44:479–86.

	 3	 Xiang X, Zhong J-H, Wang Y-Y, et al. Distribution of tumor stage 
and initial treatment modality in patients with primary hepatocellular 
carcinoma. Clin Transl Oncol 2017;19:891–7.

	 4	 Zhong J-H, Peng N-F, You X-M, et al. Tumor stage and primary 
treatment of hepatocellular carcinoma at a large tertiary hospital in 
China: a real-world study. Oncotarget 2017;8:18296–302.

	 5	 Hartke J, Johnson M, Ghabril M. The diagnosis and treatment of 
hepatocellular carcinoma. Semin Diagn Pathol 2017;34:153–9.

	 6	 European Association for the Study of the Liver. Electronic address 
eee, European association for the study of the L, EASL clinical 
practice guidelines: management of hepatocellular carcinoma.  
J Hepatol 2018;69:182–236.

	 7	 Marrero JA, Kulik LM, Sirlin CB, et al. Diagnosis, staging, and 
management of hepatocellular carcinoma: 2018 practice guidance by 
the American association for the study of liver diseases. Hepatology 
2018;68:723–50.

	 8	 Zhou J, Sun H-C, Wang Z, et al. Guidelines for diagnosis and 
treatment of primary liver cancer in China (2017 edition). Liver Cancer 
2018;7:235–60.

	 9	 Tabrizian P, Jibara G, Shrager B, et al. Recurrence of hepatocellular 
cancer after resection: patterns, treatments, and prognosis. Ann 
Surg 2015;261:947–55.

	10	 Erstad DJ, Tanabe KK. Prognostic and therapeutic implications of 
microvascular invasion in hepatocellular carcinoma. Ann Surg Oncol 
2019;26:1474–93.

	11	 Gatteschi L, Iannopollo M, Gonfiotti A. Neoadjuvant immunotherapy 
in resectable non-small cell lung cancer. A narrative review. Life 
2021;11:11101036

	12	 Hou S, Pan Z, Hao X, et al. Recent progress in the neoadjuvant 
treatment strategy for locally advanced esophageal cancer. Cancers 
2021;13:13205162. doi:10.3390/cancers13205162

	13	 Yi M, Jiao D, Qin S, et al. Synergistic effect of immune checkpoint 
blockade and anti-angiogenesis in cancer treatment. Mol Cancer 
2019;18:60.

	14	 Zhao S, Ren S, Jiang T, et al. Low-dose apatinib optimizes tumor 
microenvironment and potentiates antitumor effect of PD-1/PD-L1 
blockade in lung cancer. Cancer Immunol Res 2019;7:640–43.

	15	 Cai X, Wei B, Li L, et al. Apatinib enhanced anti-PD-1 therapy 
for colon cancer in mice via promoting PD-L1 expression. Int 
Immunopharmacol 2020;88:106858.

	16	 Allen E, Jabouille A, Rivera LB, et al. Combined antiangiogenic 
and anti-PD-L1 therapy stimulates tumor immunity through HEV 
formation. Sci Transl Med 2017;9:aak9679. doi:10.1126/scitranslmed.
aak9679

	17	 Qin S, Ren Z, Feng Y-H, et al. Atezolizumab plus bevacizumab 
versus sorafenib in the Chinese subpopulation with unresectable 
hepatocellular carcinoma: phase 3 randomized, open-label 
IMbrave150 study. Liver Cancer 2021;10:296–308.

	18	 Finn RS, Ikeda M, Zhu AX, et al. Phase Ib study of lenvatinib 
plus pembrolizumab in patients with unresectable hepatocellular 
carcinoma. J Clin Oncol 2020;38:2960–70.

	19	 Ho WJ, Zhu Q, Durham J, et al. Neoadjuvant cabozantinib and 
nivolumab converts locally advanced HCC into resectable disease 
with enhanced antitumor immunity. Nat Cancer 2021;2:891–903.

	20	 Markham A, Keam SJ. Camrelizumab: first global approval. Drugs 
2019;79:1355–61.

	21	 Sun T, Ren Y, Kan X, et al. Advanced hepatocellular carcinoma with 
hepatic arterioportal shunts: combination treatment of transarterial 
chemoembolization with apatinib. Front Mol Biosci 2020;7:607520.

	22	 Liu C, Xing W, Si T, et al. Efficacy and safety of apatinib combined 
with transarterial chemoembolization for hepatocellular carcinoma 
with portal venous tumor thrombus: a retrospective study. 
Oncotarget 2017;8:100734–45.

	23	 Xu J, Shen J, Gu S, 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;27:1003–11.

	24	 Eisenhauer EA, Therasse P, Bogaerts J, et al. New response 
evaluation criteria in solid tumours: revised RECIST guideline (version 
1.1). Eur J Cancer 2009;45:228–47.

	25	 Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for 
hepatocellular carcinoma. Semin Liver Dis 2010;30:52–60.

	26	 Cancer Therapy Evaluation Program National Cancer Institute (NCI). 
Common terminology criteria for adverse events (CTCAE) v5.0. 

Available: http://ctep.cancer.gov/protocolDevelopment/electronic_​
applications/ctc.htm

	27	 Danaher P, Warren S, Dennis L, et al. Gene expression markers of 
tumor infiltrating leukocytes. J Immunother Cancer 2017;5:18.

	28	 Bindea G, Mlecnik B, Tosolini M, et al. Spatiotemporal dynamics of 
intratumoral immune cells reveal the immune landscape in human 
cancer. Immunity 2013;39:782–95.

	29	 Newman AM, Liu CL, Green MR, et al. Robust enumeration of cell 
subsets from tissue expression profiles. Nat Methods 2015;12:453–7.

	30	 Germano G, Frapolli R, Belgiovine C, et al. Role of macrophage 
targeting in the antitumor activity of trabectedin. Cancer Cell 
2013;23:249–62.

	31	 Mosser DM, Edwards JP. Exploring the full spectrum of macrophage 
activation. Nat Rev Immunol 2008;8:958–69.

	32	 Vitiello GA, Bowler TG, Liu M, et al. Differential immune profiles 
distinguish the mutational subtypes of gastrointestinal stromal tumor. 
J Clin Invest 2019;129:1863–77.

	33	 Ayers M, Lunceford J, Nebozhyn M, et al. IFN-γ-related mRNA 
profile predicts clinical response to PD-1 blockade. J Clin Invest 
2017;127:2930–40.

	34	 Damotte D, Warren S, Arrondeau J, et al. The tumor inflammation 
signature (TIS) is associated with anti-PD-1 treatment benefit in the 
CERTIM pan-cancer cohort. J Transl Med 2019;17:357.

	35	 Chen S, Zhou Y, Chen Y, et al. fastp: an ultra-fast all-in-one FASTQ 
preprocessor. Bioinformatics 2018;34:i884–90.

	36	 Li H, Durbin R. Fast and accurate short read alignment with Burrows-
Wheeler transform. Bioinformatics 2009;25:1754–60.

	37	 Mose LE, Perou CM, Parker JS. Improved indel detection in DNA and 
RNA via realignment with ABRA2. Bioinformatics 2019;35:2966–73.

	38	 Lai Z, Markovets A, Ahdesmaki M, et al. VarDict: a novel and versatile 
variant caller for next-generation sequencing in cancer research. 
Nucleic Acids Res 2016;44:e108.

	39	 Li Q, Wang K. InterVar: clinical interpretation of genetic 
variants by the 2015 ACMG-AMP guidelines. Am J Hum Genet 
2017;100:267–80.

	40	 Talevich E, Shain AH, Botton T, et al. CNVkit: genome-wide copy 
number detection and visualization from targeted DNA sequencing. 
PLoS Comput Biol 2016;12:e1004873.

	41	 Newman AM, Bratman SV, Stehr H, et al. FACTERA: a practical 
method for the discovery of genomic rearrangements at breakpoint 
resolution. Bioinformatics 2014;30:3390–3.

	42	 Waanders LF, Chwalek K, Monetti M, et al. Quantitative proteomic 
analysis of single pancreatic islets. Proc Natl Acad Sci U S A 
2009;106:18902–7.

	43	 Kudo M, Motomura K, Wada Y, et al. Avelumab in combination 
with axitinib as first-line treatment in patients with advanced 
hepatocellular carcinoma: results from the phase 1B VEGF liver 100 
trial. Liver Cancer 2021;10:249–59.

	44	 Zhu X-D, Huang C, Shen Y-H, et al. Downstaging and resection 
of initially unresectable hepatocellular carcinoma with tyrosine 
kinase inhibitor and anti-PD-1 antibody combinations. Liver Cancer 
2021;10:320–9.

	45	 Torzilli G, Belghiti J, Kokudo N, et al. A snapshot of the effective 
indications and results of surgery for hepatocellular carcinoma 
in tertiary referral centers: is it adherent to the EASL/AASLD 
recommendations?: an observational study of the HCC East-West 
Study Group. Ann Surg 2013;257:929–37.

	46	 Yang T, Lin C, Zhai J, et al. Surgical resection for advanced 
hepatocellular carcinoma according to Barcelona clinic liver cancer 
(BCLC) staging. J Cancer Res Clin Oncol 2012;138:1121–9.

	47	 Huang M, He M, Guo Y, et al. The influence of immune 
heterogeneity on the effectiveness of immune checkpoint 
inhibitors in multifocal hepatocellular carcinomas. Clin Cancer Res 
2020;26:4947–57.

	48	 Yin L, Li H, Li A-J, et al. Partial hepatectomy vs. transcatheter arterial 
chemoembolization for resectable multiple hepatocellular carcinoma 
beyond Milan criteria: a RCT. J Hepatol 2014;61:82–8.

	49	 Wei X, Jiang Y, Zhang X, et al. Neoadjuvant three-dimensional 
conformal radiotherapy for resectable hepatocellular carcinoma with 
portal vein tumor thrombus: a randomized, open-label, multicenter 
controlled study. J Clin Oncol 2019;37:2141–51.

	50	 Chow MT, Ozga AJ, Servis RL, et al. Intratumoral activity of the 
CXCR3 chemokine system is required for the efficacy of anti-PD-1 
therapy. Immunity 2019;50:e1495:1498–512.

	51	 Wang H, Hu S, Chen X, et al. cGAS is essential for the antitumor 
effect of immune checkpoint blockade. Proc Natl Acad Sci U S A 
2017;114:1637–42.

	52	 Cauwels A, Van Lint S, Paul F, et al. Delivering type I interferon to 
dendritic cells empowers tumor eradication and immune combination 
treatments. Cancer Res 2018;78:463–74.

 on A
pril 3, 2022 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2022-004656 on 3 A

pril 2022. D
ow

nloaded from
 

http://dx.doi.org/10.3322/caac.21660
http://dx.doi.org/10.1067/j.cpradiol.2015.04.004
http://dx.doi.org/10.1007/s12094-017-1621-6
http://dx.doi.org/10.18632/oncotarget.15433
http://dx.doi.org/10.1053/j.semdp.2016.12.011
http://dx.doi.org/10.1002/hep.29913
http://dx.doi.org/10.1159/000488035
http://dx.doi.org/10.1097/SLA.0000000000000710
http://dx.doi.org/10.1097/SLA.0000000000000710
http://dx.doi.org/10.1245/s10434-019-07227-9
http://dx.doi.org/10.3390/life11101036
http://dx.doi.org/10.3390/cancers13205162
http://dx.doi.org/10.1186/s12943-019-0974-6
http://dx.doi.org/10.1158/2326-6066.CIR-17-0640
http://dx.doi.org/10.1016/j.intimp.2020.106858
http://dx.doi.org/10.1016/j.intimp.2020.106858
http://dx.doi.org/10.1126/scitranslmed.aak9679
http://dx.doi.org/10.1159/000513486
http://dx.doi.org/10.1200/JCO.20.00808
http://dx.doi.org/10.1038/s43018-021-00234-4
http://dx.doi.org/10.1007/s40265-019-01167-0
http://dx.doi.org/10.3389/fmolb.2020.607520
http://dx.doi.org/10.18632/oncotarget.20140
http://dx.doi.org/10.1158/1078-0432.CCR-20-2571
http://dx.doi.org/10.1016/j.ejca.2008.10.026
http://dx.doi.org/10.1055/s-0030-1247132
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
http://dx.doi.org/10.1186/s40425-017-0215-8
http://dx.doi.org/10.1016/j.immuni.2013.10.003
http://dx.doi.org/10.1038/nmeth.3337
http://dx.doi.org/10.1016/j.ccr.2013.01.008
http://dx.doi.org/10.1038/nri2448
http://dx.doi.org/10.1172/JCI124108
http://dx.doi.org/10.1172/JCI91190
http://dx.doi.org/10.1186/s12967-019-2100-3
http://dx.doi.org/10.1093/bioinformatics/bty560
http://dx.doi.org/10.1093/bioinformatics/btp324
http://dx.doi.org/10.1093/bioinformatics/btz033
http://dx.doi.org/10.1093/nar/gkw227
http://dx.doi.org/10.1016/j.ajhg.2017.01.004
http://dx.doi.org/10.1371/journal.pcbi.1004873
http://dx.doi.org/10.1093/bioinformatics/btu549
http://dx.doi.org/10.1073/pnas.0908351106
http://dx.doi.org/10.1159/000514420
http://dx.doi.org/10.1159/000514313
http://dx.doi.org/10.1097/SLA.0b013e31828329b8
http://dx.doi.org/10.1007/s00432-012-1188-0
http://dx.doi.org/10.1158/1078-0432.CCR-19-3840
http://dx.doi.org/10.1016/j.jhep.2014.03.012
http://dx.doi.org/10.1200/JCO.18.02184
http://dx.doi.org/10.1016/j.immuni.2019.04.010
http://dx.doi.org/10.1073/pnas.1621363114
http://dx.doi.org/10.1158/0008-5472.CAN-17-1980
http://jitc.bmj.com/


15Xia Y, et al. J Immunother Cancer 2022;10:e004656. doi:10.1136/jitc-2022-004656

Open access

	53	 Gao Q, Zhu H, Dong L, et al. Integrated proteogenomic 
characterization of HBV-related hepatocellular carcinoma. Cell 
2019;179:1240.

	54	 Wang S, Shi H, Liu T, et al. Mutation profile and its correlation with 
clinicopathology in Chinese hepatocellular carcinoma patients. 
Hepatobiliary Surg Nutr 2021;10:172–9.

	55	 Chen VL, Xu D, Wicha MS, et al. Utility of liquid biopsy analysis in 
detection of hepatocellular carcinoma, determination of prognosis, 
and disease monitoring: a systematic review. Clin Gastroenterol 
Hepatol 2020;18:e2879:2879–902.

	56	 Ye Q, Ling S, Zheng S, et al. Liquid biopsy in hepatocellular 
carcinoma: circulating tumor cells and circulating tumor DNA. Mol 
Cancer 2019;18:114.

	57	 von Felden J, Craig AJ, Garcia-Lezana T, et al. Mutations in 
circulating tumor DNA predict primary resistance to systemic 
therapies in advanced hepatocellular carcinoma. Oncogene 
2021;40:140–51.

	58	 Fujii Y, Ono A, Hayes CN, et al. Identification and monitoring of 
mutations in circulating cell-free tumor DNA in hepatocellular 
carcinoma treated with lenvatinib. J Exp Clin Cancer Res 
2021;40:215.

	59	 Carmagnani Pestana R, Abugabal YI, Xiao L, et al. Molecular profiling 
by circulating tumor DNA (ctDNA) and benefit from anti-PD-1 in HCC. 
JCO 2019;37:e15679.

	60	 Hsu C-H, Lu S, Abbas A, et al. Longitudinal and personalized 
detection of circulating tumor DNA (ctDNA) for monitoring efficacy 
of atezolizumab plus bevacizumab in patients with unresectable 
hepatocellular carcinoma (HCC). JCO 2020;38:3531.

	61	 Magbanua MJM, Swigart LB, Wu H-T, et al. Circulating tumor DNA 
in neoadjuvant-treated breast cancer reflects response and survival. 
Ann Oncol 2021;32:229–39.

	62	 Moding EJ, Liu Y, Nabet BY, et al. Circulating tumor DNA dynamics 
predict benefit from consolidation immunotherapy in locally 
advanced non-small cell lung cancer. Nat Cancer 2020;1:176–83.

	63	 Zhou J, Wang C, Lin G, et al. Serial circulating tumor DNA 
in predicting and monitoring the effect of neoadjuvant 
chemoradiotherapy in patients with rectal cancer: a prospective 
multicenter study. Clin Cancer Res 2021;27:301–10.

	64	 Ignatiadis M, Sledge GW, Jeffrey SS. Liquid biopsy enters the clinic 
- implementation issues and future challenges. Nat Rev Clin Oncol 
2021;18:297–312.

	65	 Maravelia P, Silva DN, Rovesti G, et al. Liquid biopsy in 
hepatocellular carcinoma: opportunities and challenges for 
immunotherapy. Cancers 2021;13:13174334. doi:10.3390/
cancers13174334

	66	 Na KJ, Choi H, Oh HR, et al. Reciprocal change in glucose 
metabolism of cancer and immune cells mediated by different 
glucose transporters predicts immunotherapy response. 
Theranostics 2020;10:9579–90.

	67	 Renner K, Bruss C, Schnell A, et al. Restricting glycolysis preserves 
T cell effector functions and augments checkpoint therapy. Cell Rep 
2019;29:e139:135–50.

	68	 Zhang Q, Lou Y, Yang J, et al. Integrated multiomic analysis 
reveals comprehensive tumour heterogeneity and novel 
immunophenotypic classification in hepatocellular carcinomas. Gut 
2019;68:2019–31.

 on A
pril 3, 2022 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2022-004656 on 3 A

pril 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.cell.2019.10.038
http://dx.doi.org/10.21037/hbsn.2019.09.17
http://dx.doi.org/10.1016/j.cgh.2020.04.019
http://dx.doi.org/10.1016/j.cgh.2020.04.019
http://dx.doi.org/10.1186/s12943-019-1043-x
http://dx.doi.org/10.1186/s12943-019-1043-x
http://dx.doi.org/10.1038/s41388-020-01519-1
http://dx.doi.org/10.1186/s13046-021-02016-3
http://dx.doi.org/10.1200/JCO.2019.37.15_suppl.e15679
http://dx.doi.org/10.1200/JCO.2020.38.15_suppl.3531
http://dx.doi.org/10.1016/j.annonc.2020.11.007
http://dx.doi.org/10.1038/s43018-019-0011-0
http://dx.doi.org/10.1158/1078-0432.CCR-20-2299
http://dx.doi.org/10.1038/s41571-020-00457-x
http://dx.doi.org/10.3390/cancers13174334
http://dx.doi.org/10.7150/thno.48954
http://dx.doi.org/10.1016/j.celrep.2019.08.068
http://dx.doi.org/10.1136/gutjnl-2019-318912
http://jitc.bmj.com/

	Efficacy and safety of camrelizumab plus apatinib during the perioperative period in resectable hepatocellular carcinoma: a single-­arm, open label, phase II clinical trial
	Abstract
	Introduction﻿﻿
	Methods
	Study design and patients
	Treatment
	Endpoints and assessments
	289 NanoString panel RNA sequencing
	Estimation of TIME cell infiltration
	Generation of TIME signatures
	Gene set enrichment and pathway analysis
	ctDNA sequencing and bioinformatics analysis
	Proteomics
	Statistical analysis

	Results
	Study flow
	Patients’ characteristics
	Treatment response
	Safety
	Patient follow-up
	Pre-neoadjuvant TIME between responding and non-responding lesions
	Changes of TIME in HCC after neoadjuvant therapy of camrelizumab and apatinib
	Association between ctDNA and pathological response
	Association between ctDNA with R0 resection and RPS
	The difference in proteomics between the responding and non-responding lesions

	Discussion
	References


