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Abstract. - OBJECTIVE: Inmune checkpoint
inhibitors have initiated a new era in hepatocel-
lular carcinoma (HCC) treatment. For improving
the prognosis of patients with resectable HCC
and reducing postoperative recurrence, immu-
notherapy is being developed in the neoadjuvant
setting. However, the efficacy and safety of neo-
adjuvant immunotherapy remain unclear.

MATERIALS AND METHODS: PubMed, Em-
base, Medline, and Cochrane Library databas-
es were systematically searched for the clinical
trials of neoadjuvant immunotherapy for resect-
able HCC. A single-arm meta-analysis was con-
ducted to calculate the odds ratio and 95% con-
fidence interval (Cl), and statistical transforma-
tion was performed to obtain the pooled rate P(t)
and its Cl. Subgroup analyses were performed
according to the type of combination therapy.

RESULTS: 81 patients from four studies were
included in this meta-analysis. In patients with re-
sectable HCC, the pooled major pathological re-
sponse (MPR) rate and pathological complete re-
sponse (pCR) rate for neoadjuvant immunothera-
py were 0.23 (95% Cl, 0.14-0.36) and 0.19 (95% CI,
0.10-0.30), respectively. The pooled objective re-
sponse rate (ORR) was 0.18 (95% CI, 0.10-0.28),
comparable to the results of immunotherapy for
advanced HCC. The overall treatment-related ad-
verse events (TRAE) rate was 0.80 (95% Cl, 0.68-
0.89), but the grade =3 TRAE rate was low at 0.21
(95% Cl, 0.13-0.33). The pooled surgical resection
rate and surgical delay rate were 0.95 (95% ClI,
0.85-0.98) and 0.05 (95% CI, 0.02-0.16), respec-
tively. Subgroup analyses revealed no significant
differences in clinical outcomes between immu-
notherapy combinations.

CONCLUSIONS: This meta-analysis pro-
vides preliminary evidence of the efficacy and
safety of neoadjuvant immunotherapy for HCC,
suggesting that it is a promising perioperative
treatment option. Conclusive evidence sup-
porting its use requires additional data from
large-scale clinical trials.
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Introduction

Hepatocellular carcinoma (HCC) is a major
threat to humans. Hepatectomy is a crucial ra-
dical treatment option for HCC. However, HCC
has a high postoperative recurrence rate and a
lack of effective prognostic biomarkers, leading
to poor survival outcomes'. These concerns have
prompted researchers to assess the advantages
of neoadjuvant and adjuvant techniques used for
improving resectability and reducing recurrence
rates’. Treatments such as transarterial chemo-
embolization and transarterial radioembolization
have been evaluated as neoadjuvant options, and
systemic therapies [chemotherapy, tyrosine ki-
nase inhibitors (TKIs)] were tested as adjuvant
options. However, whether these therapies si-
gnificantly improve the overall survival (OS) of
patients remains unknown*°.

Exciting developments in immunotherapy for
advanced HCC have been made in the past 10
years, with atezolizumab plus bevacizumab re-
ceiving FDA approval as the first-line therapy for
HCC. Moreover, nivolumab and pembrolizumab
were approved by multiple regulatory agencies
as second-line therapies, thus offering signifi-
cant survival benefits for HCC patients™®. In the
encouraging immunotherapy landscape, neoadju-
vant immunotherapy for HCC is evolving. Seve-
ral clinical trials®!’ on neoadjuvant immunothe-
rapy have offered promising preliminary results,
and more such trials are underway. Introducing
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systemic therapy at the preoperative stage may be
a new approach for improving prognosis.

By removing invisible micro-metastatic le-
sions, neoadjuvant immunotherapy may lower
the recurrence risk and transform unresectable
diseases into resectable diseases. In addition,
the efficacy of the neoadjuvant immunotherapy
can be used as a prognostic and predictive sign
for facilitating clinicians in making neoadjuvant
therapy-related decisions'. The efficacy of neo-
adjuvant immunotherapy has been evaluated in
non-small cell lung cancer, resectable head and
neck cancer, melanoma, early triple-negative bre-
ast cancer, and resectable esophageal cancer'"'’,
However, relatively few studies'®!® have suppor-
ted the use of neoadjuvant immunotherapy for
HCC, and its efficacy and safety remain unclear.

This meta-analysis attempts to gather the fin-
dings of existing clinical studies and assess the
effectiveness and safety of neoadjuvant immu-
notherapy for resectable HCC to provide additio-
nal options for clinical treatment.

Materials and Methods

The Preferred Reported Items for Systematic
Reviews and Meta-Analyses (PRISMA) repor-
ting guidelines were followed while reporting
this study'” The meta-analysis was registered in
PROSPERO, identifier CRD42023439852.

Search Strategy

We systematically searched PubMed, Embase,
Medline, and Cochrane Library for clinical trials
on neoadjuvant immunotherapy for resectable
HCC since their inception until August 1, 2022.
In order to obtain as much unpublished and up-
to-date data as possible, we searched the abstracts
and reports of the American Society of Clinical
Oncology (ASCO) and the European Society for
Medical Oncology (ESMO) congresses up to
August 1, 2022. No language restrictions were
placed. The search terms used included “hepato-
cellular carcinoma” or “liver cell carcinoma” in
combination with “neoadjuvant therapy”, “immu-
notherapy” or “immune checkpoint inhibitors”
and their related variants. We also conducted ma-
nual searches to identify other relevant studies by
reviewing the reference lists of the key articles.

Selection Criteria
We developed the inclusion and exclusion crite-
ria based on the patient, intervention, comparison,

outcomes (PICOs) principles of evidence-based
medicine (EBM). The following criteria were
used to select studies for inclusion: (1) trials that
enrolled patients with resectable HCC (stages
I-IIT) who had never received any prior immu-
notherapy; (2) patients who had received immu-
ne checkpoint inhibitors (ICIs) before surgery
with single ICI, dual ICI combination or im-
munotherapy combined with targeted therapy;
(3) neoadjuvant therapy’s effectiveness and safety
were assessed by at least one metric, such as
major pathological response (MPR), pathological
complete response (pCR), objective response rate
(ORR), treatment-related adverse events (TRAE),
resection rate, and the delay rate of surgery; (4) the
type of study was set to prospective randomized
clinical trial. Reviews, case reports, and retro-
spective studies were excluded. Past studies that
reported only protocols and did not include any
primary observational endpoints were also exclu-
ded. When the same patient cohort was repeatedly
published in different publications (for example,
congress abstracts and full text), the most recent
and relevant one was included for assessment.

Data Collection

After reviewing the full text, two authors (YH
and JB) independently extracted information
from each study and negotiated with the third au-
thor in case of disagreement. The following data
were extracted whenever possible: basic informa-
tion (first author, year of publication, number of
clinical trials), study design (study phase, inter-
vention model, masking, the number of patients
enrolled), treatment regimen (drug, dose, time of
administration), and the primary clinical outco-
mes (MPR, pCR, ORR, incidence of TRAE,
surgical resection rate, the surgical delay rate).

Quality Assessment

As the included studies did not include any
control group using conventional chemotherapy
drugs, we assessed the study quality in accordan-
ce with the Methodological Index for Non-rando-
mized Studies (MINORS)"®. Two assessors (YH
and JB) conducted the assessment independently
and resolved any differences through discussion
with the third assessor.

Statistical Analysis

The proportions of patients who achieved
MPR, pCR, and objective response, as well as
the TRAE frequency, resection rate, and delay
rate were calculated and statistically transformed.
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Using the following formula, the values of P and
standard error [SE (P)] were determined:

P = In(odds) = In(x/(n-x)) SE(P)= SE(In(odd-
)=V(1/x + 1(nx)).

Statistical analysis was performed with the
RevMan 5.3 software version (Review Manager
Web, The Cochrane Collaboration, Copenhagen,
Denmark) to calculate the odds ratio (OR) and
95% confidence interval (CI), and the forest plots
were plotted. OR and 95% CI were converted to
obtain P(t) and its 95% CI served as the pooled
rate. The formula used was as follows:

P(t) = OR/(I+OR),LL(t) = LL/(I+LL),UL(t) =
UL/(1+UL).

Heterogeneity between the studies was measu-
red by the y* test and the 7 test, while the choice
of using a fixed-effects model or a random-effects
model was made based on the level of hete-
rogeneity. Statistics were deemed significant at
p<0.05. We also conducted exploratory analyses
to compare whether there were differences in the
proportion of patients with each clinical outcome
across the treatment regimens. The number of
included studies was small and most of them were
single-arm trials. The results were descriptive
rather than comparative. There were no “positive”
results or statistically significant outcomes, and all
results were stable. As a result, we did not perform
any sensitivity analysis or publication bias tests.

Results

Retrieval Results and Study Characteristics

Applying the search strategy, 1,372 studies
were retrieved. After removing duplicate articles
and reading the titles and abstracts, the remai-
ning 14 articles were reviewed in full detail.
Four studies were ongoing clinical trials that had
not yet reported results, three studies did not
meet the inclusion criteria for resectable HCC,
and four were duplicate published studies. Ul-
timately, 81 patients from four studies'* were
included in the meta-analysis. Figure 1 presents
the overall selection process. One' of the four
publications was a conference abstract presented
at the 2022 ASCO Congress, and the remaining
three?**? were full-text publications. Three arti-
cles?*22 were on phase II trials and one articlel9
was on a phase Ib trial. One* was a randomized,
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dual-arm, open-label experiment, and the other
three'*?'?? were single-arm, open-label trials. In
this dual-arm trial, patients were randomly al-
located (1:1) to receive nivolumab (group A) or
nivolumab plus ipilimumab (group B)*. In sub-
sequent analyses, we included this dual-arm trial
as two cohorts in the meta-analysis. Of the 81
patients, 34 patients received ICI monotherapy,
29 received dual ICI therapy, and 18 in one* trial
received immunotherapy combined with targeted
therapy. The ICIs used in the studies were nivo-
lumab, cemiplimab, camrelizumab, and ipilimu-
mab, which are PD-1 and CTLA-4 monoclonal
antibodies. Table I summarizes the important
details of the four studies.

Treatment Response

Surrogate endpoints commonly used in the
clinical trials of antineoplastic agents included
pathological and imaging assessments. MPR was
defined according to the degree of tumor necro-
sis. Considering that a validated cut-off value
for tumor necrosis in HCC is lacking, MPR was
defined differently among the original studies.
To incorporate as much literature as possible, we
finally included literature reporting tumor necro-
sis of >70% or 90%. Four trials**?* (the study by
Kaseb 2022 including two trials: group A and
group B) reporting MPR were included in the
meta-analysis. The pooled OR of MPR was 0.30
(95% CI, 0.16-0.57) and p=0.0002 (Figure 2A).
After conversion, the pooled MPR rate was 0.23
(95% (I, 0.14-0.36). The post-treatment lack of re-
maining tumor cells was used to define pCR. pCR
was reported in all five trials'*** with a pooled OR
of 0.23 (95% CI, 0.12-0.44) and p<0.0001 (Figure
2B), and the pooled pCR rate after transformation
was 0.19 (95% CI, 0.10-0.30). ORR is an imaging
assessment endpoint for clinical trials of antine-
oplastic agents and is evaluated using Response
Evaluation Criteria in Solid Tumors (RECIST),
version 1.1. ORR was reported in all five trials'*2
with a pooled OR of 0.22 (95% CI, 0.12-0.40) and
p<0.00001 (Figure 2C), and after conversion, po-
oled ORR was 0.18 (95% CI, 0.10-0.28).

Progression-Free Survival

Only one study®® reported progression-free
survival (PFS), and a meta-analysis could not
be performed. Kaseb et al*® found that after a
mean follow-up of 24.6 months, PFS with nivolu-
mab was 9.4 months [95% CI, 1.47-not estimable
(NE)] and with nivolumab plus ipilimumab was
19.53 months (95% CI, 2.33-NE). Nivolumab plus
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Figure 1. The PRISMA flow diagram outlining the selection of eligible research.

ipilimumab had a greater PFS than nivolumab
alone, although the difference was nonsignificant.

Recurrence-Free Survival

Two studies evaluated the recurrence-free survi-
val (RFS) of patients who received surgery. In one
study?®, patients who achieved MPR had significant-
ly better RFS than those who did not (p=0.049). In
another study®, the 1-year RFS rate with camreli-
zumab plus apatinib was 53.85% (95% CI, 24.77%-
75.99%), and the 1-year recurrence rate was lower
than previously reported. Similarly, RFS was greater
in the MPR/pCR group than in the non-MPR/pCR
group, but the difference was nonsignificant.

Treatment-Related Adverse Events

The frequency of TRAE and the incidence of se-
rious TRAE (grade >3) are among the most crucial
indicators of the safety of neoadjuvant immunothe-
rapy. Five trials”** reported TRAE with pooled
OR=2.64 (95% ClI, 0.86-8.15), ’=76%, significant
heterogeneity, the random-effects model adopted,
and p=0.09 (Figure 3A). The pooled TRAE rate
after conversion was 0.72 (95% CI, 0.46-0.89).

We speculated Marron et al’s?' study as the main
source of heterogeneity. Marron et al*' reported
TRAE and AE (adverse events), whereas no other
study reported AE, and we, therefore, inferred
that the different definitions of TRAE and AE in
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Table I. Summary of characteristics of included studies.

GBI Study | Intervention Number (SIELE 2 Resection
Study number y Masking of ICI Dose of ICI MPR pPCR ORR | TRAE | or greater Delay rate
phase model 2 rate
and date patients TRAE
. . Nivolumab (3 mg/kg, day 1,
Alessio | NCTO03682276 - Nivolumab plus R o 23.1%(73.3% o
20221 24/09/2018 Ib Single-arm Open-label |15 ipilimumab 12(2) c;l);;slqg:llll}r/l)lumab (1 mg/ | Not reported |22.2% (2/9) G/13) | (11/15) 6.7% (1/15) | Not reported 0
13 Nivolumab Nivolumab (250 mg, every 2 o o 23.1%(76.9% o o
(group A) |(group A) weeks up to three doses) 333%G/9) |22.2% (2/9) (3/13) |(10/13) 23.1% (3/13) | 100% (9/9) 0
Kaseb NCT03222076 I Dual-arm Open-label i
202220 19/07/2017 p ” Nivolumab plus 2N1volukmab (t25(3hmg,devery 85 79,
ipilimumab weeks up to three doses)| ,; 30, 311y 2730 3/11) |0 170142.9% (6/14) |100% (11/11) |0
(group B) (group B) plus ipilimumab (1 mg/kg, (12/14)
one dose)
Marron | NCT03916627 . - Cemiplimab (350 mg, every o o 15.0%(30.0% o o o
20222 16/04/2019 I Single-arm Open-label |21 Cemiplimab 3 weeks up to two doses) 20.0% (4/20) | 15.0% (3/20) (3120) | (6/20) 10.0% (2/20) |95.2% (20/21) | 5.0% (1/20)
Camrelizumab (200 mg, ev-
Xia NCT04297202 . Camrelizumab | ery 2 weeks up to three dos- o o 16.7%(88.9% N N
20222 05/03/2020 I Single-arm Open-label |18 plus apatinib es) plus apatinib (250 mg, 17.6% (3/17) |5.9% (1/17) 3/18) |(16/18) 16.7% (3/18) | 94.4% (17/18) | Not reported
day 1 to day 21)
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Figure 2. Forest plots of the efficacy outcomes. A, MPR, (B) pCR, (C) ORR.

each study could be the source of heterogeneity.
Once that study was excluded, heterogeneity was
significantly lower with pooled OR=4.19 (95% ClI,
2.16-8.14), > =0%, p<0.0001 (Figure 3B), and con-
verted TRAE rate=0.80 (95% CI, 0.68-0.89). Five
trials'* reported grade >3 TRAE with pooled
OR=0.27 (95% CI, 0.15-0.49), p<0.0001 (Figure
3C), and the rate of grade >3 TRAE=0.21 (95%
CI, 0.13-0.33) after transformation. The reported
TRAE included nausea, diarrhea, fatigue, fever,
constipation, abdominal pain, pruritis, maculo-
papular rash, anemia, decreased platelet count,
drug-induced liver injury, hypothyroidism, incre-
ased blood creatine phosphokinase, hypoalbumi-
nemia, elevated lipase levels, and elevated lactate
dehydrogenase levels. Grade >3 TRAE included
grade 3 maculopapular rash, grade 3 pneumonitis,
and grade 3 ALT/AST elevation.

Resection Rate and Delay Rate

Surgical resection was reported in four trials?*22.
Only two patients who were expected to undergo
surgery were unsuccessful because one patient
developed metastatic lymph nodes in the porta
hepatis and another patient exhibited disease pro-
gression, with no specific progression mentioned.
The pooled OR of the resection rate =18.60 (95%
Cl, 5.82-59.43) and p<0.00001 (Figure 4A), and
the resection rate after conversion was 0.95 (95%
CI, 0.85-0.98). Neoadjuvant immunotherapy-re-
lated side effects can cause surgical delays. Four
trials"??' reported surgical delays. The delay in
one patient was due to the deteriorating liver
function (unrelated to ICI) and in another patient
(delay of 2 weeks) due to drug-induced pneumo-
nia requiring steroids. The pooled OR of surgical
delay was 0.05 (95% CI, 0.02-0.19) and p<0.00001
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Figure 3. Forest plots of the TRAE. A, Pooled OR of TRAE of all five studies. B, Pooled OR of TRAE after removing the

heterogeneous study. C, Pooled OR of grade >3 TRAE.

(Figure 4B), and the delay rate after conversion
was 0.05 (95% CI, 0.02-0.16).

Exploratory Subgroup Analysis

Currently, three main regimens of neoadjuvant
immunotherapy are available for resectable HCC:
monotherapy, dual ICI combination, and immu-
notherapy combined with targeted therapy. Through
an exploratory subgroup analysis, we investigated
whether different regimens have different effects on
the clinical outcomes of the treatment. Two trials (the
group A of Kaseb 2022?° and the Marron 2022?') re-
ported nivolumab and cemiplimab as monotherapy,
two trials (the Alessio 202219 and the group B of
Kaseb 202220) reported ipilimumab plus nivolumab
as combination therapy, and one trial** reported
camrelizumab plus apatinib. Finally, the exploratory
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analysis included four trials'?! based on single-agent
or dual ICI therapy and examined clinical outcomes
such as pCR, ORR, TRAE, and surgical delay rates.
The subgroup analysis results revealed that the po-
oled OR of pCR (Figure 5A) for dual ICI therapy
was higher than that for monotherapy, and the po-
oled OR of ORR (Figure 5B) for dual ICI therapy
was lower than that for monotherapy. The pooled
ORs of TRAE (Figure 6A) and grade >3 TRAE
(Figure 6B) for dual ICI therapy were higher than
those for monotherapy, and the pooled OR of sur-
gical delay rate (Figure 6C) for dual ICI therapy
was lower than that for monotherapy. However,
no difference between the groups was statistically
significant. Therefore, judging differences in effi-
cacy or safety between single-drug or dual ICI the-
rapy based on the present results are not possible.
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Figure 4. Forest plots of the resection rate and the delay rate. A, Resection rate. B, Delay rate.
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Figure 6. Subgroup analysis based on monotherapy or double ICIs combination for (A) TRAE, (B) grade >3 TRAE, and (C)
surgical delay rate.
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Discussion

The role of neoadjuvant immunotherapy in
resectable HCC management is currently unclear,
and to our knowledge, this is the first systematic
review and meta-analysis evaluating immunothe-
rapy for resectable HCC. Overall, our findings
support the effectiveness and safety of neoadju-
vant immunotherapy for resectable HCC as well
as the exploration of this approach in larger regi-
stry studies. The present meta-analysis revealed
that the pooled MPR, pCR, and objective respon-
se rates were 23%, 19%, and 18%, respectively,
similar to the efficacy of neoadjuvant ICI therapy
against other cancers®. This encouraging finding
promises the anti-tumor efficacy of ICIs in ter-
ms of the pathological response and radiology.
Further, we searched for other studies reporting
the efficacy of ICIs in advanced HCC for compa-
rison with our study. A meta-analysis** reported
an overall ORR of 0.20 (95% CI, 0.16-0.24) for
PD-1/PD-L1 inhibitors in advanced HCC, com-
parable to our results. Another meta-analysis®
reported that ICI treatment is associated with a
better ORR than treatment with sorafenib, the
standard first-line treatment for advanced HCC.
Although the lack of standard neoadjuvant thera-
pies precludes further comparative analysis of the
efficacy of IClIs in resectable HCC, through com-
parison with the ORR of advanced HCC patients
who received ICIs, we conclude that neoadjuvant
immunotherapy offers satisfactory objective re-
mission in resectable HCC.

Complete survival data from most neoadju-
vant immunotherapy trials are not yet available
and quantifying the benefit of neoadjuvant im-
munotherapy for increased survival is difficult.
However, post-surgery follow-up revealed that
the achievement of MPR or pCR was associa-
ted with RFS?*2, Kaseb et al** immunologically
analyzed tumor samples from HCC patients after
treatment. They found that patients who achieved
MPR after ICI therapy had a favorable tumor
microenvironment, whereas those who did not
have an immunosuppressed myeloid-rich tumor
microenvironment®®. In addition, according to
Marron et al®, significant immune infiltration
was noted in responders compared with non-re-
sponders. Moreover, this increased immune in-
filtration was also observed in the responders at
baseline, suggesting that pre-existing immune
infiltration predisposes a patient to an aggressive
immunotherapy response®. These results indica-
te that an individual’s response to neoadjuvant

immunotherapy depends on the state of tumor
immune infiltration, which may influence the
long-term survival benefit. This has also been
noted in melanoma?®. Thus, MPR or pCR could
be used as a predefined primary or secondary
endpoint in future neoadjuvant immunotherapy
studies for HCC.

Regarding the safety of neoadjuvant immu-
notherapy, the meta-analysis revealed a pooled
TRAE rate of 0.72 (95% CI, 0.46-0.89); however,
heterogeneity was high due to the different re-
porting of AE and TRAE. We obtained a pooled
TRAE rate of 0.80 (95% CI, 0.68-0.89) with little
heterogeneity after the study* reporting AE was
excluded. Despite the high overall TRAE rate,
the pooled TRAE rate of grade >3 was 0.21 (95%
CI, 0.13-0.33) and did not result in serious ad-
verse outcomes. Moreover, a meta-analysis?’ of
the toxicity of systemic therapies for advanced
HCC revealed that ICIs are associated with fewer
serious AE than TKIs, demonstrating that their
use is safe. Most immune-related toxicities are
manageable; however, they can interfere with the
treatment course, and in severe cases, even threa-
ten the patient’s life. Accurate prognosis, prompt
diagnosis, and early intervention are crucial
for enhancing the effectiveness of immunothe-
rapy*?. On the other hand, the overall surgical
resection rate after neoadjuvant immunotherapy
reached 95%, with a surgical delay rate of only
5%. However, two patients who were expected
to undergo surgery were unsuccessful due to
disease progression. In one patient, surgery was
postponed as steroids were used for drug-indu-
ced pneumonia. And no treatment-related deaths
were reported. Preoperative neoadjuvant therapy
may deprive patients otherwise eligible for sur-
gery or result in delayed surgery and the length
of perioperative drug induction or high doses
may increase the potential for toxicity. Therefore,
developing a standard perioperative regimen with
the shortest possible duration and dose reduction
for maximizing patient benefit while improving
treatment safety are the next challenges.

Several studies'®'® have currently demonstra-
ted the versatility of perioperative treatment
options. Combinations of two ICIs (anti-PD-1/
PD-L1 and anti-CTLA-4) and those of ICIs with
angiogenesis inhibitors have been used in se-
veral clinical trials?®??3°, However, the effect of
the combination remains inconclusive. Theore-
tically, dual immune combination therapy may
improve the efficacy of immunotherapy?'. Howe-
ver, our exploratory subgroup analysis exhibited
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no differences in efficacy and safety between
dual immune combination and monotherapy (test
for subgroup differences: p>0.05). Kaseb et al*
found no significant differences in MPR, pCR,
ORR, and TRAE between the nivolumab and
nivolumab plus ipilimumab groups. These results
may be obtained due to the small sample size. A
dual ICI combination has been confirmed to be
efficacious in advanced HCC. In patients already
treated with sorafenib, the ORR of the nivolumab
plus ipilimumab treatment was 31% (95% CI,
18%-45%) compared with that of the nivolumab
monotherapy (15%; 95% CI, 6%-28%). Com-
bination therapy resulted in a better ORR than
monotherapy*. However, the incidence of grade
>3 TRAE was also higher with dual immune
combination therapy®.

We could not perform a subgroup analysis
of ICI combined anti-VEGF because only one
trial22 was included. However, a meta-analysis®*
of ICI efficacy in advanced HCC revealed that the
combination of ICI and anti-vascular endothlial
growth factor (anti-VEGF) therapy resulted in
better outcomes in terms of disease control rate
(DCR), ORR, PFS, and OS than ICI monothe-
rapy. ICI and VEGF inhibitors in combination
produced synergistic antitumor effects, with
VEGF inhibition reducing immunosuppression,
promoting normalization of the tumor vascular
system, and enhancing cytotoxic T lymphocyte
infiltration and effector functions in the microe-
nvironment***. Moreover, approval of atezolizu-
mab (anti-PD-L1) plus bevacizumab (anti-VEGF)
as the first-line treatment for advanced HCC
indicates that immunotherapy combined with tar-
geted therapy may become the future direction®’.

Neoadjuvant immunotherapy is a new strategy
for reducing the postoperative recurrence rate and
improving the survival of HCC patients. It is the-
oretically more effective than postoperative adju-
vant immunotherapy*. Mechanistically, when tu-
mors are larger, antigen-presenting cells take on
a larger antigen load and thus generate a stronger
antitumor T-cell response®. Moreover, neoadju-
vant trials allow the presentation of the dynamic
effects of immunotherapy in vivo. In-depth analy-
sis of pre-and post-treatment blood and tissue
specimens can help analyze the immune micro-
environment at baseline and post-treatment, thus
facilitating the characterization of intervention
effects. Therefore, neoadjuvant immunotherapy
helps address the current challenges of clinical
response heterogeneity and lack of validated bio-
markers for immunotherapy'’.
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Neoadjuvant immunotherapy may offer a wi-
de treatment option. In addition to the currently
explored perioperative treatment of resectable
HCC with neoadjuvant immunotherapy, some
studies***? have suggested the advantages of this
treatment option in downstaging and conversion
of advanced HCC. Moreover, some studies*** ha-
ve reported the efficacy and safety of neoadjuvant
ICI in the liver transplantation field.

Limitations

This meta-analysis has certain limitations.
First, this analysis included a small number of
clinical trials, which resulted in the inclusion of
a relatively modest number of patients. Second,
uniform criteria defining pathological and ima-
ging responses in neoadjuvant therapy for HCC
are lacking, and most trials did not meet the
expected OS or PFS endpoints, which have not
yet suggested a long-term benefit of neoadjuvant
therapy for patients. Moreover, treatment safety
assessment should also include surgical difficul-
ty and postoperative complications. We could
not perform a comprehensive analysis because
these data were lacking.

Conclusions

This meta-analysis provides preliminary evi-
dence of the efficacy and safety of neoadju-
vant immunotherapy for HCC, thereby offering
confidence for future clinical trials. Regarding
efficacy, neoadjuvant immunotherapy resulted
in pathological or imaging remission in some
patients and may have therapeutic benefits for
long-term survival as implied by the histopa-
thological response. Regarding safety, although
the overall TRAE rate was high for neoadju-
vant immunotherapy, most reactions were mild
and did not result in serious adverse outcomes.
Furthermore, we indicate the need to identify
more biomarkers for predicting the response to
immunotherapy for maximizing the therapeutic
benefits. Conclusively, neoadjuvant immunothe-
rapy is a promising perioperative treatment op-
tion for resectable HCC. Conclusive evidence of
its use needs to be verified through additional
large-scale clinical trials.

Data Availability
All data were sourced from published studies and are acces-
sible to anyone interested.



Neoadjuvant immunotherapy for resectable hepatocellular carcinoma

Informed Consent
Not applicable.

Ethics Approval
Not applicable.

Conflict of Interests
The authors declare no conflict of interests in this study.

Authors’ Contributions

YH conceived and designed the study. YH and JB perfor-
med the studies search and analyzed the data. YH wrote the
manuscript. LL edited the article and provided the neces-
sary guidance. The article’s submission and publishing we-
re approved by all authors.

ORCID ID

Y.-H. Han: 0000-0003-0631-6690
J.-Q. Bo: 0000-0003-2266-0205
L.-X. Liu: 0000-0001-7585-9432

5)

References

Xu CL, Liu YH. Prognostic value of LncRNA-HO-
TAIR for patients with hepatocellular carcinoma: a
meta-analysis. Eur Rev Med Pharmacol Sci 2022;
26: 8444-8450.

Akateh C, Black SM, Conteh L, Miller ED, Noonan
A, Elliott E, Pawlik TM, Tsung A, Cloyd JM. Neo-
adjuvant and adjuvant treatment strategies for
hepatocellular carcinoma. World J Gastroenterol
2019; 25: 3704-3721.

Sasaki A, lwashita Y, Shibata K, Ohta M, Kitano S,
Mori M. Preoperative transcatheter arterial chemo-
embolization reduces long-term survival rate after
hepatic resection for resectable hepatocellular car-
cinoma. Eur J Surg Oncol 2006; 32: 773-779.

Gabr A, Abouchaleh N, Ali R, Baker T, Caicedo J,
Katariya N, Abecassis M, Riaz A, Lewandowski RJ,
Salem R. Outcomes of Surgical Resection after Ra-
dioembolization for Hepatocellular Carcinoma. J
Vasc Interv Radiol 2018; 29: 1502-1510.e1501.

Meshari AA. Role of Trans-Arterial Chemoem-
bolization (TACE) in patients with hepatocellular
carcinoma. Eur Rev Med Pharmacol Sci 2022;
26: 6764-6771.

Dikilitas M. Why Adjuvant and Neoadjuvant Ther-
apy Failed in HCC. Can the New Immunotherapy
Be Expected to Be Better? J Gastrointest Cancer
2020; 51: 1193-1196.

Sangro B, Sarobe P, Hervas-Stubbs S, Melero
I. Advances in immunotherapy for hepatocellu-
lar carcinoma. Nat Rev Gastroenterol Hepatol
2021; 18: 525-543.

Kole C, Charalampakis N, Tsakatikas S, Vailas
M, Moris D, Gkotsis E, Kykalos S, Karamouzis

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

MV, Schizas D. Immunotherapy for Hepatocellu-
lar Carcinoma: A 2021 Update. Cancers (Basel)
2020; 12: 2859.

Fulgenzi CAM, D’Alessio A, Ogunbiyi O, Demirtas
CO, Gennari A, Cortellini A, Sharma R, Pinato DJ.
Novel immunotherapy combinations in clinical tri-
als for hepatocellular carcinoma: will they shape
the future treatment landscape? Expert Opin In-
vestig Drugs 2022; 31: 681-691.

Marron TU, Schwartz M, Corbett V, Merad M.
Neoadjuvant Immunotherapy for Hepatocellu-
lar Carcinoma. J Hepatocell Carcinoma 2022;
9: 571-581.

Jia XH, Xu H, Geng LY, Jiao M, Wang WJ, Ji-
ang LL, Guo H. Efficacy and safety of neoad-
juvant immunotherapy in resectable nonsmall
cell lung cancer: A meta-analysis. Lung Cancer
2020; 147: 143-153.

Masarwy R, Kampel L, Horowitz G, Gutfeld O,
Muhanna N. Neoadjuvant PD-1/PD-L1 Inhibitors
for Resectable Head and Neck Cancer: A Sys-
tematic Review and Meta-analysis. JAMA Otolar-
yngol Head Neck Surg 2021; 147: 871-878.

Lee AY, Brady MS. Neoadjuvant immunotherapy
for melanoma. J Surg Oncol 2021; 123: 782-788.

Tarantino P, Gandini S, Trapani D, Criscitiel-
lo C, Curigliano G. Immunotherapy addition to
neoadjuvant chemotherapy for early triple nega-
tive breast cancer: A systematic review and me-
ta-analysis of randomized clinical trials. Crit Rev
Oncol Hematol 2021; 159: 103223.

Wang Z, Shao C, Wang Y, Duan H, Pan M, Zhao
J, Wang J, Ma Z, Li X, Yan X. Efficacy and safe-
ty of neoadjuvant immunotherapy in surgically re-
sectable esophageal cancer: A systematic review
and meta-analysis. Int J Surg 2022; 104: 106767.

Yin Z, Chen D, Liang S, Li X. Neoadjuvant Ther-
apy for Hepatocellular Carcinoma. J Hepatocell
Carcinoma 2022; 9: 929-946.

Moher D, Liberati A, Tetzlaff J, Altman DG. Pre-
ferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. BMJ
2009; 339: b2535.

Slim K, Nini E, Forestier D, Kwiatkowski F, Pa-
nis Y, Chipponi J. Methodological index for
non-randomized studies (minors): development
and validation of a new instrument. ANZ J Surg
2003; 73: 712-716.

D’Alessio A, Pai M, Spalding D, Rajagopal P, Tal-
bot T, Goldin R, Fulgenzi CAM, Ward C, Yip V,
Slater S, Sodergren M, Tait P, Habib NA, Thom-
as R, Cortellini A, Sharma R, Pinato DJJ. Prelimi-
nary results from a phase Ib study of neoadjuvant
ipilimumab plus nivolumab prior to liver resection
for hepatocellular carcinoma: The PRIME-HCC
trial. J Clin Oncol 2022; 40: 4093-4093.

Kaseb AO, Hasanov E, Cao HST, Xiao L, Vauthey
JN, Lee SS, Yavuz BG, Mohamed YI, Qayyum
A, Jindal S, Duan F, Basu S, Yadav SS, Nicho-
las C, Sun JJ, Singh Raghav KP, Rashid A, Car-
ter K, Chun YS, Tzeng CD, Sakamuri D, Xu L, Sun



Y.-H. Han, J.-Q. Bo,

L.-X. Liu

21)

22)

23)

24)

25)

26)

27)

R, Cristini V, Beretta L, Yao JC, Wolff RA, Allison
JP, Sharma P. Perioperative nivolumab monother-
apy versus nivolumab plus ipilimumab in resect-
able hepatocellular carcinoma: a randomised,
open-label, phase 2 trial. Lancet Gastroenterol
Hepatol 2022; 7: 208-218.

Marron TU, Fiel MI, Hamon P, Fiaschi N, Kim E,
Ward SC, Zhao Z, Kim J, Kennedy P, Gunase-
karan G, Tabrizian P, Doroshow D, Legg M, Ham-
mad A, Magen A, Kamphorst AO, Shareef M,
Gupta NT, Deering R, Wang W, Wang F, Thani-
gaimani P, Mani J, Troncoso L, Tabachnikova A,
Chang C, Akturk G, Buckup M, Hamel S, loannou
G, Hennequin C, Jamal H, Brown H, Bonaccorso
A, Labow D, Sarpel U, Rosenbloom T, Sung MW,
Kou B, Li S, Jankovic V, James N, Hamon SC,
Cheung HK, Sims JS, Miller E, Bhardwaj N, Thur-
ston G, Lowy |, Gnjatic S, Taouli B, Schwartz ME,
Merad M. Neoadjuvant cemiplimab for resectable
hepatocellular carcinoma: a single-arm, open-la-
bel, phase 2 trial. Lancet Gastroenterol Hepatol
2022; 7: 219-229.

Xia Y, Tang W, Qian X, Li X, Cheng F, Wang K,
Zhang F, Zhang C, Li D, Song J, Zhang H, Zhao J,
Yao A, Wu X, Wu C, Ji G, Liu X, Zhu F, Qin L, Xiao
X, Deng Z, Kong X, Li S, Yu Y, Xi W, Deng W, Qi
C, Liu H, Pu L, Wang P, Wang X. Efficacy and safe-
ty of camrelizumab plus apatinib during the periop-
erative period in resectable hepatocellular carcino-
ma: a single-arm, open label, phase Il clinical trial.
J Immunother Cancer 2022; 10: e004656.

LiZ, Wu X, Zhao Y, Xiao Y, Zhao Y, Zhang T, Li H,
Sha F, Wang Y, Deng L, Ma X. Clinical benefit of
neoadjuvant anti-PD-1/PD-L1 utilization among dif-
ferent tumors. MedComm (2020) 2021; 2: 60-68.

Rao Q, Li M, Xu W, Pang K, Guo X, Wang D,
Liu J, Guo W, Zhang Z. Clinical benefits of PD-1/
PD-L1 inhibitors in advanced hepatocellular car-
cinoma: a systematic review and meta-analysis.
Hepatol Int 2020; 14: 765-775.

Jacome AA, Castro ACG, Vasconcelos JPS, Sil-
va M, Lessa MAO, Moraes ED, Andrade AC, Li-
ma FMT, Farias JPF, Gil RA, Prolla G, Garico-
chea B. Efficacy and Safety Associated With Im-
mune Checkpoint Inhibitors in Unresectable He-
patocellular Carcinoma: A Meta-analysis. JAMA
Netw Open 2021; 4: e2136128.

Rawson RV, Adhikari C, Bierman C, Lo SN, Shk-
lovskaya E, Rozeman EA, Menzies AM, van Ak-
kooi ACJ, Shannon KF, Gonzalez M, Gumins-
ki AD, Tetzlaff MT, Stretch JR, Eriksson H, van
Thienen JV, Wouters MW, Haanen J, Klop WMC,
Zuur CL, van Houdt WJ, Nieweg OE, Ch'ng S,
Rizos H, Saw RPM, Spillane AJ, Wilmott JS,
Blank CU, Long GV, van de Wiel BA, Scolyer
RA. Pathological response and tumour bed his-
topathological features correlate with survival fol-
lowing neoadjuvant immunotherapy in stage Il
melanoma. Ann Oncol 2021; 32: 766-777.

Griffiths CD, Zhang B, Tywonek K, Meyers BM,
Serrano PE. Toxicity Profiles of Systemic Ther-
apies for Advanced Hepatocellular Carcinoma:

7146

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

A Systematic Review and Meta-analysis. JAMA
Netw Open 2022; 5: e2222721.

Liu'Y, Wang H, Deng J, Sun C, He Y, Zhou C. Tox-
icity of tumor immune checkpoint inhibitors-more
attention should be paid. Transl Lung Cancer Res
2019; 8: 1125-1133.

Riveiro-Barciela M, Trallero-Araguas E, Martinez-Val-
le F. Toxicities from immunotherapy: From clinical tri-
als to real-world clinical practice. Med Clin (Barc)
2020; 155: 541-547.

Jin H, Qin S, He J, Xiao J, Li Q, Mao Y, Zhao L.
New insights into checkpoint inhibitor immuno-
therapy and its combined therapies in hepatocel-
lular carcinoma: from mechanisms to clinical tri-
als. Int J Biol Sci 2022; 18: 2775-2794.

Tanvetyanon T, Gray JE, Antonia SJ. PD-1 check-
point blockade alone or combined PD-1 and CT-
LA-4 blockade as immunotherapy for lung can-
cer? Expert Opin Biol Ther 2017; 17: 305-312.

Yau T, Kang YK, Kim TY, El-Khoueiry AB, San-
toro A, Sangro B, Melero I, Kudo M, Hou MM,
Matilla A, Tovoli F, Knox JJ, Ruth He A, El-Rayes
BF, Acosta-Rivera M, Lim HY, Neely J, Shen
Y, Wisniewski T, Anderson J, Hsu C. Efficacy
and Safety of Nivolumab Plus Ipilimumab in Pa-
tients With Advanced Hepatocellular Carcinoma
Previously Treated With Sorafenib: The Check-
Mate 040 Randomized Clinical Trial. JAMA Oncol
2020; 6: e204564.

Kelley RK, Sangro B, Harris W, Ikeda M, Oku-
saka T, Kang YK, Qin S, Tai DW, Lim HY, Yau T,
Yong WP, Cheng AL, Gasbarrini A, Damian S,
Bruix J, Borad M, Bendell J, Kim TY, Standifer N,
He P, Makowsky M, Negro A, Kudo M, Abou-Al-
fa GK. Safety, Efficacy, and Pharmacodynam-
ics of Tremelimumab Plus Durvalumab for Pa-
tients With Unresectable Hepatocellular Carcino-
ma: Randomized Expansion of a Phase I/Il Study.
J Clin Oncol 2021; 39: 2991-3001.

Wang R, Lin N, Mao B, Wu Q. The efficacy of im-
mune checkpoint inhibitors in advanced hepato-
cellular carcinoma: a meta-analysis based on 40
cohorts incorporating 3697 individuals. J Cancer
Res Clin Oncol 2022; 148: 1195-1210.

Zhu Y, Qin LX. Strategies for improving the effica-
cy of immunotherapy in hepatocellular carcinoma.
Hepatobiliary Pancreat Dis Int 2022; 21: 420-429.

Oura K, Morishita A, Tani J, Masaki T. Tumor
Immune Microenvironment and Immunosuppres-
sive Therapy in Hepatocellular Carcinoma: A Re-
view. Int J Mol Sci 2021; 22: 5801.

Casak SJ, Donoghue M, Fashoyin-Aje L, Jiang X,
Rodriguez L, Shen YL, Xu Y, Jiang X, Liu J, Zhao
H, Pierce WF, Mehta S, Goldberg KB, Theoret
MR, Kluetz PG, Pazdur R, Lemery SJ. FDA Ap-
proval Summary: Atezolizumab Plus Bevacizum-
ab for the Treatment of Patients with Advanced
Unresectable or Metastatic Hepatocellular Carci-
noma. Clin Cancer Res 2021; 27: 1836-1841.

Liu J, Blake SJ, Yong MC, Harjunpaa H, Ngiow
SF, Takeda K, Young A, O’Donnell JS, Allen S,



Neoadjuvant immunotherapy for resectable hepatocellular carcinoma

39)

40)

41)

Smyth MJ, Teng MW. Improved Efficacy of Neo-
adjuvant Compared to Adjuvant Immunotherapy
to Eradicate Metastatic Disease. Cancer Discov
2016; 6: 1382-1399.

Topalian SL, Taube JM, Pardoll DM. Neoadjuvant
checkpoint blockade for cancer immunotherapy.
Science 2020; 367: eaax0182.

Ho WJ, Sharma G, Zhu Q, Stein-O’Brien G,
Durham J, Anders R, Popovic A, Mo G, Kamel
I, Weiss M, Jaffee E, Fertig EJ, Yarchoan M. In-
tegrated immunological analysis of a success-
ful conversion of locally advanced hepatocellular
carcinoma to resectability with neoadjuvant ther-
apy. J Immunother Cancer 2020; 8: e000932.

Zhou H, Song T. Conversion therapy and mainte-

nance therapy for primary hepatocellular carcino-
ma. Biosci Trends 2021; 15: 155-160.

42)

43)

44)

Takamoto T, Maruki Y, Kondo S. Recent updates
in the use of pharmacological therapies for down-
staging in patients with hepatocellular carcinoma.
Expert Opin Pharmacother 2023; 1-9.

Katariya NN, Lizaola-Mayo BC, Chascsa DM, Gi-
orgakis E, Agel BA, Moss AA, Uson Junior PLS,
Borad MJ, Mathur AK. Immune Checkpoint Inhib-
itors as Therapy to Down-Stage Hepatocellular
Carcinoma Prior to Liver Transplantation. Can-
cers (Basel) 2022; 14: 2056.

Qiao ZY, Zhang ZJ, Lv ZC, Tong H, Xi ZF, Wu
HX, Chen XS, Xia L, Feng H, Zhang JJ, Xia Q.
Neoadjuvant Programmed Cell Death 1 (PD-1)
Inhibitor Treatment in Patients With Hepatocel-
lular Carcinoma Before Liver Transplant: A Co-
hort Study and Literature Review. Front Immunol
2021; 12: 653437.



