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Abstract
There is no established postoperative adjuvant therapy for hepatocellular carcinoma 
(HCC), and improvement of patient prognosis has been limited. We conducted long-
term monitoring of patients within a phase II trial that targeted a cancer antigen, 
glypican-3 (GPC3), specifically expressed in HCC. We sought to determine if the 
GPC3 peptide vaccine was an effective adjuvant therapy by monitoring disease-
free survival and overall survival. We also tracked GPC3 immunohistochemical (IHC) 
staining, CTL induction, and postoperative plasma GPC3 for a patient group that was 
administered the vaccine (n = 35) and an unvaccinated patient group that under-
went surgery only (n = 33). The 1-y recurrence rate after surgery was reduced by ap-
proximately 15%, and the 5-y and 8-y survival rates were improved by approximately 
10% and 30%, respectively, in the vaccinated group compared with the unvaccinated 
group. Patients who were positive for GPC3 IHC staining were more likely to have 
induced CTLs, and 60% survived beyond 5 y. Vaccine efficacy had a positive rela-
tionship with plasma concentration of GPC3; high concentrations increased the 5-y 
survival rate to 75%. We thus expect GPC3 vaccination in patients with HCC, who 
are positive for GPC3 IHC staining and/or plasma GPC3 to induce CTL and have sig-
nificantly improved long-term prognosis.
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1  | INTRODUC TION

Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections 
can induce a chronic inflammatory microenvironment in the liver 
and are considered major risk factors for hepatocellular carci-
noma (HCC).1 Drug development has made it possible to sup-
press the onset of viral chronic hepatitis and HCC.2 However, 
with changes in lifestyle and associated increases in prevalence 
of non-alcoholic fatty liver disease (NAFLD) and non-alcoholic 
steatohepatitis (NASH), HCC still remains one of the leading 
causes of cancer-related deaths globally.3,4 Due to a high risk 
of metastasis and de novo development of tumors, the postop-
erative 5-y recurrence rate of HCC exceeds 70%.5-7 There are 
various options for HCC treatment other than surgery. These 
include radiofrequency ablation therapy (RFA), transarterial 
chemoembolization (TACE), and chemotherapies like sorafenib 
and lenvatinib. However, none of the above therapies has been 
effective at preventing relapse, and no effective postoperative 
adjuvant therapy has been established.8-22 Immunotherapy has 
the potential to be a treatment option for HCC.23,24 Indeed, many 
decades of study have been invested in the development of im-
munotherapies against HCC, and many HCC immunotherapy 
clinical trials have been performed.25-32 Several randomized con-
trolled trials have suggested that the use of immunotherapy as 
an adjuvant therapy reduces the risk of cancer recurrence.24,33,34 
The carcinoembryonic antigen glypican-3 (GPC3) is specifically 
overexpressed in 80% HCC and therefore is an ideal target for 
antigen-specific immunotherapy.35-38 While the functions of 
membrane-anchored GPC3 remain unknown, it is likely to have 
a role in neoplastic transformation of HCC.39 The expression of 
GPC3 in HCC has also been reported to promote tumor growth 
by activating Wnt pathway signaling and is associated with clin-
ical diagnoses of intrahepatic metastasis and multicentric hepa-
tocarcinogenesis.40-43 We have identified peptides that bind to 
human leukocyte antigen (HLA)-A24 or HLA-A2 to induce GPC3 
peptide-specific CTLs, and have subsequently initiated clinical 
trials of vaccines based on these peptides.43-51 We conducted a 
phase II study from 2009 to 2012 that used GPC3 peptide vac-
cine as an adjuvant therapy for HCC patients, and reported that 
the vaccine reduced the 1-y recurrence rate in GPC3-positive pa-
tients.21 However, long-term prognosis has not been studied in 
detail, and follow-up beyond 5 y revealed that there were many 
long-term survivors. Therefore, we sought to investigate the ef-
fect of postoperative adjuvant GPC3 peptide vaccine therapy on 
patient prognosis.

2  | MATERIAL S AND METHODS

2.1 | Study design and participants

The phase II trial was carried out between September 2009 
and August 2012. Patients with a diagnosis of HCC who had 

undergone surgery or RFA were enrolled. Inclusion and exclusion 
criteria for this study have been published previously.21 The study 
was conducted with the formal approval of Ethics Committee of 
the National Cancer Center and conformed to the ethical guide-
lines of the 1975 Declaration of Helsinki. The trial was regis-
tered with the University Hospital Medical Information Network 
Clinical Trials Registry (UMIN-CTR, UMIN000002614). Informed 
written consent was obtained from all study participants.

2.2 | Sample collection and biomarker analysis

All liver specimens were prepared from surgically resected tu-
mors. GPC3 IHC staining, CTL induction after vaccination, and 
plasma GPC3 were studied, as previously described.47,52,53 
Specimens were stained with hematoxylin and eosin or mono-
clonal antibodies (dilution 1:300) raised against GPC3 (clone 
1G12; 1:200 dilution; BioMosaics) in accordance with the manu-
facturer’s instructions. An ex vivo interferon-γ (IFN-γ) ELISPOT 
assay was performed in duplicate and PBMCs (5 × 105/well) were  
treated with GPC3 peptide antigens to evaluate antigen-spe-
cific CTL responses. The assay system for full-length GPC3 was 
constructed using a sandwich immunoassay, in which a mono-
clonal mouse antibody against its N-terminus was used to cap-
ture the protein and a monoclonal mouse antibody against the 
C-terminus was used to detect the protein. The monoclonal an-
tibody against the N-terminus was labeled with biotin and the 
antibody against the C-terminus with alkaline phosphatase. The 
immunoassay was performed by first reacting the plasma sample 
with the biotinylated antibody, then capturing the immunocom-
plex using streptavidin-coated magnetic beads. After washing 
the beads, an alkaline phosphatase-labeled antibody was added 
to form a sandwich immunocomplex. After a second wash, a lu-
minescent substrate was added and the luminescence intensity 
was measured. All immunoassay steps were performed using an 
HISCLTM-800 (Sysmex Co.), which is an automated immunoassay 
device. Recombinant GPC3 (R&D Systems Inc) was used as the 
assay standard. Standards at concentrations of 2, 15, 50, 150, 
500, or 1500 pg/mL were measured and calibration curves were 
generated using the four-parameter logistic regression method.

2.3 | Statistical analysis

All statistical analyses were conducted using a graphical user in-
terface for R (The R Foundation for Statistical Computing, Vienna, 
Austria) known as EZR (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan). A Kaplan-Meier analysis was used 
to compare survival rates. A log-rank test and Cox proportional 
hazard models were used to identify prognostic factors. Patient 
characteristics were compared using Pearson χ2 test, Student t 
test, and the Mann-Whitney U test. The level of significance was 
set at P < .05.
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3  | RESULTS

3.1 | Study population

This article is a follow-up report; details on the main findings of the 
phase II study have been published previously.21 The study included 
surgical and RFA cases, and only 35 patients who underwent sur-
gery were evaluated in this report. As it was a single-arm study con-
ducted with 35 vaccinated surgical patients, they were compared 
with 33 control patients who underwent surgery without vaccina-
tion at our hospital during the same period. Of the vaccinated group, 
IHC staining could not be performed for 4 patients who underwent 
surgery at a different hospital. However, no significant differences 
were observed in patient background for both groups. In the previ-
ous report, the median observation period was 40.4 mo, but for the 
purpose of monitoring long-term prognosis, the median observation 
period was extended to 72.8 mo for this study.

3.2 | Effects of the GPC3 peptide vaccine on 
recurrence and survival

Comparing disease-free survival (DFS) in vaccinated and unvacci-
nated patients, 1-y postoperative recurrence rates were 25.7% and 
42.4% respectively. This confirmed that the vaccine decreased re-
currence. However, there was no difference (P = .83, log-rank test) 
in long-term recurrence rates beyond 5 y (Figure 1A). In contrast, 
long-term overall survival (OS) was significantly higher in the vaccine 
group at 5 (70.6% vs 57.6%) and 8 y (67.1% vs 38.9%). Although the 

GPC3 peptide vaccine did not reduce long-term recurrence rates, 
patients had a significant benefit (P = .038, log-rank test) in terms of 
long-term survival (Figure 1B). While it has been reported previously 
that there was no difference in OS, here, long-term observation re-
vealed the late effect that the peptide vaccine prolonged OS.21

3.3 | Effect of GPC3 peptide vaccine in patients 
with recurrent HCC

In this study, 80% of the patients in this study relapsed regardless 
of administration of GPC3 peptide vaccine. However, long-term sur-
vival was improved in the vaccinated group. We sought to deter-
mine if there were any differences in patients who had recurrence 
with the GPC3 peptide vaccine and those who did not. As described 
in Figure 1A, there was no significant difference in the time until 
the first recurrence. However, the time until the second recurrence 
from the first recurrence was significantly prolonged in the vacci-
nated group (Figure 2A; P = .011, log-rank test), and the vaccinated 
group had better OS after the first recurrence than the unvaccinated 
group (Figure 2B; P = .012, log-rank test). Therefore, even in cases 
with recurrence, the second recurrence was less likely to occur due 
to the GPC3 peptide vaccine. As a result, OS was considered to be 
prolonged in patients who were vaccinated. When patients who re-
lapsed were categorized into 2 groups with different times to recur-
rence within 1 y or after 1 y, patients who had a recurrence within 
1 y of surgery had significantly poorer prognosis (Figure 3A; P < .01, 
log-rank test). Vaccination improved OS regardless of time to recur-
rence, and some patients survived long term beyond 5 y (Figure 3B). 

F I G U R E  1   Kaplan-Meier curves for disease-free survival (DFS) and overall survival (OS). A, After surgery, DFS for patients who 
were vaccinated (n = 35) was not significantly different compared with that for unvaccinated patients (n = 33). B, The survival rate was 
significantly higher in the vaccinated group than in the unvaccinated group after 5 y (70.6% vs 57.6%) and 8 y (67.1% vs 38.9%)
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When multivariate analysis was performed using the Cox propor-
tional hazards model, GPC3 peptide vaccination (hazard ratio (HR): 
0.41, 95% confidence interval (CI): 0.19-0.88, P = .023) and recur-
rence within 1 y (HR: 6.3, 95% CI: 2.8-14.2, P < .01) were both sig-
nificantly associated with OS. Therefore, we concluded that GPC3 
peptide vaccination decreased 1-y recurrence rates, and this could 
have contributed to improved patient prognosis.

3.4 | DFS in patients with GPC3-positive or GPC3-
negative IHC staining

In the unvaccinated group, 1-y recurrence rates of patients who had 
positive and negative GPC3 IHC staining were 52.4% and 25.0%, re-
spectively (Figure 4A; P = .26, log-rank test). Therefore, the GPC3-
positive group had a higher rate of relapse within 1 y compared with 
the negative group. In the GPC3-positive group, vaccination reduced 
the 1-y recurrence rate to the same level as found for the negative 
group; compared with that of the unvaccinated group, there was no 
statistical difference in recurrence rate (Figure 4A; P = .60, log-rank 
test).

3.5 | OS in patients with GPC3-positive or GPC3-
negative IHC staining

For the unvaccinated group, 5-y survival rates of patients whose 
samples stained positive or negative for GPC3 were 42.9% and 

75.0%, respectively. The GPC3-positive group had a significantly 
poorer prognosis (P = .021, log-rank test) compared with the nega-
tive group (Figure 4B). The GPC3-negative group had a good prog-
nosis regardless of vaccine administration. In the GPC3-positive 
group, the prognosis of patients who had been vaccinated was im-
proved and was equivalent to that of unvaccinated patients in the 
GPC3-negative group (Figure 4B; P = .014, log-rank test).

3.6 | GPC3 IHC staining and CTL induction

CTL induction was examined to study the effect of vaccination. 
To determine if the GPC3 peptide vaccine could induce a specific 
immune response, an ex vivo IFN-γ ELISPOT assay was performed 
using PBMCs obtained from all patients before and after vac-
cination. In both the GPC3-negative and GPC3-positive groups, 
peptide-specific CTL were difficult to detect in the blood before 
vaccination because the levels were below the detection limit. 
After vaccination, CTL number ranged from 1 to 648 with a me-
dian of 27. When the number of CTL induced was examined sepa-
rately by GPC3 IHC staining, the maximum number induced was 
higher in the GPC3-positive group (648) compared with the GPC3-
negative group (79). Average induction number was also higher in 
the GPC3-positive group (106) compared with that in the GPC3-
negative group (25). Positive induction was defined as the median 
of the top 3 mean values of CTL measured after vaccination, or 
≥27 CTL. Using these criteria, positive induction of CTL occurred 
in 16.7% of patients in the GPC3-negative group and 60.0% in the 

F I G U R E  2   Kaplan-Meier curves for the time until second recurrence from the first recurrence and OS after the first recurrence. 
A, Vaccinated patients (n = 28) showed a longer time to the second recurrence from the first recurrence after surgery compared with 
unvaccinated patients (n = 26). B, The vaccinated group had better prognosis 5 y after the first recurrence compared with the unvaccinated 
group
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F I G U R E  3   Kaplan-Meier curves for overall survival (OS). A, Patients who had recurrence after 1 y (n = 31) had significantly better OS 
than patients who had a recurrence within 1 y (n = 23). B, OS improved in the vaccinated group regardless of whether recurrence took place 
within 1 y or later; some patients survived long term (beyond 5 y)

F I G U R E  4   Kaplan-Meier curves for disease-free survival (DFS) and overall survival (OS). A, Glypican-3 (GPC3)-positive patients who 
were unvaccinated had a higher recurrence rate after 1 y compared with other groups. B, Prognosis for vaccinated patients in the GPC3-
positive group was as good as that for the GPC3-negative group and better than that for the unvaccinated group
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GPC3-positive group (Table 1; P = .083, Fisher exact test). In the 
GPC3-positive group, an immune response to the GPC3 peptide 
antigen had already occurred in the past, and precursor cells of CTL 
were present in the patient's body. Therefore, it was considered 
that vaccination facilitated induction of CTL. The relationship be-
tween the number of CTL induced and OS for groups with different 
GPC3 IHC staining is shown in Figure 5A. Induction of CTL alone 
did not lead to good OS, but the results of GPC3 IHC staining were 
also relevant. In the GPC3-positive group, 15/25 patients (60%) 
had OS that exceeded 5 y (long term) and 11 patients of 15 long-
term survivors (73%) were positive for CTL induction. Conversely, 
in the GPC3-positive group, 6/25 cases (24%) were negative and 
had no improvement in OS. In the GPC3-negative group, 5/6 cases 
(83.3%) survived beyond 5 y, and survival was high regardless of 
CTL induction. Plasma GPC3 concentration was measured 1-mo 
post-operation, and a concentration of ≥6.8 pg/mL was defined as 
positive for plasma GPC3.52 When postoperative plasma levels of 

GPC3 were included in the analysis, 12 patients were found to be 
positive for GPC3 in plasma and IHC staining and, in this group, OS 
beyond 5 y was shown in 9/12 (75%) patients (Figure 5B). Here, 7 
of 9 (77.8%) patients who survived beyond 5 y were CTL positive, 
and 1 patient remained alive within 5 y. There were no drop-outs 
due to death in the 8 CTL-positive patients (Figure 6A). There were 
13 patients who were positive for GPC3 IHC staining and negative 
for postoperative plasma GPC3. In this group, the 5-y survival rate 
for 7 CTL-positive patients was 57.1%, but prognosis was poor for 
the remaining 6 CTL-negative patients with a lower (33.3%) 5-y 
survival rate (Figure 6B). In the GPC3-negative group, 5/6 cases 
(83.3%) survived beyond 5 y, regardless of postoperative plasma 
GPC3 levels (Figure 5B).

Plasma GPC3 levels were measured for both vaccinated and 
unvaccinated groups (Figure 7). Among patients who were GPC3 
positive for IHC staining, vaccinated patients who maintained high 
levels of plasma GPC3 tended to have good long-term survival 

GPC3 IHC 
staining (+/−)

CTL 
maximum 
numbers

CTL 
average 
numbers

CTL median 
(range)

CTL positive 
(CTL ≥ 27)

CTL negative 
(CTL < 27)

+ 648 106 27 (1-648) 15/25 (60.0%) 10/25 (40.0%)

− 79 25 1/6 (16.7%) 5/6 (83.3%)

TA B L E  1   Relationship between 
glypican-3 (GPC3) immunohistochemical 
(IHC) staining status and CTL induction

F I G U R E  5   Relationship between CTL 
number, overall survival (OS), glypican-3 
(GPC3) immunohistochemical (IHC) 
staining and plasma GPC3. A, In the 
GPC3-positive group, 15/25 cases (60%) 
were long-term (beyond 5 y) survivors. 
Of the long-term survivors, 11/15 (73%) 
had CTL induction. B, Of the patients who 
were positive for both GPC3 IHC staining 
and plasma GPC3 (n = 12), 9/12 (75%) 
were long-term (beyond 5 y) survivors. Of 
the long-term survivors, 7/9 (77.8%) had 
CTL induction
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(Figure 7A), but in the unvaccinated group, patients with a high level 
of plasma GPC3 had poorer survival (Figure 7B). Regardless of vac-
cination status, long-term survivors who were GPC3 negative by 
IHC staining often had only a slight increase in plasma GPC3 levels 
(Figure 7C,D). Postoperative persistent plasma GPC3 suggested that 
there were residual cancer cells. Therefore, it was surprising that 
vaccinated patients who were positive for GPC3 by IHC staining 
had increased long-term survival despite increased plasma GPC3 
levels. For patients who were GPC3 positive in IHC staining, OS 
was poor when plasma GPC3 was high in the unvaccinated group 
(Figure 8A). However, in the vaccinated group, an opposite associ-
ation was observed, and OS was improved when plasma GPC3 was 
high (Figure 8B). In patients who had GPC3-positive IHC staining, 
an increase in plasma GPC3 concentration carried completely dif-
ferent meanings for the vaccinated and unvaccinated groups. As the 
vaccine suppresses recurrence and improves OS, we believe that 
this is strong evidence that higher plasma GPC3 levels increased 
patient responses to the GPC3 antigen in the vaccine. For individ-
ual patients, most of the 16 patients who were long-term survivors 
and had GPC3-positive IHC staining also had higher levels of plasma 
GPC3 and were more likely to have CTL induced (Figure 9A). Of the 
9 dead patients, a majority had an early relapse with low levels of 
plasma GPC3 and low CTL induction (Figure 9B). Characteristics 
of the patients are represented in Table 2. As previously reported, 

GPC3-positive IHC staining indicated poor prognosis in patients, but 
vaccinated patients had improved OS because GPC3 peptide vac-
cines were more likely to increase plasma GPC3 levels and promote 
CTL induction.

4  | DISCUSSION

Hepatocellular carcinoma is known to have a high recurrence rate of 
approximately 70%, which makes it difficult to treat and consequently 
is associated with poor prognosis.5-7 In our previously reported 
phase II study, primary endpoints were 1-y and 2-y recurrence rates 
and expected recurrence rates were 20% and 45%, respectively.21 
Overall, as we observed recurrence rates of 25.7% and 54.3%, we 
concluded that the vaccine, as with many other adjuvant treatments 
including sorafenib, failed to prevent recurrence.34 However, in pa-
tients who were positive for IHC staining, the 1-y recurrence rates 
of the vaccinated and unvaccinated groups were 24.0% and 52.4% 
respectively. Therefore, we concluded that vaccination in the group 
that was positive for IHC staining reduced the 1-y recurrence rate, 
and could prevent early recurrence after surgery. We hypothesized 
that a decrease in 1-y recurrence rate (Figure 3A,B) might also lead 
to improvement in long-term OS and, indeed, there were long-term 
survivors in this study.

F I G U R E  6   Kaplan-Meier curves for overall survival (OS). A, There were no drop-outs due to death in patients who were positive for 
glypican-3 (GPC3) immunohistochemical (IHC) staining, plasma GPC3, and CTL induction (n = 8). B, There were patients who were positive 
for GPC3 IHC staining and negative for postoperative plasma GPC3 (n = 13). Prognosis for patients with CTL induction (n = 7) was good, 
with a 5-y survival rate of 57.1%
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F I G U R E  7   Changes in plasma 
glypican-3 (GPC3) according to GPC3 IHC 
staining and the vaccination. Long-term 
survivors are indicated by red lines, and 
dead patients are indicated by blue lines. 
A, Vaccinated patients who were GPC3 
immunohistochemical (IHC) staining 
positive and maintained high plasma GPC3 
levels tended to have increased long-term 
survival. B, High plasma GPC3 levels were 
associated with death in the GPC3 IHC 
staining positive and unvaccinated group. 
C, Long-term survivors who were GPC3 
IHC staining negative often only had a 
slight increase in plasma GPC3 levels. D, 
High plasma GPC3 levels were associated 
with death in the GPC3 IHC staining 
negative and unvaccinated group

F I G U R E  8   Kaplan-Meier curves for overall survival (OS) in patients who were positive for GPC3 immunohistochemical (IHC) staining. 
A, In the unvaccinated group, OS was poor when plasma GPC3 was high. B, In the vaccinated group, OS was increased in patients with high 
levels of plasma GPC3
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Several clinical trials have previously reported that immu-
notherapy improves prognosis of postoperative HCC patients, 
however our previous report did not include a long-term fol-
low-up.23,24,54 As DFS often does not correlate with OS and 
cannot be a surrogate readout for OS, long-term follow-up is 
particularly important for immunotherapy.55 While vaccination 
reduced the 1-y recurrence rate for GPC3-positive patients, 
another major benefit for the vaccinated group was that recur-
rence occurred later compared with that in the unvaccinated 
group (Figure 2A). Thus, even for patients who had relapsed, 
the vaccinated group had a better prognosis after recurrence 
compared with the unvaccinated group (Figure 2B). Numerous 
reports have suggested that administration of a GPC3 peptide 
vaccine induces GPC3-specific CTL, and that infiltration of CTL 
into the tumors produces an anti-tumor effect.21,45,47-49,56,57 
We examined the relationship between clinical efficacy of the 
postoperative adjuvant vaccine with induction of CTL and GPC3 
IHC staining (Table 1). As GPC3 IHC staining of tissue obtained 
from resected tumor specimen reflects the characteristics of the 
tumor itself, this test is predictive of CTL induction and vaccine 
efficacy. Various types of GPC3 IHC staining in cells have been 
described. This includes GPC3 staining in the cytoplasm and cell 
membrane (diffuse type), uniform staining of the cell membrane 
(membrane type), and granular staining of the cell membrane 
(granule type). As there are various conflicting opinions regard-
ing staining classifications, for this study, staining types or lo-
calization was not examined, and GPC3 IHC staining was simply 
classified as positive or negative.33,43,50,58-62 It has previously 
been reported that following initial hepatectomy, prognosis for 
GPC3-negative patients is good and that for GPC3-positive pa-
tients is poor.43,63-65 Consistent with these reports, we also ob-
served that the GPC3-negative group had good OS regardless 
of vaccine administration (Figure 2B). While poor prognosis was 
expected for GPC3-positive patients, surprisingly, prognosis for 
vaccinated patients who were GPC3 positive improved and was 
comparable with that of the GPC3-negative group. It is likely 
that the mechanism for this involves CTL induced by the GPC3 
peptide vaccine administration (Figure 3A).

Plasma GPC3 was considered to be produced by viable can-
cer cells. Accordingly, the unvaccinated patient group with high 
plasma GPC3 had a poor prognosis because of the presence of 
viable cancer cells in the body. Vaccinated and unvaccinated 
plasma GPC3-negative patients, who were not considered 
to have viable cancer cells remaining, showed a similar sur-
vival (Figure 8A,B). Conversely, vaccinated patients with high 
plasma GPC3 had a better prognosis, which indicated the pres-
ence of viable cancer cells in the body. Because plasma GPC3 
levels near the cut-off value were difficult to interpret, the 
group with high plasma GPC3 was further analyzed. The cri-
terion for high plasma GPC3 was ≥15.8, which was analyzed 
using the Youden index for DFS (AUC: 0.853, 95% CI: 0.68-1) 
and OS (AUC: 0.762, 95% CI: 0.529-0.996) in the surgery alone 
group, was not affected by the vaccine. When DFS and OS were 

analyzed based on this criterion, both were increased (P = .051 
and P < .01). Vaccination could delay the time to recurrence, 
which was thought to lead to good OS (Figure S1). Observation 
of changes in plasma GPC3 on a case-by-case basis showed 
that, in the surgery alone group, plasma GPC3 increased to a 
high level, and many cases experienced recurrence. In the vac-
cine group, plasma GPC3 was high in some patients, but it de-
creased or remained flat with recurrence in only some patients 
(Figure S2A,B). It was possible that vaccination induced CTL, 
which were subsequently in continuous equilibrium with viable 
cancer cells, thus suppressing tumor growth.

Plasma GPC3 levels have also been linked to viral hepatitis such 
as hepatitis C, and they may potentially be used in the future for 
HCC surveillance management.52 When both GPC3 IHC staining 
and postoperative plasma GPC3 were positive, CTL induction by the 
vaccine increased from 53% to 70% (Figure 3B), with an associated 
enhancement in response to the GPC3 antigen. To our knowledge, 
there are no other postoperative adjuvant treatments for HCC that 
have comparable efficacy. To increase efficacy of the GPC3 peptide 
vaccine, it will likely be used in combination with immune checkpoint 
inhibitors such as anti-PD-1 and anti-PD-L1 antibodies.66-69 The 
GPC3 peptide vaccine has the ability to induce peptide-specific CTL 
and change “cold tumors” to “hot tumors.” A combination of the pep-
tide vaccine and an immune checkpoint inhibitor would also be ex-
pected to prevent recurrence and act on recurrent tumors, thereby 
improving prognosis.70

Our ability to evaluate the efficacy of the vaccine was limited, as 
this was not a randomized controlled study, but rather a case-control 
study. However, long-term observations showed that OS can be pro-
longed by vaccine administration. Combination with conventional 
chemotherapy or other immunotherapies such as immune check-
point inhibitors may give rise to new treatment options.

In conclusion, this case-control study demonstrated that post-
operative adjuvant vaccination may reduce the 1-y recurrence rate 
and prolong OS in patients who are positive for GPC3 IHC staining. 
The GPC3 peptide vaccine used induces specific CTLs and can be 
expected to improve patient prognosis.
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