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Abstract 

To date, clinical trials of various vaccine therapies using autologous tumor antigens or tumor-associated/
specific antigen peptide with adjuvants have been performed to treat patients with high-grade gliomas 
(HGG). Furthermore, immune checkpoint pathway-targeted therapies including anti- programmed cell 
death 1 (PD-1) antibody have been remarkably effective in other neoplasms, and various clinical tri-
als with anti-PD-1 antibody in patients with HGG have started to date. It is possible that up-regulation 
of immune checkpoint molecules in tumor tissues after vaccine therapy may be one of the mechanisms 
of vaccine failure. Multiple preclinical studies indicate that combination therapy with vaccination and 
immune checkpoint blockade is effective for the treatment of malignant tumors including HGG. Thus, 
immunotherapy, especially combination therapy with vaccine and immune checkpoint inhibitors, may 
be a promising strategy for treatment of patients with HGG.
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Introduction

To improve the dismal prognosis of patients with 
high-grade gliomas (HGG) including glioblastoma 
(GBM), chemotherapy including temozolomide (TMZ) 
combined with radiation therapy (RT) has been a 
standard treatment.1,2) On the other hand, a growing 
interest in new treatments including immunotherapy 
such as vaccine-based therapy has emerged.3–15) The 
main concept of these immunotherapies is enhance-
ment of anti-tumor-specific immune reactions and 
activation of tumor-specific killer cells, the so-called 
cytotoxic T-lymphocytes (CTLs) (Fig. 1). Here, we 
first describe the adoptive immunotherapies used 
for HGG in our institution. Second, we describe 
clinical trials of autologous formalin-fixed tumor 
vaccine (AFTV) therapies, which may be easier 
than adoptive immunotherapies in terms of their 
preparation and may have some benefits in long-
standing effectiveness and cost. We also discuss 
the combination of vaccine therapy with immune 
checkpoint pathway-targeted therapies. 

Adoptive immunotherapy for HGG in our institution 
and the paradigm shift to vaccine therapy

Several authors have reported the safety and efficacy 
of lymphokine-activated killer (LAK) cell therapy in 
patients with HGG.16–19) Because the natural killer (NK) 
cell component among LAK cells has strong cytotoxic 
activity against malignant tumor cells, we previously 
performed a clinical trial of NK cell therapy using a 
novel method of NK cell expansion for patients with 
HGG.20) Among several immune cell types associated 
with acquired immunity, immune cells, such as autolo-
gous tumor-specific T-lymphocytes (ATTLs) including 
CTLs, have also been considered to play a crucial 
role in tumor rejection in vivo.21) However, these cell 
therapies have some issues, including a short dura-
tion of treatment response, complexity of ex vivo cell 
expansion, and expense.17,20,21) Such issues may be the 
reason for a recent paradigm shift from cell therapy 
to vaccine therapy as a treatment tool for HGG. 

 A strong demand for adoptive immunotherapy 
still exists today because a relatively higher tumor 
response can be expected to immunotherapy than to 
vaccine therapy,7,20,21) despite the major disadvantages 
described above. Moreover, activation of new legislation 
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and facilitation of the entry of new companies into 
the research market for immunotherapeutic reagents 
have prompted the practical promotion of regenerative 
medicine including adoptive cell transfer of these 
immune cells as well as the recently described induced 
pluripotent stem cells. Combination of adoptive 
immunotherapy with chemotherapy or with vaccine 
therapy, has been attempted in many studies.17,22) 
Recently, as a new strategy, adoptive immunotherapy 
after chemotherapy-induced lymphodepletion has been 
used to treat other neoplasms.22) Lymphodepletion 
seemed to enhance the antitumor effects of transferred  
T cells in vivo by several mechanisms including the 
elimination of suppressive CD4+CD25+ T-regulatory 
lymphocytes (Tregs), the elimination of cellular 
“sinks” for homeostatic cytokines such as IL-7 and 
IL-15, and the engagement of toll-like receptors on 
antigen-presenting cells after damage to the integrity 
of the gut epithelial lining.22) Modified LAK/CTL 
therapy using a chimeric antigen receptor (CAR) 
has received much attention as the next generation 
of adoptive immunotherapy. A clinical trial of this 
CAR therapy has already begun for treatment of 

other carcinomas,23) and future clinical applications 
are also expected for HGG.24,25) 

Tumor vaccine therapy for HGG
To date, clinical trials of various vaccine thera-

pies using autologous tumor antigens or tumor-
associated/specific antigen peptide with adjuvants 
have been performed to treat patients with HGG.3–15) 
The types of peptides used include an epidermal 
growth factor receptor variant III (EGFRvIII) peptide, 
an Wilms tumor 1 (WT1) peptide and personal-
ized tumor-associated/specific antigen peptides. 
Peptide-based vaccine therapies appear promising 
as an approach to successfully induce an anti-
tumor immune response and prolong survival in 
patients with glioma, without major side effects.13) 
In a phase II study of an autologous heat-shock 
protein peptide complex-96 (HSPPC-96) vaccine 
for surgically resectable recurrent GBM patients, 
the median overall survival (OS) was 9.9 months 
with no treatment-related deaths.3) A double-blind, 
phase III trial of rindopepimut consists of EGFRvIII 
peptide conjugated to keyhole limpet hemocyanin in 

Fig. 1  Induction of activated CD8+ cytotoxic T lymphocytes (CTLs) in vaccine therapy. A. In the priming phase, 
CD8+ T cells are activated by dendritic cells (DCs) stimulated with tumor vaccination. Binding of the major histo-
compatibility complex (MHC) with tumor antigen and the T cell receptor (TCR) and interaction of costimulating 
molecules are required for this activation. Type 1 helper T cells (Th1) also work as an activator for CD8 T cells. B. 
Clonal expansion of activated CTLs. C. In the effector phase, the activated CTLs mediate tumor-specific MHC class 
1-restricted lysis of glioma cells, production of cytokines (e.g., Interferon (IFN)- f and tumor necrosis factor– ̀ ) and 
upregulation of Fas ligand.
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patients with newly diagnosed, EGFRvIII-expressing 
GBM did not show significant survival benefit for 
patients with minimal residual disease despite 
consistent rindopepimut-induced humoral response. A 
trend for improved long-term survival was observed 
in patients with bulkier disease, but this was not 
supported by further analyses within this subgroup.14) 
Clinical research with dendritic cell (DC) therapy 
is also being performed.5,26) DC therapy for prostate 
cancer patients (PROVENGE) has been approved by 
the U.S. Food and Drug Administration (FDA).27) 
Such DC therapy is theoretically very promising 
if the complexity of DC culture can be overcome. 

We carried out a pilot clinical trial.7) using a novel 
immunotherapy, AFTV, that consisted of autolo-
gous formalin-fixed tumor fragments and adjuvants 
developed by T Ohno, RIKEN, Japan.28) In this pilot 
study, of 12 GBM patients, including 8 recurrent 
disease and 4 primary disease with visible tumor 
mass, the only side effects of the treatment were 
local erythema, induration, and low-grade fever.7) 
Low p53 and high major histocompatibility complex 
(MHC) class-I expression by the tumor were related 
with the efficacy of this therapy in this study. In 

our first prospective multicenter trial for preliminary 
evaluation of the efficacy of AFTV concomitant with 
fractionated radiotherapy (FRT) in patients with 
newly diagnosed GBM (study identification number: 
C000000002) (Fig. 2A). this treatment resulted in a 
median OS duration of 19.8 months and an actuarial 
2-year survival rate of 40%.9)

During this clinical study, TMZ combined with FRT 
became a standard treatment for GBM. Although TMZ 
frequently induces a decrease in lymphocyte count,29) 
TMZ-induced lymphopenia enhances tumor-specific 
immune responses.30) Animal studies have shown 
that TMZ has the potential to enhance antitumor 
immunity.31,32) Preclinical studies have shown that 
vaccination with DCs followed by chemotherapy 
can significantly increase survival in patients with 
malignant gliomas.33) These results together with 
practicable results in a pilot study using AFTV and 
TMZ34) prompted us to proceed with a further phase 
I/IIa multicenter trial (UMIN000001426) of AFTV 
and maintenance TMZ after FRT concomitant with 
TMZ for management of newly diagnosed GBM.6) 
(Fig. 2B). The primary endpoint in this study was 
OS, and the secondary endpoint was PFS. Eligibility 

Fig. 2  Three prospective multicenter trials for evaluation of the efficacy of autologous formalin-fixed tumor vaccine 
(AFTV) for patients with initially diagnosed glioblastoma (GBM). A. C000000002 trial is a single arm phase IIa 
study using AFTV concomitant with fractionated radiotherapy (FRT) without chemotherapy9). B. UMIN000001426 
trial is a single arm phase IIa study using FRT concomitant with temozolomide (TMZ) followed by AFTV and 
maintenance TMZ6). C. UMIN000010602 trial is an on-going double-blinded randomized phase IIb/III study using 
6 to 9-time injection of AFTV (or placebo) and FRT concomitant with TMZ.
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criteria included patients who were 16–75 years of 
age, newly diagnosed GBM with histopathological 
confirmation of diagnosis of the disease with typical 
neurological symptoms, maximum possible resec-
tion of the tumor, and a Karnofsky performance 
status scale (KPS) score of ≥60% before initiation 
of FRT. All enrolled patients received the standard 
Stupp regimen2) with a modified TMZ maintenance 
cycle. Briefly, FRT was started within 2-3 weeks 
after resection of the neoplasm and included 60 
Gy of focal irradiation, with daily concurrent TMZ 
throughout the course of radiotherapy. At the end 
of the induction period, after a 4-week interval, the 
patients received TMZ maintenance chemotherapy 
for 5 days in each 28-day cycle. The AFTV treatment 
consisted of three courses of vaccination performed 
at 1-week intervals. The first course corresponded 
to the first day of TMZ maintenance chemotherapy. 
Of the 24 enrolled patients, 8 were recursive parti-
tioning analysis (RPA) class III, 10 were class IV, 
and six were class V. Although this treatment did 
not have a great impact on the median PFS of the 

patients (8.2 months) the 2-year progression-free rate 
was 33%.14) PFS showed a statistically significant 
association with patient age, KPS score, RPA class, 
extent of tumor removal, and delayed-type hyper-
sensitivity response after vaccination (DTH-2) in the 
data of the 24 patients enrolled in the study. The 
duration of PFS in patients with a DTH-2 response 
of 10 mm or larger was significantly longer than 
in patients with a smaller DTH-2 response. The 
median OS of the 24 patients in this study was 
22.2 months. The actuarial 2- and 3-year survival 
rates were 47% and 38%, respectively, at the time 
of submission of the manuscript of this study.6) 
Moreover, comparison of OS in subgroups divided 
by lymphopenia grade that was probably due to 
TMZ, patients with moderate lymphopenia (CTCAE 
grade 3) showed better survival than those with less 
severe lymphopenia, indicating that TMZ-induced 
lymphopenia may enhance tumor-specific immune 
responses in this study.6) Also in the long-term 
follow-up data of the 24 patients, the median OS was 
22.2 months. The actuarial 2- and 3-year survival 

Fig. 3  Outcome of GBM patient treated with AFTV. A. Overall survival (OS) and progression-free survival (PFS) 
curves using long-term follow-up data of patients with initially diagnosed GBM enrolled in UMIN000001426 
trial35). B. Expected image of OS curves of GBM patients treated with radiotherapy (RT) (yellow line), chemo-
therapy plus RT (blue line), combination of immunotherapy with (chemo-) RT (green line), and combination of 
several different types of immunotherapies (e.g., vaccine and an immune checkpoint inhibitor) with (chemo-) RT 
(red dotted line). C. OS of patients with sub-totally or gross-totally resected (STR+GTR, 98% or more of extent 
of resection ratio) and partially resected (PR) GBM in UMIN000001426 trial35).
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rates were 49% and 38%, respectively.35) (Fig. 3A). 
This high percentage of long term survivors may 
be a significant feature of this study (Fig. 3B). OS 
in patients that underwent subtotal or total tumor 
removal (98% or more removal ratio) was better than 
that in patients who underwent partial removal35) 
(Fig. 3C). Interestingly, DTH-2 was associated with 
the extent of tumor removal in 45 patients treated 
with AFTV (C000000002 and 000001426 studies). 
This result indicates that maximal surgical removal 
of the tumor may be imperative for vaccine therapy 
to improve tumor-specific immune reactions. 

These studies also indicate that AFTV using 
autologous formalin-fixed tumor tissue fragments 
is as safe as peptide vaccines3–15) and that the use 
of the fragments as tumor antigens may not be 
inferior to single peptide vaccines or a combina-
tion of various peptides in GBM. Interestingly, in 
a patient with advanced biliary tract cancer who 
was receiving a peptide vaccine after the standard 
chemotherapy plus AFTV, strong immune and clinical 
responses were observed over the long term.36) Thus, 
AFTV before (or after) peptide vaccine(s) may also 
boost tumor-specific immune reactions by peptide 
vaccine(s) in GBM patients. Since March 2013, we 
have started a double-blinded randomized phase 
IIb/III trial of AFTV with TMZ for newly diagnosed 
GBM to evaluate the efficacy of AFTV for preven-
tion of recurrence and/or cure of residual tumor 
(UMIN000010602) (Fig. 2C). The primary outcome is 
OS and key secondary outcomes are cause-specific 
survival, PFS, tumor-regression rate, disease-control 
rate, quality of life and neurological improvement. 

Immune checkpoint inhibitors for HGG and  
combination immunotherapy 

Immune checkpoint inhibitors are attracting atten-
tion in HGG, as they are in other cancers. Among 
immune checkpoint pathways, programmed cell death 
1(PD-1) is one of the most promising key molecules 
and is essential not only for maintaining self-tolerance 
under physiological condition, but also for generating 
the inhibitory immune microenvironment for the 
tumor.37,38) In most cases of HGG, PD ligand-1 (PD-L1, 
also known as B7-H1) is expressed in glioma cells. 
PD-L1 not only reduces interferon (IFN)-γ production 
by activated T cells, but also drives the differentia-
tion of naïve CD4 T cells into Tregs.38) High PD-L1/
PD-1 expression is thought to be a prognostic marker 
in some types of cancers.39,40) Similarly, in GBM, a 
study that analyzed 92 GBM patient tissues showed 
that high expression of PD-L1 on GBM cells was a 
poor prognostic marker.41) In contrast, another study 
that analyzed tissue from 117 initially diagnosed and 
18 recurrent GBM patients showed no correlation 

between high PD-L1 expression and prognosis.42)  
In our study, which investigated PD-1 expression in 
GBM specimen pairs at the initial stage and recurrent 
stage after RT plus TMZ therapy at our institute, an 
increase in the number of PD-1-positive cells in the 
latter specimens was associated with worse outcome 
after recurrence.43) 

The clinical use of anti-PD-1 antibody (pembroli-
zumab (lambrolizumab) or nivolumab) is remarkably 
effective in other neoplasms.44–46) A phase IIb, rand-
omized, open-label study to evaluate the efficacy 
and safety of nivolumab alone or together with anti- 
cytotoxic T-lymphocyte antigen 4 (CTLA-4) antibody 
(ipilimumab) versus bevacizumab in patients with 
recurrent GBM has begun.47) To date, various clinical 
trials of checkpoint inhibitors in patients with initially-
diagnosed HGG have also been initiated.38) Examples 
of ongoing studies are a randomized phase II single 
blinded study (CheckMate 548) of TMZ plus radiation 
therapy combined with nivolumab or placebo in newly 
diagnosed adult subjects with O6-methylguanine-DNA 
methyltransferase (MGMT)-methylated GBM, and a 
randomized phase III open label study (CheckMate 
498) of nivolumab versus TMZ, each in combina-
tion with radiation therapy in newly diagnosed adult 
subjects with unmethylated MGMT GBM.48,49) Excellent 
clinical results of immunotherapies for HGG using 
these antibodies are expected.

Even if cytotoxic CD8-positive tumor infiltrating 
lymphocytes (TILs) are induced after tumor vaccina-
tion, in practice, glioma cells recur in most cases of 
GBM. One of the mechanisms of this immunotherapy 
failure is tumor escape, due to decreased antigen and 
MHC class I expression, and an increased number of 
suppressor cells around the tumor cells.50) To date, 
chemotherapy and radiotherapy have been thought 
to modulate the tumor microenvironment to enhance 
immunotherapy for various neoplasms51) through a 
reduction in tumor volume. Similarly, in a murine 
glioma model, the combination of radiotherapy and 
vaccination results in long-term survival,52) and cross-
priming by TMZ enhances the antitumor immunity 
of dendritic cell vaccination.53) However, the best 
practical combination of tumor vaccine therapies with 
surgery, chemotherapy, and radiotherapy for HGG 
is still unclear and is likely to be an active area of 
research in the future. Active angiogenesis may be 
a reason why tumors are refractory against chemo-
radiotherapy in HGG. Some animal studies using glioma 
cells and other neoplasms have demonstrated that 
anti-angiogenic therapy enhances immunotherapy,54–57) 
due to re-engineering of the tumor-immune micro-
environment via decreasing immunosuppressive 
cells, immunosuppressive cytokines and inhibitory 
molecules including PD-1 on T cells.57)
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These studies indicate that combined anti-angi-
ogenesis therapy with immunotherapy may be a 
reasonable therapeutic strategy.

Up-regulation of immune checkpoint molecules in 
tumor tissues after immunotherapy may also be a 
mechanism of this vaccine failure especially in the 
recurrent phase (Fig. 4). IFN-α and IFN-γ secreted 
by activated T cells mediate PD-1 expression on 
TILs and PD-L1 expression on tumor cells, respec-
tively.58–60) Similarly, in our study of GBM specimen 
pairs at the initial phase and the recurrent phase 
after post-surgical treatment with and without AFTV, 
PD-1 expression scores on TILs were significantly 
increased, and a trend towards increasing PD-L1 
expression was detected in tumor cells in the latter 
specimens of the vaccine group compared with the 
initial resection specimens.43) These results indicate 
that anti-PD-1 antibody therapy may be effective in 
preventing tumor recurrence after initial surgery. Some 
preclinical investigations support this speculation. 

Combination therapy with vaccination and anti-
PD-1 antibody in murine cancer models enhanced 
TIL antigen reactivity and prolonged survival of 
tumor-bearing mice.61,62) Combination therapy with 
vaccination and dual or triple immune checkpoint 
blockade inhibited tumor growth of cancers more 
effectively than monotherapy or combination therapy 
with single immune checkpoint blockade.63,64) 
Clinical effects of CTLA-4 antibody in previously 
vaccinated cancer patients have been shown.65) 
Combination therapy with AFTV, anti-PD-1 antibody 
and radiation was effective for the treatment of 
chemo-refractory liver-metastasized uterine cervical 
small cell carcinoma.66) Although no clinical case 
of HGG treated with immune checkpoint inhibitors 
combined with vaccine has been reported clinically, 
PD-1 antibody combined with radiotherapy produce 
long-term survival in a murine glioma model.67,68) 
Combination therapy of a double immune check-
point blockade also prolonged survival of mice 

Fig. 4  Up-regulation of immune checkpoint molecules in tumor tissues after immunotherapy in vaccine failure. 
A. A glioma tissue consisting of massive high-grade glioma (HGG) cells (brown) and tumor infiltrating lympho-
cytes (TILs) that mainly consist of suppressor cells (green). B. The HGG tissue is debulked with surgical removal 
(dotted circle in Fig. A) followed by chemo-radiotherapy. C. Activated CTLs induced by tumor vaccination mediate 
tumor-specific MHC class 1-restricted lysis and production of cytokines (yellow arrows of lightning) in response 
to HGG cells. D. A dramatic decrease or disappearance of the glioma cells occurs in long-term recurrence-free 
cases after the tumor vaccine. E. In other cases, some of the CTLs are inactivated (or exhausted) even if surviving 
glioma cells exist, due to upregulated expression of immune checkpoint molecules including programmed death 
(PD)-1 on immune cells and PD-1 ligands on glioma cells through the IFNs produced by the activated CTLs 
themselves. F. Vaccine-failure state of tissue with recurrent glioma cells, suppressor cells and inactivated CTLs.
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with brain tumors.69) Clinically, we need to pay 
attention to serious immune-related adverse events 
(AEs) after treatment with each immune checkpoint 
inhibitor,70,71) and increasing of AEs in combination 
of immune checkpoint inhibitors.72) For instance, 
the incidence of treatment-related AEs of grade 3 
or 4 was higher in the nivolumab-plus-ipilimumab 
group (55.0%) than in the nivolumab group (16.3%) 
or the ipilimumab group (27.3%) in a randomized, 
double-blind, multicenter, phase 3 trial (CheckMate 
067) of previously untreated metastatic melanoma.72)

We therefore expect that combination of tumor 
vaccine with other treatments including anti-PD-1 
antibody will be an effective strategy for glioma 
immunotherapy. As described above, immunothera-
pies including tumor vaccine therapy for HGG are 
steadily improving. We hope that immunotherapy 
will be incorporated as part of the standard treat-
ment for HGG in the future.
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