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Abstract
Dendritic cell (DC)-based vaccination is a promising approach for active-specific immunotherapy, but is currently of limited 
efficacy. The safety and effectiveness of a DC vaccine (DCV) loaded with glioblastoma stem cell-like (GSC) antigens was 
assessed in glioblastoma multiforme (GBM) patients. In this double-blind, placebo-controlled phase II clinical trial, 43 GBM 
patients were randomized after surgery at a 1:1 ratio to receive either DCV (n = 22) or normal saline placebo (n = 21). Overall 
survival (OS) and progression-free survival (PFS) were analysed. Participants were stratified into different molecular sub-
groups based on the mutation (MT) status of isocitrate dehydrogenase (IDH1/2) and telomerase reverse transcriptase (TERT). 
Plasma cytokine levels, tumor-infiltrating lymphocyte numbers and immune co-inhibitory molecules PD-L1 and B7-H4 were 
also assessed. Multivariate Cox regression analysis revealed that DCV treatment significantly prolonged OS (p = 0.02) after 
adjusting for IDH1 and TERT promoter MT and B7-H4 expression, primary vs recurrent GBM. Among  IDH1wild type (WT) 
 TERTMT patients, DCV treatment significantly prolonged OS (p < 0.01) and PFS (p = 0.03) and increased plasma levels of 
cytokines CCL22 and IFN-γ compared with placebo. Patients with low B7-H4 expression showed significantly prolonged 
OS (p = 0.02) after DCV treatment. Therefore,  IDH1WTTERTMT and low B7-H4 expression identified subgroups of GBM 
patients more responsive to GSC DCV-based specific active-immunotherapy.
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Background

Glioblastoma multiforme (GBM) is the most common 
malignant brain tumor, and 5-year survival rate remains 
at 9.8% with standard of care treatment [2, 3]. Therefore, 
alternative treatment options are urgently needed for this 
devastating primary brain tumor.

Dendritic cells (DCs) are antigen-presenting cells that 
initiate immune responses. Several early-stage clinical tri-
als showed that DC vaccination (DCV) prolonged the sur-
vival of GBM patients [4]. Our previous study revealed that 
the glioblastoma stem-like cell (GSC) antigens could elicit 
intense immune responses against gliomas [5, 6]. We previ-
ously performed a phase I clinical trial to confirm the safety 
of DCVs pulsed with GSC antigens.

GBM can elicit immune suppression to escape immune 
surveillance. In our previous studies B7-H4, a member of the 
costimulatory B7 family, was highly expressed in high-grade 
gliomas [7, 8]. T cell-mediated antitumor immunity could 
be suppressed by GSC antigen-induced B7-H4 expression in 
macrophages/microglia, while suppression of B7-H4 leads 
to T-cell activation and tumor regression in glioma xeno-
grafts [9]; thus B7-H4 may serve as a biomarker predicting 
the efficacy of DCV immunotherapy.

Molecularly defined GBM subtypes are associated with 
the expression of certain tumor antigens [10]. Studies from 
our group and others have demonstrated that molecular clas-
sification on the basis of the mutation status of isocitrate 
dehydrogenase (IDH) 1 and /2 and telomerase reverse tran-
scriptase (TERT) has significant predictive and prognostic 
value in gliomas [11, 12]. However, the relationship between 
tumor immunity and the new molecular glioma subtype clas-
sification has not been well understood to date.

In this study [1], a randomized phase II clinical trial, we 
sought to assess the efficacy of GSC antigen-primed DCV 
in terms of patient survival and tumor progression, and to 
identify the molecular characteristics of GBM associated 
with a higher likelihood of responding to DCV.

Methods

Patient eligibility criteria

Inclusion criteria included the following: new or recur-
rent GBM; resection of the tumor (≥ 95%); age range of 

17–70 years; Karnofsky performance scale (KPS) score of 
≥ 60; adequate organ function; within the normal ranges for 
absolute neutrophil (segmented and bands) count, plate-
lets, hemoglobin, bilirubin, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), and normal serum 
creatinine.

Exclusion criteria included the following: ongoing or 
active infection; symptomatic congestive heart failure; 
unstable angina pectoris; psychiatric illness; immune system 
abnormalities; or currently receiving cortisol medication or 
investigational agents.

Surgery, radiotherapy and chemotherapy

Maximum resection of the tumor (≥ 95%) with conventional 
or intraoperative magnetic resonance imaging (MRI) neu-
ronavigation was performed. Patients with newly diagnosed 
GBM received a standard therapy regimen [2]. Patients 
with recurrent GBM received additional chemotherapy or 
radiotherapy after a new maximal, safe resection during 
vaccination.

Preparation of GSC‑pulsed dendritic cell vaccine 
(GSC‑DCV)

Peripheral blood mononuclear cells from each GBM patient 
were isolated using lymphocyte separation medium (Sinop-
harm Chemical Reagent Co., Ltd, China). Monocytes were 
enriched by plate adherence and subsequently cultured for 
6 days in 6-well plates at 2–4 × 106 cells per well in GT-T551 
medium (TAKARA, China) supplemented with 3% autolo-
gous blood plasma, 50 ng/mL rhu GM-CSF and 100 ng/mL 
rhu IL-4 (PeproTech, USA). Glioma stem cell (GSC) anti-
gens were prepared as previously described [5, 6]. Briefly, 
primary glioma tumor cells were harvested from each GBM 
patient and cultured in DMEM/F12 medium (Thermo Fisher, 
USA) supplemented with 20 μg/mL bFGF, 20 μg/mL EGF 
(PeproTech), and 20 μg/mL B27 neuronal cell culture sup-
plement (Thermo Fisher).

1 day or 2 days later,  A2B5 + glioma tumor cells were 
sorted by MoFlo XDP cell sorter to enrich GSCs. Then, 
these purified GSCs were digested with highly purified, 
recombinant cell-dissociation enzyme, TrypLE Express 
(Thermo Fisher), and resuspended in fresh culture medium 
every 3 days or 4 days. After 15–20 days, GSCs were irradi-
ated with 6 cGy. GSC lysates were generated by five freez-
ing/thawing cycles, followed by centrifugation at 800×g to 
remove intact cells.

After 6 days culture, the immature DCs were stimulated 
with GSC lysates (100 μg GSC lysates per 4 × 106 immature 
DCs). 24 h later, mature DCs were harvested and analysed. 
Approximately 4 weeks were required for the first GSC-
DCV production and administration. Ten ml blood samples 
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were collected three times from each patient to prepare 
GSC-DCV. Each patient received an injection of 2–4 mil-
lion autologous GSC-DCV once a week from the 2nd to 
4th week for a total of three vaccinations (Fig. 1).

The GSC-DCV assessment criteria are summarized in 
the Supplementary Table 1, in which HLA and expres-
sion of costimulatory molecules (HLA-DR, CD86, CD83, 
CD80) reflecting the maturation of DCV were assessed. 
IL-12 secretion was assessed to determine the capacity of 
induction of antitumor immunity by GSC-DCV, and CD14 
expression was assessed to assess monocyte contamination. 
Once the percentage of  CD14+ monocyte was more than 5%, 
FACS sorting was used to remove the monocytes.

Treatment and GSC‑DCV administration protocol

After elective tumor surgery, eligible GBM patients were 
randomly assigned to either placebo or to a DCV group on a 
1:1 basis; the randomization code was prepared by the clini-
cal trial statistician using a computer-based random number 

table. Patients were consented by IRB protocol for this treat-
ment randomization.

GSC-DCV was administered via intradermal injections in 
0.5 mL of physiological saline in the shoulder near the back 
of the neck to facilitate trafficking of the DCs to the cervical 
lymph nodes. For the placebo group, patients were given 
physiological saline injections.

Clinical parameters of outcomes

Adverse effects were assessed according to the National 
Cancer Institute Common Terminology Criteria for Adverse 
Events (CTCAE) version 3.0. The end points of this study 
were evaluation of toxicity, immunological cytokine 
response and clinical response after DC therapy. The extent 
of resection was measured through the comparative analy-
sis of preoperative and early postoperative MRI within 72 h 
[13].

The primary efficacy end point was PFS, and the second-
ary efficacy end point was OS. OS and PFS were calculated 
from the random assignment arms for the first month and 

Fig. 1  Overview of the phase 
II clinical trial of DCV therapy 
for GBM patients. a Flow 
chart of the phase II clinical 
trial of DCV therapy for GBM 
patients. Post-operatively, 
eligible patients were randomly 
assigned to either the placebo 
group or the DCV group on a 
1:1 basis. Both the placebo and 
DCV patients with recurrent 
GBM received additional chem-
otherapy or radiotherapy after 
surgical of recurrent disease. 
Patients with newly diagnosed 
GBM received vaccination 
according to a standard therapy 
regimen. b DCV based on the 
immunotherapeutic protocol for 
GBM: harvest peripheral blood 
mononuclear cells, generate 
immature DC with GM-CSF 
and rhu IL-4 stimulation, load 
with  A2B5 + GSC antigen, 
followed by transfer activated 
antigen-presenting DC back to 
respective GBM patients
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every 3–4 months until disease progression or treatment 
discontinuation (whichever occurred later). Response was 
measured using Response Assessment in Neuro-Oncology 
(RANO) [13].

Cytokine analysis

Plasma samples were obtained from peripheral blood col-
lected from each patient before and after the first DCV 
administration in both the vaccine and placebo groups. Ali-
quots of plasma were stored at − 80 °C in sterile NUNC-
Cryovial tubes. The Luminex 200 System (Merck Millipore, 
Billerica, Massachusetts, USA) was used to evaluate the 
sera. Levels of 12 cytokines consisting of DC-associated 
cytokines (EGF, IL-12, FGF, GM-CSF, CCL22, and MCP-
1), effector T cell–associated cytokines (IFN-γ, TNF-α, 
IL-17, and IP-10), and tumor-associated inhibitory cytokines 
(IL-10 and VEGF) were assessed as described by the manu-
facturer The percentage differences of the plasma cytokines 
before and after the first DCV treatment in each group were 
assessed.

Pathology and immunohistochemical analysis

Formaldehyde-fixed paraffin-embedded (FFPE) sections of 
the surgical tumor specimens were prepared for immunohis-
tochemical analysis as previously described [8] and subse-
quently stained with anti-human antigen antibodies (Abcam, 
Cambridge, UK). Low or high expression was interpreted 
via immunoreactivity using the 0–6 semi-quantitative scor-
ing systems for both the intensity of staining and the percent-
age of positive cells according to our previous study [9]. The 
staining pattern of the biopsies was defined as follows: 0–2, 
low expression; 3–6, high expression. The semi-quantita-
tive evaluation of  CD4+ and  CD8+ TILs was as previously 
reported [14].

Analysis of molecular markers

MGMT methylation of GBM tissues was detected as previ-
ously described [15]. IDH1/2 and TERT promoter muta-
tions were detected by direct sequencing as we previously 
described [12].

Statistical analyses

Statistical analyses were performed using SPSS software 
version 19.0 (IBM Corp., Armonk, NY, USA). The differ-
ences in data distribution among the groups were evaluated 
by the Chi-square (× 2) test. Differential molecular expres-
sion was analysed using one-way ANOVA and Holm-Sidak’s 
multiple comparisons test between each group. A multivari-
ate Cox proportional hazards model was used to study the 

relationships among a set of predictors: DCV treatment, 
molecular characteristics, B7-H4 expression and primary 
vs recurrent tumor, based on the variables selected by the 
univariate analysis. Proportional assumption was checked by 
the log-minus-log plot. The DCV treatment effect on the OS 
and PFS was also analysed by the log-rank test in subgroups 
based on molecular characteristics and B7-H4 expression. 
p < 0.05 was considered statistically significant.

Results

Clinical characteristics

From December 1, 2012, to January 20, 2016, 43 patients 
with newly diagnosed or recurrent GBM were enrolled in 
the study. All patients had undergone resection surgery 
Demographic and clinical characteristics (Table 1) did not 
differ significantly with regard to baseline characteristics 
between the DCV and placebo group (p > 0.05). Of note, 
these characteristics include age, the proportion of primary 
and recurrent patients, treatment regimens, the extent of 
tumor resection, and MGMT promoter methylation, which 
might have prognostic implications and could contribute to 
different outcomes in the two arms (Table 1). As shown in 
Table 1, in the DCV treatment group, 17 had been treated 
with temozolomide and 16 with radiotherapy 60 Gy. In the 
placebo group, 19 had been treated with temozolomide and 
17 with radiotherapy 60 Gy.

Safety and incidence of adverse events

DCV was well tolerated in patients with no major adverse 
clinical events. One patient (DCV group, No. 5) had a mild 
fever, which lasted for 4 h after vaccination. Another patient 
(DCV group, No. 8) had mild erythema at the vaccine injec-
tion site.

Clinical outcomes

The median follow-up time of the patients was 14 months 
(range 9–23 months). In 24 of the DCV group, local or 
distant tumor recurrence developed in 22 patients, while 
2 patients are alive without progression (follow-up to 
11 months). In the placebo group, 23 recurrences developed; 
there was no significant difference between two groups. 
Without any stratification, Kaplan–Meier and log-rank test 
analyses of the 43 GBM patients indicated that the group 
with the DCV treatment showed prolonged overall survival 
(OS) (median OS 13.7 months vs 10.7 months, p = 0.05), 
but not progression-free survival (PFS) (median PFS 
7.7 months vs 6.9 months, p = 0.75) when compared with 
the placebo group (Fig. 2a). However, when the analysis was 
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conducted using a multivariate Cox proportional hazards 
model adjusted for IDH1 and TERT promoter MT, primary 
vs recurrent GBM and B7-H4 expression (Table 2), the DCV 
treatment group showed more significantly prolonged OS 
(p = 0.02; HR 2.5; 95% confidence interval [CI] 1.15–5.45) 
and a non-significant trend of improvement of PFS (p = 0.37; 
HR 1.37; 95% CI 0.68–2.74) compared with the placebo 
group (Fig. 2b).

We sought to determine the in-depth impact of the muta-
tion status of TERT and IDH1/2 on patients’ responses to 
the DCV treatment. For the  IDH1WTTERTWT GBM patients, 
Kaplan–Meier and log-rank test analyses indicated that 
the group with the DCV treatment and the placebo group 
showed no significant difference in OS (p = 0.40) or PFS 
(p = 0.11) (Fig. 2c). In contrast, for the  IDH1WTTERTMT 
GBM patients, Kaplan–Meier and log-rank test analyses 
indicated that the group with the DCV treatment showed 

significantly prolonged OS (p < 0.01) and PFS (p = 0.03) 
(Fig. 2d). Due to the limited number (n = 4), statistical com-
parative analyses were not used in  IDH1MTTERTWT patients.

To identify the factors that could potentially affect 
patients’ responses to the DCV treatment with different 
molecular characteristics, we retrospectively, examined the 
level of  CD4+ and  CD8+ tumor-infiltrating lymphocytes 
(TILs) as well as the levels of PD-L1 and B7-H4 in sam-
ples with different molecular characteristics in a separate 
cohort of glioma patients from Huashan Hospital. For this 
analysis 109 low-grade glioma and 147 high-grade glioma 
samples were analysed retrospectively. To create a more 
uniform study population, these patients were randomly 
selected within the same period as the clinical trial enrolled 
patients and underwent routine clinical care from Decem-
ber 1, 2012, to February 10, 2016. As shown in Fig. 3b, 
expression B7-H4 in  IDHWTTERTMT patients was lower 
than  IDHWTTERTWT patients (p = 0.01, p < 0.05); expres-
sion of B7-H4 in  IDHWTTERTMT patients was lower than 
 IDHMTTERTWT patients (p = 0.02, p < 0.05), whereas no 
significant differences in the numbers of  CD4+,  CD8+ 
TILs and in PD-L1 protein levels were observed between 
 IDH1WTTERTWTand  IDH1WTTERTMT samples. In addi-
tion, we also assessed the expression levels of other immune 
checkpoint genes including B7-H3, CTLA4, PD-1 and TIM-
3, and found that none of them showed significant differen-
tial expression among the aforementioned subgroups.

It has been shown that the expression levels of immune 
checkpoint genes could predict patient responses to the 
DCV treatment in GBM [16]; therefore, we sought to 
determine whether the protein levels of B7-H4 and PD-L1 
could be related to GBM patient survival in response to 
DCV treatment. In GBM patients with low protein expres-
sion of B7-H4, the DCV treatment group showed signifi-
cantly prolonged OS (p = 0.02) and a trend towards better 
PFS (p = 0.11) compared with the placebo group, whereas 
in GBM patients with high expression of B7-H4, the DCV 
treatment made no significant impact on either OS (p = 0.39) 
or PFS (p = 0.62) (Fig. 3c). In contrast to the predictive func-
tion of B7-H4 protein, PD-L1 protein levels were not related 
to patient survival in response to DCV treatment (Fig. 3c).

Cytokine analysis

To determine how the immune system of the patients 
responded to DCV treatment, plasma cytokines were 
measured with the Luminex cytokine array before and 
after the first treatment. In  IDH1WTTERTMT patients, 
CCL22 (p < 0.05) and IFN-γ (p < 0.05) levels were sig-
nificantly increased compared to placebo patients with 
 IDH1WTTERTMT genotype, whereas other cytokines such 
as EGF, IL-12, TNF-α, IL-10, VEGF, FGF, GM-CSF, IL-17, 
IP-10, MCP-1 did not change significantly. In contrast, in 

Table 1  Demographic and baseline characteristics in placebo and 
DCV group GBM patients

DCV Dendritic cell vaccine, GBM glioblastoma multiforme, IDH 
isocitrate dehydrogenase, KPS Karnofsky performance status, 
MGMTp O6-methylguanine-DNA methyltransferase promotor, MT 
mutation, TERT telomerase reverse transcriptase, WT wild type

Placebo 
group 
(n = 21)

DCV group 
(n = 22)

p value

Age (years) NS
 Mean 50 48
 Range 22–71 25–71

Gender NS
 Male 11 13
 Female 10 9

KPS 79 83 NS
Recurrence NS
 Yes 10 9
 No 11 13

Radiotherapy NS
 Yes 17 16
 No 4 6

Chemotherapy NS
 Yes 19 17
 No 2 5

Treatment after progression NS
 Surgery 6 4
 Radiotherapy 8 10

Chemotherapy 19 17
Molecular profiles NS
 IDH1MTTERTWT 1 3
 IDH1WTTERTWT 10 10
 IDH1WTTERTMT 10 9

MGMTp methylation 12 9 NS
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 IDH1WTTERTWT patients, there were no significant dif-
ferences in cytokine levels compared to placebo patients 
with  IDH1WTTERTWT genotype. For  IDH1MTTERTWT 

patients, the statistical significance of differences could not 
be calculated due to the limited number of patients (n = 4) 
(Fig. 4). These data indicate that only the  IDH1WTTERTMT 

Fig. 2  DCV treatment prolonged OS and PFS of  IDH1WTTERTMT 
GBM patients. a In assessing all 43 GBM patients, Kaplan–Meier 
and log-rank test analyses indicated that the DCV group showed 
no significant difference in OS (p = 0.05) with a PFS (p = 0.75) 
compared with the placebo group. b Using a Cox regression analy-
sis to adjust for IDH1 and TERT promoter MT and B7-H4 expres-
sion, the group with DCV treatment showed significantly longer OS 

(p = 0.03) and better PFS (p = 0.48). c Of  IDH1WTTERTWT patients, 
the group with DCV treatment showed no significant difference OS 
(p = 0.40) and PFS (p = 0.11) compared with the placebo group. d Of 
 IDH1WTTERTMT patients, Kaplan–Meier and log-rank test analyses 
indicated that DCV group showed significant response outcome; OS 
(p < 0.01) and PFS (p = 0.03) compared with the placebo group
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patients, but not the other groups, showed positively elevated 
responses of cytokine activity after the DCV treatment.

Individual patient response

To validate the role of T-cell infiltration and the influence of 
immune checkpoints in response to the DCV treatment, the 
expression levels of CD4, CD8, B7-H4, and PD-L1 before 
and after DCV treatment for two patients were then analysed 
(Supplementary Fig. 1). During the DCV treatment, these 
two patients received standard-of-care treatment with exter-
nal beam radiation to a dose of 60 Gy and with concurrent 
temozolomide at a targeted daily dose of 75 mg/m2/day, fol-
lowed by temozolomide (150–200 mg/m2/day) on days 1–5 
of every 28-day cycle. For the  IDH1WTTERTMT patient, the 
numbers of  CD4+ and  CD8+ TILs increased after combina-
tion therapy, whereas the B7-H4 protein level was low both 
before and after the combination therapy, which was consist-
ent with the better prognosis of this patient. In the second 
patient with  IDH1MTTERTWT tumor, both  CD4+ and  CD8+ 
TILs were low, whereas B7-H4 protein levels were high both 
before and after the combination therapy, which might be 
associated with the poor response of this patient. In contrast, 
PD-L1 levels were below detection in both patients before 
and after combination therapy, which was consistent with 
our previous finding that the PD-L1 level does not predict 
the response of patients to DCV treatment.

As noted, in these patients’ analysis, two patients were 
primary gliomas and recurrent GBM respectively, in which 
the immunological response could be different and might 
influence the results. Further studies are needed on patients 
with different tumor status.

Discussion

DCV-based active immunotherapy against GBM has shown 
promising results in clinical trials [4]. However, as with 
other treatments, only subsets of patients responded to this 
therapy [17]. This may be due to the molecular heterogeneity 

of GBM which is clinically and therapeutically challenging. 
In the present study, our clinical trial suggests that GBM 
patients with low tumor B7-H4 protein levels are more 
responsive to DCV loaded with GSC antigen.

The results of our phase II clinical trial showed that DCV 
was safe. Maximal resection of the tumor was the major 
inclusion criteria for DC vaccination strategies since, from 
an immunological point of view, tumor-induced immune 
suppression may be reduced by the maximal resection of the 
tumor. In addition, steroids can generally be weaned faster 
in case of maximal resection, so the patients who were cur-
rently receiving cortisol medication were excluded in our 
study.

After correction for recurrence, molecular characteristics, 
and B7-H4 expression, DCV was significantly associated 
with improved OS of GBM patients, indicating that a frac-
tion of, but not all of, GBM patients benefited from the DCV 
treatment. With regard to PFS, detection of radiographic 
progression according to RANO criteria with follow-up 
imaging was considered to be the development of new 
lesions during immunotherapy. However, these early new 
progressive radiographic lesions could be a sign of a benefi-
cial immune response in some patients after immunotherapy, 
directed against invading brain tumor cells. For instance, 
increased CD8 + TIL, rather than viable tumor cells, could 
be found in the tumor on examination [18], which could 
explain the observation that OS improved more significantly 
than radiographic evidence of PFS in our study. Support-
ing this notion, other studies have found early progressive 
radiographic changes in patients undergoing active immuno-
therapy [19, 20] and early progressive radiographic changes 
do not always preclude therapeutic benefit [21].

Recently, the status of TERT promoter MT and IDH1/2 
MT has been used to define molecular subtypes of gliomas 
that could correlate with different prognoses [11]. Our previ-
ous work also demonstrated that TERT promoter MT com-
bined with IDH1/2MT had prognostic value and enhanced 
sensitivity to adjuvant radiotherapy or chemotherapy in glio-
mas [12, 22]. Accordingly, we investigated whether these 
molecular groups were associated with different clinical 

Table 2  Overall survival and progression-free survival: multivariate Cox proportional hazards model was used to study the relationship among a 
set of predictors: DCV treatment, molecular characteristics, and B7-H4 expression, primary vs recurrent tumor

CI Confidence interval, DCV dendritic cell vaccine, GBM glioblastoma multiforme, HR hazard ratio, IDH isocitrate dehydrogenase, MT muta-
tion, OS overall survival, PFS progression-free survival, TERT telomerase reverse transcriptase

Factor OS PFS

HR 95% CL p HR 95% CL p

DCV treatment 0.40 0.18–0.87 0.02 0.73 0.37–1.46 0.37
IDH1 and TERT promoter MT 0.27 0.26–1.46 0.27 0.76 0.37–1.57 0.45
primary vs recurrent GBM 0.24 0.09–0.66 0.01 0.55 0.25–1.23 0.15
B7-H4 expression 3.69 1.33–10.20 0.01 1.52 0.69–3.35 0.29
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outcomes in DC-based immunotherapy. Typically, the GBM 
subgroup with only  TERTMT has a poorer prognosis than 
other subgroups [11]. In fact, the  IDH1WTTERTMT subtype 

has similar genetic alterations to the mesenchymal sub-
type of GBM according to the classification based on the 
TCGA dataset [11]. Consistently, it has been reported that 

Fig. 3  B7H4, but not PDL1, predicts patients’ survival after DCV 
treatment. a Representative demonstration of CD4, CD8, B7-H4, and 
PD-L1 expression. No or sporadic CD4 + or CD8 + TILs infiltration 
corresponding to score ‘1 point’ (I); moderate CD4 + or CD8 + TILs 
infiltration corresponding to score ‘2 points’ (II). Dense CD4 + or 
CD8 + TILs infiltration corresponding to score ‘3 points’ (III); very 
dense CD4 + TILs or CD8 + infiltration corresponding to score ‘4 
points’ (IV). B7-H4 or PD-L1 low expression (I, II: corresponding 
to score ‘0’ and ‘2’ respectively) and high expression (III, IV: cor-
responding to score ‘4’ and ‘6’ respectively). Scale bar = 20  µm; b 
the levels of CD4 + TIL, CD8 + TIL, B7-H4, and PD-L1 were ana-
lysed in grade II, III or IV-glioma, and also in  IDH1MTTERTMT, 
 IDH1MTTERTWT,  IDH1WTTERTWT or  IDH1WTTERTMT patients 
Expression B7-H4 in  IDHWTTERTMT is significantly lower 

than  IDHWTTERTWT patients (p = 0.01); expression of B7-H4 
in  IDHWTTERTMT is significantly lower than  IDHMTTERTWT 
patients (p = 0.02), whereas no significant differences in the numbers 
of CD4+, CD8 + TILs and in PD-L1 protein levels were observed 
between  IDH1WTTERTWTand  IDH1WTTERTMT samples. c Of low 
(score 0–2) or high (score 3–6) B7H4 or PD-L1 expression patients, 
PFS and OS were analysed using Kaplan–Meier and log-rank test. Of 
the low B7-H4 expression patients, Kaplan–Meier and log-rank test 
analyses indicated that the DCV group showed significantly better 
OS (p = 0.02) and not significant PFS (p = 0.11) compared with the 
placebo group. Among patients with high expression of B7-H4, the 
group with DCV treatment showed no significant difference in OS 
(p = 0.39) or PFS (p = 0.62) compared with the placebo group
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mesenchymal GBM may be more responsive to immune-
based therapies [23]. Our results also showed that the sur-
vival of  IDH1WTTERTMT patients was improved signifi-
cantly after DCV therapy, which might be associated with 
up-regulated levels of cytokines (CCL22 and IFN-γ) in the 
patients’ sera. The increased production of IFN-γ indicated 
that DCV might induce a Th1-type protective immunity 
against GBM in  IDH1WTTERTMT patients.

A variable that hypothetically may predict prognosis of 
patients in response to DCV treatment is the presence of 
activated TILs [24]. We examined the TILs in GBM patients 
who had undergone DCV treatment and discovered that the 
majority of TILs in solid tumors are of the CD3 + T-cell 
phenotype, which includes CD4 + helper cells, CD4 + regu-
latory T cells and CD8 + T lymphocytes. Increased num-
bers of  CD4+ and  CD8+ TILs were found in a patient with 
the molecular classified  IDH1WTTERTMT subset of GBM. 

However, the up-regulation of TIL infiltration was not 
observed in  IDH1MTTERTWT patients.

B7 molecules are important mediators of immune eva-
sion in the tumor microenvironment. Among these mole-
cules, PD-1 and its ligand, programmed cell death ligand 1 
(PD-L1, also called B7-H1), mediate the immunosuppres-
sion of tumors by promoting T-cell apoptosis and inducing 
regulatory T cells (Tregs) in many cancers [25, 26]. How-
ever, the incidence of PD-L1 expression in GBM patients 
is confined to only a small subpopulation [27], and the 
antitumor effects of antibody therapy targeting PD-L1 and 
PD-1 have not been confirmed [28]. In the present study, 
the level of PD-L1 expression did not appear to affect 
patient survival in response to DCV treatment. B7-H4 is 
a member of the T-cell costimulatory and coinhibitory B7 
family, which seemed to have some predictive value in 
GBM patients’ response to DCV treatment. Our previous 

Fig. 4  DCV treatment 
induces cytokine responses 
in  IDH1WTTERTMT patients. 
Plasma samples were collected 
from peripheral blood collected 
from each patient before and 
after the first vaccination. A 
Luminex cytokine assay was 
used to evaluate the levels 
of specific cytokines, which 
included EGF, IL-12, IFN-γ, 
TNF-α, IL-10, VEGF, FGF, 
GM-CSF, CCL22, IL-17, IP-10, 
and MCP-1 in  IDH1MTTERTWT 
(a),  IDH1WTTERTWT (b) or 
 IDH1WTTERTMT (c) glioma 
patients. DCV had signifi-
cantly enhanced IFN-γ and 
CCL22 levels compared 
with the placebo group in 
the  IDH1WTTERTMT group 
(p < 0.05) after DCV treatment. 
Other cytokines such as EGF, 
IL-12, TNF-α, IL-10, VEGF, 
FGF, GM-CSF, IL-17, IP-10, 
MCP-1 did not change signifi-
cantly in the  IDH1WTTERTWT 
groups
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work suggested that B7-H4 activation on macrophages/
microglia in the glioma microenvironment could block 
effective T-cell immune responses [29] and that B7-H4 
is an immunity-associated biomarker for progression of 
GBM [7, 8]. In the present study, the  IDH1WTTERTMT 
GBM subtype exhibited lower expression of B7-H4 com-
pared with the other two groups, which could explain why 
 IDH1WTTERTMT GBM patients showed more clinical ben-
efit from DCV treatment. It is noted that B7-H4 expression 
was analysed in a cohort including both low-grade glioma 
and high-grade glioma samples. Therefore, the results of 
the present study should be confirmed in a larger cohort 
of GBM patients to develop immunotherapy guidelines. 
The present study population is too small to evaluate 
conclusively demographic criteria for entry and patient 
recruitment. A high level of B7-H4 expression in GBM 
patients might block DC vaccine efficiency, By contrast, 
DCV treatment showed significantly prolonged OS and a 
trend towards better PFS for patients with low expression 
of B7-H4. Taken together, these might suggest that the 
B7-H4 pathway plays an important role in the adaptive 
immune resistance of GBM and may provide rationale for 
the combination therapy of anti-B7-H4 antibody and DCV 
in GBM patients.

Conclusion

In summary, our study provides evidence that stratifica-
tion of GMB patients based on molecular biomarkers may 
enable identification of those more susceptible to DCV 
treatment. However, subgroup analysis was limited by the 
study size. Stratification according to these molecular bio-
markers should be further explored in the future design of 
a larger randomizes trial with predefined subgroups.
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