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Background: Glioblastoma (GBM) is the most common and lethal primary malignant 

glioma in adults. Dendritic cell (DC) vaccines have demonstrated promising results in GBM 

clinical trials. However, some patients do not respond well to DC therapy, with survival 

rates similar to those of conventional therapy. We retrospectively analyzed clinical and 

laboratory data to evaluate the factors affecting vaccine treatment.

Methods: Forty-seven patients with de novo GBM were enrolled at China Medical 

University Hospital between 2005 and 2010 and divided into two subgroups. One 

subgroup of 27 patients received postsurgical adjuvant immunotherapy with auto-

logous dendritic cell/tumor antigen vaccine (ADCTA) in conjunction with conventional 

treatment of concomitant chemoradiotherapy (CCRT) with temozolomide. The other 

20 patients received only postsurgical conventional treatment without immunotherapy. 

Immunohistochemistry for CD45, CD4, CD8, programed death ligand 1 (PD-L1), and 

programed death 1 (PD-1) was performed on sections of surgical tumor specimens and 

peripheral blood mononuclear cells (PBMCs). Pearson’s correlation, Cox proportional 

hazard model, and Kaplan–Meier analyses were performed to examine the correlations 

between the prognostic factors and survival rates.

Results: Younger age (<57  years), gross total resection, and CCRT and PD-1+ 

lym phocyte counts were signi�cant prognostic factors of overall survival (OS) and 

progression-free survival (PFS) in the ADCTA group. Sex, CD45+ lymphocyte count, 

CD4+ or CD8+ lymphocyte count, tumor PD-L1 expression, isocitrate dehydrogenase 

1 mutation, and O6 methylguanine-DNA methyltransferase promoter methylation status 

were not signi�cant factors in both groups. In the ADCTA group, patients with tumor- 

in�ltrating lymphocytes (TILs) with a lower PD-1+/CD8+ ratio (≤0.21) had longer OS 

and PFS (median OS 60.97  months, P  <  0.001 and PFS 11.2  months, P  <  0.008) 
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compared to those with higher PD-1+/CD8+ ratio (>0.21) (median OS 20.07 months, 

P < 0.001 and PFS 4.43 months, P < 0.008). Similar results were observed in patients’ 

PBMCs; lymphocyte counts with lower PD-1+/CD8+ ratio (≤0.197) had longer OS and 

PFS. There was a signi�cant correlation of PD-1+/CD8+ ratio between TILs and PBMCs 

(Pearson’s correlation R2 = 0.6002, P < 0.001). By contrast, CD4−, CD8−, but PD-1+, 

CD45+ tumor-in�ltrating lymphocytes have no impact on OS and PFS (P = 0.073 and 

P = 0.249, respectively).

Conclusion: For patients receiving DC vaccine adjuvant therapy, better outcomes are 

predicted in patients with younger age, with TILs or PBMCs with lower PD-1+/CD8+ ratio, 

with gross tumor resection, and receiving CCRT.

Keywords: autologous dendritic cell/tumor antigen, glioblastoma multiforme, tumor-in�ltrating lymphocytes, 

immune checkpoints, peripheral blood mononuclear cell, programmed death protein 1 (PD-1+), cytotoxic 

T-lymphocytes (CD8+), PD-1+/CD8+ ratio

INTRODUCTION

Glioma is a commonly occurring form of brain tumor, and high-
grade gliomas are the most common malignant tumors of the 
central nervous system (1, 2). Glioblastoma multiforme (GBM) is 
the most lethal, with a mortality rate of 88% within 3 years (3). 
With standard treatments, GBM prognosis remains poor, with a 
median overall survival (OS) of 14.6 months for newly diagnosed 
GBM treated with temozolomide (TMZ) and a median OS of 
7.4 months for recurrent GBM (4, 5).

Even with advances in surgical procedures, radio-therapeutic 
technologies, and discovery of new chemotherapeutic agents such 
as bevacizumab (Avastin) (6, 7), patients with GBM still have a 
dismal prognosis, which is approximately 19 months for median 
OS (8), although some reports showed 2-year survival rates of 
40–50% (9, 10) to date. Survival rates of patients with glioblastoma 
are relatively low, and the failure of treatments is mostly due to 
recurrence. GBM has a low survival rate attributed to unique 
treatment limitations such as a high cell proliferation, invasive 
in�ltration, tumor location, and poor understanding of the tumor 
pathophysiology (11).

In recent years, cancer immunotherapy has been pursued by 
exploitation of dendritic cells (DCs), which are “professional” 
antigen processing and presenting cells utilized to induce speci�c 
antitumor responses (12). DCs are very potent antigen-presenting 
cells that play a key role in the initiation of the immune response, 
and are considered a promising tool for immunotherapy (13, 14).  
DC-based therapy may provide a way for cytotoxic T lymphocytes 
(CTLs), natural killer cells, and cytokines to directly or indirectly 
kill tumor cells. Active immunotherapy using DCs induces an 
antigen-speci�c T-cell response to tumor antigens, and recent 
reports have shown the feasibility, safety, and bioactivity of autolo-
gous DC vaccines for GBM, even with recurrent tumors (15, 16).

Clinical trials for GBM with DC vaccine treatment may increase 
OS time from control group of 13.1 months to DC vaccine group of 
15.7 to 35.9 months, according to di�erent trials (12). Since 2001, 
various research groups have attempted to use DC-based immu-
notherapy (also called DC vaccines in some studies) in treatment 
of malignant gliomas (14, 17–19), and have reported induction 

of glioma-speci�c antitumor immune responses and apparent 
survival bene�ts for some patients. �e median OS in trials recruit-
ing patients with newly diagnosed GBM varied between 16.0 and 
38.4 months, whereas for recurrent GBM, it ranged between 9.6 
and 35.9 months (20–22).

To evaluate the e�cacy of DC treatment, two investigator-
initiated trials have been conducted in Taiwan, and the results 
have been published as two peer-review journal articles (23, 24). 
In Cho’s series, the 2-year survival rate was 47.2%, and the 3-year 
survival rate was 26.6%.

Similar to other studies, the results of our early experience 
have revealed a signi�cant bene�t for patients with high-grade 
glioblastoma; however, survival in DC vaccine-treated GBM 
patients varied (25). Recently, studies of immune checkpoints 
have provided many dramatic breakthroughs in tumor immune 
therapy, and checkpoint blockade has shown e�ectiveness in lung 
and breast tumors or others (26–33). �e tumor microenviron-
ment is complex. Immune checkpoint inhibitors such as pro-
gramed death 1 protein (PD-1) and programmed death ligand 1  
(PD-L1) tremendously in�uence the immune thera peutic out-
come in many types of tumor including GBM (34–37). Many 
clinical trials of checkpoint blockade are under way (35, 38, 39). 
Studies in various cancer models have suggested that immuno-
logical checkpoint mechanisms such as the PD-1/PD-L1 pathway 
may contribute to self-tolerance and induce CD8+ T-cell exhaus-
tion in the tumor microenvironment (28, 40–43). Recently, the 
concept of PD-1/PD-L1 in regulating the response to glioma 
with DC vaccine treatment was also evaluated and proved by 
preclinical evidence in vitro and in vivo in animal studies (44, 45). 
�erefore, we retrospectively analyzed clinical data and para�n 
blocks from our previous study for improving the e�ectiveness of 
autologous DC treatment of GBM.

MATERIALS AND METHODS

Patients
�is was a retrospective review of 47 samples from patients 
in a previous clinical study (24) between November 2005 and 
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FIGURE 1 | Treatment schema and vaccine preparation. Clinical schematic diagram (A). Subjects with primary GBM will be consent for operation and concomitant 

chemoradiotherapy (CCRT). Subjects assigned to the ADCTA group will be designated to receive dendritic cell (DC) vaccination ten times following the clinical trial 

schedule after operation. V: visits to hospital, numbers following indicates times of visit. DC vaccine manufacturing protocol (B). In China Medical University Hospital, 

the DC vaccine is produced in laboratories that meet the requirements of Good Tissue Practices and Good Manufacturing Practices. The �nal product is used in a 

clinical trial of autologous DC therapy for GBM patients between years 2005 and 2010.
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April 2010 following a new diagnosis of histologically con�rmed 
glioblastoma multiforme (GBM, WHO grade 4 astrocytoma). 
Patients were between the ages of 14 and 70  years at diagnosis. 
Inclusion criteria included a Karnofsky performance score (KPS)  
of at least 70 before surgery and adequate hematologic, renal, and 
hepatic function [hemoglobin ≥8  g/dL, platelets, ≥100,000/μL, 
white blood cell count >2,000/μL, absolute neutrophil count 
≥1,000/μL, serum blood urea nitrogen <25 mg/dL, serum creati-
nine <1.8 mg/dL, creatinine clearance >50 mL/min, both serum 
ALT and serum AST  ≤  3  ×  the upper limit of normal (ULN), 
alkaline phosphatase (AP)  ≤  3  ×  ULN, serum total bilirubin 
<  mg/dL, and prothrombin time and partial thromboplastin 
time ≤ 1.5 × ULN]. �is study was carried out in accordance with 
the recommendations of ethics guidelines of the institutional hos-
pital with written informed consent from all subjects. All subjects 
gave written informed consent in accordance with the Declaration 
of Helsinki. �e ethics committee at China Medical University 
Hospital (Taiwan) approved the study protocol (approval no. 
CMUH106-REC1-098).

Study Design
�e primary objective was to examine the initial tumor specimen 
or peripheral blood mononuclear cell (PBMC) expression of CD45, 
CD4, CD8, PD-L1, and PD-1 in GBM patients who received con-
ventional therapy, compared with those who received conventional 
therapy with adjuvant autologous dendritic cell tumor antigen 
(ADCTA) vaccine. �e conventional treatment was de�ned as 
tumor resection or biopsy (non-resectable) and subsequent con-
comitant chemoradiotherapy (CCRT) with TMZ, according to the 
guidelines suggested by Stupp et al. (46) (we de�ned this as the 
reference group). �e add-on study design included an ADCTA 
vaccine treatment period, a posttreatment tracking period, and 
a retrospective pathological analysis (Figure  1A). �e ADCTA 
vaccine therapy began 1–2  months post-surgery in conjunction 
with concomitant CCRT and TMZ. �e vaccination protocol for 
this 10-injection course was four times every 2  weeks followed 
by monthly six times for a course of 8 months. For patients who 
were too weak or for other reasons unable to complete the full 10 
injections, a minimum of 4 injections was required; otherwise, 
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the patient was excluded from the study. In the reference group, 
patients underwent surgery followed by concomitant CCRT with 
TMZ only.

Preparation of DC-Based Vaccine
In the ADCTA group, the protocol for DC-based vaccine prepa-
ration was based on 2011 and 2012 reports by Chang et al. and 
Cho et al. (23, 24), and the schematic diagram is represented in 
Figure 1B.

In brief, fresh tumor tissues removed in the operating room were 
collected and chopped into small pieces, and then processed by 
the Brain tumor dissociation kits (130-095-942; MACS®, Miltenyi 
Biotec, Germany). A�er cell culture, at least 100–150 million 
tumor cells were generated to provide su�cient tumor antigens. 
Cells were irradiated with 20 Gy and then lysed by quick freezing 
and thawing to produce tumor antigens. At least 2  mg of total 
protein from the cell lysates were collected from the supernatant 
a�er centrifugation for use as the source of tumor antigens. We 
collected the patient’s PBMC (5.0 × 109 cells/mL) from peripheral 
blood through leukapheresis. Generally, the leukapheresis was per-
formed in 1 month a�er subjects had an operation. �e monocytes 
were enriched by 2-h attachment method on the plastic dish at 
37°C. �e isolated monocytes were cultured in CTS™ AIM V™ 
Medium (Invitrogen, Carlsbad, CA, USA) with various cytokine 
proteins for immature DC di�erentiation. A�er 7 days, prepared 
tumor antigens were added into the culture medium for manu-
facturing DC-based vaccine. Finally, we collected and washed the 
DC-based vaccines and then divided the cells among 12 tubes, 
which contain 2–5 × 107 DCs cells. All DC vaccines were stored in 
the liquid nitrogen tank. Before used, the DC vaccine was thawed 
and the cells were washed with 4°C normal saline twice and added 
1 mL of saline.

Cytoblock Preparation
Peripheral blood mononuclear cells were isolated from patients 
enrolled in the ADCTA group and used for cytology analysis. 
Cytoblocks were prepared using a gel-embedding method 
described by Choi et al. (47).

Immunohistochemistry (IHC) for CD45, 

CD4, CD8, PD-1, and PD-L1
Immunohistochemical analysis of CD45, CD4, CD8, PD-1, and 
PD-L1 was performed on 2-µm sequential sections of formalin-
�xed, para�n-embedded (FFPE) GBM tumor tissue, and on FFPE 
PBMC cytoblocks (CD45, CD4, CD8, and PD-1 only), where the 
results were scored independently by two board-certi�ed patholo-
gists (Chia-Ing Jan and Horng-Jyh Harn) with no prior knowledge 
of the patients’ clinical background.

Sequential tissue sections (2 µm) of the GBM tumor sections 
and cytoblocks isolated from each patient were attached to adhesive 
glass slides and baked at 70°C for 20 min prior to IHC staining of 
CD45, CD4, CD8, PD-1, and PD-L1, using the Leica BOND-MAX 
system (Leica Biosystems, Nussloch, Germany). Tissue sections 
were dewaxed three times in xylene for 1 min each and rehydrated 
through graded ethanol for 15 s each, followed by being washed 
three times with PBS for 15 s each. Antigen retrieval was performed 

by heating slides in Bond Epitope Retrieval Solution 2 (EDTA, pH 
9.0; Leica, Newcastle, United Kingdom) at 100°C for 20 min. A�er 
cooling, slides were washed four times with PBS for 15  s each. 
Sections were incubated with primary monoclonal antibodies 
against CD45 (clone: X16/99, Leica Biosystems Richmond Inc, 
USA), at 1:200 dilution, CD4 (clone 1F6 Leica, Newcastle, United 
Kingdom) at 1:100 dilution, CD8 (clone 1A5, Leica, Newcastle, 
United Kingdom) at 1:200 dilution, or PD-1 (clone NAT105, 
Abcam, Cambridge, United Kingdom Abcam) and PD-L1 [clone 
EPR1161(2), Abcam, Cambridge, United Kingdom Abcam] at 
1:200 dilution for 30 min at 25°C. Slides were washed four times 
with PBS for 20 s each.

For CD45, CD4, CD8, and PD-1, antigen detection was 
performed with Bond Polymer Re�ne Red Detection (Leica, 
Newcastle, United Kingdom). Post primary alkaline phosphatase 
(AP) was added and incubated for 30 min at room temperature. 
Subsequent polymer AP was added and incubated for 30 min at 
room temperature. Sections were then incubated with Leica Red 
Part substrate for 15 min at room temperature. Finally, slides were 
counterstained with methyl green (Dako, Glostrup, Denmark) for 
5 min and washed with PBS. Isotype controls were performed for 
each antibody on each specimen.

For PD-L1, Novolink Polymer Detection System (Leica, 
Newcastle, United Kingdom) was applied a�er primary antibody 
incubation. In brief, washed slides were incubated with Novolink 
Polymer for 30 min, and peroxidase activity was developed with 
diaminobenzidine (DAB) working solution for 5 min. Finally, the 
slides were counterstained with hematoxylin. An isotype control 
was also performed for PD-L1 on each specimen.

In GBM tissue sections stained for PD-L1, tumor cells displayed 
both patchy/di�use �brillary and geographic membraneous 
staining. We scored PD-L1 expression referring to the methods 
provided by Bergho� et  al. (48) and Nduom et  al. (49). When 
PD-L1 staining was identi�ed with intermediate to strong staining 
intensity (whether �brillary or membraneous staining pattern) 
≥5% of GBM cells, we de�ned it as PD-L1 expression, otherwise it 
was de�ned as non-expression.

For CD45, CD4, CD8, and PD-1, 25 di�erent high-power �elds 
(HPFs, 400× magni�cation) containing the most abundant tumor 
in�ltrating lymphocytes (TILs) and 25 random HPFs for PBMCs 
were counted and summed by two board certi�ed neuropatholo-
gists (Chia-Ing Jan and Horng-Jyh Harn) who had been blinded 
to the patients’ treatment group and clinical history. �e count 
for each patient’s TILs and PBMCs was determined by the two 
pathologists, and the level of agreement between the pathologists 
for the manual counting of TILs and PBMCs was compared using 
kappa statistics.

Immuno�uorescence (IF)
Slides were pretreated as described above for IHC. A�er blocking 
with 10% fetal bovine serum (GeneDirex, Anaheim, CA, USA) for 
1 h, sections were incubated with a rabbit monoclonal antibody 
against human CD8 (clone SP16 �ermo Fisher, Waltham, MA, 
USA) for 45 min at 25°C temperature. Tissue sections were washed 
three times with TBS-Tween 20 at 60 rpm on a shaker for 5 min 
each and then incubated with Alexa Fluor 488-conjugated goat 
anti-rabbit secondary antibody (�ermo Fisher, Waltham, MA, 
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USA) for 45 min at 25°C followed by three PBS-Tween 20 washes 
at 60  rpm on a shaker for 5  min each. PD-1 staining was per-
formed similarly except that a mouse monoclonal mouse antibody 
against human PD-1 (clone NAT105, Abcam, Cambridge, United 
Kingdom) at 1:100 dilution and an Alexa Fluor 647-conjugated 
goat anti-mouse secondary antibody (�ermo Fisher, Waltham, 
MA, USA) at 1:500 dilution were used. Finally, sections were 
processed using ProLong Gold Antifade Mountant with DAPI 
(�ermo Fisher, Waltham, MA, USA) for DAPI nuclear stain and 
mounting. IF images were captured using a Leica TCS SP8 X white 
light laser confocal microscope.

Isocitrate Dehydrogenase 1 (IDH1) 

Mutational Analysis by IHC and DNA 

Sequencing
For IDH1 IHC, the staining procedures were similar to those 
for PD-L1; the primary monoclonal antibody IDH1-R132H 
(clone H09, Dianova, Hamburg, Germany) was diluted at 1:100. 
Isotype control was also performed. Percentage of positive-stained 
tumor cells (cytosol  +  nuclear stain) and staining intensity 
were scored by the two pathologists. �e staining intensity and 
percentage of positive-stained cells were then semi-quantitated 
into a three-tiered system (di�use positive, focal positive, and 
negative) according to previous literature (50–52). For DNA 
sequencing, DNA was extracted from FFPE tumor specimens 
by scraping of tumor sections of three 5-μm-thick unstained 
para�n slides. First, excess para�n and unwanted tissue was 
removed via trimming with a sterile blade. �en, the remaining 
tissue on the slides was scraped o� with a new sterile blade to 
remove the tissue section from the slide and transfer the tissue and 
DNA extraction solution using the DNeasy Blood & Tissue Kit 
(Qiagen, Hilden, Germany). Mutations in exon 4 of IDH1 were 
determined by direct sequencing in all cases. Forward and reverse 
primers used included 5′CGGTCTTCAGAGAAGCCATT3′ and 
5′GCAAAATCACATTATTGCCAAC3′, respectively. PCR ampli-
�cation was performed in a 10-mL reaction mixture containing 
50 ng of tumor DNA, 2.5 µL of 10 × Dream Taq bu�er, 2.5 µL of 
2  mM dNTPs, each forward and reverse primer at 10  µM, and 
1.25 µL of Dream Taq DNA Polymerase (Agilent Technologies, Inc., 
Santa Clara, CA, USA). �e initial denaturation was performed at 
95°C for 10 min. �is was followed by 37 cycles of ampli�cation 
consisting of denaturation at 95°C for 30 s, annealing at 56°C for 
30 s, and extension at 72°C for 30 s.

O6 Methylguanine-DNA Methyltransferase 

(MGMT) Promoter Methylation by 

Methylation-Speci�c PCR (MSP)
�e O6 MGMT promoter methylation status of the GBM tumor 
was determined using MSP analysis. �e DNA extraction method 
was the same as that for IDH1. �e DNA extracted from tumor 
tissues was treated with sodium bisul�te using the EpiTect Fast 
DNA Bisul�te Kit (Qiagen GmbH, Hilden, Germany). Primer 
sequences utilized for the methylated forward and reverse pri-
mers included 5′GTTTTTAGAACGTTTTGCGTTTCGAC3′  
and 5′CACCGTCCCGAA AAAAAACTCCG3′, respectively, and  
the unmethylated forward and reverse primers used included 

5′TGTGTTTTTAGAATGTTTTGTGTTTTGAT3′ and 5′CTA 
CCACCATCCCAAAAAAAAACT CCA3′, respectively. DNA 
extracted from the colon cancer SW48 cell line (obtained from 
American Type Culture Collection), which carries a methylated 
MGMT promoter, was used as a positive control for MGMT 
promoter methylation. Genomic DNA extracted from peripheral 
blood leukocytes of normal patients was used as an unmethylated 
control sample. De-ionized water was used as a double-negative 
control. A further control reaction without any template DNA was 
performed together with each PCR experiment.

Flow Cytometry Analysis of PBMCs
Patient PBMCs were isolated by apheresis as described previously 
(23). Brie�y, 1 × 105 PBMCs were collected and stained with anti-
bodies against PD-1 (clone EH12.1 BD Biosciences, San Jose, CA, 
USA), CD8 (clone RPA-T8, BD Biosciences), CD3 (clone UCHT1, 
BD Biosciences) or their isotype antibodies, and then analyzed on 
a Becton Dickinson FACSCanto. �e percpCy5.5-labeled CD3+ 
T cells were identi�ed a�er prior gating from single and living cell 
according to size and granularity; then these CD3+ T cells were 
analyzed by dot-plot with CD8 and PD-1. �e cells of PE-Cy7high 
CD8+ and/or FITChigh PD-1+ were gated less than 1% as isotype 
control staining. �e same gating strategy was applied in another 
PBMC samples to identify the populations of CD8 and PD-1 
expressing T cells. All of the results were analyzed using FACSDiva 
so�ware.

Statistical Analysis
�e primary end point was OS calculated from the date of the 
�rst surgery con�rming GBM to the date of death. Secondary 
end points were progression-free survival (PFS) calculated from 
the date of the �rst surgery con�rming GBM to the date of 
GBM recurrence con�rmed by either pathology or MRI report. 
All statistical analyses were performed using SPSS version 20.0. 
Cox proportional hazards models were used to calculate hazard 
ratios (HRs) of recurrence or death according to the number 
of CD45+, CD4+, CD8+, and PD-1 TILs and PD-L1 of GBM. 
Kaplan–Meier survival analysis was used to determine the distri-
bution of OS and PFS time, and di�erences were analyzed using  
the log-rank test.

RESULTS

Patient Characteristics and Subtyping  

of GBM by IDH1 Mutation and MGMT 

Methylation
�ere was a total of 47 patients enrolled, of which 27 patients 
received ADCTA added to conventional therapy (ADCTA group) 
and 20 patients received conventional therapy only (reference 
group). Demographic and clinical data of the total patients are 
shown in Table 1. �e mean age was 51.8 years. Detailed indi-
vidual patient data of the ADCTA and reference groups including 
sex, age, extent of tumor resection, receiving TMZ or not, receiv-
ing radiation therapy/CCRT or not, receiving salvage gamma 
knife (GKS) for recurrent/residual tumor or not, Karnofsky 
performance score (KPS), and survival and recurrence (shown 
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TABLE 1 | Demographic data of total patients and ADCTA and reference groups.

Variable Total (n = 47) ADCTA (n = 27) Reference (n = 20)

Number Ratio (%) Number Ratio (%) Number Ratio (%)

Sex Male 20 42.55 10 37.04 10 50

Female 27 57.45 17 62.96 10 50

Age (years) ≥57a 23 48.94 16 59.25 7 35

<57 24 51.06 11 40.75 13 65

R/T No 12 25.53 1 3.7 11 55

Yes 35 74.47 26 96.3 9 45

TMZ No 13 27.66 0 0 13 65

Yes 34 72.34 27 100 7 35

GKS No 31 65.96 18 66.67 13 65

Yes 16 34.04 9 33.33 7 35

CCRT No 22 48.89 8 29.63 14 70

Yes 23 51.11 19 70.37 6 30

ADCTA No 20 42.55 0 0 20 100

Yes 27 57.45 27 100 0 0

KPS <70 18 38.3 10 37.04 8 40

≥70 29 61.7 17 62.96 12 60

Tumor resection Gross total 25 53.19 14 51.85 11 55

Non-total 22 46.81 13 48.15 9 45

Isocitrate dehydrogenase 1 mutation No 43 93.01 24 87.5 19 94.74

Yes 4 6.99 3 12.5 1 5.26

Methylguanine-DNA methyltransferase methylation No 7 14.89 4 14.81 3 15

Yes 40 85.11 23 85.19 17 85

Twenty-seven patients �tting the inclusion criteria were randomly assigned to the ADCTA group, and the remaining 20 patients were assigned to the reference group.

R/T, radiotherapy, completed without delay or interruption; TMZ, temozolomide; GKS, gamma knife; CCRT, concomitant chemoradiotherapy; ADCTA, autologous dendritic cell tumor 

antigen immunotherapy; KPS, Karnofsky Performance Score; postoperation, pre-ADCTA vaccination.
aModi�ed according to American Association of Neurological Surgeons: GBM occurs between the ages of 45 and 70 years.
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as OS and PFS in months), together with tumor expression of 
IDH1, MGMT, and PD-L1; PD-1+, CD4+, and CD8+ lymphocyte 
counts; and PD-1+/CD8+ ratio in lymphocytes are shown in 
Tables 2 and 3. Four out of the total 47 patients (6.99%) exhibited 
IDH1 mutation on DNA sequencing examinations, and all were 
R132H (CGT → CAT) mutations. �ere were three patients with 
IDH1 mutations in the ADCTA group, and one IDH1 mutation 
in the reference group. �e O6 MGMT promoter methylation 
examination results showed that 7 out of 47 patients (14.9%) 
had unmethylated MGMT promoter, including 4 patients with 
unmethylated MGMT promoter in the ADCTA group and 3 
patients with unmethylated MGMT promoter in the reference 
group. �e remaining 40 patients (85.1%) exhibited methylated 
MGMT promoter. �erefore, in this study, clinical parameters 
such as IDH-1 and MGMT were well balanced between the two 
study groups.

Expression of CD45, CD4, CD8,  

and PD-1 in TILs and PBMCs
Immunohistochemistry was used to examine CD45, CD4, CD8, 
and PD-1 expression in TILs (47 patients) and cytoblocks of 
PBMCs. Morphologically identi�ed lymphocytes (lymphoid cells 
exhibiting small, hyperchromatic, round to folded nucleolus with 
6–9 µm nuclear diameter and thin rim of cytoplasm) positive for 

CD45, CD4, CD8, or PD-1 (×400) were scored based on the pres-
ence of strong circular membrane staining. Cells showing either 
incomplete cell membrane staining or weak staining were not 
scored as positive. Representative photomicrographs of TILs and 
PBMCs are shown in Figures 2A–H.

Expression of PD-L1 in GBM Tumor Cells 

Does not Effect Prognosis
GBM tumor cells expressing PD-L1 or not were determined by 
IHC. Representative photomicrographs of GBM with positive 
PD-L1 expression and negative PD-L1 expression are shown in 
Figures 3A,B. GBM tumor cells expressing PD-L1 nor not does 
not a�ect the OS and PFS of ADCTA group or reference group 
patients (ADCTA group OS P = 0.086 and PFS P = 0.239; reference 
group OS P = 0.376 and PFS P = 0.421).

Quantitative Evaluation of CD45+, CD4+, 

CD8+, and PD-1+ TILs in GBM Tissue 

Sections and PBMC Cytoblocks
A high level of agreement was observed between the two patholo-
gists for the counting of CD45, CD4, CD8, and PD-1 lymphocytes 
(κ = 0.9998, P < 0.001 for CD45+, κ = 0.9988, P < 0.001 for CD4+, 
κ = 0.9997, P < 0.001 for CD8+, and κ = 0.9999, P < 0.001 for 
PD-1+).
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TABLE 2 | Summary of patient data in the ADCTA group.
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CM-02 F 47 7.95 1.32 0 0.00 No Partial excision Left frontal + + + + x10 ≥70 ≥70 EX 67.63 4.43 Absent 0%, N M

CM-03 F 61 6.5 1.05 14 0.21 Yes Total excision Right + + + + X10 ≥70 ≥70 EX 30.8 16.33 Absent 0%, N M

CM-06 M 42 5.43 1.51 0 0.00 No Total excision Left frontal + − + − X10 ≥70 ≥70 SU 111.77 111.77 Absent 0%, N M

CM-07 F 32 5.61 1.91 0 0.00 Yes Total excision Right parietal + + + + X10 ≥70 ≥70 EX 66 38.97 Absent 0%, N UM

CM-08 F 61 12.63 1.26 101 0.42 Yes Stereotactic 

biopsy

Left + + + + X10 <70 <70 EX 23.07 4.57 Absent 0%, N UM

CM-09 M 68 10.04 1.13 126 0.29 Yes Subtotal 

excision

Left + + + + X6 <70 <70 EX 10.87 10.87 Absent 0%, N M

CM-10 F 63 7.89 1.2 1,077 0.57 Yes Subtotal 

excision

Right F-T + + − − X10 <70 <70 EX 12.47 2.87 Absent 0%, N M

CM-11 M 60 3.97 0.88 101 0.29 Yes Subtotal 

excision

Vermis + + − + X10 <70 <70 EX 8.2 6.8 Absent 15%, weak M

CM-13 M 63 4.42 0.92 26 0.33 Yes Total excision Left F-T + + + − X10 <70 <70 EX 17.53 14.73 Absent 0%, N M

CM-14 M 47 3.58 0.76 7 0.01 Yes Total excision Left frontal − + − − X8 <70 ≥70 EX 46.13 6 Absent 0%, N UM

CM-15 M 63 6.64 0.54 62 0.48 No Partial excision Right temporo-

Parieto-occipital

+ + − − X9 <70 <70 EX 11.47 4.2 Absent 0%, N M

CM-17 F 64 2.74 0.54 276 0.63 Yes Total excision Right temporal + + + − X7 <70 <70 EX 20.6 2.43 Absent 0%, N M

CM-19 M 38 4.9 1.51 10 0.05 No Stereotactic 

biopsy

Left temporal − + − − X10 ≥70 ≥70 EX 34.33 7.7 Absent 0%, N M

CM-20 F 46 5.65 1.82 3 0.01 No Total excision Left parietal + + − + X10 ≥70 ≥70 SU 88.2 6.77 Present R132H 80%, strong, FP M

CM-21 F 48 3.97 0.8 12 0.06 Yes Total excision Bilateral frontal + − − − X10 ≥70 ≥70 EX 45.83 26.6 Absent 0%, N M

CM-23 F 49 4.62 0.83 24 0.13 Yes Partial excision Right temporal + + − + X10 ≥70 ≥70 EX 60.97 7.43 Absent 0%, N M

CM-24 M 27 6.8 1.2 16 0.09 Yes Total excision Right frontal 

gyrus, bifrontal

+ + − + X10 ≥70 ≥70 SU 66.03 66.03 Present R132H 70%, strong, FP M

CM-25 F 58 8.22 1.54 22 0.11 No Partial excision Left deep parietal + + − − X10 <70 <70 EX 31.03 31.03 Absent 0%, N M

CM-27 F 58 4.93 1.15 153 0.14 Yes Total excision Right Temporal + − − − X10 ≥70 ≥70 SU 64.93 64.93 Absent 0%, N M

CM-28 M 58 6.26 2.36 36 0.08 Yes Total excision Left F-T-P + + − + X10 <70 <70 EX 35.93 11.2 Absent 0%, N M

CM-37 F 49 7.25 1.87 93 0.35 Yes Total excision Left 

parietal-occipital

− + − − X9 ≥70 <70 EX 19.4 19.4 Absent 0%, N M

CM-40 M 52 4.69 0.92 185 0.24 Yes Excision Right temporo-

parieto-occipital

+ + − + X10 ≥70 ≥70 EX 32.9 3.43 Absent 0%, N M

CM-41 F 35 2.72 0.6 97 0.61 Yes Stereotactic 

biopsy

Right temporal + + − + X10 ≥70 ≥70 EX 32.6 6.97 Absent 0%, N M

CM-44 F 61 6.84 0.75 343 0.61 Yes Total excision Right occipital + + − + X10 ≥70 ≥70 EX 20.3 10.03 Absent 0%, N M

CM-45 F 66 4.9 1.32 224 0.59 No Total excision Left parietal + + − + X10 ≥70 ≥70 SU 20.77 2.97 Absent 0%, N M

CM-46 M 35 10.59 1.31 0 0.00 Yes Total excision Right O-P + + − + X10 ≥70 ≥70 EX 15.87 1.53 Present R132H 45%, N UM

CM-47 M 31 6.68 2.22 3 0.25 Yes Excision Right frontal + + + + X10 <70 N/A EX 22.07 15.43 Absent 0%, N M

Symbols: +, received therapy; −, did not receive therapy; Lym, lymphocyte; R/T, radiotherapy; GKS, gamma knife; CCRT, concomitant chemoradiotherapy; ADCTA, autologous dendritic cell/tumor antigen immunotherapy; KPS, 

Karnofsky Performance Score (KPS before, before ADCTA; KPS after, after ADCTA); OS, overall survival; PFS, progression-free survival; tumor location: T, temporal; F, frontal; O, occipital; P, parietal; SU, patient still alive on 

2014/12/31; EX, patient expired; DP, diffuse positive; FP, focal positive; N, negative; M, methylation present; UM, methylation absent.
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TABLE 3 | Summary of patient data in the reference group.
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Ref-01 M 45 12.4 1.79 7 0.09 No Total excision Left frontal − − − − − ≥70 − EX 8.53 1.63 Absent 0%, N M

Ref-03 F 52 8.3 5.32 6 0.09 No Stereotatic 

biopsy 

Left basal 

ganglion 

+ + + + − ≥70 − EX 1.6 1.6 Absent 0%, N M

Ref-04 F 76 7.81 2.4 122 0.43 No Total excision Left T-P − − − − − ≥70 − EX 3.27 1.63 Absent 0%, N M

Ref-05 M 54 7.37 0.81 904 0.90 No Total excision Left temporal + + + + − <70 − EX 25.07 13.2 Absent 0%, N M

Ref-07 F 45 10.39 1.39 40 0.39 No Stereotatic 

biopsy 

Left T-O − − − − − <70 − EX 5.87 1.23 Absent 0%, N M

Ref-08 M 46 9.96 1.7 41 0.08 Yes Partial excision Right F-P-T + + + + − ≥70 − EX 4.43 4.37 Absent 0%, N M

Ref-11 M 56 8.11 1.76 48 0.62 Yes Total excision Gyrus + − − − − <70 − EX 22.87 12.43 Absent 0%, N M

Ref-12 M 73 10.36 1.14 34 0.16 Yes Total excision Right T-O + − − − − <70 − EX 5.27 2.9 Absent 0%, N M

Ref-13 M 78 9.03 1.66 170 0.56 Yes Total excision Left temporal + + − + − ≥70 − EX 9.33 2.5 Absent 0%, N M

Ref-14 F 57 4.36 N/A 41 0.15 No Total excision Left frontal + + − + − ≥70 − EX 30.9 9.57 Absent 0%, N UM

Ref-15 F 50 5.46 1.99 0 0.00 No Total excision Right frontal − − − − − <70 − EX 0.2 0.2 Absent 15%, 

weak, N

M

Ref-17 M 25 16.46 0.92 44 0.33 Yes Total excision Left frontal 

and basal 

ganglion 

− − − − − ≥70 − EX 3.37 3.37 Absent 0%, N M

Ref-20 M 49 8.79 1.16 0 0.00 Yes Total excision Right P-O + + + + − ≥70 − EX 4.63 1.7 Absent 0%, N M

Ref-26 F 40 8.97 2.07 36 0.44 No Total excision Left frontal − − + − − ≥70 − EX 11.23 3.27 Absent 0%, N UM

Ref-27 F 69 11.97 2.38 93 0.62 No Excision Right frontal − − − − − ≥70 N/A EX 6.4 2.9 Absent 0%, N UM

Ref-28 F 31 16.75 1.19 27 2.45 Yes Stereotactic 

biopsy

Right parietal + − − − − ≥70 N/A EX 8.23 8 Present R132H 100%, 

strong, 

DP

M

Ref-29 F 68 11.06 1.36 0 0.00 Yes Stereotactic 

biopsy

Left parietal − − + − − ≥70 N/A EX 4.73 4.33 Absent 0%, N M

Ref-30 M 78 9.58 1.69 78 0.43 No Excision Left frontal − + + − − ≥70 N/A EX 9.7 1.33 Absent 0%, N M

Ref-31 M 52 8.14 0.83 59 0.17 No Excision Left parieto-

temporal

− − − − − ≥70 − EX 2.97 2.2 Absent 0%, N M

Ref-32 F 72 8.6 2.28 16 0.16 Yes Stereotatic 

biopsy 

Left frontal − − − − − ≥70 − EX 3.47 3.47 Absent 0%, N M

Symbols: +, received therapy; −, did not receive therapy; Lym, lymphocyte; R/T, radiotherapy; GKS, gamma knife; CCRT, concomitant chemoradiotherapy; ADCTA, autologous dendritic cell/tumor antigen immunotherapy; KPS, 

Karnofsky Performance Score (KPS before, before ADCTA; KPS after, after ADCTA); OS, overall survival; PFS, progression-free survival; tumor location: T, temporal; F, frontal; O, occipital; P, parietal; SU, patient still alive on 

2014/12/31; EX, patient expired; DP, diffuse positive; FP, focal positive; N, negative; M, methylation present; UM, methylation absent.
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FIGURE 2 | Immunohistochemistry staining of CD4, CD8, programed death 1 (PD-1), and CD45 expression in tumor-in�ltrating lymphocytes in glioblastoma (GBM) 

tissue and peripheral blood mononuclear cells. Representative photomicrographs showing staining for CD4 (A), CD8 (B), PD-1 (C), and CD45 (D) in GBM histological 

tissue sections (400× magni�cation) and CD4 (E), CD8 (F), PD-1 (G), and CD45 (H) in peripheral blood mononuclear cell cytoblocks (400× magni�cation).

FIGURE 3 | Immunohistochemistry staining pattern of positive and negative 

PD-L1 expression in GBM tumor cells. Representative photomicrographs showing 

diffuse strong cell membrane staining for PD-L1 (A), and complete negative 

staining for PD-L1 (B) in GBM histological tissue sections (400× magni�cation).
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For all patient samples, the total count (expressed as the 
median and SD) of CD45+, CD4+, CD8+, and PD-1+ lympho-
cytes and the ratio of PD-1+ lymphocytes to CD8+ lymphocytes 
(PD-1+/CD8+ ratio) in both groups are shown in Table 4. �e 
median CD45+, CD4+, CD8+, and PD-1+ lymphocyte count and 
median PD-1+/CD8+ ratio were used for statistical analysis. In 
tumor-in�ltrating lymphocytes, the median CD45+ count was 
1,782 in ADCTA group, whereas in the reference group, it was 
704 per 25 HPF. �e median CD4+ count was 262 in ADCTA 
group, compared to the reference group it was 130 per 25 HPF. 
�e median CD8+ count was 241 in ADCTA group, and in the 
reference group it was 141.5 per 25 HPF. �e median PD-1+ 
count was 26 in ADCTA group, whereas in the reference group, 
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TABLE 5 | Multivariate analysis using a Cox proportional hazards model for overall survival and progression free survival in ADCTA group patients.

Variable Overall survival Progression-free survival

P value HR 95% CI P value HR 95% CI

High CD45 0.09 0.968 0.365–2.241 0.75 1.132 0.478–2.557

High CD4 0.76 1.139 0.490–2.651 0.9 1.059 0.455–2.461

High CD8 0.31 1.55 0.667–3.601 0.36 1.489 0.640–3.461

High PD-1 0.01** 3.662 1.442–9.302 0.07 2.202 0.933–5.198

High PD-1/CD8 P < 0.001*** 11.382 3.320–35.707 0.01* 3.458 1.304–9.174

Tumor PD-L1 expression 0.1 0.354 0.103–1.219 0.248 0.528 0.178–1.563

Sex (male) 0.54 0.769 0.331–1.788 0.79 0.891 0.382–2.079

Age (≥57) P < 0.001*** 10.888 2.916–44.428 0.03* 2.805 1.092–7.207

With R/T 0.92 0.901 0.118–6.858 0.62 0.592 0.076–4.606

With C/T (TMZ) 0.89 1.064 0.437–2.590 0.8 0.894 0.372–2.146

With GKS 0.24 0.586 0.240–1.425 0.95 0.973 0.412–2.295

Without CCRT P < 0.01** 3.799 1.516–9.516 0.04* 2.491 1.034–5.999

KPS (≥70) 0.54 0.769 0.331–1.788 0.79 0.891 0.382–2.079

Gross total tumor resection 0.07 0.452 0.193–1.058 0.02* 0.352 0.144–0.585

Presence of IHD1 mutation 0.24 0.051 0–6.964 0.291 0.036 0–17.356

Methylguanine-DNA methyltransferase methylation 0.929 0.951 0.319–2.838 0.627 0.762 0.255–2.281

*P < 0.05.

**P < 0.01.

***P < 0.001.

HR, hazard ratio; 95% CI, 95% con�dence interval; R/T, radiotherapy; TMZ, temozolomide; GKS, gamma knife; CCRT, concurrent chemoradiotherapy; ADCTA, autologous dendritic 

cell/tumor antigen immunotherapy; KPS, Karnofsky Performance Score; tumor location: T, temporal; F, frontal; O, occipital; P, parietal.

TABLE 4 | The mean, median, and SD values of total count of CD45+, CD4+, 

CD8+, and PD-1+ lymphocytes and the ratio of PD-1+ lymphocytes in CD8+ 

lymphocytes (PD-1+/CD8+ ratio) for patients in this study, in ADCTA group, and 

reference group.

(A) Median count and SD of CD45+, CD4+, CD8+, and PD-1+ lymphocytes 

and the medial ratio of PD-1+ lymphocytes to CD8+ lymphocytes (PD-1+/

CD8+ ratio) in tumor-in�ltrating lymphocytes

TIL ADCTA (n = 27) Reference (n = 20)

Median SD Median SD

CD45+ 1,782 1,318 704 1,321

CD4+ 262 326.68 130 172

CD8+ 241 395.95 141.5 224.1

PD-1+ 26 213.74 40.5 196.82

PD-1+/CD8+ 0.21 0.22 0.25 0.54

(B) Median count and SD of CD4+, CD8+, and PD-1+ lymphocytes and the 

medial ratio of PD-1+ lymphocytes to CD8+ lymphocytes (PD-1+/CD8+ 

ratio) in PBMCs

PBMC ADCTA (n = 18)

Median SD

CD45+ 5,184 3,278

CD4+ 2,966.25 1,431.55

CD8+ 2,980.00 1,442.72

PD-1+ 632.50 368.00

PD-1+/CD8+ 0.198 0.1773

TIL, tumor-in�ltrating lymphocytes; PBMC, peripheral blood mononuclear cells; PD1, 

programed death 1.
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HR Between CD45, CD4, CD8,  

PD-1-Presenting Lymphocytes and  

GBM Clinical Prognostic Features
To explore the relationship between CD45, CD4, CD8, PD-1-
presenting lymphocytes and GBM clinical prognostic features, 
we dichotomized the CD45+, CD4+, CD8+, PD-1+ TIL counts and 
the PD-1+/CD8+ ratio into high and low using either the median 
count or the median ratio as cuto� points, as appropriate. �e HR 
for each variable was calculated using the Cox proportion hazards 
model (Tables 5 and 6).

A high PD-1+ TIL count (>median count) in the ADCTA 
group was associated with an increased estimated risk of death 
when compared with a low PD-1+ count (≤median count, 
HR = 3.662; 95% CI = 1.442–9.302; P = 0.01; Table 5). Moreover, 
a high PD-1+/CD8+ ratio (>median ratio) was associated with 
an increased estimated risk of death when compared to a low 
PD-1+/CD8+ ratio (≤median ratio) in patients in the ADCTA 
group (HR = 11.382; 95% CI = 3.320–35.707; P < 0.001, Table 5). 
A high PD-1+/CD8+ ratio was also associated with an increased 
estimated risk of disease recurrence for patients in the ADCTA 
group (HR = 3.458; 95% CI = 1.304–9.174; P = 0.01, Table 5).

Other independent prognostic factors in patients in the  
ADCTA group were age <57 (OS; old versus young; HR = 10.088; 
95% CI  =  2.916–44.428; P  <  0.001, PFS HR  =  2.805; 95% 
CI  =  1.092–7.207; P  =  0.03), and extent of gross tumor 
resection (PFS; total resection versus non-total resection; 
HR = 0.352; 95% CI = 0.144–0.585; P = 0.02). CCRT also was 
another prognostic factor. Patients with completion of CCRT 
fared better than those without CCRT in OS and PFS (without 
CCRT versus with CCRT; HR = 3.799; 95% CI = 1.516–9.116; 
P <  0.01 and HR =  2.491; 95% CI =  1.034–5.999; P =  0.04, 
respectively).

it was 40.5 per 25 HPF. �e median PD-1+/CD8+ ratio in TILs in 
the ADCTA group was 0.21, and that in the reference group was 
0.25. �e median PD-1+/CD8+ ratio in cytoblocks in the ADCTA 
group was 0.198.

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive


TABLE 6 | Multivariate analysis using a Cox proportional hazards model for overall and progression free survival in reference group patients.

Variable Overall survival Progression-free survival

P value HR 95% CI P value HR 95% CI

High CD45 0.12 0.986 0.385–2.215 0.89 1.165 0.584–1.863

High CD4 0.46 1.415 0.569–3.520 0.91 0.951 0.379–2.383

High CD8 0.50 0.725 0.284–1.853 0.73 1.082 0.688–1.703

High PD-1 0.13 0.459 0.169–1.246 0.16 1.427 0.873–2.333

High PD-1/CD8 0.23 0.567 0.224–1.437 0.44 1.205 0.753–1.929

Tumor PD-L1 expression 0.38 0.654 0.254–1.685 0.50 1.435 0.498–4.137

Sex (male) 0.63 1.261 0.496–3.207 0.49 1.416 0.534–3.757

Age (≥57) 0.34 1.65 0.592–4.600 0.29 1.771 0.611–5.131

With R/T 0.15 0.47 0.169–1.310 0.03* 0.257 0.079–0.841

With C/T (TMZ) 0.18 0.482 0.166–1.400 0.48 0.696 0.256–1.891

With GKS 0.93 0.959 0.367–2.506 0.63 0.782 0.291–2.099

Without concomitant chemoradiotherapy 0.39 0.572 0.161–2.038 0.58 0.72 0.228–2.272

KPS (≥70) 0.73 1.185 0.460–3.049 0.47 0.692 0.253–1.893

Gross total tumor resection 0.09 0.417 0.150–1.158 0.49 0.713 0.272–1.867

Presence of IHD1 mutation 0.16 7.483 0.467–119.816 0.93 0.907 0.107–7.690

Methylguanine-DNA methyltransferase methylation 0.11 3.404 0.770–15.048 0.59 1.408 0.404–4.908

*P < 0.05.

**P < 0.01.

***P < 0.001.

FIGURE 4 | Overall survival (OS) in ADCTA versus reference group 

glioblastoma patients. Kaplan–Meier survival plots of the OS of 27 ADCTA 

patients compared to 20 reference patients.
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As for the reference group, only completion of radiotherapy 
without delay or interruption was an independent prognostic 
factor for decreased estimated risk of disease recurrence in the 
reference group (HR = 0.257; 95% CI = 0.079–0.841; P = 0.03, 
Table 6). None of the other factors described above were of prog-
nostic signi�cance in the reference group in this study.

In both groups, high CD45, high CD4 count, high CD8 count, 
gender, receiving radiotherapy alone, TMZ therapy alone, salvage 
gamma knife (GKS) treatment, or tumor cells expressing IDH1 
mutation, and MGMT methylation were all not signi�cant prog-
nostic factors under HR evaluation.

Prognostic Signi�cance of CD45, CD4, 

CD8, and PD-1-Presenting TILs in GBM 

Tissue Sections
�e OS time of patients in the ADCTA group was signi�cantly 
longer than that of the reference group. �e median survival 
time in the ADCTA group was 31.0  months, whereas it was 
16.0 months for the reference group (P < 0.001, Figure 4).

In the ADCTA group, in patients with a low TIL PD-1+/
CD8+ ratio, the median OS was 60.97 months (95% CI = 38.7–
83.24 months), whereas in patients with a high TIL PD-1+/CD8+, 
ratio it was 20.07  months (95% CI  =  18.42–21.72  months) 
(Figure 5A, Kaplan–Meier estimates of OS, P < 0.001). As for 
median PFS, patients with a low TIL PD-1+/CD8+ ratio was 
11.2  months (95% CI  =  5.01–33.72  months), compared to 
patients with a high TIL PD-1+/CD8+ ratio was 4.43 months 
(95% CI  =  3.75–5.11  months) (Figure  5B, Kaplan–Meier 
estimates of DFS, P  =  0.008). �erefore, in patients with a 
low TIL PD-1+/CD8+ ratio, the median survival bene�t was 
40.9  months. �e correlation between ADCTA patients’ TIL 
PD-1+/CD8+ ratio and survival was not just observed in 
dichotomized data under Kaplan–Meier survival curves. Using 
Pearson’s correlation coe�cient, we have observed a strong 
negative correlation in patients’ PD-1+/CD8+ ratio and overall 
and DFS time a�er natural logarithm transformation to correct 
a positively skewed data distribution (Figure 6A; r = −0.655; 
R2 = 0.429; P < 0.001 and Figure 6B; r = −0.444; R2 = 0.197; 
P =  0.02). �is evidence further strengthens the importance 
of TIL PD-1+/CD8+ ratio in GBM patients receiving ADCTA 
therapy.
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FIGURE 6 | PD-1+/CD8+ ratios of individual patients’ tumor-in�ltrating lymphocytes and overall survival (OS) and progression-free survival (PFS) in the ADCTA group. 

Pearson’s correlation of each patient’s PD1+/CD8+ ratio value and their OS (A) and PFS time (B) after natural logarithm transformation.

FIGURE 5 | Overall survival (OS) (A) and progression-free survival (PFS) (B) by high or low PD-1+/CD8+ ratio tumor-in�ltrating lymphocytes in the ADCTA group. 

Kaplan–Meier survival plots of OS and PFS of 14 patients with high PD-1+/CD8+ ratio compared to 13 patients with low PD-1+/CD8+ ratio patients.
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We also examined other types of lymphocytes (CD4−, 
CD8−) expressing PD-1 in the ADCTA group (i.e., lympho-
cytes with IHC phenotype of CD4−/CD8−/PD-1+/CD45+). We 
counted in the slides where PD-1+ lymphoid cells overlapped 
with CD45+ lymphoid cells, but not with CD4+ or CD8+ 

lymphoid cells. �e median count of these cells is 18 per 25 
HPF. Lymphocytes with this immunophenotype does not 
a�ect the OS and PFS of ADCTA group patients (P  =  0.073 
and P  =  0.249, respectively, Figure S1A in Supplementary  
Material).
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FIGURE 7 | Correlation between tumor-in�ltrating lymphocytes and peripheral blood mononuclear cells (PBMCs) in the ADCTA group. Pearson’s correlation 

between tumor-in�ltrating lymphocytes and PBMCs from ADCTA patients (18 patients).

FIGURE 8 | Overall survival (OS) (A) and progression-free survival (PFS) (B) according to high or low PD-1+/CD8+ ratio in peripheral blood mononuclear cells in the 

ADCTA group. Kaplan–Meier survival plots of OS and PFS of 10 high PD-1+/CD8+ ratio patients compared to 8 low PD-1+/CD8+ ratio patients.
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No OS or PFS bene�ts were noted in patients with a low 
TIL PD-1+/CD8+ ratio in the reference group (P  =  0.227 and 
P = 0.429, respectively). IHC phenotype of CD4−/CD8−/PD1+/
CD45+ lymphoid cells count also does not a�ect the OS and PFS 
of reference group patients (P = 0.306 and P = 0.715, respectively, 
Figure S1B in Supplementary Material).

�e prognostic e�ect of CD45+, CD4+, CD8+, and PD-1+ 
lymphocyte counts were not of statistical signi�cance in both 
ADCTA group and reference group.

Positive Correlation Between PBMCs, 

TILs, and Patient Survival in the ADCTA 

Group
To determine the correlation between patient survival in the 
ADCTA group and the PD-1+/CD8+ ratio in TILs and PBMCs, 
we performed a chi squared test using data from the 18 (out of 27)  

ADCTA patients who had peripheral blood available for 
cytoblock preparation of PBMCs. �ere was a strong positive 
correlation between the PD-1+/CD8+ ratio found in TILs and 
that found in the PBMCs (r = 0.775; R2 = 0.6002; P < 0.001; 
Figure 7).

�e prognostic signi�cance of CD45+, CD4+, CD8+, and 
PD-1+ lymphocyte counts and PD-1+/CD8+ lymphocyte ratios 
in PBMCs was similar to that observed for TILs from the GBM 
histology sections. High versus low CD45+, CD4+, CD8+, or 
PD-1+ lymphocyte counts in PBMCs did not correlate with any 
signi�cant di�erence in OS or PFS. A high lymphocyte PD-1+/
CD8+ ratio was associated with shorter OS as well as shortened 
progression free survival (PFS) (P  =  0.003 and P  =  0.016, 
respectively, Figures  8A,B). Immunophenotype CD4−/CD8−/
PD-1+/CD45+ lymphocytes in PBMC also does not a�ect OS 
or PFS (P = 0.075 and P = 0.097, respectively, Figure S1C in 
Supplementary Material).
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FIGURE 9 | Co-expression of programed death 1 (PD-1) and CD8 in PD-1-positive and CD8-positive tumor-in�ltrating lymphocytes and peripheral blood 

mononuclear cells (PBMCs). Paired GBM tissue sections and PBMC cytoblocks from a representative patient with a high PD-1+/CD8+ ratio were selected for 

immuno�uorescence (IF) analysis of PD-1 and CD8 co-expression. CD8 and PD-1 expression in the TIL of GBM tissue [(A), upper panel] and reconstruction  

of single slices of the xz and the yz planes in the z-axis stacked image [(A), lower panel]. CD8 and PD-1 expression in PBMCs derived from the same patient  

[(B), upper panel] and reconstruction of the same immuno�uorescent slide [(B), lower panel]. Paired GBM tissue sections and PBMC cytoblocks from a 

representative patient with a low PD-1+/CD8+ ratio were selected for IF analysis of PD-1 and CD8 co-expression. CD8 and PD-1 expression in the TIL of GBM  

tissue [(C), upper panel] and reconstruction of single slices of the xz and yz planes in the z-axis stacked image [(C), lower panel]. CD8 and PD-1 expression in 

PBMCs derived from the same patient [(D), upper panel] and reconstruction of the same immuno�uorescent slide [(D), lower panel].
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Co-Expression of PD-1 Occurs in CD8+ 

Lymphocytes in TILs and PBMCs
On the basis of the signi�cant association observed between a 
high PD-1+/CD8+ ratio in TILs/PBMCs and shorter patient OS 
or DFS in the ADCTA treatment group, we hypothesized that 
levels of PD-1 expression in cytotoxic CD8+ lymphocytes may 
determine the therapeutic e�cacy of ADCTA therapy.

To determine whether CD8+ lymphocytes from patients with a 
high PD-1+/CD8+ ratio did indeed co-express PD-1 and CD8, we 
performed dual PD-1 and CD8 IF staining of GBM sections and 
PBMC cytoblocks followed by confocal microscopy. GBM tissue 
sections and PBMC cytoblocks with both high and low PD-1+/
CD8+ ratios were selected for IF staining. As shown in Figure 9A, 
patient no. CM10 with a high PD-1+/CD8+ ratio showed abun-
dant CD8+ and PD-1+ co-staining in lymphocytes in GBM tissue 
sections. Furthermore, co-localization of CD8+ and PD-1+ was 
observed in the merged image, con�rmed by reconstruction 
of single slices of xz and yz planes in the z-axis stacked image 
(Figure 9A, le� low panel). A similar phenotype was observed in 
the PBMC cytoblock sections from the same patient no. (CM10), 
in which many CD8+ lymphocytes co-localized with PD-1+ 
lymphocytes (Figure 9B le� upper and low panels). By contrast, 
GBM tissue sections (Figure 9C le� upper and low panels, no. 

CM 27) and PBMC cytoblock sections (Figure  9D upper and 
low panels, no. CM27) having a low PD-1+/CD8+ ratio presented 
abundant CD8+ lymphocytes but, as expected, a low number of 
PD-1+ lymphocytes, and no co-localization was observed.

Possible Positive Association Among 

Frozen PBMCs’ Dual Expression PD-1+/

CD8+ Cells and Their PD-1+/CD8+ Ratio  

in PBMC Cytoblocks, and TILs in ADCTA 

Group
In order to observe the associations among frozen PBMCs, PBMC 
cytoblocks, and TILs, we performed �ow cytometry analysis of 
PD-1 and CD8 in frozen PBMCs in ADCTA group from the 
patients with available frozen PBMCs for �ow cytometry analysis. 
Representative results of high and low PD-1+/CD8+ ratio under 
�ow cytometry were demonstrated. One patient (Figure  10A, 
CM21) had low PD-1+/CD8+ ratio (0.06 in �ow cytometry and 
0.07 in IHC TILs and 0.11 in cytoblocks), whereas the other 
patient (Figure  10B, no. CM41) had a high PD-1+/CD8+ ratio 
(0.41 in �ow cytometry and 0.39 in cytoblocks, 0.61 in TILs). 
Although we could not achieve a signi�cant statistical correla-
tion among �ow cytometry, PBMC cytoblocks, and TILs PD-1+/
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FIGURE 10 | Flow cytometry of peripheral blood mononuclear cells (PBMCs) of representative patients. PBMCs (1 × 105) were collected and stained with antibodies 

against programed death 1 (PD-1), CD8, and CD3. The percpCy5.5-labeled CD3+ T cells (middle panel) were gated form the size and granularity dot-plot (left panel), 

then these CD3+ T cells were analyzed by the PE-Cy7 and FITC dot-plot to identify the populations of CD8 and PD-1-expressing cells. Patient 21 had a low PD-1+/

CD8+ ratio in the PBMC cytoblock (A). Patient 41 was with a high PD-1+/CD8+ ratio in PBMC cytoblock (B).

CD8+ ratio, there seems to be a trend in correlation between �ow 
cytometry evaluation, PBMC cytoblock, and TILs by IHC (�ow 
cytometry versus PBMC cytoblock P = 0.057 and �ow cytometry 
versus TILs P = 0.068, data not shown). Our data suggest that 
there could be positive correlation between �ow cytometry of 
PD-1+/CD8+ lymophocytes and PMBC cytoblocks PD-1+/CD8+ 
lymphocytes, and �ow cytometry of PD-1+/CD8+ lymophocytes 
and TIL PD-1+/CD8+ lymophocytes. However, more studies are 
required to con�rm this �nding.

DISCUSSION

In this study of glioblastoma patients treated with adjuvant 
ADCTA immunotherapy compared to conventional adjuvant 
therapy, the treatment responsiveness in ADCTA group was found 
to be strongly associated with a low TIL PD-1+/CD8+ ratio within 
the glioblastoma tumor. Other predictors of treatment res ponse 
are younger age (<57 years), gross total tumor resection, com-
plete CCRT, and PD-1+ lymphocyte counts. However, CD45+, 
CD4+, and CD8+ lymphocyte count, and CD4−/CD8−/PD-1+/
CD45+ immunophenotype lymphocytes does not seem to e�ect 
prognosis. Tumor expression of PD-L1 in this study also failed to 
predict the e�ectiveness of adjuvant ADCTA therapy.

From the melanoma experience (53), PD-1+/CD8+ TILs are 
known to express CTLA4 and Ki67 markers and lack expres-
sion of CD127, a phenotypic characteristic of exhausted T-cells. 
Moreover, e�ector cytokine production (IL2 and interferon-
gamma) is also impaired PD-1+/CD8+ cells (54). In GL261 
mice, DC vaccination promotes an antitumor, in�ltrating T cell 
response but vaccination is less e�ective in intracranial GBM. 
Treatment with both DC vaccination and PD-1+ blockade resulted 
in long-term survival, whereas neither agent alone provided a 
survival bene�t in animals with larger, established tumors (45).

To further elucidate the relationship between the PD-1/PD-L1 
axis and patient prognosis, initially we also examined the expres-
sion of the PD-1 ligand PD-L1, and demonstrated that tumor 
PD-L1 expression was not signi�cantly associated with prognosis 
in both ADCTA and reference groups. Although Nduom et al. 
(49) indicated that expression of PD-L1 in GBM tumor cells is 
associated with worse OS (49); we could not corroborate this 
�nding in our study. �e major reason could be that PD-L1 is pre-
sent not only in GBM cells but also in tumor-in�ltrating myeloid 
cells (TIMs) such as macrophages and T-regulatory cells. Some 
reports demonstrated that PD-L1 expression in the GBM micro-
environment is contributed by TIM rather than by the tumor cells 
themselves. �is means that patients with scarce PD-L1+ GBM 
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tumor cells but with high TIM numbers surrounding the tumor 
environment would still have strong immune inhibition (55–57). 
It may also be due to the complex expression and frequent muta-
tions of PD-L1 in glioblastoma cells (58).

Many clinical trials using DCs to treat GBM have reported 
an increase in CD8+ TILs a�er vaccination (59). However, in the 
complicated tumor microenvironment, GBM tumor cells may 
inhibit the immune response by the PD-1/PD-L1 pathway. �e 
high PD-1+/CD8+ TIL ratio causes TILs to be exhausted and 
limits the e�cacy of immunotherapy (60–63).

In this study, the median OS and PFS in the ADCTA group 
was 31 and 16  months without strati�cation of patients, 
respectively. But a�er separating the patients with a low PD-1+/
CD8+ ratio, TILs extended the median OS to 61  months and 
PFS to 11.2 months versus high PD-1+/CD8+ ratio median OS 
20.7 months and PFS 4.43 months. �is drastic di�erence was 
not seen in the reference group. It could be because GBM tumor 
cells have strong immune system inhibition e�ecting immune 
cell proliferation and function (64). In the reference group, there 
are no so called “tumor antigen activated” cytotoxic T-cells to 
e�ectively kill GBM tumor cells, but in ADCTA group, there 
are many of these cells. So if these “tumor antigen activated” 
cytotoxic T-cells exhibit anergy, it will surely e�ect prognosis. 
Our results also suggest that in the PBMC of ADCTA group, 
although high counts of PD1+, CD4+, or CD8+ T-cells and 
high counts of PD-1+, but CD4− and CD8− lymphoid cells 

(including CD4 and CD8 double-negative T-cells) are identi�ed, 
not all of these cells can reach the GBM tumor site and e�ect the 
ability of tumor killing by T-cells. Tumor microenvironment 
plays a critical role here. In order for circulating T-cells to 
reach the tumor microenvironment, they have to pass through 
the partially permissive anatomic blood–brain barrier, the 
desmoplastic reaction of produced by the �broblasts surround-
ing the tumor cells. In addition, tumor necrosis hinders T-cell 
tra�cking; pericytes and endothelial cells in tumor-associated 
angiogenesis also inhibit the circulating T-cells from reaching 
the tumor site.

Based on the �ndings of the current study, we have proposed 
a model to illustrate our hypothesis for predicting the e�ective-
ness of ADCTA treatment in GBM patients. In the systemic 
circulation, PD-1+ or PD-1− cytotoxic T  cells in the blood 
will arrive at post DC vaccine injection regional lymph nodes 
for antigen activation. A�er the cytotoxic T cells reaches the 
tumor microenvironment, the e�ciency of killing tumor cells 
by tumor antigen-activated cytotoxic T (CD8+) cells depends 
on the proportion of PD-1+ cytotoxic T (CD8+) cells, as shown 
in Figure  11. If patients have a low PD-1+/CD8+ ratio, they 
may have a better outcome due to reduced exhausted cytotoxic 
(CD8+) cells.

Obtaining better GBM control is critical issue. Young age, gross 
complete tumor resection, neuronavigation with 5 Ala, Gradel 
(BCNU wa�e), irradiation, CCRT, IDH-1 mutation, methylated 

FIGURE 11 | Schematic representation of dendritic cell vaccine treatment PD-1+ or PD-1− cytotoxic T cells in the peripheral blood arrive at lymph nodes for antigen 

activation after vaccination. After reaching the tumor microenvironment, the ef�ciency of tumor cell killing by cytotoxic T cells is determined by the proportion of 

PD-1+ cytotoxic T cells.
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MGMT, TMZ, Avastin, and immunotherapy (2, 4, 6, 65, 66) have 
all been studied and may improve the tumor control. In addition, 
a vaccine preparation with whole tumor lysate under tumor irra-
diation may also improve vaccine e�cacy. Furthermore, many 
combinatorial therapies such as immunotherapy with checkpoint 
blockade or with antiangiogenic therapy and cytotoxic therapy 
may optimize immunogenicity and target tumor adaptive immu-
nosuppressive factors. Recent studies show an increase of the 
2-year OS to 40–50%.

Programed death 1 is now a key focus in many cancer controls. 
In our retrospective study, the low PD-1+/CD8+ ratio may have 
been similar to a PD-1 blockade, resulting in less immunosup-
pression and improved e�cacy of DC vaccination. However, 
PD-1 alone is insu�cient for GBM control (45); DCs may be 
necessary to stimulate a large amount of CD8+ cells to attack 
tumor cells. �erefore, using combinatorial therapy with DCs 
and PD-1 blockade may provide better outcomes in patients with 
high immunosuppression (67, 68).

In conclusion, our study results suggest that PD-1+/CD8+ 
ratio is a critical factor a�ecting both the OS and PFS of GBM 
patients receiving ADCTA therapy. Other important, statisti-
cally signi�cant factors include: age, gross total tumor removal, 
receiving complete CCRT, and PD-1 lymphocyte count. �e 
TIL or PBMC PD-1+/CD8+ ratio provides a simple and feasible 
method of determining whether GBM patients are suitable for 
ADCTA adjuvant therapy. Patients who still wish to receive 
ADCTA immunotherapy but have a high TIL or PBMC PD-1+/
CD8+ ratio may bene�t from a combination therapy with anti-
PD-1 and/or anti-PD-L1 monoclonal antibodies or adoptive 
T-cell therapy (69).
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