
Abstract. Background/Aim: The need for more effective
treatment modalities that can improve the clinical outcome of
patients with glioblastoma multiforme remains imperative.
Dendritic cell vaccination is a fast-developing treatment
modality, currently under exploration. Functional immune cell
subpopulations may play a role in the final outcome. Materials
and Methods: Data from 101 patients drawn from the HGG-
2010 trial, including baseline patient characteristics and
fluorescence-activated cell sorting of immune cell
subpopulations, were analyzed by statistical and machine-
learning methods. Results: The analysis revealed strong
correlations between immune profiles and overall survival,
when the extent of resection and the vaccination schedule were
used as stratification variables. Conclusion: A systematic, in
silico workflow detecting strong and statistically significant
correlations between overall survival and immune profile-
derived quantities obtained at the start of dendritic cell
vaccination was devised. The derived correlations could serve
as a basis for the identification of prognostic markers
discriminating between potential long- and short-term
survivors of patients with glioblastoma multiforme. 

High grade gliomas (HGG) are the most frequent primary
tumors of the central nervous system and consist of

anaplastic/malignant gliomas (WHO grade III) and glioblastoma
multiforme (GBM, WHO grade IV). The average incidence of
GBM is about 3 to 4 per 100,000 adults (1). Standard treatment
of these patients consists of resection, radiotherapy and
chemotherapy. Even after maximal treatment, prognosis for
patients with GBM remains poor, with a median progression-
free survival of 6.9 months and a median overall survival (OS)
of 14.6 months (2, 3). Relapse is universal and believed to be
due to the extensive spread of tumor cells into the surrounding
healthy brain tissue (4). Hence, there is a need for more effective
treatment modalities that can improve clinical outcome.

Dendritic cell (DC) vaccination is an emerging treatment
modality currently being explored in preclinical research and
clinical trials (5-11). With DCs being the most potent antigen-
presenting cells of the immune system, DC vaccination aims to
activate the patient’s immune system against the tumor.
Additionally, induction of immunological memory might
theoretically establish long-term anti-tumoral protection.
Despite the promising effect of DC-based immune therapy for
HGG, its clinical benefit may be restricted to only a subgroup
of patients emerging as a “tail in the OS curve” repetitively
found in survival analyses of vaccinated patients (12-14).
Unfortunately, biomarkers at diagnosis predicting long-term
outcome after active specific immunotherapy as part of standard
treatment fail. Here we investigated whether profiles of immune
cells at diagnosis and prior to DC vaccination are correlated
with the final OS of patients undergoing radiochemotherapy,
maintenance chemotherapy and DC vaccination. 

Materials and Methods 
The Computational Horizon in Cancer (CHIC) platform. As part of
the European CHIC research project (www.chic-vph.eu), data from
101 patients with GBM and treated according to the HGG-2010
phase IIb randomized clinical trial (EudraCT 2009-018228-14) and
subsequently sampled in the retrospective Glioma Translat study
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(15) became available for analysis. The treatment schedule has been
published elsewhere (5). The Glioma Translat study was approved
by the Ethical Committee, and all patients gave written informed
consent. Data were uploaded by the responsible clinicians into the
CHIC electronic platform after double pseudonymisation via a
trusted third party, leading to effective anonymization for analysis.
All patients underwent at least subtotal resection and were treated
with radiochemotherapy with temozolomide as chemotherapeutic
agent, and finaIly with maintenance temozolomide as described by
Stupp et al. (2, 3). 

Patient treatment protocol. Each patient underwent leukapheresis
prior to radiochemotherapy, performed around 1 week after complete
withdrawal from pre-operative corticosteroids. Circulating white
blood cells were harvested, from which peripheral blood
mononuclear cells were isolated and later differentiated into DCs.
Isolation and differentiation processes were described in detail by
Rutkowski et al. (16). DCs were loaded with tumor lysate-derived
proteins and matured as described elsewhere (17-19). After
leukapheresis, patients were randomized for immediate DC
vaccination before and during maintenance temozolomide versus
delayed DC vaccination after chemotherapy (5). Patient recursive
partitioning analysis (RPA) risk profile classes, as defined by
pretreatment and treatment-related prognostic factors, were used as
a stratification variable (20, 21). The treatment schedule for the
patients with immediate DC vaccination (four weekly DC
vaccinations and further boost vaccines with only lysate) was
identical to that of the published HGG-2006 trial (22). A similar time
schedule for DC vaccination was used after finishing maintenance
temozolomide for patients with delayed immunotherapy. 

Immune profiles. Blood samples from all patients were taken before
(V0) and after (V1) radiochemotherapy. Peripheral blood
mononuclear cells were frozen for storage, and thawed immediately
prior to analysis. Markers on circulating lymphocytes were
determined by fluorescence-activated cell sorting (FACS).
Specifically, these data concern the following immune cell
populations: Natural killer cells (NK; CD3−CD56+ cells), total T-cells
(CD45+CD3+), cytotoxic T-cells (CTL; CD45+CD3+CD8+CD4−), T-
helper cells (Th; CD45+CD3+CD4+CD8−), and regulatory T-cells
(Treg; CD45+CD3+CD4+CD8−CD25+CD127−). The fraction of
CD45+CD3+CD4+CD8− cells that were not Tregs was also calculated.
Each of the aforementioned cell populations was measured as a
percentage of a specific parent population as depicted in Figure 1. For
each of the CTL, Th and Treg populations, the percentages of
respective CD69+ and PD1+ subpopulations were also determined.
The percentages of the respective CD69− and PD1− populations were
calculated. Τhe described gating strategy also enabled the calculation
of all meaningful ratios (also referred to as ‘features’ hereafter)
between immune cell subpopulations, by calculating the ratio of their
percentages with respect to a common parent population. 

Statistical methods. The Pearson correlation coefficients for each
single variable mentioned above versus OS were calculated. Next,
canonical correlation analysis (CCA) was performed using
combinations of two or more variables versus OS (23). The result
Q is the sum of quantities of the form [coefficient × (feature – mean
of feature)] that correlates best with OS. Q was plotted against the
survival period fixed at data sampling with or without event minus
the average survival of the respective patient group. 

Results

Clinical data. Data from 101 patients, 65 males and 36
females, all treated in the HGG-2010 study, and subsequently
analyzed in the Glioma Translat study, were delivered into
the CHIC platform. The age ranged between 35 and 70 years
with a median of 58 years. RPA classification showed 17%
class III, 73% class IV and 10% class V patients. Overall the
distribution of sex, age and RPA was comparable between
the CHIC study sample and the 132 patients studied in the
Glioma Translat study. Median OS and 2-year OS were
calculated for the entire group of 101 patients, and for each
of four subgroups defined by extent of resection [zero versus
nonzero residual tumor volume (RTV)] and the time
schedule of vaccination (during versus after maintenance
temozolomide, also referred to as early versus late
vaccination). Data are shown in Table I. 

Median OS for the entire population was 19 months with
a 2-year OS of 33.66% (95% CI: 24.66-42.88). There was
no difference in OS for patients treated with DC vaccination
during versus after maintenance temozolomide. Patients with
postoperative RTV had a significantly worse median OS as
compared to patients who underwent complete resection with
no RTV (17 vs. 22 months; Log-rank, p=0.036).  

CCA between immune profiles and OS. It has been suggested
that relative quantities (i.e. ratios) of immune system cells
and their evolution throughout radiochemotherapy may play
a role in treatment outcome (22). This assumption has also
been explored for other types of cancer (24). Based on these
observations, FACS data derived as described in Figure 1
were used to systematically quantify immune profiles.
Specifically, at two time points, namely before and after
radiochemotherapy (V0 or V1), all meaningful ratios
between immune cell subpopulations were calculated,
thereby quantifying the relative proportions of immune cells
in the blood. To quantify immune profile changes during
radiochemotherapy, for each such quantity, the ratio of its
values after to that before radiochemotherapy (V1/V0) was
also taken into consideration. This procedure resulted in
essence in an enriched data set which contained 765
numerical features. The Pearson correlation coefficient for
each one of these features versus OS was calculated, firstly
for the entire patient population, and separately for each
vaccination group. In all cases, none of these features
showed strong correlation with OS.

We next hypothesized that there might be combinations of
two or more of these features with a potential influence on
the ultimate outcome. For this, CCA was performed (23).
Specifically, given two or more selected features, CCA was
used to calculate a corresponding number of coefficients for
which the resulting weighted sum of the selected features
correlated best with OS. 

ANTICANCER RESEARCH 39: 2043-2051 (2019)

2044



We first focused on features derived by FACS
measurements obtained at time point V1, hence after
radiochemotherapy and at time of the first DC vaccine in the
early vaccination group. By first disregarding highly
correlated features, CCA was performed for all possible
combinations of features taken up to 7 at a time versus OS.
For the entire patient population, no such feature combination
correlating strongly with OS was detected. We noted that this
exhaustive consideration of all possible combinations places
severe restrictions on the maximum number of features in the
combination. Consideration of combinations of eight features
or more were computationally infeasible.  

Patients were subsequently stratified into two subgroups
according to vaccination schedule and the same analysis was
performed for each of them. A small number of
combinations, each consisting of seven features and
correlating strongly with OS (>0.70) was found for each
subgroup. The strongest of them are provided in Table II. 

In all CCA results, a positive coefficient for a feature
implies that if the specific feature has a value above its
mean, it positively influences OS; if the specific feature has
a value below its mean, it negatively influences OS. On the
contrary, a negative coefficient implies that if the specific
feature has a value above its mean, it negatively influences
OS and conversely a value below the mean positively

influences OS. It should be stressed that this association of
a feature with OS should be considered only in the context
of the feature combination it belongs to and the immune
profile this combination implies, and not as a separate
quantity associated with OS.  It is the resulting weighted sum
of the features (denoted hereafter by Q) of a specific
combination that correlates with OS, and not each feature
considered separately.

The extent of resection (i.e. RTV) is a known prognostic
factor in GBM (25). Patients with RTV>0 had a significantly
worse prognosis than patients without residual tumor
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Figure 1. Methodology to determine the immune profile. Fluorescent cytometric measurements provide relative quantities of immune system cells
in terms of the depicted known percentages. CTL: Cytotoxic T-cells; NK: natural killer cells; PD1: programmed death receptor 1; Th: T-helper
cells; Treg: regulatory T-cells.  

Table I. Overall survival (OS) data of the total study population and
subgroups residual tumor volume (RTV).

Patient                                      No.      Median     2-Year         95%CI
group                                          of            OS            OS
                                              patients  (months)   rate (%)

Total group                               101           19           33.66       24.66-42.88
Early vaccination, RTV=0        19           22           40.2         18.4-61.2
Late vaccination, RTV=0          29           23           44.8         26.5-61.5
Early vaccination, RTV>0        28           19           25            11-41.7
Late vaccination, RTV>0          25           16           28            12.4-46

CI: Confidence interval.
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Table II. Correlation between the immune profile (features obtained after radiochemotherapy) and overall survival (OS) for patients subgrouped
according to vaccination schedule. Only V1 fluorescence-activated cell sorting measurements were considered.

Vaccination subgroup1                                          Calculation2                                              Pearson             Immune profile associated with a high OS 
                                                                                                                                             correlation3                            (i.e. above the mean)4

During TMZm: 47 patients            Q=−98.16× [(TregsCD69+ V1) − 0.13]                   0.71 (p=10–4)                       TregsCD69+ V1<0.13 (−)
Mean OS=21.75                                  +44.39×[(TregsPD1+ V1) − 0.43]                                                                      TregsPD1+ V1>0.43 (+)
                                                                 −3.18×[(NK/Th V1) − 1.41]                                                                              NK/Th V1<1.41 (−)
                                                        −92.17× [(TregsPD1+/CTL V1)− 0.08]                                                             TregsPD1+/CTL V1<0.08 (−)
                                                  +12.37×[(ThCD69+/CTL_CD69+ V1) − 0.88]                                                 ThCD69+/CTL_CD69+ V1>0.88 (+)
                                                    −0.25×[(ThPD1+/CTL_CD69+ V1) − 21.79]                                                   ThPD1+/CTL_CD69+ V1<21.79 (−)
                                                   +13.09×[(TregCD69+/ThCD69+ V1) − 1.02]                                                   TregCD69+/ThCD69+ V1>1.02 (+)
After TMZm: 54 patients                Q=−651.66× [(ThCD69+ V1) − 0.02]                0.70 (p=2.8×10–5)                     ThCD69+ V1<0.02 (−)
Mean OS=19.78                                 −45.27× [(CTL_PD1+ V1) − 0.54]                                                                     CTL_PD1+ V1<0.54 (−)
                                                               −7.19× [(CTL/NK V1) − 1.44]                                                                          CTL/NK V1<1.44 (−)
                                                        +580.72×[(TregCD69+/NK V1) − 0.02]                                                             TregCD69+/NK V1>0.02 (+)
                                                          −48.32× [(ThPD1+/CTL V1) − 0.40]                                                                 ThPD1+/CTL V1<0.40 (−)
                                                −481.89× [(TregCD69+/CTL_PD1+ V1) − 0.03]                                               TregCD69+/CTL_PD1+ V1<0.03 (−)
                                                  +406.18×[(ThCD69+/CTL_PD1− V1) − 0.06]                                                   ThCD69+/CTL_PD1- V1>0.06 (+)

TMZm: Maintenance temozolomide. 1Mean OS calculated from all individual OS data obtained at time of data sampling. 2Quantity Q was
calculated for each patient. Q is a sum of quantities of the form [coefficient × (value of feature observed for the specific patient minus the mean
of that feature in the specific patient subgroup)]. 3Respective coefficient of correlation between the quantities Q and quantities (OS minus mean
OS) for each patient, and p-value. 4Description of the immune profile characteristics associated with a high value of OS, as they are implied by
the calculation of quantity Q in the second column; (+) means the higher the better; (−) means the lower the better. Each feature should be
considered only in the context of the feature combination it belongs to and the immune profile this combination implies, and not as a separate
quantity associated with OS. 

Table III. Correlation between the immune profile (features obtained after radiochemotherapy) and overall survival (OS) for patients subgrouped
according to vaccination schedule and extent of resection. Only V1 fluorescence-activated cell sorting measurements were considered.

Patient subgroup1                                                      Calculation2                                             Pearson                         Immune profile associated 
                                                                                                                                                  correlation3                               with a high OS 
                                                                                                                                                                                               (i.e. above the mean)4

Vaccination: During TMZm,       Q=0.49 ×[(ThCD69−/CTL CD69+ V1) − 67.70]        0.85 (p=6×10−4)         ThCD69−/CTL CD69+ V1>67.70 (+)
RTV=0: 19 patients                           −6.99×[(T(CD3+)/CTL PD1+ V1) − 5.28]                                                     T(CD3+)/CTL PD1+ V1<5.28 (−)
Mean OS=23.26                               −2.89×[(ThCD69−/CTL PD1− V1) − 5.73]                                                    ThCD69−/CTL PD1− V1<5.73 (−)
                                                                 +5.36×[(ThPD1+/Treg V1) − 3.79]                                                                 ThPD1+/Treg V1>3.79 (+)
Vaccination: After TMZm,        Q=1.06×[(CTL CD69−/CTL CD69+ V1) − 36.38]       0.72 (p=9×10−4)       CTL CD69−/CTL CD69+ V1>36.38 (+)
RTV=0, 29 patients                            −11.16×[(Treg/CTL CD69+ V1) − 3.67]                                                         Treg/CTL CD69+ V1<3.67 (−)
Mean OS=21.76                               +177,24×[(ThCD69−/T(CD3+) V1) − 0.38]                                                     ThCD69−/T(CD3+) V1>0.38(+)
                                                       +408.31×[(TregCD69−/ThCD69− V1) − 0.11]                                                TregCD69−/ThCD69− V1>0.11 (+)
Vaccination: During TMZm,               Q=−1.18 ×[(NK/ThPD1− V1) − 2.98]                 0.75 (p=6×10−4)                  NK/ThPD1− V1<2.98 (−)
RTV>0: 28 patients                         +4.12×[(ThCD69+/TregCD69+ V1) − 3.80]                                                  ThCD69+/TregCD69+ V1>3.80 (+)
Mean OS=20.21                                 +5.52×[(TregPD1+/ThCD69+ V1) −3.07]                                                     TregPD1+/ThCD69+ V1>3.07 (+)
                                                       −0.49×[(TregCD69−/TregCD69+ V1) − 24.14]                                             TregCD69−/TregCD69+ V1<24.14 (−)
Vaccination: After TMZm,                   Q=−393.42×[(ThCD69− V1) − 0.98]                  0.90 (p=2×10−7)                     ThCD69− V1<0.98 (−)
RTV>0, 25 patients                               −6.50×[(CTL PD1−/NK V1) − 0.71]                                                              CTL PD1−/NK V1<0.71 (−)
Mean OS=17.48                                −45.92×[(ThCD69−/T(CD3+) V1) – 0.39]                                                      ThCD69−/T(CD3+) V1<0.39 (−)
                                                          −102.53×[(TregPD1+/ThPD1+ V1) – 0.13]                                                     TregPD1+/ThPD1+ V1<0.13 (−)

TMZm: Maintenance temozolomide; RTV=0: no residual tumor volume; RTV>0: observed residual tumor volume on postoperative magnetic
resonance imaging. 1Mean OS calculated from all individual OS data obtained at time of data sampling. 2Quantity Q was calculated for each
patient. Q is a sum of quantities of the form [coefficient × (value of feature observed for the specific patient minus the mean of that feature in
the specific patient subgroup)]. 3Respective coefficient of correlation between the quantities Q and quantities (OS minus mean OS) for each
patient, and p-value. 4Description of the immune profile characteristics associated with a high value of OS, as they are implied by the calculation
of quantity Q in the second column; (+) means the higher the better; (−) means the lower the better. Each feature should be considered only in
the context of the feature combination it belongs to and the immune profile this combination implies, and not as a separate quantity associated
with OS. 



volume. Stratifying patients into four subgroups, defined by
extent of resection (RTV=0/>0) and vaccination schedule
(during/after maintenance temozolomide) and performing the
aforementioned CCA analysis for each subgroup, revealed
many combinations consisting of 4 features, each one
correlating more strongly with OS. The strongest of these
correlations are depicted in Table III. 

Finally, additionally taking into consideration features
derived from FACS measurements obtained at V0, after
operation but prior to radiochemotherapy, thereby also including
the change in immune profile due to radiochemotherapy, the
analysis revealed more combinations of four features correlating
more strongly with OS. The strongest of them are provided in
Table IV and depicted in Figure 2. 

In all subgroups, CTL, Th cells and Tregs were found to
play a relative role in the modeling. However, the relative
weight of the three cell populations, and their activated status
demonstrated via CD69 or PD1 expression, were different. In
general, it seems that elevated numbers of CTL CD69+ cells
and decreasing numbers of Tregs favor a better OS outcome,
however, they are never the only factors at play. Th and NK
cells also appear to play a role, but their role is less clear. The
data in Tables II-IV suggest quite complex interactions

between CTLs, Tregs, Th, their activated and non-activated
subpopulations, and NK cells, which however, appear to have
a potential influence on the ultimate OS outcome.  

Discussion

The assumption that immune cell subpopulations, their relative
quantities and their timely evolution may play a role in the
final outcome for patients with cancer has already been
suggested and explored for various types of cancer (22, 24).
To the best of our knowledge, in the context of GBM, no
strong correlations between a single such quantity and OS
outcome have been reported. It is therefore natural to ask if
there are combinations of two or more such quantities whose
combined effects may play a role in the OS outcome of
patients with GBM. This work describes a systematic and
straightforward analysis aiming to explore this assumption.
The proposed workflow detects strong and statistically
significant correlations between biologically meaningful,
immune-profile-derived quantities obtained at the start of
standard treatment plus DC vaccination on the one hand and
OS many months later on the other hand. These correlations
suggest a strong influence of a patient’s immune status on the
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Table IV. Correlation between the immune profile (features obtained before and after radiochemotherapy) and overall survival (OS) for patients
subgrouped according to vaccination schedule and extent of resection. Both V0 and V1 fluorescence-activated cell sorting measurements were
considered.

Patient subgroup1                                                      Calculation2                                              Pearson                         Immune profile associated
                                                                                                                                                 Correlation3                              with a high OS
                                                                                                                                                                                               (i.e. above the mean)4

Vaccination: During TMZm,      Q=0.54× [(CTL CD69−/CTL CD69+ V0) − 28.79]        0.93 (p=3×10−6)        CTL CD69−/CTL CD69+ V0>28.79 (+)
RTV=0: 19 patients                                +6.99× [(CTL/ThPD1− V1) − 2.06]                                                                CTL/ThPD1− V1>2.06 (+)
Mean OS=23.26                           −20.79×[(CTL CD69+/T(CD3+) V1/V0) − 1.31]                                           CTL CD69+/T(CD3+) V1/V0<1.31 (−)
                                                    −4.08× [(TregPD1+/CTL CD69+  V1/V0) − 2.16]                                         TregPD1+/CTL CD69+  V1/V0<2.16 (−)
Vaccination: After TMZm,                  Q=340.79×[(CTL CD69+ V0) − 0.04]                 0.76 (p=2×10−4)                   CTL CD69+ V0>0.04 (+)
RTV=0: 29 patients                                +18.42×[(T(CD3+) V1/V0) − 1.05]                                                                 T(CD3+) V1/V0>1.05 (+)
Mean OS=21.76                            −13.29×[(ThCD69−/ThCD69+ V1/V0) − 1.19]                                              ThCD69−/ThCD69+ V1/V0<1.19 (−)
                                                     −18.62×[(ThCD69+/TregCD69− V1/V0) − 0.71]                                           ThCD69+/TregCD69− V1/V0<0.71 (−)
Vaccination: During TMZm,              Q=13.19× [(CTL/ThPD1− V0) − 1.67]                0.84 (p=7×10−6)                  CTL/ThPD1− V0>1.67 (+)
RTV>0: 28 patients                             +493.31×[(TregPD1−/CTL V0) − 0.05]                                                            TregPD1−/CTL V0>0.05 (+)
Mean OS=20.21                             −5.11× [(TregPD1−/CTL CD69+ V1) − 2.89]                                                TregPD1−/CTL CD69+ V1<2.89 (−)
                                                       +5.31× [(TregPD1−/ThCD69+ V1/V0) − 3.04]                                              TregPD1−/ThCD69+ V1/V0>3.04 (+)
Vaccination: After TMZm,            Q=0.95× [(ThPD1+/TregPD1+ V0) − 12.12]            0.92 (p=4×10−8)            ThPD1+/TregPD1+ V0>12.12 (+)
RTV>0: 25 patients                               −119.4×[(TregPD1+/NK V1) − 0.07]                                                              TregPD1+/NK V1<0.07 (−)
Mean OS=17.48                                   +1.21× [(Th/CTL CD69+ V1) − 24.09]                                                          Th/CTL CD69+ V1>24.09 (+)
                                                        −2.21× [(ThPD1−/CTL CD69+ V1) − 13.35]                                                 ThPD1−/CTL CD69+ V1<13.35 (−)

TMZm: Maintenance temozolomide; RTV=0: no residual tumor volume; RTV>0: observed residual tumor volume on postoperative magnetic
resonance imaging. 1Mean OS calculated from all individual OS data obtained at time of data sampling. 2Quantity Q was calculated for each patient.
Q is a sum of quantities of the form [coefficient × (value of feature observed for the specific patient minus the mean of that feature in the specific
patient subgroup)]. 3Respective coefficient of correlation between the quantities Q and quantities (OS minus mean OS) for each patient, and p-
value. 4Description of the immune profile characteristics associated with a high value of OS, as they are implied by the calculation of quantity Q
in the second column; (+) means the higher the better; (−) means the lower the better. Each feature should be considered only in the context of the
feature combination it belongs to and the immune profile this combination implies, and not as a separate quantity associated with OS. 



OS outcome. Owing to the limited number of available
patients, the question of prospective validity of the detected
statistical patterns remains open. However, the proposed
workflow could serve as a basis for more elaborate analyses
aiming at the identification of prognostic markers able to
discriminate between potential long- and short-term survivors.   

Although the prognosis of GBM is universally dismal,
different clinical and biological characteristics do have an
influence on the ultimate outcome of the patients. The role of
the grading of the tumor (grade III versus grade IV), the age of
the patient, the Karnofsky Performance Index, the Minimental
State, the extent of resection and the quality of radiotherapy are
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Figure 2. Canonical correlation analysis of immune profiles versus overall survival (OS). The immune profile is composed of the different FACS-
derived quantities (features). Diagrams for four subgroups are shown. A: Vaccination during temozolomide maintenance chemotherapy (TMZm), no
residual tumor volume after resection; B: vaccination after TMZm, no residual tumor volume after resection; C: vaccination during TMZm, non-zero
residual tumor volume after resection; D: vaccination after TMZm, non-zero residual tumor volume after resection. Each diagram depicts the strong
correlation between Q (x-axis), where Q is the sum of quantities of the form: coefficient × [feature − mean of feature in the specific subgroup], and
OS (y-axis) expressed as the quantity OS being the individual OS in months minus the mean OS, i.e. mean OS for the specific subgroup.



reflected in the RPA and have a prognostic significance (21),
even in the context of additional DC vaccination (26). In
particular the extent of resection has been demonstrated to be
crucial (25, 27). At the molecular level, the methylation status
of O6-methylguanine-DNA methyltransferase (MGMT) in GBM
has been correlated to the response to temozolomide treatment
and OS (28). The distinct epigenetic and biological subgroups
of GBM defined by hotspot mutations in H3 histone family
member 3A (H3F3A) and cytosolic isocitrate dehydrogenase
[NADP(+)] 1 (IDH1) have different OS curves (29). The same
observation was made in the original Glioma Translat study
population from which data for this analysis were sampled
[(15), data not published]. 

It is generally accepted, and demonstrated in at least three
reviews (12-14), that DC vaccination contributes to
improved OS in patients with GBM. Compared to the patient
group described by Stupp et al. (3), RPA class IV patients
were more represented in the current study cohort. The
median OS of the total group in our study (19 months)
exceeded the published median OS of 16 months for RPA
class IV patients, in particular for the patients without RTV
(early vaccination 22 months, late vaccination 23 months)
and for patients with RTV and early vaccination (19 months).
The 2-year OS of 33% of the total study group was higher
than the published 2-year OS of 29%, due to the remarkable
2-year OS data in both RTV=0 subgroups (40% and 45%,
respectively). Although not statistically significant at the
level of median OS, there was a trend for an improved 2-
year OS rate in the late vaccination subgroups as compared
to their respective early vaccination subgroups. 

The production of patient-specific DCs is labor intensive
and expensive because of its categorization as an Advanced
Therapy Medicinal Product. Therefore, a search for
biomarkers that correlate with improved survival and that
can be easily quantified might be of help in counseling
patients for adding DC vaccination to the standard
combination treatment. Most GBMs are considered as
immune ‘cold’ tumors with a lower level of antitumoral
immune cell infiltration due to immunosuppressive soluble
and membrane-bound molecules and the presence of Tregs
and myeloid-derived suppressor cells (30). The presence of
CD3+CD8+ tumor-infiltrating immune cells has been
correlated with prolonged survival in patients with GBM
(31). In addition, systemic immune function is affected not
only by the tumor but also by corticosteroids (31, 32). The
systemic immune system recovers after tumor resection (32),
but is further influenced by adjuvant radiochemotherapy
(22). Therefore, one can argue that for patients with
(sub)totally resected GBMs, as was the case in this series of
patients, the (change of) immune populations in the
peripheral blood compartment immediately prior to and after
radiochemotherapy can be studied as eventual biomarkers for
potential gain in OS upon addition of DC vaccination to the

standard combination therapy. The data on peripheral blood
immune profiles and their strong correlation to OS depicted
here provide the first step for this. The relative role of the
fraction of Th, CTL, Tregs and NK cells without or with
CD69 or PD1 expression is different for the four clinical
subgroups. These correlations are remarkable, taking into
account the extremely complex biological processes between
the blood sampling and the survival time of the patient. 

In conclusion, immune profiles of T-cells detected in the
blood and measured in the periods before and after
radiochemotherapy were correlated with ultimate OS of the
patients. Clinical conditions, such as RTV and time of DC
vaccination influenced the correlations. Prospective
validation studies should be performed to demonstrate the
peripheral blood immune profiles as potential biomarkers in
the context of DC vaccination for GBM.  

Conflicts of Interest

There are no conflicts of interest in relation to this study. 

Authors’ Contributions

MA performed the mathematical/computational analyses and wrote
the first draft of the manuscript. SVG provided the clinical data and
wrote the clinical parts of the manuscript. DD, GS, NG reviewed
the manuscript and suggested important further improvements. GS
and NG supervised the CHIC project and consortium, to which this
subproject belonged.

Acknowledgements
The research leading to these results received funding from the
European Union Seventh Framework Programme (FP7/2007-2013)
under grant agreement no. 600841 (CHIC- http://www.chic-vph.eu/.

References
1 Thakkar JP, Dolecek TA, Horbinski C, Ostrom QT, Lightner DD,

Barnholtz-Sloan JS and Villano JL: Epidemiologic and
molecular prognostic review of glioblastoma. Cancer Epidemiol
Biomarkers Prev 23(10): 1985-1996, 2014. PMID: 25053711.
DOI: 10.1158/1055-9965.EPI-14-0275

2 Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B,
Taphoom MJ, Belanger K, Brandes AA, Marosi C, Bogdahn U,
Curschmann J, Janzer RC, Ludwin SK, Gorlia T, Allgeier A,
Lacombe D, Cairncross JG, Eisenhauer EA and Mirimanoff RO:
Radiotherapy plus concomitant and adjuvant temozolomide for
glioblastoma. N Eng J Med 352(10): 987-996, 2005. PMID:
15758009. DOI: 10.1056/NEJMoa043330

3 Stupp R, Hegi ME, Mason WP, van den Bent MJ, Taphoorn MJ,
Janzer RC, Ludwin SK, Allgeier A, Fisher B, Belanger K, Hau
P, Brandes AA, Gijtenbeek J, Marosi C, Vecht CJ, Mokhtari K,
Wesseling P, Villa S, Eisenhauer E, Gorlia T, Weller M,
Lacombe D, Cairncross JG and Mirimanoff RO: Effects of
radiotherapy with concomitant and adjuvant temozolomide
versus radiotherapy alone on survival in glioblastoma in a

Antonopoulos et al: Immune Phenotypes and OS in GBM

2049



randomised phase iii study: 5-year analysis of the EORTC-NCIC
trial. Lancet Oncol 10(5): 459-466, 2009. PMID: 19269895.
DOI: 10.1016/S1470-2045(09)70025-7

4 Claes A, Idema AJ and Wesseling P: Diffuse glioma growth: A
guerilla war. Acta Neuropathol 114(5): 443-458, 2007. PMID:
17805551. DOI: 10.1007/s00401-007-0293-7

5 Van Gool SW: Brain tumor immunotherapy: What have we
learned so far ? Front Oncol 5: 98, 2015. PMID: 26137448.
DOI: 10.3389/fonc.2015.00098

6 Inoges S, Tejada S, de Cerio AL, Gallego Perez-Larraya J,
Espinos J, Idoate MA, Dominguez PD, de Eulate RG, Aristu J,
Bendandi M, Pastor F, Alonso M, Andreu E, Cardoso FP and Valle
RD: A phase ii trial of autologous dendritic cell vaccination and
radiochemotherapy following fluorescence-guided surgery in
newly diagnosed glioblastoma patients. J Transl Med 15(1): 104,
2017. PMID: 28499389. DOI: 10.1186/ s12967-017-1202-z.

7 Jan CI, Tsai WC, Harn HJ, Shyu WC, Liu MC, Lu HM, Chiu
SC and Cho DY: Predictors of response to autologous dendritic
cell therapy in glioblastoma multiforme. Front Immunol 9: 727,
2018. PMID: 29910795. DOI: 10.3389/fimmu.2018.00727

8 Eagles ME, Nassiri F, Badhiwala JH, Suppiah S, Almenawer SA,
Zadeh G and Aldape KD: Dendritic cell vaccines for high-grade
gliomas. Ther Clin Risk Manag 14: 1299-1313, 2018. PMID:
30100728. DOI: 10.2147/TCRM.S135865.

9 Liau LM, Ashkan K, Tran DD, Campian JL, Trusheim JE, Cobbs
CS, Heth JA, Salacz M, Taylor S, D’Andre SD, Iwamoto FM,
Dropcho EJ, Moshel YA, Walter KA, Pillainayagam CP, Aiken R,
Chaudhary R, Goldlust SA, Bota DA, Duic P, Grewal J, Elinzano
H, Toms SA, Lillehei KO, Mikkelsen T, Walpert T, Abram SR,
Brenner AJ, Brem S, Ewend MG, Khagi S, Portnow J, Kim LJ,
Loudon WG, Thompson RC, Avigan DE, Fink KL, Geoffroy FJ,
Lindhorst S, Lutzky J, Sloan AE, Schackert G, Krex D, Meisel HJ,
Wu J, Davis RP, Duma C, Etame AB, Mathieu D, Kesari S, Piccioni
D, Westphal M, Baskin DS, New PZ, Lacroix M, May SA, Pluard
TJ, Tse V, Green RM, Villano JL, Pearlman M, Petrecca K,
Schulder M, Taylor LP, Maida AE, Prins RM, Cloughesy TF,
Mulholland P and Bosch ML: First results on survival from a large
phase 3 clinical trial of an autologous dendritic cell vaccine in
newly diagnosed glioblastoma. J Transl Med 16(1): 142, 2018.
PMID: 29843811. DOI: 10.1186/s12967-018-1507-6

10 Pellegatta S, Eoli M, Cuccarini V, Anghileri E, Pollo B, Pessina
S, Frigerio S, Servida M, Cuppini L, Antozzi C, Cuzzubbo S,
Corbetta C, Paterra R, Acerbi F, Ferroli P, DiMeco F, Fariselli
L, Parati EA, Bruzzone MG and Finocchiaro G: Survival gain
in glioblastoma patients treated with dendritic cell
immunotherapy is associated with increased NK but not CD8(+)
T cell activation in the presence of adjuvant temozolomide.
Oncoimmunology 7(4): e1412901, 2018. PMID: 29632727.
DOI: 10.1080/2162402X.2017.1412901

11 Yao Y, Luo F, Tang C, Chen D, Qin Z, Hua W, Xu M, Zhong P,
Yu S, Chen D, Ding X, Zhang Y, Zheng X, Yang J, Qian J, Deng
Y, Hoon DSB, Hu J, Chu Y and Zhou L: Molecular subgroups
and b7-h4 expression levels predict responses to dendritic cell
vaccines in glioblastoma: An exploratory randomized phase II
clinical trial. Cancer Immunol Immunother, 2018. PMID:
30159779. DOI: 10.1007/s00262-018-2232-y

12 Wang X, Zhao HY, Zhang FC, Sun Y, Xiong ZY and Jiang XB:
Dendritic cell-based vaccine for the treatment of malignant
glioma: A systematic review. Cancer Invest 32(9): 451-457,
2014. PMID: 25259676. DOI: 10.3109/07357907.2014.958234

13 Cao JX, Zhang XY, Liu JL, Li D, Li JL, Liu YS, Wang M, Xu
BL, Wang HB and Wang ZX: Clinical efficacy of tumor antigen-
pulsed DC treatment for high-grade glioma patients: Evidence
from a meta-analysis. PLoS ONE 9(9): e107173, 2014. PMID:
25215607. DOI: 10.1371/journal.pone.0107173

14 Vatu BI, Artene SA, Staicu AG, Turcu-Stiolica A, Folcuti C,
Dragoi A, Cioc C, Baloi SC, Tataranu LG, Silosi C and Dricu
A: Assessment of efficacy of dendritic cell therapy and viral
therapy in high grade glioma clinical trials. A meta-analytic
review. J Immunoassay Immunochem: 1-11, 2018. PMID:
30497337. DOI: 10.1080/15321819.2018.1551804

15 Dejaegher J: Local and systemic immune interactions in
malignant gliomas, KU Leuven, Leuven, 2017. Available from:
https://limo.libis.be/primo-explore/fulldisplay?docid=LIRIAS
1770405&context=L&vid=Lirias&search_scope=Lirias&tab=def
ault_tab&lang=en_US&fromSitemap=1

16 Rutkowski S, De Vleeschouwer S, Kaempgen E, Wolff JEA,
Kuhl J, Demaerel P, Warmuth-Metz M, Flamen P, Van
Calenbergh F, Plets C, Sorensen N, Opitz A and Van Gool SW:
Surgery and adjuvant dendritic cell-based tumour vaccination
for patients with relapsed malignant glioma, a feasibility study.
Br J Cancer 91(9): 1656-1662, 2004. PMID: 15477864. DOI:
10.1038/sj.bjc.6602195

17 De Vleeschouwer S, Arredouani M, Ade M, Cadot P, Vermassen
E, Ceuppens JL and Van Gool SW: Uptake and presentation of
malignant glioma tumor cell lysates by monocyte-derived
dendritic cells. Cancer Immunol Immunother 54(4): 372-382,
2005. PMID: 15692847. DOI: 10.1007/s00262-004-0615-8

18 De Vleeschouwer S, Fieuws S, Rutkowski S, Van Calenbergh F,
Van Loon J, Goffin J, Sciot R, Wilms G, Demaerel P, Warmuth-
Metz M, Soerensen N, Wolff JE, Wagner S, Kaempgen E and
Van Gool SW: Postoperative adjuvant dendritic cell-based
immunotherapy in patients with relapsed glioblastoma
multiforme. Clin Cancer Res 14(10): 3098-3104, 2008. PMID:
18483377. DOI: 10.1158/1078-0432.CCR-07-4875

19 Ardon H, Van Gool S, Lopes IS, Maes W, Sciot R, Wilms G,
Demaerel P, Bijttebier P, Claes L, Goffin J, Van Calenbergh F
and De Vleeschouwer S: Integration of autologous dendritic cell-
based immunotherapy in the primary treatment for patients with
newly diagnosed glioblastoma multiforme: A pilot study. J
Neurooncol 99(2): 261-272, 2010. PMID: 20146084. DOI:
10.1007/s11060-010-0131-y

20 Curran WJ Jr., Scott CB, Horton J, Nelson JS, Weinstein AS,
Fischbach AJ, Chang CH, Rotman M, Asbell SO, Krisch RE et
al: Recursive partitioning analysis of prognostic factors in three
radiation therapy oncology group malignant glioma trials. J Natl
Cancer Inst 85(9): 704-710, 1993. PMID: 8478956.

21 Mirimanoff RO, Gorlia T, Mason W, van den Bent MJ,
Kortmann RD, Fisher B, Reni M, Brandes AA, Curschmann J,
Villa S, Cairncross G, Allgeier A, Lacombe D and Stupp R:
Radiotherapy and temozolomide for newly diagnosed
glioblastoma: Recursive partitioning analysis of the EORTC
26981/22981-NCIC CE3 phase III randomized trial. J Clin
Oncol 24(16): 2563-2569, 2006. PMID: 16735709. DOI:
10.1200/JCO.2005.04.5963

22 Ardon H, Van Gool SW, Verschuere T, Maes W, Fieuws S, Sciot
R, Wilms G, Demaerel P, Goffin J, Van Calenbergh F, Menten
J, Clement P, Debiec-Rychter M and De Vleeschouwer S:
Integration of autologous dendritic cell-based immunotherapy in
the standard of care treatment for patients with newly diagnosed

ANTICANCER RESEARCH 39: 2043-2051 (2019)

2050



glioblastoma: Results of the hgg-2006 phase I/II trial. Cancer
Immunol Immunother 61(11): 2033-2044, 2012. PMID:
22527250. DOI: 10.1007/s00262-012-1261-1

23 Shawe-Taylor J and Cristianini N: Kernel methods for pattern
analysis. Cambridge University Press: New York, 2004.

24 Preston CC, Maurer MJ, Oberg AL, Visscher DW, Kalli KR,
Hartmann LC, Goode EL and Knutson KL: The ratios of CD8+
T cells to CD4+CD25+ FOXP3+ and FOXP3– T cells correlate
with poor clinical outcome in human serous ovarian cancer.
PLoS One 8(11): e80063, 2013. PMID: 24244610. DOI:
10.1371/journal.pone.0080063

25 Stummer W, Pichlmeier U, Meinel T, Wiestler OD, Zanella F
and Reulen HJ: Fluorescence-guided surgery with 5-
aminolevulinic acid for resection of malignant glioma: A
randomised controlled multicentre phase III trial. Lancet Oncol
7(5): 392-401, 2006. PMID: 16648043. DOI: 10.1016/S1470-
2045(06)70665-9

26 De Vleeschouwer S, Ardon H, Van Calenbergh F, Sciot R,
Wilms G, Van Loon J, Goffin J and Van Gool S: Stratification
according to HGG-immuno RPA model predicts outcome in a
large group of patients with relapsed malignant glioma treated
by adjuvant postoperative dendritic cell vaccination. Cancer
Immunol Immunother 61(11): 2105-2112, 2012. PMID:
22565485. DOI: 10.1007/s00262-012-1271-z

27 Pichlmeier U, Bink A, Schackert G, Stummer W and Group
ALAGS: Resection and survival in glioblastoma multiforme: An
RTOG recursive partitioning analysis of ala study patients.
Neuro Oncol 10(6): 1025-1034, 2008. PMID: 18667747. DOI:
10.1215/15228517-2008-052

28 Hegi ME, Diserens AC, Gorlia T, Hamou MF, de Tribolet N,
Weller M, Kros JM, Hainfellner JA, Mason W, Mariani L,
Bromberg JE, Hau P, Mirimanoff RO, Cairncross JG, Janzer RC
and Stupp R: MGMT gene silencing and benefit from
temozolomide in glioblastoma. N Engl J Med 352(10): 997-
1003, 2005. PMID: 15758010. DOI: 10.1056/NEJMoa043331

29 Sturm D, Witt H, Hovestadt V, Khuong-Quang DA, Jones DT,
Konermann C, Pfaff E, Tonjes M, Sill M, Bender S, Kool M,
Zapatka M, Becker N, Zucknick M, Hielscher T, Liu XY,
Fontebasso AM, Ryzhova M, Albrecht S, Jacob K, Wolter M,

Ebinger M, Schuhmann MU, van MT, Fruhwald MC, Hauch H,
Pekrun A, Radlwimmer B, Niehues T, von KG, Durken M, Kulozik
AE, Madden J, Donson A, Foreman NK, Drissi R, Fouladi M,
Scheurlen W, von DA, Monoranu C, Roggendorf W, Herold-Mende
C, Unterberg A, Kramm CM, Felsberg J, Hartmann C, Wiestler B,
Wick W, Milde T, Witt O, Lindroth AM, Schwartzentruber J, Faury
D, Fleming A, Zakrzewska M, Liberski PP, Zakrzewski K, Hauser
P, Garami M, Klekner A, Bognar L, Morrissy S, Cavalli F, Taylor
MD, van SP, Koster J, Versteeg R, Volckmann R, Mikkelsen T,
Aldape K, Reifenberger G, Collins VP, Majewski J, Korshunov A,
Lichter P, Plass C, Jabado N and Pfister SM: Hotspot mutations in
H3F3A and IDH1 define distinct epigenetic and biological
subgroups of glioblastoma. Cancer Cell 22(4): 425-437, 2012.
PMID: 23079654. DOI: 10.1016/j.ccr.2012.08.024

30 Sokratous G, Polyzoidis S and Ashkan K: Immune infiltration of
tumor microenvironment following immunotherapy for glioblastoma
multiforme. Hum Vaccin Immunother 13(11): 2575-2582, 2017.
PMID: 28362548. DOI: 10.1080/ 21645515.2017.1303582

31 Kmiecik J, Poli A, Brons NH, Waha A, Eide GE, Enger PO,
Zimmer J and Chekenya M: Elevated CD3+ and CD8+ tumor-
infiltrating immune cells correlate with prolonged survival in
glioblastoma patients despite integrated immunosuppressive
mechanisms in the tumor microenvironment and at the systemic
level. J Neuroimmunol 264(1-2): 71-83, 2013. PMID: 24045166.
DOI: 10.1016/j.jneuroim.2013.08.013

32 Rapp M, Ozcan Z, Steiger HJ, Wernet P, Sabel MC and Sorg RV:
Cellular immunity of patients with malignant glioma: Prerequisites
for dendritic cell vaccination immunotherapy. J Neurosurg 105(1):
41-50, 2006. PMID: 16874889. DOI: 10.3171/jns.2006.105.1.41

Received January 15, 2019
Revised February 22, 2019
Accepted February 27, 2019

Antonopoulos et al: Immune Phenotypes and OS in GBM

2051


