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Abstract

Glioblastoma (GBM) generates a varied immune response and understanding the immune microenvironment may lead to
novel immunotherapy treatments modalities. The goal of this study was to evaluate the expression of immunologic markers
of potential clinical significance in primary versus recurrent GBM and assess the relationship between these markers and
molecular characteristics of GBM. Human GBM samples were evaluated and analyzed with immunohistochemistry for
multiple immunobiologic markers (CD3, CDS, FoxP3, CD68, CD163, PD1, PDL1, CTLA4, CD70). Immunoreactivity was
analyzed using Aperio software. Degree of strong positive immunoreactivity within the tumor was compared to patient and
tumor characteristics including age, gender, MGMT promoter methylation status, and ATRX, p53, and IDH1 mutation status.
Additionally, the TCGA database was used to perform similar analysis of these factors in GBM using RNA-seq by expecta-
tion—maximization. Using odds ratios, IDH1 mutated GBM had statistically significant decreased expression of CD163 and
CD70 and a trend for decreased PD1, CTLA4, and Foxp3. ATRX-mutated GBMs exhibited statistically significant increased
CD3 immunoreactivity, while those with p53 mutations were found to have significantly increased CTLA4 immunoreactiv-
ity. The odds of having strong CD8 and CD68 reactivity was significantly less in MGMT methylated tumors. No significant
difference was identified in any immune marker between the primary and recurrent GBM, nor was a significant change in
immunoreactivity identified among age intervals. TCGA analysis corroborated findings related to the differential immune
profile of IDH1 mutant, pS3 mutant, and MGMT unmethylated tumors. Immunobiologic markers have greater association
with the molecular characteristics of the tumor than with primary/recurrent status or age.

Keywords Immune infiltrates - Tumor infiltrating lymphocytes - Immunobiologic markers - High grade glioma -
Glioblastoma

Introduction

Glioblastoma (GBM) is associated with a dismal progno-
sis despite aggressive measures with maximal safe resec-
tion, fractionated radiation and chemotherapy. Most impor-
Electronic supplementary material The online version of this tantly, many novel agents that have had promising results
article (https:/doi.org/10.1007/s11060-017-2732-1) contains in pre-clinical and early human trials have failed in larger
supplementary material, which is available to authorized users. randomized phase I trials [1-3]. Part of these failures can
54 Maryam Rahman be attributed to the remarkable heterogeneity within GBM

mrahman@ufl.edu tumors [4]. This heterogeneity results in a robust ability [5]
for cancer cells to evade therapy through multiple redun-
dant pathways that can be up-regulated to preserve growth
and invasion in the face of targeted therapeutic disruption.
This robustness of GBM continues to hamper the develop-
ment of effective therapeutics for invasive glial tumors. The
attempts to advance promising cancer immunotherapies in
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the treatment of GBM will undoubtedly face similar devel-
opmental challenges. Recently matured late stage immuno-
therapy trials in GBM that have failed to meet clinical study
endpoints highlight these challenges [6-8].

Immunotherapeutic efforts are well underway with vari-
ous approaches including cellular and peptide vaccines, T
cell transfer or immune checkpoint blockade. The efficacy of
these strategies will most likely be dependent on patient and
tumor-related factors that will determine ability to mount
an effective immune response against tumor cells that drive
growth, invasion and resistance. Others have shown that
tumor biology is associated with variable immune infil-
trates when comparing GBM to other gliomas [9, 10]. As
our understanding increases of molecular characterization of
GBM, the interplay between tumor immune infiltrates and
molecular markers is paramount.

Our group previously published that intra-tumoral T cell
infiltrates were associated with survival outcomes in glioma
patients [11]. To build on our previous work, the goal of this
study was to evaluate the expression of immunologic mark-
ers of potential clinical significance in primary versus recur-
rent GBM and assess the relationship between these markers
and clinically relevant molecular characteristics of GBM.

Fig. 1 Examples of IHC staining and Aperio analysis. a Representa-
tions of positive IHC staining for each immune expression marker
including CD70, CTLA4, FoxP3, PD-L1, PD-1 and CD163. b With
each case, only tumor-rich areas (yellow encircled region) were
selected for Aperio analysis to avoid non-specific staining such as
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Methods
Human GBM pathologic specimen analysis

Thirty-eight primary and twelve cases of recurrent glio-
blastoma were collected from the Florida Center for Brain
Tumor Research (FCBTR) for immunohistochemical anal-
ysis, including four paired primary and recurrent cases.
IHC staining of paraffin-embedded, formalin-fixed tissue
blocks was performed using polymer method. Briefly, the
sections were steamed for 30 min in antigen retrieval citra
buffer (Biogenex, Freemont, CA) for antigen retrieval. The
primary antibodies were monoclonal mouse anti-FOXP3
(14-4776; eBioscience), CD70 (CD27L, sc-365539, Santa
Cruz), CTLA-4 (sc-376016, Santa Cruz), PD-L1 (ab58810,
Abcam), PD1 (ab52587, Abcam), CD163 (cm353ak, Bio-
care). A board-certified neuropathologist evaluated each
case utilizing Aperio software for analysis [11] (Fig. 1).
Evaluation was limited to only tumor-rich areas in order to
avoid nonspecific staining, such as that seen in regions of
necrosis. Additionally, the software was calibrated to only
recognize cells with strong positive immunoreactivity.

necrotic regions (star) and plasma (arrow). ¢ Screenshot of Aperio
analysis demonstrating quantification of cell staining. The red arrow
shows the area of the tumor chosen for the analysis. The red cir-
cle shows the cells that stained positively for the marker and were
counted by the Aperio software
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For each immune marker, the percentage of strongly
positive cells over all nucleated cells was calculated for
each case. Using these values, the overall average percent-
age of positive cells for all cases was calculated in addi-
tion to the averages for all primary and recurrent cases.
Additionally, the percentage of macrophages (CD68 and
CD163), CTLA4, CD8" T cells, and FoxP3* T cells was
also calculated for each case and averaged. Reporting of
PD1 values was an exception due to low overall staining.
In this case, positivity was assigned a value from O to 3,
with O representing no detectable immunoreactivity and 3
representing very strong immunoreactivity as previously
described [11]. Averages were calculated similarly to the
other immune markers.

Using odds ratios, patterns of immunoreactivity were
compared between patient characteristics such as age and
gender, as well as tumor characteristics including IDH1,
ATRX, and p53 mutation status and MGMT promoter meth-
ylation status. The immunoreactivity patterns of the paired
primary and recurrent cases were also compared to each
other.

Statistical analysis

The proportion of cells that stained strongly positive for
each of 9 markers was calculated and analyzed as a response
variable. Initially, logistic regression was used to model the
expected log-odds of strongly positive cell staining as a lin-
ear function of combinations of seven covariates of interest:
primary versus recurrent tumor, age, gender, and presence/
absence of ATRX, P53, IDHI1, and MGMT. Fitted mod-
els demonstrated significant overdispersion of errors, so
proportions were logit-transformed and modeled directly
as continuous responses using linear regression. Graphical
assessment of residual errors from these models appeared
reasonably normal.

Because the MGMT status covariate had roughly 60%
of values missing, two parallel analyses were carried out.
One analysis considered all of the study sample observa-
tions and excluded MGMT from consideration as a potential
predictor. The other analysis only included observations with
non-missing MGMT status values. Best models with 4 or
fewer covariates (MGMT excluded) or 2 or fewer covari-
ates (MGMT included) in the model were determined for
each marker among the family of all possible models using
the small-sample Akaike Information Criterion (AICc). The
predictors in these models were then used to adjust estimated
odds ratios for each predictor of each marker. These odds
ratios are summarized in tables that include 95% confidence
intervals and p-values for a Wald test that the odds ratios dif-
fer from 1. Forest plots contrasting the 9 marker odds ratios
for each predictor were also generated.

TCGA analysis

Primary (n=146) and recurrent (n=19) GBM patients
mRNA gene expression data and clinical information were
culled from TCGA GBM RNAseqv2 dataset (currently
available in UCSC repository, https://genome-cancer.ucsc.
edu/proj/site/hgHeatmap/). Patients’ IDH1, ATRX, TP53
gene mutation were derived from TCGA GBM gene-level
non-silent somatic mutation (broad) dataset of UCSC reposi-
tory. Patient’s MGMT promoter methylation prediction were
based on supplementary table from Bady et al.’s publica-
tion [12]. Patients mRNA expression, survival outcomes,
TCGA/WHO subtypes, gene mutation and MGMT promoter
methylation data were mapped into one cohort by Subioplat-
form. This merged cohort was then bifurcated into mutation/
wild-type or methylated/unmethylated groups, respectively.
Normalized, log-transformed RNA-seq by expectation—max-
imization (RSEM) gene expression levels for each immune
marker were analyzed using linear regression, in a manner
similar to that used for strong cell staining responses from
the FCBTR dataset. Differences between mutated and wild-
type strata (IDH1, ATRX, p53) or between methylated and
unmethylated strata (MGMT) were expressed as adjusted
RSEM mean ratios and displayed using forest plots.

We used Cox proportional hazards regression [13] to
assess the effect of TCGA immune marker gene expres-
sion on overall survival in GBM patients. For each immune
marker, gene expression levels were treated as a continuous
predictor. Patients were stratified by wild-type or mutated
(IDH1, ATRX, p53) or by methylated or unmethylated forms
for MGMT. In each immune marker model, we included the
expression levels of the marker, a stratifying variable, and
a term representing interaction between the marker and the
stratifying variable. We used restricted cubic splines [13] to
assess possible non-linearity in the association of immune
markers with survival. We used our fitted Cox models to
estimate hazard ratios (HR) along with 95% confidence
intervals and Wald tests for the null hypothesis HR=1. We
estimated median survival for selected expression levels of
each immune marker and used these estimates to generate
expected median survival trend curves over the range of
observed expression levels.

Results

Table 1 summarizes the demographic and percent of sam-
ples expressing ATRX, p53, IDH-1 and MGMT methylation
status in the human GBM samples from the FCBTR. Over-
all, 61% of samples were from male patients and 18.4% of
samples were IDH-1 mutated. About half of the samples had
no ATRX, p53 or IDH-1 mutation (Table 2). The most com-
mon mutation patterns were isolated p53 mutation (12.5%),
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Table 1 Clinical and molecular characteristics of GBM samples
included in the study

Table 4 Primary versus recurrent GBM sample continuous variables

Variable Group n  Mean (yearsor % SD p value
Variable n n total Percent positive staining)
Recurrent 11 49 22.45 Age Primary 38 61.05 10.67 0.0009
Male 30 49 61.22 Recurrent 11 43.36 12.71
ATRX mutated 9 49 18.37 CD3 Primary 37 035 0.44 0.9416
P53 mutated 14 48 29.17 Recurrent 11 0.33 0.35
IDH1 mutated 9 49 18.37 CD8 Primary 36 0.12 0.14 0.1937
MGMT methylated 7 20 35 Recurrent 11  0.30 0.44
. CD68 Primary 38 5.20 3.39 0.7120
The GBM samples used for the study were mostly newly diagnosed
GBM and from male patients. As expected a fraction of patients had Recurrent 11 5.46 2.06
ATRX, p53 and/or IDH-1 mutated tumors. The majority of samples CD163  Primary 38 6.12 6.40 0.7658
were MGMT unmethylated Recurrent 11 5.56 3.72
FOXP3  Primary 37 035 0.47 0.9279
Table2 The combination patterns of genetic mutations in all GBM Recurrent 10 0.37 0.47
samples PDL1 Primary 37 8.1 7.66 0.4508
ATRX =3 1 DH1 E S p” Recurrent 11 7.42 4.34
tat - t
p>2 mutate requency  Fereent® CTLA4  Primary 38 043 0.59 0.9525
mutated mutated
Recurrent 11 0.27 0.23
N N N 27 56.25 CD70  Primary 34  0.69 1.38 0.3401
N N Y 1 2.08 Recurrent 6 0.82 0.79
N Y N 6 12.50 PDI Primary 38  1.42x10° 3.95x10° 0.4888
N Y Y 6 12.50 Recurrent 11 0.38x10° 0.75x10°
Y N N 5 10.42
% N % 1 208 Bold indicates statistically significant p value <0.05
Y Y N 1 2.08 The patient age and percent positive cell expression of immune mark-
Y Y Y ] 208 ers are shown in primary and recurrent samples. The primary samples

The combination of mutations are shown

Table 3 Primary versus recurrent GBM sample categorical variables

Variable Group n ntotal Percent% p value

Male Primary 23 38 60.53 1.0
Recurrent 7 11 63.64

ATRX mutated Primary 7 38 18.42 1.0
Recurrent 2 11 18.18

p53 mutated Primary 10 37 27.03 0.7075
Recurrent 4 11 36.36

IDH1 mutated Primary 5 38 13.16 0.1786
Recurrent 4 11 36.36

MGMT methylated  Primary 6 19 31.58 0.3500
Recurrent 1 1 100

The patient gender, the clinically relevant mutations (ATRX, p53,
IDH-1) and MGMT methylation status are shown by primary or
recurrent tumor status. No statistically significant differences were
found between the primary or recurrent samples in these variables

pS3 and IDH-1 mutation (12.5%) and an isolated ATRX
mutation (10.42%). The presence of these genetic muta-
tions in primary and recurrent samples is shown in Table 3.
No statistically significant differences in gender, ATRX
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were associated with older patients compared to recurrent samples.
No significant differences in immune marker expression was found
between primary and recurrent samples

mutation, p53 mutation, IDH-1 mutation or MGMT pro-
moter methylation status were found between primary and
recurrent GBM samples. The immune marker expression in
primary and recurrent tumors is shown in Table 4. PD-L1,
CD163 and CD68 had the highest percent positivity. Not
surprisingly, recurrent GBM samples were more likely to be
from younger patients. Otherwise, immune marker expres-
sion did not differ between primary and recurrent samples.
No significant difference in the expression of immune cell
markers was identified between primary and recurrent GBM,
including markers for lymphocytes (CD3, CDS, FoxP3) and
macrophages (CD68 and CD163) (Suppl Fig. 1). The lym-
phocyte and macrophage values between paired cases from
the same patient (4 cases) demonstrated no significant dif-
ferences. Differing age groups also did not correlate with
differences in the immune profiles of GBMs (Suppl Fig. 2).

These samples were analyzed for mutation status and
immune marker expression. The cases that were positive
for IDH1 mutation showed significantly lower odds of
expressing CD163 (macrophages) (p=0.0464) and CD70
(on lymphocytes and tumor cells) (p=0.0428), and also
showed a trend of decreased expression of PD1, CTLA4
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(immune checkpoints), and Foxp3 (regulatory T cells)
(Fig. 2a). The TCGA RNA-sequencing analysis simi-
larly demonstrated that IDH1 mutated tumors had signifi-
cantly lower means ratios of CD163 (p=0.0005), CD70
(p=0.0094) as well as CD3 (T cells) (p=0.0044), CDS8
(cytotoxic T cells) (p=0.0044), PDCD1 (gene for PD-1)
(p=0.0057) and CD274 (gene for PD-L1) (p=0.0192)
(Fig. 2b). ATRX-mutated GBM in the human GBM sam-
ples exhibited significantly increased odds of CD3 immu-
noreactivity (p=0.0306) (Fig. 3a). These results were dif-
ferent in the TCGA analysis which demonstrated decreased

Odds of Strong Positive Cell Staining

A IDH1 - Mutated vs. Wild-Type N
FOXP3 |—o——| a7
CTLA4 ._._, 48
CD3 | ,_._._4 48
CD8+ I—O—:—l 47
CD68 I—OE—I 49
co70- ——— 39
D163 n—@—« 49
PDL1 '—9—' 48
PD1 49
003 01 03 i 3
Odds ratio

Fig.2 Effect of Mutated versus Wild-Type IDH1 on Immune Marker
Expression. a GBM samples were tested for immune marker expres-
sion by IHC and compared based on IDH-1 mutant status. CD70
(p=0.0428) and CD163 (p=0.0464) were significantly lower
in IDH-1 mutated tumors shown as an odds ratio of less than 1. b

QOdds of Strong Positive Cell Staining

A ATRX - Mutated vs. Wild-Type N
FOXP3- v—o-—- 47
CTLA4+ l——-—| 48
CD3+ ’—O—l 48
CD8 '_F'_' 47
CD68 n—o—a 49
CD70 i—o—%—l 40
CD163- l—'—l 49
PDL1 ._._._. 48
PD1 49
0.1 03 ] 3 10
Odds ratio

Fig.3 Effect of Mutated versus Wild-Type ATRX on Immune
Marker Expression. a GBM samples were tested for immune marker
expression by IHC and compared based on ATRX mutant status.
CD3 was significantly higher in ATRX mutated tumors (p=0.0306)
shown as an odds ratio of greater than 1. b TCGA analysis of

means ratio of CD3 (p=0.0043), CD8 (p=0.0011), CD70
(p=0.0060), CD163 (p=0.0135), CD274 (gene for PD-L1)
(p=0.0229), and PDCD1 (gene for PD-1) (p=0.0101) in
ATRX mutated tumors (Fig. 3b). GBM with p53 mutations
were found to have increased odds of expressing CTLA4
(p=0.0225) (Fig. 4a). The TCGA data did not demonstrate
statistically significant differences between p53 mutated or
wildtype tumors (Fig. 4b). MGMT promoter methylated
GBM cases were found to have significantly lower odds of
expressing CD8 (p=0.0489) and CD68 (p=0.0192) than
MGMT unmethylated tumors (Fig. 5a). The TCGA analysis

Mean RSEM

B IDH1 - Mutated vs. Wild-Type N
FOXP3- —— 153
CTLA4 I—O—:—| 153
CD3 —— 153
CD8+ —e— 153
CD68 - l—o—-—c 153
CD70+ ' © | 153
CD163 —e— 153
CD2741 —— 153
PDCD1+ —e— 153

w

001 003 01 03 1
Means ratio

TCGA analysis of GBM samples revealed that CD3 (p=0.0044),
CD8 (p=0.0044), CD70 (p=0.0094), CD163 (p=0.0005), CD274
(gene for PD-L1) (p=0.0192), and PDCD1 (gene for PD-1)
(p=0.0057) were lower in IDH1 mutated tumors. Circled odds ratio
or mean ratio point estimates differ significantly from one at «=0.05

B ATRX - %?23,\5 sf wvnd-Type N
FOXP3 | -—o——| 153
CTLA4 | I—O—‘—c 153
CD3+ —_—— 1 153
CD8 —e— 153
CD68 |—o~;—a 153
cp7o{ © 1 153
CD163- — 153
CD274 ——t 153
PDCD1 —e— 153
001 003 01 03 ] 3
Means ratio

GBM samples revealed that CD3 (p=0.0043), CD8 (p=0.0011),
CD70 (p=0.0060), CD163 (p=0.0135), CD274 (gene for PD-L1)
(p=0.0229), and PDCD1 (gene for PD-1) (p=0.0101) were lower in
ATRX mutated tumors. Circled odds ratio or mean ratio point esti-
mates differ significantly from one at a=0.05

@ Springer



254

Journal of Neuro-Oncology (2018) 137:249-257

QOdds of Strong Positive Cell Staining

A P53 - Mutated vs. Wild-Type N
FOXP3+ —_ 4
CTLA4- j—&— 48
CD3+ '—‘-'—' 47
CD8- '—H—' 46
CD68 '—*—' 48
CD70 e 39
CD1631 —e—— 48
PDL1 '—‘—' 47
PD1 ¢ ' 48
01 03 1 3 10
Odds ratio

Fig.4 Effect of Mutated versus Wild-Type P53 on Immune Marker
Expression. a GBM samples were tested for immune marker expres-
sion by IHC and compared based on p53 mutant status. CTLA4 was
significantly higher in p53 mutated tumors (p=0.0225) shown as

Odds of Strong Positive Cell Staining
A MGMT - Methylated vs. Unmethylated N
FOXP3 —_— 20
CTLA4 ——— 19
CD3 — 20
CD8 '—O—l 20
CD68 —e— 20
cD70 | . | 16
CD163 l—:—O—C 20
PDL1 A I-I—O—I 19
PD1 L J 20
0.1 03 1 3 10
Odds ratio

Fig.5 Effect of MGMT Promoter Methylation on Immune Marker
Expression. a GBM samples were tested for immune marker expres-
sion by IHC and compared based on MGMT promoter methylation
status. CD8 (p=0.0489) and CD68 (p=0.0192) were significantly
lower in MGMT promoter methylated tumors shown as an odds ratio

showed that MGMT methylated tumors had less CTLA4
(p=0.0207), CD70 (p=0.0423) and PDCD1 (gene for
PD-1) (p=0.0044) with only a trend for decreased CD68
(Fig. 5b).

Using the TCGA database, mutation of ATRX, IDH1,
and p53 correlated with molecular subtype of GBM (Fig. 6).
ATRX or IDH1 mutated tumors were more likely to be
proneural [14], p5S3 mutated tumors were either proneural or
mesenchymal. MGMT promoter methylated tumors fell into
all four molecular subtypes. Subsequently, the association of
immune marker RNA expression with overall survival was
analyzed. The factors that were found to be significant on
[HC analysis were used to determine survival associations
using the TCGA dataset. CD8 expression was significantly
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Mean RSEM
B P53 - Mutated vs. Wild-Type N
FOXP3 —i 188
CTLA4 " { 158
cD3 | — 153
cps-| H— 153
CD68 et 183
cD70 ———— 183
CD1631 e 188
CcD2741 — 153
PDCD1 '—'—‘ 153
0.1 03 1 3 10
Means ratio

an odds ratio of greater than 1. b TCGA analysis of GBM samples
revealed no significant differences in mutant and wildtype p53 GBM
tumors. Circled odds ratio or mean ratio point estimates differ signifi-
cantly from one at a=0.05

Mean RSEM

B MGMT - Methylated vs. Unmethylated N
FOXP3 —e—i 118
CTLA4 —— 118
CD3+ = 111
CD8- — 111
CD68 —e— 118
CD70 '_O_'i 111
CD163 l—o—'—c 111
CD274 ._._._. 111
PDCD1-{ —e— 111

01 03 i 3 10
Means ratio

of less than 1. b TCGA analysis of GBM samples revealed decreased
CTLA4 (p=0.0207), CD70 (p=0.0423) and PDCD]1 (gene for PD-1)
(p=0.0044) in MGMT promoter methylated tumors. Circled odds
ratio or mean ratio point estimates differ significantly from one at
a=0.05

associated with survival in GBM. MGMT unmethylated
tumors had decreased survival with very low or very high
expression of CD8, while methylated GBM had increased
survival with low CD8 expression (Fig. 7a, b). This finding
will require further exploration. Other markers were associ-
ated with trends in survival but these did not reach statistical
significance.

Discussion
In this study, we identified a significant correlation of

immune marker expression with mutational profiles of
GBM. However, immune marker expression between
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Proneural Neural
WHO Subtype

Classical

Mesenchymal

ATRX
IDH1L
TPS3
MGMT

- Mutation or promoter methylation

- Wildtype or promoter unmethylation

Fig.6 GBM mutation status and molecular subtype in TCGA dataset.
TCGA data analysis shows molecular subtype of GBM and presence
of ATRX, IDH1, p53 mutation or MGMT methylation status. The red

A GBM with Unmethylated MGMT (N=66)

Median Survival (months)

16 32 64 128 256 512
CDB8A Expression

Fig. 7 Effect of CD8A expression level on median overall survival in
GBM patients. a TCGA analysis demonstrating correlation between
CDS8A expression and survival in GBM tumors that are MGMT
promoter unmethylated. b TCGA analysis demonstrating correla-
tion between CD8A expression and survival in GBM tumors that are
MGMT promoter methylated. The red line indicates the Cox model

primary and recurrent GBM were not significantly differ-
ent. The importance of molecular characteristics of GBM
to predict outcome is reflected in the latest World Health
Organization (WHO) classification of glioma. The 2016
WHO classification incorporates both histological and
molecular characteristics of the tumor given the increasing
evidence that molecular signatures predict tumor behavior
[15, 16]. We have now found that these molecular signatures
may also be important in immune mechanisms related to
tumor control, growth, resistance and ultimately to how a
tumor responds to immunotherapy.

Our data shows that IDH-1 mutated tumors which are
known to have a better prognosis were less likely to express
immune checkpoint receptors, monocyte markers and
regulatory T cells (Treg) markers which are known to be
immunosuppressive. Alternatively, ATRX positive tumors
had discordant results with the IHC evaluation demonstrat-
ing an increase in CD3* T cell infiltration, and the TCGA
analysis demonstrating less CD3* and CD8™ T cells. Tumors
with p53 mutations were more likely to express immune

bars indicate mutation or promoter methylation and the black bars
represent wildtype or promoter unmethylated

B GBM with Methylated MGMT (N=52)
—~ O
o <
ES
s
E gl
~ ®
©
2
<
S o
» N
3
°
O o
= v
p=0.003
o_I T T T T T T T
4 8 16 32 64 128 256 512

CDB8A Expression

estimate of median overall survival (OS) before consideration of
immune marker expression. The solid black line shows the expected
median OS when the immune marker expression level is included as
a predictor in the Cox model. The displayed P-value tests whether the
immune marker hazard ratio from the Cox model differs significantly
from one

checkpoint receptor CTLA4. We also found that MGMT
unmethylated tumors had increased CD8" T cell and mac-
rophage infiltrates. Our data also demonstrate the only sta-
tistically significant effects on survival is the expression
of CD8 in MGMT unmethylated and methylated tumors.
Others have described improved survival in GBM patients
who have more CD8 + T cell infiltrates [17]. Our data dem-
onstrated that MGMT unmethylated tumors did not have
improved survival with increased CD8 + expression. The
other immune markers did not have significant associa-
tion with survival based on gene expression analysis of the
tumors by RNA sequencing. Additionally, the expression of
immune markers measured by IHC within molecular sub-
groups of GBM differed from the transcriptional expression
measured by TCGA. This discordance is most likely multi-
factorial and related to the difference in measuring protein
expression versus transcriptional expression, sensitivity of
the assays employed for measuring quantitative differences,
and the power of the studies driven by differences in sample
size. However, both TCGA and IHC analyses demonstrated
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that immunologic differences within the tumor microenvi-
ronment are notable between molecular subtypes of GBM
tumors and our studies demonstrate that molecular subtype
rather than age of patient or primary versus recurrent disease
is more important in driving immunologic heterogeneity.
These studies suggest that molecular subtype of malignant
gliomas should be incorporated in the analysis of response
to immunotherapy and be considered in the development of
novel immune therapeutics for this patient population.

Other groups have described association of markers of
immune function with molecular characteristics of gliomas.
In a study of 976 gliomas in the Chinese Glioma Genome
Atlas and the Cancer Genome Atlas (TCGA), investigators
found a correlation between PD-L1 expression and mesen-
chymal subtype [18]. They also found these tumors were
more likely to be infiltrated with T cells and macrophages
compared to PD-L1 negative tumors. These data provide
the rationale for potentially stratifying patients enrolled in
immunotherapy trials to maximize benefit. This strategy
could also avoid the likelihood of a negative trial, which has
significantly limited advances in GBM therapeutic efforts.
The definition of immune markers expression groups could
also be used as a surrogate for molecular subtypes of gli-
oma. Determining mesenchymal versus proneural subtypes
require genomic-level analysis which can be costly, time-
intensive and is not utilized clinically. Other groups have
described using immunohistochemistry (IHC) methods as
a surrogate biomarker of certain molecular subtypes of gli-
oma [19]. Therefore, the methods we describe here have the
potential to be used to subclassify gliomas based on immune
infiltrates, and be used to determine which patients could
benefit from certain immunotherapeutic options.

The limitations of this study are small sample size and a
limited analysis of each sample of a tumor that is known for
heterogeneity. Additionally, the PD-L1 immunostain does
not have consensus for interpretation of positive versus nega-
tive. There were very few recurrent samples compared to
primary tumor samples. Despite these limitations, this work
demonstrates that the immune microenvironment of GBM is
associated with molecular subtype, which may have implica-
tions for treatment.

Conclusion

Primary GBM and recurrent GBM samples demonstrated
similar immune infiltrates. However certain genetic markers
such as IDHI, p53, ATRX and MGMT methylation status
correlated with immune infiltrates. These findings may have
implications for immunotherapy moving forward.
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