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A b s t r a c t

Introduction: CD8+ T-cells and MHC-I have been detected in brain gliomas with a significant outcome. The effect of chemo-
therapies on the crosstalk interaction between CD8+ T-cells and MHC-I has never been explored. 
Material and methods: The protein expression profiling of CD8 cytotoxic T-cells and the gene expression assay of MHC-I  
in 35 patients diagnosed with WHO grade 4 astrocytoma were performed. The impact of these two factors on tumor recur-
rence was analyzed.
Results: IDH was wildtype in 13 tumors. MHC-I protein expression was absent or low in 34 tumors and dense in a single 
case. MHC-I gene expression was upregulated in 10 tumors and 25 tumors showed MHC-I gene downregulation. Temo- 
zolomide (TMZ) was given to 24 patients and 11 patients received TMZ plus other chemotherapies. No statistically signifi-
cant association was observed between IDH mutation and CD8+ T-cells (p = 0.383). However, this association was significant  
in recurrence-free interval (RFI) (p = 0.012). IDH-wildtype tumors with highly infiltrated CD8+ T-cells or IDH-mutant tumors 
with low CD8+ T-cells showed late tumor recurrence. There was a statistically significant difference in RFI between tumors with 
different MHC-I expression and CD8+ T-cell counts after treatment with TMZ or TMZ plus (p = 0.026). 
Conclusions: No association between IDH mutation and CD8+ cytotoxic T-cell was found. IDH is directly linked to tumor 
recurrence regardless of CD8+ T-cells infiltration. TMZ plus other adjuvants is proved to be more effective in improving 
patient survival and delaying tumor recurrence, as compared to using TMZ alone. Nonetheless, none-TMZ adjuvants may 
increase tumor sensitization to cytotoxic T-cells more than TMZ. 
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Introduction
World Health Organization (WHO) grade 4 astrocy-

toma has been recently subclassified into IDH-mutant 
and IDH-wildtype categories. IDH-wildtype astrocytoma 
has been recognized as a  glioblastoma. The progres-
sion of the disease is influenced by several factors such 
as patient age, extent of resection, and IDH mutational  
status, all of which have been demonstrated to affect 
the outcome [12]. The interaction between IDH muta- 
tion and other types of cells in the tumor microenviron- 
ment is rarely investigated. The tumor microenvironment 
is considered as an essential area for targeted therapies 
as it involves a heterogenic interaction between differ-
ent cellular lineages. This interaction is dominated by 
neoplastic cells and immune cells [19]. Tumor associat-
ed macrophages (TAMs) and tumor infiltrating lympho-
cytes (TILs) are considered to be the main infiltrating 
immune cells in the brain tumor microenvironment [3]. 
TILs represent an essential component of glioma that 
significantly affects patient outcome [7]. These cells 
may be critically involved in tumor growth and progres-
sion. Intratumoral CD8+ T cells exhibit a highly variable 
transcriptional and functional phenotypes [4,20,23]. 
They represent critical components of the tumor-spe-
cific adaptive immunity that attacks tumor cells [13]. 

The mechanism of interaction between tumor cells and 
TILs, mainly cytotoxic T-cells, is controlled by MHC class I 
(MHC-I) presentation. 

MHC-I molecules play a crucial role in the immune 
response to glioma. These molecules are expressed on 
the surface of the tumor cells and provide tumor-spe-
cific peptides to cytotoxic T-cells, allowing them to iden-
tify and destroy the tumor cells [4] (Fig. 1). Upon anti-
gen recognition, CD8+ T cells undergo rapid chromatin 
remodeling, resulting in T-cell dysfunction [16,17,26]. 
Occasionally, this mechanism may be disrupted by 
TAMs. TAMs can surround tumor cells, hindering their 
identification by cytotoxic T-cells, leading to reduced 
T-cell activation [10,14,23]. Tumor cells can also evade 
the immune system by downregulating MHC-I peptides, 
enabling them to escape destruction by T-cells. Both 
mechanisms used by tumor cells to evade immuno- 
surveillance are not yet clear, and several theories have 
been proposed to comprehend this process. Studies 
examining the association of T-cell infiltration and WHO 
grade 4 astrocytoma prognosis have contradictory find-
ings, with some studies supporting an association be- 
tween T cell density and survival and others not [4,5,9].

Activated TILs are known to be critical in controlling 
tumor progression [6,11,21]. This activation can lead 

Fig. 1. Schematic diagram illustrating the crosstalk mechanism of interaction between CD8+ T-cell and 
MHC-I on a tumor cell. The tumor cell presents MHC-I peptide on its surface to be identified and destroyed 
by CD8+ T-cells. CD8+ T-cells can be inhibited by TAMs and TAMS can also encircle tumor cells to prevent 
them being identified by T-cells, which cause T-cell dysfunction.
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to the production of effector cytokines, including inter-
feron (IFN) from Th1 lineage T-cells [1]. Th17 cells that 
express IFN can have a  tumor-killing effect, whereas 
those that express the immune suppressive cytokine 
IL-10 promote tumor growth [15]. Because MHC-I anti-
gen presentation is considered a key target where CD8 
cytotoxic T-cells bind, the absence of this interaction 
would lead to less T-cell infiltration in the tumor micro-
environment. Thus, MHC-I loss or downregulation may 
cause a  less effective immunotherapy response. Cas-
tro et al. analyzed 10 glioblastoma tissues stained with 
MHC-I and observed that MHC-I loss is a common occur-
rence among patients with glioblastoma. This loss may 
be a major contributor to the failure of immunotherapy 
[2]. The loss of MHC-I  expression due to mutation or 
deletion is frequently acquired during immunotherapy. 
However, this molecular alteration affecting antigen 
presentation may be present prior to treatment. On 
the other hand, high levels of CD8+ T-cells bound to 
MHC-I antigen receptors may cause additional destruc-
tion of tumor cells. The effect of temozolomide (TMZ) 
therapy, with or without additional chemotherapeutic 
agents, in this mechanism of interaction has never 
been described before. 

Our study aimed to investigate the dual effect of 
CD8+ T-cell infiltration and MHC-I presentation on the 
progression of WHO grade 4 astrocytoma. We also 
examined the effect of different chemotherapeutic 
agents on this mechanism.

Material and methods
The study was conducted according to the guide-

lines of the Declaration of Helsinki and was approved 
by a combined Biomedical Ethics Committee between 
KFSH-RC and King Abdulaziz University under reference 
no. CA-2020-06. 

Study population
We reviewed the clinical records and histological 

diagnoses corresponding to 35 tumors diagnosed with 
WHO grade 4 astrocytoma in the period 2014-2020. 
All patients underwent complete surgical resection fol- 
lowed by radiotherapy and chemotherapies. The total 
dosage of radiation was 60  Gy, accompanied with 
a standard course of TMZ [22]. Other chemotherapeu-
tic agents such as chloroethylating agent (lomustine),  
procarbazine and bevacizumab were additionally given 
to some patients. The Ethical Committee at KFSH-RC 
and King Abdulaziz University [CA-2020-06] has 
approved the usage of patient samples in this study. 
Clinical and biological data of all patients enrolled in 
this study are retrieved and summarized in Table I. 
A 4 μm section of each paraffin-embedded block was 

utilized for protein expression measurement of anti-
CD8 and MHC-I. Tissue-extracted RNA was used for 
MHC-I gene expression profiling using real time-poly-
merase chain reaction (qRT-PCR). 

Protein expression measurement 
Anti-MHC-I  (HLA) antibody (mouse monoclonal, 

Abcam, clone [W6/32] Cat# of Ab22432) was utilized 
in the immunohistochemistry (IHC). The assay was 
performed on an automated stainer (Ventana, Tucson, 
US) using an Ultra-View detection kit. The procedure 
consisted of deparaffinization using EZ Prep at 75°C, 
heat pre-treatment with cellular medium for one hour, 
and incubation of 20 minutes at 37°C. The dilution 
was adjusted to be 1 : 400. Skeletal muscle tissue was 
the positive control. Anti-MHC-I  stains the cytoplas-
mic membrane bound tumor cells. Each tissue sec-
tion was examined at low magnification (10×) using 
light microscopy and a  focal non-necrotic area with 
anti-MHC-I  expression was selected to be examined 
at a  higher magnification field (25×). Cells express-
ing MHC-I were considered as MHC-I positive. In each 
selected area, the labelling index (LI) of MHC-1 expres-
sion was assessed through the following equation: 

Labelling Index (%) = [(MHC-I+ TC)/(Total cells) × 100].

This protocol corresponds to the protocol used by 
Castro et al. presented by the American Society of Clin-
ical Oncology Journal [2]. Three staining patterns were 
defined: Absent: 0% expression; Fair: < 50% expres-
sion; Dense: > 50% expression (Fig. 2). Absent and fair 
expression were considered as “low expression”, and 
dense expression was considered as “high expression”. 

Gene expression profiling using RT-PCR
RNA was extracted from 35 tumor samples and 

two controls. The extraction used the RNeasy FFPE Kit  
(QIAGEN 73504) according to the manufacturer’s 
protocol. All centrifugation steps were performed at 
8,000 g for 15 seconds at room temperature. Each par-
affin-embedded block was deparaffinized after vertex-
ing with 1 ml of 99% m-Xylene (Sigma-Aldrich 18556). 
Samples were centrifuged at 17,000 g for 2 minutes to 
pellet the samples. The pellet was then washed with 
1 ml of ethanol (100%) and centrifuged for 2 minutes. 
The ethanol was dried off the samples in a 37°C dry 
bath for 10 minutes. 150 μl of Buffer PKD was mixed 
thoroughly with the pellet and followed with 10  μl 
of Proteinase K. Samples were incubated at 56°C for  
15 minutes followed by incubation at 80°C for 15 min-
utes. The tubes were centrifuged to pellet insoluble 
tissue debris and the supernatant was transferred to 
a clean, RNase-free 1.5 ml tube. The supernatant was 



320

Nadeem Butt, Maryam Enani, Maryam Alshanqiti, Alaa Alkhotani, Taghreed Alsinani, Mohammed Matoog Karami, Motaz M Fadul,  
Majid Almansouri, Amber Hassan, Saleh Baeesa, Ahmed K Bamaga, Shadi Alkhayyat, Eyad Faizo, Maher Kurdi

Folia Neuropathologica 2023; 61/3

mixed with 16 μl of DNase Buffer followed by 10 μl of 
DNase; the DNase was mixed gently by pipetting and 
left to incubate for 15 minutes. 320 μl of Buffer RBC 
was vortexed with the sample and 720 μl or 500 μl 
of ethanol was mixed by pipetting. The lysate-ethanol 
mixture was transferred to a  spin column and cen-
trifuged. The remaining lysate-ethanol mixture was 
added to the spin column, centrifuged, and the flow-
through was discarded. The 500 μl of Buffer RPE was 
also added to the spin column, centrifuged, and the 

flow-through was discarded. Washing with Buffer RPE 
was repeated, then a new collection tube was centri-
fuged empty at 17,000 for 5 minutes. 1 μl of the sample 
was used from the RNA-containing eluates for spectro-
photometric analysis. The rest of the eluate (~19  μl) 
was stored immediately at –20°C. The High-Capacity 
cDNA Reverse Transcription Kit from Applied Biosyste-
ms, 4368814, was utilized to synthesize cDNA. Briefly, 
a master mix was prepared with 1 μl of RT Buffer, 0.4 μl 
of dNTP Mix (100 mM), 1 μl of RT Random Primers, and 

Table I. Biological data of the 35 patients with WHO grade 4 astrocytoma

Age Gender IDH status MHC expression MHC-I gene CD8+ T-cells CTX RFI

24 Female IDH-mutant Absent Downregulated Low expression TMZ 600

21 Male IDH-mutant Absent Downregulated High expression TMZ + 534

25 Male IDH-mutant Absent Downregulated High expression TMZ + 960

29 Female IDH-mutant Faint Downregulated Low expression TMZ 191

29 Male IDH-mutant Absent Downregulated Low expression TMZ + 1217

31 Female IDH-mutant Absent Downregulated Low expression TMZ 747

31 Male IDH-mutant Absent Downregulated Low expression TMZ 680

31 Male IDH-mutant Absent Downregulated Low expression TMZ 359

40 Male IDH-mutant Absent Downregulated Low expression TMZ 550

43 Female IDH-wildtype Absent Downregulated High expression TMZ + 630

44 Male IDH-mutant Absent Downregulated Low expression TMZ 350

48 Male IDH-wildtype Absent Downregulated Low expression TMZ 190

50 Female IDH-wildtype Absent Downregulated High expression TMZ + 1211

51 Male IDH-wildtype Absent Downregulated Low expression TMZ 339

51 Male IDH-wildtype Faint Downregulated High expression TMZ 623

54 Male IDH-wildtype Absent Downregulated Low expression TMZ 485

55 Female IDH-wildtype Absent Downregulated Low expression TMZ 80

56 Male IDH-mutant Faint Downregulated Low expression TMZ 130

56 Female IDH-wildtype Absent Downregulated Low expression TMZ + 290

59 Male IDH-mutant Absent Downregulated Low expression TMZ 229

60 Male IDH-mutant Absent Downregulated Low expression TMZ 461

64 Male IDH-mutant Absent Downregulated Low expression TMZ + 723

66 Female IDH-mutant Absent Downregulated Low expression TMZ 208

67 Female IDH-wildtype Absent Downregulated Low expression TMZ 455

25 Female IDH-mutant Absent Downregulated Low expression TMZ + 198

45 Male IDH-mutant Absent Upregulated Low expression TMZ 293

47 Male IDH-mutant Absent Upregulated Low expression TMZ 566

51 Male IDH-wildtype Absent Upregulated Low expression TMZ 128

59 Female IDH-mutant Absent Upregulated Low expression TMZ 762

59 Male IDH-wildtype Faint Upregulated Low expression TMZ 548

64 Female IDH-wildtype Absent Upregulated Low expression TMZ + 490

78 Male IDH-mutant Absent Upregulated Low expression TMZ 210

80 Male IDH-mutant Absent Upregulated Low expression TMZ 433

83 Male IDH-wildtype Absent Upregulated High expression TMZ + 990

85 Male IDH-mutant Dense Upregulated High expression TMZ + 710

IDH – isocitrate dehydrogenase, MHC-I – major histocompatibility complex-1, CTX – chemotherapy, RFI – recurrence free-interval



321

Chemotherapy and CD+ T-cells and MHC-I

Folia Neuropathologica 2023; 61/3

1 μl of MultiScribe Reverse Transcriptase was mixed 
with 70 ng of RNA, and the final volume was adjusted 
to 10  μl with RNase-free water. For samples whose 
concentration was < 10 ng/μl, the maximum volume  
of RNA was added (7.1 μl). After cDNA synthesis, 170 μl 
of RNase-free water was added. 

The PCR primers for the experimental targeting 
gene (MHC-I) and the reference gene, glyceraldehyde- 
3-phosphate dehydrogenase (GAPDH), were pre-desig- 
ned (PCR-CDA-HSA-HLAB-11). The following primer se- 
quence for MHC-I was used in the sequencing:

Real-time PCR was performed using the EverGreen 
Universal qPCR Master Mix (Haven Scientific, PCR5505), 
according to the manufacturer’s protocol. Briefly, 4.9 μl 
of the resulting cDNA was mixed with 5 μl of the Ever-
Green master mix and the appropriate volume of each 
oligo for the final PCR reaction and final reaction vol-
umes was 0.2 ml in the qPCR 96-Well Plate, Semi-Skirted 
plates from Haven Scientific (PCR-SSP-02). Plates were 
sealed with the Optical Adhesive Seal. The plates were 
processed on the QuantStudio3 system using a specific 
protocol including three minutes at 95°C, 40 cycles of 
95°C for 15 seconds and finally 60°C for 60 seconds.  
The analysis involved two replicates of threshold cycle 
(CT) values for both the target (MHC-I) and reference 
gene (GAPDH). Mean CT and standard deviation were 
determined for both genes from the outcome data of 
RT-PCR. ∆∆CT and ∆CT methods were employed for anal-
ysis. The average CT for both genes was computed from 
the generated data using Data Assist software. Follow-
ing this, the CT value of the target gene was adjusted 
to the CT value of the reference gene. The ∆CT of the 

test sample was then matched to the ∆CT of the con-
trol sample. Using these data, the relative quantifica-
tion (Rq) and fold change (FC) for differential expression 
were determined. ∆CT for the control or test sample 
was calculated by determining the difference between 
the CT value of the target gene and the CT value of the 
reference gene. ∆CT was calculated by taking the dif-
ference between the ∆CT of the test sample and that 
of the control sample. Rq was determined by taking  
2 raised to the power of ∆∆CT. ∆CT values for each 
sample were determined using: ∆CT

 = mean CT refer-
ence gene – mean CT target gene. The gene expression 
results are summarized in Table I.

Statistical analysis
The association between IDH mutation, CD8+ T-cells 

and MHC-I  expression was analyzed using Fisher’s 
exact test. The Kaplan-Meier curve (KMC) and log-rank 
test were used to compare the distribution of recur-
rence-free interval (RFI) with MHC-I  expression, CD8+ 
T-cells, and chemotherapy type. RFI is defined as the 
period from post-surgical resection to the first day of 
tumor recurrence. A p-value of < 0.05 was considered 
statistically significant. All statistical analyses in this 
study were performed using IBM SPSS ver. 24.

Results
The mean patients’ age was 49 years. IDH was wild-

type in 13 tumors (37%). MHC-I protein expression was 
low in 34 (97%) tumors and elevated in one case (3%). 
MHC-I gene expression was upregulated in 10 (28.6%) 
tumors and 25 tumors (71.4%) revealed MHC-I  gene 
downregulation. All patients received post-surgical 
radiotherapy. TMZ was given to 24 (68.6%) patients, 
while 11 (31.4%) patients received TMZ plus other adju-
vant chemotherapies. The mean RFI was 16.7 months. 
All these results are presented in Table I.

Fig. 2. MHC-I protein expression in tumor cells using IHC. A) Low expression, B) dense expression. Magni-
fication 25×.

Primer Sequence Amplicon size

Forward 5′-CCTGAGATGGGAGCCGTC-3′ 89

Reverse 5′-CTCCGATGACCACAACTGCTA-3′ 89

A B
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Relationship between IDH mutation, 
MHC-I expression and CD8+ T-cell 
infiltration 
Although CD8+ T-cells were found less infiltrated 

in IDH-mutant tumors, there was no statistically sig-
nificant relationship between IDH mutation and CD8+ 

T-cell infiltration (p = 0.383) (Table II). There was 
also no statistically significant relationship between 
MHC-I  expression, CD8+ T-cell infiltration and IDH 
mutation (p > 0.05). Nevertheless, IDH-mutant tumors 
with downregulated MHC-I  had less cytotoxic T-cell 
infiltration. 

Correlation of MHC-I, IDH mutation 
and CD8+ T-cell infiltration with RFI
Tumors with different levels of CD8+ T-cells and IDH 

mutational status exhibited a  statistically significant 
difference in RFI (p = 0.012). IDH-wildtype tumors with 
highly infiltrated CD8+ T-cells or IDH-mutant tumors 
with low CD8+ T-cells showed late tumor recurrence 
(Fig. 3A).

The impact of TMZ and TMZ plus 
on RFI of tumors with different 
MHC-I expression levels  
and fluctuating degrees of CD8+ T-cells
We found a  significant difference in RFI among 

tumors with varying levels of MHC-I  expression in 
patients who received either TMZ alone or in combina-
tion with other chemotherapeutic agents (p = 0.026). 
Patients with downregulated MHC-I expression in their 
tumors who received TMZ plus showed a higher likeli-
hood of experiencing late tumor recurrence compared 
to those who received only TMZ (Fig. 3B). We also 
found a statistically significant difference in RFI among 
tumors with varying degrees of CD8+ T-cell expression 

in patients who received either TMZ alone or TMZ plus 
(p = 0.023). Tumors with less infiltrated CD8+ T-cells 
who received TMZ plus had a  late tumor recurrence 
compared to patients who received only TMZ (Fig. 3C). 
This indicates that the use of TMZ plus other chemo-
therapies had a  more pronounced effect on tumor 
recurrence compared to using TMZ alone, regardless of 
CD8+ T-cell infiltration or MHC-I expression. 

Discussion
MHC-I  molecules play a  crucial role in adaptive 

immunity by presenting their peptides to TILs. Once 
T-cells recognize these peptides, they initiate an 
immune response to eliminate the cells presenting 
the peptides. In the tumor microenvironment, the CD8 
cytotoxic T-cell receptor interacts with each tumor cell 
that presents MHC-I peptides, leading to their destruc-
tion by the CD8 T-cell. This reciprocal communication is 
influenced by the capacity of CD8 T-cells to penetrate 
the tumor microenvironment, as well as the frequency 
of MHC-I peptides on the surface of tumor cells. How-
ever, our research found that this interplay between 
CD8+ T-cells and MHC-I peptides is not synergistic, as 
is typical in other contexts (Table II). The imbalance of 
either of these two elements can have an impact on  
the growth and progression of tumors. When 
MHC-I  expression is downregulated, tumor cells may 
evade destruction by CD8+ T-cells, which become inac-
tive as a  result. In this case, regulatory T-cells (Tregs) 
inhibit the activity of CD8+ T-cells and prevent them 
from attacking tumor cells. Hence, tumor cells may 
grow and reproduce to a degree that makes them less 
responsive to treatment [18]. The presence of abundant 
CD8+ T-cells and MHC-I peptides in the tumor microen-
vironment has not been shown to be a  key factor in 
preventing tumor progression.

The mechanism by which tumor cells downregulate 
the MHC-I gene and its presenting peptides to evade 

Table II. The relationship between IDH mutation, MHC-I  gene expression and CD8+ T-cell infiltration  
in tumor microenvironment 

Parameter CD8 T cell expression

High expression Low expression Total p-value

IDH status IDH-mutant 3 (42.9) 19 (67.9) 22 (62.9) 0.383a

IDH-wildtype 4 (57.1) 9 (32.1) 13 (37.1)

MHC-I expression Downregulated 5 (71.4) 20 (71.4) 25 (71.4) 1.000a

Upregulated 2 (28.6) 8 (28.6) 10 (28.6)

IDH and MHC-I IDH-mutant downregulated 2 (28.6) 14 (50.0) 16 (45.7) 0.565a

IDH-wildtype downregulated 3 (42.9) 6 (21.4) 9 (25.7)

IDH-mutant upregulated 1 (14.3) 5 (17.9) 6 (17.1)

IDH-wildtype upregulated 1 (14.3) 3 (10.7) 4 (11.4)

 a Significance values of Fisher’s exact test
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T-cells remains unclear, and several theories can be 
proposed to explain this process. Peptides presented 
by MHC-I  are formed by proteasomal degradation of 
cytosolic proteins and are translocated into the endo-

plasmic reticulum by several receptors such as ERAP1 
(endoplasmic reticulum aminopeptidase) and TAP1 
(transporter associated with antigen processing 1) [2,8]. 
Castro et al. suggested that this transportation process 

Fig. 3. The impact of TMZ and TMZ plus on the recurrence of WHO grade 4 astrocytoma in tumors exhibiting 
different MHC-I and CD8+ T-cell expression.
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may be compromised by TP53 protein activation result-
ing in MHC-I downregulation [2]. It is important to note 
that not all mutations in TP53 lead to reduced expres-
sion of TAP1 and ERAP1, and the correlation between 
TP53 and these transporters may differ depending on 
the type of cancer and specific mutations present.

One potential mechanism responsible for MHC-I 
downregulation is the presence of TAMs. These TAMs 
may conceal the tumor cells, thereby hindering their 
identification by cytotoxic T-cells [10] (Fig. 1). TAMs may 
secrete some factors that block peptidase presentation 
on the MHC-I receptor. Moreover, tumor cells can down-
regulate MHC-I expression as a mechanism of immune 
evasion. This might occur as a result of modifications 
in the expression of transcription factors that control 
MHC-I regulation, as well as abnormalities in signaling 
pathways that oversee its expression. Another factor 
that can also contribute to MHC-I  downregulation in 
the tumor microenvironment is the presence of regu-
latory T cells (Tregs). Tregs can suppress the activity of 
MHC-I presentation and recognition [18]. 

Downregulated MHC-I might be enhanced by che-
motherapies. TMZ is a  standard treatment for WHO 
grade 4 astrocytoma, and it has been shown to have 
an impact on the immune system [25]. In a study per-
formed by Zhang et al., on glioblastoma stem cells 
(GSCs), TMZ enhanced MHC-I  expression, and NF-kB 
was activated. TMZ treatment increased MHC-I expres-
sion via modulation of NF-kB signaling in GSCs. Apart 
from its role as a  chemotherapeutic agent, TMZ can 
also act as an immunomodulatory agent when used 
for treating patients with glioma [27]. Until now, 
no research investigating the association between 
MHC-I  expression or CD8 cytotoxic T-cell infiltration 
and the use of TMZ in combination with other che-
motherapeutic agents has been conducted. However, 
studies have demonstrated that the use of adjuvant 
therapies along with TMZ results in superior outcomes 
in terms of tumor recurrence. Our findings indicate that 
the use of TMZ in combination with other adjuvants 
resulted in improved patient survival and delayed 
tumor recurrence, as compared to patients who were 
solely treated with TMZ (Fig. 3B). One possible expla-
nation for this could be that adjuvant chemotherapies, 
which are not TMZ-based, may have a greater ability 
to sensitize tumors to cytotoxic T-cells compared to 
TMZ alone. This finding suggests that adding adjuvant 
chemotherapies to the treatment protocol for glioma, 
particularly in cases of non-MGMT methylated tumors, 
could be beneficial and should be considered by oncol-
ogists as a routine practice. 

The association between IDH mutation and CD8 
cytotoxic T-cells in the microenvironment of high-
grade glioma has never been thoroughly investigated. 

We found no relationship between IDH mutation and 
CD8+ T-cell expression in the tumor microenvironment. 
The impact was only noticeable when both parame-
ters were compared to RFI. IDH-wildtype tumors with 
highly infiltrated CD8+ T-cells or IDH-mutant tumors 
with low CD8+ T-cells showed late tumor recurrence 
(Fig. 3A). This indicates that no association between 
IDH mutations and CD8+ T-cells has been scientifically 
demonstrated. IDH is directly associated with tumor 
recurrence, irrespective of the density of CD8 cytotoxic 
T-cell infiltration. 

Conclusions
Our study found no scientific evidence linking IDH 

mutation with infiltrated cytotoxic T-cells in the micro-
environment of WHO grade 4 astrocytoma. Nonethe-
less, IDH is directly linked to tumor recurrence. The com- 
bined use of TMZ with other adjuvants has been prov-
en to be more effective in improving patient survival 
and delaying tumor recurrence, as compared to using 
TMZ alone. Hence, non-TMZ adjuvant chemotherapies 
may be more effective in sensitizing tumors to cytotox-
ic T-cells than TMZ.
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