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A b s t r a c t

IDH-wild type (WT) histological low-grade gliomas are a  rare group with distinct character and prognostic het-
erogeneity. Studies involving genetic and molecular analyses are warranted to stratify these patients into specific 
entities for the facilitation of tumour management. In this study, we reported a novel IDH-WT glioma with histo-
logical characteristics of a low-grade tumour. Preoperative CT revealed massive calcification of this lesion and MRI 
showed a mixed hyperintense and hypointense signals on both T1- and T2-weighted images with a slight contrast 
enhancement. Micrography revealed dense deposits of calcium and diffuse microhaemorrhage in the tumour mass. 
Immunohistochemical staining showed diffuse expression of CD34 in neoplastic cells but uncertain positivity of glial 
fibrillary acidic protein (GFAP). Further sequencing found telomerase reverse transcriptase (TERT) promoter muta-
tion in this tumour. Though the patient underwent surgical treatment followed by radiotherapy and temozolomide 
chemotherapy, the tumour recurred at the eight-month follow-up postoperatively. Taken together, extensive CD34 
expression and TERT promoter mutation may empower the potential of malignant transformation to IDH-WT histo-
logical low-grade glioma to rapidly progress into glioblastoma. 
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Introduction

Adult diffuse gliomas characterized by histo-
logical and genetic heterogeneity are refined by 
2016 World Health Organization (WHO) classifica-
tion concerning morphological characterizations 
and molecular alterations, especially mutations 
in the IDH1 and IDH2 genes. Thus, IDH mutations 
stratify both entities of glioblastoma (GBM) and 
diffuse low-grade glioma with a  relatively favour-

able prognosis compared to their IDH wild-type 
(IDH-WT) counterparts [5]. In contrast to the prev-
alence of wild-type status of IDH in GBM, IDH-WT 
tumours account for only a small proportion of low-
grade gliomas. However, prognostic heterogeneity 
still exists in the minority group with varieties in 
clinicopathological features and imaging character-
istics. Investigations in molecular pathogenesis are 
increasingly needed to understand the essential 
nature of IDH-WT low-grade gliomas and facilitate 
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rapid integration into the current clinical classifi-
cation and management. In this report, we present 
a novel case with histological characteristics of low-
grade glioma and wild-type status of IDH harbour-
ing diffuse CD34 expression and telomerase reverse 
transcriptase (TERT) promoter mutation and pro-
gressing rapidly.

Case presentation

Informed consent was obtained from the patient. 
A 51-year-old woman began with intermittent head-
ache attacks for 12 days and also suffered from short 
episodes of partial seizures for one week. History- 
taking and neurological examination at the time of 
evaluation revealed no abnormalities. Computed 
tomography (CT) scans showed a lesion with exten-
sive calcification in the right parietal lobe (Fig. 1A). 
Unusually, magnetic resonance imaging (MRI) impli-
cated an ill-defined mass accompanied by a  cystic 
change and haemorrhage. Patchy heterogeneous 

hyperintensity was presented on T1-weighted 
images with a  slight and heterogeneous contrast 
enhancement, hypointense was seen in round-like 
areas on both T1- and T2-weighted images, and 
diffusion-weighted images (DWI) showed high-
low mixed signals of this lesion (Fig. 1B-E). Further 
T2 star-weighted angiography (SWAN) showed 
hypointensity of the lesion with some curved strip-
like signals, indicating artery-venous malformation 
(AVM) with haemorrhage (Fig. 1F). However, cerebral 
angiography without remarkable findings preclud-
ed the diagnosis of AVM. No significant changes 
of Cho and NAA were detected by magnetic reso-
nance spectroscopy (MRS) (Fig. 1G) as well. Then, 
the patient underwent surgery. Intraoperative obser-
vation demonstrated a  massively calcified tumour 
with a visually indistinct border. Postoperative image 
study revealed that the lesion was totally resect-
ed (Fig. 2A). And the patient was immediately sei-
zure-free, and the headache significantly alleviated.

Fig. 1. Preoperative CT and MRI imaging of the lesion. A) Axial CT scans show a massively calcified lesion 
in the right parietal lobe. B-D) MRI shows an ill-defined and irregular mass with high-low mixed signals on 
both T2- and T1-weighted images and a slight contrast on enhanced images. E) Diffusion-weighted images 
(DWI) show heterogeneous signal intensity in the lesion region. F) T2 star-weighted angiography (SWAN) 
show hypointensity of the lesion with some curved shape-like signals. G) Neither abnormally elevated Cho 
nor abnormally reduced NAA is detected by magnetic resonance spectroscopy (MRS).
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Fig. 2. Postoperative MRI and imaging follow-up of the lesion. A) Postoperative MRI reveals total resection 
of the lesion. B) MRI at the 3-month postoperative follow-up demonstrates no evidence of tumour relapse. 
C-E) MRI at 8 months after the operation show enhanced lesions around the residual cavity. F) MR perfu-
sion-weighted imaging (PWI) reveal high perfusion of the new lesion located infra-anterior to the cavity.  
G) Spectroscopy imaging (MRS) reveal the elevated Cho signal and increased Cho/NAA ratio of the region of 
interest within the new lesions. H-J) MRI at the one-year follow-up reveals a bigger size of the new lesions 
than that shown in the last examination.
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Pathological examinations showed a glial tumour 
composed of oval or round cells with small nuclei and 
ample cytoplasm (Fig. 3A, B). Mitosis, nuclear atypia, 
necrosis, vascular proliferation, eosinophilic granular 
bodies, and Rosenthal fibres were all absent in the 
predominant tumour cells. Extensive calcification was 
identified in the main tumour mass and diffuse micro-
haemorrhage was observed in some places (Fig. 3C, D).  
Remarkably, immunohistochemistry revealed an inten-
sive and diffuse positivity for CD34 within neoplastic 
cells (Fig. 3E). There were also immunopositivity for 
NSE, epidermal growth factor receptor (EGFR), ATRX, 
and glial marker Olig-2 but uncertain positivity of glial 
fibrillary acidic protein (GFAP) staining on the tumour 
cells (Fig. 3F, G). And the tumour cells also showed 

focally positive for VIM, but negative immunostaining 
for P53, TopoII, CyD1, EMA, and IDH1 (Fig. 3H). The 
ki-67 labelling index was 1% (Fig. 3I). The FISH analysis 
showed the wild-type status of chromosome 1q and 
19q. Sequence analysis demonstrated no mutation 
in IDH1, IDH2, ATRX, TP53, H3F3A, HIST1H3B, BRAF 
V600E, EGFR, PIK3CA, PTEN, but c.1-146C>T in TERT 
promoter. Other gene mutations detected by the tar-
geted sequencing was shown in Table I. An extreme-
ly low rate (3.94%) of MGMT promoter methylation 
was found by bisulfite sequencing. The copy number 
of EGFR was 2.91 without amplification, and chromo-
some 7 gain but no chromosome 10 loss was found. 
The status of microsatellite of this tumour was stable 
and its tumour mutation burden was 3.0/MB.

Fig. 3. Micrographic findings of the lesion. A, B) Micrography reveals a moderately cellular tumour com-
posed of oval or round cells with small nuclei (A, 10×; B, 40×). C, D) Extensive deposits of calcium and dif-
fuse microhaemorrhage in the tumour mass are observed (10×). E) Immunohistochemical staining demon-
strates strong positivity of CD34 in neoplastic cells (10×). F, G) The tumour cells are uncertainly stained for 
GFAP but intensively stained for Olig-2 (10×). H) Mutant IDH1 staining is negative in this tumour. I) Staining 
of ki-67 indicates proliferation index as 1% (10×).
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Table I. List of all mutated genes detected in this case

Gene name Changes of nucleotides Mutation 
frequency (%)

ABCD1 c.1823G>A 5.13

ABCD1 c.1816T>C 5.00

ACAN c.4281T>G 10.15

AGRN c.5399G>A 10.71

AKTIP c.318G>C 8.89

ALPP c.37_39delTGC 9.09

ANKRD30BP2 n.3005+1G>T 5.00

ASCC3 c.4351A>C 16.11

C9orf3 c.1437T>G 11.62

CACNA1I c.843T>G 11.04

CAMKV c.308C>T 8.38

CASC3 c.1035T>G 12.05

CCDC14 c.640G>C 7.03

CCDC168 c.14664A>G 7.25

CCL14 c.79+1G>A 11.50

CHRNA3 c.1258A>C 13.98

CHRNG c.528T>G 10.00

CIDEA c.40C>T 7.69

CNN2 c.965C>A 5.56

COL22A1 c.1219C>T 14.12

CORO1C c.1366A>C 11.69

CPNE1 c.685A>C 13.01

DCAF11 c.889A>C 12.12

DCAF11 c.887A>C 12.12

DDO c.1048G>A 5.63

DDX11 c.664C>T 5.08

DMTF1 c.88A>C 9.63

DNAH6 c.10702C>T 23.08

DNAJC16 c.1199A>C 19.80

DNHD1 c.6535A>C 11.64

ELF3 c.15T>G 21.37

EML6 c.909T>G 12.32

ERN1 c.1057A>C 12.50

FAHD2A c.80T>G 6.76

FAM155A c.256_258delCAG 10.81

FAR2 c.853A>C 13.78

FAT4 c.3983T>G 13.92

FBN2 c.737C>T 10.13

FBXL13 c.655G>C 38.00

FCAMR c.1208A>C 19.59

GPR50 c.914A>T 9.23

GRIA1 c.1641T>G 14.53

GRIA4 c.1635T>G 15.63

GUCY2F c.3167A>T 17.05

HEXDC c.26T>G 19.70

HSPA4 c.84T>G 11.37

IGHV5-51 c.331G>A 11.56

IKZF3 c.104A>C 17.36

IPO8 c.1008T>G 19.27

ITPR3 c.1996A>C 8.74

KMT2D c.10774A>C 21.56

LILRA1 c.1387A>C 11.21

LOC101060017 c.145C>T 6.82

LOC440243 c.1691A>C 5.31

LRP4 c.4188T>G 6.44

Gene name Changes of nucleotides Mutation 
frequency (%)

LRRIQ3 c.1450C>T 14.89

MAP1A c.6190A>C 15.24

MAP2 c.633T>G 7.36

MDN1 c.9869A>C 13.78

MID2 c.600T>G 15.65

MINOS1-NBL1 c.148G>A 9.02

MTRR c.1430C>G 10.23

NF1 c.305T>G 13.83

NPC1 c.3038T>G 15.96

NPIPB15 c.578G>A 9.86

OR10G2 c.600T>G 10.33

OR4S1 c.510T>G 14.11

OR7E24 c.989A>C 12.42

PDE1A c.237T>G 15.91

PDLIM7 c.898G>A 18.75

PHF24 c.390T>G 18.68

PLEKHO1 c.126A>C 6.90

PLEKHO1 c.125A>C 7.02

PLEKHO1 c.127A>C 6.87

PRDM12 c.570+16_570+17del 6.56

PRRC2C c.800T>G 6.80

PRUNE2 c.7239delA 10.40

PTPRK c.2686A>C 10.02

PTPRZ1 c.2043_2076dupACGTGTTGATG
AATCTGAGAAGACAACCAAGTCC

8.26

QKI c.150_152delAGC 11.54

RELN c.1402A>C 9.09

RPTN c.1811C>A 8.20

RTKN2 c.175A>C 19.17

SASH1 c.1732A>C 17.83

SEMA6D c.1253+2T>G 11.44

SIPA1L1 c.742A>C 5.97

SLC25A3 c.34A>C 9.86

SLC44A1 c.625A>G 8.55

STIM1 c.1013A>C 12.39

STX3 c.86C>T 5.25

TCF20 c.1292A>C 12.08

TECTA c.870T>G 7.95

TERF2IP c.910_912delGAA 6.52

TERT c.1-146C>T 14.18

TFAP2D c.1306C>T 14.89

THBS1 c.3003T>G 14.63

TMEM39A c.179G>A 6.12

TNC c.3907A>C 14.36

TPST2 c.964A>C 14.21

TTN c.7229A>C 8.82

TTN c.27601A>C 8.49

WDR6 c.3020A>C 8.38

XIRP1 c.5294T>G 13.11

ZNF260 c.790A>C 9.73

ZNF343 c.1900A>C 19.77
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Subsequently, the patient received the Stupp pro-
tocol containing concomitant temozolomide (TMZ) 
and radiotherapy followed by 6 cycles of TMZ, which 
was developed by our multidisciplinary team includ-
ing neurosurgeons, neurooncologists, pathologists, 
radiologists, and radiotherapists. Enhanced MRI 
examination at the 3-month postoperative follow- 
up demonstrated no evidence of tumour relapse  
(Fig. 2B). However, 5 months later, the patient pre-
sented with a slight headache and received an MRI 
scan, which showed several enhanced nodules 
around the residual cavity (Fig. 2C-E). Then, MR per-
fusion-weighted imaging (PWI) and spectroscopy 
imaging (MRS) were suggested to help differentiate 
pseudoprogression from glioma progression. High 
perfusion and increased Cho/NAA ratio of the region 
of interest indicated tumour progression (Fig. 2F, G). 
But the patient and her family refused reoperation, 
and the recurrent lesion grew rapidly at the one-year 
follow-up (Fig. 2H-J). 

Discussion

A  lot of evidence has demonstrated that IDH-
WT gliomas have distinct character compared to 
IDH-mutant tumours. Importantly, the status of IDH, 
combined with 1p/19q co-deletions, reclassifies the 
whole entity of histological low-grade gliomas with-
in the 2016 WHO classification. Moreover, the group 
of IDH-WT histological low-grade gliomas probably 
still includes a  variety of subclasses with distinct 
morphological appearances, molecular pathogene-
sis and clinical outcomes. Further stratification by 
genetic analyses is warranted to resolve the majority 
of cases into other tumour entities.

Pre-GBM is a  newly-established but rare group 
involving IDH-WT diffuse astrocytoma, featured 
by a  specific set of molecular markers containing 
high-level EGFR amplification, combination of whole 
chromosome 7 gain and whole chromosome 10 loss 
(+7/–10) or TERT promoter mutation, as recom-
mended by the Consortium to Inform Molecular 
and Practical Approaches to CNS Tumor Taxonomy 
(cIMPACT-NOW) [4]. Even though there are no his-
topathological signs of high-grade nature in these 
tumours, they show genetic and/or epigenetic pro-
files characteristic of GBM, behave most aggressively 
resembling GBM, and have a similar clinical course. 
Current findings reveal that this type of glioma may 
represent an early stage of GBM and rapidly progress 

into histologically grade IV tumour. Though our case 
met the diagnosis criteria of molecular features, 
the morphological features and uncertainly positive 
GFAP expression, combined with the aberrant and 
extensive expression of CD34 on tumour cells, com-
plicated the diagnosis of the tumour in our study as 
a diffuse astrocytoma. 

CD34 is identified as a marker of hematopoiet-
ic progenitor cells and is also expressed by vascular 
endothelial cells. In the normal brain, this protein 
appears transiently in the central nervous system 
during early neurulation and cannot be detected in 
mature neuroectodermal progenies [7]. But CD34 
expression has been demonstrated in neuroepitheli-
al neoplasia, particularly in some types of low-grade 
glioma with distinct features. As reported, CD34 
immunoactivity had been observed in pleomorphic 
xanthoastrocytomas (PXA) and ganglioglioma with 
high frequency (present in 50-80% of both groups) 
and was often seen recorded in pilocytic astrocytoma 
(PA) [6,7]. However, PXA is characterized by cellular 
pleomorphism with spindle cells, large pleomorphic 
and frequently multinucleated cells, granular bodies, 
and positive reticulin staining [10,18]. Likewise, PA 
possesses the characteristic of eosinophilic granular 
bodies as well as Rosenthal fibres and a  biphasic 
microcystic pattern, and ganglioglioma is a  combi-
nation of neuronal and glial cell elements and also 
harbours Rosenthal fibres and eosinophilic gran-
ular bodies in many cases. Moreover, BRAF V600E 
mutations occur in a significant proportion of these 
types of tumours and are associated with CD34 
expression [6,10,11]. Another type of low-grade 
neuroepithelial tumours called polymorphous low-
grade neuroepithelial tumour of the young (PLNTY) 
exhibits intense labelling for CD34, but PLNTY also 
shows histopathological variability with frequent-
ly prominent oligodendroglioma-like components 
and specific DNA methylation signature and genetic 
alterations [3,13]. These underline the importance of 
morphological examinations combined with molec-
ular analysis in the differential diagnosis of gliomas 
with unusual histopathological features and indicate 
an entirely different entity involving our case lacking 
these morphological and molecular characteristics. 
This entity may also comprise another paediatric 
case of low-grade glioma with extensive expression 
of CD34 [15]. Furthermore, diffuse CD34 expression 
in such novel gliomas with aggressive behaviours 
may reflect the inherent nature of tumour develop-
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ment. A more recent study found that glioma stem 
cells with differentiation into endothelial cells could 
form new blood vessels and these glioma-derived 
endothelial cells were immunoreactive for CD34 and 
GFAP [14]. These CD34-expressing glioma cells may 
play an important role in neovascularization to pro-
mote the tumor to grow aggressively.

TERT mutations have been investigated deeply 
into glioma classification and prognosis. Hotspot 
mutations in the TERT promoter leads to increased 
telomerase activity for maintaining tumour malig-
nant phenotypes. TERT promoter mutations occur 
frequently in primary GBM and almost all IDH-mu-
tant, 1p/19q-codeleted oligodendroglioma [12], while 
they are less likely to appear in diffuse astrocytoma 
[1] and are occasionally found in some types of IDH-
WT glial neoplasms without WHO grade IV histology 
or aggressive behaviour (for example, PXA, ganglio-
glioma, anaplastic glioma with piloid features, and 
ependymoma) [19]. Moreover, previous observations 
implicate an inverse association of TERT promoter and 
IDH mutations in GBM, conversely, IDH mutant group 
accounts for a large proportion of diffuse astrocytoma 
with TERT promoter mutations [8,9]. These findings 
indicate different roles of TERT in glioma initiation. 
The status of TERT promoter has also been found as 
a strong prognosticator not only in GBM, but also in 
diffuse gliomas with non-GBM histology. As demon-
strated, IDH-mutant/TERT-mutated GBM showed 
the most favourable prognosis followed by the IDH- 
mutant/TERT-WT group, and IDH-WT/TERT-mutant 
tumours displayed a  significantly shorter survival 
time than any other group [2]. In WHO grade II and 
grade III IDH-WT gliomas, the presence of the TERT 
promoter mutation was also associated with poor 
prognosis [17]. Further integrated analysis implied 
that the survival of IDH-WT diffuse lower-grade glio-
mas with only TERT promoter mutation well matched 
the survival of the IDH-WT GBMs [16]. These findings 
support the clinical and biological similarity between 
the two histological types of gliomas. 

Either way, the case in our study showing his-
tological features of low-grade tumours, wild type 
status of IDH, extensive CD34 expression, and TERT 
promoter mutation is a  rapidly progressing malig-
nant tumour and should be taken into account as 
a member of the pre-GBM group. Herein, we exhib-
ited specific imaging characteristics and pathologic 
findings of one tumour, but more detailed informa-

tion about this entity requires future investigations 
on a large scale.
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