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ABSTRACT

Introduction: Giant cell tumor of bone (GCTB) is a rare, typically benign neoplasm that pri-
marily affects long bones in adults, with clival involvement being extremely rare, particularly 
in pediatric cases: a mini-review shows a total of 28 described cases, of which only 5 were 
truly pediatric (within 14 years of age). Surgery is the treatment of choice, and Denosumab is 
reported to be the most effective drug therapy. To date, the GCTB’s molecular hallmark is the 
somatic mutation p.Gly34Trp, at the H3F3A gene (H3.3 p.Gly34Trp mutation), but in this case, 
the mutation H3.3 p.Gly35Trp was identified.

Case Presentation: A 9-year-old female presented with progressive ocular pain, ptosis, and 
diplopia. MRI revealed a 42 × 32 × 30 mm mass in the clivus and sphenoid body. The patient 
underwent partial resection, and histology confirmed GCTB. Molecular testing revealed the 
presence of the H3.3 p.Gly35Trp mutation, and we demonstrate that this is the true mutation 
associated with GCTB, not the previously described (H3.3 p.Gly34Trp). Due to residual tumor 
tissue, the patient was treated with Denosumab, a RANKL inhibitor. During a 2-year follow-up, 
the tumor size stabilized, and no significant adverse effects were observed.

Conclusion: This case represents the first pediatric clival GCTB harboring the H3.3 p.Gly35Trp 
mutation. Molecular diagnostics played a crucial role in confirming the diagnosis and dem-
onstrating that the true mutation harbored by GCTB is H3.3 p.Gly35Trp and not the formerly 
described (H3.3 p.Gly34Trp). Denosumab therapy effectively controlled the tumor without 
major side effects, although long-term treatment duration and safety require further study.

Keywords: Clivus, bone, giant cell tumor, H3F3A, p.Gly34Trp, p.G35W

INTRODUCTION

Giant cell tumor of bone (GCTB) is a rare neoplasm that typically occurs in the metaphysis 
and epiphysis of long bones. The median age of presentation is approximately 35 years. 
GCTB is extremely rare in pediatric populations, particularly at the base of the skull: only 
a handful of cases have been reported in pediatric patients, with the majority presenting 
in adulthood. One of the major diagnostic challenges is the recognition of the molecular 
characteristics of GCTB: the known mutation associated with GCTB is the H3.3 p.Gly34Trp 
mutation, which has been reported in approximately 90% of cases.1,2 However, in this study, 
we present a pediatric patient with a clival GCTB harboring a distinct but related somatic 
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mutation, H3.3 p.Gly35Trp. This correction in the mutation 
nomenclature is significant and further highlights the impor-
tance of molecular diagnostics in rare cases.

The aim of this report is to document the first pediatric case of 
clival GCTB with H3.3 p.Gly35Trp mutation, to demonstrate that 
the true mutation harbored by GCTB is H3.3 p.Gly35Trp and not 
the previously described (H3.3 p.Gly34Trp), and to highlight the 
diagnostic approach, treatment regimen, and clinical outcome 
after Denosumab therapy.

CASE PRESENTATION

A 9-year-old female presented with progressive bilateral ocu-
lar pain, ptosis of the right eye, and intermittent binocular dip-
lopia over several months. Neurological examination revealed 
no additional deficits, and oculomotor examination, including 
visual field and evoked potential testing, was normal. Initial 
magnetic resonance imaging (MRI) revealed a 42 × 32 × 30 
mm mass centered on the clivus and extending to the sphenoid 
body, partially disrupting the spheno-occipital synchondrosis 
(Figure 1). A full-body computed tomography (CT) scan showed 
no evidence of distant metastases.

Subtotal resection of the lesion was performed using a trans-
sphenoidal surgical approach. Postoperative neuroimaging 
revealed residual tumor tissue. Histologic examination revealed 
a proliferation of mononuclear stromal cells interspersed with 
scattered multinucleated giant cells consistent with GCTB. 
Importantly, no necrosis, pleomorphism, or osteoid/chondroid 
matrix was observed (Figure 2). The differential diagnosis ini-
tially considered included non-ossifying fibroma, giant cell 

Figure 1.  (a) Sagittal soft-tissue window and (b) axial bone window CT scans show a large mass centered in the sphenoid bone, with resorption of the 
dorsum sellae and posterior sphenoid wall (arrows, a). Notice the extensive bone resorption in the central skull base (circle, b). (c) Coronal T2 short-tau 
inversion recovery, (d) sagittal T2-weighted image, and (e) contrast-enhanced sagittal T1-weighted images confirm the presence of a large central skull 
base mass (arrows, d, e), which abuts the posterior fossa posteriorly. Despite its large size, the mass respects the spheno-occipital synchondrosis 
(arrowheads, d, e) and restricts the pituitary fossa, with elevation of the pituitary gland (triangle, d, e).

Figure 2.  Photomicrograph showing: (a) Several multinucleated giant 
cells (hematoxylin and eosin staining; magnification 20×). (b) Scattered 
mitoses in smaller round cells (hematoxylin and eosin staining; 
magnification 40x).
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granuloma, brown tumor, and osteosarcoma, but these were 
excluded based on the histopathologic findings and anatomic 
location.1,2

Molecular analysis of the tumor was performed using PCR and 
Sanger sequencing. The analysis revealed the presence of a 
somatic H3.3 p.Gly35Trp mutation (Figure 3): this result raised 
our curiosity, as the pathogenic molecular variant described in 
the literature in 90% of GCTBs would be p.G34W (H3.3 p.Gly34Trp 
mutation).1 However, we verified that the correct nomenclature 
of the somatic mutation harbored by GCTBs, referring to the 
Locus Reference Genomic (LRG_1410; http:​//www​.lrg-​seque​
nce.o​rg/) of the H3-3A gene, requires us to describe it as 
c.103G>T (p.G35W) as also done in a recent case report.3

Due to the presence of residual disease and the inoperability 
of the remaining tumor, treatment with Denosumab was initi-
ated. Denosumab, a monoclonal antibody targeting the recep-
tor activator of nuclear factor kappa-Β ligand (RANKL),4,5 was 
administered as a subcutaneous injection at a standard dose 
of 90 mg on days 1, 8, 15, and 28. After three months of ther-
apy, follow-up MRI showed a significant reduction in tumor 
size, with resolution of brainstem compression. The patient 
continued Denosumab therapy every 28 days for two months, 
followed by a reevaluation, which demonstrated stability in the 
lesion size. Additional cycles of Denosumab were administered 
every 21 days for four additional administrations, and then 
every 6 weeks for 1 year.

Review of the Literature
Given the rarity of the diagnosis of GCTB in the clival site and 
the discrepancy in how this lesion was molecularly recognized 
in the literature, we proceeded to conduct a literature review on 
the topic, collecting data to compile a summary table through 
the articles cited on PubMed (Table 1). The search considered 
only publications pertaining to primary clivus giant cell tumor 

(GCT), excluding lesions arising at other sites. Since Wolfe’s first 
description in 1983 (the original publication contains a review 
of 10 GCTs of the sphenoid bone, including one from clivus),6 
we identified 28 cases of primary GCT of the clivus.3,6-29 There 
are four publications in the literature that, in addition to report-
ing a case report, conduct a review of the previous literature 
(Zhao, Shibao, Singh, and the last, in 2022, by Pionelli).3,17,26,29 
For the p.Gly34Trp mutation (whose correct nomenclature, as 
described, is p.Gly35Trp), we included in Table 1 all studies that 
investigated this mutation by sequencing (thus excluding cases 
studied only by immunohistochemistry).

DISCUSSION

Giant cell tumor of bone is a rare primary bone tumor that 
accounts for approximately 5% of primary bone neoplasms.1 
It is typically benign, although a subset of tumors may exhibit 
aggressive features such as local invasion, recurrence, and, 
in rare cases, metastasis.9 The clivus, located at the base of 
the skull, is an extremely rare site for GCTB, with only 28 cases 
reported in the literature and only five pediatric cases docu-
mented3,6-29 This case represents the first pediatric case of clival 
GCTB associated with the H3.3 p.Gly35Trp mutation, highlight-
ing the importance of molecular diagnostics.

Molecular Diagnostics
The H3F3A gene mutation is recognized as a hallmark of 
GCTB, with most cases harboring the p.Gly34Trp mutation.1,9 
In our case, molecular sequencing revealed a different muta-
tion, p.Gly35Trp, which led to some initial diagnostic confusion 
due to incorrect nomenclature in earlier reports. The correct 
nomenclature, based on the Locus Reference Genomic, refers 
to the mutation as c.103 G>T (p.G35W). This underscores the 
need for precise molecular analysis in confirming GCTB, par-
ticularly in atypical locations such as the clivus, and in younger 
patients where the diagnosis is especially rare.

Figure 3.  Sequencing electropherogram of a GCTB patient harboring a point mutation, c.103G>T (p.G35W), in the H3-3A gene. DNA was extracted from 
tumor sections (8 µm) using the Genomic DNA FFPE One-Step Kit for the Diatech MagCore® HF16Plus extractor (RBC Bio-science, Taiwan) according to 
the manufacturer’s instructions. Mutation analysis was performed using PCR amplification of the DNA with a specific intronic primer of exon 2 of H3-3A 
(LRG_1410, NM_002107.7). Purified PCR products were sequenced using the BigDye Terminator v1.1 cycle sequencing kit (Life Technologies) and a 3130xL 
Genetic Analyzer (Life Technologies), following the manufacturer’s instructions. The electropherogram represents the output from the Sanger sequencing 
analysis software, identifying a heterozygous missense mutation in the H3-3A gene, c.103G>T (p.G35W). This mutation results from the substitution of G 
with T, causing a change in amino acid 35 from glycine to tryptophan in the H3-3A protein sequence.

86

http://www.lrg-sequence.org/
http://www.lrg-sequence.org/


Turk Arch Pediatr 2025; 60(1): 84-91 Gaggero et al.

Ta
bl

e 
1. 

Li
te

ra
tu

re
 re

vi
ew

 o
n 

gi
an

t c
el

l t
um

or
 o

f b
on

e 
in

 th
e 

cl
iv

us

Pa
tie

nt
 

nr
Re

fe
re

nc
e

Ag
e 

(y
ea

rs
)

Se
x

C
lin

ic
al

 
fe

at
ur

es
Sy

m
pt

om
s 

(w
ee

ks
)

M
RI

 im
ag

in
g

M
ax

im
um

 
le

si
on

 
di

am
et

er
 

(c
m

)
Va

sc
ul

ar
ity

Su
rg

er
y

RT
O

ut
-c

om
e

Fo
llo

w
-u

p 
(m

on
th

s)

p.
G

ly
34

Tr
p 

m
ut

at
io

n 
*(

p.
G

ly
35

Tr
p)

1
W

ol
fe

 
(1

98
3)

6

16
F

H
A,

 D
P,

 B
V

4-
7

-
-

-
SR

Ye
s

Al
iv

e,
 R

T
96

N
ot

 
pe

rf
or

m
ed

2
Ka

ttn
er

 
(1

99
8)

7

9
F

H
A,

 D
P

4
Sp

ac
e-

en
ha

nc
in

g 
le

si
on

, 
T2

 h
yp

o-
 a

nd
 is

oi
nt

en
se

 
m

as
s

-
-

Bi
op

sy
 (T

SS
)

Ye
s

Al
iv

e,
 R

T
12

N
ot

 
pe

rf
or

m
ed

3
Sh

ar
m

a 
(2

00
2)

8

18
F

H
A,

 H
L,

 F
P

24
Sp

ac
e-

en
ha

nc
in

g 
le

si
on

, 
T1

-i
so

in
te

ns
e,

 
T2

-h
yp

er
in

te
ns

e

-
M

od
er

at
e

N
ea

r T
R

Ye
s

Al
iv

e
12

N
ot

 
pe

rf
or

m
ed

4
Sh

ar
m

a 
(2

00
2)

8

12
F

H
A,

 H
L 

rig
ht

, 
FP

, N
R;

 N
T

12
Sp

ac
e-

en
ha

nc
in

g 
le

si
on

, 
T1

-i
so

in
te

ns
e,

 
T2

-h
yp

er
in

te
ns

e

3
M

od
er

at
e

TR
Ye

s
Al

iv
e

12
N

ot
 

pe
rf

or
m

ed

5
Zo

rlu
 

(2
00

6)
9

14
F

H
A,

 D
P

10
Sp

ac
e-

en
ha

nc
in

g 
ly

tic
 

ex
pa

ns
iv

e 
m

as
s 

le
si

on
6

-
SR

Ye
s

Al
iv

e,
 R

T
24

N
ot

 
pe

rf
or

m
ed

6
G

up
ta

 
(2

00
8)

10

17
F

H
A,

 D
P,

 A
, 

VD
24

Sp
ac

e-
en

ha
nc

in
g 

le
si

on
7.

6
M

od
er

at
e

SR
Ye

s
Al

iv
e,

 R
T

24
N

ot
 

pe
rf

or
m

ed
7

Sa
sa

ga
w

a 
(2

01
2)

11

26
M

H
A,

 D
P

-
Sp

ac
e-

en
ha

nc
in

g 
le

si
on

, 
T1

-i
so

in
te

ns
e,

 
T2

-h
yp

oi
nt

en
se

3
H

ig
h

SR
Ye

s
D

ea
th

9
N

ot
 

pe
rf

or
m

ed

8
Ia

co
an

ge
li 

(2
01

3)
12

31
M

H
A,

 D
P

-
Sp

ac
e-

en
ha

nc
in

g 
le

si
on

-
H

ig
h

N
ea

r T
R

N
o

Al
iv

e,
 R

T
72

Ye
s

9
Ro

y 
(2

01
3)

13

19
M

H
A,

 F
H

24
T1

 la
rg

e 
ex

pa
ns

ile
 m

as
s,

 
T2

-h
yp

er
in

te
ns

e
5.

6
H

ig
h

TR
Ye

s
Al

iv
e,

 R
T

18
N

ot
 

pe
rf

or
m

ed
10

M
ah

al
e 

(2
01

3)
14

20
M

H
A,

 R
O

P,
 

re
cu

rr
en

t 
tr

an
si

en
t B

N

10
Is

o-
 to

 h
yp

oi
nt

en
se

 o
n 

th
e 

T1
, T

2 
an

d 
th

e 
FL

AI
R 

im
ag

es

6.
6

H
ig

h
Tr

an
s-

na
sa

l 
En

do
sc

op
y

Ye
s

Al
iv

e
-

N
ot

 
pe

rf
or

m
ed

11
Ag

ra
w

al
 

(2
01

4)
15

62
M

H
A,

 D
P

12
Sp

ac
e-

en
ha

nc
in

g 
le

si
on

-
-

SR
-

D
ea

th
-

N
ot

 
pe

rf
or

m
ed

12
Zh

ao
 

(2
01

4)
3

22
M

H
A

24
Is

oi
nt

en
se

 o
n 

T1
, T

2W
I, 

an
d 

flu
id

-a
tte

nu
at

ed
 in

ve
rs

io
n 

re
co

ve
ry

4.
68

H
ig

h
Tr

an
s-

na
sa

l 
Tr

an
sS

ph
en

oi
da

l 
Su

rg
er

y

Ye
s

Al
iv

e
24

N
ot

 
pe

rf
or

m
ed

13
Yi

ld
iri

m
 

(2
01

4)
16

27
F

H
A,

 D
P

48
En

ha
nc

in
g 

he
te

ro
ge

ne
ou

sl
y 

w
ith

 
co

nt
ra

st

5.
1

M
od

er
at

e
Ex

te
nd

ed
 

En
do

sc
op

ic
 

En
do

na
sa

l 
Ap

pr
oa

ch

Ye
s

Al
iv

e
6

N
ot

 
pe

rf
or

m
ed

14
Sh

ib
a 

(2
01

5)
17

25
M

D
P

4
Sp

ac
e-

en
ha

nc
in

g 
le

si
on

, 
T1

-i
so

in
te

ns
e,

 
T2

-h
yp

oi
nt

en
se

5.
1

H
ig

h
SR

Ye
s

D
ea

th
31

N
ot

 
pe

rf
or

m
ed

87



Pediatric Giant Cell Tumor of the Clivus Turk Arch Pediatr 2025; 60(1): 84-91

Pa
tie

nt
 

nr
Re

fe
re

nc
e

Ag
e 

(y
ea

rs
)

Se
x

C
lin

ic
al

 
fe

at
ur

es
Sy

m
pt

om
s 

(w
ee

ks
)

M
RI

 im
ag

in
g

M
ax

im
um

 
le

si
on

 
di

am
et

er
 

(c
m

)
Va

sc
ul

ar
ity

Su
rg

er
y

RT
O

ut
-c

om
e

Fo
llo

w
-u

p 
(m

on
th

s)

p.
G

ly
34

Tr
p 

m
ut

at
io

n 
*(

p.
G

ly
35

Tr
p)

15
Le

 (2
01

5)
18

49
M

H
A,

 B
V

2
(o

nl
y 

co
m

pu
te

d 
to

m
og

ra
ph

y)
4.

9
-

Le
 F

or
t I

 
os

te
ot

om
y 

an
d 

M
ed

ia
n 

M
ax

ill
ot

om
y 

Ap
pr

oa
ch

Ye
s

Al
iv

e
12

N
ot

 
pe

rf
or

m
ed

16
In

ou
e 

(2
01

6)
19

16
M

H
A,

 ti
gh

t 
oc

ul
om

ot
or

 
N

P

12
Is

oi
nt

en
se

 o
n 

T1
, s

lig
ht

ly
 

hy
po

in
te

ns
e 

on
 T

2
-

-
SR

N
o

Al
iv

e,
 R

T
17

N
ot

 
pe

rf
or

m
ed

17
G

ot
o 

(2
01

7)
20

34
M

D
P

1
H

et
er

og
en

eo
us

 s
pa

ce
 

en
ha

nc
in

g 
le

si
on

, T
1 

is
oi

nt
en

se
, T

2 
sl

ig
ht

ly
 

hy
pe

rin
te

ns
e

-
-

N
ea

r T
R 

– 
En

do
sc

op
ic

 
En

do
na

sa
l 

ap
pr

oa
ch

N
o

Al
iv

e,
 R

T
7

N
ot

 
pe

rf
or

m
ed

18
D

e 
la

 P
eñ

a 
(2

01
7)

21

34
M

H
L 

rig
ht

, D
Z,

 
T,

 ri
gh

t 
fa

ci
al

 N
P

12
H

yp
er

-i
nt

en
se

 le
si

on
-

-
Te

m
po

ra
l 

C
ra

ni
ot

om
y 

an
d 

Tr
an

sN
as

al
 

Tr
an

sS
ph

en
oi

da
l 

Su
rg

er
y

Ye
s

Al
iv

e,
 R

T
48

N
ot

 
pe

rf
or

m
ed

19
Pa

tib
an

dl
a 

(2
01

7)
22

20
M

Le
ft 

H
C

, H
A,

 
V,

 d
ro

op
in

g 
of

 le
ft 

ey
el

id

6
T1

/T
2 

is
oi

nt
en

se
-

-
SR

Ye
s

Al
iv

e,
 R

T
3

N
ot

 
pe

rf
or

m
ed

20
Sa

ta
pa

th
y 

(2
01

8)
23

24
M

H
A,

 D
P,

 V
D

16
Sp

ac
e-

en
ha

nc
in

g 
la

rg
e 

m
as

s 
ce

nt
er

ed
 o

n 
cl

iv
us

5.
7

M
od

er
at

e
TR

Ye
s

Al
iv

e
8

N
ot

 
pe

rf
or

m
ed

21
Sc

ot
to

 d
i 

C
ar

lo
 

(2
01

8)
24

55
F

H
A,

 V
-

Sp
ac

e-
en

ha
nc

in
g 

lo
bu

la
te

d 
m

as
s 

or
ig

in
at

in
g 

fr
om

 th
e 

cl
iv

us

5
-

Su
bo

cc
ip

ita
l 

ap
pr

oa
ch

 a
nd

 
re

do
 s

ur
ge

ry

Ye
s

Al
iv

e
36

Ye
s

22
H

uh
 

(2
01

8)
25

18
F

H
A,

 D
P

4
H

et
er

og
en

eo
us

ly
 

en
ha

nc
in

g,
 h

yp
er

in
te

ns
e 

le
si

on
 in

 th
e 

up
pe

r c
liv

us

-
-

En
do

sc
op

ic
 

En
do

na
sa

l 
Ap

rr
oa

ch

N
o

Al
iv

e,
 R

T
12

N
ot

 
pe

rf
or

m
ed

23
Si

ng
h 

(2
02

0)
26

35
F

H
A,

 D
P,

 B
V

24
Sp

ac
e-

en
ha

nc
in

g 
le

si
on

, 
ho

m
og

en
ou

sl
y 

en
ha

nc
in

g 
sp

ac
e-

ac
cu

py
in

g 
le

si
on

4
H

ig
h

SR
 E

nd
on

as
al

 
En

do
sc

pi
c 

Tr
an

sS
ph

en
oi

da
l

Ye
s

Al
iv

e,
 R

T
6

N
ot

 
pe

rf
or

m
ed

24
Ta

ni
ka

w
a 

(2
02

0)
27

15
M

D
P

8
Sp

ac
e-

en
ha

nc
in

g 
le

si
on

 in
 

th
e 

sp
he

no
id

 s
in

us
 w

ith
 

bo
ne

 e
ro

si
on

-
-

SR
N

o
H

et
er

og
en

eo
us

60
N

ot
 

pe
rf

or
m

ed

25
Yp

ra
k 

Ba
yr

ak
 

(2
02

1)
28

23
M

H
A,

 V
L

-
N

ec
ro

tic
 s

el
la

 m
as

s 
on

 T
1

4.
0

-
En

do
sc

op
ic

 
Tr

an
sS

ph
en

oi
da

l 
su

rg
er

y

Ye
s

Al
iv

e
14

N
ot

 
pe

rf
or

m
ed

26
Yp

ra
k 

Ba
yr

ak
 

(2
02

1)
28

11
F

VL
-

H
et

er
og

en
eo

us
 

co
nt

ra
st

in
g 

m
as

s 
le

si
on

-
H

ig
h

En
do

sc
op

ic
 

Tr
an

sS
ph

en
oi

da
l 

su
rg

er
y

Ye
s

Al
iv

e
5

N
ot

 
pe

rf
or

m
ed

(C
on

tin
ue

d)

88



Turk Arch Pediatr 2025; 60(1): 84-91 Gaggero et al.

Molecular diagnostics in GCTBs are crucial for distinguishing 
between different tumor subtypes, guiding treatment deci-
sions, and improving prognostic accuracy. The discovery of this 
specific mutation further adds to the body of evidence sup-
porting the use of targeted molecular analysis as part of the 
standard diagnostic approach for GCTBs, particularly in cases 
where histology alone may not be definitive.

Treatment with Denosumab
Denosumab has emerged as a key therapeutic option in the 
management of GCTB, especially in cases where surgery is 
not feasible or where there is residual disease following resec-
tion.4,5,32-35 The mechanism of action of Denosumab involves 
inhibition of RANKL, thereby preventing the activation and for-
mation of osteoclasts, which are responsible for bone resorp-
tion in GCTBs. This case demonstrates the effectiveness of 
Denosumab as a neoadjuvant therapy, reducing the size of 
the tumor and stabilizing the residual disease over a two-year 
follow-up period without significant side effects.

The decision to continue Denosumab therapy was based on 
the patient’s positive response, as evidenced by tumor stability 
on imaging and the lack of significant adverse events such as 
osteonecrosis of the jaw or severe hypocalcemia.29,32-35 However, 
it is important to note that while Denosumab is effective in con-
trolling tumor growth, it does not address the neoplastic stro-
mal cells that drive GCTB proliferation. This limitation highlights 
the need for continued monitoring and the potential for future 
therapeutic interventions, including bisphosphonates or surgi-
cal resection, should the tumor become operable.

In pediatric cases, Denosumab has shown promise, but long-
term data on its safety and efficacy are still limited. Side 
effects such as arthralgia, fatigue, and hypercalcemia have 
been reported in adult patients undergoing prolonged therapy, 
and careful consideration must be given to the potential for 
cumulative toxicity in younger patients. The optimal duration of 
Denosumab treatment remains unclear, and further research is 
needed to establish guidelines for long-term use, particularly in 
pediatric populations.34

CONCLUSION

This case report represents the first-documented instance of 
a pediatric clival GCTB with the H3.3 p.Gly35Trp mutation. 
Molecular diagnostics played a crucial role in confirming the 
diagnosis and demonstrating that the true mutation harbored 
by GCTB is H3.3 p.Gly35Trp and not the formerly described 
(H3.3 p.Gly34Trp), while Denosumab therapy proved effective in 
controlling the residual tumor over a two-year period. Although 
the optimal duration and long-term safety of Denosumab ther-
apy are still uncertain, this case provides valuable insights into 
the management of GCTB in pediatric patients and highlights 
the need for ongoing research into both the molecular char-
acteristics of GCTB and the development of novel therapeutic 
strategies.

Availability of Data and Materials: The data supporting the findings of 
this study are available within the article and/or its supplementary 
materials.Pa
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