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Introduction Giant cell tumors of bone (GCTBs) are treated with surgery with or
without local adjuvants. Denosumab is a human monoclonal antibody that has recently
emerged to be effective in treating unresectable and recurrent GCTBs.

Objective In this study, we analyzed the histomorphological changes in GCTB fol-
lowing treatment with denosumab. The expression of histone mutation H3.3G34W
by immunohistochemistry (IHC) using mutant specific antibody was also determined.
Materials and Methods Of the total 109 GCTBs encountered during the study period,
14 cases with neoadjuvant denosumab therapy were analyzed retrospectively. The
post-treatment changes on histopathology were examined on routine hematoxylin and
eosin-stained sections. IHC was done using antihistone H3.3G34 antibodies. Statistical
analysis was limited to descriptive statistics. No hypothesis testing was performed.
Results Allthese cases except three showed fibrosis with areas of hyalinization, prom-
inent newly formed woven bone along with spindle cells in short fascicles and stori-
form pattern. There was complete absence and marked reduction in osteoclast-like
giant cells in six and five patients, respectively. Only three patients showed a sub-
stantial amount of residual osteoclast-like giant cells. IHC with antihistone H3.3G34W
antibody showed unequivocal nuclear positivity in the mononuclear cells in nine cases.
The mononuclear cells rimming and entrapped within the woven bone were also posi-
tive on IHC. The spindle cells in the benign fibrous histiocytoma-like areas and septa of
aneurysmal bone cyst-like areas also retained nuclear staining.

Conclusion Awareness of post-denosumab-related histopathological changes are
necessary to avoid misdiagnosis as fibroosseous lesion and low-grade central osteosar-
coma. Expression of mutant-specific H3.3 G34W antibody suggests that the neoplas-
tic stromal cells are largely retained after denosumab therapy. The positive staining
of cells both within and those rimming the newly formed woven bone point toward
osteoblastic phenotype of the neoplastic stromal cells.
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Introduction

Giant cell tumor of bone (GCTB) is a locally aggressive neo-
plasm composed of mononuclear neoplastic cells with an
osteoblastic precursor phenotype, mononuclear macro-
phage, and osteoclast-like multinucleated giant cells. These
typically affect ends of long bones and are generally treated
with surgery, either en-bloc resection or curettage with or
without local adjuvants. The mononuclear neoplastic cells
in GCTB express high levels of receptor activator of nuclear
factor NF-K B ligand (RANKL) that binds to tumor necrosis
factor-induced receptor activator of nuclear factor NF-K 8
(RANK) receptors expressed on multinucleated osteoclast-like
giant cells and its mononuclear precursors.! Such interaction
of RANK-RANKL leads to recruitment of osteoclast precur-
sors promoting osteoclastogenesis and bone resorption. The
RANKL/RANK/OPG system plays an important role in the reg-
ulation of bone growth and turnover. Osteoprotegerin (OPG)
acts as a decoy receptor for RANKL and inhibits the stimu-
lation of osteoclast differentiation. In normal physiological
conditions, there is a balance between RANK, RANKL, and
OPG.23

Denosumab is a human monoclonal antibody that binds
to RANKL with high affinity, preventing its interaction
with RANK on the surface of osteoclasts and its precur-
sors.*® Studies have shown its efficacy in treating unresect-
able GCTB as well as in neoadjuvant settings. In this study,
we have analyzed the histomorphological changes in GCTB
following treatment with denosumab. Though literature on
histopathology of post-denosumab-treated GCTBs has been
published worldwide, very few studies have been reported
from India.*®® Moreover, immunohistochemistry (IHC) with
antihistone H3.3G34W antibodies, a novel diagnostic marker
of GCTB has not been widely performed in this subset of
cases. In this article, apart from assessing the histomorpho-
logical changes, we also attempted to determine the expres-
sion of histone mutation H3.3G34W by using mutant specific
antibody.

Materials and Methods

Of the total 109 cases of GCTB encountered during the study
period (2018-2020), fourteen (14) cases of Campanacci grade
III GCTB who had received neoadjuvant denosumab treat-
ment were analyzed retrospectively to study post-treatment
changes. The remaining 95 patients who did not receive
denosumab following a histological diagnosis of GCTB were
excluded from the study. The demographic data, location of
the tumors, imaging findings, and treatment history were
retrieved from the medical records. The initial diagnosis of
GCTB was made on core needle biopsy (4 patients), curet-
tage specimen (6 patients), and fine needle aspiration smears
along with cell block (4 patients). All the cases except one
were initially diagnosed outside and referred to our institute
for further management. Following confirmation of diagno-
sis, all the patients received three cycles of 120 mg denos-
umab subcutaneously on day 0, day 8, and day 15. Patients
were followed up for 1 month and repeat radiographs were
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taken prior to surgery to assess the effectiveness of deno-
sumab therapy. After formation of a bony shell around the
tumor on imaging, surgery was done that included resection
in eight patients and curettage followed by bone grafting
in six patients. The curettage specimens were submitted
for histological examination entirely. Representative tumor
sections were examined from the excised specimens. The
sections were processed for routine paraffin sections after
fixation in 10% buffered formalin. Decalcification was per-
formed with 10% nitric acid whenever necessary prior to
processing. The histopathological features on routine hema-
toxylin and eosin-stained sections were analyzed in all the
cases. The representative formalin fixed paraffin embedded
tissue blocks were chosen for IHC. An attempt was made to
exclude the sections subjected to prior decalcification wher-
ever possible and care was taken not to include the hem-
orrhagic and necrotic areas. In five cases, nondecalcified
sections were not available, so IHC was performed on decal-
cified tissue sections.

[HC was performed using antihistone rabbit monoclonal
antibody H3.3G34W (clone RM 263, Medasys Livermore,
California, United States; dilution 1:100) on Roche Ventana
Benchmark GX fully automated platform. The presence of
unequivocal crisp nuclear staining with H3.3G34W in the
cells irrespective of intensity and proportion was considered
as positive staining. A case of GCTB with classic histomor-
phology and positive staining on IHC was taken as a positive
control.

Postoperative recovery was uneventful in all the cases.
None of them received any adjuvant denosumab following
surgery. Follow-up details were documented wherever avail-
able. Clinical symptoms after denosumab treatment and last
follow-up after surgery were noted.

Statistical Analysis

Statistical analysis was limited to descriptive statistics using
Microsoft Office Excel 2016, Singapore. No hypothesis testing
was performed.

Ethics

The study was approved by Nims Institutional Ethics
Committee (EC/NIMS/2338/2019, dated 22.03.2019) after
obtaining waiver of informed consent. The procedures fol-
lowed were in accordance with the ethical standards of the
responsible committee on human experimentation (institu-
tional) and with the Helsinki Declaration of 1964, as revised
in 2013.

Results

Of the total 14 patients studied, there were equal number of
males and females. The age of the patients ranged from 17 to
47 years with a mean of 25.8 years. All the patients presented
with pain and swelling of the affected sites. Pathological frac-
ture was noted in one patient. Of the 14 patients, 11 had pre-
sented with primary tumor and remaining 3 were recurrent.
The tumors recurred following initial curettage after a period
of 8 months, 2 years, and 4 years. All except four patients
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showed resolution of the clinical symptoms (pain and swell-
ing) to a large extent.

Initial (pre-treatment) plain radiographs showed expan-
sile lytic lesion in the epiphysis (=Fig. 1A and B ). Magnetic
resonance imaging done in 12 patients had revealed an addi-
tional component of aneurysmal bone cyst (ABC) in three
patients. Post-treatment radiographs taken after three doses
of denosumab showed varied reduction in tumor size, mar-
ginal sclerosis, and internal ossification (~Fig. 1Cand D ).

On histopathology, all these cases except three showed
prominent newly formed woven bone along with spindle
cells arranged in short fascicles and storiform pattern. Areas
of fibrosis and hyalinization were noted. The other changes
included focal necrosis (5 cases), collection of foamy mac-
rophages (7 cases), inflammatory infiltrate (3 cases), cho-
lesterol clefts (1 case), and foreign body giant cells (1 case).
The inflammatory cells chiefly comprised of lymphocytes
and plasma cells admixed with few neutrophils. Some of the
cases showed prominent ectatic thin walled vessels. ABC-like
changes were noted in two patients and benign fibrous his-
tiocytoma (BFH)-like area was seen in one patient. There was
marked reduction in osteoclast-like giant cells in five patients,
complete absence in six patients, and remaining three patients
showed substantial amount of residual osteoclast-like giant
cells (=Fig. 2). The location, imaging findings, and histo-
pathological changes in post-denosumab-treated GCTB are
summarized in =Table 1.

[HC with antihistone H3.3G34W antibody done in all the
nine cases showed unequivocal nuclear positivity. The inten-
sity of the staining was strong to moderate and was restricted
to the mononuclear cells. None of the residual osteoclast-like
giant cells were positive on immunostaining. The mononu-
clear cells rimming and entrapped within the woven bone
were also positive on THC (=Fig. 3). In addition, staining was
retained in some of the spindle cells in the BFH-like areas
and septa of ABC-like areas. In one case, the original tumor

(pre-treatment biopsy sample) tested also showed similar
positivity.

There were five cases where IHC with antihistone anti-
body was attempted on decalcified sections. The IHC results
were negative in all these five cases that can be attributed
to decalcified tissue sections. In these cases, pre-treatment
tissue samples were not available for testing as these were
referral cases diagnosed outside.

On follow-up, one patient developed recurrence after a
period of 2 years following surgery. This patient presented
with a fungating mass in the right proximal tibia and above
knee amputation was done. Histopathological sections
revealed a residual tumor along with denosumab-related
changes including fibrosis, hyalinization, newly formed
woven bone, and focal BFH-like areas. Post-surgery, follow-up
in another 9 patients showed no evidence of disease after a
period of 2, 3, 13, 14, and 24 months. Four patients who were
lost to follow-up at 12, 15, 18, and 24 months had not shown
any evidence of recurrence at their last visit.

Discussion

Denosumab has emerged as a new treatment option for
GCTB and is indicated especially in large unresectable
lesions, recurrent tumors, and metastasis. Denosumab is
a RANKL inhibitor preventing its interaction with RANK
and inhibits bone destruction.®'® It shifts the dynamics of
bone formation away from RANK-mediated osteoclastic
bone resorption toward osteoprotegerin-induced bone for-
mation. The mononuclear stromal cells that are the true
neoplastic cells in GCTB differentiate to osteoblastic pheno-
type, leading to deposition of newly formed osteoid/ woven
bone after treatment with denosumab.” Thus, extensive
newly formed osteoid/woven bone deposited in post-deno-
sumab-treated cases is produced by the neoplastic stromal
cells of GCTB.

Fig. 1 (A and B) Pre-treatment radiographs of giant cell tumor of bone involving right proximal tibia. (A) Anteroposterior and (B) lateral
radiographs showing a large geographic mildly expansile locally aggressive lytic lesion in proximal tibia with ambiguous lateral margins and
fine internal septations. (C and D) Post-denosumab treatment radiographs of the same case. (C) Anteroposterior and (D) lateral radiographs
showing development of marginal sclerosis (white arrows) and internal ossification. Note there is a small pathological fracture along the medial

tibial cortex (dashed arrow).
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Fig. 2 Hematoxylin and eosin-stained histological sections of post-denosumab-treated giant cell tumor of bone. (A) Lower magnification
[x100] and (B) higher magnification image showing prominent interconnecting network of newly formed woven bone with intervening mono-
nuclear spindle cells [x400]. (C) Prominent ectatic thin-walled vessels [x100]. (D) Prominent mononuclear oval to spindle cells. Note few focally
admixed hemosiderin laden macrophages [<200]. (E) Areas of fibrosis with entrapped spindle cells and few residual osteoclast-like giant cells
[<200]. (F) Benign fibrous histiocytoma-like focus showing storiform arrangement of spindle cells with admixed foamy macrophages [x100].
(G) Focus showing prominent cholesterol clefts [x100]. (H) Area of necrosis [x100].

Denosumab reduces tumor volume and leads to forma-
tion of a rim of ossified bone at the periphery. This facilitates
the process of curettage and minimizes the risk of injury to
the neurovascular structures lying in close proximity to the
lesion. The current guidelines recommend the use of neoad-
juvant denosumab for a period of 3 to 4 months. Prolonged
use may be indicated only in surgically unsalvageable
GCTB." In our setup, all the patients underwent definite sur-
gical procedure after a period of 1 month only.

Deveci et al graded all tumors after surgery according to
a two-tier grading system. Grade I tumors are composed
of densely cellular mononuclear cells and osteoclast-like
giant cells. The grade II tumors indicate transition to osteo-
blastic lineage showing marked woven bone formation,
osteoid, focal mononuclear cells, and markedly reduced
osteoclast-like giant cells.*!> Most of the cases in the present
study except three (Case 9, 11, and 12) were nonproliferative
grade Il tumors with marked woven bone formation. Similar
histopathological changes were noted in other studies as
Well.6‘7'12‘13

As currently denosumab is frequently administered to
treat GCTB, it is important to be familiar with the various
morphological changes it induces, because there is a con-
siderable overlap between these and primary tumors of the
bone. The histologic changes in denosumab-treated GCTBs
mimick fibroosseous lesions of bone (fibrous dysplasia/non-
ossifying fibroma), low-grade central osteosarcoma, and
osteoblastoma. Presence of prominent woven bone with
spindle cells showing mild nuclear atypia strongly resem-
bles low-grade central osteosarcoma, leading to erroneous
diagnosis. Most of the cases in the present study mimicked
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fibroosseous lesion of the bone. Hence, pathologist dealing
with such specimens should be aware of these histopatho-
logical findings and should seek prior treatment history if
such changes are encountered in cases with a clinical and
imagological diagnosis of GCTB to avoid misdiagnosis.

Wojcik et al reported marked reduction in osteoclast-like
giant cells in all the nine cases analyzed.® There was marked
reduction/absence of giant cells along with a fibroosseous
component in 11 out of 14 tumors in the present study.
Similar findings have been observed in other studies as
well.1314

Majority of GCTBs harbor H3.3G34W mutation, in which
few of them have alternate mutation like G34L, G34M, G34R,
or G34V substitution. Kato et al and Wu and Hsieh et al
detected H3F3A mutation on polymerase chain reaction and
genetic sequencing.'>'¢ Behjati et al noted H3F3A mutation
only in RUNX2 positive stromal cells sparing CD51+/CD61+
osteoclasts or in CD14+ osteoclast precursors highlight-
ing osteoblastic properties of the neoplastic cells that are
retained in denosumab therapy.'” Kato et al performed IHC
in nine cases of post-denosumab GCTB and found nuclear
positivity in all the cases.” Similar extent and intensity of
staining were observed in other studies as well.’® Ud Din et al
analyzed 19 cases of pre- and post-denosumab-treated GCTB
and found anti-H3.3G34W positivity on IHC in 68.8 and
26.9% stromal cells, respectively. The authors attributed
reduced antigenicity of the neoplastic mononuclear cells
as the reason behind reduced expression of the antibody in
post-treated GCTBs. There was no significant difference in
SATB2 expression of the tumor cells in both the specimens
reflecting proosteoblastic properties.'* In the present study,
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Fig. 3 Immunohistochemistry with antihistone H3.3G34W. (A) and (B) Diffuse strong nuclear staining in the mononuclear cells both lying
in between and surrounding prominent network of newly laid woven bone. Strong nuclear staining can also be appreciated in cells embed-
ded within woven bone [A x100, B x200]. (C) Diffuse strong nuclear staining in spindle cell areas devoid of osteoclast-like giant cells [x200].

the pre-treatment biopsy was available in only one case.
Hence, a comparative analysis was not studied. SATB2 IHC
was not done in the present study. The expression of antihis-
tone antibody in the cells along the bone also indicates matu-
ration toward osteoblastic phenotype of the tumor cells.

Liike et al found negative expression of antihistone anti-
body in the cells adjacent to the trabeculae.!® In contrast, in our
cases positive staining was noted in cells both within and adja-
cent to bony trabeculae. The five negative cases in the present
study were not subjected to sequencing for G34W or alternate
mutations. In another study, where we have analyzed the
expression of H3.3G34 antibody in 135 cases of GCTB (with no
prior neoadjuvant denosumab treatment), a positivity 87.3%
was noted (the data are yet to be published). However, in all
these cases, IHC was performed on sections of tissue not sub-
jected to prior decalcification process. In the present study, the
sections from the resected specimens had all been subjected to
prior decalcification with 10% HNO,. This might be the possi-
ble reason for five negative cases in the present study. Further
prospective studies are required to see the effect of using vari-
ous decalcifying agents on IHC results with this antibody.

Conclusion

Awareness of denosumab-induced histopathological changes
in GCTB is essential to avoid misdiagnosing these as fibroos-
seous lesion or low-grade central osteosarcoma. The demon-
stration of mutant-specific H3.3 G34W within post-therapy
specimen suggest that the neoplastic stromal mononuclear
cells of GCTB are largely retained even after denosumab ther-
apy albeit significant reduction in osteoclast-like giant cells.
In addition, the finding of positive staining within nuclei
of cells both within and those rimming the newly formed
osteoid/woven bone points toward the latter being laid down
by neoplastic stromal cells of GCTB that have terminally dif-
ferentiated toward osteoblastic phenotype, subsequent to
blocking of inhibitory influence of RANK-RANKL interac-
tion by denosumab. Lastly, the study also suggests that prior
decalcification process may possibly affect IHC staining with
antihistone antibodies.
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