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Introduction

Introduction Neoadjuvant chemotherapy is now considered an effective way to treat
Campanacci grade 2 and 3 giant cell tumors (GCTs). Assessment of these drugs is
essential clinically, radiologically, and pathologically. This study analyzes the early
results of angiogenesis inhibitors (interferons) in the aggressive GCT of bone.
Methodology A prospective pilot study was conducted from January 2021 to
July 2022 including eight biopsy-proven GCT patients subjected to interferon therapy.
Radiological assessment was done with changes on plain radiograph, computerized
tomography scan, and magnetic resonance imaging. Histopathological examination
was done by changes in the biopsy and resected segment.

Results Out of the eight patients included in the study, 26% (n=3) were males and
62% (n=5) were females, with mean age of the patients being 24.6 +8.48 years
(range: 22-38). There was significant reduction of the size of swelling (p-value: 0.049),
significant reduction in Visual Analog Scale score (p-value: 0.011), significant decrease
in swelling size on radiograph (p-value: 0.012), significant marginal sclerosis (p-value:
0.001), significant neocortex formation on radiographs (p-value: 0.001), significant
result in and osteoid formation (p-value: 0.001) on histology. Whereas Campanacci
grade on plain radiographs, number of viable cells, and number of viable stromal cell
were not statistically different in comparison with pretherapy and posttherapy status.
Conclusion Interferon therapy in a GCT has potential beneficiary effect in terms of
clinical, radiological, and pathological outcomes. It might prove to be an effective
alternative to standard neoadjuvant chemotherapy in the management of aggressive
GCT of bones.

Level of Evidence Il

radius." Owing to the variation in histology, clinical, and
radiographic appearance, neoadjuvant chemotherapy has

Giant cell tumor (GCT) is a peculiar benign neoplasm with
features of local as well as distant aggressiveness. The bones
around the knee are common sites, followed by the distal
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been used prior to different surgical options including local
curettage, extended curettage to excision, and reconstructive
arthroplasty.2
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Neoadjuvant chemotherapy, which has been used for the
treatment of GCTs, are bisphosphonates (zoledronic acid),
denosumab, and calcitonin.? Interferons were initially used
for viral infection and acted by inhibiting protein synthesis.
They have also been shown to act on the cells that
exhibit basic fibroblast growth factor (BFGF). The cells of
GCT also overexpress BFGF on them and so, in turn, will
respond to interferon therapy by inhibiting angiogenesis.
There have been reports of trying this drug in the GCT of the
jaws and recurrent GCT with varying results, but very few
studies are available for its use in musculoskeletal GCT.*
This drug’s limitation includes its increased administration
frequency and prolonged use. It has also been shown to
have allergic manifestation and flaring of autoimmune
disorders.’

In view of the high recurrence rate in GCTs (0-65%
depending on the type of treatment),® neoadjuvant chemo-
therapy is now considered an effective way to treat Campa-
nacci grade 2 and 3 GCTs.” Quantification of response is
important for the assessment of these drugs on the clinical
and pathological effects of tumors.® These assessment tools
not only help in evaluation but also guide for change in any
treatment strategy. In combination with other indicators of
patient condition, response evaluation helps in the thera-
peutic efficacy decision-making process.’

Clinical examination still holds good for the qualitative
evaluation of the response of drugs to tumors. It not only
gives the actual comparative assessment between the pre-
and posttherapy but also gives an edge to the treating
physician to decide the further mode in case of any untoward
outcomes. Its disadvantage is that there are chances of bias
and it is difficult to quantify.>10

Imaging plays a pivotal role in the evaluation of the
response of neoadjuvant chemotherapy in musculoskeletal
disorders. The assessment of treatment response and resid-
ual tumor influence the patient’s prognosis and surgical
strategy.'! The radiographic response has been correlated
with improved local control and overall survival.'?

Quantification of this radiological information in ad-
vanced imaging modalities like computed tomography (CT)
scan and magnetic resonance imaging (MRI) identifies the
early benefits of neoadjuvant chemotherapy and helps in
limb salvage resections.'? Since both clinical and radiological
assessment is done before the biopsy and after the comple-
tion of neoadjuvant chemotherapy, comparative analysis can
be easily done to establish the response to the drug
treatment.'4

In the available literatures, interferon has been used
as an effective method for the treatment in recurrent GCT
of the mandible and recurrent and metastatic GCT of the
spine.’>1® Its use in GCT has proven to play an effective role
in various nonappendicular skeleton. However, there are
lacunae in knowledge regarding the use of interferon as a
neoadjuvant chemotherapy. This research aims to analyze
the changes in the tumor in terms of clinical, radiological,
and histological parameters to establish the drug treatment
response after the use of interferons in musculoskeletal
GCTs.
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Methodology

A single center-based prospective cohort pilot study was
conducted from January 2021 to July 2022 after obtaining
clearance from the institutional ethical committee. Verbal
and written consent was taken from all patients included in
the study.

The histologically proven case of GCT of any bone between
the ages of 20 and 40 years with Campanacci grade 2 and 3 GCT,
including locally aggressive and recurrent GCT, subjected to
interferon therapy, were included in the study. All patients
with Campanacci grade 1 GCT, not ready to undergo systemic
therapy or not fit for systemic therapy due to any systemic and
autoimmune cause, and patients subjected to other systemic
therapy like denosumab were excluded from the study.

After a biopsy-proven histopathological diagnosis of GCT,
patients were subjected to routine biochemical investiga-
tions in the form of renal function test, liver function test,
and thyroid function test, in addition to hemogram and
dental examination. After ruling out possible autoimmune
disorders, these patients were given interferons on alternate
days. A total of 45 doses of interferons alfa-2b in a dose of 3
miu/m? of body surface area via a subcutaneous route on
alternate days were given for a total 3 months’ course, all
patients received a full course of therapy of 45 cycles over
90 days on an alternate day basis.

The patient demographic data, site and side of the lesion
and the duration of symptoms was assessed at the time of
biopsy. Clinical, radiological, and histological assessment
was done at the time of biopsy, followed by evaluation by
the same parameters after the completion of interferons
alfa-2b. Clinical assessment was done by the size of swelling,
consistency of swelling as soft, firm, and hard, and pain score
in the form of a Visual Analog Scale (VAS) from 0 to 10."7
Radiological assessment was done with a plain radiograph,
CT scan, and MRI. In the plain anteroposterior radiograph,
the size of the lesion, the border of the lesion (Campanacci
grading),'® marginal sclerosis as an increase in opacity on a
margin of radiolucent lesion, and neocortex formation were
assessed (=Supplementary Fig. S1, available in the online
version only). CT scan and MRI were performed where the
longest diameter in the axial view in the CTscan and MRI was
used in the pretherapy and posttherapy period, and the
reduction in % of the size and increase in % of density was
assessed (=Figs. 1 =Fig. 2).

% reduction in size (%S): The % reduction in size (%S) was
calculated as:

%S =longest diameter pretherapy - longest diameter
posttherapy x 100.18

Longest diameter pretherapy: The % increase in the den-
sity (%D) was assessed as:

%D= (pretherapy density) - (posttherapy density) x 100.'°
Pretherapy Density

Size and density were calculated with the help of Radiant
DICOM software. On the Radiant DICOM in the axial view of
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Fig. 1 Representative image of plain radiograph of patient with giant cell tumor (GCT) in the proximal tibia. (A) Pretherapy and (B) posttherapy,
for the assessment of the size of the lesion, the border of the lesion (Campanacci grading), marginal sclerosis, and neocortex formation.

Fig.2 Representative image of computed tomography (CT) scan of patient with giant cell tumor (GCT) in the proximal tibia. (A) Pretherapy and
(B) posttherapy, where the longest diameter in the axial view used to compare the reduction in % of the size and increase in % of density.

the involved segment, an ellipse was measured, and the
mean density of the tumor was measured and calculated.
The assessment criterion used was: inverse Choi density/size
criteria (ICDS)%° and Response Evaluation Criteria in Solid
Tumor (RECIST).?!

Histopathological assessment was done in the specimen
of biopsy (pretherapy) and in the final histopathology
obtained after curettage/resection in terms of the number

of viable tumor cells, number of viable stromal cells, and
osteoid formation (~Fig. 3).22

Statistical analyses were performed using IBM SPSS Statis-
tics for Windows, Version 25.0 (IBM Corp., Armonk, New York,
United States). Results on continuous measurement is pre-
sented as mean + standard deviation; median (interquartile
range) and categorical as frequency and percentage. Paired
t-test used to compare between the mean of the paired
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Fig. 3 Representative image magnetic resonance imaging (MRI) of patient with giant cell tumor (GCT) in the proximal tibia. (A) Pretherapy and
(B) posttherapy, where the longest diameter in the axial view used to compare the reduction in % of the size and increase in % of density.

samples.Inferential statistics like the Wilcoxon signed rank
test (to compare median values pre- and posttherapy) and the
McNemar test (compare count pre- and posttherapy) were
used. A p-value of<0.05 was considered statistically
significant.

Result

Out of a total of 37 patients with proven histological GCT who
attended to the tumor clinic of the department during the
study period, five were between the ages of <20 and >40
years. Four patients were of Campanacci grade 1, two patients
were not willing to systemic therapy, and one patient was fit for
systemic therapy due to antinuclear antibody positive autoim-
mune disease, systemic lupus erythematosus. Out of 25
patients of Campanacci grade 2 and 3 fit for systemic therapy,
patients were offered either denosumab or interferon accord-
ing to the duration of systemic therapy required, compliance to
more prolonged doses of therapy, and its cost-effectiveness.
Among those included, 17 patients were willing to go for
denosumab, and were excluded, and the final eight patients
willing to go for interferon therapy were included in the study
(=~SupplementaryFig. S2, available in the online version only).

Patient’s Demography
Outof the eight patients included in the study, 26% (n = 3) were
males and 62% (n=5) were females. The mean age of the

patients was 24.6 4- 8.48 years (range: 22-38), with a median
age of 21 years. Among the included cases, 37.5% (n=3) were
GCTof proximal tibia, 25% (n = 2) were GCT of distal end femur,
25% (n=2) were GCT of distal end radius, and 12.5% (n=1)
were GCT of proximal humerus. The mean duration of symp-
toms of swelling was 6.12+4.24 months (range: 2-12),
with median duration of symptoms being 6 months
(~Supplementary Table S1, available in the online version
only). All the patients completed the treatment course and
follow-up evaluation after completion of the course. Initial
therapy manifested flu-like symptoms, myalgia, and fever after
the first dose within 12 to 48 hours in three cases, which were
managed by symptomatic nonsteroidal anti-inflammatory
drugs, but on subsequent doses, there were no such side effects.

Clinical Assessment

The mean size of swelling prior to therapy was
27.204+10.57cm? (18.0-42.0), and it was decreased to
22.62 +8.66cm? (15.0-36.0 after therapy) with a p-value
of 0.049, which suggests there is a statistically significant
reduction of the size of swelling observed pre- and post-
therapy (=Table 1). The mean pretherapy VAS score for pain
was 7.504+0.54 (7.0-8.0) with median value of 7.50
(7.0-8.0), which decreased to mean VAS score of
2.88 +£0.84 (2.0-4.0) with median value of 3.0 (2.0-3.5) after
therapy with a p-value of 0.011, which suggests there is
a statistically significant decrease in VAS score observed
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Table 1 Comparison of clinical and radiological assessment pre- and posttherapy

Assessment Status N Range Median (IQR) Mean + SD p-Value

Swelling Pretherapy 8 18.0-42.0 20.5 (19.80-38.5) 27.20+10.57 0.049°
Posttherapy 8 15.0-36.0 20 (15-30) 22.62 +8.66

VAS Pretherapy 8 7.0-8.0 7.50 (7.0-8.0) 7.50+0.54 0.011°
Posttherapy 8 2.0-4.0 3.0 (2.0-3.5) 2.88+0.84

X-ray size Pretherapy 8 10.50-48.0 22.14 (17.22-25) 24.17+£12.84 0.012°
Posttherapy 8 9.81-48.28 11.95 (11.90-19.76) 18.94+14.77

Abbreviations: IQR, interquartile range; SD, standard deviation; VAS, Visual Analog Scale.

?Significant (p < 0.05).

pre- and posttherapy (=Table 1). All patients had firm
consistency prior to therapy, which later changed to the
firm to hard consistency after the completion of therapy.

Radiological Assessment

The mean size of tumor pretherapy was 24.17 +12.84 cm?
(10.50-48.0), which was decreased to 18.94 +14.77 cm?
(9.81-48.28) after therapy, with a p-value of 0.012, signifying
a statistically significant decrease in swelling size pre- and
posttherapy (=Table 1). Campanacci grading border of the
lesion was grade 3 pretherapy in all cases, which remains
constant in grade 3 after therapy in all cases with a p-value of
1.00, signifying improvement in Campanacci grade by the
therapy. There was no marginal sclerosis and neocortex
formation in all (100%, n=8) cases prior to the therapy,
but after the completion of therapy, there was marginal
sclerosis and neocortex formation in all (100%, n = 8) cases,
with a p-value of 0.001 in each, signifying there was a
statistically significant marginal sclerosis and neocortex
formation after the completion of therapy (=Table 2). The
ICDS and RECIST score were taken posttherapy on CT scan
and MRI. ICDS scoring according to the CT scan was partial
response in 25% (n =2), progressive in 25% (n = 2), and stable
disease in 50% (n=4). Whereas in MRI, the ICDS score was
partial response in 37.5% (n=3), progressive in 25% (n=2),
and stable disease in 37.5% (n=3) (=Table 3). The RECIST
score on CT scan was partial response in 12.5% (n=1),
progressive in 25% (n=2), and stable disease in 67.5%
(n=5). Whereas in MRI, the RECIST score was partial re-
sponse in 37.5% (n = 3), progressive in 25% (n=2), and stable
disease in 37.5% (n=3) (~Table 3).

Pathological Assessment

The number of viable cells in pretherapy was 100%, which
remained the same at 100% in posttherapy, with a p-value of
1.00, signifying no statistically significant result in the
number of viable cells on histology by the therapy. The
density of stromal cells before therapy was 3+ in 100%
(n=38) of cases, which changed to 2+ in 50% (n =4) of cases
and remained constant at 3+ in 50% (n =4) of cases, with a p-
value of 0.368, signifying no statistically significant result in
the number of viable stromal cell on histology by the therapy.
There was no osteoid formation in any of the cases prether-
apy, whereas there was 5% osteoid formation in 37.5% (n=3)
cases and 10% osteoid formation in 67.5% (n = 5) cases, with a
p-value of 0.001, showing statistically significant result in
osteoid formation on histology after therapy.

Discussion

One of the most common primary musculoskeletal tumors is
GCT of the bone." In South India, the incidence was 30.3%,
while in western India, the incidence was 6.3%.232% The
incidence of GCTs among patients between 20 and 40 years
of age is higher.25 A majority of these tumors occur in the
epiphysis of bones around the knee, with a 66% incidence
rate, followed by distal radius and proximal humerus.? In
our study, we took cases between 20 and 40 years as GCT is
most prevalent in this age. Our studies show almost similar
results to the previous studies as the most common site
affected by GCT in our study is around the knee, with 67.5%
incidence, followed by the distal end radius (25%) and
proximal humerus (12.5%).

Table 2 Comparison of radiological assessment pre- and postchemotherapy

Yes No p-Value
N (%) N (%)
X-ray Pretherapy 0 8 (100) 0.001°
Marginal sclerosis Posttherapy 8 (100) 0
X-ray Pretherapy 0 8 (100) 0.001°
Neocortex formation Posttherapy 8 (100) 0

?Significant (p < 0.05).
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Table 3 Comparison of radiological assessment on CT scan and MRI in terms of ICDS and RECIST
CT ICDS versus MRI ICDS
Responses MRI ICDS Total
Partial response Progressive Stable disease Unable to evaluate
CT ICDS Partial response 1 0 1 0 2
Progressive 0 2 0 0 2
Stable disease 2 0 2 0 4
Unable to evaluate 0 0 0 0 0
Total 3 2 3 0 8
CT RECIST versus MRI RECIST
Responses MRI RECIST Total
Partial response Progressive Stable disease Unable to evaluate
CT RECIST | Partial response 0 0 1 0 1
Progressive 0 2 0 0 2
Stable disease 0 0 5 0 5
Unable to evaluate 0 0 0 0 0
Total 0 2 6 0 8

Abbreviations: CT, computed tomography; ICDS, inverse Choi density/size criteria; MRI, magnetic resonance imaging; RECIST, Response Evaluation

Criteria in Solid Tumor.

In most cases, surgery is the most effective treatment,
especially for indolent, bone-confined tumors. A curettage
procedure has been combined with adjuvant chemotherapy
or radiation for biologically aggressive tumors or recurrent
tumors.?® Moderate-dose radiation therapy has been the
typical treatment for patients with nonresectable GCT.?’ It
has been reported that chemotherapy may provide palliative
treatment for primary or secondary malignancies in GCT
despite having marginal benefits in advanced stages.?® In
previous literature, it was found that denosumab reduced
pain and improved functional status in nearly 90% of patients
with recurrent or unresectable GCTs of the bone (either by
eliminating giant cells or not progressing on r;jldiogr;:lphs).29
For patients with metastatic GCT or advanced GCT who
cannot undergo surgery, denosumab may be a viable treat-
ment option.29 In our study, we subjected the patients to
neoadjuvant chemotherapy interferon just after the diagno-
sis of GCT on the patient’s preference; it was found to
decrease the size of the swelling and the tumor significantly.
The patient’s pain status in terms of VAS score was also
significantly improved after the completion of interferon
therapy. There is a significant improvement in radiographs
on the development of marginal sclerosis and neocortex
formation, which helps in the regression of the tumor and
improvement in tumor progression. On interferon therapy,
most of the tumor lesions stay at the stable lesion on
radiographic ICDS and RECIST criteria.

Natural interferon alfa produced by leukocytes is both an
antitumor and antiangiogenic protein.30 By enhancing anti-
gen expression, antiproliferative activity, and cytostatic ac-
tivity, antitumor effects can be directly observed on cells,
while indirect mechanisms include the cytocidal activity of
macrophages, lymphocytes, and natural killer cells, cytokine

production, and antibody modulation.?" In addition to

downregulating BFGF gene expression, interferon alfa and
beta also inhibit tumor cell protein production.”

Kaban et al reported in 1999 using it to treat recurrent
GCTs of the mandible.'” Interferon therapy combined with
curettage was a promising treatment strategy for aggressive
GCTs. The combined treatment resulted in a higher tumor
control rate with lower operative morbidity than conven-
tional approaches.?® Wei et al concluded that interferon alfa-
2b might be an effective and safe treatment for spine GCT
recurrence and metastasis in soft tissue after studying
interferon alfa-2b for recurrent and metastatic GCT of the
spine.'® In a similar fashion, Goldman et al, Schiitz et al,
O’Connell and Kearns, and Tarsitano et al studied interferon
alfa-2A after mandible surgery and found complete tumor
remission.32 3>

In the available literature, fever and flu-like symptoms
were documented during the first 24 to 48 hours of the
treatment, which disappeared spontaneously without treat-
ment. Also, there is evidence of the development of leuko-
cytopenia and thrombocytopenia, which might need to stop
the therapy temporarily.16 Similarly, in our study, 37.5%
(n=3) manifested flu-like symptoms, myalgia, and fever
after the first dose within 12 to 48 hours, which were
managed by symptomatic nonsteroidal anti-inflammatory
drugs, but on subsequent doses, there were no such side
effects. Compliance is another problem that needs to be dealt
with for the longer duration of injectable dose, which may
result in poor compliance. In our case, drugs were adminis-
tered either under direct supervision or with proper instruc-
tion at a nearby primary health center with proper
documentation of the drug chart to maintain good compli-
ance, hence all patients completed the full course of therapy.
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A thorough search of the literature revealed that the
experience has been limited to patients with metastatic
disease or locally aggressive, unresectable GCTs or those
refractory to radiation therapy. To our knowledge, no previ-
ous studies were conducted to see early results of interferon
in GCTs after the histological diagnosis. In our study, inter-
feron demonstrated early clinical and radiological improve-
ments after the completion of therapy by reducing tumor
size and increase in stromal density. Histologically, it main-
tained a constant number of viable cells, stromal cells, and
osteoid formation following therapy.

Conclusion
To conclude,

* Clinical, radiological, and histological evaluation of inter-
ferons has its potential role in the treatment of aggressive
GCTs of the bone as neoadjuvant chemotherapy, which
helps in tumor regression and progression with a reduction
in tumor grading, which smoothens the surgical procedure
and overall improvement in a functional outcome.

» With the use of interferon alfa-2b, there was a significant
reduction of the size of swelling, a reduction in a VAS
score, decrease in swelling size on radiograph, significant
marginal sclerosis, significant neocortex formation on
radiographs, and significant result in osteoid formation
on histology. Whereas no significant improvement in
Campanacci grade on plain radiographs, number of viable
cells, and number of viable stromal cells were seen in
comparison with pretherapy and posttherapy status.

» Taking the drug for a long duration on alternate days by
parenteral route is the only disadvantage seen, which
needs proper documentation and instruction for
compliance.

 Thelimitation of this study includes small sample size due
to less preference of patients in terms of prolonged doses
and its compliance. Long-term effect of this drug on the
recurrence of the tumor still needs to be evaluated. In
addition, large studies are still required to know the
potentiality of interferons in comparison to the standard
neoadjuvant therapy.
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