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Abstract

Objective To evaluate the effectiveness of non-surgical treatment as an alternative in the management of central giant cell
granuloma (CGCG).

Material and methods A literature search was carried out in accordance with the PRISMA statement in order to answer the
question “Are non-surgical treatments effective as an alternative in the treatment of CGCG?”. Two examiners independently
assessed eligibility, risk of bias, and extracted data, which included therapeutic protocol, side effects, and need for surgical
supplementation.

Results Among 1712 studies, 15 were included, totaling 145 patients. Calcitonin, intralesional corticosteroids, and deno-
sumab were the medications used. For calcitonin (n=61), complete remission was found in 30 cases. For intralesional
triamcinolone (n=68), reduction in size was observed in most cases (n=39). Four cases received subcutaneous denosumab
and showed absence of active bone metabolism in the region, of which three presented ossification. Combination of drug
therapies (n=29) was reported in one study and included subcutaneous interferon and oral imatinib. More and less side effects
were found for interferon and corticosteroids, respectively. Forty percent of patients required additional surgical treatment.
Conclusion Despite the side effects presented and the need for additional surgery in some patients, in general, all non-surgical
treatments could provide positive results as an alternative for the management of CGCG, especially with regard to reducing
the size of the lesion.

Clinical relevance CGCG is a benign bone lesion that mainly affects young individuals. Although the most common therapy
is surgery, its contraindication in some patients, the large extension, and high recurrence rate of the aggressive variant have
led the search for non-surgical therapies.

Keywords Giant cell granuloma - Conservative treatment - Triamcinolone acetonide - Calcitonin - Denosumab -
Interferons - Systematic review

Introduction

Central giant cell granuloma (CGCG) is a benign bone
lesion that preferentially affects young individuals
(25.8 £ 15.3 years) of the female sex (1.56: 1), with the
mandible being the most affected site [1-3]. The lesions
are classified according to their clinical and radiographic
behavior in non-aggressive and aggressive variants [4].
Non-aggressive lesions are often asymptomatic, grow slowly
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without perforating bone cortex or reabsorbing roots, and
have lower recurrence rates compared to the aggressive
variant. Aggressive lesions are more common in children
and young patients, can be painful, increasing rapidly with
cortical expansion and perforation, root resorption, tooth
displacement, sizes larger than 5 cm and a high tendency to
recurrence [2, 4-8], with rates ranging from 11 to 49% [2, 3].

Although the most common therapy is surgical (ranging
from curettage to en bloc resection), the contraindication
of surgical procedures in some patients and the high rate
of recurrence of the aggressive variant and its tendency to
affect children and young patients have led the search for
non-surgical therapeutic options, aiming at the progressive
reduction of these lesions and prevention of recurrences
[9-11]. They are also alternatives for the management of
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Table 1 Search strategy for the systematic review

Search strategy

Population
Reparative OR Central Giant Cell Lesion

Intervention

(1) MeSH terms: Giant Cell Granuloma OR Giant Cell Granulomas OR Granulomas, Giant Cell OR Granuloma, Giant Cell

(2) MeSH terms: Conservative Treatments OR Treatment, Conservative OR Treatments, Conservative OR Conservative

Management OR Conservative Managements OR Management, Conservative OR Managements, Conservative OR Con-
servative Therapy OR Conservative Therapies OR Conservative OR Therapy, Conservative OR Non-surgical Treatment

OR
Corticosteroids OR Corticoids OR Triamcinolone
OR

Calcitonin OR Calcitrin OR Thyrocalcitonin OR Calcitonin (1-32) OR Ciba 47,175-BA OR Ciba 47,175 BA OR Ciba

47175BA OR Eel Calcitonin OR Calcitonin, Eel

OR

Interferons OR Interferon

OR

Denosumab OR Xgeva OR AMG 162 OR Prolia
OR

Imatinib OR Mesylate Mesylate, Imatinib OR Imatinib Methanesulfonate OR Methanesulfonate, Imatinib OR STI571 OR
STI-571 OR STI 571 OR Gleevec OR Glivec OR ST 1571 OR ST1571 OR CGP 57,148 OR CGP57148B OR CGP57148

OR CGP57

Comparisons

Comparison between non-surgical treatments (for example, corticosteroids compared to Denosumab) or an isolated surgical

intervention compared to the same surgical intervention with non-surgical therapy previously (for example, application of
corticosteroids followed by enucleation), comparison of non-surgical therapies with surgery, or no comparisons

Outcome

(3) Primary outcome: disease-free survival (without radiographic and clinical evidence of recurrence). Secondary outcome:

complete or partial lesion reduction after non-surgical treatment

Study design

control studies
Final research 1 AND 2 AND 3 AND 4

Focused question

(4) MeSH term: randomized controlled clinical trials OR cohort OR prospective OR retrospective OR case series OR case

Are non-surgical treatments effective as an alternative in the management of CGCG?

MeSH medical subject heading

extensive lesions, with the aim of reducing their size for
further surgery. Intralesional corticosteroids, subcutaneous
or nasal calcitonin, subcutaneous interferon alpha [12-14],
imatinib [6], and denosumab [7, 13, 15-17] have been
reported for this purpose.

Considering the challenge that is the management of
CGCaQ, especially the aggressive variant, the difficult man-
agement of extensive lesions in young patients and children,
which can lead to mutilations and aesthetic and functional
defects, as well as the variety of non-surgical treatments
available and the scarcity of evidence-based protocols, the
objective of this systematic review was to evaluate the effec-
tiveness of non-surgical treatments as an alternative in the
management of CGCG.

Material and methods

A systematic review of the best evidence available in the
literature was conducted in accordance with the PRISMA
statement [18] to answer the following clinical question:
“Are non-surgical treatments effective as an alternative in
the management of CGCG?”. The PICOS question was as
follows: participants, patients with CGCG; intervention,
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non-surgical therapies; comparisons, with surgical treat-
ment, between non-surgical treatments or no comparison;
outcome, disease-free survival; complete or partial lesion
reduction after non-surgical treatment; and study design,
intervention studies. Disease-free survival (primary out-
come) was assessed by the absence of radiographic and clin-
ical evidence of recurrence. The secondary outcomes were
complete or partial lesion reduction after non-surgical treat-
ment. The outcomes of interest were those that estimated
clinical, histological or radiological efficacy in a defined
way. The PROSPERO (International prospective register of
systematic reviews) record is CRD42020152482.

Search strategy

Initially, the PubMed database (all years to March 2021—no
time restriction) was electronically searched using keywords
and their entry terms, without language restrictions. The
terms were used separately, and then the results were merged
using the Boolean term AND (Table 1). Further search was
performed through Embase, Web of Science, Scopus, Sci-
ELO, Google Scholar and The Cochrane Library. Addition-
ally, gray literature was consulted, through IBICT (Brazil-
ian Institute of Information in Science and Technology). A
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manual search was also performed on the reference lists of
all selected articles.

Eligibility and quality assessment

Two independent reviewers performed the overall article
selection process according to the following eligibility
criteria: original clinical studies on humans (randomized
controlled trials, cohort studies, prospective, retrospective,
case series, and case—control studies); patients with con-
firmed CGCG undergoing non-surgical treatment alone or
prior to surgery; and minimum follow-up of 6 months and
minimum of 3 patients. The exclusion criteria were patients
with Cherubism or Brown Tumor of hyperparathyroidism;
patients undergoing surgical treatment prior to non-surgical
treatment; animal or in vitro studies; case reports, literature
reviews, annals, and presentations at congresses. When there
was no agreement, both examiners argued until a consensus
was reached. If there was still no agreement, a third external
examiner was consulted.

The results were combined, and, after duplicate removal
(EndNote web software, Clarivate Analytics, Philadelphia,
Pennsylvania, USA), the reviewers screened the yielded
titles and abstracts. After the evaluation of the full text, the
selected articles were submitted to the quality assessment
and final review.

The quality assessment was performed according to the
revised Cochrane risk-of bias-tool for randomized trials
— rob [19, 20] for randomized controlled trials; NOS scale
(Newcastle—Ottawa Scale) [21] for prospective and retro-
spective cohort studies and non-randomized case—control
studies; and the checklist of the Institution Joana Briggs (/BI
Critical Appraisal Checklist for Case Series) [22] for case
series. Studies with a high risk of bias were excluded from
the analysis.

Data extraction

The following data were extracted: number of patients, sex,
age, size and location of the lesion (maxilla or mandible),
classification [2] (aggressive and non-aggressive), non-sur-
gical treatment applied (protocol), side effects, follow-up,
and outcome.

Results

The results are described in Fig. 1. The database and man-
ual search yielded 1712 relevant references. After duplicate
removal, 1073 studies were screened by title and abstract
resulting in 51 potential articles for full-text review. Thirty-
six were excluded, as they did not completely meet the eligi-
bility criteria. The remaining 15 articles were included in the

qualitative synthesis: 13 case series [15, 23-34] (Table 2),
one retrospective cohort study [6] (Table 3), and one rand-
omized controlled double-blind clinical trial [12] (Fig. 2).
Authors, study design, number of patients, sex, average age,
site and average size of the lesion, classification [2], treat-
ment protocol, outcome, follow-up, and conclusion of the
studies are summarized in Tables 4, 5, and 6.

The sample ranged from three [23] to 29 patients [6],
totaling 145 patients, 75 (51.72%) women and 70 (48.28%)
men, with a mean age of 19.91 years. The maxilla was
affected in 45 (31.04%) cases, the mandible in 97 (66.89%)
and in 3 (2.07%) cases both jaws were affected. Sixty-three
lesions (64.95%) were aggressive and 34 (35.05%) non-
aggressive. In six studies [24-29], this classification was
not carried out (n=48).

Of the selected studies, seven used only calcitonin as the
main treatment [12, 24-26, 30-32], six used intralesional
corticosteroids [15, 23, 27, 28, 33, 34], one used subcutane-
ous denosumab [29], and one combined drug therapies [6],
which included oral imatinib and interferons.

Overall, of the 145 patients who underwent non-surgical
treatment, 40% (n =58) needed to undergo additional surgi-
cal treatment, with 44 curettages on the remainder of the
lesion, 12 aesthetic osteoplasty, and 2 resections.

Meta-analysis could not be performed due to the lack of
data and the heterogeneity of the studies.

Calcitonin

The studies that administered calcitonin included a total
of 61 patients. Thirty-one (50.8%) presented the aggres-
sive lesion and 17 (27.8%) the non-aggressive (Table 4). In
three studies the classification was not specified [24-26].
The mean age was 20.36 years, with the mandible being
most affected (42 patients). The average size of the lesions
was 4.12 cm, but it was not mentioned in three studies [25,
26, 32]. The protocol was similar in the studies, varying the
time of treatment and the form of administration of calci-
tonin. The nasal spray of salmon calcitonin was used in 34
patients (55.8%) and subcutaneous human calcitonin in 22
(36%), and in 5 patients (8.2%), there was an association of
both types.

In all studies, the results were evaluated by panoramic
radiographs [6, 24-26, 30-32] or computed tomography [12,
25]. Only De Lange et al. [12] reported the differences found
between aggressive and non-aggressive variants. They found
borderline differences in reducing the size of the lesion. The
lesions reduced their volume by 22.5% in patients with the
non-aggressive variant (n=10) after 6 months of follow-
up. In two patients with the aggressive variant, the lesion
increased at the end of the treatment period. Complete
remission was not observed in any patient [12]. In the other
studies (n=47) [6, 24-26, 30, 32], in 63.82% of cases, there
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Fig. 1 PRISMA flowchart of
the studies selection Identification of studies via databases and registers
)
Records identified from Scielo (n = 7)
Records identified from The Cochrane
Library (n = 6)
Records identified from PubMed (n =
3;;) rds identified from PubMed (n Records removed before screening:
Records identified from Embase (n = Duplicate records removed (n =
5 282) 639)
= Records identified from Web of Science Records marked as ineligible by
2 (n=129) > automation tools (n = 0)
£ ?gz;irds identified from Scopus (n = Records removed for other
@2 =
= Records identified from Google (n = reasons (n = 0)
381)
Records identified from Gray Literatures
(n=17)
Records identified from References (n =
2)
TOTAL: 1712
—
\4
Records screened I Records excluded
(n=1073) (n=1022)
=0 Reports sought for retrieval | Reportsnot retrieved
g (n=0) (n=0)
@
1
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w l
L Reports excluded:
ReI_)orts assessed for eligibility EE—— a.  Primary surgical treatment
(n=51) (n=16)
b.  Syndromic patients (n = 2)
l c.  Focus on issues other than
treatment (n = 1)
d.  High risk of bias (n = 8)
z Studies included in review e Case rep orts'/ llterfature
= (n=15) reviews/ systematic reviews (n =
z 9
L]

was complete resolution of the lesion (n=30), in 17.02%
reduction in size (n=38), in 14.89% complete ossification
(n=17), 2.12% growth limitation (n=1), and 2.12% defini-
tion of limits (n=1).

Regarding side effects, two studies did not mention [24,
31], in one there was no side effects [30], and in five stud-
ies nausea, headache, flushing, diarrhea, and epistaxis were
reported [6, 12, 25, 26, 32]. The average follow-up was
19.79 months, ranging from six [12] to 34 months [6, 30].

Surgical supplementation was not necessary in two stud-
ies (n=9) [25, 30]. Curettage of the remainder of the lesion
was performed in 16 patients [6, 24, 26, 31, 32] and in one
patient only aesthetic osteoplasty was performed [24]. The
need or performance of additional surgery was not men-
tioned in one study [12]. Recurrences were found in two

@ Springer

patients after 13.2 (n=7) [6] and 26 months (n=10) [31] of
the end of treatment. Only one patient discontinued treat-
ment [32].

Corticosteroids

Of the 68 patients who underwent intralesional corticoster-
oids injections, 21 (30.89%) had the aggressive variant and
14 (20.58%) the non-aggressive, and three studies (n=33;
48.53%) did not specified this classification [27, 28, 34]
(Table 5). The mean age of the patients was 21.18 years.
The mandible was more affected (n=46; 67.65%). Only
two studies mentioned the average size of the lesions, which
ranged from 3.85 cm [28] to 5.5 cm [23].
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In all studies, triamcinolone was used, with one [23, 28,
34] or two weekly injections [15, 27, 33], for 6 weeks, and
the results were evaluated using panoramic radiographs
[15, 23, 27, 28, 33, 34]. In 57.35% of the cases, there was
a decrease in the lesion (n=39), bone formation in 25%
(n=17), total resolution in 10.29% (n="7) and no response
to treatment in 7.35% (n=75).

Four studies reported that there were no side effects [15,
23, 28, 33] and two did not mention it [27, 34]. The aver-
age follow-up time was 35.16 months, ranging from 21 [23]
to 64 months [15]. In one study [27] this information was
missing.

Surgical supplementation was performed in some case in
all studies, totaling 34 patients (50%). In 20 patients, curet-
tage of the remaining lesion was necessary [15, 23, 27, 28,
33, 34], aesthetic osteoplasty in 12 patients [15, 33], curet-
tage associated with osteoplasty in two [23], and total resec-
tion in two [15]. Only one recurrence was reported [27]. In
the study by Dolanmaz et al. [28], one patient discontinued
treatment.

Denosumab

Of the five patients undergoing treatment with denosumab
[29], four were included in this review, as one patient under-
went surgical treatment during drug therapy. The authors did
not specify the classification and the size of the lesions. The
mean age was 15.5 years. The mandible was more affected
(n=3) (Table 6).

All patients received 1-2 doses of intralesional corticos-
teroids at the beginning of treatment. The dose of deno-
sumab varied from 70 to 120 mg, applied subcutaneously 3
times in 2 weeks and then once a month for 1 year.

The results were analyzed using cone beam CT and PET-
CT. Of the four patients, three (75%) exhibited good ossifi-
cation, and, at the end of treatment, all showed no remaining
metabolic activity in the region. The average follow-up was
37.25 months.

Side effects were observed in one patient who presented
deficient wound healing and pain. In one patient, debulking
with intralesional corticosteroid was necessary due to sud-
den pain after finishing treatment with denosumab. Recur-
rence was reported in one patient 1 year after the end of
treatment.

Combined non-surgical therapies

Schreuder et al. [6] carried out a retrospective cohort study
of 33 patients. Of these, four underwent only surgical treat-
ment and were excluded from this review. Of the remaining
29 patients, 21 (72.41%) presented the aggressive variant and
8 (27.59%) the non-aggressive, with 15 cases affecting the
mandible and 14 the maxilla. The mean age was 19.4 years.
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The average size of the lesions was 2.58 xX2.47x2.78 cm
(Iength/height/depth).

Regarding the drug therapy, only one patient received
a single treatment (salmon calcitonin nasal spray) and had
complete remodeling. Thirteen patients who were treated
initially with calcitonin nasal spray needed an additional
pharmacological treatment, which included intralesional
corticosteroid (n=1), subcutaneous interferon alpha, beta
and-or PEGylate (n=4), human subcutaneous calcitonin
with interferon alpha (n=2), or isolated (n=16). In 15 cases,
pharmacological treatment with salmon calcitonin nasal
spray was supplemented with conservative enucleation,
with 5 patients still receiving other drugs before surgery
oral imatinib (n=2), PEG interferon (n=4), interferon alpha
(n=2), or intralesional corticoid (n=23) (Table 4).

The results were evaluated by helical CT scans and the
mean follow-up was 38 months. Of the 14 patients that
could be managed without additional surgery, one (7.1%)
showed progression during follow-up. The overall long-term
response in this group varied from complete remodeling
or ossification (n=9; 64.3%) to non-progressive residual
lesions (n=4; 28.6%). In these cases, further close follow-
up was chosen instead of surgical intervention.

In the other 15 lesions who underwent additional surgery,
with the exception of one case (6.6%), there was regression
in response to drug therapy (delineation by a bone capsule
with or without intralesional ossification and/or decrease
in size). Surgery was performed for the following reasons:
substantial volume of residual radiolucency (n=4); lack of
additional spontaneous regression after the interruption of
drug therapy (n=7); intolerance to the side effects (n=1);
aesthetic correction (n=1); and a persistent bone cavity in
the mandible (n=1).

Side effects were encountered during all pharmaceutical
interventions, except after corticosteroid injections. Treat-
ment with interferon has been associated with most side
effects, which included hypothyroidism, depression, neutro-
penia, loss of appetite, myalgia, fatigue, mild hair loss, fever
diarrhea, fever, arthralgia, and malaise. Recurrence was
reported in one patient 1.1 years after the end of treatment.

Discussion

Especially in cases of aggressive CGCG, surgery, which is
the most common treatment, results in marked aesthetic and
functional defects [2, 4-6]. The condition can be even worse,
as these lesions are more frequent in very young patients,
including children. Due mainly to the great extent of the
lesion and its recurrences, drug treatment has been consid-
ered [6, 12, 15, 27, 29] and can be used alone or prior to
surgery, in order to reduce the size of the lesion, promote
repair, and/or decrease recurrences [6, 12, 27, 29, 34].
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Table 3 Quality assessment of the cohort study® according to the NOS scale

Answer Total Risk of bias

Selection

1. Representativeness of the exposed cohort

a. Truly representative of the average in the community *

b. Somewhat representative of the average in the com-
munity *

c. Selected group

Low

d. No description of the derivation of the cohort X 0
2. Selection of the non-exposed cohort a. Drawn from the same community as the exposed X 1
cohort *
b. Drawn from a different source
c. no description of the derivation of the unexposed
cohort
3. Ascertainment of exposure a. Secure recorded (e.g., surgical records)* X 1
b. Structured interview *
c. Written self-report
d. No description
4. Demonstration that the outcome of interest was not  a. Yes* X 1
present at the start of the study b. Not
Comparability
1. Comparability of cohort on the basis of the design a. Study controls through imaging examinations X 1
or analysis (X-rays, CT scans) *
b. Study controls for additional factors (Side effects) * X 1
Outcome
1. Assessment of outcome a. Independent blind assessment* X 0
b. Record linkage *
c. Self-report
d. No description
2. Was follow-up long enough for outcomes to occur a. Yes* X 1
b. No
3. Adequacy of follow-up of cohorts a. Complete follow-up—all subjects accounted for * X 1
b. Follow-up losses with unlikely risk of bias
c. Follow-up rate < 80%, without description of losses
d. No statement
NOS Newcastle-Ottawa Scale
Fig. 2 Risk of bias analysis
of the randomized controlled 3 5
trial'? according to RoB 2 tool ? Randomization process
® Deviations from intended interventions
Legend:

@& Missing outcome data
& Measurement of the outcome

? Selection of the reported result

@ Overall

‘ Low risk

? Some concerns
@ High risk
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Conclusion

supplemen-

Surgical
tation

Treatment Outcome Follow-up Side effects
(months)

protocol

Classifica-
tion

Mean age Location Mean size
(years) (cm)

patients

Study design Number of

Table 6 Methods, treatment protocol and results of studies included in the review about denosumab

Authors,
year

@ Springer

Debulking Denosumab

with corticos-
teroids due to

and pain in sudden pain
one patient (n=1)

Deficient

37.25

All patients All patients

4(2menand 15.5 2 mandible; -

Case series

Bredell

was used
success-

wound
healing

showed
ossifica-
tion and

absence

received 1

1 maxilla;
1 maxilla
and man-

dible

2 women)

etal., 2018

[29]

or 2 doses of
intralesional
corticoster-

oids ini-

fully in 4

patients. The

duration of

of active
metabo-

treatment of

tially + appli-
cation of

not less than
12 months
is recom-
mended

lism. Only
1 patient

subcutaneous
denosumab
70-120 mg,

presented

recurrence

1 year after
the end of
treatment

3 times every
2 weeks and

then monthly
for 1 year

-: not reported; A: aggressive variant, NA: non-aggressive variant

Since its first description by Harris in 1993 for the treat-
ment of CGCG, calcitonin has been used frequently [35].
Immunohistochemistry studies have shown that the giant
cells present in the CGCG act in a similar way to osteoclasts,
in addition to having calcitonin receptors on their membrane.
The binding of calcitonin to the receptor causes changes in
cell structure, leading to inhibition of DNA synthesis by
cells [6, 12, 30, 36], which supports its use in these cases.
Sixty-one patients (42.06%) underwent treatment with cal-
citonin [6, 12, 24-26, 30-32]. The protocols were similar:
human subcutaneous calcitonin 100 I.U. or salmon calci-
tonin nasal spray 200 [.U. per day. The time of use depends
on the results, but according to our findings, in general, the
treatment is long, ranging from 6 [26] to 34 months [30].
The largest number of patients who used salmon calcitonin
occurred because human calcitonin is no longer available;
in addition, salmon calcitonin appears to be more potent [6].

De Lange et al. [12], who performed the only randomized
controlled trial included in this review, did not observe
complete remission of the lesion in any patient when using
this therapy. This was also the only study that compared
the results between aggressive and non-aggressive variants,
showing borderline differences, as well as was the only one
to report an increase in lesion size in two patients with the
aggressive variant. In the other studies [6, 24-26, 30-32],
there was total resolution at the end of treatment in 30 of
the 61 patients. Although Allon et al. [30] reported no side
effects, in other studies, [6, 12, 25, 26, 32] nausea, headache,
flushing, diarrhea, and epistaxis were reported. Surgical sup-
plementation was performed in 17 patients [6, 24, 26, 31],
and recurrence was reported in two cases [6, 31].

From the 1980s, intralesional corticosteroids started to be
used to treat intraosseous and oral mucosa lesions [37] since
(1) they inhibit the extracellular production of lysosomal
proteases; (2) induce apoptosis in osteoclast-like cells; (3)
inhibit transcription factors for intracellular proliferation;
and (4) induce anti-angiogenic effects on endothelial cells.
All of these factors lead to inhibition of resorption, thus
preventing the growth of CGCG [15, 34]. In 1988, Jacoway
et al. [38] administered, for the first time, a solution with
triamcinolone acetonide and local anesthetic (2% lidocaine
with adrenaline 1:100.000) in a CGCG (2 mL/cm once a
week for 6 weeks). Of the studies included in this review
(68 patients), three modified this protocol, performing two
weekly injections instead of one [15, 27, 33].

The advantages of this modality include the low cost and
technical simplicity, as well as the preservation of adjacent
structures and low patient morbidity [13, 14, 23, 39-43].
Although some authors consider this therapy to be effec-
tive in the management of CGCG [44], others claim that the
results are controversial [12]. In this review, in 57.35% of the
patients, there was a decrease in the size of the lesion. Since
complete resolution was reported in only seven patients,
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supplementary surgery was required in 35 patients. A pos-
sible explanation for the need for surgical intervention is
bone neoformation caused by the administration of corti-
costeroids—with successive injections, needle penetration
into the lesion is being hampered. Thus, there is not neces-
sarily a complete bone formation, and therefore an area of
radiolucency remains and can be observed on the radiograph
[15, 23,27, 28, 33]. Although no study has reported any side
effects, the disadvantages of using intralesional corticoster-
oids include their systemic effects (especially in immuno-
compromised and diabetic patients), such as peptic ulcers
and infections [34], in addition to the discomfort caused by
the injections and patient compliance with treatment [12,
14, 39, 43].

Based on the assumption that the giant cells present in
the CGCG are analogous to osteoclasts, therapy with deno-
sumab has been adopted in some patients. It is a monoclonal
antibody that binds to the receptor activator of nuclear fac-
tor-kappa B (RANK) ligand (RANKL). RANK is expressed
on the surface of pre-osteoclasts and RANKL on the surface
of osteoblasts. When RANK and RANKL are linked, the
precursor cell turns into an osteoclast, which reabsorbs the
bone. As denosumab also binds to RANKL, it prevents the
RANK-RANKL binding, thus preventing the osteolytic pro-
cess [17, 29]. Only one long-term retrospective cohort study
of medium risk of bias was included in this review [29]. As
pharmaceutical therapy with denosumab appears to be suc-
cessful for giant cell tumors (GCT) of the femur [45], the
authors hypothesized its equally successful use for CGCG of
the jaws. All patients (n =4), at the end of treatment, had no
active bone metabolism in the region of the lesion, present-
ing a curative response to treatment and complete metabolic
resolution, findings that led the authors to consider this as a
successful option. Although in all patients at least one injec-
tion of intralesional corticosteroids was performed before
the start of treatment, they state that this amount would not
be sufficient to interfere with the results of treatment and that
denosumab should be considered as a therapeutic option for
large CGCG of the jaws. Additionally, the authors recom-
mend a treatment length of not shorter than 12 months [29].
The inclusion of only one study with such a small number of
patients highlights the paucity of evidence to support the use
of denosumab for this purpose, especially when its possible

side effects, such as hypophosphatemia, pain in the extremi-
ties, anemia, and jaw osteonecrosis [45], are considered. In
short, further studies are needed to determine its real effec-
tiveness in treating CGCG.

The combination of drugs was performed when the lesion
did not respond positively to the primary non-surgical treat-
ment with salmon calcitonin nasal spray, regardless of
whether the variant was aggressive or non-aggressive [6].
In these cases, intralesional corticosteroid, subcutaneous
interferon alpha, beta and-or PEGylate, human subcutane-
ous calcitonin with interferon alpha or isolated, and oral
imatinib were used [6]. The supplementation of a pharma-
cological treatment with another type of drug makes it dif-
ficult to measure the results. In other words, it is difficult to
say whether the effects achieved result from one or the other
drug or from the combination of them.

Imatinib, for example, was only mentioned in this study
[6] and was used prior to enucleation after an unsatisfactory
response from previous drug therapy. The treatment with
imatinib showed regression in one subject when combined
with interferon. In another patient treated with imatinib,
there was progression, and it was stopped after 2 months [6].

Interferons have been used in some cases [6]. It is an
anti-angiogenic drug used to treat large hemangiomas and
vascular tumors [46]. As CGCG is a vascularized lesion,
it is believed that it can respond positively to anti-angio-
genic therapy [6, 47-49]. Although all lesions showed good
response after a period of adjuvant interferon alpha [6], the
side effects ranged from easily manageable flu-like symp-
toms to more troublesome complaints, such as hypothyroid-
ism and depression. In some cases, it was necessary to adjust
the doses or even stop their administration [6]. In addition to
toxicity, treatment is long.

Based on the above, in short, each drug has advantages
and disadvantages inherent in cost, treatment time, tech-
nique, and side effects, as summarized in Table 7.

This review demonstrated the difficulty in conducting
studies to assess the effectiveness of pharmacological ther-
apy in the management of CGCG. Some of the difficulties
include casuistry (sample sizes are reduced), patient com-
pliance during treatment, the large number of confounding
factors, the need for long periods of follow-up, the differ-
ent assessment methods (which varied from panoramic

Table 7 Comparison of non-
surgical therapies according to

Calcitonin

Intralesional corticoid Denosumab/interferon alpha

the studies included Advantages

Disadvantages Side effects

Long treatment time
Patient compliance

High cost

Easy administration

Easy administration Indicated when other therapies fail
Low cost

Few side effects

Systemic effects Moderate/severe side effects
Patient compliance
Discomfort caused by

the injections

@ Springer



2130

Clinical Oral Investigations (2022) 26:2111-2132

radiography to CT, MRI and PET-scan) and the lack of
standardization in measuring lesion sizes, as well as the
need for supplementation with other drugs or surgery.
Patients have a broad spectrum of lesion size and aggres-
siveness, from relatively small indolent lesions to rapid-
growing lesions with aggressive signs and symptoms. All
these factors can justify the lack of randomized controlled
clinical investigations or even cohort studies. The only
randomized controlled trial [12] with medium risk of bias
addressed 14 patients and compared the calcitonin therapy
with a placebo, this being the largest sample tested for this
therapy. These were also the only authors to not achieve
complete regression of the lesion in any case and to report
size increases in two patients with the aggressive variant
at the end of the treatment period, which corresponds to
1.37% of the total sample. The authors themselves empha-
size that their results and interpretation are limited by the
small sample size and the short placebo-controlled period
(3 months).

Most papers were case series and the only study with a
low risk of bias was the one by Schreuder et al. [6], which
evaluated the combination of therapies. This was also the
study that included the largest number of patients (n=29).
For the corticosteroids, the study with the largest sample
addressed 21 patients [15].

Meta-analysis and subgroup analysis (age; size of the
lesion; aggressive and non-aggressive lesions; treatment
of primary lesions versus recurrent lesions) could not be
performed in this review due to the lack of data and the het-
erogeneity of the studies. Regarding the demographic data
of the sample, in general, women and men were similarly
affected (1.08:1). Mean age was 19.91 years, demonstrat-
ing the trend of CGCG in young patients. It is known that,
especially in children and adolescents, the aggressive variant
is more common [2, 3]. In this review, most were aggressive
lesions (64.95%); however, six studies [24—29] did not clas-
sify the lesions, which prevents us from correlating these
data with the findings. Only one study [12] reported the
differences found between aggressive and non-aggressive
variants when using calcitonin. Possibly, the results of all
treatments differ when performed on lesions with different
clinical behaviors. Likewise, the outcomes may also differ
between younger and older patients.

It is evident that some questions cannot yet be answered
and that future studies are encouraged, using more standard-
ized protocols and samples, separating them, for example,
between young and older individuals, aggressive and non-
aggressive lesions, and primary and recurrent lesions. Cer-
tainly, this is not an easy task, considering the infrequency
and challenge that CGCG management can be. A method-
ology that guarantees a balanced distribution in terms of
characteristics between treatment groups would be ideal.
Multicenter studies may be the path to these answers.

@ Springer

Despite all the limitations, the careful methodology of
this review, with strict inclusion criteria, peer review and
a thorough and consistent quality analysis, supports that
non-surgical treatment can be effective as an alternative in
the management of CGCG. It should be considered espe-
cially when surgery is contraindicated and in young patients,
where the aggressive variant is more frequent. These thera-
pies could avoid or minimize mutilating approaches and aes-
thetic, functional, and emotional losses. Side effects, patient
adherence to treatment, costs, and treatment time are some
factors to be considered before choosing the treatment.

Conclusion

Non-surgical treatment modalities, such as calcitonin, intral-
esional corticosteroids, denosumab, and interferons, can be
effective as an alternative in the management of CGCG.
Although 40% of patients required additional surgical
treatment, in general all substances could provide positive
results, especially with regard to reducing the size of the
lesion. More and less side effects were found for interferon
and corticosteroids, respectively. Side effects and the need
for surgical supplementation should be considered when any
drug therapy is chosen for the management of CGCG.
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