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Surgical intervention remains a gold standard for the treatment of gi-
ant cell tumors (GCT) of long bones. The significant risk of recur-
rence after the curettage and a high complication rate afier radical
resections is still an unsolved problem. Targeted therapy with de-
nosumab could solve this problem in favor of curettage, but recent
studies have shown negative results with denosumab in such situa-
tion. Objective. To analyze the results of the denosumab application
in patients with long bone GCP with indications for joint salvage
surgery. Methods. We compared the treatment results in two groups
of patients: I retrospective (control) group — 57 patients, who un-
derwent curettage with surgical treatment and the 2 prospective
(main) group — 42 patients with combination of surgery with neo-
adjuvant and adjuvant denosumab tretment. In the 2* group of pa-
tients received 5 neoadjuvant and 5 adjuvant cycles of denosumab.
The median follow-up period was 189 months in the control group,
and 45 months in the main group. Results. Disease progression
which identified as a local recurrence was revealed in the control
group in 15 patients (25.4 %) and in 7 patients (16.7 %) in the main
group (p = 0.19). In the main group, the median time to relapse was
19.8 months (8—34 months) from the date of surgery, in the control
group — 15.1 months (9—-28 months), respectively. The statistically
significant difference in relapse-free survival (RFS) between patients
in the main group and in the control group (p = 0.18) was not re-
vealed. But the 5-year RES in the main group was higher and reached
to 85 % (95 % CI 74-96 %) versus 75 % (95 % CI 64—86 %) in control
group, respectively. There was no evidence of malignant transforma-
tion in the main group and one case in retrospective group. Con-
clusions. The application of denosumab in the regimen before and
dfier curettage is associated with lees number of relapses — 16.7 %
vs. 25.4 % without denosumab, respectively. The lack of statistically
significant difference between groups does not provide the sufficient
reasons for denosumab prescription in neoadjuvant regimen. But ad-
Juvant administration of denosumab can be considered as preventing
factor of recurrence after primary tumor curettage, which may be
perspective for further study and optimization of indications for its
application in patients with GCT. Key words. Giant cell tumor, deno-
sumab, relaps, complications.

Xipypeiune empyuanns domenep € 3010MuUM CIMAHOAPMOM i~
Kysanns cieanmoknimunnoi nyxaunu (I'KII) 0oszux xicmox.
Ilpome icuye 3naunuii pusux po3eumKy peyuousie nicisa exc-
KoXJleayii ma éenuxa KilbKicmv YCKAAOHEHb NiCAA PAOUKATLHUX
pesekyiil. Tapeemna mepanis deHocymadom 3moena 6 eupi-
wumu npobremy Ha KOPUCMb eKCKoXaeayii, aie oCmaHHi 00-
CNIOJCEeHHA NOKA3ANU He2AMUBHI pe3yabmamu UKOPUCTAHHS
npenapamy. Mema. [ocaioumu pe3yabmamu 3acmocy8aHus
odenocymady y xeopux na I'KII 0oseux Kicmox i3 nOKa3auHAMU
00 30epesicHux Xipypeiunux empyuans. Memoou. [Iposedero no-
PIBHANLHULL AHANI3 Pe3VIbMamis NiKY8aHHsI 080X ePYN XEOPUX.
pempocnekmuerol (KOoHmpoavbHoi) epynu — 57 nayichmis nicis
Xipypeiunoeo nikyeanus y eueisioi ekckoxjieayii (Kiopemasicy),
npocnekmugHoi (0cnoenoi) — 42 ocobu nicis kombinayii exc-
Koxneayii 3 Heoaod 106aAHMHUM T a0 108AHMHUM BBCOCHHAM Oe-
Hocymaoy (5 Kypcis neped onepayieto, 5 — nicasa uei). Mediana
4acy cnocmepedceHts 3a X60pUMU CKAALA 8 KOHMPOIbHIU epyni
189 wmic., 6 ocnogHiti — 45 mic. Pesynomamu. Ilpoepecysanns
30X80PIOBAHHA Y GU2AAOT JIOKAALHO2O DPeyuousy 6i03HaA4eHo
6 Konmponvnil epyni y 15 nayienmie (25,4 %), 6 ocnosuiii —
v 7(16,7 %) (p = 0,190). B ocnosniii epyni uac po3eumxy peyu-
ougy cxnas y cepeonvomy 19,8 (8—34) mic. nicnis empyuanns,
y koumpoavHiti — 15,1 (9-28) mic. Cymmesoi 8iominnocmi no-
Ka3zHuka 6e3peyuousHol UACUBAHOCIE MIJIC 2PYNAMU RAYIEHMIG
ne susgneno (p = 0,180). Ymim, n’smupiuna despeyuousna eu-
Jlcusanicms 8 0CHOGHIL epyni 6yna suworo i ckaara 85 % (95 %
M1 74—96 %), a 6 konmponvniti — 75 % (95 % JI 64—86 %).
Bucnoexu. Buxopucmanns denocymaby 6 pescumi 00 ma nicis
excKoxneayii 3menutye uacmomy peyuougie — 16,7 % npomu
25,4 % 6e3 nvoeo. Biocymuicms cymmesoi piznuyi nokasHuxa
MIJIC epynamu He HAOA€ NepeKOHAUBUX OOIPYHMOBAHUX apey-
MeHmi8 00 3aCmOCY8aHHSA OEHOCYMADY 6 Heodad 108AHMHOMY
pedxcumi. Pazom i3 mum, nicisonepayiiine 6gedenns npenapamy
MOJICHA PO327IA0AMU AK YUHHUK NPOPINAKMUKY UHUKHEHHS pe-
Yuousy niciis nepeUHHOI eKCKoxXieayii nyxauHu, uwjo modice 6ymu
nepenekmusHUM 011 NOOAILULO20 OOCTIONCEHHS U ONMUMIZAYTT
NOKA3aHs 00 1020 3acmocysanns y xeopux va I'KI1.
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Introduction

Giant cell tumor (GCT) is a primary bone tumor
with local aggressive behavior. In almost 80 % of cas-
es, GCT occurs between the ages of 20 and 50 years.
Despite the fact that this tumor is classified as benign,
the frequency of local recurrences after curettage is
20-40 %, up to 5 % of tumors undergo malignant
transformation in case of recurrence, and in 2—-4 %
of cases determine lung metastases [1]. Morphologi-
cally, GCT is characterized by the presence of nu-
merous multinucleated giant cells of the osteoclastic
type, which are responsible for the aggressive os-
teolytic nature of the tumor. In general, GCT tissue
consists of three types of cells, namely neoplastic
stromal, which have a proliferative fraction, mono-
nuclear histiocytic and multinucleated giant. /n vivo
and in vitro studies have confirmed that GCT stroma
cells (immature osteoblasts according to phenotype)
originate from mesenchymal stem cells and are a true
neoplastic part of the tumor [2, 3]. These cellular
components are affected by factors that play a role in
regulating osteoclast function in normal bone tissue
(e. g., RANK and RANKL). During the development
of GCT, osteoclasts are stimulated by tumor-secret-
ing factors, and the expression of RANKL, which
binds osteoprotegerin, is increased, leading to bone
resorption.

The main method of GCT treatment is surgery —
resection with a single block or curettage with ad-
ditional methods of impact on the walls of the cavi-
ty. Ideally, curettage combined with high-speed wall
treatment and topical applications with liquid nitro-
gen or phenol should be the method of choice to save
the adjacent joint, but if this method is used, the re-
currence rate is much higher. Single block resection
is recommended in the case of tumors with extensive
bone destruction. This minimizes the risk of local
recurrence, but correlates with a higher frequency
of surgical complications and functional disorders.
The frequency of local recurrence of GCT ranges
from 27 to 50 % for excochleation in combination
with adjuvants, from 0 to 12 % in the case of exten-
sive resection [4, 5]. This prompted the search for
ways to reduce recurrence while maintaining the op-
timal rate of complications and functional outcome
of the affected joint. The emergence of the mono-
clonal target drug denosumab, which is an inhibitor
of RANKL activity and prevents the formation and
function of osteoclasts, allows, according to many re-
searchers, to reduce the number of local recurrences
after GCT curettage. Clinical trials have shown that
denosumab provides long-term disease control in pa-

tients with GCT [5, 6]. However, a higher frequency
of recurrences and malignancies of GCT after deno-
sumab therapy was later established [7, 8]. Therefore,
whether denosumab in combination with excochle-
ation can reduce the number of local recurrences and
in what mode of use remains unresolved.

The purpose of the study: to investigate the results
of the use of denosumab in patients with giant cell
tumors of long bones with indications for conserva-
tive surgery.

Material and methods

The cohort study included 99 patients with GCT
who were treated at the National Cancer Institute
in the period from 1987 to 2019, with localization
of the tumor in the long bones of the extremities. Two
groups were formed for comparative analysis: control
(retrospective) group with 57 patients who underwent
surgical treatment in the form of excochleation with
filling of the defect with biodegradable bone grafts or
materials; and main (prospective) group with 42 pa-
tients who underwent targeted denosumab therapy
in neoadjuvant and adjuvant regimens, excochleation
with bone cement defect plastics. All patients were
diagnosed morphologically (GCT without signs
of malignancy). The staging of GCT was performed
according to Campanacci radiological criteria [9].

The study was performed in compliance with
modern ethical norms and standards and approved at
a meeting of the Ethics Commission of the National
Cancer Institute (Protocol No. 185 of 25 May 2021).
All patients gave written informed consent to partici-
pate in the study.

The criterion for exclusion from the study were
patients with localization of the tumor in the distal
radial bone, as a negative prognostic factor for con-
servative surgery, which has been proven in seve-
ral studies [10]. The distribution of patients in both
groups by sex and age is given in Table 1.

In the main group, patients received a neoadju-
vant course of denosumab therapy — 120 mg subcu-
taneously according to scheme 1; 8; 28th days with
evaluation of the therapeutic effect according to clini-
cal and radiological criteria, and then on the 56™ and
84" days. After that, surgical treatment was per-
formed in the amount of excochleation of the tumor
to visually unaffected bone structures with additional
treatment of the bone cavity with liquid nitrogen and
plasticity of the defect with polymethyl methacrylate.
Postoperatively, patients received denosumab 120 mg
subcutaneously 5 times with an interval of 28 days.

In the control group, patients underwent only sur-
gery with allogeneic bone graft, hydroxylapatite, or
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a combination of these materials. Additional methods
of exposure were not used.

The median time of observation of patients was
189 months in the control group (interquartile range
60.5-278.5 months); 45 months in the main one (in-
terquartile range 23.7-82.2 months).

The main purpose of the study was to investigate
the effect of the use of denosumab under conditions
of tumor excochleation and preservation of the adja-
cent joint. Evaluation criteria: 1) recurrence; 2) com-
plications; 3) recurrence-free survival.

The findings were assessed using the EZR
v. 1.54 package. The distribution law for quantitative
variables differed from the normal one, so the median
(Me) and interquartile range (QI — QIII) were calcu-
lated to provide results, and comparisons between
groups were performed according to the Mann-Whit-
ney test. For qualitative traits, the frequency at each
trait level (%) was calculated, and comparisons were
performed according to Fisher's exact criterion in
the case of an alternative distribution or the y-square
criterion in the case of more than two qualitative trait
gradations.

The difference in the recurrence-free survival
rate was calculated by the Kaplan-Meier method, us-
ing the Lograng criterion for comparison. To study
the risk factors for local tumor recurrence, an analysis
using the Cox proportional intensity model was used,
the degree of influence of the factor trait was assessed
by hazard ratio (HR) with an estimate of 95 % confi-
dence interval (95 % CI) [11]. The critical level of sig-

Results and their discussion

Progression of the disease in the form of local
recurrence was determined in the control group in
15 (25.4 %) patients and in 7 (16.7 %) in the main
one (p = 0.190). In the main group, the time to recur-
rence averaged 19.8 months (8-34) from the moment
of intervention, in the control one it was 15.1 months.
(9-28).

Table 2 shows the distribution of patients with lo-
cal recurrence of GCT, taking into account gender,
age, tumor location and extent. All persons of the con-
trol group with recurrences underwent extensive re-
sections with different methods of reconstruction
(endoprosthesis, resection arthrodesis). In the main
group, two patients underwent extensive resections
with joint arthroplasty, the rest were administered re-
peated combination treatment with excochleation and
continuous administration of denosumab. There were
no amputations.

In the main group, complications associated with
the use of liquid nitrogen (in the form of skin ne-
crosis) occurred in 4 (9.5 %) patients. In the control
group, postoperative complications (superficial and
deep infections) were found in 2 (3.5 %) subjects.
There was no statistically significant difference be-
tween the groups according to this criterion.

Table 2
Distribution of relapses in groups depending on sex, age,
tumor localization and spread by Campanacci

. Indi G
nificance (p) was 0.05. reeser , e
main, n =42 control, n =57
Table 1 1 i 1 i
Distribution of patients in groups by sex, age, Male 4/19 | 21.05 | 12/28 | 42.50
localization of tumors and spread by Campanacci Sex Female 3/23 13.40 | 13/29 | 41.93
Indicator Group Up to 25 5/15 33.33 9/14 64.28
main, n = 42 control, n =57 . 26-50 2/29 6.89 6/31 19.35
Bik, poxu
n % n % 51
0/3 0.00 0/12 0.00
s Male 19 45.2 28 49.1 and over
ex -
Female 23 | 48 | 2 | 519 Distal 318 | 16.66 | 6/23 | 26.08
Upto 25 | 14 | 333 14 | 246 femur
Proximal
Age, years 26-50 19 453 31 54.4 femur 0/2 0.00 0/1 0.00
51 -
andover | 0| 241121 2 Ty ocatization | IS 13 | 3330 | 23 | 6670
Femur 20 47.6 24 42.1 .
Proximal
[ Tibia 17 | 405 | 27 | 474 tibia 214\ 1428 1524 1 2080
Localization : -
Proximal | = 11.9 6 10.5 Proximal "\ 1,5\ 2000 | 2/6 | 3333
humerus humerus
. | Grade I 10 23.8 25 439 .| Grade I 0/19 0.00 5/25 | 20.00
Campanacci Campanacci
criteria ﬁf?‘lif 32 | 762 | 32 | 561 criteria ﬁf‘}‘%@ 7/28 | 25.00 | 10/32 | 31.25
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Among the 42 patients included in the assess-
ment for complications of denosumab treatment,
3 (7.1 %) had hypocalcemia without significant clini-
cal manifestations, and 2 (4.8 %) had a prolonged
flu-like condition after the first administration (up
to 8 and 10 days) with a weak reaction to the use
of paracetamol. Osteonecrosis of the jaw in this co-
hort of patients was not observed in any case.

Malignant transformation of recurrence after ex-
cochleation of the primary tumor of the distal femur
was detected in only one patient in the control group.

To assess long-term treatment outcomes, the re-
currence-free survival of patients in both groups
was analyzed by the Kaplan-Meier method (Figure).
There were no statistically significant differences
in the relapse-free survival curves for patients in
the main and control groups (p = 0.180 according to
the Lograng criterion). At the same time, it should be
noted that the five-year recurrence-free survival in
the main group was 85 % (95 % CI 74-96), and 75 %
in the control group (95 % CI 64-86).

Pulmonary metastases were detected in 2 patients
of the main group at the time of diagnosis, their fre-
quency was 1.4 %. Table 3 illustrates the relation-
ship between factor traits and the risk of recurrence
in single-factor Cox models. One-factor analysis
revealed that the risk of recurrence did not depend
on the use of denosumab. Only a statistically signifi-
cant dependence on the age of patients (p = 0.015)
was found — the risk is reduced only for elderly pa-
tients, HR = 0.33 (95 % CI 0.14—0.81) compared with
the category under 25 years.

To identify the set of signs associated with the risk
of recurrence, a multifactor analysis was performed
with the selection of significant signs by AIC. In
the process of selection, four factors were identified:

100

80

60 —

S

Recurrent survival (%)

20

0

Time (months)

Figure Long-term results of Kaplan-Meier treatment

group, age, localization of GCT in the bones (femur
or other) and bone (distal or proximal part). Cox mo-
del, based on the selected features, is adequate, C-
index — 0.71 (95 % CI 0.62—0.80), which indicates
the severity of the relationship of medium degree.
Table 4 presents an analysis of the relationship be-
tween factor traits and the risk of recurrence in a mul-
tifactorial Cox model.

It should be noted that during standardization by
other factors, the relationship between the risk of re-
currence changes, but the lack of dependence on
the group is unchanged (Tables 3, 4).

Discussion

The study showed that GCT usually triggers thin-
ning of the cortical bone, which can be perforated
with minimal pressure during excochleation. GCT
responds to preoperative denosumab in 100 % of cas-
es and in 2-3 months while taking the drug there is
a reduction in tumor size and a new mineralized mat-
rix, which creates favorable conditions for curettage.
However, the hope for a sharp improvement in can-
cer results has not yet materialized. Recurrence with
denosumab was lower by 16.4 % than in the control
group by 25.4 %, but without statistical significance.
Similar results were published by F. Traub et al. [6].
Cox regression analysis did not reveal a significant
difference in the groups of our patients. Most re-
searchers indicate a recurrence of GCT in the range
of 17-30 % without denosumab [4]. Recurrence-free
survival analysis showed better results in denosumab-
treated patients: five-year recurrence-free survival
in the main group was 10 % higher than in the con-
trol group. This fact speaks against the conclusions
of many skeptics, who generally yielded worse re-
sults when using neoadjuvant denosumab than with-
out it [12, 13]. In these studies, denosumab was used
only in the neoadjuvant mode (6 courses), whereas
we performed 5 courses before surgery, and 5 after.
Whether there would be an increase in recurrences
if we did not use the postoperative regimen of deno-
sumab remains unresolved.

Of course, the recruited cohorts of patients dif-
fer greatly in the time of observation, but based on
the fact that the development of relapse occurs in
the period of 12-24 months. [8, 12], we can hope that
in the main group of recurrences in the future can be
only episodic. In addition, it should be noted that ad-
ditional measures to treat the tumor bed (liquid nitro-
gen) in the control group were mostly not used. This
could lead to an increase in the number of relapses.

The frequency of lung metastases in 2 patients
of the main group at the time of diagnosis was 1.4 %,
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Table 3
Coefficients of one-factor models of proportional Cox intensities predicting the risk of recurrence
Factor attribute Value of the model coefficient, | Level of significance of the difference | HR indicator (95 % CI)
b+m of the model coefficient from 0, p
control reference
Group -
main —0.64+0.49 | 0.190 | 0.53(0.20-137)
Female reference
Sex
Male 0.34 + 0.45 | 0.451 | —
Upto 25 reference
Age, years
Over 25 110 + 0.45 | 0.015 | 0.33(0.14-081)
Localization Distal reference
in the bone Proximal ~0.08 + 0.45 | 0.861 | —
Localization Femur reference
in the skeleton Humerus un Tibia 0.40 + 0.47 | 0.389 | —
L Grade 1 reference
Campanacci criteria
Grade II-11T ~0.62 + 0.45 | 0.169 | 0.54(0.22-1.30)

Table 4

Coefficients of the four-factor model of proportional Cox intensities for predicting the risk of recurrence

Factor attribute Value of the model coefficient, | Level of significance of the difference | HR indicator (95 % CI)
+m of the model coefficient from 0, p
control reference
Group -
main -0.83 £0.50 0.099 | 0.53 (0.16-1.17)
25-50 reference
Age, years Upto 25 -1.43 £ 0.56 0.010 4.2 (1.4-12.5)
51 and over 0.68 = 0.70 0.329 —
Localization Distal reference
in the bone Proximal 148 = 0.70 | 0.033 | 0.23(0.06-0.89)
Localization Femur reference
in the skeleton Humerus uu Tibia 1.44 +0.70 | 0.040 | 42(11-167)

which is similar to the previous study — from 0.5 to
4 %.

Another important fact of our study is that no
case of malignant transformation of GCT in the main
group has been recorded.

Conclusions

The use of denosumab before and after excochle-
ation gives a lower recurrence rate, 16.7 %, compared
to 25.4 % without it. The absence of a significant
difference in the indicator between the groups does
not provide convincing substantiated arguments for
its application, especially in the neoadjuvant mode.
Postoperative administration of denosumab can be
considered as a factor in the prevention of recurrence
after primary excochleation of the tumor, which may
be promising for further study and optimization of in-
dications for its use in patients with GCT.

Conflict of interest. The authors declare the absence of con-
flict of interest.
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