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1. Introduction

Malignant giant cell tumors of the bone (GCTB) were first described by Stewart [1],
while primary and secondary malignant GCTBs were distinguished from each other by
Hutter and Dahlin et al. [2,3]. Primary malignant GCTBs are evident at the first diagnosis
of GCTB and contain an area or a nodule of highly pleomorphic mononuclear cells present
within an otherwise conventional GCTB (Figure 1) [4]. After treatment of primary bor-
derline GCTB at the localized site, a few cases of malignant GCTB may be induced at the
primary site. This type of malignant GCTB is called “secondary malignant GCTB at the
primary localized tumor”. The pre-existing GCTB may or may not be evident (Figure 2) [4].
Malignant GCTB is a rare primary malignant tumor of the bone, with a malignant transfor-
mation rate of 2.4% for benign GCTB (secondary malignant GCTB) [5]. Benign GCTB is
composed of neoplastic mononuclear stromal cells, with macrophages and multinucleated
reactive giant cells (osteoclast-like) uniformly distributed [4]. The neoplastic stromal cells
can originate from mesenchymal stem cells [6,7]. Benign GCTB has few somatic alterations
and no driver mutations other than mutations in the H3.3 family of histone genes H3-3A
or H3-3B [8]. On the other hand, malignant H3.3-mutated tumors are rich in a variety of
alterations involving TERT; thus, telomere dysfunction is involved in the transformation
from benign to malignant GCTB [8]. The mortality rate of primary malignant GCTB is
reportedly lower than that of secondary malignant GCTB (16% vs. 63%) [9,10]. Although
wide resection of the primary tumor and adjuvant chemotherapy are usually recommended
for localized malignant GCTB [11], Anract et al. reported no difference in survival among
patients who underwent surgery with adjuvant chemotherapy compared to those who
received surgery alone [11]. In addition, Liu et al. reported that adjuvant chemotherapy
offered no benefit on the overall survival but improved lung metastasis-free survival in
patients with localized malignant GCTB [12]. Because of the rarity of malignant GCTB, only
a small number of retrospective studies have been reported, and no randomized controlled
trials have examined the effects of adjuvant chemotherapy for localized malignant GCTB.
Therefore, the effects of adjuvant chemotherapy on localized malignant GCTBs have not yet
been clarified. To investigate the efficacy of adjuvant chemotherapy for localized malignant
GCTB, we performed a systematic review of studies comparing mortality in patients who
underwent wide resection or wide resection plus adjuvant chemotherapy for primary and
secondary localized malignant GCTB.

Figure 1. Histological specimens of primary malignant GCTB. Biopsy of a proximal humerus lesion in a 39-year-old

male patient with a diagnosis of GCTB is shown. Morphologically, an oval round mononuclear cells with hemosiderotic

deposits associated with multinucleated giant cells are evident (Hematoxylin and eosin [H&E], (A), 100x of magnification).

Conversely, in the surgical specimen a transition zone between classic giant cell tumor and its relative malignant component

was observed (H&E, (B), 100 x of magnification). The malignant component of neoplasm is comprised of spindled and

pleomorphic cells with an atypical mitosis (see circles in (C), [H&E], 200 x of magnification).
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Figure 2. Histological specimens of secondary malignant GCTB. Histology of the initial biopsy showing multinucleated
giant cells embedded in oval, round mononuclear cells with hemosiderotic deposits; the lesion presents the appearance

of a classic giant cell tumor (H&E, (A), 200x magnification), confirmed by immuno-histochemistry to express the H3F3A

protein G34W variant in mononuclear cells ((B), 200x magnification). Biopsy of the recurrent lesion, where a highly

malignant neoplasm comprised of spindled and pleomorphic cells can be observed (H&E, (C), 200x magnification). Upon

immunohistochemistry analysis, the H3F3A protein G34W variant was observed ((D), 200x of magnification).

2. Materials and Methods

We followed the recommendations of the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) 2020 [13]. The protocol was registered with the
UMIN Clinical Trials Registration UMIN000045042 (http:/ /www.umin.acjp/ctr/indexhtm
(accessed on 2 August 2021)).

2.1. Eligibility Criteria

Only studies that reported the prognosis of localized malignant GCTB at the time of
diagnosis and treated with surgery alone or surgery combined with adjuvant chemotherapy
were included. Patients with distant metastases at the time of diagnosis of malignant GCTB
and patients with an unclear prognosis were excluded. Patients who underwent surgery
alone without adjuvant chemotherapy for the primary tumor of malignant GCTB and
palliative chemotherapy for distant metastases which occurred during the course of the
disease were classified into the surgery-only group. Regarding the number of deaths, only
deaths due to tumors were counted. Only studies written in English or Japanese were
included, and no restrictions were placed on the year of publication. Only human studies
were included while in vitro and in vivo studies were excluded.


http://www.umin.ac.jp/ctr/index.htm
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2.2. Literature Search and Study Selection

PubMed, Embase and Cochrane Central Register of Controlled Trials (CENTRAL)
databases were used to search the literature according to a systematic search strategy on
28 July 2021 (Table S1). In addition, bibliographies of the retrieved literature were used to
identify other relevant studies. Publication bias was assessed using funnel plots and the
Egger’s test. Publication bias is a phenomenon in which positive results are more likely to
be published than negative results when publishing a study.

2.3. Data Collection and Presentation

Two authors (RM and ST) independently selected the studies and extracted the data.
In case of a disagreement, a consensus was reached between them or by consulting a third
author. A data collection sheet was used to collate the following data: (1) basic data with au-
thors, year of publication, journal name, type of study, follow-up period after the diagnosis
of malignant GCTB, follow-up period after the diagnosis of GCTB (in the case of secondary
malignant GCTB), and total number of patients with malignant GCTB; (2) number of pa-
tients treated with surgery and adjuvant chemotherapy for primary malignant GCTB and
number of tumor-related deaths, and number of patients who underwent surgery alone
for primary malignant GCTB and number of tumor-related deaths; (3) number of patients
treated with surgery and adjuvant chemotherapy for secondary malignant GCTB and
number of tumor-related deaths, and number of patients who underwent surgery alone for
secondary malignant GCTB and number of tumor-related deaths; and (4) average age at
diagnosis of malignant GCTB, breakdown of men and women, site of malignant GCTB,
Campanacci stage of malignant GCTB [14], surgical margins for malignant GCTB, patholog-
ical diagnosis of malignant GCTB, surgery or radiotherapy for the primary lesion (benign
GCTB) in the case of secondary malignant GCTB, time for malignant transformation in
cases of secondary malignant GCTB, and chemotherapy regimens.

The Campanacci stage is most often used for stage classification of GCTB according to
an X-ray [14]. A stage 1 the tumor has a well-marginated border consisting of a thin rim of
mature bone, and the cortex is intact or slightly thinned, but not deformed [14]. A stage 2 tu-
mor has relatively well-defined margins but no radiopaque rim; the combined cortex and
rim of the reactive hone is rather thin and moderately expanded but still present [14]. Stage
3 is a tumor with fuzzy borders, suggesting rapid and possibly permeative growth; the
tumor bulges into the soft tissues [14]. However, the soft-tissue mass does not follow the
contour of the bone and is not limited by an apparent shell of reactive bone [14].

2.4. Data Summary, Synthesis and Meta-Analysis

We summarized the data collected from the selected studies (Tables 1-3). The datasets
included the first author’s name, year of publication, number of patients treated with
surgery combined with adjuvant chemotherapy and number of tumor-related deaths, as
well as number of patients who underwent surgery only and number of tumor-related
deaths. Using a random-effects model, odds ratios for comparing the rate of tumor-related
deaths in the surgery-only group and the surgery plus adjuvant chemotherapy group
were estimated for patients with primary and secondary malignant GCTB. The extent of
heterogeneity between studies was evaluated using I? statistics. All statistical analyses
were performed assuming a two-sided test at a 5% level of significance using Review
Manager 5.3 (The Cochrane Collaboration, Oxford, UK).
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Table 1. Overall study characteristics.

Mean Follow-Up Period after Mean Follow-Up Period after Diagnosis of GCTB in Total Number of Patients with

Study Type of Study Diagnosis of Malignant the Case of Secondary Malignant GCTB (Months) Localized Malignant GCTB

Boriani et al. [15] SR 30 125 9
Anractetal. [11] SR 69 NR 24
Oda et al. [16] SR 15 45 2
Bertoni et al. [17] SR 58 144 14
Picci et al. [18] SR 112 352 6
Ogura et al. [19] MR 48 NA 5
Liu et al. [12] SR 54 143 32
Palmerini et al. [20] MP Median 48 NR 7
Tsukamoto et al. [21] MR 32 155 13

GCTB, giant cell tumor of bone; NR, not reported; NA, not applicable; SR, single institutional non-randomized retrospective study; MR, multi-institutional non-randomized retrospective study; MP,
multi-institutional non-randomized prospective study.

Table 2. Overall study characteristics.

In the Group of Primary Malignant GCTBs In the Group of Secondary Malignant GCTBs
Nl:rllné) e: of Pall,tll ents lliusm ]:er ofIE’latleI;I;s. Dvorll)t Number of Number of Patients DOD N:l;n; e: of Pi,tll ents ﬁusm l;er of;ahe;g DVOIl‘)t Number of Number of Patients DOD
Stud Au d'glf ;Znt us Ch: n?:-r}l’"he:: élrlos Patients in in Surgery-Only Group : d'gtf \:Znt us Cl:le r%l?)rt}l,\er:s Gl‘l;ua Patients in in Surgery-Only Group
Y Chemlotherapy (Interval from Dlggnosispof Surgery-Only (Inte.rv al from Diagnosis of Chem]otherapy (Interval from ]gg,agnosil; of Surgery-Only (Inte.rval from Diagnosis of
Group Malignant GCTB to DOD) Group Malignant GCTB to DOD) Group Malignant GCTB to DOD) Group Malignant GCTB to DOD)
Boriani et al. [15] 0 0 0 0 1 0 8 6 (mean 11 months)
Anractetal. [11] 5 2 (mean 40 months) 8 4 (mean 17.5 months) 3 1 (20 months) 8 3 (mean 36 months)
Oda et al. [16] 0 0 0 1 0 1 1 (6 months)
Bertoni et al. [17] 2 0 3 1 (8 months) 4 2 (mean 9 months) 5 3 (mean 59 months)
Picci et al. [18] 0 0 0 0 4 2
Ogura et al. [19] 1 1 (22 months) 4 0 0 0 0 0
Liuetal. [12] 7 3 5 2 10 6 10 8
Palmerini et al. [20] 0 0 0 0 6 2 (mean 10 months) 1 1 (2 months)
Tsukamoto et al. [21] 0 0 4 1 (24 months) 7 0 2 1 (19 months)

GCTB, giant cell tumor of bone; DOD, died of disease.



Cancers 2021, 13, 5410 6 of 12
Table 3. Overall study characteristics.
Surgery of GCTB Mean Latent Period
. Campanacci Stage (in Case of Surgical Margin of in Case of
Stud Ma(l§ l;’rs' eFen:-ale Mean Age (Surgery Loca(tslﬁ? Zf Tlimor of Malignant GCTB Secondary Malignant GCTB Histology (Surgery Secondary Chemotherapy
Yy Chemo/S 1:1}" ery) + Chemo/Surgery) Chemo, 513, ery) (Surgery + Malignant GCTB) (Surgery + + Chemo/Surgery) Malignant GCTB Regimen
gery gery Chemo/Surgery) (Surgery + Chemo/Surgery) (Months) (Surgery +
Chemo/Surgery) Chemo/Surgery)
Ischium: 1/Distal radius: RT alone:
L . 1, Distal femur: 3, . MFH:1/MFH:3,
Boriani et al. [15] 1:0/7:1 34/37 Proximal tibia: 3, NR/NR 1{{Ssue1§tig:1r%eéé, NR/NR 052, FS:3 30/103 NR
Proximal femur: 1 :
Distal femur: 2, Proximal
tibia: 2, Distal radius: 1,
First cuneiform: 1, Distal
tibia: 1, Proximal Curettage: GCT grade I11:4,
170 humerus: 1/Proximal - 0S:2, FS:2/GCT
Anract et al. [11] 4:4/9:7 35/39 femur: 1, Distal femur: 6, NR/NR 3/Cuthtag.e. 5 RT NR/NR grade IIL11, FS: 2, NR/NR NR
Proximal tibia: 4, Distal alone: 3 0S:3
tibia: 2, Proximal
humerus: 1, Pelvis: 1,
.1,
0/0. Acetabulum: 1/Distal . Resection:
Oda et al. [16] 1:0/0:1 25/42 fernur: 1 Stage 2: 1/NR 1/Curettage: 1 NR/NR NR/NR 24/36 CDDP + DOX
Distal femur: 3, Iliac
wing: 1, Ischiopubic arch: Curettage: 3, RT
1, Proximal radius: alone: 1 /éir é—ta . 0S:5, MFH:1/0S:6
Bertoni et al. [17] 4:2/7:1 42/48 1/Proximal tibia: 3, NR/NR 30 Re- b -e1 RSFe- NR/NR MFHA F&i1 90/195 NR
Distal tibia: 1, Proximal 4 esé‘ielf)l’ll(:'ll 4 B
femur: 1, Distal fe-mur: 2, .
Distal ulna: 1
Distal femur: 1, Proximal c
e 1 1 /9. radius: 1, Distal tibia: 1, urettage: X . .
Picci et al. [18] 3:1/2:0 53/57 Proximal tibia: NR/NR 4/Curettage: 2 NR/NR 0S:2, MFH:2/0S:2 228/264 NR
1/Proximal tibia: 2
Distal femur: 1/Distal Inadequate: CDDP + DOX
Ogura et al. [19] 1:0/2:2 24/49 femur: 2, Rib: 1, Proximal NR/NR NA 1/Adequate: 2, NR/NR NA IFO, MTX 4
tibia: 1 Inadequate: 2 ’
Curettage: 9 Adequate: 12,
. Stage 2: 4, Stage 3: ge: 7 UPS or FS: 3, OS:
; 5 /5. All extremity / All R Resection: Inadequate: o
Liu etal. [12] 12:5/5:10 32/35 extremify 13848tag§ 21.14, 1/Curettage: 8, 5/Adequate: 11, 14/Ug‘_isf); FS: 8 79/112 NR
age o Resection: 2 Inadequate: .
Metatarsus: 1, Tibia: 2,
Palmerini et al. [20] NR/NR 47/55 Distal femur: 3/Sa- NR/NR NR/NR NR/NR UPS: 4, 0S: 2/UPS: 1 82/79 NR
crum:1
RT alone: 1, RT + 4 Carb
. s Curettage:1, Adequate: 6, Carbon . . ) CDDP, DOX,
Tsukamoto et al. [21] 3:4/6:0 31/47 Sac;‘}ré" tz, E’f:“?rg“y‘ NR/NR Curettage: ion: 1/Adequate: 5, 053 UPS: 4/05:1, 172/64 IFO, VP-16,
Xtremity: 5/Curettage: 1, . MTX

Resection: 1

Inadequate: 1

GCTB, giant cell tumor of bone; NR, not reported; NA, not applicable; RT, radiotherapy; OS, osteosarcoma; MFH, malignant fibrous histiocytoma; UPS, undifferentiated pleomorphic sarcoma; FS, fibrosarcoma;
MTX, methotrexate; CDDP, cisplatin; IFO, ifosfamide; DOX, doxorubicin; VP-16, etoposide.
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2.5. Assessment of Methodological Quality

Two authors (RM and ST) independently assessed the quality of the included studies.
In cases of disagreement, a consensus was achieved either between them or by consulting
a third author. The articles selected were independently graded for final analysis according
to the Risk of Bias Assessment tool for Non-randomized Studies (RoBANS tool) to assess
the quality of nonrandomized studies in the meta-analysis [22].

2.6. Search Results

Among the 745 studies identified by the search, nine studies were finally included
in the current study (Figure 3; Tables 1-3) [11,12,15-21]. None of the studies were ran-
domized controlled trials. Additional information was obtained from the authors of two
studies [19,21]. Although Egger’s test was not possible because there were only nine stud-
ies, the results of funnel plots showed that the left and right plots were asymmetrical, with
the blue line as the boundary for both primary and secondary malignant GCTB, suggesting
the presence of a publication bias (Figure 4A,B).

Citations found in each electronic The bibliographies of retrieved
database: PubMed (n = 334), studies were manually searched
EMBASE (n = 450), Cochrane to identify other studies: n = 3.

Database (n = 1).

[ 745 records identified after duplicates were removed ]

[ 745 records screened H641 records were excluded based on title and abstract ]

95 full-text articles were excluded with the following reasons
Review (n = 2)

One case report (n = 14)

(104 full-text articles were Non English or Japanese-language text (n = 13)

\assessed for eligibility No comparison group (n = 12)

No clear information about final outcome (n = 54)

(9 studies were included
in the qualitative synthesis
\(meta-analysis)

Figure 3. This flow chart shows the search for relevant articles.

0 1 SE(log[OR]) 0 +SE(log[OR])
1 o b 1 a
%o
2 [a] . 21 o Qo
=]
3 3
4 4
OR
5 5 . : ‘ OR
0.01 0.1 1 10 100 0.01 0.1 1 10 100
(A) (B)

Figure 4. These funnel plots show detection of publication bias; (A) in patients with primary
malignant giant cell tumor of bone; (B) in patients with secondary malignant giant cell tumor of bone.
SE, standard error; OR, odds ratio. “o0” indicates each study included the Meta-Analysis.
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2.7. Demographic Data and Ratio of the Patients Who Were Treated with Surgery Combined with
Adjuvant Chemotherapy and Surgery Alone

A total of 112 cases of localized malignant GCTB were included in this study, and
the breakdown of primary and secondary malignant GCTB cases was 39 and 73 cases.
Fifteen patients (38.5%) were treated with surgery and adjuvant chemotherapy for primary
malignant GCTB, and 24 patients (61.5%) were treated with surgery alone. A total of
36 patients (49.3%) were treated with surgery and adjuvant chemotherapy for secondary
malignant GCTB, and 37 patients (50.7%) were treated with surgery alone (Tables 1-3).

2.8. Methodological Quality of the Included Studies

The assessment of the quality of the individual studies using the RoBANS tool showed
an overall moderate risk of bias. All nine included studies showed that “selection of partic-
ipants” was high, “confounding variables” were high, “measurement of exposure” was
low, “blinding of outcome” was low, “incomplete outcome data” was low, and “selective
outcome reporting” was low.

3. Results

In primary localized malignant GCTB, mortality was similar between the surgery plus
adjuvant chemotherapy group and the surgery-only group. The mortality rates were 40%
(6/15 patients) in the surgery plus adjuvant chemotherapy group and 33% (8/24 patients)
in the surgery-only group. The overall pooled odds ratio was 1.07 (95% confidence interval,
0.26 to 4.37; p = 0.92), and the heterogeneity I> was 0% (Figure 5A).

surgery anid chemotherapy surgery Odids Ratio Odds Ratio
Study or Subgroup Bvents Total BEvents Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Bariani 1986 1] ] a a Mot estimable 1986
Anract 1993 2 ] 4 2 38.49% 067 [0.07 6.41] 1993 =
Oda 2001 1] ] a a Mot estimable 2001
Beroni 2003 1] 2 1 3 14.8% 0.33[0.01,12.82] 2003 +
Picei 2011 1] ] a a Mot estimable 2011
Ogura 2017 1 1 a 4 1048% 27.00([0.35 2087898 2017 +
Tsukamaoto 2021 0 a 1 4 Mot estimable 2021
LiuZ0 3 ¥ 2 5 36.2% 113011, 11.6800 2021 =
Falmerini 2021 1] a a a Mot estimable 2021
Total (95% CI) 15 24 100.0% 1.07 [0.26, 4.37] ——sul-—
Total events B 8
Heterogeneity; Tauf= 0.00; Chif= 271, df= 3 (P = 0.44); F= 0% ID.D1 0?1 150 1EIDI
Testior overall efiect 2= 0.10 (F = 0.82) surgery and chemotherapy  surgery

(A)

surgery and chemotherapy surgery 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Evenis Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Baoriani 1986 1] 1 A 8 101% 0.13[0.00,4.32] 1986 4
Anract 1998 1 3 3 3 15.9% 0.83[0.058 13.63] 14993
Oda 2001 1] 1 1 1 B.1% 0111[0.00,10.27] 2001 +
Bertani 2003 2 4 3 a 17T% Q.67 [0.05,9.47] 2003
Ficei 2011 1] 4 a 2 Mot estimahble 2011
Qgura 2017 1] a a a Mot estimahkle 2017
Liu 2021 B 10 a M0 NA% 0.38[0.058, 2.77] 2021 — &
FPalmerini 2021 2 G 1 1 9.8% 019[0.01, 648 2021 #
Tsukamoto 2021 1] 7 1 2 9.3% 0.07 [0.00, 2.66] 2021 #
Total (95% CI) 36 37 100.0% 0.31[0.10, 0.95] sl
Total events 11 23
Heterageneity: Tau®= 0.00; Chi®= 2.04, df= 6 {F = 0.92); F= 0% :D.D1 0?1 150 1DD:
Testfor overall effect 2= 2.05 (F=0.04 surgery and chemaotherapy surgery

(B)

Figure 5. A forest plot shows the proportion of patients in the surgery plus adjuvant chemotherapy and surgery-only
groups who died of disease in the various studies; (A) in patients with primary malignant giant cell tumor of bone; (B) in
patients with secondary malignant giant cell tumor of bone.
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In secondary localized malignant GCTB, mortality was lower in the surgery plus ad-
juvant chemotherapy group than in the surgery-only group. The mortality rates were
30.6% (11/36 patients) in the surgery plus adjuvant chemotherapy group and 62.2%
(23/37 patients) in the surgery only group. The overall pooled odds ratio was 0.31 (95%
confidence interval, 0.10-0.95; p = 0.04), and the heterogeneity I> was 0% (Figure 5B).

The percentage of men was 43-100% in the surgery plus adjuvant chemotherapy
group, compared with 0-100% in the surgery-only group (Table 3) [11,12,15-19,21]. The
mean age ranged from 24 to 53 years in the surgery plus adjuvant chemotherapy group,
compared with 35-57 years in the surgery-only group (Table 3) [11,12,15-21]. The pro-
portion of tumors located in the trunk ranged from 0% to 100% in both the surgery plus
adjuvant chemotherapy group and surgery-only group (Table 3) [11,12,15-21]. In the
surgery plus adjuvant chemotherapy group, the proportion of patients with a history of
radiotherapy ranged from 0% to 100%, while in the surgery-only group, it ranged from
0% to 38% (Table 3) [11,12,15-18,21]. In the surgery plus adjuvant chemotherapy group,
the proportion of inadequate surgical margins ranged from 0% to 100%, whereas in the
surgery-only group, it ranged from 17% to 50% (Table 3) [12,19,21]. In the surgery plus adju-
vant chemotherapy group, the proportion of osteosarcoma histology ranged from 0% to 83%,
whereas in the surgery-only group, it ranged from 0% to 100% (Table 3) [11,12,15,17,18,20,21].
The mean latent period to malignant transformation ranged from 24 to 228 months in the
surgery plus adjuvant chemotherapy group, compared with 36 to 264 months in the
surgery-only group (Table 3) [12,15-18,20,21]. The chemotherapy regimen was reported
in three studies, with the chemotherapy regimen used to treat osteosarcoma (high-dose
methotrexate, cisplatin, doxorubicin, ifosfamide, and etoposide) (Table 3) [16,19,21]. Two
patients with malignant GCTB included in one study were enrolled in the EUROpean Bone
Over 40 Sarcoma Study (EURO-B.O.S.S.) [21]. EURO-B.O.S.S. was the first prospective
study for patients 41-65 years old with high-grade bone sarcoma treated with an intensive
chemotherapy regimen derived from protocols for younger patients with high-grade os-
teosarcoma [23]. Chemotherapy consisted of doxorubicin 60 mg/m? for 24 h intravenous
infusion, cisplatin 100 mg/m? for 48- to 72-h intravenous infusion, ifosfamide 3 g/m?/day
for 1- to 2-h intravenous infusions for 2 days, and methotrexate 8 g/m? for 4-h intravenous
infusion [23].

4. Discussion

The efficacy of adjuvant chemotherapy for localized malignant GCTBs remains unclear.
In this study, we showed that the efficacy of adjuvant chemotherapy for primary local-
ized malignant GCTB remains unclear, but it appears to improve survival for secondary
localized malignant GCTB.

This study has several limitations. First, all included studies were retrospective and
had an indication bias for adjuvant chemotherapy. Adjuvant chemotherapy was more
frequently used in younger patients with a history of radiotherapy and a shorter time to
malignant transformation (Table 3). Randomized controlled trials can avoid many of these
biases by randomly allocating participants into groups. Because the authors identified no
randomized controlled trials, well-designed cohort and observational studies with strong
effects may provide reliable information. Second, since the total number of patients with
primary malignant GCTB is small with only 39 patients, there is a possibility of a type 2
error. Significant results may be obtained in the future if studies on the effects of adjuvant
chemotherapy in patients with localized primary malignant GCTB, which have a higher
number of cases, are published. Third, based on data from the Swedish Cancer Registry
from 1958 to 2011, Rockberg et al. reported that the proportion of malignant GCTBs in
benign GCTBs decreased from 1.3 to 0.09 in 1982 [24]. Pathologically, it is difficult to
distinguish between giant-cell-rich osteosarcomas and malignant giant cell tumors with
focal areas of sarcomatous changes [25,26]. Giant-cell-rich osteosarcoma has become widely
known because of the case series of Bathurst et al. published in 1986 [27]. Therefore, among
the cases included in this systematic review, some of the cases may diagnose as malignant
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GCTB before 1982 were giant-cell-rich osteosarcomas [24]. This may affect the efficacy of
adjuvant chemotherapy for localized malignant GCTBs.

The results of this study indicate that the effect of adjuvant chemotherapy remains
unclear for primary localized malignant GCTB, but adjuvant chemotherapy appears to
contribute to a reduction in mortality in secondary localized malignant GCTB. Primary
malignant GCTB refers to tumors in which conventional GCTB and sarcoma components
coexist at the time of initial diagnosis [17]. A secondary malignant GCTB is a sarcoma
that develops following a benign GCTB, usually more than five years after treatment,
often associated with previous radiotherapy [17]. Secondary malignant GCTB is more
common than primary malignant GCTB, but both secondary and primary malignant
GCTBs are very rare [4]. According to a recent systematic review, 36 cases of primary
malignant GCTB were reported among 2315 patients with GCTB (incidence 1.6%), and
56 cases of secondary malignant GCTB were reported among 2315 patients with GCTB
(incidence 2.4%) [5]. Nascimento et al. reported that secondary malignant GCTB has a
worse prognosis than primary malignant GCTB [28]. Gong et al. reported that the mortality
rate of primary malignant GCTB was 0% (0/5 patients), whereas the mortality rate of
secondary malignant GCTB was 33% (4/12 patients) [29]. Mondal et al. reported that
all five patients with malignant transformation after radiotherapy (secondary malignant
GCTB) died within a few months [30]. In contrast, Anract et al. followed up 29 patients
with malignant GCTB between 6 months and 18 years and reported they had a 5-year
survival rate of 50%, and that both primary (17 patients) and secondary malignant GCTB
(12 patients) had similar prognoses [11]. Liu et al. also followed up 12 patients with
primary malignant GCTB and 20 patients with secondary GCTB for a mean of 4.5 years
and reported a similar 5-year survival rate between primary and secondary malignant
GCTB (56% vs. 40%) (p = 0.188) [12]. Although malignant GCTB is generally accepted to be
a high-grade sarcoma [17], Domovitov et al. investigated the prognosis of 25 patients with
primary malignant GCTB with a median follow-up period of 8.7 years and reported that
the mortality rate of primary malignant GCTB was 16% (4 of 25 patients) [9]. According to
their data, the growth rate of primary malignant GCTBs is slow [9]. This may explain why
adjuvant chemotherapy is ineffective for primary malignant GCTBs.

Rock et al. reported that three patients with secondary malignant GCTB received no
benefit from chemotherapy [10]. Anract et al. [11] reported improved 1-year survival in
patients who underwent surgery with adjuvant chemotherapy compared to those who
underwent surgery alone; however, this benefit was not observed for 5-year survival.
Those authors also reported that resection specimens from three of four patients with
malignant GCTB who received neoadjuvant chemotherapy showed a tumor response [11].
Liu et al. [12] found no benefit on overall survival in patients treated with adjuvant chemother-
apy; however, adjuvant chemotherapy was beneficial for lung metastasis-free survival. The
5-year survival rates in the chemotherapy and non-chemotherapy groups were 57.0% and
33.3%, respectively (p = 0.167) [12]. Median pulmonary metastasis-free survival in patients
who received chemotherapy was significantly longer than that in patients who underwent
surgery alone (13 vs. 6 months; p = 0.002) [12]. Because of the rarity of malignant GCTB
resulting in only a few reported cases, previous studies have not been able to clarify the
effect of adjuvant chemotherapy on primary and secondary localized malignant GCTB. In
this study, we were able to clarify the effectiveness of adjuvant chemotherapy for local-
ized secondary malignant GCTB by collecting and analyzing previous reports. Cytotoxic
chemotherapy may improve prognosis by inducing apoptosis in secondary malignant
GCTB, such as in conventional high-grade osteosarcoma [31,32]. Palmerini et al. performed
a systematic review of malignant GCTB and reported the frequency of primary malig-
nant GCTB and secondary malignant GCTB, but did not investigate the effect of adjuvant
chemotherapy on localized malignant GCTB [5]. The SEER database contains 250 cases
of malignant GCTB but lacks information on the use of adjuvant chemotherapy and does
not distinguish between primary and secondary malignant GCTB [33,34]. Therefore, the
results of this systematic review may be useful for physicians treating GCTB.



Cancers 2021, 13, 5410 11 of 12

5. Conclusions

The results of this systematic review suggest that the effect of adjuvant chemother-
apy remains unclear for primary localized malignant GCTB, but adjuvant chemotherapy
may improve survival in patients with secondary localized malignant GCTB. Further
prospective multicenter randomized studies are needed to confirm the results of our study.
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