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Background: Serum tartrate-resistant acid phosphatase 5b is well known to be increased in giant cell tu-
mors of bone. However, there are only a few studies that analyzed the association with tartrate-resistant
acid phosphatase 5b expression in those patients. Therefore, we analyzed the characteristics of patients
with giant cell tumors of bone and high tartrate-resistant acid phosphatase 5b expression.

Methods: This retrospective study included 26 patients with giant cell tumors of bone. The correlation
between tartrate-resistant acid phosphatase 5b before initial treatment and tumor volume was evalu-
ated. Patients were divided into two groups according to tartrate-resistant acid phosphatase 5b level.
Statistical analysis was performed between the two groups.

Results: Tartrate-resistant acid phosphatase 5b was elevated in 17/26 patients, and the mean value was
852 mU/dL. There was no correlation with tumor volume (r = 0.034, P = 0.86). The mean age of 34.5
years in the HT group was significantly younger than the mean age of 47.4 years in the LT group (P =
0.040). Pathologically, 19/26 cases showed at least one focal area with features of typical giant cell tu-
mor of bone. Although 11/18 patients in the LT group exhibited relatively noticeable secondary
changes, all patients in the HT group exhibited typical features (P = 0.0074).

Conclusions: Tartrate-resistant acid phosphatase 5b levels were not elevated in some giant cell tumors
of bone. This study suggested that tartrate-resistant acid phosphatase 5b may be elevated in younger
patients and in cases with fewer pathological secondary changes, regardless of tumor volume.

(J Nippon Med Sch 2022; 89: 572-579)
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Introduction primary bone tumors, including osteosarcoma and giant

Serum tartrate-resistant acid phosphatase 5b (TRACP 5b)
is a unique and clinically relevant biomarker of osteo-
clasts in metabolic and pathologic bone diseases'. The re-
lationship between serum TRACP 5b and systemic osteo-
clast number was recently confirmed in vivo and clinical
studies”™. Serum TRACP 5b is known as a bone resorp-
tion marker for bone metastasis, such as that from breast
cancer™, lung cancer’, and prostate cancer”. Some studies

have reported an association with serum TRACP 5b and

cell tumor of bone (GCTB)"™.

GCTB is a primary bone tumor that occurs predomi-
nantly in the epiphyses of long bones and presents with
locally aggressive osteolysis”. GCTB comprises spindle-
like stromal cells and multinucleated giant cells that ex-
hibit many of the properties of osteoclasts". Giant cells
express characteristics similar to osteoclasts such as
TRACP, cathepsin K, and receptor activator of nuclear
factor-kB ligand (RANKL)". Due to the nature of
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Fig. 1 Tumor volume measurement in this study. A. We measured the major axis (a), the minor axis (b) at the larg-

est cross-section, and the maximum diameter of the orthogonal axis (c). B. Tumor volume was calculated as

4/3xmxa/2xb/2xc/2.

osteoclast-like giant cells, it has been suggested that se-
rum TRACP 5b may become a specific marker for
GCTB"™.

In the previous work, Hayashida et al. reported high
TRACP 5b levels with an average of 1,077 mU/dL in pre-
treatment GCTB samples®. With respect to the mean,
TRACP 5b levels were considerably elevated in some
cases, while they were not elevated in the other cases. It
is well known that GCTB shows a wide variety of mor-
phological and imaging features, especially in younger or
older patients'®”. Because these features have a risk of
leading to misdiagnosis, establishing an indicator for
evaluating GCTB is important. Although TRACP 5b may
be applied to assess the status of GCTB less invasively
and objectively, it is still unclear what factors affect
TRACP 5b.

Previous studies have focused on changes in serum
TRACP 5b levels with treatment and local recurrence,
suggesting that TRACP 5b may sensitively reflect GCTB
status""*". It has been reported that TRACP 5b increases
with the number of systemic osteoclasts™, so it is ex-
pected that TRACP 5b will be higher if the tumor vol-
ume is large. However, contradictory results have been
reported regarding the association between tumor size
and serum TRACP 5b levels". Therefore, we evaluated
serum TRACP 5b levels before treatment for GCTB and
examined their association with tumor volume. Further-
more, to clarify the factors that influence serum TRACP 5
b levels, we divided the patients into two groups accord-
ing to the TRACP 5b level and analyzed the clinical fac-

tors.

Materials and Methods

The Institutional Review Board of our university ap-
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proved the study design (Approval number: B200600056).
All patients who were referred to our clinic due to suspi-
cion of osteolytic bone tumors and diagnosed with his-
tologically confirmed GCTB during April 2014 - March
2021 were included in this study. We retrospectively re-
viewed the medical records of 26 patients (13 male and
13 female) with a mean age of 45.5 (15-78) years who
had serum TRACP 5b levels measured before treatment.
All patients underwent plain radiography, magnetic reso-
nance imaging (MRI), blood tests including serum
TRACP 5b, and fluorine-18-fluorodeoxyglucose positron
emission tomography with computed tomography (FDG-
PET/CT) before treatment. Only one patient could not be
evaluated by FDG-PET/CT due to the schedule of bi-
opsy. Intralesional curettage with high-speed burring was
performed in 24 patients. Tumor resection and replace-
ment with megaprosthesis were performed in one pa-
tient. Patients who were not evaluated for serum TRACP
5b before treatment and who were treated with medica-
tion that affected bone metabolism, such as bisphos-
phonates, selective estrogen receptor moderators
(SERMs), denosumab, human parathyroid hormone, and
anti-sclerostin antibodies, were excluded.

Tumor size and tumor volume were measured by MRI
in all cases. The maximum diameter on the largest cross-
section was considered the tumor size. We considered all
tumor lesions ellipsoidal, and tumor volume was ap-
proximated with the standard mathematical formula for
ellipses”®. We measured the major axis (a), the minor axis
(b) at the largest cross-section, and the maximum diame-
ter of the orthogonal axis (c). Tumor volume was calcu-
lated as 4/3xnxa/2xb/2xc/2 (Fig. 1). The correlation be-
tween tumor volume and TRACP 5b expression was

evaluated using Pearson’s product-moment correlation
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Fig. 2 Correlation with regression lines of tartrate-resistant acid phosphatase 5b (TRACP

5b) and tumor volume. No significant correlation was found between tumor vol-

ume and TRACP 5b (r = 0.034, P = 0.86).

analysis.

We divided patients into two groups according to se-
rum TRACP 5b level. Considering metabolic factors such
as osteoporosis, 8 patients with serum TRACP 5b greater
than 852 mU/dL, the median of this study, were classi-
fied into the high TRACP 5b group (HT group), and 18
patients with serum TRACP 5b less than 852 mU/dL
were classified into the low TRACP 5b group (LT group).
We analyzed clinical characteristics, including age, sex,
tumor location, Campanacci classification, tumor size, tu-
mor volume, pathological secondary change, maximum
standard uptake value (SUVmax) of FDG-PET/CT,
pathological fracture, denosumab administration, and lo-
cal recurrence. Cases in which denosumab was adminis-
tered even once during the follow-up period were con-
sidered to be treated with denosumab.

We retrospectively reviewed the pathological reports in
our institution for pathological evaluation. Hematoxylin
and eosin (H&E) staining and immunohistochemistry for
anti-histone H3.3 G34W (G34W; a specific marker of
GCTB) were performed on the specimens obtained by bi-
opsy and operation. The primary antibody used was
anti-histone H3.3 G34W (rabbit monoclonal, clone RM
263, 31-1145-00, dilution 1:400; RevMADb Biosciences, San
Francisco, CA, USA). Secondary changes were assessed
according to the histological features of H&E staining. G
34W immunostaining was performed for diagnosis in 23
of 26 cases.

We compared clinical factors between the two groups

and performed a statistical analysis. In the univariate
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analysis, Student’s t test and Mann-Whitney U test were
performed for continuous variables, and Fisher’s exact
test was performed for categorical variables. P values less
than 0.05 were considered to indicate significance in all
statistical analyses. All statistical analyses were per-
formed using R (R Core Team (2020); R: A language and
environment for statistical computing. R Foundation for

Statistical Computing, Vienna, Austria).

Results
Serum TRACP 5b increased in 17/26 cases (65.4%), with
a mean value of 852 (215-2,690) mU/dL. Mean tumor
volume was 42.6 (5.6-132.7) cc. No significant correlation
was found between tumor volume and TRACP 5b level
(r = 0.034, P = 0.86. Fig. 2). The profile of the HT group
is summarized in Table 1. Eight patients with a mean
age of 34.5 (15-66) years included 3 males and 5 females.
The mean serum TRACP 5b level in the HT group was
1,615 (1,070-2,690) mU/dL. Four of 8 cases occurred in
the distal radius. Campanacci stage II and III were iden-
tified in 4 patients each. Local recurrence was observed
in 5 patients, and denosumab was administered in 8 pa-
tients. The profile of the LT group is summarized in Ta-
ble 2. Eighteen patients with a mean age of 47.4 (29-77)
years included 10 males and 8 females. The mean serum
TRACP 5b in the LT group was 512 (215-803) mU/dL.
Nine of 18 cases occurred in the distal femur. Statistical
analysis of both groups is summarized in Table 3. Cam-
panacci stages I, II, and III were identified in 4, 7 and 5

patients, respectively. Local recurrence was observed in 6

J Nippon Med Sch 2022; 89 (6)
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Table 1 Characteristic of the high tartrate-resistant acid phosphatase 5b (TRACP 5b) group

. Campanacci Tumor Tumor Serum - go.ond- SUVmax  Patho- Denosumab Local
Patient A Loca- cox . TRACP . L
ge Sex ; classifica- size  volume ary of FDG-  logical administra- recur-
No. tion tion (mm) (cc) Sbe change PET/CTP fracture tion rence
(mU/dL) &

1 17 F  radius I 25.7 72 1,310 - 11.6 - + +
2 39 F  radius I 63.0 542 1,160 - 9.8 - + +
3 35 M femur I 57.0 63.4 1,490 - 8.2 - + +
4 35 M radius I 36.2 10.6 1,070 - 8.9 - + +
5 26 M femur I 54.8 60.1 1,510 - 10.2 - + -
6 15 F  radius I 374 17.9 1,500 - 8.5 - + +
7 43 F tibia I 70.4 85.9 2,190 - 9.4 - + -
8 66 F  sacrum I 54.8 40.7 2,690 - 9.4 - + -

aTRACP 5b: tartrate-resistant acid phosphatase 5b, "SSUVmax of FDG-PET/CT: maximum standard uptake value of (18) fluro-de-
oxyglucose positron emission tomography with computed tomography

Table 2 Characteristic of the low tartrate-resistant acid phosphatase 5b (TRACP 5b) group

Serum

. Campanacci Tumor Tumor Second- SUVmax  Patho- Denosumab Local

Patient Age Sex Loca- ) ssifica- size  volume 1aCP ary of FDG-  logical administra- recur-

No. tion tion (mm) (cc) (mU /a dr) change PET/CTP fracture tion rence
1 45 F  radius 111 419 232 556 + 9.5 - + +
2 52 M femur II 65.3 121.4 790 + 6.1 - + -
3 43 M  ulna I 322 16.0 803 - 82 - + +
4 62 F  radius II 35.6 83.2 510 - 7.6 - + +
5 38 F  femur I 57.4 6.2 709 - 7.1 - + -
6 30 F  femur I 729 14.4 489 + 8.5 + + -
7 37 F  femur I 59.5 51.2 622 - 9.4 - + +
8 51 M tibia I 719 11.0 711 - 8.8 - - -
9 78 M femur II 52 24.1 738 + 9.1 - - -
10 49 M  tibia I 68.1 117.4 389 + 7.8 - + +
11 33 M tibia I 40.1 98.5 320 + 10.2 - + +
12 46 F tibia I 32.3 77.3 403 - 8.7 - - -
13 45 F  femur I 36.5 51.5 298 + 11.6 - - -
14 29 M femur I 59.6 15.9 465 + 8.5 + + -
15 54 M femur I 50.1 132.7 270 + 8.5 + - -
16 58 M radius I 34.0 444 366 + 48 - - -
17 42 M femur I 57.1 40.8 566 - 6.9 - - -
18 62 F  fibula I 23.6 5.6 215 + NE¢ - - -

aTRACP 5b: tartrate-resistant acid phosphatase 5b, PSSUVmax of FDG-PET/CT: maximum standard uptake value of (18) fluro-de-
oxyglucose positron emission tomography with computed tomography, <NE: not evaluated

patients, and denosumab was administered to 10 pa-
tients. Plain radiographs showed a radiolucent zone with
a distinct margin in 23 cases, while 3 cases showed de-
struction in the cortex with soft tissue infiltration. MRI
showed cystic changes in more than 50% of the tumors
in 9 cases.

According to the pathological findings, all cases in the
HT group and 11 of 18 cases in the LT group mainly
showed classic features of GCTB, which included round
mononuclear cells within a background of evenly spaced

osteoclast-like giant cells. Pathological secondary changes

J Nippon Med Sch 2022; 89 (6)

were widely observed in 7 patients in the LT group. Fi-
brohistiocytic changes, foamy macrophages, reactive bone
formation, xanthogranulomatous changes and aneurys-
mal bone cyst changes were observed as secondary
changes. G34W immunostaining was performed in 23 of
26 cases and positively stained in some stromal cells in
all cases. In one case, xanthogranulomatous changes were
predominant, and no classic morphological features of
GCTB were found. The case was diagnosed as GCTB by
imaging findings, clinical course, and G34W im-

munostaining.
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Table 3 Statistical analysis of both groups

C b 1 Univariate

ase number or mean value :

Variables analysis

HTa group (n = 8) LT? group (n = 18) p-value

Age (years old) 34.5 (17 - 66) 47.4 (29-78) 0.040

Sex Male 3 10 0.67
Female 5 8

Location Femur/tibia 3 13 0.19
Others 5 5

Campanacci stage I 4 5 0.38
Torll 4 13

Tumor size (mm) 49.9 (25.7 -70.4) 49.5(23.6-72.9) 1

Tumor volume (cc) 47.5(7.2-85.9) 42.6 (5.6 —132.7) 0.85

Serum TRACP 5b¢ (mU/dL) 1,615 (1,070 - 2,690) 512 (215 - 803) NEf

Pathological Yes 0 11 0.0074

secondary change No 8 7

SUVmax of FDG-PET/CTd 9.5(8.2-11.6) 8.3 (4.8-11.6) 0.058

Pathological fracture Yes 0 3 0.53
No 8 15

Denosumab administration Yes 8 10 0.031
No 0 8

Local recurrence Yes 5 6 0.22
No 3 12

Observation period (month)e 10 (n=5) 18 (n=6) 0.053

P values less than 0.05 were considered to indicate significance. ®HT: high tartrate-resistant acid phosphatase
5b, bLT: low tartrate-resistant acid phosphatase 5b, <TRACP 5b: tartrate-resistant acid phosphatase 5b, dSUV-
max of FDG-PET/CT: maximum standard uptake value of (18) fluro-deoxyglucose positron emission tomog-

raphy with computed tomography, ¢Observation period: period from initial treatment until local recurrence,

fNE: not evaluated

A comparison of the two groups revealed significant
differences in age, secondary changes, and denosumab
administration (P = 0.040, 0.0074, 0.031, respectively). The
mean age was lower in the HT group, and secondary
changes were more common in the LT group. The SUV-
max of FDG-PET/CT was 9.5 in the HT group and 8.3 in
the LT group, but no significant difference was observed
(P = 0.058). Local recurrence was observed in 5/8 pa-
tients in the HT group and 6/18 patients in the LT
group, but there was no significant difference (P = 0.22).
The mean maximum tumor diameter and tumor volume
were 49.9 mm and 47.5 cc in the HT group and 49.5 mm
and 42.6 cc in the LT group, respectively.

Representative cases with high serum TRACP 5b val-
ues and small tumor volumes and cases with low serum
TRACP 5b values with secondary changes are shown in
Figure 3 and Figure 4. A case of a 15-year-old female
with GCTB in the distal radius is shown Figure 3. Serum
TRACP 5b was high at 1,500 mU/dL, but the tumor vol-
ume was 17.9 cc, which was much smaller than the aver-
age. A case of a 42-year-old male with GCTB in the distal

femur is shown Figure 4. No classic features of GCTB (a
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mixture of mononuclear cells and osteoclast-like giant
cells) were observed in the entire tumor, but approxi-
mately half of the spindle-shaped cells were positive for
G34W immunostaining. The tumor was diagnosed as
GCTB with secondary changes. The tumor volume was
40.8 cc, and the serum TRACP 5b level was 566 mU/dL.

Discussion
We investigated the characteristics of serum TRACP 5b in
GCTB. TRACP 5b is secreted into the circulation by os-
teoclasts; thus, serum TRACP 5b is useful as a marker of
osteoclast activity and bone resorption. The normal
ranges for TRACP 5b are 170-590 mU/dL for men and
120-420 mU/dL for women. This study showed that se-
rum TRACP 5b was in the normal range in approxi-
mately 1/3 of patients with GCTB. In addition, there was
no significant correlation between tumor volume and se-
rum TRACP 5b level. This result suggests that serum
TRACP 5b is influenced by the nature of tumors rather
than the size of the entire lesion. To clarify the factors as-
sociated with TRACP 5b, we divided the patients into
two groups. It has been reported that serum TRACP 5b

J Nippon Med Sch 2022; 89 (6)
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Fig. 3 Representative case with high tartrate-resistant acid phosphatase 5b and small tumor volumes. Radiographs (A)

and MRI (B) showed a lytic lesion with cortical destruction in the distal radius (white arrows). H&E staining (C) and

G34W immunostaining (D) revealed typical features.

Bl o

PE SLY ™

Fig. 4 Representative case with morphological secondary changes. Radiographs (A) and MRI (B) showed a lytic lesion with mar-
ginal sclerosis in the distal femur (yellow arrows). H&E staining (C) revealed almost only xanthogranulomatous change
without typical features, but G34 immunostaining was positive (D).

J Nippon Med Sch 2022; 89 (6) 577
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has a significant negative correlation with bone mineral
density”. Considering metabolic factors such as osteopo-
rosis, cases exceeding 852 mU/dL were classified into the
HT group.

GCTB predominantly occurs in early to middle adult-
hood”*™*. Cases in skeletally immature children and ado-
lescents account for less than 10% of all GCTBs"'"***. The
clinical behavior of the disease is similar to that seen at
the predominant age, with no significant age-related dif-
ferences reported”. In this study, the HT group was over
10 years younger on average than the LT group, suggest-
ing that age is a factor influencing TRACP 5b level.
However, in some cases, serum TRACP 5b increases
markedly even in old age, so age is not considered to be
the most important factor.

GCTB is a primary bone tumor with local osteolysis"”.
The radiological features of GCTB are an excentric radio-
lucent zone remaining within the physiological borders
of the bone with a distinct margin®*. Some GCTBs show
destruction in the cortex and aggressive periosteal bone
formation along with soft tissue mass in plain radio-
graphs and need to be distinguished from osteosarcoma.
The MRI findings of GCTB are reported to be low to
isointense with respect to muscle on T1-weighted images
and heterogeneously higher signal than the signal inten-
sity of muscle on T2-weighted images, but the signals are
nonspecific”. The MR signal reflects hemosiderin deposi-
tion*”. The patients in this study presented with typical
features on radiographs and MRI, and it was difficult to
identify factors influencing TRACP 5b from these imag-
ing findings. FDG-PET/CT, which detects glucose up-
take, may allow the qualitative evaluation of GCTB. In
this study, there was no significant difference in SUV-
max, but a higher tendency was observed in the HT
group.

It is widely known that mononuclear stromal cells are
a truly neoplastic cell population and recruit secondary
multinucleated osteoclastic giant cells"*. However, GCTB
often presents morphological secondary changes, and
most GCTB is diagnosed from partial typical features.
Due to these pathologic features, differential diagnosis is
necessary to distinguish GCTB from some bone tumors
having a lesion with giant cells, such as aneurysmal bone
cyst (ABC), osteoblastoma, and giant cell-rich osteosar-
coma. In cases in which pathologically secondary
changes are predominant, it may be difficult to diagnose
from morphological findings. Testing for G34W muta-
tions is reported to be useful in differentiating between
cellular ABC versus GCTB with secondary ABC-like
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changes”. Undetected GCTB in previous reports may be
included by using the result of G34W immunostaining in
this study.

The relationship between GCTB and serum TRACP 5b
has been reported in a few studies” . Shinozaki et al.
suggested that the size of osteolytic lesions in the high
serum TRACP 5b primary group had no relation with se-
rum TRACP 5b, but no details were mentioned”. On the
other hand, Chen et al. reported that the serum levels of
N-terminal telopeptide of type I collagen (NTx) and
TRACP 5b were significantly higher in GCTB = 5cm
than in GCTB < 5 cm”. To better clarify this discrepancy,
we performed an assessment by tumor volume calcu-
lated as an ellipsoid. Serum TRACP 5b was high in cases
with histologically prominent typical findings, indicating
that the serum TRACP 5b level was influenced by the
presence of pathological secondary change rather than
the size of the entire lesion. Since GCTBs were suggested
to interact between osteoclast-like giant cells and stromal
tumor cells, a relationship between serum TRACP 5b lev-
els and clinical activity was expected. However, other
clinical variables, such as Campanacci grading, patho-
logical fractures, and local recurrence, had no significant
effect on serum TRACP 5b. The denosumab administra-
tion rate was significantly higher in the HT group. The
reason may be that the HT group showed clinically ag-
gressive behavior and required adjuvant treatment for lo-
cal control. However, denosumab was administered to all
patients from 2014 to 2018, and it is necessary to consider
the bias for this variable. Serum TRACP 5b is a useful
and less invasive marker to evaluate GCTBs subjectively.
In interpreting serum TRACP 5b levels, it should be kept
in mind that it does not increase in all GCTBs.

There are several limitations to this study. First, the
number of patients was small. It is possible that this con-
tributed to the lack of a significant difference in some
variables. In addition, some statistical analyses could not
be performed. Second, there was no quantitative evalu-
ation of osteoclast-like giant cells. Secondary changes
were evaluated by a pathologist specializing in muscu-
loskeletal tumors. Third, to exclude the influence of os-
teoporosis and other metabolic diseases, the serum
TRACP 5b value was conveniently set at 852 mU/dL to
divide the patients into two groups. It is desirable to in-
crease the number of cases in the future and determine
the cut-off value of serum TRACP 5b for the diagnosis of
GCTB. Further studies need to investigate the relation-
ship between osteoclast-like giant cell activity and serum
TRACP 5b levels.

J Nippon Med Sch 2022; 89 (6)
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In conclusion, serum TRACP 5b is not associated with

the tumor volume of GCTB, suggesting that the presence

of pathological secondary change in the tumor has a sig-

nificant effect. In addition, younger patients tend to have

higher serum TRACP 5b levels, and in one-third cases,
serum TRACP 5b level was not elevated.

Conflict of Interest: None.

10.

11.

12.

References

. Janckila AJ, Yam LT. Biology and clinical significance of

tartrate-resistant acid phosphatases: new perspectives on
an old enzyme. Calcif Tissue Int. 2009 Dec;85(6):465-83.

. Rissanen JP, Suominen MI, Peng Z, Halleen JM. Secreted

tartrate-resistant acid phosphatase 5b is a Marker of os-
teoclast number in human osteoclast cultures and the rat
ovariectomy model. Calcif Tissue Int. 2008 Feb;82(2):108~
15.

Alatalo SL, Halleen JM, Hentunen TA, Monkkoénen J,
Vaandnen HK. Rapid screening method for osteoclast dif-
ferentiation in vitro that measures tartrate-resistant acid
phosphatase 5b activity secreted into the culture medium.
Clin Chem. 2000 Nov;46(11):1751—4.

Chen CJ, Chao TY, Chu DM, Janckila AJ, Cheng SN. Os-
teoblast and osteoclast activity in a malignant infantile
osteopetrosis patient following bone marrow transplanta-
tion. ] Pediatr Hematol Oncol. 2004 Jan;26(1):5-8.
Voorzanger-Rousselot N, Juillet F, Mareau E, Zimmer-
mann J, Kalebic T, Garnero P. Association of 12 serum
biochemical markers of angiogenesis, tumour invasion
and bone turnover with bone metastases from breast can-
cer: a crossectional and longitudinal evaluation. Br J Can-
cer. 2006 Aug 21;95(4):506-14.

Chao TY, Ho CL, Lee SH, Chen MM, Janckila A, Yam LT.
Tartrate-resistant acid phosphatase 5b as a serum marker
of bone metastasis in breast cancer patients. ] Biomed Sci.
Jul-Aug 2004;11(4):511-6.

Tang C, Liu Y, Qin H, et al. Clinical significance of serum
BAP, TRACP 5b and ICTP as bone metabolic markers for
bone metastasis screening in lung cancer patients. Clin
Chim Acta. 2013 Nov 15;426:102-7.

Salminen E, Ala-Houhala M, Korpela M], et al. Serum
tartrate-resistant acid phosphatase 5b (TRACP 5b) as a
marker of skeletal changes in prostate cancer. Acta Oncol.
2005;44(7):742-7.

Avnet S, Longhi A, Salerno M, et al. Increased osteoclast
activity is associated with aggressiveness of osteosarcoma.
Int J Oncol. 2008 Dec;33(6):1231-8.

Shinozaki T, Saito K, Kobayashi T, Yanagawa T, Takagishi
K. Tartrate-resistant acid phosphatase 5b is a useful se-
rum marker for diagnosis and recurrence detection of gi-
ant cell tumor of bone. Open Orthop J. 2012;6:392-9.
Chen J, Younusi A, Cao L, et al. Serum levels of NTx and
TRACP5b in giant cell tumor of bone and its clinical im-
plications. Clin Lab. 2015;61(8):1077-81.

Watanabe N, Matsumoto S, Shimoji T, et al. Early evalu-
ation of the therapeutic effect of denosumab on tartrate-
resistant acid phosphatase 5b expression in a giant cell
tumor of bone: a case report. BMC Res Notes. 2014 Sep 5;
7:608.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Rockberg J, Bach BA, Amelio ], et al. Incidence trends in
the diagnosis of giant cell tumor of bone in Sweden since
1958. J Bone Joint Surg Am. 2015 Nov 4;97(21):1756-66.
Cowan RW, Singh G. Giant cell tumor of bone: a basic
science perspective. Bone. 2013 Jan;52(1):238-46.
Hayashida K, Kawabata Y, Kato I, et al. Clinical and
pathological analysis of giant cell tumor of bone with
denosumab treatment and local recurrence. ] Orthop Sci.
2020 Dec 23;50949-2658(20)30345-6.

Al-Ibraheemi A, Inwards CY, Zreik RT, et al. Histologic
spectrum of giant cell tumor (GCT) of bone in patients 18
years of age and below: A study of 63 patients. Am ]
Surg Pathol. 2016 Dec;40(12):1702-12.

Broehm CJ, Inwards CY, Al-Ibraheemi A, et al. Giant cell
tumor of bone in patients 55 years and older: A study of
34 patients. Am ] Clin Pathol. 2018 Feb 17;149(3):222-33.
Bajpai J, Gamnagatti S, Kumar R, et al. Role of MRI in os-
teosarcoma for evaluation and prediction of chemother-
apy response: correlation with histological necrosis. Pedi-
atr Radiol. 2011 Apr;41(4):441-50.

Halleen JM, Ylipahkala H, Alatalo SL, etal. Serum
tartrate-resistant acid phosphatase 5b, but not 5a, corre-
lates with other markers of bone turnover and bone min-
eral density. Calcif Tissue Int. 2002 Jul;71(1):20-5.

Dahlin DC. Caldwell Lecture. Giant cell tumor of bone:
highlights of 407 cases. AJR Am ] Roentgenol. 1985 May;
144(5):955-60.

Lee M]J, Sallomi DF, Munk PL, et al. Pictorial review: gi-
ant cell tumours of bone. Clin Radiol. 1998 Jul;53(7):481—
9.

Wiilling M, Engels C, Jesse N, Werner M, Delling G, Kai-
ser E. The nature of giant cell tumor of bone. ] Cancer
Res Clin Oncol. 2001 Aug;127(8):467-74.

Puri A, Agarwal MG, Shah M, Jambhekar NA, Anchan C,
Behle S. Giant cell tumor of bone in children and adoles-
cents. ] Pediatr Orthop. 2007 Sep;27(6):635—9.

Aoki J, Tanikawa H, Ishii K, et al. MR findings indicative
of hemosiderin in giant-cell tumor of bone: frequency,
cause, and diagnostic significance. AJR Am ] Roentgenol.
1996 Jan;166(1):145-8.

Nishibori H, Kato H, Kawaguchi M, Nagano A, Matsuo
M. T2*-weighted MR imaging findings of giant cell tu-
mors of bone: radiological-pathological correlation. Jpn J
Radiol. 2019 Jun;37(6):473-80.

Werner M. Giant cell tumour of bone: morphological, bio-
logical and histogenetical aspects. Int Orthop. 2006 Dec;30
(6):484-9.

Nohr E, Lee LH, Cates JM, Perizzolo M, Itani D. Diagnos-
tic value of histone 3 mutations in osteoclast-rich bone tu-
mors. Hum Pathol. 2017 Oct;68:119-27.

(Received, March 21, 2022)
(Accepted, June 1, 2022)

Journal of Nippon Medical School has adopted the Creative Com-
mons Attribution-NonCommercial-NoDerivatives 4.0 International
License (https://creativecommons.org/licenses/by-nc-nd/4.0/) for
this article. The Medical Association of Nippon Medical School re-
mains the copyright holder of all articles. Anyone may download,
reuse, copy, reprint, or distribute articles for non-profit purposes
under this license, on condition that the authors of the articles are
properly credited.

J Nippon Med Sch 2022; 89 (6)

579




