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p63 as a prognostic marker for giant cell tumor of bone
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Abstract
Background and purpose. Giant cell tumor of bone (GCT) is sometimes difficult to distinguish from other giant-cell-rich
tumors such as chondroblastoma (CHB) and aneurysmal bone cyst (ABC). The usefulness of p63 as a diagnostic marker for
GCT is controversial. While there have been no reports about p63 as a prognostic marker for local recurrence, various
p63-positive rates in GCT have been reported. The purpose of this study was to investigate retrospectively whether p63 is
useful as a diagnostic marker and/or a prognostic marker for local recurrence of GCT.
Methods. This study included 36 patients diagnosed with either GCT (n = 16), CHB (n = 9), ABC (n = 7), or non-
ossifying fibroma (NOF) (n = 4). p63 immunostaining was performed for all specimens. The mean p63-positive rate was
compared with the four diseases and between the recurrent and non-recurrent cases of GCT.
Results.Although the mean p63-positive rate for GCT (36.3%) was statistically higher than that of all other diseases examined
(CHB: 15.2%; ABC: 5.8%; NOF: 3.4%), p63 was not specific for GCT. The mean p63-positive rate for recurrent GCT cases
(73.6%) was statistically higher than that for non-recurrent cases (29.1%).
Conclusion. In the diagnosis of GCT, p63 is a useful but not a conclusive marker. However, p63 did appear to indicate the
biological aggressiveness of GCT. Therefore, p63 may help surgeons to estimate the risk of recurrence after surgery and help
them to choose the best treatment for each GCT case.
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Introduction

Giant cell tumor of bone (GCT) is a primary bone
tumor that occurs predominantly in young adults.
Although GCT is classified as a benign neoplasm,
it has a wide clinical spectrum and is similar to
malignant tumors: it sometimes behaves more aggres-
sively with a high recurrence rate and occasional
metastasis to the lungs. Recurrence rates after curet-
tage and bone grafting are approximately 50% (1-3).
Although several types of adjuvant therapies have
improved the prognosis, recurrence rates are still
relatively high, and control of local GCT recurrence

remains an important issue. In addition, no reliable
prognostic factor or marker for risk of local recur-
rence has been identified. While there is controversy
about the usefulness of p63 as a diagnostic marker
for GCT, p63 has recently been identified to be
highly expressed in this disease (4-6). In addition,
in a clinicopathological study of GCT in small
bones, p63 was found to be highly expressed in
the case of a patient with two episodes of local
recurrence, suggesting that p63 expression indicates
GCT recurrence (7). The purpose of this study was
to investigate retrospectively whether p63 is useful
for the differential diagnosis of GCT or for the

Correspondence: Michiro Yanagisawa, MD, Department of Orthopedic Surgery, Hirosaki University Graduate School of Medicine, 5 Zaifu-cho, Hirosaki,
Aomori 036-8562, Japan. Fax: +81-172-36-3826. E-mail: yanagi96@cc.hirosaki-u.ac.jp

(Received 28 June 2012; accepted 22 August 2012)

ISSN 0300-9734 print/ISSN 2000-1967 online � 2013 Informa Healthcare
DOI: 10.3109/03009734.2012.724731



prediction of aggressiveness and risk of local GCT
recurrence.

Patients and methods

Patients and initial characterization

Patients treated for GCT, chondroblastoma (CHB),
aneurysmal bone cyst (ABC), and non-ossifying
fibroma (NOF) at Hirosaki National Hospital,
Hirosaki University Hospital, and various other
institutions between 1982 and 2009 were selected
for this study. The final diagnosis and the instances
of recurrences were confirmed using medical records.
Patients with no recorded recurrence but a follow-up
period of less than 2 years were excluded from this
study. To make the conditions of the primary surgery
as unified as possible, we excluded cases of GCT
treated by en bloc- resection or curettage followed by
bone cementing as well as a case in which a patho-
logical fracture was present at the time of first
presentation. Paraffin-embedded specimens (5-mm-
thick sections) were stained with hematoxylin and
eosin (H+E). Cases of possible malignant tumors,
as suggested by H+E staining, were excluded from
this study.

Immunohistochemical staining of tumors and
calculations

Immunohistochemical staining was performed using
an anti-p63 mouse monoclonal antibody (clone4A4,
1:50 dilution; Dako, Glostrup, Denmark). Staining
was performed on the Ventana Benchmark XT
system autostainer (Ventana Medical Systems,
Tucson, AZ, USA) using the iView DAB staining
protocol according to the manufacturer’s instruc-
tions. Epitopes were retrieved by a heat-
induced epitope retrieval method. For each case,
ten microscopic images (BX41,DP25; Olympus Co,
Tokyo, Japan) were taken at a magnification of 400�.
Total and p63-positive mononuclear cells were
manually counted for each case. The p63-positive
rate was defined as shown in Figure 1. The mean
p63-positive rate for each of the four diseases exam-
ined was then calculated. These calculations were
randomly performed, such that the investigators did

not know which disease group the samples belonged
to or whether the cases showed a recurrence.

Statistical analysis

Data input and calculations were performed using
SPSS ver. 12.0J (SPSS Inc., Chicago, IL, USA).
Comparison of the mean p63-positive rate between
recurrent and non-recurrent GCT cases was
performed using the Mann–Whitney U test. One-
way analysis of variance and Tukey test for post hoc
analysis were used to analyze the p63-positive rate
among GCT, CHB, ABC, and NOF cases. Values of
P < 0.05 were considered to be statistically significant.

Results

Thestudy included36patientswitheitherGCT(n=6),
CHB (n = 9), ABC (n = 7), or NOF (n = 4). Clinical
data of GCT cases are shown in Table I. The mean
p63-positive rates for GCT, CHB, ABC, and NOF
were 36.3% (8.7%–79.8%), 15.2% (3.4%–38.2%),
5.8% (0%–27.6%), and 3.4% (0%–13.5%), respec-
tively. A representative image of immunostaining in
each disease is shown in Figure 2. The mean p63-
positive rate for GCT was statistically higher than
that observed in all other diseases (P < 0.04, Figure 3).
In addition, the mean p63-positive rate for recurrent
GCT cases (73.6%) was statistically higher than
that for non-recurrent GCT cases (29.1%, P < 0.01,
Figure 4). Representative images of the non-recurrent
cases and recurrent cases are shown in Figure 5.
Although we made no objective measurements, the
intensity of staining was stronger in recurrent GCT
cases than in non-recurrent GCT cases.

Discussion

GCT is a primary bone tumor occurring predomi-
nantly in young adults. Although these tumors are
histologically classified as benign neoplasms, they
may be locally aggressive and destructive. Despite
the high risk of local recurrence, intralesional excision
is preferred as the primary surgery because of
improved postoperative functional preservation (2).
As the recurrence rate is approximately 50% following
surgery with only curettage and bone grafting (1-3),

p63-positive rate =
The number of p63-positive mononuclear ccells

The number of total mononuclear cells
 × 100(%)

Figure 1. Definition of p63-positive rate.
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adjuvant treatments using high-speed burr (8), phe-
nol (9), liquid nitrogen (10), zinc chloride (11), and
bone cement (12-14) have been used to prevent
recurrence. However, the reported recurrence rates
after surgeries with these adjuvant therapies are incon-
sistent. Curettage with high-speed burring and bone

cementing appears to be the best intralesional surgery
for GCT from the viewpoint of tumor recurrence
(12,14). However, since GCT usually occurs in the
epiphyses of the long bones, possible effects on the
joint cartilage and potential difficulties in handling
degenerative diseases or injuries are worrying. En bloc

Table I. Characteristics of the 16 GCT cases.

Case Sex Age Location Stage p63-positive rate (%) Initial treatment (adjuvant therapy) Recurrence

1 F 27 Distal femur - 21.0 Curettage/bone grafting (N) No

2 F 34 Proximal tibia - 9.2 Curettage/bone grafting (N) No

3 F 44 Proximal tibia 2 8.7 Curettage/bone grafting (E+P) No

4 M 19 Femoral neck 3 72.0 Curettage/bone grafting (E+P) Yes (twice)

5 F 18 Humeral neck 2 69.1 Curettage/bone grafting (E+P) Yes

6 M 56 Distal femur 2 43.3 Curettage/bone grafting (E+P) No

7 M 55 Ilium 2 30.5 Curettage/bone grafting (E+P) No

8 M 33 Proximal femur 2 53.1 Curettage/bone grafting (E+P) No

9 M 38 Proximal tibia 2 44.1 Curettage/bone grafting (E+P) No

10 M 19 Cuboid 2 34.6 Curettage/bone grafting (O) No

11 F 20 Middle phalanx 2 79.8 Curettage/bone grafting (E+P) Yes (twice)

12 F 60 Metatarsal 2 29.7 Curettage/bone grafting No

13 F 15 Distal femur 1 28.6 Curettage/bone grafting (E+P) No

14 M 61 Distal femur 1 37.9 Curettage/bone grafting (E+P) No

15 M 32 Proximal tibia 2 23.7 Curettage/bone grafting (E+P) No

16 M 29 Distal femur 3 22.5 Curettage/bone grafting (E+P) No

Stage: Image evaluation by Campanacci stage classification.
Adjuvant therapy: E+P = ethanol + phenol; N = liquid nitrogen; O = others.
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Figure 2. Representative microscopic images of p63 immunostaining in GCT (A), CHB (B), ABC (C), and NOF (D) cases.
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resection may be most effective in preventing local
recurrence (3,15,16). However, serious functional
loss may occur in the adjacent joint after surgery
(17). Thus, each type of therapy has both advantages
and disadvantages.
To date, no prognostic marker for the risk of GCT

recurrence has been identified (18). The histological
grading system of Jaffe and the X-ray grading system
using Campanacci classification are considered to have
no correlation with clinical outcome (19). However, if
there were reliable prognostic markers for the risk of
local recurrence, surgeons could consider the best
treatment option for each individual case. Two groups

have shown that mononuclear cells in GCT express
p63, which is useful for the differential diagnosis of
GCT from other giant-cell-rich tumors such as ABC
and CHB (4,5). On the other hand, de la Roza showed
no difference in p63 positivity by immunostaining
among the giant-cell-rich lesions such as GCT and
CHB (6). In this study, the mean p63-positive rate was
statistically higher in GCT than in CHB, ABC, and
NOF. However, p63 cannot be an essential factor for
the differential diagnosis of GCT because the p63-pos-
itive rates overlapped to a varying degree among these
diseases. Alberghini et al. also showed no difference in
p63 positivity by immunostaining between primary
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Figure 4. The mean p63-positive rate for recurrent GCT cases (73.6%) was significantly higher than that observed in non-recurrent GCT
cases (29.1%).
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Figure 3. The mean p63-positive rate for GCT (36.3%) was significantly higher than that detected for CHB (15.2%), ABC (5.8%), and
NOF (3.4%).
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GCT and secondary metastatic GCT to the lung (20).
However, no one has verified the usefulness of p63 as a
prognostic marker with respect to local recurrence.
Wülling et al. suggested that the stromal cells are
neoplastic components of GCT while the monocytes
and multinucleated giant cells are just reactive com-
ponents (21). They also reported that the stromal cells
in GCT can develop into both mesenchymal stem cells
and osteoblasts (22). As p63 immunostaining is pos-
itive only for the mononuclear cells in GCT, it may be
indicative of the nature of individual tumors. In the
study of GCT of small bones, p63 was found to be
highly expressed in a case with two episodes of
recurrence (7). This finding led us to consider the
usefulness of p63 as a prognostic marker.
p63 is a member of the gene family that includes

p53 and p73; p63 plays a role in skeletal development,
and its mutation in humans leads to limb abnormalities
(limb-mammary syndrome) (5). Unlike p53, an
important tumor suppressor that is frequently inacti-
vated in many tumor types, the precise role of p63 in
oncogenesis remains unclear. It has been suggested that
p63 may be a bifunctional cancer gene (23). Although
the mechanisms underlying p63 expression in GCT
remain unknown, stronger specific nuclear p63 immu-
noreactivity is found in GCT in comparison with other
mesenchymal tumors (5,21). p63encodes for at least six
protein isoforms with or without a transactivation (TA)
domain (TA isotypes or DN isotypes respectively).
While the TA isotypes show a p53-like tumor-
suppressor function, DNp63 is considered to exert
oncogenic effects in some epithelial cancers (24-26).
Although it is not clear why, it has been found that
TAp63 is expressed in GCT (4,5). In this study, the
p63immunoreactivityofmononuclearcells inGCTwas
statistically higher than that observed in CHB, ABC,

and NOF, in agreement with the reports mentioned
above. In addition, the p63-positive rate for recurrent
cases of GCT was statistically higher than that for non-
recurrent GCT cases. This suggests that p63 immuno-
reactivity inGCTmay indicatenot only the specificityof
the tumor but also its biological activity. Therefore, in
GCT, p63 appears to play a role in oncogenesis or
progression, even if the subtype was TAp63. Further
investigations are needed to clarify the role of TAp63 in
oncogenesis or progression in GCT.
In summary, although the expression of p63 in

GCT is higher than that in other giant-cell-rich
tumors such as CHB, ABC, and NOF, its expression
is not a conclusive factor for the diagnosis of GCT.
However, p63 may be useful as a prognostic marker
for the risk of local recurrence of GCT. Reference to
the p63-positive rate may help surgeons to decide the
best treatment for each case of GCT.
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