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Utility of immunohistochemical analysis for cyclo-oxygenase 2
in the differential diagnosis of osteoblastoma and
osteosarcoma
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Aims: To study the immunoexpression of cyclo-oxygenase [COX) 2 in osteoblastomas (OBs) and
osteosarcomas {OSs), and to assess the utility of immunohistochemical analysis for COX 2 in the differential
diognosis of the two tumour forms.

Methods: The immunohistochemical features of COX 2 were studied in 11 OBs and 30 OSs, including 26
high-grade OSs (16 osteoblastic, 7 chondroblastic, and 3 fibroblastic) and 4 low-grade OSs.

Results: Tumour cells from all 11 OBs unequivocally showed diffuse, intense and cytoplasmic
immunoreactivity for COX 2. Strong cytoplasmic expression of COX 2 was cbserved in 5 of 26 {19%)
high-grade OSs, all chondroblastic. In one osteoblastic-type OS, COX 2 was expressed in the chondroblastic
component, but this tumour was considered to be COX 2 negative. No COX 2 expression was noted in
atypical osteoblastic cells. Staining in the four low-grade OSs was negative. :
Conclusion: The results of immunohistochemical analysis of COX 2 suggest that in addition to the routine
histopathological evaluation, COX 2 is a valuable diagnostic marker in the distinction between OB and OS.
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forming tumour, most frequently occurring in the

vertebral column of patients aged <30 years. OBs have
a wide spectrum of clinicoradiological and histopathological
features. Besides the classic OB, borderline tumours with
radiological and histopathological features between OB and
osteosarcoma (OS), such as pseudomalignant OB,' * aggressive
OB or malignant OB,” * exist. Moreover, a fraction of OBs may
undergo malignant transformation.”® It is often difficult to
distinguish an OB from an OS by routine histopathological
procedures alone.” Although clinicoradiological findings are
sometimes helpful, appropriate immunohistochemical markers
are still not available for the differential diagnosis of the two
tumour forms.

Cyclo-oxygenase (COX) is a key biosynthetic enzyme in
prostaglandin synthesis and two forms have been identified:
COX 1 and COX 2. COX 1 constitutively occurs in normal
tissue, whereas COX 2 may be induced in inflammatory tissue.?
Recent studies showed that the expression of COX 2 is
increased in various human tumours®; the enzyme seems to
play an important role in-carcinogenesis, since it can inhibit
apoptosis,'® stimulate angiogenesis'' and increase invasion and
metastatic potential.”? "> COX 2 expression has been reported in
benign bone tumours such as osteoid osteoma, suggesting that
the activation of eicosanoid synthesis by COX 2 has biological
importance in such tumours.''* However, there is little
information about COX 2 expression in OB, a tumour form
that closely resembles osteoid osteoma histologically. Although
the expression of COX 2 in OS has been reported in a small
series of tumour samples'” ™ and some cell lines,"” the
distribution of COX 2 has not been fully elucidated. In this
study, we investigated the expression profile of COX 2 in OB
and OS, and we assessed the utility of immunohistochemical
analysis for COX 2 in the differential diagnosis of the two
tumour forms.

Osteoblasloma (OB) is an uncommon benign -bone-

www.iclinpath.com

MATERIALS AND METHODS

Tumour ‘samples and histological evaluation

A total of 41 primary tumour specimens were retrieved from the
pathological files of the National Cancer Centre Hospital,
Tokyo, Japan, and Sapporo Medical University Hospital,
Sapporo, Japan. Tumours included 11 OBs and 30 OSs. Of the
30 OSs, 26 were high grade (16 osteoblastic, 7 chondroblastic
and 3 fibroblastic) and 4 were low grade.

The histopathological diagnosis of each tumour was re-
evaluated by TH. The histological criteria of the diagnosis and
the determination of the histological grading of OS were based
on textbook descriptions.”® An OB in this study was defined as a
bone-forming neoplasm showing woven bone spicules, which
are bordered by prominent osteoblasts without atypia

" (fig 1A,C). Conventional OS is a high-grade (grade 3, 4)

malignant tumour characterised by the presence of ‘osteoids
(fig 2A,C). This high-grade OS is subdivided into three major
groups: osteoblastic OS (bone -and/or osteoids are the pre-
dominant matrix}), chondroblastic OS (chondroids are the
predominant matrix) ‘and fibroblastic OS (mainly composed
of spindle cells with only minimal-amounts-of osseous matrix).
Low-grade (grade 1, 2) OS is classified primarily on the basis of
a hypocellular to moderately cellular fibroblastic stroma with
osteoids. For light microscopic studies, all specimens were fixed
in 10% buffered formalin, decalcified in Plank and Rychlo
solution (Wako Pure Chemical Industries, Osaka, Japan) and
processed routinely for embedding in paraffin wax. Sections of
4 pm thickness were stained with H&E.

Immunohistochemical studies.

Immunohistochemical analysis was performed on tissue sections
from paraffin wax blocks by the labelled streptavidin-biotin
Abbreviations: COX, cyclo-oxygenase; OB, osteoblostomas; OS,
osteosarcomas
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Figure 1 (A} A classic osteoblastoma (OB). showing partilly calcified osteoid and immature bone formation associcted with osteoblastic activity in a
fibrovascular stroma. (B) The osteoblasts are diffusely positive for cyclo-oxygenase 2 (COX 2). (C) Another case of OB, showing a sheet-like arrangement of
epithelioid osteoblasts between osteoid trabeculae. Although there are noquperchromaﬁc osteoid-producing stromal cells and large nucleoli, there sfill
remains a possibility of misdiagnosing this tumour as an osteosarcoma. {D) The epithelioid osteoblasts are Siﬁusely positive for COX 2.

method. The sections were dewaxed, rehydrated and moistened Dako, Glostrup, Denmark), before being incubated with a mouse
with phosphate-buffered saline (pH 7.4). They were pretreated in monoclonal anti-COX 2 antibody (clone CX-294; 1:100; Dako) in
.an autoclave at 121°C for 10 min in target retrieval solution (pH 9; an automated immunostaining system (i6000; BioGenex, San

Figure 2 (A} A chondroblastic osteosarcoma. {B) Many of the chondroblastic cells are diffusely positive for cyclo-oxygenase 2 (COX 2). (C) An osteoblastic
osteosarcoma showing unmineralised bone maltrix. (D) None of the tumour cells shows COX 2 immunoreactivity. )

www.jclinpath.com
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Ramon, California, USA) for 30 min. For positive controls, osteoid
osieoma tissues known 1o be positive for COX 2 were used. For
negative controls, sections of normal mouse serum were used. The
results of COX 2 expression were evaluated by AH and TH. A
described consensus judgement” was adopted as the proper
immunohistochemical score of the tumour based on the number

of positive cells: 0, negative staining (0-9%); 1+, weak staining

(10-29%); 2+, moderate staining (30-49%); 3+, strong staining
(50%-).

RESULTS

We studied 11 OBs and 30 OSs (tables 1 and 2). In patients
with OB, eight tumours were localised in the vertebral column
and one tumour each was localised in the femur, scapula and
radius.
20 years). Clinical details were available for 8 of 11 patients
and these 8 patients were treated with local surgical resection
or simple curettage of the tumour. Of the’eight patients, seven
had no local recurrence or metastatic disease; however, one
developed a local recurring tumour 14 years after the initial
surgical treatment, which showed malignant transformation
pathologically. In patients with OS, 26 tumours were localised
in the extremities (18 in the femur, 5 in the tibia and 1 each in
the ulna, metatarsal bone and metacarpal bone). Four tumours
were localised in other anatomical locations (two in the pelvis
and one each in the mandible and rib). The patients with OS
were aged 8-67 years (mean 29 years). Histologically, 4 were
low-grade OS and 26 were high-grade OS, in which 16 were
osteoblastic, 7 were chondroblastic and 3 were fibroblastic.

Follow-up information was obtained for 26 of 30 0OSs; 6

patients died because of their disease.

Immunohistochemically, proliferating osteoblasls of all the
11 OBs unequivocally showed diffuse, intense and cytoplasmic
immunoreactivity for COX 2, and these were classified as
strong staining tumours (3+) (fig 1B,D). Peritumoral inflam-
matory cells were also COX 2-positive, but the extent of
staining was weak to moderate. Expression of COX 2 was
observed in 5 of 26 (19%) high-grade OSs and they were all of
the chondroblastic type. Unlike OB, however, staining for
COX 2 in OS was equivocal and only observed in chondroblastic
cells with a cytoplasmic pattern; the staining in these areas was
generally strong (3+; fig 2B). In one OS of the osteoblastic type,
<9% of the tumour cells showed COX 2 positivity, but they
were all chondroblastic cells. In some cases of OS, osteoclast-
like giant cells and macrophages were also weakly positive. No
COX 2 expression was noted in" atypical osteoblastic cells
(fig 2D). Peritumoral inflammatory cells and inflammatory
cells adjacent to necrotic tissue showed weak 10 moderate
COX 2 staining. Staining in all four low-grade OSs was
négative.

'

Patierits with OB were aged 14-31 years (mean

Hosono, Yamaguchi, Makimoto, et al

DISCUSSION

To differentiate an OB from an OS accurately is of clinical
importance because the prognosis and the treatment of the two
tumour forms differ. Osteoblastoma has an excellent prognosis
and the treatment varies from curettage to local excision.
Osteosarcoma, however, is highly malignant with an unfavour-
able clinical course and the treatment needs a multimodality
approach including systemic chemotherapy, radiotherapy and
local wide resection to sometimes mutilating en bloc resection
of the tumour. Generally, the diagnosis of OB or OS is based on
a combination of clinical, radiological and morphological
findings. Although OB shows a predilection for the vertebral
column and OS frequently affects the metaphysis of the long
bone, both forms of tumour can occur in any bone. The age of
occurrence and the radiological features of the two forms of
tumours often overlap; both tumours occur mainly in the
younger age group and cause expansion and destruction of the
cortex as well as periosteal bone formation. As described above,
histopathologically, OB generally shows an active osteoblastic
proliferation with alternating formation of osteoids and woven
bone spicules or trabeculae. Scattered foci of osteoclastic bone
resorption may appear, but no destructive permeation of pre-
existing bone tissues is noted. In some cases of OB, large and
plump osteoblasts with a hyperchromatic nucleus and nucleoli,
and occasionally mitoses, may be observed. Owing to the wide
spectrum of histopathological findings of OB and the morpho-
logical overlapping with OS, some borderline tumours exist,
which make the differential diagnosis between OB and OS
problematic.””” Unlike OB, OS generally has intense cellular
pleomorphism and atypism, extensive areas of necrosis and

* atypical mitoses, and, in some cases, tumoural cartilage may

also be present. The presence of destructive’ permeation is the
most helpful finding in distinguishing OB from O0S’
Nevertheless, the differential diagnosis is sometimes impossible
with insufficient material—for example, from a needle
biopsy—and may be 1mp0551ble even with adequate tjssue’
samples.

The absence ‘of ‘reproducible evidence' of spec1f1c fmdmgs
minimises the use of immunohistochemistry in the differential
diagnosis of the two tumour forms. The literature contains little
data regardmg COX 2 expression in OBs. Studies on COX 2
expression in. osteoid osteoma’'* and chondroblasloma"’
suggested that COX 2 expression in. these.tumours is an
important factor for inducing tissue inflammatory reactions.
The 1mmunol’ustochemlcal feature of COX.2 in the OBs we
‘studied was stnkmgly similar to that, in osteoid osteoma.
Whether the relative contribution of COX 2 expressnon in OB is
a factor in inducing inflammatory reaction such as that in
osteoid osteoma and chondroblastoma or has another role in
tumour development remains to be clanf]_ed Previous authors

Table 1 Clinical profiles and immunohistochemical cyclo-oxygenase 2 expression of 11 osteoblastomas

Case number Age (years)  Sex *Site .‘ SizeA(r.l"n) Treof;nem Recurrence Outcome (morﬁh) + COX 2 expression
1 22 M v 2 MEBR No NED (58) 3+

2 14 M v 1.1 Curettoge No NED (33) o 3+

3 19 M v 25 Curettage No NED (32} 3+,

4 20 M v . 3+

5 20 F Femur 34

6 17 M Radius 14 MEBR No "NED {30) 3+

7 14 M v . 1.5 - Cureftage No NED (48) 3+

8 .18 M- v B .. - - MEBR - Yes® . 3+

9 25 3 [@% . . 3+

10 , 20 F v 3. . MEBR No NED (147) 3+

n 31 M Scapula - MEBR No NED (5) 3+

COX 2, cyclo-oxygenase 2; CV, cervical vertebra; F, female; LV, lumbar vertebra; M, male, MEBR, marginal en bloc resection; NED, no evidence ofdlsecse, 3+, strong
skaining. . . :
“*Malignant transformation.

www.iclinpath.com
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Table 2 Clinical profiles and immunohistochemical cyclo-oxygenase 2 expression of 30 osteosarcomas
. COX 2

Case number Age (years) Sex Tumour site Size (cm}  Subtype Grade Treatment Outcome (month)  expression
1 63 M “Femur : 50 FB High or NED {30} 0
2 63 F Metatarsal bone OB High 0
3 32 F . Femur’ . 6.0 OB High OP/CT DOD (10} 0
4 15 M Metacarpal bone 2.5 o8 High OP/CT NED (41) ]
5 23 F Femur o8B High : ) 0
6 28 M Mandible CB High oP/CT AWD (32) 0
7 37 M Pubis - 4.5 OB High OP/CT NED (16) 0
8 35 M Femur 9.0 o8 High OopP/CT NED ({59} 0
9 18 M Femur 7.0 OB High OP/CT NED (53) o
10 61 F Femur 1.0 FB - High . OpP NED (48) 0
n - 42 F Rib 50 OB High OP/RT DOD {17) 0
12 67 F Femur 8.0 OB High OP/RT NED (13) 0
13 66 F Femur 12.0 OB High or AWD (2} 0
14 12 F Femur 13.0 B High OP/CT DOD (13) 0
15 13 F - Tibia 8.0 oB High OP/CT/RT DOD {51} 0
16 18 M Femur 5.0 OB High cT DOD (3) 0
17 21 M Femur 14.0 OB High OP/CT NED (24) 0
18 13 M Femur 8.5 OB High or/CT NED {76) o*
19 9 F femur - OB, High OP/CT NED (17) 0
20 18 M Femur 100 - cB High OP/CT NED (48} 3+
21 10 F -Femur 13.0 cB High OP/CT NED {47) 3+
22 22 M " Femur 10.0 CB High op/CT AWD (51} 3+
23 18 M Pubis 15.0 CB High OP/CT/RT DOD {16} 3+
24 16 M Tibia . 1n.o CB High OP/CT NED (16) 0
25 9 M Femur . 7.5 CcB High OP/CT NED (75) 3+
26 8 . F . Tibia - 60 OB High Op/CT NED {16) 0

.27 29 F . Tibia LGC Low 0
28 23 - F Femur- LGC Low opP NED {87) 0
29 66 M Ulna LGC Low 0
30 9 M Tibia 90 IC Low Op/CT NED (96} 0
AWD, dlive with disease; CB, chondroblastic; COX 2, cyclo‘oxygenase 2; CT, chemotherapy; DOD, dead.of disease; F, female; FB, fibroblastic; IC, intracortical; LGC,
low-grade central; M, male; NED, no evidence of disease; OB, osteoblastic; OP, operation; RT, rodiotherapy; 0, negafive staining; 3+, strong staining. '
*<9% of the tumour cells'show COX 2 positivily, but they are all chondroblastic cells.

have reported that a large percéntage of OS showed increased and has a high mortality even when systemic chemotherapy is

COX 2 expression,'” ' but the staining patterns and histological
types were not specified. By contrast, the expression of COX 2
in our series was only observed in a limited number of OSs, all
of which were of the chondroblastic type. The discrepancy
between these results may be due to several reasons, such as
different sources of antibodies used, differences in immuno-
histochemical techniques or different consensus judgement -
criteria adopted. Moreover, most COX 2-positive OSs are
stained heterogeneously even in the same tissue section, and
a chondroblastic component in some conventional OSs are also
COX 2 positive. These facts may also lead to a different result if
one evaluates the COX 2 staining in one tissue section or on
whole tumour sections. COX 2 expression was also detected in
a limited number of OS cell lines. by using cytogenetic
methods,'” but the histological type was not described in detail.
It is noteworthy that staining for COX 2 was only observed in
chondroblastic cells of these OSs showing COX 2 immunor-
eactivity. Staining for COX 2 in chondroblastic cells was also
shown in chondroblastoma™ and chondrosarcoma.?
Although we do not know exactly the incidence of OB that
may be impossible to distinguish from OS by classic diagnostic -
methods, rare borderline tumours between OB and OS do
exist.'? 7 * In this situation, the application of COX 2 immu-
nohistochemistry would be valuable in making a definite
assignment.

COX 2 expression in many tumours, in particular those of the
gastrointestinal tract, has been strongly implicated in carcino-
genesis.”> Pharmacodynamic studies showed that selective
inhibitors of COX 2 have the effects of antiangiogenesis and
proapoptosis, and therefore suppress tumour growth.* COX 2-
based treatment is of growing interest and has emerged for
clinical use.?” Osteosarcoma is a highly aggressive bone tumour
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given. A study of COX 2 inhibitors in OS cell lines showed a

possible therapeutic role in counteracting the tumorigenicity of
this tumour.” Since COX 2 inhibitors inhibit tumour growth
through both COX 2-dependent and independent pathways,' *
further in vitro and in vivo studies are warranted to reveal the
roles of COX 2 inhibitors in these tumours without regarding
whether they have COX 2 expression. Our immunohistochem-
ical findings, however, suggest that COX 2 would be beneficial
in distinguishing between OB and OS in a clinical setting.

In summary, we studied the expression profile of COX 2 in
OB and OS and found that there was strong and diffused
expression of COX 2 in OB, but it was only observed in the
chondroblastic cells of OS. Our findings suggested that in
addition to histopathological evaluation, COX 2 is a valuable
immunohistochemical marker in the differential diagnosis
between OB and OS.
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Take-home messages

® All the osteoblastomas (OB) showed unequivocally strong
immunoreactivity for cyclo-oxygenase (COX) 2.
Expression of COX 2 was observed in 5 of 26 (19%)
high-grade osteosarcomas (OS), all chondroblastic. In
one osteoblastic-type OS, COX 2 was only expressed in
the chondroblastic component. ’

® The application of COX 2 immunohistochemistry would
be helpful in making a definite assignment in case it is
difficult to make an accurate diagnosis between OB and
Os. '
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Accuracy of "8F Fluorodeoxyglucose Positron Emission

Tomography/Computed Tomography in Staglng
of Pediatric Sarcomas
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D,*t Ako Hosono, MD,t Atsushi Makimoto, MD,} Aine Sakurada, MD,*

Takashi Terauchi, MD,§ Yasuaki Arai, MD,* Yutaka Imai, MD,} and Euishin Edmund Kim, MDI|

Summary: The present study was conducted to clarify the
diagnostic accuracy of '8F-fluoro-2-deoxy-p-glucose (‘|FDG)
positron emission tomography (PET)/computed tomography
(CT) in the staging in pedlatnc sarcomas. Fifty pediatric patients
with histologically proven sarcomas who underwent '|8FDG
PET/CT before treatment were evaluated \retrospectively for-the
detection of nodal and distant metastases. Diagnostic accuracy of

BFDG PET/CT in detecting nodal and distant metastases was.

compared with that of '®FDG PET and conventional imaging
(CI). The images were reviewed and a diagnostic consensus was
reached by 3 observers. Reference standard was histologic
examination in 15 patients and confirmation of an obvious
progression in size of the lesions on follow-up examinations.
Nodal metastasis was correctly assessed in 48 patients (96%) with
PET/CT, in contrast to 43 patients (86%) with PET, and 46
patients (92%) with CI. Diagnostic accuracies of nodal metastasis
in 3 modalities were similar. Using PET/CT, distant metastasis
was correctly assigned in 43 patients (86%), whereas interpreta-
tion based on PET alone or CI revealed distant metastasis in 33
patients (66%) and 35 patients (70%), respectively. Diagnostic
accuracy of distant metastasis with PET/CT was significantly
higher than that of PET (P = 0.002) or CI (P =0.008). False
negative results regarding distant metastasis by PET/CT in 7
patients (14%) were caused by subcentimetric lesions (n = 4), bone
" marrow lesion (n = 2), and soft tissue lesions (n = 1). PET/CT
is more accurate and probably more cost-effective than PET alone
or CI regarding distant metastasis in pediatric sarcomas.
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Pediatric sarcoma remains uncommon neoplasm but
contributes significantly to the burden of morbidity

"and mortality. The success of aggressive therapy with

multiagent chemotherapy and radiotherapy resuited in a
significant improvement of the prognosis.. Howevér,
patients with metastasis continue to have a poor
prognosis.' Therefore, the d1agnos1s of nodal and
distant metastases is crucial to determine the therapeutic
plan and prognosis in patients with pediatric sarcomas. -

The conventional imaging (CI) for initial staging of
bone and soft tissue sarcomas consists of clinical
examination, ‘magnetic resonance imaging (MRI) of the
primary lesion, chest x-ray, computed tomography (CT),
and bone scintigraphy. Positron.emission tomography
(PET) with '|F-fluoro-2-deoxy-p-glucose (!8FDG) has
been used in the evaluation of bone and soft tissue
sarcomas,*!! and most of these studies report that
8FDG PET is advantageous in the assessment of grading
and therapy monitoring compared with CL. A hybrid
imaging of PET/CT can allow. accurate anatomic
localization.. of - tumors, and thus has an important

*advantage over '8FDG PET alone for the staging of

tumors.!?

However, the exact role of ¥3FDG PET/CT in the
staging of pediatric sarcomas has not been elucidated. To
further clarify the role of ¥FDG PET/CT, the compar-
ison with '83FDG PET/CT, PET alone, and CI are needed.
The aim of the current study was to clarify diagnostic
accuracy of ¥FDG PET/CT for the staging of pedlatnc
sarcomas.

MATERIALS AND METHODS

Patient :

We retrospectively reviewed !*FDG PET/CT
images since June 2005 to August 2006 for staging
(n = 40, 80%) and restaging (n = 10, 20%) of pediatric
sarcomas. '®FDG PET/CT was performed for initial
staging in all patients. The study population consisted of
26 males and 24 females with a mean age of 13 years
(range, 3 to 17y). The clinical records of all the patients
were available for review. This study was conducted in
accordance with the amended Helsinki declaration and
the protocol was approved by the Institutional Review
Board. All the patients had provided their written

| Pediatr Hematol Oncol » Volume 29, Number 9, September 2007
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informed consent to participate in the present study and
to review their records and images.

PET/CT

"PET/CT was performed within mean 2 weeks
(range, 0 to 2wk) before therapy and mean 6 weeks
(range, 4 to 11 wk) after initiation of therapy. We used
premedication with oral intake of chloral hydrate in
4 patients. Scans were acquired with a PET/CT device
(Aquiduo; Toshiba Medical Systems, Tokyo, Japan)
that comsisted of a PET scanner (ECAT HR+; CTI,
Knoxville, TN) and l6-section CT scanner ° (Aqu1hon
V-detector; Toshiba Medical Systems) with a whole-body
mode implemented as the standard software. Before
PET/CT study, the patients fasted for at least 6 hours.
CT was performed from the skull vertex to the toes
according to a standardized protocol with the following
setting: axial 3.0-mm collimation x 16 modes; 120k Vp;
80mAs; and a 0.5-second tube rotation, 11.0mm/s table
speed. Patients maintdined normal shallow respiration
during the acquisition 6f CT scans. No intravenous or
oral contrast material was administered. Emission scans
from the skull vertex to the toes were obtained starting
mean 67 minutes (range,” 55 to 86min) after the
intravenous administration of mean 7 mCi (rangg, 2 to
10mCi) of ¥FDG. The acquisition time for PET was 2
minutes per table ‘position. Images were reconstructed
with attenuation-corrected ordered-subset expectatlon
maximization with 2 -iterations -and § subsets using
emission scans and CT data.

Cl : :
Patients in the present study underwent CI studies,
which were performed within a week of PET/CT either
beforé or after therapy. CI studies.included *™Tc--
hydroxymethylene diphosphonate * bone scintigraphy,
chest radiography, diagnostic 'CT of the ‘chest and
abdomen; and locoregional MR’ #*®Tc.hydroxymethy-
lene diphosphonate bone scintigraphy was obtained with .
a dual-headed gamma cameiid (E.CAM; Slemens) Dlag-
nostic CT was performed separately from PET/CT using
a multidetector scanner (Aquilion V-detector Toshiba
Medical Systéns) with the following setting; axial 4. 0-
mm X 4 modes; 120 kVp, automated ‘electric current; 0.5-
second tube rotation; and-5. Omm/s table speed. Images
were reconstructed with 10.0-mm slice thickness' by means
of a standard algonthm ‘Intravenous contrast agent was _
administered in all patients. Nonionic contrast materlal
(Olparomm '370mg of iodine/mm; " Konica-Minolta,
Tokyo; Japan) was administered intravenously. The
injection 'dose was 2.0mL/kg of body weight with an
upper’ limit of 100mL. No' oral contrast’ material was
administered. Scan delay was set at' 60 seconds after
mjectxon of contrast media. CT xmages were reviewed
in lung, bone, and soft tissue windows in each patierit.
MRI of the primary site was performed using a 1.5 Tesla
system (Signa Horizon; GE Medicil Systems; Mllwaukee
W1 or Visart; Toshiba Médical Systems). Pulse sequences
comprised T1-weighted spinecho (SE) or fast SE imiages,

© 2007 Lippincott Williams & Wilkins

T2-weighted fast SE images, and also postcontrast

"~ Ti-weighted SE images with fat suppression after

injection of 0.1 mmol/kg of gadopentate diméglumine
(Magnevist, Schering, Berlin, Germany).

Imaging Analysis

All images were reviewed and a diagnostic con-
sensus was reached by 2 board-certified radlologlsts anda
nuclear medicine physician who were unaware of any
clinical or other radiologic information using a multi-
modality computer platform. In attempt to reduce bias of
image analysis, review process was performed in random
order and the interval between reviews of various studies
on each patient was 2 weeks. PET and ‘coregistered PET/
CT images were analyzed with dedicated software (e-soft;.
Siemens). The initial review of the attenuation-corrected
PET images was performed using transaxial, coronal, and
sagittal planes. A pixel region of interest was outlined in
the peak activity within regions of increased '|FDG
uptake and measured on each transaxial, coronal, and
sagittal slice. For-quantitative interpretations, maximum
standardized uptake value (SUV max) was determined
according to the standard formula, with activity in
the region of interest given in Bq/mL/injected - dose in
Bq/weight (kg). However, time decay correction for
whole-body image acquisition was not conducted.

Image Interpretatlon R i
The - presence’ or absence’ of nodal or distant

metastasis ' was evaluated for study analysis. The assess-

ment of the T stage was verified histopathologically using

specimens obtained by surgical resection of the primary '

tumors in all patients. For bone tumors, T1 is assigned
when the tumor is less than or equal to 8cm in greatest
dimension and T2 is assigned when the tumor is greater
than 8cm in greatest dimension. For soft tissue tumor,
T2b is assigned when the deep tumor is greater than 5.cm
in greatest dimension. The reference standard of nodal
and distant metastases was histologic examinatiori'in 15

patients and confirmation of an obvious progression in_

size of the lesions on follow-up examinations in .35
patients. The reviewers recorded the presencé or-absence
of nodal or distant metastasis and nodal stations ‘and
metastatic organs for each modality. For diagnosing bone
marrow metastasis, bone marrow biopsy was used as-the
reference standard in all patients. The presence or absence
of abnormal uptake at a site where -bone marrow biopsy
had been performed was also recorded. Focal )FDG
uptake was considered to be abnormal when it was
substantially greater than that of the surrounding normal
tissue. .The SUV max of the lesion was categorized'by
comparing with that of normal adjacent tissue: slight
uptake was assigned when the SUV max of the’ leswn was
less than 1.5 times that of surrounding normal adjacent
tissue; moderate uptake-was assigned when the SUV max
of the lesion was greater than or equal to 1.5 times but
less than 3.0 times that of surroundmg normal adjacent
tissue; marked uptake was assigned when the SUV max of
thé lesion was greater than or equal to 3.0 times that of

609

152



Tateishi et al

] Pediatr Hematol Oncol »

Volume 29, Number 9, September 2007

surrounding normal adjacent tissue. Lymph nodes with
abnormal uptake were deemed positive for metastases
even when they were smialler than 10.0 mm in short axis
nodal diameter. Lunig nodules without abnormal uptake
but depicting multiple well-defined or ill-defined nodules
throughout parenchyma on the chest CT were considered
to be positive for metastases. For interpretation of
abnormal nodes on CI, the presence of lymph nodes
greater than 10.0mm in short axes was con51dered
positive.

Statistical Analysis

All valuables were assessed on patient-by- patlent
basis. The McNemar test was used for paired compari-
sons between 3 modalities. To address the problem of
multiple comparisons, Bonferroni correction was. apphed
Statistical analysis was performed with the SPSS version
11 software program (SPSS Inc, Chicago, IL).

» RESULTS _

- :In 50 patients, there were 26 bone sarcomas (52%)
and 24 soft tissue sarcomas (48%, Table 1). Among 20
Ewing sarcomas, 8 tumors were bone origin and 12
tumors were soft tissue ongm All patients had increased
BEDG uptake of the primary lesion [average SUV

TABLE 1. Patient Characteristics

Parameter Value (%)
Age ’
Mean = SD . : 13+4
Range . - 3-17

Sex. . ) e .

M/F 26 (52)/24 (48)
Primary site’ - ’ )
‘Bone tumor 26 (52)

Femur 8 (16)

Tibia - . . 8 (16)

Rib ) 4 (8)

Vertebra 2@

Others* - , 4 (8)
Soft tissue tumor : 24 (48)

‘Back. : ‘ : 6 (12)

Head and neck, . 4 (8)

Thigh . : 3(9

Groin ' 2@4)

Chest wall - ' } T 20

Calf : : 2 - 204

Otherst . C 5(10)
Histologic dlagnosxs .

Ewing sarcoma 20 (40)

Osteosarcoma ~ 18 (36)

Synovial sarcoma . ) 5(10)

Rhabdomyosarcoma ‘ : . - 3(6)

Fibrosarcoma . ) ) : 1(2)

Epithelioid sarcoma ) . 1(2)

Pleomorphic MFH 1(2).

Angiosarcoma 1@

The numbers of the parentheses are percemages

*Others include mandible (n = 2), ilium (n = 1), and humerus (n = 1).

1Others include abdomen (n = 1), abdominal wall (n = 1), scalp (n = l) and
hand (n = 1). .

MFH indicates malignant ﬁbrous histiocytoma. |
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max * standard deviation (SD); 7.6 + 3.7: range; 1.7 to
19.0]. Clinical T stages of primary staging tumors (n = 40,
80%) were as follows: Tl (n =12, 24%), T2 (n = 15,
30%), and T2b (n = 13, 26%). Nodal metastases in 5
patients. (10%) and distant metastases in 10 patients
(20%) were confirmed by pathologic examinations using
biopsy specimens. For suspected nodal metastases in 2
patients (4%) and suspected distant metastasis in 14

" patients (28%), diagnosis was confirmed by an obvious

progression in size of the lesions on follow-up examina-
tions. The mean follow-up period was 8 months (range,
0 to 14mo).

Among 7 patients with nodal metastasis, the lesion
was found only in soft tissue sarcomas: Ewing sarcoma
(n = 2), synovial sarcoma (n = 2), rhabdomyosarcoma
(n = 2), and angiosarcoma (n=1). Using CI, nodal
metastasis was correctly assigned in 46 patients (92%).
On_the other hand, nodal metastasis was correctly
diagnosed by PET/CT in 48 patients (96%) and by PET
in 43 patients (86%, Table 2). The average SUV
max + SD of nodal metastasis was 6.5 + 1.0 (range, 4.9
to 9.5. One patient was understaged by PET/CT,
2 patients by PET, and 3 patients by CI, respectively
(Table 3). Lymph node, which could not be discriminated
from the adjacent primary tumor, was.a cause of an
understage by all modalities. The causes of an understage
on CI were due to lymph nodes whose diameter of the
short axis were less than 8 mm. The causes of nodal
understage by PET were due to a lack of FDG avidity or
inability to localize the activity to a lymph node. PET/CT
revealed 1 patient with an overstage, while overstaged
patients were identified by PET (n = 5) and by CI (n = 1).
Reason for an overstage was due to inflammatory reactive
lymph nodes on PET/CT, PET, and CI. There was no
significant difference found in diagnostic accuracy of
nodal metastasis between 3 modalities. The sensitivity,
spec1ﬁc1ty, positive predictive value, negatlve predictive
value, and accuracy were summarized in Table 2.

Among 24 patients with distant metastasis, the
lesion was correctly assigned in 43 patients (86%) with
PET/CT. The average SUV max + SD of distant
metastasis was 4.2 £ 0.5 (range, 3.0 to 8.0). Distant
metastasis was correctly dlagnosed in 33 patients (66%)
by PET and 35 patients (70%) by CI. The numbers of
understaged patients were 7 on PET/CT, 17 on PET, and
15 on CI (Table 3). Reasons for patients of an understage
by PET/CT were pleural or peritoneal metastases (n = 4),
bone marrow metastasis (n = 2), and soft tissue metas-
tasis (n = 1). The causes of an understage by PET were
lung metastases (n = 6), soft tissue metastases (n = 6),
pleural or peritoneal metastases (n = 3), and bone
marrow metastasis (n = 2). The causes of an understage
by CI were due to soft tissue metastases (n = 6), pleural
or peritoneal metastases (n = 4), bone metastases (n = 3),
and bone marrow metastasis (n = 2). The understage of
distant metastases by PET/CT, PET, or CI was due to a
lack of FDG avidity or inability to localize the activity to

the lesion. Three patients with pleural or peritoneal

metastases, 2 patients with bone marrow metastases, and

© 2007 Lippincott Williams & Wilkins
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TABLE 2 Dlagnostxc Accuracy of Nodal and Distant Metastases in Pediatric Sarcomas

. Sensitivity (%) Specxﬁmty (%) PPV (%) NPV (%) Accuracy (%)
PET/CT -

Nodal metastasis 6/7 (86) 42/43 (98) 6/7 (86) 42/43 (98) 48/50 (96)

Distant metastasis 17/24 (71)*t 26/26 (100) 17/17 (100) 26/33 (79) 43/50 (86)*t
PET

Nodal metastasis 517 (71) 38/43 (88) 5/10 (50) 38/40 (95) 43/50 (86)

Distant metastasis 7/24 (29)* 26/26 (100) 7/7 (100) 26/43 (60) 33/50 (66)*
CI ’

Nodal metastasis 417 (57) 42/43 (98) 4/5 (80) - 42/45 (93) 46/50 (92)

Distant metastasis 9/24 (38)t 26/26 (100) 9/9 (100) 26/41 (63) 35/50 (70)t

Data of the parentheses are percentages.

Significant difference was found between 2 modalities by McNemar test with Bonferroni correction (*P = 0.002; 1P = 0. 008).

NPV indicates negative predictive value; PPV, positive predictive value.

I patient with soft tissue metastasis were not detected by
any modality. In 2 patients with bone marrow metastasis,
the iliac crest where bone marrow biopsies had been
performed was also negative on PET or PET/CT. No
patients were overstaged by PET/CT, PET, or CI.
Diagnostic accuracy of distant metastasis by PET/CT
was significantly higher than that of PET (P = 0.002) or
that of CI (P = 0.008). The sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy
were summarized in Table 2.

DISCUSSION

“We have demonstrated a significant difference in
diagnostic accuracy for the detection of distant metastasis
by PET/CT, PET, or CI in pedxatnc sarcomas. The
improvement of dxagnostlc accuracy in detecting distant
metastasis can affect tumor stage before treatment.

. The magnitude of diagnostic accuracy of PET/CT
in detectlon of distant metastasis is unclear, because its
efficacy and performance in staging of pediatric sarcomas
is still limited.'?>-'6 In our study, 8 of the 50 patients
(16%) bad distant metastases detected by PET/CT which
were not identified by PET alone or CI. McCarville et al'2
described that PET/CT was useful in identifying and
localizing unusual sites of soft tissue and bony metastases
not appreciated by CI. These results from the’ previous
studies were consistent with our results.

TABLE 3. Dlagnostlc Performance in Nodal and’ Dlstant
Metastases in Pediatric Sarcomas

Parameter CI’ PET " PET/CT

Nodal metastasis . ; ‘
Correct ~ 46 (92) 43 (86) 48 (96) -
Overstaged 1(2) 5(10) 1(2)
Understaged 3 (6) 2(4) 12

Distant melastesis
Correct 35 (70) 33 (66) 43 (86)
Overstaged 0 0 0
Understaged - 15 (30) 17 (34) 7(19)

The numbers of the parentheses are percentages.

© 2007 Lippincott Williams & Wilkins

There was a significant difference in diagnostic
sensitivity, reflected by the 42% differénce between PET/
CT and PET and 33% difference between PET/CT and
CI. PET/CT device permits sequential acquisition of
anatomic CT and functional PET images in a single
scanning session. Morphologic characterization of active
lesions by PET/CT resulted in.a lower percentage of
equivocal interpretations compared with that of PET
alone. This may have been causally linked to the
improvement of sensitivity to detect distant metastases
in the present study.

In the present study, correct dlagn031s of distant
metastasis was found in 43 patients (86%) by PET/CT.
However, false negative -results by an understage were
caused by pleural or peritoneal metastasis, bone marrow
metastasis, and soft tissue metastasis. Importantly, 3
patients with pleural or peritoneal metastasis; 2 patients
with bone marrow metastases, and 1 patient with ‘soft
tissue metastasis were not detected by any modality. Itis
difficult to detect such distant metastases when the lesion
gets smaller in size, owing to limited spatial resolution’of
PET or PET/CT. However further studies are needed to
be conducted for addressing the ability of PET or PET/
CT to evaluate metastasis of pleura, peritoneum, bone
marrow, and soft tissue in patients with pediatric
sarcomas.

We failed to demonstrate a significant improvement
in diagnostic accuracy to- detect nodal metastasis, by any
modality. This may be explained by the small numbers of
patients with nodal metastasis in the patient populatxon
Lymph nodes whose diameter in the long axis less than
8 mm resulted in understaged patients on both PET and
CL In the present study, nodal metastasis was found in
7 patients (14%) who had soft tissue sarcomas. in the
primary sites. The causes of nodal understage by PET
were due to a lack of FDG avidity or inability to localize
the activity to a lymph node. Most histologic subtypes
of sarcomas have a tendency to spread via the vascular
system to the lung. However, a few histologic types
including epithelioid sarcoma'!” and angiosarcoma!®1!9 are
often accompanied by nodal metastasis at the initial
presentation. Although the exact reasons for rarity of
nodal metastasis in sarcomas are unclear, further studies
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are needed to clarify the clinical implications of PET/CT
for diagnosing nodal metastasis in pediatric sarcomas.?’

Our study has limitations. Patients enrolled in this
study may be relatively small population forspecific types

of bone and soft tissue sarcomas. Our study was intended -

to examine the diagnostic accuracy of nodal and distant
metastases as a potential role of PET/CT, compared with
PET or CI. A study with a larger patient population
would clarify the clinical impact of PET/CT on initial
staging. In our study, all the lesions were not confirmed
by pathologic examination. In 14 patients (28%) with
suspected nodal and distant metastatic lesions, diagnosis
was based on an obvious progression in size of the lesions
on follow-up examinations. This might be sampling bias
in the statistical analysis.

In summary, we demonstrate that the use of PET/

- CT in patients with pediatric sarcomas increases the

diagnostic accuracy -of distant metastasis compared with
PET alone or CI. Further studies are required to assess
the exact role and clinical impact of PET/CT on initial
staging of pediatric sarcomas.
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Abstract

Purpose There is some unknown reason Ewing family of
tumors (EFTs) is much less common on Asia and Africa
than in the Western Caucasian population. This study ana-
lyzed the prediction of response and prognostic factors for
Ewing family of tumors (EFTs) in an Asian population with
a low incidence. ' »

Methods We retrospectively reviewed 94 patients with
EFTs between 1978 and 2006. Fifteen patients received
local therapy only. Statistical analyses were performed for
79 patients, including those who received systemic chemo-
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therapy, to identify factors related to chemotherapy respon-
siveness, event-free survival, and overall survival.

Results  Of the 79 patients whose records were analyzed,
the 5-year event-free rate and overall survival (OS) rate
were 41 and 54%, respectively. The response rate to first-
line chemotherapy was 61% in 70 patients w1th assessable
lesions. A significant predictor of response was emstencc of
a non-pelvic primary tumor (P = 0.04). Slgmﬁcant prog-
nostic factors for-OS were age, performance status, and
metastases at the time of diagnosis (P < 0.01, respectively).
Fifty-four patients had disease progression or recurrence
after first-line treatment. The time to progression was
3.4 months aftér salvage treatment. Progression during
first-line treatment was significantly associated with time to
progression after salvage treatment (P = 0. 01). All' patients
treated without chemotherapy in first- line treatment were
recurred with poor prognosis.

Conclusion A non-pelvic primary tumor was a favorable
predictor of responsiveness to: chemotherapy. Chemo-
resistant patients might less benefit from second line
chemotherapy: Chemotherapy in first-line treatment should
not be omitted, even if pnmary tumor was extirpated com-
pletely.

Keywords Ewing family of tumors - Predictive factor

Prognostic factor - Response - Chemotherapy
Asian populatlon A

Introduction-

The Ewing family of tumors (EFTs) is a group of rare

malignant tumors that mostly arise in bone, although a
significant ‘proportion of patients have soft tissue prima-
ries. EFTs share histological, immunohistochemical and
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cytogenetic characteristics; in the past, they "have also
been identified as Ewing sarcomas of bone or soft tissue,
malignant peripheral primitive neuroectodermal tumors,
primitive neuroepitheliomas or Askin tumors. (Miser
etal. 1987) The vast majority of these tumors arise in
children and young adults. The treatment of EFTs consists
of a multidisciplinary approach including surgery, radio-
therapy, and combination chemotherapy. During the past
three decades, the prognosis of patients with EFTs has
improved considerably, as shown in several clinical trials,
mainly because of improved chemotherapy regimens
(Burgert et al. 1990; Grier et al. 2003; Jurgens et al. 1988;
Nesbit etal. 1990; Paulussen etal. 2001; Sluga etal.
2001).

For reasons that remain unknown, EFTs rarely occurs in
Asian and African-American populations. The incidence
of EFTs in Asian populations is lower than in Western
populations (Guo etal. 1999) According to the Japanese
Musculoskeletal Tumor Committee, 473 patients with
EFTs of bone. were registered during 1972-2003, the
population of Japan is 120 million (The JOA Musculo-
Skeletal Tumor Committee 2003a) Registration of malig-
nant soft tissue tumor had starting from 2003, and 11
patients with EFTs of extra-osseous primary were regis-
tered in 2003. (The JOA Musculo-Skeletal Committee
2003b) Only three reports on the clinical outcome of Japa-
nese patients with EFTs have been made (Obata et al.
2007; Ozaki et al. 2002; Yamada et al. 2006). It.is contro-
versy that the prognosis of patients with EFTs were rela-
tively poorer compared with the major Euro-American
studies. However, the recent report described the clinical

-outcome of patients with localized EFTs of bone. were
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virtually equivalent (Obata et al. 2007).
Several clinical and biologic characteristics can assist
in determining the prognosis and directing the intensity

of therapy. These characteristics includeage, primary-

tumor location .and size, the presence or absence of
metastases, the serum lactate dehydrogenase level, and
the response to therapy (Bacci et al. 2000; Catterill et al.
2000; Obata et al. 2007;.Rodriguez-Galindo et al. 2003;
Sluga et al. 2001). Although chemotherapeutic regimens
and treatment strategies based on prognostic factors

have. been advanced, previous reports from developing -

countries indicate that similar results were not obtained
in non-western population (Cardenas-Cardos et al. 1999;
Jenkin et al. 2002; Villarroel et al. 1997) Thus, previ-
ously reported prognostic factors may not have the same
influence on clinical outcome in patients belonging to
populations with a low incidence, even if developed
countries.

. The aim of this study was to analyze the clinical chafac-v

teristics and prognostic factors of EFTs in an Asian popula-
tion with a.low incidence. :

@ Springer

Methods
Patients

We retrospectively reviewed the records of 94 patients with
EFTs; all records were retrieved from a database of patients
treated at the National Cancer Center Hospital (Tokyo,
Japan) between September 1978 and April 2006. Two
experienced musculo-skeletal pathologists (T.H. or K.S.)
had diagnosed or reviewed all biopsy or surgical specimens
after performing histological or immunohistochemical
examinations. Molecular genetic studies such as PCR or
FISH had been performed in cases with available speci-
mens (Yamaguchi et al. 2005).

"Treatment

In the present study, all the patients had received single
modality therapy or various combinations of multi-modality
therapy. Therapy for local control was individualized: sur-
gery alone, radiation therapy alone or a combination of sur-
gery and radiotherapy was performed, as suitable. Various
systemic chemotherapy regimens were -used. The 94 patients
were classified into four groups according to their first-treat-
ment systemic therapy regimen: group I consisted of patients
treated with systemic chemotherapy, including vincristine,
doxorubicin, and cyclophosphamide with or without acti-
nomycin D; group II consisted of patients treated with
multi-drug chemotherapy regimens, including vincristine,
doxorubicin, actinomycin D and ifosphamide (VAIAdr) or
vincristine, doxorubicin, and cyclophosphamide, alternating
with ifosfamide and etoposide (VAdrC/IE); group III con-
sisted of patients treated with.systemic treatment including
various chemotherapy regimens (Meyers et al. 1995, 1998)
(T9 protocol, n = 1; T11 protocol, n = 3, T12 prétocol, n = 1;
vincristine plus etoposide plus cyclophosphamide plus
cisplatin, n=2; vincristine plus ifosfamide plus cisplatin,
n =1; doxorubicin plus cisplatin, n =2; and etoposide plus
cisplatin, n=1); group IV consisted ‘of patients receiving
local therapy, including surgery or radiotherapy, without sys-
temic chemotherapy. Some -patients received high-dose
consolidation therapy and peripheral -blood stem cell trans-
plantations or autologous bone marrow transplantations.
Salvage treatment after recurrence was classified in the same
manner as the first-line treatments. ' :

Response assessment

Objective responses were evaluated according to the WHO
criteria (World Health Organization 1979) Patients with no
bidimensionally measurable lesions were considered ineli-
gible for the objective response evaluation and were classi-
fied as not evaluable (NE). Systemic chemotherapy was



