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Abstract Several lines of evidence suggest cyclooxy-
genase-2 (COX-2) overexpression may be a causal factor
for tumor growth and metastasis. However, there is no
evidence COX-2 expression in a primary tumor correlates
with clinical outcome of osteosarcoma. We examined
expression levels of COX-2 immunohistochemically in 51
patients with extremity osteosarcoma who completed
standard therapy and obtained complete initial regression
of the tumor. Correlation of the positivity of staining with
prognosis was analyzed. COX-2 was expressed in most of
the cases. We found no correlation between COX-2 stain-
ing intensity and variables such as gender, age, anatomic
site, necrosis after chemotherapy, and surgical stage.
Strong COX-2 expression was associated with low
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metastasis-free survival. Age older than 20 years and
strong COX-2 expression independently predicted
increased risk of metastasis. Among seven patients with
resectable lung metastasis, all three with greater COX-2
expression in the metastatic lesion than that in a primary
site died of the disease. Our preliminary data suggest COX-
2 overexpression in the primary tumor correlates with the
occurrence of distant metastasis in patients with osteosar-
coma and also may affect postmetastatic survival.

Level of Evidence: Level IV, prognostic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Osteosarcoma is the most common primary bone tumor in
children and adolescents. It is a highly metastatic tumor, and
its most common metastatic site is the lung [1]. Adjuvant and
neoadjuvant chemotherapy, introduced in the early 1970s,
have considerably improved the long-term survival rate for
patients with osteosarcoma. Nevertheless, recurrent disease
still occurs in 30% to 40% of patients, more than 70% of
whom die of their tumor despite second-line treatment [1].
Therefore, the identification of risk factors for recurrence
would be of major importance in the development of new and
risk-adapted strategies of treatment. Chemotherapy regi-
mens based on risk evaluation would be important to limit the
incidence of side effects and substantial economic and social
consequences of an intensive chemotherapy program.
Because chemotherapy is indispensable for the treatment of
osteosarcoma, the means to predict the course of the tumor
would help guide treatment, and a reliable prognostic factor
would identify patients at low risk of metastases who would
not benefit from toxic chemotherapy.
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Cyclooxygenase (COX) is an enzyme implicated in the
conversion of arachidonic acid into prostaglandin. There
are two isoforms of COX, designated COX-1 and COX-2.
COX-1 is constitutively expressed in most tissues, and
COX-2 is an inducible enzyme associated with inflamma-
tory disease and cancer. Various reports have indicated
COX-2 is overexpressed in many types of malignant
tumors such as colorectal [5], prostate [8], breast [10], and
lung [21], and several lines of evidence suggest COX-2
overexpression may be a causal factor for tumor growth
and metastasis [12, 15, 17, 19].

Numerous studies have shown COX-2 is expressed in
osteosarcoma cell lines [16] and clinical specimens
obtained from osteosarcomas [4, 14]. Recently, Rodriguez
et al. [18] reported COX-2 expression of lung metastasis
tissue correlated with disease-specific survival in patients
with metastatic osteosarcoma. However, there is little evi-
dence COX-2 overexpression in primary tumors correlates
with the clinical outcome of patients with osteosarcoma
after surgical treatment combined with neoadjuvant and
adjuvant chemotherapy. The relation of COX-2 expression
in primary and metastatic osteosarcoma also is unknown.

We therefore first determined whether COX-2 expres-
sion in the primary tumor predicted metastasis-free and
overall survival in patients with initially nonmetastatic
osteosarcoma arising in the extremity and treated surgically
and chemotherapy. Second, we determined COX-2
expression in resected lung metastasis, compared with that
in the primary lesion, and determined whether the differ-
ence predicted postmetastatic survival.

Materials and Methods

We have diagnosed and treated 139 patients with high-
grade conventional osteosarcoma since 1987 at our insti-
tutions. Complete clinical records were unavailable for 12
patients. We excluded 14 patients with an unresectable
primary site. Among the remaining 113 patients, we had
tumor tissue samples from 55 patients before any chemo-
therapy. Of the 55 patients, three patients with metastasis at
the first visit and one patient with clavicle involvement
were excluded. One patient with Rothmund-Thomson
syndrome was included. This left 51 patients for review.
There were 33 males and 18 females with a median age of
15 years (range, 4-57 years) (Table 1). There were 29
cases with femur, 11 with tibia, five with humerus, four
with fibula, and two with radius involvement. We reviewed
all slides of the cases to confirm the diagnosis by pathol-
ogists. According to the American Joint Committee on
Cancer (AJCC) Staging System, 32 tumors were Stage ITA
and 19 were Stage IIB. Followup data were obtained in
June 2008, allowing a minimum followup of 3.8 months

Table 1. Clinical features and treatments of study group

Characteristics or treatment Number of patients

Gender

Male 33 (65%)

Female 18 (35%)
Age (years)* 15 (4-57)
Anatomic site

Femur 29 (57%)

Tibia 11 (22%)

Humerus 5 (10%)

Fibula 4 (8%)

Radius 2 (4%)
AJCC surgical stage

A 32 (63%)

1IB 19 (37%)
Chemotherapy before and after surgery

C/D/IM/1 27 (53%)

C/D/M 18 (35%)

Others 6 (12%)
Surgery

Amputation 3 (6%)

Limb salvage 48 (94%)

Followup (months)* 67.4 (3.8-162.6)

* Values are expressed as median, with range in parentheses;
AJCC = American Joint Committee on Cancer Staging System;
C = cisplatin; D = doxorubicin; M = methotrexate; I = ifosfamide.

(mean, 67.4 months; range,
patients gave signed consent.
We obtained the samples of primary tumor before che-
motherapy and subjected them to analysis. The biopsy was
performed from the nonnecrotic part of the primary oste-
osarcoma based on MRI and immediately subjected to
formalin fixation. The samples of lung metastasis were
obtained at the operation of first-time lung metastasis.
We carried the formalin-fixed samples to the laboratory.
After formalin fixation for 24 hours, a paraffin block of the
tumor was made. Conventional immunohistochemical
studies were performed using a streptavidin-biotin complex
technique on the formalin-fixed, paraffin-embedded sec-
tions (8 um thick) to detect COX-2 expression. We
immersed deparaffinized and rehydrated sections three
times in phosphate-buffered saline (PBS). Endogenous
peroxidase activity was blocked with 0.3% hydrogen per-
oxide in methanol for 15 minutes at room temperature and
rinsed in PBS. We then soaked the slides for 10 minutes in
10% normal rabbit serum as a blocking agent. The slides
then were incubated at room temperature for 1 hour with
primary polyclonal goat antibody for the carboxy terminus
of rat COX-2 (sc-1747; Santa Cruz Biotechnology, Santa
Cruz, CA; 1:500 dilution), which crossreacts with human

3.8-162.6 months). All
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COX-2. After rinsing with PBS, we applied biotinylated
peroxidase conjugated anti-goat rabbit IgG conjugated with
peroxidase as the second antibody, and the reaction
products were observed using 3,3'-diaminobenzidine
tetrahydrochloride. Slides were counterstained with
hematoxylin, dehydrated, and mounted. Nonimmune goat
serum was substituted for the primary antibody to serve as
a negative control. Two orthopaedic surgeons (YN, HU)
without knowledge of the clinicopathologic information
evaluated the results of immunohistochemical staining on a
4-point scale: 0% to 9% for positive stainable cell number
(negative), 10% to 39% (low), 40% to 79% (moderate), and
80% to 100% (strong) on four different high-power fields
without necrosis. For statistical analysis, the cutoff used
was 80%; strong staining was classified as overexpression
of the respective antigen. Using these criteria, the two
observers could come to agreement on the degree of pos-
itivity or negativity in all cases.

We collected clinical data from the patients’ clinical
records. Fisher’s exact test and Pearson chi square test were
used to examine correlations between COX-2 expression of
primary tumor and each clinical variable, gender, age, site,
necrosis after chemotherapy, and surgical stage. Survival
periods were counted (months) from the date of the first
visit to the date of death or last followup before study
closure, and the metastasis-free period was counted in
months from the date of operation to the date of detection
of the first metastasis. Because there were no local relapses,
not event-free but metastasis-free survival was analyzed in
this study. We used the Kaplan-Meier product limit method
to estimate the metastasis-free survival and the overall
survival for the group and to illustrate the effect of each
protein expression. The log-rank test was used to evaluate
the differences between survival curves. For the multivar-
iate analysis of metastasis, confidence intervals (CIs) for
relative risks of metastasis were derived from the Cox
proportional-hazards regression model with forward
selection of variables.

Results

Forty-eight (94%) of the 51 patients underwent limb-
sparing surgery with curative margins (Table 1). There
were no local recurrences. At the last followup, 33 (65%)
of the 51 patients remained continuously disease-free.
Eighteen (35%) of 51 patients had distant metastasis and 12
(67%) of these 18 patients died of the disease. The
expression levels of COX-2 varied widely. Overall, 47
(92%) of 51 patients showed positive immunoreactivity for
COX-2 in neoplastic cells, and 12 patients (24%) showed
strong positive immunostaining for COX-2 (Table 2).
COX-2 overexpression was associated (p = 0.011) with a

@ Springer

Table 2. Expression of COX-2 in primary site and clinical outcomes

Positive cell ratio Number Number with Number
of cases metastasis dead

Negative (0%—9%) 4 2 2

Low (10%-39%) 18 5 4

Moderate (40%—79%) 17 3 2

Strong (80%—-100%) 12 8 4

Total 51 18 12

COX-2 = cyclooxygenase-2.

Metastasis-free Survival (N=51)
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Fig. 1 The graph shows the cumulative metastasis-free survival rate
of patients who achieved initial complete remission after neoadjuvant
chemotherapy and curative surgery followed by adjuvant chemother-
apy (n = 51) using the Kaplan-Meier method. COX-2 overexpression
was associated (p = 0.011) with a decreased probability of metasta-
sis-free survival.

decreased probability of metastasis-free survival (Fig. 1),
but not with overall survival (p = 0.42) (Fig. 2). The
estimated metastasis-free survival at 5 years was 42% in
patients with strong expression and 76% in patients with
lower expression, and the estimated overall survival at
5 years was 74% for the patients with strong expression
and 77% in patients with lower expression. Age older than
20 years and strong COX-2 expression independently
predicted metastasis with relative risks of 3.20 (95% CI,
1.17-8.76; p = 0.024) and 3.64 (95% CI, 1.14-11.60;
p = 0.029), respectively (Table 3). COX-2 staining inten-
sity did not vary with gender, age (younger than 20 years
versus 20 years or older), anatomic site (proximal versus
distal extremity), necrosis after chemotherapy (< 90%
versus > 90%), and surgical stage (AJCC Stage IIA versus
Stage 1IB) (Table 4). COX-2 staining intensity tended to be
greater (p = 0.056) in patients with necrosis after chemo-
therapy than in those without.
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Fig. 2 The graph shows the cumulative overall survival rate of all
patients (n = 51) using the Kaplan-Meier method. COX-2 overex-
pression was not associated (p = 0.42) with a decreased probability
of overall survival.

Table 3. Multivariate Cox regression analysis of clinical variables
for metastasis

Variable Metastasis
Relative risk 95% CI p Value
Gender 0.98
Male 1.00
Female 0.99 0.32-3.01
Age 0.024
< 20 years 1.00
> 20 years 3.20 1.17-8.76
Site 0.13
Proximal extremity 1.00
Distal extremity 2.47 0.77-7.98
Necrosis* 0.34
< 90% 1.00
> 90% 0.52 0.14-1.96
AJCC surgical stage 0.18
IIA 1.00
1IB 2.18 0.70-6.75
Expression of COX-2 0.029
in primary site
Negative-moderate 1.00
Strong 3.64 1.14-11.60

* Necrosis of the resected section after chemotherapy; 95% CI =
95% confidence interval; AJCC = American Joint Committee on
Cancer Staging System; COX-2 = cyclooxygenase-2.

The initial sites of metastases were isolated to lung in 15
patients, bone in one patient, lung and bone in one patient,
and lung and skin in one patient. The treatment for these 18

Table 4. Association between COX-2 overexpression in primary site
and each clinical variable

Variable COX-2 expression p Value*
Negative-moderate  Strong

Gender 0.50
Male 24
Female 15 3

Age 0.55
< 20 years 24
> 20 years 15

Site 0.36
Proximal extremity 27
Distal extremity 12

Necrosis' 0.056
< 90% 28
> 90% 11

AJCC surgical stage 0.51
ITA 24
1IB 15

* Fisher’s exact test and Pearson chi square test were used to examine
correlations with COX-2 strong expression and each clinical variable;
Thecrosis of the resected section after chemotherapy; COX-
2 = cyclooxygenase-2; AJCC = American Joint Committee on
Cancer Staging System.

patients with postoperative metastases was resection of
metastases with adjuvant chemotherapy in 10 patients,
chemotherapy alone in five patients, radiation plus che-
motherapy in two patients, and unknown in one patient
(Table 5). Among seven patients with resectable lung
metastasis, three had increased COX-2 expression in the
lung metastatic lesion compared with that in the primary
site and all three died of the disease (Fig. 3). Two patients
with decreased COX-2 expression in the lung metastatic
lesion compared with that in the primary site were alive
with no evidence of disease after resection of the lung
metastasis. Two patients with unchanged levels of COX-2
expression in the lung metastatic lesion compared with that
in the primary site also were alive with no evidence of
disease after resection of lung metastasis (Table 5).

Discussion

COX-2 overexpression is reportedly a causal factor for
tumor growth and metastasis [12, 15, 17, 19]. However,
there is little evidence COX-2 overexpression in primary
tumors correlates with the clinical outcome of the patients
with osteosarcoma, and the relation of COX-2 expression
in primary and metastatic osteosarcoma also is unknown.
Therefore, we assessed the prognostic value of COX-2

@ Springer
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Table 5. Treatment of primary metastases and end result with comparison of COX-2 expression

Patient  Age Gender  Site of metastasis Treatment for metastases Expression of  Expression of End result
(years)* (number) COX-2 in COX-2 in lung
primary site metastasis
1 22 Male Lung (1) Resection, chemotherapy Negative Moderate DOD
2 32 Male Lung (1) Resection, chemotherapy Negative Moderate DOD
3 10 Male Lung (2) Resection, chemotherapy Low Not available NED
4 24 Male Lung (> 4) Chemotherapy Low DOD
5 35 Male Lung (2) Chemotherapy Low DOD
6 42 Male Lung + skin (> 4) Unknown Low DOD
7 57 Male Spine (unknown) Chemotherapy, radiation Low DOD
8 13 Female  Lung (1) Resection, chemotherapy Moderate Strong DOD
9 20 Female Lung (1) Resection, chemotherapy Moderate Moderate NED
10 56 Male Lung (> 4) Chemotherapy Moderate DOD
11 10 Male Lung (2) Resection, chemotherapy Strong Not available NED
12 12 Female  Lung (2) Resection, chemotherapy Strong Moderate NED
13 13 Female  Lung (3) Resection, chemotherapy Strong Strong NED
14 14 Male Lung (> 4) Chemotherapy Strong DOD
15 22 Female  Lung + spine + Chemotherapy, radiation (spine) Strong DOD
clavicle (> 4)
16 30 Male Lung (2) Resection, chemotherapy Strong Not available DOD
17 38 Male Lung (= 4) Chemotherapy Strong DOD
18 57 Male Lung (2) Resection, chemotherapy Strong Low NED

* Age at first visit; COX-2 = cyclooxygenase-2; DOD = dead of disease; NED = no evidence of disease.

expression in primary osteosarcoma arising in the
extremities and also examined COX-2 expression in
resected lung metastasis in osteosarcoma and assessed the
prognostic value of COX-2 expression for postmetastatic
survival.

We note some limitations. First, we studied compara-
tively few patients and the study may be underpowered to
detect differences between groups and between metastasis-
free survival and overall survival. However, we consider
our results meaningful as a pilot study. Future studies with
more accumulated cases will clarify the association of
COX-2 and the prognosis. Second, the results of immu-
nohistochemical analysis may be influenced by sensitivity
of the antibody, but the results of immunohistochemistry
should be stable if it is performed with the same antibody
and same protocol in one institution. The examination of
COX-2 expression by immunohistochemistry is easy and
can be performed routinely. Finally, quite a few patients
without strong COX-2 expression also died with lung
metastasis. Although the number of lung metastasis sam-
ples was small in our study, additional comparisons of
COX-2 expression in primary tumors and metastatic
lesions as a prognostic factor in osteosarcoma might be of
interest.

Our data suggest COX-2 expression in biopsy samples
of a primary site inversely correlates with metastasis-free
survival but not with overall survival. In a previous

@ Springer

investigation of pediatric osteosarcomas, COX-2 immu-
nostaining was not correlated with disease-free survival or
overall survival in primary conventional high-grade oste-
osarcoma [4]. This discrepancy may be attributable partly
to differences in the sensitivity of the anti-COX-2 antibody
used, the cutoff value, or various aspects of treatments such
as surgical margin and chemotherapy protocols. We
observed a higher frequency of cases with COX-2 posi-
tivity than reported in other studies (92% in our study
versus 67% to 86%) [4, 14, 18], leading us to set a higher
cutoff value. The study of pediatric osteosarcomas did not
describe the demographic data, including the grade of
osteosarcoma, resectability of the tumors, or therapeutic
methods, including surgical margin and chemotherapy
protocols [4]. Another possibility is the heterogeneity of
each patient group contributed to the inaccurate results in
the studies [4, 14, 18]. Several prognostic risk factors have
been proposed, including tumor size, site, age, history of
symptoms, treatment delay, margin, and response to che-
motherapy [1, 3]. The presence or absence of other
molecules in osteosarcoma cells appear to predict outcome
[2, 6, 9, 11, 20]. To know the posttherapeutic clinical
course of patients with osteosarcoma may lead physicians
to adequate followup for the patients. We found no cor-
relation between COX-2 strong expression and
clinicopathologic variables such as gender, age, tumor
location, and clinical stage, which is consistent with other
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Fig. 3A-B Photomicrographs show (A) negative COX-2 expression
in primary tumor and (B) moderate COX-2 expression in lung
metastasis in the same patient with high-grade osteosarcoma (Stain,
immunostain for COX-2 and counterstain with hematoxylin; original
magnification, x400). The osteosarcoma of the tibia occurred in a 32-
year-old man.

reports of osteosarcoma [4, 18]. Histologic response to
chemotherapy apparently correlates with outcome in oste-
osarcoma [1, 3]. We found no correlation between
chemosensitivity and metastasis-free survival and between
COX-2 expression and necrosis, likely owing to the small
number of cases.

Results of our study also suggest alteration of COX-2
expression in the same patients between primary site and
metastatic lesion may affect their postmetastatic survival.
The alteration of COX-2 positivity between the primary
site and lung metastatic lesion may be affected by some
factors, such as the microenvironment of lung metastases,
effect of chemotherapy, and aggressive change of osteo-
sarcoma cells. Rodriguez et al. [18] suggested high COX-2
expression in lung metastases of osteosarcoma was corre-
lated with poor disease-specific survival. However, they
did not analyze COX-2 expression in the primary site nor
determine its importance for survival. Dickens et al. [4]

reported the COX-2-positive rate in metastatic lesions was
greater than that of biopsy and/or resected samples of the
primary site in osteosarcoma. They also did not analyze
paired samples from the same patients; moreover, alter-
ation of expression levels was not mentioned. An
accumulated number of cases and paired samples of pri-
mary sites and metastatic lesions will clarify the prognostic
importance of COX-2 expression in primary and metastatic
tumors in the future.

Some reports suggest the possibility of COX-2
involvement in the tumorigenicity and/or metastasis of
osteosarcoma [13, 16]. COX-2 expression may have roles
in these processes; however, there is a possibility COX-2 is
a secondary molecule of a crucial prognostic factor or a
molecule upstream of critical prognostic factors. For
example, PGE, downstream of COX-2, can regulate
immune function through inhibition of dendritic cell dif-
ferentiation and T cell proliferation and suppression of the
antitumor activity of natural killer cells and macrophages
[7, 22].

We found patients with strong COX-2 expression had a
poor prognosis with regard to metastasis, and all patients
with increased COX-2 expression in lung metastases died
of the disease. These results support our speculation that
COX-2 could be one of the key enzymes directly or indi-
rectly involved in the process of metastasis in
osteosarcoma. COX-2 expression can be analyzed easily
and is relevant for clinical use. The change of COX-2
expression between the primary site and lung metastasis
seemed important for the survival of osteosarcoma after
lung metastasis in our study patients. Additional compari-
sons are needed of COX-2 expression in primary tumors
and metastasis as a prognostic factor in osteosarcoma.
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