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Summary
Background—COX-2 is overexpressed in some cancers, including prostate cancer; however, little
is known about the effect of COX-2 overexpression on outcome in radiation-treated patients with
prostate cancer. We aimed to study COX-2 overexpression and outcome in a well-defined cohort of
men who received treatment with short-term androgen deprivation (STAD) plus radiotherapy or long-
term androgen deprivation (LTAD) plus radiotherapy.

Methods—Men with prostate cancer who had participated in the Radiation Therapy Oncology
Group (RTOG) 92-02 trial and for whom sufficient diagnostic tissue was available for
immunohistochemical staining and image analysis of COX-2 expression were enrolled in this study.
Patients in the 92-02 trial had been randomly assigned to treatment with STAD plus radiotherapy or
LTAD plus radiotherapy. Multivariate analyses by Cox proportional hazards models were done to
assess whether associations existed between COX-2 staining intensity and the RTOG 92-02 primary
endpoints of biochemical failure (assessed by the American Society for Therapeutic Radiology and
Oncology [ASTRO] and Phoenix criteria), local failure, distant metastasis, cause-specific mortality,
overall mortality, and any failure.

Findings—586 patients with sufficient diagnostic tissue for immunohistochemical staining and
image analysis of COX-2 expression were included in this study. In the multivariate analyses, the
intensity of COX-2 staining as a continuous covariate was an independent predictor of distant
metastasis (hazard ratio [HR] 1.181 [95% CI 1.077–1.295], p=0.0004); biochemical failure by two
definitions (ASTRO HR 1.073 [1.018–1.131], p=0.008; Phoenix HR 1.073 [1.014–1.134], p=0.014);
and any failure (HR 1.068 [1.015–1.124], p=0.011). The higher the expression of COX-2, the greater
the chance of failure. As a dichotomous covariate, COX-2 overexpression seemed to be most
discriminating of outcome for those who received STAD compared with those who received LTAD.

Interpretation—To our knowledge, this is the first study to establish an association of COX-2
expression with outcome in patients with prostate cancer who have had radiotherapy. Increasing
COX-2 expression was significantly associated with biochemical failure, distant metastasis, and any
failure. COX-2 inhibitors might improve patient response to radiotherapy in those treated with or
without androgen deprivation. Our findings suggest that LTAD might overcome the effects of COX-2
overexpression. Therefore, COX-2 expression might be useful in selecting patients who need LTAD.

Contributors
APD, LYK, AP, and MEHH planned and implemented the COX-2 analysis, and wrote the report. KB did the statistical analyses. VMV,
SAR, MAR, HMS, GEH, and WUS designed and contributed to the original RTOG 92-02 protocol. DJG did the central pathological
review. All authors reviewed the data and provided input on the analyses and report preparation.
Conflicts of interest
The authors declared no conflicts of interest.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Lancet Oncol. Author manuscript; available in PMC 2007 November 16.

Published in final edited form as:
Lancet Oncol. 2007 October ; 8(10): 912–920.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
The cyclooxygenase-2 (COX-2) enzyme, one of three isozymes, converts arachidonic acid to
prostaglandins and other eicosanoids.1–3 Apart from its well-characterised role in
inflammation, COX-2 is overexpressed in some human cancers, including prostate cancer;4–
8 although, one study noted COX-2 expression in benign prostate tissue and not in tumour
tissue.9 A population-based case–control study showed that sequence variations in the
COX-2 gene affect the risk of developing prostate cancer,10 linking inflammation with prostate
carcinogenesis.

With the advent of selective COX-2 inhibitors, in-vitro and in-vivo studies that use these drugs
have highlighted the effect of COX-2 on angiogenesis11,12 and tumorigenesis.13
Additionally, COX-2 overexpression is linked to chemotherapy and radiation treatment
resistance in patients with prostate and other tumours.14–18 The effects of selective COX-2
inhibitors have been shown to be independent of androgen-responsiveness in prostate cancer
cell lines.15,16,19,20 Therefore, COX-2 is a potentially useful tumour marker for predicting
poor outcome in patients with prostate cancer.

We aimed to study the association between COX-2 expression and outcome in men with
prostate cancer who had participated in the Radiation Therapy Oncology Group (RTOG) 92-02
trial, and who were treated with radiotherapy and short-term or long-term androgen deprivation
(STAD or LTAD). The RTOG 92-02 trial was a phase III randomised study involving men
with locally advanced (T2c–T4) prostate cancer and prostate-specific androgen (PSA)
concentrations less than 150 ng/mL.21

Methods
Patients and procedures

Details of the RTOG 92-02 trial protocol have been described previously.21,22 Briefly, the
RTOG 92-02 trial was a randomised trial studying long-term neoadjuvant concurrent and
adjuvant androgen deprivation (28 months goserelin) versus short-term neoadjuvant and
concurrent androgen deprivation (4 months goserelin and flutamide) with external-beam
radiotherapy (65–70 Gy to the prostate and 44–50 Gy to the pelvic lymph nodes) in patients
with locally advanced prostate cancer (T2c–T4). The findings of the RTOG 92-02 trial
supported the use of LTAD with radiotherapy rather than STAD with radiotherapy for patients
with T2c–T4 stage cancer. A further exploratory subset analysis of patients with Gleason scores
8–10 showed LTAD also provided a survival advantage compared with STAD in this subgroup.

Tissue samples were collected from patients before informed consent for specimen collection
was needed for this type of analysis. However, the data were de-identified and the study was
approved by an internal review board at the Fox Chase Cancer Center, Philadelphia, PA, USA.

Immunohistochemical staining
Paraffin-embedded, formalin-fixed pretreatment diagnostic tissue cut onto slides was
deparaffinised and rehydrated. Antigen retrieval was done by heating the slides in citrate buffer
in a pressure cooker for 50 min. Incubation was done in an autostainer (DakoCytomation,
Glostrup, Denmark) with an antibody directed against COX-2 (catalogue number 804-112-
C050, 1:200 dilution for 1 h; Alexis Biochemicals, Lausen, Switzerland).11 A biotinylated
secondary antibody (Dako LSAB 2 Kit, Dako, Glostrup, Denmark) was overlaid for 10 min,
followed by streptavidin for 10 min, with rinses of Tris buffer (at pH 7.6) between stainings.
Diaminobenzidine chromagen was then applied for 5 min. The slides were counterstained with
haematoxylin (Dako, Carpinteria, CA, USA), dehydrated, and coverslipped. A known colon
adeno-carcinoma tissue sample was used as a positive control with each batch. Negative
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controls (without COX-2 antibody) were used on initial antibody testing, but were not used
with each staining batch.

The intensity of COX-2 cytoplasmic staining was scored by use of an automated imaging
system (ACIS II, Clarient Inc, San Juan Capistrano, CA, USA).23 A best-colour threshold
setting (“p53_D_histo.app”) chosen from a range of predefined thresholds provided on the
system was used for all slides analysed, and a freehand instrument was used to outline at least
six regions of interest. The colour threshold consisted of three parameters: hue, colour, and
luminosity; these settings have been optimised by the manufacturer by use of a range of tissue-
specific antibody stains. An experienced pathologist (MEHH) did the initial threshold studies
and analysed a training set of slides. These slides were from about 40 random patients and were
digitally imaged by use of ACIS scan applications, each with a different predefined threshold.
The threshold instrument provided a brown or blue overlay, of which pixels were deemed
positive or negative, respectively. The application with the best overlap of pixels on the tissue
samples was chosen, and all subsequent slides were imaged by use of that application. The
remaining slides were then analysed by LYK. The tumour group with the strongest intensity
was chosen, regardless of the tumour grade. Any staining above background was deemed
positive. Consistent moderate-to-dark intensity staining was noted in tumour tissue from all
patients. Adjacent benign prostate epithelium acted as internal controls; the cytoplasmic
staining intensity of the epithelial cells was scored randomly to ensure consistent staining
throughout the study.

Definition of endpoints
The endpoints in this study were: biochemical failure, local failure, distant metastasis, cause-
specific mortality, overall mortality, and any failure. Distant metastasis, cause-specific
mortality, and overall mortality were protocol-defined. The failure event for overall mortality
was defined as death due to any cause. The failure event for cause-specific mortality was death
certified as due to prostate cancer, death due to treatment complications, death from unknown
causes with active malignancy (clinical disease relapse), or from another cancer with
documented bone metastases attributed to prostate cancer before the appearance of the second
independent cancer. Local failure was defined as clinical evidence of local recurrence (by
methods including physical examination, pathology, CT scan, MRI, ultrasonography,
endorectal MRI, cystoscopy, and proctoscopy) or persistent disease (tumour regrowth by 25%
or stable disease beyond 18 months). Distant metastasis was defined by clinical evidence of
distant disease by any method. Time to the endpoints was measured from date of randomisation
to date of failure event or date of last follow-up. Two definitions were considered in defining
biochemical failure: the American Society of Therapeutic Radiology and Oncology (ASTRO)
consensus definition (three consecutive increases in PSA concentrations or initiation of salvage
treatment)24—the definition used in the updated RTOG protocol 92-02 report;21 and the
current standard definition, the Phoenix definition (PSA >nadir+2 ng/mL after treatment or
initiation of salvage treatment).25 Time to biochemical failure defined by ASTRO was from
date of randomisation to the midpoint between date of last nadir and date of first increase in
PSA concentration beyond the nadir. The patient was censored at date of last PSA measurement
if the PSA concentration was declining or at the nadir. Time to biochemical failure as defined
by Phoenix was from date of randomisation to date of failure event. Any failure was defined
as a first event from ASTRO biochemical failure, local failure, distant metastasis, or cause-
specific mortality.

Statistical analyses
The study cohort was characterised by pre-treatment covariates, which were dichotomised as
follows according to trial stratification, unless stated otherwise: age (<70 years vs ≥70 years,
and median age), Gleason score (2–6 vs 7 vs 8–10), initial PSA (iPSA) (≤30 vs >30 ng/mL),
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tumour stage (T2 vs T3 or T4; the T3 and T4 groups were combined due to small numbers),
and assigned treatment (STAD plus radiotherapy vs LTAD plus radiotherapy). All outcome
data were frozen on Sept 29, 2005. COX-2 staining intensity was tested as continuous and
categorical variables. As a categorical variable, COX-2 staining intensity was dichotomised in
three separate analyses at the 25th, 50th, and 75th percentiles. Cox proportional hazards models
were used to identify relations between COX-2 staining intensity and the endpoints. We
assumed that no interactions occurred between the covariates, and a statistical significance
level of 0.05 was used with χ² test statistics. The Kaplan-Meier method was used to calculate
actuarial estimates of overall mortality and comparisons were done with the log-rank test. The
cumulative incidence method was used to estimate biochemical failure, distant metastasis, local
failure, cause-specific mortality, and any failures, and comparisons were done with Gray’s test
to consider competing risks. Competing risks for cause-specific mortality were death not
meeting one of the following criteria: death certified as due to prostate cancer, death due to
treatment complications, death from unknown causes with active malignancy (clinical disease
relapse), or from another cancer with documented bone metastases attributed to prostate cancer
before the appearance of the second independent cancer. The competing risk for local failure,
distant metastasis, and biochemical failure was death without failure events. Patients who
received androgen deprivation (salvage hormone treatment) before clinical failure was
identified were not censored, but were assessed for subsequent failure events because salvage
hormone treatment was not an original trial endpoint. In the assessment of local failure, if
distant metastasis was the first of these two events, the patients were assessed for both failures.
We also checked for interactions between COX-2 staining intensity and androgen deprivation
duration (treatment group) by use of χ² test statistics. SAS software (version 9.1) was used for
all statistical analyses and a significance level of 0.05 was used for all tests.

Role of the funding source
The sponsors of the study had no role in the design of the study; collection, analysis, or
interpretation of the data; or in the writing of this report. LYK, KB, AP, MEHH, and APD had
access to the raw data. The corresponding author had full access to all of the data and final
responsibility to submit for publication.

Results
586 patients (out of a parent cohort of 1521 patients, ie, 39%) with sufficient tissue and suitable
COX-2 staining were included in this study; 17 patients who had intensely high stromal and
background staining and two patients who had no staining were excluded. 50 patients (9%)
had tumour specimens obtained from transurethral resections and 536 (91%) had needle-core
biopsies.

Based on pretreatment characteristics, no statistically significant differences were noted
between patients with and without COX-2 scores (tables 1 and 2); however, the distribution
by assigned treatment was significantly different (p=0.012), therefore, the cohort of patients
who had COX-2 data were representative of the parent cohort. We did not record any
statistically significant differences between the group with and the group without COX-2 data
for any of the primary endpoints tested. 270 patients were treated with STAD plus radiotherapy
and 316 patients received LTAD plus radiotherapy. The median age of patients was 70 years
(258 patients were aged <70 years and 328 patients were aged ≥70 years, range 43–88). 212
patients had Gleason score of 2–6, 182 patients had Gleason score of 7, and 149 patients had
Gleason score of 8–10 (43 patients had unknown Gleason score). iPSA was 30 ng/mL or under
for 389 patients. 268 patients had stage T2 disease. The median follow-up for the surviving
patients with data on COX-2 expression was 107 months (range 2.0–155.3). 251 of 278
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surviving patients (90%) had more than 60 months of follow-up (median 123.4, range 60.3–
155.3).

In univariate analysis (table 3), COX-2 staining intensity as a continuous variable was
significantly associated with distant metastasis (HR 1.12 [95% CI 1.04–1.22], p=0.006),
biochemical failure by both definitions (ASTRO: HR 1.07 [1.02–1.12], p=0.007; Phoenix: HR
1.06 [1.00–1.12], p=0.033), and any failure (HR 1.06 [1.02–1.11], p=0.010). The higher the
intensity of COX-2 staining, the greater the risk of failure for each of these endpoints. In the
multivariate analyses (table 4), controlling for treatment group, age, Gleason score, tumour,
and iPSA concentration, COX-2 as a continuous covariate was an independent predictor of
distant metastasis (HR 1.181 [1.077–1.295], p=0.0004), biochemical failure by both definitions
(ASTRO: HR 1.073 [1.018–1.131], p=0.008; Phoenix: HR 1.073 [1.014–1.134], p=0.014), and
any failure (HR 1.068 [1.015–1.124], p=0.011). Gleason score of 8–10 was also associated
with distant metastasis (HR 3.773 [2.263–6.289], p<0.0001) and biochemical failure defined
by Phoenix (HR 1.526 [1.138–2.047], p=0.005). All other factors in the multivariate analyses
were included as dichotomous covariates by use of the median (age) or protocol-defined
stratification (PSA, Gleason score, and stage) cut-off points. All the assumptions necessary for
COX modelling were met.

The COX-2 intensities were then dichotomised by use of the median (134 arbitrary units), and
the 25th (119 arbitrary units) and 75th percentiles (150 arbitrary units) to establish whether a
dichotomised COX-2 staining intensity by each cut-off point was predictive of outcome. The
25th and 75th percentile cut-off points were not significant. However, the dichotomised COX-2
staining intensity by the median of 134 arbitrary units (range 69–214) yielded a significant
difference for distant metastasis. Table 5 shows the univariate analyses. We noted a significant
association between COX-2 staining intensity and distant metastasis (HR 1.500 [1.035–2.173],
p=0.032). The corresponding failure curve for distant metastasis is shown in figure 1. The 5-
year distant metastasis occurrence was 10.6% (7.0–14.2) for an intensity score of 134 arbitrary
units or fewer versus 14.1% (9.9–18.3) for an intensity score of over 134 arbitrary units. The
8-year distant metastasis occurrence was 16.4% (12.0–20.9) for an intensity score of 134
arbitrary units or fewer versus 19.9% (14.9–24.8) for an intensity score of over 134 arbitrary
units. These occurrences were estimated by cumulative incidence with death without distant
metastasis as a competing risk. In the multivariate analyses shown in table 6, dichotomised
COX-2 staining intensity remained significantly associated with distant metastasis (HR 1.590
[1.070–2.363], p=0.022) when adjusted for other covariates. Gleason scores of 8–10 and distant
metastasis were associated significantly (HR 3.667 [2.221–6.057], p<0.0001). We did not note
a significant association between COX-2 expression as a dichotomous covariate and
biochemical failure defined by ASTRO or Phoenix (data not shown). The association of COX-2
expression as a continuous covariate with distant metastasis and biochemical failure was
stronger; this finding was not surprising, given that the continuous approach is a more efficient
and powerful use of the data.

For patients who received salvage androgen deprivation and, therefore, who had a delay in
failure events, we studied the distribution of salvage androgen deprivation administration
before the diagnosis of distant metastasis for patients with high and low (median cut-off point)
COX-2 intensity scores. Of the 184 of 586 patients (31%) who had salvage androgen
deprivation administered before the diagnosis of distant metastasis, 99 patients had high
COX-2 expression and 85 patients had low COX-2 expression. We did not note a significant
difference in the distribution of COX-2 expression by the use of salvage androgen deprivation
before the diagnosis of distant metastasis (p=0.3020). Salvage androgen deprivation was given
before the diagnosis of biochemical failure in 170 patients; 168 biochemical failures were
recorded by Phoenix and 169 biochemical failures were recorded by ASTRO. We did not note
a significant difference in the timepoint when the patients failed biochemically by ASTRO or
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Phoenix criteria in relation to when they received salvage androgen deprivation (data not
shown). Furthermore, we did not record a significant association between COX-2 expression
(median cut-off point) and salvage androgen deprivation given before the diagnosis of
biochemical failure by use of either definition (data not shown).

We also studied whether the association between dichotomised COX-2 expression and patient
outcome was affected by length of androgen deprivation (assigned protocol treatment; table
7). An association was noted between dichotomised COX-2 staining intensity and treatment
group for the ASTRO biochemical failure endpoint (χ² test statistics=10.1, p=0.002), but not
for biochemical failure defined by Phoenix (χ² test statistics=1.7, p=0.19). Figure 2 shows the
HR by the dichotomised COX-2 intensities (by use of the median cut-off point). COX-2
expression was an important determinant of biochemical failure for patients treated with STAD
plus radiotherapy, but not for those treated with LTAD plus radiotherapy.

Discussion
In this study, COX-2 staining intensity as a continuous covariate was associated significantly
with distant metastasis, biochemical failure by ASTRO and Phoenix definitions, and any failure
in multivariate analyses. When COX-2 was dichotomised around the median, these
associations were weaker; a significant association was noted only with distant metastasis.

COX-2 inhibition has been associated with enhanced responses of cancer cells to irradiation.
17,18,26–28 COX-2 overexpression in patients who have undergone prostatectomy has been
shown to be associated with high tumour grade7,29–31 and biochemical failure.32,33
Although COX-2 inhibitors are being used in the treatment of patients with recurrent prostate
cancer in a phase II trial,34 and in newly diagnosed patients or patients with recurrent disease
after local treatment in a phase III trial (STAMPEDE trial, ISRCTN78818544, Medical
Research Council, UK), to our knowledge, no other studies have been published on the
predictive usefulness of COX-2 expression in patients with prostate cancer who have been
treated with radiotherapy.

We did not note a statistically significant association between COX-2 expression and local
failure. In men treated with radiotherapy, local persistence of disease is not assessed
systematically by routine prostate biopsies and imaging tests are not helpful. The use of PSA
as a determinant of failure has led to earlier diagnosis of recurrence, typically before local
progression is diagnosed by digital rectal exam. Therefore, local failure is not as reliable an
endpoint after radiotherapy to treat prostate cancer as it is for other malignancies that can be
assessed with serial imaging. COX-2 overexpression has been shown to be associated with
local responses of cervical, oesophageal, and rectal cancer to radiotherapy with or without
chemotherapy.35–37 Since local failure leads to distant failure in patients with prostate cancer,
38–41 COX-2 overexpression might lead to local persistence of disease and, consequently, a
greater incidence of distant metastasis. Alternatively, COX-2 overexpression might be a risk
factor for early metastasis, which might be supported by the finding that COX-2 overexpression
is associated with angiogenesis.42,43

Miyamoto and colleagues44 proposed that androgen deprivation activates the AKT, COX-2,
and matrix metalloprotease-9 (MMP-9) pathways, promoting the transition from androgen
sensitivity to resistance. By combining androgen deprivation with inhibitors of these pathways,
including COX-2 inhibitors, the androgen-responsive state might be prolonged. COX-2
inhibitors have been shown to induce apoptosis in prostate-cancer cell lines regardless of their
androgen-receptor status.45,46 Furthermore, COX-2 inhibitors are known radiosensitisers of
different cancer types.17,47 By use of in-vitro and in-vivo methods, Wen and co-workers15
showed radiosensitisation of the androgen-resistant prostate-cancer cell line, DU145, by the

Khor et al. Page 6

Lancet Oncol. Author manuscript; available in PMC 2007 November 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



COX-2 inhibitor, NS398. Immunoblot studies confirmed the down-regulation of COX-2
concentrations. In a phase II clinical trial of patients with prostate cancer who had recurrent
disease after prostatectomy or radiotherapy, Pruthi and colleagues34 highlighted the
effectiveness of the selective COX-2 inhibitor, celecoxib, in decreasing patients’ PSA
concentrations, thereby possibly delaying the need for androgen treatment. The results of this
current study lend support to an association between COX-2 expression and response to
androgen deprivation treatment.

As a dichotomous variable around the median COX-2 staining intensity score, COX-2 was a
relatively weak correlate of patient outcome in our study. However, our data indicate that the
length of androgen deprivation when combined with radiotherapy has a large effect on the
association between COX-2 overexpression and outcome. We noted a significant increase in
biochemical failure in those who overexpressed COX-2 and who were treated with STAD plus
radiotherapy; this association of COX-2 to outcome was not noted in patients who were treated
with LTAD plus radiotherapy. Since we did not record a difference in the time from
randomisation to the start of radiotherapy for either treatment group (STAD group: mean 62.0
days, median 60 days [range 15–150]; LTAD group: mean 61.3 days, median 60 days [range
7–181]), the increased number of failures was not due to a variation in the length of pre-
radiotherapy androgen deprivation. The results suggest that LTAD might overcome the effects
of COX-2 overexpression. Woodward and co-workers48 postulated that the additive effect of
androgen deprivation on radiotherapy in the treatment of prostate cancer arises from inhibition
of vascular endothelial growth factor (VEGF) by androgen deprivation, followed by
endothelial cell death in immature tumour vessels. This increases oxygenation to the tumour
population, resulting in radiosensitisation. We propose that by adding a COX-2 inhibitor, the
anti-angiogenic effects of COX-2 and androgen deprivation might be compounded, causing
additional radiosensitisation.

Quantitative immunohistochemical studies that use image analysis are proving more useful in
the analysis of proteins expressed abnormally in tumours, including prostate cancer. However,
such studies have shortcomings, including some of the data that have been described in this
report. For example, although an estimate of positively stained benign epithelial cells was used
as an internal control and an estimate of positively stained colon adenocarcinoma was used as
an external control in this study, the quantification of staining intensity by image analysis used
in our study might be less precise than suggested by the data reported here. Comparisons of
COX-2 expression in tissue from an analogous cohort of men treated with radiotherapy for
prostate cancer and the establishment of controls that could be used between laboratories would
strengthen the findings. Also, findings noted in the multivariate analyses suggest that age is a
significant covariate. The data indicate that increasing age is associated with a decreased
number of trial events. This is probably due to the finding that a higher number of older patients,
i.e., those aged 70 years or over, died before registering an event (167 older vs 57 younger
patients in the distant metastasis analysis, 102 older vs 38 younger patients in the ASTRO
biochemical failure analysis, and 110 older vs 37 younger patients in the Phoenix biochemical
failure analysis; data not shown). Therefore, younger patients had more opportunity to register
an event.

In conclusion, COX-2 expression—used as a continuous variable—was significantly
associated with biochemical failure, distant metastasis, and any failure for men with high-risk
prostate cancer who were treated with androgen deprivation plus radiotherapy. Although the
median cut-off point of COX-2 staining intensity was significant for distant metastasis, this
parameter overall was a weak discriminator of outcome. The potential for treatment
stratification was more apparent when the patients were subdivided by the protocol
randomisation in the RTOG 92-02 trial, i.e., long-term versus short-term androgen deprivation.
The data suggest two areas where COX-2 might affect the treatment of patients with prostate
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cancer. First, COX-2 overexpression seemed to be most discriminating of outcome for patients
who received STAD (ie, an increased risk of events was noted). Therefore, COX-2 expression
might be useful for selecting patients who require LTAD to overcome this increased risk of
events. Second, COX-2 inhibitors might potentially modify responses to radiotherapy with or
without androgen deprivation, possibly by enhancing response to radiotherapy and allowing
for STAD in those with COX-2 overexpression. Confirmation of the results in an independent
cohort of patients with intermediate-risk to high-risk prostate cancer is planned.
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Figure 1.
Failure curve of distant metastasis by dichotomised COX-2 staining intensity score (median
cut-off point)
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Figure 2. Forest plot of HR by dichotomised COX-2 staining intensity score (median cut-off point)
RT=radiotherapy. OM=overall mortality. DM=distant metastasis. LF=local failure.
BF=biochemical failure. *p value is from the χ² test of the interation between COX-2 staining
intensity and treatment. HR are plotted on x-axis.
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Table 1
Characteristics of patients

With COX-2 intensity score
(n=586)

Missing COX-2 intensity
score (n=935)

p*

Age

Median, years (range) 70 (43–88) 70 (43–88) ..
<70, n (%) 258 (44) 423 (45) 0.64
≥70, n (%) 328 (56) 512 (55) ..
Gleason score, n (%)
Unknown or missing 43 (7) 57 (6) 0.33†
2–6 212 (36) 370 (40) 0.37‡
7 182 (31) 296 (32) ..
8–10 149 (25) 212 (23) ..
Clinical stage, n (%)
T2 268 (46) 424 (45) 0.88
T3 or T4 318 (54) 511 (55) ..
PSA, ng/mL
Median (range) 20.8 (0.4–219.7) 19.5 (0.1–250.0)
≤30 389 (66) 632 (68) 0.62
>30 197 (34) 303 (32) ..
Assigned treatment
STAD+radiotherapy 270 (46) 493 (53) 0.012
LTAD+radiotherapy 316 (54) 442 (47) ..

*
p values were derived from χ² statistics.

†
p value is the comparison of data for missing COX-2 staining intensity score vs 2–6 vs 7–10.

‡
p value is the comparison of data for missing COX-2 staining intensity score vs 2–6 vs 7 vs 8–10. Unless otherwise stated, data are n and %.
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Table 2
Distribution of patients by COX-2 staining intensity score

COX-2 staining intensity
score ≤ 134* (n=304)

COX-2 staining intensity
score >134* (n=282)

p†

Age

Median, years (range) 70 (43–88) 71 (49–88) ..
<70 138 (45) 120 (43) 0.49
≥70 166 (55) 162 (57) ..
Gleason score, n (%)
Unknown or missing, n (%) 19 (6) 24 (9) 0.49‡
2–6 108 (36) 104 (37) 0.50§
7 93 (31) 89 (32) ..
8–10 84 (28) 65 (23) ..
Clinical stage, n (%)
T2 144 (47) 124 (44) 0.41
T3 or T4 160 (53) 158 (56) ..
PSA, ng/mL
Median, (range) 19.5 (0.8–149.0) 23.2 (0.4–219.7) ..
≤30 208 (68) 181 (64) 0.28
>30 96 (32) 101 (36) ..
Assigned treatment
STAD+radiotherapy 145 (48) 125 (44) 0.41
LTAD+radiotherapy 159 (52) 157 (56) ..

*
COX-2 intensity score (in arbitrary units) dichotomised at the median.

†
p values were derived from χ² statistics.

‡
p value is the comparison of data for missing COX-2 intensity score vs 2–6 vs 7–10.

§
p value is the comparison of data for missing COX-2 intensity score vs 2–6 vs 7 vs 8–10. Unless otherwise stated, data are n and %.
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Table 3
Univariate analysis of COX-2 staining intensity score as a continuous variable

n Failure, n HR (95% CI)* p†

Overall mortality 586 308 1.02 (0.97–1.07) 0.51
Cause-specific mortality 586 91 1.03 (0.94–1.14) 0.48
Distant metastasis 586 113 1.12 (1.04–1.22) 0.006
Local failure 586 68 1.07 (0.96–1.19) 0.23
Biochemical failure—ASTRO 586 350 1.07 (1.02–1.12) 0.007
Biochemical failure—Phoenix 586 300 1.06 (1.00–1.12) 0.033
Any failure‡ 586 371 1.06 (1.02–1.11) 0.010

*
HR are for a change of 10 units in the COX-2 intensity score.

†
p value from χ² test by use of Cox proportional hazards model.

‡
Failures included cause-specific mortality, distant metastasis, local failure, and ASTRO-defined biochemical failure.
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Table 7
Test for an interaction between COX-2 staining intensity and length of androgen deprivation

Covariate Group HR (95% CI) p*

Overall mortality

COX-2 intensity >134 1.006 (0.717–1.413) 0.97
Treatment group LTAD+radiotherapy 0.849 (0.610–1.182) 0.33
Interaction between COX-2 and
treatment

1.146 (0.720–1.823) 0.57

Distant metastasis

COX-2 intensity >134 1.566 (0.937–2.619) 0.09
Treatment group LTAD+radiotherapy 0.603 (0.337–1.081) 0.09
Interaction between COX-2 and
treatment

0.875 (0.393–1.947) 0.74

Local failure

COX-2 intensity >134 1.309 (0.690–2.484) 0.41
Treatment group LTAD+radiotherapy 0.568 (0.274–1.179) 0.13
Interaction between COX-2 and
treatment

0.836 (0.300–2.324) 0.73

Biochemical failure—ASTRO

COX-2 intensity >134 1.629 (1.209–2.195) 0.001
Treatment group LTAD+radiotherapy 0.644 (0.473–0.876) 0.005
Interaction between COX-2 and
treatment

0.486 (0.312–0.759) 0.002

Biochemical failure—Phoenix

COX-2 intensity >134 1.442 (1.055–1.970) 0.022
Treatment group LTAD+radiotherapy 0.556 (0.397–0.779) 0.0006
Interaction between COX-2 and
treatment

0.728 (0.453–1.171) 0.19

*
p values are from χ² test by use of Cox proportional hazards model.
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