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Abstract

Purpose—To measure expression of COX-2 and CD34 in pre-treatment tumor biopsies from
patients on the RTOG C0128 phase Il study, and to correlate expression of these biomarkers,
using quantitative immunohistochemistry (IHC), with clinical outcome parameters.

Methods and Materials—Pre-treatment biopsies were placed into tissue microarrays. COX-2
and CD34 expression were measured using automated quantitative IHC (AQUA®). Cox
regression models and Fisher's exact test were used to explore associations between expression of
the biomarkers and clinical endpoints.

Results—=84 patients were accrued between 2001 and 2004; 78 were eligible and analyzable.
Pathology specimen submission was optional; COX-2 expression was determined for 37 (47%) of
patients, and CD34 scoring was determined for 34 (44%) of patients. Median follow-up was 44.5
months. In tumors where COX-2 data was available, 6 of 37 (16%) patients had local-regional
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failure; 4 of these patients had tumors with COX-2 scores below the AQUA® score median
[HR=0.39; 95%CI= (0.07, 2.16); p=0.28]. Of the 8 patients with DFS failures, 5 had tumors with
COX-2 levels below the median [HR=0.49; 95%CI= (0.12, 2.04); p=0.32]. The 4 patients who
died all had COX-2 levels below the median value. COX-2 levels below the median were
associated with worse 2-year survival (Fisher's p=0.046). There was no statistically significant
association between CD34 status and clinical outcome.

Conclusions—Low COX-2 expression measured by AQUA® was associated with worse
overall survival in this subset of patients available for analysis from RTOG C0128. Application of
AQUAW® technology, in a larger study, will be required to definitively evaluate the association
COX-2 with clinical outcome in cervical cancer.
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Introduction

Cisplatin-based chemoradiotherapy (CRT) has been shown to improve overall survival in
women with advanced cervical cancer (1). However, one-third of these patients will fail
conventional therapy within two years. The ability to screen for adverse molecular features
of tumors, which may predict patient outcome, could allow for tailoring of therapy and
better clinical results.

Cyclooxygenase-2 (COX-2) is an inducible cytokine which has been shown to contribute to
neovascularization, leading to solid tumor growth and increased metastatic potential (2,3).
Increased tumoral expression of COX-2 in patients with cervical cancer has been shown to
be associated with poor outcome (4-6). In addition, high COX-2 expression is a marker of
resistance to platinum-based chemotherapy in cervical cancer (7). Inhibition of COX-2
decreases tumor growth by promoting apoptosis, inhibiting angiogenesis, and sensitizing
cells to radiation (8,9). The measurement of tumor microvessel density reflects the extent of
tumor angiogenesis, and has been shown to positively correlate with COX-2 expression
(10). CD34 is a transmembrane glycoprotein constitutively expressed on vascular
endothelial cells, and is a commonly used method to calculate vessel density (11-12).

COX-2 inhibition, in combination with CRT has been has been investigated in clinical
cancer studies, including cervical cancer trials (13,14). The RTOG C0128 trial was a phase
I/11 study investigating the efficacy, toxicity, and patterns of failure in patients with locally
advanced cervical cancer treated with celecoxib, cisplatin, 5-FU, and pelvic radiotherapy
(RT). At 2 years, the estimated disease-free survival (DFS) and overall survival (OS) rate for
patients on the study was 69% and 83%, respectively. Local-regional recurrence was the
most significant site of failure (13).

All existing published trials evaluating COX-2 inhibition and CRT have not pre-selected
patients for treatment using pre-treatment tumor COX-2 evaluation. Few of these studies
have demonstrated significant clinical benefit with the addition of a COX-2 inhibitor to CRT
(15). Although there are no published data evaluating COX-2 expression in patients treated
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with CRT and a COX-2 inhibitor, such data exists in patients treated with chemotherapy and
celecoxib. Although results are mixed regarding the predictive value of COX-2 expression
and outcome, there is evidence of a significant association between high tumor expression of
COX-2 and probability of response to celecoxib and chemotherapy (16; 17-19). Pre-
treatment COX-2 tumor measurement could serve as an important predictor of clinical
response to anti-COX-2 agents, and treating the appropriate subset of patients with an anti-
COX-2 agent may improve clinical outcome.

Unfortunately, there is no standardized laboratory methodology to measure COX-2
expression in tumors, and techniques used in studies evaluating COX-2 and CD34 are
heterogenous. Automated quantitative immunohistochemisty (IHC) enables less subjective
protein expression scoring than traditional pathologist-read techniques, and is convenient for
the measurement of multiple samples on a tissue microarray. AQUA® is one such
technique, and unlike other quantitative techniques, can measure the protein of interest in a
specific compartment within the cell. However, there are currently no published studies
evaluating COX-2 and CD34 using this quantitative technology.

The objectives of this study were to measure expression of COX-2 and CD34, using
AQUA®), in pre-treatment tumor biopsies in patients with locally advanced cervical cancer
enrolled on the RTOG C0128 phase I/11 trial, and to explore potential associations between
pre-treatment COX-2 and CD34 expression on toxicity, local-regional failure, DFS and OS.
This is the first study to evaluate COX-2 expression in patients with cervical cancer treated
with radical CRT and a COX-2 inhibitor.

Methods and Materials

Patient and tumor characteristics

Treatment

Patients were eligible for inclusion on this study if they were > 18 years of age, had
histological diagnosis of carcinoma of the uterine cervix (squamous cell carcinoma,
adenocarcinoma, or adenosquamous carcinoma), and had FIGO stage 1I1B-IVA or FIGO
Stage IB-11A disease with biopsy-proven pelvic lymph node metastases, or tumor size =5
cm. Additional inclusion factors are provided in the reference (13). Patients had the option
to participate in a tissue collection portion of the protocol. All patients gave written
informed consent for participation on this study.

Radiotherapy—RT was delivered to the whole pelvis to a dose of 45 Gy in 25 fractions
over 5 weeks. Low dose rate (LDR) or high dose rate (HDR) brachytherapy (BT) was
permitted: with LDR, two insertions were performed, at 20 Gy per fraction; with HDR, five
insertions were performed, at 6 Gy per fraction.

Chemotherapy—Cisplatin was administered at 75 mg/m? to a maximum of 150 mg, on
days 1, 22, and 43. 5-Fluorouracil was administered at 1g/m2/d for 4 days, bolus or
continuous infusion, on days 2-5, 23-26, and 44-47. Celecoxib was given at 400 mg po twice
daily, starting day 1 of RT, and continuing for twelve months.
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Biosampling and analysis

Pre-treatment biopsies were placed into tissue microarrays (TMASs). COX-2 protein
expression and CD34 vessel density were evaluated using fluorescent IHC and automated
quantitative image analysis (AQUA®). The following antibodies were used: COX-2 (mouse
monoclonal, Cayman Chemical, 1:300 dilution), CD34 Clone QBENnd/10 (mouse
monoclonal, Vector Laboratories, 1:500 dilution). All slides were treated using Target
Retrieval Solution from Dako at 121 °C for 8 minutes using a Biocare Medical tissue
processor. Slides were developed using an anti-mouse EnVision + system HRP (DAB)
development kit from Dakocytomation. An incubation time of 60 minutes was used for both
primary and secondary antibodies. Four micron thick TMA sections were rehydrated and
stained with the above antibodies using the EnVision+ HRP kit and the target antibodies
were fluorescently labeled for 10 minutes with a TSA-Plus CY5 Tyramide Signal
Amplification kit from PerkinEImer. TMA sections were also co-stained with a rabbit anti-
pan-cytokeratin antibody (Wide-spectrum-species Anti-Pan-Cytokeratin, Dakocytomation,
1:200 dilution) visualized using a goat anti-rabbit Alexa 555 SFX kit from Invitrogen. After
staining, slides were coverslipped using a DAPI-containing mounting media to visualize the
nuclei (Vector Laboratories, Inc.). Acquisition of slide images was performed using a
HistoRx PM-2000 imaging system and image analysis performed using the AQUA®
quantitation software (AQUAnalysis Ver 1.2) as previously described (20,21). Cytoplasmic
intensity of COX-2 fluorescent signal was collected within the cytokeratin mask (enabling
measurement of COX-2 specifically within tumor cells); percentage area (% area) was
collected for CD34 within the stromal compartment. This calculation was performed by
measuring the total number of CD34 pixels above a designated threshold and dividing by
total pixel area of the TMA core. This measurement was chosen as an automated evaluation
of vessel density.

Statistical Considerations

Failure for the OS endpoint was death due to any cause and was measured from the date of
registration to the date of death or last follow-up for patients who had not failed. Local-
failure was persistence of local disease or local recurrence. Regional failure was persistence,
appearance or recurrence of regional nodal disease. Patients with persistent disease were
considered as having failures, defined at one day post registration. Patients were considered
as having failures for local-regional disease if they had a local and/or regional failure,
measured from the date of registration to the date of failure or last follow-up for patients
who have not failed. Patients were considered as having failures for the DFS endpoint if
they failed any of the above mentioned efficacy endpoints. DFS was measured from the date
of registration to the date of the site of first failure, death (with no other failures) or last
follow-up for patients who did not fail. OS and DFS were estimated using the Kaplan-Meier
method. Time to local-regional failure was estimated by the cumulative incidence method
(22).

Protein expression data was recorded as a continuous variable. Marker expression was
analyzed at the median value. Cox regression models were used to explore associations
between expression of the protein markers and clinical endpoints (local-regional failure,
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DFS, OS). Fisher's exact test was used to determine association of COX-2 expression with
both 2-year DFS and 2-year OS.

A total of 84 patients were accrued to RTOG C0128 between August 2001 and March 2004,
of whom 78 were eligible and analyzable. COX-2 expression by AQUA® and was
determined for 37 (47%) of patients. CD34 scoring by AQUA® was determined for 34
(44%) of patients. Loss of data is due to unavailability of pre-treatment biopsy specimens, or
loss of cores due to sectioning from the TMA. Pre-treatment patient and tumor
characteristics for COX-2 and CD34 status are shown in Tables 1 and 2, respectively. There
were no statistically significant differences in pre-treatment patient and tumor characteristics
between the missing versus determined biomarker groups. Median COX-2 score was 694.2
(range 472.0-1223.5). Median CD34 scores (% area) was 3.9 (range 0.3-32.5). A tumor with
low (below median) expression of COX-2 is shown in Figure 1a; high (above median)
expression is shown in Figure 1b. A tumor with low percentage area CD34 within the
stroma is shown in Figure 2a; high percentage area CD34 in Figure 2b. Median follow-up
for patients with COX-2 AQUA® data was 44.5 months (range 30 — 66 months). The
estimated two-year local-regional failure rate was 22% for patients with COX-2 scores
below the median and 12% for patients with COX-2 scores = median. In tumors where
COX-2 AQUA® data was available, 6 out of 37 patients (16%) had local-regional failure; 4
of these patients had COX-2 scores below the median [HR=0.39; 95%CI=(0.07, 2.16);
p=0.28]. The estimated two-year DFS rate was 72% for patients with COX-2 scores below
the median and 88% for patients with COX-2 scores = median (Figure 3a). Of the 8 DFS
failures, 5 had COX-2 levels below the median [HR=0.49; 95%CI1=(0.12, 2.04); p=0.32].
The 4 patients who died all had COX-2 levels below the median value. The estimated two-
year OS rate was 78% for patients with COX-2 scores below the median and 100% for
patients with COX-2 scores = median (Figure 3b). Based on Fisher's exact test, there was a
significant association between COX-2 AQUA® score and 2-year OS (p=0.046). There was
no statistically significant correlation of CD34 status and clinical outcome (Figures 4a, 4b).
In addition, there was no significant correlation with COX-2 or CD34 status and acute or
late toxicity (data not shown). There was no statistically significant correlation between
COX-2 expression and percentage area CD34 (data not shown).

Discussion

This study demonstrates the ability to perform quantitative biomarker analyses using
automated quantitative IHC analysis, in archival tumor specimens, as part of a cooperative
group trial. It was observed that patients with pre-treatment tumors expressing relatively low
COX-2 levels had worse OS. This adds support to previous studies identifying pre-treatment
tumor level of COX-2 expression as a potential predictive marker of COX-2 inhibitor
response. In patients with locally advanced lung cancer treated with celecoxib and
chemotherapy, it has been shown that the level of tumoral COX-2 expression correlates with
prognosis and benefit from celecoxib (17,18). In addition, it has been shown that patients
with COX-2 over-expression who did not receive the drug demonstrated a markedly inferior
outcome — the first time that this has been confirmed in a prospective trial, indicating that
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COX-2 could be a prognostic factor in lung cancer. Interestingly, a possible adverse effect
was noted for those who received celecoxib and did not express COX-2 in their tumor,
indicating that perhaps treatment is contraindicated in this subset of patients (17). This effect
has also been seen in patients with esophageal and gastroesophageal junction cancer, treated
with chemotherapy and celecoxib (23). It is possible that this finding may explain negative
results in previous COX-2 trials, since any positive effect in the COX-2 expressing group
may be obscured by the negative effects on patients whose tumors did not express COX-2.
This has been demonstrated in other studies (19, 24), and may also explain the observations
in our study. This finding has not been previously described in cervical cancer.

The majority of such protein biomarker studies, including those evaluating COX-2
expression, have used conventional, semi-quantitative scoring systems in which a
pathologist interprets the staining and assigns a score or a descriptive coding. This type of
histologic interpretation can be subjective, and difficult to reproduce in other laboratories.
The advantages to automative quantitative IHC techniques include more objective and
reproducible scoring, and the ability for high-throughput quantification of biomarkers. The
specific subcellular quantification is not possible using the conventional, pathologist-read
“eyeball” method.

This study has several limitations that should be stated. This is a relatively small study, and
the small number of clinical endpoint events limits the power to detect significant
associations between marker levels and efficacy endpoints. The use of tissue microarray
cores of tumor may result in inadequate sampling if the marker of interest is
heterogeneously expressed. This may be of particular importance in measuring vessel
density as a surrogate for angiogenesis, as there is likely higher activity in the peripheral
locations of the tumor (25). Also, CD34 does not distinguish neoangiogenic versus mature
vessels; therefore, although a well-documented surrogate, it may not be the optimal marker
for assessing tumoral neoangiogenesis. However, this is the first study to evaluate COX-2
and CD34 expression in cervical cancer patients treated with a COX-2 inhibitor. Application
of AQUA® technology in a larger follow-up study will be required to definitively evaluate
the association of these tumor markers with clinical outcome.

Targeted therapeutics (e.g. tamoxifen, imatinib, trastuzumab) in oncology have been shown
to have the greatest clinical benefit when patients are pre-selected for treatment based on
expression of the target molecule in the cancer tissue using robust laboratory assays.
However, many trials investigating targeted therapeutics have not included tumoral testing
of the marker or pathway of interest. The ultimate success of targeted agents in cancer
therapy, such as COX-2 inhibitors, may hinge on the ability to pre-select patients most likely
to respond, based on the biological features of their specific tumor. This knowledge and
improved testing technology is required in the development of future targeted-agent clinical
trials, to better facilitate patient selection and stratification, and to better demonstrate clinical
benefit from these agents.
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2a: Low tumoral percent area CD34, AQUA®
2b: High tumoral percent area CD34, AQUA®
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Figure 3.
3a: Disease-free survival by COX-2 status

3b: Overall Survival by COX-2 status
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Figure 4.
4a: Disease-free survival by CD34 status

4b: Overall survival by CD34 status
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Table 1
Pre-treatment Characteristics, COX-2 measured by AQUA®

Missing COX-2 (n=41) Determined COX-2 (n=37) COX-2 < Median (n=18) COX-2 = Median (n=19)

Age
Median 44 47 42 47
Range 24 - 68 30 - 66 30 - 66 32-59
n % n % n % n %
Zubrod
0 36 88 21 57 9 50 12 63
1 4 10 15 41 9 50 6 32
2 1 2 1 3 0 0 1 5
FIGO Stage
1B 7 17 11 30 6 33 5 26
1A 1 2 3 8 3 17 0 0
11B 22 54 18 49 7 39 11 58
1B 9 22 4 11 2 11 2 1
IVA 2 5 1 3 0 0 1 5
Pelvic Lymph Nodes
Not Evaluable 2 5 0 0 0 0 0 O
Negative 32 78 32 8 14 78 18 95
Positive 7 17 3 8 2 11 1 5
Equivocal o 0 2 5 2 11 0 O
Histology
Squamous cell Ccarcinoma 36 88 32 8 17 94 15 79
Adenocarcinoma 3 7 5 14 1 6 4 21
Adenosquamous 1 2 0 0 0 0 0 0
Other 1 2 0 0 0 0 0 0
Hydronephrosis
None 38 93 33 89 17 94 16 84
Unilateral 3 7 3 8 1 6 2 1
Bilateral 0 0 1 3 0 0 1 5
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Table 2
Pre-treatment Characteristics, CD34 measured by AQUA®

Missing CD34 (n=44) Determined CD34 (n=34) CD34 < Median (n=17) CD34 = Median (n=17)
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Age
Median 44 47 48 45
Range 24 -68 30 - 66 30 - 66 31-59
n % n % n % n %
Zubrod
0 37 84 20 59 10 59 10 59
1 6 14 13 38 7 41 6 35
2 1 2 1 3 0 0 1 6
FIGO Stage
1B 8§ 18 10 29 6 35 4 24
1A 1 2 3 9 3 18 0 0
11B 24 55 16 47 7 41 9 53
1B 9 20 4 12 1 6 3 18
IVA 2 5 1 3 0 0 1 6
Pelvic Lymph Nodes
Not Evaluable 2 5 0 0 O 0 0 0
Negative 35 80 29 8 14 82 15 88
Positive 7 16 3 9 2 12 1 6
Equivocal 0o 0 2 6 1 6 1 6
Histology
Squamous cell carcinoma 39 89 29 8 15 88 14 82
Adenocarcinoma 3 7 5 15 2 12 3 18
Adenosquamous 1 2 0 0 0 0 0 0
Other 1 2 0 0 0 0 0 0
Hydronephrosis
None 41 93 30 88 17 100 13 76
Unilateral 3 7 3 9 0 0 3 18
Bilateral 0 0 1 3 0 0 1 6
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