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Introduction

In 2010 alone, there were an estimated 70,530 new cases of bladder cancer diagnosed in
the United States, with an estimated 14,680 dying from the disease®. Of the patients
diagnosed with muscle invasive disease, 50% develop metastasis within 2 years and
subsequently die of the disease”. Chemotherapy and surgical interventions are used to
treat to patients with urothelial carcinoma (UC), however, there are no serum biomarkers
for monitoring patients after treatment. Currently, patients are followed by imaging
studies and cytopathological analysis of urine samples.

In reference to renal cell carcinoma (RCC) in the United States, there are approximately
32,000 new cases reported every year, with about 13,000 deaths annually*. While the
majority of new cases of renal tumors are found as incidental radiographic findings®, by
the time a patient presents with symptoms of renal cancer such as hematuria, flank pain,
and a palpable abdominal mass, they are often beyond a curative stage. Treatment
options for renal masses consist of surgical removal of the lesion, percutaneous
radiofrequency ablation, and, cryotherapy.

The presence of circulating tumor cells (CTCs) has been discussed in literature since
1869*. Over the past few decades, attempts have been made to isolate these rare cells
largely with reverse transcriptase polymerase chain reaction (RT-PCR) assays°. The
complexity and inconsistencies using this method resulted in difficulties for inter-
laboratory comparisons of results®. Recent technological advances have made detection
of CTCs feasible and consistently reproducible.

The CellSearch™ System (CSS) (Veridex, Inc.) is an automated system designed to
identify and separate CTCs using multiple parameters. This has been extensively studied
in metastatic breast cancer, and has been shown to be of prognostic value”®. With
regards to metastatic disease from all carcinomas, another group found the CSS to be an
accurate and reproducible assay when comparing healthy donors to patients with
metastatic disease”’.

More recently, CTCs have been investigated in the setting of advanced prostate cancer.
Studies have shown that CTCs are present in a majority of patients with hormone-
refractory prostate cancer and the number of CTCs correlates with age, serum PSA level
and serum alkaline phosphatase. Furthermore, patients with lower levels of CTCs (less
than or equal to 1.8 CTCs per mL) had significantly longer survival time than those with
higher levels of CTCs (p=0.02)™°. Other studies in prostate models are working to
categorize molecular and genetic profiling of the CTCs found in patients using cell
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cytology, FISH, and various markers with the hopes of developing molecular targeted
therapy in the future®.

There have been promising reports documenting the presence of CTCs found in patients
with UC. The study led by Naoe found that it was possible to identify UC tumor cells in
peripheral blood samples of patients with UC using the CSS assay. This study also found
that there was a significant difference in the number of CTCs between those UC patients
with non-metastatic disease and those with metastatic disease (0 vs. 9.2 respectively,
p=0.0004)"2. A study just recently published by Rink et al again used the CSS to detect
and evaluate the biological significance of CTCs in patients with non-metastatic,
advanced urothelial cancer. This group showed that CTC positive patients showed
significantly worse overall survival, progression-free survival, and cancer-specific
survival as compared to pre-operatively CTC-negative patients™.

In regards to RCC, preliminary findings of CTC detection have been reported in
Germany. Although this group did not specifically utilize the CellSearch system, they
employed similar semi-automated immunomagnetic enrichment procedure termed
Magnetic Activated Cell Sorting (MACS)*. In their study, 80 of 214 patients with renal
cell carcinoma were found to have CTCs and more importantly, 62% of these patients
subsequently developed progressive disease.

With emerging new technology, the study of CTCs in different cancer models will
hopefully provide the medical community with crucial information as a therapeutic and
prognostic biomarker. The purpose of this study is to determine the feasibility of using
the CSS to detect CTCs in urothelial and renal cell carcinoma models. Secondary aims
looked at a possible correlation of the number of CTCs with pathologic stage/grade in
patients undergoing surgical intervention (radical cystectomy, radical nephrectomy,
nephroureterectomy, etc.) for UC or RCC, correlation of the number of CTCs with
chemotherapeutic response in patients with metastatic UC or metastatic RCC, and
correlation of the number of CTCs associated with progression-free and overall survival
in patients with advanced UC or RCC.

Materials and Methods

Over the period from June 2008 to January 2009 we enrolled and prospectively collected
data for 26 patients presenting to our institution with newly diagnosed muscle invasive or
metastatic UC and advanced RCC. Inclusion criteria included diagnosis with either
urothelial carcinoma or renal cell carcinoma, clinical stage T2 disease or greater. Patients
under the age of 18 years, or who had received previous chemotherapeutic or definitive
surgical treatment for RCC or UC were excluded from this study. Patients who had only
undergone prior cystoscopic transurethral resection of bladder tumor but not definitive
therapy remained eligible.
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The CellSearch System (Veridex, Inc.) is an automated system designed to identify and
separate CTCs using multiple parameters. The system consists of a semiautomated
sample preparation system and the CellSearch Epithelial Cell kit which
immunomagnetically enriches cells expressing epithelial cell adhesion molecule
(EpCAM). EpCAM is glycoprotein over expressed on most carcinomas, especially high
grade and advanced UC™. It has only been verified in cells of epithelial origin®, and
hence it can be used as a marker for carcinoma cells'’.

The isolated cells are then fluorescently labeled with nucleic acid dye 4’,6-diamidino-2-
phenylindole (DAPI) and labeled monoclonal antibodies specific for leukocytes (CD45-
APC) and epithelial cells (CK-PE). A semiautomated fluorescence microscopy system
helps to reconstruct computer generated cellular images. CTCs are defined as nucleated
cells negative for CD45 expression and positive for cytokeratin expression®.

After determination of eligibility, and prior to initiation of chemotherapy or surgery,
baseline 3 blood samples (7.5 ml each) were drawn. Between 6 and 12 weeks following
treatment, chemotherapy or surgery, an additional blood sample (40 ml) was collected.
Interim analysis was performed to ascertain correlation between number of circulating
tumor cells before and after intervention and pathologic stage/grade. Institutional review
board approval was obtained for this study protocol. All patients provided written
informed consent prior to blood sampling.

Using the automated system (CellTracks® AutoPrep System, Veridex) as described
above, epithelial cells were isolated from the blood samples and further characterized
with antibodies tagged with a fluorescent dye. Isolated cells were distinguished and
counted using the CellTracks® Analyzer |1, a semi-automated fluorescence microscope.
Two independent investigators reviewed CSS results, and results were blinded to
patients.

Statistical analysis was carried out using SAS Software. Descriptive statistics were
performed to evaluate the number of CTCs present in patients and the feasibility of using
the CSS. Spearman correlation coefficients were computed to determine the degree of
correlation between the number of CTCs with pathologic outcome, as well as the degree
of correlation between the number of CTCs with chemotherapy response in tumor
reduction. Among the patients with advanced UC or RCC, Kaplan-Meier survival
analyses were used to analyze time-to survival metrics. Differences among groups were
assessed using the pairwise log-rank test. P<0.05 was considered statistically significant.

Results

The baseline demographics of the entire study cohort can be seen in Table 1. Twenty-six
patients were enrolled in the study, with a mean age of 63.7 years (range 44-90 years) for
patients with RCC and a mean age of 70.5 years (range 46-88 years) for patients with
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UC. The overall mean age of the entire study cohort was 68.9 years. Eleven of the
patients had RCC, and 15 patients had UC. Patients were followed for a median of 16.8
months (mean 13.1 months) after intervention.

Of the patients with RCC, 4 were female and 7 were male. All eleven patients with RCC
underwent radical nephrectomy subsequent to their diagnosis, and none of the patients
received chemotherapy as the primary intervention. Staging of RCC was based on the
American Joint Committee on Cancer (AJCC) system. The following breakdown was
seen in patients with RCC: 1 patient with stage O disease, 4 patients had stage 2 disease, 2
patients had stage 3 disease, and 4 patients had stage 4 disease. Stage O indicated no
tumor found on the pathological specimen.

Of the patients with UC, 4 were female and 11 were male. For primary intervention, four
of the patients underwent radical nephroureterectomy, 8 of the patients underwent radical
cystoprostatectomy, and 3 of the patients underwent chemotherapy as primary therapy.
Staging of UC was based on the AJCC system. The following breakdown existed for
patients with UC: one patient with stage O disease, 3 patients had stage 2 disease, 8
patients has stage 3 disease, and 3 patients with stage 4 disease.

As demonstrated in Table 2, CTCs were detectable in 88% (23/26) of patients of the
combined cohort. Further breakdown demonstrated at least one CTC was detectable in
91% (10/11) patients with RCC and 87% (13/15) of patients with UC. When comparing
those with non-organ confined to organ confined disease, 89% (8/9) patients with non-
organ confined disease had at least 1 CTC, whereas 88% (15/17) of patients with organ
confined disease has at least 1 CTC. Greater than 1 CTC per 7.5 ml blood sample was
found in 50% of the combined cohort, 36% of the patients with RCC, and 60% of patients
with UC. Greater than 2 CTCs per 7.5 ml blood sample was found in 27% of patients in
the combined cohort, 18% of patients with RCC, and 33% of patients with UC. In terms
of a maximum of > 2 CTC per 7.5 blood, this was seen in 38% of the combined cohort,
36% of patients with RCC, and 40% of patients with UC. No significant difference was
found in the presence of CTCs between RCC and UC (z =-0.6).

Table 3 shows the average and maximum CTCs with 95% confidence intervals, broken
down by stage, for RCC and UC. Analysis revealed no significant correlation between
clinical stage (p = 0.13) or pathologic stage (p = 0.2). Figure 1, and Table 4 show the
average CTC vs AJCC staging for RCC and UC, respectively. Although not statistically
significant, patients with higher stage disease tended to have more CTC per 7.5 ml of
blood.

No statistically significant difference was seen in progression-free survival for average
CTCs <1 versus > 1 for the combined cohort (p=0.06), RCC only (p=0.06), or UC only
(p=0.35). Also no statistically significant difference was seen in cancer-free survival for
average CTCs <1 versus > 1 for the combined cohort (p=0.9), RCC only (p=0.86), or UC
only (p=0.08). For overall survival, there was a statistically significant difference seen
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for average CTCs <1 versus > 1 for the combined cohort (p=0.01). This was not
demonstrated for RCC only (p=0.2), just in UC (p=0.02). Figures 2,3, and 4 show the
Kaplan-Meier plots for overall survival.

Discussion

Detection of CTCs has been demonstrated for patients with other cancers, such as breast,
colorectal, and prostate cancer’ %, Specifically for breast cancer, one study reported
that CTC burden may be superior, if not at least beneficially supplemental, to current
imaging methods for metastatic disease®. Additionally, other studies have shown that the
presence of CTCs was associated with disease progression and shorter overall
survival’*®. For prostate cancer, the current studies show that higher CTC counts
correlate poorly with survival**?!,

At present there is no standard serum biomarker to monitor disease progression in RCC
or UC. After surgical intervention or chemotherapy patients are followed with serial
imaging studies, and adjuvant therapies are based on positive findings. Unfortunately
imaging studies are not sufficient to detect the presence of micrometastatic disease,
whereas a biomarker might be able to play this role. CTCs possibly represent not only a
diagnostic modality, but also a dependable method to follow patients after treatment as
well as predictive of outcomes in patients with both RCC and UC.

Prior CTC detection methods such as PCR-based protocols are not without limitation and
controversy®?®. The CellSearch System (Veridex, Inc.) is designed to detect tumor cells
in whole blood using immunomagnetic enrichment and immunocytochemical analysis™.
This is an automated, standardized system that allows for reproducible quantitative
results that are comparable between laboratories®. The system detects tumor cells on the
basis of monoclonal antibodies against EpCAM and cytokeratins in order to classify cells
as epithelial in origin®.

Previous studies, such as the one by Brunner et al, demonstrated that UC expresses high
levels of EpCAM, especially in high-grade disease’. Along this line, Naoe et al found
that there was a significant difference in the number of CTCs found in patients with
metastatic UC versus those without metastatic disease™.

Using the CSS, we were able to demonstrate that detection of CTCs is feasible in patients
with RCC and UC. We successfully detected CTCs in 88% (23/26) of patients in the
combined cohort, 91% (10/11) of patients with RCC, and 87% (13/15) of patients with
UC. Previously, Guzzo et al were able to detect CTCs in 9 of 43 patients (21%) prior to
radical cystectomy®”. Other studies have been able to describe CTCs in 45-100% of
patients with metastatic UC****%, Our study found CTCs in 91% (10/11) of patients
with metastatic UC, which affirms that this technique is a reliable marker in this setting.
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Previous work has identified a pre-treatment threshold of > 2-5 CTCs per 7.5 ml blood as
identified with worse prognosis and tumor progression”?*?*. Specifically in UC, there
exists one case report that suggests that an increase in CTCs might indicate disease
progression with > 5 CTC?®. We used a threshold of > 1 CTC per 7.5 ml blood as
positive for CTCs based on the work of Tibbe et al, who showed that for patients with
metastatic disease, elimination of errors caused by variability between readers of CTC
results might reduce the current threshold to 1 CTC per 7.5 ml blood®’. By using two
independent readers of CTC results we feel that this threshold is appropriate for our study
population.

Unlike other studies***®2* in our study an increasing CTC burden was not associated
with higher stage disease, likely due to the small sample size. That patients with higher
stage disease did tend to have more CTC per 7.5 ml of blood, even though not
statistically significant, does suggest that patients with higher tumor burdens will have
greater numbers of CTCs in the systemic circulation. Whether absolute number of CTC
correlates with poorer outcomes is still an unanswered question.

When follow up data were analyzed, no significant differences were seen in progression-
free survival or cancer-specific survival, for patients with and without CTCs, for the
combined cohort, RCC only, or UC only. For overall survival, there was a significant
difference seen in patients with and without CTCs, for the combined cohort (p=0.01).
This held in patients with UC (p=0.02), but not RCC (p=0.2).

The study by Rink et al observed significant differences in overall (p=0.001) and
progression-free survival (p<0.001) when comparing patients with and without proof of
CTC in patients with non-metastatic bladder cancer™. This group also demonstrated that
cancer-specific survival (p-0.003) was significantly worse in patients with UC without
metastatic disease and proof of CTCs. It is the largest study to date (50 patients) on that
subset of UC patients, and the findings suggest that the presence of CTCs may be
predictive of early systemic disease. The majority of patients in our study had high-risk
UC or advanced disease, and had detectable CTCs. These two findings are in agreement,
and when both study results are considered together, speak to the potential of CTCs as an
important biomarker in UC.

For RCC, multiple groups have used the MACS technique to detect CTCs**, with one
group finding a correlation between tumor cell number and high tumor grade, and an
increased number of tumor cell positive patients with advanced tumor stage?®. To date
there are no studies using the CSS to assess for CTCs in patients with RCC. Our study
was able to detect CTCs using CSS. The significance to disease progression and
outcome remains unclear and additional studies are necessary.

The use of CTCs with the CSS is not without its limitations. Although rarely present in
blood, normal epithelial cells or leukocytes expressing epithelial markers cannot be
excluded by the current assay technology®. This creates the potential for false positive
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results to bias studies. Also, as can be the case in advanced cancers, poorly differentiated
tumor cells may lack the epithelial surface antigens that are detected by the CSS. This
may lead to failure to detect CTCs in advanced, aggressive disease states. A third
limitation, similar to the previous problem, is that tumor cells can undergo epithelial-to-
mesenchymal transition (EMT), which can lead to the loss of epithelial marker
expression®®®L, If this occurs, it may result in an underestimation of the actual CTC
number by CSS or any detection system centered on epithelial markers. Lastly, CSS
lacks specificity for any particular carcinoma. It is possible that another epithelial tumor
is the source of the CTCs detected. Additional molecular or phenotypical markers may
be necessary to better discern cell-type of origin.

Specific limitations to our study include a small sample size, which limits the
generalizability of our results. However, this study is intended as a feasibility study, and
were we able to demonstrate that the CSS is able to detect CTCs in the patient cohorts
selected. Our study also had a limited duration of follow up, which may have resulted in
the inability to demonstrate significant results in all survival metrics.

Conclusion

We demonstrated that CTCs are detectible in the peripheral blood of patients with newly
diagnosed advanced UC and RCC, prior to intervention, using the CSS. This pilot study
suggests that although CTCs may not correlate with grade or stage of cancers, the
presence of CTCs may predict worse overall survival, specifically in patients with UC.
Larger studies are required to better determine the true significance of CTCs, as they
could possibly represent a diagnostic modality, as well as a reliable and straightforward
method to follow patients after treatment and predict outcomes in patients with both RCC
and UC.
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Table 1 — Patient demographics

>2

RCC uc
Patients 11 15
Mean age (range) 63.7 (44-90) 70.5 (46-88)
Gender Female 4 4
Male 7 11
Cancer stage 0 1 1
2 4 3
3 2 8
4 4 3
Treatment
Surgery 11 12
Chemotherapy 0 3
Combined Non-Organ Renal Cell Urothelial
Cohort Confined Carcinoma Carcinoma
N=26 N=9 N=11 N=15
At Least 1 CTC{0.88 0.89 0.91 0.87
detected
CTC/7.5mL 0.50 0.56 0.36 0.60
>1
CTC/7.5 mL 0.27 0.44 0.18 0.33
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CTC/7.5 mL 0.38 0.56 0.36 0.40
Max >2

Table 2 — Results of CTC Enumeration

Table 3 — Mean and Maximum CTC burden with 95% Confidence Intervals for RCC and
UC based on tumor stage

RCC Patients

AJCC

Stage N Mean CTC  P-Value N Max CTC P-Value
0 1 0.67 0.9974 1 1.00 0.8972
2 4 1.50+1.93 4 2.50£3.11

3 2 1.00+0.94 2 2.00+£1.41

4 4 1.25+1.13 4 2.50£1.91
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UC Patients

AJCC

Stage N Mean CTC P-Value N Max CTC P-Value
0 1 0.33 0.1951 1 1.00 0.2666
2 3 0.33+0.33 3 1.00£1.00

3 8 2.17+1.61 8 3.63+2.67

4 3 3.00+2.65 3 4.00+3.61

Figure 1 — Average CTC vs AJCC Stage for RCC and UC
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Table 4 - RCC and UC Combined Cohort, CTCs By Grade and Stage

Grade N Mean CTC P value N Max CTC P value
High 21 1.67£1.62 0.5548 21 2.86+2.37 0.3747
Low 4 1.42+1.99 4 2.25+3.20

AJCC

Stage N Mean CTC P value N Max CTC P value
0,2 9 0.89+1.33 0.0762 9 1.67£2.12 0.0695

34 17 1.96+1.67 17 3.24+2.46
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Figure 2 - Kaplan-Meier curve for overall survival for the combined cohort for average
number <1 versus>1 CTCs
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Figure 3 - Kaplan-Meier curve for overall survival for the UC cohort for average number
<1 versus >1 CTCs

Product-Limit Survival Estimates

1.0+ ' | } } } : } }
|
L —
\
0.8 - \
L ——+
- \
£ \
2 064 |
= |
e
o b *******‘
E |
'S 0.4+
= \
(7] t——+——
|
|
0.2 |
|
|
+ Censored |
0 0 - [Logrank p=0.0220 I
I I I I I
0 5 10 15 20
FU_months
avg_ctc_d <1 ——— =>=1




Title: Prognostic and Therapeutic Correlation of Circulating Tumor Cells in the Setting

of Urothelial and Renal Cell Carcinoma
Category: Clinical Science Research

Figure 4 - Kaplan-Meier curve for overall survival for the RCC cohort for average

number <1 versus>1 CTCs
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