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A B S T R A C T

Purpose

Fivg or more circulating tumor cells (CTCs) per 7.5 mL of blood predicts for poorer progression-free
survival (PFS) in patients with metastatic breast cancer (MBC). We conducted a prospective study
to demonstrate that CTC results correlate strongly with radiographic disease progression at the
time of and in advance of imaging.

Patients and Methods

Serial CTC levels were obtained in patients starting a new treatment regimen for progressive,
radiographically measurable MBC. Peripheral blood was collected for CTC enumeration at baseline
and at 3- to 4-week intervals. Clinical outcomes were based on radiographic studies performed in
9- to 12-week intervals.

Results

Sixty-eight patients were evaluable for the CTC-imaging correlations, and 74 patients were evaluable
for the PFS analysis. Median follow-up was 13.3 months. A statistically significant correlation was
demonstrated between CTC levels and radiographic disease progression in patients receiving
chemotherapy or endocrine therapy. This correlation applied to CTC results obtained at the time
of imaging (odds ratio [OR], 6.3), 3 to 5 weeks before imaging (OR, 3.1), and 7 to 9 weeks before
imaging (OR, 4.9). Results from analyses stratified by type of therapy remained statistically
significant. Shorter PFS was observed for patients with five or more CTCs at 3 to 5 weeks and at
7 to 9 weeks after the start of treatment.

Conclusion

We provide, to our knowledge, the first evidence of a strong correlation between CTC results and
radiographic disease progression in patients receiving chemotherapy or endocrine therapy for
MBC. These findings support the role of CTC enumeration as an adjunct to standard methods of
monitoring disease status in MBC.

J Clin Oncol 27:5153-5159. © 2009 by American Society of Clinical Oncology

Circulating tumor cells (CTCs) are known to
circulate in the peripheral blood of patients with
breast, colorectal, prostate, and lung carcinoma.>1°
They are rare in patients who are healthy or have
nonmalignant disease.>'' The first report on CTCs
was published in 1869,'* and subsequent case re-
ports of carcinocythemia or carcinoma cell leukemia
correlate the identification of CTCs in epithelial ma-
lignancies with poor clinical outcomes."**° Immu-
nomagnetic platforms now are available for the
reproducible enumeration of CTCs at low frequen-
cies and in relatively small blood volumes.*"**

Increasing evidence correlates CTCs with
progression-free survival (PFS) and OS in MBC.'**%°

Breast cancer is the most frequently diagnosed ma-
lignancy and is the second leading cause of cancer-
related deaths in women. Despite the number of
effective treatment regimens for metastatic disease,
response to therapy is generally transient, and few
randomized clinical trials demonstrate statistically
significant overall survival (OS) benefits. Nonethe-
less, 5-year survival rates in the setting of metastatic
breast cancer (MBC) improved from 22% in the
year 2000' to 27% in the year 2008,> which demon-
strates that therapeutic advances do affect mortality

from this disease. More substantial improvements
are needed, and recent advances in molecular diag-
nostics should translate into more personalized
treatment plans and improved clinical outcomes.

The strongest data are provided by analyses from
a single, prospective, multi-institutional study
that used the US Food and Drug Administration—
approved CellSearch technology (Veridex; Raritan,
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NJ).11232428 The detection of five or more CTCs per 7.5 mL of blood,
versus less than five CTCs per 7.5 mL of blood, before and after the
initiation of a new systemic treatment regimen was associated with
shorter median PFS and OS. In addition, the enumeration of CTCs
before and several weeks after initiating the new treatment regimen
was informative, as maintaining or decreasing the number of CTCs to
less than five was indicative of treatment response and predictive of
improved PFS and OS. These observations led us to conduct a validation
study with the hypothesis that the number of CTCs relative to a threshold
of five correlates strongly with radiographic determinations of disease
progression, both at the time and before the imaging studies are obtained.

Study Design

We conducted a prospective, longitudinal, clinical study to demonstrate
a correlation between serial CTC results and disease progression in patients
starting a new systemic treatment regimen for progressive, radiographically
measurable MBC. The primary objectives of this study were as follows: to
demonstrate equivalence between CTC enumeration and standard radio-
graphic studies as a means of assessing disease status; to determine whether
CTC levels are indicative of treatment benefit in advance of radiographic
changes; and to better define the appropriate time at which to enumerate CTCs
as a reliable predictor of PFS.

The study design is summarized in Figure 1. Before initiating a new line
of systemic therapy, eligible patients had a 10-mL blood sample collected for
CTC enumeration and completed an imaging evaluation; these baseline stud-
ies were completed within 14 and 28 days of starting treatment, respectively.
Serial blood samples were collected at the start of each chemotherapy cycle or
at the start of each month of endocrine therapy, for a total of six additional
evaluations. Thereafter, blood samples were obtained in 9- to 12-week inter-
vals in conjunction with the same type of imaging studies performed at base-
line. On disease progression, all patients were observed for OS and were offered
the opportunity to continue CTC testing with future therapy. CTC results were
provided to clinicians and patients with the understanding that decisions
regarding patient care would be based on standard clinical and radio-
graphic evaluations.

The study was independently designed by the lead investigator (M.C.L.).
Patient confidentiality was maintained per the policies and procedures of the
National Institutes of Health Office for Protection from Research Risks. The
sponsor did not have access to the data.

Imaging
study

Blood
sample l l l l
for CTCs

o L

0o 3 6 9 12 15 18 21 24
Months (estimated)

Fig 1. Study design. Eligible patients completed a baseline imaging evaluation
and blood collection for circulating tumor cell (CTC) enumeration before starting
a new line of systemic therapy (time = 0). Imaging studies and blood collection
for CTCs were repeated at strictly defined intervals to perform the most rigorous
analysis for correlation.
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Patients

Principal eligibility criteria included stage IV, histologically proven, invasive
breast carcinoma; recent disease progression; radiographically measurable disease
per Response Evaluation Criteria in Solid Tumors (RECIST)?"; and plans to initi-
ate a new systemic treatment regimen. Estrogen receptor, progesterone receptor,
and HER2/neu status were reported per the local guidelines of each participating
institution (ie, Georgetown University Medical Center, Northern Virginia Medical
Oncology and Hematology Associates, and Franklin Square Hospital Center).
No restrictions were imposed with respect to the type or line of therapy.
Conduct of this study was approved by the local institutional review boards in
accordance with an assurance filed with and approved by the Department of
Health and Human Services. All patients provided written informed consent.

Patientaccrual began in June 2005, and data were collected on 81 patients
as of August 8, 2008. Sixty-eight patients were evaluable for the correlation
between CTC enumeration and radiographic imaging (ie, they had at least one
pair of results after the baseline visit). Six additional patients lacked paired
results but had initial CTC assessments and subsequent clinical and/or radio-
graphic documentation of disease status, so they were included in the PFS
analysis. The remaining seven patients did not fit either of these criteria.

Enumeration of CTCs

CTC isolation and enumeration were performed by using the US Food
and Drug Administration—approved CellSearch technology (Veridex), which
allows for the immunomagnetic selection, fluorescence staining, concentra-
tion, and sample enrichment of CTCs. A total of 7.5 to 10 mL of blood was
collected in a CellSave Preservation Tube (Veridex), which contains an opti-
mized preservative that stabilizes cells at room temperature for up to 72 hours.
Immunomagnetic enrichment was achieved by using the anti-EpCAM (ie,
epithelial cell adhesion molecule) Ferrofluid (Veridex). The isolated cells then
were fluorescently labeled with the 4',6-diamidino-2-phenylindole (DAPI)
nucleic acid dye and with monoclonal antibodies specific for epithelial cells (ie,
anticytokeratin-phycoerythrin to cytokeratins 8/18/19) and leukocytes (ie,
anti-CD45-allophycocyanin). CTCs were identified as cells with the appropri-
ate morphology as cytokeratin positive, DAPI positive, and CD45 negative.
Quantitative results were reported as the number of CTCs per 7.5 mL of blood
with a specificity of 99.7%.> All CTC assessments were performed in a Clinical
Laboratory Improvement Amendments (CLIA) —approved laboratory at
Georgetown University Medical Center by technicians trained and certified in
the CellSearch technology (Veridex). All CTC results were reviewed by an
experienced investigator (M.C.L. or P.G.S.).

Definition of Response by Radiographic Imaging

All imaging studies were performed per standard procedures. Radiolo-
gists were blinded with respect to the CTC results and the nature of the study to
eliminate a biased interpretation of the radiographic findings. Responses were
delineated as disease progression or as no disease progression (ie, stable dis-
ease, partial response, complete response) by using RECIST.

Statistical Design

The sensitivity and specificity of CTC enumeration as a test of disease
progression were computed by using radiographic evaluations as the gold
standard by which disease progression is defined. Because repeated observa-
tions (ie, the pairs of CTC results and radiographic findings) from the same
patient were correlated, the 95% Cls were estimated with the ratio estimator
for the variance of clustered binary data.***’

The association between CTC levels and radiographic findings was as-
sessed with logistic regression. We expected that pairs of test results from the
same patient would be correlated, so generalized estimating equations were
used to capture this correlation.’® An exchangeable correlation structure was
assumed; if the intrapatient correlation was estimated to be less than 0, the
pairs of results within a patient were treated as independent. This association
was evaluated overall and by stratifying for treatment type at the time of CTC
enumeration by using the results obtained at the time of radiographic imaging
and at 3 to 5 weeks (=5 days) and 7 to 9 weeks (*5 days) before imaging.

PFS was measured as the time between the baseline CTC assessment (ie,
the initiation of treatment) and the documentation of first radiographic dis-
ease progression or death. Patients who were alive and progression free at the
time of analysis were censored by using the time between the baseline CTC
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assessment and their most recent follow-up evaluations. The PFS between
groups defined by less than five or five or more CTCs was compared with the
Kaplan-Meier method, and differences were tested with the log-rank test.
Analyses were done on the basis of CTC results at baseline and at 3 to 5 weeks
(*5 days) and 7 to 9 weeks (=5 days) after the initiation of therapy.

The time intervals for each analysis were strictly defined and were se-
lected to include various definitions of treatment cycles per routine clinical
care. Patients were excluded if they did not have CTC assessments within the
prespecified interval.

Patient Characteristics

Table 1 provides demographic information for the 74 evaluable
patients. Hormone receptor and HER2/neu results were based on
biopsies of metastatic sites whenever available; results from the breast
primary were used otherwise. Given the sample size, analyses by treat-
ment type compared chemotherapy (alone or in combination) with
endocrine therapy (alone or in combination). Fifty-three patients
(72%) started second-line or greater therapy at study entry.

The median time from the baseline to last CTC result was 6.6
months (mean, 10.0 months; range, 0.69 to 39 months), with a range

Table 1. Patient Demographic and Clinical Characteristics
Patients
Variable No. %
Total No. of evaluable patients™ 74
Age at study entry, years
Median 51.56
Range 33-88
Ethnicity
White 55! 74
Black 19 26
Hispanic 1 1
Non-Hispanic 73 99
Receptor status
ER and/or PR positive 51 69
HER2/neu positive 19 26
ER/PR/HER2 negative 15 20
Sites of metastasis at study entryt
Visceral 55 74
Nonvisceral 19 26
Type of systemic therapy at study entry
Chemotherapy 20 27
Chemotherapy plus biologic agent 19 25
Endocrine therapy 22 30
Endocrine therapy plus biologic agent 11 15
Biologic agent alone 2 3
Line of systemic therapy at study entry
First-line 21 28
Second-line or greater 53 72
Median progression-free survival, months 4.5
Median follow-up, months 13.3
Patients who continued beyond first progression 30 41
Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER2,
human epidermal growth factor receptor 2.
*No. of patients evaluable for the correlation of circulating tumor cell
enumeration and radiographic imaging = 68.
tVisceral sites included the lungs, liver, brain, adrenal glands, pancreas, and
pleura (with or without effusions). Nonvisceral sites were defined as the
breast, lymph nodes, chest wall, bone, and skin.

WwWW.jco.org

Table 2. Summary of CTC Results
Cohort
CTC Imaging PFS
All Time All Time
Baseline Points Baseline Points
Variable No. % No. % No. % No. %
CTCs per 7.5 mL of blood
Mean 12.3 15.8 1.7 15.5
SD 31.8 51.1 30.8 50.7
Median 2 1 2 1
Range 0-236 0-680 0-236 0-580
No. of CTC results
0 23 34 289 43 24 32 292 43
< 5" 43 63 461 69 47 64 470 69
=5 24 35 183 28 25 34 191 28
No result 1 1 22 3 2 3 22 3
NOTE. No. of patients in CTC imaging cohort = 68. No. of CTC results in CTC
imaging cohort = 671. No. of patients in PFS cohort = 74. No. of CTC results
in PFS cohort = 684.
Abbreviations: CTC, circulating tumor cells; PFS, progression-free survival;
SD, standard deviation.
“Includes results of zero CTCs. Seven patients had zero as their only results.

of two to 27 CTC results. Four patients had less than 2 months between
the baseline and last CTC result after experiencing rapid disease progres-
sion. Forty-one patients (60%) had three or more radiographic evalua-
tions (range, two to 15 evaluations). Thirty patients (41%) continued
study participation beyond first progression, such that the timing of CTC
enumeration and radiographic studies restarted with each line of
therapy (Fig 1). These patients are represented through multiple lines
of therapy in the CTC-imaging correlation, but the PFS analysis is
based only on progression relative to treatment at study entry.

CTC Results

The CTC findings are listed in Table 2. A total of 684 blood draws
were performed, 22 (3%) of which did not result in CTC enumeration
for one of the following reasons: insufficient blood volume (n = 9);
hemolyzed specimens (n = 2); clotted specimens (n = 1); technical
issues (n = 6); and missed time points (n = 4). The sensitivity and
specificity of CTC counts relative to the determination of radiographic
disease progression are reported in Table 3.

Correlation Between CTCs and Radiographic Response

Sixty-eight patients had radiographic assessments of disease re-
sponse and had corresponding CTC results, with an average of 4 days
between imaging and the blood draw. Forty patients (59%) had more
than one pair of test results, with a maximum of 14 pairs. The matched
CTC result was statistically significantly associated with disease pro-
gression for all patients (P < .001). That is, patients who had five or
more CTCs had 6.3 times the odds of radiographic disease progression
compared with patients who had less than five CTCs. This association
remained strong for patients treated with either chemotherapy or
endocrine therapy (Table 4).

Sixty-two patients had radiographic assessments of disease re-
sponse preceded by CTC results obtained 3 to 5 weeks before imaging.
Thirty-six patients (58%) had more than one pair of test results, with
amaximum of eight pairs. The CTC result 3 to 5 weeks before imaging
was statistically significantly associated with disease progression for all
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Table 3. Sensitivity and Specificity of CTC Enumeration at Various Time Points Relative to the Determination of Disease Progression by Radiographic Imaging

No. of Paired CTC-
No. of CTCs Patients Imaging Results Sensitivity (%) 95% Cl Specificity (%) 95% ClI
At the time of imaging 68 233 46.5 35.2t057.7 88.1 80.0t0 96.1
3-5 weeks before imaging 62 159 43.9 29.8t0 58.1 79.6 70.8t088.3
7-9 weeks before imaging 59 176 39.0 25.8t052.1 87.9 80.0t095.7

Abbreviation: CTC, circulating tumor cell.

patients, for those treated with chemotherapy, and for those treated
with endocrine therapy (Table 5).

Fifty-nine patients had radiographic assessments of disease re-
sponse preceded by CTC results obtained 7 to 9 weeks before imaging.
Thirty-six patients (61%) had more than one pair of test results, with
a maximum of 12 pairs. The CTC result 7 to 9 weeks before imaging
was statistically significantly associated with disease progression for all
patients and for those receiving chemotherapy. The association was
positive, albeit not statistically significant, for patients treated with
endocrine therapy (Table 6).

PFS

PFS was calculated for groups defined by the threshold of five
CTCs at baseline, 3 to 5 weeks, and 7 to 9 weeks after the start of
treatment (Figs 2A to C). Shorter median PFS was observed for pa-
tients who had five or more CTCs compared with patients who had
less than five CTCs at all time points. This was marginally significant
for CTCs drawn 3 to 5 weeks after the initiation of therapy (3.1 v 5.1
months; P = .07) but was highly statistically significant for CTCs
drawn 7 to 9 weeks after the initiation of therapy (2.5 v 6.7 months;
P <.001) in this largely pretreated patient population.

Some patients did not have blood drawn within the strictly de-
fined time intervals, so an analysis was performed with the first CTC
result after baseline irrespective of timing (Fig 2D). The mean
number of weeks between the baseline and first follow-up CTC was
4.6 weeks (standard deviation, +2.1 weeks; median, 4 weeks; maxi-
mum, 15 weeks); this is similar to the first follow-up time point used
by Cristofanilli et al.'** A statistically significant difference in median
PFS was observed for patients who had five or more CTCs compared

with patients who had less than five CTCs at the first follow-up time
point (2.5 v 5.1 months; P = .03). The predictive value of CTC
enumeration appears to be independent of the site of metastasis (vis-
ceral v nonvisceral; data not shown).

We provide, to our knowledge, the first clear evidence of a strong
correlation between CTC enumeration and radiographic determina-
tions of disease progression in patients receiving chemotherapy or
endocrine therapy for MBC. This correlation applies not only to CTC
results obtained at the time of imaging but, more importantly, also to
CTC results obtained as far in advance as 7 to 9 weeks before
imaging in patients receiving chemotherapy and 3 to 5 weeks before
imaging in patients receiving chemotherapy or endocrine therapy. We
also provide independent data to support observations that the enumer-
ation of CTC:s relative to a threshold of five after the initiation of systemic
therapy is a reliable predictor of PFS with MBC. These findings support
the role of CTC enumeration as an adjunct to standard clinical and
radiographic methods of monitoring disease status in MBC.

Tumor responsiveness determined by radiographic imaging is
an assumed surrogate for clinically meaningful benefit from sys-
temic therapy in metastatic disease. The standard approach is to
continue treatment in the absence of unacceptable toxicity and
radiographic evidence of disease progression. However, imaging
studies are subject to a considerable degree of intraobserver and
interobserver variability,”®** and it is not uncommon to find ra-
diographically stable or responsive disease on initial follow-up and

Table 4. Summary of Paired CTC Results and Imaging Results by Treatment Type for Patients With Less Than Five Versus Five or More CTCs at Baseline
No. of CTCs
} ) ) ) <5 =5 Statistical Analysis
Radiographic Progression According
to Treatment at Time of CTC Result No. % No. % OR 95% ClI P
Overall
No 118 69 16 26 6.3 3.2t013 <.001
Yes 53 31 46 74
Chemotherapy
No 81 71 13 29 6.3 29to 14 <.001
Yes 33 29 32 71
Endocrine therapy
No 37 67 3 19 8.9 2.2t035 .002*
Yes 18 33 13 81
NOTE. Three pairs were obtained from patients on biologic therapy alone and were not included in this analysis. These results were unchanged when the baseline
pair of CTC results and radiographic studies were included in the analysis (total 295 pairs).
Abbreviations: CTC, circulating tumor cell; OR, odds ratio.
“Intrapatient correlation was estimated as less than zero.

5156 © 2009 by American Society of Clinical Oncology
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Table 5. Summary of Paired CTC Results and Imaging Results by Treatment Type for Patients With Less Than Five Versus Five or More CTCs at
3 to 5 Weeks Before Radiographic Imaging

No. of CTCs
) ) ) } <5 =5 Statistical Analysis
Radiographic Progression According _— _—
to Treatment at Time of CTC Result No. % No. % OR 95% ClI P
Overall
No 74 67 19 40 3.1 1.6t05.8 .001
Yes 37 33 29 60
Chemotherapy
No 45 66 15 42 2.7 1.2106.3 .02*
Yes 23 34 21 58
Endocrine therapy
No 29 69 3 30 5.2 1.2t0 23 .03*
Yes 13 31 7 70

Abbreviations: CTC, circulating tumor cell; OR, odds ratio.
“Intrapatient correlation estimated as less than zero.

NOTE. Three pairs were obtained from patients on biologic therapy alone and were not included in this analysis.

then observe rapid clinical decline shortly thereafter. Serum-based
assays for carcinoembryonic antigen and the MUCI antigens (ie, CA
15.3 and CA 27.29) may be used, but their reliability is affected by
limited specificity and the tumor-spike phenomenon. Assays that
more accurately reflect underlying tumor biology are needed for use in
conjunction with radiology studies. Immunomagnetic labeling and
immunofluorescent identification of CTCs provide for a reproducible
assay”® on the basis of an easily accessible body fluid (ie, peripheral
blood). Our findings demonstrate that documentation of five or more
CTGCs after the initiation of a chemotherapy-based treatment regimen is
highly suggestive of impending clinical disease progression. This predic-
tive capability extends to endocrine-based treatment regimens as well.
An algorithm for timing CTC enumeration relative to the start of
treatment has been lacking, but our findings suggest that serial assess-
ments taken between and at the time of imaging studies will be most
useful. Patients who persistently achieve less than five CTCs are pre-
dicted to have prolonged benefit with their current therapies, whereas
patients who persistently have five or more CTCs are predicted to
experience only short-term benefits (if any). When used in conjunc-
tion with imaging, CTC enumeration would help confirm evidence of
tumor response or reconcile discrepant findings. Consider, for exam-

ple, patients who are clinically asymptomatic and are tolerating treat-
ment with minimal toxicity but have radiographic evidence of stable
disease or minimal disease progression. Those who persistently have
less than five CTCs are likely to derive continued benefit from their
current therapies and would avoid changing treatment too soon.
Those who persistently have five or more CTCs are unlikely to derive
meaningful benefit from their current therapies and should seek alter-
nate treatment regimens. This last concept is the focus of a Southwest
Oncology Group study, in which patients receiving first-line chemo-
therapy for MBC are randomly assigned to continue current therapy
or to start a new treatment regimen if they have five or more CTCs at
baseline and after the first treatment cycle.

Our study has two potential limitations. First, the study popula-
tion includes patients receiving various lines and types of therapy. This
heterogeneity may be a confounding variable, but the similarity be-
tween our findings about PES and those of other studies with similar
patient populations'"*>**>?° is encouraging. Second, the subgroup
analysis for the CTC-imaging correlation was performed by including
biologic agents with either chemotherapy or endocrine therapy. Al-
though we preferred to group patients by chemotherapy, chemother-
apy and biologic agents, endocrine therapy, or endocrine therapy and

Table 6. Summary of Paired CTC Results and Imaging Results by Treatment Type for Patients With Less Than Five Versus Five or More CTCs at
7 to 9 Weeks Before Radiographic Imaging
No. of CTCs
) ) ) ) <5 =5 Statistical Analysis
Radiographic Progression According _— _—
to Treatment at Time of CTC Result No. % No. % OR 95% Cl P
Overall
No 87 65 12 29 4.9 2.2t0 11 <.001
Yes 47 35 30 71
Chemotherapy
No 54 66 8 27 6.9 3.0t0 16 <.001
Yes 28 34 22 73
Endocrine therapy
No 32 63 4 33 2.9 0.6to0 14 .20
Yes 19 37 8 67
NOTE. One pair was obtained from a patient on biologic therapy alone and was not included in this analysis.
Abbreviations: CTC, circulating tumor cell; OR, odds ratio.
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Fig 2. Progression-free survival (PFS) for patients with less than five versus five or more circulating tumor cells (CTCs) at (A) baseline, (B) 3 to 5 weeks after initiating
therapy, (C) 7 to 9 weeks after initiating therapy, and (D) the first blood draw after initiating therapy. PFS was measured as the time between the baseline CTC
assessment and documentation of first radiographic evidence of disease progression or death.

biologic agents, the numbers of patients in each group was too small
when they were additionally subdivided by CTC results. This is
particularly relevant for the patients who received an endocrine-
based treatment regimen, as there is some debate about the utility
of CTC analysis in that patient population. Nonetheless, endocrine
therapy was administered only for hormone receptor—positive
MBC, whether alone or in combination with a biologic agent, and only
two patients received trastuzumab with endocrine therapy. The
remaining patients were HER2/neu-negative and were treated on
an institutional protocol of anastrozole and sorafenib. Therefore, the
results of the CTC-imaging correlation for patients on endocrine
therapy— containing regimens are not driven by the efficacy of HER2/
neu-directed therapies and should be considered valid for patients
with hormone receptor—positive disease.

In conclusion, our data support the clinical utility of serial CTC
enumeration in conjunction with standard radiographic imaging to
improve our ability to accurately assess treatment benefit and to

5158 © 2009 by American Society of Clinical Oncology

expedite the identification of effective treatment regimens for in-
dividual patients with measurable disease. CTC analysis is subject to
less observer variability than radiographic evaluations, has relatively
high specificity, reflects a lack of treatment benefit in advance of
radiographic findings, and is less costly and time consuming for pa-
tients. Collecting a single, 10-mL blood sample at various time points
relative to treatment might, therefore, enable clinicians to more accu-
rately predict for treatment benefit, limit patient exposure to ineffec-
tive agents with unnecessary toxicity, assist in the identification of
patients most likely to benefit from clinical trials of novel therapeutics,
and improve patient survival and quality of life. It also may be
possible to limit the number of follow-up radiology studies re-
quired; that is, asymptomatic patients with stable or responsive
disease and serial documentation of less than five CTCs could
avoid repetitive scans in the absence of a shift to five or more CTCs.
The results described here represent a final analysis for the stated
end points. Continued data collection with a focus on the correlation
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between CTC findings and OS and on the value of serial CTC enumer-
ation beyond first progression through multiple lines of therapy
are ongoing.
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