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A B S T R A C T

Purpose
As treatment options expand for metastatic colorectal cancer (mCRC), a blood marker with a
prognostic and predictive role could guide treatment. We tested the hypothesis that circulating
tumor cells (CTCs) could predict clinical outcome in patients with mCRC.

Patients and Methods
In a prospective multicenter study, CTCs were enumerated in the peripheral blood of 430 patients
with mCRC at baseline and after starting first-, second-, or third-line therapy. CTCs were measured
using an immunomagnetic separation technique.

Results
Patients were stratified into unfavorable and favorable prognostic groups based on CTC levels of three
or more or less than three CTCs/7.5 mL, respectively. Patients with unfavorable compared with
favorable baseline CTCs had shorter median progression-free survival (PFS; 4.5 v 7.9 months;
P � .0002) and overall survival (OS; 9.4 v 18.5 months; P � .0001). Differences persisted at 1 to 2, 3
to 5, 6 to 12, and 13 to 20 weeks after therapy. Conversion of baseline unfavorable CTCs to favorable
at 3 to 5 weeks was associated with significantly longer PFS and OS compared with patients with
unfavorable CTCs at both time points (PFS, 6.2 v 1.6 months; P � .02; OS, 11.0 v 3.7 months;
P � .0002). Among nonprogressing patients, favorable compared with unfavorable CTCs within 1 month
of imaging was associated with longer survival (18.8 v 7.1 months; P � .0001). Baseline and follow-up
CTC levels remained strong predictors of PFS and OS after adjustment for clinically significant factors.

Conclusion
The number of CTCs before and during treatment is an independent predictor of PFS and OS in
patients with metastatic colorectal cancer. CTCs provide prognostic information in addition to that
of imaging studies.

J Clin Oncol 26:3213-3221. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Colorectal cancer is the second leading cause of
cancer death in the United States, with approxi-
mately 154,000 new cases and 52,000 deaths ex-
pected in 2007.1 The number of therapeutic agents
for metastatic colorectal cancer (mCRC) has in-
creased during the last several years, with con-
comitant improvement in outcome.2-4 With three
classes of cytotoxic agents and two classes of ther-
apeutic antibodies, treatment decision making is
more complicated. Treatment often includes ag-
gressive therapy as well as treatment holidays. The
ability to identify patients with worse prognosis or
those destined to progress quickly could have
broad clinical application.

The presence of circulating tumor cells (CTCs)
was speculated since Recamier coined the term “me-
tastasis” in 1829,5 and confirmed with Engell’s doc-
umentation of cancer cells in the circulation in
1955.6 Recent refinement of an immunomagnetic
separation technology to reliably and reproducibly
isolate, enumerate, and characterize CTCs in epithe-
lial malignancies7 has enabled further study of the
CTC as a prognostic and predictive marker. We
conducted a pilot study demonstrating that CTCs
can be isolated and enumerated in patients with
mCRC.8 We also noted that patients with disease
progression had greater serial increases in CTC
number than did nonprogressors. CTCs are present
in the blood of patients with many cancers, but are
extremely rare in healthy people.7 In patients with
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breast cancer, CTC number is an independent predictor of
progression-free survival (PFS) and overall survival (OS).9 On the
basis of this observation and our pilot study findings,8 we initiated this
multicenter study to evaluate whether CTCs could serve as a prognos-
tic and/or predictive marker in patients with mCRC.

PATIENTS AND METHODS

Study Design

This prospective trial was conducted at 55 clinical centers throughout the
US, the Netherlands, and the United Kingdom to evaluate the agreement of
CTC number with response by imaging and the ability of CTC number to
predict PFS and OS in patients with mCRC. Principal inclusion criteria were
measurable mCRC initiating any first- or second-line systemic therapy or
third-line therapy with an epidermal growth factor receptor inhibitor. All
patients had an Eastern Cooperative Oncology Group (ECOG) performance
status score of 0 to 2 and hemoglobin of at least 8 g/dL. The institutional review
boards at each center approved the study protocol, and all patients provided
written informed consent.

Imaging

Computed tomography or magnetic resonance imaging scans of the
chest, abdomen and pelvis were to be performed at baseline and every 6 to 12
weeks after initiating treatment. Image interpretation was performed by a
certified radiologist at each participating site using Response Evaluation Cri-
teria in Solid Tumors (RECIST)10 to classify each disease assessment as com-
plete response (CR), partial response (PR), stable disease (SD), or progressive
disease (PD). Patients who died before a follow-up imaging study were con-
sidered to have PD. For response to therapy at the first follow-up disease
evaluation, the favorable group was defined as those with nonprogressive
disease (NPD; including SD/PR/CR categories) and the unfavorable group as
those with PD or death.

Isolation and Enumeration of CTCs

Peripheral blood was collected for CTC evaluation before the initiation
of therapy (baseline) and subsequently at 1 to 2, 3 to 5, 6 to 12, and 13 to 20
weeks after initiating treatment. Blood samples were drawn into 10-mL evac-
uated tubes (CellSave, Immunicon, Huntingdon Valley, PA). Samples were
maintained at room temperature, mailed overnight, and processed within 96
hours of collection. All CTC evaluations were performed without knowledge
of patient clinical status in one of four central laboratories. The CellSearch
System (Veridex LLC, Raritan, NJ) was used for CTC enumeration, the tech-
nical details of which, including accuracy, precision, linearity, and reproduc-
ibility have been previously described.7 CTCs were defined as EpCAM isolated
intact cells staining positive for cytokeratin and negative for CD45. At each
time point, the favorable and unfavorable groups were defined as those having
CTC levels less than the selected threshold or greater than or equal to the
selected threshold, respectively. Two tubes of blood for CTCs were drawn at
each time point to assess intrapatient reproducibility and confirmed a strong
correlation between the two tubes (R2 � 0.96; Appendix Figs A1A and A1B,
online only).

Statistical Analysis

The primary objective was assessment of agreement of CTCs after the
initiation of therapy with response to therapy. We predicted that approxi-
mately 20% of patients would have unfavorable CTC levels after initiation of
therapy. The sample size was calculated to provide adequate power for evalu-
ation of the primary and secondary (association of CTCs with PFS and OS)
objectives. For the primary objective, agreement was defined as favorable CTC
corresponding with NPD or unfavorable CTC corresponding with PD. A
one-group �2 test with a one-sided P value of .025 would have 80% power to
reject a null hypothesis of less than 60% overall agreement between CTC and
the response to therapy as determined by imaging with a sample size of 78
assessable patients and an alternative hypothesis of at least 75% agreement. A
significance level of .025 was used because an interim analysis was planned for
selection of the optimal blood draw time point and CTC threshold. For the

secondary objective, it was assumed that patients with favorable CTCs would
have a median PFS and OS twice that of patients with unfavorable CTCs,
equating to a hazard ratio of 2.0. A log-rank test for equality of survival curves
with a one-sided P value of .05 would have 80% power to detect a difference
between the PFS and OS curves of patients with unfavorable and favorable
CTCs, with a minimum of 37 patients in each group. Therefore, we initially
planned enrollment of 200 patients, with an interim review planned after
enrollment of 100 patients.

Based on a predetermined protocol interim analysis, the first 109 patients
enrolled (training set) were used to select the optimal blood draw time point
and a CTC cutoff for the stratification of patients into favorable and unfavor-
able prognostic groups based on the CTC counts after initiation of therapy. To
select the optimal blood draw time point after the initiation of therapy, receiver
operating characteristic curve analysis was used, the results of which led to
selection of the 3- to 5-week blood draw time point because it provided the
largest area under the receiver operating characteristic curve (75%). Thresh-
olds of 1 to 10 for the 3- to 5-week CTC levels were systematically correlated
with imaging, and the percentage CTC positive, sensitivity, specificity, and
overall agreement for comparison of CTC and response at the first follow-up
imaging study were evaluated. A threshold of at least three CTCs was chosen
based on these results (data not shown). Using this threshold, approximately
10% of patients had unfavorable CTC counts at 3 to 5 weeks, requiring an
increased enrollment target of 400 patients.

The selected threshold was then validated using the last 321 patients
enrolled (validation set). Distribution of patients above and below the thresh-
old level in the training and validation sets was compared using Fisher’s exact
test. The median patient ages and years to metastasis were compared using the
nonparametric k-sample �2 test for equality of the medians.

Patients were followed for progression by imaging every 6 to 12 weeks
and after progression for overall survival every 6 months for up to 2 years. The
study was monitored by an independent clinical research organization. PFS
was defined as the elapsed time from blood collection to progression or death.
OS was defined as the elapsed time from blood collection to death. Patients
were censored at last follow-up if PD or death had not occurred. Separate
Kaplan-Meier survival plots were generated on the basis of CTC levels at
baseline and follow-up blood collections. Survival curves were compared
using log-rank testing. Cox proportional hazards regression was used to deter-
mine univariate and multivariate hazards ratios for PFS and OS.

RESULTS

Patient Characteristics

Between February 2004 and November 2006 a total of 481 pa-
tients were enrolled, 430 of whom met inclusion and exclusion criteria
and were assessable for the primary and/or secondary objectives. At
the time of these analyses, death had occurred in 202 (47%) of the 430
patients, with a mean follow-up time for the 228 (53%) patients still
alive of 12.6 � 6.5 months (median, 11.0 months; range, 0.8 to 30.0
months). Appendix Figure A2 (online only) summarizes the number
of patients assessable for evaluation of the primary and secondary
objectives and reasons for exclusion. Patient characteristics are listed
in Table 1.

CTC at Baseline

At baseline, 26% of patients had unfavorable CTCs (� three
CTCs/7.5 mL of blood). Patients with liver metastases and poorer
performance status had higher baseline CTC levels (Table 2).

Comparison of Training and Validation Sets

Comparison of the results from training and validation sets dem-
onstrated no significant differences in the percentage of patients with
unfavorable CTCs at 3 to 5 weeks (16% v 10%, respectively; P � .232)
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Table 1. Patient Demographics and Clinical Characteristics

Characteristic P

Training Set
(n � 109)

Validation Set
(n � 321)

All Patients
(N � 430)

No. % No. % No. %

Age at baseline, years
Median .290� 65 63 64
Range 25-86 22-92 22-92

Sex
Female .578† 46 42 146 45 192 45
Male 63 58 175 55 238 55
Unknown 0 0 0 0 0 0

Race
White .205† 94 86 211 66 305 71
Black 8 7 36 11 44 10
Other 4 4 8 2 12 3
Unknown 3 3 66 21 69 16

Baseline ECOG PS
0 .492† 50 46 146 45 196 46
1 43 39 144 45 187 43
2 10 9 21 7 31 7
Unknown 6 6 10 3 16 4

Primary tumor
Colon .335† 77 71 215 67 292 68
Rectal 20 18 51 16 71 17
Rectosigmoid 12 11 54 17 66 15
Unknown 0 0 1 0 1 0

Stage at primary diagnosis
1 .490† 5 5 7 2 12 3
2 9 8 36 11 45 11
3 30 28 88 28 118 27
4 58 53 174 54 232 54
Unknown 7 6 16 5 23 5

Line of therapy
First .000† 60 55 249 77 309 72
Second 38 35 57 18 95 22
Third 11 10 15 5 26 6
Unknown 0 0 0 0 0 0

Liver metastases
No .618† 32 29 85 26 117 27
Yes 77 71 236 74 313 73
Unknown 0 0 0 0 0 0

Bevacizumab used in therapy regimen
No .000† 60 55 102 32 162 38
Yes 49 45 194 60 243 56
Unknown 0 0 25 8 25 6

Irinotecan used in therapy regimen
No .000† 63 58 239 74 302 70
Yes 46 42 57 18 103 24
Unknown 0 0 25 8 25 6

Oxaliplatin used in therapy regimen
No .000† 57 52 95 30 152 35
Yes 52 48 201 62 253 59
Unknown 0 0 25 8 25 6

Years to metastasis
Mean .789� 1.0 0.8 0.9
Standard deviation 1.6 1.4 1.4
Median 0.1 0.0 0.1

NOTE. All unknown percentages excluded from comparison of training and validation sets to determine P values.
Abbreviation: ECOG PS, Eastern Cooperative Oncology Group performance status.
�Nonparametric k-sample test on the equality of medians (continuity corrected �2 P ).
†Fisher’s exact test two-sided P.
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or in the percentage agreement with imaging (77% v 78%, respec-
tively; P � .878). To further evaluate combining training and valida-
tion sets, sites within the same geographic regions with fewer than 10
assessable patients enrolled were grouped and analyzed as one site. No
significant differences were noted between training and validation sets
with either the percentage of unfavorable CTC samples at 3 to 5 weeks
(P � .633) or in the percentage agreement with imaging (P � .728).
Therefore, for evaluation of primary and secondary outcomes, data
from the training and validation sets were pooled and a CTC threshold
of at least three CTCs/7.5 mL was utilized.

Relationship of CTC to Radiographic Imaging

Of 430 assessable patients, 384 (89%) had a follow-up imaging
study performed and assessed using RECIST (time to first imaging
study: mean, 9.2 � 2.8 weeks; median, 8.7 weeks). Twenty-eight (7%)
did not have a follow-up imaging study performed, and 18 (4%) died
before a follow-up imaging study. A total of 334 patients (78%) had a

CTC assessment 3 to 5 weeks after starting therapy (mean, 3.8 � 0.7
weeks; median, 4.0 weeks). Three hundred twenty patients were in-
cluded in the analysis of the primary objective because they had a
follow-up imaging study analyzed by RECIST, or they died before a
follow-up imaging study and they had CTCs assessed 3 to 5 weeks after
initiation of therapy. In this subset of 320 patients, three (1%) had a
CR, 87 (27%) had a PR, 156 (49%) had SD, and 68 (21%) had PD at
their first follow-up imaging study. Six (2%) died before a follow-up
imaging study.

In 74 patients (23%) with PD or death, 20 (27%) had unfavorable
CTCs at 3 to 5 weeks compared with 18 (7%) with NPD. Overall, CTC
had a sensitivity of 27% (95% CI, 17% to 39%), specificity of 93%
(95% CI, 89% to 96%), a positive predictive value of 53% (95% CI,
36% to 69%), a negative predictive value of 81% (95% CI, 76% to
85%), and overall agreement or accuracy of 78% (95% CI, 73% to
82%). Table 3 summarizes the comparison of imaging response and
CTC at 3 to 5 weeks.

Table 2. Prevalence of Baseline Circulating Tumor Cells

Patient Subset

% of Patients With Circulating Tumor Cell No. at Baseline

� 1 � 2 � 3 � 4 � 5 � 10 � 100 � 250

Metastatic colorectal cancer (n � 430)
All with baseline draw (n � 413) 48 33 26 22 18 12 1 0
Line of therapy (n � 413)

First (n � 296) 44 31 24 20 17 11 1 0
Second (n � 91) 54 37 30 25 21 11 0 0
Third (n � 26) 62 46 35 31 23 23 8 4

Fisher’s exact P .093 .203 .334 .275 .497 .194 .026 .063
Primary tumor type (n � 413)

Colon (n � 278) 50 35 28 23 19 12 1 0
Rectal (n � 70) 41 31 27 24 20 14 3 0
Rectosigmoid (n � 65) 43 29 17 14 12 9 0 0
Fisher’s exact P .329 .672 .181 .228 .413 .660 .249 �.99

ECOG status (n � 397)
0 (n � 187) 44 27 22 17 13 9 1 0
1 (n � 181) 50 37 29 26 22 14 1 0
2 (n � 29) 59 52 45 38 31 21 3 3
Fisher’s exact P .227 .014 .026 .010 .019 .067 .264 .073

Site of metastases (n � 413)
Liver involvement (n � 302) 54 39 30 25 21 13 1 0
No liver involvement (n � 111) 30 18 14 14 10 8 1 0
Fisher’s exact P .000 .000 .001 .015 .009 .225 � .99 � .99

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

Table 3. Response to Imaging v CTC Category at 3-5 Weeks

Response to Therapy by Imaging (RECIST criteria)

CTCs 3-5 Weeks After the Initiation of
Therapy

Total % of Total Set

� 3 CTCs � 3 CTCs

No. % No. %

Nonprogressive disease (stable disease, partial or complete response) 228 93 18 7 246 77
Progressive disease (or death) 54 73 20 27 74 23
Total 282 88 38 12 320 100

Abbreviations: CTC, circulating tumor cell; RECIST, Response Evaluation Criteria in Solid Tumors.
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CTC As a Prognostic Marker

The median PFS for the 430 assessable patients was 7.2 months
(95% CI, 6.7 to 7.9 months) and median OS was 15.5 months (95%
CI, 14.0 to 18.4 months). Patients with unfavorable CTCs at baseline
had a significantly shorter median PFS (4.5 months; 95% CI, 3.7 to 6.3
months) and median OS (9.4 months; 95% CI, 7.5 to 11.6 months)
compared with patients with less than three CTCs/7.5 mL (median
PFS, 7.9 months; 95% CI, 7.0 to 8.6 months; median OS, 18.5 months;
95% CI, 15.5 to 21.2 months; Fig 1A and 1B).

CTC As a Predictive Marker

The predictive value of CTC after 1 to 2, 3 to 5, 6 to 12, and 13 to
20 weeks of treatment is shown in Figure 1C and 1D. PFS and OS were
significantly shorter at all time points for patients with at least three
CTCs during therapy compared with those with fewer than three
CTCs. Patients with PD before the time of the blood draw evaluation
were excluded from the PFS analysis at that time point. Figure A3A
and A3B (online only) show the median OS for increasing CTC
thresholds at baseline and 3 to 5 weeks, demonstrating a plateau in OS
at the three-CTC threshold.

Figure 1E and 1F shows the relationship of CTC change from
baseline to 3 to 5 weeks and clinical outcome in 319 patients. Kaplan-
Meier plots are generated for those patients with CTCs who remained
favorable (group 1), CTCs that remained unfavorable (group 4), or
those who converted to the unfavorable (group 3) or favorable groups
(group 2). Four (1%) of these patients showed evidence of PD before
the date of the follow-up CTC evaluation and were excluded from the
PFS analysis. Median PFS for 226 patients (72%) with favorable CTC
at both time points (group 1) was not significantly different from that
of the 52 patients (16%) who converted from the unfavorable to the
favorable CTC group (group 2). However, the median PFS of these 52
patients (group 2) was significantly longer compared with that of the
28 patients who had unfavorable CTCs at both time points (group 4,
Fig 1E). The median OS of 227 patients with favorable CTCs at both
time points (group 1) was significantly longer compared with that of
the 53 patients who began with unfavorable CTCs but converted to
favorable CTCs at 3 to 5 weeks (group 2; Fig 1F). The median OS for
the 53 patients (17%) that began in the unfavorable group but con-
verted to the favorable group (group 2) was significantly longer com-
pared with that of patients who remained with unfavorable CTCs at
both time points (group 4, Fig 1F).

Predictors of PFS and OS

In univariate Cox regression analyses, age, line of therapy, type of
therapy, ECOG performance status, and CTC levels (at baseline and
all follow-ups) were significantly associated with both PFS and OS. For
multivariate Cox regression analyses, only the univariately significant
clinical factors for the time point being evaluated were included in the
multivariate model for that particular time point. After adjusting for
these clinically significant factors, CTCs at baseline and all follow-up
time points remained strong predictors of PFS and OS (Table 4).

Relationship of CTCs and Imaging to OS

Figure 2A shows that the OS for 121 patients (30%) with CR or
PR at first imaging was significantly longer compared with 186 pa-
tients (46%) with stable disease and 95 patients (20%) with PD or
death. A total of 364 patients had a CTC level determined within 1
month of the follow-up imaging study or death. Figure 2B demon-

strates that the OS of 335 patients (92%) with favorable CTCs at the
first follow-up imaging study was significantly longer compared
with the OS of 29 patients (8%) with unfavorable CTCs. Figure 2C
shows that the OS of 271 patients (74%) with NPD and favorable
CTCs at the first follow-up imaging study (group 1) was signifi-
cantly longer than that of 64 patients (18%) with PD and favorable
CTCs (group 2), 13 patients (4%) with unfavorable CTCs and
NPD (group 3), and 16 patients (4%) with PD and unfavorable
CTCs (group 4). The OS of patients with PD and favorable CTCs
(group 2) was significantly longer compared with patients with PD
and unfavorable CTCs (group 4).

DISCUSSION

Building on our pilot study, this current multicenter study demon-
strates that CTCs can serve as both a prognostic and predictive factor
for patients with mCRC. The presence of at least three CTCs at base-
line and follow-up is a strong independent prognostic factor for infe-
rior PFS and OS. When utilized in conjunction with imaging studies,
CTCs provide additional prognostic information.

There are several scenarios for which CTCs could have utility in
colorectal cancer. The data presented suggest that CTCs may be used
as a stratification factor in future advanced disease treatment studies.
The current list of validated prognostic factors is short, with only
performance status being universally recognized.11,12 Further study
should prospectively address whether modification of treatment
based on unfavorable CTCs early in the course of treatment will result
in improvement in PFS or OS. As treatment has become more effec-
tive for mCRC, decision making has become more complicated. Five
classes of drugs are available for treatment, and traditional definitions
of lines of therapy have blurred.13 The most common initial chemo-
therapy backbone is a fluoropyrimidine with oxaliplatin or irinotecan.
CTC levels drawn at 3 to 5 weeks and 6 to 12 weeks, before typical
imaging intervals, may have the potential to inform treatment choices
and spare patients unnecessary toxicity by suggesting that an early
change in therapy is warranted.

Patients with mCRC who respond to initial chemotherapy are
often considered for reduction in treatment intensity14 or a treatment
break.15 A potential disadvantage of this approach is rapid disease
progression during treatment holidays. CTCs may have a role in
identifying patients who could safely have prolonged treatment breaks
versus those who need to resume therapy more quickly. It is also
plausible that CTCs could be utilized to assist management of earlier-
stage colorectal cancer patients. Finally, CTC phenotyping could dem-
onstrate characteristics to select patients for targeted therapies, a
scenario that has begun to be formally tested in the clinic.16 The above
scenarios will require prospective study to define the role for CTCs.

Limitations of this study must be considered. Patients undergo-
ing various lines of therapy were included, which may influence the
ability to generalize results to any one group. Patients also had flexi-
bility regarding the exact dates of blood draws and computed tomog-
raphy scans. However, the timeframes were well defined, and this
study design more accurately reflects everyday clinical practice. Fi-
nally, the percentage of patients with unfavorable CTCs at baseline
(26%) and overall CTC yield is less than in other epithelial malignan-
cies such as breast cancer.
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 at Baseline N (%) Months (95% CI)
 CTC / 7.5mL  Median OS in

 < 3 CTC 305 (74) 18.5  (15.5 to 21.2)
 ≥ 3 CTC 108 (26) 9.4 (7.5 to 11.6)

 at Baseline N (%) Months (95% CI)

 CTC / 7.5mL at Median PFS in
Group Baseline 3-5 Weeks N (%) Months (95% CI)

       1 < 3 CTC < 3 CTC 227 (71) 17.7  (14.7 to 19.9)
       2 ≥ 3 CTC < 3 CTC 53 (17) 11.0  (8.7 to 18.1)
       3 < 3 CTC ≥ 3 CTC 9 (3) 10.9  (0.6 to ----)
       4 ≥ 3 CTC ≥ 3 CTC 30 (9) 3.7  (2.4 to 8.4)

 CTC / 7.5mL at Median PFS in
Group Baseline 3-5 Weeks N (%) Months (95% CI)

Logrank
P < .0001

 N (%) Median OS in Months (95% CI)
 < 3 CTC ≥ 3 CTC < 3 CTC       ≥ 3 CTC     

1-2 Weeks 316 (89) 41 (11) 15.7 (14.3 to 18.4) 6.1 (4.9 to 8.9)
3-5 Weeks 292 (88) 41 (12) 16.4 (14.1 to 18.3) 4.4 (2.6 to 8.7)
6-12 Weeks 285 (92) 25 (8) 15.8 (13.8 to 19.2) 3.3 (1.8 to 5.6)
13-20 Weeks 172 (89) 21 (11) 14.6 (12.0 to 21.5) 3.3 (2.4 to 8.5)

Group 1
Group 2
Group 3
Group 4

 Curve Logrank
 Comparison P-value
 1 v 2 .0019
 1 v 3 .0003
 1 v 4 < .0001
 2 v 3 .1078
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Fig 1. Progression-free survival (PFS) and overall survival (OS) of metastatic colorectal cancer patients with � three and � three circulating tumor cells (CTCs) in 7.5 mL of
blood (A, B) before therapy, (C, D) 1 to 2, 3 to 5, 6 to 12, and 13 to 20 weeks after initiation of therapy, and (E, F) by circulating tumor cell status at baseline and 3 to 5 weeks.
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In conclusion, this study demonstrates the independent prog-
nostic and predictive value of CTCs for patients initiating chemother-
apy for mCRC. The data obtained in this clinical trial supported US
Food and Drug Administration clearance of the CellSearch system for
enumeration of CTCs in mCRC, and this test is now commercially
available. Our study was not designed to assess whether a change in
therapy based on unfavorable CTCs is beneficial. However, clinical
trials to explore this hypothesis are warranted.
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Table 4. Multivariate Cox Regression Analysis for Prediction of PFS and OS Among Univariately Significant Parameters.

Parameter

Categories PFS Risk From Blood Draw OS Risk From Blood Draw

Positive Negative HR 95% CI P �

No. of
Patients HR 95% CI P �

No. of
Patients

Analysis using baseline CTC count 373 373
Baseline CTC No. � 3 � 3 1.74 1.33 to 2.26 .000 2.45 1.77 to 3.39 .000
Line of therapy 2nd or 3rd 1st 1.73 1.32 to 2.28 .000 1.55 1.10 to 2.18 .012
Age at baseline blood draw, years � 65 � 65 1.42 1.12 to 1.81 .004 1.78 1.30 to 2.44 .000
ECOG status at study entry 2 v 1 v 0 1.16 0.96 to 1.38 .117 1.47 1.16 to 1.86 .001
Bevacizumab used in treatment regimen? Yes No 0.62 0.49 to 0.80 .000 0.66 0.48 to 0.91 .011
Irinotecan used in treatment regimen? Yes No 0.75 0.51 to 1.10 .146 1.23 0.76 to 1.98 .400
Oxaliplatin used in treatment regimen? Yes No 0.54 0.38 to 0.77 .001 0.95 0.61 to 1.49 .831

Analysis using 1- to 2-week CTC count 320 321
1- to 2-week CTC No. � 3 � 3 1.85 1.28 to 2.68 .001 2.90 1.92 to 4.36 .000
Line of therapy 2nd or 3rd 1st 1.99 1.46 to 2.71 .000 1.73 1.19 to 2.51 .004
Age at baseline blood draw, years � 65 � 65 1.47 1.13 to 1.91 .004 1.77 1.26 to 2.49 .001
ECOG Status at study entry 2 v 1 v 0 1.25 1.03 to 1.53 .026 1.53 1.19 to 1.97 .001
Bevacizumab used in treatment regimen? Yes No 0.62 0.48 to 0.81 .000 0.74 0.53 to 1.04 .085
Irinotecan used in treatment regimen? Yes No 0.67 0.44 to 1.03 .067 1.26 0.75 to 2.12 .387
Oxaliplatin used in treatment regimen? Yes No 0.50 0.34 to 0.75 .001 0.93 0.57 to 1.51 .758

Analysis using 3- to 5-week CTC count 297 301
3- to 5-week CTC No. � 3 � 3 2.30 1.56 to 3.38 .000 4.78 3.11 to 7.34 .000
Line of therapy 2nd or 3rd 1st 1.88 1.38 to 2.56 .000 2.04 1.39 to 2.98 .000
Age at baseline blood draw, years � 65 � 65 1.53 1.16 to 2.00 .002 1.92 1.37 to 2.70 .000
ECOG status at study entry 2 v 1 v 0 1.16 0.95 to 1.41 .153 1.33 1.03 to 1.71 .030
Bevacizumab used in treatment regimen? Yes No 0.65 0.49 to 0.86 .003 0.84 0.59 to 1.21 .354
Irinotecan used in treatment regimen? Yes No 0.60 0.39 to 0.92 .018 — —
Oxaliplatin used in treatment regimen? Yes No 0.46 0.31 to 0.64 .000 0.85 0.61 to 1.18 .332

Analysis using 6- to 12-week CTC count 263 279
6- to 12-week CTC No. � 3 � 3 3.64 2.10 to 6.30 .000 9.35 5.28 to 16.54 .000
Line of therapy 2nd or 3rd 1st 1.78 1.26 to 2.52 .001 1.46 0.95 to 2.24 .082
Age at baseline blood draw, years � 65 � 65 1.45 1.09 to 1.94 .012 1.58 1.08 to 2.32 .017
ECOG status at study entry 2 v 1 v 0 — — 1.56 1.17 to 2.08 .003
Bevacizumab used in treatment regimen? Yes No 0.64 0.47 to 0.86 .003 0.83 0.56 to 1.25 .381
Irinotecan used in treatment regimen? Yes No 0.73 0.47 to 1.14 .168 — —
Oxaliplatin used in treatment regimen? Yes No 0.55 0.37 to 0.83 .004 — —

Analysis using 13- to 20-week CTC count 170 193
13- to 20-week CTC No. � 3 � 3 4.18 2.17 to 8.03 .000 4.01 2.11 to 7.62 .000
Line of therapy 2nd or 3rd 1.78 1.12 to 2.83 .014 1.30 0.76 to 2.21 .332
Age at baseline blood draw, years � 65 � 65 1.33 0.92 to 1.93 .132 — —
Bevacizumab used in treatment regimen? Yes No 0.68 0.46 to 1.00 .047 — —
Oxaliplatin used in treatment regimen? Yes No 0.86 0.59 to 1.26 .445 — —

NOTE. PFS and OS times calculated from the date of the blood draw being evaluated.
Abbreviations: PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CTC, circulating tumor cell; ECOG, Eastern Cooperative Oncology Group.
�P value from Wald test of Z statistic.

Circulating Tumor Cells and Metastatic Colorectal Cancer

www.jco.org © 2008 by American Society of Clinical Oncology 3219

Downloaded from ascopubs.org by 130.89.46.109 on June 20, 2018 from 130.089.046.109
Copyright © 2018 American Society of Clinical Oncology. All rights reserved.



Corporation; Bruce H. Saidman, Immunicon Corporation; Kert D.
Sabbath, Immunicon Corporation; Nashat Y. Gabrail, Immunicon
Corporation; Joel Picus, Immunicon Corporation; Michael Morse,
Immunicon Corporation; Edith Mitchell, Immunicon Corporation; Neal
J. Meropol, Immunicon Corporation Expert Testimony: None Other
Remuneration: None

AUTHOR CONTRIBUTIONS

Conception and design: Steven J. Cohen, Leon W.M.M. Terstappen,

Neal J. Meropol

A

0

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l (
%

)

Time From Baseline Blood Draw (months)

100

80

70

90

60

50

30

40

20

10

2 4 6 8 10 12 14 16 18 20 24 2622 28 30

B

0

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l (
%

)

Time From Baseline Blood Draw (months)

100

80

70

90

60

50

30

40

20

10

2 4 6 8 10 12 14 16 18 20 24 2622 28 30

C

0

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l (
%

)

Time From Baseline Blood Draw (months)

100

80

70

90

60

50

30

40

20

10

2 4 6 8 10 12 14 16 18 20 24 2622 28 30

       1 < 3 CTC NPD 271 (74) 18.8 (17.0 to 25.1)
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       3 ≥ 3 CTC NPD 13 (4) 7.1 (5.4 to 10.8)
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 Imaging at  Median OS in

 PR/CR 121 (30) 28.2 (18.1 to ---)
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 Curve Logrank
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 1 v 2 < .0001
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Fig 2. (A) Overall survival in metastatic
colorectal cancer patients by imaging re-
sponse, (B) circulating tumor cell (CTC)
yield within � 1 month of imaging, and (C)
both imaging response and circulating tu-
mor cell yield within � 1 month of imaging.
Overall survival (OS) values were calcu-
lated from the time of the baseline blood
draws. PR, partial response; CR, complete
response; S, stable disease; PD, progres-
sive disease; FU, follow-up.
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