
Clinico-pathological correlation of serial
measurement of circulating tumor cells in 24
metastatic colorectal cancer patients receiving

chemotherapy reveals interpatient heterogeneity
correlated with CEA levels but independent

of KRAS and BRAF mutation
Avisnata Das1,5, Miriam Kunkel1,5, Jamal Joudeh1,5, David T Dicker1, Angelique Scicchitano1, Joshua E Allen1, Nabeel Sarwani2,

Zhaohai Yang3, Jussuf Kaifi1, Junjia Zhu4, Jason Liao5, and Wafik S El-Deiry1,*

1Hematology/Oncology Division; Penn State Hershey Cancer Institute; Hershey, PA USA; 2Departments of Radiology, Hershey, PA USA; 3Department of Pathology;

Penn State Hershey Cancer Institute; Hershey, PA USA; 4Public Health Sciences; Penn State Hershey Medical Center; Hershey, PA USA;
5Penn State Milton S Hershey Medical Center; Hershey, PA USA

yThese authors contributed equally to this manuscript and are considered as co-first authors.

Keywords: BRAF, biopsy, colorectal neoplasms, circulating neoplastic cells, drug therapy, carcinoembryonic antigen, KRAS,
neoplasm metastasis

Abbreviations: CTC, circulating tumor cell; CEA, carcinoembryonic antigen; FDA, Food and Drug Administration; mCRC,
metastatic colorectal cancer; IRB, Institutional Review Board; ECOG, Eastern Cooperative Oncology Group

Background: The Veridex CellSearch is an FDA-approved technology for enumerating circulating tumor cells in
blood samples of metastatic colorectal cancer mCRC) patients and has prognostic value. It is important to understand
how counts of circulating tumor cells (CTCs), which are advocated to be tools for “liquid biopsy” of tumors, correlate
with clinical and pathologic variables of significance in these patients. In this study, we have attempted to make such
correlations along with evaluating how CTC counts change during the course of chemotherapy. Patients and methods:
Following an IRB-approved protocol, blood samples were collected from 24 patients with mCRC along with relevant
clinico-pathological data. Blood was collected at defined time-points both prior to as well as during the course of
treatment with combination chemotherapy, and CTC counts were enumerated from7.5 ml of blood. Results: Seventeen
out of 24 patients with mCRC showed a CTC count of 2 or less cells in 7.5 ml of blood at base-line assessment before
chemotherapy while 7 patients showed 3 or more cells in 7.5 ml of blood at that point. A correlation was found
between high carcino-embryonic antigen (CEA) levels and high CTC counts (P D 0.018) although it was also found that
some patients had elevated CTCs without an elevated CEA. No correlation with the time interval between detection of
primary tumor and appearance of secondary (metastatic) tumor(s) was found. CTC counts did not correlate with the
presence of lung or liver metastases, i.e. a number of mCRC patients with lung or liver metastases had a count of zero
CTCs at baseline. We also noted no correlation between CTC number and the status of KRAS or BRAF mutation. CTC
counts dropped immediately after the start of chemotherapy in 11 out of 21 patients, and also reduced from the
baseline at the end of chemotherapy in 5 out of 10 patients. Six of 7 patients who started with 3 or more CTCs in 7.5 ml
at baseline also showed a final CTC reduction at the end of the therapy assessment. Conclusions: Analysis of circulating
tumor cells may be of use in monitoring response to therapy in mCRC, either in combination with CEA monitoring or
alone when CTCs are elevated but CEA level is not.

Introduction

Colorectal cancer is the third leading cause of cancer-related
death in the US and cytotoxic chemotherapy (with or without
biologic agents such as bevacizumab or cetuximab) is the

mainstay of treatment. Circulating tumor cells reflect disease bur-
den in mCRC and higher counts adversely affect outcome in
terms of disease-free survival and overall survival. Circulating
tumor cells have been previously shown in a prospective study to
correlate with overall survival as well as progression-free survival
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in mCRC1 and are currently approved by the FDA for use in
clinical practice. We hypothesized that CTC count changes dur-
ing the course of treatment reflect response to therapy and thus
can be used to assess the efficacy of ongoing treatment. Thus in
non-responding patients alternative treatment strategies may
be formulated early in the course of treatment. The present
study was designed to investigate circulating tumor cells from
peripheral blood of Stage IV CRC patients who were being
treated with combination chemotherapy. Blood was collected
at defined points during chemotherapy in defined volumes
for CTC enumeration. During the course of the trial we also
recorded relevant clinical and pathological characteristics,
namely the number and sites of metastases, tumor histology,
tumor genetics, and the time interval between appearance of
primary tumor and detection of secondary metastatic tumors.
CTC detection and enumeration was performed using the
FDA-approved Veridex CellSearch system from Johnson&-
Johnson and all counts reported CTC numbers from 7.5 ml
of blood.

Patients and methods

Patients: The prospective single-institution study enrolled
patients with the following criteria:

1. Confirmed diagnosis of metastatic colorectal cancer
2. Patient will undergo chemotherapy
3. Documented histopathology of tumor
4. Radiologically measurable metastases
5. Age > 18 y
6. ECOG performance status 0–3
7. Patient signed informed consent

A patient meeting any of the following criteria was however
excluded:

1. Prior chemotherapy in the past 5 weeks
2. Previous irradiation of metastatic tumor
3. Concurrent other solid tumor
4. Second malignancy in the previous 3 y
5. Life expectancy < 6 weeks

We gathered information about the number and sites of
metastases, baseline CEA levels in serum, tumor genetics (BRAF,
KRAS mutation status of the tumor), the time interval between
detection of primary and appearance of secondary metastatic
lesions. Complete clinical and pathological data was available
from 24 patients, which is reported here.

CTC detection
Blood samples were collected at defined time-points during

chemotherapy (Table 1) for CTC detection purposes. The proto-
col allowed for drawing 2 or 3 tubes of blood (7.5 ml/tube)
(Table 2) at each time, though for patients who showed
zero CTC counts, we only collected 1 tube at each subsequent

time-point due to high costs and long processing time. All CTC
detection was performed by the FDA-approved Veridex Cell-
Search technology, which uses immunomagnetic detection of
EpCAMC, DAPIC, CKC, CD45- CTC cells. Tubes were proc-
essed within 96 hours of collection of blood as per recommenda-
tions of the manufacturer. The samples were handled and the
procedure run by certified personnel trained in the CTC detec-
tion system. The results were expressed as CTC counts/7.5 ml of
blood.

Results

Blood samples for CTC assessment were taken from 33
mCRC patients seen at the Penn State Hershey Cancer Institute.
CTC counts with complete clinical and pathologic data were
available in 24 patients. Representative pathology images are
shown in Figure 1.

Out of the 24 patients, 17 patients (Group A) had 0–2 CTCs
while 7 patients (Group B) had 3 or more CTCs at baseline in
7.5 ml of blood (Table 3A). We noted that patients with exten-
sive liver metastases did not necessarily have high CTC counts.
Representative radiological images from patients with high meta-
static burden from liver metastases along with CTC count are
shown in Figure 2.

We further analyzed (using relevant biostatistical methods)
how the variables of organ-specific metastases, serum CEA levels,
tumor KRAS and BRAF mutation status, and how the time
interval between the diagnosis of primary and detection of sec-
ondary tumor(s) correlated with CTC counts and compared
between the 2 groups (Table 3B-3D).

Table 1. Blood draw protocol for patients on FOLFOX/FOLFIRI regimes.
Blood can be drawn upto 7 times during the course of chemotherapy.

Chemotherapy Blood samples

Baseline Day ¡30 to ¡1 22 ml(3 tubes of 7.5 ml)
Cycle 1 Day 1 15 ml(2 tubes of 7.5 ml)
Cycle 1 Day 7 15 ml(2 tubes of 7.5 ml)
Cycle 2 Day 1 15 ml(2 tubes of 7.5 ml)
Cycle 3 Day 1 22 ml(3 tubes of 7.5 ml)
Cycle 4 Day 1 15 ml(2 tubes of 7.5 ml)
Cycle 6 Day 15 22 ml(3 tubes of 7.5 ml)

Table 2. Blood draw protocol for patients on XELODA (capecitabine)-based
chemotherapy.

Chemotherapy Blood samples

Baseline Day ¡30 to ¡1 22 ml(3 tubes of 7.5 ml)
Cycle 1 Day 1 15 ml(2 tubes of 7.5 ml)
Cycle 1 Day 7 15 ml(2 tubes of 7.5 ml)
Cycle 2 Day 1 15 ml(2 tubes of 7.5 ml)
Cycle 3 Day 1 22 ml(3 tubes of 7.5 ml)
Cycle 4 Day 1 15 ml(2 tubes of 7.5 ml)
Cycle 6 Day 1 22 ml(2 tubes of 7.5 ml)
Cycle 8 Day1 22 ml(3 tubes of 7.5 ml)
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As part of the study, we measured
CTC counts in the patients during suc-
cessive cycles of chemotherapy and ana-
lyzed the changes in CTC counts. We
compared the change in counts from
baseline (pre-chemotherapy) counts (A)
to the first available counts after chemo-
therapy had started. Out of 21 patients,
11 patients showed a reduced count, 3
showed an increase, while in 7 patients
the CTC counts remained constant at
this time-point (Table 4A). We com-
pared CTC counts at the end-of-chemo-
therapy assessment (C) to the baseline
CTC counts (A)in 10 patients for
whom the data was available: 5 patients
showed reduced counts, the numbers
remained the same in 4, while a single
patient was found to have an increase
(Table 4B). In the 7 patients who had
CTC counts of 3 or more cells at base-
line (i.e., above the FDA-cutoff), CTC
counts in 4 patients came down to 2 or
less cells, the counts in 2 patients
decreased but remained at 3 or more
cells, while in one patient the counts
went up at the first assessment after che-
motherapy had started.

Discussion

There has been considerable interest in the concept of “liquid
biopsy” of solid tumors and the potential use of CTC counts in
blood as surrogate biomarkers to assess the patient’s disease state
and predict outcome.2 In order to validate CTCs as prognostic
markers of significance, it is crucial to investigate how CTC
counts in patients with tumors correlate with established clinical
and pathological parameters. Sastre et al. reported a correlation
between tumor stage and elevated CTCs but no correlation was
found between the presence of CTCs and the location of primary
tumor, increased CEA level, increased lactate dehydrogenase
level, or grade of differentiation.3 Cohen et al. demonstrated a
correlation between CTC numbers and overall survival and pro-
gression-free survival.2

In our study we found that a high CTC count did not neces-
sarily correlate with the presence or absence of liver and lung

Figure 1. A (H&E) and 1B (EpCAM). Primary tumor of a case with baseline CTC of 56.33 § 7 .06. (H&E)
and 1D (EpCAM). Metastatic tumor of a different case with baseline CTC of 0.

Table 3A. Comparison of incidence of liver and lung metastases between
groups with low baseline CTC count (A) at 0–2 cells/7.5ml of blood and high
baseline counts (B) of 3 or more CTCs in 7.5ml of blood (p D 0.39, Fisher’s
exact test).

Group

Liver
metastases

only

Lung
metastases

only

Both liver
and lung
metastases

None
(Metastases to
sites other than
lung or liver)

A (nD17) 5 5 3 4
B (nD7) 3 0 3 1

Table 3C. Comparison of tumor mutational status between patient groups
with low and high CTC counts, respectively (p D 0.67, Fisher’s exact test).

Group
Wild-type
KRAS

Mutant
KRAS

Wild-type
BRAF

Mutant BRAF
(V600E)

A (nD17) 14 3 14 3
B (nD7) 6 0 6 0

Table 3B. Comparison of CEA levels between patient groups with low and
high CTC counts, respectively (pD0 .018, Fisher’s exact test).

Group CEA<2.5 CEAD2.5–5 CEAD5¡50 CEAD50¡200 CEA>200

A (nD17) 4 6 3 3 1
B (nD7) 0 1 0 1 5

Table 3D. Comparison of time interval between the diagnosis of the pri-
mary tumor and the appearance of metastases between lowland high base-
line CTC count groups (p D 0.35, Fisher’s exact test).

Group Zero <6 months 6 months¡2years >2years

A (nD17) 8 5 2 4
B (nD7) 6 1 0 0
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metastases (p D 0.39) but high serum CEA levels were accompa-
nied by higher CTC counts (p D 0.018). We found no signifi-
cant correlation between the status of KRAS or BRAF mutation

and CTC counts (p D 0.68). CEA levels
are established markers in clinical prac-
tice for prognostic purposes and the cor-
relation of high CEA levels with higher
CTC counts should add to the body of
evidence emphasizing the predictive util-
ity of measuring tumor cells in the
blood.4 We did not find that absence of
expression of EpCAM in primary tumors
could explain why some patients with
high liver metastatic burden still had very
low or undetectable CTC counts with
the CellSearch system. It is possible that
EMT could impact on CTC recovery
from some patients although there is pre-
cedent for mixed epithelial and mesen-
chymal features of CTCs (i.e. even with
EMT tumor cells can retain EpCAM
expression). As a future direction, tech-
nologies that can capture CTCs and suc-
cessfully study marker expression need
tobe investigated to determine if higher
expression of CEA or other markers in
such cells correlates with higher disease
burden and more advanced stage of the
cancer. The available literature also
emphasizes the importance of combining
CTC enumeration with biomarker analy-
sis to be effective as prognostic and dis-
ease-monitoring tools.5,6

As a prognostic tool in oncology, a
change in CTC counts should be
observed in response to treatment. With
this intent, we studied post-chemother-
apy changes in CTC counts and found
that in approximately 52% of cases the
CTC counts dropped immediately at the
first assessment after initiation of chemo-

therapy. In 50% of cases, the final CTC counts at the end of che-
motherapy decreased from the baseline. It will be important in
the future to determine whether the post-therapy change in
counts correlated with the overall survival of these patients. Inter-
estingly, in patients having CTC counts higher than the FDA
cut-off of 3 or more cells, the counts came down to below 3 cells
at end of therapy assessment in about 60% cases.

In conclusion, we believe enumeration of circulating tumor
cells holds potential of impacting on cancer management and

Figure 2. The burden of metastatic disease in the liver does not correlate with CTC count as deter-
mined by the CellSearch method. Shown are CT scans of the abdomen from 2 patients (A and B)
with diffuse colorectal cancer with hepatic metastases and high baseline CTC numbers. CT scans
were performed before initiation of chemotherapy (baseline). The scans in panel C provide illustra-
tive examples of the observed inter-patient heterogeneity from 4 patients. The numbers in black
depict the ratio of total liver volume: volume of disease free liver, and the numbers in red depict the
mean CTC count from replicatesC/¡ standard error of the mean.

Table 4A. Change in CTC counts at first assessment after start of chemo-
therapy as compared to the counts at baseline assessment prior to
treatment.

Total number of patients Decrease Increase Constant

21 11 3 7

Table 4B. Change in CTC counts at end-of-chemotherapy assessment as
compared to the counts at baseline assessment prior to treatment.

Total number of patients Decrease Increase Constant

10 5 1 4

Table 4C. Change in CTC counts at end-of-chemotherapy assessment com-
pared to the counts at baseline assessment prior to treatment in the
patients with high CTC counts of 3 or more cells in 7.5 ml of blood at
baseline.

Total number
of patients

Decrease to
0–2 cells/7.5ml

Decrease to 3 or
more cells/7.5ml Increase

7 4 2 1

712 Volume 16 Issue 5Cancer Biology & Therapy



monitoring therapy through the “liquid biopsy” technique. It is
important to evaluate the correlation of CTCs in blood with clin-
ical and laboratory parameters that relate to the disease process
and extent, as attempted in the study. Serial measurement of
CTC counts during the course of treatment should offer clues to
patterns of change of potential clinical significance. In the future,
molecular markers whether they are prognostic or stem cell
markers7 or genomic analysis of CTCs will have relevance in
understanding an individual patient’s cancer better and help to
personalize treatment. Biology of CTCs appears to be important
too and our group had earlier reported that apoptotic CTCs (and
not intact CTCs) in peripheral blood of mCRC patients were
found to correlate with liver metastases.8 Large trials investigating
the combined impact of CTC counts along with appropriate bio-
marker analysis will be essential for formulating guidelines and
defining rational criteria in clinical oncology that will enable us
to better utilize CTC technology for improved management of
primary and secondary cancers.
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