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Abstract
Objectives—To present and discuss a high-performance negative depletion method for the
isolation of circulating tumor cells (CTCs) in the blood of patients with head and neck cancer and
to determine the correlation between the presence of CTCs and early clinical outcome in these
patients.

Design—Prospective clinical follow-up study of patients with squamous cell carcinoma of the
head and neck (SCCHN) undergoing surgical intervention, who had peripheral blood examined for
the presence of CTCs.

Patients—The study population comprised 48 patients diagnosed as having SCCHN and
undergoing surgical intervention.

Intervention—A negative depletion process to isolate and quantify CTCs from the blood of
patients with SCCHN using immunomagnetic separation was developed and validated.
Immunostaining for cytokeratin was performed on the enriched samples to determine the number
of CTCs extracted from each patient’s blood sample. Correlation of the presence of CTCs, tumor
stage, nodal status, clinical characteristics, and outcome was made.
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Main Outcome Measure—Disease-free survival.

Results—Our initial data, that have a mean follow-up of 19.0 months, suggest that patients with
no detectable CTCs per milliliter of blood had a significantly higher probability of disease-free
survival (P=.01). There was no correlation between the presence of CTCs with regard to age, sex,
tumor site, stage, or nodal involvement.

Conclusions—Our enrichment technology, based on the removal of normal cells, has been used
on the peripheral blood of patients with head and neck cancer for which follow-up data were
collected. If no CTCs were present, a statistically significant improved disease-free survival was
observed in SCCHN. A blood test with such a prognostic capability could have important
implications in the treatment of patients with head and neck cancer.

In 2009, According to the National Cancer Institute, 48 010 new cases of oral cavity,
pharyngeal, and laryngeal cancer were estimated to occur in the United States;
approximately 11 260 deaths were attributed to these cases. It has been established that
squamous cell carcinomas make up greater than 95% of these cases.1,2 For all stages
combined, the 5-year survival rate is approximately 50%,3 and this rate has not changed
significantly in the last 3 decades. Treatment failure in patients with squamous cell
carcinoma of the head and neck (SCCHN) can include local recurrence, regional recurrence
(cervical lymph nodes), distant metastasis, or development of a second primary cancer.
Despite intensive therapeutic treatment of the primary lesion, approximately 50% to 60% of
patients will later develop locoregional recurrence, and 20% of these patients will go on to
develop distant metastasis. Despite surgical resection with negative histopathological
margins, approximately 20% of patients will have local recurrence. There are various
theories with respect to the cause of local cancer recurrence including field cancerization4 or
that clinically relevant micrometastatic spread is not detectable by histopathological margins
alone.5 In oral cavity cancer, between 23% and 27% of patients with SCCHN with a
clinically negative neck on physical examination will have micrometastatic disease on
elective neck dissection.6,7 The presence of lymphatic metastasis is currently the most
significant prognostic factor affecting survival; the presence of this alone can reduce
survival by 50%.8–10 These current statistics indicate that there is a significant need for a
reliable blood marker to determine prognosis in patients with SCCHN, specifically those
who may be at higher risk of locoregional or distant recurrence.

The concept of the development of metastasis involves a tumor cell or microembolus that
dissociates from the primary tumor, circulates within lymphatic or vascular channels, and
ultimately resides in a regional or distant site. The ability to detect such cells, known as
circulating tumor cells (CTCs), may have an impact on the prognosis and treatment of
patients with cancer by providing (1) definitive evidence for early occult spread of the
primary cancer, (2) a risk factor for the development of future metastasis, and (3) a
peripheral marker for treatment susceptibility and cancer surveillance. Furthermore, genetic
analysis of CTCs may lead to targeted treatment strategies.11 Studies have linked
circulating/ disseminated tumor cells to poor prognosis in breast,12 lung,13,14 prostate,15 and
colorectal cancers.16 It should be noted, however, that the role of CTCs in patients with
SCCHN is yet to be conclusively elucidated, and the mechanism between CTCs and cancer
recurrence or metastasis is not yet known. Nevertheless, the presence of CTCs could be an
independent marker of more aggressive cancers.

It is a diagnostic challenge to identify CTCs from a patient’s blood specimen when 1 mL of
blood contains an average of 5 billion red blood cells (RBCs), 7 million white blood cells
(WBCs), and 295 million platelets.17 A negative depletion method involves removal of
normal, unwanted cells, such as RBCs through lysis, and normal lymphocytes through
magnetic depletion of CD45+-labeled cells. In contrast, positive selection of tumor cells can
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be performed by magnetic selection of epithelial cells using antibodies binding to surface
markers such as epithelial cell adhesion molecule (EpCAM). At present, there are 3 general
types of CTC detection methods: (1) immunocytochemistry, which implies visual
observations, (2) flow cytometry and/or image cytometry, and (3) reverse transcriptase–
polymerase chain reaction. Prior to the use of 1 of these 3 detection methods, an enrichment
method (using negative depletion or positive selection) can greatly increase both the
sensitivity and specificity of the test.

A majority of the published studies on the detection of CTCs in the blood of patients with
cancer uses a combination of a negative depletion step (removal of RBCs) and a positive
selection of the CTCs using an antiepithelial antibody bound to a magnetic particle. The
most well known of these methods available is the CellSearch System by Veridex LLC,
Raritan, New Jersey.18,19 In addition, the “CTC Chip” technology uses a positive selection
method to initially isolate cells expressing EpCAM and then allow staining with secondary
antibody markers.20

However, the use of a positive selection technique for the CTCs introduces a potential,
significant bias into the final detection analysis: the CTCs must express the surface marker
to which the antibodies are specific. This bias has been recently experimentally
demonstrated by a study from Sieuwerts et al.21 Specifically, these researchers demonstrated
that the effectiveness of the CellSearch System varied significantly with respect to its ability
to detect subtypes of human breast cancer cells spiked into healthy human blood. As
expected, the CellSearch System was able to recover 85% of the breast cancer cells
exhibiting the typical epithelial characteristics. However, as the cell types expressed a
different phenotype characteristic of tumor-initiating stem cells (CD24 low and CD44 high),
the recovery of the spiked cells drops to only 2%.21 EpCAM may be downregulated during
epithelial-to-mesenchymal transition, in which cancer cells may acquire a more invasive,
migratory phenotype.20 Therefore, using a positive selection technique may not identify
CTCs in some patients. In contrast to the positive selection approaches, which introduce
significant bias into the type of CTCs detected, we have been developing an enrichment
method that is based only on negative depletion of normal cells. We recently demonstrated
that this optimized method is able to obtain an average 5.66 log10 enrichment of CTCs in the
blood of patients with head and neck cancer.22 In this initial study, we sought to determine
the clinical significance of CTCs with regard to disease-free survival in patients with
SCCHN and present our prospective clinical follow-up to this point.

METHODS
BLOOD SAMPLES

After obtaining informed consent for participation in this institutional review board–
approved study, blood samples of 10 to 18 mL were drawn from patients at the time of
surgery for SCCHN at the James Cancer Hospital and Solove Research Institute at The Ohio
State University, Columbus. Blood samples, collected in green-top BD Vacutainer tubes
(BD Vacutainer Systems, Franklin Lakes, New Jersey), were stored at 4°C until processing,
which occurred within 24 hours after procurement. Operators were blinded to all clinical and
histopathological correlative information during the sampling and analysis process.

NEGATIVE DEPLETION METHOD
The optimized enrichment process has been previously presented (Yang et al22 and
Balasubramanian et al23) and will only be summarized here. First, the blood sample was
subjected to an RBC lysis step, followed with labeling using anti-CD45, tetrameric antibody
complex (TAC; Stem Cell Technologies, Vancouver, British Columbia, Canada), and
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dextran-coated magnetic nanoparticles. The immunomagnetically labeled cells were then
passed through our optimized magnetic deposition sorting system to deplete a majority of
the peripheral blood leukocytes and obtain an enriched sample containing the CTCs. The
enriched sample containing the suspended CTCs was then divided into multiple aliquots;
one of these was subjected to a cytospin for immunocytochemistry staining, and a second
aliquot was lysed to obtain RNA for further molecular analysis. An outline of the techniques
performed is shown in Figure 1.

IMMUNOCYTOCHEMISTRY
The cytospin was obtained using a Shannon cytospin instrument (Thermo Scientific,
Pittsburgh, Pennsylvania) and fixed in 1% formaldehyde for 10 minutes. For the
immunostaining, a 1:10 dilution of the anticytokeratin fluorescein isothiocyanate conjugated
(FITC) antibody CK3-6H5 (MiltenyiBiotec, Auburn, California), which recognizes
cytokeratin 8, 18, and 19, was applied to the cytospin and incubated at 37°C for 30 minutes
in a humidity chamber. Next, the slide was washed in phosphate-buffered saline 3 times for
5 minutes each time and air dried. The air-dried slides were mounted in Vectashield
mounting medium with 4,6-diamidino-2-phenylindole (DAPI) (Vector Laboratories,
Burlingame, California). Slides were observed on a Nikon fluorescent microscope (Nikon
Corp, Tokyo, Japan), equipped with filters for DAPI and FITC emissions. Following the
published criteria used by Partridge et al24 and Riethdorf et al19 to identify a CTC, the cell
must (1) be double positive for FITC and DAPI staining; (2) have an intact membrane; and
(3) have a high nuclear to cytoplasmic ratio and be as large, or larger when compared with
surrounding peripheral blood leukocytes; and (4) be negative for CD45-PE. In our current
system, criteria 4 is indirect, since we are magnetically labeling the CD45-positive
lymphocytes with the TAC complex and magnetically removing them; therefore, it is
assumed that the cells remaining are not CD45 positive. Figure 2 shows a representative
photograph of this technique described in our previously published work: (A) bright field
microscopy, (B) filters appropriate for FITC (anti–pan-cytokeratin, green cytoplasm), (C)
filters appropriate for DAPI stain (nuclei blue), and (D) combined image of (B) and (C).22

The final concentration of CTCs per milliliter of peripheral blood was calculated using the
number of CTCs on the cytospin using appropriate dilution factors during the negative
depletion process.

INCLUSION/EXCLUSION CRITERIA AND DATA ANALYSIS
The inclusion criteria for patients in this study and prospective clinical follow-up were the
following: (1) final pathological diagnosis of SCCHN, (2) successful enrichment (after RBC
lysis, depleting nucleated cells by at least 1 log10 enrichment), and (3) clinical follow-up
data exist. Without a high level of enrichment, the ability to detect CTCs can be
questionable. The use of this criteria resulted in exclusion of the following: 2 samples for
less than 1 log10 enrichment, 2 samples for non-cancer-related mortality (ie, perioperative
myocardial infarction), 2 samples with non-SCCHN on final pathological analysis, and 5
samples owing to failure of patient to follow-up after the surgery. Statistical analysis was
performed with the log-rank test for Kaplan-Meier survival plots and the χ2 and t tests for
calculation of P values as given in the Table.

RESULTS
Following the inclusion and exclusion criteria previously described, we are reporting the
follow-up data of 48 patients. The mean (SD) prospective time of follow-up for patients not
presenting with a recurrence or cancer-related mortality was 19.0 (10.1) months (range, 2–
38 months); clinically detectable recurrences were seen as early as 2 months after the blood
sample was drawn. The mean (SD) total cell enrichment was 5.32 (0.61) log10 (range, 4.15–
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7.11 log10), and the mean (SD) nucleated cell enrichment was 2.53 (0.70) log10 (range,
1.41–4.35 log10). A summary of patient characteristics including age, sex, tumor site, overall
stage, nodal status, adjuvant therapy, smoking, and alcohol use is provided in the Table;
there were no significant differences between these 2 groups. In addition, 9 of 46 patients
(20%) had microscopically positive surgical margins on final pathologic analysis of the
primary tumor, and therefore adjuvant therapy with chemoradiation was recommended.
Only 1 patient was not compliant with completing chemoradiation therapy, and this patient
developed progression of locoregional disease. Of the remaining 8 patients, 4 (50%) with
positive microscopic margins had no evidence of disease during follow-up.

The distribution of CTCs per milliliter of blood in our patients with SCCHN is shown in
Figure 3. From these data, a Kaplan-Meier survival plot was made with respect to the
probability of disease-free survival as a function of months after the initial sample was taken
for 2 groups: patients with no CTCs detected (group A) and patients with greater than 0
CTCs/mL of blood (group B). This plot is presented in Figure 4A, which shows improved
disease-free survival in patients with no CTCs present (P= .01). Of particular note, we
observed no instances of cancer recurrence or disease-related mortality in patients with no
detectable CTCs. Refining the data into 3 groups (A, no CTCs; B, >0 to <25 CTCs/mL
peripheral blood; and C, ≥25 CTCs/mL peripheral blood), we observed that those patients
with a higher number of CTCs were more likely to have a worse clinical outcome (P= .04)
(Figure 4B).

COMMENT
This study has shown that the visually confirmed presence of CTCs in the peripheral blood
of patients with SCCHN, using a high-performance negative depletion technique, was
predictive of disease recurrence and/or cancer-related mortality (P= .01). The absence of
CTCs may be promising as an indicator for disease-free survival and continued prospective
follow-up on these patient outcomes is needed. Furthermore, the concentration of CTCs
(number of CTCs per milliliter of blood) may be suggestive of outcome as shown in Figure
4B. A study by Cristofanilli et al18 on 177 patients with meta-static breast cancer concluded
that the number of CTCs was an independent predictor of progression-free survival as well
as overall survival. Similarly, Partridge et al,24 in a study on samples of bone marrow and
central venous blood, collected preoperatively or postoperatively from patients with head
and neck cancer, concluded that detection of disseminated tumor cells before or during
surgery indicated a high risk of local and distant recurrence and reduced survival.

Partridge et al,24 as with our study, used a negative enrichment approach prior to
immunocytochemistry or reverse transcriptase–polymerase chain reaction analysis of the
blood samples. Unfortunately, they did not report the level of enrichment (in our case, log10
depletion). In our experience, establishing a minimum level of log10 depletion as a threshold
prior to analysis is critical. If insufficient enrichment is achieved, CTCs may not be
identified by visual inspection of cytospins. Tong et al25 experimentally demonstrated
specifically that the final purity needed for a positive detection of a spiked cancer cell into
human blood ranged from 1 cancer cell in 103 total nucleated cells to 1 cancer cell in 105

total nucleated cells. Our nucleated cell enrichment had a mean (SD) of 2.56 (0.64) (range,
1.41–4.35).

In our study, it is interesting to note the significantly higher probability of disease-free
survival of patients with no detectable CTCs. As indicated in the Table, there were patients
in overall stages 1 to 4 in both groups. It was interesting to note that the presence of CTCs
did not correlate with other prognostic indicators such as the presence of nodal metastasis
(including specific N staging) or overall stage, suggesting that CTCs are a potentially
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independent poor prognostic risk factor for SCCHN. Certainly, further prospective data
collection and additional patient enrollment are necessary to determine the independent
prognostic role of CTCs in SCCHN.

A legitimate criticism of this work is whether false-positive results can occur from non-
CTCs staining positive for the anti–pan-cytokeratin antibody used in this study. It has been
suggested that illegitimate expression of cytokeratin genes could lead to such a situation, so
the morphological assessment of the cell is of critical importance to differentiate a CTC
from a hematopoietic cell.24 Interestingly, it has been demonstrated in a microarray study of
866 leukemia and lymphoma cases, that 1.5% of B- or T-cell lymphomas had aberrant
cytokeratin expression; cytokeratin expression was not found in acute leukemias.26 All of
the patients in this study have been independently diagnosed as having SCCHN (none of the
48 patients had lymphoma); yet only 70.8% of the patient samples were positive for CTCs
based on visual inspection and positive for the binding of anticytokeratin antibody.
Therefore, not all patients with cancer have detectable cytokeratin-positive cells in their
blood. If cytokeratin-positive cells (based on the binding of the anti–pan-cytokeratin
antibody) are present in normal blood, one would expect a much higher percentage of
patients with these positively stained cells.

Our overall enrichment method and staining protocol is based on a previously published
study, which used 2 squamous cell carcinoma cell lines spiked into buffy coats purchased
from the American Red Cross. Specifically, more than 38 enrichments were conducted in
which the final samples were visually counted for final number of total cells and spiked
cancer cells using the staining protocol in this study. Because these spiked cancer cells were
larger than typical peripheral blood leukocytes with noticeably larger nuclei and bright
cytokeratin staining, there was no ambiguity in visual observations between leukocytes and
cancer cells. In all of those visually identified samples, the only positively stained
cytokeratin cells were the larger cells with large nuclei. We never observed a peripheral
blood leukocyte or any other cell type that stained with the anticytokeratin antibody.25 We
have also conducted our enrichment and staining protocol on blood samples from 10 healthy
donors, which demonstrated no cytokeratin-positive cells.

An important advantage to the negative depletion technique can be demonstrated by 2
specific patients in this study. A 58-year-old woman with a notable smoking and alcohol
consumption history, who had 2 simultaneous cancers, lung and supraglottic laryngeal, was
found to have 29.4 CTCs/mL of blood. This patient had only a diagnostic biopsy performed,
and she had evidence of distant metastasis at the time of blood sampling. This was the only
patient included in this study who did not have an open surgical procedure because there
was evidence of meta-static disease. Another patient, a 63-year-old man, with recurrent
laryngeal cancer, who was found to have a lung cancer several months after total
laryngectomy, had 529.7 CTCs/mL of blood. When such cancers share risk factors (ie,
smoking), while rare, this situation can occur.

In our study, 35 patients (73%) had at least a 15 pack-year smoking history, and 24 patients
(50%) had at least a moderate-heavy alcohol consumption (10–20 drinks per week). Given
such clinical scenarios, the characterization of CTCs is confounded because there could be
the possibility of different cancers producing their own populations of CTCs. In this
situation, only a negative depletion technique, like the one we present, does not instill bias
for a specific type of cancer (ie, cancer that expresses EpCAM) as does a positive selection
technique, and it allows for multimarker analysis on the same CTCs. We are currently
advancing such techniques to investigate the use of multimarker confocal microscopy and
further delineate multiple populations of CTCs, including markers that are not typically
associated with epithelial cells.22
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The patients in this study are being followed up prospectively, and there are still many
unanswered questions regarding the biological basis and role of CTCs in SCCHN. This
article highlights our initial clinical results, but we do not yet know what the long-term
follow-up of these patients will yield. Unfortunately, compliance and follow-up in this
patient population can be a limitation; of this initial group of patients, 5 have failed to return
to follow-up examination since their surgery. We continue prospective long-term follow-up
of all of the patients in this study, with the ultimate goal being to incorporate CTC
identification into the management of patients with SCCHN.

CONCLUSIONS
We have previously published a technique for the identification of CTCs in the blood of
patients with SCCHN,22 and this is our first clinical report of patient outcomes. From a
clinical standpoint, to date, with a mean overall follow-up of 19.0 months, improved
disease-free survival was seen in patients with no detectable CTCs (P=.01); increasing
numbers of CTCs also correlated with worse prognosis (P= .04). Interestingly, there was no
association between stage or nodal status and presence of CTCs.

This is an ongoing study, and we plan to continue to accrue patients to expand our
knowledge of CTCs in SCCHN. Further prospective follow-up on these patients will
ultimately determine the long-term significance of CTCs and their potential role. Further
genetic analysis of CTCs, including real-time polymerase chain reaction, may identify
molecular changes to characterize CTCs relative to the primary tumor. The development of
a prognostic blood test is of critical importance to improve clinical outcome in patients with
SCCHN.
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Figure 1.
Overall circulating tumor cell enrichment process.
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Figure 2.
Circulating tumor cell (CTC) immunocytochemistry technique. A, Light microscopy; B,
cytokeratin (cytoplasm stains green); C, DAPI (4,6-diamidino-2-phenylindole) (nucleus
stains blue); and D, combined cytokeratin and DAPI with high nuclear to cytoplasmic ratio
(defined a CTC) (original magnification ×200 for all images). Reprinted with permission
from Yang et al.22
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Figure 3.
Distribution of circulating tumor cells (CTCs) per milliliter in peripheral blood of patients
with squamous cell carcinoma of the head and neck.
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Figure 4.
Kaplan-Meier disease-free survival plot with regard to the presence or absence (A) and
number (B) of circulating tumor cells (CTCs) in peripheral blood. DFS indicates disease-
free survival.
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Table

Patient Characteristics Including Age, Sex, Tumor Site, Overall Stage, Nodal Status, Adjuvant Therapy,
Smoking, and Alcohol Use

Characteristic

Patients (N = 48)

P ValueCTCs Present (n = 34 [71%]) No CTCs Present (n = 14 [29%])

Age, range, y 62.1 59.5 .57

Men/women, % 62/38 79/21 .26

Smoking ≥ 15 P-Y, No. (%) 26 (77) 9 (64) .39

EtOH, moderate, No. (%) 17 (50) 7 (50) >.99

Follow-up, mean, mo 19.1 18.9 .17

Tumor site, No. (%) .50

 Oral cavity 19 (56) 6 (40)

 Oropharynx 6 (18) 4 (27)

 Larynx 8 (24) 4 (27)

 Hypopharynx 1 (3) 1 (7)

Overall stage, No. (%) .98

 1 3 (9) 1 (7)

 2 9 (27) 4 (29)

 3 6 (18) 3 (21)

 4 16 (47) 6 (43)

Pathological nodal involvement, No. (%) 13 (41) 6 (60) .42

Adjuvant therapy, No. (%) 21 (62) 9 (64) .87

Nucleated cell log depletion, mean (SD), log10 2.53 (0.70) 2.57 (0.63) .85

Total cell log depletion, mean (SD), log10 5.32 (0.61) 5.31 (0.64) .98

Abbreviations: CTCs, circulating tumor cells; EtOH, ethanol; P-Y, pack-years.

Arch Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2013 August 12.


