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Abstract

Introduction
Oral squamous cell carcinoma (OSCC) is the fourth
leading cancer behind lung, breast, and colon carcinoma
and the eighth leading cause of cancer-related death worldwide (1, 2). It is the most frequent histologic type representing approximately 95% of head and neck cancer. The
estimated incidence worldwide is approximately 550,000
cases and almost 50% of the patients die of the disease (3).
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Purpose: Current staging methods for squamous cell carcinomas (SCC) of the oral cavity (OSCC)
need to be improved to predict the risk of individual patients. Because hematogenous tumor cell
dissemination is a key event in tumor progression, we assessed the prognostic significance of disseminated tumor cells (DTC) in bone marrow and circulating tumor cells (CTC) in peripheral blood from
patients with OSCC.
Experimental Design: From 110 patients with OSCC, tumors were surgically resected (R0) without
neoadjuvant therapy. The CellSearch system was used to enumerate CTCs. Bone marrow was aspirated from
the iliac crest, and mononuclear cells (MNC) were enriched by Ficoll density gradient centrifugation. To
detect DTCs, MNCs were immunostained with the pan-keratin antibody A45-B/B3. Results were correlated
with clinicopathologic parameters and clinical outcome such as recurrence and death during follow-up time
(mean 916 days).
Results: Ten of 80 patients (12.5%) harbored CTCs in peripheral blood, whereas in 18 of 90 patients
(20.0%) DTCs in bone marrow could be detected. Surprisingly, in only 2 patients (1.8%) CTCs and DTCs
were detected simultaneously. Significant correlations could be found for CTCs and tumor size (P ¼ 0.04),
nodal status and DTCs (P ¼ 0.02), and distant metastasis with CTCs (P ¼ 0.004) and DTCs (P ¼ 0.005).
Univariate and multivariate analyses revealed that CTCs and DTCs were significant and independent
predictors of recurrence-free survival (P < 0.001).
Conclusions: Both DTCs and CTCs are independent prognostic markers in patients with OSCC,
predicting relapse with higher sensitivity at various disease stages than routine staging procedures. Bone
marrow might be an interesting target organ for future therapeutic interventions. Clin Cancer Res; 20(2);
425–33. 2013 AACR.

Only about one third of the patients present with early-stage
disease (Unio Internationale Contra Cancrum, UICC, stage
I–II), whereas two thirds show already advanced disease
(UICC stage III–IV) with poor outcome. The prognosis of
patients suffering from head and neck SCC (HNSCC)
remains poor and the risk to develop local relapse is higher
than 50%. Furthermore, the development of distant metastasis occurs in 15% to 25% of the patients (4, 5). The most
important prognostic indicator for relapse of OSCC is the
presence of metastatic spread to lymph nodes in the neck. In
this case, the incidence of distant metastases can be as high
as 50% (6–9).
Despite improvements in diagnosis and therapeutic concepts the 5-year overall survival rate has not improved
significantly over the last 25 years and remains stable
around 56% (10, 11). One reason is a change in the pattern
of clinical disease with fewer cases suffering from locoregional relapse, but more patients develop distant metastases, which are an increasing cause of morbidity and mortality (12).
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Translational Relevance

Over the past 20 years, the presence of disseminated
tumor cells (DTC) in bone marrow has been shown to be
a putative prognostic indicator for patients with various
kinds of solid epithelial tumors, including HNSCC, and
thus have been part of extensive scientific research (13).
Previous studies on bone marrow samples from patients out
of the heterogeneous group of HNSCC—including oral,
pharyngeal, laryngeal, and skin squamous cell carcinomas
(SCC)—revealed a positive correlation of DTC detection to
relapse and metastases (14).
However, because repeated and sequential bone marrow
analyses are only possible in selected patients during followup observations, analysis of peripheral blood has become a
promising alternative to investigate tumor cell dissemination (15). Especially for patients with metastatic carcinomas, the presence of circulating tumor cells (CTC) in
peripheral blood is associated with a worse prognosis
(16–18). In only a limited number of mainly breast cancer
studies the presence of DTCs in the bone marrow and
peripheral venous blood in the same patients was analyzed
and all of these studies displayed discrepancies in positivity
rates up to approximately 85% overlap (19), suggesting that
the detection of CTCs provides complementary information to bone marrow analysis.
As recent studies suggested, CTCs might be an interesting
independent prognostic marker in HNSCC as well (20, 21).
Interestingly, the clinical behavior and outcome of tumors
in the oral cavity is distinct from those of the oropharynx
and other HNSCC. Briefly, surgical resection is the primary
treatment for OSCC, whereas the preferred treatment with
primary radiotherapy, (induction-) chemotherapy, and/or
targeted therapy for laryngeal or nasopharyngeal SCCs
depending on stage is under discussion (22, 23). A clear
understanding of the anatomy and knowledge of clinical
behavior and spread patterns of OSCC are essential to
make a meaningful contribution to the treatment of these
patients and might allow more accurate staging and
selection of patients for whom new target therapies are
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Patients and Methods
Patients
The present study was approved by the Medical Ethical
Committee (Hamburg, Germany) and complies with the
principles laid down in the Declaration of Helsinki. All
subjects gave informed consent to the work. Of note, 110
patients (36 female, 74 male; ages 40–83 years; arithmetic
mean 54.7 years) were investigated with histologically
diagnosed SCC of the oral cavity (Table 1). Tumor size,
locoregional spread, and distant metastases were determined according to the tumor-node-metastasis classification. Therefore, staging examinations included computed
tomography (CT) scan of the head and neck and dependent
on stage either X-ray of the lung and ultrasound of the
abdomen for UICC 1þ2 patients or CT scan of the thorax
and abdomen in case of UICC 3þ4. Only patients without
neoadjuvant therapy were included in the study. All patients
underwent primary surgical treatment for removal of the
tumor with tumor-free resection margins (R0 resection)
between 2006 and 2011 and depending on stage with
subsequent radiotherapy and/or chemotherapy. The
human papilloma virus (HPV) status could be examined
in 54 patients and revealed positive results in 4 cases (7.4%,
HPV-16) without any statistical association to clinicopathologic parameters, overall or disease-specific survival and
CTC/DTC findings.
Bone marrow aspirates from the iliac crest and blood
samples were taken before surgery after written informed
consent. In total, we received 90 samples of bone marrow
aspirates and 80 blood samples. In 17 cases we had the
consent of the patient of solely taking the blood sample and
in 30 patients we were only allowed to aspirate bone
marrow and in 61 cases we had both. During follow-up,
patients initially were investigated every 3 months and after
30 months every 6 months up to 5 years.
Detection of CTCs in peripheral blood
Capturing and enumeration of CTCs from peripheral
blood was performed with the CellSearch system (Veridex;
refs. 16, 24). Samples (7.5 mL) were collected in CellSave
tubes (Veridex) and stored or shipped at room temperature. The CellSearch system consists of an automated
instrument for capturing and immunostaining of CTCs
(AutoPrep; Veridex), and a semiautomated fluorescence
microscope for scanning and visualizing of the results
(CellSpotter Analyzer; Veridex). Blood samples were
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Current staging methods for oral squamous cell carcinomas (OSCC) need to be improved to detect early
metastatic spread and clarify the individual need of
therapeutic interventions. This study indicates that circulating tumor cells/disseminated tumor cells (CTC/
DTC) detected in patients with OSCC serve as prognostic
markers, predicting relapse at various disease stages
supplementary to routine staging procedures. Interestingly, there was little overlap between tumor cell detection in the peripheral blood and bone marrow, indicating that both compartments offer complementary diagnostic information on tumor cell spread in patients with
OSCC. These findings point to the potential future utility
of drugs targeting DTCs in bone marrow and CTCs in
blood of patients with OSCC.

an option. Thus, systemic spread of tumor cells implies
systemic therapy and not only local radiotherapy. Therefore, it is indispensible to detect patients suffering from
systemic tumor spread to expand the indication for systemic therapy.
The aim of the present study was to assess both, DTCs in
bone marrow and CTCs in peripheral blood of patients
suffering from OSCC, and to correlate these findings with
the size of the tumor (T-stage), locoregional spread (Nstage), distant metastases (M-stage), UICC-stage, and the
prognosis (recurrence and survival) of these patients.

Prognostic Relevance of CTCs and DTCs in patients suffering from oral squamous cell carcinomas

Table 1. Patient characteristics
Variables

N

processed with the CellSearch Epithelial cell Kit (Veridex).
DAPI (40 ,6-diamidino-2-phenylindole) and cytokeratinpositive, but CD45-negative cells with a diameter of at
least 4 mm were designated epithelial cells as surrogate for
tumor cells (Fig. 1A; refs. 16, 24).
Detection of DTCs in bone marrow
Bone marrow aspiration from the upper iliac crest
during primary surgery, enrichment of mononuclear cells
(MNC) by Ficoll density gradient centrifugation, preparation of cytospins, and immunostaining were performed
as described elsewhere (25–27). Nucleated cells that
expressed a common epitope of various keratins, including keratins 8, 18, and 19, as demonstrated by positivity
for the pan anti-keratin antibody A45-B/B3 (mouse IgG1;
AS Diagnostics; Fig. 1B), were counted as DTCs. After
incubation of two million aceton–fixed MNCs from each
patient with blocking serum (Biotest; diluted 1:10 in PBS)
for 20 minutes, incubation with A45-B/B3 (2 mg/mL in
PBS solution with 10% AB serum) was performed. A
polyclonal rabbit anti-mouse antibody (DAKO) and a
mouse alkaline phosphatase–anti-alkaline phosphatase
antibody (DAKO) served as secondary and tertiary antibodies, respectively. Visualizing of A45-B/B3–positive
cells was facilitated by a red color reaction involving
New Fuchsin, naphtol-AS biphosphate and levamisole.
Finally, nuclei were counterstained with hematoxylin
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Total
110 (100%)
Gender
Male
74 (67.3%)
Female
36 (32.7%)
Age, y
<60
64 (58.2%)
>60
46 (41.8%)
Tumor size
pT1
29 (26.3%)
pT2
32 (29.1%)
pT3
21 (19.1%)
pT4
28 (25.5%)
Nodal status
pN0
55 (50.0%)
pN1
23 (20.9%)
pN2a–c
29 (26.4%)
pN3
3 (2.7%)
Distant metastases
M0
85 (77.3%)
M1
9 (8.2%)
MX
16 (14.5%)
Postoperative treatment
None
45 (40.9%)
Radiotherapy
21 (19.1%)
Radiotherapy þ concurrent chemotherapy
44 (40.0%)

(Mayer’s hemalaun solution; Merck) and subsequently
the slides were mounted in Kaiser’s glycerine–gelatin
(Chroma Gesellschaft Gmbh). Stained slides were automatically screened for A45-B/B3–positive cells by the
ACIS system (Chromavision). The criteria for categorization as DTCs were described elsewhere (25, 27, 28). These
cells have to be keratin-positive with an enlarged nucleus
or high nuclear to cytoplasmic ratio. Also defect suspicious tumor cells were counted. No immunostained cells
with such morphology should be detected in the corresponding negative controls (MOPC-21; Sigma Chemical)
monoclonal antibody lacking any known reactivity for
human cells at the same concentration as the A45-B/B3
antibody was used (25). All A45-B/B3–positive cells
were evaluated by 2 experienced readers, independently
and discrepant results were discussed until consent was
reached.
Statistical analysis
The acquired results were statistically analyzed using the
computer program "R," version 2.15.2. P values shown were
estimated by using the c2 test. Descriptive statistics were
used for baseline characteristics of the patients and potential
associations between the CTCs/DTCs and clinicopathologic
parameters were evaluated. Survival curves for disease-free
and overall survivals of the patients were plotted using the
Kaplan–Meier method and analyzed using the log-rank test.
A Cox model was calculated and the HRs were presented as
95% confidence interval (CI). The overall survival was
computed as the time period from the date of surgery to
either the date of death or last follow-up, whichever
occurred first. The disease-free survival was defined as the
time period from the date of surgery to the date of recurrence
or last follow-up, whichever occurred first. Patients alive or
dead without recurrence at the last follow-up dates were
censored. Cox regression hazard model was used for multivariate analysis to assess the independent influence of
CTC/DTC and other covariates on tumor recurrence and
overall survival. Results are presented as HR with 95% CI.
Significant statements refer to P values of two-tailed tests
that were P < 0.05.

Results
Correlation of the presence of CTCs to
clinicopathologic parameters, relapse, and survival
In total, 110 patients were enrolled in the present study.
Patients with MX stadium did not agree to the whole set of
staging examinations, so the M status was initially
unknown. Patients with an initial M1 status suffered from
metastases in either the lung or liver. During the follow-up
period, 91 patients (82.3%) emerged no relapse of the
disease, whereas the remaining 19 patients (17.7%) developed a locoregional relapse. Patients were visited every third
month after therapy for 30 months and every sixth month
for another 30 months to reach a follow-up period of 5 years
in total. Mean follow-up time of our patient samples was
30.1 months with a minimum of 0.2 months and a maximum of 178.7 months (median 19.7 months).
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We analyzed peripheral blood samples from 80 patients.
CTCs could be detected in 10 of 80 patients (12.5%; Fig.
1A), and cell counts ranged between 1 and 14 CTCs per 7.5
mL (mean: 3.2 CTCs/7.5 mL). Results of DTC and CTC
detection in relation to clinicopathologic parameters are
summarized in Table 2. Advanced tumor sizes (pT, P ¼
0.04) and distant metastasis (M, P ¼ 0.004) significantly
correlated with the detection of CTCs (Table 2, P values as
indicated).
No statistically significant correlation (c2 test) could be
found between the detection of CTCs and nodal status
(pN, P ¼ 0.97) and UICC stadium (P ¼ 0.71 as indicated
in Table 2).
Figure 2A demonstrates the association of CTC detection and the occurrence of locoregional relapses using
Kaplan–Meier analysis. The cohort analyzed included 65
acquired patients. All patients who died during follow-up
without a recurrence were excluded from the analysis,
resulting in the definition of recurrence-free survival.
Within the group of 10 patients with CTCs, 5 patients
(50.0%) developed a locoregional relapse, whereas such
relapse was only observed in 6 (8.6%) of 70 patients
without CTCs. Detection of CTCs had a significant impact
on reduced relapse-free survival both in the univariate
and multivariate analysis (P < 0.001), including the
presence of CTCs, DTCs, T-stage, N-stage, and M-stage.
In the subgroup of 19 patients (17.3%) with a locoregional relapse during the follow-up period, 7 patients
(36.8%) were CTC-positive, whereas only 3 patients
(3.3%) were CTC-positive in patients without relapse
(n ¼ 91; P ¼ 0.0003).
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No statistically significant correlation (c2 test) could be
found between the detection of CTCs and overall survival of
the patients (P ¼ 0.69; data not shown), neither had the
postoperative treatment modality (none, radiotherapy,
concomitant radiotherapy/chemotherapy) any significant
effect on locoregional relapse during follow-up (data not
shown). Also, we found no correlation between the number
of CTCs and the time to relapse or death (P ¼ 0.29 for
relapse and P ¼ 0.37 for death), i.e., earlier relapse or death
was not observed with increasing CTC numbers.
Next, we performed a multivariate analysis according to
the Cox proportional hazard model using CTCs, DTCs,
tumor size, lymph node status, and distant metastases
because these parameters were statistically significant in
our univariate analysis for relapse-free survival.
The presence of CTCs was found to be the strongest
independent predictor of locoregional tumor relapse, even
if patients with distant metastasis (M1) at diagnosis were
excluded from the analysis (P ¼ 0.027). The OR for CTCpositive patients was 56.06 with P ¼ 0.01.
Correlation of the detection of DTCs to
clinicopathologic parameters, relapse, and survival
Eighteen of 90 patients (20%) displayed DTCs in their
bone marrow (Fig. 1B). DTC numbers varied from 1 to 27/2
 106 MNC (3.2 DTCs/2  106 MNC in mean).
Interestingly, the detection of DTCs correlated both
significantly with a locoregional progressive disease (cervical lymph node involvement) and the presence of
distant metastases (pN, P ¼ 0.02 and M, P ¼ 0.005,
respectively; Table 3).
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Figure 1. Presentation of selected
CTCs detected in peripheral blood
(A) and DTCs detected in bone
marrow (B). A, image gallery
presenting ﬁve CTCs detected
by the CellSearch-system: DAPIand keratin (PE, phycoerythrin)positive, but CD45 (APC,
allophycocyanin)-negative cell
with a diameter of at least 4 mm.
B, nucleated cells that express
keratins as demonstrated by
positivity for the pan anti-keratin
antibody A45-B/B3 (red).
Counterstaining of nuclei by
hemalaun (blue).

Prognostic Relevance of CTCs and DTCs in patients suffering from oral squamous cell carcinomas

Table 2. Correlations of tumor parameters and
CTC
Variables

CTC-negative CTC-positive

Total (n ¼ 80)
70 (87.5%)
T1 (n ¼ 24)
23 (95.8%)
T2–T4 (n ¼ 56) 47 (83.9%)

P

10 (12.5%)
1 (4.2%)
9 (16.1%)

0.04a

33 (86.8%)
17 (85.0%)
19 (90.5%)
1 (100%)

5 (13.2%)
3 (15.0%)
2 (9.5%)
0

0.97

M0 (n ¼ 67)
M1 (n ¼ 5)
MX (n ¼ 8)

61 (91.0%)
1 (20.0%)
8 (100%)

6 (9.0%)
4 (80.0%)
0 (0%)

0.004a

UICC I (n ¼ 15)
UICC II (n ¼ 10)
UICC III (n ¼ 27)
UICC IV (n ¼ 28)

14 (93.3%)
9 (90.0%)
22 (81.5%)
25 (89.3%)

1
1
5
3

a

(6.7%)
(10.0%)
(18.5%)
(10.7%)

0.71

Statistically signiﬁcant.

Of the 19 patients with a locoregional relapse during
follow-up, 9 (47.4%) were detected DTC-positive. In contrast, in only 10 (11%) of 91 patients without any signs of
relapse DTCs were found. On the other hand, 9 patients
(8.2%) developed a pulmonary distant metastatic relapse,
of whom 5 patients (55.6%) were DTC-positive and 4
patients (44.4%) had no DTCs. The results of the
Kaplan–Meier analysis were statistically significant for the
locoregional relapse (P < 0.01) as well as the distant metastatic relapse (P < 0.001, as indicated in Fig. 2B and C) and
in addition the result remains statistically significant after
excluding all patients (n ¼ 4) from the analysis (P < 0.001).
Again, all patients who died during follow-up without a
recurrence were excluded as defined for relapse-free
survival.
In univariate analysis (c2 test), we did not observe statistical correlations between DTC detection and overall
survival (P ¼ 0.34), size of the tumor (pT, P ¼ 0.16), and
UICC-stadium (P ¼ 0.18; Table 3). Also, the postoperative
adjuvant treatment modalities revealed only a statistically
tendency but no significant results on locoregional relapse
(data not shown). Furthermore, the number of DTCs had
no impact on the time to relapse or death (P ¼ 0.18 and P ¼
0.19, respectively).
Performing the multivariate analysis according to the Cox
proportional hazard model (Fig. 3), the presence of DTCs
was also found to be the strongest independent predictor of
locoregional tumor relapse and additionally of metastatic
relapse. The OR for DTC-positive patients was 49.13 with
P ¼ 0.004. Similar to the presence of CTCs, DTCs (OR, 0.64;
P ¼ 0.76) were not significantly correlated with the overall
survival of the patients.
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N0 (n ¼ 38)
N1 (n ¼ 20)
N2a–c (n ¼ 21)
N3 (n ¼ 1)

Lack of correlation between detection of CTCs and
DTCs
In 61 patients, we were able to analyze both blood and
bone marrow samples. Surprisingly, we did not find a
correlation between the presence of CTCs and DTCs (P ¼
0.68). Within this cohort, only 2 patients presented with
positive results for both CTCs and DTCs. Interestingly, both
patients developed a locoregional relapse during follow-up
after 2 months and 2 years, respectively. One patient suffered from a progressive disease with a pT4 local tumor and
regional tumor spread (pN2) without any signs of distant
metastases. The other patient presented with a pT2 tumor
without locoregional or distant tumor spread (pN0 and
M0) after staging examinations. On the other hand, only 6
patients (6.6%) with locoregional tumor relapse were negative for either CTCs or DTCs.
We subsequently analyzed the prognostic value of combined CTC/DTC detection and had a statistically significant
association between the combination of CTCs and DTCs
and recurrence-free (P < 0.001) but not overall survival (P ¼
0.99; data not shown).

Discussion
The aim of the present study was to examine DTCs and
CTCs in a rather homogenous group of patients with OSCC.
Our key finding is the strong and independent prognostic
impact of CTC and DTC detection for disease-free survival,
which outperformed current prognosticators.
Data about CTC detection with the CellSearch system in
patients with head and neck cancer have already been
published; however, patient cohorts were heterogeneous
with SCCs of different subanatomical regions, including
hypo- and oropharyngeal cancer (29, 30). Interestingly,
absence or disappearance of CTCs during therapy was
shown to be associated with partial or complete response
to therapy (29). Furthermore, similar to our findings, CTCs
were more frequently detected in patients with advancedstaged tumors (T4 vs. T1–3; 29) and positivity rates were
comparable between these and our studies.
In our study, 18 patients (20%) exhibited DTCs in the
bone marrow, whereas 10 patients (12.5%) were detected
positive for CTCs in the peripheral blood, which is in
accordance to literature data (14, 21). Expecting ubiquitous
spread of occult tumor cells, peripheral blood should be an
excellent compartment to detect these cells ("liquid biopsy"). However, similar to patients with breast cancer we
detected a higher frequency of bone marrow–positive aspirates than peripheral blood–positive samples (31). The
half-life of CTCs in the circulation with 1 to 2 hours seems
to be short (32) and hence many CTCs rapidly undergo
apoptosis (33). Interestingly, there was no significant correlation between the detection of CTCs and the presence of
DTCs (P ¼ 0.68) in our patient cohort, suggesting that both
analyses provide, therefore, complementary results.
In the present study, our follow-up evaluation and statistical analysis demonstrated a significant correlation
between positivity for DTCs or CTCs and the subsequent
development of recurrent disease. But we found no further
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Figure 2. Correlation of CTC and DTC detection with time to locoregional or metastatic relapse. A, time to locoregional relapse by CTCs; P < 0.001. B, time to
locoregional relapse by DTCs; P < 0.001. C, time to metastatic relapse by DTCs; P < 0.001.

association between the number of CTCs/DTCs and the
time to relapse or death, possibly due to the small sample
size of 10 and 18 patients, respectively, detected positive for
CTCs or DTCs. These findings are consistent even if patients
with metastatic disease at the time of diagnosis were excluded from the analysis and compatible to other studies
(14, 34, 35) examining, however, a more heterogeneous
group of patients with HNSCC. Our present study is, there-
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fore, the first report on the prognostic value of CTCs and
DTCs in a homogeneous group of patients with OSCC,
which is of high clinical relevance. Thus, the detection of
DTCs/CTCs might serve as a prognostic tool providing a
more accurate individual risk profile of the single patient
with higher sensitivity at various disease stages than routine
staging procedures. Overall survival of the patients seems to
be independent from CTC/DTC detection possibly due to a
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Number
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Prognostic Relevance of CTCs and DTCs in patients suffering from oral squamous cell carcinomas

Table 3. Correlations of tumor parameters and
DTC
Variables

P

DTC-positive

Total (N ¼ 90)
T1 (n ¼ 30)
T2 (n ¼ 25)
T3 (n ¼ 14)
T4 (n ¼ 21)

72 (80.0%)
24 (80.0%)
21 (84.0%)
13 (92.9%)
14 (66.7%)

18 (20.0%)
6 (20.0%)
4 (16%)
1 (7.1%)
7 (33.3%)

0.16

N0 (n ¼ 44)
N1 (n ¼ 22)
N2a–c (n ¼ 21)
N3 (n ¼ 3)

37 (84.1%)
20 (90.9%)
12 (57.1%)
3 (100%)

7 (15.9%)
2 (9.1%)
9 (42.9%)
0

0.02a

M0 (n ¼ 73)
M1 (n ¼ 6)
MX (n ¼ 11)

60 (82.2%)
2 (33.3%)
10 (90.9%)

13 (7.8%)
4 (66.7%)
1 (9.1%)

<0.01a

UICC I (n ¼ 22)
UICC II (n ¼ 10)
UICC III (n ¼ 27)
UICC IV (n ¼ 31)

18 (81.9%)
10 (100%)
22 (81.5%)
22 (70.9%)

4 (18.1%)
0
5 (18.5%)
9 (29.1%)

0.18

a

Statistically signiﬁcant.

rather short follow-up time in some cases or death caused by
comorbidities.
Finally, the detection of DTCs and CTCs was significantly
associated with the presence of distant metastases. Because,
in addition, postoperative treatment modalitis such as
radiotherapy or concomitant radiotherapy/chemotherapy
revealed no significant impact on locoregional recurrence,
this indicates that patients positive for tumor cells in the
bone marrow or peripheral blood may suffer from a more
aggressive disease. However, both detection methods have
been optimized for the detection of CTCs or DTCs derived
from adenocarcinomas and, therefore, may require adaption to the special biology of SCCs, which are, for example,

OR

95% CI

P

CTC-positive

56.06

2.57–1222.33

0.010

DTC-positive

49.13

3.35–720.70

0.004

T-stage (T3/4 vs. T1/2)

3.98

0.50–31.53

0.191

N-stage (N0 vs. N+)

0.16

0.01–1.81

0.138

M-stage (M0 vs. M+)

0.23

0.01–7.01

0.398

Relapse less frequent

0.001

0.01

0.1

Relapse more frequent

1

10

100
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DTC-negative

characterized by a specific expression pattern for different
keratins (36). Furthermore, most currently used methods
for the enrichment and identification of CTCs and DTCs
have deficiencies in detecting tumor cells that have lost their
epithelial cell features in the course of epithelial-to-mesenchymal transition (EMT; ref. 37). To circumvent this problem, Lin and colleagues used the PowerMag system to
deplete leukocytes and provided evidence for the simultaneous presence of EpCAMþCD45 and EpCAMCD45
CTC. Both types of CTC were more frequently detected in
patients with cancer than in healthy probands and CTC
numbers were decreased under chemotherapy (38). However, as Tinhofer and colleagues recently described, even
if the expression of EpCAM (epithelial cell adhesion
molecule) is downregulated, this lower EpCAM expression was strong enough to detect CTCs by flow cytometry
(39).
Besides a short follow-up period with a mean follow-up
time of 17 months for those patients, the lack of relapse in
some patients with CTCs or DTCs might also be due to the
biologic heterogeneity of CTCs/DTCs (40, 41). According to
recent observations, some DTCs remain in a dormant state
and may never initiate a relapse (15, 42), whereas others
remain in a proliferating state or escape the dormancy
control mechanisms to enter the cell cycle by still unknown
conditions in the microenvironment or molecular alterations (43).
In the present study, the detection of CTCs and DTCs was
significantly correlated with locoregional relapse, which
might be explained by the assumption that patients with
CTCs or DTCs harbor more aggressive tumors. A more
provocative explanation is recirculation of tumor cells from
distant sites (e.g., bone marrow) back to the site of the
primary tumor, which has been reported in an experimental
breast cancer model (44). Distant hematogenous metastases were less frequently observed than locoregional relapses
in our present study, which might be due to the rather short
follow-up period, as mentioned above.
The clinical relevance of CTC detection in patients with
carcinoma was part of extensive research and encouraging
results exist for an association between CTC detection and

1,000

Figure 3. Forrest plot of locoregional tumor relapse by CTC, DTC, tumor size, lymph node involvement, and distant metastases; P values as indicated.

www.aacrjournals.org

Clin Cancer Res; 20(2) January 15, 2014

431

€ be et al.
Gro

Disclosure of Potential Conflicts of Interest
K. Pantel is a consultant/advisory board member of Veridex and S.
Riethdorf has honoraria from speakers’ bureau. No potential conflicts of
interest were disclosed by the other authors.

Authors' Contributions
Conception and design: A. Gr€
obe, M. Blessmann, K. Pantel, S. Riethdorf
Development of methodology: A. Gr€
obe, K.E. Effenberger, K. Pantel,
S. Riethdorf
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): A. Gr€
obe, M. Blessmann, H. Hanken, M. Heiland,
K. Pantel, S. Riethdorf
Analysis and interpretation of data (e.g., statistical analysis, biostatistics, computational analysis): A. Gr€
obe, M. Blessmann, H. Hanken, R.E.
Friedrich, G. Sch€
on, K.E. Effenberger, L. Kluwe, K. Pantel, S. Riethdorf
Writing, review, and/or revision of the manuscript: A. Gr€
obe, M. Blessmann, H. Hanken, R.E. Friedrich, J. Wikner, K.E. Effenberger, L. Kluwe, M.
Heiland, K. Pantel, S. Riethdorf
Administrative, technical, or material support (i.e., reporting or organizing data, constructing databases): A. Gr€
obe, M. Blessmann, H. Hanken
Study supervision: A. Gr€
obe, M. Blessmann, R.E. Friedrich, M. Heiland, K.
Pantel, S. Riethdorf

Acknowledgments
The authors thank Susanne Hoppe, Malgorzata Stoupiec, Cornelia Coith,
and Oliver Mauermann for technical assistance.

Grant Support
This study was supported by Hamburger Stiftung zur F€
orderung der
Krebsbek€ampfung (no. 188; to A. Gr€
obe and S. Riethdorf), ERC Advanced
Investigator grant no. 269081 "DISSECT" (to K. Pantel), and Deutsche
Krebshilfe e.V. 70-2922 (to R.E. Friedrich and K. Pantel).
The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate
this fact.
Received April 22, 2013; revised September 25, 2013; accepted September
25, 2013; published OnlineFirst November 11, 2013.

References
1.

2.

3.
4.

5.

6.

7.

8.

432

In: Barnes L, Eveson JW, Reichart P, Sidransky D, editors. World
Health Organisation Classiﬁcation of Tumours, Pathology and
Genetics, Head and neck Tumours. Lyon, France: IARC Press,
2005.
Kademani D, Bell RB, Bagheri S, Holmgren E, Dierks E, Potter B,
et al. Prognostic factors in intraoral squamous cell carcinoma:
the inﬂuence of histologic grade. J Oral Maxillofac Surg 2005;63:
1599–605.
Parkin DM, Bray F, Ferlay J, Pisani P. Estimating the world cancer
burden: Globocan 2000. Int J Cancer 2001;94:153–6.
Zbaren P, Lehmann W. Frequency and sites of distant metastases in
head and neck squamous cell carcinoma. An analysis of 101 cases at
autopsy. Arch Otolaryngol Head Neck Surg 1987;113:762–4.
Slootweg PJ, Bolle CW, Koole R, Hordijk GJ. Cause of death in
squamous cell carcinoma of the head and neck. An autopsy study
on 31 patients. J Craniomaxillofac Surg 1992;20:225–7.
Burchill SA, Bradbury MF, Pittman K, Southgate J, Smith B, Selby P.
Detection of epithelial cancer cells in peripheral blood by reverse
transcriptase-polymerase chain reaction. Br J Cancer 1995;71:
278–81.
Loos JA, Roos D. Ficoll-isopaque gradients for the determination of
density distributions of human blood lymphocytes and other reticuloendothelial cells. Exp Cell Res 1974;86:333–41.
Cordell JL, Falini B, Erber WN, Ghosh AK, Abdulaziz Z, MacDonald S,
et al. Immunoenzymatic labeling of monoclonal antibodies using
immune complexes of alkaline phosphatase and monoclonal antialkaline phosphatase (APAAP complexes). J Histochem Cytochem
1984;32:219–29.

Clin Cancer Res; 20(2) January 15, 2014

9.

10.
11.

12.

13.

14.

15.
16.

17.

Mansi JL, Easton D, Berger U, Gazet JC, Ford HT, Dearnaley D, et al.
Bone marrow micrometastases in primary breast cancer: prognostic
signiﬁcance after 6 years follow-up. Eur J Cancer 1991;27:1552–5.
Cohen EE, Lingen MW, Vokes EE. The expanding role of systemic
therapy in head and neck cancer. J Clin Oncol 2004;22:1743–52.
Cooper JS, Pajak TF, Forastiere AA, Jacobs J, Campbell BH, Saxman
SB, et al. Postoperative concurrent radiotherapy and chemotherapy
for high-risk squamous-cell carcinoma of the head and neck. N Engl J
Med 2004;350:1937–44.
Partridge M. Head and neck cancer and precancer: can we use
molecular genetics to make better predictions? Ann R Coll Surg Engl
1999;81:1–11.
Graveland AP, Braakhuis BJ, Eerenstein SE, de Bree R, Bloemena
E, de Maaker M, et al. Molecular diagnosis of minimal residual
disease in head and neck cancer patients. Cell Oncol 2012;35:
367–75.
Wollenberg B, Walz A, Kolbow K, Pauli C, Chaubal S, Andratschke M.
Clinical relevance of circulating tumour cells in the bone marrow of
patients with SCCHN. Onkologie 2004;27:358–62.
Pantel K, Alix-Panabieres C, Riethdorf S. Cancer micrometastases.
Nature reviews Clinical oncology 2009;6:339–51.
Cristofanilli M, Budd GT, Ellis MJ, Stopeck A, Matera J, Miller MC, et al.
Circulating tumor cells, disease progression, and survival in metastatic
breast cancer. N Engl J Med 2004;351:781–91.
Cohen SJ, Punt CJ, Iannotti N, Saidman BH, Sabbath KD, Gabrail NY,
et al. Relationship of circulating tumor cells to tumor response, progression-free survival, and overall survival in patients with metastatic
colorectal cancer. J Clin Oncol 2008;26:3213–21.

Clinical Cancer Research

Downloaded from http://aacrjournals.org/clincancerres/article-pdf/20/2/425/2021825/425.pdf by guest on 01 October 2022

prognosis in patients with other solid tumor entities such
as metastatic breast, prostate, and colorectal cancer (1618, 45, 46). Furthermore, the clinical relevance of CTC
detection was investigated in patients with various nonmetastatic cancer diseases, for example, in the course of
translational research programs within neoadjuvant and
adjuvant treatment studies (47, 48). For patients with
OSCC there are few studies investigating the dissemination of tumor cells after surgery (20, 49), but there are
no studies yet investigating this issue on the impact of
metastases and survival.
The results of the present study are encouraging for
further investigation of the clinical relevance of CTCs and
DTCs, indicating that in patients with OSCC, prediction
of tumor relapse by measuring DTCs and CTCs counts
may become feasible in the near future. In particular, the
risk of an early locoregional relapse is difficult to assess in
patients with head and neck tumors. In the past, many
serum tumor markers have been evaluated for their clinical utility in HNSCC (50, 51); however, nearly all markers show an only very low sensitivity. The results of the
present study indicate that the detection of CTCs/DTCs in
patients with OSCC could help to fill this gap by predicting local relapse with higher sensitivity than current
staging procedures. Besides further improvements in the
detection of CTCs/DTCs (in particular, the detection of
carcinoma cells undergoing EMT (52), molecular characterization of CTCs/DTCs opens new perspectives to identify potential targets for individualized therapies and to
use repeated CTC assessments in individual patients for
treatment surveillance (53).

Prognostic Relevance of CTCs and DTCs in patients suffering from oral squamous cell carcinomas

www.aacrjournals.org

36.
37.

38.

39.

40.

41.
42.

43.
44.

45.

46.

47.

48.

49.

50.
51.

52.

53.

reaction in bone marrow of head and neck cancer patients. Clin
Cancer Res 2004;10:7827–33.
Moll R, Divo M, Langbein L. The human keratins: biology and pathology. Histochem Cell Biol 2008;129:705–33.
Balasubramanian P, Lang JC, Jatana KR, Miller B, Ozer E, Old M, et al.
Multiparameter analysis, including EMT markers, on negatively
enriched blood samples from patients with squamous cell carcinoma
of the head and neck. PLoS ONE 2012;7:e42048.
Lin HC, Hsu HC, Hsieh CH, Wang HM, Huang CY, Wu MH, et al. A
negative selection system PowerMag for effective leukocyte depletion
and enhanced detection of EpCAM positive and negative circulating
tumor cells. Clin Chim Acta 2013;419:77–84.
Tinhofer I, Hristozova T, Stromberger C, Keilhoiz U, Budach V. Monitoring of circulating tumor cells and their expression of EGFR/phospho-EGFR during combined radiotherapy regimens in locally
advanced squamous cell carcinoma of the head and neck. Int J Radiat
Oncol Biol Phys 2012;83:e685–90.
Stoecklein NH, Hosch SB, Bezler M, Stern F, Hartmann CH, Vay C,
et al. Direct genetic analysis of single disseminated cancer cells for
prediction of outcome and therapy selection in esophageal cancer.
Cancer cell 2008;13:441–53.
Wikman H, Vessella R, Pantel K. Cancer micrometastasis and tumour
dormancy. APMIS 2008;116:754–70.
Pantel K, Brakenhoff RH, Brandt B. Detection, clinical relevance and
speciﬁc biological properties of disseminating tumour cells. Nature
reviews Cancer 2008;8:329–40.
Uhr JW, Pantel K. Controversies in clinical cancer dormancy. Proc Natl
Acad Sci U S A 2011;108:12396–400.
Kim MY, Oskarsson T, Acharyya S, Nguyen DX, Zhang XH, Norton L,
et al. Tumor self-seeding by circulating cancer cells. Cell 2009;139:
1315–26.
Shaffer DR, Leversha MA, Danila DC, Lin O, Gonzalez-Espinoza R,
Gu B, et al. Circulating tumor cell analysis in patients with progressive castration-resistant prostate cancer. Clin Cancer Res 2007;13:
2023–9.
Danila DC, Heller G, Gignac GA, Gonzalez-Espinoza R, Anand A,
Tanaka E, et al. Circulating tumor cell number and prognosis in
progressive castration-resistant prostate cancer. Clin Cancer Res
2007;13:7053–8.
Pierga JY, Bidard FC, Mathiot C, Brain E, Delaloge S, Giachetti S, et al.
Circulating tumor cell detection predicts early metastatic relapse after
neoadjuvant chemotherapy in large operable and locally advanced
breast cancer in a phase II randomized trial. Clin Cancer Res
2008;14:7004–10.
Rack B, Schindlbeck C, Andergassen U, Lorenz R, Zwingers T,
Schneeweiss A, et al. Prognostic relevance of circulating tumor cells
in the peripheral blood of primary breast cancer patients. Cancer Res
2010;70(24 Suppl):93s.
Kusukawa J, Suefuji Y, Ryu F, Noguchi R, Iwamoto O, Kameyama T.
Dissemination of cancer cells into circulation occurs by incisional
biopsy of oral squamous cell carcinoma. J Oral Pathol Med 2000;
29:303–7.
Seoane Leston J, Diz Dios P. Diagnostic clinical aids in oral cancer.
Oral Oncol 2010;46:418–22.
Blessmann M, Kaiﬁ JT, Schurr PG, Cihan A, Kalinin V, Trump F, et al.
Short tandem repeat polymorphism in exon 4 of esophageal cancer
related gene 2 predicts relapse of oral squamous cell carcinoma. Oral
oncology 2008;44:143–7.
Yu M, Bardia A, Wittner BS, Stott SL, Smas ME, Ting DT, et al.
Circulating breast tumor cells exhibit dynamic changes in epithelial
and mesenchymal composition. Science 2013;339:580–4.
Alix-Panabieres C, Pantel K. Circulating tumor cells: liquid biopsy of
cancer. Clinical chemistry 2013;59:110–8.

Clin Cancer Res; 20(2) January 15, 2014

Downloaded from http://aacrjournals.org/clincancerres/article-pdf/20/2/425/2021825/425.pdf by guest on 01 October 2022

18. de Bono JS, Attard G, Adjei A, Pollak MN, Fong PC, Haluska P, et al.
Potential applications for circulating tumor cells expressing the insulinlike growth factor-I receptor. Clin Cancer Res 2007;13:3611–6.
19. Bednarz-Knoll N, Alix-Panabieres C, Pantel K. Clinical relevance and
biology of circulating tumor cells. Breast Cancer Res 2011;13:228.
20. Jatana KR, Lang JC, Chalmers JJ. Identiﬁcation of circulating tumor
cells: a prognostic marker in squamous cell carcinoma of the head and
neck? Future Oncol 2011;7:481–4.
21. Hristozova T, Konschak R, Stromberger C, Fusi A, Liu Z, Weichert W,
et al. The presence of circulating tumor cells (CTCs) correlates with
lymph node metastasis in nonresectable squamous cell carcinoma of
the head and neck region (SCCHN). Ann Oncol 2011;22:1878–85.
22. Lim AM, Corry J, Collins M, Peters L, Hicks RJ, D'Costa I, et al. A phase
II study of induction carboplatin and gemcitabine followed by chemoradiotherapy for the treatment of locally advanced nasopharyngeal
carcinoma. Oral Oncol 2013;49:468–74.
23. Ferlito A, Thompson LD, Cardesa A, Gnepp DR, Devaney KO, Rodrigo
JP, et al. The importance of histological types for treatment and
prognosis in laryngeal cancer. Eur Arch Otorhinolaryngol 2013;
270:401–3.
24. Riethdorf S, Fritsche H, Muller V, Rau T, Schindlbeck C, Rack B, et al.
Detection of circulating tumor cells in peripheral blood of patients with
metastatic breast cancer: a validation study of the CellSearch system.
Clin Cancer Res 2007;13:920–8.
25. Fehm T, Braun S, Muller V, Janni W, Gebauer G, Marth C, et al. A
concept for the standardized detection of disseminated tumor cells in
bone marrow from patients with primary breast cancer and its clinical
implementation. Cancer 2006;107:885–92.
26. Vashist YK, Effenberger KE, Vettorazzi E, Riethdorf S, Yekebas EF,
Izbicki JR, et al. Disseminated tumor cells in bone marrow and the
natural course of resected esophageal cancer. Ann Surg 2012;255:
1105–12.
27. Effenberger KE, Schroeder C, Eulenburg C, Reeh M, Tachezy M,
Riethdorf S, et al. Disseminated tumor cells in pancreatic cancer-an
independent prognosticator of disease progression and survival. Int J
Cancer 2012;131:E475–83.
28. Borgen E, Naume B, Nesland JM, Kvalheim G, Beiske K, Fodstad O,
et al. Standardization of the immunocytochemical detection of cancer
cells in BM and blood: I. establishment of objective criteria for the
evaluation of immunostained cells. Cytotherapy 1999;1:377–88.
29. Buglione M, Grisanti S, Almici C, Mangoni M, Polli C, Consoli F, et al.
Circulating tumour cells in locally advanced head and neck cancer:
preliminary report about their possible role in predicting response to
non-surgical treatment and survival. Eur J Cancer 2012;48:3019–26.
30. Nichols AC, Lowes LE, Szeto CC, Basmaji J, Dhaliwal S, Chapeskie C,
et al. Detection of circulating tumor cells in advanced head and neck
cancer using the CellSearch system. Head & neck 2012;34:1440–4.
31. Wiedswang G, Borgen E, Schirmer C, Karesen R, Kvalheim G, Nesland
JM, et al. Comparison of the clinical signiﬁcance of occult tumor cells
in blood and bone marrow in breast cancer. Int J Cancer 2006;118:
2013–9.
32. Meng S, Tripathy D, Frenkel EP, Shete S, Naftalis EZ, Huth JF, et al.
Circulating tumor cells in patients with breast cancer dormancy. Clin
Cancer Res 2004;10:8152–62.
33. Mehes G, Witt A, Kubista E, Ambros PF. Circulating breast cancer cells
are frequently apoptotic. Am J Pathol 2001;159:17–20.
34. Pajonk F, Schlessmann S, Guttenberger R, Henke M. Epithelial cells in
the peripheral blood of patients with cancer of the head and neck:
incidence, detection and possible clinical signiﬁcance. Radiother
Oncol 2001;59:213–7.
35. Colnot DR, Nieuwenhuis EJ, Kuik DJ, Leemans CR, Dijkstra J,
Snow GB, et al. Clinical signiﬁcance of micrometastatic cells
detected by E48 (Ly-6D) reverse transcription-polymerase chain

433

