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Background: Many studies have assessed the clinical use of circulating tumor cells (CTCs) in head
and neck cancer, but the clinicopathological and prognostic significance of CTCs is still unclear.
Materials and methods: Two authors systematically searched the studies independently with
keywords in PubMed, MEDLINE, EMBASE, Science Citation Index Expanded and Cochrane
Library (from inception to February 2017). The estimated hazard ratio (HR), risk ratio (RR)
and their 95% confidence intervals (95% Cls) were set as effect measures. All analyses were
performed by STATA 12.0.

Results: A total of 17 studies were included in this meta-analysis. Positive CTCs were sig-
nificantly associated with poor overall survival (HR =2.80, 95% CI: 1.34-5.86), disease-free
survival (HR =3.86, 95% CI: 2.03-7.36) and progression-free survival (HR =3.31, 95% CI:
1.71-6.42). CTC-positive patients tend to have higher recurrence (RR =2.13, 95% CI: 1.26-3.59)
and regional lymph node metastasis (RR =1.18, 95% CI: 1.02—1.36) rate and a more advanced
tumor stage (RR =1.16, 95% CI: 1.03-1.32).

Conclusion: Our meta-analysis has confirmed the significant prognostic value of CTCs in head
and neck cancer patients. The presence of CTCs could be used as a monitoring tool for tumor
status of head and neck cancer, especially for the early detection of the tumor recurrence and
progression, advanced disease and the node metastasis.

Keywords: head and neck cancer, circulating tumor cells, prognostic, clinicopathological

characteristics, meta-analysis

Background
Head and neck squamous cell carcinoma (HNSCC) is a very common kind of epithelial
cancer that accounts for the 7th most common cancer globally and arises from multiple
anatomical sites such as oral cavity, oropharynx, hypopharynx and larynx. There are
500,000 new cases and 350,000 associated deaths for head and neck cancer in the
world every year. About 60% of the new diagnostic patients of head and neck cancer
are present with advanced disease (stage I1I/IV).!* Recently, multiple treatments were
used for HNSCC, such as surgery, radiotherapy and cisplatin-based chemotherapy.
But the 5-year survival rate for head and neck cancer patients is still ~40%—-50%, and
about 50% of the patients suffered local recurrence after the resection of the primary
tumor and up to 25% developed distant metastases despite aggressive treatment.*’
Therefore, early identification of metastasis and recurrence for the tumor progression
and prognosis in patients with HNSCC is very important.

Circulating tumor cells (CTCs) are tumor cells that leave the primary tumor site and
enter the bloodstream, where they can spread to other organs. In the past decades, many
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studies have shown that CTCs in the peripheral blood could
be a valuable tool for real-time monitoring of tumor status,
predicting potential metastasis and recurrence, monitoring
treatment efficacy, determining drug-selection strategies and
predicting the survival of cancer patients.® Now, CTCs have
been shown to have clinical associations with overall survival
(OS) and response to therapy in many solid tumors, such
as gastric cancer, lung cancer, breast cancer and colorectal
cancer.® But for the head and neck cancer, the clinical value is
still unclear. In the previous studies, CTCs were only showed
to predict more disease progression’ and a poor disease-free
survival (DFS)?® in patients with head and neck cancer. In
another study, although the prognostic value was confirmed,’
some insufficiency existed, all the included studies were
published before 2014 and some CTC detection methods
may be not suitable by using the monoclonal antibody E48
as CTC markers. And for the clinicopathological value of
CTCs, all these studies failed to prove its value’ and only
assessed the difference of CTCs positive rate. In recent years,
some new studies were published with new sight of the value
of CTCs for patients with head and neck cancer.!>'? Hence,
the prognostic value and clinicopathological significance of
CTCs are still controversial.

With the controversies existed in the clinicopathological
and prognostic role of CTCs for head and neck cancer, here,
we conducted the meta-analysis of published literature on
this topic to summarize the evidence of the potential clini-
copathological and prognostic value of CTCs in head and
neck cancer.

Materials and methods
Search strategy

Two authors (Sun and Zou) systematically searched the
studies. With the keywords “head and neck cancer” or “head
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and neck squamous cell carcinoma”, “circulating tumor
cells” or “disseminated tumor cells” and “peripheral blood”,
we searched PubMed, EMBASE, Science Citation Index
Expanded and Cochrane library (from inception to February
2017). An additional search through Google Scholar was
conducted to identify other potentially relevant publications.

Discrepancies were resolved by the third author (Yuan).

Inclusion and exclusion criteria

To keep our analysis accurate and reliable, the studies were
selected according to the following inclusion and exclusion
criteria. The inclusion criteria were 1) studies aiming at the
association between the CTCs and OS, progression-free sur-
vival (PFS), DFS or the clinicopathological characteristics of

head and neck cancer; 2) for OS, PFS and DFS, sufficient data
to calculate hazard ratio (HR) and 95% confidence interval
(95% CI) being available; 3) original research published in only
English language papers and 4) patients must be histologically
confirmed with squamous cell carcinoma originating from
head and neck. The exclusion criteria were 1) studies based
on overlapping patients; 2) meta-analysis, review, case report,
reporting of the expert experience and 3) outcome is not clear.

Data extraction and outcomes

Data retrieved from the studies included first author’s name,
year of publication, number of total and the CTC-positive
patients, area of the patients, methods and markers for CTC
detection, site and time of sample, follow-up duration of the
study, recurrence and clinicopathological characteristics,
prognostic value (OS, DFS or PFS), HR, etc. For studies
with multiple blood sample time in CTC detection, only the
results of baseline detection were used. If the HR and its
95% CI for OS, DFS or PFS were not reported directly in
the original study, we used the reported data to extrapolate
the approximated HR by using software designed by Tierney
et al.”® All data were extracted independently by two inves-
tigators (Sun and Zou), and disagreements were resolved
by discussion.

Statistical analysis

We used the STATA 12.0 package (StataCorp, College
Station, TX, USA) to analyze the data in our meta-analysis.
The estimated risk ratio (RR) was used to evaluate the
correlation between CTCs and the tumor progression or
clinicopathological characteristics; when RR >1, it means
more frequency in the CTC-positive patients. The estimated
HR was used to evaluate the prognostic effect (OS, DFS and
PFS). All statistical values (HR and RR) were reported with
95% CIs, and the two-sided P-value threshold for statistical
significance was set at 0.05. The Cochrane’s Q statistic and
I? statistic were applied to evaluate the heterogeneity among
studies. P<<0.1 for the Q statistic and/or />>>50% was consid-
ered significant heterogeneity, and the random-effects model
was used, or the fixed-effects model was used conversely.'
We evaluated potential publication bias of the pooled data
by Begg’s test and Egger’s test; P<<0.05 was considered
of significant publication bias.”” The Newcastle-Ottawa
scale (NOS) was used to assess the quality of the retrieved
studies, and scores 5-9 were of fair and scores 1-4 were of
high bias.'® Moreover, we performed sensitivity analyses
on prognostic value to explore whether the results were
stable. This review follows the QUORUM and the Cochrane
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Collaboration guidelines (http://www.cochrane.de) for

reporting meta-analysis (PRISMA statement)."”

Results
Baseline study characteristics and quality

assessment
Literature search
As shown in Figure 1, we initially searched 1,254 studies, of
which 1,041 studies were excluded because of obviously not
meeting the inclusion criteria. After reviewing the title and
abstract, 171 relevant studies were excluded and 42 studies
were available for reviewing full-text manuscript. Finally,
17 studies met our predefined inclusion criteria,'*-1218-3!1
Characteristics of the included studies are shown in Table 1.
A total of 909 patients were identified. The number of patients
in the individual studies ranged from 9 to 176. The patients of
the retrieved studies were from eight areas, and the retrieved
studies were published from 2002 to 2016. Six studies
exclusively focused on locally advanced stage (clinical
stages [II-1V). Except three studies, all the included studies
mentioned the media follow-up duration that ranged from
6 to 60 months. For the quality assessment, the results are
shown in Table 2. As all the studies were cohort studies, the
NOS was used, most of the studies were of fair bias and four
studies were of relatively high bias because of lack of assess-
ment of the outcome and incomplete follow-up duration.

Meta-analysis of clinicopathological

characteristics
Nine studies assessed the CTCs’ status and tumor depth of
infiltration. As shown in Figure 2A, a fixed model was used

Potentially relevant studies identified
through search strategies (n=1,254)

Did not meet the inclusion
criteria (n=1,041)

A4
Abstracts retrieved for
detailed evaluation (n=213)

Review, case report, meta-analysis
report of the expert experience, other
cancers (n=171)

v
Full-text articles retrieved for
detailed evaluation (n=42)

No data for prognosis or
clinicopathological characteristics
(n=25)

y

Articles included in this
meta-analysis (n=17)

Figure | Selection of the included studies.

without obvious sample heterogeneity (/°=39.8%, P=0.102).
The pooled RR for tumor depth of infiltration was 1.20
(95% CI: 0.99-1.45, P=0.058) and there was an edge sig-
nificance between the CTC-positive and -negative HNSCC
patients. The CTC-positive patients tend to deeper tumor
infiltration (T3-T4) than the negative patients. A total of 11
studies assessed the CTCs’ node status; the heterogeneity of
these studies was of no significance (/>=34.2%, P=0.125),
and the pooled RR was 1.18 (95% CI: 1.02—1.36). Compared
with the CTC-negative patients, patients with positive CTCs
have higher regional lymph node metastasis rate (P=0.021)
(Figure 2B). Eight studies assessed the CTCs’ status and
tumor—node—metastasis (TNM) stage, with no heterogeneity
(I*=0.0%, P=0.521). A fixed model was used, and the result
showed that more advanced stage (III-1V) was in CTC-
positive patients than CTC-negative patients (RR =1.16,
95% CI: 1.03—1.32) (Figure 2C).

For the correlation between CTCs and pathological
grade, five studies were available. The fixed-effects model
was used (/’=33.8%, P=0.196), and there was no significant
difference between the CTC-positive and -negative patients
(RR=1.02, 95% CI: 0.98-1.06; Figure 2D). The same result
was also found for the age and sex composition between
CTC-positive and CTC-negative patients. The pooled RR
for age composition was 1.05, 95% CI: 0.75-1.46 (seven
studies, 7*=0.0%, P=0.606; Figure 2E). The pooled RR for
sex composition was 1.04, 95% CI: 0.88—1.24 (eight studies,
1’=0.0%, P=0.606; Figure 2F).

Meta-analysis of prognostic value

For the prognostic value, eight studies were available for OS,
DFS or PFS. Of these studies, for the OS, five studies pro-
vided the calculated survival data or available Kaplan—-Meier
curves. With a relatively obvious heterogeneity (/°=57.6%,
P=0.051), arandom model was used and the pooled HR was
2.80 (95% CI: 1.34-5.86; Figure 3A); a significant difference
was found for OS between the CTC-positive and -negative
HNSCC patients. For the DFS, four studies were available,
with a significant heterogeneity (/°=74.4%, P=0.008); by
using the random model, a significant HR for DFS was
found (HR =3.86, 95% CI: 2.03-7.36; Figure 3B). Two
eligible studies were pooled into the PFS meta-analysis; the
pooled HR was 3.31, 95% CI: 1.71-6.42, without obvious
heterogeneity (/7=0.0%, P=0.473; Figure 3C).

At the same time, eight studies mentioned the data of
tumor progression or recurrence. With a significant hetero-
geneity (/?=52.7%, P=0.039), a random model was used,
the pooled RR was 2.13 (95% CI: 1.26-3.59, P=0.005;
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Table | Basic characteristics of the retrieved studies
Study Year Number Area Tumor Sample site/time Markers Methods Follow-up
CTC+/total stage duration
(months)
Li et al' 2016 20/38 China -V PB/before/lw/Im TM CDA45 DAPI Immunomagnetic -
Hsieh et al" 2015 17/53 Taiwan -V PB/before TM EpCAM/PDPN PowerMag 10.5
immunofluorescence
Inhestern et al'? 2015 32/40 Germany -1V PB/before/during/after TM EpCAM Laser scanning cytometry 24.7
Grisanti et al'® 2014 14/53 Italy -v PB/before/during TM EpCAM/CDA45/DAPI  CellSearch 25.0
Weller et al'® 2014 7/10 Germany -V PB/before TM CK/CD45/DAPI Immunofluorescence 18
Tinhofer et al?*® 2014 42/144 Germany -V PB/before TM EGFR mRNA RT-PCR 34
Grobe et al*! 2014 10/80 Germany -V PB/before TM EpCAM/CD45/DAPI  CellSearch 30.1
Bozec et al* 2013 8/49 France IV PB/before TM EpCAM/CD45/DAPI  CellSearch 6
He etal® 2013 3/9 China llI-IV  PB/before TM EpCAM/CD45/DAPI  CellSearch 16
Buglione et al* 2012 11/73 Italy -V PB/before TM EpCAM/CD 45/DAPI CellSearch 13.6
Nichols et al* 2012 6/15 Britain ~ IlI-IV  PB/before TM EpCAM/CD 45/DAPI CellSearch 8
Hristozova et al* 2011 18/42 Germany -V PB/before TM EpCAM, CK Flow cytometry -
Jatana et al” 2010 34/48 USA -V PB/during TM CK, CD45, DAPI Immunocytochemistry 38
Toyoshima et al® 2009 14/40 Germany -V PB/after TM CK20 RT-PCR 435
Guney et al? 2007 7/21 Turkey -V PB/before TM EpCAM MACS 36
Wollenberg et al®® 2004 54/176 Germany |-V BM/before TM CKI19 IHC-APAAP 60
Wirtschafter et al*' 2002 8/18 USA -V PB/before TM CK20 Immunocytochemistry  —

Abbreviations: CTC, circulating tumor cell; w, weeks; m, months; mRNA, messenger RNA; RT-PCR, reverse transcription—polymerase chain reaction; PB, peripheral
blood; BM, bone marrow; IHC, immunohistochemistry; TM, treatment; DAPI, 4’,6-diamidino-2-phenylindole; EpCAM, epithelial cell adhesion molecule; PDPN, podoplanin
protein; CK, cytokeratin; EGFR, epidermal growth factor receptor; MACS, magnetic cell separation; APAAP, alkaline phosphatase-anti-alkaline phosphatase technique.

Figure 3D), a significant difference was found and the tumor
progression or recurrence rate in CTC-positive HNSCC
patients was 2.13 times of that in CTC-negative HNSCC
patients. The CTC-positive patients before treatments tend
to occur tumor recurrence after surgery or tumor progression

after radiochemotherapy treatments.

Sensitivity analysis and publication bias
As limited studies mentioned the prognostic value of CTCs,

only five for OS and four for DFS, and the heterogeneity

for the prognostic value was relatively obvious, we did the
sensitivity analysis for the pooled prognostic value, and the
resultis shown in Figure 4. For OS, DFS and tumor progression
or recurrence, the pooled result showed no obvious changes
after omitting any one of the involved studies. The results
all showed that CTC-positive HNSCC patients have poor
prognosis compared with the CTC-negative HNSCC patients.
We confirmed that the result was stable and reliable.
Publication bias was detected by Begg’s test and Egger’s
test. The result is shown in Table 3. No publication bias

Table 2 The assessment of the risk of bias in each cohort study using the NOS

Study Selection Comparability Outcome Star
Exposed Non-exposed Ascertainment Demonstration Basic Additional Assessment Follow- Adequacy
cohort cohort of exposure outcome factors factors up

Li et al' 0 | | | | 0 0 0 0 4

Hsieh et al"! [ | | | 0 0 | | 0 6

Inhestern et al'? 0 | | | 0 0 | | | 6

Grisanti et al'® 0 | | 0 | 0 | | | 6

Weller et al'® | | | 0 0 0 | | 0 5

Tinhofer et al?*® | | | 0 | 0 | | 0 6

Grobe et al?! | | | | 0 0 | | | 7

Bozec et al®? 0 | | | | 0 0 0 0 4

He et al® 0 | | | 0 0 | 0 0 4

Buglione et al* | | | | | 0 | 0 0 6

Nichols et al*® 0 | | | 0 0 | 0 0 4

Hristozova et al?* | | | | | 0 0 0 0 5

Jatana et al” | | | 0 0 0 | | | 6

Toyoshima et al® | | | 0 | 0 | | | 7

Guney et al?® 0 | | | | 0 | 0 0 5

Wollenberg et al*® | | | | | 0 | 0 0 6

Wirtschafter et aP*' | | | 0 | 0 0 0 0 4

Abbreviation: NOS, Newcastle-Ottawa scale.
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Figure 2 Meta-analysis of clinicopathological characteristics, (A) tumor infiltration, (B) node metastasis, (C) TNM stage, (D) pathological grade, (E) age and (F) sex.

Li et al'®
Grisanti et al™®
He et al®
Nichols et al®
Toyoshima et al®
Guney et al®
Wirtschafter et al®'
Note: Weights are from random effective analysis.
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Overall (/>=0.0%, P

3.26

0.307

25.6

0.0391

Abbreviations: TNM, tumor—-node—metastasis; RR, risk ratio; Cl, confidence interval.

was found in all the variables we analyzed in this meta-
analysis.

Discussion

Head and neck cancer is a very common malignant disease
with high morbidity and mortality. Despite the development
of the diagnostic method and use of aggressive multiple
therapeutic regimens, most of the HNSCC patients finally
develop locoregional recurrence or metastatic disease, and
the 5-year survival rate is ~50%.*%? So it is very important
to find a reliable blood marker to monitor locoregional or
distant recurrence and predict the prognosis of the HNSCC
patients. Recently, the research on CTCs indicates that CTCs
may act as very significant prognostic markers in patients
with HNSCC." In this meta-analysis, by summarizing all
relevant studies, we first confirmed the clinicopathological
and prognostic significance of CTCs in patients with head
and neck cancer comprehensively. In this meta-analysis,
we paid more attention to the clinical application value
of CTC detection, so we divided the patients into CTC-
positive and CTC-negative HNSCC when assessing the
correlation between CTC detection and clinicopathological
characteristics. And we assessed the difference of common
clinicopathological characteristics between the CTC-positive
and CTC-negative HNSCC patients, then we first confirmed
that CTC-positive patients were tend to have more advanced
stage (III-IV) and higher regional lymph node metastasis
rate than the CTC-negative patients. This is different from
the other meta-analysis,” as they assessed the difference of
CTC-positive rate between patients with different clinical
characteristics.

In this meta-analysis, we made a comprehensive analy-
sis on the prognostic value of CTCs and provided strong
evidence that positive CTCs were significantly associated
with poor OS, DFS and PFS of head and neck cancer
patients. Positive CTCs were a poor prognosis for patients
with head and neck cancer. For OS, we first found that
the CTC-positive patients had a risk increase of death by
1.8 times of CTC-negative patients (pooled HR =2.80; 95%
CI: 1.34-5.86). For DFS, the risk of tumor progression or
relative death for CTC-positive patients was 3.86 times
of that for CTC-negative patients (pooled HR =3.86, 95%
CI: 2.03-7.36), and the result was also confirmed in other
studies. For the PFS, we confirmed that CTC-positive
patients tend to easier to tumor progression than the CTC-
negative patients. More death and tumor progression were
found in CTC-positive patients, compared with CTC-
negative patients. Besides, we also found the CTC-positive
HNSCC patients have a higher recurrence rate than negative
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Figure 4 Sensitivity analysis for the pooled prognostic value, (A) OS, (B) DFS, and (C) recurrence.

Abbreviations: OS, overall survival; DFS, disease-free survival; Cl, confidence interval.

patients. The CTC-positive patients were easier to occur
tumor recurrence or progression after treatments. After
escaped from primary tumor and shed into blood, CTCs
could be activated due to the loss of biological control by

Table 3 Publication bias by Egger’s and Begg’s test

Variables P-value

Egger’s Begg’s
Age 0.849 >0.999
Sex 0514 0.711
Tumor infiltration 0.45 0.348
Node metastasis 0.252 0.213
TNM stage 0.825 0.536
Pathological grade 0.309 0.462
Recurrence 0.328 0.174
PFS - >0.999
DFS 0.862 0.734
oS 0.053 0.089

Abbreviations: TNM, tumor-node-metastasis; PFS, progression-free survival;
DFS, disease-free survival; OS, overall survival.

primary tumor and the alteration of internal environment,
and then the CTCs can form the new metastasis or recur-
rence.? So the detection of CTCs in patients with head and
neck cancer can predict the prognosis and find the patients
who have high recurrence and tumor progression rate, and
in these cases, we can give these patients early and aggres-
sive treatment.

As shown in our meta-analysis, limited studies mentioned
the prognostic value of CTCs, only five for OS and four for
DFS, and the heterogeneity for the prognostic value was
relatively obvious. Thinking that the result may be affected
by single studies or the accidental factor, we did the sensitive
analysis for the pooled prognostic value to test the reliability
and stability of our conclusion. Finally, we found that the
result did not change obviously in the sensitive analysis. So
we confirm the conclusion that positive CTCs in patients
with head and neck cancer can predict the poor prognosis is
stable and reliable.
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Moreover, we assessed the difference of common clini-
copathological characteristics between the CTC-positive
and CTC-negative HNSCC patients. Our meta-analysis
indicated that positive CTCs were significantly associated
with TNM staging and regional lymph node metastasis.
The CTC-positive patients were tend to have more
advanced stage (III-1V) and with higher regional lymph
node metastasis rate than the CTC-negative patients. But
for the tumor depth of infiltration, there was no significant
difference between CTC-positive and -negative patients;
this may be because the CTCs were tend to represent the
metastatic ability of tumor rather than local invasion.**
We also found that the CTCs have no correlation with the
age and sex composition of the HNSCC patients. As detec-
tion of CTCs is very convenient and comfortable for patients
and is repeatable in a noninvasive manner, the presence of
CTCs could be used as a monitoring tool for tumor status
of head and neck cancer, especially for the early detec-
tion of the advanced disease and the node metastasis. The
detection of CTCs in head and neck cancer patients can
early identify those patients who were with advanced or
metastasis disease. Thus, we can give these patients more
aggressive treatments.

The positive CTCs may also indicate the poor response
of the chemotherapy treatment for the patients with head
and neck cancer. Grisanti et al'® showed that for the HNSCC
patients (45 patients) treated with chemotherapy, the clinical
disease control rate was 45% in patients with CTCs negative
(15/33), while for the 12 patients with positive CTCs at base-
line, the clinical disease control rate was 8%, a significant
difference was found (P=0.03). Buglione et al** also showed
that the CTCs positive rate was obviously lower in patients
with complete response than without complete response after
chemotherapy or radiochemotherapy (9% vs 24%). So the
CTCs may be a very useful tool to assess the efficiency of
the non-surgery treatment.

There were some limitations in our meta-analysis. In
this meta-analysis, we used the extracted data and not the
original data; limited studies were used for the prognostic
value, and the heterogeneity was relatively obvious. The
result may be influenced by accidental factor; multiple CTC
detection methods were involved in our meta-analysis, and
the time and sit of the sample exists difference, these all
may contribute to the heterogeneity of our meta-analysis;
efficiency of non-surgery treatment could not be analyzed due
to the lack of relative data. Therefore, large-scale multicenter
studies in homogeneous patients were needed to explore the
prognostic value of CTCs.

Conclusion

Our meta-analysis confirmed the clinicopathological and
prognostic significance of CTCs in patients with head and
neck cancer comprehensively. CTC detection has great
potential clinical application in head and neck cancer.
Positive CTCs in patients with head and neck cancer can
predict the poor prognosis and the high recurrence and
tumor progression rate. The CTC-positive patients tend
to have more advanced stage (III-I1V) and higher regional
lymph node metastasis rate. The presence of CTCs could be
used as a monitoring tool for tumor status of head and neck
cancer, especially for the early detection of the advanced
disease and the node metastasis. In the future, large-scale
multicenter studies by using the same standardized detec-
tion platforms are needed to reduce the inconsistencies
across studies.
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