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Abstract
Background: The purpose of this study was to determine the additional diagnostic value 
of squamous cell carcinoma antigen (SCC-Ag) in cervical lymph node fine-needle aspiration 
(FNA) samples for the detection of regional metastases of head and neck squamous cell 
carcinoma (HNSCC).

Methods: In 149 FNA samples of 114 patients, SCC-Ag concentration was retrospectively 
analyzed and associated with diagnosis to establish a cutoff concentration in relation to 
sensitivity and specificity of HNSCC detection.

Results: SCC-Ag was elevated in lymph nodes from HNSCC patients compared to lymph 
nodes from other patients (p < 0.01). With 0.3 µg/L as the cutoff concentration, SCC-Ag has 
96% sensitivity for detecting HNSCC. 

Conclusions: SCC-Ag in FNA is a reliable test for detecting HNSCC in cervical lymph nodes.
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Introduction
Lymph node metastasis of head and neck squamous cell carcinoma (HNSCC) is 

associated with poor overall survival.1 Accurate detection of lymph node metastasis is of 
utmost importance for adequate tumor staging and choice of treatment accordingly. Current 
diagnostic methods for detecting lymph nodes are palpation, CT, PET-CT, MRI, sentinel node 
biopsy, and ultrasound (US)-guided fine-needle aspiration cytology (FNAC).2 FNAC has a 
sensitivity of 80-92% and specificity of 98%, and US-guided FNAC has proven to be a valuable 
method for the detection of lymph node metastasis.3,4 The measurement of squamous cell 
carcinoma antigen (SCC-Ag), originally purified from SCC of the human uterine cervix,5 could 
improve the detection of regional HNSCC lymph node metastases in addition to FNAC. 
Although SCC-Ag is used as a prognostic serum tumor marker in cervical cancer and non-
small cell lung cancer,6-8 in HNSCC, the serum SCC-Ag level showed no significant relation 
to lymph node metastasis and overall survival.9,10 To our knowledge, SCC-Ag in FNA samples 
has not previously been studied. The aim of this study is to investigate SCC-Ag as a novel 
diagnostic modality in the detection of HNSCC lymph node metastasis in FNA samples.

Patients and methods
The study was composed of 165 US-guided fine-needle aspiration samples from 128 

consecutive patients with a neck mass suspicious for enlarged lymph nodes. Samples were 
collected between April 2015 and January 2016 at the University Medical Center Groningen. 
FNA samples were collected in 25 ml Cytolyt (Hologic, Marlborough, Massachusetts). After 
cytological evaluation, samples were stored at -20°C until SCC-Ag measurement. SCC-Ag 
analysis was performed using the SCC-Ag assay on a fully automated immune assay analyzer 
(Architect, Abbott, Abbott Park, Illinois), with an interassay coefficient of variation <5% and an 
analytical sensitivity of 0.1 µg/L.

Retrospectively, demographics of all patients, relevant medical history and related treatment 
history, human papillomavirus (HPV), and smoking status were collected (Table 1). Radiology, 
cytology, and histology information was collected concerning lymph node location (neck level), 
size, morphology as seen on US, and diagnosis based on cytology and/or histology. The results 
of the histological or cytological examination were present in 157 out of 165 samples. There was 
no definitive diagnosis in eight samples, corresponding to six patients, because of insufficient cell 
material or blood contamination, and these samples were excluded. Neck masses suspected for 
enlarged lymph nodes but diagnosed as branchial cleft cysts on US examination were excluded 
(n = 8) as well. The total number of samples and patients that were available for further analyses 
were therefore 149 and 114, respectively. Based on diagnosis, groups were formed dividing the 
samples into HNSCC (n = 30), other carcinomas (n = 22), lymph nodes with a diagnosis other than 
carcinoma (n = 93), and branchial cleft cysts (n = 4) (Table 1). As branchial cleft cysts had high SCC-
Ag concentrations, a separate group was formed to prevent confounding. Two patients, diagnosed 
with cutaneous squamous cell carcinoma and esophageal squamous cell carcinoma, respectively, 
were placed in the group with other carcinomas, as the primary tumor did not originate from 
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a mucosal HNSCC subsite. Histology was taken as gold standard. However, as histology results 
were present in only 33 out of 149 samples, cytological examination was taken as most reliable 
diagnostic tool after histology.

The Institutional Review Board of the University Medical Center Groningen assessed this 
retrospective study and judged that there was no need for approval based on the Dutch 
Medical Research Law (Wet medisch-wetenschappelijk onderzoek met mensen [WMO]).

Statistical analysis
Groups were compared using the Mann-Whitney U test for nonparametric data, 

considering p < 0.05 to be statistically significant.

Spearman’s rank correlation was used for estimating correlations between continuous 
variables. For analysis of sensitivity and specificity, only one sample per patient was included. 
In case of multiple samples per patient, the sample with the highest SCC-Ag concentration 
was included. Receiver Operating Characteristic (ROC) curves were constructed in order to 
examine the relation between SCC-Ag concentration, sensitivity, and specificity of detecting 
HNSCC lymph node metastasis. Statistical analyses were performed using SPSS (version 23 for 
Windows; IBM Corp., Armonk, New York).

Results
The total number of patients was 114, of which 69 were male (61%) and 45 female 

(39%) (Table 1). The median age was 62 (range 16-94). The SCC-Ag concentrations were not 
normally distributed in the four groups. For HNSCC, the median SCC-Ag concentration was 4.5 
µg/L (SD = 642.8, range 0.0-3535.4), for other carcinomas 0.1 µg/L (SD = 30.5, range 0.0-142.1), 
for lymph nodes without carcinoma 0.1 µg/L (SD = 0.9, range 0.0-5.3) and cysts 13.8 µg/L (SD 
= 34.0, range 0.2-73.8) (Fig. 1).

The SCC-Ag concentration of HNSCC was significantly elevated compared to lymph 
nodes without carcinoma (p < 0.01) and other carcinomas (p < 0.01), but did not significantly 
differ from the four branchial cleft cysts (p = 0.29).

Differentiation grade of the HNSCC did not correlate with SCC-Ag concentration: well-
differentiated tumors did not significantly differ from moderately differentiated (p = 0.20) or 
poorly differentiated tumors (p = 0.26). SCC-Ag did not correlate with lymph node size (p = 0.22).
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Table 1. Demographic and clinical data of 114 patients and their 
corresponding 149 fine-needle aspiration samples. 

Characteristics Total  
number (%)

Sex

   Male 69 (61)

   Female 45 (39)

Age

   Mean, years 62

   Range, years 16-94 

FNA Sample

   Total number 149 (100)

Sample diagnosis

 HNSCC 30 (20)

 Other carcinomas 22 (15)

   Adenocarcinoma 9 (6)

   Papillary thyroid carcinoma 4 (3)

   Cutaneous SCC 3 (2)

   Other carcinomas 6 (4)

 No carcinoma 93 (62)

   Other malignancies

      Malignant lymphoma 11 (7)

      Melanoma 2 (1)

      Other 4 (3)

   Normal lymph nodes

      Inflammation 4 (3)

      Reactive lymph node 3 (2)

      Other 2 (1)

      No malignancy NOS 67 (45)

 Cyst 4 (3)

Abbreviations: FNA: fine-needle aspiration; HNSCC: Head and neck 
squamous cell carcinoma; SCC: squamous cell carcinoma; NOS: not 
otherwise specified.
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Figure 1. Distribution of SCC-Ag in the various groups. Abbreviation: SCC-Ag, squamous cell carcinoma antigen.

Sensitivity, specificity and calculation of cut-off values

To evaluate the optimal concentration of SCC-Ag as a diagnostic test for the detection 
of HNSCC lymph node metastasis in FNA samples, an ROC curve was plotted to determine 
sensitivity, and specificity of SCC-Ag concentration compared to HNSCC metastasis detection, 
cytological, or histological diagnosis was used as ground truth. A low SCC-Ag cutoff 
concentration would result in a sensitivity of over 90%; however, this would lead to a specificity 
of under 80%, as shown in Figure 2. Choosing a higher SCC-Ag cutoff concentration would 
lead to a lower sensitivity, yet higher specificity.

As SCC-Ag could function as a screening tool to FNAC (least possible false-negative 
results), we chose to set the cutoff SCC-Ag concentration at 0.3 µg/L, resulting in a sensitivity 
of 95.8% and specificity of 74.4%. At this cutoff concentration one patient would have been 
missed due to false-negative results (4.2%).
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Figure 2. ROC curve for sensitivity and specificity of SCC-Ag for detection of HNSCC. All SCC-Ag concentrations in 
µg/L. Abbreviations: HNSCC, head and neck squamous cell carcinoma; ROC, receiver operating characteristic; SCC-Ag, 
squamous cell carcinoma antigen; Sens, sensitivity; Spec, specificity. 
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Table 2. Characteristics of HNSCC samples.

HNSCC
characteristics

Number of 
tumors (%)

T classification

   T0 3 (10)

   T1 6 (20)

   T2 12 (40)

   T3 3 (10)

   T4 6 (20)

N classification

   N0 or N1 12 (40)

   N2 or N3 16 (53)

Differentiation grade

   Well 4 (13)

   Moderately 14 (47)

   Poorly 4 (13)

   Severe dysplasia 3 (10)

Tumor location

   Hypopharynx 2 (7)

   Oropharynx 4 (13)

   Oral cavity 17 (57)

   Larynx 3 (10)

   Nasal vestibulum 1 (3)

HPV Status

   Positive 3 (10)

   Negative 1 (3)

Follow-up (months) 25.7 (1.8-32.9)

Abbreviations: HNSCC, head and neck squamous cell carcinoma;   
HPV, human papillomavirus.

Discussion
This is the first report, to our knowledge, to demonstrate the diagnostic value of the SCC-

Ag concentration in US-guided FNA samples in relation to HNSCC lymph node metastasis. 
With a sensitivity of 95.8% and specificity of 74.4%, at a SCC-Ag cut-off concentration of 
0.3 µg/L, it could serve as a first screening step to FNAC in the detection of HNSCC lymph 
node metastases by making a selection prior to cytological examination. This could assist in 
diagnosing HNSCC regional metastasis more efficiently, which is relevant for proper therapy 
choice and hence prognosis.
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To use the SCC-Ag concentration as a reliable diagnostic test for HNSCC, it needs to 
be elevated in case HNSCC is present in the FNA sample, which determines the sensitivity 
rate. Additionally, it should not be elevated in samples of patients without HNSCC, which 
corresponds with the specificity rate. We plotted an ROC curve to determine sensitivity and 
specificity rates, resulting in low SCC-Ag cutoff concentrations for high sensitivity at the cost 
of specificity, and higher SCC-Ag cutoff concentrations for high specificity rates at the cost of 
sensitivity. At a high sensitivity rate, the SCC-Ag test could lead to a more accurate diagnosis 
of HNSCC, but, due its low specificity, would result in many false positives. Choosing for higher 
specificity rates would lead to fewer false positives, but the test would increasingly miss true-
positive HNSCC cases.

Ideally, one would choose to set the cutoff concentration at the point where sensitivity and 
specificity are both at the highest, leading to the best accuracy for the test. To make the SCC-Ag 
concentration most beneficial as an addition to FNAC, however, which has a sensitivity of 80-92% 
and specificity of 98%,3,4 we decided to set the cutoff concentration at the highest sensitivity, 
relying on the high specificity of FNAC in case of false positives. We therefore determined the 
cutoff concentration at 0.3 µg/L. If SCC-Ag was measured with a cutoff concentration of 0.3 
µg/L before cytological examination, costly and time-consuming cytological examination 
could have been avoided in 95 of all 119 non-HNSCC samples. This will speed up the diagnostic 
process, as SCC-Ag concentration can be measured within hours and pathologists only need to 
examine the samples selected by the SCC-Ag test. Moreover, there are economic advantages. 
The measurement of SCC-Ag in our institute is 8.5% of the costs of a cytological examination 
and could therefore lead to substantial cost savings. Radiologists may also save time by taking 
the aspirate from several lymph nodes at once and let SCC-Ag analysis select which nodes have 
to be cytologically examined, instead of waiting for cytological examination in between each 
puncture, as may be the procedure in some institutions.

Additionally, the SCC-Ag measurement could prove useful in FNA samples unsuitable 
for reliable cytological examination due to blood contamination or insufficient material. In 
the six patients corresponding to the eight samples that were excluded from further analysis 
because of insufficient material for cytological examination or blood contamination, no HNSCC 
was diagnosed and the samples had SCC-Ag concentrations under the cutoff concentration 
of 0.3 µg/L.

One case of HNSCC was missed by the SCC-Ag examination, which was a T1N1M0 oral 
cavity carcinoma with an SCC-Ag concentration of <0.1 µg/L. As this study is limited by its 
retrospective design and relatively small number of HNSCC samples, a prospective study 
with a larger amount of samples needs to be performed in order to establish sensitivity and 
specificity more accurately. 

The FNA puncture needle was aspirated in 25 mL Cytolyt. Theoretically, if aspirated in 5 
mL instead of 25 mL the analytical sensitivity will increase by a factor of 5 and could contribute 
to more accurate sensitivity and specificity rates.

Since the use of SCC-Ag in FNA in routine patient care in Europe requires CE marking 
extensive laboratory validation is mandatory. Therefore, in our laboratory, SCC-Ag validation 
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according to CLSI (Clinical Laboratory Standards Institute) guidelines is currently under way.

Although in our analysis no significant difference was found in SCC-Ag concentrations 
between tumor differentiation grades, Saidak et al. found on gene expression level a 
significantly lower expression of the SERPINB3 gene in high-grade (G2/G3/G4) compared to 
low-grade (G1) tumors.11

SCC-Ag showed to be valuable as a prognostic serum tumor marker in cervical cancer 
and non-small-cell lung carcinoma,6-8 but not so in HNSCC.10 Because the diagnostic value 
of SCC-Ag in FNA is a new finding, it would be of interest to see whether the SCC-Ag 
concentration has any prognostic value. In this retrospective study, we had insufficient data 
on the relevant clinical factors to run a multivariate analysis to evaluate its prognostic value. 
This may be done in future studies in which clinical factors such as tumor stage, tumor site, 
treatment, HPV status, and comorbidities are recorded.

Based on our findings, a different approach could be proposed for accurate, reliable, and 
easy detection of HNSCC lymph node metastasis. Due to the great heterogeneity of diagnoses 
in our study population, this approach should first be confirmed in prospectively collected 
FNA samples in only HNSCC patients with suspected lymph node metastasis. We estimated 
that roughly 200 patients with suspected HNSCC lymph node metastasis would be required to 
confirm our findings in a prospective study, which we already have commenced.12,13 Given the 
prevalence in our cohort, this could best be executed in a multicenter study design. However, 
the sensitivity rate is not the only relevant outcome of future studies. The measurement of 
the SCC-Ag concentration is faster and cheaper than cytological analysis. These future studies, 
with relevant outcomes to the diagnostic process of HNSCC patients, would possibly require 
a smaller study population.

In case of confirmation of the results of our retrospective study, the results should be 
evaluated in a randomized controlled trial comparing SCC-Ag concentration-based FNAC 
with FNAC alone.

Conclusion
This is the first study to demonstrate a new promising approach of measuring SCC-Ag 

concentration in lymph nodes by US-guided FNA that is highly sensitive to detect HNSCC 
lymph node metastasis in FNA samples. These findings could precede an even more accurate 
detection of HNSCC lymph node metastasis when used in addition to FNAC.
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