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Introduction
Head and Neck Squamous Cell Carcinoma is the sixth most 

common cancer worldwide. HNC is also considered as the third most 
frequent group of neoplasms among males and the fourth most frequent 
among females. The main etiologies of HNC are smoking and alcohol 
consumption [1]. Furthermore, Human Papilloma Virus (HPV) 
infection is considered to have an important role in the occurrence and 
prognosis of HNC patients [2].

Head and Neck Cancer (HNC) represents an aggressive tumor type 
with unfavorable prognosis, with many cases of recurrent disease. The 
Squamous Cell Carcinoma (HNSCC) sub-group includes about 90% of 
all HNC cases. HNSCC represents a heterogeneous group of tumors - 
as to their different origin, etiology and pathobiology, clinical behavior 
and prognosis. The worldwide incidents, includes around a half to 2 
million cases annually [1].

Unfortunately, worldwide mortality from HNSCC remains high, 
partially due to limits on therapy secondary to the significant morbidity 
associated with current treatments. Therefore, immunotherapeutic 
approaches to HNSCC treatment are attractive for their potential to 
reduce morbidity while improving survival [3].

Prognosis of HNC patients depends on stage of the disease, lymph 
nodes involvement and response to therapy. The main problem with 
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Abstract
Background: Establishing prognostic factors is very important in treatment of cancer patients. In Head and Neck Cancer- (HNC) patients, diagnosis occurs usually 
in already advanced disease, therefore, there is a special need to early detect the disease and its recurrence. 

Aim: We aimed to evaluate the survival (OS, DFS) and its prediction by a panel of serum Tumor Markers: CEA (Carcino Embryonic Antigen), SCC (Squamous Cell 
Carcinoma Antigen), TPS (Tissue Polypeptide Specific Antigen), CYFRA 21-1 (Cytokeratin 19 Fragment) and sIL-2R (soluble Interleukin 2 Receptor) in HNC 
patients, for establishing prognosis in those patients.

Patients and methods: We evaluated 293 blood samples from 194 HNC patients. Blood Tumor Markers levels were evaluated by conventional ELISA assays, at 
the first date of diagnosis and during follow-up. Comparison of marker levels between 76 healthy subjects and HNC patients, alive vs dead, response to therapy and 
survival – were performed.

Results: Significantly lower levels of all Tumor Markers were demonstrated in patients alive, as opposed to all those who died. HNC patients who died 0-24 m after 
entering the study, were found to be the most sensitive time parameter to evaluate, as compared to 0-12 m, 0-36m, 0-48m or 0-60 m. We compared the alive and dead 
patients according to gender and found more male patients than females. Serum levels of all Tumor Markers of our panel were higher before therapy and decreased 
significantly thereafter, in patients responding to various therapies. The Tumor Markers sIL-2R and Cyfra 21-1 levels, were best correlated to prediction of patient’s 
survival. Patients having low levels had the best clinical outcome and a longer survival – according to ROC analysis. 

Conclusion: CEA, SCC, TPS, CYFRA 21-1 and sIL-2R are all useful Tumor Markers in the management of HNC patients. They assessed response to therapy, were 
prognostic for recurrence earlier than CT and predicted survival. From our panel of Tumor Markers, sIL-2R and Cyfra 21-1, proved to be the most sensitive predictors 
of advanced disease with poor prognosis vs those with a good and longer survival.
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HNC therapy is that about 70% of HNC patients present at diagnosis 
with advanced disease, already. This requires a multimodality therapy, 
including surgery, radiation, chemotherapy, Chemo-Radiotherapy 
(CRT) or other combinations. However, survival of HNC patients, did 
not improve during last years, in spite of recently development of those 
therapies [4,5].

Therefore, identification of novel molecules to be used as diagnostic, 
prognostic and predictive biomarkers, are required for the improvement 
of early detection, prognosis and therapeutic options for HNC. 

Recently, bioinformatics analysis, revealed a number of genes 
[6], some of them already known and used previously (LDH and 
CEACAM1). LDH, although not specific to any cancer type, has been 
used for many years as a Tumor Marker in various malignancies [7].
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In a recent study, a total of nine hub genes (SPP1, ITGA6, 
TMPRSS11D, MMP1, LAMC2, FAT1, ACTA1, SERPINE1 and 
CEACAM1) were identified to be significantly correlated to survival of 
HNC patients [6-9].

At present, more than 37 different human Cytokeratines (CK) 
genes have been identified, of which CK 8, 18, and 19 are the most 
abundant in various carcinomas [10-12].

We have also previously reported in a preliminary study, that Cyfra 
21-1 and SCC may be used in the detection of recurrence in HNC, 
and their levels are correlated with stage of disease, lymph nodes and 
treatment response [13]. We have also studied and demonstrated IL-2R 
levels to be a significant predicting marker of response to therapy in 
HNC patients [14].

Some biomarkers have been reported to even distinguish primary 
HNSCC from metastatic Lung SCC, to determine the site of origin for 
HNSCC of unknown primary location [5,15].

However, in spite of many papers indicating the useful assessment 
of these markers in the clinical set-up of HNC, there is no introduction 
of using those markers in the routine workup in Oncology. 

Patients and methods
In the present study, we evaluated blood samples of:

•	 All HNC patients: 194 

•	 All blood samples: 293

•	 All healthy controls: 76

•	 All sub-groups: our present cohort of HNC patients included the 
sub-groups of Larynx, Nasopharynx, Oral Cavity, Parotid and other 
salivary gland malignancies. 

•	 We evaluated blood samples of HNC patients at diagnosis, before 
and after therapies (surgery, radiation, chemotherapy and combined 
modalities) during follow-up.

•	 We used ELISA Tumor Markers Kits from Diasorin, Italy.

•	 Correlations of Tumor Marker levels to gender, treatment response 
and to survival, were performed.

Statistical evaluation

A stepwise logistic regression analysis (SPSS: IBM SPSS 
Statistics for Windows, Version 25.0, 2017. Armonk, NY: IBM 
Corp.) was carried out to test TPS, IL-2R, SCC and Cyfra 21-1 as 
potential markers in predicting survival; CEA was also considered 
but dropped because of sparse data. IL-2R was the most effective 
marker (p=0.00354), followed by Cyfra 21-1 (p=0.0551); together 
they raise the success of the prediction from 54.1% to 69.4%, with 
an area under the ROC curve- AUC of 0.693 (p=0.000288). In 
addition to the statistics used for all patients, we analyzed also those 
who died 1-24 m (found as the best time point for analysis). In this 
logistic regression analysis, we used the patients, which revealed an 
AUC of 0.693. 

•	 Alive, n = 60. Dead, n= 51 (0-24 m). 

•	 Analysis, n= 111. Missing cases: 23. Total: 134. 

Results
In this study, we evaluated a cohort of 293 HNC patients from 

various sub-groups, as to their 5 Tumor Marker levels (CEA, SCC, TPS, 
Cyfra 21-1 and IL-2R) with correlation to clinical parameters (Figure 1 
to Figure 7) (Table 1).

Figure 1. A cohort of patients still alive vs all who died, which performed the Tumor Markers tests. There is a good distinction between patients who died, most of them with high Tumor 
Markers levels, as compared to most of the low levels in patients still alive. 
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Figure 2a. We looked at the gender distribution in our HNC patients cohort. There is a significant higher number of males with HNC vs females, as can be seen here. Males had significantly 
higher levels of the Tumor Markers IL-2R (p=0.01) and SCC (p=0.02), while for TPS and Cyfra 21-1, differences in levels, were not significant (p=0.27, 0.07). 
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Figure 2b. We demonstrated a significant higher distribution of sIL-2R in male patients, as compared to females. This was correct for all individual markers, we showed it here only for 
sIL-2R, as an example of the Tumor Markers.

Figure 3. We compared levels of the Tumor Markers in alive patients with those who died 0-24 months after entering the study. This time of 2 years, was found as the most significant 
survival time evaluation (1y, 2y, 3y, 4y, 5y) after diagnosis of HNC. Levels of 4/5 Tumor Markers (IL-2R, TPS, SCC, Cyfra 21-1) distinguished significantly (p<0.05) between patients 
alive and those who died 0-24 months after treatments.  The CEA Marker (performed only by some patients) did not distinguish significantly between these 2 groups, although there was a 
trend of higher levels in the patients who died (data not shown).
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1 - Specificity
Figure 4. We performed ROC analysis on the group of patients who died 0-24 m vs 76 healthy controls, in order to understand which markers will predict survival best. Figure 4 shows 
clearly that sIL-2R and Cyfra 21-1 are the best predictors of survival, out of our panel of markers (AUC = 0.79). ROC: Area Under the Curve.
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CT 

Figure 5. Kinetics of Tumor Markers in HNC patients responding to therapy, which decreased significantly. (1-12 m before indicated by CT).
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Figure 6. Kinetics of Tumor Markers in HNC patients non-responding to therapy, which increased significantly in all markers. (3 to 18m before indicated by CT).

Figure 7. Kinetics of sIL-2R in a stable disease HNC patient.This is important information for the clinicians provided by tumor markers, without using CT or MRI.

Variable(s) Predicted probability

Area Std. Errora Asymptotic Sig.b
Asymptotic 95% Confidence Interval

Lower Bound Upper Bound
0.693 0.050 0.000288 0.595 0.791

a: Under the nonparametric assumption
b: Null hypothesis: true area = 0.5

Table 1. Test result.
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Discussion
During recent years, many efforts have been utilized toward 

identifying new Biomarkers in HNC patients, using different methods, 
from in vitro HNC cell-lines to Proteomics [16,17].

CEA and SCC (15) were the most reported Tumor Markers in 
HNC, correlated mostly to tumor mass, as reported for example, in a 
meta-analysis study of 493 patients [15,18]. Additional markers such as 
MMPs were shown with high pre-operative serum levels, but without 
follow up over years [19]. LDH, although old and non-specific marker, 
has been shown to be significant in HNSCC for many years. There was 
a significant correlation between serum LDH and grades of HNSCC 
showing high levels of expression in moderately differentiated SCC. 
This alteration among different tumor grades can be an indicator for 
the treatment and prognosis of HNC [7]. Many studies showed Tumor 
Markers to be important in therapy response assessment, or even 
predict survival in HNC patients: CEA, SCC [9,13,15,18]. Immune 
Cancer cells as CTC (22) and CSC (23) have been related with the 
capacity of metastasis, relapse and resistance to multiple drugs during 
chemotherapy. One study was conducted using articles from five 
databases (PubMed, Scopus, Web of Science, Lilacs and Scielo). CSC 
correlated with clinical characteristics of the tumor, such as staging, 
tumor size and lymph node metastasis and was used for prognosis in 
HNC patients (23).

Our results are very similar to many other studies showing 
prognostic significance of SCC [9,13,18]. Cyfra 21-1 and CEA (12, 13), 
or Cytokeratins - TPS [16,17]. There is a very good correlation between 
our preliminary results and the updated results here: The most significant 
markers we found in our previous [13] and present studies were:

SCC, [9,13,15,18-20], Cyfra 21-1 [13,21], and sIL-2R [14]. However, 
surprisingly for us, Cyfra 21-1 was not found as a tumor marker 
significantly correlated to metastases formation of HNC patients. 
This study [21] included n=55 patients, and the follow-up was about 3 
years. This is the only paper, [21] which disagrees with our and other's 
studies finding that Cyfra 21-1 is a sensitive and prognostic marker in 
HNC [12,13]. Immune parameters [9] including CD44, were found 
in high levels in oral rinses and tissues from oral and oropharyngeal 
cancer patients [20] and higher levels of IL-6 expression and serum 
levels- were associated with active disease and metastases and poorer 
survival [8]. We have previously shown the immune-biomarker serum 
sIL-2R as a very sensitive, correlated to activity of disease vs response 
to treatments in HNC patients [14]. In the present study, according 
to the ROC analysis, we demonstrated again the high sensitivity of 
this immune Biomarker. A few papers suggested a higher frequency 
of males in HNC patients [15]. Since it interested us if we will find 
similar results in our cohort of HNC patients, we examined the gender 
distribution indeed we determined a higher male proportion of males 
in our cohort of patients, as well. These results maybe correlated to a 
higher degree of smoking and alcohol consuming in men vs females 
[15]. Despite advances in diagnostics, treatment, and close follow-up 
by serum Tumor Markers, the 5-year progression-free survival (PFS) 
or survival rates for recurrent/metastatic (R/M) disease - have not 
significantly changed over the past years [3-5,24]. Recent treatments 
include NIVOLUMAB –B and PEMBROLIZUMAB –C, in addition 
to formerly used Methotrexate, Docetaxel and Cetuximab [25]. In 
a randomized, open-label, phase 3 study at 97 medical centers in 20 
countries, they demonstrated a prolongation of overall survival (OS) 
and favorable safety of Pembrolizumab in patients with recurrent 
or metastatic HNSCC. Pembrolizumab was therefore suggested as 
a monotherapy or as a part of combination therapy, in earlier stages 

of disease [26]. Nivolumab, is also a relatively new drug used in SCC 
[27]. Nivolumab appeared to improve efficacy of treatment versus IC, 
regardless of prior Cetuximab use, supporting its use in patients with 
R/M SCC HNC, with or without prior Cetuximab exposure. 

Conclusion
As early detection and treatment of cancer are the most effective 

means to reduce morbidity and mortality, tumor markers information 
will enable clinicians to a better understanding of the disease process, 
response to treatments and early therapeutic decision-making. 

Our findings of the present study including a large number of 
patients and comparison to other studies- should refer to Multi-Centric 
or Meta-analysis studies including also large numbers of patients and 
long follow up- to establish the significance for routine clinical practice. 

•	 In summary, the most important, out of our panel of Tumor Markers 
studied, are: Cyfra 21-1 and sIL-2R, providing good prognosis and 
therapy response assessment. 

•	 Therefore, we strongly recommend including them in the routine 
set-up of HNC patients in the Clinical Oncology. 
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