
Abstract. Background/Aim: Prognostic factors serve as a vital
tool in the treatment of patients with head and neck cancer
(HNC). The aim of this study was to evaluate the clinical
potential of Thymidine-kinase-1 (TK1) marker in the prognosis
of HNC patients. Patients and Methods: We evaluated 366
blood samples from 278 HNC patients and 88 healthy controls,
using an ELISA assay. Correlations of TK1 levels with disease
stage, lymph node involvement and response to radiation
therapy, were determined. Results: In HNC patients, TK1 levels
were significantly higher compared to healthy controls.
Significantly higher TK1 levels were demonstrated in node
positive cases and in advanced disease stages compared to node
negative and early disease stages. Levels were higher prior to
radiation and decreased significantly thereafter, in patients
responding to treatment. Increasing levels of TK1 post-radiation
were indicative of recurrence or of non-response to treatment,
while decreasing levels indicated a positive response.
Conclusion: TK1 is a tumor marker in HNC patients with the
ability to assess response to therapy. High or increasing levels
correlated to a poor prognosis, whereas low levels correlated
to an overall increased survival. 

Head and neck cancer (HNC) encompasses various epithelial
malignancies arising in multiple sites including the larynx,
pharynx, oral and nasal cavities and the paranasal sinuses.
Approximately 90% of these cancers fall into the heterogeneous
sub-group of head and neck squamous cell carcinomas
(HNSCC), the main risk factors of which are tobacco and

alcohol. About 2/3 of HNSCC patients present with advanced
stage disease, commonly involving regional lymph nodes (1-4). 

Treatment of HNSCC is often complicated due to tumor
heterogeneity, site, stage and resectability, as well as patient
factors such as swallowing, airway obstructions, organ
preservation and comorbidities. While surgery and radiotherapy
have long been the established methods of treatment, HNSCC
patients suffer from high recurrent rates of disease, with
significant risk of mortality. Reasons of mortality could be
cardiac and respiratory diseases, as well as secondary primary
tumors, which may affect the whole aero-digestive tract.
Currently, no conclusive biomarker exists for the early detection
and surveillance of HNSCC. Such markers are needed not only
for earlier diagnosis of invisible tumors, but offer the potential
of accelerating the developments of novel treatments (5, 6). 

We have previously demonstrated serum tumor markers
such as carcino-embryonic antigen (CEA), squamous cell
carcinoma antigen (SCC), tissue polypeptide specific antigen
(TPS) and Cyfra 21-1, as well as the immune marker sIL-
2R, to be efficient in assessing response to therapies and
providing insights into the prognosis of HNC patients in
preliminary studies (7, 8).  

While multiple serum markers have been found to show
potential in revealing otherwise undetectable tumors, few
have been proven clinically relevant in controlled clinical
trials, including CEA, CA19-9 (9), CA125 (10), alpha-
fetoprotein (AFP) and prostate specific antigen (PSA) (11).

Thymidine kinase 1 (TK1) is a key phosphotransferase
enzyme in nucleotide synthesis that is involved in the
salvage pathway of DNA synthesis and is activated in the
G1/S phase of the cell cycle. Due to this imperative function,
TK1 activity has been shown to correlate with the
proliferative activity of tumor cells (12).

Serum TK1 activity has been investigated mainly in
hematological malignancies. High TK1 levels have been
shown to be a strong predictive factor of poor prognosis in
T cell lymphoma as well as in ALL and AML patients (12,
13). Suzuki et al. (14) and also O’Neill et al. (15) showed
such a prediction in ALL and AML patients. 
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We have previously reported the good sensitivity of TK1
as a tumor marker in aggressive lymphoma, where serum
TK1 levels were able to differentiate patients with a clinical
suspicion of indolent to aggressive transformation (16). 

Previous studies have shown that TK1 may be additionally
used as a tumor marker in various types of solid tumors
including lung cancer (17, 18), renal cancer (19), pancreatic
cancer (20) and breast cancer (21, 22), amongst others (23-25). 

HNC is considered an aggressive tumor type with an
unfavorable prognosis and with a substantial number of cases
of recurrent disease, despite improved new therapies
emerging over the past few decades (26, 27). There is
therefore an ongoing need to improve early detection
methodologies and treatment approaches.

The aim of this study was to investigate the clinical
potential of TK1 as a tumor marker in HNC patients.

Patients and Methods

This study included a cohort of 278 HNC patients and TK1 levels were
determined in blood samples of these patients and compared to those
of 88 healthy controls. Patients were evaluated at the first diagnosis,
with follow-ups occurring before, during and/or after radiation therapy.
Potential correlation of TK1 levels to: 1) disease stage (early vs.
advanced); 2) node involvement (positive or negative); and 3) the effect
of radiation therapy (pre- vs. post- radiation), was determined.

TK1 levels were assessed using ELISA kits (Diasorin, Italy). 
The study was performed following the permission of the

Hadassah Hospital IRB Committee.

Results

TK1 levels were evaluated in the HNC patient cohort and
compared to those of the healthy control group, and its levels
were found to be significantly higher in HNC patients (p=0.028)
(Figure 1). To determine whether TK1 correlates to the clinical
parameters of disease stage, patients were categorized as being
either in the early disease group or the advanced disease group
of HNC and the respective TK1 levels were evaluated.
Significantly higher levels of TK1 were demonstrated in
advanced disease (T3+T4) patients, as compared to early disease
(T1+T2) patients (p=0.033) (Figure 2).

To determine whether any correlation existed between
HNC patient nodal status and TK1 levels, TK1 levels were
compared between the node-positive and -negative groups of
patients. Node-positive HNC patients showed significantly
higher TK1 levels as compared to node-negative patients
(p=0.037) (Figure 3).

The effect of radiation therapy on TK1 levels was assessed
by comparing its levels in the same patients prior and post
treatment. Serum levels of TK1 were significantly higher
prior to radiation therapy and decreased significantly
(p=0.041) thereafter in all patients responding to the therapy
(as per PET CT scans) (Figure 4). 

We compared TK1 levels in patients we considered as
responsive to therapies vs. patients non-responsive. Indeed,
higher levels of TK1 were found in non-responsive patients,
as opposed to low levels in the responders (Figure 5). 

We set out to better understand the changes occurring in
TK1 levels of HNC patients and their potential correlation
to earlier detection of HNC recurrence or earlier indication
of a positive response to radiation therapy. Increasing levels
of TK1 preceded disease recurrence or metastases that was
observed only 6 – 12 months later by PET CT scans. In
patients responding positively to radiation therapy, the trend
of decreasing serum TK1 levels also preceded the findings
revealed through PET CT scans.     

Increasing levels of TK1 (day and month presented)
indicated recurrence or no-response to therapies (Figure 6),
while decreasing levels (day and month presented), indicated
response to therapies (Figure 7). All TK1 levels (increasing,
stabilized or decreasing) could be correlated to the
therapeutic response seen in a specific patient.

Discussion 

Previous studies have suggested that various serum tumor
markers in HNC could serve as disease predictors for
effective early therapeutic intervention, as well as to assess
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Figure 1. TK1 levels in head and neck cancer patients and in healthy
controls.

Figure 2. TK1 levels in head and neck cancer patients according to
stage.



the response of individual patients to therapy (9). Selected
molecules found in the sera of patients have been suggested
as either single markers or as part of panels of markers for
HNC patients depending on sensitivity. Multiple studies have
suggested that advanced disease and lymph node
involvement in HNC patients are correlated to higher levels
of tumor markers (7, 27, 28).

We have also previously shown a panel of serum markers
(CEA, SCC, TPS, Cyfra 21-1) that was successfully used to
assess response to therapy in HNC patients (7). In addition,
the immuno-marker sIL-2R has been shown to be a sensitive
predictor of response in HNC patients (8).  

Additional studies have addressed the ability of the TK1
marker to assess response to therapy in solid tumors.
Holdenrieder et al. (17). have highlighted the clinical
significance of TK1 in disease diagnosis, therapeutic
monitoring and prognosis of non-operable lung cancer,
where Jiang et al. (18) recommended the addition of the TK1
a panel of markers for improved sensitivity. The respective
ROC curve analyses showed that the diagnostic value of

TK1 combined with CEA, CYFRA21-1 and NSE in lung
cancer was significantly higher than that of each biomarker
alone (all p<0.0001). TK1 has also been recommended in the
detection of early- and advanced-stage lung cancer,
highlighting its importance in cancer detection (25, 26). 
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Figure 3. TK1 levels in head and neck cancer patients according to
nodes.

Figure 4. TK1 levels in head and neck cancer patients according to
radiation therapy.

Figure 5. TK1 levels in head and neck cancer patients in therapy
responders.

Figure 6. Kinetics of TK1 levels of a head and neck patient.

Figure 7. Kinetics of TK1 levels of a head and neck patient –
Decreasing levels.



In pancreatic adenocarcinomas (20), TK1 was revealed to
be significantly increased, accompanied by improved overall
survival, especially in early tumor stages. Other studies have
shown TK1 as a sensitive marker for breast cancer (21) and
renal cell cancer detection (19). 

While statistical analysis for progression-free survival was
not possible in this study due to limited data for certain
patients, it was found that TK1 predicted an approximately
80% survival in HNC patients. High levels of TK1 correlated
to a shorter survival time, where in the majority of surviving
patients TK1 levels were low. 

In the present study, serum levels of TK1 were significantly
elevated in HNC patients as compared with healthy individuals.
These results are consistent with those of previously reported
studies on various tumor markers levels (7, 29, 30). High TK1
levels, however, cannot serve as a definitive specific cancer type
diagnostic tool, but rather as a marker of proliferation
characterizing multiple malignancies and assisting in the clinical
diagnosis of HNC patients. As expected, this study found TK1
to be elevated in advanced HNC, as well as in node-positive
patients. The high sensitivity of the TK1 marker in HNC has
the potential to significantly contribute to new therapeutic
developments and early disease interventions (22, 27-29).

Despite recent advancements in HNC therapies (2, 29), the
majority of patients are still diagnosed only in the more
advanced stages of the disease. The potential of the serum
TK1 marker as a sensitive and reliable approach to enable
earlier diagnosis and subsequent therapeutic intervention of
HNC patients is crucial. The detection of TK1 offers the
added advantage of being used either as a single marker or
as part of a panel of markers, to improve sensitivity in the
accurate diagnosis and staging of HNC. 

This is the first and only study analyzing serum TK1 in
HNC patients and highlights how this sensitive marker could
potentially be used as a treatment target, either using
antibodies against TK1 or a drug-antibody conjugate.

Conclusion

In summary, this is the first study focusing on the clinical role
of serum TK1 in HNC patients. TK1 was shown to correlate to
disease stage as well as to nodal status. We revealed serum TK1
to be a useful and sensitive marker in assessing response to
therapy and providing prognosis regarding HNC patient survival. 

TK1 may be used as a single marker or as a part of a
panel of markers for improved sensitivity and detection of
HNC, providing clinicians with an improved ability to start
effective therapeutic intervention as soon as possible.
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