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Serum thymidine kinase 1 levels correlate with clinical 
characteristics of esophageal squamous cell carcinoma
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Abstract: Patients with esophageal cancer are often diagnosed at advanced stages, leading to poor prognosis. 
Biomarkers are needed to enable earlier detection as well as to aid in the prediction of prognosis, but to date these 
tools remain scarce. Thymidine kinase (TK1) has been shown to exhibit altered expression levels in esophageal 
tumor cells, therefore this study sought to determine whether serum TK1 levels are also altered and, if so, to as-
sess the utility of TK1 as a biomarker in esophageal squamous cell carcinoma. Eighty patients with esophageal 
squamous cell carcinoma were included as the case group and 80 healthy persons were selected as the control 
group. Serum TK1 levels, postoperatively for cancer patients, were detected by chemiluminescence. Follow-up was 
performed for cancer patients to determine the progression free survival (PFS) and overall survival (OS). Serum TK1 
levels were significantly higher in cases of esophageal cancer than in healthy control individuals (t=7.235, P<0.05). 
When cancer cases were sub-divided into lower and higher serum TK1 levels, based on the mean level of 3.38 
pmol/L, statistically significant differences in TNM stage, tumor differentiation, and lymph node metastasis were 
observed between patients with ≥3.38 pmol/L and <3.38 pmol/L (χ2=28.134, 3.187, 7.234, P<0.05). The aver-
age OS of all esophageal cancer patients was 30.13 months, and the average PFS was 24.73 months. However, 
when the cases were divided by serum TK1 level, average OS of those with higher serum TK1 (≥3.38 pmol/L) was 
significantly lower (23.98 mo) than those with lower serum TK1 (32.96 mo) (χ2=5.439, P<0.05). Similarly, average 
PFS was significantly lower in patients with higher serum TK1 (17.65 mo versus 27.62) (χ2=4.640, P<0.05). OS 
was correlated with TNM stage (hazard ratio, HR=3.116), degree of tumor differentiation (HR=0.427), lymph node 
metastasis (HR=0.535), and serum TK1 level (HR=1.913) (Wald χ2=6.782, 6.228, 4.562, 5.681, P<0.05). Similarly, 
PFS was correlated with TMN stage (HR=2.153), degree of tumor differentiation (HR=0.627), and serum TK1 level 
(HR=1.632) (Wald χ2=7.035, 5.335, 4.887, P<0.05). Thus, patients with esophageal squamous cell carcinoma ex-
hibit higher circulating TK1 levels, consistent with findings of increased TK1 expression in tumor cells. Further, the 
correlation of serum TK1 levels with clinical features of esophageal cancer and with patient survival suggest that 
serum TK1 may serve as a valuable biomarker for predicting patient prognosis.
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Introduction 

Esophageal cancer is a common malignancy of 
the digestive system that is clinically character-
ized by strong aggressiveness and high lethali-
ty. This cancer ranks ninth in malignant diseas-
es worldwide and is eighth in China [1]. Indeed, 
the incidence of this malignancy is so high in 
China that the country’s cases of esophageal 
cancer account for more than half of the total 
cases worldwide [2]. Although recent advances 
have resulted in improved diagnostic and treat-
ment approaches for esophageal cancer, the 
survival rate remains low and patient prognosis 

is often poor. Therefore, continued progress in 
diagnosis and treatment is needed to improve 
patient outcomes. 

Most esophageal cancers are adenocarcinoma 
and squamous cell carcinoma histotypes. 
Esophageal adenocarcinoma is mostly found in 
North America and Western Europe; esopha-
geal squamous cell carcinoma is mainly found 
in China (90% of patients with esophageal can-
cer in China) [3-5]. The significant difference in 
distribution of histotypes highlights the contri-
bution of genetic factors to disease pathology. 
Indeed, esophageal cancer is a multi-factorial 
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disease, and dietary habits, carcinogens, ill-
nesses, and genetic factors all influence an 
individual’s risk of developing it [6]. Esophageal 
squamous cell carcinoma is characterized by 
invisible symptoms, a low rate of early diagno-
sis, strong metastatic potential, and rapid dis-
ease progression; most patients progress to 
middle-and late-stage disease before they are 
definitely diagnosed; this late diagnosis often 
leads to poor prognosis. 

Efforts to identify and utilize molecular markers 
for esophageal cancer have generally relied on 
immunohistochemistry and radioimmunoass- 
ays, though newer technologies combine pr- 
oteomics with bioinformatics. However, few 
markers identified to date have clinical sign- 
ificance as diagnostic or prognostic indicators  
for esophageal cancer [7]. In particular, serum 
markers with the potential for clinical prognos-
tic application are scarce [8]. As in most tumors, 
genetic factors play an important role in esoph-
ageal cancer etiology and may produce signifi-
cant effects on disease progression in patients. 
The main genetic manifestations of patients 
are activation of proto-oncogenes and inactiva-
tion of tumor suppressor genes, as well as 
abnormalities of apoptosis-related genes and 
metastasis suppressor genes [9]. Genes asso-
ciated with esophageal cancer encode proteins 
functioning in diverse pathways including car-
cinogen metabolism (GST, CYP, NAT2, ADH2, 
and ALDH2), DNA damage repair (MGMT), and 
cell cycle regulation (MTS1, cyclinD1, Rb, and 
p53), as well as other pathways (FzE3, FHIT, 
DMBT1, and FEZ1) [10]. 

Another potential player in esophageal cancer 
is thymidine kinase (TK), which acts in the 
pyrimidine nucleotide salvage pathway as well 
as in DNA synthesis [11, 12]. TK works with ATP 
and Mg2+ to catalyze the conversion of deoxyt- 
hymidine to dTMP. In humans, TK occurs as two 
isoenzymes, the cytoplasmic thymidine kinase 
(TK1) and the mitochondrial thymidine kinase 
(TK2) [13]. Both TKs are implicated in disease, 
including tumors, in humans and animals [14]. 
During DNA replication, TK1 expression is lower 
during the G1 phase of the cell cycle, rises grad-
ually in the S phase, and reaches its peak in the 
G2 phase [15]. Tumor cells display higher TK1 
expression; its expression is correlated with 
tumor proliferation, changes, progression, and 
staging [16]. 

Indeed, TK1 is considered a novel cell prolifera-
tion marker with potential application for early 
tumor detection, assessment of treatment effi-
cacy, and prognosis [17]. Some evidence sug-
gests that it may be applicable in esophageal 
cancer [18], but the evidence was based on 
detection of TK1 in tumor cells, thus limiting its 
utility as a biomarker. The current study sought 
to determine the value of detecting thymidine 
kinase 1 (TK1) levels in serum as a prognostic 
indicator in patients with esophageal squa-
mous cell carcinoma. 

Methods 

Participants 

The study prospectively assessed patients with 
esophageal squamous cell carcinoma who 
were admitted to Wuxi People’s Hospital 
Affiliated to Nanjing Medical University between 
January and December 2012. All patients had 
received radical surgery for esophageal cancer 
and a postoperative pathological examination 
confirmed each case as esophageal squamous 
cell carcinoma. No patients received radioche-
motherapy before surgery. Patients with con-
current tumors in other regions were excluded, 
as were those with concurrent diseases includ-
ing breast hyperplasia, prostatic hyperplasia, 
fatty liver, infectious diseases, and hemorrha- 
gic trauma were ruled out. Other exclusion cri-
teria included an inability to receive surgical 
therapy or palliative surgery and a presence of 
postoperative complications including anasto-
motic fistula, pleural effusion, and infections. 
Of the 80 included patients, 55 were males and 
25 cases were females. The mean age was 
56.4±8.3 years (range: 39 to 91 years). Ad- 
ditionally, 35 cases had a history of smoking 
and 13 cases had a family history of tumors. 
Tumor staging indicated that 14 cases were 
stage I, 38 were stage II, 23 were stage III, and 
5 were stage IV. Further, 25 cases had poorly 
differentiated (G3) squamous cell carcinoma, 
37 cases had moderately differentiated (G2) 
squamous cell carcinoma, and 18 cases had 
well differentiated (G1) squamous cell carcino-
ma. There were 29 cases with lymph node 
metastases. All participants provided informed 
consent. This study was approved by the Ethics 
Committee of Wuxi People’s Hospital Affiliated 
to Nanjing Medical University, Wuxi, Jiangsu 
Province, China. 
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The control group comprised 80 healthy per-
sons who received physical examinations in our 
hospital during the same period. Each individu-
al in the control group had esophageal cancer 
ruled out. All other exclusion criteria were the 
same as for the case group. The distributions of 
sex and age in the control group were similar to 
those of the case group (P>0.05). Specifically, 
53 control individuals were males and 27 were 
females, and the mean age was 54.6±7.6 years 
(range: 37 to 78 years). Further, 32 had a his-
tory of smoking and 10 cases had a family his-
tory of tumors. Smoking and family history of 
tumors also did not differ from the case group 
(P>0.05).  

TK1 measurement

Fasting peripheral venous blood samples were 
collected in the morning from both groups. In 
the case group, blood was collected on the sec-
ond day after admission, and the female 
patients were required to not in menstrual peri-
ods. In the control group, blood was collected 
on the day of physical examination. Samples 
were centrifuged at 3000 rpm for 10 min to 
separate the serum, and serum was trans-
ferred to EP tubes and stored at -20°C. Before 
detection, serum was defrosted at 2-8°C. TK1 
levels in serum samples were quantitatively 
detected using chemiluminescent enzyme 
immunoassay (Baoman Biological Technology 
Co., Ltd, Shanghai, China). In the case group, 
postoperative follow-up was performed by  
telephone calls in combination with visits. 
Comparisons were performed for the progres-
sion-free survival (PFS) and overall survival (OS) 
of the patients.

Statistical methods 

Data analysis was performed using SPSS 13.0. 
Measurement data are expressed as mean ± 
standard deviation. The two groups were com-
pared using the independent samples t-test. 

Numerical data without hierarchical relation-
ships were compared using the chi-square test, 
while numerical data with hierarchical relation-
ships were compared using the rank-sum test 
(Mann-Whitney U method). The OS and PFS 
were compared using Kaplan-Meier survival 
analysis. Differences in survival were tested 
with a log-rank test. Factors related to the OS 
and PFS were analyzed by using the multivari-
ate Cox regression analysis. In all above statis-
tical tests, P<0.05 was considered to indicate 
that a difference was statistically significant.

Results 

Serum TK1 levels in esophageal cancer

To determine whether circulating TK1 levels are 
higher in patients with esophageal cancer, simi-
lar to the increased TK1 reported for tumor 
cells, serum TK1 was compared between indi-
viduals with and without esophageal squamous 
cell carcinoma. Serum TK1 was significantly 
higher in the case group than in the control 
group (t=7.235, P<0.05; see Table 1). 

Correlation between serum TK1 and clinical 
features of esophageal cancer 

In patients with esophageal cancer, 3.38 pmol/
L-the mean value of the serum TK1 levels-was 
used as a critical value; the group was then 
sub-divided into 42 cases with TK1 ≥3.38 
pmol/L and 38 cases with TK1 <3.38 pmol/L. 
These sub-groups were not statistically differ-
ent in age, sex, history of smoking, or family his-
tory of tumors (χ2=0.002-1.054, P>0.05). In 
contrast, the sub-groups were statistically dif-
ferent regarding the TNM classification, the 
degree of tumor differentiation, and the status 
of lymph node metastasis (χ2=28.134, 3.187, 
7.234; P<0.05; Table 2).  

Postoperative survival and serum TK1 levels

The mean follow-up period for patients with 
esophageal cancer was 26 months (range: 5 to 
36 months), and the follow-up ended on Dec 
30, 2014. The mean OS of patients was 30.129 
months (95% confidence interval: 27.793-
32.465); the Kaplan-Meier curve for OS is 
shown in Figure 1. The mean PFS of patients 
with esophageal cancer was expected to be 
24.732 months (95% confidence interval: 
21.691-27.773); the Kaplan-Meier curve for 

Table 1. Serum TK1 levels in individuals with 
and without esophageal cancer
Group N TK1 (pmol/L)
Case group 80 3.38±3.05
Control group 80 1.41±0.32
t value 7.235
P value <0.05
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PFS is shown in Figure 2. The mean OS of the 
sub-group of patients with TK1 ≥3.38 pmol/L 
was expected to be 23.977 months, while for 
the sub-group of patients with TK1 <3.38 
pmol/L it was 32.963 months (95% confidence 
interval: 21.439-26.514 and 30.428-35.497, 
respectively); this difference is statistically sig-
nificant (χ2=5.439, P<0.05). The Kaplan-Meier 
curves for OS of the two sub-groups are shown 

The results of the multivariate Cox regression 
analysis showed that the OS of the case group 
was correlated with the TNM classification [haz-
ard ration (HR)=3.116], the degree of tumor dif-
ferentiation (HR=0.427) , the status of lymph 
node metastasis (HR=0.535), and the serum 
TK1 level (HR=1.913) (Wald χ2=6.782, 6.228, 
4.562, 5.681; P<0.05; Table 3). The PFS was 
correlated with the TNM classification (HR= 

Table 2. Clinical characteristics and serum TK1 levels in patients with esophageal squamous cell 
carcinoma

Characteristic N
TK1 (pmol/L)

χ2/U P
≥3.38 (N=42) <3.38 (N=38)

Gender Male 55 31 (56.4) 24 (43.6) 1.054 >0.05
Female 25 11 (44.0) 14 (56.0)

Age (years) <55 36 19 (52.8) 17 (47.2) 0.002 >0.05
≥55 44 23 (52.3) 21 (47.7)

Smoking history Ever 35 19 (54.3) 16 (45.7) 0.080 >0.05
Never 45 23 (51.1) 22 (48.9)

TNM staging I~II 52 16 (30.8) 36 (69.2) 28.134 <0.05
III~IV 28 26 (92.9) 2 (7.1)

Family history of carcinoma Yes 13 8 (61.5) 5 (38.5) 0.509 >0.05
No 67 34 (50.7) 33 (49.3)

Degree of tumor differentiation G3 25 22 (88.0) 3 (12.0) 3.187 <0.05
G2 37 16 (43.2) 21 (56.8)
G1 18 4 (22.2) 14 (77.8)

Lymph node metastases Yes 29 21 (72.4) 8 (27.6) 7.234 <0.05
No 51 21 (41.2) 30 (58.8)

Figure 1. Kaplan-Meier survival analysis curve for OS of patients with esopha-
geal cancer.

in Figure 3. The mean PFS 
of the sub-group with TK1 
≥3.38 pmol/L was expected 
to be 17.646 months, while 
for the sub-group with TK1 
<3.38 pmol/L it was 27.622 
months (95% confidence 
interval: 14.488-20.803 an- 
d 23.944-31.299, respec-
tively); this difference is st- 
atistically significant (χ2= 
4.640, P<0.05). The Kaplan- 
Meier curves for PFS of the 
two sub-groups are shown 
in Figure 4. 

Analysis of related factors 
that influenced the post-
operative survivals of the 
patients with esophageal 
squamous cell carcinoma 
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2.153), the degree of tumor differentiation 
(HR=0.627), and the serum TK1 level 
(HR=1.632) (Wald χ2=7.035, 5.335, 4.887; 
P<0.05; Table 4).

Discussion 

Serum TK1 level can be used for early diagno-
sis of multiple malignant tumors including pros-
tate cancer, bladder cancer, kidney cancer, 
gastric cancer, liver cancer, and non-small cell 
lung cancer [19]. The results of this study, in 
which serum TK1 was significantly higher in 
individuals with esophageal cancer than in 

and those in healthy populations were general-
ly less than 2 pmol/L. Similarly, in a screen for 
serum TK1 levels in 26,055 persons who 
received physical examinations, using 2 pmol/L 
as a normal critical value enabled the detection 
of precancerous lesions or pathological chang-
es related to tumorigenesis in over 60% of 
those with elevated serum TK1 levels [21]. 
Clinically, 2 pmol/L also serves as a positive 
critical value for detecting the serum TK1 level.

Survival analyses indicated that OS and PFS 
differed by several features, including TK1 lev-
els. When patients were subdivided by TK1 

Figure 2. Kaplan-Meier survival analysis curve for PFS of patients with esopha-
geal cancer.

Figure 3. Kaplan-Meier survival analysis curve for OS of patients with esopha-
geal cancer sub-divided by serum TK1 level.

healthy individuals, suggest 
that serum TK1 may serve 
as a clinically useful indica-
tor in esophageal cancer as 
well. Indeed, patients with 
higher levels of serum TK1 
had significant differences 
in TNM classification, deg- 
ree of tumor differentiation, 
and lymph node metastasis 
than patients with lower 
serum TK1. Thus, patients 
with esophageal squamous 
cell carcinoma exhibit a sig-
nificant rise in the serum 
TK1 level and the level cor-
relates with certain clinical 
features of the disease. 

The development of anti-
human TK1 monoclonal 
antibodies and polyclonal 
antibodies has made it pos-
sible to detect traces of 
TK1 in the serum, using 
sensitive enhanced chemi-
luminescence and dot blot 
methods. Serum TK1 is 
being widely used for judg-
ing the prognosis of various 
solid tumors and hemato-
logical malignancies [20]. 
According to a serum detec-
tion of lung cancer, serum 
TK1 levels in patients with 
tumors fluctuated between 
less than 1 pmol/L and 
more than 40 pmol/L; in 
contrast, those in patients 
with benign diseases were 
mostly less than 10 pmol/L, 
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level, those with higher TK1 in serum had lower 
OS and PFS. Thus, the prognosis of patients 
with esophageal squamous cell carcinoma 
appears to be related to serum TK1 levels; 
therefore, the serum TK1 level could serve as 
an auxiliary prognostic indicator. Further, OS 

the degree of tumor differentiation is often 
inconsistent with the prognosis, and the prog-
nosis of patients with well differentiated tumors 
is not necessarily better than that of those with 
poorly differentiated tumors; thus, when chang-
es in tumor morphology serve as the only basis 

Figure 4. Kaplan-Meier survival analysis curve for PFS of the patients with 
esophageal cancer sub-divided by serum TK1 level.

Table 3. Cox multivariate analysis of OS of patients with esophageal 
cancer
Variable Reference HR Wald χ2 P
Gender Male 1.635 1.023 >0.05
Age <55 1.835 2.145 >0.05
Smoking history Never 0.973 0.547 >0.05
TNM staging I~II 3.116 6.782 <0.05
Family history of carcinoma Yes 1.307 1.692 >0.05
Degree of tumor differentiation G3 0.427 6.228 <0.05
Lobe metastases Yes 0.535 4.562 <0.05
Serum TK1 level <3.38 pmol/L 1.913 5.681 <0.05

Table 4. Cox multivariate analysis on PFS of the patients with 
esophageal cancer
Variable Reference HR Wald χ2 P
Gender Male 1.152 0.765 >0.05
Age <55 1.638 1.369 >0.05
Smoking history Never 1.337 0.923 >0.05
TNM staging I~II 2.153 7.035 <0.05
Family history of carcinoma Yes 1.381 1.755 >0.05
Degree of tumor differentiation G3 0.627 5.335 <0.05
Lobes metastases Yes 0.774 2.151 >0.05
Serum TK1 level <3.38 pmol/L 1.632 4.887 <0.05

was correlated with the 
TNM classification, the de- 
gree of tumor differentia-
tion, the status of lymph 
node metastasis, and the 
serum TK1 level, while PFS 
was correlated with the 
TNM classification, the deg- 
ree of tumor differentiation, 
and the serum TK1 level. 

Compared with esophageal 
adenocarcinoma, esopha-
geal squamous cell carcino-
ma has different biological 
characteristics and higher 
aggressiveness. Clinically, a 
comprehensive treatment 
approach by surgery in co- 
mbination with radiotherapy 
and chemotherapy is us- 
ually used in patients with 
esophageal squamous cell 
carcinoma [22]. The progno-
sis of patients is closely 
related to the tumor classifi-
cation. The 5-year OS of 
patients with esophageal 
squamous cell carcinoma is 
reportedly less than 20%; 
patients treated at early 
stages have OS of over  
90%, but patients with mid- 
or late-stage esophageal 
cancer have OS of only 
approximately 10-15% [23]. 
Although prognosis is asso-
ciated with age, red blood 
cell levels before treatment, 
number of lymph node me- 
tastases, clinical staging, 
degree of tumor invasion or 
differentiation, and surgical 
approaches [24], prognosis 
is generally assessed using 
traditional indexes like tum- 
or staging and histopat- 
hological grading. However, 
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for judging the prognosis of esophageal cancer, 
certain limitations exist [25]. Therefore, the 
identification and translation of multiple index-
es will enable a more comprehensive analysis 
of the prognosis of patients with esophageal 
cancer that can fully and accurately reflect the 
condition of patients [26]. 

The results of this study suggests that serum 
TK1 level, as a serological marker that is sam-
pled and measured rapidly, offers clinical utility 
for predicting the prognosis of patients with 
esophageal cancer. When combined with tradi-
tional indexes for assessing the prognosis, it 
will help improve the accuracy of the pre- 
diction.
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