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Objectives: Thymidine Kinase 1 (TK1) has been recognized as a biomarker for cell
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Methods: Eligible publications were identified from PubMed, EMBASE, the Cochrane
Library, CNKI, Wanfang, VIP and SinoMed databases from January 1, 2000 until July 31,
2020. The meta‑analysis followed the PRISMA statement and was conducted using
RevMan 5.3 and STATA 16.0 software.

Results: A total of 25 clinical studies were included in this meta-analysis, including
1,813 breast cancer patients, 812 benign breast disease patients and 970 healthy individuals. There were significant differences in the Mean Difference (MD) and 95% Confidence Interval (CI) of STK1p values between healthy group and breast malignant group
[MD = -1.94, 95% CI (-2.02 ~ -1.85), p<0.00001], between benign disease group and
breast malignant group [MD = -1.70, 95% CI (-1.85 ~ -1.55), p<0.00001], and between
before and after treatment groups [MD = 0.98, 95% CI (0.44 – 1.52), p=0.0004]. The
Egger’s tests showed that there was no significant publication bias in all groups.
Conclusions: This meta-analysis indicated that the level of STK1p in breast malignant patients was significantly higher than that in benign disease group and the healthy
control group. The level of STK1p in breast malignant patients decreased significantly
after being treated with surgery. STK1p would be a useful biomarker for breast benign
and malignant tumors risk assessment and treatment response assessment.

Introduction
Breast cancer is one of the most common malignant tumors
in women, which is threatening women’s health. According to the
statistical data in 2012, there were 1.67 million new cases of female
breast cancer, accounting for 25% of all female malignant tumors,
and 521,900 deaths, accounting for 15% of all female malignant
tumor deaths [1]. In China, the incidence of breast cancer is not
optimistic. China cancer registry annual report shows that in 2012,
the incidence rate of breast cancer was as high as 42.55/100,000.

With the change of lifestyle, breast cancer has become the highest
incidence rate in China, and showing a younger trend and a rising
in mortality rapidly [1,2]. Thus, breast cancer has become a serious
public health issue in China. It is crucial to explore highly sensitive
and specific approaches, especially in non-invasive tumor-related
biomarkers to achieve early malignancy risk detection and then offer
patients a better chance of early treatment and cure. Biochemical
and cell biology studies since 1950s shows that Thymidine Kinase
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1 (TK1) is a key enzyme involved in the pyrimidine salvage pathway
playing an important role in DNA synthesis during S-phase of cell
cycle [3]. TK1 has been used for assessment of tumor proliferation
rate by serological methods, including TK activity and TK1
concentration (STK1p) assays, as well as histochemical staining
in clinical setting [4,5]. Although serum thymidine kinase activity
increases in malignant tumors, for example in breast cancer, it is
not widely applied in routine clinical laboratories due to the nonspecificity substrate used in the TK activity assay.

On the other hand, the STK1p assay uses a specific chicken
anti-human TK1 IgY polyclonal antibody raised against a
peptide (residue 195-225, GQPAG PDNKE NCPVP GKPGE AVAAR
KLFAPQ) in a commercial enhanced chemiluminescence dot blot
immunoassay (www.sstk.biotech.com), frequently used in clinical
studies of breast cancer patients. However, most of individual TK1
studies so far included a limited number of cases which may affect
the reliability of the conclusions, and thus initiated the present
meta-analysis. STK1p has a clinical significance in monitoring
tumor therapy responses and prognosis in breast malignancies
[6,7]. Clinical studies also demonstrated that the half-life of STK1p
could be an important tool for evaluating the response to surgery
in malignant patients, for example in lung and gastric malignancies
[8,9]. Furthermore, the level of STK1p can be used as a prognostic
factor to reflect the abnormal cell proliferation status of breast
tumors in the human body and will be able to assess the risk of early
tumor before visible tumor by image [10]. Regarding the diagnosis
of breast cancer, pathological biopsy and imaging examination are
important criteria for the confirmation of breast cancer, but such
techniques cannot evaluate tumor growth rate. As a matter of fact,
most patients are diagnosed at the middle or advanced stages,
which has lost the optimal therapy period to cure or recover. STK1p
has the potential to be a useful biomarker in early breast cancer risk
assessment, treatment response monitoring and prognostic factor,
as STK1p changes appear before tumors are visible on imaging.
Breast cancer is recognized as a group of biologically and
molecularly heterogeneous diseases originated from the breast
normal tissue [11]. The histologic grade is an important indicator
of tumor aggressiveness that reflects three features including
tubule formation, nuclear pleomorphism and mitotic index, which
is directly related to proliferation [12]. Since STK1p expression is
related to grade and stage in breast cancer [10], the STK1p as a
proliferation biomarker could have implications for risk prediction
of aggressive forms of breast tumors. The purpose of this study
was to conduct a meta-analysis with respect to the clinical values
of STK1p in distinguishing breast benign and malignant tumor
risk and monitoring treatment responses based upon a sufficient
number of cases, thus to provide new insights and tools for breast
malignant tumor risk assessment and early detection. Of the 269
publications on TK1 in breast cancer patients, only 25 articles were
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collected in the final analysis.

Materials and Methods
Literature Search
A systematic search of published articles from PubMed,
EMBASE, the Cochrane Library, CNKI, Wanfang, VIP and SinoMed
databases from January 1, 2000 until July 31, 2020 was performed
using the following strategy and keywords: (‘thymidine kinase 1’
or ‘TK1’) and (breast) and (‘cancer’ or ‘tumor’ or ‘carcinoma’ or
‘malignancy’).

Inclusion Criteria

The studies were screened, evaluated and selected by two
separate reviewers strictly following the inclusion and exclusion
criteria. The inclusion criteria were: (1) measuring the STK1
concentration; (2) using an enhanced chemiluminescence dot blot
STK1 assay system (SSTK Ltd., Shenzhen, China); (3) following
international standard guidelines to diagnose breast cancer; (4)
containing STK1 concentration data with mean and standard
deviation, or data that could be re-estimated; (5) including
appropriate control groups such as healthy control, benign disease
control, or before and after breast cancer treatment control.

Exclusion Criteria

The exclusion criteria in this study were: (1) review or
editorial comments or case report; (2) insufficient data; (3) studies
containing unqualified data; (5) lack of appropriate control groups.

Data Extraction

Two reviewers independently assessed the quality of studies
using the Newcastle-Ottawa Scale (NOS). Studies with NOS scores
more than 5 points were included in this meta-analysis. The full
texts were carefully reviewed for each collected article. Then,
the following data were extracted from each study: first author’s
name, publication year, the article title, journal, study population
characteristics (design type, number of subjects, sources of
control, age), specimen type, and testing results. The meta‑analysis
followed the PRISMA guidelines. Since all analyses were based
upon published literature, no ethical approval and patient consent
were required.

Statistical Analysis

The meta-analysis was performed with RevMan 5.3 software
provided by the Networks of Cochrane Review Groups and STATA
16.0 software (Stata Corporation, College Station, TX, USA). Initially,
a heterogeneity test was conducted at the beginning. Then, the
weighted Mean Difference (MD) and 95% Confidence Interval
(CI) was calculated using a fixed-effect model or a random-effect
model based on the heterogeneity results. A fixed-effect model was
selected when the I2 was lower than 50% and p-value was >0.05.
Otherwise, a random-effect model was used when the I2 was greater

Copyright@ Ailian Hei, Ellen He | Biomed J Sci & Tech Res | BJSTR. MS.ID.004943.

23342

Volume 30- Issue 3

DOI: 10.26717/BJSTR.2020.30.004943

than 50% and p-value was <0.05. Moreover, sensitivity analyses
were performed with STATA 16.0 software to evaluate the effects
of excluding any individual study. Finally, Egger’s tests were used
to examine publication bias. A p-value of <0.05 was considered to
indicate significance.

Results

Literature Search and Study Characteristics
Figure 1 shows the process of literature retrieval and study
selection. Initially, 269 publications were identified from various
databases. A total of 78 articles remained after reviewing the title
and abstract of each publication. Then, 53 articles were excluded

from the remaining 78 articles since 24 articles used other STK1
detection methods which did not meet the inclusion requirements
of this study; 17 articles lacked complete data for conducting this
meta-analysis; 12 review articles were also excluded due to be
unqualified for meta-analysis. As a result, 25 articles were included
in the final analysis [13-37]. The main clinical characteristics of
each included study were extracted and summarized in Table 1.
From the 25 studies between 2010 and 2020, a total of 1,813 breast
cancer patients, 970 healthy individuals and 812 benign breast
disease patients were included in this meta-analysis. All cancer
cases in the study were diagnosed by a pathological examination
according to clinical practice guidelines. In this study, the age ranged
approximately from 16 to 82 among the breast patient population.

Table 1: Summary of the clinical data from each included publication.
Author and
issuing time
Chen QB et al. [16]

Location

Control
(n)

South China

20

East China

-

Duan CX et al. [22]

North China

Guan H, [14]

South China

Hou H et al. [28]

East China

Fang K et al. [31]

Hao WM et al. [27]

South West

125

East China

35

Li XQ et al. [29]

Liao HY et al. [24]

East China
East China
East China

Xie GQ et al. [21]

Yuan ZY et al. [13]
Zhang HZ, [33]

Zhang LJ et al. [37]

Zhang ZJ et al. [26]
Total number

Y=Yes; N=No.

Y

33

30
30

62

29-78

N

-

Y

40

90

66
-

92

26-82

31

29-71

104

East China

50

90

30

East China

48

East China

14

East China
East China
East China

South West
East China

-

-

55

-

48

32
-

52
35
-

20

30

970

812

161

-

22-80

42

-

-

Y

73

25-69

90
145
48
69
34
48
80
70
65

1813

24-76
39-66
21-79

16

14

30

30

-

80

10

-

-

-

55
40
20
-

21
32
16
-

-

-

Y

-

110

15

125

125

Y

20

50

20

-

-

Y

-

28

14

Y
Y
Y
Y

N

37-76

N

-

N

19-63

N

Y
Y

-

19
-

29
-

57
43
-

-

71

-

-

-

68
-

36
-

16

-

40
-

22

-

49

21

83

830

449

-

-

-

26

-

-

-

33

31

-

-

-

-

90

36

-

-

38

90

33
-

38

-

47

-

-

-

25

Y
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-

55

32-59

>20

After (n)

20

N

29-77

Before (n)

Y

33-72
24-75

III+IV

-

Y

-

I+II

Y

19-63

125

50

21-70

Surgery treatment

0
24

65

-

66

30-75

Clinical stage (n)

Y

N

100

-

21-79

16-79

30

50
50

36

100

East China

Tao XJ et al. [18]

16-79

South China

Ren RB et al. [25]
Shen LL et al. [34]

112

50

South China

Shan Z et al [20]

-

68

42

Nong L et al. [36]
Qin ZL et al. [32]

Y

72

Jiang AK et al.,
[35]

Li XF et al. [30]

38-70

42

30

Li B et al. [17]

30

-

South China

East China

TNM
staging

100

Huang H et al. [15]

Jiang MJ et al. [19]

Age

80

30

South China

-

Breast
Cancer (n)

80

East China

Huang J et al. [23]

Benign
(n)

-

-

-

34

34

-

-

-

-

14
-

331

14
-

331
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Figure 1: Flow chart of literature selection for the meta-analysis.

STK1p Level of Breast Malignant Patients Compared to
Healthy Control Group
Of the 25 studies included in this meta-study, 18 were used
for comparison analysis between breast malignant patients
and healthy subjects (Figures 2A & 3A). The number of breast
malignant patients and number of cases of healthy subject was
1,263 and 970, respectively. There were significant differences

between the two groups after the heterogeneity test (p<0.00001,
I²=97%). Therefore, the effect of the merging was carried out using
a random-effect model. The results showed that the weighted
Mean Difference (MD) between the two groups was statistically
significant at the 0.05 level (MD = -1.94, 95% CI (-2.02 ~ -1.85),
p<0.00001). The level of STK1p among breast malignant patients
(3.00±2.19 pM) was significantly higher than that among healthy
subjects (0.58±0.37 pM) (Figure 3A).

Figure 2A: Forest plots of STK1p levels in healthy controls and breast malignant tumor patients.
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STK1p Level of Breast Malignant Patients Compared to
Breast Benign Tumor Patients
Of the 25 studies collected in this meta-analysis, 16 studies
were used to examine the difference between breast malignant
patients and benign breast disease patients (Figures 2B & 3A). A
total of 1,203 breast malignancy patients and 812 benign disease
cases were included in this analysis. Significant differences were

DOI: 10.26717/BJSTR.2020.30.004943

examined between the two groups after the heterogeneity test
(p<0.00001, I²=96%). Therefore, a random-effect model was
employed to analyze the effect of the merging. The results showed
that there was a significant difference between the two groups
(MD = -1.70, 95% CI (-1.85 ~ -1.55), p<0.00001). Furthermore, the
STK1p level in the breast malignant patients (3.00±2.19 pM) was
significantly higher than that in the benign breast disease patients
(0.96±0.51 pM) (Figure 3A).

Figure 2B: Forest plots of breast benign tumor patients and breast malignant tumor patients.

STK1p Level of Breast Benign Tumor Patients Compared
to Healthy Control Group
Of the 25 studies collected in this meta-analysis, 11 studies
were used to assess the difference between the breast benign
disease patients and the healthy individuals (Figures 2C & 3A). A
total of 569 benign disease cases and 467 healthy controls were
included in the analysis. Significant differences were examined

between the two groups after the heterogeneity test (p<0.00001,
I²=97%). Therefore, a random-effect model was employed to
analyze the effect of the merging. The results showed that there was
a significant difference between the two groups (MD = -0.37, 95%
CI (-0.50 ~ -0.23), p<0.00001). Furthermore, the STK1p level in
the breast benign patients (0.96±0.51 pM) was significantly higher
than that in the healthy individuals (0.58±0.37 pM) (Figure 3A).

Figure 2C: Forest plots of healthy controls and breast benign tumor patients.
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STK1p Level in Breast Malignant Patients Before and
After Surgery Therapy
Of the 25 studies used in this meta-study, 6 studies were
included to assess the changes of STK1p concentration before and
about one month after surgery therapy. Figure 2D presents the
forest plots of the six studies. Heterogeneity test results showed
that the p-value was 0.0004 and the I2 = 77%. Therefore, a random-
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effect model was used to examine the effect of the merging. The
results indicated that a statistical significance (MD = 0.98, 95%
CI (0.44 – 1.52), p=0.0004) was found between before and about
one month after surgery. Compared to the level before surgery, the
STK1p level after surgery treatment significantly declined. The level
of STK1p decreased by 30.6% after surgery therapy (Figure 3B).

Figure 2D: Forest plots of healthy controls and breast benign tumor patients.

Figure 3:
A. Comparison of STK1 levels among healthy subjects, patients with benign and malignant tumor.
B. Comparison of STK1 levels before and about one month after surgery treatment in breast cancer patients.

Sensitivity Analysis
Sensitivity analyses were performed to evaluate the effects of
excluding any individual study. The influence plots were presented
in Figure 4 between the healthy and breast malignant group (Figure
4A), between breast benign disease and malignant group (Figure

4B), between healthy and breast benign disease group (Figure 4C),
and between before and after surgery about one-month-group
(Figure 4D). By exclusion of 1 literature at a time in turns, the results
demonstrated that the remaining literatures did not substantially
change in each comparison group.
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Figure 4A: Plots of the sensitivity between the healthy group and breast malignant tumor group.

Figure 4B: Plots of the sensitivity between benign group and breast malignant tumor group.

Figure 4C: Plots of the sensitivity between healthy controls and breast benign tumor patients.
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Figure 4D: Plots of the sensitivity before and about one month after surgery treatment in breast cancer patients.

Publication Bias
Table 2 presented the results of NOS quality assessment in which
all NOS scores were higher than 5 points. Egger’s linear regression

tests were conducted to examine the potential publication bias.

The results in Table 3 showed that all p-values for the bias were >
0.05, which indicated that no significant bias was identified among
publications in this meta-analysis.

Table 2: Literature quality evaluation by Newcastle‑Ottawa Scale Document Quality Assessment Scale (NOS).

Definition
of controls

Ascertainment
of exposure

Exposure same
method of
ascertainment
for cases and
controls

Nonresponse rate

*

*

*

*

*

**

*

*

*

*

Author and
issuing time

The
definition
adequate

Representativeness
of the cases

Chen QB et al.
[16]

*

*

*

Fang K et al.,
[31]

*

*

Duan CX et al.
[22]
Guan H, [14]

Hao WM et al.
[27]
Hou H et al.
[28]

Huang H et al.
[15]
Huang J et al.
[23]

Jiang AK et al.
[35]
Jiang MJ et al.
[19]

Li B et al. [17]
Li XF et al.
[30]

Li XQ et al.
[29]

Liao HY et al.
[24]

*
*
*
*
*
*
*
*
*
*
*
*

Section
Selection of
controls

Comparability
of cases and
controls on
the basis of
the design and
analysis

*
*

*

*
*

*

*

*

*

*

*

*

*

*

**

*

*

*

*

*
*
*
*
*

*

*
*

*

*
*
*
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*

**
**
*

*
*
*
*
*
*
*
*
*
*

*

*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*
*

*
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Nong L et al.
[36]

*

*

Ren RB et al.
[25]

*

*

Qin ZL et al.
[32]

*

Shan Z et al
[20]

Shen LL et al.
[34]
Tao XJ et al.
[18]

Xie GQ et al.
[21]

Yuan ZY et al.
[13]

Zhang HZ [33]
Zhang LJ et al.
[37]

Zhang ZJ et al.
[26]

*
*
*
*
*
*
*
*

*

*
*
*
*
*
*
*
*

*

*

*

*

*

*

*

*

*

*

*

*

**

*

*

*

*

*

**

*

*

**

*

*

*

*
*

*

**
*

Table 3: Egger’s tests for the assessment of publication bias.
Standard effect

Coefficient

Standard error

Slope

-5.589

2.009

T value

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

p>|t|

95% CI

0.013

-9.850 to -1.329

-3.91

0.002

-9.283 to -2.711

-0.75

0.474

-6.017 to 3.029

0.681

-3.317 to 4.576

Healthy vs. Malignant
Bias

Slope
Bias

-0.794
-5.997
-0.685

0.607
1.532
0.346

-1.494

1.999

Slope

0.629

1.421

Bias

Discussion

-0.253
0.763

-1.31

Benign vs. Malignant

Slope
Bias

-2.78

Healthy vs. Benign

0.181

-1.98
-1.40

Before vs. After treatment

0.558

A meta-analysis is to systematically analyze data from several
different studies in order to synthesize the results based on a larger
number of samples [38]. In the present study, the meta-analysis
results indicated that STK1p was a useful and reliable biomarker in
distinguishing breast malignancy risk from non-malignancies and
monitoring the treatment response to surgery therapy in breast
malignant patients. Furthermore, no significant bias was found in
this meta-analysis. Breast cancer is a relatively high incidence rate
of malignancy in women. Although the continuous development
of B-ultrasound, mammography examination and other detection
technology has improved the early diagnosis rate of breast cancer,
the current early malignancy detection technologies still have
certain limitations. In addition, some breast cancer patients in early
stage lack of specific clinical symptoms. It is difficult to detect many
small lesions in early breast cancer.

0.44
1.37

0.209
0.067
0.195
0.243

-2.083 to 0.494
-1.427 to 0.056
-0.661 to 0.156
-0.785 to 2.312

When patients have obvious clinical symptoms, most of them
can only be treated by radical mastectomy. At the same time, most
breast cancer patients are not willing to accept traumatic surgical
treatment, and are willing to take conservative treatment, which
requires clinicians to be able to diagnose breast lesions as early
as possible. At present, CA153 is widely used in the serological
detection of breast cancer, but the sensitivity and accuracy are still
low [39]. STK1p is considered to be a new potential biomarker
for the risk detection of early breast precancerous lesions and
malignant tumors in female population. The results of the present
study indicated that the STK1p concentration in breast patients
was significantly higher than that in healthy individuals, also
significantly higher than that in benign breast disease groups which
provides a chance to distinguish them. These findings suggest
that STK1p concentration can be used as an early risk warning
indicator for dynamic development of breast cancer from an early
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stage. Measuring STK1p concentration would be a supplementary
approach to assist assessing malignancy risk of benign diseases in
early stage. Similar results were reported in other published studies
where individuals with STK1p-values > 2.0 pM were found to have
a 3‑5 times higher risk to develop a malignancy based on a large
scale health screening study (n=35,365) [40]. The results suggest
that the abnormal proliferation of tumor cells could be detected
sensitively by monitoring the STK1p concentration level.

In addition, the STK1p level after surgery therapy was
significantly lower compared to the level before surgery. The
results suggested that STK1p has the potential to become a
useful monitoring index in evaluating the treatment responses in
breast cancer patients. According to prior studies [8,9], the halflife of STK1p after treatment may differ depending on different
types of therapy approaches, for example extensive open surgery,
minimally invasive surgery or chemotherapy, and also depending
on different types of malignant tumors. In a primary bladder
carcinoma patients study, the half-life of STK1p was six days after
cystectomy by electrosurgical technique [41]. In another similar
study, the STK1p level in patients with non-Hodgkin’s lymphoma
during chemotherapy increased to 127% during the first few days,
and then declined by 79% one month after the chemotherapy [42].
In this study, the meta-analysis results indicated that the STK1p
level after surgery treatment significantly declined by 30.6% after
surgery therapy. These findings suggest that the half-life of STK1p
protein may be an important tool for monitoring the treatment
responses in breast cancer patients.

The clinical significance of the ECL dot-blot serum TK1
immunoassay in regular health examination for malignant diseases
have been verified by large-scale population research [43]. In
addition, in a long-term follow-up study of 120 breast cancer
patients at the Karolinska University Hospital/Karolinska Institute
in Sweden, it was found that the expression of STK1p three months
after the operation can effectively evaluate the prognosis and
survival of patients, and thus be used as an independent prognostic
factor for breast cancer patients [7]. A recent study also showed that
STK1p has a good evaluation value in the prognosis, survival and
recurrence of triple negative breast cancer [44]. However, due to
the small amount of data, there is still need to collect a large number
of triple negative breast cancer to valid these results. Meta-analysis
is an observational study, which has some limitations in nature.
During assessing publication bias, the subjective influence of the
researchers may affect the conclusion. Regarding the limitation, the
Egger’s test was employed to evaluate the effects of publication bias
in order to minimize the deficiency [45]. In conclusion, this metaanalysis indicated that the level of STK1p in breast cancer patients
was significantly higher than that in benign disease group and the
healthy control group. The level of STK1p in breast cancer patients
decreased significantly after being treated. Thus, STK1p would be
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a useful biomarker for breast benign and malignant tumor risk
assessment and treatment response assessment.
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