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Background: The aim of this study was to
evaluate the changing of TK1 (where TK
is thymidine kinase) activity before and af-
ter adjuvant chemotherapy in patients with
breast and colorectal cancer. Methods: The
study included 16 breast cancer, 25 col-
orectal cancer, and 38 healthy volunteers
as the control group. Blood samples were
taken twice from each patient; first at the
beginning of the chemotherapy and sec-
ond after six cycles of chemotherapy. TK1
activity was measured enzyme immunoas-
say method. Results: The mean TK1 ac-
tivity in the breast and colorectal cancer
was significantly higher than the controls.
TK1 activity in the colorectal cancer was
higher than the breast cancer but this
difference was not significant. TK1 activ-
ity after six doses of chemotherapy was
lower than baseline TK1 activity before the
start of chemotherapy in breast and col-
orectal cancer. TK1 activity was positively

correlated with CA15-3, before and after
chemotherapy in patients with breast can-
cer. TK1 activity in the colorectal cancer
was also positively correlated with CA19—
9, before and after chemotherapy. The
values for the cutoff point, sensitivity, speci-
ficity, and the area under curve were de-
termined for TK1 as >44.36 Du/L, 68.29%,
100% and 0.819, respectively in all subjects.
Conclusion: Our results showed that serum
TK1 activity in patients with breast and col-
orectal cancer was significantly higher than
that of the healthy controls. Moreover, after
the completion of chemotherapy the values
were lower than baseline. Pretreatment TK1
activity should be considered as a useful
marker for assessment tumor cell prolifera-
tion in breast and colorectal cancer. Further
work is needed to understand TK1 activity
better in large populations of patients with
solid tumor. J. Clin. Lab. Anal. 27:220-226,
2013. © 2013 Wiley Periodicals, Inc.
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INTRODUCTION

Cancer is a leading cause of death in the world, and
the number of affected individuals is increasing, although
different methods of treatment for cancer, for example,
surgery, radiotherapy, chemotherapy, and endocrine ther-
apy have been improved tremendously in recent years.
Cancer can be treated effectively, if discovered at an early
stage. Diagnostic and prognostic markers play a key role
in classifying tumors and determining the best treatment
plan for a patient (1).

© 2013 Wiley Periodicals, Inc.

Thymidine kinase (TK) is a cellular enzyme involved
in a salvage pathway for DNA synthesis. There are two
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isoforms of this enzyme: TK1 and TK2. TK1 is found
in the cytoplasm of dividing cells and is absent in rest-
ing cells. TK2 is located in the mitochondria of resting
cells. TK1 is a soluble biomarker associated with DNA
synthesis which has been used for prognosis and monitor-
ing of treatment of lymphoma and leukemia since 1980,
and also to some extent in patients with solid tumors
(1-6). TK1 is an enzyme linked to DNA synthesis, and
thus expressed in proliferating cells, both nonmalignant
and malignant. The concentration and activity of TK1 in
blood serum of cancer patients are elevated, while TK1 in
serum of healthy people is low or undetectable. However,
in some healthy people showing acute illness (infection,
inflammation) or exhibiting other physiological changes
(menstruation, blood donor, surgery), TK 1 could increase
transiently (1).

Recently, among the available serum markers, TK1 has
been the most widely tested in solid tumors, including
gastric cancer, particularly for monitoring the effect of
tumor therapies, prognosis, and follow-up. Yet, its role
as a marker of treatment efficacy is still contradictory to
date (7). The serum TK1 assay is commonly used to follow
systemic chemotherapy in human and animals (7-12). The
effect of treatments that do not in themselves influence the
TK1 value can be concluded from values obtained before
and after a treatment cycle: if the TK1 level decreases,
therapy can be concluded to be effective, while increasing
TKI levels indicate that the therapy is inefficient.

TK1 is still unclear whether they can be used to pre-
dict the response to treatment. The aim of the present
study was to investigate the changing of the serum TK1
activity before and after chemotherapy treatment as a
surrogate marker and the relationship between these val-
ues and tumor markers was also evaluated in patients
with breast and colorectal cancer who received adjuvant
chemotherapy.

MATERIALS AND METHODS

A prospective, cross-sectional study was performed on
16 breast cancer patients, consecutive 25 colorectal cancer
patients whom were seen at outpatient clinic of the oncol-
ogy department of Cerrahpasa Medical Faculty, Istanbul.
Complete history, physical and laboratory examinations
were obtained from all patients. All patients were assessed
by the same medical oncologist for received chemother-
apy. The study was approved by the Ethics Committee
of Cerrahpasa Medical Faculty, and every patient and
healthy volunteers gave informed consent.

We evaluated clinicopathological features (histol-
ogy, menopausal status, estrogen receptor (ER), and
progesterone receptor (PR) status, number of axillary
lymph nodes involved, grade, tumor size, and stage
according to the American Joint Committee on Cancer

(AJCC) staging system) in patients with breast cancer.
All patients underwent standard treatment protocol for
adjuvant chemotherapy. We used the following adjuvant
chemotherapies: epirubicin (100 mg/m?) plus cyclophos-
phamide (600 mg/m?) plus 5-fluorouracil (5-FU)
(600 mg/m?).

Twenty five patients with newly diagnosed and histolog-
ically confirmed primary colorectal cancer were included
in this prospective study. Tumor staging was performed
according to AJCC, Tumor, Lymph nodes, Metastasis
(TNM) staging classification. All patients underwent
standard treatment protocol for adjuvant chemotherapy.
We used the following adjuvant chemotherapies: oxali-
platin (85 mg/m?) plus folic acid (30 mg/m?) plus 5-FU
(500 mg/m?).

We also included 38 healthy volunteers as the control
group. These volunteers were tested for TK1 and also
blood and urine tests; imaging examination and physi-
cal examination were held on them. Volunteers with sys-
temic infections, inflammatory diseases, or history of re-
cent surgery were excluded.

Sample Collection and Preparation

For all persons, clinical parameters including routine
biochemical parameters were measured using the stan-
dard protocols. Blood samples were taken twice from each
patient; first about 1 month after surgery at the begin-
ning of the chemotherapy and second 1 month after six
doses of chemotherapy in anticoagulant-free tubes after
an overnight fasting. Serum were separated immediately
and stored at —80°C until analysis.

MEASUREMENT OF SERUM TK1 ACTIVITY

Serum TK1 activity was measured in duplicate aliquots,
using a human enzyme-linked immunosorbent assay
(ELISA, DiviTum assay) in accordance with the man-
ufacturer’s instructions (BIOVICA, Uppsala, Sweden).
This assay uses bromo-deoxyuridine which is phospho-
rylated to its monophosphate as substrate. In order to
immobilize and remove the monophosphate produced
from the solution it is further phosphorylated to the tri-
phosphate by kinases present in the reaction solution.
The tri-phosphate is immobilized by DNA synthesis in
which a polyA strand covalently bound to the microtiter
plate well, acts as template, reverse transcriptase as the
catalyst, and odT as the primer. After the TK 1 activity in-
cubation is completed, the plate is washed and incubated
with an antibromodeoxyuridine antibody conjugated to
alkaline phosphatase followed by a second wash. The al-
kaline phosphatase correlates with the TK1 activity in the
sample. This amount of alkaline phosphatase is evaluated
using a chromogenic substrate, p-nitrophenyl phosphate.
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TABLE 1. Demographic Features and Tumor Markers in Control
and Patient Groups

Control, Breast Colorectal
n: 38 cancer, n:16 cancer, n: 25
Age (year) 50.42 + 11.34  49.63 £ 10.63 55.56 +9.23
Sex (F/M) 16/22 16/0 18/7
CA19-9 - - 41.88491.36
(U/mL)
CA15-3 - 25.96+15.03 -
(U/mL)
TK1 (Du/L) 25294 11.84 83.73 £76.44*™ 9593 +73.112""*

4Statistical difference vs control.
P <0.01," P <0.001

The coefficients of intra- and interassay variations were
4.3% (n = 10) and 5.0% (n = 10), respectively.

The other tumor markers were measured by chemi-
luminescence immunassay with Abbott 1200 analyzer
(Chicago, IL).

Statistical Analysis

Data are presented as the mean £ SEM. The unpaired
Student’s # or Mann—Whitney U tests were used to com-
pare continuous variables between the two groups. Cor-
relations analysis was tested using Pearson’s correlation.
Differences were considered statistically significant when
P < 0.05. To assess the diagnostic accuracy, we performed
receiver operating characteristic (ROC) curve analysis.
The area under the ROC curve (AUC) was then estimated.
Data were analyzed by statistical software (SPSS for Win-
dows 15.0; SPSS, Chicago, IL).
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Fig. 1. TKI activity in cancer patients before and after chemotherapy.

J. Clin. Lab. Anal.

RESULTS

The demographic features and tumor markers of all
groups are presented in the Table 1. Age was not different
among the groups. The mean TK1 activity in the breast
and colorectal cancer was significantly higher than the
controls (83.73 £+ 76.44 Du/L; 95.93 £ 73.11 Du/L; 25.29
+ 11.84 Du/L, P < 0.001; P < 0.001, respectively). TK 1
activity in the colorectal cancer was higher than the breast
cancer but this difference was not significant. TK1 activity
after six doses of chemotherapy (48.17 £+ 41.61 Du/L
and 41.09 £ 26.59 Du/L, respectively) was lower than
baseline TK 1 activity before the start of chemotherapy in
breast and colorectal cancer (Fig. 1). CA 19-9 levels and
TK1 activities were not found to be significantly different
between colorectal cancer patients with metastase and
without metastase.

There was positive correlation between serum TK1 ac-
tivity before and after chemotherapy in patients with
breast cancer (r = 0.704; P = 0.002; Fig. 2A). There was
also established positive correlation between serum TK1
activity before and after chemotherapy in patients with
colorectal cancer (r = 0.788; P < 0.001; Fig. 2B). TK1 ac-
tivity was positively correlated with CA15-3 levels before
chemotherapy in patients with breast cancer(r = 0.689;
P =0.003; Fig. 2C). TK1 activity in the colorectal cancer
was also positively correlated with CA19-9 (P < 0.001)
before chemotherapy (r = 0.711; P < 0.001; Fig. 2D).

A comparison of ROC characteristics for TK1 in all
subjects is shown in Figure 3. The values for the cutoff
point, sensitivity, specificity, and the area under curve were
determined for TK1 as >44.36 Du/L, 68.29%, 100%, and
0.819, respectively.
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Fig. 2. (A) Positive correlation between serum TK1 activity in patients with breast cancer before and after chemotherapy. (B) Positive correlation
between serum TK1 activity in patients with colorectal cancer before and after chemotherapy. (C) Positive correlation between serum TK 1 activity
and CA15-3 levels in patients with breast cancer. (D) Positive correlation between serum TK1 activity and CA19-9 in patients with colorectal
cancer.

10 DISCUSSION

TK1 plays an essential role in the processing of thymi-
dine within the cell and therefore it is an important marker
05 of proliferation, particularly in tumor cells. Serum TK1

r' activity assays have found their major clinical application

for the prognosis and the monitoring of therapy in blood

malignancies. The assay used in the present study is a non-
radioactive immunological alternative to the traditional
TK1 radioimmunoassay. This novel patented procedure
has no product feed-back inhibition, the enzyme works
04- under conditions of substrate saturation and has been
found to give at least a ten times higher sensitivity for de-
tection of growing tumor mass than previous TK1 assays.
This would facilitate the use of TK1 as a tumor marker

Sensitivity

027 (13). Benjamin et al. (14) compared two recently devel-
oped immunoassays for serum TK1 activity: one manual

—Thymidine kinase assay (DiviTum, Biovica®) and one fully automated as-

ik . . . . o osay (Liaison, Diasorin®). In spite of differences observed
00 02 04 0§ 08 18 between TKI1 activity measured by the DiviTum and

1 - Specificity Liaison assays, both of them may be used for recurrence

prediction in preoperative evaluation of patients with pri-
mary breast cancer. Serum TK 1 activity was measured by
the DiviTum in this study.

Fig. 3. Comparison of ROC characteristics for TK1 in all subjects.
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Similar to our study, serum TK1 activity is significantly
elevated in patients with malignancies, as compared with
levels in patients with benign tumors and those in healthy
individuals (15-22). However, in some healthy people
showing acute illness (infection, inflammation) or ex-
hibiting other physiological changes (menstruation, blood
donor, surgery), TK1 could increase transiently. There
was about 30 times higher risk to develop new malignan-
cies in the elevated TK1 group compared to the normal
TK1 group. STK1 assay can distinguish between people
with low or high risk of developing malignancies, before
any indication of visible tumors. The reason(s) behind
the differences in the TK1 levels of healthy people and
people with malignancies are still not fully understood
(1). Li et al. (23) demonstrated that transient increases of
TK1 in serum after surgery of patients with carcinoma.
The transiently elevated TK1 values postoperation might
be due to surgery-induced complications, such as anemia
and infection/inflammation, but also to operation execu-
tion times and age of patients. TK1 should not be used
within 1 week postoperation, but before surgery and after
1 month to avoid nontumor-related increases in TK 1, and
thus misleading results. Zhang et al. (24) reported that
TK1 gradually declined, being 66% lower after 1 week.
TK1 reached the level of healthy controls at 1 month and
remained there for at least 6 months postoperatively un-
til this study ended. Surgery could lead to a transient in-
crease of TK 1 activity resulting from postoperative wound
healing.

The regimens used in adjuvant treatment of breast and
colon cancer included 5-FU, which is an irreversible in-
hibitor of thymidylate synthase (TS). Inhibition of TS
causes the activation of TK1 as a salvage way for synthe-
sis of thymidine monophophate (TMP), so-called “flare
response” (25), which was observed by Topolcan et al.
(26) during adjuvant and palliative chemotherapy in col-
orectal cancer after every chemotherapy cycle. 5-FU treat-
ment leads to TK1 induction. Liu et al. (7) reported that
after 2 and 4 months of chemotherapy, the TK1 val-
ues decreased significantly in the patients without recur-
rence, while in patients with recurrence, the STK1 values
increased significantly after 2 months of chemotherapy
compared with that before chemotherapy. Particularly,
after 1 month of chemotherapy, the corresponding TK1
values started to decline in the patients without recurrence
and to increase in the patients with recurrence. Therefore,
its role as a marker of treatment efficacy is still para-
doxical to date. Although the number of patients was
limited in this study, the TK1 activity before chemother-
apy was also high in serum, but a decrease was observed
1 month following therapy in patients with breast and
colorectal cancer. Serum TK1 activity might possess an
important reference value in the evaluation of treatment
and prognosis of breast and colorectal cancer following

J. Clin. Lab. Anal.

chemotherapy. Increased TK1 activity at the beginning of
the therapy may improve the ability to predict changes
in the tumor burden. The level of serum TK1 is not
only a sensitive marker of tumor, but also reflects tu-
mor burden and delivers prognostic information in breast
and colorectal cancer. Results of our study is enough to
confirm this in cancer patients (6, 8, 13,17, 18, 20-27).
Nisman et al. (27) suggested that elevated serum TKI1
is an important risk factor indicating a high proliferation
potential of tumors at the time of excision. In multivari-
ate analysis, TK1 activity was found to be an independent
prognostic factor in terms of recurrence-free survival in
breast cancer patients.

CA 15-3 (also known as MUCI) is the most widely
used serum marker and one of the first circulating prog-
nostic factors in breast cancer. In multivariate analysis
CA 15-3 as a prognostic marker was independent of both
tumor size and nodal status. The most important clinical
application of CA 15-3 is in monitoring therapy in pa-
tients with advanced breast cancer that is not assessable
by existing clinical or radiologic procedures (28,29). TK1
activity was positively correlated with CA15-3 before and
after chemotherapy in patients with breast cancer in our
study. Elfagieh et al. (30) showed that the combined data
set of the CEA, CA 15.3, and TK1 concentrations’ data
from three markers increased the diagnostic sensitivity
to 90%. The serum marker analysis for CEA, CA 15.3,
and TK1 concentrations is shown to be a useful tool for
identification of malignant cases in breast cancer popu-
lation and for the prognostic evaluation of patients with
primary breast cancer. Increased concentrations of the
markers were also observed to be higher in patients with
advanced tumors and indicative of the development of
distant metastasis.

CA 19-9 was the marker with the highest sensitivity in
colorectal cancer (31). Lin et al. (32) demonstrated that
CA19-9 may be a prognostic factor for colorectal cancer
patients with normal CEA levels. CA 19-9 are also well-
established oncological biomarker used in the follow-up
care and prognosis of colorectal cancer patients (33). On
the other hand, elevated CA 19-9 is related to an un-
favorable prognosis, in terms of cancer recurrence and
mortality rate. TK1 activity was positively correlated with
CA19-9 in patients with colorectal cancer in our study.
According to our hypothesis, TK 1 activity should increase
in colorectal cancer patients with metastase. However, CA
19-9 levels and TK1 activities were not found to be signif-
icantly different between colorectal cancer patients with
metastase and without metastase. This indicates a more
complex regulation of the serum TK1 activity of some
patients. It may also be possible that these patients had a
metastase but not had come up yet. On the other hand if
populations of patients with metastase (n:12) was higher,
we could have found a different result.
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In conclusion, the present study shows that TK 1 activity
can be a potential tumor marker in breast and colorec-
tal cancer. A very important use of a laboratory test for
oncological applications is to predict the outcome of pa-
tient treatment. TK1 assay is fast, sensitive, economical,
and easily performed for measuring serum TK1 activity.
These findings obtained by ELISA could provide the ba-
sis for future studies of the clinical utility of the assay.
Our results show that the test is also used in particular
to monitor the effect of chemotherapy because it has a
short biological half-life and participates in DNA synthe-
sis (26). Therefore, this enzyme may be served as a tumor
marker in future. Further work is needed to understand
TK1 activity better in longer period of follow-up and a
larger population of patients with solid tumor.
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