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Aim: A prospective investigation of serum thymidine kinase 1 concentration (STK1p) was performed to
evaluate its prognostic value in patients with non-small-cell lung carcinoma (NSCLCs). Patients & meth-
ods: The STK1p values of 127 patients were determined by an enhanced chemiluminescent dot blot
assay. The patients were recruited from March 2011 to December 2017. Results: Kaplan–Meier plot
showed that patients with elevated STK1p values had worse overall survival (OS), especially patients of
early/middle stages. Multi-variable COX regression showed that STK1p value and combined treatment
surgery + chemotherapy were independent prognostic factors for favorable OS. Conclusion: STK1p is
helpful in predicting OS of early/middle stages (I–IIIA) NSCLCs patients following a nonrandomized indi-
vidual adapted treatment, but is may be not recommended in advanced stages (IIIB + IV) of NSCLCs.

Lay abstract: Lung cancer is one of the most common types of tumors, with a high mortality rate. We
investigate if thymidine kinase 1 in serum (STK1p) is a reliable prognostic marker for survival in non-
small-cell lung carcinoma. We recruited 127 patients in this study. STK1p level was determined using a
high-sensitive chemiluminescent dot blot assay. Patients with elevated STK1p values had worse overall
survival, especially patients in the early/middle cancer stages. Analysis showed that STK1p is an indepen-
dent prognostic factors for overall survival. We concluded that STK1p is helpful predicting the efficacy of
treatment in non-small-cell lung carcinoma for those in the early/middle stages.
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Lung cancer is one of the most common types of tumors, with a high mortality rate [1]. According to Global
cancer statistics (2018), 2,093,876 new lung cancer cases and 1,761,007 deaths have been reported. Lung cancer
can be categorized as 85% non-small-cell lung cancer (NSCLC) and 15% small-cell lung cancer (SCLC). The
5-year survival rate for NSCLC patients remains very low (about 16% at 5 years) [2,3]. Owing to the lack of typical
symptoms and ineffective diagnostic and prognostic methods, the recurrence rates postsurgery remain high due to
the presence of micrometastatic disease at the time of operation. Two large randomized controlled trials showed
that early detection with low-dose computed tomography and early-stage treatment can reduce mortality [4]. A
series of tumor-related serum/plasma biomarkers for identifying early stages of lung cancer in routine setting are
in use, such as CEA, CYFRA21-1 [5] or CY211 [6]. Those tumor-related markers, however, may not directly reflect
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tumor proliferating rate [7–9]. In lung cancer, receiver operation characteristic (ROC) statistical analysis has also
demonstrated that the sensitivity and specificity of STK1p value were significantly higher when combined with
CEA, CYFRA21-1 and NSE than that of each biomarker alone (p < 0.0001) [10].

Thymidine kinase 1 (TK1) expression was found to be closely related to cell cycle since the 1950s [11]. TK1 is a
precise proliferating biomarker, converting deoxythymidine (dTdR) to deoxythymidine monophosphate (dTMP),
followed by incorporation into DNA [12–17]. The levels of serological TK activity [17,18] and serological TK1 protein
concentration (STK1p) [16,19–24] in cancer patients are proportional to tumor proliferation. A meta-analysis of
1,694 lung cancer patients demonstrated that the half-life of STK1p is a valuable tool for monitoring surgical
response [25]. STK1p is also a potential proliferating biomarker in healthy screening for detection of invisible
tumors, as well as for discovery of early-stage tumors [8,9,16,26–28]. In addition, randomized end trials following the
reporting recommendations for tumor marker prognostic studies (REMARK) showed that STK1p in multi-variate
COX proportional hazards analysis was an independent predictor of recurrence in locoregional breast cancer [27],
and in non-Hodgkin’s lymphoma [28]. Similar results were obtained for serum TK activity [29].

In real clinical practice, most cancer patients are faced with a number of uncertainties, which makes it difficult
to follow recommendations based on randomized clinical trials. Thus, it is often necessary to modify the treatment
plan based on clinical trials in order to guarantee the patient’s survival efficiency. The concept of real-world data
(RWD) was suggested by Kaplan et al. [30] when analyzing a nonrandomized trial of Ramipril in patients with
hypertension. Since then, the concept of RWD has been practiced, using clinical data even from nonrandomized
studies [31]. The US FDA has now developed recommendations for such situations [32]. In randomized clinical
trials on breast cancer patients, we found that STK1p was an independent prognostic factor for recurrence, based
on COX analysis [22]. In a similar retrospective nonrandomized investigation of patients with locoregional breast
cancer after adjuvant chemotherapy programs based on the concept of RWD, the STK1p was also found to be an
independent prognostic factor for both recurrence and survival [24]. This convinced us that RWD is possible to use
for early assessment of prognosis in nonrandomized trails. However, it is important to remember that when using
the RWD concept it is necessary to give as much detail as possible as to the clinical data of the patients, as in a
randomized trial.

In this prospective study on NSCLCs patients based on the nonrandomized RWD concept, we hypothesized
that STK1p can be used as a prognostic factor in early clinical stages (I–IIIA) of individually adapted treatment of
NSCLC patients.

Methods
Patient selection
This study was based on a nonrandomized cohort of 1,051 NSCLC patients recruited at the Department of
Oncology, Affiliated Hospital of Suzhou University, JiangSu, China, and at the Department of Oncology of
Chinese PLA General Hospital, Beijing, China. All of those patients were treated (see below). Of this cohort, 129
patients with survival data were selected (Figure 1). They included:

Affiliated Hospital of Suzhou University: stage I–IIB, n = 25; stage IIIA, n = 9; stage IIIB–IV, n = 51; unclear
stages, n = 8; recruited from March 2011 to December 2017.

Department of Oncology of Chinese PLA General Hospital: stage IIIB–IV, n = 36; recruited from February
2014 to December 2017.

These latter patients were validated as wild type for EGFR. All medical information are summarized in Table 1,
including age, sex, clinical stages, pathological type (adenocarcinoma [AC], squamous cell carcinoma [SCC]) and
type of treatments. Of the 129 patients, 33 were smokers and 55 patients were nonsmokers.

Serum samples were collected prechemotherapy and after two cycles of chemotherapy treatments (Table 1,
treatment details see below).

Serum samples of healthy controls (n = 400, mean age 60.6 ± 7.8, range 51–87 years) were collected between
January 2016 and December 2017 at the Health Management Centre of PLA 180 Hospital, Quanzhou, Fujian,
China. The healthy controls had no evidence of contagious or cancerous disease and sample collection was approved
by the ethics committee of Fujun 180 Hospital, Quanzhou, China (no. LL2009003).

STK1p in relation to cycles of chemotherapy
In order to find the suitable cycles of chemotherapy when STK1p expression significantly correlated to objective
response (OR) including complete response (CR) + partial response (PR); or to nonresponse (NR) including stable
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Figure 1. Flow chart of data selection for the
investigation of real-world data.
Chemo.: Chemotherapy; NSCLC: Non-small-cell lung
cancer; OS: Overall survival.

Table 1. Clinical information.
Type Patients (n = 129) Follow-up, patients (n = 101)

STK1p, preindividual chemo. 129 101

STK1p, two-cycle postindividual chemo. 129 101

Mean age 61.80 ± 9.37 (29–76 years) 61.70 ± 8.17 (29–76 years)

Gender

Men 96 68

Female 33 33

Histological type

AC 87 70

SCC 38 28

Alveolar cell carcinoma 1 1

missing 3 1

Clinical stage

Early/middle: I–IIIA 34 24

I IA (5), IB (9) IA (5), IB (4)

II IIA (8), IIB (3) IIA (6), IIB (3)

IIIA IIIA (9) IIIA (6)

Advanced: IIIB–IV 87 71

IIIB IIIB (9) IIIB (9)

IV IV (78) IV (62)

Unclear 8 6

Treatment regimen

Surgery + chemo 63 47

Stage I IA (5), IB (10) IA (5), IB (4)

Stage II IIA (8), IIB (3) IIA (6), IIB (3)

Stage IIIA IIIA (9) IIIA (6)

Stage IIIB + IV IIIB + IV (20) IIIB + IV (18)

Unclear stage 8

Chemo-alone 66 54

IIIB IIIB (9) IIIB (9)

IV IV (57) IV (45)

AC: Adenocarcinoma; Chemo.: Chemotherapy; SCC: Squamous cell carcinoma; STK1p: Serum thymidine kinase 1 protein.
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disease (SD) + progressive disease (PD) based on the Response Evaluation Criteria in Solid Tumours (RECIST)
guideline (version 1.1), we performed a pretest on 88 NSCLC patients (stages I–III) before and after two, four, six
and eight cycles of chemotherapy, at the Oncology Department of the First Affiliated Hospital of Suzhou University.
We used CYFRA21-1 as a control of the correlation between the RECIST and STK1p. We found that the STK1p
and CYFRA21-1 values correlated significantly to the OR value after two-cycle individual-chemotherapy (p = 0.014
and 0.013, respectively) but not after four, six or eight individual-chemotherapy cycles (p > 0.05, date not shown).
Therefore, STK1p values were determined during 1 week between the second and the third cycle as the best time
to evaluate the prognosis by STK1p. The second cycle of chemotherapy as the best time for evaluation of STK1p
for prognosis has been suggested by previous studies, for example, in NSCLC [29] and in breast carcinoma [33].

Treatment
Treatments were done according to the National Comprehensive Cancer Network (NCCN) Guidelines for patients
of Non-Small Cell Lung Cancer, version 2.2010 (www.nccn.org). However, each patient received an individualized
chemotherapy program depending on the individual physiological and clinical symptoms, including TNM clinical
staging and pathological type of the tumor. We divided patients into two groups of clinical stages, that is, early
(IA–IIB)/middle (IIIA) stages and advanced stages (IIIB–IV). Briefly:

• All patients with early/middle stages received radical resection (RR), while only 20 patients of advanced clinical
stages (IIIB–IV) received local surgery at different times before chemotherapy.

• Sixty-six patients with advanced clinical stages (IIIB–IV) received only chemotherapy (Table 1).
• According to the instruction of the NCCN guidelines, the patients were treated with individualized chemother-

apy, with different cytotoxic agents, given intravenous injection for two cycles (3 weeks/one cycle) and oral
administration (2–3 weeks/one cycle). These included docetaxel + cisplatin, gemcitabine + cisplatin, peme-
trexed disodium + cisplatin, pemetrexed disodium + nedaplatin, pemetrexed disodium + carboplatin, gemc-
itabine + nedaplatin, doxorubicin + carboplatin, vinorelbine + nedaplatin.

• The treatment efficacy was evaluated by comparing the STK1p values before chemotherapy and after two
cycles chemotherapy. STK1p values of healthy peoples were used as controls. The chemotherapy effect was also
evaluated according to WHO RECIST by using advanced imaging, such as CT, abdominal ultrasound and MRI.

Follow-up
The end point of the 101 NSCLC patients was overall survival (OS) during a follow-up period of 10–59 months.
The criteria included were STK1p levels, age, sex, clinical stages, pathological types (AC and SCC) and RECIST.
The criteria excluded were patient’s ID, phone number, home address, date when visiting/leaving the hospital,
routine blood and urine test results. The patients or their families were contacted by phone every month to check
their status. The survival assessment was performed only in 101 patients, due to limited access to 28 patients once
they left the hospital.

STK1p assay
STK1p concentrations were determined using a commercial kit (cat. no. 24/48T) based on an enhanced chemilu-
minescent dot blot assay as described by the manufacturer Sino-Swed Tongkang Bio-Tech, Inc., Shenzhen, China
(www.sstkbiotech.com). The serum samples were taken on the day before the start of the chemotherapy. The serum
sample after the second cycle of treatment was taken at day 6 of interval time within 1 week after the second cycle
treatment. The collection of serum was performed between 7.30 and 10.00 a.m. after the patients had fasted for
12–14 h. The samples were analyzed within 3 h of whole blood centrifugation (400×g, 22–25◦C, 8–10 min). If
not analyzed immediately, the serum samples were stored at -20◦C for a maximum of 4 weeks. While the serum
samples were analyzed within 4 weeks, the serum could be stored for ≥1 year at -20◦C and still maintain TK1 in
good condition. Samples comprising 3 μl serum were directly applied to nitrocellulose membranes in duplicate.
Serum samples were then probed with chicken antihuman TK1 IgY polyclonal antibody (dilution 1:500) raised
against a peptide (residue 195–225 of human TK1, amino acid sequence: GQPAG PDNKE NCPVP GKPGE
AVAAR KLFAPQ; Multiple Peptide Systems (CA, USA). The TK1 calibrators were dotted onto membranes at
different concentrations (2.2, 6.6 and 20 pM) as an extrapolated standard. The intensity of spots on the membrane
was determined using a CIS-l Imaging System (Sino-Swed Tongkang Bio-Tech Inc., Shenzhen, China). The STK1p
value of each spot was calculated and expressed as pM, based on the TK1 calibrators.
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Table 2. Mean STK1p values in relation with clinical stages before and after two-cycle chemotherapy. (A) Total patients
of stages IA–IV (n = 129); (B) followed-up patients (n = 101), clinical stages IA–IV; (C) early/middle stages (IA–IIIA); (D)
advantage stages (IIIB–IV); (E) healthy persons as controls.
Group Samples (n) STK1p (pM) p-value t-value

A. Clinical stage IA–IV 129

1. Prechemotherapy 1.07 ± 1.54

2. Post-chemotherapy 0.72 ± 0.95 0.025 2.274

B. Clinical stage IA–IV follow-up 101

1. Prechemotherapy 1.08 ± 1.58

2. Post-chemotherapy 0.75 ± 1.03 0.022 2.33

C. Clinical stage I–IIIA 34

1. Prechemotherapy 0.698 ± 0.767

2. Post-chemotherapy 0.566 ± 0.774 0.366 0.917

D. Clinical stage IIIB–IV 71

1. Prechemotherapy 1.148 ± 1.70

2. Post-chemotherapy 0.752 ± 1.03 0.016 2.4698

E. Controls 400 0.38 ± 0.31 �0.001 (E vs A, B, C or D)

STK1p: Serum thymidine kinase 1 protein.

Statistical analysis
The data analysis was performed with the statistical program SPSS 25.0 (IBM Corp., NY, USA). The ROC analysis
was performed to decide the optimal cut-off value of STK1p. Kaplan–Meier methodology was applied for OS
analysis. Uni- and multi-variable COX regression analyses were utilized to recognize risk factors associated with
OS. STK1p among the different patient groups after two cycles of chemotherapy used paired-samples t-test and
one-way ANOVA for comparison of patients and healthy control groups, respectively. Chi-square test was used for
the comparison of STK1p in relation to different clinical characteristics. p < 0.05 was considered to indicate a
statistically significant value.

Results
STK1p levels before & after two-cycle chemotherapy
The patients were divided into five groups (Table 2):

• The original total number of 129 patients (clinical stages IA–IV, Table 2A).
• Follow-up patients from total clinical stages (IA–IV, n = 101, Table 2B).
• Early/middle stages (I–IIIA, n = 34, Table 2C).
• Advanced stages (IIIB + IV, n = 71, Table 2D).
• Controls (n = 400, Table 2E).

In general, pretreatment mean value of STK1p for malignant patients is above 2.0 pM and for healthy people it
is less than 0.5 pM [26,28]. The half-life of STK1p normally corresponds to the STK1p value at 1 month after radical
tumor resection [25]. In this study, however, the treatment situation was complex. Before start of individualized
chemotherapy, all patients with clinical early/middle stages (I–IIIA) received radical surgery, reducing the mean
STK1p to a mean value of approximately 0.7 pM. Of the advanced stages (IIIB–IV), approximately 30% of patients
received only local surgery, and in some cases also combined traditional Chinese medicine treatments, reducing the
STK1p values to about 1.0 pM.

After two cycles of chemotherapy treatment, no decrease of STK1p was found in the early/middle (I–IIIA) group
of patients (Table 2C), while the STK1p values in the patients of advance stages (IIIB–IV) decreased by 34.5%
(Table 2D). The decline in the STK1p values of the early/middle stages (I–IIIA) patients was mainly due to the
radical surgery, performed more than 1 month before start of the chemotherapy (Table 2A). It is important to note
that in this study, approximately 70% of the patients at advanced stages (IIIB–IV) before start of the chemotherapy
were unable to perform surgery and thus the STK1p values of these patients might not be reduced before the start
of the chemotherapy, as found in the early-/middle-stage patients.
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Associations between low & elevated STK1p & clinical pathological characteristics after two-cycle
postchemotherapy
To be able to identify low and elevated STK1p groups of patients, a suitable threshold level is required. This was
achieved by performing an ROC statistical analysis. The ROC test of STK1p was performed between second-cycle
chemotherapy patients (n = 101) and normal healthy persons (n = 400, Figure 2). The low area under the curve
(AUC) value (0.693) found should be expected since the tumor patients were treated, resulting in reduced STK1
values, closer to the STK1p values of healthy persons.

The ROC analysis showed a suitable STK1p’s threshold score of 0.6 pM corresponding to a sensitivity of 0.827.
Based on this threshold value, we divided the tumor patients into two group: STK1p ≤0.6 pM and STK1p >0.6
pM, as low and elevated groups of prognostic assessment, respectively. We tested patients from prechemotherapy
of stage III–IV; no significant difference between low and elevated STK1p values were found (p = 0.17).

The number of patients with low and elevated STK1p values with different clinical parameters after the second
cycle of chemotherapy were analyzed by Chi-square test (Table 3). The number of patients with low STK1p values
were significantly higher in the early/middle stages (I–IIIA vs advanced IIIB + IV, p = 0.015), in the combined
treatment group (surgery + chemotherapy vs chemotherapy alone, p = 0.010) and in the OR (PR vs PD + SD
groups, p = 0.049). The higher number of patients in early stage/middle stage (I–IIIA) also correlated significantly
to OS (see below). There was no difference in the number of patients of advanced stages (IIIA–IV; p = 0.529), of
low STK1p value among histological type (p = 0.149), ages (p = 0.626) and sex (p = 0.054). Low and elevated
STK1p groups did not significantly correlated to smoking history (p = 0.207, data not shown).

Kaplan–Meier plots assessing OS
The number who died (mortality) from our 101 NSCLC patients was 39.6%. The mortality of the patients at
early/middle stages (I–IIIA) and of advanced stages (IIIB–IV) were 12.5 and 49.3%, respectively.

In Figure 3, we compare the OS at low and high STK1p values and in Figure 4 the OS of different clinical stages,
different pathological types and treatment regimes. The Kaplan–Meier OS plots of low and elevated STK1p values
are shown for total stages (IA–IV, Figure 3A), early/middle stages (IA–IIIA, Figure 3B) and for advanced stages
(IIIB–IV, Figure 3C).

Patients with elevated STK1p values were associated with poor OS (stages IA–IV, p = 0.015, Figure 3A), especially
for patients with early/middle stages (IA–IIIA, p = 0.001, Figure 3B). In patients with advanced stages (IIIB–IV),
there was a tendency of improved OS at low STK1p values during the early follow-up time (about 0–20 months),
but when regarded over the total follow-up time, no significant difference was found (p = 0.114, Figure 3C). There
was an improved OS in patients with early/middle stages (IA–IIIA) compared with advanced stages (IIIA–IV)
(p = 0.011, Figure 4A) and in AC patients compared with SCC patients (p = 0.003, Figure 4B). There was
also an improved OS of patients (I–IV) receiving combined treatment (surgery + chemotherapy) compared with
chemotherapy alone (p = 0.001, Figure 4C). Patients with advanced stages (IIIB–IV) had no benefit from combine
treatment (surgery + chemotherapy, p = 0.13, Figure 4D).
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Table 3. Associations between the low & elevated STK1p values & clinical pathological characteristics after two-cycle
chemotherapy (Chi-square test).
Group STK1p ≤0.6 pM (n = 58) STK1p >0.6 pM (n = 43) p-value

Clinical stage, n = 95

Early/middle (I–IIIA), n = 24 19 5

Advanced (IIIB + IV), n = 71 36 35 0.015

Histological type, n = 98

AC, n = 70 40 30

SCC, n = 28 17 9 0.149

Age, n = 101

≤60 years, n = 34 20 14

�60 years, n = 67 36 31 0.626

Gender n = 101

M, n = 68 40 38

F, n = 33 17 6 0.054

RECIST, n = 101

OR (CR + PR), n = 32 18 14

NR (PD + SD), n = 69 31 38 0.049

Clinical stage: IA–IV, n = 101

Surgery + chemo., n = 47 31 16 0.010

Chemo-alone, n = 54 23 31

Clinical stage: IIIB + IV, n = 73

Surgery + chemo., n = 23 14 9

Chemo.-alone, n = 50 27 23 0.529

Surgery + chemo., n = 42

Stage I–IIIA, n = 24 18 6

Stage IIIB + IV, n = 18 8 10 0.044

Note: Bold values were used to indicate for the readers that these values are statistically significant.
AC: Adenocarcinoma; Chemo.: Chemotherapy; CR: Complete response; NR: No response; OR: Objective response; PD: Progressive disease; PR: Partial response; RECIST: Response Evaluation
Criteria in Solid Tumors; SCC: Squamous cell carcinoma; SD: Stable disease; STK1p: Serum thymidine kinase 1 concentration.

Table 4. Uni- and multi-variate COX analysis of STK1p, clinical stage, treatment options, histological type and sex.
Univariate p-value Hazard risk 95% CI

Surgery + chemo. vs chemo.-alone 0.002 2.763 1.431–5.342

STK1p (≤0.6 vs �0.6 pM) 0.018 2.108 1.137–3.909

Stage (I–IIIA vs IIIB–IV) 0.008 4.044 1.437–11.38

Histological type (AC vs SCC) 0.004 2.538 1.355–4.294

Gender (M vs F) 0.099 1.976 1.042–3.744

Multivariate p-value Hazard risk 95% CI

Surgery + chemo. vs chemo.-alone 0.001 3.04 1.543–5.987

STK1p (≤0.6 vs �0.6 pM) 0.010 2.295 1.222–4.308

Stage (I–IIIA vs IIIB–IV) 0.385

Histological type (AC vs SCC) 0.276

Gender (M vs F) 0.293

AC: Adenocarcinoma; Chemo.: Chemotherapy; F: Female; M: Male; SCC: Squamous cell carcinoma; STK1p: Serum thymidine kinase 1 concentration.

There was no significance difference in OS with age (p = 0.132), sex (p = 0.097) or chemotherapy with NR
(p = 0.432, data not shown).

Uni- & multi-variate Cox regression analyses for OS
The uni- and multi-variate COX analysis of STK1p, clinical stages, treatment options, histological types and sex
are shown in Table 4.
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Figure 3. Overall survival in relation to clinical situations. The Kaplan–Meyer plots showed OS in 101 NSCLCs patients
in relation to STK1p values (A); OS in 24 NSCLCs patients of early/middle stages (I–IIIA) in relation to STK1p values (B)
and 71 NSCLCs patients with advantage stages (IIIB–IV) in relation to STK1p values (C). Significant log rank values
between the OS plots are shown in figures. The solid dots in the OS plots show the times of censored observations.
NSCLC: Non-small-cell lung cancer; OS: overall survival; STK1p: Serum thymidine kinase 1 concentration.

Although mortality and OS are important parameters, COX regression values are most important when judging
if a prognostic marker is independent or not. The univariate analysis showed prognostic significance of STK1p
expression (p = 0.018), clinical stages (p = 0.008), histological types (p = 0.004) and treatment regimen (p = 0.002),
but not for sex (p = 0.099), ages (p = 0.596) and chemotherapy with NR (p = 0.729, data not shown).

The multi-variate analysis showed that the STK1p expression (p = 0.01) and treatment regimen (p = 0.001) were
independent prognostic factors for OS, while stages, histological types and sex were not (p > 0.05). A case analysis
describing those who died at early stages is provided in the Supplementary material.

Discussion
The purpose of this study was to find out if STK1p could give any information about the efficacy of treatment
of NSCLC patients, useful for decisions regarding additional treatments. This observational study was based on
the RWD concept of individual adapted treatment. The novelty in this study is that we used STK1p, a biomarker
closely related to tumor proliferation. Most of the prognostic biomarkers in use today are related to the size/volume
of the tumor, which does not necessarily mean high proliferation rates. The end points were OR, OS and mortality;
treatment regime, clinical stages, pathological types, ages and genders were also included.

First, based on the actual data after two cycles of individualized chemotherapy, we divided the patients into
two groups of low (≤0.6 pM) and high (≥0.6 pM) STK1p value, creating an optimal cut-off STK1p value using
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Figure 4. Overall survival in relation to STK1p concentration. The Kaplan–Meyer plots showed OS in 95 NSCLCs
patients with stages IA–IV (A); 98 histological type (B) and 101 NSCLCs patients after treatment (surgery + chemo. vs
chemo.-alone) (C) and 71 NSCLCs patients with advantage stages IIIB–IV (D). Significant log rank values between the
OS plots are shown in the figures. The solid dots in the OS plots show the times of censored observations.
AC: Adenocarcinoma; Chemo.: Chemotherapy; NSCLC: Non-small-cell lung cancer; OS: overall survival; RR: Radical
resection; SCC: Squamous cell carcinoma.

ROC analysis (0.6 pM). These two groups were than compared with clinical parameters. The results are shown
in Figures 3 & 4 and in Tables 2–4. Although the patients were treated with several cycles, we found that the
second cycle of the chemotherapy was optimal when comparing STK1p with the clinical parameter of OR (PR vs
PD + SD, p = 0.049, Table 3). This is in agreement with previous studies, for example, in NSCLC [29] and breast
carcinoma [33].

We found that STK1p level of treated early/middle stages (I–IIIA) NSCLC patients correlated to mortality and
OS, but not to patients at advanced stages (IIIb-IV). The number of patients with low and elevated STK1p values
were compared with clinical parameters after second-cycle chemotherapy, reflecting different physiological states
of the tumor (analyzed by Chi-square test, Table 3). We found that patients with low STK1p values correlated
significantly to early/middle stages (I–IIIA, before chemotherapy), to patients after receiving combined treatment
(surgery + chemotherapy, p = 0.015). The low STK1p score was significantly correlated with OR (p = 0.049)
indicating that STK1p reflects different growing states of the tumor and effects of the surgery + chemotherapy
response (Table 3). The OS also showed that elevated STK1p values were associated with poor OS (p = 0.015,
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Figure 3A), especially in early/middle stages (IA–IIIA, p = 0.002, Figure 3B). However, the OS was not able to
distinguish between low and high STK1p groups of patients with advantage stages (IIIA–IV) (p = 0.114, Figure 3C).
It has been reported that the STK1p expression correlates with tumor proliferation in early/middle stages (I–IIIA)
of NSCLCs, but not in advanced stages (IIIB–IV) [19,34]. In addition, and not related to STK1p, poor OS was found
in patients of advanced stages IIIB–IV (p = 0.011, Figure 4A), in patients of pathological type SCC (p = 0.003,
Figure 4B) and after chemotherapy alone (p = 0.001, Figure 4C), but not in early/middle (I–IIIA) patients receiving
surgery + chemotherapy. However, it seems that the OS rate of advanced stage (IIIB + IV) patients may be slightly
improved in patients with low STK1p values before start of the chemotherapy (p = 0.114, Figure 3C). However,
this was not confirmed by the mortality, which was still high after treatments (49.3%). We also tested patients from
prechemotherapy treatment on patients with stage III–IV; no significant difference with low and elevated STK1p
values was found (p = 0.17, data not shown).

In addition, in a previous study on primary (M0) and metastatic (M1) renal cell carcinoma (RCC) patients,
immunohistochemistry showed that the density and intensity of STK1p expression in RCC tissue were positively
correlated to tumor diameters up to 7 cm, but inversely related to tumors size above 7 cm, the latter due to increasing
necrosis [35]. Thus, it should be noted that STK1p is may not a suitable prognostic marker when there is a risk of
extensive necrosis, at least in advanced stage of NSCLC patients. Therefore, we concluded that the best outcome
of using STK1p is in the early/middle stages of NSCLC [29,33]. This is in agreement with a previous study where it
was proposed that STK1p can be used for monitoring treatment response to individualized therapy at early tumor
stages, as well as in developing new cytotoxic drugs or targeted therapies [33].

We found that the mean STK1p value after the second cycle of chemotherapy was still significantly higher
(0.566 pM) than in healthy controls (p = 0.38 pM), characterized as NR of the treatment (Table 2). This indicates
that some residual tumors were still present (metastasis), regardless of treatment and correlated with elevated STK1p
values. In the cases reported (see the Supplementary material), imaging examination confirmed this, showing that
some patients were already in a metastatic stage before start of the chemotherapy. The average value of STK1p in
healthy people has been reported in a range of 0.31–0.39 pM, based on a meta-analysis of healthy screening of
160,086 people [28].

Although OS and mortality show that STK1p levels are a prognostic factor, COX regression analysis is important
to perform when trying to judge if a marker is independent or not. The multi-variate COX regression analysis
showed that STK1p (p = 0.01) was a significant independent prognostic factor for OS. To confirm this conclusion,
the number of patients needs to be expanded in future studies. However, we propose that STK1p can be used as
a reasonable individual prognostic factor, particularly for patients of early/middle stages (I–IIIB), for improved
prediction of the outcome of the treatment.

Recently, the immunotherapy revolution, specifically development of immune checkpoint inhibitors, has improve
the treatment of advanced lung cancer [36,37]. A meta-analysis revealed that immunotherapy in combination with
chemotherapy is an effective option as a first-line treatment for lung cancer (n = 4887) [38]. NSCLC patients
administered with immunotherapies exhibited better progression-free survival and OS than patients treated with
chemotherapy alone (p < 0.001). Moreover, as the expression of PD-L1 increased, the progression-free survival
and OS were more significant [39]. We suggest that STK1p assay could be used for the assessment of the effects of
immunotherapy individually.

TK1 is a precise molecule for monitoring and prognosis, specifically, for early detection of invisible small tumors.
The STK1p assay we used in this study is also noninvasive and of low cost [22]. We propose that STK1p should be
combined with imaging, other biomarkers (e.g., CYFRA21-1, CEA and CTCs) and TK1 immunohistochemically
staining, to provide a reliable method for assessment of the development of premalignancy or diseases associated
with the risk process of lung cancer. There would be limited lung cancer development in the future if we could
discovery premalignancy, or treat early tumors in time.

Conclusion
Although this study is nonrandomized using an RWD concept, it shows that low STK1p value correlated signifi-
cantly to favorable survival in early-/middle-stage (I–IIIA) NSCLC patients. STK1p also identifies patients with
good survival after combined treatment of surgery + chemotherapy. The COX multi-variate analysis shows that
STK1p is an independent prognostic biomarker for OS.

STK1p is a valuable biomarker at low cost. It may be useful as a tool for monitoring treatment efficacy and
evaluating the prognosis of treatment for individual patients at early/middle stages of NSCLC.
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Future perspective
TK1 is a useful biomarker for cell proliferation and has been suggested to be used for evaluating tumor proliferation
in oncology for more than 40 years. A number of publications have demonstrated that TK1 is a potential biomarker
for prediction of survival and recurrence, and monitoring of tumor treatment effect, both in serological assay and
immunohistochemical staining. Although we have improved serum TK1 (STK1) assays based on TK activity and
TK1 antibodies, and extensive publications, the STK1 evidence is thus far not enough to be able to be recommend
use of TK in serum. Therefore, clinical trials or RWD investigations on TK are now being performed and will
likely resulting in a recommendation of STK1p as a biomarker in oncology soon.

Extensive oncology clinical studies on TK1 have been performed in China during recent years, based on specific
chicken antihuman TK1 IgY poly-antibody against TK1 in serum (STK1p). More than 300 oncology clinics and
health screening centers are now involved in evaluating the usefulness of STK1p, with more than 400 basic and
clinical publications thus far.

The development of TK1 antibodies made it possible to expand the use of serum TK1 from lymphoma and
leukemia, mainly based on TK activity in serum, to almost all type of solid human tumors. This further increased
the interest in STK1p as a tumor proliferating biomarker in human oncology.

A useful tumor-related biomarker requires a simple and fast assay. The STK1p methods used today are still time
and resource consuming. However, a TK1 kit adjusted for an automatic chemiluminescence analyzer based on
magnetic beads has been developed, which realized the effectiveness of the TK1-immune sandwich technology for
routine health screening (www.sstkbiotech.com). The TK1 assay time is reduced to about 1 h and the coefficient
of variations (CV) to less than 5%. This TK1 kit will be licensed for clinical use in early 2021.

Although STK1p shows good correlations to clinical parameters, combination with other tumor-related biomark-
ers is to be recommended. We recommend the use of STK1p together with immunohistochemistry of TK1 and
other tumor-related makers.

Summary points

• Lung cancer is one of the most common types of tumors with a high mortality rate.
• We investigated if thymidine kinase 1 in serum (STK1p) is a reliable prognostic marker for survival for

non-small-cell lung carcinoma (NSCLC).
• The STK1p values of 127 patients were determined by an enhanced chemiluminescent dot blot assay.
• Patients with elevated STK1p values had worse overall survival (OS), especially patients of early/middle stages.
• Multi-variable analysis showed that STK1p value and combined treatment surgery + chemotherapy were

independent prognostic factors for favorable OS.
• STK1p predicts OS of early-/middle-stage (I–IIIA) NSCLCs patients following a nonrandomized individual adapted

treatment, but it may be not useful in advanced stages (IIIB + IV) of NSCLCs.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/sup

pl/10.2217/fsoa-2020-0130

Author contributions

ZC Li, GQ Zhang and ZX Wang designed the cooperative study, collected the data from their own hospitals and wrote the

manuscript. SC Jiao, Y Hu and SG Sun were responsible for patient treatment and analyzed the results. LL Wu measured the

blood samples and collected the data. J Zhou organized the research project, analyzed and checked all of results. J Li, HB Ma,

A Hei, E He and S Skog rechecked all results from the two hospitals and wrote the final version of the manuscript. All the authors

have read and approved the manuscript.

Acknowledgments

The authors acknowledge support from the Affiliated Hospital of Suzhou University, JiangSu, China, the Peking 301 General

Hospital, China, and the Medicine Department, Shenzhen Precision Medicine Institute, Shenzhen, China.

Financial & competing interests disclosure

This project was supported by the Major Special Funds of National Science and Technology in China: ‘Innovate New Drugs for the

Prevention of Major Diseases and Establish Demonstrative Technology Platform for International Standardized Clinical Evaluation

future science group 10.2144/fsoa-2020-0130

http://www.sstkbiotech.com
http://www.futuremedicine.com/doi/suppl/10.2217/fsoa-2020-0130


Research Article Wang, Zhang, Li et al.

(2018ZX09201-013) and Science and Technology Projects of JiangSu city (SS201631).’ Ji Zhou is the owner of Sino-Swed Tongkang

Bio-Tech Inc., Shenzhen, China, which produces the STK1p kit. The authors acknowledge support from the Affiliated Hospital of

Suzhou University, JiangSu, China, the Peking 301 General Hospital, China, and the Medicine Department, Shenzhen Precision

Medicine Institute, Shenzhen, China. The authors have no other relevant affiliations or financial involvement with any organization

or entity with a financial interest in or financial conflict with the subject matter or materials discussed in the manuscript apart from

those disclosed.

No writing assistance was utilized in the production of this manuscript.

Ethical conduct of research

This study is in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments.

All procedures in the study involving participants of two hospitals (Affiliated Hospital of Suzhou University, JiangSu, China and

Peking 301 General Hospital, China) were supervised under the national ethical guidelines of China and approved by the Peking

301 Chinese PLA General Hospital’s Ethics Committee (Ethic no. S2015-036-01). Written, signed informed consent was obtained

from all individual participants in the two hospitals.

Availability of data & materials

The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Open access

This work is licensed under the Creative Commons Attribution 4.0 License. To view a copy of this license, visit http://creativecomm

ons.org/licenses/by/4.0/

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics 2019. CA Cancer J. Clin. 69, 7–34 (2019).

2. Bray F, Ferlay J, Soerjomataram I et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. Cancer J. Clin. 68(6), 394–424 (2018).

3. Testa U, Castelli G, Pelosi E. Lung cancers: molecular characterization, clonal heterogeneity and evolution, and cancer stem cells. Cancers
(Basel). 10(8), 248 (2018).

4. Crosbie PA, Shah R, Summers Y, Dive C, Blackhall F. Prognostic and predictive biomarkers in early stage NSCLC: CTCs and
serum/plasma markers. Transl. Lung Cancer Res. 2, 2382–2397 (2013).

5. Yang Q, Zhang P, Wu R, Lu K, Zhou H. Identifying the best marker combination in CEA, CA125, CY211, NSE, and SCC for lung
cancer screening by combining ROC curve and logistic regression analyses: is it feasible? Dis. Markers 1, 1–12 (2018).

6. Jiang ZF, Wang M, Xu JL. Thymidine kinase 1 combined with CEA, CYFRA21-1 and NSE improved its diagnostic value for lung
cancer. Life Sci. 194, 1–6 (2018).

7. Wu JT. Circulating Tumor Markers of the New Millennium 584. AACC Press, NY, USA, 115–117 (2002).

8. Wang Y, Jiang X, Dong S, et al. Serum TK1 is a more reliable marker than CEA and AFP for cancer screening survey in a study of
56,286 people. Cancer Biomark. 11, 529–536 (2016).

9. Wang Y, Jiang X, Wang S, et al. Serological TK1 predict pre-cancer in routine health screenings of 56,178 people. Cancer Biomark. 22,
237–247 (2018).

10. Weagel EG, Burrup W, Kovtun R et al. Correction to: membrane expression of thymidine kinase 1 and potential clinical relevance in
lung, breast, and colorectal malignancies. Cancer Cell Int. 19, 29 (2019).

11. Cleaver. Thymidine metabolism and cell kinetics. Neuberger A, Tatum EL (Eds). Frontiers of Biology. North-Holland Publishing,
Amsterdam, 43–125 (1967).

12. Sherley JL, Kelly TJ. Regulation of human thymidine kinase during the cell cycle. J. Biol. Chem. 263, 8350–8358 (1988).

13. Kauffman MG, Kelly TJ. Cell cycle regulation of thymidine kinase: residues near the carboxyl terminus are essential for the specific
degradation of the enzyme at mitosis. Mol. Cell. Biol. 11, 2538–2546 (1991).

14. He Q, Skog S, Wang N, Eriksson S, Tribukait B. Characterization of a peptide antibody against a C-terminal part of human and mouse
cytosolic thymidine kinase, which is a marker for cell proliferation. Eur. J. Cell Biol. 70, 117–124 (1996).

15. Weagel EG, Burrup W, Kovtun R et al. Correction to: membrane expression of thymidine kinase 1 and potential clinical relevance in
lung, breast, and colorectal malignancies. Cancer Cell Int. 19, 29 (2019).

16. He E, Haghdoost S. Prevention and Early Detection of Human Tumour. Skog S (Ed.). Lambert Academic Publishing, Schaltungsdienst
Lange O.H.G., Berlin, 183–257 (2017). http://www. morebooks.de

10.2144/fsoa-2020-0130 Future Sci. OA (2020) FSO661 future science group

http://creativecommons.org/licenses/by/4.0/
http://www.morebooks.de/


STK1p as a prognostic biomarker for overall survival in non-small-cell lung carcinoma, based on real-world data Research Article

17. Gronowitz JS, Hagberg H, Källander CF, Simonsson B. The use of serum deoxythymidine kinase as a prognostic marker, and in the
monitoring of patients with non-Hodgkin’s lymphoma. Br. J. Cancer 47, 487–495 (1983).

18. Topolcan O, Lubos Holubec L. The role of thymidine kinase in cancer diseases. Expert Opin. Med. Diagn. 2, 129–140 (2008).

19. Chen Y, Ying M, Chen Y et al. Serum thymidine kinase 1 correlates to clinical stages and clinical reactions and monitors the outcome of
therapy of 1,247 cancer patients in routine clinical settings. Int. J. Clin. Oncol. 15(4), 359–368 (2010).

20. Zhou J, He E, Skog S. The proliferation marker thymidine kinase 1 in clinical use. Mol. Clin. Oncol. 1, 18–28 (2013).

21. Jagarlamudi KK, Shaw M. Thymidine kinase 1 as a tumor biomarker: technical advances offer new potential to an old biomarker.
Biomark. Med. 12, 1035–1048 (2018).

22. He Q, Fornander T, Johansson H et al. Thymidine kinase 1 in serum predicts increased risk of distant or loco-regional recurrence
following surgery in patients with early breast cancer. Anticancer Res. 26(6C), 4753–4759 (2006).

23. Pan Z, Ji X, Shi Y, Zhou J, He E, Skog S. Serum thymidine kinase 1 concentration as a prognostic factor of chemotherapy-treated
non-Hodgkin’s lymphoma patients. J. Cancer Res. Clin. Oncol. 136(8), 1193–1199 (2010).

24. Chen F, Tang L, Xia T et al. Serum thymidine kinase 1 levels predict cancer-free survival following neoadjuvant, surgical and adjuvant
treatment of patients with locally advanced breast cancer. Mol. Clin. Oncol. 1(5), 894–902 (2013).

25. Lou X, Zhou J, Ma H et al. The half-life of serum thymidine kinase 1 concentration is an important tool for monitoring surgical
response in patients with lung cancer: a meta-analysis. Genet. Test. Mol. Biomarkers 21(8), 471–478 (2017).

26. Chen ZH, Huang SQ, Wang Y et al. Serological thymidine kinase 1 is a biomarker for early detection of tumours—a health screening
study on 35,365 people, using a sensitive chemiluminescent dot blot assay. Sensors 11(12), 11064–11080 (2011).

27. Cao X, Wang YO, Yang PT, Zhou H, Liu C, Chen ZH. Application of serum thymidine1 of 26,055 cases in health screening for early
detection of premalignant/early malignant tumours. J. Central South University China (Medicine) 39(10), 1029–1033 (2014).

28. Chen ZH, Wang Y, Chen G et al. Chapter 21. Serum-biomarker thymidine kinase 1 for early discovery of tumour process of 160,086
participants using a sensitive immune-ECL-dot-blot detection system. In: Advances in Sensors: Reviews, Volume 6. Yurish SY (Ed.).
International Frequency Sensor Association Publishing, Barcelona, Spain, 529–540 (2018). http://www.sensorsportal.com

29. Nisman B, Nechushtan H, Biran H et al. Serum thymidine kinase 1 activity in the prognosis and monitoring of chemotherapy in lung
cancer patients: a brief report. Thorac. Oncol. 9, 1568–1572 (2014).

30. Kaplan NM, Sproul LE, Mulcahy WS. Large prospective study of ramipril in patients with hypertension CARE investigators. J. Clin.
Ther. 15(5), 810–818 (1993).

31. Sherman RE, Anderson SA, Dal Pan GJ et al. Real-world evidence – what is it and what can it tell us? N. Engl. J. Med. 375(23),
2293–2297 (2016).

32. Food and Drug Administration. Use of real-world evidence to support regulatory decision-making for medical devices: draft guidance for
industry and Food and Drug Administration staff [EB/OL]. (Document issued on 31 August 2017).
http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM513027.pdf .2016

33. Tribukait B. Early prediction of pathologic response to neoadjuvant treatment of breast cancer: use of a cell-loss metric based on serum
thymidine kinase 1 and tumour volume. BMC Cancer 20(1), 440 (2020).

34. Li Z, Wang Y, He J et al. Serological thymidine kinase 1 is a prognostic factor in oesophageal, cardial and lung carcinomas. Eur. J. Cancer
Prev. 19(4), 313–318 (2010).

35. Gakis G, Hennenlotter J, Scharpf M et al. XPA-210: a new proliferation marker to characterize tumor biology and progression of renal
cell carcinoma. World J. Urol. 29(6), 801–806 (2011).

36. Garon EB, Rizvi NA, Hui R et al. Pembrolizumab for the treatment of non-small-cell lung cancer. N. Engl. J. Med. 21, 2018–2028
(2015).

37. Ninomiya K, Hotta K. Pembrolizumab for the first-line treatment of non-small cell lung cancer. Expert Opin. Biol. Ther. 18(10),
1015–1021 (2018).

38. Shen K, Cui J, Wei Y et al. Effectiveness and safety of PD-1/PD-L1 or CTLA4 inhibitors combined with chemotherapy as a first-line
treatment for lung cancer: a meta-analysis. J. Thorac. Dis. 10, 6636–6652 (2018).

39. Deneka AY, Boumber Y, Beck T, Golemis EA. Tumor-targeted drug conjugates as an emerging novel therapeutic approach in small cell
lung cancer (SCLC). Cancers (Basel) 11(9), 1297 (2019).

future science group 10.2144/fsoa-2020-0130

http://www.sensorsportal.com/
http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM513027.pdf.2016


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


