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Abstract 

Background: Thymidine kinase 1 (TK1) is a key enzyme involved in DNA synthesis. 

The aim is to assess the prognostic significance of serum TK1 protein concentration 

(STK1p) and its role in monitoring of individual customized therapy in non-small cell 

lung carcinoma (NSCLC) patients in routine clinical setting. 

Methods: A prospective study of 129 NSCLC patients was confirmed by imager, 

/pathology and treated by radical resection (RR) combined with individual-

chemotherapy or individual-chemotherapy alone, in 2010 to 2017. The STK1p was 

measured using an ECL dot blot assay in sera of patients. 

Results: Comparisons between 2-cycle-post-individual-chemotherapy and pre-

individual-chemotherapy showed that STK1p was significantly associated with 

treatment effect (p<0.001), and the STK1p low-group correlated significantly to the 

early/middle clinical stage, as well as the treatment with RR+ individual-chemotherapy 

(p < 0.05). A significantly poor overall survival (OS) was found in elevated-risk STK1p 

vs. low-risk STK1p values (p=0.016), in advantage clinical stage vs. early/middle 

clinical stage (p=0.004), in SCC patients compare vs. AC patients (p=0.003) and in 
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chemotherapy alone vs. RR combined with individual-chemotherapy (p=0.001). The 

multivariate analysis showed that STK1p (hazard risk=2.295, p=0.010), and RR 

combined with individual-chemotherapy (hazard risk=3.04, p=0.0001), were 

independently survival factors. 

Conclusions: STK1p correlates significantly to survival and is an independent 

multivariate prognostic factor in NSCLC patients. STK1p as a low-cost assay, is a 

useful tool to combine with imager for a rational approach to increase the efficacy in 

early detection of tumor in lung cancer screening and assessment of individual adjusted 

therapy in NSCLC patients. 

 

Trial registration: No trial registration since this is not a case-control-study, but based 

on routine clinical work. 

 

Keywords lung cancer, non-small cell lung cancer (NSCLC), thymidine kinase 1 

(TK1), serum thymidine kinase 1 protein (STK1p), radical resection (RR),  

individual-chemotherapy 
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Background  

Lung cancer is the top cause of mortality of both men and women in the world. 

Often, the symptoms of lung cancer do not appear until the cancer has been advanced, 

thus making the early diagnosis difficult. The 5-year survival rate for all people with 

lung cancer is 19% [1]. According to the 2015 report of cancer registration in China, 

the average 5 years survival rate was only 15% [2]. Although the false-positive low-

dose computed tomography (LDCT) results in overloading of existing lung 

cancer clinics and multidisciplinary teams, a two large randomized controlled trials 

showed that early detection with LDCT and early-stage treatment can reduce mortality 

[3]. The USA Cancer statistics in 2019 reported that the decline in cancer mortality over 

the past 2 decades was primarily the result of steady reductions in smoking and 

advances in early detection and treatment, which were reflected in the rapid declines 

for the 4 major cancers (lung, breast, prostate, and colorectum) [1]. It proposals that 

complementation of LDCT examination with blood-based biomarkers is a rational 

approach to increase the efficacy for detection and treatment of early lung cancer in 

screening programs [4, 5, 6]. 

A series of serum/plasma biomarkers for routine setting are available 

for lung diseases, such as carcinoembryonic antigen (CEA) and cytokeratin 19 

fragment (CYFRA21) [7]. Combination of CEA + CA125, or CEA + CY211 were 

effective for identifying suitable markers for lung cancer in screening [8]. The 

minimally invasive method of PD-L1 expression on circulating tumor cells (CTCs) can 

be performed instead of biopsy [9].  

Thymidine kinase 1 (TK1) converts deoxythymidine (dTdR) to deoxythymidine 

monophosphate (dTMP) and its expression is closely related to cell cycle since 1950s 

[10]. TK1 is a precision protein molecular target for assessment of tumor proliferating 

rate [11, 12, 13, 14, 15, 16]. The level of serum TK activity [17, 18, 19, 20, 21] and 

serum TK1 protein (STK1p) concentration [18, 19, 20, 21] in malignant tumor patients 

is proportional to tumor proliferation, almost undetectable in normal human serum has 

been reviewed. We summered previous studies that STK1p could be a reliable tool in 

precise medicine for risk assessment of pre-malignancy and small invisible-malignancy 

in health screening, and for monitoring therapeutic effect in 14 type of tumors and 

prognostic factors of breast, non-Hodgkin’s lymphoma and colorectal cancers in 

routing clinical oncology [22].  

A meta-analysis of lung diseases showed that the expression of STK1p increased 

significantly in the following manner: healthy control group (n=1,694) < benign group 

(n=268) < carcinoma group (n=2,107) (p<0.00001) [23]. Similar results were obtained 

when measured the serum TK-activity and presented an independent prognostic factor 

[24]. The serum thymidine kinase 1 was an early detection marker in lung cancer using 

ELISA assay [21]. The ROC curve analyses showed that the STK1p combined with 
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CEA, CYFRA21-1 and NSE was significantly higher than that of each biomarker alone 

(p < 0.0001) in lung cancer [25]. 

Most standard treatment protocols for lung cancer include cytotoxic agents, which 

are potential modulators of STK1 [24]. In this prospective study, we investigated if 

STK1p could be used to assist individual customized chemotherapy treatment efficacy 

in NSCLC patients (n=129) with early/middle and advantage stage.   

 

2. Methods 

2.1. Patients 

A prospective cooperative study of total 129 patients with non-small-cell-lung-

carcinoma (NSCLC) was performed at the Department of Oncology, Affiliated 

Hospital of Suzhou University, JiangSu, China (stage I-IIB, n=25; stage IIIA, n=9; 

stage IIIB-IV, n=51; 8 cases unclear stages; from March 2011 to December 2017) and 

at the Department of Oncology of Chinese PLA General Hospital, China (stage IIIB-

IV, n=36; from February 2014 to Dec. 2017; validated as wild type EGFR). All medical 

information’s are summarized in table 1, including age, sex, clinical stage, pathological 

type (adenocarcinoma (AC), squamous cell carcinoma (SCC)) and type of treatments.  

In incomplete registration, 33 patients with smoking history and 55 patients without 

smoking history.  

This is not a case-control-study, but based on routine clinical work, where serum 

samples were collected from time to time, pre-chemotherapy and after 2 cycle-

chemotherapy (table 1 and table 2), depending on patient’s medical situation, for more 

details, see section “Treatment” below.  According to previous publications it was 

found that some of patients with advanced stage (IIIB-IV) had lower STK1 levels 

compared to patients of early/ middle stage. Therefore, the STK1 values pre-

chemotherapy were not used for statistical assessment of prognosis of overall survival 

(OS) and COX analysis.  

   Serum samples from 400 healthy individuals (mean age 60.6±7.8, range 51-87 years) 

who had no evidence of contagious or cancerous disease were also collected between 

January 2016 and December 2017 and analyzed for STK1. 

   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 by the national ethical 

guidelines of China and approved by the Peking 301 Chinese PLA General Hospital’s 

Ethics Committee (Ethic No. S2015-036-01).   

 

2.2. STK1p in relation to cycles of chemotherapy   
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The STK1p value 3-month-post-treatment was a best time to evaluate the prognosis 

of recurrence risk in breast cancer patients, which has been recommended [26]. In a 

previous study on NSCLC patients it was found that the TK-activity in serum (STK-

activity) after 1-2 cycles of chemotherapy correlated to survival [24]. In order to find a 

suitable cycle chemotherapy when STK1p expression was significantly correlated to 

survival rate. We performed an initially testing in advantage NSCLC patients before 

and 2, 4, 6 and 8 cycles after chemotherapy in the oncology department of the First 

Affiliated Hospital of Suzhou University. We used CYFRA21-1 as a control. 

The results are summarized in table 2. We found that the STK1p values correlated 

significantly to survival after 2-cycle individual-chemotherapy (p< 0.05), but not after 

4, 6 or 8 individual-chemotherapy cycles. Therefore, we used the STK1p values after 2 

chemotherapy-cycles in our clinical study presented here.  

 

2.3. Treatment  

   According to the NCCN Guidelines for patientsTM of Non-Smal Cell Lung Cancer 

version 2.2010, NCCN. Org. (www.nccn.org), in this study, particular attention was 

paid to the agreement between each individual proposal. Each patient had an individual-

chemotherapy program depending on the individual physiological and clinical 

symptoms, including the TNM clinical staging and the pathological type of the tumor. 

Briefly as follows:  1. All patients at early clinical stage (clinical I-II)/middle (IIIA) 

and 20 patients at advantage clinical stage (IIIB- IV) received radical resection (RR) at 

different time before chemotherapy; 2. The 66 patients with advantage clinical stage 

(IIIB-IV) received chemotherapy only (table 1); 3. According to the instruction of the  

Non-Smal Cell Lung Cancer version 2.2010, the patient was individual-chemotherapy 

with different cytotoxic agent and was given intravenous injection for 2 to 6, or more 

cycles. For example, docetaxel + cisplatin, or gemcitabine + cisplatin, or pemetrexed 

disodium + cisplatin or pemetrexed disodium + nedaplatin) or pemetrexed disodium + 

carboplatin or gemcitabine + nedaplatin or doxorubicin + carboplatin or vinorelbine + 

nedaplatin, etc.; 4. The treatment effect was evaluated by STK1p detected during the 

period of pre-chemotherapy and after 2 cycles chemotherapy. The chemotherapy effect 

was also evaluated according to WHO’s RECIST (Response Evaluation Criteria in 

Solid Tumors) using advanced imaging, such as CT and abdominal ultrasound, MRI. 

ECT (electro-chemotherapy) was used for brain metastases.  

 

2.4. Follow up  

The primary endpoint was progression-free survival (PFS) and the secondary 

endpoint was overall survival (OS), during the follow-up period of 10-58 months. The 

criteria included was STK1p levels, age, sex, clinical stage, pathological type (AC and 

SCC), and RECIST. The criteria excluded was patient’s ID, phone number, home 
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address, data when visiting/left the hospital, routine blood and urine test results. The 

patients or their families were contacted by phone every month to check if they 

remained alive. The survival assessment was performed only in 101 patients, due to 

limited access to 28 patients once they left the hospitals.  

2.5. STK1p assay 

STK1p concentrations were determined using a commercial kit (cat. no. 24/48T 

based on an enhanced chemiluminescent dot blot assay as described by the 

manufacturer Sino-Swed Tongkang Bio-Tech, Inc., Shenzhen, China, 

www.sstkbiotech.com). The collection of serum was performed between 7.30 am-10.00 

am after the patients had fasted for 12-14 h. The samples were analyzed within 3 hrs. 

of whole blood centrifugation (400 x g, 22-25˚C, 8-10 min). If not analyzed 

immediately, the samples were stored at -20˚C for a maximum of 4 weeks. Although 

the serum samples were analyzed within 4 weeks, the serum may 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 anti-human 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, San Diego, 

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.  

 

2.6. Statistical analysis  

SPSS version 19 was utilized for statistical analysis (IBM Corp., Armonk, NY, 

USA). The Kaplan–Meier method was used for overall survival analysis. Cox 

proportional hazards regression was used for univariate/multivariate analysis. Receiver 

operating characteristic (ROC) analysis was performed using the ROC program. The 

STK1p among the different patient groups before and after 2-cycle chemotherapy used 

paired–samples T-test, and one-way Anova for comparison patient group and control 

group, respectively. Chi-square test was used for the comparison of STK1p in related 

with the different clinical characteristics. The ROC curve was calculated using the ROC 

program. P﹤0.05 was considered to indicate a statistically significant value. 

 

3. Results  

3.1. STK1p levels before and after 2 cycle-chemotherapy  
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The patients were divided into four groups: total number of patients of all clinical 

stages (n=129), follow-up patients of stage I-IIIB (n=34), follow-up patients of advance 

stage (IIIB+IV, n=71) and follow-up patients of all stages (n=101) (Table 3).  

The pre-treatment mean STK1p value of malignant patient’s is normally above 2.0 pM 

and the STK1p of healthy people is less than 0.5 pM (Chen et al., 2011, 2018 Chen). In 

this study, however, the treatment situation was complex. Before start of the type of 

individual-chemotherapy we focused on in this study, the all patients with clinical 

early/middle stage and 30.3% patients with clinical advantage stage had already 

received surgery and in some cases also traditional Chinese medicine treatment, 

reducing the mean STK1p value to about 1.0 pM and continue to significantly decrease 

during the individual-chemotherapy to about 0.7 pM (table 3), but still significantly 

higher than the normal control of 0.38 pM (table 3). 

The STK1p-individual values decreased by about 30%, except for the stage I-IIIA 

patient group because STK1p was already decline due to radical surgery. Individual 

examination shows that in about 40% of the patients the STK1p value decreased by 50% 

or more at the end of the chemotherapy (table 4), indicating an efficient treatment, 

including patients with advanced stage. It should be noted that the mean STK1p value 

is higher in the advance stage (IIIB-IV, 1.15pM) group compared to the early stage (I-

IIIA, 0.79 pM) group, although not significant different (p=0.157) (Table 5).  

 

3.2. The number of STK1p low- and high-risk patients in relation to clinical 

characteristics 2-cycle-post individual-chemotherapy  

   To be able to identify low and high-risk groups of patients a suitable threshold level 

is needed to set up. This can be done by performing a Receiver Operation Characteristic 

(ROC) statistical analysis. The ROC test of STK1p was performed between 2 cycle-

post individual-chemotherapy’s patients (n = 101) and normal healthy persons (n=400), 

excluding a series of tumor diseases and infection diseases. The ROC analysis showed 

a suitable STK1p’s threshold value of 0.6 pM. Based on this threshold value we divided 

the tumor patients into two group: STK1≤ 0.6 pM  and  STK1＞0.6 pM as low and 

high risk of prognostic assessment, respectively. 

   By chi-square test, the STK1p low risk and elevated risk groups 2-cycle-post-

individual-chemotherapy compared with parameters of clinical characteristics are 

showed in table 5. The STK1p expression correlated significantly to the stages (I-IIIA 

vs. advanced IIIB+IV), the treatment with RR+ individual-chemotherapy vs. 

individual-chemotherapy alone (p < 0.05), but did not significantly correlated to 

pathology type, age, sex and RECIST, and the treatment regimen of advanced stage 

(IIIB+IV) only (p > 0.05). The STK1p low risk and elevated risk groups did not 

significantly correlated to smoking history (p = 0.207, data not show) 
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3.4. The overall survival (OS) rate 

The total mortality was 39.6%. The patient at early/middle and at advantage stage 

was 11.5% and 49.3%, respectively.  

 

The overall survival (OS) rate in relation to stage between low risk and high risk of 

STK1p group, I-IIIA and IIIB-IV, pathological type between AC and SCC and 

individual therapy program with RR+ individual-chemotherapy compared with 

individual-chemotherapy alone are shown in figure 1. There was a significantly higher 

OS in patients of low risk compared to patients of high risk (p=0.015) (Fig1 A), of 

early/middle stages compare to advanced stage (p=0.011) (Fig. 1 B), of AC patient 

compare to SCC patients (p=0.028) (Fig. C) and of patients receiving RR+ individual-

chemotherapy compared with individual-chemotherapy alone (Fig. 1 D) (p=0.001), but 

no correlations with age (p = 0.132), sex (p = 0.097) or RECIST (p = 0.432) (data not 

shown). We also analyzed 24 cases with early/middle stage alone (Fig. 1 E). The OS 

rate was significantly (p=0.002) higher in patients with low risk STK1p values compare 

to high risk STK1p, indicate that STK1p expression correlates with tumor proliferation 

at the early/middle stage. The results of cases with advanced stage (IIIB+IV) only 

showed a significantly higher OS in patients with AC patient compare to SCC patients 

(Fig. G, p=0.02), but not between low and high risk groups (Fig.1 F, p = 0.114) or 

between RR+individual-chemotherapy and individual-chemotherapy alone (Fig.1 H, 

p=0.13).  

 

3.5. Prognosis (COX regression analysis) 

The univariate analysis showed statistically significant of OS prognosis association 

parameters STK1p expression (p = 0.018), stage (p = 0.008), pathology type (p = 0.004), 

treatment ((RR+ individual-chemotherapy vs. individual-chemotherapy alone, p = 

0.002) and sex (p =0.099), but not with age (p= 0.596) and RECIST (p = 0.729) (Table 

6). 

The multivariate analysis showed that the treatment (RR+ individual-chemotherapy 

vs. individual-chemotherapy alone, p = 0.001) and the STK1p expression (p = 0.01) are 

independent prognostic factors for OS, while stage and pathology type and sex were 

not (p> 0.05, table 6).  

 

3.6. Cases analysis of early stage dead patients  

Although the patients of early stages (I-IIIA) showed a good prognosis with high 

OS rate (table 1, figure 2B and G), three patients died within 14-20 months after end of 

the treatment. The STK1p values after 2-cycle individual-chemotherapy did not 

returned to normal values (<0.6 pM), and were characterized as RECIST SD after 2 
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cycles. By the CT examination, the main reason to the death might be development of 

metastasis. Here we reported case analysis of the three patients.  

 

Case 1. A 65 years old woman with a mucinous adenocarcinoma, clinical stage IIA, 

grade G2, tumor size 4.0*2.3. She was found to have right middle lung irregularity after 

operation. In 2016-01-26 she was found to have multiple small nodules in both lungs 

by CT observation, and was considered for metastasis. She immediately started 

chemotherapy with pemetrexed disodium+ carboplatin for 4 cycles from 2016-01-27 to 

2016-05-04. The CT re-examination in 2016-04-01 showed multiple small 

asymptomatic malignant lung nodules in both lungs, similar to the observation in 2016-

01-26. Therefore, she continued to treatment with docetaxe from 2016-05-04 to 2016-

08-04. She was re-examined by CT in 2016-07-06 and in 2016-12-26, showing that the 

multiple small asymptomatic malignant lung nodules were still in both lungs and 

slightly larger than found in 2016-07-06, and considered for metastasis. She dead 20 

months after the ineffective treatment results. The STK1p pre-chemotherapy value was 

0.27 pM and 2-cycle-post-chemothyrapy increased to 0.82 pM. The RECIST was SD. 

 

Case 2. Man, 78 years. He was found to have a right upper lung cancer and did 

radical resection of right upper lung cancer under thoracoscopy under general 

anesthesia in 2014-05-29, and conformed adenocarcinoma (clinical stage IIA, grade G3 

and tumor size of 5.5 cm).  He used the maintenance therapy with pemetrexed 

disodium + carboplatin for 4 cycle in 2015-06-09 to 2015-09-22.  Abnormal changes 

were found in the right lung, bilateral pleural effusion (partially encapsulated), and 

fibrous foci in left upper lung, by CT detection in 2015-07-12. It also found liver cysts 

and left lateral adrenal branch hyperplasia. He dead 14 months after start of the 

chemotherapy. The STK1p value pre-chemotherapy was 0.1 pM and 2-cycle-post-

chemothyrapy increased to 5.29 pM. The RECIST was SD. 

 

Case 3. Man, 78 years. He was found as in left upper lobe lung cancer and 

conformed adenocarcinoma, clinical stage IB, grade G3, tumor size was of 3.5*3.0*1.5. 

The first, he did neo-chemotherapy with doxorubicin + nedaplatin for 6 cycles in 2013-

05-21 to 2013-10-22. It found the right interstitial inflammation improved slightly and 

no nodules in left upper lobe were seen by CT in 2013-12-30. He did radical resection 

of in 2014 -04-17 and then continued chemotherapy. The chemotherapy planed 1) 

Doxorubicin + carboplatin for 3 cycles in 2014-11-26 to 2015-01-27; 2) Gemcitabine 

for 2 cycles in 2015-03-03 to 2015-04-03; 3) Gemcitabine + nedaplatin for 2 cycles in 

2016-03-26 to 2016-05-03; 4) Vinorelbine + nedaplatin for 2 cycles in 2016-06-01 to 

2016-07-23. 
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The PET-CT detection in 2015-02-26 after surgery and chemotherapy showed that 

the third and fourth posterior ribs were destroyed and local pleura was thickened as well 

as accompanied by increased glucose metabolism. He also considered to have 

metastasis. He was reexamination with CT in 2016-03-10 and suggested to have 

multiple asymptomatic malignant lung nodules, multiple right ribs and thoracic 

vertebrae metastasis. He dead 15 months after the ineffective chemotherapy treatment. 

The STK1p value pre-chemotherapy was 0.88 pM and after 2 cycle-post-chemothyrapy, 

0.93 pM. The RECIST was SD. 

 

4. Discussion  

In clinical practice, early/middle and advanced lung cancer shows extensive 

difference in prognosis because of the lack of typical symptoms and effective diagnostic 

and prognostic methods. Most patients (≈70%) are diagnosed as advanced stage by 

imaging. In this study of random selected NSCLC patients, 70% of the patients were of 

advanced stage. However, it should be noted that these patients were faced with a 

number of uncertainties, including different medical background, different clinical 

stages and pathological grades, different treatment options (surgery + chemotherapy or 

chemotherapy alone), and treatment side effects. And sometimes there are false-

positive results (imagers or biomarkers). In addition, it is hard to follow the 

recommendation of therapy from case-control trials, but try to perform the most 

efficient treatment based on the individual patient’s medical background.  

   In the present study, we chose to use STK1p values after 2 cycle-individual-

chemotherapy, since it correlated closely to the endpoint of the treatment, supported by 

a similar study of STK activity in NSCLC patients [25]. The mean STK1p values 

decreased by about 30%, except for the stage I-IIIA patient group. In addition, 

individual examination shows that in about 40% of the patients the STK1p value 

decreased by 50% or more after the 2-cycle-chemotherapy (table 4), indicating rather 

efficient individual treatment, including patients with advanced stage. Therefore, we 

investigated 

   The end of the 2-cycle individual-chemotherapy is a useful time-point when using 

STK1p for monitor treatment with these agents in NSCLC patients.  However, the 

STK1p values in about 60% of the patients at the end of the 2-cycle individual-

chemotherapy were still significantly higher (~0.70 pM) compare to normal health 

persons (0.38 pM), it means that some residual tumors are growing and might result 

that STK1p did not return to normal levels as described in 3.6, cases analysis of early 

stage dead patients. The normal STK1p value of 0.3-0.5 pM was confirmed in a 

160,086-participants-health screening [27].  

   In this study, we divided the STK1p 2-cycle-individual-chemotherapy patients into 

a low risk (n=58) and an elevated risk (n=43) groups and compared them with 
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parameters of clinical characteristics. The only significantly difference was found that 

the STK1p values decreased significantly in the early/middle stage patients, but not in 

the patients with advance stages. The STK1p values also decreased significantly after 

surgery + individual-chemotherapy in the early/middle stage patients compared to 

individual-chemotherapy only, but not in the advanced stage patients, indicating that 

the STK1p low-risk value was significant correlated to the efficient combined treatment 

in the early/middle stage patient, but not in the advanced stage patients.   

   When considered elevated STK1p value, advantage stage, pathologic type of SCC 

and individual-chemotherapy alone correlated to poor OS in the Kaplan Meyer curves 

(Fig.1A, B, C and D), while low STK1p value in patients with early/middle stage (Fig. 

E p= 0.001) correlated to a significantly better survival rate compared to patients with 

high STK1p values. The multivariate Cox regression analysis showed that treatment 

(RR+ individual-chemotherapy vs. individual-chemotherapy alone (p =0.001) and 

STK1p (≦0.6 vs. ＞0.6 pM, p=0.01) were independent prognostic factors, while stage, 

pathology type and sex were not (p> 0.05). The present study is consistent with a 

previous retrospective TK-activity [24] and immunohistochemical studies on patients 

with lung cancer [28], the high TK1 expression was independent prognostic factor of 

poor survival.  

   Generally speaking, early/middle stage patients showed a better survival. However, 

there was three patients who died within 14-20 months after end of the chemotherapy. 

The STK1p values of the post-individual-chemotherapy did not returned to normal 

values (<0.6 pM), and were characterized as RECIST SD. The CT examination showed 

that these patients were already in a metastatic stage, and it was may be too late to start 

chemotherapy.   

Although trying to implement a better individual customized therapy program, the 

Kaplan Meyer curves showed that the OS rate of the advantage stage (IIIB+IV) patients 

displayed slightly improvement, but not significant different between patients with low 

STK1p values compared to patients with high STK1p values (Fig 1 H, p=0.13). The 

mortality was still high (49.3%). In a previous study, it was reported that STK1p was 

low in 63.5 % of lung cancer patients with advantage stage with increased tumor size 

[29]. The high degree of necrosis is normally found in patients with stage III/IV, the 

decline STK1p was not corresponding to tumor size of patients at advantage stage [30]. 

A study on STK-activity (TKa) and circulating tumor M2 pyruvate kinase (TuM2-PK) 

concentration in renal cell carcinoma (RCC) demonstrated high degree necrosis in 

RCCs with stage III/IV. The presence of extensive tumour necrosis (>50%) was 

statistically correlated to high TuM2-PK concentration and low STKa [31]. A likely 

explanation is that advantage stage patients already had low STK1p when started the 

chemotherapy due to extensive necrosis with reduced growth rate [31]. Thus, it should 

be noted that STK1p is may not a suitable prognostic marker when there is a risk of 
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extensive necrosis in advantage stage of lung patients. Early detection and early 

treatment would lead to rapid declines in mortality [21, 22]. 

   In this study, it was obvious that surgery in combination with individual-

chemotherapy was a more efficient than individual-chemotherapy alone. Furthermore, 

in the COX analysis it was found that the surgery + individual-chemotherapy was an 

independent prognostic factor for survival. More recently, due to the immunotherapy 

revolution, specifically the development of immune checkpoint inhibitors (ICIs), such 

as PD-L1 expression, can improve the treatment of advantage lung cancer patients [32]. 

A meta-analysis revealed that immunotherapy in combination with chemotherapy is an 

effective option as a first-line treatment for lung cancer (n = 4,887) [33]. The NSCLC 

patients administered immune- and chemotherapy exhibited better PFS and OS than 

patients treated with chemotherapy alone (P<0.001). Moreover, as the expression of 

PD-L1 increased, the PFS and OS benefits were more significantly [34].  The CTCs 

from peripheral blood can provide a minimally invasive method to monitor PD-L1 

expression on tumor cells over time [9], but the protocol is complicated and time-

consuming. As an alternative to use biopsy or CTCs to measure PD-Li expression, we 

suggested to use STK1p assay, a non-invasive, simple, and low cost assay, for 

monitoring the effect of the treatment.  

   Of NSCLC, two most common subtypes are adenocarcinoma (AC, ∼70%) and 

squamous cell lung cancer (SCC, ∼30%)  [35].  In this study, the OS was significant 

better in AC patients compared to SCC patients indicating that the SCC type of patients 

contain high-risk individuals. This is in coincide with a previous study reported that 

STK1 level was significantly higher in SCC as compared to AC patients [36]. In 

addition, in a recent study, extensive plasma lipidomics profiling of patients with SCC 

was performed and a panel of 2 lipid biomarkers that were able to detect SCC during 

the early stages were identified. The results of that study revealed the potential of using 

these 2 lipid markers in combination with LDCT-based screening methods in order to 

identify SCC patients with high-risk [37]. It is possible that STK1p in combination with 

such 2 lipid markers could improve the assessment of high-risk in early SCC patients.  

   Cancer is a chronic individual-disease with abnormal growth. Every cancer arises 

from a pre-cancer, although not all pre-cancers lead to cancer [22, 38]. If all pre-cancer 

were detected early, the risk for further development into malignancy would be reduced 

extensively. A series of papers proved that STK1p level increases earlier than the 

discovery of the visible cancer by imaging [22]. For example, a case report showed that 

a woman (aged 72 years) was diagnosed by imaging as having ground-glass opacity 

(pre-cancer) of lung. STK1p value was high of 3.9 pM while CEA, Cyfra19 and NSE 

were normal. The STK1p continued to rise to above 10-13 pM, while CT scanner and 

the three markers were still normal 4 months after discovery of right lung cancer. A 

radical operation was performed and confirmed AC (moderate differentiation) by 
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pathology. The STK1p value declined to 1.3 pM 1 month after surgery, no occurrence 

of metastasis or recurrence was detected by CT scanner 5 months after follow-up [27].                   

Precision molecular medicine with many biomarkers are either available or under 

development for several lung diseases. However, few biomarkers are in early 

widespread clinical use so far. It is mandatory to show the performance of these 

biomarkers for the monitoring and prognosis in early lung tumors, such, pre-cancers 

(ground-glass opacity preaches) or malignant tumor (asymptomatic malignant lung 

nodules, invisible small tumor or early localized tumors), which are potential to use for 

monitoring and prognosis of personalized targeted therapies. TK1 is one of a precise 

molecule target for monitoring and prognosis, specifically, for early detection of growth 

of invisible small tumors. STK1p assay is also non-invasive and low cost [22]. We 

proposal that STK1p combined with imaging and/or another biomarkers, for example 

CTCs and TK1 immunohistochemical staining, might be a more reliable assessment for 

developing of pre-malignancy or diseases associated with the risk process of individual 

lung cancer. There would be no or very limited lung cancer development in the future 

if the pre-malignancy or early tumors are treated in time. 

Conclusions: STK1p, a low-cost assay, correlates significantly to survival and is an 

independent multivariate prognostic factor of NSCLC patients. The combination of the 

STK1p with suitable imager is a rational approach to increase the efficacy for early 

detection of tumor in lung cancer screening. An individual customized therapy, such as 

RR combined with chemotherapy, would reduce the mortality in routine clinical setting 

of NSCLC.  
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Legend 

Figure 1. The Kaplan Meyer curves show overall survival (OS) in 101 patients in 

relation to STK1 (A), stage (B), , pathological type (C), and treatment (RR+individual-

chemo.vs.individual-chemo. Alone, D), overall survival (OS) in 24 patients of 

early/middle stage in relation to STK1 (E); 71 patients of advantage stage (IIIB-IV) in 

relation to STK1 (F), pathological type (G) and treatment (H). Significant log rank 

values between the survival curves are shown in figure. The solid dots in the survival 

curves show the times of censored observations. 
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Table 1. Clinical information. 

Type Patients (n=129) Follow up, patients (n=101) 

STK1, pre-individual-chemo. 129 101 

STK1,2-cycel-post-individual-

chemo. 
129 101 

Mean age  61.80±9.37 (29-76 yes.) 61.70± 8.17(29-76 ys.) 

Sex    

Men  96 68 

Female  33 33 

Histological type   

AC  86 69 

SCC  38 28 

Alveolar cell carcinoma 1 1 

AC/SCC 1? 1? 

missing  3 1 

Clinical stage    

Early/middle: I-IIIA 34 23 

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

II IIA(8),IIB(3） IIA(5),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   

Had RR pre-individual-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) 

   StageIIIB+ IV  IIIB+ IV (20) IIIB+ IV (18) 

Unclear stage 8 5 

Non-RR pre-individual-chemo. 66 54 

IIIB  IIIB(9) IIIB(9) 

IV  IV(57) IV(45) 
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Table 2. STK1p and CYFRA21-1 in relation to cycles of individual-chemotherapy. 

STK1p cycles  RECIST pre (STK1, pM） post （STK1, pM） P 

 

2 

Total  1.07(0.49-1.89) 0.40(0.20-1.48) 0.027 

 OR  0.96(0.38-1.87) 0.40(0.18-1.10) 0.014 

  NR 1.21(0.65-1.91) 0.68(0.21-2.37) 0.913 

  

4 

Total  0.40（0.18-1.54） 0.41（0.22-1.30） 0.166 

 OR 0.45（0.22-1.56） 0.39（0.23-1.05） 0.017 

  NR 0.29（0.16-1.54） 1.26（0.14-2.15） 0.445 

  

6 

Total  0.49（0.25-1.26） 0.61（0.15-2.12） 0.407 

 CR+PR 0.44（0.14-1.06） 0.45（0.10-2.04） 0.216 

  SD+PD 1.01（0.29-2.37） 0.82（0.27-2.51） 0.918 

  

8 

Total  0.90（0.15-2.42） 0.65（0.23-2.02） 0.935 

 OR 1.12（0.10-2.13） 0.50（0.19-0.85） 0.241 

  NR 15.25（8.25-16.70） 15.73（5.61-72.87） 0.256 

CYFRA21-

1 
cycles RECIST pre（ng/ml） post（ng/ml） P 

 

2 

Total  3.08(1.93-5.00) 2.78(1.89-3.84) 0.017 

 OR 2.78(1.83-5.37) 2.41(1.78-3.58) 0.013 

  NR 3.80(2.88-4.23) 3.39(2.65-4.23) 0.728 

  

4 

Total  2.60（1.80-3.56） 2.40（1.58-3.97） 0.651 

 OR 2.75（0.91-3.54） 2.22（1.65-3.12） 0.169 

  NR 2.07（1.62-4.32） 3.87（1.52-6.33） 0.015 

  

6 

Total  2.17（1.54-3.22） 2.82（1.74-4.68） 0.016 

 OR 2.15（1.66-3.09） 2.41（1.57-3.82） 0.674 

  NR 2.21（1.43-6.32） 3.63（2.10-9.58） 0.004 

  

8 

Total  2.30（1.35-4.73） 2.44（1.46-6.85） 0.286 

 OR 2.02（1.19-3.61） 1.50（1.44-2.85） 0.314 

  NR 2.51（1.73-6.88） 3.62（1.57-9.22） 0.037 

OR: objective response; NR: no response 
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Table 3. STK1p pre- and 2 cycle-post-individual-chemotherapy. A, total patients of 

stage I-IIIA + IIIB-IV(A); B-D, followed-up of patients: of stage I-IIIA + IIIB-IV (B), 

of patients of stage I-IIIA (C) , and of advantage stage IIIB-IV (D). E. Controls. 

Group Samples (n)    STK1 (pM)  p-value t-value 

A. stage I-IIIA+IIIB-IV 129    

1. Pre-chemo.  1.07± 1.54   

2. Post-chemo.  0.72±0.95 0.025 2.274 

B. stage I-IIIA+IIIB-IV 

follow-up 
101    

1. Pre- chemo.  1.08± 1.58   

2. Post- chemo.  0.75±1.03 0.022 2.33 

C. stage I-IIIA          34    

1. Pre-chemo.  0.698± 0.767   

2. Post-chemo.  0.566±0.774 0.366 0.917 

D. stage IIIB-IV 71    

1. Pre-chemo.  1.148± 1.70   

2. Post-chemo.  0.752±1.03 0.016 2.4698 

E. Controls 400 0.38±0.31 
< 0.000 (E VS. A, B, C or 

D) 
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Table 4. Number of patients with decreasing or increasing STK1p values after 2-cycle- 

individual-chemotherapy. 
  

Stage I-IIIA   

STK1p decrease by 50% 

or more 

 

13/34, 38% 

STK1p increase 17/34, 50% 
  

Stage IIIB-IV  

STK1p decrease by 50% 

or more 

 

28/71, 39% 

STK1p increase 25/71, 35% 
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Table 5. The number of STK1 low and high-risk patients in relation to clinical 

characteristics 2-cycle-post-individual-chemotherapy (Chi-square test). 

Group 
STK1≦0.6 pM 

(n=58) 

STK1＞0.6 pM 

(n=43) 
 p 

Stage n=95    

Early middle (I-IIIA) n=24 19 5  

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

Pathology type n=98    

 CA n=70 40 30  

 SCC n=28 17 9 0.149 

Age n=101    

 ≦60 ys. n=34 20 14  

 ＞60 ys. n=67 36 31 0.626 

Sex n=101    

M n=68 40 38  

 F n=33 17 6 0.054 

RECIST n=101    

PR n=32 18 14  

 PD+SD n=69 40 29 0.165 

Treatment all stages n=101    

RR+individual-chemo. n=47 31 16 0.0104 

individual-chemo. n=54 23 31   

Only stage IIIB+IV n=73    

 RR+individual-chemo. n=23 14 9  

 individual-chemo. n=50 27 23 0.529 

RR+chemo n=42    

 Stage I-IIIA   n=24 18 6  

 Stage IIIB+IV  n=18 8 10 0.044 

R.: Radical resection; RECIST (Response Evaluation Criteria in Solid Tumors) 
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Table 6. Uni- and multivariate analysis. 

Univariate p-value  Hazard risk  95% CI 

RR+individual-chemo.vs. 

individual-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 

Pathology-type (AC vs. SCC) 0.004 2.538 1.355-4.294 

Sex (Male vs. Female) 0.099 1.976 1.042-3.744 

Multivariate p-value   Hazard risk  95% CI 

RR+individual-chemo.vs. 

individual-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    

Pathology-type (AC vs. SCC) 0.276    

Sex (Male vs. Female) 0.293      
 

  

  RR: radical resection; chemo. : chemotherapy 
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Figure 1.  

 

 

 

 

 

 



Figures

Figure 1

The Kaplan Meyer curves show overall survival (OS) in 101 patients in relation to STK1 (A), stage (B), ,
pathological type (C), and treatment (RR+individualchemo. vs.individual-chemo. Alone, D), overall survival
(OS) in 24 patients of early/middle stage in relation to STK1 (E); 71 patients of advantage stage (IIIB-IV)
in relation to STK1 (F), pathological type (G) and treatment (H). Signi�cant log rank values between the
survival curves are shown in �gure. The solid dots in the survival curves show the times of censored
observations.


