
Abstract. Aim: The aim of this study was to evaluate the
utility of selected tumor markers for the detection of lung
cancer recurrence during follow-up. Patients and Methods:
The study group consisted of 109 patients and 109 healthy
controls. The following biomarkers were selected:
Carcinoembryonic antigen; cytokeratin fragment 19; neuron-
specific enolase; tissue polypeptide-specific antigen;
cytokeratin fragments 8, 18 and 19; insulin-like growth
factor 1; pro-gastrin-releasing peptide; and 25-
hydroxyvitamin D. The biomarkers were assessed
individually or using a multivariate analysis. Results:
Carcinoembryonic antigen [area under the receiver
operating characteristics curve (AUC)=0.6857, p<0.0001]
and cytokeratin fragment 19 (AUC=0.6882, p<0.0001)
proved best in detecting relapse. The multivariate model
indicated insulin-like growth factor 1 (p=0.0006,
AUC=0.6225) as the third most useful biomarker. The
multivariate model using these three markers achieved the
best AUC value of 0.7730 (p=0.0050). Conclusion: We
demonstrated that carcinoembryonic antigen and cytokeratin

fragment 19 play a key role in the detection of lung cancer
recurrence. A multivariate approach can increase the
effectiveness of detection.

Lung cancer, one of the most common malignancies, is a
disease with a poor prognosis and high mortality. Globally,
it has long been one of the leading malignancies in both
incidence and mortality (1, 2). The 5-year survival rate is
only between 4% and 20% (3, 4), regardless of disease stage.
Thus, only patients in whom the disease was diagnosed at an
early stage and underwent radical surgical treatment have a
real chance of longer survival.

In patients with these tumors, serum levels of certain
immunochemical markers are elevated. None, however, have
been evaluated as sufficiently sensitive for individual use,
nor have they been identified as specific for these types of
tumors (5). Our study aimed to put forward a solution to this
situation by determining the sensitivity and specificity of a
panel of tumor markers. The sensitivity and specificity of
these markers may be useful both in making a prognosis and
in detecting the recurrence of lung cancer with minimal
patient burden (6). 

The aim of this study was to evaluate the utility of selected
tumor markers in detecting the recurrence of non-small cell
lung cancer (NSCLC) in follow-up subsequent to surgery.

Patients and Methods
Groups of patients. This prospective study was conducted between
April 2018 and August 2020. The study group consisted of 218
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patients: 109 patients who had undergone radical surgery of NSCLC
and 109 persons in the control group. The detailed characteristics
of the cancer group are given in Table I. The control group consisted
of patients with a non-cancer diagnosis, injury, or who had
undergone surgery but did not have a positive cancer anamnesis.
The patients in the control group corresponded in sex (p=0.7808)
and age (p=0.9829) to the those in the cancer group.

Informed consent was obtained from each patient enrolled in the
study. The study protocol was approved on 28. 6. 2018 by the Ethics
Committee of the Medical Faculty and University Hospital in Pilsen
(approval number 271/2018) and complied with the International
Ethical Guidelines for Biomedical Research Involving Human
Subjects, Good Clinical Practice guidelines, the Declaration of
Helsinki, and local laws.

Diagnostic methods. Prior to the surgical treatment of lung cancer,
current standard diagnostic methods were used to diagnose NSCLC:
Computed tomography in combination with positron-emission
tomography, computed tomography or magnetic resonance of the
brain, and bronchoscopy.

Blood samples and immunochemistry methods. Peripheral venous
blood (Greiner Bio-one Company, Kremsmünster, Austria) was
collected using the VACUETTE system as follows: one day before
surgery, 7 days after surgery, 3 months after surgery and the last
sample at 1 year after surgery. Only one blood collection was
performed for those of the control group. 

The serum levels of the following biomarkers were determined:
Carcinoembryonic antigen (CEA) using the chemiluminescence
assay ACCESS CEA (Beckman Coulter, Inc., Brea, CA, USA) using
a DxI 800 (Beckman Coulter, Inc.); neuron-specific enolase (NSE)
using chemiluminescent assay LIAISON NSE (DiaSorin, Saluggia,
Italy) in a LIAISON XL (DiaSorin); soluble cytokeratin 18 fragment
(CYFRA 21-1) and pro-gastrin releasing peptide (pro-GRP) using
chemiluminescent assays ARCHITECT CYFRA 21-1 and
ARCHITECT pro-GRP (Abbott Laboratories, Libertyville, IL,
USA) in an ARCHITECT i1000 SR (Abbott Laboratories); tissue
polypeptide-specific antigen, soluble cytokeratin 18 fragment (TPS)
and soluble cytokeratin fragments 8, 18 and 19 (MonoTotal) using
the immunoradiometric assays TPS IRMA and MonoTotal IRMA
(Immunotech, Prague, Czech Republic) in a Stratec SR 300 (Stratec
SE, Birkenfeld, Germany). 

Methods of surgical treatment. The surgical approach was
posterolateral thoracotomy in all cases. The standard surgical
procedure was anatomical lung resection in the range of at least a
lobectomy and, depending on the size and location of the tumor,
possibly also a bi-lobectomy or a pneumonectomy. An integral part
of each operation was systematic nodal dissection, performed
according to the established scheme of The International
Association for the Study of Lung Cancer from 2009 (7).

All patients in the group underwent radical surgery, i.e., complete
resection of the tumor and descending lymph nodes (so-called R0
resection). Recurrence was defined as the recurrence of a tumor
after radical surgery, and which had not been demonstrated by
available diagnostic methods. We defined tumor progression as a
worsening of a permanently present cancer but we did not have such
patients in the group, because they were all radically operated on,
so for some time they were free of cancer and new finding of tumor
was therefore always a recurrence of the disease, not progression.

Statistical methods. Statistical analysis was performed using
S.A.S. software (Statistical Analysis Software release 9.4; SAS
Institute Inc., Carry, NC, USA). Basic Descriptive statistics for
numerical data (mean±standard deviation, or median with lower
and upper quartile for non-normally distributed parameters) and
categorical data (absolute and relative frequencies) are presented.
Receiver operating characteristics (ROC) analysis, as well as
univariate and multivariate logistic regression were used to
compare malignant lung tumor and control groups. Cut-off values
were calculated at the 95% level of specificity. The Wilcoxon two-
sample test was used for comparison of individual parameters and
the Spearman rank correlation coefficient was used to measure the
correlation of individual parameters with stage. A p-value of less
than 0.05 indicated statistical significance. The disease-free
interval (DFI), calculated from the day of surgery, was analyzed
using a Cox regression model with baseline tumor markers as
covariates. A Cox regression model with time-dependent
covariates (individual tumor markers during follow-up) was used
to assess DFI.

Results

A comparison of the results for the patient and control
groups is shown in Table II. The following tumor
markers were significantly higher in the group of
patients with NSCLC compared to the control group:
CEA (p=0.0001), CYFRA 21-1 (p=0.0001), NSE
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Table I. Characteristics of the patient group (n=109).

Variable                                          Value

Gender, n (%)                                Male 66 (60.6)
                                                       Female 43 (39.4)
Age, years                                      Median (IQR) 68 (40-80)
Histology of NSCLC,                   Adenocarcinoma 54 (49.5)
n (%)                                             Squamous cell carcinoma 40 (36.7)
                                                       Others 15 (13.8)
Type of operation,                        Lobectomy 95 (87.1)
n (%)                                             Bi-lobectomy 9 (8.3)
                                                       Pneumonectomy 5 (4.6)
Pathological stage,                        IA1 6 (5.5)
n (%)*                                           IA2 29 (26.6)
                                                       IA3 16 (14.7)
                                                       IB 13 (11.9)
                                                       IIA 6 (5.5)
                                                       IIB 18 (16.5)
                                                       IIIA 18 (16.5)
                                                       IIIB 3 (2.8)
Involvement of intrathoracic        Overall 25 (22.9)
lymph nodes, n (%)                      N1 13
                                                       N2 4
                                                       N1+N2 8
Adjuvant therapy, n (%)                None 71 (65.1)
                                                       Chemotherapy 31 (28.5)
                                                       Chemotherapy+radiotherapy 7 (6.4)

IQR: Interquartile range. *TNM classification (8). 



(p=0.0447), MonoTotal (p=0.0065), IGF-1 (p=0.0020),
and pro-GRP (p=0.0232). 

ROC curves were plotted and areas under the curve
(AUC) were calculated for individual tumor markers. A
model of three markers, namely CYFRA 21-1, CEA and
IGF-1, was created using a multivariate analysis. The AUC
of this model was higher than the AUC values of individual
tumor markers. The AUC value decreased as follows: 3-
Marker model > CYFRA 21-1 > CEA > IGF-1 > MonoTotal
> NSE > proGRP >TPS.

The AUC values are given in Table III, the ROC curve of
the multivariate model is shown in Figure 1.

To determine the distribution of tumor markers according
to the tumor size, patient results were divided into groups
according to the pT classification described in the eighth
edition of the TNM Classification of Malignant Tumours (8).
Of the tumor markers selected, levels of CYFRA 21-1 and
MonoTotal statistically significantly increased with the size
of the tumor (p=0.0002 and p=0.0236, respectively). The
results are shown in Table IV.

In our study, no relationship was observed between the
levels of tumor markers and lymph node status (pN). 

As can be seen from Table V, the levels of CYFRA 21-1
and MonoTotal significantly increased with the stage of
NSCLC (p<0.0001 and p=0.0063, respectively).

Different levels of tumor markers were observed in tumors
that differed histologically. Epidermoid lung carcinoma was
associated with the highest level of CYFRA 21-1 (mean=9.00
μg/l, p<0.0001). Adenocarcinoma was associated with the
highest level of CEA (mean=12.58 μg/l, p=0.0213).

Follow-up after surgery revealed that 26 patients
experienced tumor recurrence despite surgery. Tumor
recurrence was associated with a statistically significant

increase in CEA and CYFRA 21-1 (p=0.0082 and p=0.0453,
respectively) prior to recurrence.

Discussion

The detection and measurement of serum tumor markers as
part of the treatment of malignant lung tumors, especially as
part of a follow-up, is a topic that has long been discussed
in the literature (9). The unsatisfactory 5-year survival and
poor prognosis of a relatively high percentage of patients is
in itself sufficient justification for further research into tumor
markers; honing the methodology of their correct use is
imperative (10). 

The panel of tumor markers in this study was selected
based on our own experience in combination with the
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Table II. Comparison of the results of analysis tumor markers for the patient and healthy control groups.

Analyte Group Mean Median Lower quartile Upper quartile Minimum-maximum p-Value

CEA, μg/l Healthy               2.33                  1.60                      1.10                              2.50 0.30-11.00 <0.0001
Cancer                8.01                  2.80                      1.70                              4.90 0.40-426.00

CYFRA 21-1, μg/l Healthy               1.77                  1.40                      1.10                              2.10 0.50-6.40 <0.0001
Cancer                4.89                  2.20                      1.50                              3.50 0.60-81.90

NSE, μg/l Healthy             12.18                11.60                    10.05                            13.40 6.20-32.80 0.0447
Cancer              13.61                12.50                    10.60                            15.00 6.20-34.20

TPS, IU/l Healthy             74.31                52.00                    31.00                            83.00 10.00-892.00 0.0755
Cancer              90.76                59.00                    37.00                            98.00 10.00-727.00

MonoTotal, IU/l Healthy           123.95                92.00                    65.50                          131.90 15.00-904.60 0.0065
Cancer            160.86              124.20                    76.50                          176.60 15.00-1034.20

IGF-1, μg/l Healthy           129.8                128.00                    89.00                          162.00 35.00-281.00 0.0020
Cancer            151.76              146.00                  115.00                          183.00 57.00-332.00

Pro-GRP, ng/l Healthy             42.04                36.00                    28.00                            52.50 13.00-176.00 0.0232
Cancer              46.21                42.00                    33.00                            51.00 17.00-163.00

CEA: Carcinoembryonic antigen; CYFRA 21-1: cytokeratin-19 fragments; IGF-1: insulin-like growth factor 1; MonoTotal: soluble fragments of
cytokeratin 8, 18 and 19; NSE: neuron-specific enolase; Pro-GRP: pro-gastrin-releasing peptide; TPS: tissue polypeptide-specific antigen.

Table III. The area under the receiver operating characteristics curve
(AUC) for individual markers and those included in the multivariate
model, namely carcinoembryonic antigen (CEA), cytokeratin-19
fragments (CYFRA 21-1) and insulin-like growth factor 1 (IGF-1). 

Order Tumor marker AUC value

1 CYFRA 21-1 0.6882
2 CEA 0.6857
3 IGF-1 0.6225
4 MonoTotal 0.6078
5 Pro-GRP 0.5981
6 NSE 0.5835
7 TPS 0.5700
- Multivariate model 0.7730

MonoTotal: Soluble fragments of cytokeratin 8, 18 and 19; NSE:
neuron-specific enolase; Pro-GRP: pro-gastrin-releasing peptide; TPS:
tissue polypeptide-specific antigen.



literature findings. Unlike in the literature, where it is most
common to evaluate the benefit of one or two tumor
markers, our study evaluated a number of individual markers
and a multivariate analysis was carried out in order to
determine the most effective combination of tumor markers. 

The preoperative levels of all selected tumor markers
except TPS were statistically significantly higher in patients
with NSCLC than in persons from the control group. This
corresponds to the findings described in the literature (11-
16). To evaluate in detail the contribution of individual
markers, ROC curves were generated and the AUCs
calculated. The two best-performing tumor markers were
then selected for the multivariate model using a multivariate
analysis (CYFRA 21-1 and CEA) and a third marker (IGF-
1), the course of which did not correlate with any other
marker used, was added. The AUC for the generated model
(0.7730) was statistically significantly higher (p=0.0050)
than the AUC of the best individual tumor marker (CYFRA
21-1). The use of such a model has not been described in the
literature to date as far as we are aware.

The correlation between the concentration of individual
tumor markers and the size and stage of the tumor was
measured. Our data did not confirm the commonly
mentioned assumption that CEA is a tumor marker that
exhibits a rise as the mass of the tumor increases (16). It did
however reflect a statistically significant correlation between

tumor size and the concentration of two cytokeratin markers:
CYFRA 21-1 (p=0.0002) and MonoTotal (p=0.0236). Our
results are consistent with the results of studies reported in
available publications (9, 12, 13, 17-19). According to the
published studies, the levels of CYFRA 21-1 and MonoTotal
depend on the clinical stage (9, 12, 13, 18). Our study
confirms this. Both these cytokeratins statistically
significantly increased with increasing stage of the disease:
CYFRA 21-1 (p<0.0001) and MonoTotal (p=0.0063). In
contrast to the literature findings, we did not find any
relation between the concentration of the studied tumor
markers and the degree of nodal involvement.

The levels of tumor markers varied according to the
histological type of the tumor. In our study, epidermoid lung
carcinoma was associated with the highest level of CYFRA
21-1 and adenocarcinoma was associated with the highest
level of CEA, in concordance with the literature (9, 20, 21).

The final aspect of tumor markers to be addressed in our
study was their individual prognostic ability. A Cox
regression model with time-dependent covariates (individual
tumor markers) was used to assess DFI. Recurrence was
associated with a statistically significant increase in CEA and
CYFRA 21-1 (p=0.0082 and p=0.0453, respectively) prior to
recurrence, in line with literature data (12, 22-24).
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Figure 1. Receiver operating characteristic curve – multivariate model.

Table IV. Serum levels (mean±SD) of cytokeratin-19 fragments (CYFRA
21-1) and soluble fragments of cytokeratins 8, 18 and 19 (MonoTotal)
according to the extent of primary tumor (pT).

pT Frequency CYFRA 21-1, μg/l MonoTotal, IU/l

T1mi 1 1.20 76.5
T1a 5 1.70±0.51 95.4±39.36
T1b 32 1.79±0.72 123±85.34
T1c 22 2.17±0.88 118±57.63
T2a 22 6.54±16.95 141±123.22
T2b 8 4.93±3.05 272±275.72
T3 10 9.59±7.96 188±116.18
T4 9 15.5±18.68 362±310.27
Total 109 - -
p-Value - 0.0002 0.0236

Table V. Serum levels (mean±SD) of cytokeratin-19 fragments (CYFRA
21-1) and soluble fragments of cytokeratins 8, 18 and 19 (MonoTotal)
according to tumor stage. 

Stage Frequency CYFRA 21-1, μg/l MonoTotal, IU/l

I 64 2.12±1.31 116±70.44
II 24 9,088.50±16.62 219±196.33
III 21 8,589.08±13.55 231±237.04
Total 109 - -
p-Value - <0.0001 0.0063



In conclusion, our study shaved that CEA and CYFRA 21-
1 play a key role in the detection of lung cancer recurrence
and its prognosis. Other tumor markers we selected did not
provide additional information when used as individual
markers. A multivariate approach can be used to increase the
effectiveness of the detection of recurrence.
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