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Abstract 

Purpose: To investigate potential association between selected tumor markers and laboratory 
parameters (lactate dehydrogenase [LDH], neutrophils, hemoglobin, neutrophils, lymphocytes, 
C-reactive protein, albumin, carcinoembryonic antigen, and cytokeratin 19 fragment 21-1 [CYFRA 21-1]) 
and circulating tumor DNA (ctDNA) with survival in patients with advanced non-small cell lung cancer 
(NSCLC). 
Patients and Methods: The study encompassed 82 patients from a single center. All patients had 
(localy-) advanced adenocarcinomas. ctDNA was determined before starting therapy and at 6 weeks 
follow-up. Laboratory parameters were measured before each cycle of therapy and oncomarkers before 
starting the therapy as standard clinical practice. Mann–Whitney U test, Cox proportional hazards model, 
Fisher’s exact test, and Kaplan–Meier survival estimation with Gehan–Wilcoxon test were used for 
statistical analysis of the corresponding variables. 
Results: We have confirmed predictive or prognostic significance for some of the selected laboratory 
markers and oncomarkers. Above all, we demonstrate a significant relationship between the levels of 
LDH and the oncomarker CYFRA 21-1 and the presence or absence of ctDNA at the time of diagnosis. 
We also demonstrate significantly lower CRP levels in patients within whom the ctDNA disappeared 
during treatment. A similar but statistically insignificant trend was observed for LDH. 
Conclusions: CYFRA 21-1, LDH and probably CRP correlate with ctDNA levels in NSCLC. Repeated 
measurement of these markers could thus help in early detection of disease progression in the same way 
as does ctDNA monitoring. 
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Introduction 
In spite of great therapeutic advances in treating 

non-small cell lung cancer (NSCLC), we still lack 
adequate prognostic and predictive markers for 
routine clinical practice in patients without driver 

mutations. Although programmed death-ligand 1 
(PD-L1) expression may serve as a guide for 
immunotherapy, it is not an ideal marker for spatial 
and temporal heterogeneity [1]. Moreover, PD-L1 
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does not determine the effectiveness of chemo-
therapy, which is a key part of treating patients with 
up to 50% PD-L1 expression and without targetable 
mutations [2]. 

Other NSCLC markers include inflammatory 
markers and lactate dehydrogenase (LDH) [3, 4]. In 
previous publications, laboratory parameters of 
inflammation, including elevated C-reactive protein 
(CRP), higher neutrophils (Neu), lower albumin (Alb), 
and lower hemoglobin (Hb), appeared to be not only 
negative prognostic but also negative predictive 
markers for chemotherapy and immunotherapy 
effectivity [5–7]. Similar results have been suggested 
for LDH [4, 6, 8]. NSCLC has its specific oncomarkers, 
including cytokeratin 19 fragment (CYFRA 21-1) and 
carcinoembryonic antigen (CEA) for lung 
adenocarcinomas [9]. These markers, too, possess 
prognostic and perhaps some predictive potential in 
NSCLC, as reported from previous studies mainly in 
patients treated with chemotherapy [10–12]. 

Another promising marker is circulating tumor 
DNA (ctDNA). ctDNA is used today in a method 
known as liquid biopsy. As this method is minimally 
invasive (based upon blood or other body fluid 
samples), it has appeal as a future cancer biomarker 
for diagnostics as well as for follow-up monitoring 
during systemic therapy [9, 11]. In our previous work, 
we suggested ctDNA to be a promising prognostic 
and predictive marker for NSCLC patients receiving 
chemotherapy, which remains the cornerstone of 
stage IV treatment for most patients with NSCLC [13]. 

However, the relationship between the labora-
tory parameters or oncomarkers in NSCLC and 
ctDNA has not been evaluated extensively in prior 
studies. As mentioned above, ctDNA as well as 
laboratory markers or oncomarkers can have a 
prognostic or even predictive effect in patients with 
NSCLC. Therefore, we believe that the effort to learn 
the relationship between these parameters is 
beneficial for further progress in precision NSCLC 
oncology. The aim of our study, therefore, was to 
investigate the possible relationship of inflammatory 
parameters, LDH, and oncomarkers to ctDNA in 
advanced NSCLC patients along with their 
relationship to prognosis and prediction of treatment 
efficacy. 

Patients and Methods 
Study design and treatment 

This single-center observational study enrolled 
patients with newly diagnosed cytologically or 
histologically confirmed locally-advanced (III) or 
metastatic (IV) stage NSCLC treated with first-line 
chemotherapy (platinum doublet +/- bevacizumab) 

between 8/2017 and 3/2021. All patients that met 
inclusion criteria and signed informed concerned 
were included in the study. Inclusion criteria were: 
inoperable lung adenocarcinoma stage III (not 
suitable for chemoradiotherapy) and stage IV, 
performance status 0 or 1, signed informed concerned 
and proven ctDNA in a blood sample. 

Tumor tissue was assessed for the presence of 
tumor-specific somatic mutations using a preselected 
panel of the most commonly mutated genes in 
NSCLC (see below). All the patients were treated 
according to the current clinical guidelines using 
first-line chemotherapy regimens, including carbo-
platin plus paclitaxel plus bevacizumab, cisplatin or 
carboplatin plus pemetrexed, carboplatin plus 
docetaxel plus bevacizumab, or cisplatin plus 
vinorelbine. The chemotherapy was administered 
intravenously at the standard approved doses. 
Clinical follow-up controls including physical 
examination, plain chest X-ray, and routine laboratory 
tests were performed every 3 weeks. Computed 
tomography was carried out after two cycles of 
chemotherapy and then CT was repeated after 2–3 
cycles. The objective tumor response was assessed 
using the Response Evaluation Criteria in Solid 
Tumors 1.1 (RECIST 1.1) in terms of complete 
remission, partial remission, stable disease, and 
progressive disease [14]. Blood samples for the 
assessment of ctDNA were collected before the 
initiation of systemic therapy and 6 weeks after the 
first cycle of chemotherapy. All laboratory parameters 
and oncomarkers were determined at the time of 
tumor diagnosis (+/− 2 weeks) and additional CRP 
and LDH measurements were taken also at the time of 
administering the second treatment cycle (i.e., 6 weeks 
after the first cycle of chemotherapy). 

Informed consent was obtained from all the 
participants. The study protocol and form of informed 
consent for participants were approved by the Ethical 
Committee of the Faculty of Medicine and University 
Hospital in Pilsen, Charles University on 13 June 2016 
and complied with the International Ethical 
Guidelines for Biomedical Research, the Declaration 
of Helsinki, and local laws. 

Tumor DNA and plasma-based ctDNA 
extraction and mutation analyses 

Tumor biopsy specimens obtained during 
bronchoscopy or transthoracic biopsy (cytological or 
formalin-fixed paraffin-embedded tissue samples) 
were tested for the presence of tumor-specific somatic 
mutations using a preselected panel of the most 
commonly mutated genes in NSCLC, including 
KRAS, TP53, BRAF, and PIK3CA. Tumor DNA was 
isolated from all available samples using the 



 Journal of Cancer 2023, Vol. 14 

 
https://www.jcancer.org 

3 

commercial column-based kit GenElute™ Mam-
malian Genomic DNA Miniprep Kit (Sigma Aldrich, 
St. Louis, MO, USA) according to the manufacturer’s 
instructions for the respective tissue material. 
Mutation analysis based on PCR amplification of gene 
fragments followed by heteroduplex formation and 
their separation and detection by denaturing capillary 
electrophoresis (DCE) was performed as described 
previously [15–17]. Selected tumor DNA without any 
detected mutation meeting the sufficient amount and 
concentration requirements was analyzed in more 
detail by next generation sequencing (NGS) using the 
ArcherDx VariantPlex Solid Tumor panel on the 
Illumina platform (ArcherDx, Boulder, CO, USA). 
Whole blood samples were collected into stabilization 
blood collection tubes (Carolina Biosystems, Prague, 
Czech Republic). The plasma fraction was obtained by 
a two-step centrifugation of the whole blood within 6–
54 h after collection and then immediately frozen at –
20˚C. The assessment of baseline ctDNA and ctDNA 
at 6 weeks follow-up was performed in patients with 
confirmed tumor-specific somatic mutation. CtDNA 
was extracted from plasma using the commercial 
column-based QIAamp Circulating Nucleic Acid Kit 
(Qiagen, Dusseldorf, Germany) according to the 
manufacturer’s instructions. Mutations in plasmatic 
ctDNA were detected by the aforementioned 
PCR/DCE-based heteroduplex method (heteroduplex 
analysis after amplification of the mutated 
tumor-specific gene fragment). The peaks on the DCE 
electropherogram – homoduplex from wild-type 
DNA fragments (homoWT), homoduplex from 
mutated DNA fragments (homoMUT), and two 
heteroduplexes formed by one wild-type and one 
mutated DNA fragment (hetA and hetB) – were 
visualized by GeneMarker software (SoftGenetics, 
State College, PA, USA). Mutant allele frequency 
(MAF) was calculated according to the following 
equation: 

(homoMUT+(hetA/2)+(hetB/2))/(homoWT+hetA+h
etB) × 100). 

The lowest MAF that could be detected and that 
was distinguishable from background or negative 
control (i.e., the limit of detection) was determined for 
each marker tested in plasma (about 0.1% depending 
upon the mutation being detected, data not shown). 
ctDNA clearance was defined as undetectable ctDNA 
levels in the plasma during the course of systemic 
therapy. 

Laboratory markers and oncomarkers 
Laboratory parameters (CRP, Neu, lymphocytes 

[Lympho], Hb, Alb, LDH) and oncomarkers (CEA and 

CYFRA 21-1) were determined as a standard part of 
treatment in accredited laboratories of the University 
Hospital in Pilsen by certified methods commonly 
used in routine practice. 

Statistics 
Standard frequencies and descriptive statistics 

were used to characterize the patient sample. 
Measured marker levels were compared between the 
two patient groups based on RECIST treatment 
response categories (CR+PR+SD vs. PD) using the 
Mann–Whitney U test. The same test was used to 
compare the time change of CRP and LDH between 
patients achieving and not achieving ctDNA 
clearance. For the survival analysis, progression-free 
survival (PFS) was determined from initiation of the 
therapy to the date of disease progression or death. 
Overall survival (OS) was determined from initiation 
of the therapy to the date of death. Patients who had 
not reached the PFS or OS endpoint were censored at 
the date of the last follow-up. The association of 
marker levels with OS and PFS was first explored in a 
continuous fashion using univariable Cox propor-
tional hazards model. Subsequently, the patients were 
divided into two groups according to the clinical 
norms of each marker and PFS or OS in these groups 
were compared using the Kaplan–Meier method with 
the Gehan–Wilcoxon test and hazard ratio estimation 
by the Cox model. The relationship between marker 
levels and presence of ctDNA before the therapy was 
tested with Fisher’s exact test using the same patient 
grouping according to the normal clinical levels. 

All reported p-values are two-tailed and the level 
of statistical significance was set at α = 0.05. Statistical 
processing and testing were performed in 
STATISTICA (Version 12; StatSoft, Inc., Tulsa, OK, 
USA) and Matlab (2021a, MathWorks, Natick, MA, 
USA). 

Results 
Patient characteristics 

In total, 107 patients signed informed concern, 
from that 82 patients met inclusion criteria and were 
evaluated to this study. The analyzed dataset 
consisted of 67.1% men. Median age was 66 years. 
Patient characteristics are summarized in Table 1. 

Association between laboratory parameters 
or oncomarkers and treatment response 

We observed no significant relationship between 
the laboratory parameters or oncomarkers and the 
response to chemotherapy. Results are summarized in 
Table 2. 
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Figure 1. Significant Kaplan-Meier curves of laboratory markers and oncomarkers for PFS. 

 

Table 1. Patient characteristics 

Parameter Category n (%) 
Gender Male 55 (67.1) 

Female 27 (32.9) 
Smoking Non-smoker 11 (13.4) 

Ex-smoker 22 (26.8) 
Smoker 49 (59.8) 

TNM stage at diagnosis 
(simplified) 

T1 4 (5.0) 
T2 18 (22.5) 
T3 15 (18.8) 
T4 43 (53.8) 
TX 2 (-) 
N0 6 (7.3) 
N1 11 (13.4) 
N2 28 (34.1) 
N3 37 (45.1) 
M0 11 (13.4) 
M1 71 (86.6) 

Stage IIIA 3 (3.7) 
IIIB 4 (4.9) 
IIIC 4 (4.9) 
IVA 21 (25.6) 
IVB 49 (59.8) 
IVC 1 (1.2) 

RECIST at 1st restage CR 1 (1.4) 
PR 18 (24.7) 
SD 37 (50.7) 
PD 17 (23.3) 
Unknown 9 (-) 

ECOG PS 0 1 (1.2) 
1 68 (82.9) 
2 13 (15.9) 

RECIST: response evaluation criteria in solid tumors, CR: complete response, PR: 
partial response, SD: stable disease, PD: progressive disease. 
TNM classification in accordance with the 8th edition. 

 

Associations between laboratory parameters 
or oncomarkers and PFS or OS 

In a continuous analysis using the univariable 
Cox proportional hazards model, we observed 
significantly poorer PFS for higher Neu (hazard rate = 
HR = 1.114, 95% confidence interval = 95% CI = 1.003–
1.237, p = 0.043) and higher CYFRA 21-1 (HR = 1.022, 
95% CI = 1.002–1.042, p = 0.027) and poorer OS for 
higher CRP (HR = 1.006, 95% CI = 1.001–1.010, p = 
0.024) and CYFRA 21-1 (HR = 1.020, 95% CI = 1.003–
1.038, p = 0.019) and better OS for higher albumin (HR 
= 0.908, 95% CI = 0.855–0.964, p = 0.002). All results 

are summarized in Table 3. 
 

Table 2. Relationship of laboratory markers and oncomarkers to 
treatment response 

Marker (before 
starting treatment) 

CR/PR/SD, median 
(25%–75%) 

PD, median 
(25%-75%) 

p-value 

CRP (mg/l) 11.5 (3.6–56.0) 14.0 (6.0–62.0) 0.5824 
LDH (µkat/l) 3.9 (3.2–4.9) 3.8 (3.3–5.1) 0.8409 
Hb (g/l) 141 (129–151) 139 (133–146) 0.8513 
Neu (109/l) 6.6 (4.2–7.7) 6.8 (4.8–7.7) 0.7318 
Lympho (109/l) 2.1 (1.5–2.4) 1.8 (1.3–2.2) 0.2964 
Alb (g/l) 40.1 (37.5–44.2) 40.7 (38.6–42.4) 0.9023 
CEA (μg/l) 11.5 (3.3–30.1) 7.0 (3.8–26.9) 0.6300 
CYFRA (μg/l) 3.6 (2.0–8.9) 3.8 (1.9–6.3) 0.8184 
CR: complete response, PR: partial response, SD: stable disease, PD: progressive 
disease, CRP: C-reactive protein, LDH: lactate dehydrogenase, Hb: hemoglobin, 
Neu: neutrophils, Lympho: lymphocytes, Alb: albumin, CEA: carcinoembryonic 
antigen, CYFRA: cytokeratin 19 fragment. 

 
 

Table 3. Relationship of laboratory markers and oncomarkers to 
PFS and OS 

Marker (before 
starting 
treatment) 

PFS OS 
p-value Hazard rate (95% CI) p-value Hazard rate (95% CI) 

CRP (mg/l) 0.293 1.003 (0.998–1.007) 0.024 1.006 (1.001–1.010) 
LDH (µkat/l) 0.229 0.942 (0.855–1.038) 0.871 1.008 (0.921–1.103) 
Hb (g/l) 0.400 0.994 (0.980–1.008) 0.335 0.992 (0.976–1.008) 
Neu (109/l) 0.043 1.114 (1.003–1.237) 0.079 1.090 (0.990–1.199) 
Lympho (109/l) 0.489 0.860 (0.560–1.319) 0.242 0.749 (0.462–1.215) 
Alb (g/l) 0.414 1.003 (0.996–1.009) 0.002 0.908 (0.855–0.964) 
CEA (μg/l) 0.104 1.001 (1.000–1.003) 0.209 1.001 (0.999–1.003) 
CYFRA (μg/l) 0.027 1.022 (1.002–1.042) 0.019 1.020 (1.003–1.038) 
PFS: progression-free survival, OS: overall survival, CRP: C-reactive protein, LDH: 
lactate dehydrogenase, Hb: hemoglobin, Neu: neutrophils, Lympho: lymphocytes, 
Alb: albumin, CEA: carcinoembryonic antigen, CYFRA: cytokeratin 19 fragment. 

 
After stratifying the patients according to normal 

or abnormal values of the parameters or oncomarkers, 
we recorded the following significant results: normal 
CRP was connected with better PFS (hazard ratio = 
HRo =1.629, 95% CI = 0.963–2.753, p = 0.036, Figure 
1A), which was the case also for an unraised 
neutrophil count (HRo = 1.770, 95% CI = 1.085–2.888, 
p = 0.027, Figure 1B). Shorter OS was significantly 
connected with albumin lower than norm (HRo = 
2.256, 95% CI = 1.227–4.145, p = 0.019, Figure 2A), 
increased neutrophils (HRo = 1.663, 95% CI = 0.962–
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2.873, p = 0.027, Figure 2B), high LDH (HRo = 1.696, 
95% CI = 0.970–2.966, p = 0.024 Figure 2C), and 
elevated CEA (HRo = 1.796, 95% CI = 0.869–3.710, p 
= 0.048, Figure 2D). 

Association between laboratory parameters 
or oncomarkers and ctDNA 

We observed a statistically significant associa-
tion between higher LDH and ctDNA detection (p = 
0.003) and between higher CYFRA 21-1 and ctDNA 
detection (p = 0.0004). Results are summarized in 
Table 4. 

Association between CRP or LDH change and 
ctDNA change 

CtDNA clearance after 6 weeks was significantly 
associated with a reduction of CRP (p = 0.047, Figure 
3A). For LDH, a similar but statistically nonsignificant 
trend was observed (p = 0.069, Figure 3B). 

Discussion 
As already mentioned, both ctDNA and 

laboratory markers or oncomarkers may influence the 
prognosis or prediction of NSCLC patients. Our 
findings uniquely point out correlation between 
ctDNA and CYFRA 21-1 and LDH in metastatic 
NSCLC. The relationships between these parameters 
have been only little researched so far. To the best of 
our knowledge, the relationship of ctDNA to 
laboratory markers or oncomarkers in NSCLC has not 
been investigated as extensively as in our study. We 

therefore believe that the results obtained by us will 
provide a topic for their better understanding. 

 

Table 4. Relationship of laboratory markers and oncomarkers to 
ctDNA 

Marker (before starting 
treatment) 

ctDNA present 
(control), n 

ctDNA absent 
(control), n 

p-value 
(Fisher’s 
exact) 

CRP (mg/l) ≤5 8 10 0.1517 
>5 28 14 

LDH (µkat/l) ≤4 12 17 0.0033 
>4 24 6 

Hb (g/l) ≥120F, 135M 25 22 0.0563 
<120M, 135F 11 2 

Neu (109/l) ≤7 19 15 0.5960 
>7 17 9 

Lympho (109/l) ≥0.8 36 24 - 
<0.8 0 0 

Alb (g/l) ≥37 25 20 0.3618 
<37 11 4 

CEA (μg/l) ≤3 7 2 0.2892 
>3 26 20 

CYFRA (μg/l) ≤2.5 5 14 0.0004 
>2.5 28 8 

ctDNA: circulating tumor DNA, CRP: C-reactive protein, LDH: lactate 
dehydrogenase, Hb: hemoglobin, Neu: neutrophils, Lympho: lymphocytes, Alb: 
albumin, CEA: carcinoembryonic antigen, CYFRA: cytokeratin 19 fragment, M: 
male, F: female. 

 
The influence of certain laboratory parameters of 

inflammation or oncomarkers on the prognosis 
and/or prediction of treatment in patients with 
NSCLC that we have demonstrated here are in line 
with our previously published results. We 
demonstrated similar data across different types of 
treatment of advanced NSCLC patients, including 

 

 
Figure 2. Significant Kaplan–Meier curves of laboratory markers and oncomarkers for OS. 
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chemotherapy, chemotherapy combined with 
anti-angiogenic therapy, and treatment with erlotinib 
[5–8, 18, 19]. The effect we demonstrated here (taken 
as continuous or categorical variables) for CRP, Neu, 
Alb, CEA, and CYFRA 21-1 in relation to PFS and/or 
OS only highlights this issue in our group of patients 
treated with first-line chemotherapy for advanced 
NSCLC. We did not demonstrate an influence of any 
of these parameters on the objective response to 
treatment. That might be due to the relatively low 
number of patients. 

 

 
Figure 3. Relationships between CRP and LDH changes and ctDNA change. 

 
The main aim of this study was to investigate 

possible association of these parameters with ctDNA. 
Several previous studies have addressed a similar 
relationship between LDH and circulating free DNA 
(cfDNA) in NSCLC [20, 21]. Similar to our study 
performed only on the NSCLC-derived cfDNA 
fraction (i.e., ctDNA), higher levels of cfDNA 
correlated with higher level of LDH. It is known that 
cfDNA can also originate from benign processes [21], 
and it is even described that cfDNA from processes 
other than cancer (e.g., systemic inflammation, 
trauma) can make up the majority of cfDNA [22]. For 
this reason, the specificity of cfDNA may not be high, 
and from our point of view direct determination of 
ctDNA seems to be more appropriate. 

Several studies with other types of tumors point 
to relationships between ctDNA and laboratory 
parameters. Forthun et al. and Lee et al. described an 
association between higher LDH and ctDNA levels in 
patients with malignant melanoma [23, 24]. A similar 
relationship between LDH and ctDNA also has been 
described for Hodgkin’s lymphoma and colorectal 
cancer [25, 26]. However, the relationship between 
laboratory parameters and ctDNA in NSCLC had not 
been investigated until a recent study by Low et al. 
brought the first results on this topic [27]. Using a 
similar number of patients as did we (n = 79), they 
investigated the relationship between ctDNA and 
LDH, CRP, or white blood cells (WBC). For WBC, they 
did not observe a significant relationship to ctDNA 
(although they did not distinguish WBC subtypes), 

and that was consistent with our results for Neu and 
Lympho. As in our study, they similarly found a 
relationship between higher LDH and ctDNA levels. 
In contrast to our results, they also found a significant 
relationship between high CRP and ctDNA levels. 
This could be due to the representation of other 
histological types of NSCLC and to a different 
detection method used for ctDNA (based on large 
NGS panel) that reveals a wider spectrum of 
mutations, but, in comparison to our method, may be 
less sensitive to the detection of ctDNA in individual 
patients. On the other hand, we noted significant 
changes in ctDNA correlated with the change in CRP. 
In our opinion, the influence of changes in ctDNA on 
the CRP level deserves further research. Overall, the 
relationship between LDH and ctDNA could be 
explained by the hypothesis expressed in a 
publication by Kumar et al. suggesting that, because 
LDH is a marker of tissue breakdown, LDH may 
reflect a higher turnover rate of tumor with a greater 
occurrence of cell death and therefore a greater 
production of ctDNA [21]. 

The possible relationship between ctDNA and 
selected oncomarkers has already been investigated in 
smaller studies in tumors other than NSCLC, albeit 
with conflicting results [28–30]. Although, for 
example, a relationship between CEA and ctDNA was 
described in colorectal cancer, no relationship to CEA 
was observed in gastric cancer [29, 30]. Similarly, in 
pancreatic cancer, no relationship between either CEA 
or CYFRA 21-1 and ctDNA was observed [28]. 
Therefore, in our study, we sought to clarify any 
possible relationship between CEA and/or CYFRA 
21-1 and ctDNA in NSCLC. We observed a significant 
relationship between CYFRA 21-1 and ctDNA but not 
between CEA and ctDNA. We have identified only a 
few studies addressing similar correlations in NSCLC. 
Dietz et al. present the case report of a patient 
harboring anaplastic lymphoma kinase (ALK) 
translocation in whom ctDNA, CEA, and CYFRA 21-1 
levels all increased during progression [31]. Zhang et 
al. then investigated the effect of ctDNA changes on 
CEA [32]. Their study included only 14 patients (just 7 
of which were adenocarcinomas), however, and 
therefore, although they observed a certain trend in 
the relationship between elevated CEA and ctDNA, 
their results did not reach statistical significance. The 
largest study we have found is the aforementioned 
study by Low et al., who describe the correlation 
between ctDNA positivity and CEA [27]. In their 
study, they found ctDNA in 79 patients, the majority 
of whom had adenocarcinomas. They used a broader 
NGS panel that also included other types of 
mutations. A finding that is in contrast to our study, 
which found that CEA level did not correlate with 
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ctDNA positivity, can thus be explained by that 
relationship’s being linked only to the specific 
mutational spectrum. For future studies, it would 
therefore be appropriate to assess these correlations 
also with regard to individual types of mutations. 

Limitations of our study include the low number 
of patients and the fact that the study uses 
retrospective data of laboratory parameters and 
oncomarkers. For this reason, the values of all 
markers for each of the patients were not known 
before the start of therapy, and, at the same time, we 
could not evaluate the influence of the dynamics of 
oncomarkers, because we do not have repeated 
samplings available for oncomarkers. We also cannot 
fully exclude the influence of other benign diseases on 
the levels of laboratory markers and oncomarkers. 
Last but not least, our set of patients was not sufficient 
for the external validation of the results we obtained. 
However, we understand this study as exploratory in 
this respect, with an effort to bring new possibilities 
for further research. For these reasons, a prospective 
validation of our data on a larger group of patients 
would be appropriate. 

Conclusions 
In our study, we confirm possible prognostic 

and/or predictive influence of selected laboratory 
parameters and oncomarkers in patients with 
advanced NSCLC treated with first-line 
chemotherapy. In particular, we point out correlation 
between levels of LDH and CYFRA 21-1 and ctDNA 
before the start of therapy. This relationship is also 
evidenced by the significant reduction of CRP when 
ctDNA disappears during treatment. We observed the 
same trend for LDH. 
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death ligand 1; PIK3CA: phosphatidylinositol- 
4,5-bisphosphate 3-kinase catalytic subunit alpha; 
PFS: progression-free survival; RECIST: response 
evaluation criteria in solid tumors; P53: protein made 
by the TP53 gene. 

Acknowledgements 
This study was supported by grant of the 

Ministry of Health of the Czech Republic - AZV 
NV17-30748A and grant of the Ministry of Health of 
the Czech Republic - Conceptual Development of 
Research Organization (Faculty Hospital in Pilsen - 
FNPl, 00669806). 

Author Contributions 
Conceptualization: MB, MS, and OF; 

Methodology: MB, MS, and OF; Investigation: all 
authors; Statistical analyses: MH; Writing - original 
draft preparation: all authors; Writing - review & 
editing: MB, MS, and OF. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Bassanelli M, Sioletic S, Martini M, Giacinti S, Viterbo A, Staddon A, et al. 

Heterogeneity of PD-L1 Expression and Relationship with Biology of NSCLC. 
Anticancer Res. 2018; 38: 3789-96. 

2. Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman JR, Bharat A, et al. 
NCCN Guidelines Insights: Non-Small Cell Lung Cancer, Version 2.2021. J 
Natl Compr Canc Netw. 2021; 19: 254-66. 

3. Jafri SH, Shi R, Mills G. Advance lung cancer inflammation index (ALI) at 
diagnosis is a prognostic marker in patients with metastatic non-small cell 
lung cancer (NSCLC): a retrospective review. BMC Cancer. 2013; 13: 158. 

4. Deng T, Zhang J, Meng Y, Zhou Y, Li W. Higher pretreatment lactate 
dehydrogenase concentration predicts worse overall survival in patients with 
lung cancer. Medicine (Baltimore). 2018; 97: e12524. 

5. Fiala O, Hosek P, Pesek M, Finek J, Racek J, Buchler T, et al. Prognostic role of 
serum C-reactive protein in patients with advanced-stage NSCLC treated with 
pemetrexed. Neoplasma. 2017; 64: 605-10. 

6. Svaton M, Blazek J, Krakorova G, Buresova M, Teufelova Z, Vodicka J, et al. 
Laboratory Parameters are Possible Prognostic Markers in Patients with 
Advanced-stage NSCLC Treated with Bevacizumab plus Chemotherapy. J 
Cancer. 2021; 12: 5753-9. 

7. Svaton M, Zemanova M, Skrickova J, Jakubikova L, Kolek V, Kultan J, et al. 
Chronic Inflammation as a Potential Predictive Factor of Nivolumab Therapy 
in Non-small Cell Lung Cancer. Anticancer Res. 2018; 38: 6771-82. 

8. Fiala O, Pesek M, Finek J, Topolcan O, Racek J, Svaton M, et al. Change in 
Serum Lactate Dehydrogenase Is Associated with Outcome of Patients with 
Advanced-stage NSCLC Treated with Erlotinib. Anticancer Res. 2016; 36: 
2459-65. 

9. Nakamura H, Nishimura T. History, molecular features, and clinical 
importance of conventional serum biomarkers in lung cancer. Surg Today. 
2017; 47: 1037-59. 

10. Svaton M, Blazek J, Krakorova G, Pesek M, Buresova M, Teufelova Z, et al. 
Prognostic Role for CYFRA 21-1 in Patients With Advanced-stage NSCLC 
Treated With Bevacizumab Plus Chemotherapy. Anticancer Res. 2021; 41: 
2053-8. 

11. Fiala O, Pesek M, Finek J, Svaton M, Sorejs O, Bortlicek Z, et al. Prognostic 
Significance of Serum Tumor Markers in Patients with Advanced-stage 
NSCLC Treated with Pemetrexed-based Chemotherapy. Anticancer Res. 2016; 
36: 461-6. 

12. Duffy MJ, O'Byrne K. Tissue and Blood Biomarkers in Lung Cancer: A Review. 
Adv Clin Chem. 2018; 86: 1-21. 

13. Fiala O, Baxa J, Svaton M, Benesova L, Ptackova R, Halkova T, et al. 
Combination of Circulating Tumour DNA and (18)F-FDG PET/CT for 
Precision Monitoring of Therapy Response in Patients With Advanced 
Non-small Cell Lung Cancer: A Prospective Study. Cancer Genomics 
Proteomics. 2022; 19: 270-81. 

14. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al. 
New response evaluation criteria in solid tumours: revised RECIST guideline 
(version 1.1). Eur J Cancer. 2009; 45: 228-47. 

15. Benesova L, Belsanova B, Suchanek S, Kopeckova M, Minarikova P, Lipska L, 
et al. Mutation-based detection and monitoring of cell-free tumor DNA in 
peripheral blood of cancer patients. Anal Biochem. 2013; 433: 227-34. 

16. Levy M, Benesova L, Lipska L, Belsanova B, Minarikova P, Veprekova G, et al. 
Utility of cell-free tumour DNA for post-surgical follow-up of colorectal 
cancer patients. Anticancer Res. 2012; 32: 1621-6. 



 Journal of Cancer 2023, Vol. 14 

 
https://www.jcancer.org 

8 

17. Benesova L, Belsanova B, Kramar F, Halkova T, Benes V, Minarik M. 
Application of denaturing capillary electrophoresis for the detection of 
prognostic mutations in isocitrate dehydrogenase 1 and isocitrate 
dehydrogenase 2 genes in brain tumors. J Sep Sci. 2018; 41: 2819-27. 

18. Fiala O, Pesek M, Finek J, Benesova L, Minarik M, Bortlicek Z, et al. Predictive 
role of CEA and CYFRA 21-1 in patients with advanced-stage NSCLC treated 
with erlotinib. Anticancer Res. 2014; 34: 3205-10. 

19. Fiala O, Pesek M, Finek J, Topolcan O, Racek J, Minarik M, et al. High serum 
level of C-reactive protein is associated with worse outcome of patients with 
advanced-stage NSCLC treated with erlotinib. Tumour Biol. 2015; 36: 9215-22. 

20. Gautschi O, Bigosch C, Huegli B, Jermann M, Marx A, Chassé E, et al. 
Circulating deoxyribonucleic Acid as prognostic marker in non-small-cell lung 
cancer patients undergoing chemotherapy. J Clin Oncol. 2004; 22: 4157-64. 

21. Kumar S, Guleria R, Singh V, Bharti AC, Mohan A, Das BC. Efficacy of 
circulating plasma DNA as a diagnostic tool for advanced non-small cell lung 
cancer and its predictive utility for survival and response to chemotherapy. 
Lung Cancer. 2010; 70: 211-7. 

22. Zwirner K, Hilke FJ, Demidov G, Ossowski S, Gani C, Rieß O, et al. Circulating 
cell-free DNA: A potential biomarker to differentiate inflammation and 
infection during radiochemotherapy. Radiother Oncol. 2018; 129: 575-81. 

23. Forthun RB, Hovland R, Schuster C, Puntervoll H, Brodal HP, Namløs HM, et 
al. ctDNA detected by ddPCR reveals changes in tumour load in metastatic 
malignant melanoma treated with bevacizumab. Sci Rep. 2019; 9: 17471. 

24. Lee JH, Saw RP, Thompson JF, Lo S, Spillane AJ, Shannon KF, et al. 
Pre-operative ctDNA predicts survival in high-risk stage III cutaneous 
melanoma patients. Ann Oncol. 2019; 30: 815-22. 

25. Alcoceba M, García-Álvarez M, Chillón MC, Jiménez C, Medina A, Antón A, 
et al. Liquid biopsy: a non-invasive approach for Hodgkin lymphoma 
genotyping. Br J Haematol. 2021; 195: 542-51. 

26. Osumi H, Shinozaki E, Takeda Y, Wakatsuki T, Ichimura T, Saiura A, et al. 
Clinical relevance of circulating tumor DNA assessed through deep 
sequencing in patients with metastatic colorectal cancer. Cancer Med. 2019; 8: 
408-17. 

27. Low SK, Ariyasu R, Uchibori K, Hayashi R, Chan HT, Chin YM, et al. Rapid 
genomic profiling of circulating tumor DNA in non-small cell lung cancer 
using Oncomine Precision Assay with Genexus™ integrated sequencer. Transl 
Lung Cancer Res. 2022; 11: 711-21. 

28. Kruger S, Heinemann V, Ross C, Diehl F, Nagel D, Ormanns S, et al. Repeated 
mutKRAS ctDNA measurements represent a novel and promising tool for 
early response prediction and therapy monitoring in advanced pancreatic 
cancer. Ann Oncol. 2018; 29: 2348-55. 

29. Osumi H, Shinozaki E, Ooki A, Shimozaki K, Kamiimabeppu D, Nakayama I, 
et al. Correlation between circulating tumor DNA and carcinoembryonic 
antigen levels in patients with metastatic colorectal cancer. Cancer Med. 2021; 
10: 8820-8. 

30. Slagter AE, Vollebergh MA, Caspers IA, van Sandick JW, Sikorska K, Lind P, 
et al. Prognostic value of tumor markers and ctDNA in patients with 
resectable gastric cancer receiving perioperative treatment: results from the 
CRITICS trial. Gastric Cancer. 2022; 25: 401-10. 

31. Dietz S, Christopoulos P, Gu L, Volckmar AL, Endris V, Yuan Z, et al. Serial 
liquid biopsies for detection of treatment failure and profiling of resistance 
mechanisms in KLC1-ALK-rearranged lung cancer. Cold Spring Harb Mol 
Case Stud. 2019; 5(6): a004630. 

32. Zhang M, Huang C, Zhou H, Liu D, Chen R, Li X, et al. Circulating tumor 
DNA predicts the outcome of chemotherapy in patients with lung cancer. 
Thorac Cancer. 2022; 13: 95-106. 


