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Variability of serum CYFRA 21— 1 -l
and its susceptibility to clinical characteristics

in individuals without cancer: a 4-year
retrospective analysis
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Abstract

Background CYFRA 21— 1 s a useful marker for diagnosing and monitoring lung cancer. However, its stability
remains unclear. Moreover, while its applicability to screening is now being investigated, CYFRA 21 -1 levels in
individuals without cancer, who are targets for cancer screening, have not yet been the focus of research. Therefore,
the present study investigated variability in and the factors increasing serum CYFRA 21 —1 levels.

Methods This retrospective study recruited 951 individuals undergoing annual medical examinations for six years.
We used data obtained in the first four years. Variability in serum CYFRA 21—1 levels over a period of four years were
investigated. CYFRA 21— 1 was categorized as normal (< 3.5 ng/ml) or elevated (> 3.5 ng/ml). The rate of an elevated
level in one visit and the transition from an elevated to normal level between visits were visualized. A multiple logistic
regression model was used to study the relationships between the frequency of elevated CYFRA 21 —1 levels and
clinical characteristics, such as age, sex, body mass index, weight changes, and the smoking status.

Results Approximately 5% of subjects had elevated CYFRA 21 —1 levels once in five tests over four years, while 15%
had elevated CYFRA 21 —1 levels once or more. Among subjects with elevated CYFRA 21 —1 levels in one blood test,
between 63 and 72% had normal levels in the next test. The median CYFRA 21 —1 level in subjects with elevations in
one blood test significantly decreased in the next test at all four time points. The frequency of elevated CYFRA 21 —1
levels was associated with an older age [odds ratio (OR)=6.99, 95% confidence interval (Cl)=3.01-16.2], current heavy
smoking (OR=3.46, 95% Cl=1.52-7.9), and weight loss (OR=1.86, 95% Cl=1.07-3.24).

Conclusions Variability in and the factors increasing serum CYFRA 21 —1 levels beyond the cut-off value need to
be considered when interpretating CYFRA 21 —1 test results. The future application of CYFRA 21—1 to lung cancer
screening may require more than a single measurement.
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Introduction

Lung cancer is the leading cause of cancer death world-
wide (18.0% of all cancer deaths) and caused an estimated
1.8 million deaths in 2020. The five-year survival rate of
patients diagnosed with lung cancer between 2010 and
2014 was between 10 and 20% in most countries [1].
Although lung cancer generally has a poor prognosis,
that of early-stage lung cancer is better and responds
well to treatment. Two lung cancer screening trials, the
National Lung Screening Trial [2] and the Nederlands-
Leuvens Longkanker Screenings Onderzoek trial [3],
showed that the screening of high-risk individuals with
low-dose computed tomography (LDCT) may reduce
lung cancer mortality, and this was attributed to detec-
tion in the early stages of disease. Therefore, the US
Preventive Service Task Force recommends adults aged
50-80 years with a 20 pack-year smoking history who
currently smoke or have quit within the past 15 years to
undergo screening for lung cancer with LDCT [4]. The
use of a single biomarker is not currently recommended
for lung cancer screening. The combination of biomark-
ers, including CYFRA 21-1, has potential as a modality
that will facilitate lung cancer screening [5, 6]. CYFRA
21-1, a fragment of cytokeratin 19, was identified as
a sensitive marker for lung cancer in 1993 [7, 8] and is
commonly used in the management of lung cancer. An
elevated CYFRA 21-1 level has been proposed as a neg-
ative prognostic indicator in non-small cell lung cancer
[9-11]. While many studies have investigated its clini-
cal utility, the stability of CYFRA 21-1 levels remains
unclear. Moreover, while the usefulness of combining
CYFRA 21-1 with other biomarkers in cancer screening
has been investigated, CYFRA 21-1 levels in individu-
als without cancer, who are targets for cancer screening,
have not yet been the focus of research. Therefore, we
used data collected on subjects without cancer to inves-
tigate variability in serum CYFRA 21-1 levels over a
period of four years. We also examined the relationships
between subject characteristics and the frequency of ele-
vated CYFRA 21-1 levels.

Methods

Participants and study design

Data were extracted from subjects undergoing annual
medical examinations at the Kyoto Industrial Health
Association between April 2015 and March 2022. These
data included a review of self-reported medical histories
and the smoking status as well as the results of a physical
examination, blood and urine tests, electrocardiogram,
chest X-ray, abdominal ultrasound, upper gastrointesti-
nal series or endoscopy, and an immunochemical fecal
occult blood 2-day test. Tumor marker levels, including
CYFRA 21-1 and carcinoembryonic antigen (CEA),
were measured when requested. Every year, more than
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20,000 individuals undergo a medical examination at the
Kyoto Industrial Health Association. We extracted 1,059
individuals who underwent seven medical examina-
tions, which included tumor marker measurements, for
six consecutive years. Eighty-six individuals diagnosed
with cancer by the most recent medical examination and
twenty-two individuals with chest X-ray abnormalities
in the most recent medical examination were excluded.
We ultimately extracted 951 individuals and regarded
data obtained in the first four out of six years as data for
healthy individuals.

We used data obtained five times from each subject
over a period of four years. Variability in serum CYFRA
21-1 levels over a period of four years was investigated
and compared with that in CEA. CYFRA 21-1 and
CEA levels were categorized as normal (£3.5 ng/ml for
CYFRA 21-1, <£5.0 ng/ml for CEA) or elevated (>3.5
ng/ml for CYFRA 21-1, >5.0 ng/ml for CEA). The rate
of an elevated level in one visit and the transition from
an elevated to normal level between visits were visual-
ized. We classified subjects into a frequently elevated or
almost normal (once or no elevation) group according to
whether subjects had elevated CYFRA21-1 levels twice
or more over four years. We also examined the relation-
ships between subject characteristics (including age, sex,
body mass index (BMI), weight changes in four years,
and the smoking status) and the frequency of elevated
CYFRA 21-1 levels.

Tumor marker measurements

Blood samples were obtained by peripheral venipunc-
ture after fasting for more than 5 h. Serum samples were
analyzed on a commonly available electrochemilumi-
nescence immunoassay analyzer (Cobas e801; Roche
Diagnostics) for CYFRA 21-1 and a chemiluminescence
immunoassay analyzer (ADVIA Centaur XP; Siemens
Diagnostics) for CEA. Cut-off values were set at 3.5 ng/
ml for CYFRA 21-1 and 5.0 ng/ml for CEA according
to the corresponding manufacturers’ suggestions and are
clinically used in Japan.

Statistical analysis

All data were expressed as numbers (percentages) for cat-
egorial variables or as medians and interquartile ranges
(IQR). Wilcoxon’s signed-rank test was used to examine
median changes in marker levels between visits. Differ-
ences in the characteristics of the two groups were tabu-
lated using the chi-squared test for categorical variables
and the Mann-Whitney U-test for continuous variables.
The response variable was the presence or absence of
a CYFRA 21-1 level>3.5 ng/ml twice or more, and a
multiple logistic regression model was used to identify
adjusted relationships between explanatory variables and
the response variable. Explanatory variables included
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Fig. 1 Distributions of CYFRA 21—1 and CEA levels in 2015

Table I Marker levels and number of subjects with CYFRA 21 -1
levels>3.5 ng/ml and CEA levels>5.0 ng/ml
CYFRA21-1 CEA

Median [IQR] (ng/ml)

In 2015 16[1222] 1.2106,1.8]
In 2016 71013,23] 1.1[05,1.7]
In 2017 18[1324] 09104, 16]
In 2018 17[1324] 1.1[0.5,1.7]
In 2019 81[1.3,24] 1.0[04,1.7]
Number (%) that exceeded the cut-off
value
In 2015 3(3.5%) 5(0.5%)
In 2016 (4 5%) 8 (0.8%)
In 2017 ( .5%) 6 (0.6%)
In 2018 4 (5.7%) 7 (0.7%)
In 2019 ( 6%) 5(0.5%)

age, sex, BMI, weight changes, and the smoking status.
Odds ratios (OR) with 95% confidence intervals (CI)
were used as a measure of the relationships between
explanatory variables and the response variable. These
statistical analyses were conducted with EZR software
version 1.55 (Saitama Medical Center, Jichi Medical
University, Saitama, Japan) [12]. The longitudinal reli-
ability of CYFRA 21-1 and CEA was evaluated by two-
way consistency average measures intraclass correlation
coefficient (ICC) using R version 4.1.3. ICC values were
calculated using log-transformed data. Based on the 95%
CI of the ICC estimate, values less than 0.5, between 0.5
and 0.75, between 0.75 and 0.9, and greater than 0.9 were
interpreted as poor, moderate, good, and excellent reli-
ability, respectively [13]. P-values<0.05 were considered
to be significant.
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Fig. 2 The transition of elevated CYFRA 21—1 and CEA levels between

tests

Results

A total of 951 subjects (737 males and 214 females)
aged 29-80 years were included in the present study.
The distributions of CYFRA 21—-1 and CEA levels in
2015 are shown in Fig. 1. Median [IQR] CYFRA 21-1
and CEA levels were 1.6 [1.2-2.2] and 1.2 [0.6—1.8] ng/
ml, respectively. Among 951 subjects, the number of
subjects with CYFRA 21-1 levels>3.5 ng/ml and CEA
levels>5.0 ng/ml in 2015 were 33 (3.5%) and 5 (0.5%),
respectively (Table I). Based on the 95% CI of the ICC
estimate, the reliabilities of CYFRA 21-1 and CEA
were good (ICC=0.87, 95% CI=0.85-0.88) and excellent
(ICC=0.98, 95% CI=0.97-0.98), respectively. We inves-
tigated variability in tumor markers by calculating the
frequency of elevated tumor marker levels being main-
tained in the next test. The transition of elevated CYFRA
21-1 and CEA levels is shown in Fig. 2. The percent-
ages of subjects with elevated tumor marker levels that
were maintained in the next test were 36, 37, 37, and 28%
for CYFRA 21-1 and 60, 75, 83, and 71% for CEA over
four years (Table II). Therefore, more than 60% of sub-
jects with elevated CYFRA 21-1 levels in one blood test
had normal levels in the next test. The median CYFRA
21-1 level in subjects with elevated levels in one blood
test significantly decreased in the next test at all four time
points. No significant differences were observed in CEA
levels.

Subject characteristics at the last test are shown in
Table III. A total of 144 subjects (15.1%) had elevated
CYFRA 21-1 levels in one or more of the five tests. In
contrast, the rate of subjects with elevated CEA levels in
one or more of the five tests was only 1.2%. To investigate
the clinical characteristics of subjects with frequently
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Table Il The transition of marker levels and percentage
remaining above cut-off levels in the next test in subjects with
elevated marker levels in one test

2015 2016 2017 2018
CYFEA 211
Median [IQR] (ng/ml)
At the baseline 40[3.8,  42[39, 44140, 42138,
45] 45] 47] 48]
In the next test 30[23, 33[25 31[24, 2924,
4.0] 4.0] 3.8] 3.8]
Number (%) (>3.5 ng/ml)
At the baseline 33 43 52 54
In the next test 12(36%) 16(37%) 19(37%) 15
(28%)
CEA
Median [IQR] (ng/ml)
At the baseline 9.0[5.5, 6.0[5.6, 6.4 (54, 57155,
93] 7.8] 7.7 8.1]
In the next test 71047, 55[49,  69[57, 64[47,
10] 7.2] 8.2] 7.5]
Number (%) (> 5.0 ng/ml)
At the baseline 5 8 6 7
In the next test 3(60%) 6(75%) 5(83%) 5(71%)

elevated CYFRA 21-1 levels, subjects were categorized
into two groups based on whether they had elevated
levels twice or more in five tests. Regarding the group
of subjects with elevated levels twice or more, CYFRA
21—-1 levels at each time point and their transition over
four years are shown in Fig. 3. The distribution of CYFRA
21-1 levels was close to the cut-off value (3.5 ng/ml).
Subjects with elevated CYFRA21-1 levels twice or more
were more likely to be older, current heavy smokers (20
pack-year or more), and have lost weight. The results of
the multivariable logistic analysis of factors associated
with the frequency of elevated CYFRA 21-1 levels (>3.5
ng/ml, twice or more) are shown in Fig. 4. The frequency
of elevated CYFRA 21-1 levels was associated with an
older age (OR=6.99, 95% CI=3.01-16.2 for 265 years
vs. <50 years), current heavy smoking (OR=3.46, 95%
CI=1.52-7.9 for current smokers with a 20 pack-year or
more smoking history vs. non-smokers), and weight loss
in four years (OR=1.86, 95% CI=1.07-3.24 for weight
loss vs. weight maintenance or gain).

Discussion

The present study examined variability in CYFRA 21-1
levels beyond the cut-off value and the factors increasing
CYFRA 21-1 levels using data obtained from medical
examinations over four years. Approximately 5% of sub-
jects without cancer had elevated CYFRA 21-1 levels
once in five tests over four years, while 15% had elevated
CYFRA 21-1 levels once or more, which was >10-fold
higher than the rate for CEA (1.2%). The distribution of
CYFRA 21-1 levels was closer to the cut-off level than
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that of CEA levels. Additionally, more than 60% of sub-
jects with elevated CYFRA 21-1 levels in one test had a
normal level in the next test. An older age, current heavy
smoking, and weight loss were associated with the fre-
quency of elevated CYFRA 21-1 levels (twice or more
in five tests). To the best of our knowledge, this is the
first study to examine CYFRA 21-1 levels in subjects
without cancer over a period of four years. The results
obtained provide novel information for use in analyses of
the findings obtained in a physical examination of healthy
individuals.

CYFRA 21-1 has been used regardless of sex, the
smoking status, age, and other clinical characteris-
tics. However, previous studies reported a relationship
between CYFRA 21-1 levels and the smoking status
[14, 15] or an older age [16]. In our previous study, an
older age, current smoking, and low BMI were associ-
ated with high CYFRA 21-1 levels [17]. Previous studies
only measured CYFRA 21 -1 levels once. In contrast, the
present study investigated the relationships between the
frequency of elevated CYFRA 21-1 levels over a period
of four years and clinical characteristics. An older age,
current heavy smoking, and weight loss were associated
with a higher frequency of elevated CYFRA 21-1 levels.
CYFRA 21-1 is the soluble fragment of cytokeratin 19.
Cytokeratin is widely referred to as keratin based on an
internationally accepted consensus [18]; therefore, we
use the term “keratin” Keratins are major intermediate
filament proteins that are selectively expressed in epi-
thelial cells. They consist of type I (acidic intermediate
filament proteins) and type II (basic intermediate fila-
ment proteins) encoded by 54 human keratin genes and
are obligate non-covalent heteropolymers that include at
least one type I and one type II keratin. A unique feature
of keratins is that different keratin pairs are specifically
expressed in epithelial cells. Many simple (single-layered)
epithelia express variable levels of combinations of type
II keratin 7 (K7) or K8 and type I K18, K19, and K20 [19].
K19 is found in the respiratory epithelium, gastrointes-
tinal epithelia, ductal epithelia, and urothelium, and is
occasionally present in the basal cells of non-keratiniz-
ing stratified squamous epithelia [20]. In cancer, K19 is
expressed in most adenocarcinomas and squamous cell
carcinomas of various organs, including the lung, stom-
ach, colon, pancreas, ovary, and breast [20, 21]. Fur-
thermore, the expression levels of intermediate filament
proteins frequently increase with exposure to stress, such
as shear stress, heat shock, toxins, aging, oxidative stress,
or infection [22—24]. Similarly, K19 protein and messen-
ger RNA levels were found to be significantly higher in
middle-aged mice than in young mice after bone fracture
and soft tissue trauma [25]. One of the major responses
to stress is apoptosis, which leads to cell death by the cas-
pase-dependent degradation of cellular proteins. During
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Table lll Characteristics of subjects in the final test
Total Not frequently elevated Frequently elevated p-value
Number of subjects 951 892 59
Sex (male, %) 77.5 77.5 78.0 1.000
Age at the baseline
Median [IQR] (years) 54[47,61] 54[47,60] 61 [55,67] <0.001
Categories (%) <50 314 325 15.2 <0.001
50-64 544 549 458
>65 14.2 126 390
BMI at the baseline
Median [IQR] 23.1[21.3,25.2] 232[214,25.2] 22.0[20.8,25.1] 0.111
Categories (%) <25 732 732 729 1.000
>25 268 26.8 27.1
Weight change in the follow-up period
Maintenance or gain 58.1 592 424 0.016
Loss 419 40.8 576
Smoking status at the baseline
Categories (%) Non-smoker 39.6 40.2 30.5 0.057
Ex-smoker 40.7 40.8 39.0
Current (pack-year < 20) 7.1 7.1 6.8
Current (pack-year > 20) 126 119 23.7
Number of times (CYFRA 21 —1>3.5 ng/ml)
the rate of numbers (%) 0 849 90.5 0 <0.001
1 89 9.5 0
2 37 0 59.3
3 19 0 305
4 04 0 6.8
5 02 0 34
Number of times (CEA> 5.0 ng/ml)
the rate of numbers (%) 0 98.8 98.9 96.6 0.198
1 0.6 0.6 1.7
2 0.1 0.1 0
3 0 0 0
4 02 0.2 0
5 03 0.2 1.7

apoptosis, many intermediate filaments are cleaved by
caspase. Apoptosis is one of the fundamental biological
processes that are essential for manifold cellular func-
tions in health and disease as autophagy and the unfolded
protein response [26]. In lung cancer, CYFRA 21-1 was
shown to be produced when K19 was cleaved by caspase
3 [27]. Additionally, recent studies on idiopathic pul-
monary fibrosis (IPF) indicated the potential of CYFRA
21-1 as an important prognostic biomarker [28] and
cleaved caspase-3 was associated with reduced lung
function [26]. In IPF, the excessive apoptosis of alveolar
epithelial cells and reduced sensitivity to apoptosis by
fibroblasts and myofibroblasts were suggested to coexist
and promote fibrosis [29], and senescence has also been
shown to play a central role [30]. Senescence is one of the
established causes of aging and aging-related disorders,
and may be triggered by the multiple genetic changes
induced by oxidative stress or damage to DNA or telo-
meres [31]. Aging lungs are more susceptible to injury

than younger lungs, resulting in severe apoptosis [32].
Cigarette smoking, which is a major risk factor for IPF,
similar to other lung diseases, is known to increase oxida-
tive stress, which leads to senescence and the activation
of pro-inflammatory pathways in the airway epithelium
[33]. Collectively, these findings suggest that the expres-
sion level of K19 increases with exposure to stress, and
CYFRA 21-1 is produced when K19 is cleaved during
apoptosis. CYFRA 21 -1 levels may increase even in indi-
viduals without cancer. Therefore, CYFRA 21—1 may be
released during the apoptosis of epithelial cells in lungs
exposed to stress, such as cigarette smoke and aging.
In individuals exposed to stress, the extent of exposure
and the degree of apoptosis varies with time. This vari-
ability may affect CYFRA 21 -1 levels. The present study
showed that the frequency of elevated CYFRA 21-1
levels was associated with weight loss. Muscle wast-
ing may also simultaneously occur. K19 is expressed in
muscle [19]. Aging is associated with progressive declines
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1.76 (0.80-3.90)
50-64 vs. <50
265 vs. <50 6.99 (3.01-16.2)
SeX 1.30 (0.62-2.73)
Male vs. Female —_—
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Change of Body Weight 1.86 (1.07-3.24)
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Smoking status 1.27 (0.61-2.62)
Ex-smoker vs. Non-smoker
Current-smoker (pack-year <20) 2.13 (0.66-6.91)
vs. Non-smoker
Current-smoker (pack-year 220) 346 (1.52-7.90)
vs. Non-smoker
0.1 1 10 100

Fig. 4 Results of a multivariable logistic analysis of factors associated with
the frequency of elevated CYFRA 21 —1 levels (> 3.5 ng/ml, twice or more)

in muscle mass and quality, which is a condition called
sarcopenia. Muscle apoptosis was previously shown
to be associated severe sarcopenia, but not aging [34].
Muscle apoptosis may be responsible for the relationship
between CYFRA 21-1 and weight loss. However, lim-
ited information is currently available on the relationship
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between CYFRA 21—1 and weight loss, and body weight
is affected by many factors both consciously and uncon-
sciously. Therefore, this relationship is subject to debate.
Since many factors may also change CYFRA 21-1 levels,
this issue warrants further study.

The present results showed that the distribution of
CYFRA 21-1 levels was closer to the cut-off level than
that of CEA levels. CYFRA 21-1 levels varied more
beyond the cut-off level than CEA levels. CEA was dis-
tributed around a lower level. CEA is a cell surface gly-
coprotein that is anchored on the cellular membrane.
Some membrane-bound CEA is cleaved from the cell
membrane and secreted into blood. CEA mediates cell-
cell adhesion and modulates cellular processes [35]. It is
expressed by normal epithelial cells; however, CEA levels
are markedly lower in serum than in cancer cells. High
CEA levels have been reported in lung cancer and many
other cancers as well as in benign lung diseases, such as
chronic obstructive pulmonary disease and interstitial
lung disease [36]. The mechanisms underlying elevated
CEA levels in benign lung disease currently remain
unclear. Only a few studies have examined the distribu-
tions of CEA and CYFRA 21-1 levels in healthy indi-
viduals. A previous study showed that median CEA levels
were 0.60 ng/ml in healthy individuals vs. 1.50 ng/ml for
benign lung diseases, while median CYFRA 21-1 levels
were 1.19 ng/ml in healthy individuals vs. 1.17 ng/ml for
benign lung diseases [37]. Another study reported CEA
levels of 1.27 ng/ml in healthy individuals vs. 2.18 ng/ml
for benign lung diseases and CYFRA 211 levels of 2.10
ng/ml in healthy individuals vs. 2.21 ng/ml for benign
lung disease [38]. These studies included different types
of lung diseases, subjects, and definitions of healthy indi-
viduals. Nevertheless, CEA levels in healthy individu-
als were distributed at a lower level, suggesting the poor
specificity of CYFRA 21—-1. Prior to the future applica-
tion of CYFRA 21-1 to cancer screening, cut-off values
need to be set for different groups in consideration of fac-
tors, such as age.

There are several limitations that need to be addressed.
There are potential issues regarding the validity and
integrity of medical histories and the smoking status.
We were unable to evaluate the accuracy of self-reports
on smoking habits and medical histories. Furthermore,
some subjects may have had an undiagnosed lung dis-
ease. Although we examined medical histories and chest
X-ray two years after the data period examined, there
may have been individuals with early-stage lung cancer.
Nevertheless, our large sample size may have minimized
these effects. Another limitation is that the detection
systems used at different times may have affected reli-
ability. Moreover, we analyzed data from a single cen-
ter in Japan. Therefore, the results obtained may not be
transferrable to other races. A multicenter analysis of a
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large sample size is needed to identify the factors affect-
ing tumor markers.

In conclusion, an older age, current heavy smoking,
and weight loss were associated with the frequency of
elevated CYFRA 21—-1 levels. CYFRA 211 levels highly
varied beyond the cut-off level. An older age and heavy
smoking are major risk factors for lung cancer. Regarding
the future application of CYFRA 21-1 levels to screen-
ing for lung cancer, variability in and factors increasing
CYFRA 21-1 levels need to be considered and a single
measurement of CYFRA 21—1 may be insufficient.
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Acknowledgements

The authors would like to thank Medical English Service (https://www.med-

english.com) for English language editing.

Table II. The transition of marker levels and percentage remaining above cut-
off levels in the next test in subjects with elevated marker levels in one test.

Authors’ contributions

AM designed the study, analyzed the data, and wrote the initial draft of

the manuscript. YK and TA contributed to the concept and assisted in the
preparation of the manuscript. YM helped supervise the study. KT supervised
the study. All authors approved the final version of the manuscript.

Funding
The authors declare that no funds, grants, or other support were received
during the preparation of this manuscript.

Data Availability
The datasets used and/or analyzed during the present study are available from
the corresponding author upon reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate

This study was performed in line with the principles of the Declaration

of Helsinki. The study protocol was approved by the local research Ethics
Committee of Kyoto Industrial Health Association (approval number:
$22-0001).

Since this was a retrospective study, informed consent was waived by the
local research Ethics Committee of Kyoto Industrial Health Association. Prior
to the medical examination, subjects were given the option to opt out of
providing their data for medical research and were informed that they may
withdraw at any time. Written information on the present study was provided
on the website of the Kyoto Industrial Health Association.

Consent for publication
Not applicable as our manuscript does not contain any individual’s data in any
form.

Received: 26 May 2023 / Accepted: 11 September 2023
Published online: 13 September 2023

Page 7 of 8

References

1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin. 2021;71(3):209-49. https://doi.org/10.3322/caac.21660.

2. National Lung Screening Trial Research Team. Reduced lung-cancer
mortality with low-dose computed tomographic screening. N Engl J Med.
2011;365(5):395-409. https://doi.org/10.1056/NEJMoa1102873.

3. deKoning HJ, van der Aalst CM, de Jong PA, et al. Reduced lung-cancer
mortality with volume CT screening in a randomized trial. N Engl J Med.
2020;382(6):503-13. https://doi.org/10.1056/NEJM0a1911793.

4. US Preventive Services Task Force. Screening for lung cancer: US Preventive
Services Task Force recommendation statement. JAMA. 2021;325(10):962-70.
https://doi.org/10.1001/jama.2021.1117.

5. Molina R, Marrades RM, Augé JM, et al. Assessment of a combined panel
of six serum tumor markers for lung cancer. Am J Respir Crit Care Med.
2016;193(4):427-37. https://doi.org/10.1164/rccm.201404-06030C.

6.  Integrative Analysis of Lung Cancer Etiology and Risk (INTEGRAL) Consor-
tium for Early Detection of Lung Cancer. Assessment of lung cancer risk
on the basis of a biomarker panel of circulating proteins. JAMA Oncol.
2018;4(10):2182078. https://doi.org/10.1001/jamaoncol.2018.2078.

7. Pujol JL, Grenier J, Daures JP, et al. Serum fragment of cytokeratin subunit 19
measured by CYFRA 21 - T immunoradiometric assay as a marker of lung
cancer. Cancer Res. 1993;53(1):61-6. PMID: 7677981.

8.  Stieber P Hasholzner U, Bodenmdiller H, et al. CYFRA 21-1: a new marker
in lung cancer. Cancer. 1993;72(3):707-13. https://doi.org/10.1002/1097-
0142(19930801)72:3<707:AID-CNCR2820720313>3.0.CO;2-X.

9. Pujol JL, Molinier O, Ebert W, et al. CYFRA 21 - 1 is a prognostic determinant
in non-small-cell lung cancer: results of a meta-analysis in 2063 patients. Br J
Cancer. 2004;90(11):2097-105. https://doi.org/10.1038/s}.bjc.6601851.

10. Edelman MJ, Hodgson L, Rosenblatt PY; et al. CYFRA 21 - 1 as a prognostic
and predictive marker in advanced non-small-cell lung cancer in a prospec-
tive trial: CALGB 150304. J Thorac Oncol. 2012;7(4):649-54. https://doi.
0rg/10.1097/JT0O.0b013e31824a8db0.

11, XuY,Xu L, Qiu M, et al. Prognostic value of serum cytokeratin 19 frag-
ments (Cyfra 21 - 1) in patients with non-small cell lung cancer. Sci Rep.
2015;5:9444. https://doi.org/10.1038/srep09444.

12. Kanda . Investigation of the freely available easy-to-use software ‘EZR’for
medical statistics. Bone Marrow Transplant. 2013;48(3):452-8. https://doi.
0rg/10.1038/bmt.2012.244.

13. Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. J Chiropr Med. 2016;15(2):155-63. https://
doi.org/10.1016/jjcm.2016.02.012.

14.  Matsuoka K, Sumitomo S, Nakashima N, et al. Prognostic value of carcino-
embryonic antigen and CYFRA21-1 in patients with pathological stage |
non-small cell lung cancer. Eur J Cardiothorac Surg. 2007;32(3):435-9. https://
doi.org/10.1016/j.ejcts.2007.05.014.

15.  Abtahi S, Malekzadeh M, Nikravan G, et al. Measurement of lung cancer
tumor markers in a glass wool company workers exposed to respirable
synthetic vitreous fiber and dust. Int J Occup Environ Med. 2018,9(1):23-31.
https://doi.org/10.15171/ijjoem.2018.1147.

16. Blanco-Prieto S, De Chiara L, Rodriguez-Girondo M, et al. Highly sensitive
marker panel for guidance in lung cancer rapid diagnostic units. Sci Rep.
2017;7:41151. https://doi.org/10.1038/srep41151.

17. Minamibata A, Kono Y, Arimoto T, et al. Age and smoking status affect
serum cytokeratin 19 fragment levels in individuals without cancer. In Vivo.
2022,36(5):2297-302. https://doi.org/10.21873/invivo.12959.

18.  Schweizer J, Bowden PE, Coulombe PA, et al. New consensus nomencla-
ture for mammalian keratins. J Cell Biol. 2006;174(2):169174. https://doi.
0rg/10.1083/jcb.200603161.

19. Omary MB, Ku NO, Strnad P, et al. Toward unraveling the complexity of simple
epithelial keratins in human disease. J Clin Invest. 2009;119(7):1794-805.
https://doi.org/10.1172/JCI37762.

20. Moll R, Divo M, Langbein L. The human keratins: biology and pathol-
ogy. Histochem Cell Biol. 2008;129(6):705-33. https://doi.org/10.1007/
500418-008-0435-6.

21. Karantza V. Keratins in health and cancer: more than mere epithelial
cell markers. Oncogene. 2011;30(2):127-38. https.//doi.org/10.1038/
onc.2010.456.

22. Toivola DM, Strnad P, Habtezion A, et al. Intermediate filaments take the heat
as stress proteins. Trends Cell Biol. 2010;20(2):79-91. https://doi.org/10.1016/j.
tcb.2009.11.004.


https://www.med-english.com
https://www.med-english.com
https://doi.org/10.3322/caac.21660
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.1056/NEJMoa1911793
https://doi.org/10.1001/jama.2021.1117
https://doi.org/10.1164/rccm.201404-0603OC
https://doi.org/10.1001/jamaoncol.2018.2078
https://doi.org/10.1002/1097-0142(19930801)72:3<707::AID-CNCR2820720313>3.0.CO;2-X
https://doi.org/10.1002/1097-0142(19930801)72:3<707::AID-CNCR2820720313>3.0.CO;2-X
https://doi.org/10.1038/sj.bjc.6601851
https://doi.org/10.1097/JTO.0b013e31824a8db0
https://doi.org/10.1097/JTO.0b013e31824a8db0
https://doi.org/10.1038/srep09444
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1016/j.ejcts.2007.05.014
https://doi.org/10.1016/j.ejcts.2007.05.014
https://doi.org/10.15171/ijoem.2018.1147
https://doi.org/10.1038/srep41151
https://doi.org/10.21873/invivo.12959
https://doi.org/10.1083/jcb.200603161
https://doi.org/10.1083/jcb.200603161
https://doi.org/10.1172/JCI37762
https://doi.org/10.1007/s00418-008-0435-6
https://doi.org/10.1007/s00418-008-0435-6
https://doi.org/10.1038/onc.2010.456
https://doi.org/10.1038/onc.2010.456
https://doi.org/10.1016/j.tcb.2009.11.004
https://doi.org/10.1016/j.tcb.2009.11.004

Minamibata et al. BMC Pulmonary Medicine

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

(2023) 23:344

Etienne-Manneville S. Cytoplasmic intermediate filaments in cell biol-
ogy. Annu Rev Cell Dev Biol. 2018;34:1-28. https://doi.org/10.1146/
annurev-cellbio-100617-062534.

Geisler F, Leube RE. Epithelial intermediate filaments: guardians against

microbial infection? Cells. 2016;5(3):29. https://doi.org/10.3390/cells5030029.

Matsutani T, Kang SC, Miyashita M, et al. Young and middle-age associated
differences in cytokeratin expression after bone fracture, tissue trauma,
and hemorrhage. Am J Surg. 2007;193(1):61-8. https://doi.org/10.1016/j.
amjsurg.2006.07.012.

Sharma P, Alizadeh J, Juarez M, et al. Autophagy, apoptosis, the unfolded
protein response, and lung function in idiopathic pulmonary fibrosis. Cells.
2021;10(7):1642. https://doi.org/10.3390/cells10071642.

Dohmoto K, Hojo S, Fujita J, et al. The role of caspase 3 in pro-

ducing cytokeratin 19 fragment (CYFRA21-1) in human lung

cancer cell lines. Int J Cancer. 2001;91(4):468-73. https://doi.
0rg/10.1002/1097-0215(200002)9999:9999<:aid-ijc 1082>3.0.co;2-t.
Molyneaux PL, Fahy WA, Byrne AJ, et al. CYFRA 21 - 1 predicts progres-
sion in IPF: a prospective longitudinal analysis of the PROFILE cohort. Am

J Respir Crit Care Med. 2022;205(12):1440-8. https://doi.org/10.1164/
rccm.202107-17690C.

Kapetanaki MG, Mora AL, Rojas M. Influence of age on wound healing and
fibrosis. J Pathol. 2013;229(2):310-22. https://doi.org/10.1002/path.4122.
Phan THG, Paliogiannis P, Nasrallah GK; et al. Emerging cellular and
molecular determinants of idiopathic pulmonary fibrosis. Cell Mol Life Sci.
2021;78(5):2031-57. https://doi.org/10.1007/500018-020-03693-7.
Calcinotto A, Kohli J, Zagato E, et al. Cellular senescence: aging, cancer,
and injury. Physiol Rev. 2019;99(2):1047-78. https://doi.org/10.1152/
physrev.00020.2018.

Torres-Gonzélez E, Bueno M, Tanaka A, et al. Role of endoplasmic reticulum
stress in age-related susceptibility to lung fibrosis. Am J Respir Cell Mol Biol.
2012;46(6):748-56. https://doi.org/10.1165/rcmb.2011-02240C.

33.

34.

35.

36.

37.

38.

Page 8 of 8

Cipollina C, Bruno A, Fasola S, et al. Cellular and molecular signatures of
oxidative stress in bronchial epithelial cell models injured by cigarette smoke
extract. Int J Mol Sci. 2021;23(3):1770. https://doi.org/10.3390/ijms23031770.
Gonzalez-Blanco L, Bermudez M, Bermejo-Millo JC, et al. Cell interactome in
sarcopenia during aging. J Cachexia Sarcopenia Muscle. 2022;13(2):919-31.
https://doi.org/10.1002/jcsm.12937.

Zamay TN, Zamay GS, Kolovskaya OS, et al. Current and prospective protein
biomarkers of lung cancer. Cancers (Basel). 2017;13(11):155. https://doi.
0rg/10.3390/cancers9110155.

Yang Y, Xu M, Huang H, et al. Serum carcinoembryonic antigen elevation in
benign lung diseases. Sci Rep. 2021;11(1):19044. https://doi.org/10.1038/
$41598-021-98513-8.

Pastor A, Menéndez R, Cremades MJ, et al. Diagnostic value of SCC, CEA and
CYFRA 21.1in lung cancer: a bayesian analysis. Eur Respir J. 1997;10(3):603-9.
PMID: 9072992.

Yang Q, Zhang P, Wu R, et al. Identifying the best marker combination in
CEA, CA125,CY211,NSE, and SCC for lung cancer screening by combin-

ing ROC curve and logistic regression analyses: is it feasible? Dis Markers.
2018;2082840. https://doi.org/10.1155/2018/2082840.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1146/annurev-cellbio-100617-062534
https://doi.org/10.1146/annurev-cellbio-100617-062534
https://doi.org/10.3390/cells5030029
https://doi.org/10.1016/j.amjsurg.2006.07.012
https://doi.org/10.1016/j.amjsurg.2006.07.012
https://doi.org/10.3390/cells10071642
https://doi.org/10.1002/1097-0215(200002)9999:9999<::aid-ijc1082>3.0.co;2-t
https://doi.org/10.1002/1097-0215(200002)9999:9999<::aid-ijc1082>3.0.co;2-t
https://doi.org/10.1164/rccm.202107-1769OC
https://doi.org/10.1164/rccm.202107-1769OC
https://doi.org/10.1002/path.4122
https://doi.org/10.1007/s00018-020-03693-7
https://doi.org/10.1152/physrev.00020.2018
https://doi.org/10.1152/physrev.00020.2018
https://doi.org/10.1165/rcmb.2011-0224OC
https://doi.org/10.3390/ijms23031770
https://doi.org/10.1002/jcsm.12937
https://doi.org/10.3390/cancers9110155
https://doi.org/10.3390/cancers9110155
https://doi.org/10.1038/s41598-021-98513-8
https://doi.org/10.1038/s41598-021-98513-8
https://doi.org/10.1155/2018/2082840

	﻿Variability of serum CYFRA 21 − 1 and its susceptibility to clinical characteristics in individuals without cancer: a 4-year retrospective analysis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Participants and study design
	﻿Tumor marker measurements
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿References


