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1 | INTRODUCTION

Lung cancer is a malignant tumor that has exhibited one of
the most rapid increases in morbidity and mortality. It pres-
ents a considerable threat to the well-being of the general

Abstract

Lung cancer is prone to metastasis to various organs. Although intraocular metastasis
(IOM) occurs at a later stage than metastasis to other organs, it often adversely af-
fects the quality of life and suggests a poor prognosis. In this study, we selected 1608
patients with lung cancer who had metastasis to at least one site and explored clinical
differences between those with [OM and non-IOM (NIOM). An independent 7 test and
chi-squared test were used to analyze the clinical features of the patients. The statisti-
cally significant parameters were analyzed by binary logistic regression to determine
the risk factors for IOM. A receiver operating characteristic curve was constructed to
assess their diagnostic value in IOM. The results showed that no significant differ-
ences were noted in age, gender, and pathological type between the IOM and NIOM
groups. However, the IOM group had higher levels of alpha-fetoprotein, carcinoem-
bryonic antigen, cancer antigen (CA)-125, CA-153, cytokeratin fragment 19 (CYFRA
21-1), and total prostate-specific antigen, compared with the NIOM group. Binary
logistic regression indicated that CA-153 and CYFRA 21-1 were risk factors for [IOM
in patients with MLC (P < 0.05). Area under the curve of CA-153, CYFRA 21-1 and
their combination were 0.791, 0.860, and 0.872 respectively. The cutoff values for
CA-153 and CYFRA 21-1 were 22.2 U/mL and 6.785 ng/mL. In conclusion, both
CA-153 and CYFRA 21-1 were independent risk factors for IOM in patients with
metastatic lung cancer (MLC), whereas the combination of CA-153 and CYFRA 21-1

assessment yields the most value in the detection of IOM in patients with MLC.
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population. Over the past 50 years, many countries have re-
ported a significant increase in the incidence and mortality
of lung cancer.' These values represent the highest incidence
and mortality among all malignant tumors in men, and the
second highest in women.” The occurrence of lung cancer is
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reportedly related to smoking, occupational and environmen-
tal factors, genetic susceptibility, age, sex, and race, among
other factors.>

Lung cancer can be divided into non-small cell lung
cancer (NSCLC) and small cell lung cancer. The two types
differ in biology and sensitivity to chemotherapy and radio-
therapy.®’ Generally, lung cancer is very prone to metastasis.
The common metastatic sites detected clinically include the
brain, lymph nodes, lung, bone, and liver. Previous studies
have shown that organ metastasis indicates a poor pro gnosis.8
The median survival time of patients with NSCLC without
metastasis is 21 months, whereas the median survival time
of patients with metastases is 6-7 months and 5 months in
the brain and bone, respectively.g‘10 Furthermore, the overall
survival for patients with lung cancer without brain metasta-
ses has been found to correlate with the number of metastatic
sites.’

Intraocular metastasis (IOM), as a relatively rare distant
metastasis of lung cancer, often occurs at a later stage than
metastases to other organs and tissues. Because of its low in-
cidence and minor early clinical symptoms, many people pay
little attention to IOM. However, as it develops, the condition
leads to swelling of the eyeball, pain, and vision deficiency,
thereby adversely affecting the quality of life of lung cancer
patients.“ Thus, early diagnosis of IOM is very important,
which is beneficial to the early control of the disease and the
improvement of the quality of life of the patients.

A tumor marker is a substance that is either synthesized
and secreted through the genetic expression of cancer cells, or
abnormally produced through the body's response to the oc-
currence and proliferation of malignant tumors. Tumor mark-
ers reflect the existence and growth of tumors. According
to the essence, tumor markers can be divided into protein,
carbohydrate, lipid, enzymes, hormones, polyamines, and
gene products.12 Tumor markers mainly exist in the serum
and serous effusions and can be detected by immunological,
biological and chemical methods. Thus, they are easy to col-
lect, inexpensive, and less invasive compared with computed
tomography (CT) and magnetic resonance imaging (MRI)
scans. In recent years, the use of tumor markers in the field of
diagnosis of metastasis has made some progress.

However, it is not clear whether there are differences in
biomarkers between MLC patients with or without IOM.
Therefore, in this study, we focused on the diagnostic values
of tumor markers when used to clarify the risk factors for
IOM in patients with metastatic lung cancer.

2 | MATERIALS AND METHODS

2.1 |

All subjects gave their informed consent for inclusion and
agreed to be included in the study before participating in the

Study design

study. This study was approved by the Medical Research
Ethics Committee of the First Affiliated Hospital of Nanchang
University. All procedures of this study were conducted in
accordance with the Declaration of Helsinki. A series of con-
secutive patients who participated in this study were diag-
nosed with lung cancer between January 2002 and December
2016 and had at least one site of metastasis. The diagnosis of
lung cancer was based on pathological sections obtained by
surgical excision or biopsy. The diagnosis of metastasis was
based on CT or MRI and biopsy. The IOM was diagnosed by
CT and MRI. Patients with primary intraocular malignancies,
benign intraocular tumors, and secondary lung cancer were
excluded. All participants in the study were provided with the
entire research design and gave informed consent.

22 |

The clinical data were collected from the medical records
of patients with MLC, including age, sex, histopathological
type, and treatment. Some tumor markers were also detected,
including calcium, hemoglobin (HB), alkaline phosphatase
(ALP), alpha-fetoprotein (AFP), carcinoembryonic anti-
gen (CEA), neuron-specific enolase (NSE), cancer anti-
gen (CA)-125, CA-153, CA-199, cytokeratin fragment 19
(CYFRA 21-1), and total prostate-specific antigen (TPSA).
All clinical data were collected when the patients were diag-
nosed with lung cancer and metastasis.

Data collection

2.3 | Statistical analysis

We performed an independent ¢ test and chi-squared test to
compare the features of age, sex, and histopathological sub-
types. The differences between tumor markers in the IOM
group and the non-IOM (NIOM) group were also analyzed by
an independent ¢ test. Binary logistic regression models were
then applied to identify the independent risk factors for [OM. A
receiver operating characteristic (ROC) curve was constructed
and the area under the curve (AUC) was calculated. Afterward,
we used Excel 2010 software to calculate the cutoff value,
sensitivity, and specificity of risk factors. A value of P < 0.05
indicated statistical significance. All statistical analyses were
performed using the SPSS 20.0 software (SPSS, IBM, USA)
and Excel 2010 software (Excel, Microsoft, USA).

3 | RESULTS
3.1 | Demographics and clinical
characteristics

A total of 1608 patients (1168 male and 440 female) were
recruited for the study, which comprised 45 patients with
IOM and 1563 patients considered NIOM cases. The aver-
age ages of the IOM and NIOM groups were 58.5 + 1.6 and
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TABLE 1 The clinical characteristics
A Lecc inical characteristics 10OM group NIOM group
ol patients wi Patient characteristics (n=45) (n = 1563) P value
Gender*
Male 34 1134 0.478
Female 11 429
Mean age” 585+ 1.6 60.0 + 0.3 0.374
Histopathological type®
Squamous cell carcinoma 7 507 <0.001
Adenocarcinoma 33 727
Large cell carcinoma 0 29
Small cell lung cancer (SCLC) 3 194
Other NSCLC 1 17
Unknown 1 89
Treatment
Surgery 6 272
Chemotherapy 40 1018
Radiotherapy 11 168
Symptomatic treatment 3 332

Abbreviations: IOM, intraocular metastasis; MLC, metastatic lung cancer; NIOM, non-intraocular metastasis;
NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.

“Chi-square test was applied.

"Student-7 test was applied. P < 0.05 was thought to be statistical significant.

60.0 = 0.3 years, respectively. No significant differences
(P > 0.05) were noted in gender and age between the IOM
and NIOM groups. Regarding the histopathological subtype,
adenocarcinoma was the most common type in both the IOM
group and NIOM group. However, the distribution of histo-
logical types between the IOM group and NIOM group was
significantly different (P < 0.001). More details are shown
in Table 1. In addition, other metastatic sites of IOM group
were brain (97.8%), bone (37.8%), liver (17.8%), lymph node
(26.7%), lung (28.9%), peritoneum (8.9%) and pleura(2.2%),
while metastatic sites of NIOM group were brain (14.7%),
bone (30.3%), liver (11.3%), lymph node (67.6%), lung
(31.0%), peritoneum (14.7%), and pleura(0.64%). More de-
tails are shown in Table 2 and Figure 1.

3.2 | Differences in the clinical features and
risk factors of ocular metastasis

No significant differences were noted in the levels of calcium,
HB, ALP, NSE, and CA-199 between the IOM and NIOM
groups (P > 0.05). However, increased levels of AFP, CEA,
CA-125, CA-153, CYFRA 21-1, and TPSA were observed in
the IOM group compared with the NIOM group (P < 0.05).
Detailed results are presented in Table 3. The results of the
binary logistic regression model showed that CA-153 and
CYFRA 21-1 could be considered independent risk factors of
IOM in patients with MLC. More details are shown in Table 4.

TABLE 2  Other metastatic sites of IOM and NIOM groups

Sites IOM NIOM

Brain 44 (97.8%) 230 (14.7%)
Bone 17 (37.8%) 474 (30.3%)
Liver 8 (17.8%) 176 (11.3%)
Lymph node 12 (26.7%) 1057 (67.6%)
Lung 13 (28.9%) 485 (31.0%)
Peritoneum 4 (8.9%) 230 (14.7%)
Pleura 1(22%) 10 (0.64%)

Abbreviations: IOM, intraocular metastasis; NIOM, nonintraocular metastasis.

3.3 | The cutoff value, AUC, sensitivity, and
specificity of CA-153 and CYFRA 21-1 for the
diagnosis of IOM

The ROC curve showed that the AUC for CA-153 and
CYFRA 21-1 were 0.791 and 0.860, respectively. The AUC
for CYFRA 21-1 was the highest (Figure 2). The cutoff
value of CA-153 and CYFRA 21-1 were 22.2 U/mL and
6.785 ng/mL, respectively (Table 5). And the correspond-
ing sensitivity and specificity were also shown in Table 4.
Furthermore, we made combination of the two factors, and
Figure 3 shows the ROC curves for CA-153 + CYFRA 21-1.
The results showed a higher AUC value for the combina-
tion of CA-153 + CYFRA 21-1 than that for each individual
factor.
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FIGURE 1 Other metastatic sites of IOM and NIOM groups.

IOM, intraocular metastasis; NIOM, nonintrocular metastasis

4 | DISCUSSION

Lung cancer has the highest incidence of malignant tumors
in China, and the highest mortality rate among all types of
malignant tumors."® Distant metastasis is one of the main
characteristics of malignant tumors. Many patients with lung
cancer in China have already developed local or distant me-
tastases at the time of diagnosis. Although IOM is rare, it is
indicative of a poor prognosis. Thus, an early diagnosis of
IOM is crucial. Consistent with Xu's study,14 most patients
with IOM concurrently had metastases at other sites, includ-
ing the brain, bone, and liver. Therefore, in this study, we
recruited patients with lung cancer, who had metastases to at

Tumor markers IOM group NIOM group
Calcium (mmol/L) 2.30 +0.03 223 +0.01
HB (g/L) 114.11 + 3.03 117.50 + 0.48
ALP (U/L) 110.33 + 8.41 95.45 +2.50
AFP (ng/mL) 3.13 +£0.32 2.33 £0.04
CEA (ng/mL) 277.42 + 84.39 60.12 +7.63
NSE (pg/L) 27.67 +2.36 30.03 +1.20
CA-125 (U/mL) 350.09 + 71.42 84.32 +5.18
CA-153 (U/mL) 87.96 + 17.70 22.63 +0.92
CA-199 (U/mL) 146.37 + 48.17 67.86 + 14.71
CYFRA 21-1(ng/mL) 3591 +£3.52 12.07 + 0.92
TPSA (ng/L) 4.13 +0.36 1.79 £ 0.11

least one site, to evaluate the diagnostic value of tumor mark-
ers in predicting IOM in patients with MLC, and to avoid bias
in the results.

At present, tumor markers are mainly used in the diag-
nosis, and evaluation of curative effects, recurrence, and
prognosis of malignant tumors.'® Park et al'® retrospectively
analyzed the medical records of 156 patients (79 hepatocel-
lular carcinoma 77 liver cirrhosis) and found that AFP was
high in patients with hepatocellular carcinoma. In addition,
the AUC of AFP was 0.765, so they came to the conclu-
sion that AFP was a useful single biomarker for diagnosing
hepatocellular carcinoma. In another study,'” CA-125 and
CEA were found to be associated with the clinical stage
of lung cancer and CYFRA 21-1and NSE can be used to
monitor the effect of chemotherapy. Besides, serum levels
of CA-199 had great value for predicting prognosis in pan-
creatic cancer patients.18 What is more, tumor markers can
be used to predict cancer metastasis, which is of great sig-
nificance. For, example, Huang et al'® observed that ALP
and HB were risk factors for bone metastases in patients
with bladder cancer. And CA-125 might play an important
role in tumor metastasis, and could be thought as an inde-
pendent risk factor for bone metastases in patients with lung
cancer.”

Previous studies about the risk factors of clinical parame-
ters for distant metastases of lung cancer are listed in Table 6,
which also indicates the possibility of tumor marker levels to
predict tumor metastases and make up the limitations for CT,
PET/CT and MRI.

After analyzing the clinical data of 1608 patients with
MLC, we found that the concentration of AFP, CEA, CA-125,
CA-153, CYFRA 21-1, and TPSA were significantly ele-
vated in patients with IOM. However, in lung cancer, AFP is
associated with liver metastasis [22]. Thus, we excluded AFP

TABLE 3 Differences of tumor

(A1 markers between MLC patients with and

1.907 0.057 without IOM
-1.172 0.241

1.695 0.096

2.497 0.016

2.564 0.014
—0.333 0.740

3711 0.001

3.686 0.001

0.902 0.367

4.397 <0.001

3.515 <0.001

Note: Independent samples-f test was applied. P < 0.05 represented statistical significant.
Abbreviations: AFP, alpha-fetoprotein; ALP, alkaline phosphatase; CA, cancer antigen; CEA, carcinoembry-
onic antigen; HB, hemoglobin; IOM, intraocular metastasis; MLC, metastatic lung cancer; NIOM, nonintraoc-

ular metastasis; NSE, neuron-specific enolase; TPSA, total prostate-specific antigen.
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from the tumor markers under consideration. According to
the results of the binary logistic regression model, CA-153
and CYFRA 21-1 might be independent risk factors for [IOM
in patients with MLC (P < 0.001).

TABLE 4 Risk factors of IOM in patients with MLC

Factors B Exp(B) OR (95% CI) P

CEA 0.000  0.999 0.999-1.000 0.060
CA-125 0.000  0.999 0.098-1.000 0.093
CA-153 -0.009  0.991 0.987-0.995 <0.001
CYFRA 21-1 —0.007  0.993 0.989-0.997 0.001
TPSA -0.029 0971 0.941-1.003 0.074

Note: Binary logistic Analysis was applied. P < 0.05 represented statistical
significant.

Abbreviations: B, coefficient of regression; CA, cancer antigen; CEA, carci-
noembryonic antigen; CI, confidence interval; IOM, intraocular metastasis; MLC,
metastatic lung cancer; OR, odds ratio; TPSA, total prostate-specific antigen.

ROC curve of different factors
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FIGURE 2 The ROC curves of risk factor for detecting IOM in
MLC. ROC curves of CA-153 and CYFRA21-1 as single risk factor
of IOM. CA, cancer antigen; IOM, intraocular metastasis; MLC,
metastatic lung cancer; ROC, receiver operating characteristic
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CA153 was first found on the membrane of breast can-
cer cells with a relative molecular weight of 4000.*%% Its
structure consists of a membrane region, an intracellular
region and an extracellular region rich in glycosyl groups.
CA153 can be detached from the cancer cell membrane
and released into the blood. And the antigen determinant
of its extracellular domain can be determined by specific
binding of monoclonal antibodies. Abnormal levels of
CA153 can also exist in lung cancer, endometrial cancer,
and gastrointestinal cancer.’? In addition, it is useful in
the prediction of bone metastasis and distant metastases
in patients with breast cancer.”>** CYFRA 21-1 is a new
tumor marker developed in recent years. It is a fragment
of cytokeratin 19 which is produced during the differen-
tiation of cancer cells. Cytokeratin 19 is a characteristic
protein component of epithelial cell filament, which exists
in many normal epithelial tissues.> When the epithelial
cells transformed into tumors, the cytokeratin structure
remained unchanged but increased in content. Due to the
necrosis and dissolution of the tumor cells, the soluble
fragment CYFRA 21-1 could be released into the blood.
According to previous studies, CYFRA 21-1 is associated
with lung cancer, tumors of the urinary system, and gas-
trointestinal tract, as well as gynecological tumors.**>’
Molina et al*’ reported that serum CYFRA 21-1 levels
differ between different stages of lung cancer, indicating
that high levels of CYFRA 21-1 are associated with an ad-
vanced stage of the tumors. Moreover, Choi et al*! found
that CYFRA 21-1 is a tumor biomarker for axillary lymph
node metastasis in breast cancer. Furthermore, in lung can-
cer, CYFRA 21-1 is associated with distant metastasis.>
Based on the respective analyses of CA-153 and CYFRA
21-1 levels, and the high AUC of the two biomarkers, we
concluded that they are both independent risk factors for
IOM in MLC.

The results based on the cutoff values showed that
CA-153 > 22.2 U/mL and CYFRA 21-1 > 6.785 ng/mL
were features of IOM in patients with MLC. A higher AUC
was observed for CYFRA 21-1, suggesting its higher diag-
nostic value in predicting IOM. In this study, we also ana-
lyzed the accuracy of diagnosis based on a combination of
these risk factors. The results showed that the combined
CA-153 + CYFRA 21-1 showed higher accuracy in predicting

TABLE 5 The cutoff value, sensitivity, specificity, and AUC for a single risk factor in predicting IOM in MLC patients

Factor Cutoff value Sensitivity (%) Specificity (%) AUC P

CA-153 (U/mL) 22.2 71.1 77.7 0.791 <0.001
CYFRA 21-1(ng/mL) 6.785 91.1 74 0.860 <0.001
CA-153 + CYFRA 21-1 — 71.7 90.9 0.872 <0.001

Note: Sensitivity and specificity were obtained at the point of cutoff value. P < 0.05 represented statistical significant.

Abbreviations: AUC, area under the curve; CA, cancer antigen; CI, confidence interval; IOM, intraocular metastasis; MLC, metastatic lung cancer.
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FIGURE 3 The ROC curves of combination of CA-153 and
CYFRAZ21-1 for detecting IOM in MLC. CA, cancer antigen; IOM,
intraocular metastasis; MLC, metastatic lung cancer; ROC, receiver
operating characteristic

IOM. In addition, the combined CA-153 + CYFRA 21-1
showed both high sensitivity and specificity.

Although the results were significant, our study still had
some limitations. First, the sample size was relatively small
in the IOM group, which meant the outcome was insuffi-
ciently convincing. Second, all participants were from the
same region and hospital. Third, owing to the long duration
under consideration, some data were unknown, and this may
have affected the results. Thus, it is necessary to verify the
results of this study with future prospective data and multi-
ple-center analysis.

In conclusion, based on this study of 1608 patients with
MLC, the results suggest that the serum concentration of

TABLE 6 The risk factors of metastases of lung cancer

Author Year Histopathological type
Pollan et al*! 2003 NSCLC

Oshiro et al? 2004 Adenocarcinoma
Cabreraalarcon et al”® 2011 NS

Lee et al** 2012 NSCLC

Chen et al” 2015 NS

Chen et al*® 2015 NSCLC

Zhou et* 2017 NS

Morita et al*’ 2019 NSCLC

CA-153 and CYFRA 21-1 were independent risk factors for
IOM. In addition, the combination of CA-153 and CYFRA
21-1 likely has higher accuracy in predicting IOM.
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cific enolase.



LIN ET AL.

. 1285
Cancer Medicine - WI LEYJ—

DATA AVAILABILITY STATEMENT

All data generated or analyzed during this study are included
in this published article.

ORCID

Qi Lin

https://orcid.org/0000-0002-9742-1674

REFERENCES

1.

10.

11.

12.

14.

15.

Ondrusova M, Muzik J, Hunakova L, et al. Trends in the lung can-
cer incidence and mortality in the Slovak and Czech Republic in
the contexts of an international comparison. Clin Transl Oncol.
2012;14:659-666.

Park S, Nam BH, Yang HR, et al. Individualized risk prediction
model for lung cancer in Korean men. PLoS ONE. 2013;8:e54823.
Menvielle G, Boshuizen H, Kunst AE, et al. The role of smoking
and diet in explaining educational inequalities in lung cancer inci-
dence. J Natl Cancer Inst. 2009;101:321-330.

Cornfield J, Haenszel W, Hammond EC, Lilienfeld AM, Shimkin
MB, Wynder EL. Smoking and lung cancer: recent evidence and a
discussion of some questions. /nt J Epidemiol. 2009;38:1175-1191.
Feng Y, Wang Y, Liu H, et al. Novel genetic variants in the
P38MAPK pathway gene ZAK and susceptibility to lung cancer.
Mol Carcinog. 2018;57:216-224.

Kargi A, Bisgin A, Yalcin AD, Kargi AB, Sahin E, Gumuslu S.
Increased serums-TRAIL level in newly diagnosed Stage-IV lung
adenocarcinoma but not squamous cell carcinoma is correlated with
age ad smoking. Asian Pac J Cancer Prev. 2013;14:4819-4822.
Spierings D, de Vries E, Timens W, Groen HJ, Boezen HM, de
Jong S. Expression of TRAIL and TRAIL death receptors in
stage III non-small cell lung cancer tumors. Clin Cancer Res.
2003;9:3397-3405.

. Dong QZ, Zhao Y, Liu Y, et al. Overexpression of SCC-S2

correlates with lymph node metastasis and poor progno-
sis in patients with non-small-cell lung cancer. Cancer Sci.
2010;101:1562-1569.

Oh Y, Taylor S, Bekele BN, et al. Number of metastatic sites is a
strong predictor of survival in patients with non-small cell lung can-
cer with or without brain metastases. Cancer.2009;115:2930-2938.
Park JY, Moon KS, Lee KH, et al. Gamma knife radiosurgery for
elderly patients with brain metastases: evaluation of scoring sys-
tems that predict survival. BMC Cancer. 2015;15:54.

Georgalas I, Paraskevopoulos T, Koutsandrea C, et al. Ophthalmic
metastasis of breast cancer and ocular side effects from breast
cancer treatment and management: mini review. BioMed Res Int.
2015;2015:574086.

Eriksson B, Oberg K, Stridsberg M. Tumor markers in neuroendo-
crine Tumors. Digestion. 2000;62:33-38.

. Lu G, Wang Z, Zhu H, et al. The advantage of PET and CT in-

tegration in examination of lung tumors. Int J Biomed Imaging.
2007;2007:17131.

Xu Y, Sun Y, Zhao J, et al. Ocular metastasis in lung cancer: A
retrospective analysis in a single chinese hospital and literature re-
view. Zhongguo Fei Ai Za Zhi. 2017;20:326-333.

Jing JX, Wang Y, Xu XQ, et al. Tumor markers for diagno-
sis, monitoring of recurrence and prognosis in patients with

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

upper gastrointestinal tract cancer. Asian Pac J Cancer Prev.
2014;15:10267-10272.

. Park SJ, Jang JY, Jeong SW, et al. Usefulness of AFP, AFP-L3, and

PIVKA-II, and their combinations in diagnosing hepatocellular
carcinoma. Medicine. 2017;96:e5811.

. Wang L, Wang D, Zheng G, et al. Clinical evaluation and therapeu-

tic monitoring value of serum tumor markers in lung cancer. Int J
Biol Markers. 2016;31:80-87.

Chen Y, Gao SG, Chen JM, et al. Serum CA242, CA199, CA125,
CEA, and TSGF are biomarkers for the efficacy and prognosis of
cryoablation in pancreatic cancer patients. Cell Biochem Biophys.
2015;71:1287-1291.

Huang P, Lan M, Peng AF, et al. Serum calcium, alkaline phospho-
tase and hemoglobin as risk factors for bone metastases in bladder
cancer. PLoS ONE. 2017;12(9):e0183835.

Zhou Y, Yu QF, Peng AF, Tong WL, Liu JM, Liu ZL. The risk factors
of bone metastases in patients with lung cancer. Sci Rep. 2017;7:8970.
Pollan M, Varela G, Torres A, et al. Clinical value of p53, c-erbB-2,
CEA and CA125 regarding relapse, metastasis and death in resect-
able non-small cell lung cancer. Int J Cancer. 2003;107:781-790.
Oshiro Y, Takada Y, Enomoto T, Fukao K, Ishikawa S, Lijima T.
A resected case of metachronous liver metastasis from lung cancer
producing alpha-fetoprotein (AFP) and protein induced by vitamin
K absence or antagonist II (PIVKA-II). Hepatogastroenterology.
2004;51:1144-1147.

Cabrera-Alarcon JL, Carrillo-Vico A, Santotoribio JD, et al.
CYFRA 21-1 as a tool for distant metastasis detection in lung can-
cer. Clin Lab. 2011;57:1011-1014.

Lee DS, Kim YS, Jung SL, et al. The relevance of serum carc-
inoembryonic antigen as an indicator of brain metastasis de-
tection in advanced non-small cell lung cancer. Tumour Biol.
2012;33:1065-1073.

Chen F, Yan CE, Li J, Han XH, Wang H, Qi J. Diagnostic value of
CYFRA 21-1 and CEA for predicting lymph node metastasis in
operable lung cancer. Int J Clin Exp Med. 2015;8:9820-9824.
Chen Y, Peng W, Huang Y, et al. Significance of serum neuron-
specific enolase before treatment in predicting brain metastases
and prognosis of advanced non-small cell lung cancer. Zhonghua
Zhong Liu Za Zhi. 2015;37:508-511.

Morita S, Suda T, Oda C, et al. The value of F-FDG PET in the diag-
nosis of intertrabecular vertebral metastasis in a small cell lung cancer
patient with a high serum CEA level. Intern Med. 2019;58:415-418.
Choi JW, Moon BI, Lee JW, Kim HJ, Jin Y, Kim HJ. Use of
CA15-3 for screening breast cancer: an antibody-lectin sandwich
assay for detecting glycosylation of CA15-3 in sera. Oncol Rep.
2018;40:145-154.

Duffy MJ, Walsh S, Mcdermott EW, Crown J. Biomarkers in breast
cancer: Where are we and where are we going? Adv in Clin Chem.
2015;71:1-23.

Sun S, Chen Z, Cao C, et al. Diagnostic value of epidermal
growth factor, cancer antigen 125, and cancer antigen 15-3
in bronchoalveolar lavage fluid of lung cancer. Curr Oncol.
2017;24:180-184.

Scambia G, Panici PB, Baiocchi G, Perrone L, Gregqi S, Mancuso
S. CA 15-3 as a tumor marker in gynecological malignancies.
Gynecol Oncol. 1988;30:265-273.

Huang G, Chen L, Qin C, et al. Cerebral hemorrhage as the ini-
tial manifestation in patients with systemic cancer. Int J Neurosci.
2017;128:48-54.


https://orcid.org/0000-0002-9742-1674
https://orcid.org/0000-0002-9742-1674

1286 .
—I—WI LEY—Cancer Medicine _

33.
34.

35.

36.
37.

38.

LIN ET AL.

Wojtacki J, Kruszewski W1, Sliwiriska M, et al. Elevation of serum Ca
15-3 antigen: an early indicator of distant metastasis from breast can-
cer. retrospective analysis of 733 cases. Przegl Leka. 2001;58:498-503.
Chen WZ, Shen JF, Zhou Y, Chen XY, Liu JM, Liu ZL. Clinical
characteristics and risk factors for developing bone metastases in
patients with breast cancer. Sci Rep. 2017;7:11325.

Li XL, Dong X, Xue Y, Li CF, Gou WL, Chen Q. Increased ex-
pression levels of E-cadherin, cytokeratin 18 and 19 observed in
preeclampsia were not correlated with disease severity. Placenta.
2014;35:625-631.

Pujol JL, Boher JM, Grenier J, Quantin X. Cyfra 21-1, neuron spe-
cific enolase and prognosis of non-small cell lung cancer: prospec-
tive study in 621 patients. Lung Cancer.2001;31:221-231.

Li X, Lu J, Ren H, et al. Combining multiple serum biomark-
ers in tumor diagnosis: a clinical assessment. Mol Clin Oncol.
2013;1:153-160.

Cho HY, Kyung MS. CYFRA 21-1 and placental growth fac-
tor as screening markers for endometriosis. Med Sci Monit.
2019;25:1087-1092.

39.

40.

41.

Senga Y, Kimura G, Hattori T, Yoshida K. Clinical evaluation of
soluble cytokeratin 19 fragments (CYFRA 21-1) in serum and
urine of patients with bladder cancer. Urology. 1996;48:703-710.
Molina R, Agusti C, Filella X, et al. Study of a new tumor marker,
CYFRA 21-1, in malignant and nonmalignant diseases. Tumour
Biol. 1994;15:318-325.

Choi JS, Han KH, Kim EK, Moon HJ, Yoon JH, Kim, . MJ: Fine-
needle aspirate CYFRA 21-1, an innovative new marker for diag-
nosis of axillary lymph node metastasis in breast cancer patients.
Medicine. 2015;94:e811.

How to cite this article: Lin Q, Chen X-Y, Liu W-F,
et al. Diagnostic value of CA-153 and CYFRA 21-1 in
predicting intraocular metastasis in patients with
metastatic lung cancer. Cancer Med. 2020;9:1279—
1286. https://doi.org/10.1002/cam4.2354



https://doi.org/10.1002/cam4.2354

