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Objective: At present, little is known regarding the specific risk factors of ocular metastasis
(OM) in elderly patients with lung cancer. This study aimed to find out the risk factors of
ocular metastasis.

Methods: A total of 1615 elderly patients with lung cancer were recruited into this retro-
spective study between April 2001 and July 2016. These patients were divided into two groups,
namely OM and non-ocular metastasis (NOM). Student’s t-tests, nonparametric rank sum tests,
and Chi-square tests were applied to describe whether there were significant differences
between the OM group and NOM group. We compared a range of serum biomarkers between
the two groups of patients, including alkaline phosphatase, calcium, hemoglobin, alpha-
fetoprotein, carcinoembryonic antigen, CA-125, CA-199, CA-153, CA-724, cytokeratin-19
fragment (CYFRA21-1), TPSA and neuron specific enolase (NSE). We used binary logistic
regression analysis to determine the risk factors and receiver operating curve (ROC) analyses
to assess the diagnostic value for OM in CRC patients.

Results: The incidence of OM in elderly patients with lung cancer was 2.0%. Binary logistic
regression indicated that CA-125, CA-153, and total prostate specific antigen (TPSA) were
identified as independent risk factors of OM in patients with lung cancer (P<0.001, P<0.001,
and P=0.003, respectively). The sensitivity and specificity of OM diagnosis were as follows:
CA-125, 81.25% and 81.57%; CA-153, 68.75% and 83.78%; and TPSA, 81.25% and
90.03%, respectively.

Conclusion: The serum concentrations of CA-125, CA-153, and TPSA have predictive
value in the diagnosis of OM in elderly patients with lung cancer.
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Introduction
Previous studies have shown that lung cancer is closely related to age'~ for a variety
of reasons, including the fact that elderly people have poor immune mechanisms® and
because the evolution of lung cancer is shaped via immunoediting mechanisms.
Furthermore, lung cancer is associated with genetic* and environmental factors,
including microbes of the airway’ and second-hand smoke.® The susceptibility of
lung cancer in elderly people increases with prolonged exposure to such factors.
The incidence of lung cancer with ocular metastasis (OM) is more common with
lung adenocarcinoma.” In the review of 42 lung cancer cases with OM, small cell lung
cancer (SCLC) accounted for 21.4% (n=9), adenocarcinoma accounted for 47.6%
(n=20), other types of lung cancer also included neuroendocrine tumors (n=5), large
cell carcinoma (n=2), lung squamous cell carcinoma (n=3), lung adenosquamous
carcinoma (n=1), and 2 cases of non-small cell lung cancer (NSCLC).® Furthermore,

submit your manuscript

Dove n

http:

in 3

Cancer Management and Research 2020:12 18011808 1801
© 2020 Ge et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY_Ne

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-5403-3295
http://orcid.org/0000-0002-9153-5865
http://orcid.org/0000-0001-5421-1055
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Ge et al

Dove

lung adenocarcinoma often metastasizes to the brain, liver,
kidneys, bone, bone marrow, and adrenal glands.8 Metastasis
can also occur to other parts of the body, albeit rarely,
including the eyes, nose, parotid gland, and paranasal
sinus.” The eye is a rare site for the metastasis of lung cancer
because of the absence of a lymphatic system.'® However,
OM remains one of the greatest challenges to the quality of
life (QOL) of elderly patients with lung cancer.®
Unfortunately, the process that determines whether cancer
spreads from the original tumor site to reach distant organs
remains poorly understood, despite the devastating conse-
quences of metastasis on disease prognosis.'' For the occur-
rence of metastasis, the tumor must travel through the body,
including the bloodstream. Therefore, serum biomarkers
may be significant indicators of unusual activity in blood
vessels.

Metastases to the ocular structures occur by hemato-
genous spread. Therefore, the parts of the eye with the best
vascular supply are most likely to be affected.'® Ocular
metastasis involves both intraocular metastasis and orbital
metastasis. Most cases of intraocular metastasis involve
carcinomas; the majority of this form of metastasis origi-
nate from breast cancer in females and lung cancer in
males.” Orbital metastatic disease, as the initial presenta-
tion of lung adenocarcinoma, is very rare. Consequently,
our lack of knowledge regarding this process and the
variety of different clinical presentations, may result in
misdiagnosis and an unfavorable prognosis.'*"?

However, for lung cancer patients with ocular symp-
toms as the initial manifestation, the diagnosis of OM and
primary lung cancer is relatively difficult. Furthermore, the
length of time required for the diagnosis is relatively
long.” Consequently, there is an urgent need to improve
the diagnosis of OM in elderly patients with lung cancer.
Computed tomography (CT) scans and the subsequent
pathological analysis of tissue biopsies remain the gold
standard approach for the diagnosis of cancer in numerous
Chinese hospitals. However, the serological analysis of
serum biomarkers is also routinely used in clinical prac-
tice. In this study, we investigated whether OM may be
detected by the presence of cancer biomarkers in elderly
patients with lung cancer. We also attempted to identify
correlations between a variety of risk factors and OM, and
establish an accurate indicator with which to distinguish
OM from non-ocular metastasis (NOM) in this type of
patients. Our aim was to lay the foundation for targeted

local and systematic anti-cancer treatment strategies.’

Materials and Methods
Study Design

This was a retrospective study, which included a series of
consecutive elderly patients (aged >60 years) diagnosed
with lung cancer between April 2001 and July 2016.
A total of 1615 elderly patients with lung cancer were
recruited. These patients were divided into two groups,
namely OM and NOM. The diagnosis of OM was
reached through both CT and magnetic resonance ima-
ging (MRI). The inclusion criteria for the OM group
were as follows: 1) patients without primary ocular
malignant cancer, such as extraocular muscle lymphoid
neoplasms and orbital primary tumors; and 2) patients
without ocular benign tumors, such as orbital inflamma-
tory pseudotumors. The inclusion criteria for the NOM
group were patients without organ metastases or lymph
node metastases. All medical records were updated
throughout the study. We also collected basic demo-
graphic and clinical data prior to the introduction of any
form of treatment (i.e., surgery, chemotherapy, radiother-
apy, and symptomatic treatment).

Data Collection

Relevant serological data (e.g., age, gender, histopathological
types, and treatments) were acquired from the diagnostic
reports of the patients. We then compared a range of serum
biomarkers between the two groups of patients, including
alkaline phosphatase (ALP), calcium, hemoglobin (HB),
alpha-fetoprotein (AFP), carcinoembryonic antigen (CEA),
CA-125, CA-199, CA-153, CA-724, cytokeratin-19 frag-
ment (CYFRA21-1), TPSA and neuron specific enolase
(NSE). All clinical data were collected at the time of initial
diagnosis of lung cancer.

Statistical Analyses
Chi-squared tests and Student’s t-tests were used to evaluate
differences in gender and age between the OM and NOM
groups. Independent risk factors of OM were investigated
using binary logistic regression models. Receiver operating
characteristic (ROC) curves were created, and the areas
under the curve (AUC) were used to assess the diagnostic
value of OM in elderly patients with lung cancer and esti-
mate the accuracy of OM diagnosis. A P < 0.05 denoted
statistical significance. Statistical tests were performed
using the Microsoft Office Excel 2016 (Microsoft Corp,
USA), SPSS version 17.0 software (SPSS Inc., Chicago,
IL, USA), and MedCalcl8.6.0

statistical software
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(MedCalc, Ostend, Belgium). Continuous data, represented
as means =+ standard deviation.

Results
Demographics and Clinical

Characteristics

In total, 32 OM npatients (i.e., 22 and 10 patients with
orbital and intraocular metastasis, respectively), and
1583 NOM patients, were analyzed in this study. The
mean age in the OM and NOM groups was 67.7£5.3
and 68.3+6.2 years, respectively. Chi-squared tests and
Student’s t-tests did not show significant differences (P
> 0.05) in terms of gender or age between the OM and
NOM groups. However, there was a significant differ-
ence observed between these two groups in the histo-
pathological type (P < 0.05). Notably, adenocarcinoma
was diagnosed in a large proportion of elderly lung
with OM
Therefore, the histological subtype of adenocarcinoma

cancer patients using  histopathology.
may be associated with a higher risk of developing OM
in elderly patients with lung cancer. Squamous cell
carcinoma was the most common type reported in the
NOM group. From 2001 to 2016, an increasing number
of elderly patients selected chemotherapy and sympto-
matic treatment. This was attributed to the efficacy of
chemotherapy, and the delay in the presentation of indi-
vidual symptoms following the administration of symp-
tomatic treatment. Table 1 and Figure 1 show the
detailed clinical data of all elderly patients included in
this study.

Clinical Data and Risk Factors of OM
Comparison of the tumor biomarker data obtained from
patients in the OM and NOM groups showed that the
concentrations of AFP, CEA, CA-125, CA-199, CA-153,
CYFRAZ21-1, and TPSA in the OM group were signifi-
cantly higher compared with those measured in the NOM
group (P < 0.05). In contrast, the concentration of HB
was lower in the OM group (P < 0.05). There were no
significant differences in the serum concentrations of
ALP, calcium, CA-724, and NSE between the two groups
(P > 0.05). The results from this analysis are shown in
Table 2. Moreover, binary logistic regression analysis
showed that CA-125, CA-153, and TPSA were indepen-
dent risk factors of OM (Table 3).

Table | Clinical Characteristics of Elderly Patients with Lung Cancer

Patient Characteristics OM NOM P value®
Group® (%) | Group (%)
(n=32) (n=1583)
Gender®
Male 25(78.1) 1254(79.22) | 0.880
Female 7(21.9) 329(20.78)
Age©
Mean 67.7£5.3 68.316.2 0.980
Histopathological type®
Squamous cell carcinoma 3(9.4) 636(40.2) 0.001
Adenocarcinoma 23(71.9) 621(39.2)
Large cell carcinoma 0(0.0) 21(1.3)
Small cell lung cancer 2(6.3) 197(12,4)
Other NSCLC 0(0.0) 19(1.2)
Unknown 4(12.4) 89(5.7)
Treatment
Surgery 1(3.1) 353(22.3)
Chemotherapy 27(84.4) 733(46.3)
Radiotherapy 13.1) 33(2.1)
Symptomatic treatment 3(9.4) 363(22.9)
Others 0(0.0) 101(6.4)

Notes: “The OM group included 10 patients with orbital metastasis and 22 patients
with intraocular metastasis. °Chi-squared test. “Student’s t-test. ‘Comparison
between the OM and NOM groups. P < 0.05 denoted statistical significance.
Abbreviations: OM, ocular metastasis; NOM, non-ocular metastasis; NSCLC,
non-small cell lung cancer.

Cut-Off Value, Sensitivity, Specificity, and
AUC of CA-125, CA-153, and TPSA in

the Diagnosis of OM

Table 4 shows that the cut-off values for CA-125, CA-153,
and TPSA were 66.00 U/mL, 23.27 U/mL, and 2.53 ng/mL,
respectively. Of note, the AUC of TPSA yielded the highest
value. Figure 2 shows the ROC curves for CA-125, CA-
153, and TPSA as single factors. We subsequently tested
different combinations of these three risk factors in pairs, as
well as in combination. Figure 3 shows the ROC curves of
the following combinations: CA-125 + CA-153, CA-125 +
TPSA, CA-153 + TPSA, and CA-125 + CA-153 + TPSA.
We found that the combination of CA-125 + CA-153 +
TPSA showed the highest AUC values, which reached
0.913. Of these indicators, CA-153 + TPSA, CA-125 +
CA-153 + TPSA, and CA-153 + TPSA showed the highest
sensitivity (93.75%), while TPSA showed the highest spe-
cificity (90.03%). All these findings were statistically sig-
nificant (P < 0.05).
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Figure | Clinical characteristics of elderly patients with lung cancer.
Notes: (A), Gender; (B), Histopathological type; (C), Treatment.
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Table 2 Differences in the Concentration of Various Tumor
Biomarkers Between Elderly Lung Cancer Patients with and
Without OM

Tumor OM Group NOM Group | t-test P value
Biomarkers

ALP (U/L) 108.25+10.39 94.73+1.89 1.281 0.209
Calcium (mmol/L) 2.19£0.03 2.25+0.01 —1.787 | 0.083
AFP (ng/mL) 3.2240.39 1.75£0.04 5.559 <0.001
CEA (ng/mL) 416.67+118.08 | 38.66+4.62 10.377 | <0.001
CA-125 (U/mL) 378.63+78.31 64.3914.22 9.930 <0.001
CA-199 (U/mL) 160.42+53.37 38.95£6.65 2.563 0.010
CA-153 (U/mL) 54.99+10.63 19.32+0.75 6.483 <0.001
CA-724 (U/mL) 9.05+3.88 12.80+3.47 —-0.721 | 0.484
CYFRA2I-I(ng/mL) | 29.28+4.16 9.3740.75 4714 <0.001
TPSA (ng/L) 4.59£0.45 1.63£0.10 6.420 <0.001
NSE (ug/L) 25.77+2.82 25.25+0.97 0.176 0.861
HB (g/L) 108.34+3.55 117.41£0.47 -2.529 | 0017

Notes: Independent sample t-test. P < 0.05 denoted statistical significance.
Abbreviations: ALP, Alkaline phosphatase; OM, ocular metastasis; NOM, non-
ocular metastasis; HB, hemoglobin.

Table 3 Risk Factors of OM in Elderly Patients with Lung Cancer

Factors B Exp(B) OR (95% CI) P
AFP 0.311 1.365 1.204-1.548 <0.001
CEA 0.002 1.002 1.001-1.003 <0.001
CA-125 0.002 1.002 1.002-1.003 <0.001
CA-199 <0.001 1.000 1.000-1.001 <0.001
CA-153 0.011 1.011 1.006-1.016 <0.001
CYFRA21-1 0.008 1.008 1.003-1.012 0.002
TPSA 0.043 1.044 1.015-1.074 0.003
HB —0.025 0.975 0.958-0.993 0.007

Notes: Binary logistic regression analysis. P < 0.05 denoted statistical significance
Abbreviations: B, coefficient of regression; OR, odds ratio; Cl, confidence inter-
val; OM, ocular metastasis.

Table 4 The Cut-off Value, Sensitivity, Specificity, and AUC of
Single Risk Factors for the Prediction of OM in Elderly Lung
Cancer Patients

Factor Cut-Off | Sensitivity Specificity AUC | P
Value (%) (%)

CA-125 (U/mL) 66.00 81.25 81.57 0.842 | <0.001
CA-153 (U/mL) 2327 68.75 83.78 0.808 | <0.001
TPSA (ng/mL) 253 81.25 90.03 0.906 | <0.001
CA-125+CA-153 | — 87.50 79.92 0.868 | <0.001
CA —125+TPSA | - 84.37 87.18 0.898 | <0.001
CA-I53+TPSA - 93.75 748l 0.895 | <0.001
CA-125+CA- - 93.75 81.44 0913 | <0.001
153+TPSA

Notes: Sensitivity and specificity were acquired at the cut-off value. P < 0.05
denoted statistical significance.
Abbreviations: AUC, area under the curve; TPSA, total prostate specific antigen.

Discussion

Herein, we review recent data and provide an in-depth dis-
cussion regarding the clinical features and course of OM in
lung cancer. Previous studies have shown that the incidence
of lung cancer is closely related to age, with the highest
incidence rates reported in elderly individuals.> Men are at
a higher risk of developing lung cancer versus women due to
the long-term use of tobacco. In our study, this ratio was
3.8:1. However, in recent years, an unusually large number of
non-smoking women from East Asia develop lung cancer."’
The study of patients who have never smoked revealed that
the causes of lung cancer are variable."'

The most common sites of metastasis in elderly patients
with lung cancer are the brain, liver, kidneys, bone, bone
marrow, and adrenal glands. Rarely, lung cancer metasta-
sizes to the eye, nose, parotid gland, and paranasal sinus.
Although the rate of OM is lower than those of other
metastases, it remains one of the most significant diagnostic
criteria for lung cancer. Symptomatic OM may be an early
event of lung cancer.'* Moreover, widespread OM is the
first sign of systemic metastasis from a primary neoplasm.'”
However, metastasis of lung cancer to the eye is rare and
thus, may be recognized late.'®

In recent years, there have been considerable develop-
ments in certain medical treatments. For example, Hoffman
suggested that low-dose computed tomography may be
a useful prospective treatment. Moreover, a National Lung
Screening Trial showed that screening through low-dose
computed tomography may reduce lung cancer-related mor-
tality in high-risk patients by 20% compared with chest
radiography.'” Furthermore, the use of regenerative therapy
with plasma rich in growth factors (PRGF) can stimulate the
healing process, and permit the management of inflammation
in the ocular surfaces.'® Nevertheless, such medical treat-
ments rely on the accurate and timely diagnosis of disease. In
the diagnosis of cancer, traditional histopathological exam-
ination, immunohistochemistry, and cytogenetic analysis are
cumbersome and time-consuming. In contrast, serological
examination is convenient and routinely practiced compared
with CT or MRI. Some serological indicators may represent
risk factors of lung cancer. Therefore, the identification of
a panel of predictive risk factors may assist timely interven-
tion, resulting in the prevention and delay of OM. Following
the diagnosis of lung cancer, the treatment of choice is multi-
modal treatment, including surgery, radiotherapy and
chemotherapy.
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Figure 2 The receiver operating characteristics (ROC) curves of risk factors for
detecting OM in elderly lung cancer patients, the ROC curve of CA-125, CA-153
and TPSA.

In Table 5, we reviewed some risk factors of metastases
of lung cancer. However, very few studies have investigated
the association between OM and lung cancer. In the present
study, we collected serum from appropriate patients and
determined the levels of ALP, calcium, HB, AFP, CEA,
CA-125, CA-199, CA-153, CA-724, CYFRA21-1, TPSA,
and NSE. Based on the analysis of a large population, we
measured the concentrations of CA-125, CA-153, and TPSA
as independent risk factors of OM in elderly individuals with
lung cancer (P<0.01, P<0.01, and P=0.03). Subsequently, we
determined the cut-off value, sensitivity, specificity, and
AUC for each of these biomarkers. Finally, we inferred that
CA-125, CA-153, and TPSA represent important risk factors
of OM in elderly patients with lung cancer. Using the ROC
curves of these biomarkers, it is possible to develop reliable
clinical tests. Blood levels above the cut-off values for CA-
125 (> 66.00 U/mL), CA-153 (> 23.37 U/mL), and TPSA
(>2.53 ng/mL) represent a critical point for the occurrence of
OM in patients with lung cancer. Based on this, further
detailed diagnostic techniques (e.g., CT and MRI of the
eye) should be utilized. These methods have an excellent
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Figure 3 The receiver operating characteristics (ROC) of different combinations of
risk factors for diagnosing OM, the ROC curves of CA-125+CA-153, CA-125
+TPSA, CA-153+TPSA and CA-125+CA-153+TPSA.

capability to detect OM and therefore, facilitate clinical
management. TPSA exhibited the highest AUC and there-
fore, showed the greatest accuracy in distinguishing elderly
lung cancer patients with OM. In the current study, we
combined independent risk factors to improve accuracy.
A particularly novel aspect of our research was the identifi-
cation of four different combinations of the markers CA-125,
CA-153, and TPSA. The combination of CA-125 + CA-153
+ TPSA showed the highest accuracy for predicting OM in
elderly patients with lung cancer, while CA-125 and CA-153
+ TPSA showed relatively high sensitivity and specificity.
Thus, the combination of CA-125, CA-153, and TPSA
appears to be more accurate in the prediction of OM.

Our study was characterized by limitations, which need
to be considered. Firstly, this was a retrospective study. The
exclusive enrollment of elderly patients may limit the gen-
eralization of these findings. Furthermore, we did not include
transient data from the time of primary diagnosis, the survi-
val rate of elderly patients, and the duration of follow-up. In
addition, the study was conducted in a single medical center
with a relatively small sample size. Consequently, our results
may not represent the whole population of patients with OM.

Thus, further studies involving a larger sample size and
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Table 5 The Risk Factors of Metastases of Lung Cancer

Author Year Histopathological Type Metastatic Sites Risk Factor

Morita et al*® 2019 NSCLC Intertrabecular Vertebral CEA

Zhou et al*! 2017 NS Bone CA-125, ALP

Liu et al*? 2017 Adenocarcinoma Brain, lymph node CYFRA2I-1

Wu et al” 2017 NSCLC Lymph node MicroRNA-422a

Chu et al** 2017 Adenocarcinoma Lymph node CLSTNI, CLU, NGAL

Chen et al® 2015 NSCLC Brain NSE

Chen et al* 2015 NS Lymph node CYFRA2I-1, CEA

Lee et al”’ 2012 NSCLC Brain CEA

Cabreraalarcon?® 2011 NS NS CYFRA2I-I

Cedrés® 2011 NSCLC Brain CEA, CYFRA2I-1, CA-125

Oshiro et al*° 2004 Adenocarcinoma Liver AFP

Pollan et al®' 2003 NSCLC NS CA-125

Niklinski)? 1992 NSCLC Lymph node scc

Abbreviations: NS, not specific; NSCLC, non-small cell lung cancer; SCC, squamous cell carcinoma antigen; CLSTNI, calsyntenin-1; CLU, clusterin; NGAL, neutrophil

gelatinase-associated lipocalin.

several centers are required. Such studies may improve the
effectiveness of these risk factors in predicting OM among
elderly patients with lung cancer. Finally, the metastatic stage
of cancer is usually lethal.'” The majority of our patients
were not classified by tumor type. Therefore, we were unable
to identify risk factors of OM according to tumor stage.

In conclusion, based on our investigation, the incidence
of OM in lung cancer patients was 1.98%. The most
common histopathological subtype among patients with
OM was adenocarcinoma. The serum concentrations of
CA-125, CA-153, and TPSA were identified as indepen-
dent risk factors of OM in elderly patients with lung
cancer. Moreover, we found that the combination of CA-
125, CA-153, and TPSA has great predictive value due to
the high sensitivity and specificity of these factors for OM.
Prospective, multicenter studies are necessary to verify the
present results.
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