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Abstract
The prognosis of patients with postmenopausal breast cancer (PBC) could be improved by the early detection of intraocular
metastases (IOMs). However, serum biomarkers for IOMs in PBC remain elusive. In the current study, we investigated patients with
PBC, and compared serum parameters in an IOM and a non-IOM group, and then differentiated the risk factors related to IOMs. A
comparison between an IOM and a non-IOM (NIOM) group was performed using Student t-test and a Chi-Squared test. After
constructing a Poisson regression model to identify risk factors, we plotted receiver operating characteristic curves to evaluate the
predictive value of significant risk factors in detecting IOMs. The incidence of IOMs in PBC was 1.16%. The histopathology results
were not significantly different between the 2 groups. The levels of serum carbohydrate antigen 125 (CA-125), carbohydrate antigen
15–3 (CA15–3) and alkaline phosphatase were significantly elevated in IOMs compared with NIOMs (P = .082, P< .001, and
P< .001, respectively). Compared with NIOMs, age, carbohydrate antigen 19 to 9, hemoglobin, calcium, total cholesterol, low-
density lipoprotein (LDL) and apolipoprotein A1 were remarkably lower in IOMs (P = .038, P< .001, P< .001, P = .032, P = .041,
P< .001, and P = .001, respectively). Poisson regression suggested that CA-125, CA15–3 and LDL were contributing to IOMs in
PBC as risk factors (OR = 1.003, 95% CI: 1.001–1.005; OR = 1.025, 95% CI: 1.019–1.033; OR = 0.238, 95% CI: 0.112–0.505,
respectively). A receiver operating characteristic curve revealed that the cut-off values for CA-125, CA15–3 and LDL were 16.78 0U/
mL, 63.175U/mL, and 2.415mmol/L, respectively. The combination of CA-125 and CA15–3 showed significant diagnostic value
(area under the curve [AUC] = 0.982, P< .001). Our investigation suggests that CA-125, CA15–3 and LDL remarkably predict IOMs
in PBC as risk factors, and the combination of CA-125 and CA15–3 shows considerable diagnostic value.

Abbreviations: AUC = area under the curve, BC = breast cancer, CA-125 = carbohydrate antigen 125, CA15–3 = carbohydrate
antigen 15–3, IOMs = intraocular metastases, LDL = low-density lipoprotein, NIOM = non-intraocular metastases, PBC =
postmenopausal breast cancer.
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1. Introduction

Breast cancer (BC) is the most common cancer in females world-
wide, and BC is the main source of cancer-related death in
women.[1] Metastases play an important role in cancer-related
death, and improvements in therapies for metastatic cancer have
been slow to emerge.[2] Currently, to facilitate postmenopausal
BC (PBC) prognosis, identifying early metastases is necessary.
Intraocular metastases (IOMs) are regarded as a leading cause

of intraocular malignancy.[3] The choroid is the most common
site of IOMs.[4] It was reported in a cohort study involving 1111
participants, that BC demonstrated the highest proportion of
IOMs, at 37%, and the average age at which patients experienced
IOMs was 57.[5] In other words, despite the low incidence of
IOMs in BC, BC is the main primary lesion for IOMs.
Currently, imaging techniques are indispensable in detecting

ocular tumors, and these include computed tomography (CT),
high-frequency ultrasound, fluorescein angiography optical
coherence tomography, and magnetic resonance imaging
(MRI). [6] However, the cost and radiation dose associated with
such techniques are too high for long-term follow-ups.Moreover,
the incidence of IOMs is somewhat low. Consequently, although
these imaging tests have considerable diagnostic potential in this
context, they are not suitable as a global-scale tool to regularly
screen PBC patients during long-term follow-up. However,
serological monitoring is non-invasive, reproducible, and cost-
effective, which make it a better option for detecting IOMs.[7]

Recently, it has been confirmed that serum monitoring has
considerable potential in BC diagnosis and screening; for
instance, monitoring of exosomal miRNA[8] and serum 25-
hydroxyvitamin D[9] has been shown to be useful. To promote
the ability of early detecting IOMs in PBC, the identification of
serum risk factors is necessary and is becoming more feasible.
With the goal of improving PBC patient prognosis, a

retrospective study was conducted by our research group to
identify serum risk factors for IOMs in PBC by evaluating the link
between clinical serum pathological parameters and IOMs.
2. Materials and methods

2.1. Ethics statement

The Medical Research Ethics Committee of the First Affiliated
Hospital of Nanchang University approved this study (CDYFY-
LL2006023). Because of the retrospective nature of the study,
informed consent of participants was waived. The methodology
used in this study is in accordance with approved guidelines and
related regulations.

2.2. Study design

Participants with BC involved in this retrospective observational
study from April 1995 to July 2017 were diagnosed via
histopathological sections obtained through surgical resection
or biopsy. The IOMs were confirmed through local CT andMRI.
The key inclusion criteria were female BC patients with
postmenopausal status, and BC was the primary lesion. The
key exclusion criteria were patients with primary ocular
malignancies or benign tumors without pathology reports.

2.3. Data collection

The patient medical records were the source of the study data. All
data, such as demographic characteristics and clinical pathology
2

parameters, were collected before patients received anti-tumor
therapy (radiotherapy, chemotherapy, or surgery). These mainly
included: the age of the tumor being diagnosed, histopathology
and the condition of metastases, and laboratory results such as
alkaline phosphate, hemoglobin, triglycerides, low-density
lipoprotein (LDL), apolipoprotein A, and serum calcium levels.
The concentrations of common tumor markers in serum, such as
carcinoembryonic antigen, cancer antigen 125 (CA-125), cancer
antigen 153 (CA15–3) and cancer antigen 19–9, were also
recorded. As the link between different serological pathological
parameters and IOMs was analyzed, we estimated the predictive
value of significant risk factors in detecting IOMs.
2.4. Statistical analyzes

SPSS software (version 19.00; SPSS, Chicago, IL) and GraphPad
Prism (8.0.1.244) were used for statistical analysis, and Excel
2010 (Excel, Microsoft Corp, USA) was used for data collation.
Initially, a comparison between an IOMand a non-IOM (NIOM)
group was performed using Student t test and the Chi-Squared
test to find clinical pathology parameters with significant
differences. Quantitative variables are reported as mean±
standard deviation. The occurrence of IOMs in PBC is a rare
event (10/865; ≈0.0116). Consequently, a multivariate Poisson
regression analysis model for rare events was constructed to
identify statistically independent risk factors and determine the
odds ratio (OR) and 95% confidence interval (95% CI). Finally,
receiver operating characteristic (ROC) curves were plotted to
evaluate the predictive value of significant risk factors in detecting
IOMs. The area under the curve (AUC) of the different factors,
and the sensitivity and specificity of the optimal cut-off point were
calculated to estimate the capability of the risk factors in
predicting IOMs. P values ofless than 0.05 were regarded as
statistically significant, and all reported P values were bilateral.
When adding variables into the Poisson regression analysis
model, we used P< .20 as a standard to ensure that low-impact
factors were not being missed. The test level (a) was set to 0.05.
3. Results

3.1. Demographics and clinical characteristics

A total of 2373 PBC patients participated in this investigation,
and 865 patients were finally involved based on the inclusion and
exclusion criteria. Table 1 lists baseline data such as the
demographic and clinical characteristics of the IOM group (10
patients) and the NIOM group (855 patients). As for age, we
observed that patients in the IOMs were much older than that in
the NIOMs (P = .038). The histopathology results were not
significantly different between the 2 groups. Besides, most IOMs
were 2 to 5cm and TNM 2–3 Stage. Detailed clinical data for all
elderly patients participating in the study are listed in Table 1.
3.2. Differences in the clinical features and the risk factors
associated with intraocular metastases

The results showed that triglyceride, high density lipoprotein,
apolipoprotein B, lipoprotein a and carcino-embryonic antigen
were not significantly different between the IOM and NIOM
group (P> .05). However, serum CA-125, CA15–3 and alkaline
phosphatase levels were significantly elevated in the IOM group
compared with the NIOM group (P = .082, P< .001, and



Table 1

The clinical characteristics of patients with PBC.

Characteristics Total number of patients (%) IOM group (n=10) NIOM group (n=855) P
∗
value

Age (yr)a 58.24±7.77 63.30±3.86 58.18±7.78 .038
Histopathology(n)b .406
Invasive ductal carcinoma 429 6 423
Other types 393 4 389
Unknown 43 0 43
Tumor size(cm)b .020
<2 65 1 64
2–5 522 9 513
>5 0 0 0
Unkonwn 278 0 278
Stageb .001
I 37 0 37
II 400 3 397
III 144 7 137
IV 37 0 37
Unkonwn 247 0 247

A Student t test was used. b Chi-Squared test was used. P values <.05 represented statistical significant.
IOMs = intraocular metastases, NIOMs = non-intraocular metastases, PBC = postmenopausal breast cancer.
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P< .001, respectively). Compared with the NIOM group, age,
CA-19–9, hemoglobin, calcium, total cholesterol, LDL and
apolipoprotein A1 were lower in the IOM group (P = .038,
P< .001, P< .001, P = .032, P = .041, P< .001 and P = .001,
respectively) (Table 2). The Poisson regression model showed
that CA-125, CA15–3 and LDL were contributing to IOMs in
PBC as risk factors (OR = 1.003, 95% CI: 1.001–1.005; OR =
1.025, 95% CI: 1.019–1.033; OR = 0.238, 95% CI: 0.112–
0.505, respectively) (Table 3).

3.3. The cut-of value, area under the curve, sensitivity,
and specificity of carbohydrate antigen 125, carbohydrate
antigen 15–3, and low-density lipoprotein in diagnosing
intraocular metastases

The ROC curve showed that CA15–3 had the highest predictive
accuracy for IOMs (AUC = 0.984), and its sensitivity and
Table 2

The differences of clinical characteristics between patients with and

Characteristics IOMs group N

Age(yr) 63.30 ± 3.86 5
CEA(ng/mL) 31.89±62.09 1
CA-125(U /mL) 114.84±171.62 2
CA15–3(U /mL) 137.70±61.42 19
CA19–9(U /mL) 7.82±3.82 1
HB(g/L) 101.20±9.47 12
ALP(U/L) 120.20±58.77 78
Ca(mmol / L) 2.10±0.49 2
TC (mmol/L) 4.89±1.15
TG(mmol/L) 1.58±0.63
HDL (mmol/L) 2.26±1.78
LDL (mmol/L) 1.73±0.89
APOA1(g/L) 1.06±0.43
ApoB (g/L) 1.31±0.45
Lp(a)(mg/L) 223.50±121.20 19
∗
P values <.05 represented statistical significant.

APOA1 = apolipoprotein A1, ApoB = apolipoprotein B, ALP = alkaline phosphatase, Ca = calcium, CEA =
153, CA19–9= carbohydrate antigen19–9, HB= haemoglobin, IOMs= intraocular metastases, HDL= hig
triglyceride.
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specificity was 100.0% and 97.2%, respectively (Table 4 and
Fig. 1). The cut-off values for CA-125, CA15–3 and LDL were
16.78 0U/mL, 63.175U/mL, and 2.415mmol/L, respectively. In
other words, PBC patients with CA-125 >16.78 0U/mL, CA15–
3 >63.175U/mL, and LDL<2.415mmol/L are at greater risk of
IOMs. The results for the combined risk factors showed that a
combination of CA-125 and CA15–3 had a higher diagnostic
accuracy for IOMs than the single factors (AUC = 0.982,
P< .001) (Table 4 and Fig. 1).

4. Discussion

The incidence of IOMs in BC is low, at approximately 0.07% to
12%.[10] In the current study, the incidence of IOMs in PBC was
1.16%, within the range of 0.07% to 12%. We also found that
patients in the IOMs were much older than that in the NIOMs.
However, the result of poisson regression showed that p value of
without IOMs.

IOMs group T value P value
∗

8.18 ± 7.78 2.076 .038
4.80±277.91 0.782 .447
1.86±167.86 1.741 .082
.66 ±34.73 10.569 <.001
6.06±24.95 �5.56 <.001
2.43±13.46 �7.005 <.001
.97 ± 35.83 3.586 <.001
.50 ±0.53 �2.516 .032
5.79±4.46 �2.277 .041
2.34±1.85 �1.307 .192
2.24±1.73 0.033 .975
3.66±1.75 �6.673 <.001
1.70±0.44 �4.654 .001
1.61±1.30 �0.732 .464
3.55±207.25 0.768 .461

carcino-embryonic antigen, CA-125 = carbohydrate antigen-125, CA15–3 = carbohydrate antigen-
h density lipoprotein, LDL= low-density lipoprotein, Lp(a)= lipoprotein a, TC= total cholesterol, TG=

http://www.md-journal.com


Table 3

The poisson regression results.

Factors B OR OR (95% CI) P value
∗

Age 0.027 1.027 0.948–1.113 .505
CA-125 0.003 1.003 1.001–1.005 .016
CA15–3 0.025 1.025 1.019–1.033 <.001
CA19–9 �0.163 0.850 0.695–1.040 .114
HB �0.021 0.979 0.943–1.016 . 268
lALP �0.008 0.992 0.983–1.002 .128
Ca �1.679 0.187 0.020–1.735 .140
TC 0.027 1.027 0.990–1.066 .147
TG �0.285 0.752 0.468–1.209 .240
LDL �1.437 0.238 0.112–0.505 <.001
APO-A1 �1.868 0.154 0.007–3.421 .237
∗
P values <.05 represented statistical significant.

ALP = alkaline phosphatase, APOA1 = apolipoprotein A1, CA-125 = carbohydrate antigen-125,
CA15–3 = carbohydrate antigen15–3, CA19–9 = carbohydrate antigen19–9, Ca = calcium, HB =
haemoglobin, LDL = low-density lipoprotein, TC = total cholesterol, TG = triglyceride.

Table 4

The ROC results of risk factors for predicting IOMs in breast
cancer patients.

Factors
Cut-off
value

Sensitivity
(%)

Specificity
(%) AUC P value

∗

CA-125 (U/mL) 16.78 90.0 75.7 0.838 <.001
CA15–3 (U/mL) 63.175 100.0 97.2 0.984 <.001
LDL (mmol/L) 2.415 81.4 80.0 0.874 <.001
CA-125+ CA15–3 – 100.0 94.1 0.982 <.001
CA-125+ LDL – 40.0 87.8 0.604 .256
CA15–3+LDL – 90.0 80.8 0.906 <.001
CA-125+CA15–3+ LDL 100.0 89.2 0.965 <.001
∗
P values <.05 represented statistical significant.

AUC = area under the curve, CA-125 = carbohydrate antigen-125, CA15–3 = carbohydrate
antigen15–3, IOMs = intraocular metastases, LDL = low-density lipoprotein, ROC = receiver
operating characteristics.

Figure 1. The ROC curves of risk factors for IOMs in PBC. (A) The ROC curve of CA-125. The AUC was 0.838 (P value <.001; 95% CI: 0.6822–0.9945)
(IOMs>NIOMs). (B) The ROC curve of CA15–3. The AUCwas 0.984 (P value<.001; 95%CI: 0.9760–0.9927) (IOMs>NIOMs). (C) The ROC curve of LDL. The AUC
was 0.874 (P value <.001; 95% CI: 0.7692–0.9795) (IOMs<NIOMs). (D) The ROC curve of a combination of CA-125 and CA15–3. The AUC was 0.982 (P value
<.001; 95% CI: 0.9704–0.9943). The ROC curve of a combination of CA-125 and LDL. The AUC was 0.604 (P value = .256; 95% CI: 0.3991–0.8096). The ROC
curve of a combination of CA-153 and LDL. The AUC was 0.906 (P value <.001; 95% CI: 0.8462–0.9654). The ROC curve of a combination of CA-125, CA-153
and LDL. The AUC was 0.965 (P value <.001; 95% CI: 0.9451–0.9867). ROC = receiver operating characteristic, AUC = area under the curve, CI = confidence
interval, IOMs = intraocular metastases, NIOMs = non-intraocular metastases.
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Figure 2. Examples of IOMs. (A) B-ultrasound of an eye with IOMs (left eye): A solid echo of a strong echo is visible in the posterior pole, and the mass grows along
the wall of the ball. (B) Fundus photography an eye with IOMs (right eye): A yellow-white, nodular flat bulge can be seen under the retina of the posterior pole. (C)
Fundus angiography of an eye with IOMs (right eye): Fluorescence leakage lesion, high fluorescence, and angiography in the lesion are visible. (D) Pathological
images of IOMs HE stain�200. IOMs = intraocular metastases; HE = hematoxylin and eosin.

Tang et al. Medicine (2021) 100:43 www.md-journal.com
ages was 0.505, indicating there was no significant correlation
between ages and IOMs. It may because the number of patients in
IOMs group was limited. Besides, most IOMs were 2 to 5cm and
TNM 2–3 Stage, indicating IOM can occur at an early stage of
PBC.
The most frequent symptoms of IOMs are blurred vision and

sight loss, which are non-specific symptoms, and the prognosis
for IOMs is poor.[11] Moreover, according to a case report, after
34years of BC remission, IOMs occurred.[12] Therefore, there is a
necessity for long-term screening for IOMs. However, adherence
to follow-up visits is low in PBC.[13] Consequently, the
management of IOMs in PBC is confronted with an enormous
challenge, because of non-specific IOM symptoms, unfavorable
adherence, excessive follow-up times and the low incidence of
IOMs. Moreover, imaging tests (Fig. 2) are likely not suitable to
regularly screen PBC patients during long-term follow-up.
However, recently, it has been revealed that serum biomarkers
are related to prognosis in many cancers, suggesting that
5

serological monitoring will play an increasingly important role
in the detection of cancer during follow-up (Table 5). Therefore,
to permit the early detection of IOMs in PBC, the identification of
serum risk factors is necessary and is becoming more feasible.
CA-125, known as Mucin 16, is the largest mucin, and its

overexpression occurs in numerous cancers.[14] It was revealed by
a multicenter study that CA-125 has considerable diagnostic
value in epithelial ovarian cancers (EOCs).[15] CA-125 exerts an
important role in EOC cell proliferation and metastases.[16]

Additionally, CA-125 has been linked to lung cance, pancreatic
cancer, gastric cancer, colorectal cancer, endometrial cancer, and
uterine papillary serous carcinoma.[17–22] It was also reported
that CA-125 shows diagnostic value in identifying BC recur-
rence.[23] Moreover, it was confirmed that CA-125 has
considerable value in diagnosing metastatic BC.[24] A study
involving 2133 BC patients revealed that CA-125 was related to
bone metastases in BC.[25] In fact, the P value of CA-125, (IOM
vs NIOM) was 0.082 (Table 2), which was more than 0.05 and

http://www.md-journal.com


Table 5

The serum tumor biomarkers as risk factors of different types of cancer.

Author Year Cancer Serum tumor biomarkers

Guida F[17] 2018 Lung cancer CA-125,CEA, CYFRA 21–1 Pro-SFTPB
Luo G [18] 2017 Pancreatic cancer CEA, CA-125
Namikawa T[19] 2018 Gastric cancer CA-125
Gao Y[20] 2018 Colorectal cancer CEA, CA19–9, CA72–4, CA-125, Ferritin
Imai K[21] 2016 Endometrial cancer CA-125
Gupta D[22] 2011 uterine papillary Serous Carcinoma CA-125
Molina R[28] 2016 Lung cancer CEA, CA15–3, SCC, CYFRA 21–1, NSE, Pro-GRP
Li J[29] 2013 Cervical cancer CA15–3, TNF-a
Zhang B[30] 2016 Colorectal cancer CA15–3, CA-125, CA19–9, CA242
Hong TT[42] 2016 Colorectal cancer LDL-C, TC, TG, HDL-C
Zhang GM[43] 2015 Prostate cancer LDL, TC, TG
Deng H[44] 2019 Esophageal squamous cell carcinoma LDL
McCaw L[45] 2017 Chronic lymphocytic leukemia LDL

CEA = carcinoembryonic antigen, CA-125 = cancer antigen 125, CA19–9 = cancer antigen 19–9, CA72–4 = cancer antigen 72–4, CA15–3 = carbohydrate antigen 15–3, CA242 = carbohydrate antigen,
CYFRA 21–1 = cytokeratin-19 fragment, HDL-C = high-density lipoprotein cholesterol, LDL = low-density lipoprotein, LDL-C = low-density lipoprotein cholesterol, NSE = neuron-specific enolase, Pro-GRP =
pro–gastrin-releasing peptide, SCC = squamous cell carcinoma–associated antigen, TNF-a = tumor necrosis factor-a, TC = total cholesterol, TG = triglyceride.

Tang et al. Medicine (2021) 100:43 Medicine
not statistically significant in the Student t test. In the Poisson
regression analysis model, we used P< .20 as a standard to ensure
that low-impact factors were not being missed and the OR of CA-
125 turned out to be significant (P= .016, Table 3). Therefore, we
hypothesized that CA-125 is a risk factor for IOMs in PBC. The
current study revealed that the occurrence of IOMs is more likely
in PBC patients with CA-125 >16.78 0U/mL.
CA15–3, also known as Mucin 1, is a membrane tethered

glycoprotein, which contributes to cancer progression.[26] It was
reported in a meta-analysis that CA15–3 could be a cancer
biomarker.[27] Moreover, numerous studies have reported that
CA15–3 is relevant in lung cancer, cervical cancer and colorectal
cancer, and it is also useful in the diagnosis of malignant pleural
effusion.[28–31] It was demonstrated by a study involving 1681
participants that CA15–3 in high levels plays a crucial role in the
BC tumor burden.[32] Serum levels of CA15–3 are recommended
for use in detecting metastatic BC by the American Society of
Clinical Oncology Clinical Practice Guidelines.[33] It was
reported by Wu SG et al[34] that CA15–3 is a risk factor for
axillary lymph nodemetastasis in BC. Similarly, this link was also
observed for liver metastasis in BC.[35] In a recent case report it
was observed that CA15–3 increased in a 57-year-old BC patient
with IOMs that arose 28years after the initial BC diagnosis. [36]

Consequently, we identified CA15–3 as a risk factor for IOMs in
PBC. Patients with CA15–3 >63.175U/mL are more likely to
suffer IOMs.
LDL, a lipoprotein granule abundant in cholesterol, trans-

ports cholesterol to peripheral tissues from the liver.[37] LDL
has been correlated with ocular diseases such as meibomian
gland dysfunction and age-related cataracts.[38,39] Recently, it
has been demonstrated that metabolic dysregulation contrib-
utes to an elevation in cancer mortality.[40] It was reported by
Guang et al that LDL has an adverse link with the total risk of
cancer.[41] Serum LDL has been linked to colorectal cancer,
prostate cancer, esophageal squamous cell carcinoma and
chronic lymphocytic leukemia. [42–45] LDL has been reported as
a risk factor in the context of cancer progression and
metastases.[46] Moreover, it was reported by Kumar et al. that
high levels of LDL are linked to BC.[47] Increased BC
proliferation and metastasis was observed following LDL
stimulation, as the levels of tumor LDL receptors increased.[48]
6

However, it was demonstrated that BC patients with metastases
had a significantly lower level of LDL compared with a control
group.[49] This may be because of the large consumption of
LDL during rapid proliferation and metastases in BC.
Therefore, we hypothesized that LDL at a low level was a
risk factor for IOMs in PBC. The current study demonstrated
that patients with LDL <2.415mmol/L are at greater risk for
IOMs. However, the ROC results indicated that the accuracy of
LDL in predicting IOMs is not sufficient to detect IOMs alone.
Although the results are promising, the current study still has

some limitations. Firstly, this is a retrospective observational
study. As the study period is substantial, some correlative data
are not adequate, such as patient survival time. Moreover, there
may be differences in the methodological and technical aspects
within the assay of tumor markers and biochemical parameters,
whichmay exert a negative effect on the sensitivity and specificity
of test parameters. Besides, the sample size of IOMs is limited and
it may not be sufficiently large to enable the extrapolation of the
results to the entire BC population. Thirdly, some confounding
bias may be present, because all of the data in the current
study derived from a single medical institution. Therefore, the
results of the current study need to be validated through a
multicenter study.
5. Conclusion

To summarize, this investigation revealed that CA-125, CA15–3,
and LDL have considerable predictive value for IOMs in PBC as
risk factors. These markers will facilitate the early detection of
IOMs in PBC during long-term follow-up. Moreover, these
results could inspire novel insights into the molecular mecha-
nisms of CA-125, CA15–3, and LDL for antineoplastic
applications.
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