L))

Check for
updat

Original Article

Serum tumor marker levels at the development of intracranial
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Background: Intracranial metastasis (IM) is observed in various cancers, including in lung and breast
cancer, and its timely diagnosis is required for successful patient treatment. Various tumor serum markers,
such as carcinoembryonic antigen (CEA), pro-gastrin-releasing peptide (ProGRP), neuron-specific enolase
(NSE), and cancer antigen 15-3 (CA15-3), serve not only as prognostic indicators in lung and breast cancer
but also as risk factors for IM development. This study is the first to assess a subgroup of cancer patients with
IM that did not show elevated serum tumor marker levels.

Methods: This retrospective study included 53 patients with lung or breast cancer in which IM was
detected by enhanced brain magnetic resonance imaging between January 2013 and December 2018.
IM was classified into three types [parenchymal metastasis (PM), leptomeningeal metastasis and dural
metastasis]. Serum CEA level was measured using an electrochemiluminescence immunoassay (ECLIA) or
chemiluminescent immunoassay. Plasma ProGRP level was measured using a chemiluminescent enzyme
immunoassay (CLEIA), and the serum NSE level was measured using ECLIA. The serum CA15-3 level was
measured using CLETA. Univariate and multivariate analyses were performed using Pearson’s i’ test and
logistic regression analysis, respectively.

Results: Among the total 53 patients, 15 patients (28.3%) did not show elevated serum tumor marker
levels. Univariate analysis showed that the patients with PM only significantly correlated with no increasing
tumor marker level compared with other IM types (P=0.030), as well as female patients and patients without
symptoms (P=0.010 and 0.046, respectively). Multivariate showed that the patients with PM only and female
patients significantly correlated with no increasing tumor marker level (P=0.038 and 0.014, respectively).
Conclusions: Our findings describe a subgroup of lung and breast cancer patients with IM that do not
show elevated tumor marker levels, indicating the need for the identification of novel indicators for IM or

increased monitoring of these patients.
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Introduction are widely used as prognostic factors or factors to predict

the therapeutic response in patients with lung or breast
Serum tumor markers, including carcinoembryonic antigen cancer. High levels of these markers in lung or breast
(CEA), pro-gastrin-releasing peptide (ProGRP), neuron- cancer indicate poor prognosis and therapeutic response

specific enolase (NSE), and cancer antigen 15-3 (CA15-3), (1-4). Lung and breast cancers often cause intracranial
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metastasis (IM), including in the central nervous system
(CNS). Elevated serum CEA, ProGRP, and NSE levels
have been reported as predictive factors for CNS metastasis
development (5-8). Although these reports measured
the serum tumor marker levels before CNS metastasis
development, such as during the pretreatment of a primary
tumor, serum tumor markers during CNS metastasis
development have not been examined. A previous study on
the prevalence of IM according to the primary tumor found
that lung and breast cancers were the two major primary
tumors associated with the development of IM (9). We
encountered patients with lung or breast cancer developing
IM who showed no increase in the serum tumor marker
levels. Thus, this is the first study to examine patients with
IM without elevated serum tumor marker levels using brain
magnetic resonance imaging (MRI) findings.

Methods
Patients

We studied 53 patients with lung or breast cancer as the
primary tumor with newly detected IM by enhanced brain
MRI between January 2013 and December 2018. The age
when IM was detected by MRI was defined as the age at IM.
The present study was a retrospective study approved by
the Institutional Review Board of Nihon University School
of Medicine, and informed consent was obtained from all
patients.

Detection of IM

IM was evaluated using gadolinium-enhanced T1-weighted,
non-enhanced T1- and T2-weighted, fluid-attenuated
inversion recovery (FLAIR), and diffusion-weighted MRI
images. IM was classified into three types: (I) parenchymal
metastasis (PM), in which nodular enhancement is detected
in the brain parenchyma; (II) leptomeningeal metastasis
(LM), in which linear, nodular, or miliary enhancement
is detected on the brain surface such as the gyri and sulci,
tentorium, or leptomeningeal of the ventricular ependymal
surfaces (10-12); and (III) dural metastasis (DM), in
which diffuse or nodular enhancement is detected on the
thickening of the dura mater (12,13). When clarifying
whether nodular enhancement was observed in the
parenchymal or brain surface using enhanced T1-weighted
images was difficult, PM was differentiated from LM by
referring to the FLAIR images and T2-weighted coronal
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and sagittal images. Unlike in LM, in DM, the gyri and sulci
are not sequentially enhanced; therefore, it was determined
on the basis of sparing the subarachnoid space (12).
The number of days from the initial treatment of a primary
tumor to the detection of IM by MRI was defined as the
time to IM development.

Extracranial metastatic site at IM

The number of extracranial metastatic sites was evaluated
by performing chest, abdominal, and pelvic computed
tomography (CT) immediately after the detection of IM
using MRI and compared with the number of extracranial
metastatic sites identified during the initial treatment. Each
organ, lymphangitic spread, bone, pleura, and soft tissue
was considered an extracranial metastatic site. For example,
only increased numbers of liver metastases were defined as
no increase in the number of sites.

Measurement of serum tumor marker levels

CEA is a serum tumor marker in non-small cell lung
cancer (NSCLC). Serum CEA level was measured using
an electrochemiluminescence immunoassay (ECLIA) with
the Elecsys® CEAII kit (Roche Diagnostics, Rotkreuz,
Switzerland) or chemiluminescent immunoassay with the
CEA Abbott® kit (Abbott, IL, USA). ProGRP and NSE are
tumor markers of small cell lung cancer (SCLC). Plasma
ProGRP level was measured using a chemiluminescent
enzyme immunoassay (CLEIA) with the Lumipulse Presto®
ProGRP kit (Fujirebio, Tokyo, Japan), and serum NSE
level was measured using ECLIA with the Elecsys® NSE
kit (Roche Diagnostics, Rotkreuz, Switzerland). CA15-3 is
a serum tumor marker of breast cancer. The serum CA15-
3 level was measured using CLEIA with the Lumipulse
Presto® CA15-3 kit (Fujirebio, Tokyo, Japan). The upper
limits of the normal range were as follows: CEA, 5.0 ng/mL;
ProGRP, 81 pg/mL; NSE, 16.3 ng/mL; and CA15-3,
30 U/mL. The serum tumor marker level on the day of
measurement immediately shortest before or after IM
detection using MRI was considered at the IM level. A level
within the normal limit was defined as no increase.

Statistical analyses

SPSS ver. 21.0 (IBM, Armonk NY, USA) was used for
the statistical analyses. To analyze of associations between
clinical features and no increase in tumor marker level at
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IM, univariate and multivariate analyses were performed
using Pearson’s y’ test and logistic regression analysis via the
forced entry procedure, respectively, which were assessed
based on the following patient characteristics and variables:
sex, age at IM (< vs. > median), time to IM development
(< vs. median), primary tumor (lung vs. breast), symptoms
related to IM (yes vs. no), type of IM (PM only vs. LM/DM
+ PM), and increased extracranial metastatic sites at IM
(yes vs. no). A P value of <0.05 was considered statistically
significant.

Results

Table 1 lists the characteristics of the patients in this study.
Of the 53 patients analyzed in this study, 29 (54.7%) were
men and 24 (45.3%) were women. The median age at
IM detection was 68 years (range, 28-84 years), and the
median time to IM development was 470 days (range,
75-8,788 days). Regarding the primary tumor, 39 (73.6%)
patients had lung cancer (19 with adenocarcinoma, 1 with
adenosquamous cell carcinoma, 2 with squamous cell
carcinoma, 15 with small cell carcinoma and 2 patients
with histological type unknown) and 14 (26.4%) had breast
cancer. Among the two patients with unknown histological
type, one was classified as having NSCLC and evaluated
using CEA. Since a histological test was not performed on
the other patient, the patient was evaluated with ProGRP
due to the high ProGRP levels in the patient before the
initial treatment.

Among the total 53 patients, 15 (28.3%) showed no
increase in the serum tumor marker levels at IM detection.
Among the 23 NSCLC patients, 6 (26.1%) showed no
increase in CEA level; among the 12 SCLC patients, 2
(16.7%) showed no increase in ProGRP level; and among
the 4 patients with SCLC, 1 (25.0%) showed no increase
in NSE level. Among the 14 patients with breast cancer, 6
(42.9%) showed no increase in CA15-3 level. Symptoms
related to IM were observed in 35 patients (66.0%).

Regarding the cause of performing MRI that detected
IM, 7 patients (13.2%) with or without symptoms
underwent MRI due to elevated serum tumor marker levels,
and 11 (20.8%) underwent MRI incidentally. A total of
11 patients were classified as having PM only (20.8%) and
8 patients (15.1%) had single PM; 10 were classified as
LM only (18.9%); 2 were classified as DM only (3.8%); 28
were classified as PM + LM (52.8%); 1 was categorized as
LM + DM (1.9%); and 1 was classified with PM + LM +
DM (1.9%). At detection of IM, 14 patients (26.4%) had

© Journal of Thoracic Disease. All rights reserved.

1767

no extracranial metastatic site. In 30 patients (56.7%), the
number of extracranial metastatic sites at IM was increased
compared with the number at initial examination.

According to the univariate and multivariate analysis
results for associations between clinical features and no
increase in serum tumor marker level at IM was noted in
Table 2. In the i test, the patients with PM only significantly
correlated with no increasing tumor marker level compared
with other IM types (P=0.030). Moreover, female patients
and patients with symptoms also significantly correlated
with no increasing tumor marker level (P=0.010 and 0.046,
respectively). No significant differences were observed in
other variables in the univariate analysis. In the logistic
regression analysis, the patients with PM only significantly
correlated with no increasing tumor marker level compared
with other IM types (P=0.038) (Figure 1). In addition,
female patients also significantly correlated with no
increasing tumor marker level compared with male patients
(P=0.014). No significant differences were observed in other
variables in the multivariate analysis.

Discussion

Previous studies reported that the IM incidence rates after
the initial treatment of patients with NSCLC, SCLC, and
breast cancer without metastasis at the initial examination
were 11.6-37% (5,8), 26.8-38% (7,14), and 3.4-28.7%
(15,16), respectively. Over the past decade, the median
time interval from the diagnosis of a primary tumor to
IM development has been prolonged from 3 to 8 months
(1983-1989 ws. 2005-2009) (9). In our patient group, which
was analyzed starting in 2013, IM was detected using MRI
and the time to IM development was prolonged to 470 days.
"This increase may be because of the progress in the systemic
chemotherapy regimen used until IM development. A
longer interval between the diagnosis of a primary tumor
and IM development has been associated with increased
survival, and a longer period between the occurrence of
CNS symptoms and the start of treatment results in a poor
therapeutic effect (17,18). Thus, timely diagnosis of IM
development is important. Performing enhanced brain MRI
periodically is necessary for early detection of IM; however,
the deposition of gadolinium in the brain is currently
controversial (19). As 58-84% of IM patients have some
symptoms, such as headache, seizure, visual disturbance,
or neurologic function disorders (20-22), MRI is often
performed at the onset of symptoms. No previous study
reported on the cause of performing MRI that detected
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Table 1 Characteristics of patients at the development of

intracranial metastasis

Characteristics Value (n=53)
Sex, n (%)
Male 29 (54.7)
Female 24 (45.3)
Median age, years [range] 68 [28-84]

Time to intracranial metastasis
development, days [range]

Primary tumor, n (%)
Non-small cell lung cancer
Small cell lung cancer
Lung tumor only

Breast

470 [75-8,788]

22 (41.5)
15 (28.3)
2(3.8)
14 (26.4)

Tumor marker level at intracranial metastasis, n (%)

Elevated
CEA
ProGRP
NSE
CA15-3

Normal
CEA
ProGRP
NSE
CA15-3

Symptom, n (%)

Yes

No

Reason of performed MRI, n (%)

Symptom
Elevated tumor marker

Accident

Type of intracranial metastasis, n (%)

PM only
Single PM
Multiple PM

LM only

DM only

38 (71.7)
17
8
5
8
15 (28.3)
6
2
1
6

35 (66.0)
18 (34.0)

35 (66.0)
7 (13.2)
11 (20.8)

11 (20.8)
8 (15.1)
3(5.7)

10 (18.9)
2(3.8)

Table 1 (continued)
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Table 1 (continued)

Characteristics Value (n=53)
PM + LM 28 (52.8)
LM + DM 1(1.9
PM + LM + DM 1(1.9

Extracranial metastatic site at intracranial metastasis, n (%)

Liver 19 (35.8)

Bone 17 (32.1)

Lung 15 (28.3)

Pleura 8 (15.1)
Pulmonary lymphangitic 7(13.2)
carcinomatosis

Others 13 (24.5)

None 14 (26.4)

Increasing extracranial metastatic site at intracranial
metastasis, n (%)

Yes 30 (56.6)
No 23 (43.4)

MRI, magnetic resonance imaging; CEA, carcinoembryonic
antigen; ProGRP, pro-gastrin-releasing peptide; NSE,
neuron-specific enolase; CA15-3, cancer antigen 15-3; PM,
parenchymal metastasis; LM, leptomeningeal metastasis; DM,
dural metastasis.

IM after treating the primary tumor. In the present study,
66% of patients underwent MRI because of the onset of
symptoms. In our patient group, 13.2% of patients without
symptoms underwent MRI because of elevated serum tumor
marker levels, which played a role in the early detection of
IM. However, IM was detected in 28.3% of patients without
elevated serum tumor marker levels. Thus, this study is
the first to assess the types of patients with IM that did not
show elevated serum tumor marker levels.

Many reports have been published on the relationship
between serum tumor marker levels before initial treatment
and IM development. Patients with lung adenocarcinoma
and high serum CEA levels before initial treatment have
been reported to be at a high risk for IM development
(5,6). Patients with NSCLC and high serum NSE levels
before the initial treatment have also been reported to be
at a high risk for IM development (8). In another study,
IM patients with NSCLC and distant metastasis before the
initial treatment showed high serum CEA levels (23). In
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Table 2 Univariate and multivariate analyses of associations between clinical features and no increase in tumor marker level at intracranial

metastasis

Characteristics

Univariate analysis

Multivariate analysis

P value Odds ratio 95% ClI P value
Sex (male vs. female) 0.010* 15.005 1.731-130.062 0.014*
Age at intracranial metastasis (years) (<67 vs. =67) 0.407 0.242 0.035-1.669 0.150
Time to intracranial metastasis development (days) (<470 vs. =470) 0.407 3.988 0.469-33.907 0.205
Primary tumor (lung cancer vs. breast cancer) 0.159 1.312 0.126-13.665 0.820
Symptom related to intracranial metastasis (yes vs. no) 0.046* 0.147 0.016-1.363 0.091
Type of intracranial metastasis (PM only vs. LM/DM + PM) 0.030* 0.135 0.020-0.897 0.038*
Extracranial metastatic site at intracranial metastasis (yes vs. no) 0.159 - - -
Increasing extracranial metastatic site at intracranial metastasis 0.125 1.837 0.375-8.989 0.453

(yes vs. no)

*, values statistically significant. PM, parenchymal metastasis; LM, leptomeningeal metastasis; DM, dural metastasis; Cl, confidence

interval.

Figure 1 Gadolinium-enhanced T1-weighted magnetic resonance
imaging showed multiple parenchymal metastases only in a
38-year-old female with history of breast cancer. The patient’s
serum CA15-3 level was not elevated (11.1 U/mL) at the time of

imaging.

the report of serum tumor markers at the first recurrence,
breast cancer patients showed higher serum CA15-3
levels in organ metastasis than in bone metastasis (24).
Recently, IM cases diagnosed using MRI have been
classified into subtypes, such as PM, LM, and DM, and
individual treatment approaches for these subtypes, such as
chemotherapy and targeted therapy, have been developed
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(25-27). Our patients were classified as having PM, LM,
or DM based on the MRI findings, and the relationship
with serum tumor marker levels was assessed. We found
that the patients with PM only significantly correlated with
no increasing tumor marker level compared with other
IM types. This may be because the decrease in the blood-
cerebrospinal fluid (CSF) barrier in LM. The decrease in the
blood-CSF barrier in LM allows cytotoxic agents to easily
reach the brain surface (28,29). This decrease in the CSF
barrier provides easy access for tumor markers produced
in LM tumors to flow into the CSF and then through the
bloodstream. Therefore, in LM, the tumor marker levels
in the serum may tend to increase more easily compared
with those in cases with only PM. A previous study reported
that ventricular CSF CEA levels of LM from a primary
tumor, including lung and breast cancers, are higher
when patients have hydrocephalus as a complication (30).
The authors suggested that light particles such as
CEA could cause backflow to the ventricle due to CSF
congestion. Owing to this backflow, tumor markers
produced in LM tumor would flow from the ventricle and
then to the bloodstream, which may thus increase tumor
marker levels in the serum more in LM than in PM only.
However, CSF CEA level was also not correlated with the
serum CEA level in the LM in breast cancer (31). Thus, the
reasons for our results are currently unclear. We previously
reported that the prognosis in patients with LM only was
better than patients with other IM types (20). These results
could indicate that patients with PM only did not show
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elevated serum tumor marker levels and thus IM was not
detected at the early stage, which may be associated with
the poor prognosis.

One limitation of this study was that the CSF level was
not evaluated. Recent studies have examined the correlation
between serum tumor marker levels and peripheral blood
circulating tumor cells (CTC) in lung and breast cancers.
For example, patients with lung cancer and with elevated
serum NSE levels showed increased CTC counts (32,33).
Measurement of CSF tumor marker levels and peripheral
blood CTC counts in IM patients may help clarify the
pathological conditions of patients with PM only among
patients with IM without elevated serum tumor marker
level in future studies.

Conclusions

In our patient group, 28.3% (15 patients) showed no
increase in the serum tumor marker levels at IM detection.
This notable percentage of patients with IM and without
elevated tumor markers suggests a need to monitor lung
and breast cancer patients or identify new indicators for
IM and the need to distinguish the mechanism of PM from
other IM subtypes in relation with the markers.
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