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Almost all reported mutations of IDH1/2 in gliomas are
heterozygous missense affecting either codon 132 in IDHI
or codon 172 in IDH2 [11]. About 90 % of all IDHI/2
mutations are ¢.395G>A (R132H) in IDHI [11]. Other
IDH] mutations include ¢.394C>T (R132C), ¢.394C>A
(R1328), ¢.394C>G (R132G), ¢.395G>T (R132L), R132P
(nucleotide change not reported in the original article) and
R132V (£.394C>G and ¢.395G>T); the latter two muta-
tions reported only in single cases [9, 29]. IDH2 ¢.515G>A
(R172K) accounts for about 3 % of all IDH1/2 mutations,
and other IDH2 mutations include ¢.515G>T (R172M),
c.514A>T (R172W), ¢.516G>C (R172S) and c¢.514A>G
(R172G) [11].

Direct sequencing and immunohistochemistry (IHC) are
the most widely used methods for assessing the IDHI/2
status. Sanger sequencing, however, has the limitation of
being unable to detect mutations in tumor samples that
contain extensive necrosis or are contaminated with. non-
neoplastic cells; the accuracy of Sanger sequencing,
therefore, largely depends on the quality of the sample [1,
5]. For THC, two specific antibodies for the mutant R132H,
DIA-HO9 and IMab-1, are commercially available and
well-characterized [4, 15]. The significant advantage that
IHC has over Sanger sequencing is that FFPE samples are
readily available through routine histopathological exami-
nation. THC, however, can only detect the mutation specific
to the antibody used. Antibodies specific for mutations
other than R132H have also been developed [14, 16],
however, their efficacy needs to be further validated in
clinic.

We have developed rapid and robust assays for the
detection of [DHI/2 mutations using pyrosequencing,
which is a sequence-by-synthesis technique based on the
luciferase-luciferin light release as a signal for nucleotide
incorporation into. target DNA [24]. Our novel assays
enable the detection of all reported mutations in IDHI or
IDH? at a single run for each gene. We describe the details
of our original assay and evaluate its potential efficacy in
clinical -application.

Materials and methods
DNA samples

Frozen tissue samples from a total of 160 glioma cases
operated at the National Cancer Center Hospital (Tokyo,
Japan) were included in this study; 29 diffuse astrocyto-
mas, 11 oligoastrocytomas, 2 oligodendrogliomas, 28
anaplastic astrocytomas, 21 anaplastic oligoastrocytomas, 8
anaplastic oligodendrogliomas, 55 primary glioblastomas
and 6 secondary glioblastomas. Matched FFPE samples
were available for .analysis in nineteen cases
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(Supplementary Table 1). Twenty blood samples were also
analyzed as a normal control. The study was approved by
the local institutional review board. Histological diagnoses
were made according to the WHO classification [18].
A DNeasy Blood & Tissue Kit (Qiagen, Tokyo, Japan) was
used to extract DNA.

Control plasmids.

All control plasmids that contain every single type of
mutation except IDHI R132L (s¢e below) were generated
by subcloning the mutated sequences from the tumor
samples (obtained from the Departrnent of Pathology,
University of Cambridge [12]). Briefly, after amplifying
the genomic DNA containing the different types of IDHI/2
mutation, the polymerase chain reaction (PCR) product
was subcloned into the pMD20-T vector by a TA cloning
procedure using the 10X A-Attachment mix (TOYOBO,
Osaka, Japan) and a Mighty Cloning Kit (TAKARA Bio
Inc.; Tokyo, Japan) according to the manufacturers’ rec-
ommendations. The control plasmids for R132H, R132C,
R132S and R132G in IDHI, and R172K, R172M, R172W
and R172S in IDH2 were all generated using the method.
described above. The plasmid containing the IDHI R132L
(c.395G>T) mutation was generated by site-directed
mutagenesis because no samples in our tumor cohort had
this mutation. For this procedure, 50 ng of plasmids with
wild-type IDHI were unidirectionally amplified using a
complementary pair of oligonucleotides containing the
mutation, and the non-mutant dam-methylated template:
plasmid DNA. was digested using the Dpnl restriction
enzyme (New England Biolabs Japan Inc., Tokyo, Japan)
before the newly synthesized mutated construct is trans-
formed into E. coli.

Pyrosequencing

Polymerase chain reaction primers were designed for
amplifying relatively small DNA fragments, either 86 bp
for IDHI or 85bp for IDH2 sequences, containing the
targeted region so that the assay could potentially be used
for DNA extracted from archival tissues. Detailed infor-
mation about the primers is given in Table 1. Templates for
pyrosequencing were prepared by amplifying genomic
DNA (10 ng) with primers that were biotinylated for the
template strands. The 25 pl PCR mix included 62.5 uM of
each dNTP, 0.625 units of Ampli Taq Gold 360 DNA
polymerase and 0.5 pM of primers for IDHI1/2 each as per
manufacturer’s recommendations. The MgCl, concentra-
tion of the PCR mix was optimized for each primer set;
2mM for IDH! and 1.5 mM for IDH2. The thermal
cycling conditions for amplification were as follows: one
cycle of initial denaturation at 95. °C for 10 min, followed
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Table 1 Sequences of the primers for PCR for pyrosequencing,
Sanger sequencing, and the pyrosequencing assays

Procedure Sequence

PCR for pyrosequencing
For IDHI (product length 86 bp)

Forward primer CAAAAATATCCCCCGGCTTG
(PC6041)
Reverse primer bio-CAACATGACTTACTTGATCCCC
(PC6042)
For IDH2 (product length 85 bp)
Forward primer ACATCCCACGCCTAGTCCC
(PC6099)
Reverse primer bio-TCTCCACCCTGGCCTACCTG
(PC6100)
Pyrosequencing
For IDHI
Primer (P0125) ACCTATCATCATAGGT
Sequence to analyze CDTCATGCTTAT
Dispensation order GATCATGTCATG
Assay type AQ assay
For IDH2
Primer (P0O126) CCCATCACCATTGGC
Sequence to analyze ANGCAC
Dispensation order TATGTCACGCAC
Assay type AQ assay

Sanger sequencing [10]
For IDHI (product length 254 bp)

Forward primer ACCAAATGGCACCATACGA
(IDH1 fc)

Reverse primer TTCATACCTTGCTTAATGGGTGT
(IDH1 rc)

For IDH?2 (product length 293 bp)

Forward primer GCTGCAGTGGGACCACTATT
(IDH2 fc)

Reverse primer TGTGGCCTTGTACTGCAGAG
(IDH2 rc)

by 35 cycles 95 °C 30s, 55°C 30 s, and 72 °C 30 s. An
additional cycle at 72 °C for 5 min was added to complete the
elongation step. Amplification of the PCR products was con-
firmed by running 3 pl of the reaction mix on an agarose gel.

Single-stranded templates for pyrosequencing were
prepared as per manufacturer’s recommendations using
20 pl of PCR template (Qiagen, Tokyo, Japan). The puri-
fied single-stranded PCR products were denatured and
annealed to 15 pmol of pyrosequencing primer. Pyrose-
quencing was performed using the PyroGold Q96 SQA
Reagents and the PyroMark Q96 software: (version 2.5.7)
on a PSQ96 pyrosequencer (Qiagen, Tokyo, Japan)
according to the manufacturer’s recommendations. The
data were analyzed using the PyroMark Q96 software. The
3 end of the pyrosequencing primers was designed
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immediately upstream of each hotspot. The dispensation
orders for pyrosequencing were designed so that all pos-
sible mutations at the first two positions of codon 132 of
IDHI and codon 172 of IDH2 could be identified in a
single assay for each gene (indicated in Table 1). An AQ
analysis, which is an analysis mode within the PyroMark
Q96 software, was performed so that the percentage of
mutant allele could be quantified in this assay.

Sanger sequencing

Templates for Sanger sequencing were prepared by
amplifying 10 ng of genomic DNA with a set of primers
(Table 1). The 10 pl PCR mix included 2.0 mM of MgCl,,
125 pM of each dNTP, 0.5 units of Ampli Taq Gold 360
DNA polymerase (Applied Biosystems, Foster City, CA,
USA) and 0.5 pM of primer pairs (IDH1 fc and rc for
IDH], or IDH2 fc and rc for IDH2 [10]). The same primer
pair as the one used for IDHI pyrosequencing (PC6041 and
PC6042) was used in a single FFPE sample (DA068) which
was not sufficiently amplified by the standard primer pairs
for Sanger. The thermal cycling for amplification was as
follows: one cycle of initial denaturation at 95 °C for
10 min, followed by 40 cycles of 95 °C 30 s, 55 °C 30 s,
72 °C 30 s with an additional cycle of 72 °C for 7 min.
Amplification of the 254 bp (IDHI) or 293 bp (IDH2)
product was confirmed by running 3 pl of the reaction mix
on an agarose gel. After purification using ExoSAP (Af-
fymetrix Japan KK, Tokyo, Japan) as per manufacturer’s
recommendations, cycle sequencing was carried out using
the BigDye Terminator v3.1 cycle sequencing kit (Applied
Biosystems, Foster City, CA, USA) and the same forward
primer (IDH1 fc, PC6041 or IDH2 fc) as the amplification
of genomic DNA.

The thermal cycling for amplification was as follows: 25
cycles of 96 °C 10 s, 50 °C 15 s, and 60 °C 4 min,

Immunochistochemistry

Immunohistochemistry using a mouse monoclonal anti-
human IDH1 R132H antibody (H09, Dianova, Hamburg,
Germany) was performed by a polymeric method of EnVi-
sion FLEX system (Dako Japan Inc, Tokyo, Japan) with an
automatic staining machine (Auto-stainer Link 48, Dako
Japan Inc, Tokyo, Japan) as previously reported [8]. The
presence of positive granular cytoplasmic staining in the
tumor cells was judged as being indicative of mutant IDHI.

Results

The sensitivity and specificity of the newly developed
pyrosequencing assays for IDHI and IDH2 mutation
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Fig. 1 Pyrograms for each IDHI/2 mutation. Samples containing
equal amounts of wild-type and mutant DNA were subjected to the
pyrosequencing assays. The pyrograms show the mutation-specific
pattern obtained for each mutation in IDHI (a) or IDH2 (b) indicated
by the arrows. “N” denotes the normal peaks. In this assay, all the

screening were first validated using the control DNA
mixture that contains equal amounts of the wild-type and
mutated plasmid constructs. All /DHI mutations were
successfully identified by detecting mutant-specific peaks
in a single assay. As shown in Fig. 1a, only one peak at the
4th dispensation (C) was observed among the first 5 dis-
pensations in the pyrogram of the wild-type IDHI, while
abnormal peaks were observed either at the 1st, 2nd, 31d,
5th or 6th dispensation only in the mutated DNA, but not in
the wild type. As for IDH2, two peaks at the 3rd (A) and
6th (G) dispensations were observed in the pyrogram of the
wild type, while abnormal peaks unique to each mutation
were observed at the 2nd, 5th and 7th dispensations in
R172W, R172M and R172S mutants, respectively
(Fig. 1b). The IDH2 R172K mutation could be detected by
a peak twice as high as the wild type at the 3rd dispensation
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mutations but IDH2 R172K have their specific patterns of peaks
which are not. present in the wild-type samples. The IDH2 R172K
mutation is detected as a higher peak at the 3rd dispensation (4) and a
lower peak at the 6th dispensation (G); those peaks are marked by
“NE"

and a peak half as high as the wild type at the 6th dis-
pensation. Thus, our assays identify all mutants of IDH1/2,
except the R172K mutant, by the presence of abnormal
peaks which should be absent in the wild-type IDH2. The
R172K mutation can also. be detected by quantifying the
mutant allele frequency using an AQ analysis as described
below. ‘

Twenty blood samples were then subjected to pyrose-
quencing to determine the threshold of normal variation.
For the ¢.395 position of IDH], the mean frequency of A,
T, G (wild type) and C was 0 %, 0.078 & 0.065 % (range
0-0.27 %), 99.9 £ 0.1 % (range 99.7-100 %) and 0 %,
respectively. For the c¢.514 position of IDH2, the mean
frequency of A, T, G (wild type) and C was 7.0 + 2.6 %
(range 3.6-139%), 0%, 93.0+26% (range
86.1-96.4 %) and O %, respectively. Based on the
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Fig. 2 Serial dilution analysis
for the evaluation of the
sensitivity in detecting R132H
mutation in IDHI. a A mixture
of the control plasmid
constructs containing variable
ratios of wild-type and R132H
mutant alleles of IDHI was
subjected to pyrosequencing.
Even 5 % of mutant allele could
be detected as a peak as shown
in the pyrogram (the mutated
peaks are indicated by arrows).
b The triplicated results of the
pyrosequencing assay plotted
against the expected
concentration showing a very
high concordance (R? = 0.996).
¢ The peak of the mutant allele
in the Sanger sequencing
chromatogram was obscure in
samples containing 10 % or less
mutant DNA
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maximum error ratio in the normal blood controls, the
mutant allele frequency of 0.27 % or less for IDHI and
13.9 % or less for IDH2 will be considered as within
normal variation.

Next, serial dilution experiments were performed to
assess the sensitivity of the pyrosequencing assay to detect
IDHI1/2 mutations. Pyrosequencing and Sanger sequencing
were performed on either R132H of IDHI or R172K of
IDH2 mutant construct serially diluted with the wild-type
plasmid to achieve ratios of mutant DNA of 0, 1, 5, 10, 20,
30 or 50 % in triplicate as follows. The presence of the
IDHI R132H mutant allele was detected as a clearly dis-
tinct peak in the pyrogram in samples containing 5 % or
more mutant DNA (Fig. 2a) whereas the mutant peak in the
chromatograms obtained from direct sequencing was
apparent only in samples with 20 % or more mutant DNA
(Fig. 2¢). The mean measured frequencies of the triplicate
experiments showed a strong linear correlation, being
almost equal to the actual frequencies of the mutant alleles
(jR2 = 0.996, p < 0.0001) (Fig. 2b). Based on the threshold
defined in the above experiments, the samples showing a
mutant allele ratio of 5 % or more were judged to be
mutated in this assay. This sensitivity was remarkably
comparable with the value found in previously reported
assays [7, 26]. As for R172K in IDH2, because it was not
possible to design an assay to detect the mutation by the
presence of a unique peak, this mutation could nevertheless
be characterized by quantifying the peak common to
wild-type and mutated alleles using the AQ analysis.
The mean frequencies of triplicate experiments
were slightly higher, nonetheless strongly correlated with
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the expected frequencies of the mutant alleles

([Percentage in AQ analysis] = 1.07 % [Actual percentage]
+4.13, R? =0.998, p <0.0001) (Fig. 3b). Based on the
results of the blood samples, the samples showing a mutant
allele concentration of 10 % or above were considered as
mutated in this assay. In Sanger sequencing, the mutant
allele could only be detected in samples containing at least
10 % of the mutated DNA (Fig. 3c).

Finally, the pyrosequencing assay and Sanger sequenc-
ing were compared in a series of glioma samples to validate
the efficacy of detecting mutations on genuine clinical
cases. IDHI was Sanger sequenced in all 160 cases and
IDH?2 in selected cases mainly consisted of those without
IDHI mutations (n = 113). The result of each case is
shown in Supplementary Table 1. The pyrosequencing-
based analysis for IDHI detected mutations in 75 cases (74
cases with R132H and a single case with R132S), while the
Sanger sequencing failed to detect three R132H mutant
cases (DA068, AA067 and OA 040). The frequencies of
mutant alleles measured by pyrosequencing were low in
the three discordant cases (10.8-16.2 %), suggesting that
those samples contained a low percentage of tumor cells.
The results of the pyrosequencing and Sanger sequencing
screening for IDH2, which identified R172K mutations in 4
tumors (Supplementary Table 1), were identical in all cases
analyzed.

Immunohistochemistry was performed on 69 cases
including the three discordant cases between Sanger
sequencing and pyrosequencing. IHC and pyrosequencing
results were concordant in all cases. To ensure that exactly
the same specimen was used for comparison, the three
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Fig. 3 Serial dilution analysis
for the evaluation of the
sensitivity in detecting R172K
mutation in /DH2. a Samples
containing variable
concentrations of wild-type and
R172K mutant alleles of IDH2
were subjected to
pyrosequencing. For detection
of this mutation, the assessment
was based on the allele ratio
calculated by the AQ assay as
shown in the insets. b The
pyrosequencing assay -gives
slightly higher values,
nonetheless it showed a high
concordance with the expected
concentration. ¢ The peak of
mutant allele in the Sanger
sequencing (arrows) was
obscure in samples containing
10 % or less mutant DNA
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discordant cases between pyrosequencing and Sanger
sequencing (DA068, AAO67 and OA 040) were subjected
to a new round of Sanger sequencing and pyrosequencing
using DNA extracted from sequentially sectioned FFPE
samples which were used for THC. In one of the three
previously discordant cases (DA068), the R132H mutation
in IDH1 was detected by pyrosequencing and IHC, but not
by Sanger sequencing (Fig. 4). In the other two previously
discordant cases (AA067 and OA040), the THC was found
positive and the repeated Sanger sequencing also con-
firmed the presence of the mutations as a minor allele.

To test whether pyrosequencing is applicable to FFPE,
the DNAs extracted from a further 16 matched FFPE
specimens were subjected to pyrosequencing for IDHI.
The results from FFPE and frozen samples were consistent
in all cases examined (Supplementary Table 1).

Discussion

The purpose of this paper is to present and discuss in detail
a novel pyrosequencing assay for the mutational analysis of
IDHI/2. This protocol was specifically designed with the
clinical setting in mind and should, therefore, be quickly
and easily implemented in any laboratories equipped with a
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pyrosequencer. The assay is fully compatible with Sanger
sequencing and shown to be robust, efficient and more
sensitive in detecting low-level mutations than the Sanger
sequencing method. This assay is particularly useful for the
genetic screening of IDH1/2 mutations in a large tumor
cohort as exemplified by its successful application in our
recent study of gliomas [2].

Pyrosequencing has been applied to various genetic
analyses including mutation detection at hotspots in KRAS,
or quantitative measurement of methylation levels in the
CpG island of the O°-Methylgnanine-DNA methyltrans-
ferase (MGMT) gene using bisulfite-modified DNA [19, 21,
23]. Several previous studies have also reported the use of
pyrosequencing for the detection of IDH1/2 mutations [6,
7,17, 20, 26, 27, 32]. These studies mainly focused on the
feasibility of detecting IDHI/2 mutations by pyrose-
quencing or the clinical signiﬁcance of these mutations,
however, full details of the assay were not given, which
prevented independent validation of the assay by others [6,
7, 20, 27, 32]. Our novel pyrosequencing assays for
detecting IDHI/2 mutations are fully validated using
engineered controls for almost all known IDHI R132 and
[DH2 R172 mutations. We also strived to provide all the
technical details to allow an immediate replication of the
technique. The robustness of a pyrosequencing-based



Brain Tumor Pathol

b

GTCGTCATG

Fig. 4 The discordant case. A single case (DA068) showed discor-
dance between pyrosequencing, Sanger sequencing and immunohis-
tochemistry for [DHI. a The peaks indicating the R132H mutation
(arrows) are shown in the pyrogram. The ratio of the mutant alleles
was calculated to be 6.48 % by the AQ assay, suggesting the low
density of tumor cells in this specimen. b A peak of adenine (green) at
the hotspot (broken arrow) indicating the R132H mutation was

analysis depends on the design of the dispensation order,
which determines the various types of mutation detectable
by the assay. We successfully detected virtually all types of
the known reported IDH1/2 mutations using a single assay
each for IDHI and 2. Some of the previous studies applied
more than one assay for this purpose [26]. Moreover, all
mutations except one, IDH2 R172K, are detected by the
presence of mutation-specific peaks which are absent in the
wild-type samples, making the assay highly sensitive. Not
enough detailed information such as the dispensation order
for example was provided in other previous studies [17].
With our novel assay, we set to achieve a fast and easy
implementation aimed at the clinical setting.

We demonstrated the sensitivity and quantitativity of
our assays by serial dilution analysis. It is a known fact that
the sensitivity of conventional Sanger sequencing may be
compromised by contamination of the samples with non-
neoplastic tissues. Our results suggest that the conventional
Sanger technique requires the presence of at least 20 % of
the mutant alleles for the detection to be reliable [29]. By
contrast, our assay detects as little as 5 % of the mutant
alleles, and this sensitivity is comparable to previous

s
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obscure and hard to distinguish from non-specific peaks in the
chromatogram. The cytoplasm of infiltrating tumor cells was
positively stained in IHC using an antibody against the R132H
mutation (original magnification x400). The overall tumor cell
content of this FFPE sample was low. Three separate areas with
different tumor cell contents are shown (¢ the highest in this
specimen, d intermediate, e low)

studies [7, 26]. Glioma tissues often have a heterogeneous
cell contents due to the invasive nature of the tumor into
the surrounding brain tissue as well as its tendency to
attract microglia infiltration [22]. The detection of IDHI1/2
mutations in samples containing a low percentage of tumor
cells is challenging, but it is an absolute necessity for its
clinical application. We showed that our pyrosequencing
assays were applicable to FFPE samples, which are con-
sistent with previous reports [6, 7, 26].

An optimal method for IDH1/2 mutation testing remains
under debate [28]. Some studies found that the results
obtained by pyrosequencing were identical to those gen-
erated by Sanger sequencing [7, 26]. One study reported
comparable frequencies of IDHI/2 mutations detected
between pyrosequencing, Sanger sequencing and THC [17].
In the present study, the result of IHC was identical to that
of pyrosequencing, while Sanger sequencing failed to
detect mutations in three cases (4 % of IDHI mutated
cases). The discordance between pyrosequencing and
Sanger sequencing was attributable to the low tumor con-
tents in each sample (see “Results”). Pyrosequencing thus
provides higher sensitivity, robustness and throughput for
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the analysis of IDHI/2 mutation than Sanger sequencing
[7]. Although the consistency between pyrosequencing and
IHC needs further validation, pyrosequencing enables rapid
screening for [DHI/2 mutations (about 3-4 h) in a setting
where DNA samples are already extracted. Ultimately, the
~optimal method for IDH1/2 testing also depends on criteria
such as the purpose of each study and/or the types of
specimens available.

In summary, we have estabtished a robust and sensitive
assay for the detection of IDHI1/2 mutations. Our pyrose-
quencing assays are suitable for the analysis of a large
number of samples, particularly if the samples are all
simultaneously investigated such as in a large-scale retro-
spective clinical study.
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Abstract Surgical resection remains an important option
for the treatment of brain metastases despite recent
advancemerits in radiotherapy and systemic therapy. When
selecting surgical candidates, it is important to exclude
terminal cases who will receive neither a survival benefit nor
an improvement in their quality of life. We reviewed a total
of 264 surgical cases of brain metastases and analyzed the
clinical characteristics of early death in order to clarify the
indication for and the role of surgery. The median survival
time (MST) after surgery in all cases was 12.4 months.
Early death was defined as death within 6 months, and 23 %
(62 cases) of this series were succumbed to this. A decrease
in postoperative Karnofsky performance status (KPS) (<70)
(P = 0.041), lack of systemic therapy after surgery
(P < 0.0001), and uncontrolled extracranial malignancies
(P = 0.0022) were significantly related to early death in
multivariate analysis, while preoperative KPS (<70) and
recursive partitioning analysis (RPA) class were related to
early death only in univariate analysis (P < 0.05). When
analyzing patients with uncontrolled extracranial malig-
nancies and those with a postoperative KPS score of 70 or
greater (who were generally candidates for systemic ther-
apy), the MST was significantly longer in the systemic
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therapy (4) group compared with the systemic therapy (—)
group (12.5 vs. 5.6 months; P = 0.0026). Our data indicate
that the postoperative RPA class and treatment strategy were
associated with early death. Deterioration of patients by
surgery should be avoided in the treatment of brain
metastases.

Keywords Brain metastases - Surgery - Early death -
Leptomeningeal metastases

Introduction

Brain metastasis is a life-threatening event for cancer
patients and indicates that cancer has reached the advanced
stages. Surgical resection remains an important option for
treatment despite recent advancements in radiotherapy and
chemotherapy. The aims of surgical resection are mass
reduction and rapid improvement of neurological status.

Knowledge regarding the prognosis of extracranial
lesions is important when making decisions about surgery.
Several studies have attempted to identify prognostic fac-
tors, and various classification systems including recursive
partitioning analysis (RPA) classification and graded
prognostic. assessment (GPA) have been developed [1, 2].
These classification systems have mainly been validated in
patient populations treated with radiotherapy; however,
some reports have indicated that these systems are useful
for predicting survival time after surgery [3-9]. Consider-
ing the risks associated with treatment, terminal cases who
receive neither a survival benefit nor an improvement in
their quality of life (QOL) should be excluded during the
selection of surgical candidates.

Herein, we describe a retrospective analysis of the
relationship between clinical characteristics and the
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outcome of surgery for brain metastases, and we discuss
the indications for and the role of surgery.

Materials and methods
Patients

In total, we included 264 cases (156 men and 108 women)
who underwent resection as their first surgery for brain
metastases at the National Cancer Center Hospital in Japan
between January 2000 and December 2011. The mean age
of the included patients was 57.5 years (range 19-87), and
their clinical characteristics were extracted from their
medical records. Overall survival was calculated from the
first resection surgery to death. The Karnofsky perfor-
mance status (KPS) was determined as recorded or was
retrospectively estimated from information obtained from
the clinical chart by three neurosurgeons (Y.N., Y.M,, and
S.S.) who performed surgery on the patients. RPA classi-
fication of each patient was performed using published
criteria [1]. Preoperative status, including performance
status and RPA, was evaluated at the time of surgery, while
postoperative status was evaluated approximately 1 month
after. surgery. The performance status and RPA class of
patients who died within 1 month after surgery were
recorded as O and III, respectively. Information regarding
the RPA class and status of extracranial malignancy was
not available for 1 case.

The cause of death was determined by clinical evalua-
tion. Neurological deaths were defined as cases with neu-
rological deterioration and stable extracranial disease as
well as cases with apparent fatal progression of intracranial
lesions or leptomeningeal metastases (LMM) regardless of
systemic conditions.

The analysis in this study was approved by the local
institutional review board (reference no. NCC16-066).

Treatment

Our basic surgical indications for brain metastases were
described in a previous report [10]. Surgical candidates
included patients with the following characteristics: (1) a
post-surgery life expectancy of 6 months or more based on
information from medical oncologists, (2) no clinical
symptoms or apparent radiological findings indicating
LMM, and (3) single metastases measuring =3 cm, or
multiple or smaller tumors associated with severe neuro-
logical symptoms such as cerebellar metastases. In prin-
ciple, adjuvant radiotherapy usually began 8 days after
surgery. Adjuvant stereotactic radiosurgery (SRS) or ste-
reotactic radiotherapy (SRT) was undergone only for the
treatment of the surgical remnant or unresected lesion(s) in

@ Springer

patients with multiple metastases. After brain metastases
were controlled, patients received further systemic therapy
or best supportive care (BSC) according to decisions made
by medical oncologists.

A total of 37 patients received RT prior to surgery. In
patients who experienced tumor recurrence after radio-
therapy, surgical indication was judged via discussion with
senior radiologists.

Early death

Early death was defined as death within 6 months after the
first surgery for brain metastases, and the clinical profiles
between the early death group and the non-early death
group were compared. This definition is based on a com-
parison between the outcome of whole brain radiation
therapy (WBRT) and surgery. The median survival time
(MST) after WBRT alone is approximately 6 months [11-
13]; therefore, if surgery confers a survival benefit, it
should extend this time period.

Statistical analysis

Statistical analysis was performed using JMP version 10
(SAS Institute, Cary, NC, USA). The data for survival time
were analyzed using the Kaplan—-Meier method. A P value
below 0.05 was considered statistically significant.

Results
Analysis for all cases

When all cases were analyzed, the median follow-up, MST,
1-year overall survival rate, and 5-year overall survival rate
were 11.2, 12.4 months, 52, and 12 %, respectively. The 3
and 6-month overall survival rates were 89 and 75 %,
respectively. When patients were divided according to
preoperative RPA class, we determined that MST was
21.8 months for class I (59 cases, 22 %), 12.4 months for
class II (148 cases, 56 %), and 6.5 months for class III (56
cases, 21 %) (Fig. 1a). When we reevaluated the data using
postoperative RPA classification, MST was 20.8 months
for class I (66 cases, 25 %), 11.2 months for class II (176
cases, 67 %), and 4.3 months for class IIl (21 cases, 8 %)
(Fig. 1b). Both of pre- and postoperative RPA class were
significantly related with survival (P < 0.0001, log-rank
test). The relationships between preoperative and postop-
erative RPA class are shown in Supplementary Table 1.
KPS improved in 53 %, was unchanged in 40 %, and
worsened in 7 % of all cases after surgery. Surgical com-
plications were observed in 20 cases (7.6 %) including 8
instances of neurological deterioration due to surgical
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Fig. 1 Survival analysis. a Survival curves according to preoperative
RPA class. MST was 21.8 months for.class I, 12.4 months for class II,
and 6.5 months for class II. b Survival curves according to
postoperative RPA class. MST was 20.8 months for class I,
11.2 months for class I, and 4.3 months for class III. ¢ Survival
curves according to type of adjuvant therapy in patients with high
KPS (70 or more) and uncontrolled extracranial malignancies. MST
was 12.5 months for the systemic therapy (+) group and 5.6 months

manipulation, 3 cerebral infarctions, 2 cases requiring
evacuation of intraparenchymal hemorrhage, 1 case
requiring evacuation of epidural hematoma, 1 case treated
conservatively for intraparenchymal hemorthage, 1 case
requiring ventricular drainage for obstructive hydrocepha-
lus, 1 instance of pulmonary embolism, 1 instance of sur-
gical site infection, 1 sudden cardiopulmonary arrest, and 1
instance of vocal paralysis related to intubation. A per-
mapent neurological deficit occurred in 11 (4.2 %)
patients, but did not lead to early death in any case. Four
patients (1.5 %) succumbed to surgery-related death (i.e.,
death within 30 days after surgery). Of these, two died of
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for. the systemic therapy (—) group. d Survival curves according to-
postoperative systemic therapy. Group 1 consisted of patients without
systemic disease, group 2 consisted of patients undergoing systemic
therapy for uncontrolled extracranial disease, and group 3 consisted of
patients who had -extracranial disease but did not receive systemic
therapy. MST was 20.8 months for group 1, 12.4 months for group 2,
and 5.1 months for group 3

advanced systemic diseases 22 and 30 days after surgery,
respectively. The other patients experienced neurological
death: 1 died of LMM 23 days after surgery, while the
other died of brainstem infarction 17 days after surgery for
frontal lobe metastases.

Clinical characteristics of the early death group
A total of 62 patients (23 %) were included in the early
death group. The early death rates were 10, 22, and 41 % in

preoperative RPA class I, I, and III patients. When patients
were divided according to postoperative RPA class, the
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Table 1 Patient characteristics

Table 2 Multiple logistic regression analysis for early death

Total Early  Non-early P value®
death  death

Patients no. 264 62 202
Multiple BM 67 24 43 0.0058
Infra-tentorial lesions 79 18 61 0.86
Age 65 or more 82 16 66 0.31
Preoperative KPS <70 57 24 33 0.0002
Postoperative KPS <70 22 13 9 <0.0001
ECM and/or uncontrolled 161 50 111 0.0003

primary lesion®
Preoperative RPA® 0.0059°

I 59 6 53

I 148 33 115

m 56 23 33
Postoperative RPA® 0.0041°

I 66 7 59

It 176 43 133

11 21 12 9
Primary cancer

Lung 102 24 78

Breast 48 11 37

GI 46 14 32

Malignant melanoma 13 5 8

Renal 8

Others 47 6 41
GTR 232 53 179 0.51
Any RT prior to surgery 37 11 26 0.33
Adjuvant RT(-+) 216 46 170 0.075
Systemic therapy after operation for BM

+) 119 16 103 <0.0001

= 129 46 83

BM brain metastases, ECM extra-cranial metastases, G/ gastrointes-
tinal, GTR gross total removal, KPS Karnofsky performance status,
RPA recursive partitioning analysis, RT radiation therapy, WBRT
whole brain radiation therapy

* Pearson’s Chi square test
® Data of one case was absent
¢ Analyzing with dividing into RPA T and II-IIT

early death rates were 11, 24, and 57 % in class I, I, and T
patients, respectively.

Table 1 shows the results of univariate analysis of data
from the early death group and the non-early death group.
The early death group contained a significantly higher ratio
of patients with multiple brain metastases, KPS <70,
uncontrolled primary cancers, and advanced RPA (II or
IIT). The distribution of primary cancers did not differ
significantly between these 2 groups. Fewer patients
received systemic therapy after the resection of brain
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Qdds ratio P value

Postoperative systemic therapy (—) 491 <0.0001
Uncontrolled extra-cranial malignancy (-+) 5.22 0.0022
Postoperative poorer KPS (<70) 3.61 0.041
Multiple brain metastases (2.04) 0.051
Preoperative poorer KPS (<70) (1.84) 0.18
Preoperative advanced RPA (class Il or I}  (0.79) 0.84
Postoperative advanced RPA (class II or III)  (0.96) 0.98
Adjuvant radiotherapy (not performed) (1.69) 0.21

KPS Kamofsky performance status, RPA recursive partitioning
analysis

metastases in the early death group than in the non-early
death group (26 vs. 55 %).

Multivariate logistic regression analysis was performed
to -identify which factors were most closely related with
early death. Only clinical factors with P < 0.1 in univariate
analysis (as described above) were used for this analysis.
As shown in Table 2, uncontrolled primary tumors or
extracranial metastases, lack of postoperative systemic
therapy, and a postoperative decrease in KPS (<70) were
significantly related to early death.

The impact of postoperative systemic therapy
on the survival of patients with uncontrolled
extracranial disease

The impact of treatment strategy on survival was further
analyzed because postoperative systemic therapy was sig-
nificantly related with early death in the univariate and
multivariate analyses described above. Survival analysis
using the Kaplan—Meier method did riot reveal a difference
in survival between patients in the systemic therapy (+)
group (119 cases) and the (—~) group (129 cases) (12.9 vs.
10.7 months; P = 0.68, log-rank test). Because systemic
therapy is not usually administered to patients with poor
performance status or without extra-cranial malignancies,
we performed a further analysis including only patients
with uncontrolled extracranial malignancies and those with
a postoperative KPS of 70 or more. Based on this analysis,
the MST was significantly longer in the systemic therapy
(+) group (85 cases) than in the systemic therapy (—)
group (54 cases) (12.5 vs. 5.6 months; P = 0.0026, log-
rank test) (Fig. 1c).

The impact of postoperative treatment strategy
on survival

All patients were divided into 3 groups according to
treatment course after surgery for brain metastases: group 1
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(102 cases) included patients without systemic disease,
group 2 (89 cases) included patients who underwent sys-
temic therapy for uncentrolled extracranial disease, and
group 3 (65 cases) included patients who had extracranial
disease but did not receive systemic therapy. Group 3
patients were treated with best supportive care. The MSTs
of groups 1, 2, and 3 were 20.8, 12.4, and 5.1 months,
respectively, and the difference among the groups was
significant (P < 0.0001, log-rank test) (Fig. 1d). The early
death rate was 12 % in group 1, 16 % in group 2.and 55 %
in group 3, and the early death rate of group 3 was sig-
nificantly higher than that of the other groups (P < 0.0001,
Pearson’s Chi square test).

Cause of death

Data regarding cause of death was available for 55 of the
early death cases. Twenty patients (32 %) died from neu-
rological causes, while 35 patients (56 %) died from sys-
temic diseases. Thirteen of the neurological deaths were
attributed to LMM. The adjuvant radiation therapies used
in LMM cases were WBRT in 5 and local brain radiation
therapy in 3 cases. Five cases did not receive either ther-
apy. Other neurological deaths were due to progression of
brain metastases after RT (6 cases) and brain stem infarc-
tion (1 case).

Postoperative status and survival time in preoperative
RPA class 1II patients

Patients assessed as preoperative RPA class Il (n = 56)
typically have shorter survival times; therefore, the clinical
courses of these patients were further analyzed in order to
evaluate the potential treatment benefit. Of these patients, 8
(14 %), 31 (55 %), and 17 (30 %) were postoperative RPA
class I, IT, and 11T, respectively. When patients were divided
according to postoperative RPA class, MST was 13.6, 6.5,
and 3.6 months in class I, I, and T patients, respectively.
MST was significantly longer in patients who experienced
an improvement in postoperative RPA class (n = 39)
compared with patients who remained in class Il (n = 17)
(6.9 vs. 3.6 months; P = 0.019, log-rank test). KPS was
improved in 43 (77 %), unchanged in 10 (18 %), and
worsened in 3 (5.4 %) preoperative RPA class III cases
after surgery.

We further analyzed the cases showing RPA class III
preoperatively but better RPA class postoperatively (I, 8
cases; II 31 cases) in order to discuss the operative indi-
cation for preoperative RPA class Il patients (Supple-
mentary Table 1). Twelve cases (31 %) of this cohort (39
cases) succumbed to early death after surgery, and their
postoperative RPA class was I in one and II in 11. The
causes of their early death were mainly consisted of

systemic death; systemic disease in 8 cases, leptomeningeal
metastasis in 2 cases and unknown in 2 cases. To identify
what factor contributed to the early death in this cohort (39
cases), the postoperative treatment strategy was compared
between the early death cases (12 cases) and the non-early
death cases (27 cases). Eight of the 12 early death cases
received best supportive care while 7 of the 25 non-early
death cases (2 cases lacked the data) did. Thus, lack of
postoperative systemic therapy was also statistically related
with the early death in this cohort despite improvement in
RPA class (8/12 vs. 7/25; P = 0.025, Pearson’s Chi square
test).

Discussion

In this study, we reviewed a surgical series from a single
center and focused on the clinical characteristics of cases
with poorer prognosis. Comparing with the recent studies
presenting their surgical outcome, our series showed the
comparable survival time [3, 6, 7, 9] according to RPA
class and the comparable complication rate (7.6 vs.
4.5-14 %) despite the high ratio of RPA class III (21 vs.
5.7-6.8 %) [6, 14, 15]. We showed that postoperative
treatment strategy and performance status were the sig-
nificant factors for early death in multivariate analysis.
Systemic therapy after surgery was previously reported
as being significantly related to survival time, but this was
contradicted by the result in multivariate analysis [6]. This
result simply seems to reflect the bias of the analysis:
systemic therapy is usually avoided in patients with poorer
performance status or patients without uncontrolled extra-
cranial malignancy. We further analyzed only-patients with
favorable postoperative KPS scores and uncontrolled
extracranial malignancies to ensure that we were only
analyzing patients who truly needed further treatment for
primary cancer. We showed that postoperative systemic
therapy had a significant effect on survival in this popu-
lation (Fig. 1c). Similarly, multivariate analysis showed
that a lack of postoperative systemic therapy was a sig-
nificant factor for early death, which was mainly analyzed
in this study (Table 2). Thus, the treatment strategy for
extracranial malignancies should be considered when
determining operative indication, and this is supported by
the results described in Fig. 1d. In other words, patients
who cannot undergo chemotherapy (e.g., due to multidrug
resistance to systemic therapy) are at high risk of early
death after surgery. We also subjected our cobort to further
analysis for survival by dividing three groups time
according to the operative period (2000-2003, 20042007
and 2008-2011), but the difference in OS or early death
rate was not apparent (data not shown). Despite the recent
advances in systemic therapeutic agents, brain metastases
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Table 3 Review of previous clinical studies: cause of death

Treatment Pt no. MST Neurological Systemic Unknown®
(months) death (%)° death®
Hashimoto et al. {17] Surgery -+ WBRT 66 115 37 35 % 31 %
Surgery -+ LBRT 64 9.7 36 36 % 29 %
Muacevic et al." [18] Surgery + WBRT 33 9.5 29 53 % N.A.
SRS 31 103 11 53 % N.A.
Aoyama et al. [19] WBRT -+ SRS 65 7.5 19 N.A. N.A.
SRS alone 67 8.0 23 N.A. N.A.
Manon et al. [20] SRS 31 8.3 19 30 % 16 %
Serizawa et al. [21] SRS 521 9.0 18 N.A. N.A.
Jawahar et al. [22] SRS 44 7.0 25 36 % 39 %
Andrews et al. [11] WBRT -+ SRS 137 6.5 28 62 % 9%
WBRT alone 149 5.7 31 64 % 5%
Petrovich et al. [23] SRS for MM 231 8 42 50 % 8 %
SRS for others 227 6-17" 23 70 % 7%
Agboola et al. [5] Surgery + RT 125 9.5 25 37 % 6 %
Mintz et al. [13] Surgery + WBRT 41 5.6 15 46 % 5%
WBRT 43 6.3 28 35 % 0%
‘Wronski et al. [24] Surgery = WBRT 231 13 39 30 % 12 %
Bindal et al. [25] Surgery = WBRT 82
Multiple lesions 56 10 36 32 % 23 %
Single lesion 30 14 25 45 % 15%
Vecht et al. [16] Surgery + WBRT 32 10 32 N.A. N.A.
WBRT 31 6 33 N.A. N.A.

LBRT local brain radiation therapy, MM malignant melanoma, MST median survival time, RT radiation therapy, SRS stereotactic radiosurgery,

WBRT whole brain radiation therapy
® The ratio was evaluated with 1-year rate
® The ratio was described in each cancer

¢ Deaths of combined cause of systemic and neurological were not included in any groups. When unknown cause were excluded from analysis in
the original articles, the ratios were re-estimated including deaths of unknown causes

may arise after acquiring drug resistance even for newly
developed agents, and the survival after brain metastases
might depend largely on whether further systemic therapy
can be available or not.

One of the challenges in our study was evaluating both
preoperative and postoperative status. The prognostic sig-
pificance of pre- and postoperative RPA class was previ-
ously analyzed, and the multivariate analysis showed that
only preoperative RPA was significant [9]. This observa-
tion was, however, based simply on the analysis of survival
time. Our analysis differed from the previous study because
we evaluated the factor related to early death and specifi-
cally analyzed the group with the poorest prognosis: pre-
operative RPA class III patients. In the present study,
postoperative RPA class was related to survival and a
higher early death rate, and the early death rate was
extremely high in preoperative RPA class III patients
without postoperative improvement. Because RPA class III
simply indicates a poor KPS score (<70), improvement in
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performance status is a significant factor for survival in
preoperative RPA class III patients. Therefore, when
determining the indications for surgery in preoperative
RPA class I patients, it is important to consider whether
surgery is likely to improve KPS. Patients who are not
likely to experience an improvement in performance status
are also not likely to obtain a survival benefit. However, it
is important to remember that the postoperative treatment
strategy is also significant factor for survival as shown in
our analysis for RPA class Il patients.

Finally, we analyzed the cause of death. Previous studies
have reported a neurological death rate of 15-37 % after
surgery for brain metastases [5, 11, 13, 16-25] (Table 3).
Our results were in line with this, although one limitation
of our study was that the cause of death was available only
for early death cases. Of note, 21 % (13/62) of early death
cases were attributed to LMM in this study. Recent large
studies reported a 5-16 % incidence of LMM after surgical
removal [14, 17, 26, 27]. Considering these results, LMM
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appears. to occur early after surgery and may be a signifi-
cant cause of early death. An increased incidence of early
death might be attributed to either (1) preoperative undi-
agnosed LMM without apparent radiological findings
because of a lack of routine cerebrospinal fluid cytology
[26] or (2) LMM caused by the surgery itself. In fact,
several previous reports have shown an increased risk of
LMM after surgery compared with SRS alone [14, 26-28].
In order to reduce early deaths due to LMM, adjuvant
therapies will need to be developed. The protective effect
of adjuvant radiation therapy for LMM remains contro-
versial, and recent studies have failed to demonstrate this
effect [14, 26]. Further studies are needed to clarify the
efficacy of radiation therapy.

In summary, early death after resection of brain metas-
tases can be attributed to neurologic factors and systemic
factors. Of the neurological factors, LMM is a critical
factor that is related to early death. Further studies
exploring the prevention and treatment of LMM are nec-
essary.. Of the systemic factors, a poor performance status
after surgery (rather than before surgery), uncortrolled
extracranial malignancies, and a lack of systemic therapy
after surgery are related to early death. The limitation of
our retrospective study lies in the possibility of the bias
derived from patient selection. Further analysis including
non-surgically treated cases may confirm our observations.
When making decisions regarding surgery for brain
metastases, physicians should be aware of the importance
of a systemic treatment strategy after surgery, while sur-
geons should recognize that a poor performance status
deprives patients of QOL and a chance for systemic ther-
apy. The role of surgery for brain metastases is not only to
improve the QOL and prevent neurological death but also
to give patients a chance for further systemic therapy.
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Abstract

Background: Esophageal carcinoma
prognosis. Although esophageal cancer
of patients diagnosed with brain metas
Therefore, the risk factors for BM from
our experiences and the previous liter:

Methods: Between 2000 and 2013, we retri pe
and neurological findings of 19 patients dia
EC to-determine the clinical risk factors and features.

Resuits: In all patients, the lesions were partially or completed located in the
thoracic esophagus, and the average size of the EC lesion at diagnosis was
5.8 + 2.9 cm, which was smaller than the previously reported size of EC lesions
accompanied by BM. Patients without luhg metastases were more common than
those with lung metastases. The lesions in the 13 patients included squamous cell
carcinoma (SqCC) in 9 (69.2%) and smiall cell carcinoma (SmCC) in 3 (23.0%). Six

teadily increasing.
Here we reviewed
EC.

: edthe clinical features
'and treated for BM from

patients were not examined. Although there was no trend toward a higher incidence Website:

of BM in patients with adenocarcinoma and SqCC, this trend was observed in www.surgicalneurologyint.com
patients with SmCC. Excluding a single patient with SmCC, all patients had beyond DOI:

stage Ill disease at EC diagnosis. 104103/2152:7806.141468

. . . bars . Quick Response Code:
Conclusions: Our study suggests that BM can occur in patients with EC lesions

smaller than those previously reported; moreover, SmCC may be a risk factor for
BM from EC.

Key Words: Adenocarcinoma, brain metastases, esophageal carcinoma, small
cell carcinoma, squamous cell carcinoma

INTRODUCTION According to the comprehensive registry of EC in Japan,

EC often develops in the 7% decade in males, with a
Esophageal carcinoma (EC) is a major malignancy with  male-to-female ratio of approximately 7:1.111 EC frequently
a poor prognosis and a S-year survival rate of 23%.%  metastasizes to the lymph nodes, liver, lung, and bone, but
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rarely to the brain; the incidence of brain metastases (BM)
from EC is approximately 0.6-1.5%.1116251 Therefore,
it is a rare occurrence, with as few as 150 cases reported
worldwide [Table 1].79121%1620 However, the number
of patients diagnosed with BM from EC is increasing,
probably because of advances in diagnostic imaging and
treatment of the primary EC lesion.!'$?!) Therefore, there
has been a steady increase in the number of clinical reports
of BM from EC, with well-described treatments and
outcomes in particular 11316182281 Ti]| date, however, there
has been insufficient discussion of the clinical risk factors
and features of BM from EC. Therefore, we reviewed our
clinical experiences together with the existing literature to
evaluate recent trends in the occurrence of BM in patients
with EC.

MATERIALS AND METHODS

Between 2000 and 2013, 19 patients with BM from EC were
diagnosed and treated at Kumamoto University Hospital
and Saiseikai Kumamoto Hospital in Kumamoto City
in southern Japan. All patients with BM were diagnosed
by computed tomography (CT) or magnetic resonance
imaging (MRI). To determine the clinical risk factors and
features of BM in patients with EC, we retrospec
reviewed their clinical features and neurological fi
Specitically, the following information was collec
age and sex, time from EC diagnosis to BM
EC size, EC stage at diagnosis, treatment, E
BM location and imaging characteristics,

Table 1: Published reports of brain metastases (BM)
from esophageal carcinoma (EC)I* 31

Appelgvist 1975 1
Bosch et al. 1978 1
Mandard et al. 1981 5
Anderson and Lad 1982 1
Sons and Borchard 1984 3
Chan et al. 1986 2
Kaneko et al. 199 4
Gabrielsen et al. 1995 12
Quint et al. 1995 3
Takeshima et al. 2001 8
Ogawa et al. 2001 36
Weinberg et al. 2003 27
Almasi et g, 2004 1
Yoshida et al. 2007 17
Agrawal et al, 2009 1
Kanemoto et al, 201 12
Smith and Miller 2011 7
Song et al. 2014 26
Present study 2014 19

BM from EC is a rare.occurrence, with approximately 150 cases reported worldwide
EC: Esophageal carcinoma, BM; Brain metastases

http:/fwww.surgicalneurologyint.com/content/5/1/137

symptoms, histology, concurrent metastatic sites, and
survival data. Time from EC diagnosis to BM occurrence
was actuarially calculated using the Kaplan-Meier method.
A probability level of 0.05 was set for statistical sigrificance.
Statistical analysis was performed using StatMate III,
Version 3.19 (ATMS, Tokyo, Japan).

RESULTS

Table 2 provides the clinical summary of all 19 patients.
Table 3 summarizes the EC-related clinical data
and characteristics. The average age at EC diagnosis
was 655 x 69 years (range 52-78 years), and the
male-to-female ratio was 18:1.

The average EC size at diagnosis was 5.8 = 2.9 cm in the
15 patients whose size data were collected. EC location
ranged from cervical esophagus (Ce) to abdominal
esophagus (Ae). The data on EC location were collected
in 17 patients. EC that was partly or completely located
in the middle thoracic esophagus (Mt) was the most
common (12/17 patients), and the lesions were partly
or completely located in the thoracic esophagus (Te) in
all patients. In the 15 patients whose staging data were
o Hected EC at diagnosis was stage IV in 10 patients,
in 4 patients, and stage Il in 1 patient; therefore,
g 1 patient with small cell carcinoma (SmCC),
nts had beyond stage 11T disease.

cal data and characteristics of BM in the
ts are summarized in Table 4. The median
m EC diagnosis to BM occurrence was
onths (range - 3 to 36 months. Time from EC
1agnosxs to BM occurrence was statistically significant,
regardless of whether or not surgery was performed for
EC [HR, 0.31 (0.038, 0.60); P = 0.007]. At diagnosis,
8 patients were asymptomatic and 11 had various

neurological symptoms, including hemiplegia, seizure,

276

visual disturbance, memory disturbance, and aphasia.
Multiple BM lesions were found in eight patients.
Among these, one patient had multiple metastases
throughout the brain and the remaining seven had
a total of 28 lesions: 9 each in the frontal and parietal
lobes, 4 in the occipital lobe, 3 in the cranium, 2 each in
the cerebellum and temporal lobe, and 1 in the corpus
callosum. With regard to the features of BM on CT
and/or MRI, 6 of 19 (31.5%) patients exhibited a cystic
mass with an enhanced rim, 11 of 19 (57.8%) patients
exhibited a solid mass with necrosis, and 2 of 19 (10.5%)
patients exhibited a mass with bone destruction. Surgical
resection of BM and/or EC was performed in 13 patients.
Histological examination for these 13 patients revealed
squamous cell carcinoma (SqCC) in 9 (69.2%), SmCC
in 3 (23.0%), and basal cell carcinoma in 1 (7.6%). Six
patients were without surgical resection and histological
examination. Of note, the proportion of patients without
lung metastasis was higher (57.8%) than that of patients
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Table 2: Summary of the 19 patients with brain metastases from esophageal carcinoma (EC)

67/M SqCC Te (Ut, Lt) 4 1%, 1M No symptoms Yes Died (8)
68/M SmCC Te (Mt) 2 2Y No symptoms Yes -

67/M SqCC Te (Ut-Mt) 6 2Y Convulsion Yes Died (18)
67/M SqCC Te {Lt) 6 3Y Hemiplegia No Died {12)
68/F SqCC Te (Mt-Lt} 3 4M before Memory disturbance No Died (12)
73M SqCC Ce-Te (Mt) 7 6M Hemiplegia No Died (2)
72M SqCC Te (Mt-Lt) 6 1Y, 10M No symptoms No Died (2)
59/M - Te (Mt)-Ae 5 ™M No symptoms Yes -

58/M SqCC Ce-Te {Ut) 5 3M No symptoms No Died (2)
60/M - Te {Mt)-Ae 13 Same time Hemiplegia, aphasia No Died (3)
60/M - Te (Mt), Lt 5 Same time Hemianopsia Yes Died (4}
52/M  BasalCC Te (Mt} - 1Y Disturbance of consciousness, hemianopsia ~ Yes Died {34)
66/M SmCC - - 4y Headache Yes Died (11)
69/M SqCC Te (Ut-Mt) - M Headache No -

52/M - - - 3y No symptoms No -

70/t - Te (M) 3 Same time No symptoms No Died {1)
7IM SqCC Te (Mt-Lt) 10 2Y Headache, hemiplegia No Died (17)
69/M - Te (Lt)-Ae 9 ™ No symptoms Yes Alive (3)
78/M SmCC Te (L) 4 6M Convulsion No Alive (1)
M: Male, F; Fernale, SqCC: Squamous cell carcinoma, SmCC: Small cell carcinoma, Ce: Cervical esophagus, Te: Thoracic esophagus, Ut: Upper thoracic esophagus, Mt: Middle thoracic

esophagus, Lt Lower thoracic esophagus, Ae:Abdominal esophagus, EC: Esophag

with lung metastasis. The survival period from.i
in the I3 patients whose survival data were
rariged from 1 to 34 (average 9.7 = 9.4) month

DISCUSSION

According to the comprehensive registry of EC in Japan
EC progresses in 2% males and 0.4% females.!'!! There
are significant racial variations in the histological types of
EC. According to the study of Chalasani et al., SqCC was
predominant (92%) while adenocarcinoma was rare among
black patients. On the other hand, adenocarcinoma
was more common (66%) than SqCC (32%) among
white patients.® With regard to the histological type of
primary EC in the Japanese population, SqCC is more
common (86.9%) than adenocarcinoma (4.3%).'" In
a study by Weinberg et al., histology did not appear to
be a risk factor for BM, and among the patients with
BM in that study, 82% had adenocarcinoma and 7%
had SqCC.”¥ Although Gabrielsen et al. reported that
adenocarcinomas were more prone to metastasize to
the brain compared with SqCC, their data were not
significant (P = 0.16)."! In contrast, there were no cases
of adenocarcinoma in the present study; SqCC accounted
for 9 of the 13 patients (69.2% BM cases), while
SmCC and basal cell carcinoma accounted for 3 (23%
BM cases) and 1 (7.6% BM cases) of the 13 patients,
respectively. According to the comprehensive registry
of EC in Japan, where SqCC occurs in 87.5% patients

and adenocarcinoma in 4.3%, there is no trend toward a

cidence of BM with adenocarcinoma or SqCC.[!!
rtion of patients with SmCC in our study was
an that of EC in Japan, suggesting that SmCC
fic risk factor for BM from EC. Further research
to confirm this assertion. The features of BM
dfor MRI were not significantly correlated with
listology (OR, 2.0; P = 0.85). However, compared with
BM from lung cancer (cystic, 15%; solid, 85%), BM from
EC show a greater tendency to become cystic masses
with necrosis.!!

Although it is well known that EC rarely metastasizes
to the brain, the number of patients diagnosed with BM
from EC is increasing. Metastases are thought to occur
via local invasion and hematogenous spread,™ with the
latter being the most likely mechanism for BM. Typically,
lung metastasis is rarely found in patients with BM from
EC. Indeed, of the 27 patients in the study by Weinberg
et al., 7 (26%) had lung metastases.®? In our study, 8
of the 19 patients (42.1%) had lung metastases, probably
because hematogenous spread to the brain occurred via
the Batson venous plexus. The Batson venous plexus is
a network of valveless veins that connect the systemic
veins to the internal vertebral venous plexuses.®! Because
of their location and lack of valves, they are thought
to be a route for the lesion to metastasize to the brain
without metastasizing to the lungs.'#% In particular,
because the esophagus contains the esophageal venous
plexus, EC lesions are likely to metastasize to the brain
through the Batson venous plexus. This is supported by
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Table 3: Clinical data and characteristics of esophageal
carcinoma (EC) in the 19 patients

Age at EC diagnosis

Range 52-78 {years) -
Average=SD 65.5::6.9 (years) -
Sex
Male 18 (94.7)
Female 1 (5.2)
Size of EC (n=15: No data in 4 patients)
Range 2-13 {cm) -
Average=SD 5.8::2.9 {cm) -
Location of EC (n=17: No data in 2 patients)
Ce 2 (1n.m
Te
Ut 5 (29.4)
Mt 12 (70.5)
Lt 9 (52.9)
Ae 3 {17.8)
Stage of EC at the diagnosis
{n=15: no data in 4 patients)
Tumor staging
0-l 0
I 1
] 4
v 10
TNM classification
Tx 2
Tis-T1 0
T2 2
1314 " {(73.3)
Nx 1 {6.6)
NO 1 (6.6}
N1 13 (86.6)
Mx 0 {0)
MO 5 (33.3)
M1 10 {66.6)
Treatment for EC
S+R+C 6 (31.5)
R+C 6 (31.5)
S+C 1 (5.2}
S+R 1 (5.2)
R 1 {5.2)
C 1 {5.2)
BSC 3 (15.7)

Stage: using TNM classification, SD: Standard deviation, S: Surgery, R: Radiotherapy,
C: Chemotherapy, BSC: Best supportive care, EC: Esophageal carcinoma

the fact that the thoracic esophagus, which lies in the
region of the esophageal venous plexus, was the most
common location for EC in our study. This phenomenon
may account for the low rate of lung metastases in
patients with BM from EC.
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Table 4: Clinical data and characteristics of brain
metastases {BNI) in the 19 patients

Lfime from EC diagnosis and BM

occurrence
Range —4-36 (months) -
Average=SD 14.215.0 {months) -
Median 7 -
Neurological symptoms
No symptoms 8 {42.1)
Hemiplegia 4 {21.0)
Headache 3 (15.7}
Visual disturbance 2 {10.5)
Seizure 2 (10.5)
Memory disturbance 1 (5.2)
Aphasia 1 (5.2)
Location of BM
Brain
Frontal 9 (50)
Parietal 9 (50)
Occipital 4 (22.2)
Temporal 2 {11.1)
2 {11.1}
callosum 1 (5.6)
3 (16.7)
M on images
s with enhanced rim 6 (31.5)
central necrosis 1 (57.8)
truction 2 (10.5)
atment for BM
S+R 5 {26.3)
R 8 {42.1)
S 3 {15.7)
BSC 3 (15.7)
Histological type of BM and/or EC
{n=13: No data in 6 patients)
Squamous cell carcinoma 9 (69.2)
Smalt cell carcinoma 3 {23.0)
Basal cell carcinoma 1 {7.6)
Other metastatic sites.
Without lung metastasis 1 (57.8)
With lung metastasis 8 {42.1}
With LN metastasis 12 {63.1)

Survival period from BM diagnosis
{n=13: No data in 6 patients)

Range 1-34 {month) -
Average+SD 9.7:£9.39 (month) -
Median 8 {month) -

BM: Brain metastasis, EC: Esophageal carcinoma, BSC: Best supportive care, LN: Lymph
node, SD: Standard deviation )

In the study by Ogawa et al., the primary lesions were
stage 1II or stage IV in 81% patients with BM.'® Our



