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Steinacker JM’, Koubaa D, Nielsen HB?, Hannafin J*, Hiura M®, Poli P°, Smoljanovic T’, Wilkinson M*,

Zupet P’, Lacoste A", Ackerman KE"'

Statement of FISA Sports Medicine
Commission: Biological Effects of Testosterone

Stellungnahme der FISA Sportmedizin-Kommission:

Biologische Effekte von Testosteron

The biological effects of testosterone on sexual
differentiation and development and growth are
well-established by in vitro and in vivo studies in
animals and humans. Some beneficial effects of
testosterone on muscle mass, strength, and sports
performance have also been reported.

Because of the general and substantial effects of
testosterone, there are only a few human interven-
tional studies of testosterone supplementation in
healthy males testing strength and exercise perfor-
mance effects in a prospective, randomized double-
blinded approach. There have been such studies in
hypogonadal men demonstrating that testosterone
supplementation confers anabolic benefits to mu-
scle mass and increased strength. Cross-sectional
studies have also found a correlation among muscle
mass, strength, performance, and testosterone le-
vels in men.

There have been studies of exogenous testoste-
rone supplementation in females with and without
oophorectomy that have demonstrated testostero-
ne dose and serum concentration-dependent im-
provements in muscle mass, strength, and exercise
performance. Cross-sectional studies of athletes
have also correlated athletic performance with
testosterone levels.

Prospective pharmacological studies of testos-
terone in elite male or female athletes will likely
not be permitted because of doping regulations and
because performance enhancement is not conside-
red an ethical impetus for pharmaceutical clinical
trials.

Because of conservation of the hormonal cellular
response systems throughout evolution (e.g., hor-
mone and hormone receptor structure, signaling
pathways), the existing animal, human, and in vitro
studies support the complex effects of testosterone,
justifying the inclusion of androgens in the WADA
prohibited list. Testosterone effects not only inclu-
de those involving muscle growth, strength, and
performance, but also include exercise recovery,
mood state, motivation, and immune function. In
developmental phases, testosterone drives diffe-
rentiation of many tissues (e.g., muscle, nerves, and
bone) and has effects on body height, body weight,
brain function, bone mass, and other outcomes.

GERMAN JOURNAL OF SPORTS MEDICINE =70+ 3/2019

In conclusion, the FISA Sports Medicine Com-
mission, in acknowledgement of the scientific and
medical literature, see an important role of testos-
terone for performance, training, and regeneration
in rowing and therefore supports the listing of tes-
tosterone in the WADA prohibited list (Internatio-
nal Standard). Some selected readings regarding
the effects of testosterone are provided below.

After recent public discussions and a request of the
CAS to justify the biological effects of testosterone
on performance, the FISA Sports Medicine Commis-
sion summarizes in this short statement the effects
of testosterone on development, sex differentiation,
many bodily functions, and performance.

This statement was drafted by Dr. Jiirgen Steina-
cker and Dr. Kathryn E. Ackerman, it was revised
and approved by the members of the FISA Sports
Medicine Commission.

Contflict of Interest
The authors have no conflict of interest.
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Analysis and Problems of Traumatic Brain Injury in the Aged

Takeshi Maeda, M.D., Ph.D."?, Yoichi Katayama, M.D., Ph.D."?, and Atsuo Yoshino, M.D., Ph.D."

1) Department of Neurological Surgery, Nihon University School of Medicine, 2) Center for Brain and Health Sciences,
Aomori University

The aged population is rapidly growing across the world. Japan is one of the fastest aging societies, in
which people over 65 comprise 25% of the general population ; and this figure is expected to rise to 40% in
2060. Recently, the aged have come to pose an increasing problem in the management of traumatic brain
injury (TBI). Age is closely associated with an increased poor outcome and mortality following TBI. In fact,
according to several studies on TBI, age could be the most significant factor in the prediction of outcome.
Although the influence of increasing aged TBI is expected to place severe demands on health care
resources, especially in developed countries, there are no randomized studies, or treatment guidelines for
the aged group. Poor outcome and mortality following TBI are related to the anatomical and physiological
vulnerability of the aged brain. Moreover the taking of anticoagulants and antiplatelet agents has been
reported to be one cause of a poor outcome following traumatic intracranial hematoma. In this manuscript,
we describe the current situation and important issues regarding the management of TBI in the aged.
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Fig.1 Age distribution in Japan Neurotrauma Data Bank

(JNTDB)?

There were three projects in JNTDB, which were Projects of 98,
04 and 09. Patients in teens and twenties were suddenly decreased,
and seventies and the elderly were significantly increased during

only 10 years. (From reference 9)
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Table 1 Outcome in aged patients with traumatic brain injury

References Age N(.)' o1 Unfavorable outcome Mortality Poor prognostic factor
(years) | patients
Mosenthal 2002 =65 153 | 43% at discharge 30% Increased age, low GCS
Susman 2002 >65 3,244 | 54% (dependent living) 24% | Increased age
Hukkelhoven 2003 =65 101 | 85% at 6 months 72% Increased age
Nakamura 2006 =50 535 80% at discharge 61% Increased age, mothor vehicle accidents,
falls, jumps
Tokutomi 2008 =70 189 | 90% at 6 months 69 % Increased age, early hypoxia
Shimoda 2014 =65 888 | 87% at 6 months 70% Increased age, low GCS
A 100, . B 5o %
9ol [<65years L— E65-74 years
[0 >65 years ] W >75 years
80 F Y * 400 Y *
| —
70 ] iz
= g
£ 60t ] = 300
] ="
S 50¢ * 3
'.'q': | — 5
S 40t "E 200
= =
30 ¢ Z
20+ 100
LI
0 0
Favorable Unfavorable Mortality Favorable Unfavorable Mortality
outcome outcome outcome outcome

Fig. 2 Comparison of outcome and mortality in different age groups%)
A : Younger than 65 years of age versus 65 years of age and older. There were significant dif-
ferences in outcome and mortality between patients less than 65 years of age and those 65

years of age and older (*p<C0.05).

B : 65-74 years of age versus 75 years of age and older. There were significant differences in
outcome and mortality between patients 65-74 years of age and those 75 years of age and

older (*p<0.05).(From reference 25)

75 i DL L D Sl 1 65~74 IR D BF IR, IRAR
ELWTENERITH L, i RIFEIE R (Fig.
2B). JMEHAHERE & IREEIIBEIRE O tig <, SVERAH
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ORI LT ERWE L, HEBRGICE WO EE K
#L 7 (Fig.4). L2 L7%h5, GCS5LLFDEFHIF GCS
6 DL Lo BFICHAN, A RBFIHEICS C, LR
WEWI EDBHS IR -7 (Fig.5). FEFHINTIC
DWTEHERMBIT 2T ok & 25, 75 kB 125 b iinkt
TRIZBEHRT 2MV AT TH D, I518, KR
GCS HMEfA BICBIE L Tva 7z (& B 12 p<0.001) (Table
2). SRIICOPBEF i % GBS 2 TTREE D D 5 2
EDBHS I o7 (p<0.001) (Table2), ZNZFND
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T B
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HlZ, DL IAMEINT LR, ANBITE > T
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Fig. 3 Effect of surgical management for geriatric patients
with traumatic brain injury

Patients who underwent surgery were significantly more likely to

have a good outcome and less likely to die than patients without sur-

gery.
ASDH
100 -
D With surgery p<0.001
1
80 . Without surgery
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p=0.018
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: .
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Fig. 4 Effects of surgical treatment for acute subdural hematoma (ASDH) and cere-
bral contusion/intracerebral hematoma (ICH)

For patients suffering from ASDH, those undergoing surgery were more likely to have a

favorable outcome and less likely to have mortality. In patients with cerebral contusion/ICH,

those who underwent surgery did not do worse when it came to outcome, and were less likely

to die.

Ol BN R TH 2238, RS RHEO H 4 @
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Fig.5 The effect of the level of coma/disturbed conscious-
ness upon surgical treatment and the outcome

We compared patients with GCS scores of 3-5 on arrival, with

those with GCS scores of 6-15. Patients with GCS scores of 3-5 had

significantly higher rates of unfavorable outcome and mortality than

those with GCS scores of 6-15

Table 2 Variables predicting unfavorable outcome for aged patients with

traumatic brain injury®

Variable Odds ratio (95% confidence interval) | p value
Age=years 2.72 (1.62-4.58) <0.001
Early hypotension 1.94 (066-5.67) 0.227
Early hypoxia 1.84 (0.61-5.52) 0.277
Severe GCS score 2.60 (1.52-4.45) <0.001
Type of surgery

Craniectomy and craniotomy 0.32 (0.17-0.60) <0.001

Burr-hole evacuation 1.29 (0.52-3.20) 0.580
ASDH 0.74 (0.43-1.29) 0.293
AEDH 0.70 (0.26-1.9) 0.482
Brain contusion/ICH 1.01 (0.47-2.16) 0.983
ICP monitoring 1.86 (1.00-3.43) 0.049
Temperature management 2.42 (0.25-23.60) 0.446

GCS : Glasgow coma scale, ASDH : acute subdural hematoma, AEDH : acute epi-
dural hematoma, ICH : intracerebral hematoma, ICP : intracranial pressure
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Abstract. Ribavirin, a nucleic acid analog, has been employed
as an antiviral agent against RNA and DNA viruses and has
become the standard agent used for chronic hepatitis C in
combination with interferon-a2a. Furthermore, the poten-
tial antitumor efficacy of ribavirin has attracted increasing
interest. Recently, we demonstrated a dose-dependent
antitumor effect of ribavirin for seven types of malignant
glioma cell lines. However, the mechanism underlying the
antitumor effect of ribavirin has not yet been fully elucidated.
Therefore, the main aim of the present study was to provide
further relevant data using two types of malignant glioma
cell lines (U-87MG and U-138MG) with different expression
of MGMT. Dotted accumulations of YH2AX were found in
the nuclei and increased levels of ATM and phosphorylated
ATM protein expression were also observed following
ribavirin treatment (10 uM of ribavirin, clinical relevant
concentration) in both the malignant glioma cells, indicating
double-strand breaks as one possible mechanism underlying
the antitumor effect of ribavirin. In addition, based on asses-
sements using FACS, ribavirin treatment tended to increase
the G/G, phase, with a time-lapse, indicating the induction
of G/G,-phase arrest. Furthermore, an increased phosphory-
lated p53 and p21 protein expression was confirmed in both
glioma cells. Additionally, analysis by FACS indicated that
apoptosis was induced following ribavirin treatment and
caspase cascade, downstream of the p53 pathway, which
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indicated the activation of both exogenous and endogenous
apoptosis in both malignant glioma cell lines. These findings
may provide an experimental basis for the clinical treatment
of glioblastomas with ribavirin.

Introduction

The World Health Organization (WHO) classifies gliomas
into four grades of malignancy according to their histopa-
thology and clinical prognosis. Among these neoplasms,
glioblastomas, classified as WHO grade 1V, with the highest
malignancy, account for 10.8% of all brain tumors and are the
most common primary brain tumors in adults (1). Although
current advancements in multimodality treatments including
surgical resection, radiotherapy, and chemotherapy have
become more widespread, the poor prognosis of glioblas-
tomas has not improved for more than three decades. In 2005,
Stupp et al (2) reported a phase III randomized controlled
trial on concomitant and adjuvant temozolomide (TMZ), a
second-generation alkylating agent, in addition to standard
postoperative radiotherapy, as offering a first-line treatment for
primary glioblastomas. They demonstrated that such therapy
increased the median survival time of patients from 12.1 to
14.6 months (2). Furthermore, in 2009, they reported that these
treatments increased the 5-year survival rate from 1.9 to 9.8%
compared to radiotherapy alone (3). Subsequently, surgical
resection and postoperative radiotherapy and chemotherapy
including TMZ, have become the global standard as a first-line
treatment for glioblastomas.

The underlying mechanism that may contribute to the
effect of TMZ on tumors is considered to involve the adduc-
tion of the methyl base at the O°-position of guanine, forming
O°-methylguanine in DNA, which mispairs with thymine
instead of cytosine during the next cycle of DNA replication. As
a result, futile cell cycles of the DNA-mismatch repair system
lead to growth arrest and/or apoptosis induction. In contrast,
O°-methylguanine-DNA methyltransferase (MGMT), a suicide
DNA-repair enzyme, removes the methyl adduct formed by an
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alkylating (methylating) agent including TMZ and attenuates
the effect of TMZ (4,5). The expression of MGMT, which is
estimated to be 45-75% in glioblastomas, is closely correlated
with clinical resistance to TMZ treatment (4,6-8).

Ribavirin (1-p-D-ribofuranosyl-1,2,4-triazole-3-
carboxamide), which was first reported in 1972 by
Sidwell et al (9) as an antiviral agent for the treatment of RNA
and DNA viral infections, is a nucleic acid analog. To date,
ribavirin has been used to treat respiratory syncytial virus as
well as the Lassa virus and has become the standard agent for
chronic hepatitis C in combination with interferon-a2a (10).
The interest in the antitumor effect of ribavirin has been
increasing due to its ability to inhibit inosine-5'-monophosphate
dehydrogenase (IMPDH), eukaryotic translation initiation
factor 4E (eIF4E) and histone methyltransferase enhancer
of zeste homolog 2 (EZH2). Several studies have indicated
an antitumor effect of ribavirin in breast cancer and acute
myeloid leukemia (11-15). In addition, although there have
been few studies on the antitumor effect of ribavirin against
glioma, we demonstrated a dose-dependent antitumor effect
of ribavirin for seven types of malignant glioma cell lines (16).
Recently, Volpin et al (15) also demonstrated the antitumor
effect of ribavirin on glioma cell lines and glioma stem-like
cells. These findings clearly supported the antitumor effect of
ribavirin, however the underlying mechanism has not yet been
fully elucidated.

In the present study, we obtained further data, by exam-
ining the effects of ribavirin on the induction of apoptosis,
the cell cycle, p53-pathway activation and DNA damage by
employing the following two types of malignant glioma cell
lines: the U-87MG cells with no MGMT expression and the
U-138MG cells with MGMT expression. The findings may
provide an experimental basis for the clinical therapy with
ribavirin for glioblastomas.

Materials and methods

Cell lines and cell culture. To elucidate the mechanisms of
ribavirin sensitivity in malignant gliomas, we used two types
of malignant glioma cell lines (U-87MG and U-138MG) which
have different MGMT mRNA and MGMT protein expression.

The human malignant glioma U-87MG and U-138MG
cell lines were purchased from the American Type Culture
Collection (ATCC; Manassas, VA, USA). These cell lines were
cultured in Dulbecco's modified Eagle's medium (DMEM,;
Nissui Pharmaceutical, Tokyo, Japan) containing 10% fetal calf
serum (FCS; Life Technologies; Thermo Fischer Scientific,
Grand Island, NY, USA) using plastic culture flasks (Corning,
NY, USA) in a standard humidified incubator at 37°C with an
atmosphere of CO,.

Growth inhibitory effect. We recently demonstrated the
antitumor efficacy of ribavirin for malignant glioma cell
lines (16). In this previous study, seven malignant glioma cell
lines (A-172, AM-38, T98G, U-87MG, U-138MG, U-25IMG
and YH-13) were exposed to 0.1-1,000 M of ribavirin and
treated for 72 h and it was observed that ribavirin inhibited the
growth of all malignant glioma cell lines in a dose-dependent
manner (16). Based on these results on the growth inhibitory
effect of ribavirin, the treatment concentration of ribavirin that

was chosen for the present experiments was 10 xM, which also
represents a clinically relevant concentration of ribavirin (17).

The growth inhibition of malignant glioma cells by riba-
virin was evaluated by counting the cell numbers. Briefly,
the cells were seeded at 1x10* cells/well in 24-well plates
(Iwaki, Chiba, Japan) and cultured with medium for 24 h.
Subsequently, the cells were washed twice with medium and
further incubated with fresh medium (control) or medium
containing 10 yM ribavirin for 96 h. After incubation, the
cells were harvested with trypsin-EDTA solution (Invitrogen;
Thermo Fisher Scientific, San Diego, CA, USA). The number
of collected cells was assessed using a Coulter Counter
(Coulter Counter Z1; Beckman Coulter, Fullerton, CA, USA).
The experiments were repeated 6 times at each concentration.
Student's t-tests were performed to compare pairs of groups.
Data analyses were carried out using the statistical software
IBM SPSS statistics version 21.0 (IBM Corporation, Armonk,
NY, USA).

Cell cycle distribution analysis. Ribavirin-induced altera-
tions of the cell cycle distribution were analyzed by flow
cytometry. The cells were seeded in 6-well plates (Iwaki) at
1x10° cells/plate, incubated for 24 h and allowed to attach.
Following 10 M ribavirin treatment in the medium, the cells
were harvested using trypsin-EDTA solution at 8§ and 48 h
and fixed in ice-cold 70% ethanol for 1 h. The fixed cells
were treated with 500 pgg/ml RNase A (Roche Diagnostics,
Mannheim, Germany) for 1 h and stained with 12 pg/ml
propidium iodide solution (PI; Miltenyi Biotech, Auburn, CA,
USA) for 30 min at 4°C. The fluorescence was assessed with
a FACSCalibur flow cytometer (BD Biosciences, Franklin
Lakes, NJ, USA) at a wavelength of 610 nm (FL3). The DNA
histograms were analyzed using FlowJo software (BioLegend,
San Diego, CA, USA). The experiments were repeated three
times to confirm reproducibility.

Activation of apoptosis. Ribavirin-induced apoptosis was
analyzed by flow cytometry, using dual staining with an
Annexin V-FITC/PI Apoptosis Detection kit (BD Biosciences).
The cells were seeded in 6-well plates (Iwaki) at 1x10° cells/
well, incubated for 24 h and allowed to attach. The culture
medium was then replenished with fresh medium containing
10 uM of ribavirin for 72 h. Subsequently, the cells were
washed in phosphate-buffered saline (PBS) and harvested
using trypsin-EDTA solution. After centrifugation and
washing in PBS, the solution was agitated with 100 ul of
binding buffer (Wako Pure Chemical Industries, Ltd., Tokyo,
Japan), into which 5 pl of Annexin V Alexa Fluor 488 conju-
gate (Life Technologies; Thermo Fisher Scientific) and 10 pul
of PI (Miltenyi Biotech) were added and incubated at room
temperature for 10 min. An additional 400 ul of binding
buffer was added in order to reach a total sample volume of
500 pul. The fluorescence was assessed with a FACSCalibur
flow cytometer (BD Biosciences). The apoptotic cells were
analyzed using FlowJo software (BioLegend). The experi-
ments were repeated three times to confirm reproducibility.

Western blot analysis. Soluble protein lysates of sub-confluent
glioma cells were obtained using lysate buffer (Medical and
Biological Laboratories, Woburn, MA, USA) for 20 min
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Figure 1. MGMT protein expression of the U-87MG and U-138MG cells as
observed by western blot analysis. MGMT protein was not expressed in the
U-87MG cells, however it was expressed in the U-138 MG cells.

on ice. The proteins (50 pg proteins) were loaded and sepa-
rated by 12% polyacrylamide gel electrophoresis and then
transferred onto nitrocellulose membranes (GE Healthcare,
Tokyo, Japan) for 30 min at 10 V with a Bio-Rad Trans
Blot (Bio-Rad Laboratories, Franklin Lakes, NJ, USA).
Non-specific binding was blocked with a washing buffer
(PBS/0.05% containing 1% skimmed milk) for 60 min at
room temperature. The primary antibody employed for the
immunoblotting was B-actin mouse mAb (cat. no. 013-24553;
1:2,000; Wako Pure Chemical Industries) which was used
as a loading control. The secondary antibodies employed
were anti-mouse IgG (whole molecule) peroxidase conjugate
(cat. no. A4416; 1:5,000; Sigma-Aldrich, St. Louis, MO, USA)
for 60 min at room temperature. The immune complex was
visualized using an ECL detection system (GE Healthcare)
and ImageQuant Las4000 (GE Healthcare), and then analyzed
using ImageJ (National Institutes of Health, Bethesda, MD,
USA). The same experiments were repeated three times to
confirm reproducibility.

MGMT. To confirm the protein expression of MGMT in
the U-87MG and U-138MG cells, anti-MGMT mouse
mAb (cat. no. MT 3.1; 1:500; Thermo Fisher Scientific) was
employed as the primary antibody for western blotting.

p53, phosphorylated p53 and p53 related gene products.
The protein expression of p53, phosphorylated p53 (p-p53)
and important factors of the p53 pathway, p21, Bax, Fas,
caspase-8, caspase-9 and caspase-3, were analyzed at 0, 4,
8, 24 and 48 h after being treated with 10 M ribavirin. As
primary antibodies, anti-p53 mouse mAb (cat. no. sc-126;
1:500), anti-p-p53 mouse mAb (cat. no. sc-101762; 1:500),
anti-p21 mouse mAb (cat. no. sc-6246; 1:500), anti-Bax
mouse mAb (cat. no. sc-20067; 1:500), anti-Fas mouse
mADb (cat. no. sc-8009; 1:500), anti-caspase-3 mouse mAb
(cat. no. sc-7272; 1:500) (all from Santa Cruz Biotechnology,
Inc., Dallas, TX, USA), anti-caspase-8 mouse mAb
(cat. no. 1C12; 1:500) and caspase-9 mouse mAb (cat. no. C9;
1:500) (both from Cell Signaling Technology, Tokyo, Japan)
were employed.

Ataxia telangiectasia mutated (ATM) and phosphorylated
ATM. ATM detects double-strand breaks (DSBs), a type of
DNA damage and activates p53 (18,19). Therefore, we analyzed

U-87MG U-138MG
*
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Figure 2. Antitumor effect of ribavirin in malignant glioma cell lines.
Ribavirin exerted a cell growth inhibitory effect in both the U-87MG and
U-138MG cells. Although the U-138MG cells exhibited a significant sup-
pression of cell proliferation, the effect of ribavirin on cell proliferation was
less pronounced in comparison to that in the U-87MG cells. The results are
expressed as the mean + SE. "P<0.05 (Student's t-test).

the changes in ATM and phosphorylated ATM (p-ATM) at O,
4, 8, 24 and 48 h after treatment with 10 yM ribavirin. As
primary antibodies, anti-ATM mouse mAb (cat. no. sc-23921;
1:500) and anti-p-ATM mouse mAb (cat. no. sc-47739; 1:500)
(both from Santa Cruz Biotechnology, Inc.) were employed.

Fluorescence microscopy. To ascertain DNA damage,
especially DSBs caused by ribavirin, the expression of phos-
phorylated histone H2AX (YH2AX) was investigated using
the fluorescence antibody technique at 4 h after treatment.
The cells were seeded in a collagen-coated glass bottom dish
(Matsunami Glass Ind., Ltd., Osaka, Japan) at a concentration
of 2x10° cells and allowed to proliferate for 24 h. Subsequently,
the cells were treated with DMEM containing ribavirin and
FBS for 4 h at 37°C. After washing with PBS, the cells were
fixed in 95% ethanol and 5% acetic acid for 10 min at room
temperature, and then fixed using PBS containing 1% formal-
dehyde and 0.25% Triton X-100 for 5 min at room temperature.
Following fixation, the cells were blocked at room temperature
for 30 min using PBS containing 5% FBS and stained for
1 h at room temperature using anti-phospho-Histone H2A.X
(Ser139) clone JBW301, FITC conjugate (Merck Millipore,
Billerica, MA, USA). After washing with PBS, the cells were
observed under a fluorescence microscope (Olympus IV70;
Olympus, Tokyo, Japan). The experiments were repeated three
times to confirm reproducibility.

Results

MGMT protein expression. One important mechanism of
resistance to methylating agents such as TMZ is DNA repair
mediated by MGMT. We observed that the absolute value
of MGMT mRNA, obtained using real-time quantitative
RT-PCR, in the U-138MG cells was 6.3x10° copies/mg RNA.
In contrast, such expression was not detected in the U-87MG
cell line (20). Furthermore, in the present study, western blot
analysis revealed an MGMT expression at the protein level in
the U-138MG cells, but an absence of the MGMT expression
in the U-87MG cells (Fig. 1). Thus, the U-138MG cell line
was MGMT-proficient, whereas the U-87MG cell line was
MGMT-deficient.
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Figure 3. Cell cycle distribution analysis of the U-87MG and U-138MG cells which underwent treatment with ribavirin (untreated cells serving as the control)
for 8 or 48 h. The histogram depicting the FACS data demonstrates an increase in the population of cells in the G,/G, phase following ribavirin treatment,
with a time-lapse, indicating that the antitumor efficacy of ribavirin resulted from the accumulation of cells in the G,/G, phase. The results are expressed as
the mean = SE. “P<0.01 (Student's t-test).
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Figure 4. p53 and phosphorylated p53 protein expression following ribavirin treatment. The p-pS3 protein expression was increased following 4 h of ribavirin
treatment in U-87MG and U-138MG malignant glioma cells.

Anticancer effect and cell sensitivity to ribavirin in malignant U-87MG U-138MG
glioma cell lines 21 i e
Growth inhibitory effect. To assess the antitumor effect of P nEw
ribavirin in malignant glioma cells, we treated the U-§87TMG

and U-138MG malignant glioma cell lines, with 10 uM of Bax | A an— iy - AN

ribavirin for 96 h and determined the number of viable cells.
As depicted in Fig. 2, a cell growth inhibitory effect of 10 uM

ribavirin was observed in both the U-87MG and U-138MG Fas

cell lines. Although the U-138MG cells exhibited a signifi- Carpsss

cant suppression of cell proliferation, the inhibitory effect of

ribavirin was less pronounced in comparison to that in the

U-87MG cells. These findings were consistent with those that Caspase-9

we have previously reported (16).

Cell cycle analysis. We performed DNA flow cytometric Gopeses

analysis to investigate whether alterations in the cell cycle

distribution were induced in malignant glioma cells following B-actin  wEw wab SN -9 L e —
10 M of ribavirin treatment for 8 or 48 h. The proportion 0 4 8 24 48() 0 4 8 24 48(h)

of cells in each cell cycle phase are presented in Fig. 3. We

observed that this amount of ribavirin increased the G,/G,
phase at 8 and 48 h following treatment, with a time-lapse,
in both the U-87MG and U-138MG cells, indicating a

Figure 5. Apoptotic pathway induction by ribavirin. Western blot analysis
demonstrated that the protein expression of p21, Bax, Fas, caspase-8, caspase-9
and caspase-3 was increased following 4 h of ribavirin treatment in both
U-87MG and U-138MG malignant glioma cells.
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Figure 6. Induction of apoptosis by ribavirin. In the U-87MG and U-138MG cells, the ratio of detection of Annexin V-positive and Annexin V/PI-positive cells,
indicating early-stage apoptosis and late-phase apoptosis, respectively, as determined by FACS, increased after 72 h of ribavirin treatment.
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Figure 7. Observation of DSBs by YH2AX fluorescence microscopy. The accumulation of YH2AX in the cell nuclei was confirmed by fluorescence microscopy

at 4 h following ribavirin treatment in the U-87MG and U-139MG cell lines.

G,/G,-phase arrest. These findings were consistent with those
that we have previously reported and not contradictory with
those previously reported by Volpin et al (15) as well as by
Ogino et al (16).

We observed the protein expression involved in the cell
cycle mediated by p53 using western blot analysis at 0, 4, 8,
24 and 48 h following 10 uM of ribavirin treatment in malig-
nant glioma cells. The p-p53 and p21 protein expression was
increased after 4 h of ribavirin treatment in the U-87MG and
U-138MG malignant glioma cells (Figs. 4 and 5).

Activation of apoptosis. The induction of apoptosis by
ribavirin in malignant glioma cells was investigated by

Annexin V/PI double staining and assessed using flow cytom-
etry. After 72 h of 10 uM ribavirin treatment, the proportion
of living and apoptotic cells was compared with the control in
both the U-87MG and U-138MG cell lines. The distribution
of apoptotic cells (Annexin V-positive: early-stage apoptosis;
Annexin V/Pl-positive: late-stage apoptosis) are displayed
in Fig. 6. The results revealed that the apoptotic cells were
increased in both cell lines. These findings were not contradic-
tory with the results previously reported by Volpin et al (15).
The underlying mechanisms of the apoptotic effect
of ribavirin were examined by western blot analysis. The
intrinsic mitochondrial pathway associated with apoptosis,
involving Bax, caspase-9 and caspase-3, was analyzed. In
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Figure 8. DSBs detected from ATM and p-ATM protein expression by western blot analysis. The expression of p-ATM was increased in both the U-87MG and

U-138MG cell lines after the ribavirin treatment.

addition, the extrinsic apoptotic pathway mediated by Fas,
caspase-8 and caspase-3 was investigated in the malignant
glioma cells. In both the U-87MG and U-138MG cell lines,
after 4 h of 10 yM ribavirin treatment, the protein expres-
sion of Bax, Fas, caspase-8, caspase-9 and caspase-3 was
increased (Fig. 5). Thus, ribavirin induced apoptosis in the
glioma cells through both the intrinsic and extrinsic apop-
totic pathways.

DNA damage. To ascertain the DNA damage caused by
ribavirin in the malignant glioma cells, investigations of
YH2AX using the fluorescence antibody technique and ATM
and p-ATM protein expression by western blot analysis were
performed. The accumulation of YH2AX in the cell nuclei
was confirmed by fluorescence microscopy at 4 h following
10 uM of ribavirin treatment in both the U-87MG and
U-138MG cell lines (Fig. 7). Furthermore, in each of these
cell lines, the expression of p-ATM was increased after riba-
virin treatment (Fig. 8).

Discussion

The interest in the antitumor effect of ribavirin for tumor treat-
ment has been increasing due to its ability to inhibit IMPDH,
elFAE and EZH2. It has been observed that ribavirin exhibits
an antitumor effect in breast cancer and chronic myeloid
leukemia (11-15). Recently, we demonstrated a dose-dependent
antitumor effect of ribavirin on seven types of malignant
glioma cell lines (16). In clinical practice for brain tumors,
one of the most important problems is whether ribavirin
crosses the blood-brain barrier. It has been observed that when
administered at a dose of 800 mg/day as a therapeutic agent
for chronic hepatitis C, the blood concentration of ribavirin
was 13 uM and the cerebrospinal transitivity of ribavirin, with
a low molecular weight of 244.2, was 70% (17). In addition,
in the present study, a satisfactory cell proliferation inhibitory
effect on both the U-87MG and U-138MG cells was observed
when the concentration of ribavirin was 10 M, indicating
that ribavirin could represent a new therapeutic agent for
glioblastomas. Recently, Volpin et al (15) demonstrated that
30 uM of ribavirin inhibited the proliferation and migration
and increased the cell arrest and cell death of glioma cells,
potentially through the modulation of elF4E, EZH?2 and extra-
cellular regulated protein kinase (ERK) pathways. However,
the mechanism underlying the antitumor effect of ribavirin

on malignant glioma cells has not yet been fully elucidated.
Therefore in the present study, we further investigated the
processes involved in this effect.

When DSBs occur for various reasons, H2AX is phosphor-
ylated (then referred to as YH2AX) and accumulates at the site
of the DNA damage (21). The DSB is recognized by ATM, and
subsequently induces autophosphorylation of ATM and then
p-ATM activates p53 (22). On the other hand, recent evidence
revealed that YH2AX does not always indicate the presence
of DSB (23). Tu et al (23) revealed that an increased level of
YH2AX occurred in the cell cycle-dependent phosphorylation
of H2AX when the G,/M arrest was induced by ionizing radia-
tion and demonstrated that DNA-dependent protein kinase
catalytic subunit and cell cycle checkpoint protein 2, but not
ATM, were two important kinases involved in this process.
In the present study, dotted accumulations of YH2AX in the
nuclei were observed at 4 h after ribavirin treatment in the
U-87MG and the U-138MG cells. The cell cycle distribution
analysis revealed an increase in the population of cells in
the Gy/G, phase after ribavirin treatment. Furthermore, the
p-ATM, p-p53 and p21 protein expression, as investigated by
western blot analysis, was increased after the ribavirin treat-
ment. It is known that p21, known as cyclin-dependent kinase
inhibitor 1, is activated by p53 and induces cell cycle arrest in
the G,/G, phase (24). Therefore, these findings indicated that
ribavirin treatment may increase the G,/G, arrest, but not the
G,/M arrest and DSBs could represent one of the mechanisms
underlying the antitumor effect of ribavirin on malignant
glioma cell lines.

There are two major DSB repair pathways in human
cells (25): one is homologous recombination (HR) and the
other is non-homologous end joining (NHEJ). Repair by NHEJ
is possible throughout the cell cycle, whereas HR occurs only
in the S-phase to the G,-phase when sister chromatids are
present. This indicates that ribavirin-induced DSB may acti-
vate the NHEJ repair pathway, with low restoration accuracy,
rather than the HR pathway.

We evaluated the apoptosis rate by flow cytometric
analysis and the key regulators of apoptosis, the caspase
cascade, downstream of the p53 pathway, by western blot
analysis. Flow cytometry revealed an increased proportion
of Annexin V-positive cells and Annexin V/Pl-positive cells,
which indicated early-stage apoptosis and late-phase apop-
tosis respectively, after 72 h of ribavirin treatment in both
the U-87MG and U-138MG cells. The induction of apoptosis
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initiated the signaling pathway called the caspase cascade.
Caspases can be broadly divided into initiator caspases involved
in the relatively early stage of apoptosis and effector caspases
involved in the actual execution of apoptosis. Apoptosis is
broadly divided into exogenous apoptosis occurring through
the cell membrane receptors (via death receptors; the extrinsic
pathway) and endogenous apoptosis via the mitochondrial
intrinsic pathway (26). The present study revealed that riba-
virin activated caspase-3 (an effector caspase) and increased
the expression of Fas (a death receptor) and caspase-8, which
confirmed induction of exogenous apoptosis. In addition,
increases in Bax and caspase-9, inducing endogenous apoptosis,
were also observed in both the U-87MG and U-138MG cells
following ribavirin treatment. Thus, ribavirin induces apoptosis
in malignant glioma cells by activating both exogenous and
endogenous apoptosis.

Finally, previous research associated with the present
study will be briefly discussed. Surgical resection and
concomitant radiotherapy with TMZ followed by adjuvant
TMZ chemotherapy have become the current standard treat-
ment for glioblastomas. However, the prognosis is still poor
and a more effective TMZ treatment regimen needs to be
established. Among the factors that may contribute to TMZ
resistance, MGMT is thought to be involved in its principal
mechanisms (3,27,28). In addition, it has been indicated
that MGMT methylation status has not only a predictive but
also a prognostic value in glioblastomas (4). In the present
study, a cell growth inhibitory effect of ribavirin was
observed in both cell lines. Specifically, the U-138MG cell
line was MGMT-proficient, whereas the U-87MG cell line
was MGMT-deficient. The antitumor effect of ribavirin may
therefore not be dependent on the expression of MGMT. On
the other hand, Volpin et al (15), for the first time in 2017,
reported the efficacy of ribavirin in combination with radio/
chemotherapy as an anti-glioma agent. They demonstrated
that ribavirin (30 xM) in combination with TMZ (100 xM)
and irradiation (5 Gy) potentially enhanced the efficacy of the
antitumor response in glioma cells and glioma stem-like cells
and that the median survival of animals (rats; intracranial
implantation of 9L gliosarcoma) treated with a combination
of ribavirin (daily i.p. injection of 10 mg/kg) and irradia-
tion (one session, 10 Gy) and TMZ (50 mg/kg for 5 days)
was significantly increased compared with animals treated
with irradiation and TMZ (15). However, further studies are
warranted to assess whether ribavirin is effective against
MGMT. In addition, it is important to conduct more studies
to evaluate whether ribavirin exhibits a synergistic effect with
irradiation and TMZ.

In conclusion, the present study indicated that ribavirin
exerted an antitumor effect on malignant glioma cells due
to the induction of DSBs and the cell cycle arrest in the
G,/G, phase, both in exogenous and endogenous apoptosis. In
addition, such effects may not be dependent on the expression
of MGMT.
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Abstract

Background Brain metastases from hepatocellular carcinoma (HCC) are rare, but their incidence is increasing because of
developments in recent therapeutic advances. The purpose of this study was to investigate the characteristics of brain metastases
from HCC, to evaluate the predictive factors, and to assess the efficacy of gamma knife surgery (GKS).

Method A retrospective study was performed on patients with brain metastases from HCC who were treated at Tokyo Gamma
Unit Center from 2005 to 2014.

Results Nineteen patients were identified. The median age at diagnosis of brain metastases was 67.0 years. Fifteen patients were
male and four patients were female. Six patients were infected with hepatitis B virus (HBV). Two patients were infected with
hepatitis C virus (HCV). Eleven patients were not infected with HBV or HCV. The median interval from the diagnosis of HCC to
brain metastases was 32.0 months. The median number of brain metastases was two. The median Karnofsky performance score at
first GKS was 70. The median survival time following brain metastases was 21.0 weeks. Six-month and 1-year survival rates
were 41.2 and 0%, respectively. One month after GKS, no tumor showed progressive disease. The HBV infection (positive vs.
negative) was significantly associated with survival according to univariate analysis (p = 0.002).

Conclusions The patients having brain metastases from HCC had poor prognosis and low performance state. Therefore, GKS is
an acceptable option for controlling brain metastases from HCC because GKS is noninvasive remedy and local control is
reasonable.

Keywords Hepatocellular carcinoma - Brain metastases - Gamma knife surgery - Hepatitis B virus

Introduction

Hepatocellular carcinoma (HCC) is one of the most frequent
malignant tumors in the world [20]. The incidence of HCC is
the highest in East and South-East Asia and Sub-Saharan
Africa, as a result of the high prevalence of hepatitis B virus
(HBV) and hepatitis C virus (HCV) [15]. In Japan, HCC is the
sixth common cancer and the fifth cause of cancer deaths.

This article is part of the Topical Collection on Brain Tumors
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Department of Neurological Surgery, Nihon University School of
Medicine, 30-1 Oyaguchi-Kamimachi, Itabashi-ku,
Tokyo 173-8610, Japan

Tokyo Gamma Unit Center, Tsukiji Neurological Clinic,
Tokyo, Japan

Brain metastases from HCC are very rare, with their incidence
ranging from 0.2 to 2.2% [3, 10, 12, 17]. However, recent
studies have reported an increased incidence of brain metas-
tases from HCC [18]. The reason behind this is recent thera-
peutic advances in surgical techniques and new methods, such
as transarterial chemoembolization (TACE) and percutaneous
ethanol injection (PEI), which have prolonged the life time of
the patients. Therefore, there are more opportunity chances of
metastases to the brain [16]. Because of the advanced stage at
diagnosis of brain metastases from HCC, the prognosis is
quite poor [3, 6, 8]. Survival rate at 1 year is usually less than
10% [3, 6]. Because gamma knife surgery (GKS) for brain
metastases is minimally invasive and has good control rate, it
is an effective remedy [1, 2]. Nevertheless, to our knowledge,
there are only few reports, and all are from East Asia. Many
patients with HCC in East Asia were infected with HBV [3, 5,
9, 13]. However, in Japan, the main cause of HCC is HCV
infection [7] and there are no reports regarding this. In this
study, we investigated the clinical features of patients with
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brain metastases from HCC in Japan, to compare with previ-
ous studies, to identify the prognostic factors affecting patient
survival, and to evaluate the efficacy of GKS for local tumor
control of brain metastases.

Materials and methods
Patients

A total of 4178 patients with brain metastases were treated
with GKS from November 2005 to February 2014 at the
Tokyo Gamma Unit Center. The database of the hospital
was searched to identify patients with brain metastases from
HCC, and 19 patients treated with GKS were identified.
Diagnoses in all patients were made using gadolinium-
enhanced magnetic resonance imaging (MRI) with or without
contrast-enhanced computed tomography.

Stereotactic radiation was performed using a Leksell
Gamma Knife C (Elekta Instruments AB) until November
2012 and with a Leksell Gamma knife Perfexion (Elekta
Instruments AB) from December 2012 onward. All pa-
tients underwent thin-slice gadolinium-enhanced MRI af-
ter placing the Leksell Model G stereotactic frame (Elekta
Instruments AB), and the treatment plans were developed
using GammaPlan (Elekta Instruments AB). Follow-up
MRI was performed every 1-3 months after GKS. We
measured tumor size and assessed the response to GKS
using the Response Evaluation Criteria in Solid Tumors
guideline [19]. Since the prognosis of brain metastasis
from HCC was poor, we were able to measure the size of
only 16 tumors in 1 month after GKS.

To evaluate the predictive factors for survival after brain
metastases from HCC, the following characteristics were
reviewed: age at the diagnosis of brain metastases, sex,
HBYV infection, HCV infection, Karnofsky performance score
(KPS) at first GKS, recursive partitioning analysis (RPA) at
first GKS, interval from the diagnosis of HCC to brain metas-
tases, number of brain metastases at first GKS, and total vol-
ume of brain metastases at first GKS.

Statistical analysis

The data was analyzed using a personal computer running
SPSS Statistics, version 23.0 (IBM, New York, USA).
Survival was calculated from initial diagnosis of brain metas-
tases until death. The Kaplan—Meier method was used to cal-
culate survival distributions. Differences in survival were an-
alyzed using a log-rank test. The relationships between the
various parameters were analyzed statistically using the
Mann-Whitney U test or the x° test as appropriate. The sig-
nificance level chosen was p < 0.05.

@ Springer

Results
Patient characteristics

In total, 4178 patients with brain metastases were treated with
GKS at the Tokyo Gamma Unit Center from November 2005
to February 2014. Nineteen (0.45%) of these patients had
brain metastases from HCC. The median age at the diagnosis
of HCC and brain metastases was 64.0 years (range, 38—
78 years) and 67.0 years (range, 39-83 years), respectively.
Fifteen patients were males and four patients were females.
Six patients (31.6%) were infected with HBV. Two patients
(10.5%) were infected with HCV. Eleven patients (57.9%)
were not infected with HBV and HCV. The median KPS
was 70 (range, 50-100) at first GKS, and RPA classification
at first GKS was class II in ten patients and class III in nine
patients. The median interval from the diagnosis of HCC to
brain metastases was 32.0 months (range, 0—72 months). The
median number of brain metastases was 2.0 (range, 1-19), and
the median total volume at first GKS was 12.6 cm® (range,
1.1-47.6 cm®). The clinical characteristics of this study are
shown in Table 1.

Treatment

One patient was treated with surgical resection and stereotac-
tic radiotherapy prior to GKS (case 12), and one patient was
treated with surgical resection before GKS (case 15). In addi-
tion, one patient was treated with surgical resection because of
intra-tumor hemorrhage after GKS, but the tumor had not
carried out GKS yet by a new lesion (case 16). Sixteen pa-
tients were treated with GKS alone for brain metastases. The
treatment delivered to the tumor margin ranged from 12.5 to
22.3 Gy (median, 20.1 Gy). The maximum tumor dose ranged
from 25.0 to 51.5 Gy (median, 40.2 Gy). The number of shots
ranged from 2 to 40 (median, 14). The prescription isodose
ranged from 35 to 60% (median, 50%). The coverage ranged
from 0.98 to 1.0 (median, 1.0). The conformity index ranged
from 0.54 to 0.86 (median, 0.72). The treatment characteris-
tics of this study are shown in Table 2.

Outcome and prognostic analysis

At the last follow-up, three patients were alive and 16 died.
But these patients who were alive were not followed. The
overall median survival from brain metastases was 21.0 weeks
(range, 2-47 weeks). The 6-month and 1-year survival rates
from the diagnosis of brain metastases were 41.2 and 0%,
respectively. The main causes of death were extracranial dis-
eases: deterioration of HCC, nine cases (case 1, 2, 5, 6, 7, 10,
16, 17, and 18); respiratory failure due to deterioration of lung
metastases, two cases (case 9, and 13); and undetermined
cause of death, five cases (case 3, 11, 12, 15, and 19).
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Table 2 Treatment characteristics

of the 19 patients at first GKS Case Prescription Reference Number of  Prescription Conformity
no. dose (Gy) dose (Gy) shots isodose (%) Coverage  index
1 20.6 412 4 50 1.0 0.61
2 20.3 45.0 45 1.0 0.69
3 21.5 43.0 2 50 1.0 0.55
4 14.0 28.0 23 50 1.0 0.83
5 21.5 43.0 29 50 1.0 0.85
6 20.0 40.0 14 50 0.98 0.79
7 21.1 422 17 50 0.99 0.74
8 20.0 40.0 17 50 1.0 0.86
9 20,1 40.2 32 50 1.0 0.72
10 223 372 10 60 1.0 0.64
11 20.1 40.3 20 50 1.0 0.75
12 12.5 25.0 13 50 1.0 0.68
13 17.5 50.0 40 35 1.0 0.83
14 20.0 40.0 8 50 1.0 0.54
15 20.0 40.0 24 50 1.0 0.63
16 20.0 40.0 9 50 1.0 0.63
17 19.5 48.7 14 40 1.0 0.75
18 20.6 51.5 13 40 1.0 0.78
19 20.1 40.2 17 50 1.0 0.71

Sixteen tumors were able to be measured for tumor size at
1 month after GKS; seven tumors showed a partial response
(PR) and nine showed a stable disease (SD). One SD tumor at
1 month after GKS became progressive disease at 3 months
after the procedure.

Age, sex, HCV infection, KPS, RPA, interval to brain metas-
tases, number of brain metastases, and total volume of brain
metastases were all not associated with survival after brain me-
tastases. However, HBV infection was associated with survival
as suggested by a univariate analysis. The median overall surviv-
al for 13 patients who were not infected with HBV was signifi-
cantly longer than that of the six patients infected with HBV (32.0
vs. 7.0 weeks; p = 0.002). The number of brain metastases was
remarkably not significantly associated with survival, but the
median overall survival for nine patients with only a single me-
tastasis tended to be longer than that of the ten patients with
multiple metastases (38.0 vs. 11.0 weeks; p = 0.069). The total
volume of brain metastases was not associated with survival;
however, the median overall survival for 12 patients with total
volume of brain metastases < 15 cm? tended to be longer than that
of the seven patients with total volume of brain metastases
>15cm’ (32.0vs. 11.0 weeks; p = 0.086) (Table 3).

Discussion

Data from previous studies have indicated the following: the
median age at diagnosis of brain metastases was from 48.5 to

@ Springer

56.1 years old, the percentage of males ranges from 75.8 to
87.7, the percentage of HBV-related HCC ranged from 73.2 to
91.6%, the percentage of HCV-related HCC ranged from 0 to
6.9%, the median interval from diagnosis of HCC to brain
metastases ranged from 15.0 to 29.5 months, and the median
overall survival from the diagnosis of brain metastases ranged
from 4.3 to 20.0 weeks (Table 4) 3, 6, 8, 9, 13, 14, 21]. The
results from our patients support the data of the median inter-
val from diagnosis of HCC to brain metastases and the per-
centage of males. In the present study, the median age at di-
agnosis of brain metastases was 67.0 years, and the percentage
of HBV related HCC was remarkably low at 31.6%. These
substantial differences from the norm were likely due to the
specific cause of HCC in our patients. In Japan, the main cause
of HCC is HCV infection, and approximately 67.7% patients
with HCC were also infected with HCV [7]. The percentage of
HCC patients who also had HBV infection was approximately
15% [7]. Furthermore, several studies in the literature regard-
ing brain metastases from HCC have been based on studies in
East Asia. In East Asia, the percentage of HCC patients that
had HBV infections has been reported to be approximately 80
to 90% [3, 5, 9, 13]. HCC patients with HBV are generally
younger than those not infected with HBV [11]. Thus, in the
present study, HCC associated with HBV may be relatively
low, and the median age of our patients may be older. In Japan,
two-third patients with HCC were infected with HCV; how-
ever, only 10.5% patients with brain metastases from HCC
were infected with HCV in this study. There were many
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Table 3  Univariate analysis of survival after diagnosis of brain
metastases

No. of Median survival Log-rank
patients (weeks) dp value
Age at diagnosis of brain metastases
<60 years 6 8.0 0.778
>60 years 13 28.0
Sex
Male 15 16.0 0.650
Female 4 35.0
HBV
Positive 6 7.0 0.002
Negative 13 32.0
HCV
Positive 2 35.0 0.338
Negative 17 16.0
KPS at first GKS
<80 11 32.0 0.709
>80 8 11.0
RPA at first GKS
I 10 16.0 0.924
11 9 28.0
Interval to brain metastases
<2 years 7 21.0 0.401
>2 years 11 28.0
Number of brain metastases at first GKS
Single 9 38.0 0.069
Multiple 10 11.0
Total volume of brain metastases at first GKS
<15cm’ 12 32.0 0.086
>15cm’ 7 11.0

RPA, recursive partitioning analysis

patients with HCC who were not infected with both HBV and
HCV in this study. In patients with HCC infected with HCV,
brain metastases may be rare; however, in patients with HCC
not infected with HBV and HCV, brain metastases may be not
rare. The median overall survival from the diagnosis of brain
metastases in this study was a little longer than that in the
previous study. The reason was the lesser number of patients
with HCC infected with HBV having poor prognosis [4].
Brain metastases from HCC manifests at a late stage, and
most patients also have coagulopathy due to liver cirrhosis.
Survival is generally poor, regardless of treatment including
surgical resection of brain metastases, chemotherapy, radiother-
apy, and various combinations ofthese treatments [6]. Kim etal.
reported that multi-modality treatment resulted in longer sur-
vival than single-modality treatment (WBRT only, radiosurgery
only, or surgical resection only) or conservative management.
The median survival after multi-modality treatment and single-
modality treatment were 10.6 and 2.6 months, respectively [9].
Choi et al. reported that combination therapy employing both
surgical resection and WBRT resulted in a relatively good

Table 4 Literature review of brain metastases from hepatocellular carcinoma

Median survival

Percentage of intracranial
hemorrhage relevance

to tumor

Median interval to
brain metastasis

HBV HCV
(months)

Percentage
of man

Median age at the
brain metastasis

Percentage
incidence

Number of
patients

Study

Authors

from brain metastasis

(weeks)

infection

(%)

infection

(%)

period

6.8
11.3¢

12.0

54.8

32 18.2

85.5

75.8

54
54¢

0.9*
2.6
0.5*

19952006 62
32
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Choi HJ et al.

76.0

26.0

84.4
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Han JH et al.
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48.5 80.5 73.2 15.0

41

1994-2009

Jiang XB et al.

12.0

74.7

29.5

53
6.9

91.6

56.1 86.3
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20002011

Kim KS et al.

16.0

479
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52.5°

73
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Park ES et al.
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Park TY et al.
XuQetal.
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21.0

10.5 32.0

31.6
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0.45°
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Present study

@ Percentage incidence of hepatocellular carcinoma

9 Median survival after Stereotactic radiosurgery

® Percentage incidence of brain metastases

¢ Mean age
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prognosis [3]. However, these studies were based retrospective-
ly, some patients were receiving multi-modality treatments, and
there may have been substantial selection bias. In our study,
statistical analysis for the efficacy of combination treatment
was not performed because only two patients underwent com-
bination therapy (cases 12 and 16). Furthermore, the efficacy of
systemic chemotherapy for brain metastases from HCC re-
mains unknown. Despite considerable effort, we could not find
authoritative studies on this subject.

There are few reports including a considerable number of
patients that investigate the effect of GKS in dealing with
brain metastases from HCC, and our study is the third largest
in this respect [5, 13]. Park et al. reported on 73 patients with
brain metastases from HCC who were treated with GKS [13].
The median survival after GKS was 16.0 weeks, and the 24-
week survival rate was 26.0%. The estimated rate of local
tumor control was 79.6% at 3 months after GKS. These results
suggested that GKS was a noninvasive approach that may
provide a valuable option for treating patients with brain me-
tastases from HCC.

Several studies have identified significant predictive fac-
tors for brain metastases from HCC [3, 8, 9, 13, 21]. These
included the number of brain metastases, RPA, Child—Pugh
classification, and tumor bleeding. In our study, HBV-related
HCC was a factor significantly associated with shorter surviv-
al (p=0.002). The following parameters were compared be-
tween patients infected with HBV and those not infected with
HBYV: age, sex, KPS at first GKS, RPA at first GKS, interval
from diagnosis to brain metastases, the number of brain me-
tastases at first GKS, and the total volume of brain metastases
at first GKS. Of these, only age showed significant difference.
Unfortunately, Child—Pugh classification, tumor bleeding da-
ta, state of primary lesion, and data of liver function could not
be obtained from medical records. Therefore, we cannot imply
that patients infected with HBV have poor prognosis. Our
study is apparently the first to report that patients with HBV-
related HCC have a relatively poor prognosis. Up to this point,
only a limited number of patients with brain metastases from
HCC have been treated with GKS, and prospective data are
lacking. However, the thrust of the existing literature in this
area indicates that the local control rate of GKS for brain
metastases from HCC is reasonable, and has few side effects.
Many patients with brain metastases from HCC have poor
general health states and low KPS. GKS may be an acceptable
option for the control of brain lesions in HCC patients.

Conclusions
Brain metastases from HCC are rare, but their incidence is
becoming more frequent as patient survival has improved by

recent therapeutic advances in surgical techniques and other
improved treatments, such as TACE and PEI. In our study, the

@ Springer

median survival after brain metastases was 16.0 weeks. There
were no PD tumors at 1 month after GKS. HBV infection was
an important factor predicting survival. Overall, our results
suggest that GKS is an acceptable option for the control of
brain metastases from HCC.
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