1110

World J Surg (2012) 36:1102-1111

GLV/SLV
1.4 4

1.2 4 l
(n=17) J.
1 .4' .

0.8

(n11)

I

E—

(n=3)

0.6

—=— Group Y/L
e Group OfL

0.4

0.2 4

0 :
Putin 1w 2w im 3m

(after operation)

(w; weeks m; months)

Fig. 4 The changes in recipient’s liver regeneration after left lobe
LDLT. There were no significant differences in GVL/SLV at all time
points between the two groups

In our study, donor age affected liver regeneration during
the late period in donors, but during the early period in
recipients. Haga et al. [41] also compared the differences of
liver regeneration between the graft liver and the donor rem-
nant liver. They found that recipient graft volume increased
more rapidly than donor remnant liver volume, which is
consistent with our study. Liver regeneration is highly asso-
ciated with changes of hepatic portal flow and regulation of
hepatocyte proliferation, although the precise mechanism
of liver regeneration is still unknown [42]. The rapid increase
of recipient liver volume may be related to the immediate and
significant increase in portal blood flow after LDLT because
of persistence of a hyperdynamic state. In contrast, the gradual
increase of donor remnant liver volume may be related to the
fact that portal blood flow in the remnant liver after major
hepatectomy (left or right lobe) is not significantly increased
[43]. Moreover, some immunosuppression drugs, such as
cyclosporine or tacrolimus, promote liver regeneration [44,
45]. From these findings, we speculate that the influence of
donor age on liver volume was prominent in the early periodin
recipients and in the late period in donors.

In conclusion, when using older donor livers, we should
pay attention to the liver volume for recipients as well as
donors, considering the GRWR and remnant liver volume
rate, because older donor livers might have impaired
regenerative ability.
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Erythropoietin attenuates the sequels of ischaemic spinal cord
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Abstract

Erythropoietin has been shown to promote tissue regeneration after ischaemic injury in various organs. Here, we investigated whether
Erythropoietin could ameliorate ischaemic spinal cord injury in the mouse and sought an underlying mechanism. Spinal cord ischasmia
was developed by cross-clamping the descending thoracic aorta for 7 or 9 min. in mice. Erythropoietin (5000 1U/kg) or saline was
administrated 30 min. before aortic cross-clamping. Neurological function was assessed using the paralysis score for 7 days after the
operation. Spinal cords were histologically evaluated 2 and 7 days after the operation. Immunohistochemistry was used to detect CD34*
cells and the expression of brain-derived neurotrophic factor and vascular endothelial growth factor. Each mouse exhibited either mildly
impaired function or complete paralysis at day 2. Erythropoietin-treated mice with complete paralysis demonstrated significant improve-
ment of neurological function between day 2 and 7, compared to saline-treated mice with complete paralysis. Motor neurons in erythro-
poietin-treated mice were more preserved at day 7 than those in saline-treated mice with complete paralysis. CD34™ cells in the lumbar
spinal cord of erythropoietin-treated mice were more abundant at day 2 than those of saline-treated mice. Brain-derived neurotrophic
factor and vascular endothelial growth factor were markedly expressed in lumbar spinal cords in erythropoietin-treated mice at day 7.
Erythropoietin demonstrated neuroprotective effects in the ischaemic spinal cord, improving neurological function and attenuating
motor neuron loss. These effects may have been mediated by recruited CD34™ cells, and enhanced expression of brain-derived neu-
rotrophic factor and vascular endothelial growth factor.

Keywords: thoracoabdominal aortic aneurysm (TAAA) e spinal cord ischaemia e erythropoietin (EPO) @ CD34 positive cell » brain-
derived neurotrophic factor (BDNF) e vascular endothelial growth factor (VEGF)

Introduction

Paraplegia caused by spinal cord ischaemia (SCI) is a devastating  13.2%, hecause of the advancement of surgical techniques and

complication following thoracoabdominal aortic surgery. Although
the incidence of paraplegia is low, ranging between 2.6% and
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the development of various adjuncts [1, 2], patients with paraple-
gia have poor survival rates [3], and quality of life is significantly
impaired. Recently, thoracic endovascular aortic repair (TEVAR)
demonstrated favourable results over open surgical repair as a
treatment option for descending thoracic aortic aneurysms [4].
However, TEVAR is not a standard treatment option for thoracoab-
dominal aortic aneurysms. Accordingly, paraplegia remains a criti-
cal problem associated with thoracoabdominal aortic surgery.
Erythropoietin (EPO) is known to be a hormone that regulates
proliferation and differentiation of erythroid precursor celis. In the
last decade, EPO receptors have been shown to be expressed in
many other tissues besides the haematopoietic system, and they
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are considered fo be related to the cytoprotective effects of EPO
against ischaemia-reperfusion (I/R) injury in various organs
including the spinal cord [5, 6]. More interestingly, EPO has been
reported to promote tissue regeneration in a variety of disorders
via activation of local stem cells or recruitment of bone marrow
stem/progenitor cells [7, 8].

There have been some reports in which exogenous EPO has
been tested in animal models of SCI [9-11]. These studies demon-
strated that EPO improved neurological function and reduced his-
tological injury, conferred by the anti-apoptotic effect of EPO.
However, these reports only focussed on the short-term effect of
EPO, predominantly within 2 days of treatment. This timeframe is
too narrow to evaluate the outcome of EPO treatment after SCI
because critical events caused by I/R, such as inflammation, cell
death and the repair process, can occur in a delayed manner,
sometimes over days and weeks after the initial insult [12]. Indeed,
post-operative spinal cord deficits have been reported to occur 12
hrs to some months after surgery, despite the emergence from
anaesthesia with intact spinal cord function [3].

Therefore, we investigated the effect of EPO on ischaemic
spinal cord injury over a longer term using a mouse model of SCI
and sought the underlying mechanism, particularly focusing on
the implication of stem cells.

Materials and methods

Mice

All animal experiments were performed in accordance with the guidelines
published in the ‘Guide for the Care and Use of Laboratory Animals’ pub-
lished by the United States National Institutes of Health. Surgical and ani-
mal care protocols were reviewed and approved by the local animal care
committees of Mecklenburg/Vorpommern in Germany. Adult male
C57BL/6 mice (8-12 weeks old; 22-27 g) were purchased from Charles
River Laboratories, Sulzfeld, Germany.

Anaesthesia and surgical preparation

Mice were anaesthetized by intraperitoneal injection of ketamin/xylazin
(75/25 mg/kg) and placed on a heating table set at 37°C. Rectal temperature
was monitored during the surgery. Mice were intubated and mechanically
ventilated with room air (300 wl/stroke, 130 strokes/min.). For anti-coagu-
lation, heparin (400 1U/kg) was injected subcutaneously 5 min. before the
surgery. Abdominal aortic blood pressure and heart rate were monitored
through a catheter inserted into the right femoral artery. The data obtained
were automatically recorded every minute with a Millar Pressure-Volume
System [Ultra-Miniature Pressure-Volume Catheter (Model SPR-838),
Millar Pressure Conductance Unit (Model MPCU-200) and Millar PowerLab
data acquisition hardware; Emka Technologies, Paris, France].

Surgical procedure for SCI

A thoracotomy at the second intercostal space on the left side was used to
approach the descending thoracic aorta. The left thymus was removed and
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the left recurrent nerve was carefully separated from the aortic arch. After
isolation from the surrounding tissue, the descending thoracic aorta distal
to the origin of the left subclavian artery was cross-clamped with a small
aneurysm clip (Fine Science Tools GmbH, Heidelberg, Germany) for 7 or
9 min. Complete cessation of blood flow was confirmed by disappearance
of blood pressure waves on the monitor screen. Mice that maintained
abdominal aortic blood pressure with small waves or above 20 mmHg dur-
ing the clamping were excluded from this study. After release of the clip,
mice were observed for 10 min. until blood pressure returned to stable lev-
gls. Afterwards, the chest was closed and the blood pressure catheter was
removed. Mice were kept on a heating table until they awoke and were
extubated.

Post-operative care

Mice received an intraperitoneal injection of isotonic saline (1 ml) to com-
pensate for fluid loss during surgery before extubation. A subcutaneous
injection of 0.9% saline (1.5 ml) was administered daily until animals were
killed. Manual bladder expression was performed twice a day for mice with
neurological bladder.

Experimental groups

All mice (n = 148) were divided into three groups: sham (n = 5), 7-min.
ischaemia (n = 72), and 9-min. ischaemia (n = 71). Exposure of the
descending thoracic aorta was only applied to the sham group. The 7- and
9-min. ischaemia groups were subjected to 7 and 9 min. of cross-clamp-
ing, respectively. The 7- and 9-min. ischaemia groups were further divided
into two treatment groups, which were control groups (7-min. ischaemia
= 7C, n = 37; 9-min. ischaemia = 9C, n = 33) and EPD groups (7-min.
ischaemia = 7E, n = 35; 9-min. ischaemia = 9E, n = 38). Groups 7E and
9E received a single dose of 5000 IU/kg of recombinant human EPO
(Epoetin-a/Erypo®; Ortho Biotech, Neuss, Germany) intravenously 30 min.
before ischaemia. Groups 7C and 9C received an equal volume of saline.

Blood gas analysis

Blood gas analysis was performed with three mice from each group at two
different time points, which were 10 min. before ischaemia and 10 min.
after the onset of reperfusion. Blood samples (70 wl) were drawn from the
right femoral artery and pH, PaOo, PaCOo, base excess and haematocrit of
each sample were measured with a blood gas/pH analyser (RAPIDLab 348,
Siemens, Germany).

Behavioural test

Mice were subjected to a behavioural test at 3 hrs, 6 hrs, and daily there-
after up to 7 days (days 1-7) after onset of reperfusion. A following paral-
ysis score system [13] was used to grade hind limb neurological functions:
(a) walking with hind limbs: 0, normal; 1, toes flat under body when walk-
ing but ataxia is present; 2, knuckle-walking; 3, movement in hind limbs
but unable to walk; 4, no movement, drags hind limbs; (b) placing/stepping
reflex: 0, normal; 1, weak; 2, no stepping. Each grade was obtained by
adding the scores of (a) and (b); a grade of 0 was considered normal and
6 was considered complete paralysis. Both hind limbs were assessed sep-
arately and a final grade was expressed as an average.
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Histological evaluation of ischaemic spinal cord
injury

Histological evaluation was performed at day 2 (7C, n = 10; 7E, n = 10;
9C, n=8;9E, n=12)and day 7 (7C, n = 13; 7E, n = 11, 9C, n = 12;
9E, n = 12) after SCI. Mice were killed using an over dose of
ketamine/xylazine (150/50 mg/kg), and the thoracic and lumbar part of the
spinal cord was harvested en bloc and fixed in formafix 4% (v/v) (Grimm
Med. Logistik GmbH, Germany) overnight. The samples were then kept in
ethylenediaminetetraacetic acid (EDTA) decalcification solution (pH 7.4) for
2 weeks, embedded in paraffin and sectioned at 4 pm thickness. Twelve
cross sections from T6-L5 level of the spinal cord in each mouse were
stained with haematoxylin/eosin (HE) and observed under a light micro-
scope (Leica, Hamburg, Germany). Ischaemic injury was quantified by
counting the number of normal motor neurons in the bilateral ventral horn
of gach cross section [14]. The final value of each sample was given as a
sum of 12 cross sections.

Immunohistochemistry

Deparaffinized cross sections were incubated in boiling citric buffer (pH
6.0) for 10 min. and allowed to cool down for 20 min. Non-specific bind-
ing was blocked by protein blocking reagent (DAKO, Hamburg, Germany).
Subsequently, the cross sections were incubated with goat polycional anti-
CD34 antibody (1:20 dilution; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) or rabbit polyclonal anti-brain~derived neurotrophic factor (BDNF)
antibody (1:50 dilution; Santa Cruz Biotechnology) at 4°C overnight. Cross
sections were incubated with donkey anti-goat or goat anti-rabbit Alexa-
Fluor 488-conjugated secondary antibody (1:350 dilution; Invitrogen,
Darmstadt, Germany) for 2 hrs at room temperature. Nuclei were counter-
stained with TOPRO3 (5 wM; Invitrogen). The cross sections were
mounted in Fluosaver (Merck, Germany). The labelled cross sections were
observed with a Leica SP2 confocal microscope (Leica). The number of
CD34% cells in the entire transverse section from the L1-2 level of the
spinal cord was counted under a 400x magnification lens and final values
were given as an average of three cross sections. For detection of vascular
endothelial growth factor (VEGF) expression, deparaffinized cross sections
treated with citric buffer were incubated with hydrogen peroxide for 5 min.
and subsequently with 5% (v/v) normal donkey serum for 20 min. The
cross sections were then incubated with rabbit polyclonal anti-VEGF anti-
body (1:50 dilution; Santa Cruz Biotechnology) at 4°C overnight.
Immunoreactivity to VEGF was visualized with a linked streptavidin—biotin
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Fig. 1 A mouse model of SCI was developed
by cross-clamping the descending thoracic
aorta through left thoracotomy. A small
aneurysm clip was placed across the
descending aorta just distal to the left sub-
clavian artery (R). Schematic diagram of A
(B). LAA: left atrial appendix; LSA: left sub-
clavian artery; AA: aortic arch; Bar = 1 mm.

method wusing a goat [mmunoCruz™ Staining Kit (Santa Cruz
Biotechnology). Cross sections were then counterstained with haema-
toxylin, dehydrated and mounted in Pertex (Medite, Germany).

Statistical analysis

Values are expressed as the mean = S.D. After confirmation whether the
data were approximated to the normal distribution, statistical analysis for
neurological and histological data between control and EPO groups at dif-
ferent time points were performed by Student’s #test with Bonferroni cor-
rection. Survival rates were expressed using the Kaplan-Meier survival
curve and the significance of these differences was analysed using the
Log-rank test. Student’s +-test was applied for physiological parameters.
Differences between groups were considered significant at P < 0.05.

Resulis

Mouse model of SCI

The mouse model of SCI was first described in 2000 by Lang-
Lazdunski et al. [13]. They used two aneurysm clips, one of which
was placed across the aortic arch between the left common
carotid artery and the left subclavian artery and the other across
the left subclavian artery through a cervical mediastinotomy. In
our initial experience of this procedure, it was somewhat difficult
to reach both clamping sites through the cervical mediastinotomy.
Instead, we performed single clamping across the descending
aortic artery through a thoracotomy. We found that this procedure
made it easier to reach the descending thoracic aorta and place an
aneurysm clip precisely across it, allowing abdominal aortic blood
pressure to drop to a sufficient level for developing SCI without
additional clamping on the left subclavian artery (Fig. 1). On pre-
liminary examination, 5-min. ischaemia developed no paralysis
whereas 12-min. ischaemia resulted in complete paralysis, which
is referred to as grade 6 on the paralysis score, in all mice (data
not shown). Therefore, 7-min. and 9-min ischaemia were applied
in this study.
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Table 1 Physiological parameters

7-min. ischaemia : " 9-min. ischaemia :
Control, n = 34(3*) EPO, n = 32(3*) Pvalue ~ Control, n=30(3*) EPG, i;:fs'S(a,%)‘ Pualue

HR (beats/min.)

Pre-ischaemia’ 265 * 68 286 = 60 0.187 265 = 36 270 = 50 0.685

Reperfusion 269 =+ 67 315 = 50 0.0031 266 + 45 208 + 48 0.008t
MAABP (mmHg)

Pre-ischaemia 61.2 =18.2 62.8 =129 0.671 68.1 = 12.2 68.6 = 14.5 0.881

Ischaemia 116 =20 120238 0.545 11.3 £ 46 10.7 £ 3.7 0.622

Reperfusion 535+ 9.9 575 =108 0.125 59.0 =116 62.3 = 8.1 0.199
RT (°C)

Pre-ischaemia 36.5 = 0.7 36.5 =04 0.679 364 =04 36404 0.962

Ischaemia 3568 =05 36.0 =03 0.224 358 =03 358 =03 0.821

Reperfusion 36.6 =05 365 =04 0.325 366 =04 36.6 = 0.5 0.657
BGA parameters
pH

Pre-ischaemia 7.36 = 0.02 7.38 = 0.04 0.496 7.38 = 0.05 7.35 = 0.07 0.578

Reperfusion 7.28 = 0.00 7.30 = 0.03 0.368 7.22 = 0.01 7.25 = 0.06 0.480
Pa0z (mmHg)

Pre-ischaemia 76.5 = 0.1 754 =45 0.713 782 =38 80.1 =42 0.592

Reperfusion 71.0x 0.2 746 = 3.7 0.234 79.6 = 52 777 0.2 0.592
PaCOz (mmHg)

Pre-ischaemia 446 £ 2.1 40.3 = 3.3 0.130 40.8 = 3.8 404 + 4.3 0.910

Reperfusion 38.1x21 346 =21 0111 36.2 =04 36.5 = 3.0 0.879
BE

Pre-ischaemia —-0.8 =0.2 -0.8 £0.9 0.935 ~-02+1.0 -09+1.2 0.481

Reperfusion -92+07 -10.0 =05 0.183 -119x=16 -11.7+ 18 0.893
HCT (%)

Pre-ischaemia 453 15 435+ 0.7 0.164 427 £23 47.0 = 1.7 0.060

Reperfusion 46.0 = 3.5 455 = 0.7 0.830 455 + 4.9 480 =14 0.476

Values are given as mean=S.D. EPO: erythropoietin; HR: heart rate; MAABP: mean abdominal aortic blood pressure; RT: rectal temperature; BE:
base excess; HCT: haematocrit; pre-ischaemia, 10 min. before ischaemia; ischaemia, at the end of ischaemia; reperfusion, 10 min. after the onset
of reperfusion. *Numbers for BGA analysis. TSigniﬂcant values.

There was no significant difference in physiological parameters  fusion, which was higher in the EPO groups than in the control
between the control (7C and 9C) and EPO (7E and 9E) group dur-  groups (Table 1). These data indicate that SCI surgeries were per-
ing SCI surgery except for heart rate at 10 min. after onset of reper- ~ formed under similar physiological conditions in both groups.
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Fig. 2 Survival rates of groups subjected to 7-min. ischaemia (A) and
9-min. ischaemia (B) are illustrated using Kaplan-Meier survival curves.
7C: control group subijected to 7-min. ischaemia; 7E: EPO group subjected
to 7-min. ischaemia; 9C: control group subjected to 9-min. ischaemia;
9E: EPO group subjected to 9-min. ischaemia. Survival rates at day 2 after
SCI were 70.6%, 68.8%, 73.3% and 74.3%, and 65.5%, 63.0%, 62.9%
and 63.7% at day 7 in the 7C, 7E, 9C and 9E groups, respectively. There
were no significant differences in survival rate between groups 7C and
7E (P = 0.797) or between groups 9C and 9E (P = 0.971), according to
the Log-rank test.

Survival

Survival rates at day 2 after SCI were 70.6%, 68.8%, 73.3% and
74.3%, and those at day 7 were 65.5%, 63.0%, 62.9% and 63.7%
in the 7C, 7E, 9C and 9E groups, respectively. There was no sig-
nificant difference in the survival rate between the 7C and 7E
groups (P = 0.797) or between the 9C and 9E groups (P = 0.971)
(Fig. 2). At necropsy, bowel necrosis was detected in three mice
from group 7C, three from 9C and one from SE, indicating that
there was no evidence that EPO exacerbated thromboembolism.

Outcome of neurological function

In general, average paralysis score in every group improved dur-
ing the first 24 hrs after SCI. However, scores deteriorated after

1796

day 2. Within the first 2 days after SCI, there was no significant
difference between groups 7C and 7E or between groups 9C and
9E (Fig. 3A and C). Neurological functions at day 2 were revealed
to clearly separate into normal to minor deficit (less than grade 3,
defined as ‘mild paralysis’) and complete deficit (grade 6, defined
as ‘severe paralysis’) in every group. The percentages of mild
paralysis in groups 7C, 7E, 9C and 9E were 47.8%, 47.6%, 20.0%
and 25.0%, respectively. There was no significant difference in the
percentage of mild paralysis between groups 7C and 7E (P = 0.989)
or between groups 9C and 9E (P = 0.974). After day 2 until day 7,
mice with mild paralysis and those with severe paralysis were sep-
arately analysed in each group (7C-mild, n = 6; 7C-severe, n = 7;
7E-mild, n = 5; 7E-severe, n = 6; 9C-mild n = 2, 9C-severe n =
10; 9E-mild, n = 3; 9E-severe, n = 9; Fig. 3B and D). As a result
of the separate analysis, the paralysis score for group 7E-severe
significantly improved by day 7, compared to group 7C-severe
(4.83 = 0.98 versus 5.86 + 0.38 at day 7, respectively, P < 0.05
with Bonferroni correction). A similar improvement in paralysis
score was observed for group 9E-severe compared to 9C-severe
(5.22 = 0.67 versus 5.80 = 0.42 at day 7, respectively, P < 0.05
with Bonferroni correction). Mice with mild paralysis (7C, 7E, 9C
and 9E) had maintained relatively good neurological function for
the last 5 days and finally recovered to normal.

Histological outcome

In cross sections from mice with mild paralysis, typical motor
neurons, which contained Nissl substance in the cytoplasm, loose
chromatin and prominent nucleoli, were distributed in grey matter.
There was no remarkable evidence of ischaemic injury seen in
grey matter for groups 7G-mild, 7E-mild, 9C-mild and 9E-mild at
day 2 (Fig. 4A, B, E and F), and a small number of inflammatory
cells were occasionally located in the grey matter at day 7 (Fig. 4C,
D, G and H). The number of motor neurons in these groups
was similar at days 2 and 7 and close to that of the sham group
(Fig. 4Q and R). In contrast, motor neurons in the ventral horn
showed ischaemic changes with shrunken cell bodies,
eosinophilic cytoplasm and pyknotic nuclei in cross sections from
mice with severe paralysis. The presence of ischaemic motor neu-
rons and vacuolization was pronounced in the grey matter of
groups 7C-severe, 7E-severe, 9C-severe and 9E-severe at day 2. A
few motor neurons were present only peripherally in grey matter
(Fig. 41, J, M and N). At day 7, affected areas represented by
ischaemic motor neurons and vacuolization were replaced with a
high density of inflammatory celis including microglia, especially
in groups 7C-severe and 9C-severe (Fig. 4K and L). However, such
areas were limited in groups 7E-severe and 9E-severe (Fig. 40 and
P). There was no significant difference in the number of motor
neurons at day 2 between groups 7G-severe and 7E-severe (235 =
21 versus 240 = 19, respectively, P = 0.703) or between groups
9C-severe and 9E-severe (190 = 30 versus 207 + 28, respec-
tively, P = 0.290). However, there was a significant difference at
day 7 between groups 7C-severe and 7E-severe (115 = 28 versus
195 = 36, respectively, P < 0.05 with Bonferroni correction), and

© 2012 The Authors

Journal of Cellular and Molecular Medicine © 2012 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd

— 401 —



J. Cell. Mol. Med. Vol 16, No 8, 2012

A ~Sham . 7C m7E o Sham = 7C-mild o 7C-severe
; ) NS # 7E-mild B 7E-severe
7 A 7 NS NS *
6 NS ] 6 - 1 T
i - d
M ;
w5 [T T
e i It NS ! PR .
@ - | - @ P
=3 - r—] s =3 .
o2 | | a2 | T
1- 1 e
i s ;
i 5 7
0 BES | - 0 e f‘wzﬁyg.q mxéé,”ff BEETE
Ahours & hours Day 1 Day 2 Day 2 Day 3 Day 4 Day 7
Time after reperfusion Time after reperfusion
c - Sham 1 9C 2 9E > Sham 2z 8C-mild = 9C-severe
; Ns & OE-mild m QE-severe
; NS NS * *
5 f‘—i g\!S 6 ore, o 1 - T 1
‘ | 7] Sl -
Ly rkv { I T S5
o H i 3 [~ i
=3 - 25
@ L. 1
0] { 14 .
a2 ; a? |
1 1- ; 5 1
|5 ke H
o . - N i ¥ ‘ N
3hours & hours Day 1 Day 2 Day 2 Day 3 Day d Day 7

Time after reperfusion Time after reperfusion

Fig. 3 Neurological outcome assessed by paralysis score from 3 hrs to day 2 after SCI with 7-min. ischaemia (A) and 9-min. ischaemia (C) and from day
2 to 7 after SCI with 7-min. ischaemia (B) and 9-min. ischaemia (D). 7C: control group subjected to 7-min. ischaemia; 7E: EPO group subjected to 7-min.
ischaemia; 9C: control group subjected to 8-min. ischaemia; 9E: EPO group subjected to 9-min. ischaemia; mild: subgroup including mice with mild paral-
ysis; severe: subgroup including mice with severe paralysis. There were no significant differences in paralysis score between groups 7C and 7E or between
groups 9C and 9E until 2 days after SCI (A and C). However, group 7E-severe exhibited significant improvement between day 2 and 7, compared to group
7C-severe (B). A similar tendency was observed in group 9E-severe between day 2 and 7, compared to group 9C-severe (D). Paralysis scores in group

7C-mild, 7E-mild, 9C-mild and 9E-mild all returned to normal (grade 0) at day 7 (B and D). (B and D) *P < 0.05 with Bonferroni correction.

between groups 9C-severe and 9E-severe (102 = 21 versus
142 + 18, respectively, P < 0.05 with Bonferroni correction,
Fig. 4Q and R). In summary, in groups 7E-severe and 9E-severe,
motor neuron loss from day 2 to 7 was attenuated and the
damaged areas in the grey matter were reduced, compared to
groups 7C-severe and 9C-severe. Mice with mild paralysis exhib-
ited only minor damage in histology regardless if they were treated
with EPO.

Immunohistochemical findings

CD34™ celis could be recognized in cross sections, frequently in
grey matter of the lumbar spinal cord in every group (Fig. 5A and

© 2012 The Authors

B). The number of €D34™" cells in group 7E-severe was higher
than that of group 7C-severe at day 2 (28.3 + 9.5 versus 13.8 =
5.1, respectively, P < 0.05 with Bonferroni correction), and that of
group 9E-severe was also higher than that of group 9C-severe at
day 2 (44.8 = 22.4 versus 22.7 = 11.8, respectively, P < 0.05
with Bonferroni correction, Fig. 5C and D). No significant differ-
ence was observed in CD34™ cells from groups 7C-mild, 7E-mild,
9C-mild and 9E-mild. Expression of BDNF was distributed in the
ventral grey matter of groups 7E-severe and 9E-severe, whereas
expression was rarely detected in groups 7C-severe and 9C-severe
(Fig. 5E and F). Similarly, expression of VEGF could be detected
only in the ventral or ventrolateral white matter of the spinal cord
in groups 7E-severe and 9E-severe, but not in groups 7C-severe
and 9C-severe (Fig. 5G and H).
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(A-H). Normal motor neurons are distributed in ventral grey matter (block arrow heads). In contrast, ventral grey matter in the lumbar spinal cord from
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Bonferroni correction). CD34™ celis were not apparent in groups 7C-mild, 7E-mild, 9C-mild and 9E-mild. Representative pictures of immunofluorescence
for BDNF in ventral grey matter from groups 9E-severe (E) and 9C-severe (F) at day 7. Blue: nuclei and green: BDNF. BDNF expression in group 9E-severe
(E) was more evident than that in group 9C-severe (F). Scale bar = 25 pm. Representative pictures of VEGF expression in the left ventrolateral white mat-
ter of the spinal cord from groups 9E-severe (G) and 9C-severe (H) at day 7. VEGF was detectable in the white matter of group 9E-severe and vacuoliza-
tion in white matter was limited (G). In contrast, no VEGF expression and advanced vacuolization was apparent in the white matter of group 9C-severe

(H). Scale bar = 50 pm.

Discussion

Major findings of this study are as follows. First, our mouse
model of SCI was successfully performed and resulted in stable
physiological conditions during surgery and standardized neuro-
logical and histological outcome following various durations of
SCl, which made investigation of EPO treatment reliable. Second,
neurological function of EPO-treated mice improved when com-
pared to control mice between day 2 and day 7, and loss of motor
neurons was attenuated in EPO-treated mice at day 7 after SCI.
Finally, CD34™ cells were densely recruited, and expression of
BDNF and VEGF was enhanced in the lumber spinal cord of EPO-
treated mice after SCI.

Generally, mouse models are advantageous to study therapeu-
tics, specific genes and molecular signalling pathways because a
variety of genetically modified mice are now widely available.
Previously, ischaemic models of spinal cord injury have been often
described in rabbits and rats. Compared to such animals, mice are
less expensive and are equally as easy to operate on. In our mode|,
a skilled surgeon can complete the procedure within 60 min.
Rabbit models have been widely used to test the effects of neuro-
protective drugs and to examine the pathophysiology of spinal
cord injury [15, 16]. However, little is known about the genome of
rabbits, and transient occlusion of the infrarenal segment of the

© 2012 The Authors

aorta causes paraplegia, which implies differences in vascular
anatomy because infrarenal aortic cross-clamping rarely causes
paraplegia in human beings. In contrast, the vascular anatomy of
the spinal cord and distribution of pathology are similar to that in
human beings whose spinal cord receives blood flow from one
anterior spinal artery and two posterior spinal arteries [13]. In
addition, some mice exhibit delayed paralysis between 24 and 48
hrs after an ischaemic insult [17]. This also replicates one aspect
of neurological deficit seen after aortic surgery in human beings.
However, mice are so small that surgical results are sometimes
influenced by only a small change in the surgical procedure, set-
tings or conditions. Therefore, it is crucial to monitor blood pres-
sure down to levels that induce SCI (20 mmHg) during clamping,
and to standardize body temperature, bodyweight and age in the
mouse SCI model. Another important feature of this mouse SCl
model is that neurological outcome is clearly separated into minor
deficits and complete paralysis after a 48-hr interval [17]. From
this point of view, it is difficult to detect the effect of therapeutics
on neurological outcome and it is possible to misjudge the results
if both patterns of neurological outcome are analysed together as
a uniform result. Accordingly, we looked at results from two per-
spectives: One compared the percentage of patients who had mild
paralysis per total patients between groups. The other, followed
the two patterns of neurological outcome separately. Using this
method, we revealed that EPO did not decrease the percentage of
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mice with mild paralysis, but improved neurological function of
severely paralysed mice between day 2 and 7.

A possible discrepancy in this study is that neurological func-
tion of severely paralysed mice improved between day 2 and 7
whereas the number of motor neurons decreased from day 2 to 7
after SCI even in the EPO-treated groups. However, a similar find-
ing was also reported by Sakamoto et al, which indicated that
neurological function gradually recovered despite persistent loss
of motor neurons up to 2 weeks after SCI in the rat [18]. These
findings indicate that functional outcome depends not only on the
number of motor neurons but also on other factors such as func-
tional compensation by viable neuromuscular units or attenuation
of inflammation in the injured spinal cord.

Neuroprotection provided by EPO in various pathophysiolo-
gies has been well documented, with its action mediated by EPO
receptors expressed in many kinds of central nervous system
(CNS) cells including neural progenitor cells, neurons, glial cells
and endothelial cells [19]. In the rabbit model of SCI, systemic
administration of human recombinant EPO reduced apoptosis of
motor neurons, leading to favourable neurological outcome com-
pared to saline controls [20]. Dame et al. also described the neu-
roprotective and neurotrophic properties of EPO observed in the
CNS with in vivo models of ischaemic, traumatic or inflammatory
brain injury. They also demonstrated that such neuroprotective
and neurotrophic effects of EPO were mediated through expres-
sion of genes that are related to anti-apoptotic proteins in neu-
ronal cells, such as NF-Ib, /KKa, akt and several Bel 2 family
members [21]. Erythropoieting’ vascular actions have also been
demonstrated, one of which is preserving blood—brain barrier
(BBB) function, which may contribute to the prevention of brain
oedema [22].

Based on the possible anti-apoptotic properties or vascular
actions of EPO, we expected to observe the effects of EPO much
earlier. However, a 48-hr interval was necessary before the effects
of EPO were apparent. This is inconsistent with previous reports
that demonstrate the neuroprotective effects of EPO within 2 days
after SCI in the mouse, rat and pig [9-11]. However, it is possible
that this difference in timing can be attributed to the difference in
dosage, timing and route of administration of EPO used. In addi-
tion, competitive results in clinical studies have been reported.
One such study indicates that EPO improves cardiac function and
reduces infarct size after acute myocardial infarction treated with
percutaneous coronary intervention [23], whereas EPO failed to
do so in another report [24]. Therefore, further investigations
would be necessary to clarify this issue.

In our findings, EPO appeared to be more effective at later
timepoints, at least 2 days after SCI. This result is supported by lit-
erature in which EPO has been shown to have a wide therapeutic
window of up to 6 weeks after administration in the case of trau-
matic spinal cord injury in rats [25]. In addition, EPO is considered
to promote neurogenesis and angiogenesis in animal models of
acute stroke [26]. This commitment of EPO to tissue regeneration
can lead to a wide therapeutic window and delayed neuroprotec-
tion. Taguchi et al. have shown that systemic administration of
CD34™ cells after stroke accelerated angiogenesis and neurogen-
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esis with functional recovery in mice, suggesting that homing of
CD34™ into an ischaemic region was crucial for functional recov-
ery in the CNS [27]. This is consistent with our finding of abun-
dant accumulation of CD34 cells and improvement of neurolog-
ical function in EPO-treated groups.

There have been many reports that have addressed the local or
systemic delivery of EPO-promoted migration of bone marrow
stem cells, such as CD34" and c-kit™ cells, to damaged tissue
[7, 28]. An interaction between the chemokine receptor CXCR-4
and its ligand stromal cell-derived factor-1 (SDF-1) is considered
to be a pivotal element in bone marrow stem cell mobilization and
homing. The expression of CXCR-4 on the surface of stem cells
facilitates their migration along a gradient of SDF-1 [29]. In animal
models of myocardial infarction, EPO promotes the recruitment of
bone marrow stem cells in the infarct heart with enhancing local
SDF-1 expression [7, 28]. A similar mechanism may have been
stimulated in the current study to recruit CD34™ cells in the
ischaemic spinal cord. In addition to SDF-1, local inflammatory
cytokines in response to hypoxic stress are also involved in stem
cell migration. Kaminski ef al. demonstrated that adhesion of cir-
culating c-kit™ cells onto vascular endothelium, which is the first
step of stem cell infiltration into injured tissue, was intensified
only when SDF-1 was present together with tumour necrosis fac-
tor a (TNF-a) [30]. Therefore, little tissue damage and a subse-
quent low inflammatory response could account for low numbers
of CD34* cells in mice with mild paralysis, even in the EPO-
treated groups.

However, how accumulated CD34 cells contribute to the
improvement of neurological function and preservation of motor
neurons is unclear. One possible explanation is that the interaction
of CD34™ cells with local parenchymal cells produces trophic fac-
tors that support the recovery of neurological function [31]. In
addition, BDNF is a growth factor, which is important in the devel-
opment and maintenance of the nervous system and has a neuro-
protective role [32]. Consistent with the present study, Wang ef al.
demonstrated that expression of BDNF was enhanced after EPO
treatment in a rat model of embolic stroke, with functional
improvement [26]. Brain-derived neurotrophic factor is consid-
ered to be expressed in motor neurons, microglia and endothelial
cells in the CNS [26, 32]. Therefore, EPO may induce the expres-
sion of BDNF directly or indirectly in these cells through interac-
tion with recruited CD34 cells. Vascular endothelial growth
factor is an endothelial cell-specific growth factor that can be
secreted from endothelial progenitor cells (EPCs), which are con-
sidered to be CD34™, and mediate angiogenesis together with
EPCs [27]. A recent study also revealed that VEGF had a direct
neuroprotective effect on motor neurons independently of blood
circulation, promoting cell survival and neuronal outgrowth [33].
These reports suggest that enhanced VEGF secretion from
recruited CD34™ cells in the spinal cord of the EPO-treated groups
may also contribute to functional recovery and neuroprotection.

In conclusion, systemic administration of EPO improved neu-
rological function with preservation of motor neurons in the
ischaemic spinal cord after SCI in the mouse. Such beneficial
effects may have been provided by recruitment of CD34™ cells and
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enhanced expression of BDNF and VEGF. This evidence supports
EPO as a treatment option that may ameliorate paraplegia after
thoracoabdominal aortic aneurysm (TAAA) surgery.
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Abstract

Background We conducted a retrospective analysis to
clarify the clinical profile of a nonsurgical approach to
small cell carcinoma of the esophagus (SCEC).

Patients and methods SCEC patients in our database
were reviewed. Consistent with the standard approach to
small cell carcinoma of the lung (SCLC), chemoradio-
therapy was the first choice for limited disease (L.D)-SCEC
in our institution while chemotherapy was the first choice
for extensive disease (ED)-SCEC. Our strategy did not
include prophylactic cranial irradiation.

Results Eighteen patients were treated between January
1996 and December 2006, of whom 10 had LD-SCEC and
8 had ED-SCEC. Regarding response to chemoradiother-
apy in patients with LD-SCEC, CR rate at the primary site
was 90% (9/10) and total CR rate was 80% (8/10). With a
median follow-up period of 55.3 months, median survival
time in LD-SCEC and ED-SCEC patients was 17.3 and
13.9 months, respectively, showing no significant difference
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(p = 0.57). Brain metastases occurred in only one patient.
On follow-up, eight patients with LD-SCEC and seven with
ED-SCEC died of disease. Only 2 patients died of local pro-
gression, while the remaining 13 died of disease progression
of distant metastases.

Conclusion Despite providing good local control, che-
moradiotherapy appeared to have insufficient potential to
cure LD-SCEC. Prophylactic brain irradiation for SCEC is
unnecessary.

Keywords Chemoradiotherapy - Small cell
carcinoma of the esophagus

Introduction

Small cell carcinoma of the esophagus (SCEC) is an extre-
mely rare disease. In his 1952 paper, McKeown [1] reported
only 2 esophageal oat-cell tumors among 9,000 postmortem
examinations of deaths of all causes, and only a few case
reports or small case series have appeared since then. SCEC
is described as an aggressive condition with a poor prog-
nosis. As no specific staging system is available, disease
stage is presented according to two staging systems [2, 3],
the American Joint Committee on Cancer (AJCC) tumor—
node-metastasis (TNM) staging system for esophageal
cancer and the Veterans’ Administration Lung Study Group
(VALSG) for primary small cell carcinoma of the lung
(SCLC). This second system consists of two staging cate-
gories, limited disease (ILD) and extensive disease (ED); LD
is defined as tumor confined within a localized anatomical
region with or without regional lymph node involvement,
and ED as a tumor outside locoregional boundaries.
Chemotherapy with hyperfractionated radiotherapy [4, 5]
is the standard treatment for LD-SCLC, while chemotherapy
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is the first choice for ED-SCLC [6-8]. In our institution, the
therapeutic strategy for SCEC was established in accordance
with the tumor staging used for SCLC.

Here, we conducted a retrospective analysis to clarify
the clinical profile of a nonsurgical approach for SCEC.

Patients and methods
Patients

Patients in our database treated from January 1996 and
December 2006 for histologically proven small cell carci-
noma of the esophagus who had not received a surgical
approach as initial treatment were selected for review. In
the current study, the tumors were diagnosed and classified
in accordance with the WHQO 2000 classification, because
the individual therapy for each patient was decided in
accordance with that classification. Therefore, we used the
pathological-diagnostic term “small cell carcinoma of the
esophagus” in this study and did not comply with the
updated classification such as NET (neuroendocrine tumor)
introduced in the new WHO 2010 classification.

Pretreatment evaluation

Pretreatment clinical evaluation was performed using cer-
vical, chest, and abdominal computed tomography (CT),
and/or positron emission tomography (PET)-CT. Tumor
staging in the present study was based on both the section
on the esophagus in the TNM classification (6th edition)
and the staging system of VALSG for primary SCLC. The
reason why the TNM classification (6th edition) was used
in the current study is the same as above.

Radiological evaluations for staging were jointly
reviewed by radiologists, thoracic surgeons, and medical
oncologists at our institution.

Treatment

Consistent with the standard approach for SCLC, chemo-
radiotherapy was the first choice for LD-SCEC in our
institution. Surgery is considered only when patients refuse
chemoradiotherapy. On the other hand, if chemoradio-
therapy fails, salvage surgery becomes a promising choice
as a second approach.

For ED-SCEC, chemotherapy was the first choice.

Our strategy did not include prophylactic cranial irra-
diation. Because data were collected over a 10-year period,
some treatment variation in our data is present.

With regard to radiotherapy for LD-SCLC, gross tumor
volume (GTV) was determined as the region judged on
endoscopic or radiographic examination to contain the

gross primary tumor or metastatic lymph nodes. Clinical
target volume (CTV) was defined as the GTV plus volumes
considered at risk of containing microscopic disease. CTV
was further categorized into two volumes, a CTV boost
(CTVb), which included the primary tumor with a 3-cm
margin craniocaudally, and a CTV subclinical (CTVs),
which included the CTVb plus regional nodes. Until
December 1999, anterior- and posterior-opposed beams
were given to the CTVs at a dose of up to 40 Gy, and a
booster dose of 20 Gy was given to the CTVb using bilat-
eral oblique fields to shield the spinal cord, for a total dose
of 60 Gy. From January 2000, only the CTVb was irradi-
ated at up to 50-60 Gy with conventional fractionation.

With regard to chemotherapy, platinum-based regimens,
mainly etoposide and cisplatin (EP) or irinotecan and cis-
platin (IP), were used as an initial approach both for LD-
SCEC and ED-SCEC. In LD-SCEC, chemotherapy was
continued for four cycles or until tumor progression after
concurrent chemoradiotherapy.

Efficacy

For patients receiving chemoradiotherapy, response of the
primary tumor was evaluated using the Guidelines for
Clinical and Pathological Studies on Carcinoma of the
Esophagus by the Japan Esophageal Society (10th edition).
CR for the primary tumor was defined on endoscopic
observation of the entire esophagus and satisfied the fol-
lowing criteria: (1) disappearance of the tumor lesion, (2)
disappearance of ulceration, and (3) absence of cancer cells
in biopsy specimens [9]. Evaluation was repeated every 2
or 3 months after the completion of CRT [9]. For lymph
node and distant metastases, response evaluation was
determined with reference to the Response Evaluation
Criteria in Solid Tumors (RECIST 1.1) [10].

Overall survival was calculated as the time from the
start of treatment to the date of death or last confirmed date
of survival. Progression-free survival (PFS) was defined as
the time from the day of initiation of treatment to the first
day of confirmation of disease progression or death by any
cause. Local control was defined as the lack of disease
progression at the primary site. The pattern of treatment
failure was defined from the first site of failure, with local
failure indicating recurrence or persistent disease after
treatment at the primary site; regional failure indicating
regional lymph node metastases after treatment; and distant
failure indicating recurrence at any site beyond the primary
site and regional lymph nodes.

Statistical analysis

Overall and progression-free survival time were estimated
by the Kaplan—-Meier product-limits method with the log-
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rank test using commercially available statistical software
(StatView version 5.0, SAS Institute, Cary, NC, USA).

Results
Patient characteristics

Patient characteristics are listed in Table 1. From January
1996 through to December 2006, 18 patients were
reviewed, of whom 10 had LD-SCEC and 8 had ED-SCEC.
Most patients had good performance status and three
patients had NOMO disease. Median age was 67 years
(range 40-77 years). Regarding initial treatment of LD-
SCEC, all patients received chemoradiotherapy, and the

Table 1 Patient characteristics

No. of patients 18
Age (years), median (range) 67 (40-77)
Sex (M/F) 13/5
Performance Status (0/1/2) 11/6/1
Location
Upper 4
Middle 6
Lower/GE junction 8
Extent LD ED
10 8
TNM classification (6th)
T stage
T1 0 0
T2 2 1
T3 5 5
T4 3 2
N stage
NO 3 1
N1 7 7
M stage
MO 9
M1 1 8
Initial treatment
Radiotherapy 10 0
30 Gy/10 fractions
50 Gy/25 fractions 4
60 Gy/30 fractions
Chemotherapy 10 8
Cisplatin, etoposide 1
Cisplatin, irinotecan 5 7
Cisplatin, 5-fluorouracil 3 0

) Springer

most frequent regimen was IP. For ED-SCEC, all patients
received platinum-based chemotherapy, with the most
frequent regimen being IP.

Efficacy

With regard to the response to chemoradiotherapy in LD-
SCEC patients, CR rate at the primary site was 90% (9/10)
and total CR rate was 80% (8/10). Median progression-free
survival was 9.0 months, which was significantly better
than the 6.0 months in those with ED-SCEC (p = 0.04)
(Fig. 1).

Median survival time of all patients was 16.1 months
and 3-year overall survival rate was 16.7%, with a median
follow-up period 55.3 months. Median survival in LD-
SCEC and ED-SCEC patients was 17.3 and 13.9 months,
respectively, showing no significant difference (p = 0.57)
(Fig. 2).

Failure pattern

A total of nine LD-SCEC patients were confirmed to have
tumor progression, consisting of one (11.1%), none (0%),
and eight (89.9%) patients with local, regional, and distant
failure, respectively. One patient has survived over 4 years
without any disease progression.

Of those with ED-SCEC, in contrast, three patients
(37.5%) had local progression, two (25.0%) had regional
disease progression, and the remaining three (37.5%) had
confirmed distant failure. The most frequent site of distant
failure was the liver, while brain metastases occurred in
only one case.

Probability

nassmsanaRARAN

Time(Year)

Fig. 1 Progression-free survival in LD-SCEC and ED-SCEC. Solid
line indicates progression-free survival curve in LD-SCEC; broken
line indicates progression-free survival curve in ED-SCEC. Median
progression-free survival in LD-SCEC patients was 9.0 months,
significantly better than that of ED-SCEC patients (6.0 months)
(p =0.04)
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Probability

Time(Year)

Fig. 2 Overall survival in LD-SCEC and ED-SCEC. Solid line
indicates overall survival in LD-SCEC; broken line indicates overall
survival in ED-SCEC. Median survival time in LD-SCEC and ED-
SCEC patients was 17.3 and 13.9 months, respectively

Second-line treatment

After the failure of initial treatment, seven patients received
best supportive care, including palliative radiotherapy.
Second-line treatment for the other patients consisted of
photodynamic therapy (PDT) in one, platinum-based che-
motherapy in three, docetaxel in four, and irinotecan in two.

Cause of death

On follow-up, eight patients with LD-SCLC and seven
with ED-SCLC died of disease. Only 2 patients died of
local progression, with the remaining 13 dying of disease
progression of distant metastases. The clinical course is
summarized in Table 2.

Two LD-SCEC patients have survived long-term (54.2
and 76.5 months). One patient received photodynamic
therapy (PDT) as a salvage treatment for primary residual
lesion after CRT and he has continued disease-free.
Another patient received chemoradiotherapy (IP-RT) and
has continued disease-free.

One ED-SCEC patient has also survived. She has
received palliative chemotherapy because of liver metas-
tases and has achieved long-term progression-free survival
over 4 years.

Discussion

In this retrospective analysis, we provide a specific clinical
profile for SCEC. Results showed that SCEC has a more
aggressive potential than other esophageal cancers, and dif-
ferent tumor behavior from SCLC. Furthermore, although

chemoradiotherapy is effective in primary disease, it appears
still to lack potential for the treatment of LD-SCEC with
curative intent.

Only 0.9% (23 of 2449) of all esophageal carcinomas
treated at our institution between January 1996 and
December 2006 were small cell carcinoma, a similar ratio
to those reported previously [11-14]. With regard to LD-
SCEC, several previous reports [12, 15, 16] suggested that
combined modality therapy using platinum-based combi-
nation chemotherapy and radical RT may allow a nonsur-
gical approach to management, and thereby avoid the
morbidity of esophagectomy in LD-SCEC. In the present
study, chemoradiotherapy were effective in all T-stage
primary tumors (CR rate 90%). Median survival time was
only 17.3 months, however, and only two patients remain
alive at the time of writing. Moreover, 70% of deaths were
due to metastatic disease. These results indicate that local
control did not necessarily contribute to an improvement in
cure rate, and that chemoradiotherapy is still insufficient
for treatment with curative intent.

The role of surgery as a part of local treatment remains
controversial in patients with LD-SCEC. There is a case
report that radical surgery alone can result in long-term
disease-free survival [19]. Nonetheless, most patients who
received surgery alone developed systemic recurrence
rapidly, so patients with LD-SCEC should be recom-
mended not only resection but also chemotherapy [12, 15].
Recently, surgery has been more commonly performed as
part of multimodality treatment for LD-SCEC [14, 20].

With regard to ED-SCEC, previous reports primarily
used platinum-based chemotherapy, but median survival
time was less than 1 year [12, 15-17]. Noda et al. [6] first
reported a phase III study of IP compared with an EP
regimen in 154 patients with ED-SCLC. Their interim
analysis revealed significant differences in OS and toxicity
profile in favor of the irinotecan arm, which led to the
premature termination of the study. In contrast, Hanna
et al. [18] failed to confirm these positive results. A recent
meta-analysis [7] showed that IP might have an advantage
over EP in overall survival with fewer hematological tox-
icities, indicating that IP regimens might represent a suit-
able alternative to EP regimens in the first-line treatment of
ED-SCLC. Accordingly, treatment for ED-SCEC at our
institution mainly involves IP regimens. Median survival
time in this series was 13.9 months and three of these
patients survived more than 20 months.

According to the previous reports on SCLC [19, 20],
brain metastasis was found from 10 to 18% at the time of
diagnosis, and the incidence of brain metastasis increased
at 2 years from 50 to 80%.

Ku et al. [12] reported the occurrence of brain metas-
tases in only 1 of 22 patients. In our present study also,
brain metastases were confirmed in only one patient
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Table 2 Summary of clinical course

Case Age Gender Stage 1st Tx  Response 1st failure site 2nd Tx F/U Status (cause
no. period of death)
(months)

1 69 F T3NOMO LD IP-RT CR Distant (liver) BSC 12.2 DOD (distant)

2 70 M T3NOMO LD FP-RT NonCR Local (primary site) PDT 542 Alive with NER

3 66 M T2NIMO LD IP-RT CR Distant (liver) Docetaxel 27.1 DOD (distant)

4 68 F T2NIMO LD IP-RT CR Distant (bone) BSC 12.6 DOD (distant)

5 69 M T3NIMO LD IP-RT CR NER None 76.5 Alive with NER

6 70 M T3N1Mla LD IP-RT NonCR Distant (liver) BSC 20.3 DOD (distant)

7 74 M T4NOMO LD FP-RT CR Distant (brain, abdominal BSC 13.6 DOD (distant)
LN)

8 73 M T4NIMO LD EP-RT CR Distant (abdominal LN) BSC 12.1 DOD (distant)

9 63 M T3NIMO LD FP-RT CR Distant (liver) Irinotecan 17.3 DOD (distant)

10 65 M T4NIMO LD EP-RT CR Distant (liver) Irinotecan 11.4 DOD (distant)

11 58 M T2N1IM1b ED TP - Local (primary site) Docetaxel 21.3 DOD (Local)

12 59 F T3NIMlb ED IP - Distant (liver) Docetaxel 58.8 Alive with disease

13 68 M T3NIM1b ED [P - Distant (liver) Docetaxel 2.7 DOD (distant)

14 54 M T3N1IM1b ED 1P - Local (primary site) BSC 12.3 DOD (distant)

15 56 M T3N1IMIib ED IP - Local (regional LN) EP 34 DOD (distant)

16 40 F T3NIMlb ED 1IP - Local (regional LN) CDGP + 5-FU 27.6 DOD (distant)

17 77 F T4NOMI1b ED IP - Local (primary site) BSC 5.9 DOD (Local)

18 53 M T4N1M1b ED EP - Distant (liver) CDGP + 5-FU 139 DOD (distant)

F female, M male, LD limited disease, ED extensive disease, [P irinotecan and cisplatin, FP 5-fluorouracil and cisplatin, EP etoposide and
cisplatin, CR complete response, LN lymph node, NER no evidence of recurrence, BSC best supportive care, PDT photodynamic therapy, CDGP

nedaplatin, F/U follow up, 5-FU 5-fluorouracil, DOD died of disease

(5.5%). Given this low incidence, prophylactic brain irra-
diation for SCEC appears unnecessary.

In conclusion, SCEC has more aggressive potential than
other esophageal cancers, and different tumor behavior
from SCLC. Although chemoradiotherapy is effective in
primary disease, it appears still to lack potential for the
treatment of LD-SCEC with curative intent. Prophylactic
brain irradiation for SCEC is unnecessary. Further
improvement in outcomes with this condition may require
potent new strategies, such as chemotherapy or chemora-
diotherapy with molecular targeting drugs.
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Abstract

Background Endoscopic balloon dilatation (EBD) is
performed to treat strictures after esophagectomy. How-
ever, little is known about using EBD for benign strictures
that occur after nonsurgical treatments for esophageal
cancer such as chemoradiotherapy (CRT) or endoscopic
mucosal resection (EMR). The aim of this study was to
evaluate the safety and efficacy of EBD for benign stric-
tures after nonsurgical treatment compared with those after
surgery.

Methods We identified 823 patients with esophageal
cancer who completed definitive treatments between 2004
and 2007. Of these patients, 122 were enrolled in our study,
including 60 who had surgery and 62 who did not have
surgery (32 CRT, 30 EMR). The indication criteria for
EBD were complaint of dysphagia and the inability to pass
a conventional endoscope due to benign stricture. We ret-
rospectively analyzed the safety and efficacy of EBD, and
the measured outcomes were treatment success rate, time
to treatment success, and refractory stricture rate.

Results Perforation occurred in 3 (0.3 %) of 1,077 EBD
sessions, with no bleeding. Efficacy was evaluated in 110
of the 122 patients. While the treatment success rate was
over 90 % in both the surgery and the nonsurgery group,
there was a significant difference in the median time to
treatment success between both groups (2.3 vs. 5.6 months,
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p = 0.02: log-rank test). There was a significant difference
in the median time to treatment success between CRT and
surgery groups (7.0 months, p = 0.01), with no significant
difference in the EMR group (4.4 months, p = 0.85). A
significant difference in the refractory stricture rate was
evident between the nonsurgery group (75 %) and the
surgery group (45 %, p < 0.01).

Conclusion EBD for stricture after nonsurgical treatment
of esophageal cancer was safe and effective. However,
patients with benign strictures after nonsurgical treatment
required significantly longer time to recover from dys-
phasia compared to those after surgery.

Keywords Esophageal stricture - Balloon dilatation -
Esophageal cancer

Various nonsurgical curative treatment modalities for
esophageal cancer are increasing. For superficial esopha-
geal cancer, endoscopic mucosal resection (EMR) and
endoscopic submucosal resection (ESD) are less invasive
curative treatments [1-4]. Chemoradiotherapy (CRT) is a
standard nonsurgical treatment for locally advanced
esophageal cancer, and salvage EMR or photodynamic
therapy (PDT) can be curative for local or regional recur-
rence after CRT [5-7]. However, dysphagia can be caused
by fibrotic stricture, even after nonsurgical treatments, with
complication rates of 3.3-40 % after CRT [8, 9] and
6.0-18 % after EMR [4, 10, 11]. Severe dysphagia fre-
quently reduces the quality of life in patients undergoing
these nonsurgical treatments despite the achievement of a
primary cure under organ preservation.

Esophageal dilatation has been the primary therapy for
benign esophageal strictures. Common dilators can be
categorized as follows: the simple bougie type (Maloney
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