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inserted and motor evoked poteatials (MEPs) were moni orcd'in dder to evaluate spinal

cord ischemia. Significant changes in the MEPs were«observed and permanent stent
graft placement was abandoned. Later, open surgery;was performed. The patient showed

no postoperative paraplegia and was discharg good condition.
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Patch ancurysms afler thoracoabdominal aortic repair are an alarming late

complication. The incidence has been reported as 7.1%.' Thoracic endovascular

cord ischemia.

CASE REPOR’
car-old man with a history of chronic aortic dissection presented with
dilatation®, of the thoracoabdominal aorta. Previous surgery included extent II

thoracoabdominal aortic ancurysm (TAAA) repair and reconstruction of arteries T9

through T11, which were reattached by the patch fechnique to a prosthetic graft 15 years
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ago. Computed tomography (CT) examination showed an ancurysmal formation of the

intercostal patch anastomosis. In addition, CT examination showed the artery. of

Adamkiewicz originating from the T10 intercostal artery (Fig. 1). Although open

amplitude of MEPs before and duringithe retrievable stent graft placement. The

retrievable stent graft was develop d by a modification of thc sclf-cxpanding

Matsui-Kitamura (MK) stent (Kitamura Inc., Kanazawa, Japan). All wires were 0.4 mm

Nitinol wire (Memoalloy, Tokin Inc., Tokyo, Japan). The basic framework of the sea

anchor-shaped stent was collected in a bundle and connected to the pushing rod. The

stent fabrig, an ‘cxpanded PTFE sheet 0.1 mm in thickness, was attached by 5-0
polypropylene sutures. The length of the retrievable stent graft was 150 mm and the

expanded diameter was 30 mm in this case. The retricvable stent graft was inserted into

a 20 Fr Cook KTI sheath (Cook Medical, Bloomington, IN, USA) to deliver it to the

wt



— 660 —

L=

10

11

12

13

14

18

descending aorta,

A cerebrospinal fluid (CSF) drainage catheter was introduced into the intrathecal

space on the day before the surgery. During the operation, CSF pressure was routine y'

monitored and was allowed to drain spontancously if the CSF pressure increased above

10 mmHg.

The induction of anesthesia was achieved with intravenoiis. doses of propofol

S

administered using the target-controlled infusion thod,® remifentanil (0.25

perkg/min), and  dexmedetomidine hydrochloti © pg/kg/hr).  Anesthesia  was
maintained with propofol administered Starget-controlled infusion method,

remifentanil (0.25 pg/kg/min) and  dexmedetomidine hydrochloride (0.2 pgfkg/hr).

Muscle relaxation was induced with 25 mg of rocuronium bromide once at the time of

&

anesthesia induction. T} '*traevable stent graft was placed. The graft was 150 mm long

pg/kg/min)to induce hypertension (over 120 mmHg of systolic pressure) during the
examina l‘éu‘of MEPs. The amplitude of MEPs decreased significantly during the

retriever placement, suggesting critical spinal cord ischemia (Fig. 2). The retricvable

stent graft was removed and permanent implantation of the stent graft was abandoned.
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The amplitude of MEPs returned soon after having collected the retrievable stent graft.

from his lower extremity symptoms. Two months after this operation, open’surgery was

performed, including reconstruction of all three intercostal arteries?The patient showed

no postoperative paraplegia.

DISCUSSION

TEVAR is preferred for high risk candidates, such as patch aneurysm, since open

repair is associated with considérable morbidity and mortality.™ Although TEVAR is

less invasive for these - candidates, stent graft deployment could induce

interzuption of the bloed flow in critical intercostal arterics originating from the patch

aneurysm and. may icause spinal cord ischemia. In our case, preoperative CT

examinatio wed that the artery of Adamkiewicz originated from an intercostal
branch \x}fgjch included reconstructed intercostal arteries. Ishimaru et al reported that in

16 patients with ancurysms located in the middle and distal segment of the deseending

aorta, retrievable stent grafts were placed temporarily before stent graft deployment.
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They recorded the amplitude or latency of evoked spinal cord potentials (ESCPs) and

concluded that a retrievable stent graft was useful as a predictor of spinal cord ischemia

in candidates for stent graft repair of thoracic aortic aneurysms.® After this thesis, wi

reported that the patient underwent TEVAR for ulcer like projection (ULP) of chronic

aortic dissection. A CT image showed that the artery of Adamkiewicz originated from

the Th 9 level which was located close to the ULP. A retrievablesstent graft was used to

predict the pogsibility of spinal cord ischemia. In this st ¢ recorded MEPs instead

because of its low invasiveness, in some cases there is an increased risk of paraplegia.

In this case in patticular, the artery of Adamkiewicz originated from the patch aneurysm,

which was clearly detected by preoperative CT examination, and open surgery was

sclected. We conclude that the use of a retrievable stent graft is a promising technique to

determine the suitability of TEVAR versus open surgery for intercostal patch aneurysm.
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Figure legends

Fig. 1

Three-dimensional CT images of the patch ancurysm located at the previousssite of

reattachment of the intercostal arteries. Arteries T9 through T11 wer all patent. The red

arrow shows that the artery of Adamkiewicz originated fror 0 intercostal artery.
Fig. 2
Al, Digital subtraction angiography of pa curysm located at the previous site of

reattachment of the intercostal arteries:

A2, A retricvable stent graft was placed to completely cover the patch aneurysm.
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Murine Double Minute 2 and Its Association
with Chemoradioresistance of Esophageal
Squamous Cell Carcinoma
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IDivision of Advanced Surgical Science and Technology and Department of Pathology,
Graduate School of Medicine, Tohoku University, Aoba-ku, Sendai, Miyagi, Japan;
*Department of Pathology, Tohoku University Hospital, Aoba-ku, Sendai, Miyagi, Japan

Abstract,  Background: Definitive chemoradiotherapy
(dCRT) has been established as the standard treaiment for
esophageal squamous cell carcinoma (ESCC). However,
many patients develop persistent or recurrent disease
following dCRT. We investigated factors related to
chemoradioresistance and treatment outcomes in patients
with ESCC who underwent salvage esophagectomy after
dCRT. Patients and Methods: We selected 38 parients with
persistent disease and 24 with recurrent disease who
underwent  salvage  esophagectomy  after  dCRT,
fmmunolocalized p53, pl6, p27, murine double minute 2
(MDM2), cyclin DI, Ki-67, and epidermal growth factor
receptor, and correlated the findings with clinicopathological
Jeatures. Results: MDM2 positivity was significantly higher

among patients with persistent disease than among those.

with recurrent disease (p<O.0001). In addition, negative pl16
expression was a predictor of poor prognosis among patients
with persistent disease. Conclusion: MDM2 overexpression
plays an important role in chemoradioresistance of ESCC;
Surthermore, negative pl6 expression can predict poor
prognosis of patients with persistent disease.

Definitive chemoradiotherapy (dCRT) has become the
standard treatment for csophageal carcinoma (1-3), and

Correspondence to: Hirashi Okamoto, MDD, Division of Advanced
Surgical Science and Technology, Graduate School of Medicine,
Tohoku University, 1-1 Seiryo-mauchi, Aoba-ku, Sendui, Miyagi
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results of some previous studies, including our own, have
shown comparable clinical outcomes between patients
undergoing dCRT and those undergoing surgery alone (4, 5).
However, it is also true that 34.2%-56.0% of patients who
undergo dCRT experience persistent or recurrent discase (2,
4-6), which generally results in adverse clinical ontcomes.
We have aggressively performed salvage esophagectomy
after dCRT since October 2001 to improve the chances of
survival among these patients (6-9). However, patients who
undergo salvage esophagectomy after dCRT stil} exhibit a
high rate of morbidity and mortality (6, 7, 9). If we could
determine the chemoradiosensitivity of disease in such
patients at the time of diagnosis, we could dramatically
improve treatment strategies and clinical outcomes. In
addition, if cases with a poor prognosis after salvage
esophagectomy could be identified at an earlier clinical
stage, much more stringent follow-up and administration of
more aggressive adjuvant therapy couald also confer clinical
benefits to these patients.

Salvage esophagectomy is a rather restricted procedure
because of its high-risk nature. To the best of our
knowledge, a detailed evaluation of surgical pathology
specimens  obtained during  salvage csophagectomy,
following dCRT, has not been previously reported.
Therefore, in this study, we retrospectively evaluated the
clinieopathological and immunohistochemical features of
esophageal squamous cell carcinoma (ESCC) specimens
obtained from patients  who underwent salvage
esophagectomy after dCRT in order to explore the factors
related to chemoradioresistance among patients with ESCC.
We immunolocalized p53, p16, p27, murine double minute
2 (MDM2), cyclin D1, Ki-67, and cpidermal growth factor
receptor (EGFR) because all of these are known prognostic
factors for ESCC andlor are reportedly related to
chemoradioresistance (10-16).

ANTICANCER RESEARCH 33: 1463-1472 (2013)

Patients and Methods

Parierns. We performed 68 salvage csophagectomies f{ollowing
JCRT at the Tohokw University Hospital (Sendai. Japan) between
September 2001 and November 2008, Two cases of distant
metastasis, three cases of initial endoscopic treatment, and one case
of previous CRT for head and nock cancer were exeluded.
Therelore, 62 patients with ESCC were included in the study, out
of whom 38 had persistent disease and 24 had recurrent disease. The
definitions of persistent and recwrvent discase used in this study are
described in the next section.

dCRT and salvage esophagectomy. The dCRT protocol in our study
basically followed that of the Japan Clinical Oncology Group
QCOG) trial 9906 (2). In brief, the protocol compriscd of twe eyeles
of intravenous cisplatin (40 mg/m?) infusion on days | and 8 and
continuous S-fluorouracil (400 mg/m?) infusion over 24 h on days
-5 and 8-12 cvery five weeks with concurreat radiotherapy (60 Gy
administercd in 30 fractions over a period of cight weeks. including
a 2-week rest period after the administration of 30 Gy). The
radiotherapy ad ed is three-di ional. Gross tumour
volume (GTV) included the primary tumour and metastatic Iymph
nodes evaluated by endoscopy, d tomography (CT), and 2-
{18¥]fluoro-2-deoxy-D-glacose  positron-emission  tomography
(FDG-PET). if nccessary. The elinical target volume included the
GTV and the sapraclavicular, mediastinal, and celiac axis lymph
node regions. When the tumonrs were Jocated in the upper third of

residual wmour cells were observed microscopically, the specimens of
33 patienis with persistent disease and 22 patients with recurrent
disease were evaluated immunohistochemically. Tmmunohistochemical
staining was performed using the sieptavidin-biotin complex method,
as follows. Serial d-pm-thick sections from the most representative
arca of each specimen were de-paraftinized in xylene, rehydrated in a
graded ethanol series, and then immersed in 3.0%% hydrogen peroxide
in methanol for 10 min at room temperature (RT) to block endogenous
peroxidase activity, For antigen retrieval, the slides for p33 were heated
in a microwave at Y5°C for 13 min in 0.01 M citrate bufter (pH 6.0).
The slides for p16. p27, MDM2, cyclin DI, and Ki-67 were heated for
5 min in 0.01 M citrate buffer {(pH 6.0) using an autoclave at 121°C.
The shides for BGFR were incubated in 0.05% protease in Tris-HCIL
buffer (pH 7.6) at 37°C for 10 min. The slides were incubated in 1%
normal rabbit (Tor mouse monoclonal antibody) or goat (for rabbit
monoclonal antibody) serum Tor 30 min at RT to reduce non-specific
antibody binding. Subsequently, the slides were incubated at 4°C
overnight with mouse monoclonal antibody against p33 (DO-7, diluted
17100; Nichirei Biosciences Inc., Tokyo, Japan), pi6 (G175-1239,
diluted 1/100; BD Biosciences, Franklin Lukes, NJ, USA), p27
(SX53GR, diluted 1/800; Dako, Glostrup, Denmark), MDM2 (SMP14
ditated 17/1000; Santa Craz Biotechnology Tnc., CA, USA), Ki-67
(MIB-1, diluted 1/300; Dake), BGFR (31G7, used as delivered,
product code 413701; Nichirel Biosciences Inc.), and rabbit
monoclonal antibody against cyclin DI (SP4, used as delivered,
product code 413521; Nichirei Biosciences Ine). The next day, the
sections were incubated with biotinylated anti-mouse or anti-rabbit

the csophagus, the celiuc axis lymph node region was excluded
After 40 Gy, an extra boost of radiation was administered to GTV
vie an oblique approach (20 Gy admini d in 10 fractions).

immunoglobulin (Nichirei Bi es Inc.) as sccondary antibadics
and incubuated  with peroxidasc-labeled  streptavidin  (Nichirei
Biosciences ne.) for 3} min at RT. The antigen-antibody complexes

Additional ¢} herapy was admini < antil May 2004, This
comprised of twa cycles of 80 mg/m? of cisplatin on day 1 and a
continuous infusion of 800 mg/m? of S-fluorouracil on days 1-5,
every four weeks. Clinical evaluation by endoscopy with biopsy, CT.
and FDG-PET (f necessary) were performed one month after
treatment completion, Patients who were cvaluated as having an
incomplete response at this time and who subsequently underwent
salvage esopbagectomy were defined as persistent cases. Paticnts
who were evaluated as having a complete response (CR) at this
time, but whose tumours subsequently recurred in the same Jocation
and who underwent salvage esophagectomy later were defined as
recurrent cases. Recurrence was confirmed by biopsy. A total of 24
out of the 38 patients with persistent disease and 13 out of the 24
patients with recurrent disease underwent the JCOG 9906 protocal.
The other patients underwent treatment according to different
protocols followed by other bospitals or other Departments
(Radiation Oncology. Clinical Oncology, or Otolaryngology) of the
Tohoku University Hospital. The treatments that the patients
received are summarized in Table 1. Some patients required a dose
decrease or a delay in chemotherapy because of adverse side-ctiects.
Al putients received the complete scheduled radiation dose.
Salvage  csophagectomy  was  usually  performed  under
thoracoscopic guidance. One- or two-ficld lymph node dissection
was performed for tumours of the cervical esophagus or the middle
or Jower thirds of the esophagus. and 3-field lymph node dissection
was performed for tumours of the upper third of the esophagus.

Tmmunohistochemical staining and pathelogical evaluation. Surgical
specimens were fixed in 10% formalin and representative sections
were embedded in paratfin wax, Excluding specimens in which no
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were visualized with 3,3 -diaminobenzidine. and the slides were
counterstained with Mayer's haematoxylin, dehydrated in a graded
cthanol series, and cleared in xylenc.

The staining and pathological findings were evaluated
independently by two of the authors (HO and FF) whe were blinded
10 the patients” clinical data. The histopathological findings were
classified according to the seventh edition of the Union for
International Cancer Control system (17). The percentage of ps3-,
P27+, MDM2-, Ki-67-, and cyclin) I-positive nuclei was determined
for more than three regions of the deepest area of the tumour and
1000 viable tumour cells were evaluated at a magnification of x400
by microscopy. For pl6. the percentage of cells with positive nuclei
and positive cytoplasm was determined, and for HGFR, the
percentage of cells with positive membranes was determined. The
cutoff values for ubnormal expression were as follows: p33, =10%
(13)% pl6, <3% (16)% p27, 210% (15); MDM2, 220% (18): cyclin
DI, 210% (14): Ki-67, 239% (12). Scoring for EGFR was
performed using the immunoreactive score (IRS) obtained by
multiplying the intensity score (D=no staining, I=faint staining,
2=moderate staining, 3=strong staining) by the extent score
(O=none, 1=<i0%, 2=10%-50%. 3=>30%-80%, 4=>80%), and
ranged from 1 o 12, Jt was decided that an IRS 26 was indicative of
abnorasal expression (10). Histopathological tumour ion was
classified into five categorics according fo the ¥
Classilication of Esophageal Cancer, tenth edition (19) as follows:
grade 3, markedly effective (no viable residual tumour cells); grade
2. moderately effective (less than one-third residual tumour cellsy;
grade 1, slightly effective (1b, one-third to two-thirds residual
tumour cells; 1a, more than two-thirds residual tumour cells); grade
0, inelfective (no therapeutic effect observed).
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Table L. Sununary of treatments.

Patients with persistent discase n=38
JCOGY906 protocol 24 (63.2%)
Cisplatin/S-FUIS0 Gy 1 (2.6%)
Cisplatin/S-FUi60 Gy 1 (2.6%)
Cisplatin/5-FUi64 Gy 1 (2.6%)
Noduplatin/S-FU/G0 Gy 2 (5.3%)
Neduplatin/5-FU/64 Gy 2(5.3%)
Nedaplatin/3-FU/70 Gy 6 (15.8%)
Cisplatin/S-FUDOCHTO Gy 102.6%)
Patients with recurrent discase n=24
JCOGYY06 protocod 15 ¢62.5%)
Cisplatin/5-FU/G0 Gy 2 (8.3%)
Cisplutin/5-FUiG4 Gy 1(4.2%)
Cisplatin/5-FU/T0 Gy 1 (4.2%)
Neduplatin/5-FU/60 Gy 2 (8.3%%)
Nedaplatin/5-FU/69.6 Gy 1 (4.2%)
Nedaplutin/S-FU/0 Gy 1 (4,266}
Nedaplatin/DOCi68 4 Gy 14,26y

JCOG, Japan Clinical Ongology Group; 5-FU, S-fluorouracil; DOC,
docetaxel,

Stayistical analysis. Continnous data were analysed using the
Stadent’s /~test or the Mann—Whitney U-test, Categorical data were
evaluated using Pearson’s chi-square test, Fisher's exact test, or the
Mann-Whitney U-test as appropriate. Normality was assessed using
the Shapiro-Wilk test, Equality of variances was cvalnated using the
F test. Overall curves were determined by the Kaplan-Meier
method, and a log-rank test was used to compare the survival
curves. The patient survival time was determined from the date of
salvage surgery until death or the last follow-up examination, All
statistical analyses were performed using JMP Pro Version 9.0.2
{SAS Tastitute Inc., Cary, NC, USA). Two-tailed p-values <0.03
were considered statistically significant,

This study was approved by the Ethical Committee of Tohoku
University Hospital (accession number 2011-5963.

Results

Comparison of clinicopathological features and survival
outcomes between patients with persistent and recurrent
disease. The median follow-up time for patients with
persistent and recurrent disease was 12,5 months (range=0-
102 months) and 34.5 months (range=4-102 months),
respectively. Twelve out of 38 patients with persistent discase
and three out of 24 patients with recurrent disease underwent
non-curative resection (R1/R2), The clinicopathological
features of the patients with persistent and recurrent disease
are shown in Table IL. Pathological tumour depth, lymph
node status, and twmour stage were significantly more
advanced among patients with persistent disease thun among
those with recurrent disease. In terms of tumour

Table 11, Clinicopatholugical features of patienrs with persistent and
recuerent disease.

Variable Persistent Recurrent p-Value
discase disease
=33 (%) (=22) (%)

Meuan agexSD 639478 65.619.1 0.28
{Runge), years {51-80) (44-82)
Gender
Male 28 (§4.8) 20 (90.9) 0.69
TFemale 5{15.2) 2(9.0)
Location
Cervis 4 0.0) 3(13.6) 0.14
Upper 40121 1(4.5)
Middie 19 (57.0} 10 (45.5)
Lower 10 ¢30.3) 8 (36.4)
Radiation
60 Gy 23 (69.7) 164727y 0.81
>60 Gy 10 (30.3) 6(21.3)
Additional chemotherapy
Not performed 28 (R4R) 15 (68.2) 049
Performed 5(15.2) T3L8)
Histological type
Well differentiated 3.0 1(4.5) 0.06
Muderately differentiated 37 81.%) 13 (89.1)
Poorly differentiated 3(9.1) 8 (36.4)
P
1 [REEV] $¢36.4) 0.0005
2 6 (18.2) 4(18.2)
3 23 (69.7) §{22.73
4 3.0 527
pN
0 13394 18 {§1.8} 0.0019
1-3 20 (60.6) 4(18.23
pStage
1 4(i12.h 11300 0.015
i 10 (30.3) 52270
m 17 (31.3) £5{27.3)
Vi 2(6.0) (tYUED]
Lymphatic nvasion
Negative 17 (81.5) 12 (54.5) 0.83
Positive 16 (48.5) 0 {45.5)
Venous invasion
Negative 7(21.2) §(36.4) 0.22
Positive 26 (78.%) 14 {63.6)
Residual tumour
RO 21 (63.6) 19 (864) 0.004
RIR2 12 (36.4) 3(13.6)
Tamour regression grade
0 13.0)
|EY 20 (60.6)
b 9(21.3)
2 I

SD, Standard deviation,

differentiation, poorly-differentiated tumours were more
frequently observed in patients with recurrent disease than
in those with persistent disease. The 3- and 5-year overall
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survival (O8) rates for all 62 patients were 35.1% and
28.0%, respectively, The survival outcomes of patients with
persistent and recurrent disease are compared in Figure 1.
The 3- and 3-year OS rates were 28.2% and 20.6%,
respectively, Tor patients with persistent disease and 43 8%
and 41.3%, respectively, for patients with recurrent disease.
The OS rate of patients with persistent disease was
signilicantly worse than that ol patients with recurrent
disease {(p=0.044).

Comparison of marker expression between parients with
persistent and recurrent disease. Marker expression among
the patients with persistent and recurrent disease is
summarized in Figure 2. The MDM2 positivity rate
(p<0.0001) and the TRS for EGFR (p=0.030) were
significantly higher among patients with persistent disease
than among those with recurrent disease. On the other hand,
the Ki-67 positivity rate tended to be higher among putients
with recurrent disease than among those with persistent
disease (p=0.062), None of the other markers exhibited uny
significant correlations with persistent or recurrent disease.
Tumour cells positive for MDM2, p16, Ki-67, and EGFR
expression are illustrated in Figure 3.

Correlations  between marker expression and  clinico-
pathological features. Among the patients with persistent
disease, EGFR exprexsion way correlated with advanced
pathological stage (p=0.036, data not shown) and lymphatic
invasion (p=0.024, data not shown). No other significant
correlations were observed.

Survival analysis of clinicopathological findings and marker
expression among patients with persistent and recurrent
disease. Among patients with persistent disease, survival
analysis showed that pathological tumour depth, pathological
stage, lymphatic invasion, residual tumour, and p16 status
were significant prognostic lactors for OS (Table TIT and
Figure 4). Among patients with recurrent disease,
pathological tumour depth, pathological stage, lymphatic
invasion, and residual tumonr were significant prognostic
factors for OS (Table TIT).

Discussion

The oncoprotein MDM2 inhibits pS3 by directly blocking
its transcriptional activity or ubiquitinating p53 to promote
p53 resolution in cytoplasmic proteasomes (20, 21y, MDM?2
overexpression induced by jonizing radiation inhibits
mediation of cell-cycle arrest in the Gy phase and apoptosis
by p53 (22, 23), which may explain why some tumours
resist radiotherapy or CRT. On the other hand, Ki-67 is a
widely known marker of cell proliferation. In this study,
tumonr MDM?2 positivity was significantly higher among
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Figure 1. Comparison of survival outcomes between patients with
persistent and recurrent disease. Overall swrvival (OS) was significantly
worse amaong putients with persisrent disease than among those with
recurvent disease (p=0.044).

patients with persistent discase than among those with
recurrent disease. In addition, Ki-67 positivity tended to be
higher among those with recurrent disease. Therelore, the
biological behaviour of persistent disease appears to differ
from that of recurrent disease with regard to resistance o
chemoradiation. Persistent disease is nsually characterized
by marked chemoradioresistance, whereas recurrent disease
occurs in patients who have once been evaluated as having
a complete clinical response. Considering that tumours with
increased resistant to CRT are more frequently identified as
persistent rather than recurrent, high levels of MDM2 seem
to play a critical role in chemoradioresistance of ESCC
cells. Tkeguchi er al. (11) reported that the correlation
between MDM?2 expression in ESCC and shorter survival
wag more marked for patients who underwent postoperative
adjuvant CRT than for those who did not, These results
together with those in owr present study clearly indicate that
MDM2  expression  in  ESCCs  that  display
chemoradioresistance is already high before treatment and
remains stable or increases after CRT. If this observation iy
valid, we may be able to determing chemoradiosensitivity in
patients with ESCC by examining MDM2 expression in
biopsy. specimens obtained before treatment, -or by
examining the increase in MDM2 positivity in biopsy
specimens obtained after induction CRT; howsever, this
awaits [urther investigations for clarification. Recently, the
effects of the MDDM2 inhibitor Nutlin-3 (24) were clinically
evaluated, especially with, regard to the treatment of
leukemin (25, 26). Nutlin-3 inhibits MDM2 und causes cell-
cycle artest, apoptosis, and senescence through the
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Figure 2. Comparisen of marker expression benween patients with persistent and recurrent disease. Muvine double minute 2 (MDM2} positivity rate
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I groseh factor recepror (EGFR) {p=0.030) were significantly Wigher among patients with

persistent disease thar among those with recurvent disease. On the other hand, the Ki-67 positivity rate tended to be higher among patients with
recurrent disease than among those with persistent disease (p=0.062). Per., Persistent disease; Ree., recurrent disease.

accumulation and activation of pS3. Arya et af. (27) reported
that Nutlin-3 improved the radiosensitivity of laryngeal
squamous carcinoma cells, Therefore, CRT in conjunction
with Nutlin-3 may contribute 1o an improvement in response
rate among patients with ESCC.

It appears that recurrent tumowr cells have good
chemoradiosensitivity but remain in the esophageal wall and
regrow in the same location of the esophagus as that of the
primary tumour. Considering that the tumours of patients with
recurrent disease tend to exhibit high Ki-67 expression, these
tumours seem to have a high proliferative capacity. Patients
evaluated as having a clinical complete response included
those in whom carcinoma cells actually remained in the
esophageal wall, Therefore, early detection of recurrence may
lead to an improved prognosis. When early-stage recurrence
is found, a good prognosis can be expected after salvage

esophagectomy, as shown in this study. Moreover, endoscopic
treatment can be considered to preserve the esophagos,
Regarding EGFR, IRS was significantly higher in patients
with persistent disease than in patients with recurrent
disease. This may be because the pathological stage of
tumours was significantly more advanced in patients with
persistent disease than in those with recurrent disease and
because BGFR expression was correlated with advanced
pathological stage among patients with persistent disease.
pi6 is a cyclin-dependent Kinase inhibitor (28).
Inactivation of p16 has been observed in several human
malignancies, including ESCC (29, 30). In this study, p16
expression was sigaificantly corretated with the survival of
paticnts with persistent discase. Although RO resection
contributes to survival after salvage esophagectomy (7, 9),
this linding suggests that patients who undergo sulvage
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Figure 3. 1 histoch
67(C), and epidermal growi: factor receptor (D) expression ( X400 magnification}.
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Table 1. Survival analysis of clinicupatholagical findings and marker expression anwng pationts with persistent and recurrent disease.

Persistent disease Recurrent disease

Variable No.  3-Year OS (%)  5-Year OS (%) p-Vahwe No. 3-Year OS (%) 5-Year OS (%) p-Value
Age {years)
<60 I 384 256 0.20 4 250 250 0.65
=60 22 193 129 i8 444 381
Gender
Male 28 224 18.0 039 20 40.0 350 092
Female 5 50.0 00 2 50.0 560
Location
Cervix/Upper 4 250 250 065 4 250 250 0.66
Middle/Lower 29 263 15.8 18 444 381
Radiation
60 Gy 23 294 9.6 0.23 16 375 313 0.66
>60 Gy 10 300 150 [ 3040 500
Additionz) chemotherapy
Not performed 28 306 17.7 .25 13 400 4.0 0.93
Performed 5 40.0 200 7 429 286
Histological type
WelliMaderately-differentiated 30 234 03 094 14 429 428 083
Poordy-differentiuted 3 333 040 8 s 250
T
’ 172 7 833 55.6 Qo062 12 §83 48.6 0.046
24 26 12.1 8.1 10 200 28
pN
0 13 423 kiN] 0096 18 44.4 344 0.50
i3 2% 148 74 4 2540 2540
PStage
m 14 46.8 351 0.034 16 56.3 49.2 0.0005
1RV 19 18 39 6 (4] 0.0
Lymphatic invasion
Negative 17 432 346 0019 2 66.7 543 0.029
Positive 16 7.3 00 10 16.0 100
Venous invasion
Neg g.mvc 7 429 214 049 § 500 500 0.65
206 219 164 i4 387 268
RQ 21 418 279 <0001 9 474 415 0.006
RiA2 12 00 08 3 00 0.0
TRG -
O/la 21 238 143 031
b2 12 285 28.5
p33
Negative 9 139 139 0.50 71 29 429 .49
Positive 24 30.0 200 15 40.0 R0
plt
Negative 1y 118 00 o001t 9 333 333 0.59
Positive 14 45.1 36.1 13 46.2 369
p27
Negative 18 342 342 .47 10 300 300 041
Positive 15 0.0 67 12 50.0 400
MDM2
Negative 7 4.3 43 043 18 333 250 0.8
Positive 26 305 20.3 7 7.1 571
Cyclin
Negative 14 445 148 033 7 28.6 045
Positive 1 158 158 N 46,7
Ki-67
<39 8 429 0o 0.53 4 250 250 .60
239 25 217 217 18 444 381
EGFR
Negative 19 242 .oo212 093 18 a8 324 0.64
Pusitive 4 333 111 4 300 500

0OS, Overall survival; TRG, tumonr regression grade; MDM2, murine double minute 2; EGFR, epidermal growth factor receptor.
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esophagectomy for tumours with low p16 expression may
clinically benefit from stricter perioperative management,
aggressive adjuvant therapy, and careful follow-up. In the
present study, p16 expression was evaluated only after dCRT.
Therefore, the expression of this marker in pretreatment
biopsy specimens remains to be evaluated,

A positive correlation between tumour regression grading
(TRGY and ESCC prognosis has been reported (13), but no
correlation between TRG (071 vs. 1b/2) and patient survival
was detected in this study. The period from dCRT to salvage
esophagectomy varied among patients, and only three
specimens Irom patients with persistent disease were TRG2.
Moreover, TRG3 specimens were excluded. We believe this to
be the reason why TRG was not necessarily correlated with

.

Ariga H. Nemoto K, Miyazaki S, Yoshioka T, Ogawa Y,
Sakayauchi T, Jingu K, Miyata G, Onodera K, Ichikawa H.
Kamei T. Kato S, Ishioka C, Satomi S and Yamada $:
Prospective  comparison  of  surgery  alone  and
chemoradiotherapy  with sclective sorgery in resectable
celt i of the esophagus. Int J Radiat Oncol
Bml Phys 75: 348-356, 2009,
Hironaka S, Ohtsu A, Boku N, Mute M, Nagashima ¥, Saito
H. Yoshida 8, Nishimura M., Haruno M, Ishikura S. Ogino T.
Yamamoto S and Ochiai A: Nonrandomized comparison
between definitive chemoradiotherapy and radical surgery in
patients with T(2-3)N{any) M(0) squamous cel} carcinoma of
the esophagus. Int J Radiat Oncol Biol Phys 57: 425-433,
2003,
Chao YK, Chan SC, Chang HK, Lin YH, Wu YC, Hsieh MJ,
Tseng CK and Liv HP: Salmgc surgery after fatled
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cell carcinoma of the

chemoradi n

survival in this study. Further iny ion of ESCC speci
obtained after neoadjuvant CRT in patients with a fived interval
between chemoradiotherapy and surgery is required.

In conclusion, to the best of our knowledge, this is the {irst
study to undertake a detailed evaluation of surgical pathology
specimens obtained during salvage esophagectomy following
dCRT. Our findings indicate that overexpression of MDM?2
plays an important role in the chemoradioresistance of ESCC
cells and that low or lack of pl16 expression has the potential
to predict poor prognosis among patients with persistent
disease after dCRT. We believe that these results and those
of further investigations will contribule to the development
of a new treatment strategy for ESCC.
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Abstract

Background  Gastric mucus is considered to play an
essential role in gastric mucosal defense mechanisms,
especially when irritants are present in. the stomach.

Aim To investigate the relationship between low-dose
aspirin-induced gastropathy and gasuic secretory {unction,
especially gastric mucus secretion, in healthy volunteers,
Methods  Thirty male, asymptomatic, Helivobacter pylori
pylori-negative healthy volunteers were asked to take
100 mg of enteric-coated aspirin (Bayaspirin) once a day
for 10 days. Endoscopic examination was performed
before and 3 and 10 days after drug sdministration. The
extent of endoscopicaily assessed gastric mucosal injury
was semi-quantitatively evaluated according to the modi-
fied Lanza score. The pentagastrin-stimulated gastric juice
was collected for 10 min during the endoscopic examina-
tion and subjected to analysis for gastric acid (mEqg/
10 min) or mucus (mg hexose/10 min) output.

Results Overall, the 10-day aspirin treatment significantly
increased gastric mucus sceretion’ from 0.8 (interquartile
range 1.7) to 1.6 {1.6) mg hexose/10 min (P < 0.03), with
2 concomitant and significant decrease in the gastric acid/
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mucus ratio from 4.3 (5.2) 10 2.9 (4.7) (P < 0.01). Sub-
sequent analysis of two subgroups of volunteers catego-
rized according to their endoscopic status (“severe
gastropathy™ vs. “modest gastropathy™) revealed that
changes in gastric scerctory parameters ocenrred exclu-
sively in those subjects without severe gastric injury; there
was no alteration in these parameters in subjects with
severe gastric injury.

Conelusions  The results of this study suggest that the
reactive increase. in gastric mucus secretion is an adaptive
defense mechanism against low-dose aspirin-induced gus-
tropathy. In some individuals, such a response may be
insufficient to prevent the development of severe mucosal
injury and even ulcers and their complications.

Keywords Low-dose aspirin - Gastropathy - Gastric
adaptation - Gastric mucus secretion

Abbreviations

COX Cyclooxygenase

EGT Endoscopic gastrin test

GSRS  Gastro-intestinal symptom rating scale
LDA Low-dose aspirin

MLS Modified Lanza score

NSAID  Non-steroidal anti-inflammatory drug

Introduction

Aspirin has long been used as an effective antipyretic
analgesic in the treatment of a wide spectrum of conditions
and diseases. It is also now widely administered at rela-
tively low doses (100 mg/day in most Japanese paticnls) as
an antithrombotic drug for the prevention of cerebrovas-
cular and cardiovasenlar disease. Despite the definite

Dig Dis Sci (2013) 58:2266-2274
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benefits of these antithrombotic effects, aspirin, even af a
low dose, is known to cause upper gastro-intestinal (GI)
complications, such as hemorrhagic gastritis and gastro-
duodenal uleers [1, 2]. Our current understanding of the
gastric mucosa is that its integrity is dependent on an
equilibrium between aggressive factors and protective
mechanisms [3-5]. Consequently, a good understanding of
how these factors contribute to aspirin-induced epithelial
disruption is important for establishing a preventive strat-
cgy for upper GI complications.

The gastric mucus serves as the first line of mucosal
defense against noxious luminal acid by creating an un-
stirred layer on the mucosal surface that both supports the
maintenance of a ncar-nentral pH at the surface and acts as
a physical barrier [3-5]. The turnover of surface mucus
biosynthesis cun ultimately be reflected by an increase or
decrease in the amount of soluble mucus secreted in the
gastric lumen [6, 7]. In clinical study of patients taking
long-term Jow-dose aspirin (LDA) for cardiovascular and/
or cerebrovascular disease, we recently found that the level
of gastric mmcus secretion was significantly higher in
chronic LDA-takers than in non-aspirin controls [8]. In
addition, the higher level of mucus secretion was more
prominent in LDA-takers without severe gastric injury than
in those with severe gastric injury [8]. Based on the results
of this observational study, we speculated that the higher
level of mucus secretion in LDA~takers might be a reactive
response to repetitive oral administration of LDA and that
the reactive mucus sceretion might play a pivotal role in
gastric mucosal protection against fuminal irritants. How-
ever, o prove that gastric mucus secretion is actually
changed by the administration of IDA, we needed to con-
duct a subsequent study to measure gastric mueus seeretion
both prior to and after the administration of LDA in an

of 100 mg aspirin. Our aim was to determine the rela-
tionship between the gastric mucosal adaptive response and
gastric secretory parameters.

Methods

Thirty male asymptomatic and healthy volunteers (mean
age 26.7 years, range 19-42 years), all of whom were non-
smokers were enrolied in this study. All subjects had
Helicobacter pylori pylori-negative status determined by
the "*C-urea breath test. None of the subjects had a history
of peptic ulcer or H. pylori eradication, and none was
taking any drugs before cntry into the study or during the
study period. All subjects were asked to take 100 mg of
eateric-coated aspirin (Bayaspirin, Bayer, Tokyo) once in
the morning each day for 10 days. Each participant
anderwent three endoscopic examinations: vne before (day
0) and two (on day 3 and day 10) after the initiation of drug
administeation. Hach endoscopic examination’ was per-
formed after an overnight fast, and the drug was adminis-
tered 2 h before the examination. In each endoscopic
examination, gastric secretory function was evaluated with
the endoscopic gastrin test (EGT) technique described
below, and the cxtent of endoscopically assessed gastric
mucosal injury was semi-quantitatively evaluated. The
study was approved by the Tohoku University School of
Medicine Ethics Committee (2009-356), and each subject
gave written informed consent,

Gastric Aspiration with the EGT Technique

The details of EGT have been reported previously [17).
Briefly, the subjects were injected intramuscnlarly with

apprapriate subject group, such as healthy voluntee

Itis well-known that the gastric mucosa can become more
tolerant or adaptive in response to the prolonged adminis-
tration of noxious agents, such as aspirin [9], In a number of
stuclies in humans. a high dose of aspirin (1-2.5 g per day)
was shown to consistently induce maximal gastric injury
within 3 days of treatment initiation. but thereafter the
lesions fended to resolve despite continued administration of
the drog [9-11]. However, the precise mechanism of this
adaptation to aspirin under depleted prostaglandin blosyn-
thesis due to the inhibition of the cyclo-oxgenase (COX) {12,
13] enzyme remains to be clarified. In addition, although the
aspirin-induced gastric mucosal injury and subseguent
adaptive response showed a dose~response relationship [14],
few time-course studies on LDA-induced gastric mucosal
injury have been reported [15, 16].

In this study involving healthy volunteers, we performed
a time-course study to monitor gastric mucosal injury and
gastric secretory parameters during a 10-day administration

i gastrin at a dose of 6 pgrkg (pentagustrin; Sigma, St.
Louis, MO} about 13 min before the endoscopic exami-
pation. Pollowing insertion of the endoscope into the
stomach, the gastric fluid which had pooled in the stomach
was aspirated and discarded. The gastric juice newly
sccreted between 20 and 30 min after the pentagastrin
injection and which pooled in the upper part of the par-
ticipant’s stomach, with the individual lying in a left lateral
decubitus position, was aspirated and collected under direct
visnalization during the routine endoscopic cxamination.
During the examination, the subjects were asked not to
swallow their saliva. Alter the collection of gastric juice,
the endoscope was removed. The volume of gastric juice
collected in the 10-min period was recorded, and the col-
lected gastric juice was then divided into two aliquots, with
one aliquot subjected to analysis for gastric acid secretion
and the other to analysis for gastric mucus secretion. The
laboratory investigators were blinded to the subjects’
medical information.
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Assessment of Gastric Acid Secretion

The H* concentration of the gastric jnice was determined
by titration. Acid output in the 10-min period was cal-
culated by multiplying the volume by the H' concen-
tration, and the EGT value was expressed  as
milliequivalents per 10 min, We have previously shown
that the EGT valucs correlate very well with the peak
acid outpul determined by conventional methods (corre-
fation efficient 0.92) with high reproducibility (coefficicat
of variation 5.6 %) [17].

Extraction and Isolation of Mucin in Gastric Juice

The collected gastric juice was centrifuged at 1,500 g for
30 min at room femperature lo remove contaminating
debris. The mucin, a major component of gastric mucus, in
the gastric juice samples was extracted and isolated using a
previously described method which enables mucin to be
successfully isolated and condensed from the gastric juice
without contamination by non-mucin glycoproteins, such
as serum-type glycoproteins. Absolute ethanol (6 mL) was
added to 2 mlL of the supernatant obtained from the gastric
juice to a final concentration of 75 % ethanol (v/v). The
resultant suspension was maintained at 4% overnight to
complete the precipitation, after which the precipitate was
collected by centrifugation {8,000 ¢ for 30 min at 4 °C).
The pellet was dissolved in distilled water (2 mL), and its
hexose content was measured by the phenol-sulfuric acid
method. The mucin content of the gastric juice was
expressed as the amount of hexose in the solution obtained
by the precipitation method (ug/ml). The total mucus
output was determined by multiplying the mucin concen-
tration by the volume of gastric juice collected in the
10-min period [18].

Endoscopic Evaluation of Gastric Mucosal Injury

The grade of gastric mucosal injury was assessed according
to the modified Lanza score (MLS) [19, 20]. In our anal-
ysis, the scoring system was based on the number of ero-
sions and/or uicers despite the presence or absence of
hemorrbaging because petechial hemorrhages are generaily
of Little clinical significance [211. Gastric: mucosal injury
was graded into six groups, ranging from 0-to 3, with grade
0 = no erosion, grade 1 = one to two lesions of erosion
focalized in one area of the stomach, grade 2 = three to five
fesions of erosion localized in one arca of the stomach,
grade 3 = six to nine lesions of erosion localized in one
area of the stomach or no more than ten lesions in two
areas of the stomach, grade 4 = erosions in three areas of
the stomach or no fewer than ten lesions in the whole

@ Springer

stomach, and grade 5 = a gastric uleer defined as a mucosal
defect >5 mm in diameter,

During endoscopy, more than 40 endoscopic pictures
covering the whole area of the stomach were saved in the
database. These were subsequently used by two endosco-
pists (K1, TT), who were blinded to other information on the
subjects, to independently grade the MLS. In cases of
disagreement, a consensus was reached through joint
review of the endoscopic pictures,

Evaluation of Gastrointestinal Symptoms

Gastrointestinal symptoms were assessed using the GI
symptom rating scale (GSRS) [22]. The GSRS contains 15
items rated on the 7-point Likert scale, where score 1
represents no discomfort” and score 7 represents “very
severe discomfort.” The items have been divided into five
major GI symptoms: abdominal pain, reflux, indigestion,
diarrhea, and constipation. The GSRS was used before each
endoscopic examination and the scores were averaged for
each major GI symptom.

Statistics

Based on our recent report [8], the number of subjects
required to detect an absolute difference in gastric mucus
secretion at a two-sided alpha level of 0.05 with 80 %
power was calculated to be n = 26. In addition to various
gastric secretory parameters derived directly from the
determination of the gastric aspirates, we caleufated the
ratio of toial acid output relative to tolal mucus output
(acid/mucus ratio), which reflects the importance of the
equilibrium between aggressive and protective factors in
the pathogenesis of gastric mucosal injury [8]. Because the
distribution of some raw data was considerably skewed,
continuous data as well as non-parametric data were
expressed as the median and inter-guantile range (JQR),
and the statistical significance of differences was deter-
mined by the Wilcoxon rank sum test. A P value of <0.05
was considered to be statistically significant.

Resulfs

Of the 30 subjects who were initially enrolled in this study,
one individual was subsequently excluded from the anal-
vsis due to a moderate level of endoscopically assessed
gastric mucosal injmy at entry. The remaining 29 subjects
completed the study protocol without problematic side
effects. In all gastric aspirations with the EGT technique, a
sufficient amount of gastric fluid was collected for the
analysis of both gastric acid and mucus secretion,
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Endoscopic Gastric Injury

The administration of 100 mg aspirin to healthy volunteers
induced a variety of endoscopic gastric mucosal reactions.
‘While the aspirin did not cause any discernible mucosal
damage in some of the volunteers, it did cause severe
mucosal damage, even gastric ulceration, in others during
the experimental period. Overall, the median MLS showed
a modest but significant increase by 3 days after first
administration of the drug, from 0.0 (IQR 1.0) at day 0 to
LO (IQR 1.0) at day 3 (P < 0.01); thereafter, there was no
further increase in the MLS between days 3 and 10 {1.0
(IQR LO) vs. LO QR 133 not significant) (Fig. la;
Table 1),

Since a wide range of gastric mucosal injuries were
observed following the administration of LDA, all
subjects were subsequently divided into one of two sub-
groups according to their endoscopic status on day 10—
i.e., one group comprising subjects (23/29, 79 %) showing
only modest endoscopic evidence of mucosal damage
(MLS <2 on day 10) and the other group comprising
subjects (6) with severe gastric mucosal injury (MLS >4
at day 10) (there was no subject prescating a MLS of 3 on
day 10). Purther analysis revealed that there were sub-
stantial differences in the time-course of LDA-induced
gastropathy between the two subgroups. Subjects with
modest gastric injury showed an initial significant
increase in MLS from 0.0 (IQR 1.0) on day 0 to 1.0 (JQR
1.0) on day 3; therealter, however, the score tended to

decrease, reaching 1.0 (IQR 1.5) on day 10 (P = 0.11);
this MLS on day 10 was no longer significantly different
from that on day O (Fig. Ib; Table 2). Subjects with
severe gastric injury also showed an initial, modest
increase in MLS from 0.0 (IQR 1.0) on day 0 to 1.5 (IQR
2.0) on day 3 (P < 0.03); however, in contrast to the
subjects with modest gastric injury, these subjects showed
a further prominent ipcrease in MLS to 4.0 (JQR 0) on
day 10 (P < 0.05) (Fig, 1c; Table 2).

Gastric Secretory Parameters

The analysis of all the participants showed that the gastric
secretory volume and acid secretion level were unchanged
alter 10 days ol LDA administration, but that the mucus
secretion level steadily increased during this time, although
it showed a relatively skewed distribution. Overall, the
median LDA-induced increase in gastric mucus output rose
from 0.8 (JQR 1.7) mg hexose/10 min on day 0 to 1.1 (IQR
1.2) mg hexose/10 min on day 3 and to 1.6 (IQR 1.6) mg
hexose/10 min on day 10, with the difference reaching
statistical significance on day 10 compared with day 0
(P = 0.02) (Fig. 2a: Table 1). Together with the increase
in mucas secretion, LDA administration resulted in a
consistent decrease in the gastric acid/mucus ratio, from
4.3 (IQR 5.2) on day 0, to 3.6 (IQR 5.6) on day 3, and
finally to 2.9 (IQR 4.7) on day 10, with the difference
reaching statistical significance on day 10 compared with
day 0 (P = 0.008) (Fig, Zb; Table 1).

Fig. 1 Time-course of modified 5 - =
Lanza score during the 10-day A X 11 L 1
administration of 100 mg 5 o
aspirin. Data are shown for the
entite subject cobort (a), for 4 o
those with modest gastric injury §
on day 10 (b), and for those
with severe gastric injury on day 21 “T‘
10 {e). *P < 0.05, **P < 0.01, 1
NS, not significant t § 'L‘
u -
Day 0 Day 3 Day 10
*
[ §n f N * 1
B NS C g 1 1
§ { N NS 1 §-
i 1] 1 I
44 < L
3+ "~ 3

Day 0 Day 3

Pay 10 Day 0 Day3 Doy 10
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Table I Change in various parameters during the 10-day administration of low-dose aspirin among the eatine study cohort

Parameters Day 0 Day 3 Day 10 P value
Epigastric pain score 1.0 (0.3) LO (04 LO 0.7y Day O vs, day 3: P = .82
Day 3 vs, day 15 P = 0.65
Day 0 vs. day 10: P = 0.31
Modified Lanza score 0.0 0 10 (L) LO (1.3) Day 0 vs. Day 3: P == 0,002
Day 3 vs. day 10: £ =031
Day 0 vs. day 1 P = 0.002
Seeretion volume (mL) 36.0 8.9) 33.0 (13.0) 33.0(7.0) Day 0 vs. day 3: P = 0.60
Day 3 vs, day 10 P = 0.39
Day 0 vs. day 10: P = 0.010
Total acid ontput (mEq/10 min) 4.3 (1.5) 4.3 (1.2) 44 (LD Day O vs. day 3: P = 0.68
Day 3 vs. day 10 P = 0.97
Day 0 vs. duy 10: P = 049
Total mucus output (myg hexose/10 min) 0.8 (1D 1.1 (1.2) 1.6 (1.6) Day 0 vs. day 30 £ = 0.80
Day 3 vs, day 10: P =012
Day 0 vs. day 1 P == 0,02
Gustric acid/mucus ratio 43632 3.6 (5.6) 29 &7 Day 0 vs, day 3: P = 0,38

Day 3 v day 10: P = 0.14
Day 0 vs. day 10: P = 0.009

All data are expressed as the median, with the inter-quartile range (IQR} given in parenthesis

When the same analyses of gastric secretory parameters
were repeated in the two subgroups deseribed above, the
changes in the parameters showed a pattern that differed
depending on the extent of injury. Subjects with modest
gastric injury showed a steadily increasing trend in gastric
mucus output during the observation period, with the
median value increasing from 0.8 (IQR 1.6) mg hexose/
10 min on day 0, to 1.1 (IQR 1.1) on day 3, and finally to
14 QR L7) on day 10, with the difference reaching
statistical significance on day 10 compared with day 0
(P = 0.02). In contrast, mucus output in subjects with
severe gastric injury remained at a similar level during the
observation period, with median values of 1.9 JQR L))
mg hexose/10 min on day 0, 1.8 (JQR 0.9) mg hexose/
10 min on day 3, and 1.9 (JQR 0.8) mg hexose/10 min on
day 10 (Table 2). There was no significant alteration in the
gastric acid secretion level during the observation period
regardless of the extent of gustric mucosal injury. Conse-
quently, the gastric acid/mucus ratio steadily decreased in
subjects with modest gastric injury during the 10-day
administration of LDA, with median ratios of 5.2 (IQR 7.6)
on day 0, 3.8 (IQR 5.6) on day 3, and 2.9 (JQR 4.9) on day
10; the difference was statistically significant between day
0 and day 10 (& = 0.009). In contrast, there was no trend
of alteration in the acid/mucus ratio in subjects with severe
gastric injury during the observation period; the median
ratio was 3.1 (IQR 0.5) on day 0, 2.1 (IQR 1.9} on day 3,
and 3.0 (IQR 1.8) on day 10 (Table 2). Due to the small
number of subjects with severe gastric injury (1 = 6) and
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the relatively scattered data, we failed to find any signifi-
cant difference in the relative change in mucus output or
acid/mucus ratio between subjects with and without severe
gastric injury [1.1 (IQR 1.1) vs. 1.3 (IQR 0.9), respectively,
for mucus-output on day 10 relative to the pre-treatment
value of 0.9 QR 0.5) vs. 0.7 (JQR 0.5) for acid mucus
ratio; P > 0.2 for each).

In addition, there was no significant difference in the
pre-treatment  (day 0) values of the gastric seeretory
parameters between those with and those without severe
gastric mucosal injury, althongh gastric acid secretion and
mucus output tended to be higher in those with severe
gastric injury compared to those without the injury
(Table 2.

Symptom Score

There was no discernible change in the epigastric pain
score or other abdominal symptom scores daring the
observation period irrespective of the extent of endoscopic
gastric mucosal injury (Tables 1, 2).

Discussion

In this study, we sought to determine the relationship
between LDA-induced gastropathy and gastric secretory
function, especially gastric mucus secretion, by monitoring
these parameters using an endoscopic aspiration technique
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Table 2 Changes in varjous parameters during the 10-day administration of low-dose aspirin among subgroups based on the manifestation of
endoscopic gastric mucosal injury

Parameters bj with modest pathy (1= 23) Subjects with severe gastropathy (1 = 6)
Day 0 Day 3 Day 10 P value Day 0 Day 3 Day 10 P value
Epigastric pain score 1.0 (0.6) 1.0 (1.6} 1.0 (0.7 Day 0 vs. day 30 1.0(03) 10 1007 Day 0 vs day 3
P =093 P =099
Day 3 vs. day 10:
P2 075
Day  vs. day 10: Day 0 vs. day 10
P =030 P =029
Maodified Laoza score 0.0(LOY LOUM 1.0 (L3 Day 0w day 3¢ LIRCEGH 1) T NN v.51) 4.0 Day ¢ vs. day 3:
P =002 P =004
Day 3 vs. day 10: Day 3 vs, day 10:
P01 P =003
Day 0 vs. day 10 Day 0 vs. day 1
P =008 P =002
Secretion voltme (ml} 36094 3150121 3L5(7.1L) Day Qvs. day 30 400 (7.5) 335 (15.5) 39.0(9.0) Day 0 s day 3:
P =083 P =023
Day 3 vs. day 10: Day 3 vs. day 10:
P = Q.11 P =034
Day 0 vs. day 10: Day 0 vs. day 10
P =008 P =0.60
Total acid output (mEy/ 4014 43 (LD 4.2 (1.0) Day 0 vs. day 3: 33019y 435029 S2(LH) Day Ovs day &
10 min) P =096 P = 046
Day 3 vs. day 1 Day 3 vs, day 10
P = (.55 P o= Q46
Day 0 vs. day 10: Day 0 vs. day 10:
P = 0.93 P =017
Tofal wuens owtpit (mg 08 (1L6) L1 L4(L7) DayOvs.day3d  L9(LI)  18(09)  19(08) Day 0 vs. doy 3
hexose/ 10 min) P = 0.92 P == 046
Day 3 vs. day 10: Day 3 vs. day 10:
P =002 =092
Day 4 vs. day 1 Day 0 vs. day 10:
P =002 P = (.60
Gastrie acid/muceus ratio 52(76) 38(3.6) 29 ¢4.9) Day 0 vs. day 3: LS 2109 3.0(1.8) Day 0vs day
P =48 P =034
Day 3 vs. day 10: Day 3 vs, day 10:
P = 008 P92
Day 0 vs. day 10: Day O vs. day 10:
P = 0009 P =146
All data are expressed as the median, with the QR given in parenthesis
Fig. 2 Time-cowrse of gastic #ig hexose/10min. * =
mueus output {a) and gastric 3 A { NS A } 8 { .S, NS !
acid/mucns ratio (b) during the I il ! w{B 1 L& 1
10-day administration of 14 ,

study cohort, * P < 0.05,

P < (000, NS not significant.
Dark horizontal bars Median
values

&

100 mig aspirin among the entire 7 § A
s A
5

0 T v
Day 0 Day3 Day 10 Day 0 Day3 Day 10
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in a cohort of healthy volunteers rocciving daily doses of
LDA for 10 days. In the study cohort overall, LDA
administration  significantly increased  gastric  mucus
seeretion with a concomitant significant decrease in the
gastric acid/mucus ratio. Interestingly, such changes in
gastric secrelory parameters were observed exclusively in
those subjects without severe gastric injury, while there
was no alteration in these parameters in the subjects with
severe gastric injury. Thus, our results suggest that a
reactive increase in gastric mucus secretion may be phys-
iologically significant as an adaptive defense mechanism
against LDA-induced gastropathy.

Earlier stodies with high doses of aspirin demonstrated
that gastric injury peaked at 3 days of treatment at an
intensive level, followed by a tendency for the lesions to
resolve despite continued administration of the drag {9-11,
14]. However, in more recent observational studies with
LDA of 7-day duration, gastric injury was found to be
relatively modest and to reach a plateau at 3 days of
treatment [15, 16]. Our results are consistent with those of
these more recent studies {15, 16] and demonstrale that,
overall, LDA induced a modest but significant increase in
gastric mucosal injury on day 3 in our healthy volunteers,
with the level of injury remaining relatively constant up to
day 10. Nonetheless, we could recognize two different
subgroups of subjects based on the time-course of the
gastric injury during LDA administration, Although both
groups showed an initial, significant increase in gaswric
injury on day 3. the patterns were different thereafter. One
group, comprising the majority (79 %) of subjccts, showed
a tendency for resolution of the injury between day 3 and
day 10, while the other group, comprising a minority
(21 %) of the subjects, showed a further exacerbation of
the injury during the same period. This finding that not all
subjects exhibited sufficient adaptive resolution of the
injury is consistent with the results of an carlier stady [13].
Hence, this study reveals that whereas the stomach of the
majority of our subjects adapted to repeated administration
of LDA, this typical gastric response failed in a small
number of our subjects.

Early animal model studies produced controversial
results with respect to the effect of aspirin administration
on gastric mucus secretion, with some studies showing that
the thickness of the gastric gel mucus significantly
increased following oxposure o aspirin [23, 24], while
others showed that aspirin inhibited the biosynthesis of
mucus [25], gastric mucosal mucus content [26, 27], and/or
secretion of the gastric mucus {28]. Yet another study
demonstrated recovery of the gastric mucosal mucin sev-
eral bours alter a significant decresse in seeretion imme-
diately following instillation of aspirin [29]. Different
methodelogical approaches could be partly responsible for
these inconsistent results, Nonetheless, these animal model
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studies are difficult to extrapolate to the human situation of
repeated doses of the drug, because other thun the potential
inter-specific differences, most of these animal studies
dealt with the resuits from observations of only several
hours after a single instillation of aspirin [23-29]. Mean-
while, there have been very few human studies that have
investigated the relationship between repeated aspirin
intake and gastric mucus secretion [14]. To our knowledge,
this is the first study that has examined the effect of
repeated LDA administration and gastric mucus sccretion
in human subjects. Our results reveal a significant, overall
increase in gastric mucus secretion in our healthy volun-
teers following 10 days of LDA administration.

The substantial increase in gastric mucus sceretion by
day 10 of LDA administration in our healthy volunteers
seems to contradict a previous study describing that a
I-week administration of naproxen decreased total mucin
output in H. pylori-negative healthy volunteers [30]. Dif-
ferences in the doses of the employed drugs might explain
these different results, as would the different type of drugs
[aspirin vs. other nonsteroidal anti-inflammatory drugs
(NSAIDs)]. Although both aspirin and other NSAIDs
similarly deplete gastric prostaglandin synthesis by the
inhibition of the COX enzyme [12, 13, 21], these aspirin
and other NSAIDs are known to differently affect two
types of COX enzyme isoforms. While ordinary NSAIDs
inhibit both COX-1 and COX-2, aspirin preferentially
inhibits COX-1. There is a possibility thut, unlike other
NSAIDs, aspirin can uniguely affect gastric mucus
sceretion.

Qur analysis of the two subgroups of study subjeets
based on the extent of gastric mucosal injury revealed a
significant increase in gastric mucus secretion only in those
who showed an adaptive response that resolved the
mucosal injury in the Jater phase of the study; in contrast,
mucus secretion was unchunged in those subjects who
failed to show the adaptive response and experienced fur-
ther gastric injury. This finding seems to be consistent with
those of previous studies in rats showing that the initial
aspirin-induced reduction in gastric mucosal mucin was
followed by subsequent recovery of the mucin [29] and that
the mucin content was significantly correlated with the
extent of aspirin-induced gastric damage [31]. In contrast,
bascline values (day 0) of gastric mucus secretion tended to
be paradoxically lower in subjects withoul severe gastric
injury compared to those with injury, although not signif-
icantly so. Thus, a reactive increase in gastric mucus
secretion following exposure to LDA—rather than a
steady-state secretory level—is more likely to be important
in terms of acting as a protective covering that inhibits
further deterioration of focally injured areas. However, this
process may fail in some individuals who go on o develop
severe mucosal injury, even. ulcers, and related
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complications. Additionally, previous studies have shown
that NSAIDs and aspirin increase gastric epithelial cell
exfoliation [32, 33]. Since gastric epithelial cells contain
large amounts of mucus, one may consider that an
increased amount of mucus in the collected gastric juice in
our study subjects was duc to the exfoliation by the aspitin
administration rather than any increase in mucus secretion.
However, such scenario is refuted by the findings that the
amount of mucus tended to increase more in subjects with
the least endoscopically assessed injury,

Of relevance to our findings in healthy volunteers
receiving LDA over the short term {10 days), we recently
demonstrated in the clinical setting of long-term LDA-
takers (>2 years of intake in the majority of cases) that the
gastric mucus secretion level was significantly higher in
aspirin-takers than in the non-aspirin controls and that the
increased level of mucus secretion was more prominent in
aspivin-takers without severe gastric injury than in those
with severe gastric injury [8). Taken together, it is likely
that the changes in gastric secretory function in response to
apparent gastric mucosal injury observed in the present
short-term study could persist during prolonged adminis-
tration, snggesting that our findings have clinical implica-
tions. To date, the intricate mechanisms by which gastric
mucosal adaptation to aspirin and other NSAIDs occurs are
not fully understood, although the process entails an
increase in mucosal blood flow {11, 13, 34] and enhance-
ment in mucosal defense by increased cellular proliferation
{14, 35, 36]. Otherwise, the results of our study suggest that
an increase in mucus sccretion in response to damaging
agents could have an important role in gastric adaptation.
Since our study cohort consisted of a relatively homoge-
nous population of healthy volunteers (relatively young,
male, H. pylori-negative, non-smokers), further studies
regarding genetic polymorphisms responsible for gastric
mucus secretion independently of prostaglandin synthesis
are warranted to determine the susceptibility of LDA~tuk-
ers to drug-induced gastropathy. Among prostaglandin-
independent pathways, growth factors, such as transforming
growth factor-alpha and cpidermal growth factor, trefoil
peptides, andfor other regenerating proteins, could be
putential candidates responsible for the higher level of
mucus secretion observed in the LDA-takers of this study
because these molecules are known to act as protective
agents for the gastric epithelium and to be induced by the
administration of aspirin or other NSAIDs {37-39).

In conclusion, our results suggest the potential contri-
bution of a reactive increase in gastric mucus secretion to
the gastric adaptive response to repeated doses of LDA.
Therapeutically, these results also suggest that, in addition
to the inhibition of gastric acid secretion, the potentiation
of gastric mucus secretion could be another promising
approach for the prevention of LDA-induced gastropathy.

Conffict of interest None.
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Introduction

A cystic lesion within the rotator cuff muscle is a relatively
rare pathological condition that can be diagnosed by
magnetic resonance (MR) imaging [1-4]. In the literature,
the presence of cystic lesions has been confirmed mainly in
shoulders with partial- or full-thickness rotator cuff tears
{1, 3]. However, the true etiology of intramuscular cystic
lesions has not yet been completely clavified.

Lunn et al. [5] reported isolated lesions of the infraspi-
natus tendon or its musculotendinous junction associated
with muscle edema in 19 shoulders. In these patients,
severe infraspinatus muscle edema was observed followed
by wasting as well as fatty infiltration of this muscle.
However, they did not mention whether a cystic lesion was
obscrved in the infraspinatus muscle or not; therefore, the
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relationship between this lesion and the intramuscular cyst
remained unclear [5).

The patient reported in this article developed edema in
the infraspinatus muscle associated with a partial-thicknessg
rotator cuff tear that was subsequently replaced by an
intramuscular cystic lesion. Furthermore, the pathogenesis
of an intramuscular cystic lesion in this patient was dis-
cussed based on both MR and surgical findings. Consent for
publication of all the data was obtained from the patient.

Case report

A 33-year-old, right-hand-dominant male, who was a
construction company employee, injured his right shoulder
in a car accident. The right side of his car had collided with
a dumpster, and his right shoulder had collided with the
door of the car. He had been suffering from motion pain in
his right shoulder since the accident. The primary physician
did not detect any bony abnormalities from the plain
radiographs. Since the patient’s shoulder pain was not
relieved by non-steroidal anti-inflammatory drugs, he was
referred to our clinic 3 months later.

On initial examination, the impingement test and the
empty can lest were positive. However, muscle weakness
was not obscrved in the manual muscle test. Neither the
supraspinatus nor the infraspinatus tendon showed a tear on
MR images, although a small amount of effusion was seen
in the subacromial bursa. The distal portion of the infra-
spinatus muscle was depicted with high intensity in T2-
‘weighted images, which also suggested the presence of a
small amount of effusion in the muscle belly (Fig. 1). The
subacromial bursa was injected with corticosteroids three
times by the principal author; this successfully relieved the
patient’s shoulder pain for several months,
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Fig. 1 MR findings 3 months after the injury (a T2-weighted obligue
coronal image; b T1-weighted oblique coronal image, ¢ T2-weighted
axial image). Tn the T2-weighted image, the subacromial bursa was
depicted with high intensity (a arrow). On the other hand, it was
depicted with low intensity in the Ti-weighted image (b arrow). The

distal portion of the infraspi muscle rey i high i ity,
which suggesied the presence of a small amount of effusion in the
mscle belly (¢ arrowhead)y. An obvions tear was not observed in the
supraspinatas or infraspinalos tendon

Fig. 2 MR findings 17 months after the injury (T2-weighted images:
a ablique coronal plane: b oblique sagittal plane, ¢ axial planc). A
marked edema (2 arrow) with the collection of effusion was seen in
the sul ial bursa. Proliferation of the synovium with fuid
collection was also seen in the inferior pouch. Both the thinning of the

Seventeen months after the injury, severs motion pain as
well as nocturnal pain around his right shoulder recurred,
particularly in the scapular region, He was bothered by the
severe motion pain when he clevated or externally rotated
his right shoulder; however, he did not complain about
spontancous pain throughout the daytime. Physical exam-
inations revealed marked atrophy of the infraspinatus
muscle, and the strength of the external rotation was
reduced to the Flevel. No restriction was seen for either the
active flexion or abduction angle. MR images showed that
there was a partial-thickness tear with deep delamination in
the articular side of the infraspinatus tendon. Atrophy and
edema were seen in the infraspinatus muscle belly (Fig. 2).
At this time point, a cystic lesion appeared in the infra-
spinatus muscle belly (Fig. 3). Interestingly, this cystic
lesion was localized within the upper portion of infraspi-
natus muscle. The Tower portion of this muscle remained
intact. On electromyography, the magnitude of motor unit
potentials in the infraspinatus muscle was slightly reduced,

infraspinatus tendon substance and an articular side partial-thickness
tear with a deep delamination were confirmed (b, ¢ arrows).
Intrarauscular edema extended to the upper part of the infraspinatus
muscle (¢ arrowheads)

which could be interpreted as an incomplete injury of the
suprascapular nerve. To wait for the spontaneous healing of
this nerve, the patient was conservatively treated for further
several months.

Surprisingly, the intramuscular cystic lesion was dra-
matically enlarged in the MR images, which were taken
23 months after the injury. A partial-thickness tear in the
infraspinatus tendon became more evident. On T2-weigh-
ted images, a high-intensity area extended from the site of
the partial-thickness tear to the cystic lesion in the infra-
spinatus muscle. Joint finid collection as well as prolifer-
ation of synoviam was also confirmed inside the
glenohumeral joint (Fig. 4). However, the patient’s clinical
symptoms were almost the same as before, although both
active flexion and abduction were limited up to 90° because
of severe motion pain, For the differential diagnosis of the
tumorous fesion, a needle biopsy was performed under
ultrasound guidance. In the histological specimen obtained
from the wall of the cystic lesion, the presence of chronic
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inflammation was confirmed, but no tumorous cells were
observed.

Based on these findings, surgery was performed both for
the exploration and the repair of the partial-thickness
rotator cuff tear. Arthroscopic observation revealed the
presence of a partial-thickness tear in the articular side of
the infraspinatus tendon (Fig. 5). Marked proliferation of
synovium was seen both in the rotator interval and in the
inferior pouch. Pathological diagnosis of the harvested
synovium was non-specific chronic synovitis. No tears

Fig. 3 T2-weighted oblique sagittal MR image at the glenoid fevel
(17 months after the injury), A cystic lesion appeared in the upper
portion of the infraspinatus muscle belly at this level (wrrowhead). On
the other hand, the lower portion of the infraspinatus muscle remained
intact (arrow)

could be identified on the bursal surface of the infraspi-
natus tendon. In the open procedure, the inlvaspinatus
tendon was detached once from the middle facet of the
greater tuberosity, A small but deep hole was observed on
the cutting surface; the hole extended proximally toward
the muscle belly, constituting a narrow tunnel (Fig. 6). The
depth of this tunnel was approximately 5 cm. The tunnel
was enlarged with a scalpel to divide the infraspinatus
tendon into two layers, which were then reattached together
to the middle facet by the transosseous suture technique.

The intramuscudar cystic lesion diminished quickly after
surgical treatment. In the follow-up MR imaging study
performed 12 months  after  surgery, no re-fear was
observed in the infraspinatus tendon (Fig. 7). Although the
patient complained of neither rest pain nor nocturnal pain,
the muscle strength of external rotation continued to be
fimited to the G level,

Discussion

With advances in MR imaging, intramuscular edema in the
rotator cuff muscles is being confirmed more accurately
than before. Previous authors hypothesized that joint fluid
enters info the substance of rotator cuff tendon cither from.
the bursal or the joint side, and tracks along the sheath or in
the substance of the muscle to form the intramuscular
cystic lesion [1, 2}. However, this hypothesis bhas been
developed only based on the radiological findings. None of
the. authors surgically confirmed the communication
between the partial-thickness tear and the intramuscular
cystic lesion,

The MR findings in the present patient were consistent
with those described in the previous reports. The partial-
thickness tear of the infraspinatus tendon seemed to com-
municate with intramuscular edema as well as a cysti

Fig. 4 MR findings 23 months after the injury (T2-weighted images:
a obligue coronal plane; b oblique sagittal plane, ¢ axial plane). An
intramusenlar cystic lesion was dramatically enlarged (a, ¢ areow-
heads). Note thal no capsular structure was seen around the lesion,

@_ Springer

The presence of a partial-thickness fear in the infraspinatus tendon (a,
b arrows cell as the synovial proliferation with fluid collection in
the inferior pouch became more evident
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lesion. Moreover, surgical findings also supported the
relationship  between the partial-thickness tear and

Fig. 5 Arthroscopic lindings in the glenohumeral joint. A parlial-
thickness tear was observed on the articular side of the infraspinatus
tendon (arrowheads)

Fig. 6 Surgical findings of the
infragpioatus tendon

{a photograph, b schematic
illustration). A small tunnel was
observed on the culting surface
of the detached infraspinatus
tendon that extended proximally
to the muscle belly. The depth
of this tumnel was
approximately 5 cm

intramuscular edema or the cystic lesion. A small partial-
thickness tear was observed arthroscopically on the artic-
ular side of the infraspinatus tendon. A narrow tunnel was
found on the stamp of the infraspinatus tendon, which
extended medially to the muscle belly. The delamination of
the tendon in the limited area seemed to form this narrow
tunnel with a one-way valve. Although the pathogenesis in
the present case was still controversial, we presumed that
the glenohumeral joint fluid might flow into the tendon
substance through the articular-side tear, which contributed
1o the development of edema and cystic lesion in the
muscle belly.

It was reported that the dencrvation of the infraspinatus
muscle duc to isolated suprascapular nerve palsy or Par-
sonage-Turner syndrome {(neuralgic amyetrophy) showed
similar MR findings to those seen in the present case [6-8].
However, the entire infraspinatus muscle belly was usually
involved in these pathological conditions. In the present
case, the lower portion of the infraspinatus muscle
remained intact even 17 months aller the injury. Moreover,
the intramuscular cystic lesion diminished immediately

Fig. 7 MR findings 12 months after surgery (T2-weighted images:
a oblique coronal plane; b oblique sagittal plane, axial plane). The
infraspinatus tendon healed to the middle facet of the humeral head

{a, b arrows). No effusion was observed in the subacromial bursa or
glenohumeral joint. However, marked atrophy with fatty degeneration
was observed in the i musele (¢ ar heads)
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after the repair of the tendinous portion. Based on these
findings, we assumed that there was less possibility of
Parsonage-Turner syndrome in the present case.

At the time of follow-up, the muscle: strength of the
infraspinatus  had not recovered completely even
12 months after surgery. Atrophy of this muscle continued
to be visible on MR images. Barly surgical repair of the
torn- infraspinatus tendon may -have provided a better
functional ontcome in the present case,
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