Bronchoscopic Microsampling Method—Watanabe et al
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1) Acute respiratory distress syndrome (ARDS)
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Method—Watanabe et al

OHBEHNBRERMEATTHATWS, 22 R0 -
(CAM) £#5HFOFSHEAMERE (NTM) EMT
BMS B2 L 2 AN E L Bz, CAM400 mg/H
T80 mg/HE 7 OMEORS LA28TELF$
ACAM B & FI4OHCAM (ft i = h - FH M ™
CAM)iMELTRE L7 (E7). MEomnid-b it -2t
JednofzAt, ELF hilHE 2 800 mg 2 5 C Mg v MM (=
Hot. 7. ELFHREEREMCESL D LHWH
MiZdhot: Shbodt, NTMETIZMLE - REET
EEBORBERBITIRZY, ChAERI-ESTE L
(T AT AR & .

LD

BMS 0B L SHGERICH T 2 I0HMAL AL
FEAMNEROAL VML EORBEMERT
REGHATS - BMS ISR EREH T LEL
FTEHEFETIRZVD. SBRVE(REXR2ESHECREL
WOk FANKBOBY, WML LIZfEHT

cal constituents in epithelial lining fluid of patients with
acute respiratory distress syndrome. Cril Care Med,
2001:29:396-398

. Yamazaki K. Ogura S, Ishizaka A. et al. Bronchoscopic

microsampling method for measuring drug concentra-
tion in epithelial lining fluid. Am | Respir Crit Care Mad.
2003:168:1304-1307.

. Sasabayashi M, Yamazaki Y, Tsushima K. et al. Useful-

ness of bronchoscopic microsampling to detect the
pathogenic bacteria of respiratory infection. Chest. 2007;
131:474-479,

c ELLEH. ML, e 34 Sl EEEmEo

FoFA - AR ERT A 20427 R
HTOME— WWEF 2006:28592-59.

. Ishizaka A, Matsuda T, Albertine KH, et al. Elevation of

KL6. a lung epithelial cell marker, in plasma and epithe-
lial lining fluid in acute respiratory distress syndrome.
Am ] Physiol Lung Cell Mol Physiol. 2004;286:1.1088-L.1094.

. Komaki Y, Sugiura H. Koarai A. et al Cytokine-

mediated xanthine oxidase upregulation in chronic ob-
structive pulmonary disease's airways. Pulm Pharmacol
Ther. 2005:18:297-302,

8 {PH &R thH%ER FHER COPDOFTOF+ 222
- [ AT
MEELOGNRS, Sk W+ LRV TORELH W WS PR R 13111316,
ENZHALRTFRTHS. 9. Watanabe M, Ishizaka A. Ikeda E, et al. Contribution of
bronch pic micr pling in the supplemental diag-
REFERENCES nosis of small peripheral lung carcinoma. Ann Thorac
. Surg, 2003:76:1669-1673.
I EREE AWML AERDERALCIMAONA— ) RUKR. ERER BUNS, 27 KEXRTA 2
FUH L ERERRO S ORNE L@ T A Ot ! :
S v A Fu—n, ETARE. 200012711713 BY YT Y TR L SAALERRUORN R
S ) T T—A—MffkTuF4+ I A— MOOK Mi#SOBE
2. Ishizaka A, Watanabe M, Yamashita T, et al. New bron- 2007~2008, MO : WA | 2007:99-105.
choscopic microsample probe to measure the biochemi- : - =
The Journal of the Japan Society for Respiratory Endoscopy—Vol 29, No 5, Sep 2007—www jsreorg 313
Presented by Medical*Online

_zm_



(R #]
7 v FBUMAEE 7 VIS $ 3
#1 HMGB1 B D G201 I B3 5 et

AEE— JNEX fTAKE TE #HK
A = FNEP ®BAERE WLEHES
@At MHE O LILER BREK
b B B

TR RO MERGHERMASE B RF 18 2007 216-222

Japan Journal of Critical Care for Endotoxemia (Jpn J Crit Care Endotoxemia) Vol.11 No.1 2007

=< 20|~



TP b erMENGERITRSIE T 819 2007 216222

[’ #F]

7 v b BUIAE €

FITT 3

Hi HMGB1 #E 0 G201 I BI ¥ 2 15T

AHEBE—" dNHEX' HTABEL =TE F
M4 =Y FlHN&H" HEAREY LHFE
Ak wY  ME O BY ARWEBR"  HREEY
16 & B

g E

HMGBL1 i}, =¥ Fr¥yryay 7L a» 7L 2BBFEORECE T
ZEMATF 4+ -y —L LTHEHENTWE, SAEbALNIE, BEERMECHT 5
HMGB1 fifE 5oE R I L TRETL 7. BEBSSUEEF L5y F&ELT, MM
E# I HMGB1 #ifk 2 L T#5 L 2 AL ER 5 R @ 10 BAEFE, i HMGBI ffi %
A PO—APBREREE R L, X6, EFAEN 24 EMBRICEITIEEB WO
PR 2T 4, PRRERSIICE L TEF LN 20 B S & O 32 1Y)
ol HMGBl AEXEEICM S, BBE LUMOMA C &8 TEMHCSAERR
BXUHMGBl o RBIM E N, 10 HEFEIERICKEL -, HMGBL %8, 5 »
F MIE OEIEER (2B % key mediator TH 2 2 &, & L08, WEMIME G234

HMGB1 kO F RSB G H: L o7,

55| F8E : HMGBI1, M, ERBeS%®mE <71, i HMGB1 #ifk, 7 » b

& C &l
EHFOGIE, IR AR - N WRIC K A6
A, 4 rAA 2R ULDETREEEER
AF4x—F—icsoTHRGichTV3 Y, B8
BOBH A b HA CIEEIC X O LB S BOGEE B
B¥ (systemic inflammatory response syndrome :
SIRS) DFEHEH SN, ThBHHKL IS+ A

AR ANk L7 L &, LB 4 (multiple
organ dysfunction syndrome : MODS) %% ~ &
3 OME, MUfEMs s v 2, BPEMiEE, H
¥k 2 v 712X 2B A LREICEBT 5 BELE
WA 74 x—4%—L LT High mobility group box
chromosomal protein 1 (HMGB1) 2*HEHE h T
w57 HMGBLIZ DNAR &R TH H, EE
WETIC BT, BEMBAORAD & B 2

1) R R/ PR R HE, 2) B AEERE (T 160-8582  HIHTEBHTE L8 MET 35),

3) BEIRBES TS RBEAE (T 2208521 MEIMBIRHRAR 27 L2610 37-3),

4) IR R AP MR BR A B0 A (MR AE S TR S 2R (L (77 060-8501 ALl 1L 9 v STt £ BRAT 582),

5) W 2 7 A FRFZEBES (T 229-0011 W) || WAL ARF & 2-20-14),

6) M R AR T R X — EFPE MR (T 454-8500 FAIWLE KR b1 [X R TN 3-6-10),

7) R B AP AR AP Bl AR S 78 BLIAS AW BARETSE (T 890-8520 5 V2 Iy L8 R B vl i o - 8-35-1)

216

- 262 -



5 v FRufEE F v icob T 34 HMGBL Moo M+ 2 i

Ehr BIU EfEltzhlk=rorr-—-v
iz S HEEIAY I T X N 2RO DO
¥ L cilni@bic B L, Receptor for advanced
glycation endoproducts (RAGE) % /1 L TR %
MEx-hiEELREL D THERAEAT
% *"7. SIRS # MODS iz £+ 4 HMGB1 @ W) g,
WEBLEBE~oMEC>wTRIhEFTAHTH-

bitbhi, ZOHIEAL, HILBEFHO$
CTHRBEMABRERZEL, Bk ARy E e
57, EOTHEBHIRETH L AERRGINICE
i} % % HMGB1 BEQBENERIc-vTHEH %
o7t TORR BELARHEMC X - Tl
HMGB1 @ —@fEic LR L, SHHEREMTI
FEAGEIET 5 2 LA L 7 5, il 8 HMGB1
I 45 fe il T S OHERIE D —H L ko T BT
AR X, FAMINIZ &1 250 HMGB1 #0E
e b, WHREIHEREZ P, B T2 506
HicEl T A REDIRE RN S,

ML BRI THBIZSIRSSMODS 28 ¥ 3
HiEmE L LT, AlliaiSornEamFilie
$, HEERTIC X 2 MRS - Rl % o SR
HERENIEIT 5N 3, MEMRIGITRORES:
BMEFNVCTERTAILEAETHB D, E
FOBUMIEIC R BV REBEZBRET2 3 2 LAAS
hTw2EBERENIIC X 2% - i< 7V
v FE#HWTSIRS HE~® HMGB1 0%, &
& Tf, HMGB1 thflic k 2 HBHEROFBF - El2
Rz 2w TR 2T "8,

1. 8- 5%

Sprague-Dawley 7 v I (8 i, &, 250 ~ 300 g)
ZHGT, ERMREEZEFL A XREHEBRRER
Fy FREMLA, ¥23> (40 mg/kg im.) HER
TiREPREMICT2 cm BB L, EISEAEL HBE
OAFEEL, HBEHEIC S mmORAEMAL, TO
rEcEBEZREL T, £F RS THBL =,
PARIE # ic £ B A HIK % 5.0 mL/kg B FHL 72,
e S TOR»-2 (@),

77 BiREY o i L /- HMGB1 2##iF & L, =
7 b ICHREEL T, D 54 HMGBI £ 2 u—
F1gG ZMBL, PRFIEEEML 7 Y,

E 1 Modified cecal ligation and puncture model

7 LEM 15 98 icHi HMGB1 $ifF 10 mg/kg %
BETHS L-HE2PRAHERSE (n=11D), 3~}
g—Adik10 mp/kg 2 ETRELEHEa Y bo—
LB (n=11) & L7, $fFERSRIZ, n viro
IKEWT 3 ng/mL®HMGBL (3 Fao—LEicE
HaEFAEN 24 BHUAORETFSRE) = 24
LA EECRGELEB2RIVROBE LA, 4
BHC L 10 AB 2 CEFLREL . Wb, 4,
8, 20, 32, 48B§MHI#R, 3, 4, 5 6HEBOIH 104
ICTHEBIRA 6 0.6 mL ¥ 24RM L, 775 i
T4rME L T 80°CIc THiRSERE L, M HMGB1 ##
% BELISAE: (/7 7R FHEM) icTHSEL 2 Y,
o, PNRAGRSE (n=3), 2y ro—1LB
(n=3) 2{FML, 24 FrllEsicmS& L CHIB, Bz
fiGH - @E L 7. BB Hematoxylin-Eosin (H&E)
#ufs, HMGBI ®B@Elets (> / 7 A F M= 7 24
HMGB1 ®/ Zu—+ AfifE, —F LA HMERF
274 THAF{ ¥ MAX-PO (M) ¥ F
f#H), &L, Bio H&E %6, Elastica-Masson
(EM), HMGB1 ®#&iaz {7y, BT
HEfrotk,

2BMIc BT 2 £ FE D KK, Kaplan-Meier
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B2 Treatment with anti-HMGB1 antibodies significantly improved
survival in CLP rats.

Data are shown as percentages of animals surviving (n=11 in each group,

The whole period of follow up is compared with a Kaplan-Meier analysis

and log rank test (p<0.01), @, anti-HMGB1 antibody-treated group : B,

controls.
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B3 Serum HMGBI1 concentrations of the animals treated
with anti-HMGBI1 antibodies were significantly lower
than in controls at POH 20 and POH 32.
Data are shown as Means + SEM of 11 rats in each group,
The comparisons between the data at every time point
were made with a nonparametric Mann Whitney U test ;
with p values<0.05 considerd to indicate a statistically
significant difference. @ , anti-HMGE1 antibody-treated
group ; M, controls.

p<0.05
e~ |

(ng/mL)
40+
354
304

25

20+ -

154

HMGB1

10+ i -
5+
1 [
avro—A8  HIHMGBILER 58
M4 To assess the efficacy of treatment with anti-

HMGB]1 antibodies, an analysis is performed
with the "last observation carried forward®

method.
The levels of the animals treated with anti-HMGB1
antibodies are significantly lower than those of controls
(p<0.05 by a nonparamelric Mann Whitney U test),

B 5 Histological and immunohistochemical findings in the cecum.
: H&E stainig in controls (original magnification, 40 =),
: Immunohistochemical staning of HMGB1 in controls (originl magnification, 400 =),
: H&E staining in anti-HMGB1 antibody-treated group (original magnification, 40 =),
: Immunohistochemical staining of HMGB1 in anti-HMGB1 antibody-treated group
(original magnification, 400 =),
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Dl HMGB1 @2 {ET 34, RIS L U068
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o L7,
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B 6 Histological and immunohistochemical findings in the lung.
: Elastica-Masson staining in controls (original magnification, 40 x).
¢ Immunohistochemical staining of HMGBI in controls (original magnification, 400 ).
* Elastica-Masson staining in anti-HMGB1 antibody-treated group (original magnification, 40x),
: Immunohistochemical staining of HMGBI in anti-HMGB1 antibody-treated group (original
magnification, 400 =)
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Abstract

High-mobility group box chromosomal protein 1 (HMGB1) has recently been shown to be an
important late mediator of endotoxin shock, intraabdominal sepsis, and acute lung injury,
and a promising therapeutic target of severe sepsis. We sought to investigate the effect of
antibodies to HMGB1 for severe sepsis in a rat cecal ligation and puncture (CLP) model.
Adult male Sprague-Dawley rats underwent CLP, and then were randomly divided into two
groups : treatment with anti-HMGB1 polyclonal antibodies, and nonimmune IgG-treated
controls. The serum HMGB1 concentrations were measured at 10 time points (preoperatively,
and at postoperative hour 4, 8, 20, 32, and 48, and postoperative days 3, 4, 5, and 6).
Hematoxylin-Eosin staining, Elastica-Masson staining, and immunohistochemical staining
for HMGB1 were performed on the cecum and the lung to assess pathological changes 24
h after the CLP procedure. Treatment with anti-HMGB1 antibodies significantly increased
survival. The serum HMGB1 concentrations al postoperative hour 20 and 32 of anti-HMGB1
antibody-treated animals were significantly lower than those of controls. Treatment with
anti-HMGB1 antibodies markedly diminished the pathological changes and the number of
HMGRBI positive cells in the cecum and the lung. The present study demonstrates that anti-
HMGB1 antibodies are effective in the treatment of severe sepsis in a rat model, supporting
the relevance of HMGB1 eradication therapy for severe sepsis.

Key words : HMGB1, Sepsis, Cecal ligation and puncture, Anti-HMGB1 antibody, Rat
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Neutrophil elastase inhibitor improves postoperative clinical courses after
thoracic esophagectomy

K. Suda,' Y. Kitagawa,' 8. Ozawa,' T. Miyasho,” M. Okamoto,’ Y. Saikawa,' M. Ueda,' S. Yamada,* S. Tasaka,’
Y. Funakoshi,’ S. Hashimoto,® H. Yokota, 1. Maruyama,’ A. Ishizaka® and M. Kitajima'

'Department of Surgery, *Department of Internal Medicine, School of Medicine, Keio University, Tokyo, Japan,
*School of Veterinary Medicine, Rakuno Gakuen University, Hokkaido, Japan, *Central Institute, Shino-Test
Corporation, Kanagawa, Japan, *Ono Pharmaceutical Company, Osaka, Japan, * Department of Anesthesiology and
Intensive Care, Kyoto Prefectural University of Medicine, Kyoto, Japan, and ' Depariment of Laboratory and
Molecular Medicine, Kagoshima University, Kagoshima, Japan

SUMMARY. Sivelestat sodium hydrate is a selective inhibitor of neutrophil elastase (NE), and Is effective in
acute lung injury associated with systemic inflammatory response syndrome (SIRS). The effect of Sivelestat
for postoperative clinical courses alter transthoracic esophagectomy was investigated. Consecutive patients
with carcinoma of the thoracic esophagus who underwent transthoracic esophagectomy between 2003 and 2004
were assigned to the Sivelestat-treated group (» = 18), and those between 1998 and 2003 were assigned to the
control group (n = 25). The morbidity rate, duration of postoperative SIRS, mechanical ventilation, and
intensive care unit (ICU) stay, and the sum of the sequential organ failure assessment scores at all time points
after the operation were compared. Serum NE activities and serum concentrations of TNF-c, 1L-1p, IL-6, and
high mobility group box chromosomal protein 1 (HMGB1) were measured. Postoperative complications
developed in three patients in the control group, and one in the Sivelestat-treated group. The durations of
SIRS, mechanical ventilation, and ICU stay were significantly shorter in the Sivelestat-treated group. Even in
patients without complications, the durations of mechanical ventilation, and ICU stay were also significantly
shorter, and the arterial oxygen pressure/fraction of inspired oxygen ratio at postoperative day 1 was signific-
antly higher in the Sivelestat-treated group. Serum NE activities and serum concentrations of IL-1B, IL-6, and
HMGBI1 were significantly suppressed in the Sivelestat-treated group. Postoperative Sivelestat treatment after
transthoracic esophagectomy improves the condition of SIRS and postoperative clinical courses, even in
patients without complications.

KEY WORDS: acute respiratory distress syndrome, complications, esophageal cancer, esophageal surgery,
inflammatory mediators, surgery.

management, peri-operative mortality rates continue
to range from 3% to 10%.*" In particular, putmonary
complications, which occur in approximately 30% of

INTRODUCTION

The surgical treatment of esophageal cancer, which

requires thoracolaparotomic manipulation, is one
of the most invasive operations in gastrointestinal
surgery and the frequency of postoperative com-
plications is still relatively high."? Despite advances
in anesthesia, operative techniques, and postoperative

Address correspondence to: Dr Yuko Kitagawa, MD, PhD,
Department of Surgery, School of Medicine, Keio University,
Shinanomachi 35, Shinjuku-ku, Tokyo, 160-8582, Japan.
Email: kitagawa@sc.itc. keio.ac jp

cases, are among the most frequent to develop after
esophagectomy.™"* Surgical procedures for esophageal
cancer induce a systemic inflammatory response
syndrome (SIRS) characterized by the overproduction
of pro-inflammatory cytokines, which produces
excessive stress and may trigger postoperative
complications.*" Moreover, the lung is one of the
main target organs of neutrophil sequestration in
the condition of SIRS.'"™® These facts lead to the
hypothesis that a drug which can relieve SIRS,

© 2007 The Authors
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control neutrophil function and decrease pulmonary
complications might improve postoperative clinical
courses after transthoracic esophagectomy.

Sivelestat sodium hydrate, sodium N-{2-[4-(2,2-
dimethylpropionyloxy) phenylsulfonylamino] benzoyl}
aminoacetate tetrahydrate (Elaspol, ONO-5046-
Na[CH; N;NaO,S-Na-4H,;0, molecular weight,
528.51]; Ono Pharmaceutical Co., Osaka, Japan), is a
synthetic, specific, low molecular weight neutrophil
elastase (NE) inhibitor.'*' The drug is intrave-
nously active and competitively inhibits the activity
of NE in humans, hamsters and dogs, but it does not
affect other proteases such as plasmin, thrombin,
kallikrein, cathepsin B, or collagenase 1.”° The
efficacy of Sivelestat on acute lung injury (ALI) has
been demonstrated in several investigations,'*¥%2-4
The use of the drug in humans has been approved
in Japan for cases of ALI associated with SIRS,
although there have been conflicting conclusions
regarding its benefits,?**'*

The present study was designed to investigate the
effects of Sivelestat on the postoperative clinical
course after transthoracic esophagectomy.

MATERIALS AND METHODS
Patients

The study group comsisted of 43 consecutive
patients with carcinoma of the thoracic esophagus
(median age, 58 years [interquartile range: 53-66];
male/female ratio, 35/8; pathologic stage by the
International Union against Cancer classification of
I:My: M : T : TV, =13:8 :3:15:4) who under-
went transthoracic esophagectomy without pre-
operative treatment between 1998 and 2004 at Keio
University Hospital, Tokyo, Japan. The patients
between 2003 and 2004 were assigned to the Sivelestat-
treated group (n = 18), and those between 1998 and
2003 were assigned to a control group as a historical

control (n=25) (Table 1). Only one surgical team
performed all the operations in the present study,
The definition of SIRS was taken from the report
by the American College of Chest Physicians/Society
of Critical Care Medicine Consensus Conference®
and the definition of ALI was taken from the report
by the American European Consensus Conference
on acute respiratory disiress syndrome (ARDS).”

Both the acute physiology and chronic health
evaluation (APACHE) II scoring system and the
sequential organ failure assessment (SOFA) scoring
system were used to evaluate the severity of the
patient’s condition.”* Routine preoperative evaluation
included a complete blood count, serum C-reactive
protein (CRP) concentrations, electrocardiography,
spirometry, creatinine clearance (Ccr), activated
partial thromboplastin time, prothrombin time,
and an indocyanine green test retention rate. No
patients had anemia preoperatively. Preoperative
white blood cell counts and platelet counts of all
patients were within normal ranges. Electrocardiog-
raphy studies were all normal. None of the patients
had obstructive or restrictive respiratory dysfunction,
according to the spirometry data. The Cer values
of all patients were greater than 60 mL/min. No
patient had coagulopathy. The liver function of all
patients was classified as Child’s class A. These
preoperative data showed that none of the patients
had high risk factors for surgery under general
anesthesia. All the patients were routinely admitted
to the intensive care unit (ICU) on mechanical
ventilation at least overnight after undergoing trans-
thoracic esophagectomy. The timing of weaning
from mechanical ventilation was determined based
on the following criteria: mode of spontaneous
respiration, fraction of inspired oxygen (FiO,) < 0.4,
respiratory rate < 25/min and arterial oxygen pre-
ssure (Pa0,) > 100 torr. On the day after extubation,
the patients were discharged from the ICU if their
condition remained stable,

Table 1 Patients’ background data, showing median and inter-quartile ranges

Sivelestat-treated group Control group
(n=18) (n=15) P value
Age Median 60 56 0.306
Inter-quartile range 55-65 52-66
Gender (male : female) 1543 20/5 0.782
UICC stage (1: ITA : IIB : II1 : IVA) 4:5:1:7:1 9:3:2:8:3 0.848
Intraoperative blood loss (mL) Median 361 520 0.730
) Inter-guartile range 218-682 216-700
Operation time (min) Median 458 626 0.002
Inter-quartile range 373-545 541-700
APACHE 11 score Median 11 7.5 < 0.001
Inter-quartile range 9-13 6-10
Preoperative CRP (mg/dL) Median 0.18 0.13 0.712
Inter-quartile range 0.06-0.68 0.07-033
APACHE, acute physiology and chronic health evaluation; CRP, C-reactive protein; UICC, International Union against Cancer
Classification.
© 2007 The Authors
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From 1998, we successfully obtained informed
consent to perform a clinical study about surgical
stress by using patients’ clinical data and preserved
sera from all the patients who underwent trans-
thoracic esophagectomy without preoperative treat-
ment. In addition, from 2003, we simultaneously
obtained informed consent to administer Sivelestat for
a week after esophagectomy in order to investigate
whether Sivelestat could treat postoperative SIRS. As
a result, we were able to enrol 25 consecutive controls
from 1998 to 2003 and 18 consecutive Sivelestat-
treated patients from 2003 to 2004 to the present
study. This protocol was approved by the Institu-
tional Review Board of Keio University Hospital.

Dosage and administration of Sivelestat

In the Sivelestat-treated group, 0.2 mg/kg/h Sive-
lestat diluted with 0.9% sodium chloride was con-
tinuously intravenously administered immediately
after surgery until postoperative day (POD) 6.

Measurements

Blood samples were collected, centrifuged and stored
at —80°C. Serum tumor necrosis factor o (TNFa),
interleukin 1B (IL-1B), interleukin 6 (IL-6) and
high mobility group box chromosomal protein 1
(HMGBI) levels were measured at 11 time points
(preoperatively, immediately postoperatively, and
on PODs 1-7, POD 10 and POD 14) by enzyme-
linked immunosorbent assay (Research and
Diagnostics Systems, Minneapolis, MN for TNFaq,
IL-1p and IL-6, and Central Institute, Shino-Test
Corporation, Kanagawa, Japan for HMGB1).® NE
activities in each plasma sample were spectro-
photometrically determined at the same time points
using Meo-Suc-Ala-Ala-Pro-Val pNA as a substrate.
A mixture of 0.1 M Tris-HCl buffer (pH 8.0) con-
taining the substrate at a final concentration of
ImM and 0.5M sodium chloride pentose nucieic
acid was incubated with plasma at 37°C for 24 h and
the amount of pNA liberated was determined at
405 nm and considered to be plasma NE activity.”

Statistical study

First, the patients’ background factors, including
their APACHE 11 scores, intraoperative blood loss,
operation time, age and pathologic cancer stage, were
compared between the two groups using a Mann-
Whitney U-test and their gender was compared
using the y’-test.

Second, to identify the effect of the Sivelestat
treatment on morbidity and postoperative clinical
course we compared the morbidity rate, duration
of postoperative SIRS, mechanical ventilation and
ICU stay, and the sum of the SOFA scores at all

time points after the operation, between those of
the Sivelestat-treated group and the control group.
The duration of assessment of postoperative com-
plications was 30 days. Both groups were monitored
over identical time intervals. The comparisons
between the data were made with the x’-test and
the Mantel-Haenzel test.

Third, to identify the effect of the Sivelestat
treatment, even in patients without complications,
on the postoperative clinical course and respiratory
function, we compared the data of all patients
without complications between the two groups
regarding the duration of postoperative SIRS,
mechanical ventilation, and ICU stay, the sum of the
SOFA scores at all time points after the operation
and the PaO,/Fi0; ratio at each time point. The
comparisons between the data were made with the
Mantel-Haenzel test.

Fourth, to identify the effects of Sivelestat
treatment on concentrations of serum mediators in
patients without complications, the serum NE
activity and serum levels of TNFo, IL-1B, IL-6 and
HMGBI at each time point were compared between
the two groups. The comparisons between the data
were made with the Mantel-Haenzel test. P-values of
less than 0.05 were considered to indicate a statisti-
cally significant difference. Statistical analyses
were performed with the STATVIEW 5.0 and SAS
statistical analysis package (SAS Institute, Cary, NC).

RESULTS
Patients’ background factors

There were no significant differences between the
groups in age, gender, pathologic cancer stage,
intraoperative blood loss or preoperative serum
CRP concentrations. APACHE Il scores of the
Sivelestat-treated group were significantly higher
than those of the control group (P <0.001). The
average operation time of the Sivelestat-treated
group was significantly shorter than that of the
control group (P = 0.002) (Table 1).

Effect of Sivelestat on morbidity and postoperative
clinical course

In the Sivelestat-treated group only one of the 18
patients had postoperative complications (sepsis),
while, in the control group, three of the 25 patients
had postoperative complications: two had sepsis,
and one had ALIL The morbidity rates were not
significantly different in the two groups (P = 0.470).
In the Sivelestat-treated group, the duration of
postoperative SIRS, mechanical ventilation and
ICU stay were significantly shorter than those in
the control group (P=0.026, 0.008 and 0.018,
respectively). The sum of the SOFA scores at all
© 2007 The Authors
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Table2 Postoperative clinical courses of the patients. Median and interquartile ranges are shown. The duration of SIRS, sum of
SOFA scores, duration of mechanical ventilation, and duration of ICU stay are compared between Sivelestat-treated group and

control group by the Mantel-Haenzel test

Sivelestat-treated group Control group
(n=18) (n=25) P value
Duration of SIRS (d) Median 15 5 0.026
Inter-quartile range 2-58 3.8-10.3
Sum of SOFA scores Median k)| 37 0.29
Inter-quartile range 26-45 29-44
Duration of ventilator dependence (d) Median | 2 0.008
Inter-quartile range 1-1.5 1-2.5
ICU stay (d) Median 1.5 25 0.018
Inter-guartile range 1.5-1.9 1.5-3.5

ICU, intensive care unit; SIRS, systemic inflammatory response syndrome; SOFA, sequential organ failure assessment.

Table 3 Postoperative clinical courses and respiratory function of the pati

without plications Median and inter-quartile

ranges are shown. The duration of SIRS, sum of SOFA scores, duration of mechanical ventilation, duration of intensive care unit

(ICU) stay, and the PaO/FiO, ratio at POD | are compared b

the Sivel d group and control group by the Mantel-

Haenzel test

Sivelestat-treated group Control group
(n=17) (n=122) P value
Duration of SIRS (d) Median : 5 0.067
Inter-quartile range 2-5 3-7
Sum of SOFA stores Median 10 37 0.760
Inter-quartile range 2543 2742
Duration of ventilator dependence (d) Median 1 15 0.041
Inter-quartile range 1-1.5 1-2
ICU stay (d) Median 1.5 25 0.041
Inter-quartile range 1.5-1.5 1.5-25
Pa0,/FiO, ratio at PODI Median 378 250 < 0.001
Inter-quartile range 338-404 233-286

FiO,, fraction of inspired oxygen; PaO,, arterial oxygen pressure; POD, post-operative day; SIRS, systemic inflammatory response

syndrome; SOFA, sequential organ failure assessment.

time points after the operation was not signific-
antly different between the two groups (P = 0.290)
(Table 2).

Effect of Sivelestat in patients without complications

on postoperative climical course and respiratory
function

In patients without complications, the duration
of mechanical ventilation and ICU stay in the
Sivelestat-treated group were significantly shorter
than those in the control group (P =0.041, and
0.041, respectively). The duration of postoperative
SIRS was shorter, but not significantly so, in the
Sivelestat-treated group (P = 0.067). The sum of the
SOFA scores at all time points after the operation
was not significantly different between the two
groups (P = 0.760). The PaO,/FiO, ratio at POD |
was significantly higher in the Sivelestat-treated
group than that in the control group (P <0.001)
(Table 3). The Mantel-Haenzel test was performed
because in the patients’ background factors, the
operation time was significantly shorter in the
Sivelestat-treated group, which might be related to
their improved postoperative clinical courses.

© 2007 The Authors

Effect of Sivelestat in the patients without
complications on concentrations of serum mediators

In the Sivelestat-treated group, serum NE activities
and concentrations of IL-1B were significantly
suppressed in comparison with the control group
from POD 1 through POD 6 (P < 0.05-0.001) (Figs 1
and 2, respectively). Serum concentrations of IL-6
in the Sivelestat-treated group were significantly
suppressed in comparison with the control group at
POD 1 (P =10.030) (Fig. 3). Serum concentrations
of HMGBI in the Sivelestat-treated group were also
significantly suppressed in comparison with the
control group at POD 5 (P = 0.015) (Fig. 4). Serum
TNFo concentrations at each time point were less
than 2 pg/mL in both groups.

DISCUSSION

Our study yielded two major findings. First, post-
operative Sivelestat treatment after transthoracic
esophagectomy improved postoperative respiratory
function and clinical courses, even in patients without
complications, although the monitoring period was

Journal compilation © 2007 The International Society for Diseases of the Esophagus
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Fig. 1 Pre- and postoperative serum levels of neutrophil elastase (NE) activity. The median serum level of NE activity at each time
point is ln!:li;lcd by horizontal bars. The vertical bars indicate the range, and the horizontal boundaries of the boxes represent the
first and third quartiles.
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Fig.2 Pre- and postoperative serum levels of interleukin 1B (IL-1B). The median serum [L-1P concentration at each time point is

indicated by horizontal bars. The vertical bars indicate the range, and the horizontal boundaries ol the boxes represent the first and
third quartiles.
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Fig.3 Pre- and postoperative serum Jevels of interleukin-6 (IL-6). The median serum IL-6 concentration at each time point is

indicated by horizontal bars. The vertical bars indicate the range and the horizontal boundaries of the boxes represent the first
and third quartiles.
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Fig.4 Pre- and postoperative serum levels of high mobility group box chromosomal protein | (HMGBI). The median serum
HMGB-| concentration at each time point is indicated by horizontal bars The vertical bars indicate the range and the horizontal
boundaries of the boxes represent the first and third quartiles.

so short that the present study lacked information on  tions of IL-1B, IL-6 and HMGBI in serum and
long-term complications after esophagectomy and  improved the SIRS condition.

the late effect of the drug. Second, the treatment As reported by Zeiher er al., Sivelestat has been
significantly suppressed NE activities and concentra-  effective in multiple animal models of ALL*' A
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phase III study conducted in Japan demonstrated
that Sivelestat improved investigator assessment of
pulmonary function improvement and significantly
reduced the duration of the patient’s ICU stay.”'*
Sivelestat has been approved and is commercially
available in Japan as a treatment for ALI associated
with SIRS.” All the patients in this study met the
standards of SIRS in both groups, at least from
immediately after surgery to POD |, and all but
two patients in the control group met those of ALI
at POD 1. Therefore, administration of Sivelestat
immediately after transthoracic esophagectomy was
warranted. In the Sivelestat-treated group, PaO,/
FiO, ratios on POD | were significantly improved
compared to the control group, and this was con-
sidered to be related to the significantly shorter
duration of mechanical ventilation and ICU stay.

Although a STRIVE study, another multicenter
prospective trial, showed that continuously infused
Sivelestat had no effect on the primary end points
of 28-day all-cause mortality or ventilator-free days
in a heterogeneous ALI patient population managed
with low-tidal volume mechanical ventilation, Sive-
lestat was effective, but without statistical signifi-
cance, for ALl patients who had a relatively high
PaO,/Fi0, ratio (100-300) and non-infectious etiology,
according to the analyses of the subgroups.®' Sive-
lestat can thus be effective when administered as
early as any insults that may induce ALI. Because
transthoracic esophagectomy is non-infectious, the
PaO,/FiO, ratio of the patients is relatively high
(median of the lowest PaO,/FiO, ratio of the patients
without complications in the control group [PaO./
Fi0, ratio at POD 1]; 250 [233-286]), and moreover,
initiation of the insult, that is, at the start of the
operation, is clear. Transthoracic esophagectomy
is considered to be a good indication for Sivelestat
treatment, even in patients before they develop
complications.

In the present study, serum NE activities were
significantly suppressed in the Sivelestat-treated
group while Sivelestat was being administered.
This result meant that the dosage, (0.2 mg/kg/h)
was enough to suppress NE in the serum and the
administered Sivelestat was systemically effective
during that period. Under the effect of Sivelestat,
the serum concentrations of pro-inflammatory
cytokines, such as IL-1B and IL-6, were significantly
suppressed, even in patients without complications.
In cases of esophageal cancer, marked elevation
of cytokine levels is observed during and shortly
after operation, and hypercytokinemia produces
excessive stress and may trigger postoperative
complications.! Several reports on the relationships
between the severity of sepsis, trauma and burns
and SIRS have recently been published."” SIRS is
thought to be induced by hypercytokinemia, and
the longer the duration of SIRS, the more likely

it is to progress to multiple organ dysfunction
syndrome."** Considering these results, the reason
why Sivelestat improved postoperative clinical
courses, even in patients without complications, was
that Sivelestat decreased hypercytokinemia, leading
to an improvement of the state of SIRS. Further
investigations are warranted in order to clarify how
Sivelestat decreased hypercytokinemia on the mole-
cular basis.

HMGBI is a nuclear DNA-binding protein
acting as a proinflammatory cytokine when released
in the extracellular space from necrotic cells,
activated macrophages and dendritic cells**™ In a
previous study, we have demonstrated that surgical
stress of transthoracic esophagectomy itself induced
an increase in HMGBI in serum, even in patients
without complications, and higher levels of HMGBI
in the immediate postoperative period correlated
with elevated preoperative serum HMGBI| con-
centrations and a complicated clinical course,
indicating that elevations in HMGBI might play
a contributory role in the development of post-
operative organ system dysfunction.” Furthermore,
HMGBI is one of the key mediators of ALVARDS *
In the present study, serum HMGBI] concentrations
were significantly suppressed in the Sivelestat-
treated group. Although the actual mechanism
of the suppression of serum HMGBI by Sivelestat
treatment was unclear, the suppression of serum
HMGBI! concentrations might contribute to the
improvement of postoperative clinical courses and
respiratory function in the Sivelestat-treated group.

Regarding cytokine modulation in esophagectomy,
only preoperative administrations of corticosteroid,
ulinastatin, and gabexate mesilate have been reported
to be effective.*'* However, although Sivelestat
could be more effective when administered as early
as insults occur as described before, the postoper-
ative administration of Sivelestat was still effective in
this study. It is possible to speculate that Sivelestat
modulates downstream of the inflammatory cascade,
while corticosteroid does so upstream of it.***
Development of cytokine modulators can modulate
the downstream inflammatory cascade and may
offer a clinically relevant prophylaxis and treatment
to surgical stress-induced complications. From the
preliminary data of the present study, we can
speculate that an early phase administration of
Sivelestat after major surgical insults may reduce
the risk of serious complications in patients at risk.
To investigate the preventive effect of the Sivelestat
treatment for postoperative complication in patients
with radical esophagectomy, a large-scale prospec-
tive randomized trial would be required.

In the present study, nnpmvad surgical techniques
arising from greater experience and more practice,
and not Sivelestat alone, may account for the
more favorable clinical courses after transthoracic

©2007 The Authors

Journal compilation © 2007 The International Society for Diseases of the Esophagus

_275_



Neutrophil elastase inhibitor in esophagectomy 485

esophagectomy in the treatment group, since the
control group was earlier and the treatment group
was later. A randomized double-blinded trial would
be warranted to prove this efficacy in a future study.
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