58 410

AL 2R P9 Bl £58% E3F

Albumin P=0.0082

L
o/l ! 1
5 42304

Belore phlebotomy ' After phisbotomy

Vs =0.0111

After phiebotomy .

Before phlebotomy

3-3 BMBRE—AHROFTITI ABCITEE

EDRIIER OB FAE & IFN-o 84 1o
THRWE SRTWAE, FOLOIFNB+RBVE
BERESRET P NMUEE, 508 - 908
f72 &, PEGIFN-+RBVIZ L 280y it %
Biard B & 9 ZERIC b IBIESIT 2 B A
3;) % 1)2)_

SEOBRE T, IEN-B-+RBVIFABRENHL -
EHEH & LTRELOETOATHY, Th
IFIFN-B L W HRBVOEWER & v ) BEN GV &
i oiha. IFNB+RBVEHBEOMEE LT
%, transaminaseAHELETERL, /MR
EFIT b MRS R L CRETH#ETEL
LnS ATHA. L L, genotype 2 BITlE4
LA 5100%OSVRER SO LT, 18
THESVRIEB S h o,

I E COIFN-B+RBVEFEREICHET 2 8E
T3, genotype 2 BICTRHSVREEEGF %L ®
DUD | genotype 1 BITHE30%RIH TH hav,
telaprevir& @ 3B RABRER E, &6 5BSVR
BEEOTEFGEEER LD,

FIRIETERE S £ DS %S CHIB
R~ TR TR ER A, $F iR
BEETHEAPE N, 20X BREMICL
T, [EH 5\ IFPSEIZ & W/ NEE LR 58T
7 5 PEG-IFN#ESPEG-IFN +RBVEESFT bt
LIGEDH L9,

AEOHLNbILORETH, BHE/PSEICLD
f/NRE & Rk OEE L EREASA LR, PEG
IEN+RBVEEEATRE L 2 o7z, Lo L, IL28B

SNP(rs8099917) T £ TT (major) TH o 2123
b 5, [N/ PSE#OPEGIFN +RBVEE
(1 B2 PEG-IFNE ) O SVRFE idgenotype 1 B
T2% ,2ET 0% TH Y, RLTEVIEELD
BriEnwiitnboTdhar.

I TORETH, BIE/PSEROIFNIERE
R PEGIFN+RBVERHEOSVRE S, I 18 -
By A NABOEFTII20% S L8 L TR,
B/ PSEI EERME S EOAFECTREDS
A7, IFNEEZHWE L BE/PSER
genotypePIL28B SNPAEIE L CIBERI IR
CEAEMNICE-s TITIRETHDL LW HE
4% 29, SHEOFEEIZIL28B SNP (rs8099917) t
£BITT (major) TH o 2212 db & FH457%2H
ERBRIIELNTWEWED, SHREE IER
TERTLLHENHD EEI LN,

CREMFATIRIFCHEMBFICERL T
B, FFRBACHEN L SR B bk E &
REmLT7Y—3 VA LeREL, HaEE:
ERTA, FLTHAET RV ANLEE
MEmEER O ERIT. BIERE, AT
SR THEMIRERES 2 & CBHEOER 2R
EL, Froofn@BemdTr7)—-5V%
NVEEFBETIEEI L L D FLETTELT
AITEEERETH L.

C BT &I 2 BILEEOFHikE,
19944EHayashi 5 12 & Y R TEDICHE S
79 2oHEICLE L, IFNERO 2R &0
C Eligiirs1omica L, mME7 )5 /E
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Z10 ng/mERIC A A F T 1I~2 8 1 E200 g
HHEA00 g DM EFRE L8 2 A, ALTE
MEFITHEWET L, PHTRERLLAZ
EASREN TS, F7:, Piperno S EEI2HIOIFN
ST B BT & Y ALTOR SR G T %4
=L, EmBEEATENES I LT R e
WHETHATEEEZR LAY, #0% C Tl
Bdeicatd B EMEE ORIk A LSS,
20049F 4 i Yano 5 A% 3 4 H M @randomized con-
trofled trialt & DIEMFREDF M Z R L7219,
IR OEELIEE 2T, 20066 IZ NGRS
b ITIERERE I E D B B C BB
WL LT, EIMBEE AR T ERE A s h
Hrkbhol,

Sl @b b OB T, HillcLd 7 x
VI, WESEOET I, AST, ALT, vGTP
DFFRETEES, TR g —
# T dh HAFP & PIVKA- INSET 4 & @ 455
L., 20—FT, 7V7IEFEECET
L, ARFIIZ & 0 fllsg LA P A SiIc LR L
Tz, ThoOFERNG, EIgEEEIFED
LRI -0 R P ETE S
R, TR T A A R iR
HALETH B EEL SN,

WL ORNRE E LT, Yano b I3 #fksE
MRE TAERRR, B bty L
L THENW, Katob O T L RGEREIC L S
I O FEREESRL TV AR, 7, Kato
B Y8 PR % 0 78551 (BT L4 Tk,
A UF2E = F3) 10T, EIEE ST
Tip o TIER B RIS IFEBR L BIT L L &
%5, BAHERBRIENETEECERTHoL
S LTWAY, 6, RESNEROFHMm
B2 ) F o ET20 ng/mEBII AL &I
LD FREIEIEI S WA LA BELTWDWY,
SEOBRSTCRE? — 7 - PR TEECS - 72
I & B IR O RN RE R L T B T
BeEdd B, —Jf, ARFIUC X DHAIE 2 N LI
B, CENBMRRRICBIT 5 Rk hodks i
ZHICHER L SNAPW, ZOMEIEEICL
FLTWE I L, EIEEC X 28 bot
BLWIBEOWELERR AR o TWA,
F72, FFFiRaenisiE e 2 IME T A7 3 Y EF

587 411

HEHCIKT LTS LS, FoERSEr
B VIS L RBTETARETHAL. 4
idretrospective iR €, BIFREOMBIAYE
HEFIeE M DL EALE L EFN TS T
EATEEORE & Rl BRERIT O d o 7T R
BEETE R, UL, EMEREHCY ERE:
SNTHLRWVIRIRT COMNEGERECH D, ik
0 BFTfif R O P A b b e i
BAUETHD O EEHEEC R EHEL S A,
B TR S OV B RN Tk
DAAsTEA I & A HrGHR T & A REMESS
& <, HCVERERIC X 5 FHifE bk onggs4s
Mgshs,

B b WD
C BUF SR p ¢, el b 1 RR
L7 ECE bR, IFN-BEHE, MHiEPEGIFN
R & b IR OMEE SRR T R, 4
DFBIHRII BT WITE &FE 2 o,

B 7Y
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<FEMHE>
CHPFFEEICEHL-EEF MALT Y V3 ED 14

sl ki s EmA O fBR T Em RE B EA

wHE ER FE O ET IRE RE O KE BT 0 0F W
R OAfE R BR HREEKERT

BE EMART0OEXE. CEREZICCEEBRTICIFRE 320, TS (HCC) #58h
NYUBBA Loz USLE, FFSS, 83, S7TERAMEREL o —#HEHD, VFIAF
#EUS CHERHESEHCRE S BMEH T defect B2 R LA CTTERFSEH5em,
S3 124 3cm, S6 049 25 cm KDBEF R 2 VRIS % 2, BRI T3 B S
WA TR ERAUR %% L7, EOB-MRI TR O 0BEL &, HHECRIEcEEsh
A TR EESBERTEBEOIIBENRE L T SSOBEENCRFROCEENE
BEZRDI:. PET-CT T3, FEZELSHOBEER LD, HCC & LTIRIERBNTH
D, IL-2R @ LR b A b0 EEERZ BT, WEFRRICT MALT U v 3L 2l &R,
{EREAs A SNz, R MALT U Y NBEMREETH ), CEFEEEZERE LLFRS

EHETHEHE, BERTICESRH e T LFREEAPTRIC 2 o LA TREGEN L E 2

BETS.
$E|AE . FHMALTY 5@
HPylori
FUIC

MALT Y >3 E I HEIERGE ) v o s (MALT) 2
RETIBEREOESY L ETHY, BItERL,
HPylori I L A BHEEAL OEENELETHL. FERE
DEMEY vAERET, TOEEAYE diffuse large
B-cell lymphoma T& 9, FEFSESE Y Y/ BICBT3
MALT J ¥ EOSFEEY. §H, CRFEELY
BLLUCHRERRELR L, BRANCHEEERC
THESW 27, EREE AR & - 2 EH)
BREERLED, YHHEELLHICHETS.

£ Bl
fER - T0R Kk
FER - FFEEEE R .
BEERE : BMIESE. C BIFFREZE,

CHUFFREZE

6 AR AT A R B AT B BRI
*Corresponding author: kyoshiok@fujita-huacp
<&fF B20134E11 5260 > <{FRA2014464 A8H >

FFiEgEAtk  PETCT

EIERE  BMERL L, SREERL.

BiRRE - C I CREESERY, BES US WO
S3 & S8 ICHTIEIE &5, BRI A B b LSRG
BEioi,

AR SHRE R TREZ e L. BEEEIC
el L, FEY MM L2, BEHIZTEE,
T, FERAA LA,

AR RARERT R © BRI, Plt 4.3 % 10Y/ mm’
LT % 30 5 4h, T.Bil L5 me/dl, AST 91 TU/L, ALT
60IU/L L BELR #2054, FohomiE—& - &
LEEAICEETRL2 L. HCV-RNA I 6.6 logllU/ml,
HBs $iE, HBc fifkidfet:Cch o /o < —# —id,
AFP 771 ng/mi, AFP L o ¥ ¥5H L3108%, CEA
113ng/mi, 2R 2243U/mi & LR/ %7, PIVKA.
1113 mAU/ml, CA19904 U/mi RIEFEHARTHo
(Table 1).

B USFRE : B E— FTEIF S8, S3. ST KERA
WL EL T — e T, VY4 VR US T,
AL AR EEF L b b3 i 2, HlEA
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Table 1 Laboratory data on admission

31:27%

Hematology Coagulation
WBC 2500 (/mm? PT 87 (%)
Baso 1
Eosino 3 Biochemistry
Mono 3 P 70 (g/d)
Lympho 24 Alb 37 {g/dh
Neutro 68 T-Bil 15 {mg/dl
REC 354 < 108 (/mm?) DBl 07 (mg/d}
Hb 11.2 (p/dY) AST 91 @U/Dn
Ht 32.8 (%) ALT 60 (/1)
PLT 43X 10 (/mm?) ALP 221 (1U/D
LD 228 (1U/)
Serological tests vGTP 28 (1U/h
HBs-Ag - ChE 183 qU/
HBe-Ab - AMY 220 qU/p
HCV-AD + CPK 85 (1U/1)
HCV-RNA 6.6 (logIli/mb TG 156 {(mg/i)
HCV group 1 T-Chol 113 (mg/dh
CRP 03> (mg/dh BUN 149 (mg/df
Tumor marker Cre 0.63 (mg/dh
AFP 771 (ng/mh NH3 100 (U/D
AFP-L3 10.8 (%)
PIVEKA-I 13 (mAU/md
CEA 113 (ng/mi)
CAl199 04 (U/mi)
IL-2R 2243 (U/ml)
TBEBFCIEL, SO ERs L (Fig D). 7= (Fig. 4).

SR CTFRE - B CT T, HFS8o# 5em, S3
1289 3 cm, 56 1259 25 cm ROBEFURBIR A i RIRIT
B A, BRI s h, BT
JEBRIF & 0 e el e oR L (Fig. 2).

GAd-EOB-MRIFTR : CT, US G s hizmE s &
B, FM3HCRARHE T, BHETREsh,
R TH VR EF IR R IRETERE IR S R
B O, TL WIS TR I EEORES ~45
BEMERL, T2HMECRESESRERLL
F72, S3 OEERICEMIROBENEBRIZDON
7> (Fig.3).

BEroFREb, HCC, #RIEMBES, HR4NE
B, FRIESSL R ERICEY, PET-CT 2HEfTL
7z

PET-CTFR RS BOREAMLED, #
W) S, T ) Y8 S 4 4 10 mm KOOSR
E2 b ZOBOHMICEEERIEO oL o

L ERE LR NIRRT ¢ A EIRE (Lm, FL1, Cb,
RCI(CRS), Lg()), BHE Lo, HEtE
T dRdof, EHIRECT HPylor BETH -
7z (Fig.5).

BLE o, ERIGCHEEAMREBE2 L HCC 2 L
TIEFEA IR0 B & 2, PET-CT (- CHEFRATR 1
S OBFET R, T E LR O LA SR
W, By 8RR EOEMERBSEDR /D, I
JEESAMERIT LA B, WMRIEETH Y, Hn
TSy > o i O ERIIHAT L o 7.

FOEMMSRIFT R - HE BB T, Blay/ b~ B
TR & LR CEE LR E & R0 REE
DIE ) v 3R, centrocyte-like cell DEEFEMNA 2T
W, B v o3E & 2 S/ Hepatooyte B8 G,
BEY v ARPIFERERE L 2P0 BETAHEE
i A4 MrgF v AEI/AEI RE T, MALT
Y SR HEREAY 7 lymphoepithelial lesion (LEL) @
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Fig. 1 Abdominal US

A-l 2 3 and 4. Abdominal US showed hypoechoic nodules with unclear
boundary. B-1a, 1b, 2a and 2b. Contrast-enhanced US with Sonazoid showed
the nedules enhanced in the vascular phase, and showed them with con-

trast defect in the posivascular phase.

R (BE) YNBSSV rSL B UBESE R
FRBES LTS 2T {Fig 6). CD2O B, CD
3BETHY, BHRETHD D L ITRE SN, MALT
U sSETH B EREEBHICE S

BEEEA: BoSERRBIZTHPylori BlETH L,
BREHESHITLE $4 BHERTCTHESRFRRYS
25T, FFRSBHRET. PET-CT IS CEHFIRIRE T >~

NEICLEFRBE RO, AR TY v
7B (dose modified CHOR) # 52—
AHEAT LAz W4T PET-CT, 358 US T, AW
EOMDE L UHEFZBOR, T/, MERECR,

WKL OH1IFEEBLABAT, FEREZRES
{EL, Pit i 5.2 10Ymm® EMid v Choiz, Tz, B
< —#—i3 AFP 91 ng/ml, IL-2R 1097 U/mi L& T
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Fig. 2 Abdominal CT
Plain CT showed low density tumors with unclear boundary. By dynamic CT, arterial phase showed the
turmors enhanced faintly, and portal-venous phase showed low density tumors compared with surrounding
liver. (arrow)

ZROTHEY, BELEEHENTHE.

£ #8
MALT U >3l 1983 SEiC Isaacsen BT & o THt
PR S JLACE IR ) AR (MALT) RET AR
WYEOERY Slchh, BIHRETS. FER
DR »AIEHTY, O & A diffuse large
B-cell lymphoma (DLBCL) T b, FEREMY 22
BG5S MALT U > EOMEEEE 10% ks Sh
T AB99 Fh MALT Y >23fio DLBCL ~® iR
LIESshTn5.
INFETOREMETHDL L, BREAKES {, EIRIT
BAEHRT, BERROATORESNIBETDS
Z Ehh, HCC eWmis i s, URGRICHEEFRT
HEBITCEBPDL P { v,
ZOEFNEIFRSRRE S, WMERY v sH S
R SRR ES T, ) ViR & D
TABESE LTRE LD, ELELpMMEAEPED
BRMETHETHEL, T4, BENECHETHE

SIFFE O T <, MR 0 » 0 HEE e
HIMESAE DR D & 1, Y MALT W > 25EiA
E3RLREATHL. FHKHEOEE LY, FE
EO MALT YV » N EOWRMEEENEFX bHE.
BRI onWT, Thi ToOREFOSEOE
PR EFREEEL, TableZiF &7
IAETOREC LD L, USTIRICDOWTI, HI
L, HEWRTHo 4 10 AR 2 —OEE
Mes & Lot S i, IS E T I -k 2D
LEEM L H Y, Wk 4 PCHEE, s ITHHIRTH -
FrEELTEY, FWOOYE, 1I0@d 7 MR o —,
1A BLa—% 2L, 28 CiEESRE S b
AEBELTWS, ZH Y, 14 fdh 12 R o —
FREL, HCBEYSI -2l BRIETHR:
FERPENEREL TS, CTITRIZDWTI, O
S0, Bl CT RO S hiz § Plapl CIEpiRig
IEm & LCHEdsh, &5 CT T 11 #iF 5 PIs R4
HMTHRERE R, Z0F 5 4 PULFEHRE T wash out
Bhiat 3 b 1BRERSRORESEDh, B
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. Hepatocyte
. Phase. .

Fig. 3 GJd-EOB-MRI
Gd-EQOB-MRI showed multiple tumors which were enhanced in arterial
phase, and became the lesions with low intensity in hepatocyte phase. Por-
tal vein was observed running through the S3 tumor. (arrow)
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Fig. 4 PETCT
PET-CT showed multiple abnormal accumulation of flucrodeoxyglucose in
the liver (A, B, C, D and E), hilar lymph node (FF) and mediastinal lymph
node {G).

B 6 PUFR 5 A CREERRIRIEERD S, LA CIAER
WD BB S M A W B O&E Y — T
HoltWELTE. WOLYE, BHCT T 14
e, 11 BICERIRNUE, 341 TRIRES R Eh T,

B CT Tl 13 BIP 10 Plid @B R e RO ¥, 30T
PEER SR EREL TS, 2RV, Bl
CT THEHEATRE & D ERENRS L RERIURTS
0, &R CT Tl 19 BIW L2 ClBE gl s i L i

BELTHEY, HCC PIBEH2 &, Wiy
— B EEA T T EAE W E bHE LTV 5. GA-EOB-
MRI BRIz DT, 052, GJd-EOB-MRI O HifF
BN 2OITIE, BIBRACHE GRS R, TFURETIF
R LEEEEFRELALHELTYS, $ Tl
PREAGE, T2 MBI RS oW T, O ST, I,
MRI 25547 2 N2 BlESHC, T TR CHFEE X b
LIEES T2 RAERTEESThonEHELTS
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Fig. 5 Esophagogastroduodenocscopy
Esophagogastroduodenoscopy showed esophageal varices and chronic gas-
tritis, but no tumors. Biopsy of stomach showed the existence of Helico-
bacter pylori,

h, 264, TIBRABTHEEIVHLEES, T
2HRBCHRET THo HEABS o EELTY
5. PETHiRICDoWTHE, 067, =% 5%, PET
DRITE N 3R THERCREEEAR RO LHE
LTwa. ¥, BB R IFEIRE & o
FEWTETTAIENFERS MALT U v B 20
FERY vSERIEBHEGE SR SRV, 27
Bk & P CIEEONEICBE DIREDIR L BRI
NTWEH|ELTWE, SEOESITH, BEO®
Sk BB BFRES MALT U v B b e 3 FRR
Boohd 00, LROL S CHEFROER S
b, HEFROATHEZHICELZ L IRRLWESE
Aohs,

ZHRSVOBETIR 27 Gbh, o BIMFEEARICE D
MALT J ¥ RBEBW IR TWEAE, FhlAog
OIEF T IEAR R OF BB T THEEZT
BEATWE HELHCC EFELAVHRTHLE
&R, FEAWNBWESE S, BEARICL AW
WL EELH 54, HCC & LTHEEN &

EZBEHETE, BERFTHETRET SO LFES
ERIC S AEESEIEREELD.

MALT Y ¥ SEOREICE, BT 28EME0B
5Bz EENTS, § MALT J »3ETO HPy-
loritc £ ABEERL OMESTHTH L. FFEEMALT
YT, BEERL LT, HCV 74 VAR,
HBV w7 4 W AREIC L A EBERECEE, HREIR
HHFEE, WEREES EOF S OBEFEEE
EVAEAFHLGEHESNR TS, £, HBs
PR BIAS 2 4, HOV SRk 3 M & o
E3H 2P HOV - IF BillatE ) ¥ s Eics L
AV F—T7 20 YERETV, HCV Ok BT
VHEFERLLLORED H 5P, FEEMALT
1J o5, BO HPylori BEOAHP BREOSHAT
WEENTH DY, HPylori BiuidfAE R S HET
HrVIHELHBR. LA LIFFER MALT Y v E
& Ho HPylori Btk ofEII oW, ~EDREBRIE
Boh Ty,

FREMALT U ¥ REOBRICOVWTH, ZhET
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Fig. 6 Histology of biopsy specimen of liver tumor

A) Proliferation of centirocyte-like cells are observed and suggested the diagnosis of
malignant lymphoma (hematoxylin-eosin stain, ¥ 40), B} Atypical lymphocytes are
invading and destroying hepatocytes (immune stain for hepatocyte, » 20). C) Lym-
phoepithelial lesion which is a characteristic finding of MALT lymphoma is ob-
served (immune stain for cytokeratin AEL/AES, x40). D) Atypical lymphocytes are
negative for CD3 suggesting the diagnosis of B-cell lymphoma (immune stain for
CD3, x40).

Table £ Comparison of image findings between previously reported cases and present case

Common findings of previously reported cases Present case
Us Hypoecheic nodule with unclear boundary?® ~9 Hypoechoic nodule with unclear boundary
CT « Plain CT; low density?~9 * Plain CT; low density
- Dynamic CT; enhanced/not enhanced? 9 * Dynamic CT; enhanced faintly in arterial

phase, and low density in portal-venous phase

MRI + Gd-EQB-MRT; enhanced in arterial phase, and + Gd-EOB-MRI; enhanced in arterial phase, and

low intensity in hepatocyte phase? low intensity in hepatocyte phase.
+ TIWE low intensity? ~9 + TIWIL faintly low intensity or iso intensity
» TZWTI; high intensity?~9 « T2WI, faintly high intensity

PET Abnormal accumulation™ Abnormal accurnulation

DB LB &, SURLEOEIERET, (LEERREERM, %, Thieblemont 5%k, MALT Y ¥/SfED S B, #)
BRI RN RO ARE L &, Hek E#REDEREDHREHN 11% THHDIHL,
BIFEPRENTY AR, EEEECTH L HMFEH WREOERFT U% LEFTHoEHREL TS,

XYy, BENTREIRFTHL. LaL, HESS %7z, FFES MALT 7 o/ IR 7 ERICIICFER
oW TIE—EORBPEOR TV ARWOPTIRTS L7804 2 BIRE SR Tk b9, ARIROHTIE
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BOWES SR+ Th B WEEMNHS. F7z, Page
93RS b OSHHFALERENERTH S LIS
LTwa, £/, HPylori BEENTHLTERELH
5. REHTEIFRNSERECME T Y HRE LR
#®, £/, MALT U ¥ REH S OHEEED DLBCL
~OBFTOTNEELTETE Lz, HPylori RE%
CwfbEmE e T L, BEFAREORNERD Y
B, EE, EERBFOERIC LD ORENICIEEER
LEDBWSNSESNIEATETEY, SELEN
PEBEL, BEFHPHEILTACLEFSS.
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CIEE AR TREDI 2Ty, (LR A D5
BT o B RHIF MALT U VoY L PIFER LD,
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1) Isaacson PG. Banks PM, Best PV, et al. Primary
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A case of multiple hepatic MALT lymphoma with cirrhosis related
to hepatitis C virus

Yuka Takagawa, Naoto Kawabe, Senju Hashimoto, Masao Harata, Michihito Murao, Yoshifumi Nitta,
Takuji Nakano, Hiroaki Shimazaki, Yulko Mizune, Toshiki Kan, Kazunori Nakaoka,
Masashi Oki, Kentaro Yoshioka*

We report a case of a 70-year-old wornan with multiple hepatic tumors. She was a type C cirrhosis patient.
Abdeminal US showed hypoechoic nodules with unclear boundary. Contrast-enhanced US with Sonazoid
showed the same sites enhanced in the vascular phase, and showed contrast defect in the postvascular phase.
Plain CT showed low density tumors with unclear boundary, In dynamic CT, arterial phase showed the tumors
enhanced faintly, and portal-venous phase showed low density tumors compared with surrounding liver. Gd-
EOB-MRI showed multiple tumors which were enhanced in arteriai phase, and showed low intensity in hepato-
cyte phase. Portal vein was observed in the S3 tumor, PET-CT showed multiple abnormal accumulation in the
liver, mediastinal lymph node, and hilar lymph node, We underwent a liver tumor biopsy because the tumors
were atypical as HCC, and showed an elevation of IL-2R. Biopsy histology showed the finding of MALT lym-
phoma. Thus we underwent chemotherapy. This case is a valuable case because multiple lesions of hepatic
MALT lymphoma with type C cirrhosis is rare, and chemotherapy has become possible after diagnosis by tu-
mor biopsy.

Key words:  hepatic MALT lymphoma type C cirrhosis liver tumor biopsy PET-CT
HPylor
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Effects of branched-chain amino acids and zinc-enriched
nutrients on prognosticators in HCV-infected patients:
A multicenter randomized controlled trial
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Abstract. Branched-chain amino acids (BCAAs) and trace
element deficiencies are associated with poor prognosis in
hepatitis C viras (HCV)-infected patients. The aim of this
study was fo investigate the effects of BCAA and zinc-enriched
supplementation on prognostic factors in HCV-infected
patients. Fifty-three HCV-infected patients were enrolled in
this multicenter randomized controlled trial. The patients
were assigned to either the placebo (n=27) or supplement
group (n=26; 6,400 mg/day BCAAs and 10 mg/day zinc) and
_were followed up for 60 days. Primary outcomes were prog-
nostic factors for chronic liver disease, including the serum
BCAA-to-tyrosine ratio (BTR), zinc levels and a-fetoprotein
(AFP) levels. There were no significant differences in any
of the prognostic factors between the placebo and supple-
ment groups at baseline. In the supplement group, the BTR
and zinc levels were significantly increased compared with
the placebo group (BTR: 5.14x1.59 vs. 4.23%1.14, P=0.0290;

Correspondence to: Dr Takumi Kawaguchi, Division of
Gastroenterology, Department of Medicine, Kurume University
School of Medicine, 67 Asahi-machi, Kurume 830-0011, Japan
B-mail: takumi@med kurume-u.acjp

Abbreviations: BCAAs, branched-chain amino acids; BTR,
BCAA-to-tyrosine ratio; HCC, hepatocellular carcinoma; HCV,
hepatitis C virus; HOMA-IR, homeostasis model assessment for
insulin resistance; AFP, a-fetoprotein, BMI, body mass index

Key words: chronic hepatitis C, prognosticator, tumor marker,
nutritional therapy, valine, leucine, isoleucine

zinc: 76211 vs. 68+11 pg/dl, P=0.0497). No significant differ-
ences were observed in AFP levels between the groups in the
whole analysis. However, a stratification analysis showed a
significant reduction in AAFP levels in the supplement group,
with elevated AFP levels compared with the other groups
(-2.72+3 45 ng/ml, P=0.0079). It was demonstrated that BCAA
and zinc-enriched supplementation increased the BTR and
zinc levels in the HCV-infected patients. Furthermore, the
supplementation reduced the serum AFP levels in patients
who had elevated serum AFP levels at baseline. Thus, BCAA
and zinc-enriched supplementation may prolong the survival
of HCV-infected patients by improving amino acid imbalance
and zinc deficiency, and by partly downregulating AFP.

Introduction

The liver plays a central role in nutritional metabolism and,
therefore, metabolic disorders, including amino acid imbal-
ances and trace element deficiencies, occur frequently in
patients with chronic liver disease (1). Branched-chain amino
acids (BCA As) are essential amino acids that play a crucial role
in albumin synthesis and ammonia detoxification in patients
with cirrhosis (2). In the clinical setting, reductions in serum
BCAA levels can be assessed by measurement of the serum
BCA A-to-tyrosine ratio (BTR) (1). Low serum BTR, along
with low serum albumin levels, have recenily been reported
to be a predictive factor in the development of hepatocellular
carcinoma (HCC), and confer a poor prognosis in patients with
cirrhosis (3,4).

Zinc is a trace element that activates >300 metalloen-
zymes, including DNA polymerase (5). In addition, zinc
stabilizes zinc finger proteins, which bind to DNA and
modulate the transcription of target genes, including tumor
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suppressor genes (6). In patients with chronic liver disease,
serum zinc levels decrease as the severity of liver disease
increases (7), and low serum zinc levels are known to be
associated with the development of HCC and poor prognosis
in hepatitis C virus (HCV)-infected patients (8,9). Thus,
serum zinc levels are a significant metabolic prognosticator
in HCV-infected patients.

BCAAs and zinc are pharmacological nutrients that exert
diverse biological effects (1). A decreased risk of hepatocar-
cinogenesis and mortality has been reported in patients with
chronic liver disease treated with BCAA (4,10.11) or zinc (£,9)
supplementation. Therefore, a supplement containing both
BCA As and zinc may have the potential to improve prognostic
factors in patienis with chronic liver disease. Aminofeel®
is a commercially available BCAA and zinc-enriched
supplement. We previously examined the usefulness of the
supplement and demonstrated that it improves insulin resis-
tance, taste sensitivity and adherence to interferon therapy in
HCV-infected patients (12-16). However, it remains unclear
whether BCAA and zinc-enriched supplementation improves
proguostic factors, including the platelet count, serum albumin
levels, homeostasis model assessment for insulin resistance
(HOMA-IR) value, serum BTR and zinc levels in HCV-infected
patienis. In addition, to the best of our knowledge, the impact
of the supplement on serum o-fetoprotein (AFP) levels has
never been investigated. Therefore, we performed a prospec-
tive multicenter randomized controlled trial to investigate the
effects of a BCAA and zinc-enriched supplement on prog-
nostic factors in HCV-infected patients.

Subjects and methods

Ethical considerations. This study was designed in 2009 by
the stesring committee of Research on Hepatitis, The Ministry
of Health, Labour and Welfare of Japan (principal investigator,
Michic Sata, MD), to evaluate the usefulness of BCAA and
zinc supplementation in patients with chronic HCV infection.
The study protocol was approved by the Ethical Committee
of Human Experimentation in Kurume University School of
Medicine (approval no. 09152, UMINOO0012815), and is in
accordance with the Helsinki Declaration of 1975, as revised
in 1983. Written informed consent for participation in the
study was obtained from each subject.

Subjects. HCV-infected patients aged 65 years or older
who had serum albumin levels 23.5 and <4.0 g/dl were
recruited for the study. The exclusion criteria were as follows:
i) currently undergoing interferon therapy; ii) positivity for
hepatitis B surface antigen or serum hepatitis B virus DNA;
iii) presence of autoimmune hepatitis, alcoholic liver disease
(ethanol consumption >50 g/day), primary biliary cirrhosis,
primary sclerosing cholangitis, hemochromatosis or Wilson's
disease; iv) presence of cardiac or repal disease or severe
psychiatric disease; v) presence of HCC or within a year of
treatment for HCC; vi) presence of esophageal or gastric
varices at risk of rupture; vii) presence of diabetes mellitus
with anti-diabetic medication; viii) history of consumption of
the BCAA and zinc-enriched supplement; ix) having taken a
BCA A-related medication or 2 BCAA-containing supplement
within the preceding 90 days; and %) currently taking 2 trace

element-related medication or a trace element-containing
supplementation,

Study design and participanis. We performed a prospec-
tive multicenter randomized controlled trial in an outpatient
setting in six medical institutions in Japan. From 2010 10 2012,
54 HCV-infected patients who fulfilled the inclusion criteria
were enrolied in the study. One patient withdrew consent for
participation before randomization. The stratified randomiza-
tion method was used to achieve balance among groups in
terms of subjects' baseline characteristics. Randomization
was performed centrally, and both patients and investigators
were blinded to the patients’ group assignment. The patients
were allocated at a 1:1 ratio to the placebo (n=27) or supple-
ment group (n=26). Two patients in the placebo group were
withdrawn from the study due to withdrawal of consent (n=1)
and anemia (n=1). Two patients in the supplement group were
withdrawn due to general fatigue (n=1) and the appearance of
arash (n=1). Thus, four patients were excluded from the statis-
tical analysis on day 60 owing to lack of data. Finally, 92.6%
(25/27) of the patients in the placebo group {age, 745 years;
female/male, 17/8) and 92.3% (24/26) of patients in the supple-
ment group (age, 745 years, female/male, 15/9) completed
the 60-day treatment period, and the efficacy and safety of the
treatment were assessed (Fig. D.

Intervention and assessment protocols. In the supplement
group, the patients were given two sachets of the BCAA and
zinc-enriched supplement containing 6,400 mg/day BCAAs
and 10 mg/day zinc (Aminofeel, Seikatsu Bunkasya Co.,
Inc., Chiba, Japan), once after breakfast and again at bedtime
{Fig. 2). In the placebo group, the patients were administered
a sachet of placebo after breakfast and another at bedtime.
Although the BCAAs, trace elements and vitamins were
replaced with corn starch in the placebo (Table I), the
appearance and taste of the placebo were similar to those of
the supplement.

On days 0 and 60, we evaluated body mass index (BMI),
subjective symptoms (fatigue, sleeplessness, muscle cramps,
loss of appetite and taste disorders) using a visual analog scale
(Fig. 2). A visual analog scale is a horizontal line, 100 mm in
length, anchored by word descriptors for subjective symptoms
at each end. The patients marked on the line the point that they
felt represented their current subjective symptom. The visual
analog scale score was determined by measuring the distance
(in mm) from the lefi-hand end of the line to the point that the
patient had marked, on which 0 mm indicates an absence of
symptoms and 100 mm indicates the worst symptom.

The following blood biochemical parameters were
measured in all the patients on days 0 and 60: White biood cell
count, hemoglobin levels, platelet count, total protein levels,
albumin levels, BTR, prothrombin time (international normal-
ized ratio), ammonia levels, zinc levels, fasting blood glucose
levels, hemoglobin Alc levels, fasting immune reactive insulin
levels, HOMA-IR, total cholesterol levels, aspartate amino-
transferase levels, alanine aminotransferase levels, v-glutamyl
transpeptidase levels, alkaline phosphatase levels, blood
urea nitrogen levels, creatinine levels, AFP levels and HCVY
RNA levels. All the biochemical parameters were measured
by standard clinical methods using venous blood samples
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Figure 1. Flow diagram of the study. A total of 54 HCV-infected patients were enrolled. During the course of the study, one patient withdrew consent before
randomization and four patients dropped out during the irial. In total, 49 patients completed 60 days of treatment/placebo, and the efficacy and safety of the
treatment was assessed. The follow-up rates were 92.6% (25/27) in the placebo group and 92.3% (24/26) in the supplement group.
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Figure 2. Intervention and assessment protocols used in the study.

taken the morning after a 12-h overnight fast, as previously
described (17).

QOutcomes. The primary outcomes were the following known
prognostic factors for patients with chronic liver disease:
Platelet count, serum albumin levels, serum AFP levels,
HOMA-IR value, serum BTR and serum zinc levels. The
secondary outcomes were BMI, subjective symptoms and
biochemical examinations, including liver and renal functions,
glucose metabolism and HCV RNA levels.

Stratification analysis according to serum AFP levels. As
the serum AFP levels had a wide distribution, we performed
a stratification analysis to assess the effects of the BCAA and
zinc-enriched supplement on changes in seruun AFP levels. The
patients in both the placebo and supplement groups were further
classified into two groups based on their serum AFP levels at

baseline as follows: One group with AFP levels within the refer-
ence range (<8.7 ng/ml) and another group with elevated serum
AFP levels (>8.7 ng/ml). Changes in serum AFP levels were
expressed as AAFP (day 60 AFP level vs. day 0 AFP level).

Safety monitoring. Safety was assessed in terms of vital
signs, pliysical examination results, laboratory test resuits and
clinical adverse events. When 19 patients (n=9 in the placebo
group; n=10 in the supplement group) had completed the
study, the data monitoring committee evaluated the safety and
disadvantages of the groups and confirmed that there were no
severe adverse events or disadvantages observed in either the
placebo or supplement group. This evaluation was conducted
to produce an interim report at the meeting of Research on
Hepatitis (Ministry of Health, Labour and Welfare of Japan;
principal investigator, Michio Sata).

Considerations relating to the sample size and treatment
period. Based on the BTR data in our previous pilot study (12),
the sample size was calculated using Power and Sample Size
Calculation v 3.0, as previously described (18). Briefly, we
planned to study a continucus response variable in indepen-
dent controls and experimental subjects with one control per
experimental subject. In our previous pilot study, the response
within each subject group was normally distributed with a
standard deviation of 0.9 (12). If the true difference between
the experimental and control means is 1, we would need to
study a total of 36 subjects (18 experimental subjects and 18
control subjects) to be able to reject the mull hypothesis that
the population means of the experimental and control groups
are equal with a probability {power) of 0.9. The type I error
probability associated with testing this mull hypothesis is 0.05.
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Table 1. Contents of one sachet of placebo and one sachet of
the branch-chain amino acid and zinc-enriched supplement.

Placebo Supplement
Valine (mg) 0.0 800.0
Leucine (mg) 0.0 1,600.0
Isoleucine (mg) 0.0 800.0
Zinc (mg) 0.0 5.0
Calcium (mg) 0.0 211
Magnesinm {mg) 0.0 12.6
Copper {(mg) 0.0 0.2
Selenium (1g) 0.0 456
Chromium (2g) 0.0 144
Vitamin A (ug) 00 3150
Vitamin D (zg) 0.0 3.0
Vitamin E {(mg) 0.0 64
Vitamin K (p2g) 00 296
Vitamin C (mg) 0.0 400
Vitamin B1 (mg) 0.0 24
Vitamin B2 (mg) 0.0 26
Miacin (mg) 0.0 120
Vitamin B6 {mg) 0.0 24
Vitamin B12 (ug) 0.0 16.0
Folic acid (ug) 0.0 02
Pantothenic acid (mg) 0.0 6.8
Corn starch (mg) 34870 0.0

The treatment period was also based on BTR data from our
previous pilot study (12). In the previous study, we examined the
effects of the BCAA and zinc-enriched supplement on serum
BTR 30, 60 and 90 days after treatment. Considering that the
most significant efficacy was observed 60 days after treatment,
a 60-day treatment period was used in this study (12).

Statistical analysis. All the data are expressed as the number
or mean = standard deviation. Differences betwsen the
placebo and supplement groups were analyzed using the ¥
test or Mann-Whitney U test. Statistical comparisons between
multiple groups were performed using the Kruskal-Wallis test.
P<0.05 was considered to indicate a statistically significant
difference. All analyses were performed using JMP 10.0.2
(SAS Institute Inc., Cary, NC, USA).

Results

Pagient characteristics. At baseline, there were no significant
differences in age, gender and BMI between the placebo and
supplement groups (Table IT). No significant differences were
observed in any subjective symptoms, including fatigue, sleep-
lessness, muscle cramps, loss of appetite and taste disorders
between the two groups (Table II).

There were no significant differences in any of the
prognostic factors, including platelet count, serum albumin
and AFP levels, HOMA-IR value, serum BTR and serum
zinc levels between the two groups (Table II). Moreover, no

significant difference was observed in any of the biochemical
examinations, including tests for liver and renal function,
glucose metabolism and HCV RNA levels, between the groups
at baseline (Table IT).

Effects of BCAA and zinc-enriched supplemeniation on
primary outcomes. On day 60, we evaluated the effects of the
BCAA and zinc-enriched supplementation on the prognostic
factors in the HCV-infected patients. There were no significant
differences in platelet count, serum albumin and AFP levels,
and HOMA-IR value between the placebo and supplement
growups (Fig. 3A-D). Conversely, a significant increase in serum
BTR was observed in the supplement group compared with
the placebo group (Fig. 3E). In addition, a significant increase
was observed in serum zinc levels in the supplement group
compared with the placebo group (Fig. 3F).

Effects of the BCAA and zinc-enriched supplementation on
secondary outcomes. On day 60, we also evaluated the effects
of the BCAA and zinc-enriched supplement on BMI, subjective
symptoms and biochemical parameters in the HCV-infected
patients. There was no significant difference in BMI between
the placebo and supplement groups (Table III). There was
also no significant difference in fatigue, sleeplessness, muscle
cramps, loss of appetite or tasie disorders between the groups
(Table IIT).

There was no significant difference in liver function test
results, renal function test results, glucose metabolism or blood
ammonia levels between the placebo and supplement groups
(Table 1V). In addition, no significant difference in HCY RNA
levels was observed between ihe two groups (Table IV).

Stratification analysis according to serum AFP levels at
baseline. As the serum AFP levels were widely distributed,
a siratification analysis was performed according to the
serum AFP levels at baseline o assess the effecis of BCAA
and zinc-enriched supplementation on changes in the serum
AFP levels. A significant reduction in the AAFP levels was
observed in the supplement group with an elevation in the AFP
levels compared with the other groups (Fig. 4.

Safery. The incidence rates of adverse events during the
study were 3.7% (1/27) and 77% (2/26) in the placebo and
supplement groups, respectively. Two subjects discontinued
the placebo due to withdrawal of consent (n=1) and anemia
{Grade 2; n=1). Two subjects in the supplement group discon-
tinued the treatment due to general fatigue (Grade 2; n=1} and
rash {Grade 3; n=1). There was no significant deterioration in
any biochemical parameters including liver and renal function.
No Grade 4 or higher adverse events occurred during the study
period.

Discussion

This was a multicenter randomized controlled trial designed to
examine the effects of a BCAA and zinc-enriched supplement
on prognostic factors in HCV-infected patients. No changes
were observed in the platelet counts, serum albumin levels or
HOMA-IR values; however, a significant increase was noted
in the serum BTR and zinc levels in the patients administered
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Tabie 1. Patient characteristics at baseline.
Placebo group Supplement group P-value
Ne. of patients 25 24 -
Age (years) T4x5 T4=5 0.7480
Gender {female/male) 1778 15/9 0.7688
Body mass index (kg/m?) 229+37 22633 0.7820
Subjective symptoms evaluated by visual analog scale (ram)
Fatigue 2021 2122 0.9679
Sleeplessness 1924 19225 0.9272
Muscle cramp 14225 2029 0.7054
Loss of appetite 11x18 2024 0.2278
Taste disorder 5x14 816 0.1828
Biochemical prognosticators
Platelet count (104/u1) 13.6+5.8 142+4 4 04776
Albumin (g/dl) 3.79x0.12 3.79+0.26 0.6448
a-fetoprotein (ng/mi) 15.6+32.1 8.0+8.6 0.3372
HOMA-IR 299+3.81 2.89+2.38 0.7491
BCAA-to-tyrosine ratio 443x1.06 4.93x1.33 06.3731
Zine (pg/dl) 689 687 0.8281
Other bicchemical parameters
White blood cell count (/ul) 418241092 45041132 0.3787
Total lymphocyte count (/ul) 1449+658 1515+826 0.7501
Hemoglobin (g/dl) 128x14 13.1x14 04007
Aspartate aminotransferase (U/D) 51x18 47+16 0.5283
Alanine aminotransferase (U/1) 4723 37+20 0.079¢
v-glutamyl transpeptidase (U/) 33x15 36x34 0.3650
Alkaline phosphatase (U/1) 340£132 318+113 0.6170
Total protein {g/dl) 7.55+0.63 744+0.62 0.5552
Prothrombin time (international normalized ratio) 1.05+0.12 1.02+0.06 0.9366
Fasting blood glucose (mg/dl) 102+12 109423 0.3123
Hemoglobin Alc (%) 52204 5506 0.0932
Fasting immune reactive insulin (U/mi) 11.0+10.8 10.1+64 0.8204
Total cholesterol (mg/dl) 160+23 158428 0.6671
Ammonia (peg/dl) 32+13 30x16 0.5598
Blood urea nitrogen (mg/di) 162+48 169+4.0 0.3916
Creatinine (mg/dl) 0.65+0.29 0.73+0.25 6.0872
HCV RNA (log copy/ml) 6.1x1.0 6.2+0.8 0.9544

The data are expressed as the number or mean = SD. Differences between the placebo and supplement groups were analyzed using the ¥ test
or Mann-Whitney U test. P<0.05 was considered to indicate a statistically significant difference. HOMA-IR, homeostasis model assessment
for insulin resistance; BCAAs, branched-chain amino acids; HCV, hepatitis C virus.

the supplement for 60 days. Furthermore, the stratification
analysis revealed a significant reduction in the AAFP levels
in the supplement group with an elevation in the AFP levels
compared with the other groups.

No significant increase was observed in the serum albumin
levels in this study. However, to the best of our knowledge,
we demonstrated for the first time that 6,400 mg/day BCAAs
administered for 60 days was sufficient to increase the serum
BTR in patients in the early stages of HCV-related chronic
liver disease. The dose of BCAAs used in this study may

have been insufficient to increase serum albumin levels over
the period of 60 days. However, a lower serum BTR can
predict decreases in serum albumin levels (19), suggesting
that long-term administration of the supplement may maintain
constant serum albumin levels. In addition, low serum BTRs
have been recently reported to be a predictive factor in the
development of HCC, intrahepatic distant recurrence of HCC
and poor prognosis in patients with cirrhosis (2,3). Moreover,
BCAA supplementation is known to increase serum BTR,
leading to the suppression of hepatocarcinogenesis and
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Table II1. Effects of the branch-chain amino acid and zinc-enriched supplement on body mass index and subjective symptoms.

Placebo group Supplement group Poyalue
Mo. of patients 25 24
Body mass index (kg/m?) 232+£36 22.8%32 0.7505
Subjective symptoms evaluated by a visual analog scale, mm
Fatigue 18x17 18425 0.5486
Sleepiessness 25426 1824 0.3095
Muscle cramp 16223 23+33 0.5357
Loss of appetite 1519 [6x19 0.6210
Taste disorder 1021 4x5 04153

The daia are expressed as the number or mean = SD. Differences between the placebo and supplement groups were analyzed using the
Mann-Whitney U test. P<0.05 was considered to indicate a statistically significant difference.

Table IV. Effects of the branch-~chain amino acid and zinc-enriched supplement on biochemical examinations.

Placebo group Supplement group P-value
No. of patients 25 24
White blood cell count (/ul) 41421010 44754965 02711
Total lymphocyte count (/ul) 1494650 14782708 0.9915
Hemoglobin (g/dl) 13114 13.0=2.0 0.8100
Aspartate aminotransferase (U/) 5217 54221 0.9521
Alanine aminotransferase (U/1) 48+21 4528 04064
v-glutamy! transpeptidase (U/1) 34216 3740 0.2417
Alkaline phosphatase (U/1) 355x132 308+109 0.2846
Total protein {g/dl) 777071 7.57£0.57 04412
Prothrombin time (international normalized ratio) 1.02+0.09 1.0020.05 0.8915
Fasting blood glucose (mg/dl) 105x14 109+25 0.8886
Hemoglobin Alc (%) 52404 56x06 0.0402
Fasting immune reactive insulin (p¢U/ml) 14.0+10.9 9.5+456 02155
Total cholesterol (mg/dl) 165426 16329 0.8258
Ammonia (ug/dh) 35%13 20+15 0.1906
Blood urea nitrogen (mg/dl} 14945 16.9+45 0.0927
Creatinine (mg/dl) 0.64x0.27 0.72+£0.25 0.0871
HCV RNA (log copy/ml) 59+1.5 6.1x0.9 0.7837

The data are expressed as the number or mean + SD. Differences between the placebo and supplement groups were analyzed using the
Mann-Whitney U test. P<0.05 was considered to indicate a statistically significant difference.

improvement in survival in patients with cirrhosis (4,10,11).
Taken together, it would be worthwhile to test the effect of the
long-term administration of the supplement on hepatocarcino-
genesis and prognosis in HCV-infected paiients.

We also demonstrated that the administration of 10 mg/day
zinc was sufficient to increase the serum zinc levels in patients in
the early stages of HCV-related chronic liver disease. In patients
with cirrhosis, zinc upregulates hepatic ornithine transcarba-
mylase activity, a key enzyme in the urea cycle, and enhances
hepatic ammonia detoxification (20). A recent meta-analysis by
Chavez-Tapia ef al (21) demonstrated that oral zinc supplemen-
tation improved performance in the number connection test,

a test for hepatic encephalopathy. Thus, the supplement tested
here may be beneficial for patients with hyperammonemia. In
addition, 2 decrease in serum zinc levels is known 1o predict
the development of HCC and poor prognosis in HCV-infected
patients (8,9). Moreover, decreased risks of hepatocarcinogen-
esis and mortality have been observed in HCV-infected patients
with increased serum zinc levels owing to zinc supplementa-
tion (8,9). The data reported here indicate that the zinc-enriched
supplement has the potential to suppress the onset of HCC and
improve prognosis in HCV-infected patients.

When all of the data were analyzed, the serum ATP levels
were not significantly decreased in the patients administersd
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