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Background: There have been several reports that the administration of recombinant human erythro-
poietin rHuEpo)improved anemia in the patients with gastrointestinal (GI)cancer, and also contributed
to the expansion of adaptation of autologous blood transfusion for the patients who have GI cancer
surgery. However, although rHuEpo is erythroblastic, it has stem cells growth factor. Therefore, there
has been a concern that administration of rHuEpo to cancer patients might accelerate the recurrence or
metastases of GI cancer. In addition, long-term prognosis of GI cancer patients who were administered
rHuEpo, has not been reported yet. Thus, it will be necessary to perform in-vitro examination about
whether or not rHuEpo has proliferating actions on the malignant GI cell lines and furthermore, follow
up and examine the prognosis of the patients who were administered rHuEpo. Patients and methods:
We examined whether or not rHuEpo has proliferating actions on malignant cells by using 8 kinds of
malignant GI cell lines collected from 5 organs. These malignant cell lines were cultured at 37°C for
72 hours, then rHuEpo in concentration of 0-100 IU/ml were added to the each malignant cell line and
further cultured. After samples were stained with Naphtol blue black, its absorbance was measured by
using microplate photometry. Moreover, in 1990-1997, our department was examining the prognosis
of 33 cases of esophageal cancer, gastric cancer, and colorectal cancer that rHuEpo was administered
and underwent radical surgery. For control groups, 41 cases of which radical surgery was conducted
for esophageal cancer, gastric cancer, and colorectal cancer in 1990 and rHuEpo was not administered
were designated. Results: The experiment did not demonstrate the proliferating actions of rHuEpo on
malignant GI cell lines. Furthermore, no adverse effects were indicated for the long-term survival rate
for the cases that were administered rHuEpo.

Conclusion: This study confirmed the safety of rHuEpo administration to the patients with GI cancer
and it was considered that this therapy would be an effective and safety method for improving anemia or
autologous blood transfusion for the patients with GI cancer.

Keywords: recombinant human erythropoietin, autologous blood transfusion, gastrointestinal
malignancy
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(1) EEHmRatk
Table 11, 4 Bl &F U 7= B FE 55 40 B Ak 72 o=

Uz, R U 7z SR s A I kR X TE-2 (B3 ),
MKN28, GAC-1 (DL & #8), HepG2 (JFHfase),
CAPAN-1 (JiE88), SW-480, WiDr, (LA E#&EE) D5
lides, 7THETHS. GAC-11T KBRS R Tk
Kot DT, fhoMIEaFkE Japanese Collection of
Bioresources (JCRB) "5 AF LTz
(2) rHuEpo

rHuEpold, TRIZF 27 IV T 7 (FUE—)L -
SRR S, HE) LRI F U R—&
(o e Rk N tt, ) O2ffHZMEH L7z, W
et FATHEOmMRNAICH KT B2 F Y R
1R T F 2cDNAD ¥ Blic & U, Chinese hamster
ovary (CHO) Mg TREAEET N B 165{HD 77 X/ 5%
L (CyoHi3010040S;) MO RS HEEHE (072 1 1
30,0000 TH%. TRILFVTIVT 7 ELRIF 2/ \—
ZDEWNIDTHEPEHOBEBNDOATHZ NIRRT
F o RN—ZOFEHOFESMEZ, b MRERTZY X
ORI F & A% CRECBES ORI - fHRkL & &%
BN EDEREINT VS, £/21994F12H F
T, WA OLZEWZHRT ZTDICHRME LT
RILFVTIVT 7, THRIFUR=Z1INNALT7)LT
CICFENFNSmE, 1mgD7IVTIVUNEAEINT
W5, 199541 ADRRIEHFIE E LT F VICEBEEN
TW5.

Table 1. Human tumor cell line used

Cell lines Organ Tumor histology
TE-2 esophagus squamous cell carcinoma
MKN-28 stomach adenocarcinoma
GAC-1 stomach adenocarcinoma
HepG2 liver hepatocellular carcinoma
CAPAN-1 pancreas adenocarcinoma
SW-480 colon adenocarcinoma
WiDr colon adenocarcinoma
2.5 &

B RS # A HE 72 0.25 % tripsin, 0.02 % EDTAXLFE
I T EEVE R %, 5 X 10°/ml o Hll il 7 5 ik 72 1F R
L7z, & fiRa % Falcon £+ 510 96 well plate D 5 well i<
200 u 1 (10° cells) #%&%, Sigmatl#D/F 1255, 5 %
Fetal Calf Serum (FCS) Z# /L C37°C, 5% CO,D
BREE T C24 Ref5EE U, Bz 75 plate ICHiAS &
iz, BwellZD/F 12Tk Licdb e, a>huo—
JUEEE LTCO, 03, 1, 3, 10 %D5EEFEDFCSHB X T 0,
0.1, 1, 10, 100 /mlDTRLZF > 7 )V T 7 MU LRL
FURN—R2 GBI TEN T N2 #E L.
A £ oD LL g 1k 725 RS D 1% # 1%, fSwelllc 50 p 1D
0.05 % naphthol blue black (Aldrich Chemical Co.
Milwaukee, WI) 7% FH \ T30%) [ % 4 % 17 W,
10 % formalin T 15%7 [t [& & D D B 75 ¥4 7K T Uk i,
1077 M ¥z 5 & & 7z, & 51250 mM NaOH 150 p 172
mz, ZA4Fr>z—n—1 (XA F Ry btE) Zfd
AU T307 AR Lz, Fwellld DU T wavelenghth
scanning multiwell spectrophotometer (MTP-22,
CORONA ELECTRIC % ) 7 T 630 nm i Tt

el LIl U7 2, ERS R OA EARE I,
THE, FREZMW.
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H AR I E N FNDRED R F T
WT 7, TRIFUR—=ZZRIMU RO &
SRR U T OFCSIMINEE TDOZNZ NS 7%
U7z (Table 2, 3). F7=Fig. 1icid, 7FE¥EOEMEE
AR DWTFCS, T RZF 7V T 7, TRT
FUR=ENZFENZEN0%, 0IU/ml, 0IU/mld L &
DWEEZ100E LT, ZHUTxd 2% R 2R
U7z, FCSEHZIZIFMREARTA RIS MBI L 72D
WL, TRZFUTIVT 7, TRIFUR—ZEET
FEDREICEB W TENNEDENMIIHETH > 7.
FRIRIFUTIVT 7HEIRIF RN — 27z
i % &, ETOEMEEGMIak T RZF 7 )L
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Table 2. Extinction after incubation with epoetin alfa or
epoetin beta of all malignant cell lines used

rHuEpo (IU/ml)
Cell lines 0 0.1 1 10 100
TE-2 a | 415.789.6 431.0£11.0 423.5+6.4  429.3%6.5  436.2+7.3
B 98.8+14.3 90.2:4.4 91.345.3 94.7+£3.8 96.8+3.7
MKN-28 a | 231.248.1 2333464 231.7+13.3 241.0%9.7 244.2+7.4
B | 2272494  215.3+6.3  226.8+5.8 222.8+7.7 230.7+13.7
GAC-1 a | 397467 410.2+10.2 416.3+t19.3 426.2+14.7 418.3£9.7
B | 139.5%89 130.8+t124 129.3+8.5 130.5:7.3  136.8+8.5
HepG2 a 82.3+4.4 100.5£5.4 107.5+8.8  103.7+7.1 94.0+4.9
p 86.8+5.7 87.5£2.9 89.5+4.5 94.248.1 97.0+4.8
CAPAN-1 a | 390.7+10.1 408.5+22.0 4053158 403.8+17.3 424.2+21.7
p 72.8%3.7 70.0+4.8 69.3+£3.6 72.2£2.0 70.14.1
SW-480 a | 446.7£9.8  460.5£12.5 481.0+14.1 471.2£24.7 472.3%16.9
B | 207.8+14.0 195.3+8.6 188.7x14.3 202.8+5.9 202.7+10.2
WiDr a 209.3£6.2 214.8£10.7 236.1+19.3 214.3x10.0 219.8+11.2
p | 163.3x4.1 163.5%9.1 154.7£5.0  155.3£7.8 151.3+£9.8
X10°
MEAN +£SD
Table 3. Extinction after incubation with different FCS
density
FCS (%)
Cell lines 0 0.3 1 3 10
TE-2 76.5+4.4 92316  97.8+7.0 115.2+4.4 148.5%9.1
MKN-28 172.8+5.9 223.7+5.6 277.3+26.3 335.8+17.3 358.2+17.8
GAC-1 316.2+5.8 377.3x11.9 450.3%7.8 537.2+14.4 630.2+30.0
HepG2 33.846.9  56.248.3 114.5%12.0 152.5%8.7 178.0+10.0
CAPAN-1 321.849.8 371.5429.6 433.7%16.5 531.2421.9 570.5£23.0
SW-480 397.5+23.3 446.3+18.9 493.7+18.3 593.7+31.2 576.7+13.0
WiDr 158.8+20.6 183.7+17.3 229.7+14.5 286.2+23.5 322.3x10.1
X10°
MEAN %SD
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LEFTE, 19904F X O rHuEpo#% 5-7% i H U 7z Brifil
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Fig. 1. Percentage of proliferation of rHuEpo-treated cells
compared with FCS-treated cells.

IRITF U R—=R 25U 723347% rHuEpo & 5.8t &
Uiz, ZOWNERIZ19904E1C rHuEpo & % 5 X T JEH
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(2-25) A, FHEERE &1359,896.6 (12,000-150,000)
IU. © i i 1 3iE 1] 13 16451 © 215 745.5 ml fy 1ift &
N7z, rHuEpo & 5-EELIAN DGERI T 1990 4D 14/ T,
YR TR T Z 1T U, BHHHIC rHuEpo JE# 50
BEE, B, KPEREAfEEEEE Lz, Th
I3 rHuEpo # 5-8F & JETHE BESS, U > NEEE HipH,
HEESE, 1BEITEINZIER Ccin 5 X 5 IS nigRE
RELIDTHS.

2. /5 &

(1) rHuEpoi&5EB#ELRERE

Zimek# H T D rHuEpo D& 55503, JHATE L
T18 AL, 80 AR DEHE T, BICXAHLEH
M®d 2V Himo s, BiETcihANesae
VRN 11.0 g/dl, T 10.0 g/dl AR TH B,
JRIMEREG I O ESE, BAICEMZ EIET 50HD
BWVIERITH 5. AAMmIFmowEs & U T ERmD
205 DL b, 7T0REANE, AE40 kgl B, MpANES
OvVIEEN 11.0 g/dl DL EOffRi EE T, i,
KOO imaED 600 gl b TN S EH
LT, BiidiEEHMTOrHuEpo D 5.1 TR
TF 2 R—%3,000 X 136,000 HEA7 % 4B 2Kk 2 ml
TIAM L, REIRAIVICRIRICERIRNIR S LTz, EHI
AT 7 HiE D 2 W% 14 HEEHR S Uz,
k% (Fesin®) 40 mgZ# 1 FIEFARAZS Lz, AT
1fi {7 ifit 5 19 € D rHuEpo D % 5- 75 1 1 A ifn ¢ H 1
OREELIZIEFRETD S D, ik Zznzent
HEEH &S Uz, firaiE iy i 59 % rHuEpo
DOFRETTEDHENT UTZ1991FE D 5 0%, fiini2E M,
W3EEGICZEE Uz, $FNEER & U CE 1R R
N 5 (Fesin® 40 mg) MIF#E1#5 L7z. rHuEpo
BEOFRNAE L LT, FriaiENEs7 e >
FEEM13.0 g/dl LLEOSER, Uls, AW, BXT
MR LTV a[RetE D d % Lok, 3> b - UK
REIED EMTERER, Y7 LIV F—7x & OREAA
g, i) ViR D 2 VI S iR TE
MyEIRZ FE S FEH], WHEEL O RERE 2 A9
BIER, Ml SR 2 O IRREIC B B ER], HEE L
TP AR Y, EERRYYE, 7 OO EE TG HFHE
EHLUTWAIERE Uiz, ®gbholzBE MU
BT, AWFFEOBEZEHL, SMOFEZS:.
iz, GBI LTEYay 7R EDKILET
W B7dtnAEfEZziroz. W, Alid:EH
TrHuEpo % # 5 U 7z 4iE 6l 1% 1990 4 D JiE 5] D & T
19914 DARE 13 B S il 1 72 1 © H # ¢ rHuEpo 23 %
Hxn oW,
(2) FEAE L MeHnE

EZS

JE i rHuEpo #¢ 5-8F & IR GRS DV Tt DB
PR Z T o 7o, BB DS, (ERCIKAE, it KHg
JEMBRDOAICDOWNT, Yk, ARV TEHEZ2SE
WICLTHRAEL, SHICERTEEBRUTZOXENS
EREH Rz,

i BED Y 5K 713 ttest, Fisher's exact probability
test TLEBE AT L, HIBIBHE ORE X y *WoE % H
W, e, REE, i i mE, B i i E Gl
R, TR O o hE 1 B e A TCEEER U 72 M, &
L i 1L 70> 92 T R I BR Wi 1f1L 7 32\ 7 iE 5] 7 i 1frL E 451]
&L, IMBEBIAND H3E G & 7 e B 1 (5] i i i
HABERN LU, AFICHETZEROZ A R R
i< & Cox tb il N — R EF )V 72 W TG L,
' 1% R X Kaplan-Meieri%: & Logrank (Mantel-Cox),
Breslow-Gehan-Wilcoxon Mg L2 W\ 2. BED T4
IR EK & LT, rHuEpo# 5 OGMHE, ARl
FIRE, OJRFENES, b EFE oA, o
JRERAINEET TS, Z NUCHTR D B OHE D A IS O EA
TR EINTRRET Uz, 3O TR 1 B E L D S
AR, HRED L WENE 13, KEEEED
PR 6 ZSEIC L THH LTz, HatrBdEd
SEYE RS UE R A F T2 X 5% EHEX I Tad#E L, p<
0.05Z7HEADD & L. MatZHULEE X StatView 4.5
(Abacus Concept ) ZffiH L 7=.

3. & R

rHuEpo #& 5.8 & Xt HAREZ Table 41 R L7z, ZD
HRIAFICOWTHENAICIRET Uz, Fils, MR,
RE, MihHmEICE L THEEEREDSNEh >
Fz by, iy oD [R] A o RE 5 £R & T o i o e
[F] A ofi i %0k, WIRBEF CARICEMEZ R L k.
B i B ifi e 51 280 0% rtHuEpo B T 1641, XHREE T
2l Ccdh o7z

EREIEW (Table 5) TldrHuEpo & 5 B/ 64,
it BEFHE DY 5 451 C (] e ofm iy 1 2RI T HE AV 16.6 %, BE
F80% & KERiEVAA LN, HiE (Table 6), K
W3 (Table 7) SEGITE, Z N2 FLEIFE M MR 1

BEREWHR SN (p<0.05).

B o NE 7 o VRO Z i % Fig. 21
R ABEREOMPANE T 0 MEIZIERT
%D FME T IE rHuEpo B G B TRoR9E N L T
Wiz, T E il iEF 166 & 2T &
EZbN%. b & mERICAE =2 X b -5
7eh, Wi 1EEHDONE Y 8 V{EidrHuEpo % 5-8F
IRHREIC LN E <, ZEEDBRE DT a5 B
AR SNz, 2k L, oIEEECIE, 4EH X
ThIEEMIE RSN ah o 7z,
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Table 4. Clinical characteristics of the rHuEpo group and the
control group
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Table 7. Clinical characteristics of the rHUEPO group and
control group for the colorectal cancer cases

rHuEpo group (n=33) Control group (n=41) P value rHuEpo group (n=11) Control group (n=16)
Age 59.8+10.1 61.4+14.2 p=0.6601 1) e 65.0£10.5 64.6£13.5
Sex (female / male) fl4ml9 fl4m27 p=0.4813 2) Sex (female/ male) f4m7 f7,m8
Body weight (Kg) 55.2+10.1 55.2¢13.1 p=0.9400 1) Body weight (Kg) 55.711.2 53.3+10.3
Operative blood loss (2) 423142224 571.1+566.7 p=0.2154 1) Colon cancer 4 9
Rectal cancer 74 7
Cases of autologous BT 16 2 p<0.001 2) pStage 0 0 1
Autologous BT (mi) 740+89.4 450.0+70.7 p=0.1693 1) pStage I 1 2
Cases of allogenic BT 4 18 p=0.0047 2) pStage I 6 7
Allogenic BT (ml) 600+282.8 1411.1+768.4 p=0.0540 1) pStage Ma,b 4 6
Ratio of allogenic BT (%) 12.1 42.9 Hemicolectomy 4 9
1): t-test 2): Fisher's exact probability test Abjzwmizztzjge’a e;fsiz'tlian i ’;
BT: blood transfusion, MEAN+SD Opemtife blood loss (g) 419.6:248.1 604.3£695.3
Cases of autologous BT 5 0
Autologous BT (ml) 640.0+219.1 0
Cases of allogetic BT 2 7
Table 5. Clinical characteristics of the rHuEpo group and Allogenic BT (ml) 500£141.4 1228.6+786.8
Ratio of allogenic BT (%) 18.2 43.8
control group for the esophageal cancer cases
BT: blood transfusion, MEAN+SD
rHuEpo group (n=6)  Control group (n=5)
Age 59.2+6.0 66.4+15.6
Sex (female / male) f3 m3 foms
Body weight (Kg) 49.9+9.6 52.1x12.6 Hb (g/dl)
pStage 0 1 1
I 2 1 15.0
I 1 0
T 2 3 14.0
Subtotal resection 13.0
Thoracotomy and celiotomy 6 3 120
Pull through 0 2
Operative blood loss (g) 498.3+313.4 69426157 1.0 —~O- rHuEpo
Cases of autologous BT 5 0 100 — —— Control
Autologous BT (ml) 740.0+89.4 0 90 [— B
Cases of allogetic BT 1 4 ’
Allagefnic BT (ml) 1000 1700+808.3 80 MEAN£SD
Ratio of allogenic BT (%) 16.6 80 70 -
BT: blood transfusion, MEAN:SD 6.0 — *
. sS-‘O“ OQQ/. v -\\ﬂ wvﬂ e?’« o o
&\\\ ?(Q, o0 o0 X o o
N & & o &
Q ? S R

Table 6. Clinical characteristics of the rHUEPO group and
control group for the gastric cancer cases

rHuEpo group (n=16) Control group (n=21)

Age 56.5+10.0 55.7+14.2
Sex (female/male) f7m9 f7ml14
Body weight (Kg) 56.9+9.41 57.6+11.9
pStage I A,B 10 13
pStage I 2 0
pStage lTA,B 4 8
Partial resection 7 12
Total resection 9 9
Operative blood loss (g) 451.4+187.2 465.4+397.0
Cases of autologous BT 6 2
Autologous BT (ml) 550.0+176.1 450+70.7
Cases of allogenic BT 1 7
Allogenic BT (ml) 400.0 1428.6+795.2
Ratio of allogenicBT (%) 6.3 33.3

BT: blood transfusion, MEAN+SD

Table 81Ci& Cox LN — FET IV Z W TIET
FEFNC DWT AR 2R Lz, Zhic K NUdiE
BN GR AT — Y L FEEEASRNRE S LTV
7eh, rHuEpo# 5O A MICE L THEEG B - Tt

A A7 R DV T id Kaplan-Meier i 72 W T H# g
U7z, A s mo A2 (Fig. 3), rHuEpof%
EoFE (Fig. 4) ICDOWTIFARAZRD TN - I-.

Fig. 2. Changings of peri-operative hemoglobin concentration
of rHuEpo group and control group,

Table 8. Results of multivariate analysis in calculating with
causes of death related to various factors

Factor HR 95 % CI p-value
Age 0.976 0.940-1.014 0.2155
Body weight 0.979 0.927-1.033 0.4406
Admission Hb 0.95 0.693-1.303 0.751
Disease : versus Colorectal cancer
Gastric cancer 3.83 1.300-11.283 0.0149
Esophageal cancer 7.803 1.992-30.563 0.0032
Administration of rHuEPO 1123 0.329-3.830 0.8535
Allogenic transfusion 1362 0.424-4.371 0.6037
Bleeding during operation 2.603 0.845-8.015 0.0955
pStage : versus Il
I 0.041 0.011-0.146 <0.0001
r 0.232 0.067-0.797 0.0203
Post operative complication 0.76 0.302-1.913 0.5602

HR: hazard ratio, CI: confidential interval

K et DER LRI DV T OFETIE, xflHE
C [ e 1fn i 1M1 72 AZ O P E B D R T, CREFF RIS SR
UTHEBID 2613 - 7z, —J5, rHuEpo %58 Tld A
BROTEFNI MR E Nixh o Tz,
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SURVIVAL RATE
; =

4 BT (+)
i Kap/lan-Meier
-2 BT: Allogenic blood transfusion
07 T T T T T T — MONTH
0 20 40 60 80 100 120 140
Pvalue

Logrank (Mantel-Cox ) 0.6644
Breslow-Gehan-Wilcoxon 0.7581

Fig. 3. Relationship between survival rate and allogenic
blood transfusion.

g8
s 1 0= M ST rHuEpo (+)
S 6 T
§ ...........................
N rHuEpo (-)
= .4
S)
o]
2 Kaplan-Meier
0 1 T T T 1 3 T T MONTH
0 20 40 60 80 100 120 140
Pvalue
Logrank (Mantel-Cox ) 0.8274
Breslow-Gehan-Wilcoxon 0.9845

Fig. 4. Relationship between survival rate and administration
of rHuEpo.
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TV ARIZFIEEE U TBETEETWE N,
EHh OIREERRATEHIIIC/ER U TRIMERN D73 E
BT HEAE THS. TY ALKRIF VD
AR BRI AL TR E Nz Dl
1950 4E A LLR% ¢, 19534EErslev/N T ) A TR F
DIFEZHERR L, 19779 =%, Goldwasser 51 K D
WHTe Y A0 RTF A HEARREAMES D
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