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Evaluation of Hepatic Toxicity Following High-
Dose 5-FU Arterial Infusion Chemotherapy:
Analysis of 42 cases of colorectal
liver metastases

Toshiko Yamano', Yukio Takayasu",
Norio Nakao', and Akira Kubota?

The regional toxicity of an anticancer agent for normal
liver tissue following hepatic arterial infusion chemotherapy
(HAI) was evaluated in terms of morphology, function, and
histopathology. Forty-two patients (M: F = 30: 12; mean age,
59.9 years) with liver metastases from colorectal cancer were
treated with HAI using a totally implantable vascular access
port system from July 1994 to March 1999. The regimen used
here was so-called weekly high-dose 5-fluorouracil (5-FU)
infusion (5-FU, 1,000mg/m*/week). Volume measurement
of the liver demonstrated not only whole liver atrophy in-
cluding the tumor but also volume reduction of the non-tu-
morous lobe. Atrophic change of the liver was seen in pa-
tients who were administered over 20g/m?of 5-FU (p <
0.01). The CT attenuation values of the liver were exam-
ined, and fatty infiltration was seen in six patients. Histo-
logic examination of liver biopsies from the non-tumorous
part revealed steatosis and infiltration of inflammatory cells
in the portal triad, which were not seen in specimens prior
to HAIL On clinical laboratory findings, enzymes representing
bile duct, including alkaline phosphatase, leucine amino
peptidase, and y-glutamyltranspeptidase, were increased in
22 patients. In terms of regional toxicity for long-term HAI,
20g/m*of 5-FU, is the key dose at which to consider tempo-
rary cessation or dose reduction.
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VIR REE R T (3 B R Eh I L 9 131 9904F
A2 o THFHE S 720, BEFHR 7314 2k ok
A LM E o TEDHEBBARILME L TWBH A, BhiElbaEs
EROFEMEEF OIS 5 1288, #if- SRS B
LC&7%. Al e EHC LA ARICEFTAZEICZK
2rolamstdb FovtoTHL, ZORWERIZBILT
B I AEFIBE AL S A28, 0585
il ERIEH OESRE L L DA T A RS E R
v RKFZEE, B D 28R ORBETARBNEICL Y
GlEkE I SN 5HFEEEL, BRE, W{EZEE0S5 X U9
HERIZEE L2 b D THA.

]

PO

A R YIBEAGE D 2 T I 548 % 3k L 724244 (Table 1)
T, B304, kiEi12%, ElIZ41~T765E (FX59.958%) T
HAH. THEOMGIEFIL19944F 5 H~19994 3 A F TIZ
Rz T AR F— 38— 2 A5 4 % JH v T5-fluorouracil
(5-FU) BANS X 3 )8 BT R L 2R % AT L 72 KR iz
BEFIODH B, HFRERIEFENEAT3 7 BLLET, £O/+
FEGBEEH T & EFT, S-FUBNERE 20g ED b D
ThsH., FEHEIIDAARBO ) F— NV AT L& Hwv
7o, TOHOALFHIL, LB TEIIRZ&H LIoREEN
FHIZE B DT, LEIIE BRI OS24 2 4Hn
L7199 F 2 iGiEEam il ~3 A B &2 ) F—rv—
5 DDSA 3 & UCT angio (LLFCTA) 2T L, Wi DiE
BITHIMEHED LW L EFFHERLTWA,

[FREPERFIERS (L1651, EEEIFERZI32606T, 251K
EHEBIGRE O FFHERE LI 8 LR B, £ DNERIZA
WRTHl, RPN 3R 1 FITH o 7.

5-FUILHE 1 [B], ASRER 1m'3 72 ) 1,000mg (weekly high
dose 5-FU; WHEF)'® %, JEANR Y 7 (HEHH T 4 A R—97
WEARYT, YaT7a—F—A, =70)THS EE
PUTEALLZ, VF-—N—FlEROR AL L, L&
Hlkmbeic L AR E AL L.
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Table 1 Clinical features of patients
Total dose Dose/m? Duration Recluction rate (%) CT attenuation Liver function test **
Patient Age/Sex Response of 5-FU(g) (g) (week) WLV ~ NTLV After WHF (HU) Decrease rate (%) ChE ALP LAP -GTP
1 51/M CR 130 75.1 196 17:3 15.1 43.0 5.7
2 48/M CR 37 22.8 40 15.8 46.3 66.2 -24.2 + +
3 71/F CR 35 245 36 42.0 - 53.3 4.8
4 70/F CR 30 19.4 40 -0.9 - 27.1 57.3" + +
5 64/F CR 30 20.7 36 35.2 40.0 56.8 -5.3
6 44/M CR 20 11.9 12 15.0 63.2 40.3 35.3
7 65/M PR 83 47.2 96 -17.8 347 33.9 44.2" 4 +
8 59/M PR 72 45.0 71 Jeii - 374 26.7" + +
9 65/M PR 65 41.9 60 10.9 - 48.8 -22.5 + + +
10 67/M PR 65 41.4 76 22.4 - 62.5 -0.5 +
11 66/M PR 64 36.9 60 17.8 27.0 54.8 14.5
12 66/F PR 60 M7 44 1.4 40.1 42.5 322 + +
13 59/M PR 55 29.6 40 27.4 39.6 423 341
14 66/M PR 41 24.3 24 -6.6 31.1 43.6 20.0 +
15 41/M PR 40 24.2 44 17.0 21.4 49.4 0.5
16 57/M PR 40 25.2 32 18.5 21.1 39.4 26.0° + +
17 68/M PR 36 18.9 24 24.8 - 50.0 17.6
18 73/M PR 32 22.6 32 37.0 - 49.5 10.7 + + +
19 54/M PR 30 20.2 20 16.4 343 51.3 16.0 +
20 57/M PR 25 14.7 12 10.1 o 43.2 5.5 +
21 47/F PR 24 13.7 24 35.7 37.0 49.5 20.0
22 54/M PR 23 14.1 16 10.9 - 43.1 9.9
23 68/F PR 20 16.8 12 15.3 - 53.0 13.3
24 68/M PR 20 15.7 16 20.8 - 48.8 11.7
25 57M PR 20 18.7 44 359 -216 543 4.6
26 76/M PR. 20 13.2 12 18.8 - 445 18.5
27 57/M PR 20 12.6 12 103 415 52.9 -5.6
28 72IM PR 20 11.8 20 -121 18.0 64.1 -20.1 + + +
29 63/M PR 20 1.7 24 121 5.8 48.8 27.3
30 66/M NC 60 37.0 48 44.6 314 46.8 30.3 + +
H 57/M NC 60 36.1 60 -75.0 - 534 -14.0 + + +
32 65/M NC 50 30.7 44 20.2 173 51.2 16.0 + + +
33 66/M NC 40 25.3 28 -37.3 - 549 0.7
34 48/F NC 35 24.6 28 -9.8 473 351 40.6° +
35 47/M NC 25 15.2 32 -33.7 611 34.4 47.0° + + + +
36 60/F NC 25 16.7 20 31.9 434 59.7 -27.3
37 59/M NC 20 12.1 12 -12.2 295 68.4 -25.3 +
38 55/M PD 60 36.1 96 -44.3 - 50.0 f2 + + +
39 70/F PD 26 18.6 56 -80.3 - 42.4 23.4 +
40 43/F PD 20 14.2 72 -68.9 - 47.2 31.7
41 61/F PD 20 13.4 20 -1584 - 49.6 30.7 + + +
42 48/F NE 20 12.4 48 -10.1 - 52.3 -2.3
mean £ SD 392423 244413419433 0.96+39 18.9+30
Note: WLV whole liver volume, NTLV; non-tumorous liver volume
#: patients diagnosed with "fatty change”
##+: patients with abnormal changes in liver function tests
5-FUD#MEH 581320~ 130g ((F#39.2 +£23.0g), %54 5 %

21238 ~ 19678 (3542 + 33.138) T&H % (Table 1). [EHE
V23 B EHED R ARG FZ RO AT 2 L B
&, CR, 6fil, PR, 23#, NC, 8 #fl, PD, 4 fil, NE, 1
BT, FRNFEIF69.0%THE, NED 1 FliE7 I 2,87k
(adjuvant) & L TIH S WIERITH S, HCVHLREEMEE /-
ITHBsHUE 5 1E 4 4 (Tablel, fEBI16, 18, 26, 40) 27885
LNTzH, WINRD PR, ERPTR B X OESAT R
OIS E Sz @12, HBsHUE, HCVLfkvd°
NHBEEED 1 H(Tablel, FEF)8) TIHERTID M TREESMY
AR DIFE e S i,

R 1242 A25H

1. MRE/CFANREC & 5 AFEE O

i 7 )7 3 > (Alb), choline esterase (ChE), serum
aspartate aminotransferase (SAST), serum alanine aminotrans-
ferase (SALT), # ¥ LY > (T-Ril), alkaline phosphatase
(ALP), leucine aminopeptidase( LAP), y-
glutamiyltranspeptidase (y-GTP) (22T, HUEATL SR &
FEl D2 b & R L7z, [BIERTEX D, Alb, ChE I
DWTIEIRETIZ, Z2OMOIEIZOWTIZ 2 fFUEICE

BLAbVDR[AELAREEER L.

33
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(A)
Fig. 1 Patient 15, a 41-year-old man with indentation of the liver surface. On CT images before WHF, metastatic tumor was seen in the
right posterior segment, and the surface of the liver was smooth(A). After infusion of 40g 5-FU, tumor was not recognized , whereas
shrinkage of the liver with development of lobulated borders was seen (B, arrow).

CORFEOFEE, EEAIR, S-FUIKSE, B LU
(IR B WHEFBHNC & 5 TERERIZAL & DR 2y HiE TR
#F L7z, 5-FUS-i320g/m2Lh Lo KRS58 L # ki
D2 BT
2. E1GEBHTIC & 3 W aERETHE

HHEEER OBEMCTZ 2y ba—n bk L, 1~357 A
179 HHICT CIHEMROIEE & FEE OXERIIUENE(L %
AT L 7.

2, DRI O A I & §iEHO M A L2k, A
FDR, 5-FUBG-5t & OB ORI OMET 2 3y 2 HE %18
HL7-.

1) FFZE4s

FZBOmIEAT R, FFEETIZREM (indentation) %2 FFigi4s
HOMMAE (Fig. 1) £ LTASIS Z L5500, LaL,
L EEOICHFEREFMT2EHMT, Fhz el
72, Thbb, CTEBO I Y Y — L ECHABICbh: 5
HRZFHIIL, THICAT A AER R U TR RE L
7.

ZOEE, B X BIEBEMOBEILORE L BINT S
7e®IZ, TEELRESTIZIFHFRIED A2 DV T EREDEHI
EfTof. 272U, BEEAEMEUAT, EEN lemBl T
FHERTH R & A B v E Bb N A /NS E
| Bl

BRETH L NTy 2 EE L, 20% EfALdD
[ Ewby JLER L.

s L UIHIRE D 2 O A % Wilcoxon 45 fHIE
MARE CRET L7, $72, S-FURSEEIFEREELO
HAB X Spearman DNEFAHBIFAEIRE B L UTHLER 547 TEF
fili L 7-.

2) Bl
CTIZ & B FEEDIEHRE oA, BECIMEL &

34
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(B)

E DM LCTIEDE TR SN D, AMETIZINE
BIEIZEHIT 5 BT, FEREBIFERIC 3 5P B (8%
(ROI) ®FEEL, TOFHCTHEZMFE L. FOFERH
4OHULLF TH DG #T & D25 % L ECTEAME T L7=b 0
EEERAOREC L AEREDS ) & EF L.

3. REPFRVETAM

ORBAIGRIRIC BT B PO B E A 5 720, THITHE
FEEDIT AR & I 7 4 F T CEHEREIT, Z ORI
R EALE BET L7z, MREPT R 2 BORREEIC X ) §
EL. &8, FEBRIMCIZTS5R3EBEETVWEZORE
17z,

w R

1. MBEEACFAMRE I & 2 FFREEOFM
FEERHIOfERE LT ) HIF7-8 HEH D 9 HAIb, T-
bil, SAST, SALTIZHBERZALE R LIEMIZ R -7,
SRS L, IEREEZEDO) L 1 HETOERL-RE %
B2 H Dix2261(52%) T, TDIH b 5 FIIKE, HEET
BIELZ. LAL, CREFREERLE 4 BITIIRIEIC X
S THEBE L Zdo . BHEAEEERE OB Y
I B L ENEFMGT%33.5~38.838, 5-FUSRIZLT33.0~
36.4g/body T& - 7= (Table 2).

2. EHEEHTIC & B FaRAYETRAE

1) FFZEkE

HEEOERTHTA LN L DIX136(31%) Th - 7275,
FOM/NOREIIHETL Ao 72, JEFARMBEHI T G H
23BZR A £ 1461 (61%) 1218.9 £ 30% DEHE % A7z (p <
0.03) (Fig.2). & 51X % %5h61(296)) T, HoIEiBfEE
ETE, ZOMEDEHATE 721761Ti324.3 £ 25% T,
SHICHEDHENE R L7 (p<0.003).

HARERSRS H60% H3%5
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Table2 Infused dose of 5-FU and duration of WHF causing an elevation of bile

duct enzymes

Bile duct enzyme Mean dose of 5-FU (g/body) Mean duration of WHF (week)

ALP 34.7 335
v GTP 36.4 38.8
LAP 33.0 36.8

(A)

Fig. 2 Patient 2, a 48-year-old man with atrophy of the non-tumorous lobe due to WHF. Compared with the control image (A), the lateral
segment of the left lobe (+)is severely atrophied after infusion of 37g 5-FU(B).

80 .
60 - ¢ l .
= .
40 . s * &
— e
o 204-------~ ______;.__Q’_______,,., _________________________________
P -
© 4 [
g O *— I I
=0 20 ¢ 40 60 8
=1 |
3—20- * 3
-40 - * :
-60 1 :
¢
-80 |
5-FU dose (g/m?)

5-FU# 5 L SEHBEESEHEORE L DB E A L 2 2)  BEWHER

(B)

Fig. 3 Correlation between infused
dose of 5-FU and reduction rate of the
non-tumorous liver volume. Although
accumulation of 5-FU results in liver
atrophy, no significant correlation have
recognized. The horizontal dotted line
indicates the criterion of “liver atrophy”.
The vertical dotted line divides subjects
into two groups above and below than
20g/m?. The difference between 5-FU
dose and the reduction rate by using
the chi square test for independence
was significant(p < 0.01).

5, BEEOEMIHE > THPEMET AEMATHR SN CTHIf%EE, 13%1(31%) CCTEIZ25%IXT L7225, #ixHl
M, AEER R, LA L, F58E20g/m2Ll oKt T4OHULL T ZR L7=Did 6 B1(15%) 12 & &£ F o 7= (Fig.
WHRE L TIRMORE R IR L& 25, JEEENIC 4). ThoomEg EIFaIHRES 1) | & E&Sh: 6 Flizwv
DWTIEEELDH > 72(p <0.01) (Fig.3). ThOEERERORTE ARL, [EHZES | LHET

Ehdol3elll OMICEERZEY A2 (p<0.01). 7,

SER 12462 H25H
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(A)

Fig. 4 Patient 4, a 70-year-old woman with severe fatty infiliration. No fatty change was recognized on the CT image before WHF (A).
After infusion of 30g 5-FU, mean CT attenuation changed from 63HU to 27 HU.

NelhEME O Z M HNEE R EE R LR ORI & 22 % - 7o fE
Bl 6 il 3 61, O3 3BT, BRIHRE & 0S8 RREE
FA-OH BRI RER B 2 BRI Ao 7. BRIGRE &
FEMHOBRIE, AETE b o7,

) H—=N=h5DOCTAT, OB ML AR AHERE 12
A¥J—7 4 BT, S-FUDTRREEIZ DA L7z & Bbh 54
IZ—3 LT, BHROBHFMNZRCTHED T 2R354 % 320
72(Fig.5). ZO 4 PITIXFEHIC—E L TR ZRFOZE
i A b,

3. REMNZEL

AR B % Table 31578 Y . AMHETT 7 B0 5 5 6 1
(86%) CHEIHZMATED b, Db 2 FlIXCTHEIE L
TOIRIGZED D | L HESNIHEFITH 525, o 4 Hl
X% ECRRIHZEIZHES Tk d o 7. BEIZElidk
BD b D% - 72 (Fig. 6). BY7ERTHE OHKE O LAy
HBTHoz4fl05 5 3 6(75%) TR I NEHTESRE A5
TL T/ (Fig. 7, 8). BB v V#5376
H15 B (71%) TREMILOIZE Z B 755, 1HE, I8k
WCIEFELE AL » oz MBI D LTI RD
LN edodz 1 BIEHBsSHUR, HCVILEE b IZBHTH -
IZH b6, MEMEMR TS X OGB48
fEH S HTREE R A LTz, BiiEaEsh b #15 0
BHHEMT B T L i3 b o 72 (Fig. 8A). IRIHEZEA A bR
Lo 721 FlEPR THORBME D22 hsh b L fEfF D
TOBEREEf T - 72,

z =

KGR T 2BEEICE 7 vy 5 VA
A OFHRAR G- —8IRTH 5. ek TldFluoxuridine
(FUDR) S EIEH S WIFREEN S (ST 920,

36

AIFTIES-FUATHH STV B 720, LIRS 475 &
HBELZEEHOBE R 2w, LaL, BEEICL2 b AR
AR D AR L TiR5-3 3 i 8L Lo2od
AH4H, ZOFECOVTHRITT A Z L I3H5I2E# 1D
HIEEEZAD, TOHWTARFEDONRIZIHELTH
D, POFZEEA LR VIEFER#E L.

By S NIRRT, BFEIIRA S 270 v v R T,
JFHRIRBICHE T2, Doy ) v rillie b L7
PRI LT, TOEEIL ST ST RBEENRED
BENTE 2200,

IR B A 7 = X 23, MIMEE 721 3N
OB 52, AW RAERITH & N2 T L, W
JABEEIZ L DBROEAFHL LTI Eh 5, Mk
RO R T HBEEPREVEEZ 2\,

MR FE 2 221 S B KO H FI3BEIC & 5 ISR
&, FNCEDFIERI SNAEBmERIEL ETH D, B
WV — b & BFRSEHI A & BN E 4 A &, laminar
flowll & AARB—HAE A IC L THRONE, LY hEiz3H]
ARAT BRI CIREMOBRES KXW (Fig.5). ZDZk
FRHROHRE T THHDTH Y, B S
BRECHEBEENIF SRS TVA LEZ TLFEIE
vy,

DLl &9 12FEEHiE, S-FUBHEDIEREERIE % HFIoa3
LHMOFHHL LTHMTLIEHNTESL, FERIL, F
FEFEROERICE D FFME L7255, EEOH NS 50k

- IR L D RIPEHTE L VWHTFICR S, ZhERk

AL, PIRECEABEEORERE LTORERE AL DI
12, FEHEFITFHBEOAZWNRIZT LI ESRYTH
b. T TEMBIDOIEEIEIED A THRE L 7-85R, BhiE
BEMRTAEELRIFERIRD SN,

L Lad s EDEROBE L5-FUDKIES EOMICIE

HAERSE #6045 35
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Fig. 5 Patient 6, a 44-year-old man with atrophy of the non-tumoro

 (B-1)
us lobe and wedge-shaped low attenuation area. CT image before

i3 % 99

WHF (A-1) showed normal liver, and uniform flow through the liver from the reservoir system was recognized on angiogram (A-2). After
duration of 12 week of WHF (infused dose of 5-FU, 20g), atrophy of the left lobe with a wedge-shaped low attenuation area(*)was seen
(B-1). On angiogram for flow check, flow to the left lobe was predominant, which was considered to show laminar flow (B-2).

Table 3 Grading of histological findings

Infused 5-FU dose Glisson sheath Liver parenchyma
Patient on biopsy date (g)  Inflammatory cells Fibrosis Necrosis Fatty change Fibrosis
1 130 2 0 0 3 0
7 80 0 0 0 4 0
8 69 2 3 0 4 2
9 59 0 0 0 2 0
12 43 2 0 0 2 0
13 48 3 0 0 1 0
28 20 2 1 0] 0 0

Note: Grade 0 : absent, 1 : very mild, 2 : mild, 3 : moderate, 4 : severe

O RMHEBEREEDL I EIITE Do, BECD
721 100g Ll L O RE 2455 L T b ZE54 2 380 2 WER] b
S, W HOBES TRAMICEwmER TR LSS,
2F D, 5-FUHBHEILT L ZDHRGREFTTLIDOT
3%, L LAEKRIT EDO5-FUIKHT AIMENDERIZL S

SER124E2 H25 H

bOBKEVEEZ LRI,

FRIGEEENE, M EAT - 7HEHT, RERFDOD D %R
CEflicabn/izlehb, HAAFEHLXLTERILD
DERTERI >TWEHIDEEZLNS, HWELIZHS
PTHEVHOO, RHREREICEFLLLTHWEZbDE

37
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Fig. & Patient 7, a 65-year-old man infused with 80g of 5-FU on biopsy. Microscopic appearance of the non-tumorous part of the liver
showing typical fatty infiltration. (H & E, original magnification A: =100, B: x200).

Inflammatory cells at Glisson sheath

Fatty change

before after

before after

Mote: Grade 0: absent, 1: very mild, 2: mild, 3: moderate, 4: severs

Fig. 7 Paired data sets of histological findings before and after WHF.

Bath infiltration of inflammatory cells and fatty change regressed due to WHF. The patient who had no change in the findings of steatosis

was in cessalion of infusion,

¥EELI

HEFRr B oh ZBIIENMOREg L, iR
OFEMIL, CTIZ LD IRIGRMB Y OB EORR LR LI
LOIFELwEEDRS,

NEE A (ARG 2, ransamynase | 2 [FAFA @cyosol
ZfEfET A L shaw, LisdsT, INERREOLN
T AR, MRKOEFI-LE2L0T, Fdlgtodo
AW BBV THAO TRV, 74, IHERANTE
KA L7 Biha 1o & B e &5 4, NEGFREEAT 1
AT st 2mEvdHay.

Bl FREOAN ERTAEFASSHAGRIZE, ¥
WLl RERTIEC RS RREERE VLR TH-
F2(p<0.01) = e, WHROIFMEILMI- - 58

38

ETHh, BEROZLFOY 7L LREREFETALSNS
chemical hepatitis'' " & {80 5,

—35, Wik X % peribiliary vascular plexus % i L 7z B3
FEEOTTHEME L EM L Tl d 6 v bhbh
(&, B LER s Ebh i SRR TR
HLAzfzey, &) v iz i ot o h
WETH-7 WHELL I, laminar llowls & B RETHYIC
MHIREOS-FUASHAS S #4HE, peribiliary vascular plexus
EHLBEERECLVEZTTEN, TOHFRELT
EMHYEEL L ->TVELDLELLND,

BhiEls & 5 ik bEmae i o 5 LI o iF &
BT Hoivitiv e BN HFISN, s-FufGaiz L
T#135gbody i TH o7z,

HEEREE He0od B3y
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Patient 8, a 59-year-old man infused with 69g of 5-FU at postinfusion biopsy. Despite no viral infection, fibrotic dilatation of the Glisson
sheath and mild infiltration of lymphocytes are recognized betore WHF (A1, AZ). After drug administration (A3, A4), severa steatosis developed.
(H&E, original magnification 1, 3: =40, 2, 4: x100)

Patient 12, a 66-year-old woman. Mo steatosis was seen before WHF (B1, B2). Mild fatty change and mild infiltration of lymphocytes
have appeared after WHF (B3, B4). (H&E, original magnification 1, 3: x100, 2, 4: x200)

EN 1242 A5 H 39
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HNZ L BRFREEIIARIED LT A2 &2k E
BT HZEDE . FLWHFESBIOS LG MGEED
308 F TIT, PUBEBEERIZEHT S, LA T, #
HETHNIE, FEEIFHG PR - 2R E TRET ZE
THIEDPEELWTHAD. R (PR)FITH L, CRAES
HIE U CRHRM ICTERE T kb3 5 Z L bk DIE
LWIlIETH 5 2 3w E /7 vDds, B s
BwTlE, ~HATEBREFDIDEVWDRITIERL A
Ly,

s FE

PR A AT~ 2125 2 B RATEEEIC oW, M ks
B, TEREMZAL A SRR Lz, EBME I Od 3 %25-FUuk
T LR (WHF) 12 & 5 PR ArEtE o S B 245 L IR
Wi, NEEREEREO LA THY, 5-FURKSREICL TB L
Z35g/body (ZH24 9 5 AW b lEEEENHET 5 L& X
L,

X W
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