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Improvement of
blood perfusion

Figure1 Selective delivery of bFGF using
acidic gelatin hydrogel microspheres (AGHM).
bFGF-impregnated AGHM (yellow circles)
injected via the donor artery. Based on our
preclinical results, AGHM are expected to
be trapped in the distal portion of the donor
artery (target of delivery) and to continu-
ously release bFGF for 2 weeks. Reprinted
from Eur J Vasc Endovasc Surg, 38,
Hashimoto, Selective and Sustained Deliv-
ery of Basic Fibroblast Growth Factor
(bFGF) for Treatment of Peripheral Arterial
Disease: Results of a Phase I Trial, 71-75,
2009, with permission from Elsevier.

Development of
collateral vessels

TN R D, F 255 bFGF 24 472 AGHM
DR 10 ml ZREEFICEEL 720 BERII T —T U
FIREL, BEOHT—T VAR L FEREO LM%
1T o 7z(Table 2), G Z DI O%R 4% % 5/ i § 5 72
B, HHHRK3HMIEARE LT, B - @5 0K
FEIRDERLE L ARIF 2 MUERE, MR, TR i
1T L7-(Table3), ELISA %2 X 2 I bFGF 2 D Hl5E
WL TUE, ~7%)  OFFFET bFGF A% 0T
DAHENED D B 7280, FHGEED~ ) ¥ O 3R/
FRE 770 F-BIERC A~ ) 2 iERew BER L7l
Birotz. BHINREOFHEE LCIE, ke I A
& VAR RAE L S DR ) =0 T
fTo7-(Tabled), F72, BIMBLOIKEELFEROTEIZR
5L 6 7 AN D72 DREFHYICA T, RO
RIEN E it (R o35 & 2R JR R B o £
), Pl FIVT A NOEATRER), BERERZFE T ERE
(TcPO,), BRI ERIE (SPP, FEIRIMAER]), M HE
%2, SF-36, WIQUEATEER) 2SHV> 54172 (Table 5),

Bw R

2004 4E 75> 5 2008 4E D 4 LRI WG & 0T 7
O—7 v 7% T L7z 8 i 8 FEBIAFHMOR G & 7 > 720
WERE LCld, EIERINA 5B D9 B ASO 252 i,
TAO 233 BT, MIRBEATHUL 3 IER TH o720 72,
T RIS 5 R, FEERILAS 3 SEFITH -7 (Table 6)o

WRES Vol 50, 2010



WA Wk Eh 5%

Table 1 Inclusion and exclusion criteria for enrollment Table2 Protocol for administration of bFGF-impregnated AGHM

—

+ Inclusion Criteria for Enrollment . Intravenous line making

—Non-reconstructible CLI patients (Fontaine IIT and IV) 2. Blood pressure, SpO,, and EKG monitoring in angiography
due to ASO or TAO suite

_IC patients (Fontaine II) due to infra-inguinal ASO 3. Insetion pf 4 Fr sheath via the femoral artery under local

anesthesia
* Exclusion Criteria 4. Digital subtraction angiography

—Malignancy within 5 years 5. Insertion of 4 Fr straight catheter into the deep femoral

—Proliferative retinopathy artery

—Alcohol or drug abuse within 3 month 6. Cor&ﬁrmation of catheter tip by small dose of contrast
medium

—Allergy to AGHMs

. 7. Manual slow infusion of bFGF-impregnated AGHM
—Severe coronary or cerebrovascular disease

suspension (10 ml)

8. Removal of the catheter and the sheath. Hemostasis by
manual compression

Table 3  Assessment plan for acute side-effects

Baseline Day 0 Day 1 Day 3 Day 7
Renal function
Urinalysis o o o
Blood tests (BUN, Cre) o o o o o

Liver function
Blood tests (AST, ALT) [ ] [ ] (] [ ] o

Respiratory status

SpO; monitoring ([ J
Temporary hypotensive effect
Blood pressure monitoring ]
Allergy to AGHM
Intradermal testing of AGHM o
Emboli due to lodging of AGHM
Blood tests (CK, LDH) L J L J (J o o

Table 4 Assessment plan for retinopathy and malignancy

Baseline 6 months 1 year

Screening for retinopathy

Funduscopy o [ J ([
Screening for malignancy

Chest X-ray o [ J ([

Urine cytodiagnosis o [ J ([

Upper gastrointestinal endoscopy o

Fecal occult blood test [

Rectal examination [

Breast examination (female) o

Tumor marker tests ™ o ([ J ([

*Tumor marker tests includes CEA, CA19-9, AFP, CA125, SCC, and PSA (for males).
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Table 5 Evaluation protocol for ischemic condition

Baseline

1 month 3 months 6 months

Objective tests
ABPI or pressure index for ASO
Treadmill study for IC
TcPO,
SPP for CLI
Angiography

Subjective tests
SF-36
WIQ for IC

ABPI, ankle-brachial pressure index; IC, intermittent claudication; TcPO,, transcutaneous PO,;
SPP, skin perfusion pressure; CLI, critical limb ischaemia; SF-36, short form-36; WIQ, walking

impairment questionnaire

FPREWICEL T, BEERORWERLFHES %70
FawiE, MESNTHELDE L TIEbFGFIZLAE
FERERLE & M IERIEHIC £ 2 — BT mE T 9,
WHEEDH LB DL LTl AGHM 12X 524 - EDOT
& ASFEICBWTER L TWis, MFETFICEL T,
2 BB TIHEER I 25 20 mmHg FEOE T A
FROLNTZNS, VI 5~10 S REEOREEIZIZLD
TEDLNIWIIE LTz, $72, BRES Bbw DR R
xR L7EPNI AR o 7278, HHEEAGK 18 BE1£) 12
PRI L 72 MR A BV CTERE O CPK LA % 720720
D2 Bl o720 —T7, BHEIBWTIL, AR
RERE =4 TRIE 3 2 BRPRAEIR R0 VL - PRAZEFT IR0
LMotz T, 14U EOT7+0—7 v 7T, HF
Tl MR B MR RE D 38 A2 13 7 A2 5 720 ELISA
PCHEFER O bFGF LA MI5E L7245, 164 H IR
(K 24 ng/mDBHENLDAT, ZORBITHHRAR
® 10 ng/ml LLF CTH o7z,

BEARFEIRDEIZEIZ BV Tid Table 6 D X 5 12 EBICH
WS D ORI R RPYED RO BTz, e LT,
BRI &R BRI IG ST 213 ORI L
A, BRI T AUEERI R VIR C& 5 L) TH B,
F72, 6 AERBZ L7+ 0—7 v THIR B YIS
FoTERNI Do 72

IR O BN BARM il & AT { &, Fon-
taine 7348 IV ETH -7z 4 FEFIDH B 1 EBI(ASO) DA
G CH o - iIEATE AR L 72 GER 2, Fig. 2)o
C O — A TILEREO B EESS & ) FRROBG A B L

318

LS L P BB L CEO—EDNEE £ o TV
IR ELIC L2 WVICSEDSRE Y EATh, B o—
L REE 25 L 7R TR IR RIC E o7 1B
%3 EFLERALTWAEDS, BXRIBOOHOME
B DL DOWEFEOFBRIL R 5RO 3 IEFNIIGER
6 11 H O f3 TIEIFEOM/IN D L AT O IR %1572
A, 9B 1BI(TAO) TlE, HIFEIHO— DG % 5
LCTWBUER 3). ZOEFTIXZEDRERZ6 AT
B L, 34ED T+ 0—T v S TLHIE O
BT FER] 1(ASONE, RRIEHERD O TFIROF T/ —
VEERHWEL, TOBBIREIFR LA, FEO
EEBERIIBREOM/MIE T > CTnizew, 61 I
2EIEDEEREZZT 20 FD 1 H BRI %Y,
R 4 FRITEBEVTHR L CZOROTRE R
BTV, JERF 4(TAO) TIXIEIE 6 71 A TTIGIEIE
ERASEIRE L, B LML 720 1 AETRIC I 21 R HHESE
EHEU7720, TRIZOWTHRIGE LT, 2[HED
G 1 7 HORERTIRIEROUE L RO TS, R
BUENOEDOHZBOAN T+ U — Lo T,

TR % 2 LTz 4 fEBI (Fontaine 43748 TIT- 1V &)
TlE, 1 BITHEFRE 4 I BISSERITERINEEL, 20
%2 L EFBRE RO TRV, R 3613 6 7 ADKE
FTh 7 ) OEIRUEER RO,

F 72, Fontaine 7748 I FEOIERNL, 3IEFITTT3 A
RO RFAATRH & AT M BURERIANEE: L (Table 1),
9% 1 BI(ASO) T, 300 m O FHEFIKBEATAGE 4K
L7CGER 7)o 72721, JERB 6(ASO 12 & 2 ABRENAR

WRES Vol 50, 2010



1355 %

higk

ek

“JOIAQJSTH woly uorssrurad yim ‘6007 ‘SL—TL ‘[elLL T 9Seyd © JO s}Nsy :9seasi( [eLay [e1oydiad Jo jusuneal], 10J (104q) 10108 YImoIn) I1se[qoiql] Jiseq JO AIOAI[Q(] paureIsng pue
QANI[RS ‘0JOWIYSEH ‘|¢ ‘TING ISBAOPUH OSBA [ Ing woij pajuLiday -awr) jasuo uonedrpned ‘10D own Sunjfem wnuwixew ‘L MIA inssaid uorsnjzad upys ‘dds inssaid ua3Axo sno
-uBINOSUR) CQJD) (IsLASIP S Io31ang) SULIANQO SNNFUROQUIOIY) ‘QV ], {SURIANIQO SISOIA[ISOLIdME ‘QSY ‘UONEIIPNR[D JUSNIULIAIUI D] SBIWAYDST QUUIIT [BONLIO ‘[TD ([eWJ ‘J ‘[eW ‘N
“wire 1oddn pajosgye-uou / pajodgye Y Jo dmssaid pooyq dIOISAS Jo onel Yy 10 (JdgV) Xoput ainssaid [BIYOrIQ-IPUE SUNSIL SIJEIIPUL XIPUL INSSAIJ | “IOSUY PIJOdJFE AY) UL UOHOUL
JO 3s1e3Q QUISUES JO SUIUSSIOM JUIISUEI) PAISJNS ¢ ASED) ¢ JUSUNEN) JSIY AU} Ja)Je SIBK {7 18 PI[eay A[930dwod pey Jod[n Sy, “JOJE[ SYIUOW 9 Judtujean pajeadar Juamiopun | Ise),

.+ Q.+
%%m+ m\mw@ - Q%%m ) o0 syyuow g J¢ paroxdur Ajpasyrew (w 001) OI 1PMOT oSV o 418 8
“QT+< PG+
%% _wm » m\mw; - Awﬁ b o0 sypuow ¢ 1 pareaddesip Of (w 00g) OI MO osv o1 L9 L
0L+ 10D BTr-) 9)1s Joyjoue je pareadde
or - v ST0- AIMaU UOISa] MOUAS 1q “YIuows (W 002) O 1000 osv o1 ar8 9

I 38 w (OS 03 paaoxdwr 2due)SIp JunjeAp
(%1°61-) (%1°L8+)

- co- o - poreaddesip ured 350y ured 150y JOMOT OVl 1D N6E S
_ (%€91-) (%T011+) _ paaoxdwr Ajpaxjrews ured )sa1 pue ured 3531
09— €88+ ‘AIp Qwedeq uaIduen) ‘Quaidued 13urg 1oddny OVl o IS 14
_ W11+ (%6°82-) B mvo>oum:: Arpayrew ured jsa1Inq ured 3591
€6+ 6LT— ‘Apuarsuer) paudsiom Juaisuen) ‘Quaidued 1a8urg seddny OVl o N9¢ 3
(%67€-) (%1°66+) . SISOIo9U Quoq
- — uone[nueld poo3 Aq poreay Iod i JOMO!
00— o'3et 700 ey p qQ pa[eay 199 10010 1 osv o INCL C
B (9%1°8SE+) (%8°9+) Ot ,Panroxdwr A[payrew ured 3sa1 pue ured 1501 190 1odd
091+ 01+ L00 “az1s w1 paysturunp APYSs 1091 : n n osv o W9 !
(urur) Apnys [01u0d Xopur . swojdwAs quuip aseasIp adKy X9s
dds /ddS b swojdwAs pue sudis ur saguey) ase)
[[Tupeaiy, F0dN Inssalg s pue sugig PPV IB[NOSE A Apms a3y

INHOV paeudardwr-J0,Jq Jo UONENSIUIWPY [eLIdLE-2IU] IOV SYIUOA 9 pue a10jog sSurpur] A10jeIoqe] pue [eorur)) 9 dqe],

319

WREF Vol 50, 2010



bFGF HIADREARM E > KA ¥ b 7 U8 =3I & 5 B F AR

Figure 2 Ulcer healing process in case No. 2. Photographs (A, B, C, D) and roentgenograms (E, F, G) before
therapy (A, E) and 3 months (B, F), 5 months (C, G) and 22 months (D) after therapy. Black arrow indicates ulcer
lesion. The ulcer of the 4th toe with osteomyelitis was healed and dry 5 months after treatment. The white arrow
in the lower column indicates the infected phalanx proximalis, which was discharged from the ulcer before 5
months after treatment.
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Figure3 CT angiography before treatment
shows occlusion of the right distal superficial
femoral artery in case No. 8. Angiographic find-
ings are shown in the comparison between be-
fore (A), 1 month (B), and 6 months (C) after
treatment. There appears to be progressive
growth of collateral vessels from the deep femo-
ral artery that serves as a donor artery (the area
enclosed by two boxes). Rt, right; CFA, common
femoral artery; DFA, deep femoral artery; SFA,
superficial femoral artery.
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Selective and Sustained Delivery of Basic Fibroblast Growth Factor (bFGF) for
Treatment of Peripheral Arterial Disease: Results of a Phase I Trial

Takuya Hashimoto,"? Hiroyuki Koyama,"* Akihiro Hosaka,” Tetsuro Miyata,” Tsuyoshi Takato,' and Yasuhiko Tabata®

'Division of Tissue Engineering, The University of Tokyo Hospital, Tokyo, Japan
Division of Vascular Surgery, Department of Surgery, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan
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The aim of this study was to evaluate the safety of selective and sustained delivery of basic fibroblast growth factor
(bFGF) using acidic gelatin hydrogel microspheres (AGHM) for the treatment of peripheral arterial disease (PAD). We
conducted a nonrandomized and uncontrolled trial involving prospective observation of 8 patients (8 limbs) with PAD - 5 limbs
with arteriosclerosis obliterans and 3 limbs with thromboangiitis obliterans, 5 limbs (3 arms and 2 legs) with critical limb
ischemia (CLI) and 3 limbs with intermittent claudication (IC), followed up for 6 months or more. AGHM suspension containing
100 ng bFGF was infused into the artery of the affected limb. Besides evaluation of safety and changes in symptoms, resting
ankle-brachial pressure index measurement and transcutaneous PO, (tcPO,), angiography was conducted at baseline and
then at various time points. Skin perfusion pressure as an index of CLI and claudication distance as an index of IC were
also used to assess clinical improvement and limb perfusion. No serious adverse events were observed. All cases showed
improvement in symptoms, although this was temporary in some patients. Selective delivery of bFGF using AGHM was
suggested to be safe and well-tolerated in patients with PAD. (J Jpn Coll Angiol, 2010, 50: 315-322)
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