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MOLECULAR-TARGETED THERAPY FOR HORMONE-
REFRACTORY PROSTATE CANCER

Kazuo Nisammura, Hitoshi Takavama, Masashi Nakavama,
Norio Nonomura and Akihiko Okuvama

The Department of Urology, Graduate School of Medicine, Osaka University

Molecular-targeted therapy is to treat pathologic pathways specifically in tumor cell or tumor
microenvironment. Specific molecular-targeted therapeutic agents for hormone-refractory prostate
cancer (HRPC) include endothelin-A receptor antagonist, EGF receptor (EGFR) inhibitor, platelet
derived growth factor receptor (PDGFR) inhibitor, nuclear factor of xB (NF-xB) inhibitor,
cyclooxygenase-2 (COXjy ) inhibitor, and active form of Vitamin D. These agents have been
investigated in clinical trials.

So far, none of the above-mentioned agent has shown a sufficient clinical efficacy alone. However,
docetaxel-based combinations with thalidomide or calcitriol have promising clinical activities.
Further investigations are needed to optimize the molecular-targeted agents in the combinations with
chemotherapeutic agents for the treatment of HRPC.

(Hinyokika Kiyo 52 : 487-490, 2006)
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1. Endothelin A #BHK7 ¥ T=A k

Endothelin-1 XM EIGEER 2 FOEHTH 575,
BB OB E, HMERTFOEREMRR &0
ELFO. FHEORRNTRBEFIIEZLEINS
A, ERERNTIRERE CIIREMRIIBERE LD
Y hO—VEICHAN, MEROREFER L TwEE
HE SN TWwBY Endothelin-l ®F&EKICIZ

Table 1. Molecular-targeted agent for hormone-

refractory prostate cancer

EH B £ H

Atrasentan  Endothelin-A Lt 7% — 3 7 F IV DRRE
Gefitinib EGF Lt 7% - 7 FVOEE
Imatinib PDGF L& 77— 7 FVOEE

Candesartan  Angiotensin Il L2 7'% — 3 7 F VOEE
NF-xB O&EE% % HE

NF-xB DEE{HH % [AE, TNF-a OE
Thalidomide /& % ##1, 175 35 A 30, fﬂﬂﬂﬂ?%%?m
&1, THIAE, NK amoEEle &

COX2 DFE (7 RF—Y 2A0OHE, BHE
i), M A D)

HMEE Vitamine D & L C/EA (MBS
Calcitriol DEIE, TEMN—ADFE, H{bFE
FUEH £ OAREER)

Bortezomib

Celecoxib
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endothelin A receptor (ET-A) & endothelin B receptor
(ET-B) "% v, BIZAR#EMERTIE, ET-A 2TEICH
HL, ET-B! i"fﬁi}ﬁf&—l‘— LTwa. BFMETII,
ET-AFRBALTBY, EEFUEREZRTINIRED
BEBEEOREIC Endothelm 1—ET-A N4 §56%
THMEERBEGER SNz, Z0L) 2EREEC
ET-A7>Y5%T=XAMORAEFEDLNTE /.
Atrasentan (3#EORTH Y, ET-A BIRW7 > ¥ T=
ANTHBH, BKTHRERMZBREICHT 5582,
% 3 MERRABRDT b 72? Vogelzang 5¥ 13 2 ¥
7)Y RATL 5T, Atrasentan 2¥7 TR L,
ACFHER, BRIER, BRERATICONMLE
BIERLEREL T2, SEECRIERIR
7, BIRIER, BETHHH, ZOREIVTI LS
SELUTTH), KBICIHVEABELT S
Atrasentan H¥| T3 I{%E PSA %R (50% LLET %)
PEBEOWMAE PR UL T vliFcair
WE, QOL 2RL %245, RHPOKRLYELEA T
EAMELEEZXOND.
2. EGF L+ 7% —[HEH|

Gefitinib 370 ¥ ¥+ —-Y¥HEHXTH Y, EGF
Lt 75— 7P VoOREERE b 0. BIRERHE
RERG-EE T, BIZEBICBITA EGF LT
5~ ORBICIREM OBV S D Z LPFEY s h
THD, Gefitinib DEFEMRICEET LTS
%. Canil 5% X406 O BRI LI E B F <
Gefitinib 250, 500 mg/day @ 2 #\Zo1F 7= EAEA ST
BRBEBR LT o7z, ZOHR, WThoBkEETYH,
& PSA ASIEEET OB D50% LTI TR L 72 mERI=
EZIZ X 55 PR LLEDEFNIZZ L, BRDIFEIZ
Bhoizt@HmELTVA
3. PDGF Lt 7% —BHEH]

65 20064F

Imatinib 2 F 0> ¥ F—-¥YHEF TH D,
platelet derived growth factor (PDGF) V£ 7% =37
FVOHEER% b 2. Hofer 5%i% PDGF L &7
y— BORBAXRET L, BAEMERED S %, &8
TRTLIRIED 6%\ FEED L BEOER 2RO -7
®, Imatinib 2 X AEBERFRE LD 25 EBHE I
THHELTWwA, Mathew 57132861 DEMRMRT
B B 125 L, Imatinib B H) CE A%, 21612
Docetaxel % Imatinib (ZHfF L7z, Imatinib BEHIE
28%Ieh, EEE50% L EMiE PSA ST R L /- fERIE
%<, 261 (7%) DA% KMDOTHELZRL .
—7%, Docetaxel & Imatinib §f FIEE21 6, HER
50% L\ b fiiE PSA A5 TR L 7-5EHX 8 41 (38%) T
Y, 50%KBOTHELRLEMI6H (29%) T
Hotz. L1zh > T, Imatinib BEFTOHEFMEIZE
<, Docetaxel 7 & DHEH] & DA TEHEDOEERA
BFEDOLNLE{IDEEZLND,

4. Angiotensin II Lt 7% —[HEH|

Angiotensin 11 L & 7' % — HEHIX AT BRI O
WA 2 EBIERAZIT TR, BEMRYS D8
794 YEBERTRMERELIZ LHMBIERLA
THIEDERGV Lo THRE STV, 57
1, FRMERT LR B E 23611 Angiotensin II L& 7
% —FEHITH % candesartan % 8 mg EH%S5 L7
FOHER, 861 (34.8%) DEFIZMIF PSA ORHE
PERDH LN, BHPEMIZS.3 A (1 ~2455), B
TERAREME1BOARATHo2EHEL TV
Angiotensin II L& 7% —BREFRIIEEH & LTI <
FATHASINTEY, Tl FFEOE»SDH
FBRRIZBIT2BREMIRELEEEDT S avk
LTEweEZHN3,

5. NF-xB FHEH]

IKK J‘ o Thalldomlde

IKBoc »*

degradatlon
D

proteasome

IKK: IxB kinase

cytoplasm

........................

Proteasome inhibitor
(Bortezomib)

nucleus

Fig. 1. Regulatlon of NF-xB activation and its target gene

expression.
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NF-B 3EEBER T Th 525, FEHERETIIAR
A ey —TH5 LB LESL, MEEIZE
FoTwa. UL, M520R% %51 T IKK %
EHEALL, IxB 25) VB LS h, 7usr4+y—4ails
WTREEIND &, 71— &% ol NF-xB 3E~B
1L, ZOBNBEFORERALFET S, ZOENE
=+ EW & L ¢, IL-6, IL-8, VEGF, MMP-9,
COX2 ZEMmbhnTws (Fig. 1). ShooRF
i3, BHEfeoRE, BE, NEHELE2RETS T
ENFHONTEY, AIVREOERICEbDo TWAT
B HE. Lzdo T, NF-xB BHEHIZZh 5D
RUBREFORBLIHT LI LICL T, FUEER
ReRECELLEZLNS. T/, WREBEERT
THb LB OEFEFETH I LITLoT, FURA
DRERABODLZEDNTELEVIRE D 2B Y,
HEFORZMZ EO 5 BT, Ul & DBEHEICD
HENEFLN5,

Bortezomib i 7’0 F A —vV—L0 4 ¥ I —-THh
D, BB TOF+—V—AllBVWTHHBENL L
2z B, FOKE, IxB OKBEALF L, NF-»B
DEEHEEYEET 5. KETIE, BEUSELEHR
BOEBRBEL LTETSNTWS,

Papandreou 5'Vi%, 53BIORTSLIRMIES (48610
BERREET S RIEES % & L) 123 L, Bortezomib @
% | HERRBET-o7. B Ho&EREkS% 580
L 4BRYEL, 1 EHFES5EIF 2mg/m® 2 ERE
TAH7OPI—NTHo/z. Grade 3 LEDKEEESR
W, TR, RIME, BER, ERN MEEZE, 50
E, BAKTHY, HEEZVWTINI6%LTTH-
7o, M 1L-6 SE% 7R L7z 1861 126 A5107E IL-6 D
THE2E LM, 209 biliE PSA #350% L LT
L7zDE 2B THo7z T, 2BITY v/ iR
BHREPR ZxRLA DEXD, SRIIPER L OHA
THRRABRLZEDLZ2REXTH S LERTITOATY
5.

Thalidomide iX IxB ¥+ —+ (IKK) &% #HH5
5T EIZEY, NF-«B HEMFREZFE DI LML N
TWwad, NS S TNF-a DEARCIER % #
B, mMEFEME, MiagAE, THE, NK B
DIERA: EEHHTUEBERA RE SR Tn 5

Thalidomide B #| 8 & UF Thalidomide & Docetaxel
BRI OIERAERER'Y % Table 2 1R BHEHR0%
L EIiE PSA B TFREL/ZER A A% L LCFREI L 72
%4, Thalidomide BH|Tid#15% DEFIBERTH
5 DR L, Docetaxel & Thalidomide #f B T34
50% DIEBIN BRI THo7:. BEERE LT, KE,
B, B, MEEE, BIE, ek EPHRES
nTns.

— 7, Docetaxel B %] & Docetaxel & Thalidomide
BER A B L 23 A'Y, % PSA R (0% ULET
%) 1%, Docetaxel BHITix37%, A TII583%TH
D, EEREFHEOFIMHEIL Docetaxel HAFIFES. 7
71 B, Docetaxel & Thalidomide ff B #135.94 B T
Hot. UED#HR LD, Docetaxel & Thalidomide
AT AMERDLLEZONS. Lo L, BRI
BFHOLD, BASFEANS) ¥ (RIFTIIRBRAK
) RHATAIELIHERINTYAS,

6. COX2 FREH]

Cyclooxygenase-2 (COX2) 13 PGE2 DELZ /v L
T, 7THE M- AOEE, REROMM, MEFED
FELLY, MREOERLBRICES LTS
HMH A COX2 HEHIBEBBEEDEEN VW
NSAID @ 1 #ETH 5755, RIBTIIHEA 7% NSAID 5%
BRI EREOEEa Y o — VHANICHER S
NTWEOXFHRTH A ). FELIX, FEEDRS
BEREEORBFHFELT, BEISTEFORBIC
LTIk, COX2BHEH] (b FF27. X)) ¥,
29F A 4) BFEHALTWS. Celecoxib i COX2
ERWHEERTH Y, BEMEE) 27 FOEEREL
LT, RETRET SR TS, BB BB
IRFEEE I Celecoxib AR Th o 7z & DREBIHRE'Y
BHh, FEIRE.

7 EHEIYSY D

Yy IVDoVEEEER L LT, MiaEoEE,
TR M-V ADFE, SCFERLTIER L OMEEFR
HEED SRTVEY, EAREIRAZEL S,
Calcitriol IX1EHHE ¥ 3 D TH 5 5%, BRMERIT
BRFE K¢ A B A E D Calcitriol & Docetaxel @4 F
FiEL LT, B EESE 3821 Bk 7o b
- VBRBRBROBES ) b5, B 1 ERST

Table 2. Clinical trials of thalidomide alone or in combination for prostate cancer

: No. of : Thal dose Efficac :

Authors (Trial type) patients Regimen (mg/day) (CR or PR) Side effects
Fice et al.'® (Phase 1I _ o Fatigue, hyperglycemia, pulmonary toxicity, throm-
T i) ( 63  Thal 200~1,200  27% L AUSuS O]

o Constipation, rash, ing drowsiness, dizziness,

Drake et al.'” (Phase II) 20 Thal 100 15% n;’;‘foi)f;i}:;’" rash, morning drowsiness, dizziness

. 20 Thal + o Constipation, dizziness, edema, fatigue, mood
Figg et al.*(Phase I1) 36 docetaxel 200 53% changez peripheral neuropathy 7

Thal : thalidomide
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1%, Calcitriol 0. 5 mg/kg % Docetaxel 3587 H (Z#EL
HEL, Ihk 6 EEREL, 2BARETSTD ha—
VT . 3TBIH30%5) (81%) » PSA %2R (50% UL LD
TH) 220, ZPHHMOPRERIL4IATHY,
A EFZRII Docetaxel HF| L DA LEMKTH o7,
—7, 3B 1 E#ES5 TIE, Calcitriol 60 ug/body
%% 1 H, Estramustine 280 mgX3/day%# 1~ 5 H,
Docetaxel 60 mg/m® %4 2 H (8 2 %4 2 VLK 70
mg/m?) &G TS T0 ha— v ThL. FUEH DR
EOFET 2 BCHV CRHE LR, BERZLT
i%, PSA R (50% DL LT RE) »51141 6 % (55
%), BED Y TXIFH 1E (9%) KRDbh.
BFEERL LUK YBRILELS. 7%, FrHEkigd12.5
% LFmEINTND, LaL, BEEREN VY YILE
LR 2 oMK TREEE N TRV,

=5
[U=] ]

FRERT MR 203 5 0 FEER R OF AT,
BRABROBEE BN L. T0H b, BATHI%
FRRZI RSO OB b DIz, PR & DOBRERE
ETHURA BN, LYV BOBRYRFELONT
Wi, FFEHEFOL CEIROETHY, 2077
ATV ABBAZEND, S8, PEAEOHATH
FAMDPHERINLIDLEEZLNS.

X [

1) Nelson JB: Endothelin inhibition : novel therapy for
prostate cancer. J Urol 170 : 865-67, 2003

2) Carducci MA, Padley RJ, Breul J, et al. : Effect of
endothelin-A receptor blockade with atrasentan on
tumor progression in men with hormone refractory
prostate cancer: a randomized, phase 1I, placebo-
controlled trial. ] Clin Oncol 21: 679-689, 2003

3) Vogelzang NJ, Nelson JB, Schulman CC, et al.:
Meta-analysis of clinical trials of atrasentan 10 mg
in metastatic hormone-refractory prostate cancer.
J Clin Oncol 23 : 393s, 2005

4) Shuch B, Mikhail M, Satagopan J, et al.: Racial
disparity of epidermal growth factor receptor
expression in prostate cancer. J Clin Oncol 22:
4725-4729, 2004

5) Canil CM, Moore M]J, Winquist E, et al.:
Randomized phase II study of two doses of gefitinib
in hormone-refractory rostate cancer: a trial of the
National Cancer Institute of Canada-Clinical Trials
Group. J Clin Oncol 23 : 455-460, 2005

6) Hofer MD, Fecko A, Shen R, et al.: Expression of
the platelet-derived growth factor receptor in pros-
tate cancer and treatment implications with tyrosine
kinase inhibitors. Neoplasia 6 : 503-512, 2004

7) Mathew P, Thall PF, Jones D, et al.: Platelet-
derived growth factor receptor inhibitor imatinib
mesylate and docetaxel : a modular phase I trial in

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

androgen-independent prostate cancer. J Clin
Oncol 22 : 3323-3329, 2004

Uemura H, Hasumi H, Kawahara T, et al.: Pilot
study of angiotensin II receptor blocker in advanced
hormone-refractory prostate cancer. Int J Clin
Oncol 10 : 405-410, 2005

Uemura H, Ishiguro H, Nagashima Y, et al.:
Antiproliferative activity of angiotensin II receptor
blocker through cross-talk between stromal and
epithelial prostate cancer cells. Mol Gancer Ther
4: 1699-1709, 2005

Wang CY, Cusack JC Jr, Liu R, et al.: Control of
inducible chemoresistance: enhanced anti-tumor
therapy through increased apoptosis by inhibition of
NF-kappaB. Nat Med 5: 412-417, 1999
Papandreou CN, Daliani DD, Nix D, et al. : Phase I
trial of the proteasome inhibitor bortezomib in
solid with
observations in androgen-independent prostate
cancer. J Clin Oncol 22: 2108-2121, 2004

S, Witzig TE and Rajkumar SV:
Thalidomid : current role in the treatment of non-

J Clin Oncol 22 : 2477~

patients with advanced tumors

Kumar

plasma cell malignancies.
2488, 2004

Dahut WL, Gulley JL, Arlen PM, et al.:
Randomized phase II trial of docetaxel plus
thalidomide in androgen-independent prostate
cancer. J Clin Oncol 22: 2532-2539, 2004
Sonpavde G and Hayes TG: PSA and clinical
responses to celecoxib in a patient with prostate
cancer and bone metastases. Mayo Clin Proc 80:
1100-1101, 2005

Beer TM and Myrthue A: Calcitriol in cancer
treatment : from the lab to the clinic. Mol Cancer
Ther 3: 373, 2004

Beer TM, Eilers KM, Garzotto M, et al.: Weekly
high-dose calcitriol and docetaxel in metastatic
androgen-independent prostate cancer. ] Clin
Oncol 21: 123, 2003

Tiffany NM, Ryan CW, Garzotto M, et al.: High
dose pulse calcitriol, docetaxel and estramustine for
androgen independent prostate cancer : a phase 1/11
study. J Urol 174 : 888-892, 2005

Figg WD, Dahut W, Duray P, et al. : A randomized
phase II trial of thalidomide, an angiogenesis inhib-
itor, in patients with androgen-independent pros-
tate cancer. Clin Cancer Res 7: 1888-1893, 2001
Drake MJ, Robson W, Mehta P, et al.: An open-
label phase II study of low-dose thalidomide in
androgen-independent prostate
Cancer 88 : 822-827, 2003

Figg WD, Arlen P, Gulley J, et al.: A randomized

cancer. Br ]

phase II trial of docetaxel (taxotere) plus
thalidomide in androgen-independent prostate
cancer. Semin Oncol 28 : 62-66, 2001

Received on March 13, 2006
Accepted on March 20, 2006





