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BT A BRI~ — %5 — (ICTP) &

B~ — 5 — (PICP) D% Z|

(RMiERE)
R RIS
AR i IE HEZ*

WA g BrA BRI

wO BE HK THE
W Fx R PR

BE BERERv—A—D—2cENTWwa IR a4 R#EYTHLIOPE) V) CEE1R
A5 CHMTUXRTFFACTP) BLUMHP 1B Sua5 -4 >0 Ci7Sa~x7F F (PICP) 5L
#E, BIALARAE, BBIEGIT, B U F 7T 7 4 ATRRICHIZE L7z, ICTP, PICP (X B fER CH IR

DREVHEEST L IEVEELRLE.

TR LBEBOREOBRWES TR 2 AEEZRO L

Motz BEBOZKIIBITSH v b+ 78I ICTP Tid 5.0 ng/ml, PICP Tl 140 ng/ml 2584 & & 2.
LN7z. ICTP X BEBOZHICELT, MBTIIERE, BEEELIERTEY, JLBTIIRE,
L b PICP [JEANENTW/:, PICP X, BIMVIRFETICTP L IZIZFEELRBENFO N

L 30 &I

FEERE, Mg, Fagiconwtsuv, &
ERBOBWNIE, BV FII7 1% E LH
BZHTIThbRLCTWwaY, B F 7571418,
EHDOFEE | RORETCBET LI LN TERY
SV TREE LTIIER TV A, FERMIC
EEEE L 72REETH ), FIRBRIE R
e EOBWINE FHRE T 5 BEBTBETZR
TIEbHBY, Fi, BIUFTITTAIET
LTHEDH 0 BRI E LR LB ER
ZFOMMBEETH B, 3612, BPUrF75
7 AIIEMBRETH Y, HT ) HEEIITREDL
TRz, EREDERHOY—H—ThHi LS

* BT ASMBRET AV b= T8
*x 4] ME
Zft:74% 98138
BB 7HE11 A8H
BURIGERE | REAEBRX Lithis 1-37-1 (D 170)
B IMERET AV b =78
R it

(BEE 33: 77-84, 1996)
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> 701) ¥ (Hyp), RFEY ¥/~ (Pyr), RH
FAXTIEYT ) v (Dpd), M) T r
ZIGIB a5 -4 CiwT aX7F F (ICTP) %
EVHREIN TS, R Hyp v 2» D2
7= ORBEY CRFOZEL TUFHFEMIC
RITTWA, R Pyrid, Hyp & W bH5RMICE
WTIENRTWAED, NRaS—7 IZOHKL
T\ 59, JR¥ Pyr,Dpd & b ISEEIRXT v &A1
EEEAZ7 O~ M T 74 EICE B E WD ERES
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Breast Cancer
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Fig. 1 Levels of ICTP (a) and PICP (b) in breast cancer patients are shown as a function of
bone metastatic burden as shown below. (—); no bone metastasis, grade 1; solitary
lesion, grade 2; two to five lesions, grade 3; six or more lesions.

Lung Cancer
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Extension of bone metastasis
Fig. 2 Levels of ICTP (a) and PICP (b) in lung cancer patients are shown as a function of bone
metastatic burden.
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Prostatic Cancer

ICTP ng/ml
25+
L]
204
L]
154 °
L]
L]
104 . '
L] 3
L ° L] °
54 ; * ]
0
(=) 1 2 B

b

PICP ng/ml
00
4 7 .
L]
L]
300
.
° 5
L .
200 4 . ]
L] e °
[] v °
e
H : i
100 4 L] - x
$ ]
L]
0
2 1 2 3
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Fig. 3 Levels of ICTP (a) and PICP (b) in prostatic cancer patients are shown as a function of

bone metastatic burden.

FTTTA4 M) FHEO—2E L TERIN~—
H—THLHIMH ICTP DPEZ LI LT, B
BOMFZBMIIBL Y F 7571 2T LIE
BEENRE L THEBOBWICET AP E
H~—H—DFENDOVTHRRET L 7.

L. 5 &

W BEBODHB L URBBEDNOIC
T F T T 74 DBITENTHERTH S, R
M, F#RIZBES>FT5714DT74V =TS
B ICAT o7, BV v F 7574 DFRIE, 7,
BHEBOFELHEL, BEldh LHE SN
BEE, BEBREOIL ) #EROMBTI B
W7, $abb, FL—F1,; 1 20 Ex
B, 7/V—F2;2-5 pFIOBEE, SL—F
3;6 UL EDBEHEBTHL. BEBODHNIC
BBV YFTT 74 DIINIC, B X R, X
BCT, MRIRZER1To 7. BEBOEFEIZLS
WRERLIO, BRBCEBEEZLLEZD
N5, BHNVT T LMGE, BIFKERES, FIRER

AETLERE, BAZ, BYIRRGI, 1BMREE) v~
FE, IMBHEITR 6 2 ALLN, FHik 12 H L
NOBEZBRIN L. 512, 2B parathyroid
hormone related peptide (PTHrP) D€ % 17\, %
WA B 7ERNIBRI L7, &b, 4EOMRE
T, BEROFEIZEEL CWiwv, 72, [—
FEB CHEFR OB R RO E L 7ER b H -
7=,

AT MiFS X M, RIGRIE $ THARFF
L7z (—40°C). Ifi?# ICTP O #l%E (L, Orion
Diagnostica 1t %! (Espoo, Finland) ICTP radioimmu-
noassay (RIA) ¥ v M & \W727, F—RETER
BoO~v—A—tLTHIBTOas—-r>acC
%% 70~ 7F ¥ (PICP) (Orion Diagnostica 1)
BEXITo 722 72, HEMETREE & o728
BRIRPFA X E) Y1)~ (fDpd % Amer-
sham LIFE SCIENCE ft (3%(), PYRILINKS-D
Assay * HWTRIE L7, %8B, MEEPTHIP I3
HAFATAHEPTHPIRMA [IVEY | %#H
WTHlE L7210,
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Table 1 Serum levels of bone metabolic markers in various cancer patients with and without bone metastases

Bone resorption markers

Bone formation marker

ICTP fDpd PICP
ng/ml pmol/umol Cr ng/ml
Breast cancer
bone metastasis (—) 2.96+0.92 6.21%+1.75 101.9£31.6
bone metastasis (+) grade | 3.82+2.02 7.131£2.66 118.6t41.3
grade 2 4.82+3.37* 6.351+2.56 118.9£76.6
grade 3 7.71 4 .80% 9.88 =4.90* 157.1£71.5*
Prostatic cancer
bone metastasis (—) 3.22+1.29 4.01%1.18 106.2+34.4
bone metastasis (+) grade 1 3.79t143 4541144 149.0+£92.8
grade 2 4.631+1.80** 5471378 131.0+62.4
grade 3 8.72£5.40* 9.68 £6.22* 165.2+85.2*
Lung cancer
bone metastasis (—) 2.89+1.04 5.09+1.81 103.4+319
bone metastasis (+) grade 1 3.98+1.54 5.66+4.90 108.6+31.7
grade 2 7.10+3.14%* 7.98+3.31* 96.8+40.2
grade 3 8.22+5.69** 15.50%18.40** 159.8+104.7
Miscellaneous
bone metastasis (—) 3.53+1.22 5.80+1.79 98.11+39.7
bone metastasis (+) grade 1 7.031+1.87** 7.15+1.89 140.31+48.6
grade 2 8.48+3.01** 8.15+4.23 115.6+£45.5
grade 3 823 1.17** 16.10£8.34** 339.7+161.6%*
Data are expressed as mean £ SD.
*; The value was significantly high compared to that without bone metastasis. (p<0.001)
**. The value was significantly high compared to that without bone metastasis. (0.001 <p<0.05)
B E L UHEHLIE K4 DEBRHICE~ —
. #& %

I —DRLEE, FEREE, DWHEZ RO &b,
BALADY—h—DEFEL, BOBEMER (BEE
Bh ) &KADY— 5 —DHHDOBER) * BB
DHHEBFHTRLIEEZ 100 LCbD, FE
B, BORUER (BEBIP L (&L D7—
H—BUHOBER) 2 BEEOLVEEKHTHRL
7B R 10015 L b, BWIHEE L, EoHtE
HEBOBRMERE S ME SER TR L
BE10EL-bDTHA,

IO B2 wiGE I FEL RERE
TEY. HEHLHIL Stat View 70 775 L (Abacus
Concepts, Inc. Berkeley, CA, USA) % i L T/ ~
735 A M) v 7 i Mann-Whitney U test) T4T o
7z,

. ¥ =8

KIEBIELIE 414 BITdp o 7%, FiE Tk~ 7z
BRAMERI 2 B & 343 BITH b, WNERIZFLIE 224
Bl CEX4E G 53.8 7%), HISZBRIE 61 B CFYE i
67.5 i%), FtifE 45 B CE¥IFRE 59.0 5%, Bk 24
B, ftt21 Bl), ZofDRE 13 B CEH4ER 58.9
W, BrSH, s p) IR THL. DD
b, FLETIX 106 B, BRETIE 17 6, BISZARAE
TIE31 6, ZOMOEBIIT T BV EESEA
LWz,

2. BERBDILA FICLBBEY—H—DHE
Table | ICBEREDEL v F 5T 7 1 %HIZL
LBEBOAEDL L BEBOREEIZL S ICTP,
fDpd, PICP DfE%ZRY. SHLIZKEBOFY >
FITI 745K LIBEEEOSL — FROD
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Sensitivity, specificityand accuracyof ICTP
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T ¢
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Fig. 4 Sensitivity, specificity and accuracy of ICTP in
the diagnosis of bone metastasis are shown.
Horizontal line shows the value of ICTP. The
accuracy =true positive case number +true
negative case number/total case number X 100.

Table 2 The sensitivity and specificity of bone meta-
bolic markers in various cancer patients with
and without bone metastasis

Bone Bone
resorption  formation

marker marker

ICTP PICP

ng/ml ng/ml/

Cut-off value -5.0 -140
Breast cancer  sensitivity*  46.4% 36.6%
specificity*  98.4% 89.5%
Prostatic cancer sensitivity — 46.2% 47.5%
specificity  94.1% 82.4%
Lung cancer sensitivity  61.5% 27.8%
specificity  93.3% 89.3%
Total sensitivity  51.1% 37.4%
specificity  96.4% 87.8%

*; The sensitivity =the cases of positive value with bone
metastasis/the cases with bone metastasis X 100.

The specificity =the cases of negative value without
bone metastasis/the cases without bone metastasis X
100.

ICTP, PICP (Fig. 1~3) DIED AT X % 7R¥ .
BEBOT L — FOEITT 5126 ICTP,
fDpd, PICP DffidH¥L 7. L»L, FL—F

Sensitivity, specificityand accuracyof PICP
(%)
100 =4

801 ;{

~&— Sensitivity
/ ~o- Specificity
704 I? - Accuracy

604

404

304

204

T T
0 100 200 300 400 500
PICP ng/ml

Fig. 5 Sensitivity, specificity and accuracy of PICP in
the diagnosis of bone metastasis are shown.
Horizontal line shows the value of PICP.

1 TIED~Y—H — b BEBO L VEEFIIENRT
MAtHICIEE 2RO L h oz, BEBOR
HiZi&, ICTP #° fDpd, PICP I[ZBARTHERLTWY
7. FUET, ICTP I3 LES L —F 2,3
KBWTHBEYZROHY, PICP 3EBL L E
FL—FN3DMIZOMEEEZBD. BILR
BT, ICTP 3R LETL—F 2,3 1lBW
THEZZBDIH, PICPIEBLELLES L —
F3DOMIZORIFEELRO. MiETIE
ICTP 3R LEFL—F2,3 I BVWTHEE
%BOH, PICP BERLLEEOBRIZLAE
EHADO L H o7z (Table 1).

3. ICTP, PICP IZ &k 2 B&BEHICH TS

By b TEDRET

SHERIZ BT A ICTP (Fig. 4), PICP (Fig. 5) D
hy b 7MEERELSE, BEBOBEHREIC OV
THECBE, JRRE, PWHE IR L L.
ICTP TiZ 3.5~5.0 ng/ml CZWIHEE DS 70% 56 %
7 L7z PICP Tid, 120~ 140 ng/ml THUTFEREH
60% xR L7, EBEANCBIA0MERSE
LW FE, BEUELAILCTEIEVIER
GEbhbIIZ 0% L EDRE X F-E LD
EEZI)DH ICTPD A v A 7fE% 5.0 ng/ml,
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PICP D7 v b+ 7fE% 140 ng/ml L E 2 7.

4. ICTP,PICP |C &£ 3 KB D E&HB DM

FEOH Y M 7EERVCCEEBOZHICE
/7% ICTP, PICP DREEE, FFREE%FUE, #iAR
#E, B TR (Table 2). FLEETIX, ICTP X
PICP 5 &L U fDpd & ) B, $FRECBERBOZ
WriZEBWTER TV (Dpd DT — Z I3RS ).
BV BRFE T, ICTP, PICP DEEEIZRI% T -
7o, $FRETICTP BN T/, T,
ICTP X PICP & 0 REE, BRELBVIZERTY
7:.

v. 2 =

HE, BECOBRH~—H—PRESH, F
K r BT A2EBETORBEFRESIL T
AU FLBEBOBWIIIE, B UFST
74 2oL LERZRESHVWO R Tw D,
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THBEMIC DI ENH L E, GEREEN Bt
BENEH L TOBIZb b o TR, LEE
Lt g5 B35 7LV 7HE, $7-, RER
HEOMBECTHEIIIRET A I LD TE R VE
EFNFTONDL. bhbiUudBR#~— —»E
SERBDBWTIZ B VT S D DO RBIIRED S 5 D
TR ZWVH? FRIERDROHEE L LTz
TWEBI 0 LEZ, FF, FEBBELT
EEMEB LR TR ROEB L U CHIRE, R
EMERERTRRL LTIARE, #EelEBE R
THREL LUNEEZ RV, BEBOAEIZLLE
R#~—H—DEERETL 7.

BRINY—H—D—DTdH 5 ICTP i, BRI
BEKRE LR LMBEEBCTRE, BRELLICR
WFaBEER L. 7, BRIREBRBEORE
BOBEHRDL VIR ERE TIEMEICK T
Thotz. HII, EEXFRL T DRINIRES
R TICTP IIFLE & ZIZFELBETH o 7.
FRINE ERETLEBEROBER TIIEERED
ZWORMBZWIEL LTERLZIDEEZ LR
7z. 72720, ICTP 3FEA» HHEEEZF 50T
FAEDBETIIBHEL/RT?. ICTP X ERIND

33% 1 5 (1996)
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TUtESE, FRAKBRIERETUMESE % & O @ mIEnE oAt
HERETOBELRTEIATEI-Y, Th
COEBRTRERLXETS.

FEREICEHAI L 72 PICP T, EREEH -7
A%, S OHRET L7 fER TIEEZ IS L TV B 5E
BIA% <, WAL DW|EIZL B &S, PICP IR
BRIEBEES CIIEREN I Pu— L EhT
WZIEBITIHE S, I PO— SN TWRWIE
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L—F2BLU3 THEEVRDONIZ L
5, TNLDV—H—IIBEBOEREHEET LS
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9 Z L IZIXEERIAR - 7.

A [IFRET L 72 ICTP, PICP DAHIZ Ak~ 2 B 1K
Hv—H—HHEEINTEY, ThoDv—h—
W EBBEBOZMICBITAERICOVT, W
PHIEEOTWE ., RETHIIARSLIE, Rp18a
T—=T VEEN-TUXRTF FIZOWTOFEML
BEXIToTVDY, 2B I LLRLMEP R SN
THRPTHEEZOND, F/:, BV F75
TAIIBERERETALDOTHLDT, Thi
WOBERTERR—H—3EEEER D,
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1. ICTP, PICP ({ B4 nBAER CHEBOEE D
BMETLIIRHVWEELY AL 2L, BEBO
REDBEWES TR 2 FEEEZ RO L h o
7:.

2. BEBOZHICBIIL I Yy P+ 7
ICTP T 5.0 ng/ml, PICP TiZ 140 ng/m! 7%& 4
EEzZLNT.

3. BEREBOZWIIZICTP A°PICP L ) b4
BHICENR TV, 451, BEMEBOSVE S
NABEEER TIIZOEIALHhTHo 7.

X ®

1) Perez DJ, Powles TJ, Milan J, Gazet JC, Ford HT,
McCready, et al: Detection of breast carcinoma metas-
tases in bone: Relative merit of X-rays and skeletal
scintigraphy. Lancet: 613-616, 1983

2) Van der Wall H: The Evaluation of Malignancy: Me-
tastatic Bone Disease, /In Murray IPC Ell PJ (eds.),
Churchill Livingstone, London, 1994, pp. 949-962

3) Janicek MJ, Hayes DF, Kaplan WD: Healing flare in
skeletal metastases from breast cancer. Radiology
192: 201-204, 1994

4) WIAGRHE, BHBUZ, #F &8, Kbk, KL
HEl, WASEF, 1B o) Yy
') > 548 C ¥ &H (ICTP) D MAREORE.
E% 30: 1411-1417, 1993

5) WA, SHBEE, Kbk, B &%, WK
B, EEHK, it AP 1B 7o0a5-4>C

6

~

7

~

8

-

9

~

10)

11)

12

~

13)
14)

15)

W 70T F K (PICP) O#llE. #ES 30: 563-
569, 1993

Coleman RE, Houston S, James I, Rodger A, Rubens
RD, Leonard RCF, et al: Preliminary results of the use
of urinary excretion of pyridium crosslinks for
monitoring metastatic bone disease. Br J Cancer 65:
766-768, 1992

Risteli J, Elomaa I, Niemi S, Novamo A, Risteli L:
Radioimmunoassay for the pyridinoline cross-linked
carboxy-terminal telopeptide of type-I collagen: New
serum marker of bone collagen degradation. Clin
Chem 39: 635-640, 1993

Eyre DR, Koob TJ, Van Ness KP: Quantification of
hydroxypyridium crosslinks in collagen by high-
performance liquid chromatography. Anal Biochem
137: 380-388, 1984

Melkko J, Niemi S, Risteli L, Risteli J: Radioim-
munoassay of carboxyterminal propeptide of human
type I procollagen. Clin Chem 36: 1328-1332, 1990
Robins SP, Woitge H, Hesley R, Ju J, Seyedin S,
Seidel MJ: Direct, enzyme-linked immunoassay for
urinary deoxypyridinoline as a specific marker for
measuring bone resorption. J] Bone Miner Res 9:
1643-1649, 1994

fakiZk, KEER, MNEFEEAN, =ZEHEET: 1
BlaZ — %"~ - Cross-linked Carboxyterminal
Telopeptide (ICTP) D il igEORIE. KL E
& BRIR 41: 729-736, 1993

Bouillon R, Bex M, Herck EV, Laureys J, Dooms L,
Lesaffre E, et al: Influence of age, sex, and insulin on
osteoblast function: Osteoblast dysfunction in diabe-
tes mellitus. J Clin Endoclinol Metab 80: 1194-1202,
1995

AR FRESE. HEF 32:523-529, 1995
AR HE, AHREEER), INEEZ, #EHRET, 2
Bsih, BE RE, il #LVBERIRY — & — NTx
DEBUBEE < — 71— L LTOFRUORE.
HEF 32:501-510, 1995

Koizumi M, Yamada Y, Takiguchi T, Nomura E,
Furukawa M, Kitahara T, et al: Bone metabolic
markers in bone metastases. J Cancer Res Clin Oncol
121: 542-548, 1995

Presented by Medical*Online



84

Summary

Serum Concentration of Pyridinoline Cross-linked Carboxy-terminal Telopeptide
of Type-I Collagen (ICTP) and Carboxyterminal Propeptide of Human Type I
Procollagen (PICP) in the Diagnosis of Bone Metastases

Mitsuru Koizumi*, Yasuhiko Yamapa*, Tomohiro TakicucHi*, Chiharu Suzukr*,
Tomoatsu AxkasHr*, Etsuji NoMura*, Takashi YaMasHITa* and Etsuro OGATA**

*Department of Nuclear Medicine, ** Department of Internal Medicine, Cancer Institute Hospital

Recently discovered bone metabolic markers are
expected to play an additional role in the diagnosis of
bone metastasis. We measured bone metabolic mark-
ers, serum pyridinoline cross-linked carboxy-terminal
telopeptide of type I collagen (ICTP) and carboxyter-
minal propeptide of human type I procollagen (PICP)
in 224 patients with breast cancer (106 with bone
metastases), 61 petients with prostatic cancer (30 with
bone metastases), 45 patients with lung cancer (17
with bone metastases) and 13 patients with miscella-
neous cancers (7 with bone metastasis) and compared
the values in the presence and absence of bone
metastasis. ICTP and PICP increased significantly in
patients with bone metastases. By the analysis of sen-
sitivity and specificity, the cut-off levels were consid-
ered to be 5.0 ng/ml for ICTP and 140 ng/m/ for PICP.

In lung cancer (bone metastases are mostly of
osteolytic), ICTP was excellent marker in detecting
bone metastasis. In breast cancer (bone metastases are
mostly of mixed type), ICTP was good in detecting
bone metastases. In prostatic cancer (bone metastases
are mostly of osteoblastic), ICTP and PICP were good
markers in detecting high grade of bone metastases.
Over all, ICTP was more sensitive in the diagnosis of
bone metastases than PICP. However, both markers
were not effective in detecting low grade bone me-
tastases. ICTP and PICP should play a supportive role
to imaging modalities in the diagnosis of bone
metastases.

Key words: Metastatic bone tumor, Bone meta-
bolic markers, ICTP, PICP, Bone scan.
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