KJIMHUYECKHE UCCJIELOBAHUSA

© Koanextus astopos, 1993
YK 618.19-006.6-033.2:611.72-085.277.3-036.8:616-006:007

T.I. Iaaskosa, JA.11. MTawunyesa, C.M. lTopmnod,
P.M. Beabmoxuna

AUATHOCTHUKA METACTA30B PAKA
MOJIOYHOH XKEJIE3bBI HA OCHOBE
KOMITBIOTEPHOI'O AHAJIU3A HU30®QEPMEHTOB
IIEJIOYHON ®OC®ATA3BI

Jlabopamopust meduyumckoil kubepremuxu, 1abopamopus KaIUHUMECKO
buoxumuu, omderenue obweii OHKOAOZUU

B kyimHHMueckoM  oOHKoOJOrMH cywecrByer mpobsaema
CBOEBPEMEHHOTO BHLISIBJICHHS METACTA30B y GOJNBHBLIX pa-
KOM MOJIOYHOM XeJsiesnl. B macrosiee BpeMs 1Jis AMArHo-
CTHKHM METACTAa30B IIMPOKO NMPAMEHKIOTCH PAa3HOOOpA3HHE
HHCTPYMEHTAJIbHHIE METOABl: PEHTTCHOBCKHE, PAagUOM30-
TONHHE, YJbTPAa3BYKOBHE, KOMNbIOTEPHAS TOMOrpadus M
ap. B pspe ciyuaes onm OKas3HBAKOTCA AOCTATOUHO 3¢-
(heKTHBHHMM, OOHAKO HPH OTHAJEHHLIX METACTA3aX Npo-
6aeMa ocraercd. DTO CBA3AHO HE TOJNBKO C TEM, UTO CO-
BPEMEHHOE BHICOKOUYBCTBHUTEABHOE OOOpYNOBAHHE HE
BCEIAA MOCTYIHO A1t 00C1en0BaHK 60ABHOrO, HO, uTO 6O~
Jiee CYHIECTBCHHO, OTHAJICHHBIC METACTa3bl MOryT ObITh
JIOKaJIM30BaHH B CAMbIX PAa3HBIX opraHax (uto Tpebyer
TONNYECKOM AUArHOCTMKHM), MMETh DA3HBIA XapakTep H
cnabo mposBaAATbCA (MOryT OBITH €IMHUYHBIMH, HEOOMb-
IWMH 1O pa3Mepy M mp.).

Hapsny ¢ apyrdMu it AMArHOCTMKM METACTA30B NPH
pake MOJIOUHOMH XENe3H NMPUMEHSIOTCS U GHOXUMUYECKHE
MCTOAHN HCCJAENOBAHMS, KOTOPHE COCoOCTBYIOT MX Bosee
paHHeMy BuigBacHHK. OnyOnnKoBaHH gaHabe 00 3¢ dex-
THBHOM HCHOJB30BAHMM H30()ePMEHTHOrO CHEeKTpa Lie-
aoyHoi ¢ocdarazm (ILLD) [1, 4]. Opranocnenuduunocts
usodepmentos P penaer ocobeHHO MPHBACKATENbLHBIM
MX HCNOJIb30BAHNE B TOMMUYCCKOW AMATHOCTMKE METacTa-
30B, TaK KaK MMEETCS BO3MOXHOCTb ONPEAEJAATh B ChIBO-
potke kpoBu IIIQD, cunresnpyemyo ocreobaacTaMu NpH
0cTe00JACTHYECKOM XaPAKTEPE METACTA30B M TEHaTOLH-
TaMH NPH METACTA3aX B NeYeHb. B UACTHOCTH, BHABICHBI
3HauuMuie caBurd Bo dpakuuax IO y GoasHbix ¢ MerTa-
crazamu u 6e3 Hux [4] ¥ NPEQIOXEHH MOPOTOBLIE 3HAYE-
Hus ppakuuit [P, xoTopsie MO3BOAAIOT € BHICOKOMH 10-
CTOBEPHOCTBIO AMATHOCTUPOBATH HAJMMUME METACTA30B /14
GonbHHX ¢ BHICOKOM o6wel aktusHocThio 1D, Opnako
CBOCBPEMEHHAd ¥ OOCTOBEpPHAA AUATHOCTHKA METACTA30B
M MX JIOKAJH3aUHMs IS OCHOBHOM MACCH GOMBHBIX 3aTpya-
HEHa.

Hacrosmas pabora nmocBsimeHa oueHke uHPOPMATHB-
HoCTH akTHBHOCTU LD ¥ ee m3odepMeHTOB B CHIBOPOTKE
KPOBM JJISl BRISIBJICHUS M TONHYECKOM AHATHOCTHKH METa-
€Ta30B y GOJIbHBIX PAKOM MOJOUHOM XEJIE3Hl,

Ins xaxmoii TOKaMN3aLHuN METACTA30B WM IIPX HX OT-
CYTCTBMM TPeOOBAIOCh HAUTH XAPAKTEPHBIC M3MEHEHUS B
cnektpe LI P u 3aTem HA OCHOBE MHAMBHUAYAJbHBIX 3HAUE-
Huit ofweil aktusHocT M um3odepmentos 1D ¢ no-
Mompio IBM noctpouts opMasibHble peluarowme npasu-
Jia 119 PACTO3HABAHMSA METACTA30B M MX JOKAJU3ALWK B
MEYEHN WIM KOCTHX Y KAXI0M KOHKpPETHOo# GObHOW pa-
KOM MOJIOUHOM XXeJIe3Hl.

MaTtepuaa u MEeTOAbI. MaTepranoM MCCJACAOBAHMS MOCTYXKHIN

XaHHble 0 166 GONbHBIX PAKOM MOJIOMHOM XeJesbl, aeumsimxca 8 OHLL
PAMH ¢ 1979 no 1985 r., KOTOpbIM B AWMATHOCTHUECKMX LENsx Obiim
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The clinical oncology faces the problem of timely
detection of breast cancer metastases. There are a var-
iety of instrumental techniques including X-ray,
radioisotope, ultrasonic scanning, computed tomo-
graphy, etc., widely used for the metastasis diagnosis.
They are effective in some cases, but the problem of
distant metastases remains unsolved. This is due to the
poor availability of the modern highly sensitive instru-
ments and, which is more important, because distant
metastases may be localized in a varicty of sites (that
demands topical diagnosis), be of different types and
difficult to detect (solitary, small in size, etc.).

Among the diagnostic methods there are biochemical
techniques helpful in early metastasis detection in
breast cancer patients. Alkaline phosphatase (AP)
isoenzymes are reported [1, 4] to be valuable in the
metastasis detection. The organ-specificity of AP
isoenzymes makes them particularly attractive for
topical metastasis diagnosis. The modern diagnostic
tests may distinguish blood serum AP synthesized by
osteoblasts in cases of osteoblastic metastases and that
synthesized by hepatocytes in liver metastases.
Significant difference in AP fractions between cases
with and without metastases is discovered [4], and
threshold AP fraction values are established that allow
high reliability metastasis diagnosis in patients with
elevated total AP. However, the timely and correct
metastasis diagnosis and localization are difficult in
most cases.

The purpose of this investigation was to assess
informative value of blood serum AP and its
isoenzymes for detection and topical diagnosis of
breast cancer metastases. Our aim was to discover
shifts in the AP spectrum specific of each metastasis
site or of no metastases, and to construct computer-
based decision rules for detection of bone or liver
metastases in every breast cancer case basing on
individual levels of total AP and its isoenzymes.

Materials and Methods. The study was performed of
166 breast cancer cases having diagnostic blood serum tests managed
at the CRC of the RAMS from 1979 to 1985. The criterion for
inclusion was liver or bone metastases. Metastasis-free breast cancer
cascs were used as control. All the cases were stratified into 6 classes
(table 1). The diagnosis was verified morphologically, clinically, by
X-ray or basing on long-term observation in every case. Each patient
was tested for 4 biochemical characteristics, namely, total AP, AP liver
isoenzyme, AP bone isoenzyme, AP a|-fraction. Total AP was
evaluated using p-nitrophenylphosphate disodium salt as a substrate
(normal level 50 U/D). AP isoenzymes were determined by
electrophoretic separation on agar gel with specific histochemical
staining and densitometry to follow. The technique of bone and liver
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nposefeHsl uccaenosaims I B chiBoporke xposu. B uccnenosanme
BKJIIOUEHB! TOJLKO GOJIbHBIE ¢ METACTA3AMM B NIEUEHHU M KOCTAX. KOHTPO-
JIEM CITYXXHWAM RaHHbIe O GONbHBIX PAKOM MONOYHOM Xenedbl 6e3 Mera-
cta3os. Beero cocraBneHo 6 rpynn GOsbHbIX, KaXAaA U3 KOTOPLIX COOQT-
BETCTBOBAJIA ONpeaeaeHHOMY Kniaccy HabGmonenus (taba. 1). Peayabra-
Tl BEPUOUUMPOBAHBI NO AAHHBIM MOPPOJOMMUECKON0, KAMHUYECKOTO,
PEHTIEHOJIOTMYECKOTO METOAOB MCCNEAOBAHWS WIM HA OCHOBE RAJIMTENh-
HOro Habmopenus. g kaxaon 6osibHOM namepsuii 4 GHOXMMHUECKMX
npusHaka: oburyio aktueHocTh LMD, neuenounnut uzodpepment LD,
kOCTHEIR M3odbepment LD, ai-dpakumio LD, Oburyro akTUBHOCTH
HID onpepensuin ¢ UCNOBL3OBAHKEM B KauecTse CyOCTpaTa IMHATPHUEBOMN
comm p-uurpodennndocdara (Hopmanshoe snauenme a0 S0 en/n). Uso-
depmentst LD onpenesisiiM ¢ NOMOLLLIO 31EKTPOPOPETUUECKOID pasjie-
JIeHMsl Ha arapoBOM rejie ¢ nocheaywulen cneuuduueckon rmcToXMMHU-
4eCcKOH OKPackoM M AeHCUTOMeTpHer. MeTo pasneneHns KOCTHOIO U ne-
yeHouHoro m3aodepmentos 1M ycosepwencTsosan Gnaropaps wcnob-
30BAHMIO HEHPAMMHMAA3LI VIS NPEBAPHUTENBHONR 06paboTKM CbIBOPOTKH
KPOBH.

Jina o6paboTkM RAHHBIX M NOCTPOCHWS PELIAIOLIMX TPABUA UCNONb~
30BaHbl METOAbI MATEMATMYECKOM CTATUCTHMKHM, TEOpMM MHPOpMaumm,
pacniossasanus o6pa3os, OPHEHTHPOBAHHbBIE HA BLIGOPKM OrpaHNUEHHONO
obmema [2, 3].

PedyabTaTbl. CTaTHCTHYECKHE XAPAKTCPUCTHKH
(cpennee — X n ownbka cpeaHero — M) 3HaueHuit Guo-
XHMHMUECKHX TPH3HAKOB B KAXIOW M3 BHIAECJCHHBIX HAMM
rpynn OosbHHX npuseacHol B Taba. 2. Kak BugHo w3
taba. 2, nas ocreobJACTHYECKHX METACTA30B B KOCTH Xa-
pakTepHa BHICOKas o0was aKTHBHOCTD (0]
(218,4+47,7 E/ ) 3a cuer BHICOKMX 3HAUYCHMI KOCTHOTO M
MEYEHOYHOTO HM30(EPMEHTOB; NPH OCTEOIMTHUECKHX Me-
TacTas3ax B KocTH olbwas aktusHocth IIIP B cpennem B 3
pasa uuxe (72,148,3 E/n), npuueM KOCTHASA COCTABJSIO-
was n30epMEHTHOrO cekTpa B obuieit aktupHoctr LD
CYLUECTBCHHO MOHMXEHA 33 CUET YBEAMUCHHS MEYEHOUHOM
COCTaBJSIOIIEH; NPH METAcTa3ax B NeueHH obuas aKTHB-
HOCTb J0OCTaTOuHO Bhicokas (138,8+33,1 E/n), npu atom
COXPAHSETCH HU3KUI YPOBEHb KOCTHONO M30(hepPMEHTA, HO
B 3 pasa Bo3pacraeT ypoBeHb o|-(DpaKUMH; IPU HAJTHUKAN
METAcTa30B B KOCTH H NEUYCHH OHOBPEMCHHO OTMEUAETCS
BHICOKHH YPOBEHb obwei AKTUBHOCTH jH{0]
(183,4+24,6 E/n) npu CylecTBEHHOM YBCIHYCHHM BKJA-
aa ai-bpakumuM, HO YMEHBIUCHHWH BKJIANA KOCTHOTO H30-
tbepMeHTa NO CPABHEHMIO C OCTEOOJIACTHYECKMMM METa-
CTa3aMM B KOCTH. B 1|€/IOM NpM HaJIMuUMHM METACTa30B OT-
MeuaeTcsl BHCOKMIT yposeHb oOuleit aktusHoctn 1O, %
KOTOpOH OMNpeneasaeTcs TNEYECHOYHOH COCTaBJISIOLICH, a
TaKXe HaJAMuMeM, KaK MpaBMJIO, 3HAUYEHMH a|-(DpakuuH,
OTJIMUHBIX OT HYJ.

Tabanua 1 Table 1

Pacnipeaenesue GOMbHLIX PAKOM MOJOYHOR XeJae3bl N0 KAaccaM B
3aBUCHMOCTH OT NOKanM3auuHu (kjacca) meracrazos (MTC)
Distribution of breast cancer cases respective of metastasis (MTS)
site

Ne Konuuectso
knacca Nokanuzayus MTC HabniogeHni
abc. %
1 Koctn octeobnactuyeckve (KOB) 25 15
Bone, osteoblastic (BOB)
2 Koct octeocantuyeckme (KONM) 22 13
Bone, osteolytic (BOL)
3 Neuens (M) : 14 9
4 Liver (L)
Nevenb u xoctn (NK) 27 16
Liver and bone (LB)
5 Ecte MTC MTS 88 53
6 Her MTC No MTS 78 47
Nroro.. Total... | 166 100
Class abs. %
No MTS site
No of cases

MMpumeuanwue. Hanee B Tabn. 2 — 8 ncnonsayrorcs 0603-
HAQYE€HHUA, NPUBCACHHDLIC B CKO6KaX.

N o t e. The abbreviations in parentheses are further used in
tables 2-8.

isoenzyme separation was improved by preliminary treatment of the
blood serum with neuroaminidase.

Methods of mathematical statistics, theory of information, pattern
recognition fit for samples of limited volume were used to process data
and construct decision rules {2, 3].

Re s ults. The statistical parameters (mean X and
mean error M) of the biochemical characteristics in
each of the patients’ groups are presented in table 2.
As is seen osteoblastic metastases are characterized by
high total AP (218+47.7) U/l due to high contents of
bone and liver isoenzymes; in osteolytic metastases the
total AP is 3-fold as low (72.1+8.2) U/l with the bone
isoenzyme showing a considerable desrease and the
liver component rising; liver metastases are charac-
terized by rather high total AP (138.8+33.1) U/l with
the bone isoenzyme remaining low and the a,-fraction
demonstrating a 3-fold rise; the presence of simulta-
neous bone and liver metastases manifests itself as
high total AP (183.4+24.6) U/l with a considerably

Tabavua 2 Table 2
CraTHCTHYeCKas XapaKTepHCTHKA OHOXMMHUECKUX NPHU3HAKOE B rpyniiax 0ObHBIX PAKOM MOJIOMHOMN KEJe3bl
Statictical characteristic of biochemical parameters in group of breast cancer patients
AxtueHocTs Ul®, E/n

Knacc Yucno

HaBNIoAeHAA obwas neYeHouHOro KOCTHOTO aq1-$pakymm

nsodepmeHTa n3odepmeHTa
KOBb BOB 25 218,4+477 117,2+£20,2 95,7+34,4 57+29
Kon BOL 22 72,1+£8.2 55,1£6,0 11,4123 53+2,7
n L 14 138,8+33,1 109,5+30,8 12,141 16,9+5,7
nK LB 27 183,4+24,6 116,4%15,7 308470 342494
Ecte MTC  MTS 88 157.0+17.0 100,0+£9.1 414+108 16,1+3.4
Her MTC No MTS 78 50,1+4.6 37,728 10,6%+2.,6 1,4+0,6
total liver isoenzyme bone isoenzyme ay-fraction
Class No of cases
AP activity, U/I
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Ta6anua 3 Table 3
KoaddunnenTsl koppeasuuid NpU3HAKOB aKTHBHOCTH W u3odepmenTioro cnektpa @ 8 rpynnax Habmogenns
Correlation ratios of total AP and AP isoenzymes in cases studied
Koa¢puunerts koppensauyum
Knacc
Mapwb npuaHakos Het MTC l ectb MTC KOb Kon n 114
uncno HabniogeHwA
78 88 25 22 14 27
O6wWwan aKTMBHOCTb — KOCTHbI W30depMeHT 0.87 0,64 0,71 0,92 0,99 0,92
Total AP — bone isoenzyme N . *
Obwan aKTMBHOCTL — Me4YeHOUHbIR U3odepMeHT 0,77 0,35 0,91 0,26 0,09 0,35*%
Total AP — liver Isoenzyme % % *
Obwas akTMBHOCTL — a-dpakyms 0,34 0,64 0,40 0,71 0,43 0.84
Total AP — aq-fraction * * *
KOCTHHA M30hEepPMEHT — NeyYeHOYHbIn N30pepMenT 0,38 0.24 0.36 — 0,01 0,03 0,07
Bone isoenzyme — liver isoenzyme
KocTHuiA naopepMeHT — aq-dppakuma 0.36 0.25 035 0.54 033 0,72
Bone isoenzyme — aq-fractio * * *
MeyeHoUHbI N30PepMeHT — a4-ppaKyns - 003 0.25 0.26 — 0.06 — 34 0.07
Liver isoenzyme — aq-fraction
No of clases
Parameter pairs No MTS MTS BOB BOL L l LB
Class
Correlation ratio

Il pumMeuaHu e 3peanoukoit ormeuensl ko3pduumeHTbl Koppeasmmn, foctosepHo (p < 0,05) otaMualrowMecs B YKa3aHHOM rpynne OT CooT-

BETCTBYIOULHMX 3HAUEHWIt B rpynne "Hetr MTC".

N o t e. Asterisk indicates correlation ratios significantly different (p < 0.05) from corresponding values in the "no metastasis” class.

B Ttaba. 3 npuBeneHW 3HAUYEHHMS TECHOTH JHHEHHOH
CBA3M MEXAY pH3HaKaMu (K03hPHULHMEHTH NapHBIX KOp-
pensuumil) B xaxaoMm kaacce HaGmonenud., Ipu conocras-
JICHHHU 3THX K0 IUUHMEHTOB B rpynnax GoJbHbIX ¢ MeTa-
crasaMi B J00OM oprade u §e3 MEeTAacTas0B BHIABASIOTCH
CTATHCTHUECKM 3HAUMMBIe pasaduds. Tak, B rpynne
GONbHBIX C METACTA3aMM YMEHbUIAETCS JMHEHHAd CTaTU-
cTHuYecKas ¢Ba3b obweit aktusHocTH LD ¢ KocTHHM, ne-
YEHOUHHM H30epMEHTAMU M, HA00OPOT, YBEJAMUMBACTCS
CBsI3b aj-¢pakunu ¢ obuieit AKTHBHOCTBIO M C MEYCHOU-
HBEIM H3o¢epMeHTOM. Pazaunuue B TECHOTE CBI3U MCXAY
IPH3HAKAMH OTMEUYAETCS M NPU CPABHEHUHM KAXAOM KOH-
KPETHOM rpynnn OOMBHBIX ¢ MCTACTA3aMM  Kakoit-anbo
JIOKAJM3AUMK 10 CPaBHEHMIO C rpynnoi GonbHbix Ges
METAacTa30B.

Ilpu pewieHuM 3aRau¥ AMATHOCTMKM METACTA30B HAM-
GosibluKEe TPYOHOCTH BBHI3BAMT BHIGOP CXEMBbI TOMHMUYECKOM
AUArHOCTUKH, T.€. ONpEAe/IcHUE NMPHHAIIEXKHOCTH KaXJo-
ro HaO/IIoONEeHMS K OQHOMY M3 WIECTH KaaccoB. Kak usBect-
HO, B CTATHCTHKE KJaccuuKauus HABIIODeHUH Mpu ymc-
Je kjaccoB 0oJiee OBYX MOXET ObITh OCYLIECTBJCHA He-
ckosbkuMHu criocobamu: a) MeroaoM Baiieca; 6) nyTem no-
napHoit kaaccupukauuy (QIMXOTOMUM) HaboaeHH# 1o
THNY "€CTb METACTa3pl’ ONPCAC/ICHHOH JIOKAIM3AUUH —
"HeT MeTacrasoB"; ¢) NyTeM peau3auMM HepapXHuecKoi
CXeMH AeJeHHd Ha 2 Kaacca HabaogeHuit, NepBoHAYAb-
HO OObEAMHEHHHX B OAHY HA OCHOBE KJMHHYECKUX Npea-
cTaBJeHHUii 0 "cxoxectn”" rpynn GObHBIX (CM. PUCYHOK.)
Hamu nposegeH MAwIMHHBIA KCIEPMMEHT MO TMPOBEPKE
3(hdeKTHBHOCTH KaXA0ro u3 Tpex crnocobos. BrigsiaeHo,
uTO peanu3auMs Ccnocoda a NpPUBOAMT K CyLWIEGCTBCHHOM
norepe B TOUHOCTH Kaaccudmxkauuu "peakux KJaccos",

48

greater contribution of the a-fraction and lower level
of the bone isoenzyme as compared with osteoblastic
metastases. As a whole the presence of metastases is
characterized by high total AP with a 23 fraction of the
liver component and a,-fraction greater then zero.

Table 3 demonstrates linear correlations of the char-
acteristics (pair correlation ratios) in every group.
Comparison of these values in cases with metastases in
any site and metastasis-free cases shows a statistically
significant difference. The cases with metastases are
characterized by a lower linear statistical correlation of
the total activity and bone, liver isoenzymes while the
ralation of «aj-fraction to total activity and to liver
fisoenzymes is increasing. There is also difference in
correlation between each group of a specific metastasis
site and the metastasis-free group.

The choice of approach to topical diagnosis, i.e.
attributing of each case to one of the six classes is of
the most difficulty in metastasis detection. As is shown
statistical classification of observations into more tham
two categorics may be carried out a) by Bayes
approach; b) by division into two classes (dichotomy)
of "metastases” of a certain localization — "no
metastases”; ¢) by hierarchical division into two classes
initially joined into one category basing on clinical
"likelihood" of the patients’ groups (see the scheme).
We performed computerized test of the classification
approaches to discover that the method "a" leads to a
considerable loss in accuracy in respect of rare classes,
such as osteolytic metastases. The approach "b" gives
good classification in pairs but brings about ambiguity
in topical diagnosis, i.e. a case may be attributed to
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TAKHX Ka3aK OCTCOJHTHUCCKHE METACTA3bl B KOCTAX. HC-
MOJIL30BAHUE CIIOCO0a 6 JAET XOPOIIKE PE3YALTATH pasfie-
JICHHUS KJIACCOB HAOJTIONCHHUIA MOMAPHO, OOHAKO MPH INPOBE-
ACHUM TOMMYECKOH OMArHOCTHKH IOSBJSETCS HEOLHO-
3HAYHOCTD: KOHKPETHOE HAOMONEHHE MOXET MONACTh OO~
HOBDEMEHHO B HECKOJIBKO KJaccos. Crocod ¢ okaszasca
HAWIYUIIMM ¢ TOYKH 3PEHHMS KAaK HAOCTOBEPHOCTH, TAK U
ONHO3HAYHOCTH NIPHHSTHS PELICHHS.

Cnocob 6, npeacTaBAeHHbIA Ha ¢XeMe, ObUT peasin30BaH
VISl IOCTPOCHHUS PEIIAOUIMX IPABK/ BBISIBJICHUS METACTa~
30B M MX TOMMYECKOM muar”Hocruku. Jad sroro ansg Bcex
NPH3HAKOB CHauaia ObuiM BHIUMC/IEHH 3HAUYEHHMS HMHPOD-
MatusHoctd {2, 3] (rabn. 4). Kax sumHo u3 atoil Tabun-
UH, IJIS BHISIBJICHAS METACTa3oB (B JioOOM M3 Mepeunc-
JISHHHIX OpraHoB) Haubosiee HH(MOPMATUBHBIMM ABIKIOTCS
2 npn3Haka: obwasa aktueHocts 1D (0,293) u neuenou-
Hu#t n3odepment (0,238). Ilpu pasrpaHuYeHNH METACTa-
30B B KOCTSIX OT METACTA30B B neyeHH (WIH NeYeHd U KO-
CTAX OZHOBPEMEHHO) IVIABHYIO POJIb MIPAeT 3HAUEHME a |-
dpakuuu IO (0,205), ocreonmuTrueckue U ocTeodaacTU-
yeckHMe MeTracTasw anddepeHnMpyoTcs B OCHOBHOM 3a
cuer obueit akTuBHocTH 11D M KocTHOro uzodepmenra
(0,251 u 0,248 cooTBerCTBEHHO), a IIPW PA3rpaHUYCHUHU
METACTa30B B MEUECHHM OT METACTA30B B NEUEHM M KOCTIX
BHCOKOMH(OPMATHBHH BCE NpPH3HAKH.

several classes. The mode "c" is the best as concerns
decision validity and unambiguity.

The approach "c¢" presented in the scheme was used
to construct decision rules for metastasis detection and
topical diagnosis. The first stage of the procedure was
calculation of parameter informative value [2, 3] (table
4), Total AP (0.293) and liver isoenzyme (0.238) are
seen to be the most informative in metastasis detection
(in any site). AP a,-fraction (0.205) is the most
valuable in distinguishing bone from liver (or from
bone and liver) metastases; osteolytic and osteoblastic
metastases are mainly differentiated by total activity
and bone isoenzyme (0.251 and 0.248, respectively);
and all the characteristics under study show high
informative significance.

We also performed a computer-based determination
of optimal gradations of the patameter values charac-
teristic of each class. Table § shows gradations of all
the 4 parameters and their frequency in 2 classes
compared, i.e. groups of osteoblastic and osteolytic
metastases. The concentration of total AP 170 U/l,
liver isoenzyme more than 92 U/l and bone isoenzyme
more than 52 U/l are seen to be the most useful
parameters in recognition of the two classes. The table
also demonstrates significance of difference in
gradation frequency as assessed by Student’s r-test.

| knacc

ECTb metactaam — HET metacrasos

Il knacc

1 | knacc

| knacc

MevacTasuw B
KOCTSX — NeYeHn Win NeveHn + KocTax

Il knacc

l | knacc

1 II knacc

MeTacTaan 8 KOCTHX
octeobnacTuyeckue — octeonntTudeckme
I knacc Il knacc

MertacTaan B
nevyeHN — MNeveHn N KoCcTax
| xnacc Il knacc

l | Knacc l Il knacc l | knacc 1 Il knacc
KOBb KON n nK HET MTC
Metastases — No metastases
Class | Class |l
l Class |
Metastases in
bone — liver or livertbone
Class | Class |l
l Class | Class |l
Bone metastases Metastases in
osteoblastic — osteolytic liver — liver and bone
Class | Class |l Class | Class |
l Class | l Class I l Class | l Class 1l
BOB BOL L LB No MTS

Cxema TonMUYecKOHi AMarHOCTUKN METACTa308 NPK PpaKe MONMOMHON Xenelbl Ha 0CHOBe W3odhepMeNnTHoro cnekTpa LLL®.
Scheme of topical diagnosis of breast cancer metastases based on AP isoenzyme spectrum.
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Tabanua 4

Table 4

HHDOpMaTMBHOCTD GMOXHMHUYECKHX TIPH3NAKOB B 32434aX NONAPHOI AN(PEPEHUHANBHOR MArHOCTHKY MTC npH pake MOJOYHOM XKeaedbl
Informative value of biochemical parameters in paired differential diagnosis of breast cancer MTS

Pacnosnasarue MTC WNnpopmaTUBHOCTL TecToB
I knace Il knacc obwas akTMBHOCTL KOCTHbIA NeYeHouUHbIA aq-$pakuma
nabniopexuia HabnloaeHun o n3opepMeHT n3odpepMenHT
Ectb MTC MTS Her MTC  No MTS 0,293 0,141 0,238 0,138
KOb + KON  BOB + BOL n+nK L+ LB 0,124 0.077 0,096 0.205
KOb BOB Kon BOL 0.251 0,248 0,179 0,042
n L nK LB 0,133 0,131 0,173 0,145
Class | cases Class |l cases Total AP bone isoenzyme | liver Isoenzyme aq-fraction
MTS recognition Test informativity
OOHOBPEMEHHO € BHUMCJIECHHEM WH(POPMATUBHOCTH C Ta6auua § Table 5

noMowbl IBM BHUKC/ISUIH ONTHMAJIBHLIE 3HA4YEHHS rpa-
OAUUH TPH3HAKOB, UTO MO3BOJIM/IO BHSBUTH MHTEPBAJIH
NpH3HAKOB, Hanbosece XapaKTEPHBIX A/ KAXAOTO KJACCa.
B Tabn. 5 npuBeneHH 3HAUEHMS IPaflauMil Bcex 4 MpH3HAa-
KOB M YAacTOTH HX BCTPEYAEMOCTH B 2 CPABHMBAEMBIX
KJIaccax: ¢ OCTEOG/ACTHUECKUMH M C OCTEONIMTHYECKHMHU
METacTa3aMu B KocTax. Kak Buauo u3 taba. 5, Hanbonee
3HAUMMBIE IJIS PACMO3HABAHMS 2 KJAcCOB HabamoneHHi
ABASAIOTCS CAEXYIOME rpagauun: obuas aktusHocts 1D
cBume 170 ex/sn, neueHOYHBIA M30EPMEHT CBBILIE
92 en/n, xocTHbii u3odepmeHT cemwe 52 en/.n. B aroit
tabanie NPUBEIEHH TAKXE 3HAYEHHS JOCTOBCPHOCTH pas3-
JIMYHMSA YACTOT IPpafanui B KJACCaX, OLCHEHHBIE 10 [-KPH-
tepuio CThIOAEHTA.

B 1a6a. 6 npuBeneHH cBeneHMs O AOCTOBEPHOCTH KJac-
cudukauuu Ha6MOZEHNI ¢ TOMOLLBIO PEIAIOLIMX TIPABUIIL.
JlocToBepHOCTD OLCHEHA METONOM CKOJIB3SILEr0 KOHTPOJId
[2, 3]. Kak BugHO uM3 Taba. 6, HanbosnpIKe TPYAHOCTH
s auddepeHIUANTPHON AMArHOCTHKM  INPEACTABJLCT
KjIaccupuKanusg ocTeobAACTHUECKHX M OCTEOIMTHUYECKUX
MeTacTasoB. [loayuyeHHHE ¢ MOMOWIbIO MHOrO(AK TOPHBIX
MAaTEMaTHYECKUX METOAOB pe3yJbTaTH Kjaaccudukauuu
Habmogennit U3 6 KaaccoB ObLLIH COMOCTABAEHB C TPAAM-
THOHHO NIPHMCHSACMBIMUA 6KOXI/IMI{K8MH 184 Knaccndmxa-
UMM METAacra3oB NP PAaKe MOJOYHOH XeJe3bl Ipd HC-
MOJb30BAHMHM HAHHHX 00 00wei akTMBHOCTH M u3odep-
MenTax H®P. 3akmoueHne 0 HAJTHUHM METACTA30B C MO-
MOIIBIO TPAAHLMOHHBIX METOLOB OCHOBAHO HA CJICAYIOUIMX
MPOCTHX NMpPAaBHIAX: ecyid obwas aKTHBHOCTH Gosbuie 74,
TO €CTb METACTa3W B KaKOM JINOO M3 OPraHoB; €CJIM KOCT-
HBA H3odepMerT Gonbme 14, To €CTb METACTA3hl B KOCTAX
(Ge3 yka3aHMd MX XapaKTepa: OCTEOJMTHUECKHE WJIH OC-
teobnacruueckue); ecau aj-ppaxuus 6oabwe 0, To ecth
METacTa3u B MEYESHH; €CJIN KOCTHBIN M30depMeHT Gosblie
14 » a;-dpakuus Goabure 0, To eCTh METACTA3H B KOCTSX
M IICYCHH OXHOBPEMEHHO.

Huxe nipuBeJeHn AAHHBIE O TOUHOCTH PACNO3HABAHUY
METacTa3oB Y GOMBHBIX PAKOM MOJIOYHOM XENe3bl, OCyLIe-
CTBJCHHOI0 C MNOMOIIBK TPAAULHAOHHON MECTOIUKH
(tabn. 7) u pewarowmux npasun (taba. 8). Conocrasae-
HHE TIPOBOOMIM HA BCEM Martepuane, cogepxamem 166
HabnopeHui.

U3 T1abn. 7 BUAHO, UTO TPALMUMOHHAS METOOMKA HE
ancepeHIMpPYET METACTa3n B KOCTSX HA OCTEOJHTHYE-
CKHe M 0CTeo0MaCTHUECKHE M BCE HAOGMIONEHMS OTHOCUT K
kyaccy "ocreobnacTMueckue Meractasn B KocTax". B oty
rpynny npasuabHO momajgalt 649, ciyuaes ¢ ocreobna-
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OTHOCHTEIbHASA 4aCTOTA rpajaHu GHOXHMHYECKHX NTPU3HAKOB ANs
AnddepeHUHaNbHOA AMArHOCTHKH OCTEOJIHTHYECKHX M octeolaa-
cTudeckux MTC nipu pake MOJIOYHOMR XKeae3bl

Relative frequency of biochemical parameter gradations in
differential diagnosis of osteolytic and osteoblastic metastases of
breast cancer

Ipaknua Yacrora, %
MpuaHak rpaaauui KOB Kon D
Obuwas Jo 655 20,0 455 | >0,05,
akTusHocTe LD 65,6-78,5 28,0 45 | <0,01,
Total AP 78,6—170,0 12,0 50,0 | <0,01 ,
> 1701 40,0 0,0 | <0,001
MeyeHoUHLIR No 78,0 52,0 72,7 > 0,05,
usodepment WO 78,1—92,0 0,0 227 <001,
AP liver isoenzyme >92.1 48,0 4.6 < 0.001*
KocTHbIn Ao 9,75 12,0 50,0 | < 0,001
naopepment WO 9,76—24,25 32,0 318 [ >05
AP bone isoenzyme | 24,26—35,10 4,0 182 | >005 ,
> 35,11 52,0 0,0 | <0,001
aq-$pakums Ao 14,25 88,0 818 | >0,05
a1-fraction 14,26—33,25 0,0 13,6 > 0,05
> 33,26 12,0 46 | > 0,05
B c e r o HabnwopeHna Total 25 22
Gradation BOB BOL
Parameter limit Frequency, % p

ITpumMeuaHwu e 3Be3104K0i OTMEUEHbI MPAJALIMM NTPUIHAKA,
JIOCTOBEPHO Pa3IMHAIOLIMECS B JIBYX KAaccax HaGmopeHmit.

N o t e. Asterisks indicate parameter gradations significantly
different in two observation classes.

Table 6 demonstrates validity of classification of
observations using decision rules. The validity was
estimated by the sliging control procedure [2, 3]. As is
seen classification of osteoblastic and osteolytic
metastases is the most difficult for differential
diagnosis. The results of classification into 6 classes
obtained using multifactorial mathematical approaches
were compared with traditional methods applied by
biochemists to classify breast cancer metastases basing
on total AP and AP isoenzyme tests. The conclusion on
the presence of metastases according to the common
methods is made by the following simple rules. Total
AP greater than 74 testifies the presence of metastases
in some site; bone isoenzyme greater than 14 indicates
the presence of bone metastases (without specification
of osteoblastic and osteolytic lesions), «-fraction
greater than 0 is evidence of liver metastases; bone




CLINICAL INVESTIGATIONS

Tabauvua 6 Table 6

JocTosepHocTh kaaccudukannu HaboaeHHH ¢ NOMONLLIO 4 peLlao-
KX NPasua npu onpegejennn MTC y GONbHBLIX PAKOM MOJIOYHOM
xeaesbl

Validiaty of classification using 4 decision rules in detection of breast
cancer MTS .

AnddeperuynansHan Yucno JloctoBepHocTb
ANarHoCcTuKa Habnope- pacnoarasanus, %
| xnacc Il xnacc i | knacc Il knacc
Ecte MTC Her MTC 166 79,5 80,8
MTS No MTS
KOB + KON n+nK 88 76.6 80,5
BOB+BOL L+LB
KOBb KON 47 76,0 727
BOB BOL
n nK 41 85,7 852
L LB
Class | Class |l Class | Class |l
Differential diagnosis ?a(;:sf Recognition valtidity,

CTHYECKMMH METAcTa3aMH U moutd Tperhb cayuaes (27%,)
C OCTEONMTHUYECKHMH METACTA3aMH, a ocranbHeie 739,
3THX HabMoneHuit OKOOYHO MONAgAIoT B APYrHe KJACCH,
B OCHOBHOM COOTBETCTBYIOUIHE OOJIEHBIM PAKOM MOJIOUHOI
xesean 6e3 Metacra3oB. [1paBHIbHBIA KMATHO3 METACTa-
30B B MEUEHH WIH B MEYEHH M KOCTAX OQHOBPEMEHHO CTa-
BHTCH TOABKO Yy TpetH GonwHeix (369%). IocrosepHocTs
BHISIBJIEHHMS METAacTa3oB (0e3 yKa3aHWs OpPraHa) COCTABJISA-
er 73%.

U3 1a6a. 8 BUAHO, UTO C MOMOIUBIO PEINAIOLIMX MTPABUI
NPaBUALHO MOCTABJEH QHATHO3 "MeTacTassl B KocTsax" 28
(60%) n3 47 GonbHBIX, IPUUEM MX XApakTep (OCTEONHTH-
yecKue M ocreobnacruueckue) npasuabHo auddepenuu-
posaH B 45—64 9. Bosee uem B 709, cryuaes npaBUIbHO
PacIo3HAHA JIOKAMM3AUMd METACTA30B B MECUYCHU WJIM IE-
YEHH M KOCTHAX OQHOBPEMEHHO. TOYHOCTH BBISIBICHHS ME-
tactazos (Ge3 yka3zaHus JIOKAIM3ALUM) 30ECh TAKXKE He-
ckoabKO Bhiie (81%,). Pewarowmue npasuna no3possioT B
749, cayuyaeB NpaBWIBHO YCTAHOBUTh HAJIMUYHME METACTa-
30B B IICUCHH M KOCTSAX OZHOBPEMEHHO, UTO TPAAUILHOH-
Had METOAHMKA HC NO3BOJISICT OCYUICCTBUTD.

isoenzyme greater than 14 and a,-fraction greater than
0 prove the presence of bone and liver metastases.

Compare accuracy of breast cancer metastasis
recognition according to the common approach
(table 7) and by decision rules (table 8). The
comparison is performed in the whole cohort of 166
cases.

Table 7 shows that the common approach fails to
differentiate osteolytic and osteoblastic metastases and
attributes all these cases to the group of osteoblastic
metastases. This group thus combinte 649 of
osteoblastic metastasis cases and about one third
(279%,) of osteolytic metastasis cases, while the rest
(73%) of them are classified erroneously, mainly as
metastasis-free. Correct diagnosis of liver or liver and
bone metastases is made in about one third of the
cases (36%). Validity of metastasis detection without
specification of the site is 73%.

Table 8 shows the decision rules to give correct
diagnosis of bone metastases in 28 (60%) of 46 cases,
the further specification of osteolytic and osteoblastic
metastases is correct in 45 — 649,. Liver or liver and
bone metastases are recognized in 709, of the cases.
The accuracy of metastasis detection without
indication of the site is also somewhat lower (81%).
The decision rules allow 749, correct determination of
simultaneous liver and bone metastases, while the
common approach is a failure in this case.

Comparison of the biochemical and mathematical
approaches in sensitivity and specificity results in the
following. The decision rules have a twofold higher
sensitivity and a better specificity than the common
approach. There is no advantage in diagnosis of
osteolytic metastases only. What is of particular value
the technique proposed allows differentiation between
osteoblastic and osteolytic metastases and between two
very close groups of cases with metastases in the liver
only and in the liver and bones simultaneously.

If the normal AP value is assumed to be different
from 50 U/l appropriate correction coefficients are to
be used as allowed for in the computerized system
developed.

Ta6banuya 7 Table 7
HoctoeprocTb pacnosnasains MTC y GOJbHBIX PAKOM MOJIOYHOM XKele3bl TPAAULIMOHHOK GMOXMMHYECKOH METOIHKOH
Validity of recognition of breast cancer MTS according to common biochemical approach
Hucno cnyvaes, OTHECEHHbIX TPAJULUMOHHBIM METOLOM K KNaccy

VicTuHkbiA knace KOB Kon n MK Her MTC Bcero
1 — KOb BOB 16 (64%) — 1 4 4 25
2 — KON BOL 6 (27%) —— 2 2 12 22
3—1nN L 3 — 5 (36%) 4 2 14
4 — MK LB 4 — 9 10 (37%) 4 27
5 — Hetr MTC  No MTS 14 (82%) - 7 (91%) 0 (100%) 57 (73%) 78
Mrtoro.. Overall. 166

BOB | BOL | L | LB | Nomrs | Total
True class - —

No of cases attributed by traditional approach to

MIpumeuanwue 3aecs
unpHUHOCTD.

m B 1abn. 8 B xnaccax 1—4 B cxoOKax mpUBENEHA YYBCTBUTEJLHOCTH METOAA AMATHOCTHKH, B Kjacce § — cne-

N o t e. Here and in table 8 — numbers in parantheses in classes | — 4 demonstrate sensitivity, in class § specificity of the approach.
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Tabanua § Table 8
JocTtoBepHOCTL pacnio3nasanns MTC y GOAbHBIX PAKOM MOJIOHHOH XeJe3bl ¢ MOMOILLIO PEemaloWMX HPasu
Validity of recognition of breast cancer MTS using decision rules
Hucno cnyyaes, OTHECEHHbIX PELIAIoWUMKM NpaBuiaMu K khaccy

Herwnnui xaacc KOB Kon n K Her MTC Bcero
1 — KOBb BOB 16 (64%) 1 0 6 2 25
2 — KON BOL 1 10 (45%) 0 2 9 22
3—n L 0 0 10(71%) 0 4 14
4 — K LB 2 2 2 20 (74%) 1 27
5§ — Her MTC  No MTS 7(91%) 8 (90%) 0 (100%) 0 (100%) 63 (81%) 78
Hrtoro Overall.. 166

BOB | BOL | L | LB | NoMTs | Total
True class No of cases attributed by declision’rules to

ConoctaBisas 3HaUEHWS YYBCTBHTEJBHOCTH M CIICIH-
UYHOCTH TPaAMLMOHHOM GMOXMMHUYECKOH M MaTeMaTH-
YECKOH METOOMK, MOXHO OTMETHTH ciaexywouee. ITpu uc-
MOJIb30BAHMH PEMIAIOINMX MPABUJ UYBCTBHTEJLHOCTh ME-
TOAMKH NMOUTH B 2 Pa3a BILIE, YEM TPAAULMOHHOIM, a cre-
UHHYHOCTh TAKXKE HE YCTYNAeT TpaguuuoHHoit. HeT Bhi-
MTPHINA JUIIb OPH 0CTE00JACTHYECKMX METACTa3ax B KO-
ctaX. Oco6eHHO BAXKHO, YTO NpeaaaracMas METOAMKA MO-
3BoJseT AudepeHIMPORaTL OCTEOBIACTUUECKHUE M OCTEO-
JMTHYECKHE METACTA3hl B KOCTAX, 4 TAKXE PACNO3HABAThH
2 oueHb Gau3kue Tpynnul GOAbHBLIX: ¢ METACTA3aMH TOJb-
KO B MEYECHH M € METACTA3aMH B MEYCHU U KOCTAX OJHO-
BPEMEHHO.

HNameHenue HopManbHux 3Hauenuin IO (ornmunbix
or 50 ex/n) TpebyeT BBENEHUS COOTBETCTBYIOUINX NOMpa-
BOUHBIX KO3(D(PHULMEHTOB, UTO NpeaycMOTpeHo B pazpalbo-
TaHHOM 111 DBM aBTOMATU3MPOBAHHON CHCTEME.

B bis o

1. HsodepmenTHmN cnekTp wmenounoit ¢ocdartasni
(IID) obnanaer BHICOKOH MHMDOPMATHBHOCTBIO IS BhISIB-
JeHus ¥ andepeHnanbHOM AMATHOCTHKY METAcTa30B B
MEYCHH M KOCTSAX MPH pake MOJIOUHOM xene3n, Haubosee
MHGMOPMATHBHBIM SBJAKETCS MOKA3aTeab OOLIEH AKTUBHO-
crn L1®; meracrasw, Jokanausyowmecs B MEUYECHHU, HAU-
Gonee TouHo AuddEPEHLMPYIOTCS C TOMOIBIO a)-(PpaK-
wan [P or MeracTa3oB B KOCTSX, ocTeoBaacTHUECKUE U
OCTCOJIMTHUYECKME — C IMOMOIUbIO OOILEH AKTMBHOCTH H
KOCTHOrO H3od)epMeHTA.

2. JIoCTOBEPHO M3MEHSIIOTCH KOPPEASILHH MEXAY CO-
crasasiomumn uzodepmerToro cnektpa L@ npu Bo3-
HHAKHOBEHMM METACTa30B Y OOJBHBIX DPAKOM MOJIOYHOH
XEJIE3H.

3. Monyuenn pematomue npasuia aaa auddepeHun-
aJbHOM AMATHOCTHKHM MeTtacta3op (scero anddepeHumpy-
10Tcs 6 Tpynn), KoTophie 061a0aI0T ROCTOBEPHOCTBIO OT 72
no 869%. UyBCTBUTENBHOCTh M CHEUMPHUHOCTb NPEANO-
XEHHOM B paboTe METOAMKM pacro3HABAHMS METACTA30B
CYIIECTBREHHO BHILIE TPAAMLIMOHHOIM.

Conclusions

1. Alkaline phosphatase (AP) isoenzymes are of
great informative value for detection and differential
diagnosis of liver and bone metastases of breast cancer.
As a whole the most informative is total AP, AP a,-
fraction is the most useful in differentiation of liver
and bone metastases, while total AP and bone
isoenzyme allow accurate distinguishing of osteolytic
and osteoblastic metastases.

2. Occurrence of metastases in breast cancer
patients shifts correlation of components of AP
isoenzyme spectrum.

3. Decision rules are derived for differential
metastasis diagnosis (classification into 6 categories)
with a validity of 72 — 869%,. The proposed technique
of metastasis recognition is superior to the common
approach in sensitivity and specificity.
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