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Measurement of 153SHl．EDTMP bone uptal(e by

whole—body scintigraphy and its application to
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Abstract 7ro calculate a safc and effective 153Srn-EDTMP thcrapy dose，a wholt_

bo(1y scintigraphy technique如r prospective iⅡdivi【1ual d08imetry was developed aIjd

t}1c results were comDared with 5 h urinc coIlectioIl mcthod in 20 uaticnts wlth boue

mctastases AIlterior and posterior whole_body iInaEcs were obtain甜10 min and 5 ll

aftcr intravenous iHjcction of 74(1 MBq 153Sm—EDTMP mld the bone uptake vallle was

detcrmined There i8 a close correlatioTl between the bonc 11ptake value obtained fronl

the wlloIc—hody sch‘igraphy and 5 h uriIlc co¨ection IIiethod(r=0 93)．TIle radiatioIl

absorp‘iun dose to red IIlarrow was liⅡ正ted to l_4Gy aIld the administerQd activity

calculatcd from bone uptakc vallle by whole-hody sciIltigraphy waS 1．40～2 27 GB‘1

(mean 1 90 GBq) Inhe act；vj时was calcu】ated acco州j“g幻拙u standard body wcigjn

of 37 MBq kg一1，‘lle admmistered∽tivity w叭1ld be l 75～2 41 GBq(mcan 2 18)．tllt‘
radiation abso。ptioIl d08e to red marrow would be 1．37～2 27 Gy(rnearl 1．63 Gy)，bllt

at tllesc doses signi矗caI北myelotoxicity would be anticipated，thus empllaski“g t11e

Ilecd for individual prospenive doslInetry．
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1 INTRoDUCTIoN

S锄arium一153 ethylenediam证etetramethylene phosphonic acid(153sm—EDTMP)ls

e竹色tive in the pa】liation of paillful bony metastases【“．PaiⅡrehef is seen in 60％～90％

of patients treated with 153Sm—EDTMP，and the。nset of paill relief generally beglns

witlⅡn 1 week of adrIlinistration． The critical organ in 153Sm—EDTMP therapy is the

Ted bone nlarrow and myeloto】(icity can be a 8igILi矗ca肌t side eⅡkct of the adrninistration

of theraDeutic activities of 153Srn_EDTMP【引 There is an increase in the incidence and

severitv of Inyelotoxicity with increasiILg a妇iⅡistered activity Clinical trial indicated

that it is prudent to hr血t the Ted marrow radiation absorbed dose to 1．4 Gy(1400 mGy)，

s“pported by the National Natural s(=ience F。undatioⅡof china(No 29971027)
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doses excess 2 Gy can cause sign访cantⅡlyel08uppressionm]．We have developed a whole—

body sciIIt培raphic technjque、他icll is silllple，accllrate to calclllate prosPectively a safe

and e艉ctive dose of 153Sm·EDTMP m individual patients to palhate bone carLcer pain

without myeIot∞【icity．

2 MATERIALS AND METHoDS

2．1 Patients

20 patients(10 males，10 females)with multip上e pain矗】】bor叮metastases from

prostate(n=2)，lung(几=2)，bTeast(n=6)，NPc(n=4)，colon(n二1)，kidney(n=1)，
unlmown callse(礼=4)．Au patients had platelet and 1e111【ocyte counts within the Tlor—

mal range ascertajned by whole blood promes performed just before adrujnjs打ation of

15。Sm-EDTMP(from Nuclear Dyn越Ilics Institute 0f c址na，sichuan】

2．2 whole body scint逗r印hy

Each patient received approxi工nately 740 MBq 153Sm．EDTMP intravenously as a

sub—therapeutic activity，which is used to calibrate the ga]=11ma camera in counts and to

deterⅡdne the ret ained bone activity at 5 h’Ibn I血ultes foUowiIlg血jection of 153Sm—

EDTMP，anterior址m posterior whole-body images were obtained usillg a dual—head，

1arge疗eld-of-view g捌砌a c砌era(ElScint APEx sPx sPEcT)．The start time of im89—

ing，the length of the scan and the nuInber。f steps weTe recorded An acquisition of

3 111in per step wa5 used A backg，ound scan was acqujred when the patient had left

the room，using the s越1e geometry．Five h011rs later，the patient was mstructed to to—

tally void urine，another whole—body scan was obtained using acqllisition par锄eters and

patient—c鼬era geometry identical to the 10 nlin scan．

2．3 Calculation of bone uptake Value

Total wh。le-body collIlts(曲)in ea出study were deterIIlinedby sunulling the counts

in the amterior(cA)and posterior(唧)projections：

cT=e＆七CP

The total colmt was corrected for bacl【gr01md((b)and radioactive decay(DF)from
the tinle of injection：

西一％=保ET

GNET／DF=CboRR

where DF=e—o
6932／2776·2 and¨s the elapsed tiⅡle iIlⅡdnutes from injectjon to coIn

mencernent of imaging．
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The corrected total count from the 5h whole_body scan(ecoRR5h)was divided by

the corrected total count from the 10 HⅡn wh。le—body scan(GcoRRnLlt)． Bone uptake

Value=(cc。RR5ll／GcoRR“t)×100％

2．4 Calculation of the bone uptake value by urine collection

During th8 period of whole．body scintigr印hy，the llrine voluIne excreted oVer 5 h

was coUected．The tot出urjnary activity was deten工1ined，corrected for radi。active decaⅣ

from the tjme of injection and subtracted from the activity injected to get the actjvity

retained in bone at 5h．

2．5 calculation of the therapy activity(ATH)

The 153Sm—EDTMP therapy dose was calclllated accordjng to the foUowing formulal5_6

。 DRM(mGy)
卿“2而i爵i可丽万订而了石反而谚

where DRM=absorbed doBe of Ted m毓roW(1400mGy in the pre舱nt study)，

耳=physical half bfe of 153sm(46．27h)，

ST二“S”factor of trabecular bone，

Sc=“S”factor of cortical bone，

ST+sc=0 353 mGy／MBq h％

I矿=patient’s standard weight(22 5×height2)，
日l=bone uptake value

2．6 Statistical analysis

Bone uptal【e value obtajned by wh01e_body scint培r印hy and by llrine c。儿ection

were coIrlpared by c“culating the Pearson c。rrelation coemcient and by Paired—Samples

￡test Absorbed doses of red marrow were compared by Pajred．S锄ples t test

3 RESUITS

TheTe was a close correlation between the bone uptake value at 5 h，calculated by

whole-body scintig‘aphy and by the llrine couection method(Tabk 1)．The Pearson co卜

relation coe最cient was 0 93 TheTe was no signj士lcance of bone uptake value d“er工Ilined

by both Inethods(t=1．3958，p=0．1789)

The ma】【jInum therapy activity a枷llistered withjn the hrnit of bone marrow ab—

sorbed dose of l 4Gy in 20 patients ranged from 1 40 to 2 27GBq(Table 2)
There was a si譬ni丘caIlt difrerence of therapy activ时between i11 dlvidu址zed dosiTne—

try calclllated by bone uptake value and that estimated from a血血istration of 37 MBq

153sm—EDTMP per kilogram body weight(t=4 o了5，p=o．001)．There was also a signi矗一

cant difr盯ence ofred marrow radjation absorbed dose between the two methods ff=4．030，

p=0．001 1．
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Table 1 BoⅡe uptal【e value(Bu)in 20 patients 5 h玳er the adrnjnistra‰l of 740 M B【l

153sIIpEDTMP：wh01e—body(wB)scintigr8phy compaTed with the urine collcction(uc

4 DISCUSSIoN

We beheve that individ儿al prospective doSimetry of 153Sm-EDTMP is 1mperatiVe

Bone u口take value 0f 153Sm．EDTMP v缸ies widely矗om 40％～95％between patients and

in the saIne Datient at diff套rent times as bone metastatic lesion pTogressesl“In thls

study，bone uptake value varies from 35 7％～74 3％．Therefore，the percentage of bone

uptake is di茄cmt to predict on the basis of patient height and weight before treatment．

Myeloto，【ic“y is the only sil蛳矗cant side-effect and the incidence and seVerity in—

crease with increas试g adIrdnjstered activity．Moderate-to—severe haemat0109ical toxicity

hasbeen reported atthe supplierls recommended adnlinjstered activity of37MBq-kg一1 p’4

Because of the unpredictabihty of bone uptake value of 153SⅡrEDTMP in patlents

with bone Inetastases，sever“invest培ators have suggested that iIldiVi“aJjzed dosime—

try can and should be perforIned using a sub—therapeutic activity of 153SIn-EDTMP【2’7]

ta】【ing advantage of the complete uriIIary clearance by 5 h post—injection with negligible

non·osseous uptake．

IIl the past，we det盯mmed the bone upt al【e va】ue by 11rine coⅡection method，but

it has some disadvantages： (1)It reqllires meticldous care in ensllrirLg that au urine
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is coUected，the loss of eVen a small amount can introduce a signi矗c姐t error into the

calclllations．(2)It is inconveIlient fo。patients to couect aⅡtheir urine for 5 h and this

can be an extra burden to st赶(3)Handbng radioactive llr血e is a hazard for stafF and

carries the p。tential for a radiation spm．(4)EⅡors may also be intr。duced durmg unne

Volume aIld activity measuTements．

Thble 2 IndiVidua“2ed dosjmet。y by whole_body scin}igraphy comparcd Wjth￡h∞re￡ic“

marrow dose estiInated from adrr上inistration of 37 MBq 153Srn-EDTMP per kilogram body

weight

Patkllt Administered Marrfm Activity Marrow

兰!!：!!兰!!里皇 璺!竺!!! 』璺里竺 !!兰!曼!
l 2，10 1 43 2．10 1_43

2 2．00 l 37 2．00 1．37

3 1．66 1 40 2．13 1 80

4 1 00 1．40 2 32 1．63

5 2 00 l 40 2 41 1．69

6 2 27 l 40 2．1 3 1．3l

7 2，U5 1 40 2．24 1 53

8 1 62 1．38 1．87 1 60

0 1 94 l_40 2．41 1．74

10 1．67 1．40 2．27 1．00

儿 2，25 1，40 】．75 l D9

12 1．97 1．30 2 18 1．55

13 1．74 1．40 2 18 l 75

14 1 40 1 30 2 27 2．27

15 1 86 1 40 2 35 1．77

1 6 1 87 1，39 2．04 1 53

17 1 87 1．39 2 04 1 53

18 l 69 1．40 2 35 ]05

1 0 1．99 l 4l 2．1 3 1 50

20 2】0 1 40 0．4】 1．6l

Z 1 90 l 40 2．18 l 63

A major Inerit of 153Sm is the 103 keV ga咖a emission．Bone scans us血g
1 53Sm—

EDTMP show exceⅡent visuaⅡz8tjon of bone metastases and concordance wnh scan5

using铷Tcm—MDP This gal砌a e皿ssion perrnjt8 quantitative血agiIlg and a肋rds the

opportuniLy of using whole_body imaghg for dosimetry calclllations

The whole_body scintigr印hy method was validated against the urine coUection

method jn 20 patjents and the bo皿e uptake value，deterInjned by both methods showed

exceuent correlation(r=0 93) The sources of error时e fewer ill whole_body scinti盯aphy

and we beheve this new method is more siHlple and s11itable fbf routine cⅡ血cal practice．

It shollld be assllred that the b】adder is completdy empty and u血ary activj亡y js therefore
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not counted as part the retained bone activity when doing 5 h 153Sn卜EDTMP bone scan．

hl addition，repeat 153Srn_EDTMP bone scans performed when patients retl工rn for nther
treatment caJl be used to moIIitor their progress without a requirement fbr additionaJ

99InTc bone scans．In thjs studv．we li而ted the radiation absorDtion dose for red marrow

to l，4 Gv The ad耐nistered activity calculated from bone u口take value by whole-body

scintigraphy was 1_40～2．27 GBq(mean 1 90 GBq) If we c址culate actiVity according to

standardbody wei曲t of37 MBq．kg～，the adrninistered activity would be 1．75～2．41 GBq

(meaIL 2 181，then the radjation absofption dose f打red m越row wollld be 1．37～2．27 Gy

(mean 1．63 Gy)，at such doses rrlyeloto菌city should be a肌ticipated，thus the need for

individu出口rospective dosimetrv shollld be emphasized．

IIl conclusion，this study apphed the whole-body sciIltigraphy iIl the measllrement of

bone uptake value to calculate prospectively a safe and e开bctive dose of 153Sm—EDTMP

in individual patients to pa】liate bone ca肌cer pain without obvious rrlyeloto】￡iclty．
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