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The 18F．FDG uptake in non small cell lung carcinoma

correlates w“h the DNA—grading of malignancy
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Abstract In order to evaluate correlation of gluc08c metabolism and DNA ploi(1一

icy of tumors，che“ptake of”F-Dcoxyglllcose(FDG)by PET prior to surgery
an(i

the DNA cotent and DNA—grading of Inalignancy(DNA—MG)of schimstain甜nllclt-

obtained from fresh tumor fragments hy mean8 of image cytometry were mldicd，rm(1

七he托aftcr the c叫relation between 8t姐d壮dized uptake value(suVl and(DNA—MG 1

was analysed in fony—nine patients with hi8tologically provenⅡon一8InaU ccll Illllg t aI—

cinoma(NSCLC)As a resu】t of如e DNA his￡ogfafn8 of these 49 pa“en括，46(93 88％)

were aneuploid aⅡd only 3(6．12％)were tetraploid．A linear correlation of tllc SUV

ver8us the(DNA—MG)(r=0．336，p：0．024)was fomld，demonstrating池at协F—FDG

PET as a non—iⅡvasive rnctabolic imagi“g technique，nlay also provide informatioll c”卜

related to malignant DNA patterns which nlav bc valllahle in mallgⅡa11t diH0rcntiati cJrl

and prognostic predictioll．
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1 INTRODUCTIoN

The DNA mstributidn patterⅡin the tumor ceⅡhas been reported to be correlated

with t唧or mahgnancy，climcal stage，8urvival or tendency for Inetastatic 8pread
11 3 0n

the other side，the FDG uptake，which could be assessed by a noninvasive FDG imaging
in the routine clinical practice，rnjght be correIated with Mstologic maIignancy铲ading in

brailL tumors【4 J Therefore，we evaluated the relation between the regionaJ glucose uptake

and the DNA ploidity虹a large n砌ber of patjents w主th non smaⅡceⅡlung carcjnorn“

(NSCLC)．

2 MATERIALS AND METHoDS
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2．1 Clinical material

Vol 13

we exam缸ed 49 patients(38 men，儿women；89e range 48—8l；mean 89e 67．22土7 06)

with NSCLC who had 1mdergone 18F—FDG PET pri。r to surgery AU patients had u11_

dergone surgery and the path0109ical diagnoses had been deterrnjned as fbllowes： 15

patients had adeno—carcinoma，31 had squamous caTcin。m and 3 had adeno—squ“m011s

carcinom8

2．2 PET procedure

whole body FDG PET study from工Ilid—tlligh to base of skuⅡ(4 6 bed positions

of 10 to 15mh eachl was peI￡。rm以wn EcAT ExAcT(4了hn粥e plams of 3 4mmj

siemens／cTI)45—90IIlin after叫ection of 6MBq／kg body wei曲t(350一600MBq)。f¨F—
FDG which was produced by the radi叩harmaceutical laboratory in Bad Berka，and the

images were iteratively reconstructed as 3D images of coron“一，sagital—and trans—a妇als

The patients were fasted for 12—16 hollrs before PET scarLnjng，hydrated(o 75 l litel

of IIdneraj water，begi皿iTlg appro】【imat由15 IIlin before the FDG injection)8nd intra

venously admjnjstration 0f a diuretic(缸osernide：20一40 Tng)20 miII after FDG injecti。Il

PIasma levels of ducose were meastlred at the time of FDG injection Ttans血sslon in卜

a臣es were obtained for 5—10面n per bed position in the form of a“hot trans“ssion”

scan to correct for photon attenllatioll．

Both attenuation—corrected and non．attenuation—corrected images were interpreted

visuaⅡy by two expert nuclear medicine physicians．The attenuation—corrected traTlsaxial

section expressiILg m∞ci】mm FDG uptake by the p“mary tmor was analyzed se工Iuqu(Ⅵ卜

titativelM usiIIg the standardized 11ptake value(SUV)whjch was calculated as：suV

=(activity in RoI in 37MBq／L)／(injected dose iIl 37MBq／weig埘in kg)The metaboⅡc

diameter of tumor fMTD)was determined based on the FDG uptake by the tunlor on

transa】(ial shces with the thickness of each shce of 5“吼．

2．3 DNA i衄ge cytometry

2．3 1 Preparation of smears

For DNA measur锄ent，smears wer8 prepared by scraping ceUs from fresh tumor

fragments iⅡⅡⅡedjately after resection． Smears were flⅨed in methanol fbr 20血n，and
then hydr01yzed in hydrochloric add at room temperatllre for 35 min，st撕ned with SchifF

reagent at r00m teⅡlperature fbr 60曲．
2．3．2 hnage cytometry

DNA m髓sures were performed by mealls of an 0PTIMAS-based analysis system

eqllipped with an JENALUMAR埘croscope hnage cytometry wa8 perfb咖ed by an

object—d印endent segnlentation procedure after interactiVe selection of the object on t11e

screen． After meastlring up to 300 tumor cells and 30 granlIlocytes(as reference)，a

DNA—Mstogr锄including di呼Losis，2cD』，gradj工lg of malignancy(DNA-MG)，etc was
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printed The whole preceduTe takes about 30 miIl，and the most time—c。nsuTTling part

was the manual selection of ceUs

Grading ofMalignancy(3)．nomthe sin91e—cell DNA values the 2c deviation index(2f，)，)
was computed as follows：2cD』is de矗ned as the sum of squares of the dj矗色rences betweell

the DNA Values of the measured single ceUs and the 2c value，divided by the number of

n】easured ceUs：

2cD，=Jv。1∑(c。2c)2

2cD』represents the mean square deViation from the dlploid value The(DNA-MG)is

computed丘om the 2cDJ perforⅡⅡng a logarithnlic transformati。n：

DNA—MG=3×19(2cDJ+1)／1951=1 757×lg(2cD，+1)

2．4 statistical analysis

For compa“son，the Student￡test

MTD and between suV and(DNA—MG)
5 o program pacl【age)．

was applied Correlatlon between SUV aIld

was analysed using linear 6t(Microcal OrigiIl

Fig．1 An intensive FDG—positive primary tumor，wllich wa8 demonstrated lli8tologi‘：aJly孙

adenocarcinoma，was shoⅥ陀d in right lu“g(≠1．5 cm，suV 4．1)with increased FDG lyInph llf)

mccaseatic foci in the rjght cervicaI and“ght hilar r。gions A ve‘y h培il FDG

accumulated meta8tatic focu8(庐5．5 cm，suv 5 5)was prcscnt in kft adrcnal wlm aftivl Lv

“cold”lasion in infcrior area which was connrmed as central necrosis and subconjunctimi

hemorrhage by the 8urgical operation
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3 RESUIJTS

3．1 FDG uptake

A 1ligh FDG uptake was observed

in the Drimarv tumors and nletastatic

lynlph nodes (Fig．1 showed one case

example) in aU 49 patients． The

v“ues of SUV and MTD in adeno．

carcinoma(几=15)，squaInous—ceu carci—

noma (n=311 and adeno．squamous—cell

carcinoma(n=31 were 7．36士5．36cm and

3．54土1．74cm．10．21士4．05 cm and 4．62土

1．35cm，12．63土6．29 cm and 4 33士1．04 cm．

respectively，with no signiRcaIlt dj圩erence

found(p>0．05)in SUVs between these

histological sub—poplllations．The correla-

妄

Voll3

SUv

Fig．2 Currelation between SUV and MTD‘)f

prirrlary tumor on PET scan in 49 NSCLC

patients before su79Pry

tion between suV and MTD was showed in F咭．2(r=o 632，p<o．o001)

3．2 Image cytoTnetry

DNA analysis wa8 perforI邛m in tot“49 patients，aIld DNA mstograms of 46 cases

(93．88％)were classi矗ed as alleuploid and only 3 cases(6 12％)as tetraploid Tlle re_

s11lts of(DNA—MG)and 2cDJ data iII adeno—carcinoma(n=15)，8quamous—cell c缸ci，

noma(n=31)and adeno·squamous—ceⅡcarcinoma(n=3)were 1．43士o．53 and 7 01±5 ol，

1．75土0．63 and 11．88士8．98，1．07士0．24 and 3．19土1．20，respectively．

F追．3 Corrclation between suV of primary

tumor on PET and 2cDJ of resected tumor

in 49 NSCLC patients

SUV

Fig．4 Correlation betweeⅡSUV ot priIIldry

tumor on PET and(DNA—MG)of re∽cte(1

tumor in 49 NSCLC patlent8
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statisticaUy si印ificant relationship was fotlnd between suV and 2cD，(F嘻3 J，a11d

between(suV)and(DNA·MG)(Fig．4)．

4 DISCUSSIoN

4．1 FDG uptake in NSCLC

Beca肌se neoplastic tissue uses glucose as an energetic substrate，18F—FDG PET can

be used to visualize the presence of viable neoplastic tissue，and this modality has been

shown to be a diagnostic cUnjcal t001 for preoperative staging and diHbrential diagnosis

between benign and m“gnantlessions，for evaluating their response to ther叩y and hr

di艉rentiating scar tissue丘om residual or recurrent cancer．【剖The 6nding of this study of

FDG PET in NSCLC that total of 49 prim酣y lesions as weU as bmph node metastasis

were successfllUy detected prior to slⅡgery，demonstrated the c1“cal usefhUness of thls

technique Our data of SUV v s MTD correlation also suggested that FDG uptake 111

t11mor related to the n山nber of viable t11mor ceUs．

4．2 DNA—ploidy

Nowadays aneuploidy is regarded as a mg王lly specmc marker for the maUgnancy。f

a 1esi。n1 and it is also known to be an ind。pendent prognosticator in seV盯“malignatlt

tumor types．【3，6-砚It has been reported by diff毛rent authors that the f}egnency of aneu—

ploid tumors in llmg ranges矗om 45％一60％starting from par胡’m噌mbed“d samples，Lo

80％一90％usin屠丘ozen or fresh tumor materid．FIlrthermore，(DNA—MG)as well as 2cD，

was found to be an objectiVe scal盯index of hjgh prognostic Value in some m“gIlatlt
cases}3J FildermaIl’s group reported a DNA cornent study with par斌n—embedded tiss LLes

in 44 patients stage 1 NscLc，among which 35 patients(79％)w盯e found to be diploid

tumors with 77％5．year survival and 9 aneuploid tllnlors with a 44％5一year survival㈣

In our present study，46 of49 NSCLC cases(93．88％)were found to have aneuploid DNA

distribution pattern from fresh tumors，and the remaill缸g 3 patients wefe tetraploid

The frequency of a丑euploid tumors was hjgher than seen in other studjes．

4．3 Correlation between FDG uptake and malignancy grading

hL a studV with ra上bra．m t11mouIs，Watanabe e￡of found a positive coHelation

between the local cerebral Elucose utihzation and prohf毛ration as measured bv the bro—

modeoxyuridiIle labeling index，and they suggested that the increase in glucose utibzation

in these tumors is mailllv needed fbr nucleic acid svnthesis and therefbre is directlv relate(】

to the tumor grouth tendency删Since 2cDf and(DNA．MG)wm increase with increas—

ing prolif!ration activny of the tissues，we studied the relation bet、^陀en FDG uptake and

2cDJ or(DNA，MG)iII tlIis study，and revealed a correla“on，but it is impoTtant to note

that the slope of the regTession‰ction is nat．Large changes in FDG uptake result in
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only moderate changes in the proliferation This suggests that the glucose uptake m叫

be not directly regulated by the needs f撕DNA synthesis．B盯sh e≠nf．found that the

increase in membrane gIucose transport and the size of the intracellular glucose pooI are

dissociated from the主Ilcrease of DNA synthesis a11d ceⅡErdwth【1叫SiⅡm盯results wero

obt ained bv Web盯￡f Qf．that the increase in《lucose transport rate exceeds the requiTe

ments for譬Iowth when compared to the uptake of other即owth—related substances，such

as potassium and aITliⅡo acids【11 J
Therefore，the llIlderlying molecular methanism for the

c。rrelation between FDG upta】【e and prohferation actiVity needs further study

h conclusion，oⅢstudy suggests，that metabohc consumption of FDG in NSCT—C

by 18F—FDG rL0t oILly is a good indicator of viable tumoT ceUs in both primary tum。r and

metastases，but also provides inf0蛐ation correlated to m曲gnant DNA patterns which

may be valuable in maⅡgnaIlt di行erentiation and prognostic prediction
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