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A Study of the Correlation between Cellular Proliferating Activities
and Prognosis in Gastrointestinal Stromal Tumors

Hee Jin Chang, M., Duck Hwan Kim, M. D)., Sung Sook Pang, M .D., Jin Hee Sohn, M.D.
Jung Il Suh, M.D.. In Sun Kim, M.D.* and Jong Sang Choi, M.D.*

De partment of Pathology. Nationgl Medical Center and Korea University Hospital

(rastrointestinal stromal tumors are notorious for their unpredictable clinical behavior. To as-
sess the cellular proliferating activities, four different methods were used: mitotic count, nucleo-
lar organizer region(AgNOR) staining, immunostaining of proliferating cell nuclear antigen
(PCW A) and DN A ploidy were used on 39 cases of gastrointestinal stromal tumors. Additionally,
we analysed cellularity, cellular atypism and necrozis. Among 39 cases of gastrointestinal stromal
tumors, 11 cases were diagnosed as benign lesions according to clinicopathologic findings. Malig-
nant lesions were arbitrarily classified into low grade(n=11) and high grade{n=17) on the basis
of absence or presence of recurrence, metastasis or tumor-related death during the follow-up per-
iod. Numbers of mitosis, AgNORs, PCN A index and DN A ploidy were correlated with grades of
turmor and prognosis. Among them, AgNORs counting appeared to be the most useful in predict-
ing prognosis. N umbers of mitosis, PCN A index and DN A ploidy showed varying degrees of over-
lap among the 3 groups. Among the histological parameters, cellular atypia showed some rela-
tionship with the prognosis that others did not reveal. (Korean J Pathol 1995; 29: 152~ 169)
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Table 1. Clinicopathologic findings of gastrointestinal stromal tumors

Esophagus  Stomach  Duodenum Jejuneileum Calon Eectum Total
(n=2) (n=18) (n=3) (n=11) (n=2) (n=3) (n=39)

Agelm) 33~53(43)  22~T71(53) 61 ~69(65) 33~TO51)  44~58(50) 39~62(53) 22~T1(53)
Sex:

M 2 8 1 & 1 2 20

F 0 10 2 5 1 1 19
Size(m) 11~1.2(1.65) 0.7~200102) 1~14(75) 3~21(109) 11~14(125) 45~155(10) 0.7~21(10.4)
Growth 0/2/1 B/G/4 2/1/0 10/1/0 2/0/0 2/1/0 23/11/6
Grade:

B(S/E) 2(2/0) 3(5/0) 1(1/0) 1(1/0) 1{1,/0) 1(1/0} 11(11,/0)

L(S/E) 5(2/3) 1(1/0) 2(2/0) 1(1/0) 2(2/0) 11(8/13)

H{S/E) B(7/1) 1{1/0) B(6/2) 17(14/3)
Recur, 0 5 l & 0 0 13
Meta 0 7 1 4 0 0 12
Death 0 4 0 ] 0 0 5

Size: Diameter, m: Mean, Growth: Extraluminal/Intraluminal/Intramural
B: Benign, L: Low grade, H: High grade, S: Spindle cell type, E: Epithelioid type

Recur.: Recurrence, Meta.: Metastasis,
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Table 2. Pathologic findings of gastrointestinal stro-
mal tumors

Low grade High grade

{E:]_lligl'; malignancy malignancy {:zt;;j
(n=11) in=17)

Tumeor size: #* *

<5cm 10 0 1 11

Zhcm 1 11 13 28
Cell Type:

Spindle 11 8 14 33

Epithelioid 0 3 3 6
Cellularity

mild T 1 2 10

moderate 4 (3] 11 21

SEVETE 0 4 4 8
Cellular atypism

absent 4 0 1] 4

mild 7 7 2 16

moderate 0 4 12

SEVETE 0 0 3 3
Mitosis(/10HFF)

0 11 ] 0 11
1~4 0 & 3 8
5~9 0 B 8 14
=10 1] (0 6 3]

N ecrosis
present 1l T 8 16
absent 10 4 9 &3

(%3 unrecorded)
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Fig. 1. Benign stromal tumaor
showing low cellularity with-

¢ out cellular atypism or mitotic
figure.

&, Fig. 2. Malignant stromal tu-
¥ mor of low grade: Fasciculating
1 bundles of spindle cells with
moderate degree of cellularity
and cellular atvpism.
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Fig. 3. Scattergram showing mean numbers of mito-
sis in three grades of gasrointestinal stromal
tumors,
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Fig. 4. Malignant stromal tu-
mor of high grade showing
= marked cellular atypism and
- §= occasional mitotic figure.
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3. AgNORs
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s>
L
P »
Yol
iy it
o e
= Rl T
_ Py
oo~ 5 Fig.5. Cells of benign stromal

" tumor contain only one, uni-
- formly round AgNOR in each
i . nuclei(Silver stain).

Fig. 6. AgNOEs in malignant
stromal tumor of low grade:
Most tumor cells contain two
to four Aghh ORs in their nuclei
(Silver stain).
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Fig. 8. Scattergram showing mean numbers of 5. DNA sf<=4d
AgNOHs in three grades of gastrointestinal
stromal tumors, AH 394 F 35«gte] FAHE SAqd s
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Fig. 9. PCN A immunostaining
in benign stromal fumor: Two
nuclei are positively stained.
They show dense, fine granu-
lar staining pattern.

Fig.10. PCN A immunostain-
- ingin malignant stromal tumor
- of low grade: Positively stained
- nuclei are easily found. They
. reveal homogenous or granular
staining pattern.

off A= wlefeAe] R UG, o] FFL AAE] 43
cmo® Eabela] Wagsteled oY e sy =2
Ao epgs] FA7F A8 §le kdo® e
g 2 F "Ariz] 6704 shel ATs A gk o
el ez A& 3 JFE M & Hart ddx
Bolch AHebgddel s wjwlggde] 54 elullage]
Gef| gk, ebdell s FEE(164) wludelsd
2(Fig. 15) & 1dvke] elujeHe R <fH=7} Fo}
A5 vlejede] @olales A% BecH(Table 3).
A #3ke] WA alels BAIEA2R FefstEeHP
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Fig. 11. PCN A immunostain-
ing in malignant stromal tumor

of high grade with 40% of
PCN A index.

Fig. 12. PCN A  immunostain-
- ing in malignant stromal tumor
- of high grade: The staining

=0.000).

FoE 4 e Heel o) ofA] qEsey 3
22 2] wlelpd FokF jelwls4d Fokeo] 15e(ak
A Oel), MebAl?: 5S¢, atelAd: 104)), Apw)s-4
o2 64(sFdE: 14, #MebdF: 04, zet4dF: 5
o), papufd FoF2 ] o) (e ) ek

6. 2t gixtzhe] AF A U A9 oleete #
ey

FA%A £4904 ANORs 59 PONA A5&

pattern is cnarsql:.r granular.

AA(r)7E 08622 g AR IAF Egx
(Fig. 16), 131 2 AgNORs 4+(r=0.61 {Fig.
17), bt 2 PONA A(r=070)& 559
A& Boch(Fig 18). =g & o5 Aatels] o
2] o184, f4aktde, AgNORs 5, PCNA A
aelx DNA w4 =, He), sbbg ¥4 2
(T + Aot dF) 7 vela] o2 F(zeb )zl
FAMe2 folgh Ae]ld Eei(P=0.001) «% ¥
of 4% F 5 e Ao vehgdoh 2} 69
ol ¥4, fFrHtd ¢, PCNA =4 z2ejx DNA s
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Fig. 13. Scattergram showing mean percentage of
PCN A index in three grades of gastrointesti-
nal stromal tumors.

He 5 F7kel) BExe 2EE wglr] T, &
o R AMdgdd 2ATteZE HF «AF9 3d
Hql 7lFEL ® 5 gidT fd=EAd, 34 ofE £
&3 qzE, F AE YAsel FiHE 577
w2)g akolrl glgle & op=HP>0.01), 55 4
al7] fEe efE @e)] H TEo] ¥ g FHow
A zh =] g},

g xuk AgNORs T+ 29 388 #A=Z 4 F2
A7 =5E AYHe=d 535 AgNORs ¢ 38§
AA=Z, 380144q T vlukel Fo B Yy F F
ofl 4] Ay, o], AlHEE  wlas] HikE o
ANORs 4= 3.8 o]4kal el 4 aipde] Tl%, Hel
7} 71%, Al=te] 36%el4 4lglsl wbd 38 ojgkal F
ol Mi= Ak, Ho| aluke] glo] F& du|E o|F 3t
(P<0.01). PCNA 7lo= W2 38%8 AAZ 4%
2] alo| 8 Mg, 38% o|4el FollHe Ate] 73

Table 3. Mumbers of mitozgis, AgNORs, PCN A index
and DN A ploidy in three grades of gastroin-
testinal stromal tumors.

Benign Lu:n.fr grade Hig_h grade
S=11) malignancy malignancy
(5=8,E=3) (5=14,E=3)
Mitosis:
Mmean 0 4 550+ 266 835+£7.10
(range) (0 (1~9) (1~28)
S:565+245 51036745
{1~9) (1~28)
E: 2+1 E: 467+153
{1~3) (3~A)
AgNORs:
MEean 1 50+£024 Z28H2+034 459 +0.47
irange) (1.08~1.78) (226~336) (3.8]1~578)
S:283+036 5 462+0.42
(2.26~336) (411-~578)
E:278+035 E: 4444073
(2.56~319) (381 ~5.24)
PCN A index:
Mean 592+£365 179+£007 483+1282
{range) (1.2~141) (82~31.4) (28.4~836)
5:205+£936 5:50.7x1250
(9.4~31.4) (309~83.6)
E-11.0£240 E-37.2x7064
(8.2~125) (284~422)
DN A ploidy:
Diploidy 10 ¥ 1
in) (S=10) (S=5E=1) (E=1)
Aneuploidy 1 5 16

(n) (5=1) (5=3,E=2) (S=15E=1)

%, Ao|7} T3%, Abube 38%el4] slsiAlg 38% wigh
2l Fol Al Aol 4%, Helzlh 4%, Abze] D%E,
38% o]abgl Feoll wlsle] aHHE #He], alubge] HA
Gaprh(P<0.01). =& DNA slsids wu)=4d75)
olujFAHF o2 o] 2 vaE R vy
Zol A= afdke] 55%, Ae]r} 50%, Aphe] 25%« 4
algla o|wj el e af 0%, Hel 6%, Abghel
D% wlel4dFe wlEe BFebeHP<0.01)(Table
4), T we ghso2 R4S o)l wWeHs o
o & ol Sef] gleiM $akdET HadES dlaae
™ ApNORs + S3Ye] 9525 {44 24
o]2juk AgNORs & &3} PCNA #|+F 3| +
g A Azt o $rd Ao e 2y
A 7HA Fo o 7hA] whgE 2F AL YE deE §
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Accession #- 093-317
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Fig. 14. DN A histogram showing dipleid pattern in image{A) and flow cytometric analysis(B) of benign stromal

tumor.

Accession #: D93-312
DA Index based on 7.18 Picograms

Image Mode: Live
(A) (B)
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Fig. 15. DN A histogram showing aneuploid pattern in image{A) and flow cytometric analysis(B) of malignant
stromal tumor of high grade.

ok ddit $5-AEe] o ol ol A gakci(Table ¢4l #% o4& odS37]7 ofF ofid. 2%
b g2 AT Rl o g THshs e

1)
742l 7lEe] AlA=Elgdesd s ETEat T o)z ra)
i ok gradakq] Hyglg 2|Ee gl dAE g Eakel
] et g ol wgte] Zola dejxy gle =alEkE ql
glabat 7kl Eek2 Ay YAty Foke] of 1%E AELE HF41Rd ¢, o HdE UEs, dxo o)y A

A
Ao MY 2asa azdget = $8u 9 Hrels adbe] $ 27 wg B

AEE £
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Fig. 16. Correlation between AgNORs count and
PCWN A labelling index in gastrointestinal
stromal tumors.

0 5 10 15 20 25 3
Mitosis
Fig. 17. Correlation between AgNORs count and mi-
tosis in gastrointestinal stromal tumors.
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Fig. 18. Correlation between mitosis count and
FCWN A labelling index in gastrointestinal
stromal tumors.

| elchar ek gk S8 o] Feld FApid
= 7l Fadt AR AFET gledt T fal
4 77 2% dEr G sles dAEm sl
2k A A Fokdd Y b e R TS FAHE
o =28 7|36l @M= =%e] @l Newmans"
2 Aok JEge] A FofolM= 0HPFF 37
olab, wb58 A E¥e| A5 M T2 oMo glE o
© 30HPFe 67 o4 o4, o847 Fd4Fe] gl
& ol 30HPFY 470 |42 7|88 43 qlon,
Ranchod"'t= 10HPF< 57] ol|4teld =gl <4
o]t O~474Y Aol Yol (703 18d]) 24
2] AE 2el ¢ 2l7) dEel o] dis Foko| =27,
de] o|8Y AE UIAEE TEdd GRS T
o} gelxr FHgived Rosai™+ ¢l “Smooth
Muscle Tumor of Undeterminate Malignant
Potetial(STUMP)" 2 =aigl A& Aelsigdc. 22
v} Evans™#] Zabel| 28td Fab ¥4 721 1~574
el 1343 1147 " 4& 717 9870 kel A=
Apataled?] o Fel 2 17 o4 g obHe rlFe=
&tar 107 ol Ay 4T, 1 ~97e]d A<
Ao g FFIect. =§ Coopers'e] Bag u}
of wbEwl $abgh 2ha Fof 10248 ez § o
TFoll A 1= fabtedo] Fhats 2] ghabSels 878
e F gydube| o] Hito® Qlsf) Albdsieda o
14| 4= 10HPF= #+htd 2k 770 2=

= i
&
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Table 4. Incidenice of recurrence, metastasis and tumor-related death: combination with AgNOREs numbers,
PCN A index and DN A ploidy

AgNORs PCN A index DN A ploidy
<38(n=22) =38(n=17) <38%(n=24) =38%n=18) Din=17) Aln=22)
Recur O(0%%) 12(71 %) 114%) 11(73%) 000%) 1 2(55%)
Mon-recur 220(100%) 5(29%) 23(96%) 4(27%) 1701 00%) 1 O(45%)
Metastasis 0(0%) 12(71%) 1{4%) 11{73%) 1(6%) L1(50%)
Non-metastasis 22(100%) 5(29%) 23 96%) 4(27%) 16(94%) 11{50%)
Dead M (¥s) 5(36%) 0(0%) 5(38%) (0% o(25%)
Live 20(1 D0%) 9{64%) 21 (100%) Bl62%!) 14(100%) 15(75%)

2: missing during follow up

Table. 5. Sensitivity, specificity and overall accuracy for prediction of recurrence, metastasis and death

Eecurrence " Metastasis Death
False False Accuracy False False Accuracy False False Accuracy
+(%) = (%) (%) +{%) —(%) (%) +(%) — (%) (%)

single parameter

M 37.0 16.7 69.2 33.3 B3 74.4 44.8 0 61.8

D 370 0 744 40.7 0 . 692 51.7 0 259

A 18.5 ] 872 185 0 B7.2 al 6 0 735

P 14.8 B3 B87.2 148 83 B7.2 276 ] 76.5
Double parameter

M+D 34.8 0 758 333 83 758 478 0 60.7

A+D 20,0 0 B75 23.8 0 B4 4 391 0 67.9

M+P 190 9.1 B4.4 15.0 83 B75 LB 1] 74.1

FP+D 19.0 0 875 20.0 9.0 B4 4 36.4 0 70.4

M+A 200 0 86.7 15.8 0 80.0 33.3 ] 731

A+P 15.4 0 89.2 154 1] 89.2 286 0 75.8
Triple parameter

M+P+D 21.1 0 86.2 176 8.3 B6.2 36.8 0 70.8

M+A+D 222 0 85.7 176 ] 859.3 36.8 0 70.8

A+P+D 20,0 0 a7.1 200 0 87.1 36.4 ] 70.4

M+A+F 2000 0 B6.T 158 0 80.0 33.3 0 731
Cuadriple parameter

M+A+P+D 286 0 84.0 28.6 0 84.0 47.1 0 63.6

M: Mitosis(=:M =5, — M=4)

A AgNORs(+: AgNORs=38, —: AgNORs<38)
P: PCN A index(+: P1=38%, —: P.1<38%)

D: DN A ploidy(+: Aneuploidy, —: Diploidy)

gt T dEel Aot Aels FAgle] A dES 3l 10HPFZ f4}3d 57} 1712 opde] =a)eta =
el AE Biels Fa(Fas] 5 dA8)F 3d5-

¥ 47 AdelMe FAEE F7F HHE 2 dAFE 0 ool th e R Atte] 597 o Foll FAELY 5
o Hdle] sle HAeo= depyteont AMopAdF aeby  7) die ] H)Fe) XS AL ohdzim Mgk} g
Telld A TEE Eygz mebdd ldelde 2 4l 8 EdE ¢ 7)E d5gege o
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e oF ficke] HJdy A ® 5 gla, o
7|1E HEE o] HedE o] gl

535 FEdel 9 He FAEd 7t A=A o
PEoll = EF5t Al5bak Cooper'''$] 1«2} ¥ Ha}
2] Abx] 147 24z} #3sp Fabel o B4k Fe
2 A3 A Fokell e FaF 2 77 ol
dely 23 otAde] shpdE lAd s o "Hoe
e AlAbEFa glck GoldmanE'"s o|sb H]s=¢h
&g § w} qled, 2= AelFFe T3 EFeoF2
7ol A2k 2] 20 HPF #AF ¥4 7 171=
TaEor ep2] shg4de] gl e R Holol gt
2 sl E=§F Ueyama$®'& 438 <4 23 $
ake] f]abed] w]dhed o A fwl Al AHf=
100 W] T4%et L33l 1T%elr BEE
b 7lel ofE g glAE § HEUyes) 3
dbe B odTel A MepydFal e dEite) 2 Aol
Helz] gfahr] o fe ofF il 18] =3 ==
ol Hgbc}, e g 7hA| ods]z2 A9 o84
2 epidtel gt P oFe Hxe) o8
o] A% we o F7 g FheAde] ol & 4 4l
M}, Foks] m37)e dAE ot Fo] Ao H])E
of et AetdFa mebdFated =78 Fels A
2] glef, dF£F dlStle o E2& T E¥H Ae
£ AzhE i

FHtoll= of2{7}A] eyl AE F4F SHYE o
Bl Fofe] e & o} HEls AR @& F
okefl 4] FdatA] o|fe] =z et WAzl ezl
AE 4% SYYez e 71 Zhdstn 7234l
A 4 £3EE Thymidine labelling index,
Bromodeoxyuridine #r3d=", Ki-67 §4& o
B4 de g g qr DN A flow cytometry®™™™,
Mucleolar organizer region®} «iat% g2 2§
7|AE o]8gt ApgNORs & Say* 95| g},
el m PCN A CiFu, P53 transformation-re-
lated protein, myc-oncogene proteinse] F44
HEolH ZHsE+: & gllog 2z olF 44 F
sko] et g § FEle W o|&FH UH*. Nu-
cleolar organizer region® ribosomal RNAE A
gt DNA 2|2 5o ekt B3k o H4(] 3,
14,15, 21, 22)2] chgbel] $]ash=d®™ Fad A2
& olEe #@Aiael A FetA R SalEe] sl
7h 2o F4)e] sy Babs]o] of A 4 Fef 4
ookl e uld o] @2 AgNORs 58 HeA
gEcp® PCNA: DNA $ffise BEE gwoeR
DN A ghAdell @aje)n] HE F7)e} dibe] e F
7] G1 phase®E] v}ebrt S phases] e =<4
th7t G2, M phasesl= cfA] Zhaghq)] gops s

AgNORs 9 PCNA =|=7} o4 =%, #4,
A A er  whabshs uw|2q cheg] FokolA Fok
Hze] 249 g oFe}l «dite] glchs Rz} gel

uh i 5l gl 2] edo = ole} AR HAAEE
B Eget® oA 2 FTHe FouelzlE 2
Halzh dAEa] e AL 4 5wy 2F M=
SAde] olely zb sl 3k 842} 7lelE7] o
el Faalked] 2217} glodd™ F FodellHE ¥
#lell o} dzbe] zhe|r} ge] F & gl g
Ik M IS SR Ed S D TR e e A< . =
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kst Akl Fokol s o)yl by Halrl ¥ s
o] elid Yud*'$ $iakst 7143 Feokols AgNORs
oz PCNA HeEafslslr o4& 285 Az ¢
ForhA e 2R faltd E EdE o 24
gy 533 Aade] o ApNORsT, PCNA
A, frabtd e 25 YEE qdite] giody 2
bk, g 25 #akad 7k Fekel
AgNORs 2} walatz] o F glal52] o F 8 o
B2 Fabs] 2 s faHtd ok el glziE A v}
A 7ha7h Eekn Foke] Ao} MAle gaje] YE
&3 FHgle] 2lgleot AgNORs & 43 &7 3w
o] glchar Badlgict £ el 4e AgNORs 3
PCNA #5727t 25 Fok28 457l &4 2 ¢
= ZF7lHe +4F 2ded 58 AgNORs ++& &
kel FEo] giglon 388 HAZ o Fe T ofu)
5 2el7] wFell oflF gas] Afag] FlEE 44
# = 4 ¢cka ¥gbch PCNA =25 4 2kl <
7h2] FHo] gl o|zigte R HF-F FA e F
27} gl =gk 38%E AAR o F- F Ae]E He
7] wEel] o= Hro 2L F 4 dckxe AP
o}, =g E ATl Aok dEdYo] Wi d AHx
ol w|dled PCNA Alg7) o2 %S ¥qid
Yus®'s i He W58 AdEHE Had PCNA
Aeoh 38.78% 49 Aajelk M EHE 384%2 YA
v vhaic)

Bravo*'+= w«#sd £44 PCNA-E
populatione] gtk wdl vl gle=d 5 A3l
dd#A 53 LES= 43 DN A replication site
o datA dAg=Ee] gl BEE el Foay
Hap= Fapel| wldled detergents] 23 14 &=
7] dF+| Methacarn®@2 #7] £« Z3HF A=
of| 4]3= mpglabe] ofddet we 5 gy syt §
phasesll& ¢] 7 712 o] ZF st 2] A=
{Quiescent cell)?} Gl phasesl:= # 3] 2 Esi=
Zub gatE=d], = S phasesl= PCNA7F & ol
4 % replicative complex® 343l DNA %
del a8 d92 &l S phase ©7lele @3l
waE7] of-Feolc), el 2o dydiRHE B o7
o4 AHAx 4T FHFlge] f444E vdddl MEES
S phase Fube|, s4dsbA| replicative complex®
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