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A4, AFP9, AAR, TS
& o

X gof UolA AMEY A WA FH BE AT E AZE YA AE E
A YA 8% Aol gk WAL FTHIHZ HdME 4934 WxER
(modulators)e] @dAlel AFo=T YR o}AAR] olg WZEIF o= F9]
thefA WA S ZHe o ZFAHAAE @EAX ¥ Uk

B =RdAE AN 4AZFE ddos o8 FHY $dAdY xged 4
FRA3E A9 §F-wdHdos B Y4AAE FPE 5 e FANEE &
Ada, =G A HYEYPe| AY T2 29 H71A(GLIM Package)] o
32 (macro)@& AHE3te AA AYPARE BAGC ola® EAHAINE in-vivo 4 Y
£ 58 A4 9ARE9 2AFE AFde dojA

1. A4 &

e ofHEYNA oA NBEAE dAFHY KK(remission)E dEd IXE=
A7t Bt o)RAE JLAS GHEZ Fold ARF U BHoFr ol AP olFA
AL fAlo] i3ty G XS WAE ZHAA H7) ool

Akl A UiAde A dMATE Fojd YUdA distg A€ P& A =Hy,
2 2oz T3 JFHes Ay Adel fie YYAES distd wahg& XA
H71xe @ o3 E FFHe ¥YAM WAHF Adrhamycin, Actinomycin-D, Vincristine 9
kAl B ity AL e A+E oA WA (multidrug resistances MDR) o2t @t}
(Biedler et al, 1970).

Az B FTF U MDRe ¢ 44 U4 S ¥dA a4 & €92l Ha
Ak, GHE A7 oJE FFY FAdAle dAAMT WS ZA | ¢ dte o] o]v
MDRES B2 ¢7d o3e MsHn glon, A= §dAAx FAF oA Wiyl #EAd
noly 4= o] givh meby GMEY U4 FH B¢ ATE ARE gdAY AL BX
8A 88 FAAE old uiF W& A7/ dadd doga g FEE HAM:e
o 71x] HZE H(modulators)e] FEAY HFPYFAHL JEY Verapamil, Tamoxifen,
Cyclosporin AS°l A#HQ Reg Radn o 2y olA7RA ojg WXFH F 9=
E3o] MDRY FHd oS AHFHUX ] diztdrs AR v A7} &3t

219 2494 E F #¢dAe AEF4E A3 ¢ U A5EAS, EEnA, drtas
Wiz a85lz SdAFE Fogtd 3EAAME AMAEFE dAdez  gdAdg
AZEFAL ALY A% 4538 FAY F A FTAF VUL LAY o] ZYHe

1) & 47+ 19914 YAt z}v%ﬁ’-l}ﬂ “BAA 47U ol 8T UM MR SHM e H
ZEdel ¥ 97724 4F

2) (120-749) M JH A} MAET *lé% 131 A4y 473 dy 32
3) (120-749) M FHHA AT 21&%5 134 dMcdtn oz} e 24
4) (120-749) & ZEA] MuUET AdE 134 dAdta 430y ZHd 1L
5) (120-749) ME&FHA MUYET 4&F 134 A4 5d ¢4NE}

- 383 -



384 ¥4, BFY B0, {yEF

4F9 dedYEYorA A HYRY] FAA B4 sbedr. 4@ 5HAME
AEHYRYAN Be3AYEE YT FYYE AMRI ol§ GLIM #7|A (Baker and
Nelder, 1978)24 H#A1717] 1% GLIMS| macro program& HB ¥t} 123 68N E
AYAES i ¥4 oFo, 7ddME 2FATIHAE SV

2. 3saIAY A

E EE I o4 GAE A FoAE o A FEaAge] A FAF YL 4A
37 MM E RAAR] Ade A Aot wasit Aead 3 #FEY A @A
Valeriote and Lin (1975)8] A& wWax & i}

A A7} 107'9) M EAE&(cell survival fraction)® YERN BFAZE 10728 MEZAELEE
Uehdcha 3tak 5 A8 AT PEgo) 1078y W AFAFH/ € AHHA 3
e Ao AFwr 3oz v & (antagonistic effect)d i @} ¥H AYFAIFEL
o PJEge] 10" 7 102 Alejo)d o AFAAQ & HY ALEHAL o B} AU} oo
2 8 % H(interference effect)T I H2 107 no Fxwk 10° B =W pA/1ATH
(subadditive effect), 1073 ZoW A7}A I (additive effect), 10°Rc Zew A4as
(synergistic effect)?} Tt @t} F kA9 7JHe Y 2R 97 B9 3o oz} 37t
AHE GEFAH 9 (simple similar action) ¢ ©4¢% ¥ 9 (simple independent action) & ¥
H371 = o,

3 43 =¥

Trinchieri et al (1986)2 13t9] &4 M X(promyelocyte)ofx] MEEE FW3}E EFQA
Z9 I A}l 2Htumor necrosis factor: TNF)S} B2 A A vl 3 E(interferon-7: INF-7)
o] AYEF FAL AL G ARE AU AR X n/nz € ne MY AXFNA
m 77t AEESRE JEd AL gr|dct

F¥ A1} (u/ml)
0 10

HolIEHE 0 11/200 31/200
(u/ml) 4 18/200 68/200
Qury oz A%AZ rAe £330, 1, -, DA FA9=H31 BYAS oY §FFFE
01, -, ccDAA FA=m e, (i) $FFENA nle MXEF DSHIEFE y2 EA
A yo ~Blng, pi), i =0,1, -, 7m1, j=0,1,-, c1 2 o|YEXF o|FA &} F &
A7l GEEEYAY GERAYHE AU ¥ W ASAHY | $EY ©E H8ES
P2t A FoldE (1- po)FTNA pog HFol BEAY j 3o wrgddtn A 4 3l
o ad F AR () ¢TI ¥4 Tt B4 ¢IHES g3 Ao
pPi=pn+(1-po)py=Pu+Pe+papy
T8 (G, ) 204 v UElA ¢& IERMEE (nonresponse probability) gy € o9&
3 o

qi=1-(pa+po+papy)=(1-paX1-po)=gaqy
a‘) QI'I'=1—pii. i= 01 1: Tty r—l, j = Or 1: sty ('hl O]E]».
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q; % AALHPA WL 8§ (spontaneous response probability) poool W3t 33 H
2](3.1)e) ¥t

Q= gnge/qoo 3.1
4 (3.1)9] %W log® MY SCHAYAY SESHYAE 5 g 4 328 Fo] ®E

Y 4 sl
log (gi) = log (gin) + log (gq¢) - log () 3.2)

Wahrendorf et al (1981)3} Piegorsch et al (1988)& 2](32)°] 71234 A+&E4E& =S
HE= mygo A g A4(33)T FE vt HEAMRBRIE A3t

"log( qu) =0+ o 71 + 6 (3-3)
i=0,1,--,r1,
i=01,- ,c—-l,
Go=70=bn=dy=0, Vij

A(33)9) 2¥A §;=001" A7FAF)A §>001H Fe A, §;<001H 5;9 271 e R
A7 a, S ES, GREHZ oA §3kel -log(l- pio) & -log(l- pg) ¥ &L IR
o o Fod wAH -log(l- pio) & -log(l- po)) Aol Ftel® W x = -log(l- pio) &
-log(1- pg) & & #RY ¢ =W RY7tAA7 o gEA 4(32)9 deRAEAY d¢
EYYNY 7HHE He & = 0, V ij & o] EHED F¥ 4 (33)9 =¥ gy9 7= &
Wy F3 U

4 2433 W HRE A

WWS b AFAG x, 0 AYVAT AT A 9y & ABERY 1
Az A¥Y & e FE ANE & gt oA $o2 yud 4 Ut 18y 4
929 (classical linear modeDS 1AL olm 2x&e) WEZL AdFte) 0oln FERAIAA =
WA AFEEE B2t GEUSHT A ¢ Nelder 8 Wedderbum (1972 L2449
dej7t AeAel o PEE B2t FRASAT PIHT HYRUE GFAA AR
a2 2% (count data model)e] YWHHE MYEY FFAA TRIA & Usw LA
Ak,

YPHo T UEUS y& AP & AT Y AFEF x, -, xS AT AR
3)(linear predictor)h T A& B nn Es\she n= e Bk,

7= ﬁ:ﬁjxy=§§ @ i=12 -,n
oy 1 (i)

4 (33 o dFHYRYE Y MYy AN R4 E FANT JAARA Eot gy
o A4 EGFE p = (bw, -+, Pr1e) HFE G 4 349 2T (McCullagh and Nelder,

1983).
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logL(Plz) = 458 + gg[yylogpﬁ/qy+nylog(qa)] 34)

oJYEX HEES yo FTFQ pr 03 14tel9) FE AFA dd. 0 AT o=
Aelg& O Hdu IVGL AFANZ IHE T2 g(py)= -log( gy)elw. 184
AY 3 st QAP @A g3 gdo] 4Y ¥t

g(py) = -log(qy) = p+ 6 + 75+ & =My

old ¥ Yz Yehld p=x6.,932 1, x 8 AF (r-c) X1 9H,
(r-c) X (r- ctrrc+l) MY, (r-ctrectl) X1 YHol. o|df 7 = (no, o1,  , Wr1c1)’
o)t}
g €A 4 GHF 59 ¥¢E vHEs) A% U BIEE 2] Fguth

X = (yoo yor -+ Yr1c) = (Y1, -, Yr)
(rxc)x1
{\! = (nw nor - nr—lc—l)’ = (NI, "';Nm)'
{rxc)x1

a89 4 34HE o¥ 4 G5 Bk 97AM AR g jv 47 ¥d9 ¥ 4 vl

logL(3:Y)="35%+ g {Yilog[1-exp( _,EX(,'Bj)] +j:2i[ YixB;-Nix8;1} (35)

@, =*=rc+r+ctl

4 (35)& AUt & T3 PHFA Y= FAYE McCullagh and Nelder (1983)8 3
Z¥ 5 U4

. 29 vla2& (GLIM Macro)

242N A¥E FAHL GLIM Package 2] macro programe °] €% 4 sitl. GLIME A}
£33t AL =3 AFL A= FAAA HPAS3NE HEA(fitted value)o] 3 v
3 YR Ao APANE A= AP A4ste) " oA 4 (33)9 YL
AP 7| =HE %FV, %DR, %VA, %DIE A= 4749 3 2 (macro)’t BRFT} 714
% YA A3+ 4 ¥ A} (system-defined identifier) Y& et

%FVE wrguisg & pouo] APXE AT olu) AAUFE p=-log( )& A& T
%DRE %FVolA el YA dn/dp #€& ANV %VAE vy FAE EAHAHE AR
o}, o] WE 9 Z} YA E nypyqy 9 FAXNE R %DIE 4 XY VA x(deviance) &
Ax@ct. RE BFAY %Dl gtol HAA A YX(goodness of fit)e HE7F Hrt

Wacholder(1986)% o2i@ AR/ ¢ EWate oje) RyolA ALgAE §7) Hat vz
=@ A48
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6. A& EN 2

AR 49 AMUMEZFo] YUA Adriamycin, ¥Z&F Tamoxifen & Cyclosporin A#
AYF o) dAAte] ARE F MTTEAY (Kim, JM, Kim, KW,, and Chung, Y. T,
1990) & ¥3o v UEld GME 48 B3} Y€ T3 Of E 13 H 29 A8
& JYU B 17 E 29 A n/neE nld AEFAA a0 23ER € YER A,
Tamoxifen® Cyclosporin A%] ¥ 8 %% pd¥E physiological dose®] FA2A4 Atgo] FoiA)
Exg0) §lo] A 4 UE HEA W Ve §F otk
¥ 1. Adriamycin®} Tamoxifen & Fo{¥t ¥ WIg& Vel UMY +

Adriamycin &%
0.0 0.005 0.015 0.044 0.133 0.4

Tamoxifen 0 1/1000000 6154/30000 6808/30000 8269/30000 18450/30000 28372/30000
=88k p.d 0/50000 1128/30000 7985/30000 12640730000 17129/30000 21987/30000

GLIM Macro & AH83te] E 19] A8 & 4% Z34+ 3% Ao

Q=9
-log(gy) =+ o+ )+ &

i=0123, 45,
i=01,
G=r=00=08;=0  Vij

@ 7HAd:

Ho: 65 = 0, V iJj
@ JAATAZE

2 AREAFE 1317 (AR=H)
@ 6,9 EZ22X9) 34 (BILL EFAY X)) a1 FeaHt FPEH:

Adriamycin
0.005 0.015 0.044 0.133 0.4
Tamoxi fen -0.1913 0. 05206 0.2246 -0.1083 -1.59%4
p.d (0.003147)  (0.004677) (0.006079)  (0.009880) (0.02593)
WA E izt Az wsEy YNay
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X 2. Adriamycin, Tamoxifen, Cyclosporin A & %t ¥ kg b M XEe] £

Adriamycin

0 [ 000493 | 0.0148 | 0044 | 0.133 | 0.4
Cyclosporin A

0 |p.d. 0 |pd.| 0 |pd.| 0 |p.d.| O |[p.d.| 0 |p.d.

0 | 1845 | 6154 | O | 68081 188 8269 3893 |18450 (11129 128372 (15607
TX10° (50000 |30000 {30000 |30000 {30000 {30000 [30000 {30000 30000 |30000 (30000

0 1634 | 1128 | 5339 | 7985 | 7484 |12640 |12697 [17129 {21225 21987 28324
10000030000 (30000 [30000 (30000 ;30000 {30000 (30000 {30000 (30000 {30000

SO OB
=Ty e]

GLIM Macro & AH83te] & 29 A8 & £4¢ 3= o3 2o

O =9
—IOQ(Qij)=Il+fli+3j+7k+5i§+'rik+€jk+0ijk
= U0+ B+ ke g
D, Mgk = 8 + T + G + Wk

i=0,1,2.3,4,5,

j=0’11

k=0,1,

QG =B=r0=8 =00 =T =To=Ex=Etp=Wp=Wwx=Wwu=0, VYiijk
@ 7h4a:

Ho 8 = Tik = € = e = 0 Yijk
@ FR3TAF

2 AREAZ : 66888 (AHE:16)
@D gt B9 A (BEAS EFLAe 3AX) 8u A4EATS IA dx:

Adriamycin
0.005 0.015 0.044 0.133 0.4
Tamoxifen -0.07124 -0. 00808 0.19026 0.23726 -0.06713
CyclosporinA (0.000024)  (0.000027)  (0.000061) (0. 000066 ) (0.000195)
(p.d) WAEs  YsiaEy deE eI} W3 a2t

E 29 & ojAY HNA op=0°) HWA |3} WEZE (second order interaction) ©] 0°)
o 33y ep=00] AP RE (5y), (va), (e #tell wgt Ao ash} FREASE e
4 g glend Jeidd Yehdle BE4EA oy B AR 4 Qo dA 244 249
M & AF7HASAA ny o 7)digke] 2o)@ B3 A Ay dE4E Ba3A B
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7 3% 47 #A
SEFAISAY GeEPYNe HHERE ogE ¥ gy o TE2E Wit Y we

Fo AP WA HAL Yoy dolth & Y ol TAHA HAHE Aokd F AT
AY€ A gL 83 dHA 5 #e d3Y F AL 6FANMY BYFAYG $A in-vivo
AYE T3 AA QYA L] 2AE AN FY} deH

8 &AL =

E =% 218 g3 343 vgE 3o FA 439 HAHYA AE =En

A3 BQ

(1] Baker, R. J., and Nelder, J. A. (1978), The GLIM System Release 3, Manual, Oxford:
Numerical Algorithms Group.

[2] Biedler, J. L. and Riehm, H. (1970), "Cellular Resistance to Actinomycin D in Chinese
Hamster Ovary Cells in Vitro: Cross—Resistance Radioauto -graphic and
Cytogenetic Studies,” Cancer Research, Vol. 30, pp. 1174-1184.

{31 Kim, J. M, Kim, K. W, and Chung, Y. T. (1990), "A Study on the Cytotoxicity of
Cytosine Arabinoside and Vinblastine on Cultured Mouse Fibroblasts,” The
Korean Journal of Toxicology, Vol. 6, pp.29-40.

(41 McCullagh, P, and Nelder, J. A. (1983), Generalized Linear Model, Chapman and
Hall'London.

{5] Nelder, J. A, and Wedderburn, R. W. M. (1972). "Generalized Linear Model,” Journal of
the Royal Statistical Society, Ser. A, Vol. 135, pp.370-384.

[6] Piegorsch, W. W., Weinberg, C. R., and Margolin, Barry H. (1988), "Exploring Simple
Independent Action in Multifactor Table of Proportions,” Biometrics, Vol.44,
pp.596-601.

[7]1 Trinchieri G., Kobayashi, M., Rosen, M., Loudon, R, Murphy, M., and Perussia, B.
(1986), "Tumor Necrosis Factor and Lymphotoxin Induce Differtiation of Human
Myeloid Cell Lines in Synergy with Immune Interferon,” Jourmal o
Experimental Medicine, Vol. 164, pp. 1206-1225.

[8] Valeriote, Frederick A., and Lin, Hsiu-san. (1975), "Synergistic = Interaction of
Anticancer Agents: A cellular perspective,” Cancer Chemotherapy Reports Part
1, Vol. 59, pp.895-899.

[9] Wacholder, S. (1986). "Binomial Regression for GLIM: Estimating Risk Ratios and Risk
Difference,” American Journal of Epidermiology, Vol.123, pp.174-184.

(10] Wahrendorf, J., Zentgraf, R., and Brown, C. C. (1981), "Optimal Design for the Analysis
of Interactive Effects of Two Carcinogens or Other Toxicants,” Biometrics,
Vol.37, pp.45-54.



¥ &

$SUBFILE MACROS $

$C N.B.: The Binomial denominator is assumed to be N $
$CrxxkxkrtirxkxxxST FOR SYNERGISM TESTHkikkiksisidikk

$MACro ST $OWN STFV VA STDR DI $SCAle 1 $CALculate %LP=, 5%
$ENDmacro$

$CrxxtkrrkirkckFITTED VALUES FOR  SThkbkmiioktsikiikk

$MACro STFV$

$CALculate %LP=%IF(%LT(%LP,0),.0001,%LP):P=1-%EXP(-%LP):%FV=N*P $
$ENDmacro$

$Cxkkkkbkkkkkkk ¥ VARIANCE FOR  STkkkksbkkiibhkkkis s
$MACro VA $CALculate %VA=*%FV¥(1-P} $
$ENDmacro$

SCeeexxkkxxxxxDERIVATIVE OF LOG FUNCTION#«kkxkkkkkikkkk
$MACro STDR $CALculate #%DR=1/(N-%FV) $
$ENDmacro$

$CrrxrikexxerkxxxxDEVIANCE FUNCTION *kxkkbkiikkskkkkipbks

$WARN $!

$CALculate *DI=-2%(%YVxLOG(¥FV/%YV)+(N-%YV)*%LOG((1-P)*N/(N-%YV)})!$
SWARN  §!

$ENDmacro $

S$FINISHS
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Statistical method for testing synergism
among several compounds?

Kim, Byung So0o0?, Kim, Joo Hang3),
Kim, Kyung Mee9, and Choi, Jung Ju5®

Abstract

Interaction between anti—cancer agents and various modulators of multidrug resistance in
producing their joint effects are of fundamental interest in the chemtherapeutic treatment of
cancer. We generate a dose-response curve for each combination of several anti-—cancer
agents and modulators based on an in-vitro experiment on each of several human cancer
cell lines.

We employ a log-linear model developed by Wahrendorf et al (1981) and Piegorsch et al
{1988) to detect synergism among several compounds. We show two examples of the data
analysis and their results. We believe that these results encourage further experiment
in-vivo studies.
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