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Prediction of survival in lung cancer patients with radiation therapy

Maximum likelihood estimation of two parameters of lognormal

curves from censored survival patterns
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Department of radiology, the Kanto Teishin Hospital, Tokyo, Japan

Research Code No.: 699
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Noticing of the fact that the distribution of survival time of lung cancer with radiation therapy is
lognormal, the author used Mantel & Haenszel’'s Chi-square test for the test of goodness of fit between
the preknown survival time pattern and lognormal one, and tried to predict posterior survival pattern
retrospectively using following method. The method was developed from Gupta’s formula for estima-
tion of the mean and standard deviation of a normal population from a censored sample by means of
logarithmic translation, and the author examied the following data.

1) The first data of 225 patients admitted to Aichi Cancer Hospital, Nagoya, with diagnosis of
lung cancer from 1965 to 1970 who were treated mainly by radiation therapy.

2) The second data of 554 patients with localized but clinically inoperable bronchogenic carcinoma,
was assigned treatment at random so that 308 patients were given radiation, whereas similar patients,
serving as concurrent controls, were given an innert compound. (From Wolf, J. et al.)

The survival of lung cancer with radiation therapy could be predicted using the ronthly survival

data of first 6 months and the probability of error was within 5 per cent.
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52 EIHEREV R, hicBlT s, BgRIS %
THES RO T, ZhEBRTsredbiz2T
43 retrospective 7efffZE X b A b prospective 7¢
PIECE Licy.

RERB O 5 5 Bk F CO4FE BT 5 LA
bR TWaBE, ToHitbhblwv. ZDX5i
REEL T B ORHER ORI A At sy
Afi (truncated distribution) & Z\, Aioth
Fo A% Yl 4L (truncated point) E 5,

WE—DoOREE LT, £FEMEOFER w4
FHERT (B2 X lognormal 234ii) 7 B & h T
WaH, B BhiciEEGo s LR LadRE
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- F (#TH1Y) censored A:fFMM) < 2 — v L
5.
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2 A RTb0EEL RS, 1 D0L logno-
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TFEHHHIES 2 $ i s general population 73
& BETFHIR < # — v LI HERANCE LT\,
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lognormal @ 2 v>¢) parameter, logmean(y) &
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0 b7 (method of maximum likelihood) -Tifzad
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2) Wolf S5k Uic FMAEENME 55441 ©
B08PURIT AHRIAIR %, 24600 ix 7 DXHIE &
LTI RSB 2 Tl o T 5.
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Table 1 Percent surviving to the beginning
of the indicated month

Month Control Radiation
1 100.0 100.0
2 | 89.0 93.2
3 72.6 80.1
4 59.7 6G8.1
] 49.6 56.2
6 44.1 49.3
7 36.6 44.3
3 29.4 38.3
9 22.7 33.0
10 19.3 30.0
11 16.8 26.0
12 16.0 22.2
13 13.9 18.2
No- omering | 246 308
ating soay| 20| w2

Five hundred and fifty-four patients with localized
but clinically inoperable bronchogenic carcinoma,
were assigned treatment at random so that 308
patients were given radiation, whereas 246 similar
patients, serving as concurrent controls, were given
an innert compound. (From wolf, J., et al: Ame-
rican Journal of Medicine. 40 (1966) 360-—367.
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Gupta* (1952) 1L IEHA MO+ v — FEIAIC
DWTHOLEER X AHEET T2 RE LT\ 5.

KL~ % X 51T Gupta DADH D —FFDOEEL
% log Z8¥a L, lognormal @ -z v+ — FAFEHARH
Az = DIRFICIEREE 2 1.

BREGIE n , NSV D xpXgeeeexn T
BB E o4 B L L logmean(p)S.D(g) § &
%. e THEPIBRR, & OliEREREEROL
EEu%; (likelihood function) (X ¢k @ (DXL T
AT EAHIES.
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G@meL{QVﬂTq;xwﬂ A
n=k

(log x—p.)szlog x] seee (1)
% 1LC likelihood function ORFITW D L 5 i
EFEhEND.

log L=C-k logar——— > (log xi—p)?
+ (Il-—k)l()g@();) ...... (2)
ClLEH Ty= —k’—g’;“—_‘”'
_'_@(77)=1/%_x5me‘%tzdt, A —(%53
() = 17%:,3-4.?2
TH%.
d El;:»gL 0, d éog[‘ ~0

DM HRAL D po OEAMEHRD S R 5.
FRTE, ko ) WRTRT X5 it
hEND

pr= L 10g xiok (R —SD/d e (3)

k k
Lin%ic St=—-3(log xi— 3 log xi)
k i=1 k i=1
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d==(log xx—-—— Z log x;)
Q‘*ICUZ e (4)

# Department of Applied Mathematics, University
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1) BEREIENA V& —0 225040 h B ¥ T
IR Lz 21782\~ Tk lognormal & 5L -
5%V NOFRETL B LTWAHRITOW
TR B AR RS i L.

retrospective JLHFFLILE S Z D X 5 1T R 0
BoE ) LEcEFET — & 2{l T 3 T GIHiE

(truncated point) (5, 6, 7, 8, 10, 14,
18, 24, 36, £ LT40»A) &1y, YimEC
DEFIEO T — 2 T2 5%, TORDTF — X
AL LT/E X, lognormal® 2 v>dparameter,
logmean(p), 8.D(¢) #logZiHfi% f775->C Gupta
ORE D LEL FREBWTE 2 17 - % O
BT 24T ot

Bl iE, 32 OFHIIA 1 v 2 —IEBE Ol
BT -2 C5 D ARITYY &L, TokEHA
BLLT, 5HPAFCOF—21h52 20D para-
meter g0 W CHECEFELTR LS. ok
W TS e 1 log OA S — LR }H ")
. n= 225, k=85% LT p=0.3778TH 5.

%2 O ARITEBAEAE LT\ B O THT
WIh sk 0.5% Iz e BB ORE % v logzxk::
0.7404 % T %. f§icd=0.2216% L T¢ Ezgg%:ﬁ =
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Table 2 Survival patterns of 225 patients admi-
tted to Aichi Cancer Hospital, Nagoya,
with diagnosis of lung cancer from 1965
to 1970 who were treated by radiation
therapy mainly.

Month bé‘;'s:; Month %‘;s;f
1 5 ~10 23
2 10 ~12 20
3 24 ~14 14
4 26 ~18 14
5 20 ~24 10
6 11 ~36 8
7 13 ~40 2
8 12 40~ 8

Table 3 The estimation of the logmean (1) and
standard deviation (¢) of lognormal from
the various censored survival data was
obtained by maximum likelihood. The
survival data were shown in table 2,

Trun- Maximum-likelihood
cated P Estimate (log,,)
Point k (k/n) P 4
(Month)
5 85 0.3778 0.8410 0.3210
6 96 0.4267 0.8711 0.3467
7 114 0.5067 0.8659 0.3418
8 126 0.5600 0.8710 0.3470
10 149 0.6622 0.8710 0.3468
12 169 0.7511 0.8657 0.3406
14 183 0.8133 0.8855 0.3508
18 197 0.8756 0.8669 0.3377
23 207 0.9200 0.8675 0.3446
36 215 0.9556 0.8684 0.3500
40 217 0.9644 0.8704 0.3523
0.3916233K D b i,

ZDpEy XhWolfdE I X F WTHET5
L po OREHEEMER FhFh p=0.8410, o=
0. 3210/ BB -5 H 3 7.

TR, #3wRT X5 iR
oot ThERTTShbrsldce s AT
LRI A 2 — v a5 2w F—2 h b E
H L #zlognormal® 2 “>parameter w,o 407 f
¥FCEIbRETF -2 X0 L 0L, BA
EERR BRI, FRECII40D B EchErbh
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TeF—X X DBH Ui By & %D oy DISHEIR
Pz Ry 5 & 1 0.9166~0.8242, ¢ * 0.3775
~0.3217L 75 ) 6 ~407 B DIC5% EiE K
FTRTD o BNEEFND.

COZEREVIRZAH LI AT TOT —2h
DOWEM D400 B ¥ COF—x X h OHEEE
5% DEThoMEREFAETHERIL X 5 wiEig
Hskes.

7% 1 © Wolf DFfi BN 5540 D 3084
IR REHRREY 2468013 T O & LCHEE
Mk EThbh i, 20535132 A% C
Follow-up D5E&7efiEBIE % -FEh 30261 & 240
PICZ 07— & OoPHe 2 BIEFIHRTE Wi,

D200 MM o S x - 3138 BT
Tbhice vy — FEFHM 2 —vE:E2 bh
5. ZhSALNM-S % — v & lognormal » o3
frEE% Mantel & Hanszel @ 3 ¢F A F Licks
R, BSHRIGHERE 3 *= 0.00334 M35 11 2=
0.00727%7c b, ThEXhBEOHRILS L~
N & T % v lognormal £ F L L k& —F L
T3 Z &bt

CHDDF — 2 OWTEHRP ALY X —D
T2 T oD LRSS ~137 A TOEA
DEFEDO L7 v — b RREY, BLET2o0
parameter p,0 OHEFEZEE LickE R a3 4%

Table 4 The estimates of the logmean (1) and
standard deviation (¢) of lognormal from
the various censored survival data are
obtained by maximum likelihood. The
survival data of radiation group were
shown in table 1.

“Trun- Maximum-likelihood
;’T:ii:t] X 'kP Estimate (logy,)
(Month) (ko A ¢
5 132 | 0.4371 | 0.7406 | 0.2047
6 153 | 0.5066 | 0.7628 | 0.3255
7 168 | 0.5563 | 0.7823 | 0.3311
8 186 | 0.6159 | 0.7843 | 0.3450
9 202 | 0.6689 | 0.7884 | 0.3411
10 211 | 0.6987 | 0.7958 | 0.3497
11 223 | 0.7334 | 0.7954 | 0.3478
12 237 | 0.7848 | 0.7895 | 0.3446 |
13 247 | 0.8179 | 0.7919 | 0.3438 |
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Table 5 The estimation of the logmean () and
5.D (o) of lognormal from the various
censored surval data are obtained by
M.L. The survival data of control group
were shown in table 1,

Trun- Maximum-likelihood
cated P Estimate (log,,)
Point k kmy [ T .
(Month) £ ¢
5 121 0.5042 0.6834 | 0.3020
6 134 0.5583 | 0.7103 | 0.3286
7 152 0.6333 | 0.7134 0.3318
8 169 | 0.7042 | 0.7117 | 0.3296
9 186 0.7750 0.7062 0.3219
10 194 0.8083 0.7082 0.3249
11 200 0.8333 | 0.7101 0.3278
12 202 0.8417 0.7147 0.3347
13 | 207 | 0.8625 | 0.7154 | 0.3362

5IR L.

BHRIBIREE 30260 fas, 613 D95% EHIX
L 0.8317~0.7521, ¢ : 0.3147~0.3788, L
BFEClTp 2 0.7587~0.6721, 0 : 0,3734~0.3057
ZDBLEEREENC 6 4 B 5130 B ¥ coF
TOEINVEGERTHBEZENFELFES LT
bk,

FRFD A v 2 —D 22500 X FREIC 5 DIk
ThoWRYHFEThIE6e » A Ttom AT —
FREFCHOLEE LS.

vV E #®

FEIR DA A v 2 — 2250 0 Wolf & 34245
122\ ~T retrospective Fefff9e a7l /- fEB =
NHDOTF — 2O TETFRANARET Lo bIBE
DENT Edvbote. L LA TR R
T B IC BT IL R O FE S o\ T4y Tl S A 55
hiauEis B,

1. BSHEEER OS> T 5 il &
L CFRMARBIES TR NIV Th® bhT
WA, F LTEREB o 2 2 — v lognormal
S EBbhaD, ThidolHEECEETS
TCDITIETEIC S DR DT — X TDuT retro-
spective IRt 2 NI L B 5.

M EFED X 5 IehififE Tt v — FEER -
£ — v & UTHERIT 2T 2T b K iy

HREFRNMFLER B4k $25

s\ EBbh s d, AR OREFEAR K
HFHAR T HORBBAHEGIRO X 512 T, 1 iHn
Kifsrhd bh s EBbh s 7 — & OffFTE, b

F Vi — MEFFHME A 2 — v & LRI R
B 4H% 2 hidis b,

2. ZOWEHREITCBV T -2 Xl h L L
RAOEFHHE R 2 — v CRERTH L DAL i
RS — 2Tk, 0.5, 1, 2, 3, 4, 54
DEFRTRENTND, ZDX5 kT — 2T
B X BRI SRR . SR B
BB/ NI CIERBEOEERIIED . 4
o &b 1006 Bt bEEE Bihh o o0&
DWTHEERH L

3. YR X 0 AT D4:FE BB R REES I ©
WTHRRALEE Bbh . Flrd@EmEni
v & — 225{13400 B OB ETOAERE LT BIE
FIOEFEER LT Bh, ZHRIZADTHE
15Bvx40 % A Al D L FE3E L BB OEGIS %
EbLTwhH, 20 bRREELTCIIbB M
DEIENRKE {7 b LR . o 2 HiR
MR T h b OFEGI DB 3 2 576 »
lognormal %322 Bz OCTeEH LTE»D
HlErk 5 B RET R LT b K Mg b
Fro,

4. exponential &5 )L, extrapolated actuarial
EFNEERCTIHEOFEROTMAHEL 2 &
5 Gk, BRI b,

lognormal € F A o\WTiE e v E = — & —{
BERCATIR DT 50, &8, vy — FAEFH
D -3 2 — v OIFHEITC S ZhZ b CfFnia
W oo,

5. /NEBIDHFERC T SDREEY T
3 HIR S Hk e S B me et b, flaid
linear estimate L7 the hest linear estimate jr
DWTHE Z oo,

VI # i

Tl D SRR IR B ER LMD 2 — v
73 lognormal (270 3 & = A H 22 FHTFa0
WFHERD 2 00F - 2 R HBcigdi-. 810
F = ZXFMBENRA 2 v & —fEBRR R E LTS
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551374 A ¥ TOEE Te fEF 13 BAHEEE 302
B, FoOMBEE UTHERBRREY Tic ot 2406
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A E AT BT 2 T ocks R, Lo
T—2Eb 67 AECOEFEDOBRE B LT T
5% VNV DBEOHERTFHROMENHES &
B OFIRD S HRI B Ohic. 5% Otk
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