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Abstract

Comparing the difference between two groups of treatment is widely used in medical
research. In practice, the risk ratio of the two groups of treatment can change with time.
For example, for the comparison between the effect of surgical treatment and drug
treatment in coronary patients, the mortality rate of surgical treatment is higher than drug
treatment in the early stage while the outcome can be reversed in the late stage. In this
situation, it is well known that log rank test has low power of detecting the survival
difference between the two treatments. One alternative is to consider the restricted mean
survival time (rmst) between the two groups, which can be estimated based on
nonparametric or semiparametric approach. In this article, for mixed interval censored data,
we consider two approaches to constructing confidence intervals for the difference of rmst
between two treatment groups. The first approach is based on the estimated difference of
two rmsts, which are obtained using Turnbull’s nonparametric maximum likelihood
estimator (NPMLE). The second approach is based on pseudo-observation scheme, which
also relies on delete-one jackknife pseudo-observation of Turnbull’s NPMLE. Simulation
results indicate that the first approach performs well while the second approach gives
conservative intervals since sandwich variance estimators overestimate the true variances.

Both methods are applied to HIV data for illustration.

Key words : Interval censored ; Restricted mean survival time ; Pseudo-observation

method
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2.1 % B 3k *(interval censored)

211 B BERAT 32N TKE G332
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R @ wegE RapmRE 3 - IRRFE > LA 2R F LR A MR

AN E (S - ABERPFR o TE L LR
Z T B L]
(1) case-1 interval censored model(current-status) : = i& BEEDGRF- > A7
FEFL AR BREREZ B2 (o
(2) case-2 or case-k interval censored model (Huang&Wellner, 1997) : = i L2 jL
2a(K)x > 27 E2F 4 Ad (KX BRRAPFEF2ZF o
(3) mixed case interval censored model (Schick & Yu, 2000) : L% =t #icfrif BipF

e AAd BB- S E S

TR BT o A Bk A PRI S0l 5 3 B (NPMLE) ensts da 2k 32
CEARIF S A £ DR R L awT Y o blde  case-1 (current-status) sl o AR FE 2
PF R ok PUPF R O = ey T > Ayer et al. (1955), Peto (1973), Turnbull (1976) ,
Groeneboom = Wellner (1992) % A 4% 41 % 328 $| % 2 pFF ch& # S ficen NPMLE 9
7 8% o Groeneboom (1991)F 4 7 — #4 iterative convex minorant algorithm (ICM)zh
& 5% > v Turnbull(1976) ¢ EM g & 2 B - % o gt ek Ayer et al. (1955)%
NPMLE % i 5 «pF /F 8L+ » # 3 33 - 5 | (weak consistency) - Groenboom and
Wellner (1992), van de Geer (1993), Wang and Gardiner (1996) and Yu et al. (1998a,
1998h) % 4 » 2= = 7 NPMLE 353 5 - 3% |+ (uniform strong consistency) - # mixed

case IC model (MIC) » Shick and Yu (2000):& = 7 NPMLE =3 — 3 {4 (strong



consistency) €_t 47 # (topology) s/» NPMLE @ {335 L2 [ tha # #7323 41 - Song
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BIESCI WP BT S
b, (@) = fr -
FU% 2 iaE B A, (DR B BRFL
A2 a
o =X

#05= 1B vl EHE) T 18) = Tiy (Mg ATy Gy

var (U(B)} = Sy Uy (DU;(B)T = F1o+ » 2 A(D) 0 100(L-a)% % FF 3 5
CL(7) © 4, () + Za 6 (2)

a
2
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PR RTE AT
4.1 HoBER 3

A1 HEA T R AT R ITR L T RA 2 T0d & TR
Mend A2 R CL(T) (D2 GRREZCL() Q)i THTANERE
Wi m .

AP RFER L PR L A F o AR R Ay=1 20 R SHEA=
exp(ByZ) > Bp=0~ 0.5 > Bl T3 i 3 B LS () = exp(—AtY) » & % T & R HZ LY
414 # (Bernoulli distribution) * Pr(Z = 1) = 0.5 » "L 1 = (—log(1 —p))/¥ -

p=07 - £ S(t)=exp(—At")=1-u u~U(01) &an ¥ UFEEINFT EEF4 X

’4} ;\: v&rv_l-‘ )

T T 1 _1 1
u(r) =f S(t)dt =f e xp(—AtY)dt =a/1 vr (;,AT’/) °
0 0
ﬁiﬁﬁfﬁiﬂ EN
u(t) = Bo + B1Z

1 1
= ;l_l/yf(;,lTV) = ﬁo + ,3121

§2=00 Bo=2lC) ¢ HE e o UH T E &5 FZ=1 pi=

i

;e—ﬁb/yr()l/ eﬁbl—)/) Loi Al e 4t BB | T aZ bend B o Flp v 225

Kr\!ﬂf'lli/’:”\%-‘%miﬂ NEF R ERNELLDRRE o
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T B 2% ' (case Il interval censoring) Tk # & 3 3N 1 BB F (Typ,)ihA F 5 35
3427 UQ01L) & & FE(Tintervar) » 323 # % UQ04) > b =tdics 6= o = =hBEPF
& IZJ»TL ' ik BEPE Y %TR » o T, =Tops * Tr = Tops + Tintervar °

TL=TL’TR=TR’ lfTLSt<TR
TL =0 TR = TObS’ lft < TLI °
TLzTobs ’TR=OO, lftZTR
B e 3 bR R S5 R RRPR (T )e0h * 5493 A
U1 > & & B I& (Tinterva)?e » UQ1) » & & Bt » 2 2 o

ot =t #ic s 500 =% > et #ics 200 =% 0 ik A #ons W) 5 100 ~ 200 ~ 400 0 &

L GBI A RS A0 B R U B 90%4r 4 2k P ] 4 4 30-50%2 B o B E
p=0.7 T > & w[f* g x (Diff)friz g B2 (PO) i@ 4| T352 & 4 B gt
e 354 90% ~ 95%:hiz #f B A AR 1s3EE & 500 B A B Ritavld| T b A

ZE

Rentiae kg TGt a REPFf-THTR > R 500 BFHF &
2z

T od L R b RS RS L 16

4.2 HohR s %

ERERIVL G5 A 137 R bk A dkcs 100 B & 8 ik
oyt bW BT 0 B aEALY Bl 0 BT R AR (DIff) iR )
©h R EW S AR DI K7 L BR B E2 (PO MR o FEFHRA

BoH 4o P o dp g2 (Diff) g &k @32 (PO)sh T 308 B £ B %) > & £4p % (Diff)
TSR AL BB EE(PO) > A A AR FB NG A A kR
Bk ey =2 By = 0:hiE T dpigk (Diff)fe 3 LR 2 (PO)HT R R RS
e B L R REPS S AT E kR

”&F 4.2 P ig bepFE o KA A6V B BBAR ARG INEL AR R R
AFAA > R LEETRS RERATRL 0 8 R U ST I
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KB o by =2 By =050F 2T 4 (Diff)fo ik LR E 2 (PO)ehEE 3t fr &
FPS G LEBRGHRARS S THERFRTAR ) REWIREL K
B RERECFFRTFTHRL o a s B2 2t it o ARG TS o G
FLE B2 (PO)AP >t 40 k2 (Diff) % 5 AT HF F A » GRR @2 (PO)SNE A i
B OREFB I oA GEREE (PO)fodpik ik (Diff) 30 7 4k > 31 ek

PR S R R DT IS K3t

Lo b fAE s AR R U GIRF NA B ABREF L BARL R
FRINAE R ou ks BB A TIT R G B THER S AL H b
B ARG REWIEERFA kG EFHR AN L > REATIOTR
7R BIR ) AR o

2. 7‘% TR R 'V'HKFB P oo B2 AR g %—y{.{ar"’“" ;’},ﬁ—’: N %E‘ﬁﬁjﬁ@ f;;' o ’J\ZE ,

L TISF R G AP R ] o

RS E e EEICIHNEREE R £ 8 = R
fokiz (DIff) LT 39 B+ chi B4 bR > o

CEEE VUL
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Fo 1l Adch 1000 B AU 5159 90% 0 B B4 T 30E gt i

Point Estimate Interval width Coverage

v B A Diff PO l-a _ Diff PO Diff PO

090 0303 0392 0904 0.928

1 0 0000 0014 0012 095 0359 0466 0938 0.972

090 0302 0410 0886 0.922

1 05 -0076 -0.054 -0.049 095 0359 0489 0932 0.960

090 0359 0435 0894 0.916

20 0000 0008 0008 095 0433 0519 0948 0.962

090 0370 0462 0890 0912

205 005 -0.067  -0.066 095 0445 0550 0.936 0.962
2 tAH5 2000 B ARV 1 90% 0 A UG EE H it i

Point Estimate Interval width Coverage

v B A Diff PO l-a _ Diff PO Diff PO

090 0212 0242 0916 0.930

1 0 0000 0017 0016 095 0252 0288 0964 0974

090 0209 0246 0920 0.928

1 05 -0076  -0.068  -0.065 095 0248 0293 0966 0976

090 0230 0259 0876 0918

20 0000 0023 0022 095 0.272 0309 0924 0.956

090 0233 0267 0906 0.916

205 -0052  -0.067  -0.066 095 0.277 0318 0948 0.966
23 AHE 4000 RO 55 90% 0 B rLH| T 10k bt i)

Point Estimate Interval width Coverage

v B A Diff PO l-a _ Diff PO Diff PO

090 0147 0.156 0.908 0.914

1 0 0000 0018 0017 095 0174 0.186 0940 0.976

090 0145 0.154 0918 0.924

1 05 -0076 -0.066 -0.064 095 0172 0.184 0.956 0.960

090 0159 0169 0.888 0.906

20 0000 0016 0018 095 0188 0201 0946 0.956

090 0161 0171 0.896 0.920

205 0052 -0.070  -0.068 095 0191 0204 0944 0.956
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£ 4 Agch 100 F LK P 5% 30-50% 0 A et T 30 d fant i

Point Estimate Interval width Coverage

v B A Diff PO 1-a _ Diff PO Diff PO

090 0206 0225 0956 0.942

t 0 0000 0016 0012 095 0244 0268 0978 0.986

090 0207 0225 0932 0.906

1 05 0076 0053 -0.047 095 0245 0269 0970 0.966

090 0224 0242 0940 0.956

20 0000 0018 0012 095 0.265 0289 0976 0.986

090 0233 0253 0944 0.952

205 -0052  -0.057  -0.050 095 0.275 0302 0980 0.986
5 Afcs 200 7 4% Ut (4 30-500% 0 A UL Hd bt i)

Point Estimate Interval width Coverage

v B A Diff PO l-a _ Diff PO Diff PO

090 0142 0.146 0.898 0.926

1 0 0000 0023 0022 095 0167 0.174 0.956 0.960

090 0141 0.145 0.918 0.904

1 05 -0076 -0.065 -0.059 095 0167 0.173 0972 0.954

090 0153 0.160 0.888 0.896

20 0000 0026 0025 095 0181 0191 0944 0.936

090 0156 0164 0916 0.942

205 005 -0.061  -0.05 095 0184 0195 0956 0.976
# 6 thAHcL 400 L3R T )5 30-50% 0 B mUG] T EEE bt i

Point Estimate Interval width Coverage

v By A Diff PO 1-a  Diff PO Diff PO

090 0100 0102 0934 0924

10 0000 0014 0013 095 0118 0122 0960 0.968

090 0.099 0100 0.944 0944

1 05 -0076 -0070  -0.067 095 0117 0.120 0974 0.978

090 0108 0.111 0924 0.936

20 0000 0011 0010 095 0127 0.132 0966 0.978

090 0109 0.112 0866 0.886

205 -0052 0075 -0.073 095 0129 0.133 0.938 0.964
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5.1 5K 4

Aqeal* kg Kim, De Gruttola, and Lagakos (1993) s % 55 & TR 74k
EEF o TR p S RS Lai]m% I Hospital Kremlin Bicetre §= Hospital Coeur des
Yvelines » # 1978 # &L iEip R 257 = A & B Al LR K ’ér_#%iéi%l PP
P BRI F A kA G TR AL RR RS ) (HIV)R %k g - 827
7188 tRERA T pE  HY 4Lt R TRARMIAFEE ) (AIDS) -
PRM_1978 %D 1986 £ 28 O EHPFRF > xHE L ELL LG LEAE S
HIV a2 5 d Sl a2l B 238 mRF AL +38EFF AR,
ZERBEREERE G ORI S 2K L2 iinfp 5+ XV F - BHEPFF LT 5 6
B2 o TR BRFl - BEEELY > V20K FHS AL 20KE L
20 A s ¥ - BEISHEW S AISRYME - & mﬁi%ll £ 0 1,000 ug/kg & #= s R
B ﬁ&iéﬁ‘iﬁﬁli 2 AZi6 1,000 uglkg » L & 247 P 8 o B B Bk Ris
R sk £ PR Z HIV enZ B A% 4piki (Diff)feiz oz

B (PO) kAT fd mEde Niaf T » 14| T30k i B o

52 ¥ %

BRAOHHETRERA T AT SEERRY BRI L T T T g I
B EELINA 5 o] 20 Fieng 170 (v 6K 66%) 0 2t 20 g 87 (vt b
34%) » FALEFR L E BT S Ao D om0 dEME S 153 (v %) 60%) 0 £ A e

1 104 (0t )5 40%) o dE et BlRE RIS ER o R CU B > 2 LY

<

5 04% -3 VLB E 26.85% 0 H AR UL B L 72.76% 0 L & M EFRXUE
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B35mbr e Edble W)™ F IR R R pHOp s ® H o 7 g2 20
Posi A S A L RROL ERE R RS E AR M4 SR b FE G € AR
oAt R ap A LRI G ER B IS AT R e 4 -
P EBREENFREACHF BT R VRAFRET R AT RFDLG
A VRAEDESREACHRFIL G BETB ST LRI L 20 REHE
Fop b R o B PF 8 10(H) 10X6=60 B ¥ =5 E)ipFiE o A w4k G R
REEERER - URWFFEPFT DR o RO RS IR TR F S ARG
FHETH 6 PP B 6(X) 6X6=36 7 =3 &) dmicet £ R B %€ ERp TR
R A6 Fa LERER L EARHDR GRS -

B¥ ¥R s BRAFET(79111315)F Apm iy A A u {1 GREE
FL RS B NN e G| TR Snd B o SR04 8od A 8F Ao g
FohEL 005 pF > sdpe 83 HFMOLE > A nKhEnpliiy £8 57 F
B EEREGET LR APSUETI PR § A RS 2T 0d
LB BEFNAORTod 2 9WFF 0 AF BRERET <20k NE K
] T ok fol 3 20 e o :wa%m; 7(% TX6=42 i » =35 E)k#m » JI* %
B 32 (PO)T 114 B 2% 20 f e 4 ARt |2t 20 ey A PUH] T 30E 4 5 0
0.253(%) 0.25X6=1.5 i * )erp ¥ 5 fpFRF2E 9 1215 » 90%Fr 95%:h i 8 & ¥ '+ &1 7
FREFELR i (DIff) i fdicmit @t vt PO 2 > B X 5 vk i1 DIff
AT % 90% - 05% 1 i B S R B TR s M o A 2 Y B o SRR
Hte o B
AR 55
E)ruE oo £ R RS T0E b e F o RS 9 101 0 F oA St
T 0E APROTER BB 0 wPFE R 13(% 13X6=78 1 ¥ =65 &)1t A B 5
MEL B o fApik (DIff)T o & BB e e U] T30 d S dp ot E
Blid o PR EE11(% 11X6=66 B * =55 &) (sa o § lE LR o

P TR AL BEL BN BT RO RAT B T T BE S

1%t % 10 4o 8 » 3% &2 (PO)™ » fps A g 9(X) 9X6=54 f# » =4.5
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* 7IAIDS:1I53‘§,.& A

Age

<20

>20
Treatment
Light
Heavy
Censored
Left

Right
Interval

N=257

170(66.15%)
87(33.85%)

153(59.53%)
104(40.47%)

1(0.39%)
69(26.85%)
187(72.76%)
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Age = 20

::__

15

Age <20

I

___:__:___r___

::

15
Time to AIDS infection

10

150

100+

sjuaijed Jo JaquinN

50 1

PR F (82

B 3:HIVAE 2%
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Heavy

__:_____:_::______:___:_:_:____
_

:_____::_:::______: I

_______

15

FO

Light

________:____________::_:7:____::____:;

_::__:_:

15
Time to AIDS infection

10

150

100

sjuened 4o JequinN

50+

@1)

B

ﬁ?»@‘7% (i

Bl 4:HIVEZ
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Survival probability

Survival probability

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

Time (half year)

RI5: 3R R (F8e)

Time (half year)

B 6w (eke



#8: REFEZPO)NERALIT(T R F A ERT)
B1(PO) SE P-value
Age(=20) 0.629 0.250 0.012
GP(Heavy) -0.462 0.281 0.100
29! AR b ERNELT LT 0E gt i
Variable Point Estimate Interval length Cl
PO Diff 1l-a PO Diff PO Diff
090 0.477 0.388 (0.01,0.49)* (0.01,0.40)*
> . .
AGE=220(7) 0253 0.207 095 0.568 0.439 (-0.03,0.54) (-0.01,0.43)
090 0.642 0.517 (0.06,0.70)* (0.10,0.61)*
> . .
AGE=220 (9) 0384 0354 095 0.764 0.702 (0.00,0.77)* (0.00,0.71)*
090 0.852 0.892 (0.24,1.09)* (0.20,1.09)*
> . .
AGE=220(11) 0668 0644 095 1.015 1.094 (0.16,1.18)* (0.10,1.19)*
090 1.096 0.984 (0.29,1.39)* (0.33,1.31)*
> . :
AGE=220(13) 0841 0817 095 1305 1.082 (0.19,1.49)* (0.28,1.36)*
090 1.339 1.277 (0.33,1.67)* (0.34,1.62)*
> . :
AGE=220(15)  0.998  0.977 095 1595 1556 (0.20,1.80)* (0.20,1.75)*

90% C.|

95% C.I

Point estimate

PO
=& Diff

13

15

7
Time

1 13

Bl7: 3 F@ERRETEEREAT (E&k)

28

15



2100 Bd A7 e inf e n T o LT I0E bt i

Variable Point Estimate Interval length Cl

PO  Diff 1-« PO  Diff PO Diff
GPL() 0153 0013 g g — (T o (028020
GPLE)  0.056 0122 g oo e G0 (083.0.28)
GPLAY 0388 0530 0005t Do e
GPL(L3) 0825 0999 (i et 10 (171029
GPL(LS) 1338 -L515 | ooy 0o e (54306

* GP1 : Heavy treatment

Point estimate

4.51

-1.51

-4.51

90% C.I

95% C.|

PO

== Diff

13

15

7
Time

1 13

B8: 2 FPFEEET R ®REASF (o)

29

15



¥R RMEER

R L G s T LT ESCE R BT B ey
(Diff)frin 03] % A i (PO) K2 2 8 B H| TR LB AHA 53« &

>

Sw R R R E I AT R L 04 Apik (DiIff)fo 5 B &2 (PO)
B U B 5 90% ot 2k FUt B 30%-50% s i T A BRI s TIER
BREWFAME AL > @ 5B 2 (PO)SA LT 3% R 414p $30 4p ik i (DIff)

o R BRI E RG] o A Y REF IR AR 4 TR 2 AR R
(Diffynd £ 4 iF % | © ALK Vb5 NFHBAGBEPTREBT L 40
e & R TIE R fripd] o

=

24

f %
20 % HIV ek 5 — B 35t <30 20 ko en§ o fdp i i (Diff) o 2 B i34 (PO)#
ST IF AL R AT 20 e iE G RT3 20 Renle ] o 4oon o] 3 20
AR % HIV ek i 4ot g 5 @ hgnf et o iR 2 (PO) A pF 8k 9 12
TREMAESRGRE A AFFBINEE A LR EDR G F o TG T IS
FHAOLPFRONFEL G AFPRINELfE -d 2T 3§ FRALE
FOAR G B 0 Ap Rk (Diff)fr B BB B2 (PO)FRA f A PR BT o
AR o

I=q

FeF oA A B u g Ted b AE& RIS 5 AT

EEHFLIGFY T RAPFIERT A LR TIEE GOL R PR
i% (Diff)fr iz L B2 (PO)Eix4F et 1 £ > £ 47 7 B BAB P BT 1L s
Eed B oo AP R (DIfM)F AN E - S|P LPEZA LTt RLE > A B

BREEE TS 2 A RO o T A ol 2 R o o
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