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Table 1. Characteristics of included studies in the meta-analysis

Trial Study name i i i No. of  Men Median Age
o Journal Patient details Intervention ] Outcome
no. (publication year) subject (%) (range, year)
1 Dimopolus et al. N Engl J Med. Relapsed or Experiment: Rd% 176 59.1 63 (33-84) oS
(2007) refractory Control: PLC-Dex® 175 58.9 64 (40-82)
Weber et al. Experiment: Rd 177 59.9 64 (36-86)
2 N Engl J Med. Relapsed (O
(2007) Control: PLC-Dex 176 59.1 62 (37-85)
Zonder et al. Experiment: Rd 97 . .
3 on Blood Newly diagnosed B OS PFS
(2010) Control: PLC-Dex 95 .
St t et al Experiment: Carfil-Rd®) 396 64 (38-87)
4 ewart ¢t a N Engl J Med. Relapsed S OS PEFS
(2015) Control: Rd 396 65 (31-91)
Rajkumar et al.
5 ] 2010) Lancet Oncol. Newly diagnosed Control: Rd (low dex) 222 55 65 (35-85) oS
Rajkumar et al.
6 ] 2010) Lancet Oncol. Newly diagnosed Experiment: Rd (high dex) 223 59 66 (36-87) oS

4) RD: #lde|=nje| =9} dAlyElE B89 H
5) PLC-Dex: 9| 2F3} @ AlvEFE W8 QW
6) Carfil-Rd: Carfilzomib, #l'¢&] Eulo]= 9} GlAlwElE B L QW
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Table 1. Characteristics of included studies in the meta-analysis (continued)

Trial Study name i ) i No. of  Men Median Age
o Journal Patient details Intervention ) Outcome
no. (publication year) subject (%) (range, year)
Experiment:continuous Rd 535 55 73(44-91)
Benboubkeret al. .
7 2014) N Engl ] Med. Newly diagnosed Controll:Rd(18cycles) 541 50 73(40-89) 0OS PES
Control2:MPT(12cycles)? 547 52 73(51-92)
Gay et al. : Experiment:BiRd® 72 56.9 62.6(35.5-81.5)
8 Am J Hematol. Newly diagnosed OS PEFS
(2010) Control:Rd 72 56.9 62.5(36.0-83.0)
Kobayasi et al. Rel d
9 obayast et a Int J Hemato. GapseEOT - pyperiment: Rd 140 51 66.5 (39-88)  OS  PFS
(2015) refractory
Gay et al Experiment:Rd 228 62.3 62.9(29.0-92.9)
10 y Blood Newly diagnosed 8 OS PEFS
(2010) Control:Td® 183 59.6 60.2(22.2-79.5)
Rajkumaret al. . 3 Experiment:Td 234 50.2 64.0(39-86)
11 J Clin Oncol. Newly diagnosed OS PEFS
(2008) Control:PLC-Dex 232 51.1 64.4(31-84)
1 SanMiguel et al. Lancet Oncol Relapsed or Expeﬁmeﬁtzpom—lowdexw) 302 60 64(35-84) 0S  PFS
(2013) refractory Control:highDex 153 57 65(35-87)

7) MPT: 22, e =y &E29 dAvErE B89

8) BiRd: Clarithromycin(Biaxin), #l'g¢g]lx=ulol=¢} &3 wAlmeld HE o™
9) Td: gel=ulo]=9} dAlw el

10) Pom-Dex: Z&ejEulo] =9} GAlm ElE B8 QW
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Table 2. Data from Kaplan-Meier curves : Overall survival rate

Placebo plus dexamethasone

Time Lenalidomide plus dexamethasone
Trial 6 12 18 24 30 36 6 12 18 24 30 36
1 86.4 77.2 72.9 66.5 62.2 62.2 81.2 72.4 56.6 40.3
2 92.9 87.7 77.5 67.1 49.5 85.9 78.2 53.5 34.8 20.6
3 94.9 93.8 90.0 86.5 84.6 78.8 91.3 88.2 82.9 77.6 77.5 73.7
4 95.7 88.5 81.6 734 67.0 i) 924 82.9 74.6 65.0 59.2 54.1
5 97.0 96.0 91.6 91.6 HiEb
6 92.2 85.4 77.6 63.4
7 93.2 88.3 84.2 79.0 73.9 68.6
8 100.0 98.0 93.7 84.3 84.4 73.2
9 97.0 92.6 90.5 87.6 84.5 81.5
10 97.0 92.6 90.5 87.6 84.5 81.5
11 85.7 78.9 71.1 64.2 36.6
12 59.3 39.6 37.7
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Table 3. Data from Kaplan-Meier curves : Progression-Free survival rate

Time Lenalidomide plus dexamethasone Placebo plus dexamethasone
Trial 6 12 18 24 30 36 42 48 6 12 18 24 30 36 42 48
1
3 88.1 785 69.1 62.1 57.3 52.2 1357 44.8 63.9 52.1 46.2 40.6 37.8 32.5 28.6 29.6
4 81.8 624 47.9 40.0 35.6 30.5 30.5 30.5
5
7 8.1 69.2 58.4 49.6 43.7 40.9 S 32.6
8 9.0 80.7 67.9 55.1 39.3 39.3 41.3
9 786  67.8 49.5 414 33.5 33.7 . :
10 85.4  74.9 64.0 51.5 43.2 37.0 34.6 311 : : : :
11 53.0 26.8 19.5 14.4
12 14.0 1.50
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24 3y
5.1. Meta-analysis

o8 AT AHE TFs] AT FAH HITo2A 9 vEHEAold §ojrt
270E oldg®, WEEAE dAATFNA  FoEA AREEH AT (Arends,
Hunink and Stijnen, 2008). A& #A5.9] WEFEA A 71 1 HZ WH
®F=AURE}E A st ®golA 4 A5 Tk Alolth(Dear, 1994).
EfEA oA 27FA] F8 $ATE HIe 1A &3} 2 Y (Fixed-effect model)

7} 2 ¥ (Random effect model)©] %1t} DerSimonian & Laird(1986)
of 93] A¢td @EF WY F I (univariate random-effect) HEHEA 0] F=
AREE AL ow AT e HAaE FA 2 e Ve AR dF AgET)
At SAEH= dHA = Bt 14 83 2 (fixed-effec model) HA At
|51 Aok Ty HIZole dWEC digd AMEE AFS SIS
(Arends, Hunink and Stijnen, 2008).

PR BATANAE st AlFlA stue] Ay Hayhs 7202 &
AARsHA gow AFAE A AFAA SAHE A8 A3 HFE FHEe
ol #AS Holi rh. o2 tke AFoA S8E A5 F8 FES A
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52. thAF 99 &3 2§ (Multivariate random-effects model)

2o

& oo}

[¢]

5l Multivariate random-effects &

3|

=(2008)°] Al A

Arends

Bo+ ﬁltreat,,jk + Bln (yearijk) by + bltreatijk +byln (yearijk) * e

In (—1n(S)

oA AT (Trial)= ‘@', S (treatment)= “j, 5A A% (time

23

919

_']9_



point)= ‘KE vty A ATt A A ETAM 5AH AA 0
dSs = AE 2&2 3WE Uehdth Y &3 (random effect)= UEHAE
(intercept), In(time)] 71&7], XS5 & F(treatment effect) S 7Tt FEAL
qd A WY EF(random effect) =, ‘by, by, by = A =-% 1 (zero mean),
Ogus A2 E 7HAERH. AL £59 In(In) HEH FHFY AlZ(year)
thAlol In(year)29] WHEH 2 ofo]E E3E(Weibull distribution) 7F4 3 A x|
o A5aHE)e A3 HEEA RAEHE AR Ao AE: FAHL2 At
g g oer & 54 T AAE ¢ At In(-n)d] HEH 4 o
T AE £E&Y = & "y S aydoF ¥AE EETH(Arends, Hunink and
Stijnen, 2008).

2 dFeAs ddd o]zt gAatmEE B8 el X g wE i
A1 AERA AAE T Hsl s FAFHA S
st A AE 4 A5 TFS 9% e AcEAN thiy Ay a3 2y
(Multivariate random effect model)= AF&3IA T 2] Arends 5 (2008)°l A]
AAE A 2ol AEEE In(ln), 3HFS 23T AE AL In(time)=

L3tk AT FAZA dFEAZN QAE A E(intercept) o} AI7He] 71
7l(slope of time)E ©l&3tRN oM o= A TEo wE FHAAAE AW
st7] #sl EFeATh Wl x5
2} 7] B (parameter)= SAS 9.4(SAS Institute INC., Cary. NC. USA) A Z&E1
HS ]88t “Proc Mixed”E &3l WH&E 374 st 3670 €9 F4 %

TU4Y HA AEE(Overall survival, OS)F} 487]1€9 FHT&E 7| T4y F

X

|

m}ll_‘
N
~

Z18) AE H]&(Progression free survival, PFS)< oS3}t
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53. Tt WEl £4(Multivariate meta-anlaysis)2] &3} 37]

'3} A7 (effect size)= MU &3 7] e W L #AL AVE =
A3l @S Uit It oR = B¥ F7|9 fFPoERE HESH HA
Zko](Cohen’s d, HEdges' g), & T4 HI&(Risk ratio, Odds ratio, Risk
difference), & W 12| 3#AA|(correlation coefficient)E ©] &3t}

Zt Aol 83 37]& AlE F7(confidence interval, CI)°] 374 A A= H
o] AT 7t AFNA dZS"E &3 F7]9 FTAF 93 (statistical
significance)= WERATH &, AlE|F7t0] Zero(0)#t= ZFstA] s W FA
Ao g fFolstttal gt o] AT &3 27|19 YA (precision)s UE}
W= st AlZF3Ee] A3k (Upper limit), 3FgHd(Lower limit)E Al A ¥ =
A 3ol Fers F4E &3 A7V A & 5 doh

Zr g3 9715 Z2dsE HOZMN Forest plotd 7|2H 02 A AT &
o} Forest plotoll Al AAEH = /E A9 a3 A7 AA 3 (square)d] =2
712 2dHH AAGR e 27= 7R 28al A Y
of W&+ F& )= BN g AAAFe Jied HAe 27

o
(magnitude of the effect)E ¥ AIT A, Tholop=E(diamond)w= A

1o
do
r—[[:
ol
_“L_l‘
Al
A

o

g
I 7], & B+ B F7](Mean effect size or Summaryy effect size)E
ERAi T},



B AFNAeE 54 53 #F A w2t gEgr=et dAabEErE HE
LW} ek YAatmerE & ar el AA AEE(Overall survival) =to]
gt oA WEr 4 (Multivariate meta-analysis), & &3 =7](effect size)
Attt 2 dAFdA= oA HEE 24 (Multivariate
meta-analysis)= %3] STATA/MP 14(StataCorp., College Station, TX) &7
Z2IME o]&3tH o™ Trikalinos 5(2012)2] AT-elA AAIE Stata codeE
&8sttt

AR AFNA = WEHEN B 83 wAH](Odds Ratio, OR)F} EF 2%
(Standard error, SE)7} AAIE o AA ol flA =3 AA| HEES ©
A Y 239 oS BYS o] &3t wAHH|(OR)H £+ AKSE)S T A%
= = s 2 vEEde #sl AH8E Log Odds ratio % &
(variance)= 93 3212 ofefet vk AP (Experiment)S ‘E,

(Control)& ‘C' ¢} #o] A| A8} tH(Trikalinos and Olkin, 2012).

B -

Ll
M

-

>

EN
M

Log Odds ratio
L S
SN o pre
Pf Pt
d, =1 —1
) Og(l—PQE) Og(l—PQC)
Variance:
- 1 1
var(d,) = +
' nEP1E(1_P1E) nGP1C(1_P1C)
chw”(dQ): 1 1

nyPf(1— Pf) - nePy(1—Pf)
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A 724

1. A A A E&(Overall survival)Q] £

11. AA A=E Y =9

2 AT = Arends S(2008)°] AR v WY wI 2
(Multivariate random effect model)oll A A &-33 7 (zero-mean) 2.2 T3}l &

o] Bt AA AEE S 2RI s ot o ZTH(Table 4).
In(-In(S,;,)) = -4.30 + (-0.54)treat,,;, + (1.11)In(month,;,)

A0 AEH WA ‘Treat & AP (experiment, 1; #'dg =rlo] =9}
g At ERE B8 )Y tZE(control, 0; ¥k GAHELE WHE Q)T

TRord o ;Y EE B A E(intercept) 2F *]Zl(ln(month))‘{—% 1A=
SATH ‘i’ Trial, ‘j'& A¥3T F2 U7, K @28 53 AFE 9

) dE B9 9§, Trial 19 APTFoNAH 671L AlHoAe] AA A&
&(Overall survival)®] o5 #e Yeldth dixade AT Bl H
A AEEY wAM(Odds ratio)= 0.58 ©|H o= TAHSZ F23ltHOR
0.58, 95% Al® -7t 0.52-0.65).
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Table 4. Results of overall survival model

. .. . Standard  Odds 95% CI
Regression coefficient Estimate ]
error Ratio  [ower  Upper
Intercept -4.30 0.48 0.01 0.004 0.04
treat
, -0.54 0.05 0.58 0.52 0.65

(Control: 0, Experiment: 1)
In(month) 1.11 0.13 3.04 2.29 4.02
Covariance parameters
Variance intercept 2.67 1.30 8.30
Covariance intercept

-0.65 -1.25 -0.04
*In(month)
Variance In(month) 0.18 0.08 0.60

AA BE AEE FHES F4 BT Aze] B2 AE B Uehign.
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& &&& Jeh S th(Figure 2).
2l

oA 48.42% A= EE&S YEMAT
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Figure 2. Estimated overall mean survival curves
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A 9 BSA Erd SAE FeE 3 A7 (Trial 1, 2, 4, 9, 12)9]
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2. 573 A& H])-&(Progression free survival)9] £

21. 33 A& v& 1Y

of FX HE WL (PFS)ol thdt vEr £4 <5 38t
ow® dY &3 23 (multivariate random-effect model)S ©] &3+ H

e Y= HE o= w3 Az ofws}l ZTHTable 5).

ln(—ln(S'W)) = -248 + (-0.74)treat;;, + (0.89)In(month,;)

TR AE HE gF 2y 45 s WY T (random effect)w= U E
A E (intercept), F28HZ Al 4(ln(month))“&—% IHEAT EA O AREE W
Fol A ‘Treat' & A @ (experiment)¥ ™ Z:*(control) T 2.2 FF3FASH T
272 AT He 7Y AE ¥Ee wAM)(Odds ratio)= 048 ©]H
ol BAIHOE {23THOR: 048, 95% A1Z| T3t 0.40~0.56).
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Table 5. Results of progression-free survival model

. . . Standard Odds 95% CI
Regression coefficient Estimate ]
error Ratio Lower  Upper
Intercept -2.48 0.45 0.09 0.04 0.23
treat
-0.74 0.09 0.48 0.40 0.56

(Control: 0, Experiment: 1)

In(month) 0.89 0.11 2.43 1.97 3.00

Covariance parameters

Variance intercept 1.49 " ) 0.60 7.89
Covariance intercept

-0.34 ! ) -0.79 0.12
*In(month)
Variance In(month) 0.08 : ) 0.03 0.72

22 Hd FR3Y A& 0]-&(PFS) A
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Figure 4. Estimated mean progression-free survival curves

(Mean PFS) =A41(dA)E vla st A8 zolE &¢Ikt (Figure 5).
A 9 B84 tdEsrd SAE Yo E g A7(Trial 4, 9, 12)9] 23
Ein

73 fEFe B AW AE NeRT 2% U etk AEA A9
d E4E 843 Qo § AT(Tral 3, 7, 8, 109 4@ =7
o BF TAY AE ug 2ok A degod AEA A9E hrEsE



FAE HFe® 3 Trial 112 B8 A7 22 B 7Y A v =i
SA YERE T,

_33_



Trial3 Trigld

=1

0 e c 1 1 u 1 3 5 5
] 12 13 % 30 3 42 48

Time (month)

Time (manth)

) | : o Control s Cperiment oooso Trizld_Control  «waeas Trial 4_gxperiment
s (ontrol sss—xpzriment o« « ¢ 0 Trizl 3_Contral # # #9 # Triz| 3_sxperimant P - -

Trial7 Trial 8

1

1H\\k

08
£
[N

04

....‘.
0.2
e e T T e e
] 12 18 4 a0 36 47 48 § 12 18 24 a0 36 47 45

Time (month) Time (month)

s (ONT0| o Exp2rimant o o000 Trizl 7_Control www wa Trizl 7_szperiment Cantrol Experiments & ¢+ ¢ Trisl8_Controls 4 ¢ Trel 8 experiment

_34_



Trial 9 Trial 10

0 +-rr e

[ L N ——
Time :monthl ] 12 18 24 30 36 47 45

Time [month)

s (CONT0| o EXPEIMENt &+ 5 4+ Trizl 9_Control « o & ¢ # Trizl 9_experiment s Contro| s Fxperiment « o ¢ o Trizl 10_Control # 04 & 4 Trizl 10_experiment

Trial 11 Trial 12

N\

o
Yay
S rerigaag,

0 e 04 e
& 12 13 M 30 36 42 48 §
Time [month) Time [month)
s CONET0| o ExpEriment « « o 0 4 Trizl 11_Control # « wa o Trizl 11_sxperiment s CONr0| o Exp2riment o« o o o Trial 12_Control « « e« # Trizl 12_gyperiment

Figure 5. The estimated progression-free survival curves(dotted lines)
per studies compared to estimated mean progression-free survival

curves(solid lines)
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3. 3 #F ANH & AA AEE(Overall survival) £4
7 oAEAel 22 B A6 12, 18, 24 D)ol BE A AEL09)S

Zb Aol A AAE Kaplan-Meier &S5 o] &3 A H4EE ES
B3 B4 F4 #F A6, 12, 18, 24 MY)lA 2 HEA F2 =AY
(Table 6).

AA AEE EFY Sample sizew= 2t AToNA 59 AP A
o] &3t} Sample size7} FRIH A &= AFole dFARAANE AP
fzFe 11 729 wigddts= 714 stol Sample sizes AT dZ2FS
112 SdsHA A 5 dol= AAskATh Trial 4, 5, 6, 7, 8, 9, 109] o
2T (A dAtvElE B8 aWH)E 7S AT AAE AdT@E g =m0t
oj=o} gAtHEtE HE W)Y Al tidAe LAl deolz A Ao
Trial 11, 129 A@TE 7] ATFA AAE dEzTo Ad ddAe} 5

A eIz ARt
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Table 6. Number of estimated survivors at four time points from trials
on the treatment of lenalidomide plus dexamethasone(E) versus placebo

plus dexamethasone(C)

Sample Number of survivors, E(C)

Study size, E(C) 6 months 12 months 18 months 24 months
1 176 (175) 152 (139) 138 (117) 127 (101) 118 (89)
2 177 (176) 165 (158) 148 (131) 130 (104) 112 (81)
3 97 (95) 91 (90) 88 (84) 85 (80) 82 (76)
4 396 (396) 378 (366) 353 (325) 326 (284) 299 (244)
5 222 (222) 216 (212) 211 (203) 206 (195) 201 (187)
6 223 (223) 206 (2+6) 188 (165) 169 (138) 151 (114)
7 535 (535) 501 (477) 471 (430) 444 (388) 419 (352)
8 72 (72) 72 (71) 70 (69) 68 (65) 64 (58)
9 140 (140) 124 (113) 108 (90) 94 (71) 82 (55)
10 228 (228) 221 (216 213 (203) 206 (191) 199 (180)
11 (232) (232) 215 (204) 199 (142 183 (154) 169 (134)
12 (153) (153) 113 (91) 9% (69) 84 (55) 75 (45)

T 12709 Trial®] #lE2iv| =9} At ERE W83} ¢ ofa Gt ERE

HWE&QH el FAHE HF &3 I7](mean effect size)E ZF MEHA F

Y

r 2
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>~
Ja)
N
o
El

MY, 12709 18709, 2470l whet AA YE=L09)F ¥l
stAth e/l F3 #F AHAAY B & A7]E 1.77(95% AT

147-215)2 #Ev| =9 GAlvElE HE& ool 91k dHAMErE HEQ
HEG o =8 A YEE0S) 27 1.77 oy ol TAZHSZ {23}
ATHp<0.001). 1271¥ F2 #F AHolX e B &7 A71E 1.86(95% A1
T3k 1.60-2.15), 1871 52 #F A oMo H &3 A7|= 1.89(95% A

r‘r‘

X!
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FTF71.66-2.16), 2470 L F3 #F
Leju =9} gAH el
£(0S) 2|7}

A E T3 1.74-222)2

HEaHEG =2 A

b

A=

Aol Aol Hd =
2

rp

& HE

I} A7]= 1.97(95%
o] #{oFat Y AbHlE}
Ao oZ A YEge

H ol= FAZACE #9353 TH(p<0.001)(Table 7, Figure 6).
Table 7. Meta-analysis for estimated overall survival at 4 times
comparing lenalidomide plus dexamethasone versus placebo plus
dexamethasone

No. of Odds Heterogeneity
Subgroup i i 95% CI p-value

Trials  Ratio Q-value  p-value
6 month 12 1.77 1.46 215 <0.001 0.29 1.00
12 month 12 1.86 1.60 215 <0.001 0.35 1.00
18 month 12 1.89 1.66 216 <0.001 1.90 0.99
24 month 12 1.97 1.74 222 <0.001 1.13 1.00
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Figure 6. Forest plots for overall survival at 6, 12, 18, 24 months
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ABSTRACT

Efficacy of Lenalidomide plus dexamethasone in the
treatment of Multiple myeloma : Meta-analysis with

Kaplan-Meier curves

JungAh Lee
Department of Biostatistics
Graduate School of Public Health

Yonsei University

Background

Lenalidomide is a treatment for patients with multiple myeloma(MM).
The aim of this study was to evaluate efficacy of lenalidomide plus
dexamethasone versus placebo plus dexamethasone for multiple myeloma

using a meta-analysis with kaplan-meier curves.

Methods

Electronic databases including PubMed was searched and 11 clinical trials
were identified which were represented with kaplan-meier curves of overall
survival(OS) and progression free survival(PFS). This study used the a
multivariate random-effects models for joint analysis of survival proportions
reported at multiple time points and in different studies with survival

curve data. This analysis was implemented standard general linear MIXED
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model software. Also, this study represent the multivariate meta-analysis of
effect sizes reported at multiple time points at 6, 12, 18, 24 months. This

analysis was implemented in STATA/MP 14.

Results

For patients with multiple myeloma, estimated overall mean survival
and estimated mean progression free survival were significantly higher in
lenalidomide plus dexamethasone group than placebo plus dexamethasone
group. In the effect-size analysis, overall survival was significantly in

lenalidomide plus dexamethasone group than placebo plus dexamethasone

group.

Conclusions

This study was analyzed with multivariate random-effect model for
meta-anlaysis. The efficacy of lenalidomide plus dexamethasone was
represented the significantly improvement in overall survival and

progression free survival for patients with multiple myeloma.
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