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AKTyanbHOCTb

PelieHne npamown

3aJauu

CTpykTypa,
napameprl nTtT O.

[MonynauMoHHbIN
OTBET

PeweHne obpaTHom
3agaun
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AKTyaribHOCTb

KBanuduumpoBaHHas Ha
NHTEepecyoLen Ha
nonynsaunn moaesb

CTpyKkTypa, MonynaunoHHbIN Heckonbko paHHUX
napameTpbl U T. 4. OTBET N3MepeHuin

Llenb paboThi:

[Tonobop onTMManbHOro anropnTmMa NoCTPOEHUS
OONITOBPEMEHHbIX NpeackasaHun Angd nsMmepsaembliX BO BpEMEHN
bromapkepoB Ha OCHOBE AaHHbIX MPOMEXYTOYHbIX U3MEPEHNN
N KBanuuumposaHHoOU Moaenu
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[locTaHOBKa 3apga4yv B BEpOATHOCTHOM Buae

1 individual,n observations -
) . y=f({t;¢9),  where
y=(y,1<j<n)

Kd -t
e k.t —&.(1—
£=(t;,1<j<n) f(t; #) = f(t; Base, kg, kg, 1) = Base-e st 2 7"

Assume that residual errors (ej) are independent and normally
distributed with constant variance a*:

yi~ N(f(t; ¢),a)

n
j=1

ol
pl |
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[locTaHOBKa 3apga4yv B BEpOATHOCTHOM Buae

N individuals
y=(y;,1<i<N1<j<n) Py = (5 0)
tz(tl],lngN,].S]STl])

0= (F.1<i<N) p(y.9; 6,t) =p(¥lo; 1) - p(@; 6)

vii~ N (f(ti; 97), a;?)

Assume the same residual error for all patients and lognormal

distributions for Base, kg, k; and A: a =a

log(Base;) ~N (log(Base,op ), Whase)

log(kgi) "'N(log(kg,pop) ‘ w’%g)
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Anroputm ontumusauum napametpoB SAEM

By definition, the maximum likelihood estimator of 8 maximizes:

L£y(8) =p(y;0) = fp(y,rp; 0)de

L

Simulation step: Fori = 1,2, ..., N, draw cﬁi(k) from the conditional

E-step: Evaluate the quantity distribution ( Wl? m)
l v —

EM(Q\ — . 0\ ~,. NEM >
QiM(6) = E(logp(y, @; 0)1y; QY Stochastic approximation: Update Q,_,(8) according to

0x(8) = Qu_1(6) + vi(logp(y, %;6) — Qi_1(6)),

M-step: Update the estimation of & where (y;) Is a decreasing sequence of positive numbers such thaty; = 1

5}(51‘4 = arg max QEM (§) Maximization step: Update 8,, according to

¢ §k = arg max Q,, (67)
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Monolix: oueHka uHAMBUAYyanbHbIX napameTpoB (EBES)

Probability density

8

EBE = mode of conditional distribution

1777 @04 = arg max p(¢;|y;; 6)

1y 6
p(@ily:; 0) 0;

i
" EBE

_, = pUile:) - p(e;
. o(oil7: 6) = ile) - p(e;)

Parameter p (ﬁ)

@M°% = arg max (p(¥;|¢;) - (¢)))
Di

Maximization done via Nelder-Mead simplex algorithm

https://monolix.lixoft.com/tasks/ebes/
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Выступающий
Заметки для презентации
Поменять зерно и строгость сходимости поварьировать


Monolix: camnnupoBaHue U3 yCIIOBHOIO pacnpeaeneHus

With Monolix we could also generate values for the individulal
parameters from conditional distribution

_pQiled - pled)
p(i)

p(o;|yi;6)

The Metropolis-Hastings algorithm is used to simulate a sequence

of individual parameters (cpi(l),l = 1,2, )

The simulated sequence can then be used for empirically estimating the
conditional distribution p,.,, and the conditional means

E(o; |y 5) and conditional standard deviations sd(@;|y;; 0)

The sampling stops when these sequences remain in an interval
of a given amplitude for certain number of iterations

9
Lavielle, M. Mixed Effects Models for the Population Approach: Models, Tasks, Methods and Tools.
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[Mpoueaypa Banngauumn

3arpyaunTe NpoeKT C
KBanndmumMpoBaHHOM Ha
TPEHNPOBOYHbIX OaHHbIX

MOAENbHo

CoxpaHuTe HOBbIN
NpOEeKT

cnonb3yeTe B KayecTBe

HaYvalJlbHbIX 3HA4YEeHUA

3anyctnte SAEM un

DYHKLNM Conditional Distribution
napameTpbl YHKL, oy HKLN

\ 4

Ha KaXXgoro nauueHTta, rge

Kakgoro nauueHTa, g
N — perynupyembii

OLIeHEeHHbIV Kak Moja
YCIOBHOTO napametp (y Hac n=50)

pacnpeneneHus

3arpysuTe 4acTtb
BanMOauMOHHbIX AAaHHbIX C

MPOMEXYTOYHbIMU . 1 HaBop napamerpos
N3MepeHNIMU ?

OLlEHEHHbIV B X04e =
10 paboTel SAEM anroputma M&S




[lnaH nccnepoBaHus

[aHHble g KBanundukauums Banupauus
=
() Parameter Value | R.S.E. (%) d 5 « d . I
1 nauneHT Te) i ase B e a
381 naune N Base_pop 71.24 4.33
1691 nsmepeHve = 1 6.74| 0.021| 0.007 | 1.3
X k_d_pop 0.043 36.7
Study: ZD6474 AN K 2
T _g_pop 0.033 16.7
2y % la_pop 0.69 27.0
351 |
\ 0] g omg_Base 0.68 4.58 i :
S E omg_k_d 1.89 13.4 =3 rw
g 20 | )
101 = 'j T I T T T T I Lg omg_la 1.44 16.0 i :
5 == i T
6l i l l l : l g l l l 6_“ corr_kd_Base -0.36 23.2 0 |
012345678 91011121314151617181920 : ;
Time (months) a 0.1 3.03 Time (in montlfs} 5 O X
y 5]
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PesynbraThl

[MpennoXxeHHbIN noaxon,
NO3BOSIAET NOCTPOUTL
O0OBepPUTENbHbIN

JKcnepuMeHTarnbHble 3HadYeHust SLD

MpepnckasaHHbIn SLD npodunb 6e3
NPUMEHEHUS COMNITMPOBaHUS

MpeackasaHHbIM SLD npocuns ¢

In(SLD + 1)

w
1

(%]
L

Validation with sampling from conditional distribution

W
w
W

npUMeHeHneM CaMNNUpPoBaHNA
nHTEepBan PUMEHERIEM CaMninposa .-
95% poBepuTenbHbIN MHTEPBAnN BOKPYT
npeackasaHus, onpeaeneHHbIn ¢ NPUMEHEHEM I
COMNIIMPOBaHUA 01 |
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PesynbraThl

13

[MpeanoxeHHasa meTogonorns obecnevnBaet
NPOrHO3bl, HE ycTynatoLme no TOYHOCTU TEM,
YTO nosy4varTca nNpu ncnonb3osaHnn EBES

[1pn 3TOM TOYHOCTbL NPEASIOXEHHOMN
METOA0S10MMMN OKa3blBAaETCHA 3HAYMMO BhlLLE,
4yeM B Noaxoae C UCMoSfib30BaHMEM OLIEHKMU
YCITOBHOIO cpefHero

1% .
MSE = (= 9D
=1

Mean Squared Error (MSE)

0.125 1
? Validation method
L —— Monolix, Cond.Mean
) 0.100 -~
= Monolix, Cond.Mode
——  QOur method
0.075 A1 ‘
0.050

Averaged over 50 iterations, mean +/- SE



BbiBoAbI

1. lNpennoxeHHasa MeToA0I0rMA NO3BOSISAET OLEHMBATDL
OoBepuTenbHbIe MHTepPBarbl BOKPYr npeackasaHnm

2. CpenoHee cpeaHekBaapaTUYHOM OLLMOKK ONga npeackasaHun B
clry4yae aganTMpoBaHHOW METOAO0SI0rNMM OKa3blBAETCH HUXE, YEM Y

pekomeHagoBaHHOU MOHOMUKC

14
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BACK UP
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Pa3Hble MeTpUKU ¢ pa3HON TOYHOCTbLIO NpeAacKa3sbiBalOT
pa3Hble KBAHTUNN

0.200 1

0.175 1

MSE

0.150 1

0.1251

16

10-th quantile

Mean Squared Error (MSE)

Averaged over 50 iterations, mean +/- SE

0.131

0.094

50-th quantile

Mean Squared Error (MSE)

Averaged over 50 iterations, mean +/- SE

90-th quantile

Mean Squared Error (MSE)

0.75 1

W o 50~

0.254

— ¢

Averaged over 50 iterations, mean +/- SE

Validation method

—— NMonolix, Cond.Mean
Monolix, Cond.Mode

—&— Qur method
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