Cytidine deaminase deficiency results in higher
exposure to cytarabine in  patients with acute

myeloid leukemia, which put poor metabolizers at
risk of experiencing severe toxicities

ABSTRACT Population pharmacokinetics of cytarabine and its metabolite
BACKGROUND in patients with acute myeloid leukemia: effect of cytidine
Why did we conduct this study? deaminase aCtiVity.
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in up to 16% of patients.
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the conversion of Ara-C to inactive uracil
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Patients’

characteristics

Table 1. Characteristics of the included patients at the initiation of treatment.

AML Type

Characteristic Overall, N = 371 Primary, N = 24 Secondary, N= 131 p-value?
Age (years) 62 (22, 78) 54 (22, 78) 65 (34, 70) 0.26
Sex >0.99
M 26 (70%) 17 (71%) 9 (69%)

F 11 (30%) 7 (29%) 4 (31%)

Body surface area (m?) 1.86 (1.45, 2.29) 1.88 (1.52, 2.29) 1.86 (1.45, 2.09) 0.33
ELN 0.063
Favorable 12 (34%) 9 (39%) 3 (25%)

Intermediate 12 (34%) 10 (43%) 2 (17%)

Adverse 11 (31%) 4 (17%) 7 (58%)

Cytidine deaminase activity (UA/mg) 2.1 (0.6, 17.4) 2.0 (0.6, 8.3) 2.4(0.9,17.4) 0.24
CDA status 0.24
PM 17 (46%) 12 (50%) 5 (38%)

EM 14 (38%) 10 (42%) 4 (31%)

UM 6 (16%) 2 (8.3%) 4 (31%)

Lactate dehydrogenase (IU/L) 391 (68, 3,561) 391 (68, 1,596) 391 (107, 3,561) 0.60
C-Reactive Protein (mg/L) 42 (0, 320) 43 (0, 320) 18 (2, 130) 0.39
White blood cells (Giga/L) 7 (1, 138) 9(1, 89) 3(1,138) 0.26
Absolute neutrophil count (Giga/L) 1 (0, 38) 1(0,17) 1 (0, 38) 0.86
Peripheral blood blasts 26 (0, 97) 30 (0, 97) 14 (0, 68) 0.13
Bone marrow blasts 66 (1, 100) 73 (1, 96) 36 (16, 100) 0.072
Serum creatinine (umol/L) 79 (14, 144) 81 (44, 128) 67 (14, 144) 0.40
Creatinine Clearance (mL/min) 104 (44, 342) 112 (44, 240) 80 (52, 342) 0.44
Albumin (g/L) 36 (23, 49) 36 (23, 49) 35 (24, 46) >0.9
Total bilirubin (umol/L) 7.0 (2.0, 183.0) 6.3 (3.0, 22.0) 7.0 (2.0, 183.0) 0.95
Aspartate amino transferase (1U/L) 21 (9, 208) 19 (9, 208) 22 (10, 77) 0.41
Alanine amino transferase (IU/L) 22 (6, 291) 20(9, 291) 24 (6, 228) 0.79

1 Statistics presented: Median (Range) or Frequency (%)

2 Wilcoxon rank sum test; Fisher's exact test; Wilcoxon rank sum exact test



Drug

exposure

» Ara-C levels ranged between (1 and ~1000 ug/L)
» High variability on the distribution phase.

> Below LLoQ samples: 66/456 =14.5% =» should be handled
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Figure 1. plasma concentration-time profiles of Ara-C and Ara-U



Ara-C Model _
... deleting LLoQ data

CEWEET

f ' 1345
1-CMPT | |

Asic = 131

2-CMPT UL 2
- Information 1214 ' A

Criteria (BIC)

LLoQ data effect



Handling
h . .
LLoQ data methods from Stuart L. Beal., 2001

M1 Discard 1214 1191

M3 [-0, LLOQ] 1286 NA 2

M4 [0, LLoQ] 1295 | (1284
M5 LLoQ/2 1302 1297

M6 M5 & M1 1265 1262 .




Ara-C Model ... convergence assessment

i.v. infusion

Q Ara-C @
O




Joint Pharmacokinetic

Model

V1 _pop
Q_pop
Scenario 1. | Ara-C non-metabolic clearance: CLo arac (6.5 L/h; DeAngelis et al 1991) W V2 _pop
V3_pop
CLp2_pop
(88 L/m?; Schleyer etal., 19 4175 CLmF;pog -
Scenario 2. | Ara-Uvolume of distribution : Ve arat @rn etal., 1996) 4130 omegaa_ﬂvlom ects
(118 L; Radeski et al., 2011)* 4161 omEqaya
omega_CLp2
omega CLm
(4.02 L/h/m?; Schleyer et al., 1989 4150 Error Model Parameters

Scenario 3. | Ara-U clearance: CL 4.,
(7.86 L; Kernetal., 1996) 4158 al Drug

b2_Metabolite

Full biotransformation:

Scenario 4. Ara-C clearance = 100% metabolic 4129

Ara-U volume of distribution : V. s,y =41 L (Kern etal., 1996 ) -
Full biotransformation: CL , o..c=0 L/h

Scenario 5.




Ara-c & Ara-U
PopPK

i.v. infusion
(168 h)
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v 1220 The base model

QAra—C =4.13 (L/h CLm’ AraC = 147.5*% enCLm,Ara—C(L/h)

BSV=0.62
N.shr= 14%
Vc, Ara-C — 15.1 + Nve, Ara-u (L) ; ¢ AraU = 41 * e"ve ara-d (L)T
e > BSV=7.08 ’@:\ > BSV = 0.58

N-sir = 58% Mg = 29%

CLAra-U = 5,1 6 * enCL,Ara—U

|
wﬁﬂ% BSV=0.37
1

N-str= 0%
TFixed parameter

BSV models (SD)



Ba§e moqel ... parameters were estimated with good precision
diagnosis

LINEARIZATION

S.E. R.S.E.(%)
Fixed Effects

Sy » Parameters were estimated with good

V1 _pop precision

Q_pop

V2_pop

V3_pop
CLp2_pop
CLm_pop

Standard Deviation of the Random Effects
omega_V1 « Condition number = 15 (Eigen values: :
omega_V3 e min=0.2; max= 3.08) Model is not
« Correlation matrix:N (| r | >0.70) =0 overparametrized

omega_CLp2
omega CLm
Error Model Parameters
al Drug 0.65 0.042 6.40
b2_Metabolite 0.073 0.0048 6.56

e 4 error models were tested (additive, proportional, combined and exponential
model) = the additive model on log-scale was retained with an SD = 0.65 pg/L




Base model

: : ... the selected model fits the data reasonably well
diagnosis

Ara-U

corrected y1_Drug
rrected v2_Metabalite
& 2

time

Figure. prediction-corrected Visual predictive check



Base model

diagnosis

... the selected model fits the data reasonably well
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analysis plan

Pearson’s correlation coefficient

Spearman's rank correlation coefficient

v

Selecting “candidate . v
& O Classical tests v Kendall's tau coefficient

v

g /]
covariates Kruskal-Wallis and ANOVA tests
CL_wmeTA COEFF P-VALUE \/_PARENT1 COEFF P-VALUE CLepm COEFF P-VALUE
CDA_S 8.76e-1 CDA_S 4.79e-1 CDA_S 2.21e-2
SEX 8.57e-1 SEX 2.16e-1 SEX 5.78e-1
tCDA_S 8.74e-1 tCDA_S 3.98e-1 tCDA_S 6.74e-3
AGE -0.51 1.1e-3 AGE -0.031 8.53e-1 AGE -0.084 6.14e-1
ALAT 0.06 7.19%e-1 ALAT 0.079 6.37e-1 ALAT -0.074 6.57e-1
ASAT -0.099 5.56e-1 ASAT 0.089 5.96e-1 ASAT -0.15 3.61le-1
Albumin 0.17 3.0le-1 Albumin 0.12 4.72e-1 Albumin -0.12 4.59%e-1
BSA 0.23 1.61le-1 BSA 0.36 2.7e-2 BSA -0.011 9.48e-1
Blasts -0.31 5.7e-2 Blasts 0.17 3.21e-1 Blasts -0.38 1.79e-2
CDA -0.089 5.95e-1 CDA -0.078 6.4e-1 CDA 0.42 8.76e-3
CRP -0.1 5.47e-1 CRP -0.078 6.41e-1 CRP 0.17 3.07e-1
Creatinine -0.23 1.57e-1 Creatinine 0.24 1.53e-1 Creatinine -0.22 1.82e-1
Height 0.19 2.53e-1 Height 0.24 1.42e-1 Height -0.096 5.67e-1
Hemoblasts -0.2 2.37e-1 Hemoblasts 0.2 2.41e-1 Hemoblasts -0.24 1.51e-1
LDH -0.12 4.77e-1 LDH 0.043 7.96e-1 LDH 0.0033 9.84e-1
PNN -0.17 3.06e-1 PNN -0.048 7.77e-1 PNN 0.35 291e-2
TotaITrt])lllrub -0.0073 9.65e-1 Total_rl?lllrubl -0.081 6.296-1 Total_rtl)lllrubl 0.25 1.26e-1
Weight 0.22 1.78e-1 Weight 0.34 3.46e-2 Weight -0.01 9.51e-1
bBWC -0.13 4.26e-1 bBWC -0.048 7.75e-1 bBWC 0.32 5.4e-2
eGFR 0.4 1.4e-2 eGFR -0.15 3.76e-1 eGFR 0.26 1.21e-1
logtAGE -0.48 2.22e-3 logtAGE -0.095 5.69e-1 logtAGE -0.019 9.08e-1
logtBBWC -0.13 4.29%-1 logtBBWC -0.2 2.4e-1 logtBBWC 0.37 2.1e-2
logtBSA 0.22 1.79%-1 logtBSA 0.36 2.44e-2 logtBSA -0.027 8.74e-1
logtBlasts -0.29 7.35e-2 logtBlasts 0.29 7.51e-2 logtBlasts -0.44 5.16e-3
logtCDA 0.0057 9.73e-1 logtCDA -0.16 3.3%-1 logtCDA 0.43 6.39e-3

logtWeight 0.22 1.85e-1 logtWeight 0.37 2.2e-2 logtWeight -0.014 9.34e-1



analysis plan

Handling missing v' Covariates with more than 25% of missing values were excluded.
covariates data

v Missing data in PGx covariates > 40% = we can not impute them!

3602050 = | 1332154 = | ra20726 = | 1312089 | rea889( < | 5144224977 (=] 1537381 = | 1577188 = | 361781 = | 561781 (= | rs61735 = | 1510489 = | rs99977 = |rs1 38544 = |3l 1544{ = | rs1 4863 = | 72553 = |
001 1 Low-dose AQ c- AC [ A - T [ oo cc 9 o [ An cc A
003 1 Low-doze AG - AC AA - T AA AA Exd aG kxd a6 AA cc Exd AA
008 1 Low-dose AG - AC AG AA [16477-16178ins TCAA]+[=] ™ GG GG =] GG cc GG AA cc ™ AA
o1L 3 Low-dose
o1t 3 Low-dose
012 1 Low-dose A cc AA oG AA - T© AG AG TC [ T© oG AA cr AA AA
013 1 Low-dose GG - cc GG AA T GG GG cc GG o GG AN cc AT AA
s 1 Low-dose Aa c. AC a6 A kad a6 6o cc aa cc a6 AG cc As A
o7 1 Low-doze. A cc AC oG A - T AG AG TC GG T oG AA cc e A
018 1 Low-dose AA cc AA G AA - T cc GG [ GG AA cc AA AA
020 1 Low-dose Aa cc AC GG AA el a6 GG cc GG cc GG AA cc ™ AA
022 1 Low-dose Aa cc Aa o6 A T Ao AG TC GG T o6 AA cc Ees A
03 1 Low-doze A cc AC a6 A - kxd ) cc aG cc a6 AA Exd A
04 1 Low-dose AN cc AC GG AA - TC AG AG TC GG TC GG AA cc ™ AA
05 Low-dose AG c- Aa o6 Al ™ AG AG TC GG ™ GG AA cc fed AT
026 Low-dose A6 - Ac aa A - kad aa cc cc aa cc aa AA cc Aa A
08 Low-dose A cc Ad oG AA - ™ oG oG ce GG cc oG AA cc s AA
09 Low-dose
030 Low-dose A6 [ Ac a6 A - Ao AG TC aa T a6 Aa cc ™ A
031 Low-dose. A cc As oG Aa [16477-16178ins TCAA]+[=] ™ o oo cc GG cc o EN cc ™ A
032 Low-dose AA cc AA G AT - T AG AG et GG T G AA cc AA AA
033 Low-dose
034 Low-dose [ 1 o6 oo ag o6 cc ke Aa
o3 Low-dose oo co Go oo cc T aa 0
PGx > 40%
037 Low-dose
038 Low-dose
039 Low-dose
040 Low-dose
a1 Low-dose
042 Low-dose.

043 Low-dose
044 Low-dose
045 Low-dose
046 Low-dose
047 Low-dose
048 Low-dose
049 Low-dose
050 Low-dose
051 Low-dose [ blastes mais MRD positive




analysis plan

Data reduction and
collinearity issues

"~ v Covariates effects to be included in the model should
be independent (e.g., they carry unique information).

. I ]
o — — —
B S T S _____
[ s 0 15 20 25 W 3 40

——— v Rule of thumb:
be cautious when |corr. coef| > 0.3

The Effect of Collinearity on Parameter Estimates in Nonlinear Mixed Effect Models (Perer L. Bonate., 1999)



analysis plan
4 || Covariate evaluation v The classic stepwise covariate modeling (SCM) method
methodology

= Forward selection (significant at p = 0.05 level ; AOFV > 3.84)
= Backward deletion (significant at p = 0.01 level; AOFV > 6.63)
= Reduction in unexplained variability

= Mechanistic plausibility



PK VARIABILITY

SOURCES

Table 1. Summarized covariate sub-models building steps

Model N° Description OFV (-2LL) Aory LRT (u, p-Value) Wald test (p-Value) Agsy

1 Base model 3854

2 eGFR on CL 4.y 3835 19 <0.05 <0.0001 0.29 vs 0.37 (21.6%)

3 Model 2 + CDA on CL ;, arac 3823 12 <0.05 <0.0001 0.51vs 0.62 (17.7%)

4 Model 3 + Blasts on CL ., arac 3818 5 <0.05 <0.001 0.49 vs 0.51 (3.90%)

5 Model 4 + LDHonV ( sy 3812 6 <0.05 <0.001 0.53 vs 0.58 (8.60%)
CL i ara.c = 151 * (CDA/2.4)031 * (Blasts/45)0-28 eflcLm, Ara-C (L/h)

Full Multivariable Model (Model N°5) CL oy = 5.2 * (eGFR/165)0-84 * gfiCLAra-U (L/h)

Vo arau =41 * (LDH/424)012 * elveara-U (L)

6 Model 5 - without Blasts 3816 4.53 p > 0.01

7 Model 6 - without LDH 3823 6.35 p>0.01

CL 1 ara-c = 130 * (CDA/2.4)0:36 * eficLm, Ara-C (L/h)

Final Model
inativiode CLoay =52 % (eGFR/165)084 * ecL AU (L/h)

A, Relative reduction in variance for the inter-animal unexplained variability ( W)
Abbreviations: v, degrees of freedom; LRT, likelihood-ratio test.



Final MODEL

VALIDATION

Bootstrapping results
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90% CE [7.551, 30.059] 90% CL [1.943, 5.992] 90% CE [4.975, 28.266]
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CLp2_pop beta_CLp2_logtCDa CLm_pop
90% CI [93.866, 241.251] 90% Cl: [0.229, 0.493) 90% CI: [4.781, 5.579]
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omega_V1 emega_V3 omega_CLp2
90% CL [3.71, 13.858) 90% CL [0.407, 0.712] 90% Ct: [0.342, 0.635]
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al_Drug
S0% Cl: [0.525, 0.743]

b2_Metabolte
904 CI [0.062, 0.083]







