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tacrolimus (ALB)
(T-Bill) (CRP)
(AST) (ALT) (WBC)
(HGB) (PLT) DAI (disease activity index)
4
DAI Sutherland 30,31

(Common Terminology Criteria for Adverse Events:

CTCAE) ver 4.0 Grade 1
1-2-5 tacrolimus
tacrolimus
Dimension® Flex cartridge TAC
(Siemens Healthcare Diagnostics, Tokyo, Japan) Dimension® EXL

200 Integrated Chemistry System (Siemens Healthcare Diagnostics)

1-2-6
tacrolimus day2 day4 day7 day?9
day 14 tacrolimus 10 ng/mL
1-2-7
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1-2-8
IBM SPSS Statistics ver. 21 (IBM Japan Services Co., Ltd., Tokyo, Japan)
GraphPad Prism version 6.0 (Graph Pad Software, San Diego, CA,
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Fisher's exact probability test
Mantel-Cox log rank test (HR) 95% (cn

P 0.05
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Table 1-1 Patient demographics and clinical characteristics

Before dosage

After dosage

modification modification P value
Number of patients, n (%) 14 (46.7) 16 (53.3)
Sex, M/F, n 11/3 11/5 0.544°
Age, years 30 (16-44) 39 (13-69) 0.183°
Weight, kg 59.7 (45.1-86.2) 53.9 (37.3-66.6) 0.081°
Extent of disease, n (%) 0.762°
Pancolitis 3 (21.4) 2 (12.5)
Left-side colitis 8 (57.2) 11(68.8)
Proctitis 3 (21.4) 3 (18.7)
Combination therapy, mg/day
5- aminosalicylic acid 3600 (1500-4000) 3600 (2400-4000) 0.443"
Corticosteroid 15 (4-30) 30 (5-60) 0.119°
Immunomodulator 75 (25-125) 50 (50-150) 0.940°
DAI score 9 (6-11) 8 (4-12) 0.311°
HGB, g/dL 12.1 (7.7-15.0) 10.3 (5.3-13.5) 0.081°
Stool frequency, times 7 (1-12) 6 (1-26) 0.619°
Apparent melena, n (%) 0.510°
(=) or (+) 8 (57.1) 11 (68.8)
(++) or (+++) 6 (42.9) 5(31.2)
Erythrocyte sedimentation, n (%) 0.919°
< 30 mm/hr 5(35.7) 6 (37.5)
Fever, n (%) 0.100°
< 37.5°C 13 (7.7) 11 (68.8)
Tachycardia, n (%) 0.732°
< 90/min 7 (50.0) 9 (56.3)
Endoscopic findings, n (%) 0.718°
Slight 1(7.1) 2 (12.5)
Moderate 9 (64.3) 8 (50.0)
Severe 4 (28.6) 6 (37.5)
Tacrolimus loading dosage, 0.05 (0.03-0.05)  0.10 (0.04-0.22)  <0.001°

mg/kg/day

Each value represents the median (range) unless otherwise specified. Data were statistically

compared using Fisher’s exact test ¥ and the Mann-Whitney U test ?.

DAI, disease activity index; HGB, hemoglobin.
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Fig. 1-1 Tacrolimus trough concentration

Data indicate the mean tacrolimus concentration and standard deviation (bar).
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Fig. 1-2 Period to attain the target trough concentration
Boxes indicate the median (interquartile ranges). Vertical lines above and below the boxes
indicate minimum and maximum values. Data was statistically compared using the

Mann-Whitney U test.
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(P =0.114; Table 1-2)
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Fig. 1-3 Kaplan-Meier plots of the cumulative amelioration rate of severe hematochezia
(A) and stool frequency (B).
Data were statistically compared using the Cox proportional hazard analyses. HR, hazard

ratio; Cl, Confidence interval
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Table 1-2 Comparison of clinical efficacy at the end of the high trough level phase.

Before dosage After dosage

e e P value
modification modification

The number of patients who improved DAI score, n (%)

Total (CR; >4 with improvement of all categories) 2/12 (16.6) 7/14 (50.0) 0.114

Hematochezia score (>1) 7/12 (58.8) 11/14 (78.6) 0.401
Stool frequency score (>1) 3/14 (21.4) 12/16 (75.0) 0.009
Endoscopy score (>1) 3/13 (23.1) 8/15 (53.3) 0.137
Physician's global assessment score (>1) 9/13 (69.2) 9/15 (60.0) 1.000

Data were statistically compared using Fisher’s extract test.

DA, disease activity index; CR, clinical response.

1-3-4

2 Grade 1 Table 1-3
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Table 1-3 Comparison of tacrolimus-associated adverse events at the end of the

high trough level phase.

Before the dosage After the dosage

modification modification P value
Hyperkalemia 3/14 (21.4%) 5/16 (31.3%) 0.690
Nausea 2/14 (14.2%) 4/16 (25.0%) 0.672
Hypomagnesemia 1/14 (7.1%) 4/16 (25.0%) 0.340
Malaise 1/14 (7.1%) 3/16 (18.8%) 0.600
Elevation of AST or ALT 3/14 (21.4%) 2/16 (12.5%) 0.640
Tremor 2/14 (14.3%) 2/16(12.5%) 1.000
Headache 3/14 (21.4%) 1/16 (6.3%) 0.320
Pharyngeal mucositis 2/14 (14.3%) 1/16 (6.3%) 0.590
Palpitations 1/14 (7.1%) 0 (0%) 0.470
CMV Infection 1/14 (7.1%) 0 (0%) 0.470

Data were statistically compared using Fisher’s extract test.

AST, aspartate aminotransferase; ALT, alanine aminotransferase; CMV, cytomegalovirus.
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phenytoin
Dimension® Flex reagent cartridge PTN (Siemens
Healthcare Diagnostics, Tokyo, Japan) Dimension® EXL 200

Integrated Chemistry System (Siemens Healthcare Diagnostics)

2-2-5
fosphenytoin
3 )
2-2-6
(NONMEM) 2-compartment

[(total clearance (CL, L/h); central volume of
distribution (V,, L); inter-compartmental clearance (Q, L/h); peripheral volume of
41

distribution (V3, L); and metabolism rate constant (Ky,, h™); Fig. 2-1]

fosphenytoin phenytoin 100% 42

10 pg/mL fosphenytoin

CL = 1.61 x (WT/60)°°% x en°L
V, = 20.8 x (WT/60) x e"V2
Q=53xen

V3 = 26.0 x (WT/60)*°% x V3

K12 =502 x enKl2
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Fig. 2-1 Structure of the 2-compartment model with conversion of fosphenytoin to

phenytoin
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2-2-7

IBM SPSS Statistics ver. 21 (IBM Japan Services Co., Ltd., Tokyo, Japan)

phenytoin phenytoin
Spearman
Student’s t-test 3

P 0.05
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Fosphenytoin

Fosphenytoin

55 mg/day

Table 2-1 4:4
29 (16-71) + 52 + 10 kg
AST ALT
Alb
Cre
( ) 10.5  (3-16) 1
7 fosphenytoin

1157 + 233 mg/day 408 £
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Table 2-1 Demographic of patients and clinical characteristic

Gender (male/female) 4/4
Age (years old)? 29 (16-71)
Body weight (kg)® 52 + 10
ALB (g/dL)” 3.9+0.7
AST (1U/L)" 74 £ 71
ALT (1U/L)? 57 £ 75
Cre (mg/dL)" 0.52 +0.12
CLcr (mL/min)® 93.2+17.0

Fosphenytoin

Administered duration (days) 10.5 (3-16)
Loading dose (mg/day) 1157 + 233
Maintenance dose (mg/day)® 408 + 55

Weight-adjusted loading dose (mg/kg/day)® 19.1+4.1
Weight-adjusted maintenance dose (mg/kg/day)® 7.90 +0.98

Diseases, n (%)

Anti-NMDA receptor encephalitis 4 (50.0)
Herpes encephalitis 1(12.5)
Acute necrotizing encephalitis 1(12.5)
Acute disseminated encephalomyelitis 1(12.5)
Unknown 1(12.5)

a) median (minimum-maximum)
b) mean + standard deviation
ALB, albumin; AST, aspartate aminotransferase; ALT, alanine aminotransferase;

Cre, creatinine; CLcr, creatinine clearance.
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2-3-2 phenytoin
phenytoin fosphenytoin

(r = — 0.763, P < 0.001; Fig. 2-2)

phenytoin 3
5 3 10-20 pg/mL
3 10 pg/mL
8 6 phenytoin
2 phenytoin
1: 375 mg/day (7.4 mg/kg/day) 400 mg/day (7.8 mg/kg/day)
2: 375 mg/day (8.7 mg/kg/day) 487 mg/day (11.3 mg/kg/day)
phenytoin
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Fig. 2-2 Relationship between serum concentration of phenytoin and time after
fosphenytoin administration
Plasma concentration—-time plots of phenytoin for patients who received intravenous
injections of fosphenytoin. Each point in the plasma concentration—time plot indicates data
from one patient. Sampling was conducted at 1 point for 3 patients, 2 points for 2 patients,
and 3 points for 3 patients. The solid line shows the regression line and the dotted line shows

the 95% confidence interval; r shows the correlation coefficient.

2-3-3 phenytoin
Fosphenytoin 3
1 8 0  (0%) 2 8 1 (125%) 3 8
3 (25%) 4

6 4 (66.7%)
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Fig. 2-3 Time-dependent change of incidence rate of convulsive seizures.
The occurrence of convulsive seizures requiring additional medication on day 1, day 2, day 3,
or after the first 3 days of fosphenytoin administration. Two patients who were administered

fosphenytoin for only 3 days were excluded from day 4 and after group.

2-3-4 Phenytoin

phenytoin NONMEM phenytoin
fosphenytoin [r
= 0.807, P <0.001; Fig. 2-4(A)] 0-72 72-168 168
phenytoin ( + ) 1.3+£04L/h 15+
0.2L/h 23+£0.6L/h 168 phenytoin 8
phenytoin [23+0.6 L/hvs15+0.2L/h, P<

0.001; Fig. 2-4(B)]
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Fig. 2-4 Time-dependent change (A) and time-divided average (B) of phenytoin
clearance.
The phenytoin clearance-time plots after intravenous injection of the fosphenytoin. Solid line
shows the regression line and dotted line shows the 95% confidence interval. R shows the
correlation coefficient. PPK means population pharmacokinetic model without beysian
estimation. The data are presented as the mean + SD. ** P < 0.01 versus PPK group

(Dunnet’s test).
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2-3-5 fosphenytoin

fosphenytoin ( +
) 779.8 + 316.8 mg
414.1 + 55.7 mg 2 (Fig.
2-5)
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Fig. 2-5 Simulation of maintenance dose to keep effective phenytoin concentration.

The maintenance dose of fosphenytoin to keep effective phenytoin trough concentration
simulated by Bayesian analysis and real maintenance dose. The data are presented as the

mean £ SD. **, P < 0.01 versus real maintenance dose group (t-test).
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phenytoin

CYP3A4 CYP2B6 P
8 phenytoin

carbamazepine diazepam phenobarbital

phenytoin
phenytoin
Phenytoin
phenytoin
51,52 valproic acid
phenytoin
Phenytoin
53,54
(Cso)
1/2 Vp, )
1 : =CL x Cg
— meCss — Vm
" Kn+ Cs  Kn+Cq
phenytoin
Vi
CI—phenytoin= l(mTCss
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fosphenytoin

fosphenytoin

780 mg/day

fosphenytoin
780 mg

400 mg

phenytoin

fosphenytoin
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Sunitinib
55-58
sunitinib 1 1 50 mg 4
2 4 2 ) 1
7,8
40% 1
sunitinib 50 mg 64.4% 37.5mg
51.4% >
RDI (Relative
Dose Intensity) 60% sunitinib 2
PFS (Progression Free Survival)
60 sunitinib
sunitinib 1 4 2
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1
2 1
sunitinib
66,67
sunitinib
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3-2-1

16

3-2-2

2017

12

12
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2014
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17 6 29 20 12
( 2018-187)
sunitinib
sunitinib 2008
sunitinib
12 2017 12
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3-2-3

Venoject® (Terumo, Tokyo, Japan)
1,500 g
sunitinib
8 ( )
3-2-4

ALB AST ALT Cre
WBC HGB (PLT)

CTCAE ver 4.0 Grade

3-2-5 Sunitinib

7 mL EDTA-Na,

10 min
—80°C
2 3
CLcr T-Bill
sunitinib 1 (sunitinib 28 )
50 mg
Cox 37.5 mg
25 mg (HR) 95% (cn
sunitinib 1
3-2-6 sunitinib N-desmethyl sunitinib
2 3 8 3 sunitinib
N-desmethyl sunitinib (sunitinib )
sunitinib N-desmethyl sunitinib
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high-performance liquid chromatography- tandem mass spectrometry (HPLC-MS/MS)

(1S) sunitinib-d, (Med-Chemexpress,
Princeton, NJ, USA) LC-MS (Sigma-Aldrich,
St.Louis, MO, USA) 40 nM
Hayashi 08 250 uL IS
10 pL tert-butyl methyl ether (TBME) (Sigma-Aldrich, St. Louis, MO, USA)
2 mL 30 2300g 10
1.75 mL HPLC
50 pL 23000g 5 0.2 um

(Millex-LG,4 mm i.d. disk, Merck-Millipore, Darmstadt, Germany)
-4°C 3 HPLC
HPLC Nexera X2 UHPLC system (Shimadzu, Kyoto, Japan)

XBridge Shield RP18 (3.5 um, 2.1x50 mm, Waters,

Milford, MA, USA) XBridge Guard columns Shield RP18 (2.1x10 mm, Waters)
40°C 70 : 30 (v/v) 10 MM ammonium solution/methanol containing 1 mM
ammonium 0.2 mL/min 10 uL
LC/MS

LCMS 8040 system (Shimadzu, Kyoto, Japan)
Electro spray ionization (ESI)

multiple reaction monitoring (MRM)

4.5 kv 400°C
sunitinib  sunitinib-d, N-desmethyl sunitinib 26eV
27 eV 19 eV (m/z) sunitinib: 399.2—283.3
sunitinib-d4: 403.1—283.3 N-desmethyl sunitinib: 370.8—283.25 Sunitinib
N-desmethyl sunitinib 5nM 5,10, 1, 50,

100,250 nM 6
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0.99 5 nM
(CV) sunitinib 4.6% N-desmethyl sunitinib 5.7% sunitinib
—1.8% N-desmethyl sunitinib  1.8%

11.1%

i it TICTH
i

s 'q : /| N-desmethyl Sunitinib
Sunitinib——

2500000 Sunitinib-d4 ([S)\\ . }‘

a - _ —— e —

Fig. 3-1 Chromatogram of sunitinib and N-desmethyl sunitinib

The retention time of sunitinib and N-desmethyl sunitinib was 3.0 and 6.5 min, respectively.

3-2-7 Allele specific PCR ABCG2 421C>A

DNA -80°C 250 pL QIAamp® DNA Blood Mini Kit
(Qiagen, Hilden, Germany) DNA (30-60 ng/uL)

allele specific PCR ABCG2 421C>A

0.25uM A allele forward primer (5'-TGA CGG TGA GAG AAA ACT
TGC-3") C allele forward primer (5'-TGA CGG TGA GAG AAA ACT

TGA-3") 0.25 uM reverse primer (5'-CAAGCCACTTTT CTC ATT GTT-3") 200 uM dNTP

mixture (Applied Biosystems, Foster City, CA, USA) 30-60 ng DNA 0.375 units
Hot Star Taq plus DNA polymerase (Qiagen) PCR 15 ulL
T100 thermal cycler (Bio Rad, Hercules, CA, USA) PCR PCR 95°C
5 / 94°C 30 60°C 30
72°C 1 35 72°C
7 ethidium bromide (Nippon Gene, Tokyo, Japan) 2% agarose

40



gel (Agarose S, Nippon Gene) uv DNA

3-2-8
R version 3.4.1 (A Language and Environment for Statistical Computing, R
Foundation for Statistical Computing, Vienna, Austria) GraphPad Prism

version 6.0 (Graph Pad Software, San Diego, CA, USA)

Cox (HR)
95% (cn Bonferroni
Mann-Whitney U test P 0.05
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3-3
3-3-1
50 Table 3-1 38

62 60.8 kg Cre

Table 3-1 Demographic of patients and clinical characteristic.

Gender (male/female), n 38/12
Age (years) 62.0+12.4
Body weight (kg) 60.8 + 11.0
Initial dosage, n (%) 0.67 £0.18
12.5 mg 1(2.0)
25.0 mg 5 (10.0)
37.5 mg 16 (32.0)
50.0 mg 28 (56.0)
AST (1U/L) 23.6 + 16.6
ALT (1U/L) 25.5+19.8
Cre (mg/dL) 11+04
WBC (/mm®) 6504 + 2603
HGB (g/dL) 124+2.3
PLT (x10*/mm®) 24.4 £ 10.2
Previously untreated (+/-) 36/14
Nephrectomy, n (%) 34 (68.0)
Cytokine therapy, n (%) 9 (18.0)
Molecular target drugs, n (%) 3 (6.0)
Others, n (%) 4 (8.0)

Each value represents the mean = SD. ALB, albumin; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; Cre, creatinine; WBC,

white blood cell; HGB, hemoglobin; PLT, platelet.
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3-3-2  Sunitinib
Sunitinib 1 84
54 (64%)
Table 3-2 29

(34.5%) 13 (15.5%) 8  (9.5%)

Tabel 3-2 The reason of sunitinib administration discontinuation.

Adverse events n (%)

Platelet count decreased (Grade>2) 29 (34.5)
Neutrophenia (Grade>2) 13 (15.5)
Fever (Grade>3) 8 (9.5)
Creatinine increased (Grade>2) 6 (7.1)
Diarrhea (Grade>2) 5 (6.0)
Hand foot syndrom (Grade>2) 5 (6.0)
Malaise (Grade>2) 4 (4.8)
ALT increased (Grade>3) 3 (3.6)
AST increased (Grade>3) 3 (3.6)
Anemia (Geade>3) 2 (2.4)
Deug rush (Grade>3) 2 (2.4)
Lung infection (Grade>3) 2 (2.4)
Proteinuria (Grade>2) 2 (2.4)
Others 3 (3.6)

AST, aspartate aminotransferase; ALT, alanine aminotransferase.

3-3-3 1 sunitinib
50 mg sunitinib 1
25 mg (HR 0.07; 95% CI
0.02-0.23; P < 0.001) 37.5 mg (HR 0.08; 95% CI1 0.03-0.19; P < 0.001)
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50 mg sunitinib (Table 3-3)

sunitinib

(Fig. 3-2)

Table 3-3 Cox proportional hazard analysis of time varying discontinuatation of

sunitnib.
Factor HR 95%ClI P value
Sunitnib dosage (25mg) 0.07 0.02-0.23 <0.001
Sunitnib dosage (37.5mg) 0.08 0.03-0.12 <0.001
Sex 1.20 0.53-2.74 0.640
Age 1.08 0.78-1.49 0.665
Weight 0.93 0.60-1.44 0.743

Log Relative Hazard Ratio

0.5 0.6 0.7 0.8 0.9
Dose adjusted by weight (mg/kg)

Fig. 3-2 The correlation of discontinuation risk of sunitinib and dosage adjusted by
weight.

Solid line shows the regression line and dot line shows the 95% confidence interval.
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3-3-4  Sunitinib
Sunitinib 1 (37.5 mg) 2 (25 mq)
11 Fig. 3-2 day
8 50-100 ng/mL

63.6% (7/11)

3 1001 .
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o S04
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Fig. 3-2 Plasma level of sunitinb and N-desmethyl sunitinib.
Sum of sunitinib and N-desmethyl sunitinib concentration at day 2, 3 and 8 was shown.

Horizontal and vertical lines above and below indicate mean and SD, respectively.

3-3-5 ABCG2 421C>A AUC
16 ABCG2 421C>A

AA 2 AC 6 CC 8

Hardy-Weinberg day O
day 8 - (AUCq _ ggay)
C
AUC _ ggay (Fig. 3-3)
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Fig.3-3 Genetic association of ABCG2 polymorphisms with plasma concentration level
(A) and AUC (B).
Horizontal and vertical lines above and below indicate mean and SD, respectively. Data were

statistically compared using Mann-Whitney test with Bonferroni correlation.
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3-4

sunitinib

37.5 mg 2

Kondo

62

37.5 mg

Sunitinib

sunitinib

sunitinib

1 sunitinib

25mg

ABCG2 421C>A

AUC

sunitinib

65

25 mg

25 mg

N-desmethyl sunitinib

sunitinib

47

sunitinib
AA
sunitinib
9,61-63
2.0 mg/dL 50 kg

37.5mg 2
PES

50 mg
Kondo

sunitinib

50-100 ng/mL

11 7 (63.6%)

sunitinib



ABC breast cancer resistance protein (BCRP)

BCRP ABCG?2 (421C>A)
BCRP
09 in vitro
sunitinib  BCRP 0

sunitinib  AUC ~ ABCG2 421C>A "

AUC ABCG2
421C>A

AA AUCy_ gsay C 1.4
11 50 ng/mL
4 C ABCG2 421C>A

sunitinib

72

ABCG2 421C>A

sunitinib

TDM
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TDM

fosphenytoin

1

tacrolimus

14

2 fosphenytoin

phenytoin

tacrolimus
sunitinib
Tacrolimus
tacrolimus
phenytoin

fosphenytoin

phenytoin
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fosphenytoin

3 sunitnib
Sunitnib 1
37.5 mg/day sunitinib
64% Sunitnib BCRP
BCRP ABCG2
ABCG2
421C>A C sunitinib
ABCG?2 TDM
tacrolimus fosphenytoin sunitinib
QOL
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