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Introduction
EltrombopagEltrombopag

• Orally administered small molecule 

• Thrombopoietin receptor (TPO R) agonist• Thrombopoietin receptor (TPO-R) agonist

• Induces differentiation of normal marrow progenitors and increases platelet counts

• Approved for the treatment of thrombocytopenia in patients with chronic idiopathicApproved for the treatment of thrombocytopenia in patients with chronic idiopathic 
thrombocytopenic purpura (ITP)

• Study in cancer patients for chemotherapy–induced thrombocytopenia (CIT)

• eltrombopag administered after chemotherapy in each cycle

• Studies with rhTPO suggested that platelet response is dependent on timing of 
dosing relative to chemotherapy (Vadhan-Raj et al 2003)dosing relative to chemotherapy (Vadhan Raj et al, 2003)

PKPD model is needed to predict platelet response for alternative dosing 
regimens
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Prior Eltrombopag Modeling

Population PK/PD model (Hayes et al, 2011)

• in healthy subjects 

• in ITP patients

Population PK model in patients with cancer (Gibiansky et al, 2009)
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Data

Phase 2, randomized, blinded, placebo-controlled, parallel group design

172 patients with advanced solid tumors naive to chemotherapy 

Chemotherapy with carboplatin/paclitacel (CP) every 21 days up to 8 cycles

0 (placebo), 50, 75 or 100 mg eltrombopag once-a-day for 10 days following 
each CP administrationeach CP administration

Measurements:

• Platelet countsPlatelet counts

7 samples in cycles 1 and 2

4 samples in cycles 3 - 8p y

• Eltrombopag plasma concentrations

QuantPharm LLC 4



Modeling Approach

Modeling performed in 2 stages

• Population PD model of platelet counts (PLT) in placebo patients 
receiving carboplatin/paclitaxel (CP) 

• PK/PD model of PLT for eltrombopag + CP without the placebo data 

Using population parameters of the placebo model (except residual 
i bilit )variability)

N li i d ff t d li i NONMEMNonlinear mixed effects modeling using NONMEM

• FOCEI
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Stage 1         Carboplatin/paclitaxel modeling

According to (Joerger et al, 2007) paclitaxel does not have a significant effect on 
PLT 

decrease in PLT following chemotherapy was attributed to carboplatin

Concentrations of carboplatin were not measured 

KPD approach was used

Hypothetical 1-compartment with bolus input

Assumption 

• Carboplatin decreases production rate of platelet precursors in bone marrow
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Carboplatin models
“C ti l” d l f l i (F ib t l 2002)

A

Dc

Kc

“Conventional” model of myelosuppression (Friberg et al, 2002)

BM1 BM2 BM3 BM4

EFFc ~ Ac Ac

Kprol

Kc

PBM1 BM2 BM3 BM4

FB ~ (BASE/P)γ

p o

Kprol ~ FB*(1-EFFc) or

KdegKTKTKTKT

P

Kc

Kprol  FB (1 EFFc) or

Kprol ~ FB - EFFc

Dc

“Eltrombopag” model

Dc Ac
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Carboplatin models: Results

Both models gave similar population and individual predictions

N t ll t id tifi blNot all parameters were identifiable

• Thrombopoesis parameters in the absence of chemotherapy (Kin, KT, their 
variability number of transit compartments) fixed to their values invariability, number of transit compartments) fixed to their values in 
healthy subjects
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Stage 2                 Eltrombopag modeling

Fixed population parameters of carboplatin + placebo models and added effect 
of eltrombopagof eltrombopag

Individual PK parameters computed using earlier developed population PK 
model of eltrombopag in cancer patientsmodel of eltrombopag in cancer patients

Assumptions

• Eltrombpag linearly increases production rate of platelet precursors (as in 
ITP and healthy subjects)  

• Eltrombpag influences Kprol (Kin) or differentiation downstream• Eltrombpag influences Kprol (Kin) or differentiation downstream
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Eltrombopag models (fragment)

Kprol
KT

KSTKT

Kprol

KinBM1 BM1 BM2
TT

KTKin

Kin

KST ~ (1+EFFe) KTEFFe ~ Ce

Kprol ~ (1+EFFe) 
or

Ki (1 EFF )
Ce

ST ( e) TEFFe ~ Ce

Kin ~ (1+EFFe) 

De Gut

Eltrombopag PK
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Results:    Eltrombopag + Carboplatin model
Only one model was able to describe the combined effect of carboplatin and 
eltrombopag on PLT

• Zero-order production rate Kin

• No feedback

• Both, carboplatin and eltrombopag affect Kin

Kin ~ (1-EFFc)*(1+EFFe)

• Effect depends on cycle

Increases for carboplatin:     EFFc ~ Ac * CYCLE γ1, γ1 > 0p , γ1 

Decreases for eltrombopag:  EFFe ~ Ce * CYCLE γ2 ,  γ2 < 0
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Model Parameters
P t [U it ] P i t E ti t %RSE 95% CI CV% R SDParameter [Units] Point Estimate %RSE 95% CI CV%, R, or SD

KC [hr-1] 0.0176 20.7 0.0104-0.0248
SLPc [g-1] 3.01 17.9 1.96-4.06
γ1 0.253 12.6 0.190-0.316
Kin [109/L/hr] 1.43 FIXED

KT [hr-1] 0.0253 FIXED

SLPe [mL/μg] 0.190 11.5 0.147-0.233
γ2 -0.611 28.3 -0.950- -0.272
ω2

KC 0.797 29.9 0.331-1.26 CV= 89.3%
ω2

Kin 0.762 FIXED CV= 87.3%
ω2

KT 0.161 FIXED CV= 40.1%
ω2

BASE 0.00969 25.5 0.00485-0.0145 CV= 9.84%
ω2

SLPE 1.03 26.6 0.493-1.57 CV=101%
σ prop 0.153 8.50 0.128-0.178 CV= 15.3%
σ add 31.0 13.5 22.8-39.2 SD=31.0

QuantPharm LLC 12

Parameters from eltrombopag model in healthy subjects
Parameters estimated in the carboplatin + placebo model



Results

Carboplatin lowered platelet production rate proportionally to dose

• Cycle 1: by 18 1% at dose of 536 mg (median carboplatin dose)• Cycle 1: by 18.1% at dose of 536 mg (median carboplatin dose) 

• Cycle 8: by 31.4% at the same carboplatin dose

Eltrombopag increased production rate, linearly with plasma concentration 

• Cycle 1: by 133% at 7 µg/mL (median average concentration at steady
d )state at 100 mg dose) 

• Cycle 8: by 37%
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Results
G d f fit C b l ti d lGoodness-of-fit Carboplatin model
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12
00

145 00
0 6975

145 6

134

O
bs

er
ve

d

00
60

0
80

0
10

00

565656
56565656

5656

5656

57 58
60
60
60

6060

60
6060

61

61

61

61
61
61

626262

6363

6363
63

63

63

63

64
64
64

64
6565
65

656567
67

67676767

6868
68

6868
68

69
69

69

69

69

69

69

6969

69
69

70
70
70
70

7070

70
70
70
70

7070

70707070
70

70
7070

71
71
7171
71

71

71

71

74
74

74
74
7474

74

7474

74
74

74 75

7575

75

75

75

75

7575

75
75
7575
757577

77
7777

78

7878

787878

78

7878
78

7979

79

7979

79

7979

7979

81
81

8181

81

818181

8181
81818181

81

8181
81
82

828282

82
82

82
82
828282838383838383838383

84

84

84
84
84

84885878788
8888

888888
88

88

88

88

8989898989898989898992
92

9292
94

9494
94

95

95

95

9696979798
98100100

101
102102102 103103104104104

105

105

105

105

105105105
106
106
106

107107107

107
108108108109

109
109
109

109 111111

113

113

113

114114114114114115115115115116
116

116

118118118118121
121121124

124124124
124124126

126126
126126

128128128

128128
128128

128

128128
128
128128

129
129129

129

129

129129129
129

129129129
129

130130 131
131

132
132

132132132132
132

132132133

133

133133
133

133
133
133 134

134

134
134134

134
135

136
136137137

137

137

137

138

138
138
138138

139

139
139
139

140140140140

140140
140
140

141
141141

141141
141

142142142
142
142142

142
142

142142
142

142

142
142

143143
143143143

143
143143
143

143144144
144

144

144
144

144145

145
146

146

146
146
146

147147
147148

148148148
148
148148148149149149

149

150

150

150151
151
151

152

152

152
152

153153154

154

154
154

154
155

155155

155

157

157

157

158159
159159
159
160160
160 161161161162163 164164164164164164

164
164

166166
166

166
166

167 167167
1671671711711 1171171

171
171171
171

171
171
171171173173173174174176176176177177177

177
177177
1771177

177

177177 178
178

178
178

178
178
178

179179
180180

180
O

bs
er

ve
d

40
0

60
0

80
0

10

565656
56565656

56
56

56

5656

575757
57

5858
585960

60
60
60

6060

60
6060

61616161

61

61

61

61
61

61

626262

6363

6363
63

63

63

6364

64
64
64

64

64
6565
65

656567
67

6767
67
6767

6767
67

68
68
68

6868
68

69
69

69
69

69
69

69

6969

69
69

70

70
70

70

70 70

70
70

70
70

7070

70707070
70

70
7070

71
71
7171

71

71

71

71

7274
74

74

74
7474

74

7474

74
74

74 75

7575

75
75

75

75

7575

75
75

7575
7575

76767777

77

77
77

77

78

78

7878

787878

78

7878
78

797979

79

7979

79

7979

7979

81

81

8181

8181

818181

8181
81818181

81

8181
81
82

828282

82

8282
82

82
82
82
82
8282

82 8383
83
83
83

83838383838383

84

84

84
84
84

848484848485858587878787
878 888888

8888

88
8888

88
88

88

88

88

8989898989898989
898989

91
92

92

9292
94

9494
94

95959595

95

95

95

96
9696

97
97
9797

97
98
98
98100100100

101101

101
102102
102
102

103
103103 104

104104104104
104
104
104104104

105

105

105

105

105105105

106
106
106
106

107107107

107

107

108108108108108108108
109

109
109

109

109

111

111111

113113113113

113

113

114114
114

114
114
114114114114 115115115115116
116

116

116
118118118118118118118119121

121121123123123124124124124124
124124124

124
124
124
124124124124126

126126
126126126

126126

128128128
128

128128
128128

128

128128
128

128128

129
129129

129129

129

129129129
129

129129

129129129
129

130130130131
131

132
132

132132132132
132

132132133

133

133133
133

133
133

133

134

134
134

134

134134

134

135
135

136
136137137

137

137

137

138

138
138

138138

139

139

139
139

139

140
140
140140140
140140

140140

140
140
141
141141141141

141141
141

142142142
142

142142

142
142

142142
142

142

142
142

143
143143
143143143

143
143143
143

143 143143144
144144

144144

144

144
144

144

145

145

145
146

146

146
146

146

147147

147147

14714147147148148
148148

148
148

148
148

148
148148

149
149149

149

149
149

150

150

150

151

151
151
151

152152

152

152

152
152

153153153
153154154154

154

154
154

154

155

155

155155

155

157

157

157

158158158158158
159

159159
159

160160

160160
160
160160161

161161161
162162162162

163 164
164164164164164164164

164
164

166166
166166

166

166
166

167
167167167

16167167167
1671671 0170
171171171171171

171
171171171171171
171

1 1
171171

171

1 1

171
171171173173

173
173173173173173
174174176176176
176176177177177

177
177177

177
177177177

177

177177177178178
178

178
178

178
178

178

179179
180180
180180180 W

ei
gh

te
d 

R
es

id
ua

l

-2
0

2
4

565656

56565656

56
565656

56
56
5656

575757
57

57

57

57

57

57
5757

57
57

57

57

5858
5858

58

58
58

58
58

5858

58

58

58
58

58
5959
5959
59 59

59
59

59
5959

5959

5959
5959

59

59

59
59

59
5959595959

595959

59

59

60
6060

60
6060

60

60
60
6060606060
60
60606060

606060606061616161

6161
61

616161
6262
6262

6262
6262
62

62626262
6262

62
62

62
62

62
62626262
626262
6262

6262

62

6363

63
63
63

63

63

63

64

64646464
64

64

64
6464

64
64

64

6464

64
6464

64
64

6464

646464
64646464
64646464

6464
646464

64
6565
65

65
65

66
66
66

66
6666

66
66

6666
6666

66
66
66

67

67

67
676767

67
67
6767

6767

6767
67

676767

67676767
67 6868

68

68
686869

69
69

69

69
6969

696969696970

70

70
70

70
707070

70
70

70
70

70707070
70

707070
71
71
71717171

71

7172

72

72

72
7272

72
72
72727272

72
7272
72
72

727272727272

72
72

7272

7272

72
72

72
72

72
72

72

73

73
7373

73
73

73
73

74
7474

7474

74
74747474
74

74
74

74

74

74
7474

74
74

75

7575

75
75

75
75

75

757575
757575
757576

7676
76

76
76

7676

76

76

76

7676

76
77

7777

77
77

77
77777778

78787878

78
7878
7878

78
78

78
78

78
7878

7979

79

7979 79
79
79

7979
79
79

79

79
79

808080808080
80
808080

80
8080

8080
8080

808080
80808080
8080

80
80

80 818181

81
81

81
818181

81
81
81

81

818181

81

81
8181

81

818181

81

81
81

81

81

8181
828282
82
82

82 8282
82
82

8282
82

82

8282
82

8282
8282

82

82

83
83

83
8383

83
83
83

838383
83
83
83

83
838383

83
838383
83
83

84

84848484

84
84
84
8484

84
8484

84

8484

84

84858585

85

85

85
858585

8585
8585
8585
85

85

8585

85

858585

8686
8686

86
86

8686
86
86

86
86

86

8686

86
8686

8686

86868686

86

8686
86

878787
87

87

87

8787

87
8787

87

87

8787

87
8787

87

87
8787

87

87

88
8888

8888
88

8888
88

88

88

88

88
88
88

89
89
89
89
89
89
89898989
8989

8989

89898989
89898989
8989
8989

8989909090
9090
9090
90
9090

9090
90
90
90
90

91
9191

9191
91
91

91
91

9191

9191
9191

92
929292

92
92

9292

92

92

929292

9292
929292

92929292

929292

92

92

92

93
9393
93
93

93

93

93
93

939393

93
93

9494
94

94

94949494
959595

95
95

95
95

95

95
95

96
9696
969696 9696

969697
97
97

97
9797

97
97
9797

9797979797
97
97

97

97

97
9797

97

97

97
97
97
97
97979797

9898
9898

98

98
98
98

9898

98

98
98
98
989898

98
98

9898
98
98

98999999
9999

99
9999

9999

99

99
99

9999

99

100100100
100100
100

100

100100
100

100
100100100

100
100100100100

100100100
100100101
101101
101
101101

101101
101

101

102102

102102
102
102102102102

102103

103

103103

103
103

103
103103103

103

103
103

103103

103103
103

103
103

103103104

104

104

104
104104

104

104104104
104104104
104104104

104

104

104
104104

104
104
104104

104
104

104

104104 105

105

105105105
105

106106106106106106
106106

106
106107107107

107107

107107107

107107
107107

107107
107107107

107
107

107

108
108

108
108

108108
108108

108

108
108

108108108108
108

108108108

108
108

109109109109109109109109
109

109110110110
110
110

110110110
110

110110
110110
110110

110110110110110

110110110110110

110
110

110

110

110
111

111
111
111

111

111

111112
112
112112112

112
112
112112

112
112112
112112112112112112

112112112
112112112112112112

112

112112
112112112 112112112112

112
113
113
113113

113

113

113
113

114114
114

114

114 114
114

114

114

114

114114

114
114114

114114114
114

114

114
114

114114
114
114

114

114

114
114

114

114

114

115

115115115

115
115

115115

115

115
115
115
115115115115

115
115115

115

115

115115115

115
115

115115116116
116

116
116

116

116

116116116116

116

116

116
116

116116

116
116

116

116
116

116116

116

116

116

116
117
117117
117

117117
117117

117

117

117
117117117

117117
117117117

117

117117
117117117

118

118
118

118

118

118

118

118

118
118118118

118

118

118

118118

118
118118

118118
118118

118118118119
119119
119119
119

119

119

119
119

119

119119

119119120
120
120

120120120120120
120120

120
120
120

120120

120120120
120

120
120

120

120

120120120

120120

120
120

120

120120
120
120

120

120120120
121
121
121

121

121

121121
121
121121

121
121121121121121121

121
121121121

121121121
121121

121121

121121

121

121121
121

121
122

122122122122122

122122122123123
123123123

123
123

123
123123

123

123123

123123123123
123
123123123123123
123
123123

123

123123

123
123

123123
123
123123123

123
123

124124124124
124
124124124

124
124124124124

124

124124
124

124124
124124

124124

124124
124

124
124
124

124124
124

124

124
124

124
124

124124
125
125125
125125
125125125

125
125125

125
125125125
125
125125125125
125125

125
125

125

125125125125125
125125125125125

125125
125125

126
126
126126
126
126126126

126

126126
126126
126126126
126126

126126
126126

126
126

126

126126
126
126126

126
126
126126

126

126126

126
126

127
127
127

127127127127
127127127127127

127
127
127
127127127127127

127
127

127

127

127

127
127127127

127127

127127
127127

127
127

128128128
128

128

128
128128128
128

128128
128128128128
129

129129
129

129
129129129129

129

129129
129

129
129
129
129

129
130
130
130
130130130130

130

130130
130130130130130
130

131

131131

131131
131 131131

131
132
132132
132
132

132 132
132132132132132

132
133133
133133

133133
133

133

133133
133

133
133
133

134

134
134

134

134

134

134
134
134134

134
134

134
134134

134
134

134
135135
135135135
135135135

135

135

135135
135135135
135
135135

135

135135
135

135
135

136
136136136136

136

136

136
136

136
136136
136
136136
136

137137
137

137 137 137

137

137

137

138

138138

138
138

138138138138
139

139

139

139139
139

139
139139

139140
140
140

140
140
140140140

140
140

140

140

140140
140
140

141

141141

141
141141

141

141141
141

142142142142
142

142 142
142

142
142

142142

142

142
142
142

142

142142142
142142

142

143

143143

143

143

143
143143

143

143
143

143

143
143143
143143

143143144
144
144

144144144
144144

144

145

145145
145

145

145

145

145

146146146146
146146146

146146
146

147147
147

147
147
147147

147

147
147147

147
147147
147
147147

147
147147

147
147

147147
147

147
147
147147

147

147

148

148148
148148148

148148

148148
148148148148
148

148
148148148
148148

148
148

148
148148

148148148148148148149
149
149
149

149

149
149149
149149

149149

149
149

150150150
150150

150
150
150150150

150
150150

150

150150

151

151
151

151
151
151

151

151
151
151

152152

152

152152
152 152

152
152
152

153153
153153
153

153
153

153153
153153
153153

153

153153153
153

153154154154
154154

154 154154
154

155155
155155

155155
155155
155156

156
156156

156
156

156

156156
156

156

156156

156
156

157157157
157157 157

157
158158158158

158
158

158158

158

158158

158

158
158

158158
158

158

158

158158
158159159159159159

159
159159159

160
160160160

160
160160160160

160160
160160

160160
160

161161
161

161161

161
161161161162162162162

162162162162
162
162162162162162
162

163163
163
163163
163

163163
163163163163163163

163163
163

163

163
163163

163
163
163
163

163163163163

163
163

163163

163

163

163

163163163 164
164164164164164
164164

164
164

165
165
165165165

165
166

166166166166166166166166

166

166
166
166166

166166
166

166166166
166166166

166
166

167
167
167
167

167

167
167167

167167

167

167

167
167167167

167

168

168168168168168168168
168
168

168
168
168
168168168168

168
168

169

169169169169

169

169
169169169

169
169
169169169169

169

169169
169

169

169
169
169
169

169
169170170

170

170

170
170170170

170170

170

170170170
170

170170

171171171171
171171
171
171
171171171171

171

171

171

171
171
171

171
171

171

171

171
171

171
171171

172172
172172172

172172
172172

172172
172
172172172
172

172
172
172172

172
172172
172

172172172
172172

173173

173
173
173
173
173
173173

173
173173

173173
173
173173

173

173

173173
173

173

173173173

173

173173
173
173
174

174174
174

174

175175175175
175175175

175

175
175175

175

175
175

175

175

175
175175175

175175
175

175
176
176

176
176

176
176
176

176176
177177

177
177177177

177177177177
177177177

177

177

177

177

177
177
177

177
177177

178
178
178178

178178
178178

178
178178

178
178
178
178

179179
179

179
179
179

179179

179
179

180

180

180
180180

180

180180
180
180180

180180180

Population Predicted

0 200 600 1000

0
20

0
4 56

56

5656

56575757
5757
57

5757
5757

5757
57

5757

5858
58

58 58

58 58
585858

58
5858585858

58
5858

5959
595959 59 59595959

595959

59595959

59
59

59
5959 595959

5959

5959
59

5959

606060

6060
60

60
60

6060
60

60
606060

60
60
60

61616161
62626262

62
626262

62
626262626262

626262626262626262
62

6262
626262

62
62

6363
64
64646464

64

6464
64

6464
64
64

6464
64
64

64
64

6464
6464

6464

6464
646464646464

64
64

656565

66
66666666666666
666666666666

66

67
67

67
67
6767

67

6767

6767
67
6767

67

676767

67
67

69 707071717172

72
72

727272727272727272727272
727272

72
7272727272727272

7272
7272727272727273

7373737373
7373

74
7474

7474

74
74
74

7474

7474

75
75767676

76
76767676

76
76

7676
76

7676
7677
7777

7777
77

78
78787878

7878

78
78

787979

7979
7979

7979
80808080
808080
8080

8080
80
80
80
80

80
80
80

80
80
80
80

80
80
8080

80
80
80

81818181
81

81
8181

81

81
81818181828282

8282

82
82

82
82

82

82

828282

828383
83
83
83

8383
83

83
838383

83

838383

83

83
8383

83
83

84

8484
8484

8484
84
84848484
84

84

84
84

858585

858585858585
858585858585

85
8585858585

858585

8686
868686

8686868686
8686

86

8686
8686

86

86
86
86

86
8686

8686
8686

878787
878787

8787
87878787

87

8787
878787

87

87
87

87
87

8788888888

88
88

8889
89898989
8989
89

898989
898989

89

8989

89898989
89
8989

909090
9090
90
9090
9090

9090
90909090

919191
919191

9191

9191

91
91
9191

919192
929292

9292
92

92
92

9292

9292
9292

92
92929292

92
9292

92
9292

939393
93
93

9393
93
93

939393

93
93

949494
94

959595

9595
95

95
969696
969696

96
96

96
97
9797

97979797979797
97979797

979797

97
97
97

97
97
97
9797
97
97
97

979797

9898989898
9898

9898
989898

9898989898
98

98989898
989999999999

999999

999999

9999
9999
99

100100100
100100100

100

100100100

100100100
100100100100

100100100100
100

100
100

101101101
101
101
101101101101
102102
102102102

102
102
102
102
103
103
103103

103103 103103103103
103103

103
103103

103103
103

103103104
104
104
104
104
104104104104

104
104104

104104104
104

104

104
104104

104

104
104104

104

104

104

104
104

105
106106106106106106

106
106

107107107107107107107107107
107107

107107107107107

108108
108
108

108108

108

108108108

108
108

108108
108108

108

108108108

108

108
109109109109109
109
110110110
110
110110110

110110110
110110110110110
110110

110110
110110

110
110
110110

110110110110
110
110110

111

111111111
111112

112112112
112112112112112
112112112

112112112112
112
112112112

112
112112112

112
112112112112112 112112
112

112112
112112112

113113113113

113

113

113

113
114114
114

114114
114

114

114
114

114
114

114

114
114

114114
114114

114114

114

114

114114

114114114114
114

114
114114114114

114

114114114

115115
115

115
115115115

115
115

115
115115115115

115

115115115

115

115
115115

115
115115

115
115
115

116116
116

116116116116116
116116

116
116

116116
116116

116
116

116
116
116

116
116

116
116

116

117
117117
117117117117117117117

117117117117
117
117117117117117117117117117117

118

118118118

118

118
118

118

118118

118

118118118

118

118

118118

118118118118118118118118118118
119119119119

119119119

119

119
119119

119119119

119119120120
120

120120120120
120
120120

120120
120120120

120120
120120

120120

120

120

120120
120

120
120
120

120

120120120
120120

120
120

120120121121121
121

121
121

121
121121

121
121121121121
121121

121121
121121

121
121
121
121

121121
121
121

121

121
121121

121121
121

122
122122122122122
122122122

123123123123
123123123

123
123123

123

123123

123123123123
123
123
123123123123123123

123
123123123

123123123123
123123123123123123

124124124124124124
124124124124124124124124124

124124124
124
124124124

124124124124124124

124

124
124124124
124124
125125125
125125
125

125125
125
125125

125
125
125125
125125

125
125125
125125

125
125
125

125125125125125125125125125
125

125125125
125 126

126126126
126

126
126
126
126
126126
126126126
126

126
126126
126

126

126126

126126126
126
126

126

126
126126

126
126

126126126126
127127127
127127127

127127127127127127127
127127
127127127127127
127127

127
127
127

127
127127127127127

127127127127127127
127127

128
128

128
128
128129

129129 129
129
129

129

130130130130130
130

130
130130130

130130
130

130130130

131
131131

131131
131

131
131
132
132132
132
132

132132

133133133133133
133

133 134134

134
134134

134134

134
134134
134134134

134
134134

134

134

134
135135
135135135
135

135135
135

135

135135135135135135
135

135135135

135
135

135

136
136136136

136
136

136

136

136

136

136136136
136136136

137

137

137 137 137

137

138
138138

138138
138139

139

139
139139

139140
140

140
140
140

140140
140140

140
140

140
141141
141141

141141 142

142
142
142142142142142

142
142142

143

143
143

143
143143
143

143143
143143143143144

144
144144145

145145145
145

145
145

146146146146146
147147
147147

147
147

147

147
147

147147147
147
147

147

147147147

147
147147147

147

147147
147

147

147147148
148148148148
148

148148148
148148148148
148148

148
148
148148

148148
148148

148
148148148

148
148148149149

149
149

149

149

149
149

149

149149150150150150150150150
150150150150150

150151
151151

151151

151
151
151

152152
152

152152

152153153153
153
153

153153
153

153153153
153

153
153153153

153153

153
154154154
154154

155155155155
155

156
156156

156156156156
156156156

156156156

156156

156

157157157157

157
158158158158158

158158158

158
158158158

158

158158
158158

158

158
158
158

158
158

158

159159159
159159

160
160160

160160
160160
160160160160160
160

161161161
161161

161

161161161

162162162162162
162

162162162
162

162
162162

162
162

163163163163163163

163163
163163163163163163163163

163
163

163
163163163163163
163

163163163163

163163

163163

163
163

163

163163163

164164164164164164164

165
165165165165165

166
166166166166166166166166

166
166

166166166166166166166
166166
166166

167
167
167167
167

167167167167

167
167167167

167168
168168168168
168168168168
168

168168
168168168168168168168169

169169169169
169
169169169169
169169

169169169169
169169169169
169169169169169169

169170170
170170

170170
170170

170170
170

170170
170170
170170

171171171171
171171171171171

171

171171171
171
171

171
171
171
171171171171

171171

172172172172172172
172172172
172172172

172
172172172172172172172172172172172172172172172172

173173
173173

173173
173
173173
173173173173173

173173173

173

173173173

173

173173173

173
173173173

173
173

174
174174
174

174
175175175175175175175

175

175175
175

175175
175175

175

175
175
175175175175175175

175175
175
175175

176
176

176176
176176176

176

177177

177177177177177
177

177177
177
177

177

177
177
177177

177177 178
178
178178

178
178178

178178

178
179179179

179179
179179179

179179

180
180
180180180
180

180
180180180

180180

Individual Predicted

0 200 400 600 800

0
20

0

56

5656

56575757
57

57
57

5757
5757
5757

57

57
57

5858
58

5858

5858
5858

58
5858585858

58
5858

5959
5959595959595959
595959

59595959

59
59
59
5959595959

5959

5959
59

5959

60
6060

6060
60

60
60

6060
60

60
606060

60
60

60
61616161

62626262

62
62
62
626262626262

626262626262626262
62

6262
626262
62
62

64
64646464
64

6464
64

6464
64
64

6464
64
64

64
64
6464

6464
6464

6464
646464646464

64
64

65

66
66666666666666

666666666666

66

67
67

67
67
6767
6767

6767
6767

67

676767

67

67
697072

72
72
727272727272727272727272

7272
72

72
7272727272727272

7272
7272727272727273
7373737373
7373

7474
7474
74

74

74

7474

75767676

76
76 767676

76
76

7676
76

7676
7677
7777

7777
77

78
7878787878

78

79
79797979

80808080
80

80
80

8080
8080
80

80
80

80

80

80
80

80
80
80
80

80
80
8080

80
80
80

81818181
81
81

8181
81
81

81 8181828282
8282

82
82

82

82

8282

828383
83
83

8383
83

8383

8383
8383
83
838484

8484

8484
84 848484

84

84

84
84

8585

858585858585
858585858585

85
8585858585

858585

8686
86

8686
868686

8686
8686
86

8686
8686

86

86
86
86

86
8686
8686

8686

8787
878787

8787
87878787

87

8787
878787

87
87

87
87

87 888888

88
88

8889
8989898989

898989
8989

8989898989
89

8989

909090
9090

90
9090

9090
9090
90909090

919191

91
9191

9191

9191

91
91
9191

919192
929292

9292
92
92

92
9292

929292
92929292

92
9292

92
9292

939393
93

93

9393
93
93

939393

93
93
949494

94

959595

9595
95

95
969696
969696

96
9697

9797
97979797979797
97979797

979797
97
97

97

97
97
9797
97
97
97

979797

9898
989898

98
9898

989898
98
98989898

98
98989898

989999999999
999999

999999

9999
9999
99

100100100
100100100

100

100100
100100100
100100100100

100100100100
100
100

100
101101101
101
101

101
101101101

102102
102102102

102
102103

103
103103

103103
103103103103

103103
103

103103
103

103
103

103
103104
104
104

104
104

104 104
104104

104
104104

104104104

104

104104

104

104
104104

104

104

104

104
104

105
106106106106106
106

106107107107107107107107107107
107

107
107107107107107

108108
108
108

108108

108

108108108

108
108

108
108108

108

108

108

108
109109109109109110110110

110
110110110

110110110
110110110110110
110110

110110
110110

110
110

110110
110110110110
110

110110

111

111111111
111112

112112112
112112112112112
112112112
112112112112

112
112112112

112

112112112
112
112112112112112112112
112

112112
112112112

113113113113

113

113

113

113
114114
114

114114
114

114
114

114
114
114

114114114
114114
114

114

114

114114

114114114114
114
114

114114114114114114114

115115
115

115115
115

115
115115115115

115

115115115

115

115
115115

115
115115

115
115

115

116116
116116116116116
116116

116
116
116116

116116
116

116

116
116
116

116
116

116
116

116

117
117117
117117117117117117117

117117
117117
117

117117117117117117117117117117
118

118

118

118
118

118

118118

118

118118118118

118118

118118118118118118118118118118
119119119119

119119119

119

119
119119

119119119

119119120120
120

120120120120
120
120120

120120
120120120

120120
120120

120120

120

120

120120
120
120

120
120

120

120120120

120120

120
120

120120121
121121

121
121

121

121
121

121121121121
121121

121121
121121

121
121

121
121

121121
121
121

121

121
121121

121121
121

122
122122122122122

122122122
123123123123
123123123

123
123123
123

123123

123123123123
123
123
123123123123123123

123
123123123

123123123123
123123123123123123

124124124124124124124124124124124124124
124124124
124

124124124

124124124124124124

124

124
124124
124

124124
125125125
125125

125
125125

125
125125

125
125
125125

125125
125

125125
125125

125
125
125

125125125125125125125125125
125
125125125

125126
126126126
126126126
126126

126126
126

126
126126

126
126

126126

126126126
126
126

126

126
126126

126

126
126126126126

127127127
127127127
127127127127127127127
127127
127127127127127

127127
127

127
127

127
127127127127127

127127
127127127127
127127

128
128

128129129129
129

129
129

130130130130130
130

130
130130130

130130
130

130130

131
131131

131131
131

131
132
132132

132
132

133133133133133

133
134

134
134134

134 134

134
134134

134134134

134
134134

134

134

134
135135
135135135

135
135135
135

135

135135135135135
135

135

135135135

135
135

135

136
136136136

136
136

136

136

136

136

136136136
136136136

137

137137137

137138138

138138
138139
139

139
139139

139140
140

140
140

140140140

140
140

140
141141
141141
142

142
142142142142142

142
142142

143

143
143

143143
143143

143143 143144144144145

145145145
145

145
145

146146146146146
147147
147147

147

147
147

147
147

147147147
147

147

147147147

147

147147147

147

147147
147

147

147147148
148148
148148

148
148148

148148148148
148

148

148148
148
148

148
148148148

148
148148149149

149
149

149

149
149

149

149
149150150150150150150150
150150150150150

150151

151151
151151

151
151

152152
152

152152

152153153153
153

153153
153

153153153
153

153

153153153

153153

153
154154154

154154
155155155155

155

156
156156

156156156156
156156156

156156156

156156

156

157157157157158158158158158
158158

158
158

158158

158

158158
158158

158

158
158

158
158

158
158

159159159
159159

160
160160

160160

160160
160160160160160

160
161161
161

161161
161

162162162162162
162

162162
162

162
162162

162
162

163163163163163163

163163
163163163163163163163163

163
163
163
163163163163163
163

163163163163

163163

163163

163
163163163163

164164164

165
165165165165165

166
166166166166166166166166
166

166
166166166166166166166
166166166
167
167
167167

167

1671676

167
167167167
167168

168168168168
168168168168
168

168168
168168168168168168168169
169169169169
169
169169169169

169169
169169169169
169169169169
169169169169169169

169170170
170170
170170

170170

170170
170
170170

170170
170170

171171171171

171

171171171
171

171
171

171
171
171171171171

172172172172172
172
172172172

172172172
172
172172172172172172172172172172
172
172172172172172

173173
173173

173173

173173173173173
173173173

173

173
173173

173

173173173

173
173173173

173
173

174174

174
175175175175175175175

175

175175
175
175175
175175

175

175
175

175175175
175175175

175175
175
175175

176
176176

176176176

177177

177
177

177
177

177177
177
177177

177177178178178
178

178178

178178

178
179179179

179179
179179179
180
180
180180180
180

180
180180180

180180 W

200 400 600 800 1200

-6
-4

Population Predicted

5657

57

5858

5858

646672
76

76

76
777778818184 84

8585
85

8688788
889192 103

105108110
110113

113114
114

114
114

114114115118
118119

121

126127127127

134

134
134134134

134

136

136

137
137

138
138139

140
142

143

145

145

9156156
158158158158
161170
171175

175

175
175
175 178180

R
es

id
ua

l

2
4

6

56565656 56
565657

57
57

57

5858
58
58
5858

58
5959
5959 5959 595959

60
60
6060606161

616262
6262 62

62 6262
63

64

64
6464
64
64 6464 646464 64 646666

6666
6667

67
6767676767

6767
686969

6969
70

70
707070 700071 71

71727272
72 72 7272 7272

72737374
74747474

74
474

7474757575

75

76
76
76 7676

7777 7777777878 78

78
7878

79
79 79

79

80
8080 808080

808080
8080

80
81

818181818181
81818182 8282 82

83 83 8383838383838383
8384 84

848484 848485
85
8585 85858686

86 8686
868687 87 87

87
8787

878888
88

8888

88
88
88

89
89
89898989 89

898989899090
90
909091

91
91

919191
92

92
92
9292

9292
929292

92 929393 93 9394949494

95
95969797

979797
9797

97

97
97

97
98
98
98 9898

989999
99
9999

99100100100100 100

101

102102102102103103

103103

103103
103

104
104
104104

104
104

104104104104
104

105
106

107107107

10
107

108
108

108108108108
108108108

108
109

110110110110 110110110110110 110111
112112112 112112112 112

113

113
113

114114
114114114114114114

114
114
114 114

114

115115
115

115115
115

115115
115

116

116

116
116

116

116
116

116
117

117
117117

118
118
118

118
118

118118

118
118118

119119
119119119120120120120120120120

120
120120120

120
120

120
120121121

121
121121

121121121121121

121

121122122122122
123123

123
123123123123

123
123123123123123123

123123

123
123123124

124124124
124 124124124

124125125125125 125 125 125125126126
126126126126126126126126126 126126126127

127127127127
127 127

127
127127127

127
127

128128128129129
129129129129130

130130
130130130130130

130
131131132132132

133

133133
133

133
133134

134

134

134
134
134134

134

134
134

135

135
135135135135136

136
136

137

137
138

138138139 139140140

140140
140
140

141141141
141

142142
142
142142142

142
142
142

143143
143

143
143143
143143144144144

145
145

145

146146147147
147147

147147147147147148

148
148148

148148
148148149149149

149
149

150150
150

150150

151151
151
151

152152152
153153153153153154155155156156

156
156157157157158

158
158158

158
158

158

158159
160160160160160161 162162163 163

163
163163163163163163

163

164165165165166 166
166166166

166
166

167
167

167

167
168168 168168169169

169
169169169 169169 169

170
170170170
171171

171171

171
171

171171172172172172
1 2
172 1721731731 3173
173173

1731741741751751175
175175175

175
175

175
176

177
177177177

177177177

177

177 177177178
178178 178

178
178

179179179
179

180180180180180 ht
ed

 R
es

id
ua

l

2
4

56

56

5656
5656

5757

57
57

57

57

5858 5858
585859

5959
59
5959

59 5959
59

606060 606061
6162

6262
626262

62

6262
62

62 6363

63
64

64
64
64

64

6464
64646464646464

64

64
64

65666666
6666

6666
67

67
67

6767 6767
67

67
67 68686969

6969
697070
70

70
7070

70

7071
71

72

72
727272
72
72
72727272

7272

72737373 74

74
74
7474

74

74

75
75

75

7575757576
7676

7676

76
767777

777777
78
78

78

7878

79
79 7979

79

8080
80
80
80

8080

80
80

8080

8080

80

81
81818181

81

81

81

81

81

81

81
82

82 82
8282

83838383
8383838383

83
83

8484

84848484

84

848585
858585

85
86
86

86
86868686

86
86

86 87

878787

87

87
8787

87

88
88
88

88

88
88

89
89

898989
89898989909090

90
9090 91

91
91

91
91

9191

92

92

9292

92

9292
92

9292

92

93
93
939394959595

95

9596 96
96

9797

979797
9797

97

97

97

97
97

98

98

9898

98

98

98
98

9999
99

999999 100100100100100100101101

101

102102102

103103

103

103103

103103

103104

104

104
104

104
104

104
104
104104

104
105

105105106107

107

107107

107
107

107

108108

108
108
108
108
108

108108
108

108 109
110110110110110110110110110110110110110110

110110111111

111
112112

112
112112112112112

112
112112 113

113

113

113114114
114114

114

114114

114
114114114

114
114

114

114

114

115115
115

115115
115
115115

115

115116

116

116
116

116116116

116

116

116
117117

117
117
117

118
118

118

118

118

118118
118

118
118118

119
119119119119

120120120120120120
120

120120120
120120
120

120

120
120
120

120120121
121121

121
121121121

121
121121
121121

121

121

121122122122
122

123123
123
123123
123
123

123

123123

123123
123

123123 124124124124124124124124
124124124

124124124125125125125
12

125
125125125125
125 126126126126126126126126126126

126
126

126
127127127

127

127127127127

127

127127
127

127127
127

127

128128
128

128
129
129129129129129129

129
129130

130130
130130
130131131132

132 132132133133133
133133133 134134134

134
134
134134

134
134

134
134

135135

135

135135135135136

136

136

136136136136137

137

137

138
138139

139140140

140140

140

140
141

141141

141
142

142

142

142 142

142
142

142

142
142

142
142

142
143
143
143143

143

143
143143

143
143

144
144

144

145 145

145

146 146147147147147

147
147147147

147
147148148

148

148
148148

148
148
148148149149

149

149

150150

150

150

150

151
151151
151

152

152152153153153153
153153154154155

156
156156156156

156
156

157 157
158158
158

158158
158

1 8158158158158
158159160
160160

160160
161161 161162162162

163

163

163

163
163

163163
163
163163
163

163

163

164
164
164

165165
165

166
166166166

166
166166

166
166

167

167

167
167

167

167
168
168168168

168
169169
169

169

169169
169
169
169169169170170170

170170171171171
171171171

171171

171171172
172172
172

172
172 173173

173173173

173173

173174
174174

175175175175
175175175

175
175

175

175

175175
175

175
175175

176
176176176

177
177
177
177

177177177

177

177

177177 178
178

178178
178

178

179179179
179180

180
180180180

180180

ht
ed

 R
es

id
ua

l

2
4

56

56

5656
5656

5757

57
57

57

57

5858 5858
58 5859

5959
59
59 59

59 5959
59

60 606060 6061
6162

6262
6262 62

62

6262
62

6263 63

63
64

64
64
64
64

64 64
64 646464646464

64

64
64

65666666
6666

66 66
67

67
67
67676767

67
67

6768686969
6969

697070
70

70
70 70

70

7071
71

72

72
7272 72

72
72

72727272

7272

7273737374

74
74
74 74

74

74

75
75

75

7575757576
7676

7676

76
767777

777777
78

78

78

7878

79
7979 79

79

8080
80
80

80
8080

80
80
8080

8080

80

81
81818181

81

81

81

81

81

81

81
82

8282
82 82

83 83 8383
8383838383

83
83

84 84

84848484

84

848585
85 8585

85
86
86
86
8686 8686

86
86

8687

87 87 87

87

87
8787

87

88
88
88

88

88
88

89
89

8989 89
89898989909090

90
909091

91
91
91
91

9191

92

92

9292

92

9292
92

92 92

92

93
93

93 9394959595

95

9596 96
96

9797

979797
9797

97

97

97

97
97

98

98

98 98

98

98

98
98

9999
99
999999100100100100 100100101101

101

102102102

103103

103

103103

103103

103104

104

104
104

104
104

104
104
104104

104
105

105105106107

107

107107

107
107

107

108108

108
108
108

108
108

108108
108

108109
110110110110110110110110110110 110110110110

110 110111111

111
112112

112
112112112112112

112
112 112113

113

113

113114114
114114

114

114114

114
114114114

114
114

114

114

114

115115
115

115115
115

115115

115

115116

116

116
116

116116116

116

116

116
117 117

117
117

117

118
118
118

118

118

118118
118

118
118118

119
119119119119

120120120120120120
120
120120120

120120
120

120

120
120

120

120120121
121121

121
121121121

121
121121

121121
121

121

121122122122
122

123123
123
123123

123
123

123

123 123

123123
123

123123124124124124124124124124
124124 124

124124 124125125125125
12

125
125125 125125

125126126126126126126126126126126
126

126

126
127127127

127

127127 127127

127

127127
127
127127

127

127

128128
128

128
129
129129129129129129

129
129130

130130
130130
130131131132

132132132133133133
133133133134134134

134
134
134134

134
134

134
134

135135

135

135135135135136

136

136

136136136136137

137

137

138
138139
139140 140

140140

140

140
141

141141

141
142
142

142

142142

142
142

142

142
142

142
142

142
143
143

143143
143

143
143143

143
143

144
144

144

145145

145

146146147147147147

147
147147147

147
147148148

148

148
148148

148
148

148148149149

149

149

150150

150

150

150

151
151151

151
152

152152153153153153
153 153154154155

156
156156156156

156
156

157157
158158
158

158158
158

1 8158158158158
158159160

160160
160160

161161161162162162
163

163

163

163
163

163163
163
163163

163

163

163

164
164
164

165165
165

166
166166166

166
166166

166
166

167

167

167
167

167

167
168

168168168

168
169169
169

169

169169
169
169

169169 169170170170
170170171171171
171171 171

171171

171171172
172172

172
172

172173173
173173173

173173

173174
174174
175175175175

175175175

175
175

175

175

175 175
175

175
175175

176
176176176

177
177
177
177

177177177

177

177

177177178
178

178178
178

178

179179179
179180

180
180180180

180180

W
ei

gh
te

d 
R

-6
-4

-2
0 565656

56

56
565656

56
56

575757
57
57

57

57

57
5757
57

57

57

5858
5858
58

58
58

58

58

5858
58
58

5858

5959
5959
5959

59
59
59
5959
5959

59

59

59
59
59

5959595959 59

59

60
6060

60
6060

60

606060606060
60
60606060

606060606061616161
616161

6262
6262

62

62626262
6262

62
62

62
62
62626262

626262
6262

6262

62

6363

63
63

63
63

63

64

64646464
64
64 64

6464

64
6464

64
64

64

64 6464
64646464

64646464
6464

646464
64

6565
65
65
65

66
66
66
6666

66

6666
6666
66
66

66
67

67

6767

67
67
6767

676767

676767

67676767
676868

68

68
686869

69
69

69

696969696970

70

70
70

707070
70

70
70

70707070
70

707070
71
71
71717171

71
72

72

7272
72
72727272

72
7272

72
72

727272727272

72
72

727272
72

72
72

72
72

72

73

73
7373
73
73
73
73

74
7474
7474

74
74

74

74

74

74
74

75

75

75
75

75
75

757575
757575

757576
7676
76

7676

76

76

76

76

76
76

77

77

7777
77

77
7778

78787878

78
7878

7878

78
78

78
787979

79

797979
79
7979
79
79

79
808080808080

80
808080

80
808080

8080
8080808080

80

80818181

81
81

81
818181

81
81
81

81

818181

81

81

81

81

81828282
82
82
828282

82
82
8282
82
82

82
82
8282

8282
82

83
83

83
8383

83
83
83
838383

83
83
83

83
8383

83
83 83

83

84848484

84
84
8484

84
8484

84

84

84
84

84

84

858585

85

85
858585

8585
8585

8585
85

85

8585

85

858585

85

8686
8686
868686

86
86

86
86

86
86
8686

86

86868686

86

8686
86

878787
87
87

8787

87
8787
87

8787

87
8787

8787
87

88
8888

88
88

88

88
88

88
89
89
89
89
8989898989

8989
8989

89898989
8989

8989
8989

8989909090
9090

9090
9090
90
90
90
90

91
9191

9191
91

91
91

9191

919192
929292

92

92

92

929292

9292 92929292

929292

92

92

92

93
9393
93
93

93

93
93

939393

939494
94
94

9494949959595

95
95
95
95
95

96
9696
9696969696

969697
97
97

97
979797

9797979797
97
97

97
97
979797

97
97
97

97
97979797

9898
9898
98

9898

98

98
98989898

98

9898
98

98

98999999
99

9999

99

99
99
9999

99

100100100
100100
100
100

100100
100
100
100100100

100
100100100100

100100100
100100101

101101
101
101101

101101
101102102

102102
102
102102102102

102

103

103103

103
103
103
103103103

103

103
103

103103103
103
103103104

104

104

104104

104

104104104
104104104

104104104
104

104
104

104104
104

104
104104105105

105

105105
105

106106106106106106
106106

106
106107107107

107107

107107
107107
107107

107107107
107

107108
108
108
108
108108

108

108108

108
108

108108108
108108

108
109109109109109109109109109110110110
110
110

110
110

110110110
110
110110

110110
110110

110110110110110

110110

110
110
110

110
111

111
111
111
111
111112

112
112112112

112
112
112112
112
112112
112112112112112112

112112112
112112112112112112

112

112112
112112112 112112112112

112
113
113
113113

113

113
113

114114
114
114

114

114

114

114
114

114

114
114114

114

114114
114
114

114

114
114
114

114
114

114

114

114

115115115

115115

115

115
115
115
115115115115

115115

115115115115

115

115

115
115115116116

116

116
116116

116116116116116

116
116

116116116

116
116

116116

116

116116
117
117117
117

117117
117117
117117

117117117

117117
117117117

117

117117
117117117

118
118

118

118118
118

118

118118
118

118118
118118

118118
118118

118118118119
119119
119119

119
119
119

119119

119

119119120
120
120120120120120

120120

120
120
120

120120

120120120
120

120120

120

120120120

120120

120
120120120

120
120

120120120
121
121
121
121

121

121121
121
121121121121121121121121

121121121
121121

121121

121121
121121

121

121

121
122

122122122122

122122122123123
123123123

123
123

123
123123123123

123123123123123123123
123
123123

123123
123

123
123

123123123
123

123
124124124124

124
124
124124124124

124

124124
124
124124

124124
124124

124124
124124

124
124124

124
124

124
124
124

124124
125
125125
125125
125125125

125
125125
125
125125125

125
125125125125

125125

125
125

125

125125125125125
125125125125125

125125
125125

126
126
126126
126

126

126126
126126

126126126
126126

126126
126126

126
126

126

126126
126
126126126

126126
126

126126

126
126

127
127
127127127127127127

127
127
127
127127127127127

127
127

127

127

127
127127127

127127

127127

127127
127127

128128128
128

128

128128128
128
128128

128128128128
129

129129
129

129129

129129
129
129
129
129
129
129

130
130
130
130130130130

130
130130130

131

131131

131131
131131131

131
132
132132
132
132

132132
132132132132132

132
133133
133133
133133

133133
133

134
134

134

134

134

134

134

134134

134134134

134

134
135135
135135135

135135135
135
135135

135135135
135
135135

135

135135
135

135
135

136
136136136136

136

136

136

136
136136

136
136136
136

137137
137

137

137

137137

137
137138138

138
138
138

138138138138
139

139

139

139139
139
139
139139140

140
140

140
140
140140140

140
140

140

140

140
141

141141

141
141141

141

141
142142142142142142

142

142
142
142
142
142

142

142142142
142142

142

143

143

143

143

143
143143

143

143
143
143

143

143143144
144
144

144144144
144144

144
145145
145
145

145

145

145

146146146146
146146146

146146
146

147147
147
147
147
147147

147
147147

147147
147
147147

147
147147

147
147

147147
147

147
147
147147

147

147

148

148148
148148148

148148

148148
148148148148

148
8148148148

148
148
148148

148148148148148148149
149
149
149

149

149
149149

149149

149149

150150150
150150
150
150
150150150

150
150150

151

151
151
151
151
151
151

151
152152
152152
152152

152153153
153153

153

153
153

153153
153153
153153

153

153153153
153

153154154154
154154

154154154
154

155155
155155
155155155

155156

156
156156
156
156

156

156156
156

156

156156

156

157157157
157157157

157
158158158158

158

158

158158158

158
158158

158
158

158158
158

158

159159159159159
159159159

160
160160160

160
160160160160

160160
160160
160160

160

161161
161

161161

161
161161161162162162162

162162162162
162
162162162162162

162
163163
163
163163
163

163163
163163163163163163

163163
163

163
163163

163
163
163

163163163

163
163163

163
163163163164

164164164164164
164164

164
164

165
165
165165

165
166

166166166166166166166166

166

166
166
166166

166166
166

166166166
167
167
167
167

167

167167

167167

167

167
167167167

167

168

168168168168168168168
168
168
168
168
168
168168168168168

169

169169169169169
169169169

169
169
169169169169

169

169169
169

169

169
169

169
169
169

169170170

170

170
170170

170

170170170
170

170170

171171171171
171171171

171171

171

171171
171

171

171

171
171

171

171
171
171171

171
171171

172172
172172172

172172
172172

172172
172
172172172172

172172

172
172172

172
172172172

172172
173173

173
173
173
173
173
173173

173
173173
173173

173
173173

173
173173

173
173173173

173

173173
173

173
174

174174
174

174

175175175175

175
175

175

175

175

175

175

175

175

175

175

175

175175175

175175
175

175
176
176
176
176

176
176
176

176176
177177

177177177
177177177

177
177

177

177
177
177
177

177
178
178
178178

8
178

178

178

178
178178

178179179
179
179
179
179
179179

179

180

180

180
180180

180

180180
180
180180

180180180

In
di

vi
du

al
 W

ei
gh

-4
-2

0 56
5656

5656

56

56

56

56

56
56575757

57
57

57

57

57

57
57

5757

57

58

58

58
58

58
58

5858
5858

58
58

5858

58
58

59
59

5959

59 59

59
59

59
5959

59
59

59

595959
5959

59
5959

59

60
60
60

60
6060

60

6060
6060

60
60
60
606060

60
606060

606061616161
61

61
61
616161

6262
6262

62

62
62

62
62

62
62

62
6262

626262
62

6262

62

62
6262

62

63
63

63
63
63

63

63
6464

6464
64

64
64

6464

64

6464
64

64

6

64
6464

64

64
6464

64
64

646464

65
65
65

65
65

66

66
66

66666666

66666666

66

67

67

67

67

67
67

6767

6767
67

67676767
67 68

68
68

68
686869

6969

69

69
69

69
69
696969
70

70

70
70

7070
70
70

70

70707070
70
70

7070
71
71

71717171
71

72

72

7272
7272
72727272

72
72
72

72
72

727272

72
72

72
727272

72
72

7272

72
73
7373

73

73

73

73

74

7474
74

74
7474

7474
74

74

74

74
74

74

7575

75

7575
7575

75
757575

76

76
76

76

76

76

76

76

76
7677

77
77

77

77
77

78787878

78

7878
78
78

78
78

78
7879
79

79
79

79
7979

79
79

79
80
808080
8080

80

808080
80

808080

80
80

8080

8080

80

818181

81
81

81

818181

8181

81
81

81
8181

81

81

81

8282
82
82
8282 8282

82
8282

82

82

82
82

82
82828283

83

83
8383

83
83

83

83
8383

83
83

83

83
8383

84
8484
84

84
84
84

84848484

84

84
84

84

84

8585

85

85

85858585

8585
8585
8585
85

85

85

85
85
85

85

86
86

86
8686
86
8686

86

8686
86

86

86

86
86
8686

86

86

8686

87
8787

87
87

87
87

87
8787

87

8787

87
878788
88
88

888888

88888888

88

89

89
89
898989
8989

8989

8989

89
89
8989

8989
8989

898990
9090
9090

9090
9090
90

90

9090

91
91
91

9191

91

91
91

91
9191

91
92

92
92

92

92

92

92
92
92

92929292
92

92

92
9292

92

92

93
93939393 93

93

9393

93

93
93

9494
94

94

949494
94959595

95

95 9595

9596
9696
969696 9696

9697

97
97

97
9797
97

9797
97

9797

97
97

97
97

97
9797

97
97

97
97

979797

98
98
98

98
98

9898

98

98

98989898

9898

98
98

98999999

9999
99
99

99
99

99

100100100
100

100
100

100

100100
100

100

100100100
100
100100100100

100100
100

100101
101101

101

101
101

101101
101102

102

102

102
102102102

102

102
103

103
103

103
103

103
103103

103

103
103
103103

103

103
103

103104

104

104

104104

104

104
104104

104104104

104104104
104
104
104

104

104

104104 105105

105

105

105
106106106106106106

106106

06
106107107

107107

107107

107
107

107
107

107107107107108
108

108

108
108
108

108

108108

108
108

108

108
108

109
109109109109109

109109
109

110110110

110

110

110
110

110110110
110110110
110

110110110110110

110
110

110
110

111

111

111

111

111
111112

112112112

112
112
112

112

112112

112112112112112
112

112112112

112112
112
112

112

112

112112

112112112
112112

112
112

112

113
113
113113

113 113

113

114114
114

114

114
114

114

114

114
114

114

114
114114

114

114114
114
114

114

114
114

114
114

114

114

114115
115115115

115
115

115
115115115115

115115115115

115

115

115
115115

116116

116

116

116
116

116116116
116

116

116
116

116116
116

116116

116
116116

116
116

117

117117

117
117

117
117117

117
117

117
117117

117
117117117117
117117117117117

118
118

118118
118

118

118118

118118
118118

118118
118118

118118118119
119119

119119

119
119

119

119

119

119

119
119

120
120

120120120120
120

120

120120120

120120120

120

120

120

120120

120
120

120120
120
120

120
120

121

121
121

121

121
121
121

121

121
121121
121121121121

121
121
121121
121

121121121

121

121

121
122

122122
122122

122
122122123123

123123123

123
123123123

123

123
123123123123
123123123123

123

123
123

123
123123123

123
123

124
124124124

124

124

124
124
124

124

124124
124

124
124
124124

124
124

124
124124
124

124124124

124

124125

125125

125
125

125125125
125125

125
125
125
125
125

125
125125

125125
125

125

125
125125
125

125
125125125125

125
125

125
126
126126126
126126126

126

126

126
126
126
126
126

126
126
126
126

126

126126

126

126

126

126

126
126126

126
126
126

126126

126

127
127
127

127
127127

127
127

127
127

127127127
127127

127
127127

127

127

127127

127
127
127127

128128128
128

128

128

128

128
128128

128128
128128128
129

129
129

129

129129129
129129
129
129130

130130130
130130130
130130

130
130
130130

131

131

131
131

131 131
131131132

132

132
132

132 132
132132132132132

132

133
133
133133

133
133

133133

133
133
133

134
134

134
134134

134
134
134
134

134

134
134

134
135135

135135135
135

135135

135

135135

135135135
135

135
135135135
135
135

135
136136136136

136

136

136

136136
136136
136

137137
137137

137 137

137

137138138

138

138
138 138

138138
139

139

139139
139

139
139139

140

140
140140

140
140140

140
140
140140

140

140
141141

141
141

141

141

141141
142142
142

142
142

142142
142

142

142142142

142

142

143

143

143

143

143

143143

143143
143
143143144
144
144144144

144144
144145145

145

145

145

145

145

146
146
146146

146
146146

146
146
146

147

147

147
147
147147

147
147147
147
147

147
147

147
147
147147

147

147147
147
147
147

147
147
147

147

148

148148

148
148148

148
148

148148

148148
148148

148
148

148148
148148

148
148148
148148

148
148148

149
149

149
149

149

149149
149149149

149

150
150
150

150150

150
150
150150
150

150150150
151

151

151
151

151

151

151151152152
152152

152
152

152

152
153153
153

153

153

153
153
153

153
153

153

153153

153153
153154
154154
154154

154
154154154155155

155
155
155155

155155155
156
156

156
156156

156

156

156

156

156

156

156

156

157157157157
157

157
158
158

158

158

158

158

158

158158

158158

158

158

158

158

158

159
159159159

159
159159159160160160

160
160160

160
160160160

160160

160

161161
161
161
161

161 161161

161
162162
162162

162
162162162

162
162

162162162162163163
163
163
163
163

163
163
163163163163

163163
163163

163

163

163
163

163
163

163

163

163
163163

163

163163163
164

164
164

164164164
164
164

164

165

165
165
165166166166166166

166166
166

166

166
166166166

166166
166

166
167

167

167
167

167

167

167167

167

167

167167167

167
168
168
168168168168168

168

168
168

168

168
168168168
168

168
169

169
169169

169
169169

169

169

169169169

169

169169

169

169
169
169
169

169
169170

170

170
170170170

170
170

170
170170

170
170

171171171

171

171171171171

171

171

171

171

171

171

171
171171

171
171

171
171

171
171

172
172
172172

172
172172

172
172

172172
172

172172
172
172172

172

172
172

172

172172
172

172
172 173

173
173173173

173173

173

173
173173
173

173
173173173173173173173

173
173

173173173173174

174174

174
175
175

175

175

175

175

175

175

175

175

175

175

175

175175
175

176

176
176

176176
176

176176

177
177
177
177177

177177

177
177177

177

177

177

177

177177

178

178

178
178178

178

178

178
178178
178179179

179

179
179

9

179179

179

180180

180180

180

180
180

180
180

180

In
di

vi
du

al
 W

ei
gh

-4
-2

0 56
5656

5656

56

56

56

56

56
56575757

57
57
57

57

57

57
57
5757

57

58

58

58
58

58
58
5858

5858
58
58
5858

58
58

59
59

5959

5959

59
59
59
5959
59
59

59

59 5959
5959

59
59 59

59

60
60
60

60
6060

60

6060
6060
60
60
60
606060

60
606060

606061616161
61

61
61
616161

6262
6262

62

62
62
62
62
62
62

62
6262

626262
62

6262

62

62
6262

62

63
63

63
63

63
63

63
6464
6464
64
64

64

6464

64

6464
64

64

6

64
6464

64

64
6464

64
64

646464

65
65
65
65
65

66

66
66
66666666

66666666

66

67

67

67

67

67
67
6767

6767
67

67676767
6768

68
68

68
686869

6969

69

69
69

69
69
696969

70

70

70
70

7070
70
70

70

70707070
70
70

7070
71
71

71717171
71

72

72

7272
7272

72727272

72
72
72

72
72

727272

72
72

72
727272

72
72

7272

72
73
7373
73

73

73

73

74

7474
74
74

7474
7474
74

74

74

74
74

74

7575

75

7575
7575

75
757575

76

76
76

76

76

76

76

76

76
7677

77
77
77

77
77

78787878

78

7878
78
78

78
78

78
7879

79

79
79
79
7979
79
79
79

80
808080

8080

80

808080
80

808080

80
80

80 80

8080

80

818181

81
81

81

818181

8181

81
81

81
8181

81

81

81

8282
82
82
82828282

82
8282
82

82

82
82

82
82828283

83

83
8383

83
83

83

83
8383

83
83

83

83
83 83

84
8484

84

84
84
84

84848484

84

84
84

84

84

8585

85

85

85858585

8585
8585

8585
85

85

85

85
85

85

85

86
86
86

8686
86
8686
86

8686
86
86

86

86
86

8686

86

86

8686

87
8787
87
87

87
87

87
8787

87

8787

87
878788

88
88

888888

88888888

88

89

89
89
898989

8989
8989

8989

89
89
8989

8989
8989

898990
9090
9090

9090
9090
90

90

9090

91
91
91

9191

91

91
91

91
9191

91
92

92
92
92

92

92

92
92
92

9292 9292
92

92

92
9292

92

92

93
9393939393

93

9393

93

93
93

9494
94
94

949494
94959595

95

959595

9596
9696
9696969696

9697

97
97

97
9797

97
9797
97
9797

97
97

97
97

97
9797

97
97

97
97
979797

98
98
98
98
98

9898

98

98

98989898

9898

98
98

98999999

9999
99
99
99
99

99

100100100
100
100
100
100

100100
100

100

100100100
100
100100100100

100100
100

100101
101101

101

101
101

101101
101102

102

102

102
102102102

102

102
103

103
103

103
103

103
103103
103

103
103

103103
103

103
103

103104

104

104

104104

104

104
104104

104104104

104104104
104

104
104

104

104

104104105105

105

105

105
106106106106106106

106106

06
106107107

107107

107107

107
107

107
107

107107107107108
108
108

108
108
108

108

108108

108
108

108

108
108

109
109109109109109

109109
109

110110110

110

110

110
110

110110110
110110110

110

110110110110110

110
110

110
110

111

111

111

111

111
111112

112112112

112
112
112

112

112112

112112112112112
112

112112112

112112
112

112
112

112

112112

112112112
112112

112
112

112

113
113
113113

113113

113

114114
114

114

114
114

114

114

114
114

114

114
114114

114

114114
114
114

114

114
114

114
114

114

114

114115
115115115

115
115

115
115115115115

115115115115

115

115

115
115115

116116

116

116

116
116

116116116
116

116

116
116

116116
116

116116

116
116116

116
116

117

117117

117
117

117
117117
117

117

117
117117

117
117117117117

117117117117117

118
118

118118
118

118

118118

118118
118118

118118
118118

118118118119
119119
119119

119
119

119

119

119

119

119
119

120
120
120120120120

120

120

120120120

120120120

120

120

120

120120

120
120

120120
120

120
120
120

121

121
121

121

121
121
121

121

121
121121

121121121121

121
121

121121
121

121121121

121

121

121
122

122122
122122

122
122122123123

123123123

123
123123123

123

123
123123123123

123123123123

123

123
123

123
123123123

123
123

124
124124124

124

124

124
124
124
124

124124
124
124

124
124124

124
124

124
124124

124

124124124

124

124125

125125

125
125

125125125
125125

125
125
125
125
125
125

125125

125125
125

125

125
125125

125
125

125125125125

125
125

125
126
126126126

126126126

126

126

126
126
126
126
126
126

126
126
126
126

126126

126

126

126

126

126
126126

126
126

126

126126

126

127
127
127

127
127127
127
127

127
127

127127127
127127

127
127127

127

127

127127

127
127

127127
128128128
128

128

128

128

128
128128
128128

128128128
129

129
129

129

129129129
129129

129
129130

130130130
130130130

130130

130
130
130130

131

131

131
131
131131
131131132

132

132
132

132132
132132132132132

132

133
133
133133
133
133

133133

133
133
133

134
134

134
134134

134
134
134
134

134

134
134

134
135135

135135135
135
135135

135

135135

135135135
135

135
135135135

135
135

135
136136136136

136

136

136

136136
136136
136

137137
137137
137137

137

137138138

138

138
138138

138138
139

139

139139
139
139
139139

140

140
140140
140
140140

140
140
140140
140

140
141141

141
141
141

141

141141
142142
142

142
142
142142
142

142

142142142

142

142

143

143

143

143

143

143143

143143
143

143143144
144
144144144

144144
144145145

145

145

145

145

145

146
146
146146
146
146146

146
146
146

147

147

147
147
147147

147
147147

147
147

147
147

147
147

147147

147

147147
147

147
147

147
147

147

147

148

148148

148
148148

148
148

148148

148148
148148

148
148
148148

148148

148
148148

148148
148

148148
149
149

149
149

149

149149
149149149

149

150
150
150

150150

150
150
150150
150

150150150
151

151

151
151

151

151

151151152152
152152
152
152

152

152
153153

153

153

153

153
153
153

153
153

153

153153

153153
153154

154154
154154

154
154154154155155

155
155
155155

155155155
156
156
156
156156

156

156

156

156

156

156

156

156

157157157157
157

157
158
158

158

158

158

158

158

158158

158158

158

158

158

158

158

159
159159159

159
159159159160160160

160
160160

160
160160160

160160

160

161161
161
161
161
161161161

161
162162
162162

162
162162162

162
162
162162162162163163

163
163
163
163

163
163
163163163163

163163
163163

163

163

163
163

163
163

163

163

163
163163

163

163163163
164

164
164
164164164

164
164

164

165

165
165
165166166166166166
166166

166

166

166
166166166

166166
166

166
167

167

167
167

167

167

167167

167

167

167167167

167
168
168
168168168168168

168

168
168

168

168
168168168

168
168

169

169
169169

169
169169

169

169

169169169

169

169169

169

169
169

169
169

169
169170

170

170
170170170

170
170

170
170170

170
170

171171171

171

171171171171

171

171

171

171

171

171

171
171171

171
171

171
171

171
171

172
172
172172
172
172172

172
172

172172
172

172172
172

172172

172

172
172

172

172172
172

172
172173

173
173173173

173173

173

173
173173
173

173
173173173173173173173

173
173

173173173173174

174174

174
175
175

175

175

175

175

175

175

175

175

175

175

175

175175
175

176

176
176

176176
176

176176

177
177

177
177177

177177

177
177177

177

177

177

177

177177

178

178

178
178178

178

178

178
178178
178179179

179

179
179

9

179179

179

180180

180180

180

180
180

180
180

180

QuantPharm LLC 15

0 50 100 150 200

Time (day)

200 400 600 800 1200

Population Predicted

0 50 100 150 200

Time (day)



Results

Overestimated variability:

Visual Predictive Check

15
00

100 mg eltrombopag
• 1.7 – 3.8% points outside 90% 

prediction intervals

di i i l

10
00

100 mg eltrombopag

• 60% prediction interval 
provided coverage for 80% of 
the observed PLT data
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0
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Results

Median Observed and Simulated (VPC)  Platelet Counts (over 3 cycles)

Visual Predictive Check
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Modeling Summary
Platelet counts for patients on chemotherapy can be described by several models, 
therefore caution is needed in mechanistic interpretation of the resultstherefore caution is needed in mechanistic interpretation of the results

“Conventional” model of myelosuppression described platelet response to 
carboplatin therapy, but was not able to describe addition of eltrombopag

“Eltrombopag” model was able to describe both, PLT response to carboplatin
alone and to carboplatin + eltrombopag therapy

C b l ti d d ti t li l ith d Th ff t• Carboplatin decreases production rate, linearly with dose. The effect 
increases with each cycle

• Eltrombopag increases production rate, linearly with eltrombopag
concentrations (and dose). The effect decreases with each cycle

“Eltrombopag” model describes PLT across populations and therapies

R l b i h l h bj i ITP i• Response to eltrombopag in healthy subjects, in ITP patients, response to 
carboplatin, and response to both carboplatin and eltrombopag in cancer 
patients
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Common structure and thrombopoesis parameters

Differential effects on production rate of platelet precursors



Simulations of Dosing Regimens
Goal:  To inform future study designs

Regimens
• A 10 days prior each CP administration• A – 10 days prior                              each CP administration 
• B - 10 days after                               each CP administration  (current study) 
• C – 5 days prior and 5 days after each CP administration 

Setup

• Patients from all treatment groups

• Each patient replicated 100 times (CP dosing, covariates, baseline PLT)

• PLT simulated for each patient, dosing regimen, and eltrombopag doses of 50, 
100 and 200 mg100, and 200 mg

• Additionally, for regimen C simulations performed for fixed baseline PLT of 
100 d 150 109/L
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100 and 150 109/L



Simulations          100 mg Eltrombopag
Median Simulated Platelet Count versus TimeMedian Simulated Platelet Count versus Time

• Nadir similar for A and C 
for 50, 100 and 200 mg 
l b b leltrombopag, but lower 

for B

• Maximum PLT are• Maximum PLT are 
highest in A, and lowest 
in C

R i C t bili d l t l t t i i i d di
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Regimen C stabilized platelet counts, minimized nadir  



Simulations                 Regimen C
M di Si l d Pl l C TiMedian Simulated Platelet Count versus Time

Median baseline PLT of 
305 10-9/L305 10 /L
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Starting at dose of 50 mg looks best       Possibly increasing dose at later cycles



Simulations             Low Baseline PLT
Regimen C Median Simulated Platelet Count versus TimeRegimen C Median Simulated Platelet Count versus Time
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Baseline PLT: 100 109/L Baseline PLT: 150 109/L



Simulations            Impact of Variability
Regimen C Predicted nadir values for different baseline platelet counts

Eltrombopag Baseline 
Nadir (109/L)

Median (80% PI)p g
Dose 
(mg)

Median (80% PI)
(109/L)

( )

Cycle 1 Cycle 2 Cycle 3

Placebo 305 (229, 398) 240 (159, 336) 214 (124, 315) 203 (108, 305)
50 mg 305 (229, 398) baseline value 276 (156, 439) 251 (129, 402)

Pl b 150 115 (76 136) 102 (48 130) 95 (33 127)Placebo 150 115 (76, 136) 102  (48, 130) 95 (33, 127)
150 mg 150 baseline value 166  (93, 276) 150 (52, 272)

Pl b 100 73 (46 89) 64 (26 85) 60 (16 83)Placebo 100 73 (46, 89) 64  (26, 85) 60 (16, 83)
150 mg 100 baseline value 109 (62, 177) 96 (29, 177)
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Normal PLT range: 150 – 400 109/L



Simulation Summary

• Eltrombopag started 5 days before carboplatin/paclitaxel therapy and 
continued 5 days after in each cycle minimizes the reduction and 
fluctuation of PLTfluctuation of PLT

• Eltrombopag dose should be increased across cycles to overcome the 
impact of chemotherapyimpact of chemotherapy

• Higher starting doses are required in patients with low baseline counts

• Inter-individual variability in response suggests that titration strategy may 
be based on response and baseline PLT
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