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1. Supplemental Figure S1: Item-level International Prostate
Symptom Score distribution

CS36: ltem-level IPSS used for ICC estimation
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Supplemental Figure S1 — Response distribution for each of the seven International Prostate Symptom
Score items in the CS36 data set. IPSSO1: Item 1 “Incomplete Emptying”; IPSS02: Item 2 “Frequency”;
IPSS03: Item 3 “Intermittency”; IPSS04: Item 4 “Urgency”’; IPSS05: Item 5 “Weak Stream”; IPSS06: Item 6
“Straining”; IPSS07: Item 7 “Nocturia”.
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2. Supplemental Figure S2: Fisher Information curves
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Supplemental Figure S2 — Fisher Information Content for International Prostate Symptom Score items

versus Item Response Theory disability from the unidimensional item response theory model. Shaded areas

indicate the disability range for 95% of the study population.
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3. Supplemental Figures S3 and S4: Bidimensional Item Response
Theory Item Characteristic Curves

100

75

Probability (%)

25

Q1: Emptying Q3: Intermittency Q5: Weak Stream Q6: Straining
25 0.0 25 2.5 0.0 245 25 0.0 25 2.5 0.0 245
Disability
— Score of 0~ Score of 17 Score of 2= Score of 37 Score of 4 Score of &

Supplemental Figure S3 — Item characteristic curves (ICCs) for International Prostate Symptom Score
items related to voiding based on the bidimensional IRT ICC estimation model.
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Supplemental Figure S4 — Item characteristic curves (ICCs) for International Prostate Symptom Score

items related to storage in the bidimensional item response theory ICC estimation model.
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4. Supplemental Figure S5 and S6: Sampling-based GAM smooths
Bidimensional Item Response Theory Model
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Supplemental Figure S5 — International Prostate Symptom Score (IPSS) voiding item characteristic curve
fits in the bidimensional item response theory model for the cumulative probabilities (red lines) along with
cross-validated cubic spline generalized additive model (GAM) smooth (green area) and n sampling-based
cross-validated cubic spline GAM smooth using 200 samples (blue area). n-shrinkage was 10% on the
standard deviation scale. k is the score. Q1: IPSS item 1 “Incomplete Emptying”, Q3: IPSS Item 3
“Intermittency”, Q5: IPSS Item 5 “Weak Stream”, Q6: IPSS Item 6 “Straining”.
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Supplemental Figure S6 — International Prostate Symptom Score (IPSS) storage item characteristic curve
fits in the bidimensional item response theory model for the cumulative probabilities (red lines) along with
cross-validated cubic spline generalized additive model (GAM) smooth (green area) and n sampling-based
cross-validated cubic spline GAM smooth using 200 samples (blue area). n-shrinkage was 10% on the
standard deviation scale. k is the score. Q2: IPSS Item 2 “Frequency”, Q4: IPSS Item 4 “Urgency”, Q7: IPSS

Item 7 “Nocturia”.
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5. Supplemental Figure S7: Residual correlation in the unidimensional
item response theory model

7 -0.14 017
6 -0.13 -0.35
5 -0.23 -0.18
k-]
E
£
P - -0.16 0.25
7]
o
3 -0.2 -0.25

Pearson
Carrelation

1.0
0.5
0.0

0.5
! -1.0

1 2 3 - 5 G 7
IPSS item #

Supplemental Figure S7 — Residual correlation between item responses in the unidimensional item response
theory item characteristic curve estimation model. Item #1: “Incomplete Emptying”; Item #2: “Frequency”;

Item #3: “Intermittency”; Item #4: “Urgency”; Item #5: “Weak Stream”, Item #6: “Straining”, Item #7:

“Nocturia”.
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6. Supplemental Figure S8: Residual correlation in the bidimensional
item response theory model
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Supplemental Figure S8 — Residual correlation between item responses in the bidimensional IRT model,
with separate latent variables for voiding (items 1, 3, 5 and 6) and storage (items 2, 4, and 7) symptoms. Item
#1: “Incomplete Emptying”; Item #2: “Frequency”; Item #3: “Intermittency”; Item #4: “Urgency”’; Item #5:

“Weak Stream”, Item #6: “Straining”, Item #7: “Nocturia”.
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. Supplemental Figure S9: Longitudinal total score model visual
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Supplemental Figure S9 —Visual predictive check of the longitudinal summary International Prostate

Symptom Scores (IPSS) model stratified by treatment arm comparing the median, 2.5", and 97.5"

percentiles of the observed data with the corresponding percentiles for simulated data displayed as 95%

confidence intervals. Treatment effect was modeled as absent (placebo arm) or present (10 mg, 20 mg, and

30 mg degarelix arms). 200 simulated data sets were used.
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8. Supplemental Figure S10: Longitudinal unidimensional item
response theory model summary-level visual predictive check
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Supplemental Figure S10 — Visual predictive check for the unidimensional longitudinal IRT model
stratified by treatment arm comparing the median, 2.5", and 97.5" percentiles of the observed data with the
corresponding percentiles for simulated data displayed as 95% confidence intervals. Treatment effect was
modeled as absent (placebo arm) or present (10 mg, 20 mg, and 30 mg degarelix arms).
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9. Supplemental Figure S11: Longitudinal unidimensional item

response theory model item-level visual predictive checks
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Item 5 Placebo Item 510 mg
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Supplemental Figure S11 — Item-level visual predictive checks in the unidimensional item response theory
IPSS model stratified by treatment arm. The observed frequency of each score over time is shown as points
and the shaded areas indicate the 95% confidence intervals of the frequencies of each score in 200 simulated
datasets. DV: dependent variable, i.e., observed score.
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10.  Supplemenal Figure S12: Longitudinal bidimensional item
response theory model summary-level visual predictive checks
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Supplemental Figure S12 — Summary-level visual predictive checks in the bidimensional item response
theory IPSS model stratified by treatment arm comparing the median, 2.5, and 97.5" percentiles of the
observed data with the corresponding percentiles for simulated data displayed as 95% confidence intervals.
Treatment effect was modeled as absent (placebo arm) or present (10 mg, 20 mg, and 30 mg degarelix arms).

IPSS: International Prostate Symptom Score.
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11.  Supplemenal Figure S13: Longitudinal bidimensional item
response theory model item-level visual predictive checks

Item 1 Placebo Item 1 10 mg
2<DV<=3[3<DV<=4| 4<DV 2<DV<=3|3<DV<=4| 4<DV
— 04 — 04
S 93 M s 83 %&%aw PN
[ [
=0 Yypeteo 9 . = 01 Sggmesoe
S 0.0 © 00
& DV<==0 [0=DV=<==1[1<DV==2 5 DV==0 [0=DV=<==1[1=<DV==2
£ 04 t 04
001 |geesee L 01| gdanses
0.0 0.0
0 91 182 0 91 182 0 91 182 0 91 1820 91 1820 91 182
Time (days) Time (days)
Item 1 20 mg Item 1 30 mg
2=DV==3|3<DV==4] 4=DV 2<DV<==3|3<DV==4| 4=<DV
_ 04 — 04
LOU gg %ﬁg\s-e.e/@ LOU o3 199@9.9—@
} 02
% M G‘“se*&s—&@ Yssoen % o1 Wy soe Yeasope
5 [ DV<=0 [0<DV<=1[1<DV<=2 § [ DV=<=0 [0<DV<=1[1<DV<=2
T 04 E 04
g 03 P o= e
T 01 € 01| peestee
0.0 i 0.0
0 91 1820 91 1820 91 182 0 91 1820 91 1820 91 182
Time (days) Time (days)
Item 2 Placebo Item 210 mg
2<DV<=3|3<DV<=4| 4<DV 2<DV<=33<DV<=4| 4<DV
_ 04 — 04
T 03 £ 03
° 02 GS%-@/G%-@ © (2 Q&s&gﬂs_e
= [ O
= 01 w«;_g Q@W e 01 Gb%e%-—e
© 0.0 © 00
5 DV==0 |[0=DV==1[{1=DV==2 5 DV==0 |0=DV==1|1=DV==2
£ 04 £ g4
8 03 2 03
o 02 o (2
® i lamssee (P £ 5 g
0 91 182 0 of 182 0 91 182 0 o1 1820 91 1820 91 182
Time (days) Time (days)
Item 2 20 mg Item 2 30 mg
2=DV==3|3<DV==4| 4=<=DV 2<DV==3|3=DV=<=4| 4<=DV
— 04 — 04
B 03 CL;G%A@—@ 8 03
° 2 © 02 W
% 01 O@ng %"w % 01 %9\@,9_9—9-9 GBQQ-%Q@
5 | DV<=0 [0<DV<=1[1<DV<=2 § [ DV<=0 [0<DV==1[1<DV<=2
S 04 £ 04
3t i e
a0 | gpoee0e W & 01| pgseens
00 00
0 91 1820 91 1820 91 182 0 91 1820 9 1820 91 182
Time (days) Time (days)

Page 16 of 26



Proportion of Tatal

Proportion of Taotal

csooe
[ NYR.

Ssooo
o R

Soooo
(S T,

Sessoco
[ NERYS

Item 3 Placebo

2<DV==3|3<DV=<=4| 4=<DV

Item 3 10 mg

PR | et (%

2<DV<=3

I<DV==4

4<DV

coooo
(SR EE .

DV <=0 [0<DV<=1|1<DWV<=2

e@%ﬁ&@

Toongi,

Yoagsos

unasas [P

DV <=0

0<DV <=1

1<DV <=2

Proportion of Total

coocoo
[SpY TN

0 91 182 0 91 182 0 91 182

s

f,ﬁ*&@&e

0 91 182 0 91 182 0 91 182

Item 3 30 mg

Time (days)

Time (days)
Item 3 20 mg
2<DV==3|3<DV==4] 4<=DV
ibggﬁﬁﬂ Yetetes

2<DV <=3

3=DV==4

4<DV

coocoo
= g o

DV<=0 [0=<DV<==1|1<DV==2

Py o000

%@M%e

WMW

DV <=0

0<DV==1

1<DV<=2

Proportion of Total

coooo
[Py NI

0 91 1820 91 182 0 91 182

P

f‘},&%@

P

0 91 182 0 91 182 0 91 182

0 91 1820 9 1820 91 182
Time (days)

Time (days) Time (days)
Item 4 Placebo Item 4 10 mg
04 2=DV==3|3=<DV==4| 4=DV 2=<DV==3|3=<DV==4| 4=<DV
- 04
= 03 _
- ) TS —
— 01 w01
S oo 2 00
5 04 DV <=0 [0<DV<=1|1<DV<=2 5 DV <=0 |0<DV<=1|1<DV<=2
g 0 £ 04
g 03 By S 03
S 02 o 02 feﬁg}% Gég@gﬁ\@\e
o 01| p ST o 01
00 00
0 91 182 0 91 182 0 91 182 0 9 1820 91 1820 91 182
Time (days) Time (days)
Item 4 20 mg Item 4 30 mg
0 2<DV<=3[3<DV<=4| 4<DV 2<DV<=3|3<DV<=4| 4<DV
g gg M W g z 15;«9—9% Bootg s
5 01 Febgaoe 5 Setgmen
S 2 o0
& 04 | -DV==0 J0<DV<=1]1<DV<=2 5 DV==0 [0=DV=<==1[1=<DV==2
=t - =
S 03 jMw M S 03 f’w AR o)
[=} a
o 02 o 02 W
o 01 o 01
0.0 éﬂﬂm 0.0

0 9 1820 9 1820 91 182

Time (days)

Page 17 of 26



Time (days)

Time (days)

Item 5 Placebo Item 510 mg
2<DV==3[3<DV<=4| 4<DV 04 2<DV<==3[3<DV<=4| 4<DV
T T 03
s Q&QW M&H—) 3999@9@-9 e g% W %Sg‘;‘as*’ b 2
S S g0
5 DV<=0 [0<DV<=1/1<DV<=2 5 04 DV=<=0 [0<DV<=1[1<DV=<=2
= b= X
4 e
o o .
g e sy & ga Feaseto
0 91 182 0 91 182 0 91 182 0w 1820 91 1820 91 182
Time (days) Time (days)
Item 5 20 mg Item 5 30 mg
04 2<DV<=3[3<DV<=4| 4<DV 04 2<DV<=3|3<DV<=4| 4<DV
g 5 %&&99—3 g ' W X‘Q%Q_e
o (2 o 2
ool Fotoun Leg,a@e £ ood Yoo,
0.0 0.0
& 04 DV<=0 [0<DV<=1[1<DV<=2 5 4| D¥Y==0 |0<DV<=1[1<DV==2
g g || S Foea™
o0t o 01 sseg W‘)
0 [FBeese 0.0
0 91 182 0 91 182 0 91 182 0 91 182 0 9 182 0 91 182
Time (days) Time (days)
Item 6 Placebo Item 6 10 mg
04 2<DV<=3|3<DV==4| 4=<DV 2=<DV==3|3<DV=<=4| 4=<DV
E 0.4
T 03 19%9;9‘9 T 03
o 02 O 02
§ ,,[ DV==00<DV<=1[1<DV<=2 s 0'4 DV==0 |0=DV==1]|1<DV==2
= - = E
S 03 m Fo7F5y 2 03 fe’%aﬁ FPonesd
[« % o
o 02 o 02
& 01 W £ 01 et
0.0 0.0
0 91 182 0 91 182 0 91 182 0 9 1820 91 1820 91 182
Time (days) Time (days)
Item 6 20 mg Item 6 30 mg
2<DV<=3[3<DV<=4| 4<DV 04 2<DV<=3[3<DV<=4| 4<DV
04 .
m 03 m 03
S p2 o 02
E 0'1WQG&9&999@%96$GQ % 0'1mmweg
0.0 0.0
5 04 DV<==0 [0=DV<==1[1=DV==2 5 b4 -DV==0 [0<DV<=1[1<DV<=2
=t R = -
X W Wﬂ% % s 93 W oy
o o
o 02 o 02
[ oo01 WQ@%
0.0 0.0
0 91 1820 91 1820 91 182 0 91 1820 91 1820 91 182

Page 18 of 26



Item 7 Placebo

2<DV==3[3<DV<=4| 4<DV

Item 7 10 mg

Sosoon
(SN I

m%&&e%e

2<DV<=3|3<DV<=4

4<DV

coocoo
(ST TN

DV <=0 [0<DV<=1|1<DV<=2

om0 | roee

psagos

Proportion of Total

Sesos
[N TS

@W@fﬁe&%

DV <=0 |0<DV<=1

1<DV<=2

Proportion of Total

coooo
(SN TR

0 91 182 0 91 182 0 91 182
Time (days)

Item 7 20 mg

W@

639‘99‘9‘9‘9

o ot

2<DV<=3[3<DV<=4| 4<DV

0 91 182 0 91 182 0

Time (days)

Item 7 30 mg

91 182

Sooos
PN ET.

%WW

2<DV==3|3=DV==4

4<DV

DV<=0 [0<DV<=1|1<DV<=2

05 4o

Proportion of Total

coooo
oot

o

DV<=0 |0<DV<=1

Sosgeet
1<DV==2

Proportion of Total
cocooco cooooo
O Pl S e e

0 91 182 0 91 182 0 91 182
Time (days)

fagx%ge

et

0 ™ 1820 91 1820

Time (days)

91 182

Supplemental Figure S13 — Item-level visual predictive checks in the longitudinal bidimensional item

response theory IPSS model stratified by treatment arm. The observed frequency of each score over time is

shown as points and the shaded areas indicate the 95% confidence intervals of the frequencies of each score

in 200 simulated datasets. DV: dependent variable, i.e. observed score. IPSS: International Prostate

Symptom Score.
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12. Supplemental Table S1: Confirmatory Factor Analysis - Item factor

loadings

Supplemental Table S1 — Item factor loadings in the confirmatory factor analysis with one and two factors,

respectively, using Varimax orthogonal rotation. Using two factors, IPSS items 1, 3, 5, and 6 were mainly

reflected by the first factor while items 2, 4, and 7 were mainly reflected by the second factor. Numbers in

bold highlight the highest loading value for each IPSS item. IPSS: International Prostate Symptom Score.

Factor #1 Factor #2

Q1: Incomplete Emptying 0.780 -0.634 -0.422
Q2: Frequency 0.647 -0.215 -0.866

Q3: Intermittency 0.764 -0.720 -0.312
Q4: Urgency 0.624 -0.320 -0.611

Q5: Weak Stream 0.700 -0.654 -0.293
Q6: Straining 0.652 -0.762 -0.110

Q7: Nocturia 0.388 -0.159 -0.434
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13. Supplemental Table S2: Parameter estimates of simultaneous

longitudinal unidimensional item response theory model

Supplemental Table S2 — Parameter estimates in the longitudinal unidimensional item response theory
International Prostate Symptom Score (IPSS) model estimating item characterstic curves and longitudinal
parameters simultaneously. a; is the discrimination parameter for item i, bik is the difficulty parameter for
item i and category k. Item #1: “Incomplete Emptying”; Item #2: “Frequency”’; Item #3: “Intermittency”;

Item #4: “Urgency”; Item #5: “Weak Stream”, Item #6: “Straining”, Item #7: “Nocturia”.

BIl: Benign Prostate Hyperplasia Impact Index, QoL: Quality of Life.

IRT ICC parameters

a 0.995 15.5%
b1y -5.64 13.2%
b1, 25 14.8%
D13 2.26 14.6%
b4 1.96 14.7%
bys 1.8 14.9%
a 0.73 15.3%
D21 -7.31 12.9%
b2, 3.56 15.1%
b2 2.72 14.3%

024 2.02 14%
b, s 2.12 15.3%
a3 0.878 16.7%

bsa -5.29 14%
032 2.54 15.9%
bss 2.23 15.4%
bsa 1.52 15.8%
D35 1.93 16.2%
as 0.73 15.9%
by -5.15 12.7%
[7P3 2.72 15.1%
D43 2.18 14.4%
[ 1.61 14.3%
bss 1.87 15.2%
as 0.79 16.2%
bs1 -7.06 14.1%
bs» 3.19 15.9%
bs 3 2.29 15.2%
D54 1.8 15.3%
bs 5 1.56 15.4%
as 0.672 17.4%
bea -4.32 14.3%
g2 2.39 16.7%
D63 2.33 16.5%
bs.a 2.34 17.6%
g5 2.38 18.9%
a7 0.362 15.6%
b71 -10.8 13.7%
b7, 7.04 15.9%
b73 4.78 15.1%
b74 3.33 15.6%
b7s 2.85 18.1%

Longitudinal parameters
Baseline 0 (fixed)
Pmax (maximal placebo response) -1.42 19.1%
Tprog (placebo half-life) 12.2 20.9%
Drug effect -0.732 22.3%
Covariates

Baseline Box-Cox shape 0.301 32.2%
Baseline Bll on Baseline 0.166 21.2%
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Baseline QoL on Baseline 0.451 23.9%
-0.0803 -0.47 38.9%
Interindividual variability (11V)
11V Baseline 100% (fixed)

11V Pmax 125.7% 15.4%
11V Drift 1% 16.1%
11V Tprog 52.2% 9.7%

11V Pmax-Drift correlation 36%
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14. Supplemental Table S3: Stochastic simulation and estimation type |
error

Supplemental Table S3 — Actual type I error rate used to inform the stochastic simulation and estimation
procedure. One thousand data sets under each sample size were simulated from the bidimensional item
response theory model without drug effects. The type | error was determined as the proportion of times the
AOFV exceeded 3.84. The actual AOFV threshold (last column to the right) was derived empirically as the
fifth percentile of the distribution of AOFVs in descending order. IPSS: International Prostate Symptom
Score. IRT: Item response theory. df = degrees of freedom. AOFV: change in objective function value
(reduced model OFV minus the full model OFV).

Model (Total simulated trial Actual type | df AOFV
sample size) error corresponding to
corresponding to the actual type |
a nominal type | error
error of 5%

Total IPSS (N=33) 10.3% 1 6.03
Unidimensional IRT (N=33) 8.6% 1 5.27
Bidimensional IRT (N=33) 7.6% 2 6.98

Total IPSS (N=66) 6.0% 1 4.21
Unidimensional IRT (N=66) 4.7% 1 3.67
Bidimensional IRT (N=66) 3.9% 2 5.64

Total IPSS (N=99) 6.3% 1 4.81
Unidimensional IRT (N=99) 5.4% 1 4.03
Bidimensional IRT (N=99) 6.7% 2 6.57

Total IPSS (N=137) 5.4% 1 3.93
Unidimensional IRT (N=137) 5.4% 1 3.91
Bidimensional IRT (N=137) 6.1% 2 6.3
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15. Supplemental Discussion

In the item characteristic curve (ICC) generalized additive model (GAM) smooth, n-shrinkage may cause the
goodness-of-fit of the ICCs to appear worse than it actually is, and hence the traditional GAM smooth was
expanded by incorporating random sampling from individual post-hoc 1 distributions, representing
individual disability estimates and their uncertainty. Although the typical n-shrinkage and 95% CI of the
individual shrinkage were below 10%, a substantially better fit was observed with the sampling-based
method. This may imply that high individual n-shrinkage in the disability estimates of a small number of
subjects in the population may lead to an inaccurate assessment of the visual goodness-of-fit of ICCs, and
should be taken into account. In the current unidimensional IRT model, less than 10% of subjects had an
individual n-shrinkage larger than 15% and less than 3% had an individual n-shrinkage larger than 20% (data
not shown). Individuals with extreme values of the latent variable are likely to display the highest shrinkage,
and it can be seen from Figure 3 that it is especially at the tail ends of the disability distribution that the
traditional GAM smooth underperforms compared to the developed sampling-based method.

An asymptotic exponential model with a drift parameter best described the longitudinal placebo data on
both the total IPSS and latent disability scale. This model allowed patients’ disease state to improve, worsen,
or remain stable over time. Similar models have previously described the Young Mania Rating Scale
(YMRS) score in bipolar disorder* and changes in the Hamilton Depression Rating Scale (HAMD-17)2. A
Gompertz model has previously been used to describe longitudinal summary IPSS data®. However, a
Gompertz model did not describe the data as well as the current model, and this may be due to differences in
trial size and duration, in placebo effects (oral vs. subcutaneous administration), and differences in patient
population characteristics.

Covariate analysis identified baseline QoL and baseline Bl to explain variability in the Baseline
parameter in both the longitudinal summary IPSS model as well as the longitudinal unidimensional IRT
model. This finding is supported by several studies that have shown a high correlation between IPSS and
QoL* IPSS and BII>7, as well as Qol and BII"1°. Moreover, in the current trial, the IPSS and latent
disability baselines were significantly higher in patients from North America compared to patients from
Europe, potentially rooted in differences in lifestyle-related factors. The similarity between included
covariate relationships in the longitudinal IPSS and IRT models, respectively, is expected due to the high
correlation between disability estimates and observed IPSS (Figure 3). Lastly, the baseline QoL score was
found to explain variability in maximal IPSS placebo response, indicating that the worse patients perceive
their QoL at baseline, the larger their ensuing placebo response on the IPSS scale. As a high number of
covariate relationships were investigated in the current study, it was not possible to implement a full
covariate model approach™, as this would affect model stability. An advantage of stepwise covariate search

is that it allows for automated screening of numerous covariate relationships. It is however to be noted that
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this approach relies on statistical signifance rather than clinical importance or explanatory power of
ultimately included covariates.

In the current work, we showed that the power of the ANCOVA using the WOT strategy is higher
compared to the ANCOVA considering only the landmark time point. By taking the average of the change
from baseline over several visits, the within-subject variability, and consequently, the total variability in the
group means, is reduced. This allows for higher power to identify significant treatment effect. As the
simulated data did not include any drop-out, the use of the WOT strategy is appropriate as the average was
based on an equal number of measurements in the treatment period from all patients. The pharmacometric
models all displayed higher power compared to the WOT ANCOVA, and this comparison has to our
knowledge not been presented beforehand. This higher power mainly stems from the use of longitudinal
individual patient data in a nonlinear mixed effects modeling framework compared to averaging the

longitudinal data within patients, the latter leading to a loss of information and lower power.
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