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Level of parameters (in total 350)

Retrospective and prospective data collection

E = extended =
additional deep
phenotyping
iInformation, additional
modules to be set up

** = essential =
follow-up data should
contain this; used for
guality control /

benchmarking
Currently:
Imaging Module (Echo, MRI)
Genomic Module
*** = mandatory = no *=recommended = z
inclusion of subject /\ 7\C /\ should be collected if
without these data /. possible k
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Electronic data transfer

* ,Minimally invasive and easy going”
* no changes required for existing databases
* no duplicate data entry
* One time mapping of local parameters to
GoDeep data set
Any PH center

XEE
DOATfSA';GE data ,one-click’ |
*EDCHP export transfer =
local PH exported
database patient data

GoDeep

£4 PVRI

@Q Automatic processing .

Parameter translation
Data anonymization
Encrypted transfer

tools provided
by GoDeep
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* ,One-click” anonymized transfer software
provided by GoDeep team

* Quarterly transfers for up-to-date data

GoDeep meta-registry

New transfer replaces
previous submission

Co

GoDeep data center at
University Giessen
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PVRI GoDeep contributing centers 1/2025 (42)

> 35,000 enrollees

> 8 million data points ®

I 28 PH centers having entered data into GoDeep
B 14 centers within the process of data transfer
B 30 centers in negotiation
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PH Patients by PH Group
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mPAP distribution at diagnosis

PH Group 1 PH Group 2 PH Group 3
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WHO FC distribution at diagnosis

PH Group 1 PH Group 2 PH Group 3
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6MW distance distribution at diagnosis

PH Group 1 PH Group 2 PH Group 3
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Categories of evaluation

1.

“Classical “ PAH (group 1) focus
Example: Risk Scores
Specific PAH subgroups
Example: “Mild PAH”
Example: PoPH
Non-PAH PH
Example: PH-COPD
Example: PH-ILD
The global PH view
Example: Impact of Sex and Race

In-silico Trials
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Comparison of Risk Scores in P(A)H

beta se HR Iwr.Cl upr.Cl P.value

7 (1104) vs <6 (4784) A 072 006 205 192 219 <0.001
8 (928) vs <6 (4784) : . 091 006 248 233 265 <0.001
9 (721) vs =6 (4784) ! . 102 006 278 251 307 <0001
REVEAL 2.0 10 (481) vs <6 (4784) : . 112 007 306 273 344 <0001
11 (292) vs <5 (4784) : . 15 008 446 402 495 <0.001
12 (138) vs =6 (4784) ! (o 182 011 619 527 7.27 <0.001
L2183 (117) vs <6 (4784)i"."1 85 012 638 538 756 <0001
6 (1117) vs <5 (1983) e 035 7009 141 13 7184 T<0.001
7 (1574) vs <5 (1983) : . 078 008 218 203 233 <0.001
8 (1650) vs <5 (1983) : . 106 007 287 271 305 <0001
REVEAL Lite 2 9 (1280) vs <5 (1983) ! B 129 007 362 337 388 <0001
10 (652) vs <5 (1983) ; . 156 008 478 417 548 <0001
11 (247) vs <5 (1983) : e 191 01 677 54 85 <0.001
o Z12(62)vss5(1983) 4 ked4 23 016 993 821 12 <0001
“int. (6949) vs low (504) ! == 0.03 7043 254 T 24307 720,001
ESC’E“S 2°22hugh(1112)vslow{504> e 162 013507 419 615 <0001
int. (6966) vs low (865) : e 127 7041 355477302 416 20,001
____COMPERAs'St_T?_t_a_  high(734)vslow (865) L " g4 245 012 86 656 11.26 <0.001
int “low (2714) vs low (558) A 0.82 015 226 186 275 7<0.001
COMPERA 4-strata int.-high (4675) vs low (558) ; e 164 015 516 406 655 <0.001
high (618) vs low (558) : - 235 015 105 803 13.73 <0.001
| T f T | | 1
0.2 05 10 20 50 100 200

Hazard Ratio

Reveal 2.0 Reveal ESC/ERS COMPERA COMPERA
Lite 2 2022 3-strata 4-strata
PH overall AAIC 558 491 0 182 417
v C-Index 0.65* 0.66* 0.57 0.58* 0.63*
Group 1 AAIC 294 261 0 64 191
p C-Index 0.68* 0.68* 0.58 0.59 0.65*
Group 2 AAIC 39 37 0 14 32
P C-Index 0.61* 0.61* 0.56 0.57 0.58
Group 3 AAIC 90 73 0 17 54
u
P C-Index 0.63* 0.63* 0.56 0.57 0.60*
AAIC 60 38 0 16 38
Group 4
C-Index 0.66* 0.66* 0.58 0.59 0.63*
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Comparison of
Risk Scores in PH
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Categories of evaluation

1.

“Classical “ PAH (group 1) focus
Example: Risk Scores
Specific PAH subgroups
Example: “Mild PAH”
Example: PoPH
Non-PAH PH
Example: PH-COPD
Example: PH-ILD
The global PH view
Example: Impact of Sex and Race

In-silico Trials
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PAH-targeted therapy in PH-COPD

Survival

0.2

0.0+

At risk
PH Group 0

PAH (non-IPAH) — 5035
IPAH — 2216
PH-COPD — 836

1

1

3684
1676
519

2 3 4 5
Time (years) since right heart catheter based diagnosis
2 3 4 5
3074 2574 2087 1681
1408 1181 981 807
397 314 239 175

£4 PVRI

Log-rank test on 2 df, P-value: <0.001
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GoDeep
JUSTUS-LIEBIG-
UNIVERSITAT
@v GIESSEN

{4
Global PH Meta-Registry

1 2 3 4 5
Time (years) since right heart catheter based diagnosis

1 2 3 4 5

254 211 182 144 111

265 186 132 95 64

Log-rank test on 1 df, P-value: <0.001
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PAH-targeted therapy in PH-COPD

1.0 1
0.8
PVR <5wWu >5 WU Overall
N 388 448 836 < 067
PDESI 130 (34%) 288 (64%) 418 (50%) %
ERA 22 (5.7%) 90 (20%) 112 (13%) 7 0.4 -
sGC stimulators 1(0.26%) 0 (2.2%) 11 (1.3%)
PGI2 46 (12%) 0 (13%) 106 (13%)
PDESi & ERA 16 (4.1%) 71 (16%) 87 (10%) 0-21
ERA & PGI2 6 (1.5%) 24 (5.4%) 30 (3.6%)
PDESi & PGI2 21 (5.4%) 47 (10%) 68 (8.1%) 0.0
PDES5i & ERA & PGI2 4 (1%) 21 (4.7%) 25 (3%) 6 -|| é ;Ia, ;1 é
One or more PH drugs 160 (41%) 319 (71%) 479 (57%) At risk Time (years) since right heart catheter based diagnosis
Treatment, PVR 0 1 2 3 4 5
untreated, <5 WU — 228 124 102 84 59 39
untreated, >5 WU — 129 47 25 16 8 4
PDES5i, >5 WU — 288 202 149 107 81 56

Log-rank test on 3 df, P-value: <0.001
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Categories of evaluation

1.

“Classical “ PAH (group 1) focus
Example: Risk Scores
Specific PAH subgroups
Example: “Mild PAH”
Example: PoPH
Non-PAH PH
Example: PH-COPD
Example: PH-ILD
The global PH view
Example: Impact of Sex and Race

In-silico Trials
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Flow Chart

r——

32533 PVRI GoDeep

\ 4

—_—

29386 patients with PH diagnosis

\ 4

1424 eligable patients

fr—

:{ 3147 patients without PH ]
4 N
" 8460 patients with undefined PH
g k 19492 patients different or multiple PH Group )
] / 2 patients with age at diagnosis <18 \
1 patient with gender ,other”

27 patients with treatment before diagnosis

318 patients with IIP

178 patients with IPF

398 patients with mPAP missing or <20
61 patients with PVR missing or <2

v

81 patients with PAWP missing or >15
2 patient with data inconsistencies i,

> 534 non-lIP PH-ILD patients }

140 patients with IIP non IPF

V 852 PHLD patients \)\ \
)

Global PH Meta-Registry
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Kaplan Meier Survival Analysis

a)
1.04
0.8
_ 061
[3
2
2
3
7]
0.4
0.2 4
0.0 1
T r T T T T
0 1 2 3 4 5
At risk Time (years) since right heart catheter based diagnosis
PHGroup 0 1 2 3 4 5

PAH (non-IPAH) — 5625 (0)
IPAH — 2421 (0)
PH-ILD — 852 (0)

1856 (208)
434 (130)

1551 (362)
279 (166)

1303 (474)
177 (201)

Log-rank test on 2 df, P-value: <0.001

c)
©
2
2
3
7]
0.0 A
0 1 2 3 4 5
At risk Time (years) since right heart catheter based diagnosis
PHGroup 0 1 2 3 4 5
IPAH — 5625 (0) 4184 (493) 3499 (818) 2935 (1110) 2396 (1396) 1925 (3606,
PAH (non-IPAH) — 2421 (0) 1856 (208) 1551 (362) 1303 (474) 1080 (615) 888 (1606)
PH-IPF — 178 (0) 84 (20) 51 (25) 26 (32) 16 (33) 13 (47)

Log-rank test on 2 df, P-value: <0.001

£4 PVRI

4184 (493) 3499 (818) 2935 (1110) 2396 (1396) 1925 (3606,
1080 (615) 888 (1606)
127 (215) 94 (324)

b)
©
2
c
3
7]
0 1 2 3 4
At risk Time (years) since right heart catheter based diagnosis
PH Group 1 2 3 4 5
IPAH — 5625 (0) 4184 (493) 3499 (818) 2935 (1110) 2396 (1396) 1925 (3606,
PAH (non-IPAH) — 2421 (0) 1856 (208) 1551 (362) 1303 (474) 1080 (615) 888 (1606)
PH-IIP — 318 (0) 152 (43) 95 (56) 57 (65) 38 (71) 28 (104)
Log-rank test on 2 df, P-value: <0.001
d)
1.0 4
0.8 4
_ 0.6
©
2
2
>
(%]
0.4 4
0.24
0.0 4
T T T T T T
0 1 2 3 4 5
At risk Time (years) since right heart catheter based diagnosis
PVR 0 1 2 3 4 5
s5WU — 323 (0) 189 (45) 133 (59) 90 (76) 68 (82) 50 (142)
>5 WU — 529 (0) 245 (85) 146 (107) 87 (125) 59 (133) 44 (182)
Log-rank test on 1 df, P-value: <0.001 C
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Categories of evaluation

1.

“Classical “ PAH (group 1) focus
Example: Risk Scores
Specific PAH subgroups
Example: “Mild PAH”
Example: PoPH
Non-PAH PH
Example: PH-COPD
Example: PH-ILD
The global PH view
Example: Impact of Sex and Race

In-silico Trials
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Male survival disadvantage in PH: independent of etiology, age,

PH-treatment and comorbidities, but dependent on race

[ 33.362 PVRI GoDeep ]
:lf 3192 patients without PH
v
[ 30.169 patients with PH diagnosis ]
( 344 patients with data inconsistencies
> 222 patient with age at diagnosis <18
5 patients with gender ,,other”
d 914 patients with treatment before diagnosis
[ 28.684 eligable patients ]
( 6555 patients with missing mPAP or mPAP <20 at study entry
N 1043 patients with missing PAWP
1168 patients with missing PVR
v 21 patients with missing CO
[ 19.897 PH patients ]
v
[ 5607 PAH patients ]
GoDeep =
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Overall

a) Base model non adjusted without imputed data
Unconditional on PVR HR lower upper P-value
- LeH 1377 1.243 1526 <0.001 "
Survival by PV :
=5 WU N e 1498 1.235 1816 <0.001**"
=5 WU | ; FHI — 1325 1239 1.418 <0.001**
3 0.5 10 15 20 30
=
(E Hazard Ratio
b) Full model adjusted without imputed data
Conditional on PVR HR lower upper P-value
0.2 - L e 1448 1374 1526 <0.001***
by PVR |
<5 WU ! o 1613 1.445 1802 <0.001***
0.0 - =5 WU [ tel 1335 1261 1412 <0.001°*
{') 1' é 3 "1 é 05 10 15 20 30
At risk Time (years) since right heart catheter based diagnosis . Hazard Ratio
c) Full model adjusted with imputed data
Sex, PVR 0 1 2 3 4 5
. HR lower upper P-value
female, <5 WU — 5339 3466 2893 2438 1922 1512 Conditional on PVR
! 1.384 1.252 1531 <0.001**
female, =5 WU — 5732 4021 3201 2588 1998 1569 by PVR !
ale. <=5 WU — 52 2707 29 17 9 =5 WU v e 1455 1210 1.750 <0.001***
male, <5 WU SEBG- - BG00 g 90 =0 963 >5 WU | ted 1319 1234 1411 <0001 **
male, >5 WU — 3546 2237 1663 1293 971 697 ! I T T 1
0.5 10 15 20 3.0
Log-rank test on 3 df, P-value: <0.001
Hazard Ratio
All variables —eo—
HR lower upper P-value
Full model |
WHO.FC o ke 1384 1252 1531  <0.001*"*
Removed terms i
e WHO.FC Lobed 1387 1.264 1.521  <0.001***
Treated BMI Lobed 1413 1.280 1.560 <0.001 ***
PVR e 1363 1.239 1.499  <0.001 ***
Sex ™ mPAP Pk 1399 1270 1.541  <0.001***
Treated P 1386 1243 1544 <0.001**"
RHC variables Db 1357 1225 1503 <0.001***
BMI [ ] Base Model |
Lok 1377 1243 1526 <0.001***
Added terms '
mPAP [ WHO.FC e 1381 1240 1.539 <0.001**
BMI L 1361 1.225 1512  <0.001***
PVR . PVR Lo 1422 1295 1.562 <0.001***
mPAP Lok 1387 1.262 1525 <0.001***
[ [ I [ I I Treated Lo 1373 1246 1513 <0.001***
RHC variables Pk 1415 1.284 1559 <0.001"*
-0.1 0.0 0.1 0.2 0.3 0.4 . —T—T T
0.5 10 15 25
n pVRi Heller Explained Relative Risk Statistic JUSTUS-LiE Hazard Ratio Wk
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Dependent on Race

i) _ ii) iii)
White
0.8 1
_ 061 _ _
g g 5
g 2 g
o o w
0.4 - 0.4 4
0.2 0.2
0.0 0.0
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
At risk Time (years) since right heart catheter based diagnosis At risk Time (years) since right heart catheter based diagnosis At risk Time (years) since right heart catheter based diagnosis
Sex, PVR 0 1 2 3 4 5 Sex, PYR 0 1 2 3 4 5 Sex, PYR 0 1 2 3 4 5
female, =5 WU — 3287 2120 1798 1531 1235 1004 fernale, =5 WU — B0& 448 279 324 264 213 female, =5 WU — 81 49 36 28 25 20
female, >5 WU — 2630 1883 1573 1313 1052 862 female, >5 WU — 429 285 226 174 133 114 female, >5 WU =— 270 163 121 92 76 64
male, <5 WU -— 3802 2423 2005 1665 1346 1092 male, <5 WU — 481 321 268 215 172 124 male, s5WU — 75 43 26 21 16 14
male, >5 WU — 1654 1065 849 689 547 415 male, >5 WU — 165 106 a7 70 58 40 male, >5 WU — 141 68 38 27 20 15
Log-rank test on 3 df, P-value: <0.001 Log-rank test on 3 df, P-value: <0.001 Log-rank test on 3 df, P-value: 0.825
Race N male (%) HR lower upper P-value Sex female male Overall
White Overall 11373 0.480 i e 1.392 1.231 1574 <0.001** N 11071 8826 19897
White with PVR <5 WU 7089 0.536 N e o | 1471 1239 1.746 <0.001 *** R
White with PVR>5 WU 4284  0.386 b e 1313 1179 1463  <0.001 *** ace
Black Overall 1681 0.384 —e— 1119 0.898 1396 0317 Asian 351 (4.7%) 216 (3.4%) 567 (4.1%)
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Summary

« Registries provide real life information about phenotypes, disease severity, prognosis, treatments, etc.

« Single center registries are limited by low numbers, referral biases, local/regional prescription habits

« Only few registries provide comprehensive group sizes, some are national, some international with
heavy country biases

« Meta-registries e.g. PVRI GoDeep allow for collection of large sample sizes and global outreach

* Quality assurance and harmonization of data-sets are challenging, however manageable

 PVRI GoDeep oversees approx. 35,000 patients, > 8,000,000 data points, prospective data capturing

« First series of papers have been published, more to come

* Inclusion of additional sites ongoing process; started including imaging and biomaterial-repositories
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Thanks to all contributing centers...

and the Giessen GoDeep team Athiththan Yogeswaran, Khodr Tello, Raphael Majeed,

[ ]
n pVRI Meike Fuenderich, Farhan Mubashir, Kurt Marquardt, Philipp Krieb, Werner Seeger
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