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Development of a Glucocorticoid Toxicity Index (GTI)
using multicriteria decision analysis

Eli M Miloslavsky,' Ray P Naden,? Johannes W J Bijlsma,® Paul A Brogan,*
E Sherwood Brown,” Paul Brunetta,® Frank Buttgereit,” Hyon K Choi,®
Jean-Francois DiCaire,” Jeffrey M Gelfand,'® Liam G Heaney,'' Liz Li69htstone,12

Na Lu,'® Dedee F Murrell,"* Michelle Petri," James T Rosenbaum,

1

Kenneth S Saag,'” Murray B Urowitz,'® Kevin L Winthrop, " John H Stone?°

Selected items (-36 bis 439)

Item weight  Specific List

Composite GTI
BMI

Improvement in BMI -8 Major increase in BMI
No change in BMI 0
Moderate increase in BMI 21
Major increase in BMI 36

Glucose tolerance
Improvement in glucose tolerance -8 Diabetic retinopathy
No change in glucose tolerance 0 Diabetic nephropathy
Worsening of glucose tolerance 32 Diabetic neuropathy
Worsening of glucose tolerance 44
despite treatment

Blood pressure
Improvement in blood pressure -10 Hypertensive emergency
No change in blood pressure 0 Posterior reversible

encephalopathy syndrome

Worsening hypertension 19
Worsening hypertension despite 44
treatment

Lipids
Improvement in lipids -9
No change in lipids 0
Worsening hyperlipidaemia 10
Worsening hyperlipidaemia despite 30

treatment

Miloslavsky EM, et al. Ann Rheum Dis 2017; 76:543-546.



Glukokortikoid-Toxizitat ”im Alltag”

19 patients with PR3-ANCA vasculitis, 24 with MPO-ANCA vasculitis

Which side effects/complications/co-morbidities are attributable to
steroids alone; which contributions do other immunosuppressants or

the disease have?

Infection

43.9%

Reduced bone density

24.4%

Raised BMI

24.4%

Steriod induced Diabetes Melitus

17.1%

Raised BP

17.1%

Gl side effects

12.2%

Increase in statin dose

7.3%

Fragility fracture

7.3%

Skin changes

2.4%
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Floyd L, et al. Kidney360 2021; 2:1002-1010.



Glukokortikoid-Toxizitat — ADVOCATE

321 patients at week 13, 307 patients at week 26

Cumulative Worsening Score Aggregate Improvement Score
Avacopan group Prednisone group p value* Avacopan group Prednisone group p value*
Ccws AIS
BMI at week 13 11(5-1) 3-8(81) 0-0006 BMI at week 13 06 (6-2) 37(83) 0-0003
BMI at week 26 1.9 (6-3) 3-8(8-2) 0-018 BMI at week 26 11(7-7) 3:3(87) 0-018
Glucose tolerance at week 13 02(2:5) 2:9(9:6) 0-0006 Glucose tolerance at week 13 -6-3(13:4) -1.3(15:5) 0-0024
Glucose tolerance at week 26 2:9(9-2) 3-4(10-1) 0-64 Glucose tolerance at week 26 -53(16-3) -4-5(14-4) 0-65
Blood pressure at week 13 89 (13-2) 8.6 (12:3) 0-84 Blood pressure at week 13 3.9(191) 4-0 (17-9) 0-98
Blood pressure at week 26 13-8 (15-8) 13-8 (14-4) 0-99 Blood pressure at week 26 4.5 (20-5) 4-8(19-2) 0-90
Lipid metabolism at week 13 57 (57) 7:6 (6:7) 0-0052 Lipid metabolism at week 13 42 (7-9) 67 (8-2) 0-0055
Lipid metabolism at week 26 81(67) 10-6 (7-5) 0-0021 Lipid metabolism at week 26 42 (9-4) 6-5(9:6) 0-029
Glucocorticoid myopathy at week 13 0-3(16) 11(6-7) 0-15 Glucocorticoid myopathy at week 13 02 (17) 0-7(8-0) 0-44
Glucocorticoid myopathy at week 26 0-4 (1-9) 1.9(9-9) 0-059 Glucocorticoid myopathy at week 26 02 (1-4) 0-7(8:6) 0-56
Skin toxicity at week 13 0-8(2-3) 1.9 (4-8) 0-0078 Skin toxicity at week 13 01(3-9) 1.7 (5-0) 0-0011
Skin toxicity at week 26 12 (3-4) 2:2(47) 0-023 Skin toxicity at week 26 -03(4-3) 0-8(4-2) 0-027
Neuropsychiatric effects at week 13 3-:0(12-7) 37(13-2) 0-61 Neuropsychiatric effects at week 13 1.5(14-6) 1.0(17-7) 0-78
Neuropsychiatric effects at week 26 2:9 (11-7) 5-3(15-7) 0-12 Neuropsychiatric effects at week 26 -0-9(9-3) -0-7 (16-7) 0-88
Infection at week 13 6-8 (22.7) 80 (24-6) 0-64 Infection at week 13 6-8 (227) 8.0 (24-6) 0-64
Infection at week 26 87(253) 15-6 (38-6) 0-066 Infection at week 26 8.5 (251) 13-3(313) 0-14
CWS: calculates all GC toxicity (permanent and transient — from baseline AlIS: measures aggregate change (improvement and worsening) in GC
to subsequent timepoints) toxicity (improvement in GC toxicity is assigned the same absolute weight

as a worsening of GC toxicity

Patel NJ, et al. Lancet Rheumatol 2023; 5:e130-38.



AVACOPAN

Glukokortikoid-Toxizitat — ADVOCATE

321 patients at week 13, 307 patients at week 26
Contribution to the overall CWS (by treatment arm)

BMI (4%)

Glucose tolerance
(1%)

Infection (25%)

Blood pressure (33%)

Neuropsychiatric
effects (11%)
Skin toxicity (3%)
Glucocorticoid
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Infection (22%) tolerance (7%)
Neuropsychiatric

effects (7%)

Skin toxicity (3%) Blood pressure (35%)
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Neuropsychiatric
effects (13%)
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Patel NJ, et al. Lancet Rheumatol 2023; 5:e130-38.
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Was verstehen wir unter Co-Morbiditaten?

1987 Charlson Comorbidity Index

Disease

Points

Myocardial Infarction
Congestive Heart Failure
Peripheral Vascular disease
Cerebrovascular disease
Dementia

COPD

Connective Tissue disease
Peptic Ulcer disease
Diabetes Mellitus

Moderate to severe CKD
Hemiplegia

Leukaemia

Malignant Lymphoma
Solid Tumour

Liver disease

AIDS

S S g )

1 point if uncomplicated

2 points if end-organ damage
2

2

2

2

2 points

6 points if metastatic

1 point if mild

3 points if moderate to severe
6 points

The potential interaction of e.g. diabetes on the diagnosis, treatment,
or prognosis of a second disease

Impact on Clinical Activity

Examples

Diagnosis
Made easier by coexisting disease

Made more difficulty by a coexisting disease

Treatment
Indicated for jexisting and coexisting disease

Antagonistic leffect on coexisting disease

Prognosis
Positively modified by a coexisting disease
Not affected by a coexisting disease

Most diabetic patients undergo regular fundus examinations, making the diagnosis of unre-
lated retinal disease, such as age-related macular retinopathy, more likely

Diabetic patients may have altered pain sensation, thereby interfering with and making more
difficult the diagnosis of coronary heart disease

Physical exercise as recommended for a patient with chronic obstructive pulmonary disease
can have a beneficial effect on diabetes

Corticosteroids prescribed for chronic obstructive pulmonary disease in the same patient will
have an antagonistic effect on the diabetes treatment

Mortality associated with diabetes is increased in the presence of peripheral vascular disease
Diabetes is unaffected by the presence of hypothyroidism

Molto A, et al. Clin Exp Rheumatol 2014; 32:5-131-4.
Valderas JM, et al. Ann Fam Med 2009; 7:357-363.



Welchen Einfluss haben Glukokortikoide auf Co-Morbiditaten?

Retrospective follow-up of trial patients over 7.3
years; frequency of most common VDI items and
frequency of the 15 treatment-related damage
items at LTFU

Frequency (%)
0 10 20 30 40 50
GFR<50
”Vge’t“ﬁ"“‘f" Estimated glomerular filtration rate at baseline, 24 relapses during follow-up and GC use (per 12
roteinuria

Nasal blockage/crusting months) independently associated with high levels of damage at long-term follow-up

Hearing loss
Peripheral neuropathy Number of items of High levels of damage
damage at LTFU at LTFU (VDI >5)

Osteoporosis
End stage renal disease

Factor B (95% CI) P-value OR (95% Cl) P-value

Malignancy

Impaired pulmomary function test

Diabetes Age at entry, per 10 years 0.242 (—0.001, 0.485) 0.051 1.125 (0.920, 1.375) 0.253
GFR at entry, per 10ml/min —0.110 (—0.216, —0.004) 0.041 0.844 (0.766, 0.930) 0.001
CRP at entry, per 10mg/I 0.020 (0.001, 0.039) 0.041 1.018 (0.999, 1.038) 0.063
Frsemoy (%) BVAS at entry, per 10 points 0.387 (0.006, 0.768) 0.046 1.207 (0.884, 1.648) 0.237
3 > T aF =h = Four or more relapses during 1.928 (0.358, 3.50) 0.016 7.582 (2.022, 28.43) 0.003
Osteqporosis e trial and fO"OW-Up
M T— Glucocorticoid use, per 12 months 0.229 (—0.010, 0.468) 0.061 1.257 (1.033, 1.529) 0.022
Diabetes |E—
Angina/bypass —
Cataract ——
Atrophy or weakness IEE—
Alopecia ——
Cerebrovascular accident  m—m
Myocardial infarction —
Premature gonadal failure =
Marrow failure .
Mouth ulcers =
Chemical cystitis ®
Avascular necrosis ¥

Robson J, et al. Rheumatology 2015; 54:471-481.



Welchen Einfluss haben Glukokortikoide auf Co-Morbiditaten?

Lower hazard Higher hazard
of hypertension of hypertension

Doses HR (95% CI)

“-— >
Inflammatory bowel disease i
<0-959.9 mg 1.07 (1.00, 1.18) o , ,
960-3054.9 mg 0.93 (0.82, 1.05) — - 71 642 patients (389 general practices); 40
23055 mg 1.10 (1.01, 1.20) - 648 received the diagnosis at study entry,
Rheumatoid arthritis ! .
<0-959.9 mg 111 (1.03, 1.21) - while the others, on average, 5 years
960-3054.9 mg 1.16 (1.05, 1.29) | —— before study entry date
>3055 mg 1.39 (1.30, 1.48) ! —— . _
Polymyalgia rheumatica i Median follow-up time was 6.5 years; and
<0-959.9 mg 1.18 (1.08, 1.28) o= L )
660.3054.9 g 117 (1,08, 1.26) = the incidence rate was 46.7/1000 person
>3055 mg 1.07 (1.01, 1.13) - years.
Giant cell arteritis i ) )
<0-959.9 mg 1.13 (0.96, 1.33) - The rates of hypertension increased by
960-3054.9 mg 1.28 (1.08, 1.53)  —— increasing ~ cumulative  prednisolone-
>3055 mg 1.21(1.07, 1.36) | — ) ) 0
Vasculitis : equivalent dose, by 14%, 20% and
<0-959.9 mg 1.15 (0.97, 1.38) - when patients received between >0-959.9
960-3054.9 mg 1.32 (1.02, 1.70) | = i
>3055 mg 1.44 (1.44, 1.69) ! —a— mg, 960-3054.9 mg and
Systemic lupus erythematosus !
<0-959.9 mg 1.05 (0.83, 1.33) N
960-3054.9 mg 1.17 (1.17, 1.65) —
>3055 mg 1.28 (1.06, 1.56) | —

05 1.0 15 2.0

Hazard ratio

Mebrahtu TF, et al. CMAJ 2020; 192:e295-E301.



Welchen Einfluss haben Glukokortikoide auf Co-Morbiditaten?

Daily dose (mg)t

Unadjusted HR (95% Cl)

Adjusted* HR (95% Cl)

None

1-<5

>5-9

=10

Cumulative dose (mg)t

Over preceding 6 months:

None
1-380
381-750
751-1100
>1110
Over preceding 1year:
None
1-500
501-1100
1101-2100
>2100

1 (ref)

1.04 (0.61 to 1.76)

1.78 (1.35 t0 2.35)

2.09 (1.44 to 3.05)
Unadjusted HR (95% Cl)

1 (ref)

0.93 (0.56 to 1.50)
1.31 (0.88 to 1.95)
1.62 (1.18 t0 2.24)
2.25(1.57 10 3.22)

1 (ref)

0.99 (0.64 to 1.54
1.28 (0.89 t0 1.83
1.63(1.18102.25
1.97 (1.41t02.74

—_— S S

~—

1 (ref)

0.94 (0.55 to 1.59)

1.56 (1.18 to 2.05)

1.91 (1.31 t0 2.79)
Adjusted* HR (95%Cl)

1 (ref)

0.86 (0.53 to 1.40)
1.20 (0.81 to 1.79)
1.43 (1.04 to 1.98)
2.05 (1.42 to 2.94)

1 (ref)

0.93 (0.60 to 1.45)
1.19 (0.83 to 1.70)
1.47 (1.06 to 2.03)
1.74 (1.25 t0 2.43)

19 902 patients with rheumatoid arthritis
(CorEvitas registry)

1 106 CVE events occurred during a follow-
up of 66 436 patient-years; yielding a rate
of 1.66 CVE per 100 patient-years

Adjusted for age, sex, race, duration of RA,
history of CV disease, diabetes mellitus,
hyperlipidemia, hypertension, statin use,
NSAID use, tobacco use, vyear of
enrolment, baseline modified health
assessment questionnaire score, CDAI and
cs, b, tsDMARDs use

Ocon AJ, et al. Ann Rheum Dis 2021; 80:1522-1529.



Participants

Frequency

Time to
event
(months)

WGET

180

8.9%

2.07

613

8.0% (GPA),
7.6% (MPA)

5.8

Fokus auf thrombotische Komplikationen

Summary of different studies reporting on VTE

7.0% (GPA),
20.6% (MPA),
28.6% (RLV)

8.8

8.2% (GPA),
6.7% (MPA)

8.7% (GPA),
11.3% (MPA)

6.3% (GPA),
7.9% (MPA)

198 288 417 204 51 197 162 133

10.3%

RAVE

9.5% (GPA), | 16.8% (GPA), 17.8% (GPA),
4% (MPA) 10.7% (MPA)  17.0% (MPA)

1.5 1 3

Windpessl M, et al. Curr Rheum Rep 2021; 23:37.



Fokus auf thrombotische Komplikationen

RAVE trial (Rituximab versus Cyclophosphamide for ANCA-Associated Vasculitis)

METHODS 99 patients (Rituximab, 375 mg/m2 every week for four weeks)
98 patients (Cyclophophamide, adjusted per os, followed by azathioprine)

42/197 patients on any form of thromboprophylaxis

16 patients with VTE
" Time from enrollment to VTE was 1.5 months
> R [
et 0.5 0.8 087 et
L s s ]

£ 0.4

0.2

0.0

HR 7.731, p=0.048

T T
0 10 20 30 40

months to VTE

3
£ 0.4+
3

0.2+

0.0

HR 3.889, p=0.008

0

3
£ 0.4
3

0.2+

0.0+

HR 15.617, p<0.001

T
30

months to VTE

Kronbichler A, et al. Arthritis Rheumatol 2019; 71:1888-1893.




Fokus auf thrombotische Komplikationen

International collaboration including 2 869 patients with AAV

VTE occurred in 9.7% of participants

Frequency similar across clinical phenotypes: 9.8%, 9.6% and 9.8% in GPA, MPA and EGPA

Variable OR (95% CIl) P-value

Sex (male vs female) 1.32 (1.03, 1.69)
Age (per 1year) 1.01 (0.99, 1.01)
PR3-ANCA vs MPO-ANCA 1.38 (1.03, 1.71)
Hypertension vs no hypertension 1.88 (1.21, 2.93)
Kidney function

eGFR >60ml/min/1.73 m? Reference

eGFR 15-59 ml/min/1.78 m* 1.75 (1.14, 2.68)
eGFR <14 ml/min/1.78 m*  2.98 (1.97, 4.52)

CYCvsno CYC 1.60 (1.05, 2.43)
DEI skin vs no DEI skin 1.68 (1.07, 2.63)
DEI ENT vs no DEI ENT 0.61 (0.45, 0.84)
DEI chest vs no DEI chest 1.46 (1.02, 2.10)
DEI Gl vs no DEI Gl 1.13 (0.38, 3.31)
DElI renal vs no DEI renal 1.62 (1.05, 2.49)
DEI score at onset (per 1 point) 1.05(1.00, 1.10)

0.029
0.265
0.029
0.005

0.010
0.001
0.028
0.025
0.002
0.040
0.830
0.028
0.032

Moiseev S, et al. Rheumatology 2021; 60:4654-4661.



Fokus auf kardiovaskulare Komplikationen

12 conditions: aortic aneurysm, AF, supraventricular arrhythmia, conduction system disease, HF, IHD,
myocarditis/pericarditis, PAD, infective endocarditis, stroke/TIA, valve disorder, VTE

Cohort Events Hazard ratio (95% Cl)
Autoimmune Matched Autoimmune Matched
disease controls disease controls
Any autoimmune disease 446449 2102830 68413 231410 L] 1.56 (1.52-1.59)
Number of autoimmune diseases
1 404547 1902682 55301 198769 L 1-41 (1:37-1-45)
2 37226 177676 11005 28570 HiH 2:63 (2-49-2-78)
23 4676 22472 2107 4071 = 379 (3-36-427)
Connective tissue diseases 160217 761918 36846 118391 H 1-68 (1-63-1.74)
Ankylosing spondylitis 9864 46121 1423 3822 —a— 1.97 (1-65-2-35)
Polymyalgia rheumatica 48102 231802 15390 55870 . 1.47 (1-40-1.54)
Rheumatoid arthritis 66796 318456 15520 46594 HEH 1.83 (1.74-1-92)
Sjogren’s syndrome 9933 47330 2327 6139 —a— 2.08 (1-81-2-39)
Systemic lupus erythematosus 10483 49402 2204 4227 —a— 2-82(2:38-333)
Systemic sclerosis 2159 10310 752 1320 ———®&—>» 3.59(2:81-4.59)
—— | Vasculitis 37940 178494 7839 22658 HEH 1.87 (1.73-2:01)
f T T 1
05 1 2 3 4

Hazard ratio (95% Cl)

Conrad N, et al. Lancet 2022; 400:733-743.



Fokus auf kardiovaskulare Komplikationen

2. For ANCA-associated vasculitis the Framingham score may
underestimate the CVR. Information from the European Vascu-
litis Society (EUVAS) model may supplement modifiable Fram-
ingham risk factors and is recommended to take into account.
(LoE: 2b, GoR: D)

Risk score =-3.9 + (0.04*Age) - (0.95* PR3 ANCA) + (0.68"HTN)

Predicted risk of a cardiovascular event in 5 years = 1/ (1 + e "skscore)

Risk 42 22 1.4 0.29

Score

S year

riskof 1 49 10% 20% 43%
CV event

Drosos GC, et al. Ann Rheum Dis 2022
Suppiah R, et al. Arthritis Care Res 2011; 63:588-96.



Fokus auf kardiovaskulare Komplikationen

C. Patients with AAV should be periodically screened for
treatment-related adverse effects and comorbidities. We recom-
mend prophylaxis and lifestyle advice to reduce treatment-related
complications and other comorbidities.

Statements 11, 13 and 15 of the 2016 update have been trans-
ferred to principle C. As the use of cyclophosphamide (CYC) is
associated with an increased risk of bladder cancer,”” all patients
treated with CYC should have periodical urinalysis for the dura-
tion of their follow-up. In the presence of haematuria confirmed
on urine microscopy that is not due to glomerulonephritis, a
urology opinion must be sought. In common with other chronic
inflammatory diseases, increased cardiovascular risk for patients
with AAV is not explained by traditional risk factors alone and
the risk of cardiovascular events is related to the burden of AAV
disease activity.”® *” Additionally, as a result of damage due to AAV
and its treatment, the frequency of cardiovascular risk factors
such as diabetes and hypertension is increased.’® Therefore,
both adequate control of vascular inflammation, and screening
for and treatment of traditional cardiovascular risk factors, are
important.’’ Screening for and management of other treatment-
related and disease-related comorbidities, such as osteoporosis
or chronic kidney disease, should also be conducted. While the
available evidence is insufficient to recommend an AAV-specific
evaluation of comorbidities, several EULAR and other recom-
mendations®' ™ provide general guidance.

Annual (?) systematic assessment of risk factors:

- Blood pressure: resting blood pressure < 130/ 85
mmHg (SPRINT < 120 / 80 mmHg)

- Reduction of salt intake

- Cholesterol:
eGFR < 30 mL/min/1.73 m2: LDL < 1.81 mmol/I
all other patients: LDL < 2.59 mmol/I. (?)

- Exercise

- Imaging (i.e. echo?)

Hellmich B, et al. Ann Rheum Dis 2023; online ahead of print.



Fokus auf kardiovaskulare Komplikationen

* Hypertension
* Hypercholesterolemia
* BMI

+ Diabetes mellitus

| «Initial 3 months from
‘ diagnosis
|+ Renal impairment

eS¢

§
S f
it \w‘ Glucocorticoid
| s
g 0 toxicity

——

* Arterial stiffness

/ + Cardiac markers
* Atheroma formation |

* MPO

« Platelet activation e * mCRP
+ Endothelial cell \ Accelerated * Endothelial-derived
necrosis

atherosclerosis microparticles

Biomarkers

Endothelial
~._dysfunction

Floyd L, et al. Clin Kidney J 2022; 15:618-623.



Fokus auf kardiovaskulare Komplikationen

International collaboration including 2 286 patients with AAV
CVE occurred in 245 (10.7%) of participants
MI (8.1%) and stroke (3.2%), 0.6% presented with both
17.5 months from disease onset to CVE

Factors HR (95% CI) HR (95% CI) P-value

Smoking (prior or current) S — 1.98 (1.48—2.64) <0.001

Age at AAV onset 55-<65 years 2.93 (1.99-4.31) <0.001

Pulmonary discase g 1.50 (1.09-2.06) 0.013

Kidney disease —_— 3.02 (2.08—-4.37)  <0.001

Chinese ongin 4.24 (3.07-5.85) <0.001]
1.0 2.0 3.0 4.0 5.0 6.0

Moiseev S, et al. ] Rheumatol 2023; online ahead of print.



Fokus auf kardiovaskulare Komplikationen

Patients with Patients meeting
recommendationn/N (%)] Guideline recommendation | recommendationn/N (%)

ESC/EAS Guidelines for Lipid Management in CVD?

Very high CV risk 17/53 (32.1) LDL-C < 70 mg/dl: 0/17 (2.8)
High CV risk 9/53 (17.0) LDL-C < 100 mg/dl: 2/9 (22.2)
Moderate CV risk 14/53 (26.4) LDL-C < 115 mg/dl: 2/14 (14.3)
Total 40/53 (75.5) 4/40 (10.0)
KDIGO Guidelines for Lipid Management in CKD"<

Adults aged 250 years and eGFR <60 ml/min. 27/51 (52.9) Statins or statin + ezetimibe 6/27 (22.2)
Adults aged 250 years and eGFR 260 ml/min. 8/51 (15.7) Statins 3/8 (37.5)
Adults aged 18-49 years with CKD and known CHD, 2/51 (3.9) Statins 0/2 (0)

prior ischemic stroke, diabetes mellitus, or estimated
10-year CV risk >10%

Total 37151 (72 .5) 9/37 (24.3)
KDIGO Guidelines for the Management of Blood Pressure in CKD€

CKD and albumin excretion <30 mg/g Crea. 14/43 (32.6) <140/90 mmHg 11/14 (78.6)

CKD and albumin excretion >30 mg/g Crea. 20/43 (46.5) <130/80 mmHg 7/20 (35.0)

Total 34/43 (79.1) 18/34 (52.9)

Bramlage CP, et al. J Eval Clin Pract 2017; 23:747-754.



Zusammenfassung

Glucocorticoid Toxicity Index: validated tool to
measure the impact of GC exposure

Patients have an increased likelihood of disease- and
treatment-related co-morbidities

Glucocorticoids increase the % of hypertension and
cardiovascular events

Thromboembolic disease is present in a proportion of
patients and correlate with active disease, but also
severity of kidney disease

Cardiovascular risk management remains suboptimal
and requires special attention to reduce the burden
of cardiovascular events
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