Effect of IL-6 Inhibition on Lipoprotein(a) Levels: A Systematic Review and Meta-Analysis
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BACKGROUND METHODS

° Experimental studies suggest that interleukin-6 (IL-6) inhibition may reduce * We searched PubMed, Cochrane Library, and Embase databases for studies published up to June 30, 2024, that reported changes to Lp(a) levels over time following repeat doses of anti-IL-6/IL-6R mAbs and a comparator. Of the 96 studies
atherosclerotic cardiovascular disease (ASCVD) risk via mechanisms such as

reducing endothelial activation, leukocyte recruitment, foam cell formation, plaque
rupture, and hepatic synthesis of prothrombotic proteins (Figure 1).1

identified, 33 duplicate records and 54 ineligible records were removed leaving a total of 10 studies.

* The primary analysis employed a random-effects meta-analysis to compare the impact of IL-6 inhibitors on Lp(a) levels with the comparator group in studies that included both arms. We analyzed the treatment effects at two time points: 2-
3 months and 6 months. Secondary analyses included a pre-post analysis of the impact of IL-6 inhibitors on Lp(a) levels before and after the intervention, also at 2-3 months and 6 months.

* Standardized mean differences (SMD) and 95% confidence intervals (95% Cl) were calculated for the absolute change in Lp(a) levels. SMD values were characterized as small (0.2-0.5), medium (0.5-0.8), and large (>0.8). Studies reporting
medians and interquartile ranges (IQR) were converted to means and standard deviations (SD) using methods described by Wan et al.# If standard errors (SE) were given, we estimated the SD by SD = SE x sqrt(n), where n is the number of
subjects. For studies with multiple treatment arms of the same agent, all arms were combined using formulas from the Cochrane Handbook.

* Heterogeneity was quantified from the I? statistic and characterized as moderate (30-60%), substantial (50-90%), and considerable (75-100%).

e Sensitivity analyses were performed using the leave-one-out method, removing one study at a time and repeating the analysis for all studies.
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e Qur analysis included ten studies with 1,201 total participants (876 rheumatoid arthritis, 325 chronic kidney disease) receiving either an anti-IL-6/IL-6R mAb (311 tocilizumab, 153
sarilumab, 247 ziltivekimab) or comparator (78 placebo, 412 tumor necrosis factor inhibitor).

* The mean age across the study was 50-70 years, with 25-100% women. The follow-up duration ranged from 2-12 months. Average Lp(a) levels were 65.7 (SD 89.5) nmol/L among
325 participants and 25.7 (SD 32.8) mg/dL among 876 participants.

This meta-analysis indicated moderate to large
reductions in Lp(a) levels with anti-IL-6/ IL-6R mAbs
versus controls.

Y
P

. C e . .
Table 1. Summary of studies included within the meta-analysis. Limitations included:
—» Atherogenesis - S A n I . _ _ _
»  Pro-inflammatory . , oy um' o o& e Underlying condition IL-6/IL-6R antibody Comparator Follow-up Lipoprotein(a) o Differences in Lp(a) units across studies (anI/L
Responses . ' Thrombusf forrpatlon type patients years sex, %
| —> Leukocyte recrultment & stabilization Gabay 2016 (ADACTA) RCT 324 53-54 80-82 Rheumatoid arthritis Tocilizumab Adalimumab 25-26 8 weeks 22-26 mg/dL vs. mg/dL)
,xf/C:’N\ ‘\\ Lee 2016 (MEASURE) RCT 20 59 100 Rheumatoid arthritis Tocilizumab Placebo 12.8 12 weeks 30 mg/dL
( J . »  Activation of adaptive immunity \\ Virone 2019 (ROC) RCT 203 57 82 Rheumatoid arthritis Tocilizumab TNF inhibitor 8.5 24 weeks 10-15 mg/dL O Inablllty to report percent changes IN Lp(a) due to
\\ Gabay 2020 (MONARCH) RCT 307 50-53 79-84 Rheumatoid arthritis Sarilumab Adalimumab 17.4-23.6 12, 24 weeks 17.9-23.6 mg/dL . istent ti . lete dat
% Ridker 2021 (RESCUE) RCT 264 66-70.0 44-55 Non—dialysis-dependent CKD Ziltivekimab Placebo 5.5-5.8 12 weeks 37-50 nmol/L Inconsistent reporting or inComplete data.
N Pergola 2021 RCT 61 58-64 25-56 Hemodialysis-dependent CKD, anemia Ziltivekimab Placebo 4.0-13.2 12 weeks 22-64 nmol/L . .
—»  AcutePhase s YRRTEEP * Further studies are needed to examine the effect of
Response Ferraz-Amaro 2019 OBS 27 52 88 Rheumatoid arthritis Tocilizumab None 8.8 3, 6, 12 months 29 mg/dL . e ey . r . . .
o 5 Fibrinogen IL-6 inhibition specifically in patients with elevated
| (promotes clotting) K Schultz 2010 OBS 11 51 64 Rheumatoid arthritis Tocilizumab None - 1, 3 months 35 mg/dL | s of L ( )
. Plasminogen activator inhibitor-1 Benucci 2013 0BS 16 56 100 Rheumatoid arthritis Tocilizumab None 3.8 6 months 28 mg/dL evels ot Lpia).
'1 (inhibits fibrinolysis) K Pierini 2021 OBS 28 61 89 Rheumatoid arthritis Tocilizumab None 3.9 3 months 48 mg/dL
Lipoprotein(a) -2 /! OBS, prospective observational, CKD, chronic kidney disease; CRP, C-reactive protein; ESRD, end-stage renal disease; RCT, randomized controlled trial; TNF, tumor necrosis factor.
»| (highly atherothrombotic = - K
LDL subpopulation) K
Serum amyloid A ) . . -
—> (remodels HDL) . Primary Analysis Secondary Analysis DISCLOSURES
. * Four comparative studies with 2-3-month follow-up data were pooled (n=915) for a ¢ Eight studies (n=648) provided the data necessary to compare pre- to post-treatment
total of 534 participants receiving anti-IL-6/IL-6R mAb therapy vs 381 receiving the Lp(a) levels at 2-3 months following anti-IL-6/IL-6R mAb therapy (Figure 4A)
Figure 1. Mechanisms of IL-6 in ASCVD. - : — :
comparator (Figure 3A). * Four studies (n=243) had 6-month follow-up data (Figure 4B). , .
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e |Importantly, IL-6 inhibition may decrease hepatic apolipoprotein(a) [apo(a)] Two comparative studies with 6-month follow-up data (n=450) were pooled for a tota One study (Ferraz-Amaro, 2019) reported Lp(a) levels at 12 months, showing an and YC are employees of Tourmaline Bio, Inc. MDS is
synthesis, lowering levels of lipoprotein(a) [Lp(a)], a highly atherogenic of 200 participants receiving anti-IL-6/IL-6R mAb therapy vs 250 receiving the absolute reduction of -6 (IQR: -33 to 0 mg/dL) mg/dL in patients receiving anti-IL-6/IL- S
, ! ’ : supported by institutional grants from Amgen,
lipoprotein-2 comparator (Figure 3B). 6R mAb therapy. R o Boah e somio. E .
- The promoter region of the LPA gene encoding for apo(a) contains a functional IL-6 * A randomized controlled Phase 2b trial of clazakizumab was recently published and < Pooled analysis indicated a reduction in Lp(a) at (A) 2-3 months with SMD of -0.29 rrownead, boenringer ingelineim, 10, ESperion,
] . . . . . 5 _ 0 . . 0 0 _ _ . _ 0 _ _ . . .
response element (CTGGGA) that upregulates apo(a) expression (Figure 2).3 not included in this analysis.> They reported a 37-52% decrease in Lp(a) in patients (95% Cl -0.44 to -0.14) and at (B) 6 months with SMD of -0.33 (95% Cl -0.51 to -0.15, Novartis, lonis, Merck, New Amsterdam, and Cleerly;
population cohort in Germany (n=1,153).2 fourl V\(/jeeks lfor 12 ;’l"eeksa . i ) f A Amgen, Agepha, lonis, Novartis, New Amsterdam, and
. . . . . . _ . * Pooled analvsis indicated a reduction in Lp(a) at (A) 2-3 months with an SMD of -0.49 Post-treatment Pre-treatment Std. mean difference Std. mean difference ]
* Transcriptomic analysis of human liver biopsies (n=57) showed a correlation y p(a) (A) . Study or Subgroup Mean SD  Total Mean SD  Total Weight IV, Random, 95% Cl IV, Random, 95% CI Merck: and has served as a consultant for lonis
0.77 1<0.001 2.3.1 Rheumatoid arthritis / TCZ or SAR Novartis, Regeneron, Aidoc, Shanghai Pharma
to -0./7/, p<0. ) Schultz 2010 19.9  20.89 1 345 4245 1 30% -0.42[-1.27,0.43] : _ . _
A Gabay 2016 148 1663 156 224 255 162 22.2% -0.35[-0.57 ,-0.13] " Biotherapeutics, Kaneka, Novo Nordisk, Arrowhead,
. . Lee 2016 18.03  8.14 20 3027 13.05 20 45% -1.10[-1.77,-0.43] :
IL-6 Anti-IL-6/IL-6R mAbs TNFi/PBO Std. mean difference Std. mean difference 2 .
Study or Subgroup Mean  SD  Total Mean SD  Total Weight IV, Random, 95% Cl IV, Random, 95% CI :;g:i’;g%m 2018 391‘2‘: 2?2‘;2 ég 2?2‘:; : 4;(:2 é; 2?‘;’; _605%9[_[605? '_8'32} b and Tourmaline.
: - . Pierini 2021 32 4143 28 64 7567 28 68% -0.52[-1.05,0.02] .
- 1 LPA :;.:t.:ayR;g;J?atOld anhrltls-;.;CZ or S12R theza;;y / TN_I?I-::Omp?;a-:OI' T — T T . :u:)total (9$°(o-rC|)2 T TR 5325.— S B 401 65.1% -0.38 [-0.55 , -0.20] ‘
\ 3 Gabay 2020 6867 9056 153 -933 6137 154 31.0% -0.77 [-1.00,-0.53] o Te [e;ogene' y” ?f“ t-'Z.“4.18|P—<b0601— (P=02bnt=2h
S > Subtotal (95% Cl) 309 311 62.5% -0.62[-0.90 , -0.33] > Sstior.overail sfiect 2= 4-18(E=0000%)
romoter . . Heterogeneity: Tau? = 0.03; Chi* = 3.11, df = 1 (P = 0.08); I = 68% . !
et i Coding Region gy - 2.3.2Ch kidney d 1ZTV
L ETGGG.;‘ : g g Test for overall effect: Z = 4.26 (P < 0.0001) Pergola ;g;;c aney |sesa4$: 67.34 49 73.04 68.27 49 10.8% -0.13[-0.52 , 0.27] ~ AC K N OW L E DG E IVl E N TS
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;;:;;h;zz:c R d'selsglzné;hserapyl 4pr° °_%";’;a'a'°é = T Subtotal (95% Cl) 225 247 34.9%  -0.12[-0.30, 0.06] ¢
Ridker 2021 1142 4061 176 -2.25  20.96 58 26.3%  -0.25[-0.55, 0.05] 3 Heterogeneity: Tau* = 0.00: Chi* = 0.00, df = 1 (P = 0.99); I = 0% .. o : .
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Anti-IL-6/IL-6R mAbs TNFi Std. mean difference Std. mean difference
Figure 2. Effect of IL-6 on Lp(a). Study or Subgroup Mean  SD  Total Mean SD  Total Weight IV, Random,95% Cl IV, Random, 95% CI Benucci 2013 2662  2.94 16 28 3 16 65% -0.45[-1.16,0.25] . M O R E I N FO R M ATI O N
: Ferraz-Amaro 2019 39.34  61.97 27 4567 706 27 11.3%  -0.09 [-0.63, 0.44] ‘
. Ongoing Phase 2 and Phase 3 (NCT06362759, NCTOS021835, NCTO6118281, e A AT Al mel S e M man s & oon e W
NCT05485961) trials are evaluating anti-IL-6 monoclonal antibodies (mAbs) in
. . _ . . Total (95% Cl) 200 250 100.0%  -0.97 [-1.16 , -0.77] & Total (95% Cl) 243 243 100.0% -0.33[-0.51,-0.15] &
patlents with established ASCVD or at hlgh—rlsk of ASCVD. Heterogeneity: Tau? = 0.00; Chi? = 0.41, df =1 (P =0.52); 2 = 0% Heterogeneity: Tau? = 0.00; Chiz = 0.93, df = 3 (P = 0.82); I? = 0% | '
. . . . . . Test for overall effect: Z = 9.52 (P < 0.00001) 4 05 0 05 1 Test for overall effect: Z = 3.61 (P = 0.0003) .2 1 0 1 2 ISit:
¢ ObJECtlve: We COndUCtEd a SVStematlc review and meta-anaIVSIS to quantlfy the Test for subgroup differences: Not applicable Favors anti-IL-6.-"IL-61R mAObi. : Foévors]I'NFi Test for subgroup differences: Not applicable Lower post-treatment Higher post-treatment TO Iearn.mor.e' VIsIt: .
effect of anti-IL-6/1L-6 receptor (IL-6R) mAbs on Lp(a) levels. _ | _ _ | _ , | | | | | tourmalinebio.com/science
Figure 3. Changes in Lp(a) in controlled studies of anti-IL-6/anti-IL-6R mAbs. Figure 4. Changes in Lp(a) in studies of anti-IL-6/anti-IL-6R mAbs.
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