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Inflammation in cardiovascular
disease

Inflammation and the immune system are critical to atherosclerosis."
An augmented understanding of cytokines involved in the regulation
of both inflammation and the immune system has led to the develop-
ment of therapeutic monoclonal antibodies and small molecules to
inhibit these cytokines or pathways. These biologics and small mole-
cules have demonstrated efficacy in treating numerous allergic, in-
flammatory, and immune mediated diseases including atherosclerosis,
psoriasis, rheumatoid arthritis (RA), systemic lupus erythematosus,
and inflammatory bowel disease (IBD).>* Despite multiple treatment
options, about 10% to >50%** do not respond to the biologics. Janus
kinase (JAK) is a family of receptor-associated tyrosine kinases in-
volved in discrete intracellular signalling pathways, which is used by
majority of Type | and Type Il cytokine receptors for functional
effects. In those with defective JAK pathways, severe immunosup-
pression in humans was observed, and collectively, these advances
led to the discovery of a new class of small molecules targeting JAKs,
known as JAK inhibitors (JAKinibs).

Dr Nehal N. Mehta is a cardiologist who won the inaugural Lasker
Clinical Research Scholar award from the National Institutes of Health
(NIH). He is currently the chief of Section of inflammation and
Cardiometabolic Diseases at the NIH in Bethesda, MD. Dr. Mehta’s lab
has elucidated the critical role of innate immunity and inflammation in the
development of cardiovascular and cardiometabolic diseases. Applying a
trans-disciplinary approach that involves genetic epidemiology, transla-
tional medicine, and novel cardiovascular imaging approaches, Dr. Mehta
and his team study how inflammation affects insulin resistance, the devel-
opment of metabolic syndrome and lipoprotein dysfunction- all of which
are risk factors for atherosclerosis and lead to subsequent cardiovascular
disease. Dr. Mehta utilizes the chronic inflammatory state observed in
psoriasis as @ human model to understand potential mechanisms linking
inflammation and cardiometabolic diseases. His work has led to an im-
provement in cardiovascular risk stratification in patients with chronic
inflammatory conditions and increased our understanding of novel
detection of subclinical diseases.

Cardiovascular disease is the leading cause of death across the world.®
Atherosclerosis in major vascular beds (coronary and carotid) is the
most common form of cardiovascular disease. Atherosclerosis is now
known to be a complex process involving interplay between lipids, and
both innate and adaptive immunity with inflammation at its core patho-
genesis, driving the course from initiation and development to the late
plaque-rupture.” Many biomarkers of inflammation including multiple
cytokines such as interleukin-6, interleukin-1p, tumour necrosis factor-o,
interferon-y etc. have a causal and predictive role in atherosclerosis.’
With CANTOS successfully demonstrating reduction in risk for cardio-
vascular disease subsequent to targeting inflammation with monoclonal
antibody against interleukin-1p,? and with the role of JAKs in cytokine as-
sociated pathogenesis of cardiovascular disease, targeting JAK associated
pathways has been proposed as a potential therapeutic target for treat-
ment of atherosclerosis.” A recent Cardiovascular Research OnLife
commentary detailed the basic science implications of CANTOS and dis-
cussed the role of mitigating inflammation in cardiovascular risk reduc-
tion.? In continuation, herein, we briefly discuss phase 2 and phase 3
clinical trials of JAKinibs for various immune-mediated diseases and their
potential implications for cardiovascular disease.
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Since their discovery JAKinibs have been examined in primarily immune
mediated diseases with a different gamut of studies for each condition,
e.g. the ORAL studies for RA, the OPAL studies for psoriatic arthritis,
the OPT studies for psoriasis, and OCTAVE studies for IBD, specifically
ulcerative colitis. All these studies analysed the impact of a particular
JAKinib called Tofacitinib (JAK1, JAK3 selective) on disease activity.
Furthermore, another set of studies in RA called RA-BEACON, RA-
BUILD, RA-BEGIN, and RA-BEAM evaluated the efficacy of a different
JAKinib titled Baricitinib (JAK1, JAK2 selective). Almost all of these clini-
cal trials were randomized and placebo-controlled, while a few trials also
had an additional arm with a different anti-inflammatory biological ther-
apy such as adalimumab/etanercept (both anti-tumour necrosis factors)
or methotrexate. Most of these studies demonstrated the superiority of
JAKinibs over placebo using endpoints such as American College of
Rheumatology guideline-based improvement in RA (ACR-50, ACR-70),
and improvements in psoriasis severity and IBD activity measures.
Moreover, trials that compared JAKinibs with other biological therapies
demonstrated a comparable profile for Tofacitinib, whereas Baricitinib
was shown to be superior to methotrexate and adalimumab with the
same outcomes. Based on these studies, currently two JAKinibs have
been approved by the FDA, Ruxolitinib for myelofibrosis and Tofacitinib
for RA, whereas only Baricitinib is currently approved for RA by the
European Union. Despite different selectivity, JAKinibs were reported to
have a largely similar safety proﬂle.9 Almost all of them are associated
with a reduction in neutrophil count and an increased risk of viral infec-
tions, specifically herpes zoster infection. Furthermore, both Tofacitinib
and Baricitinib are associated with an increase in liver function tests
assessed by transaminases, renal function by creatinine, and creatine
phosphokinase.

Indeed, given that most of these chronic inflammatory diseases associ-
ate with an increased risk of cardiovascular disease,'® it is imperative to
separate whether any untoward effects after treatment with JAKinibs
are due to the therapy and not interaction with the underlying disease.
JAKinibs have been shown to increase lipid levels."""* Both Tofacitinib
and Baricitinib treatments led to an increase in lipids with significant
dose-dependent increases in total cholesterol, low-density lipoprotein
(LDL), high-density lipoprotein (HDL) cholesterol, and triglycerides.'"?
Meta-analyses examining the extent of change in LDL in different disease
states such as RA and psoriasis following treatment with JAKinibs have
consistently found a mean 10-15% increase in LDL with a concurrent 5—
7.5% mean elevation in apolipoprotein-B levels. Further lipoprotein sub-
fractions analyses using nuclear magnetic resonance and advanced lipid
profiling demonstrated different effects of these molecules on various
particle level lipoprotein indices. Tofacitinib was associated with de-
creased levels of small LDL particles (a positive impact) at high dose and
an increased HDL particle number (a positive impact). Baricitinib was as-
sociated with similar findings but at higher dose levels and over a longer
follow-up duration of 24 weeks. While HDL associated serum amyloid A
and lipoprotein (a) decreased following Baricitinib treatment (a positive
impact), cholesterol efflux capacity did not alter with Tofacitinib therapy
(a neutral impact).n‘13 There were no cardiometabolic untoward effects
on weight or haemoglobin A1C in psoriasis patients undergoing
Tofacitinib treatment. Inflammatory (high-sensitivity C-reactive protein
and serum amyloid A) markers improved in psoriasis following

treatment with Tofacitinib, however, these effects were found only in
responders.’® Finally, the increase in LDL was reversed with initiation of
statins even when patients continued on Tofacitinib.®

Cardiovascular outcomes in chronic infllmmatory disease patients
treated with JAKinibs have been studied to understand the cardiovascu-
lar safety profile following JAKinib therapy. Tofacitinib has been used to
treat RA and psoriasis patients and CV outcomes were assessed.'®"” In
RA patients, phase three studies that followed-up patients for up to
24 weeks demonstrated a low incidence rate for major adverse cardio-
vascular event (MACE) of 0.58 per 100 patient-years (23 total number
of MACE). Furthermore, similar studies in RA patients but with longer
term follow-up revealed a MACE incidence rate of 0.37 per 100
patient-years (32 total number of MACE), which was not higher than
expected.'® Moreover, similarly low incidence rates were found for
MACE in psoriasis patients in pooled analyses, 0.32 per 100 patient-
years for 10 mg twice daily dose and 0.37 per 100 patient-years for any
dose.!” However, the total number of MACE was only 19 and the me-
dian follow-up for these studies was <2 years. It is noteworthy that the
mean age for patients enrolled in all the studies utilized for pooled analy-
ses was approximately 52years in RA patients, whereas psoriasis
patients were even younger with a mean age of around 45 years.

Implications for basic science

A recent study demonstrated that the late remote ischaemic
pre-conditioning, a signal transducer, and activator of transcription 5
(STATS) dependent mechanism, prevented myocardial ischaemia—re-
perfusion injury in mice with STAT5 knocked out. These effects were
anti-apoptotic signalling dependent. Another study evaluated the effects
of inhibiting JAK-STAT pathways in preventing atrial fibrosis using a ca-
nine model, which showed reduced in vivo left atrial fibrosis and post-
myocardial infarction remodelling. In vitro studies demonstrated attenu-
ated profibrotic effects of platelet derived growth factor stimulation, and
authors concluded that decreased STAT3 activation may have a role in
preventing the atrial fibrosis. With effects on cardiomyocytes, fibroblasts,
impact during the cardiac remodelling process, and the inherent anti-
inflammatory activity, JAKinibs certainly provide exciting avenues related
to these findings.

The only JAKinibs tested thus far have been the non-selective agents.
However, non-selective JAKinibs may prevent upstream activity of both
pro- and anti-inflammatory cytokines. As such, there is still scope for re-
search in analysing the cellular and molecular level impact of more selec-
tive JAKinibs, specifically, JAK1 inhibitors that primarily affect T-cell
proliferation. These selective agents may have different effect on cardio-
vascular profile compared with the non-selective JAKinibs. As such, fur-
ther research should focus on assessing their impact on endothelial
function, their role in plaque level inflammation, and possible effects on
HDL efflux. Furthermore, studying the effects of JAKinibs using integrated-
omics approaches (e.g. genomic, proteomic, metabolomic, lipidomic) may
provide insights into their cumulative effect on cardiovascular risk profile.

Conclusions

With the aforementioned known biological effects of JAKinibs, there are
several aspects for developing our understanding of the effects of these
therapies on cardiovascular research. Foremost, selective inhibition of
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JAK and the differential effects should be studied in vitro utilizing sev-
eral human cell lines. Furthermore, using emerging-omics data, studies
should evaluate the downstream effects of JAKs in cardiometabolic
pathways including adipose tissue and human vascular tissue. Careful
in vitro characterization of changes in signaling following selective JAK
pathway knockout in several cell types are needed to improve our
understanding of biological effects of the JAKnibs. Finally, of most im-
portance would be performing a simple trial of approved JAKinibs on
cardiovascular surrogate outcomes including coronary plaque studies
and cardiometabolic parameters. While LDL increase with JAKinibs
may pose a concern, the reversibility with statins is promising. The in-
crease in HDL with no change in HDL efflux suggests neutral effects,
especially given the failure of pharmacological interventions raising
HDL in mitigating subsequent cardiovascular risk."®"? In view of the
promise of JAKinibs, it is timely to test these medications in enhanced
cohorts with the ability to decipher all these changes in a single set of
patients to confirm the observed findings. Furthermore, longer-term
follow-up with use of surrogate cardiovascular outcomes such as vas-
cular inflammation by fluorodeoxyglucose positron emission tomogra-
phy/computed tomography (FDG PET/CT) or coronary artery disease
evaluation by coronary computed tomography angiography should be
undertaken to provide much needed context to the changes in lipo-
protein, cardiometabolic, and cytokine profiles. Only by utilization of
multiple phenotypes over time will the true effect of JAKinibs on car-
diovascular disease be realized. Anti-TNF therapy reduced myocardial
infarction over an 8-year observational study but recently was shown
not to improve subclinical vascular disease. However, cardiovascular
biomarkers changed favourably.20 This experience demonstrates that
many clinical studies are needed before any adjudication of cardiovas-
cular effects can be made with great certainty. A novel set of studies
assessing the impact of various biological therapies on vascular inflam-
mation by FDG PET/CT (the ‘VIP' studies NCT01553058,
NCT01866592, NCT02187172, NCT02690701) or coronary com-
puted tomography angiography as in psoriasis patients should be con-
sidered using JAKinibs in order to assess the risk of cardiovascular
disease comprehensively, while treating the underlying immune-
mediated disease processes. With the recent success of the strategy
of targeting inflammation to curb cardiovascular risk, JAKinibs indeed
provide an exciting avenue for future research with a focus on the as-
sessment of their efficacy as immunomodulators, while delivering criti-
cal insights into the underlying mechanisms of immune-mediated
diseases.

Acknowledgement

The author would like to thank Aditya A. Joshi, MD for his help in draft-
ing and referencing this article.

Conflict of interest: N.N.M. is a full-time US Government Employee
and receives research grants to the NHLBI from AbbVie, Janssen,
Celgene and Novartis.

FUNDING

N.N.M. is supported by a grant from the Intramural Program at the NIH
from the NHLBI, HL-06193-04.

References

1. Hansson GK, Hermansson A. The immune system in atherosclerosis. Nat Immunol
2011;12:204-212.

2. Schwartz DM, Bonelli M, Gadina M, O’Shea J. Type I/l cytokines, JAKs,
and new strategies for treating autoimmune diseases. Nat Rev Rheumatol 2016;12:
25-36.

3. Ridker PM, Everett BM, Thuren T, MacFadyen ]G, Chang WH, Ballantyne C, Fonseca
F, Nicolau J, Koenig W, Anker SD, Kastelein P, Cornel JH, Pais P, Pella D, Genest |,
Cifkova R, Lorenzatti A, Forster T, Kobalava Z, Vida-Simiti L, Flather M, Shimokawa
H, Ogawa H, Dellborg M, Rossi PRF, Troquay RPT, Libby P, Glynn RJ; for the
CANTOS Trial Group. Antiinflammatory therapy with canakinumab for atheroscle-
rotic disease. N Engl | Med 2017;377:1119-1131.

4. Greb JE, Goldminz AM, Elder |T, Lebwohl MG, Gladman DD, Wu |}, Mehta NN,
Finlay AY, Gottlieb AB. Psoriasis. Nat Rev Dis Primers 2016;2:16082.

5. Schwartz DM, Kanno Y, Villarino A, Ward M, Gadina M, O’Shea ). JAK inhibition as a
therapeutic strategy for immune and inflammatory diseases. Nat Rev Drug Discov
2017;16:843-862.

6. GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and na-
tional age-sex specific all-cause and cause-specific mortality for 240 causes of death,
1990-2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet
2015;385:117-171.

7. Libby P. Mechanisms of acute coronary syndromes and their implications for therapy.
N Engl ] Med 2013;368:2004-2013.

8. Lembo G. From clinical observations to molecular mechanisms and back to patients:
the successful circuit of the CANTOS study. Cardiovasc Res 2018;114:e3—e5.

9. Winthrop KL. The emerging safety profile of JAK inhibitors in rheumatic disease. Nat
Rev Rheumatol 2017;13:234-243.

10. Teague H, Mehta NN. The link between inflammatory disorders and coronary heart
disease: a look at recent studies and novel drugs in development. Curr Atheroscler Rep
2016;18:3.

11. Kremer M, Bloom BJ, Breedveld FC, Coombs JH, Fletcher MP, Gruben D,
Krishnaswami S, Burgos-Vargas R, Wilkinson B, Zerbini CA, Zwillich SH. The safety
and efficacy of a JAK inhibitor in patients with active rheumatoid arthritis: results of a
double-blind, placebo-controlled phase lla trial of three dosage levels of CP-690, 550
versus placebo. Arthritis Rheum 2009;60:1895-1905.

12. Wolk R, Armstrong EJ, Hansen PR, Thiers B, Lan S, Tallman AM, Kaur M, Tatulych S.
Effect of tofacitinib on lipid levels and lipid-related parameters in patients with mod-
erate to severe psoriasis. | Clin Lipidol 2017;11:1243-1256.

13. Kremer JM, Genovese MC, Keystone E, Taylor PC, Zuckerman SH, Ruotolo G,
Schlichting DE, Crotzer VL, Nantz E, Beattie SD, Macias WL. Effects of baricitinib on
lipid, apolipoprotein, and lipoprotein particle profiles in a phase Ilb study of patients
with active rheumatoid arthritis. Arthritis Rheumatol 2017;69:943-952.

14. Kim J, Tomalin L, Lee J, Fitz L, Berstein G, Correa-da Rosa J, Garcet S, Lowes MA,
Valdez H, Wolk R, Suarez-Farinas M, Krueger |G. Reduction of inflammatory and car-
diovascular proteins in the blood of patients with psoriasis: differential responses be-
tween tofacitinib and etanercept after 4 weeks of treatment. | Invest Dermatol 2018;
138:273-281.

15. Mclnnes 1B, Kim HY, Lee SH, Mandel D, Song YW, Connell CA, Luo Z, Brosnan M|,
Zuckerman A, Zwillich SH, Bradley JD. Open-label tofacitinib and double-blind ator-
vastatin in rheumatoid arthritis patients: a randomised study. Ann Rheum Dis 2014;73:
124-131.

16. Charles-Schoeman C, Wicker P, Gonzalez-Gay MA, Boy M, Zuckerman A, Soma K,
Geier J, Kwok K, Riese R. Cardiovascular safety findings in patients with rheumatoid
arthritis treated with tofacitinib, an oral Janus kinase inhibitor. Semin Arthritis Rheum
2016;46:261-271.

17. Wu |JJ, Strober BE, Hansen PR, Ahlehoff O, Egeberg A, Qureshi AA, Robertson D,
Valdez H, Tan H, Wolk R. Effects of tofacitinib on cardiovascular risk factors and car-
diovascular outcomes based on phase lll and long-term extension data in patients
with plaque psoriasis. | Am Acad Dermatol 2016;75:897-905.

18. Fayad ZA, Mani V, Woodward M, Kallend D, Abt M, Burgess T, Fuster V, Ballantyne
CM, Stein EA, Tardif JC, Rudd JH, Farkouh ME, Tawakol A, Dal Pl Safety and
efficacy of dalcetrapib on atherosclerotic disease using novel non-invasive
multimodality imaging (dal-PLAQUE): a randomised clinical trial. Lancet 2011;378:
1547-1559.

19. Schwartz GG, Olsson AG, Abt M, Ballantyne CM, Barter PJ, Brumm J, Chaitman BR,
Holme IM, Kallend D, Leiter LA, Leitersdorf E, McMurray JJ, Mundl H, Nicholls SJ,
Shah PK, Tardif JC, Wright RS, Dal Ol. Effects of dalcetrapib in patients with a recent
acute coronary syndrome. N Engl | Med 2012;367:2089-2099.

20. Mehta NN, Shin DB, Joshi AA, Dey AK, Armstrong AW, Duffin KC, Fuxench ZC,
Harrington CL, Hubbard RA, Kalb RE, Menter A, Rader D), Reilly MP, Simpson EL,
Takeshita ], Torigian DA, Werner TJ, Troxel AB, Tyring SK, Vanderbeek SB, Van
Voorhees AS, Playford MP, Ahlman MA, Alavi A, Gelfand M. Effect of 2 psoriasis
treatments on vascular infllmmation and novel inflammatory cardiovascular bio-
markers: a randomized placebo-controlled trial. Circ Cardiovasc Imaging 2018;11:
€007394.


Deleted Text:  
Deleted Text: JAK inhibitor
Deleted Text: .
Deleted Text: longer 
Deleted Text: eight
Deleted Text: .
Deleted Text: ``
Deleted Text: '' 
Deleted Text: <bold>DISCLOSURES</bold>
Deleted Text: Dr. 
Deleted Text: ehta

