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ORIGINAL RESEARCH ARTICLE—CLINICAL

Lipid Profiles in Patients With Ulcerative Colitis Receiving
Tofacitinib—Implications for Cardiovascular Risk and Patient
Management

Bruce E. Sands, MD,* Jean-Frédéric Colombel, MD,* Christina Ha, MD," Michel Farnier, MD,?*
Alessandro Armuzzi, MD, PhD,* Daniel Quirk, MD," Gary S. Friedman, MD," Kenneth Kwok, MSc,'
Leonardo Salese, MD," Chinyu Su, MD," and Pam R. Taub, MD, FACC**

Background: Patients with ulcerative colitis (UC) are at elevated risk of cardiovascular disease vs the general population, despite a lower prev-
alence of traditional risk factors, including hyperlipidemia. Mechanistic studies in patients with rheumatoid arthritis and psoriasis suggest that
tofacitinib restores serum lipids to preinflammation levels by reversing inflammation-induced cholesterol metabolism changes. We reviewed data
on lipid levels and cardiovascular events, alongside recommendations for managing lipid levels during tofacitinib treatment in patients with UC,
based on up-to-date expert guidelines.

Methods: Data were identified from a phase 3/open-label, long-term extension (OLE) tofacitinib UC clinical program (cutoff May 27, 2019).
Literature was identified from PubMed (search terms “lipid,” “cholesterol,” “lipoprotein,” “cardiovascular,” “inflammation,” “atherosclerosis,”
“tofacitinib,” “rheumatoid arthritis,” “psoriasis,” “inflammatory bowel disease,” “ulcerative colitis,” “hyperlipidemia,” and “guidelines”) and au-
thor knowledge. Data were available from 4 phase 3 clinical trials of 1124 patients with moderately to severely active UC who received 21 dose

of tofacitinib 5 or 10 mg twice daily in induction (two identical trials), maintenance, and OLE studies (treatment duration <6.8 years; 2576.4

patient-years of drug exposure).

Received for publications April 7, 2020; Editorial Decision June 26, 2020.

From the *Dr. Henry D. Janowitz Division of Gastroenterology, Icahn School of
Medicine at Mount Sinai, New York, New York, USA; fInflammatory Bowel Disease
Center, Cedars-Sinai Medical Center, Los Angeles, California, USA; ‘PEC2, EA 7460,
University of Bourgogne—Franche Comté and Department of Cardiology, CHU
Dijon-Bourgogne, Dijon, France; SIBD Unit, Fondazione Policlinico Universitario
A. Gemelli IRCCS, Universita Cattolica del Sacro Cuore, Rome, Italy; fInflammation
& Immunology, Pfizer Inc, Collegeville, Pennsylvania, USA; 'Inflammation &
Immunology, Pfizer Inc, New York, New York, USA; **Division of Cardiovascular
Medicine, University of California, San Diego, California, USA

Author contributions: All authors have contributed to the manuscript’s concep-
tion and design, critically reviewed it, approved the final version for submission, take
public responsibility for the content, and agree to be accountable for all aspects of
the work. All authors had full access to all the data in the manuscript and had final
responsibility for the decision to submit for publication.

Supported by: These studies (NCT01465763, NCT01458951, NCT01458574,
NCT01470612) were sponsored by Pfizer Inc.

Conflicts of interest: BES has served as a consultant for 4D Pharma, AbbVie,
Allergan, Amgen, Arena Pharmaceuticals, Boehringer Ingelheim, Capella Biosciences,
Celltrion Healthcare, EnGene, Ferring Pharmaceuticals, Gilead, Lyndra, Oppilan
Pharma, Otsuka, Palatin Technologies, Progenity, Protagonist Therapeutics, Rheos
Medicines, Seres Therapeutics, Sienna Biopharmaceuticals, Takeda, Theravance
Pharmaceuticals, and Vivelix Pharmaceuticals; has served on advisory boards for
Celgene, Eli Lilly, Janssen, MedImmune, Millennium Pharmaceuticals, and Pfizer
Inc; and has received research funding from Janssen and Takeda. JFC has served as
a consultant or advisory board member for AbbVie, Amgen, Boehringer Ingelheim,
Celgene, Celltrion, Enterome, Ferring Pharmaceuticals, Genentech, Johnson & Johnson,
MedImmune, Merck & Co., Pfizer Inc, Protagonist Therapeutics, Second Genome,
Seres Therapeutics, Shire, Takeda, Theradiag, and Tigenix; has been a speaker for
AbbVie, Ferring Pharmaceuticals, and Takeda; has been part of the speakers’ bureau for
Amgen; has stock options with Genfit and Intestinal Biotech Development; and has re-
ceived research grants from AbbVie, Janssen, and Takeda. CH has served as a consultant
for AbbVie, Ferring Pharmaceuticals, Genentech, Janssen, Pfizer Inc, Salix, and Takeda.
MF has received grants, consulting fees, and/or honoraria for delivering lectures from
Abbott, Akcea/lonis, Amarin, Amgen, AstraZeneca, Daiichi Sankyo, Eli Lilly, Kowa,
Merck & Co., Mylan, Pfizer Inc, Roche, Sanofi/Regeneron, and Servier. AA has served

Inflamm Bowel Dis ® Volume 27, Number 6, June 2021

as a consultant and/or advisory board member for AbbVie, Allergan, Amgen, Biogen,
Bristol-Myers Squibb, Celgene, Celltrion, Eli Lilly, Ferring Pharmaceuticals, Gilead,
Hospira, Janssen, MSD, Mundipharma, Mylan, Pfizer Inc, Samsung Bioepis, Sandoz,
Sofar, and Takeda; has received lecture and/or speaker bureau fees from AbbVie, Amgen,
AstraZeneca, Biogen, Bristol-Myers Squibb, Chiesi, Ferring Pharmaceuticals, Gilead,
Hospira, Janssen, Mitsubishi Tanabe, MSD, Mundipharma, Nikkiso, Otsuka, Pfizer
Inc, Samsung Bioepis, Sandoz, Takeda, Tigenix, and Zambon; and has received research
grants from MSD, Pfizer Inc, and Takeda. DQ, GSF, KK, LS, and CS are employees
and stockholders of Pfizer Inc. PRT has served as a consultant, speaker, and/or advi-
sory board member for Amarin, Amgen, Boehringer Ingelheim, Janssen, Novo Nordisk,
Pfizer Inc, and Sanofi/Regeneron.

Data-sharing statement: Upon request, and subject to certain criteria, conditions,
and exceptions (see https://www.pfizer.com/science/clinical-trials/trial-data-and-
results for more information), Pfizer will provide access to individual de-identified
participant data from Pfizer-sponsored global interventional clinical studies con-
ducted for medicines, vaccines, and medical devices (a) for indications that have been
approved in the US and/or EU or (b) in programs that have been terminated (ie, de-
velopment for all indications has been discontinued). Pfizer will also consider requests
for the protocol, data dictionary, and statistical analysis plan. Data may be requested
from Pfizer trials 24 months after study completion. The de-identified participant data
will be made available to researchers whose proposals meet the research criteria and
other conditions, and for which an exception does not apply, via a secure portal. To
gain access, data requestors must enter into a data access agreement with Pfizer.

Address correspondence to: Bruce E. Sands, MD, Dr. Henry D. Janowitz Division
of Gastroenterology, Icahn School of Medicine at Mount Sinai, One Gustave L. Levy
Place, Box 1069, New York, NY 10029 (bruce.sands@mssm.edu).

© 2020 Crohn’s & Colitis Foundation. Published by Oxford University Press on
behalf of Crohn’s & Colitis Foundation.

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and
reproduction in any medium, provided the original work is properly cited. For
commercial re-use, please contact journals.permissions@oup.com

doi: 10.1093/ibd/izaa227
Published online 1 September 2020

797


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.pfizer.com/science/clinical-trials/trial-data-and-results
https://www.pfizer.com/science/clinical-trials/trial-data-and-results
mailto:bruce.sands@mssm.edu?subject=

Sands et al

Inflamm Bowel Dis ® Volume 27, Number 6, June 2021

Results: In the OLE study, tofacitinib treatment was not associated with major changes from baseline in total cholesterol, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, triglycerides, total cholesterol/high-density lipoprotein cholesterol, and low-density lipoprotein
cholesterol/high-density lipoprotein cholesterol, with lipid levels and ratios generally remaining stable over time. The major adverse cardiovascular
events incidence rate was 0.26/100 patient-years (95% confidence interval, 0.11-0.54).

Conclusions: Lipid levels and ratios remained generally unchanged from baseline in the OLE study after tofacitinib treatment, and major adverse

cardiovascular events were infrequent. Long-term studies are ongoing.

ClinicalTrials.gov identifiers: NCT01465763, NCT01458951, NCT01458574, NCT01470612

Key Words: clinical trials, lipids, tofacitinib

INTRODUCTION

Patients with inflammatory bowel disease (IBD), which in-
cludes ulcerative colitis (UC) and Crohn’s disease (CD), have an
elevated risk of cardiovascular morbidity relative to the general
population, despite a lower prevalence of classic cardiovascular risk
factors (eg, high body mass index, diabetes, hyperlipidemia, and
hypertension).'* A systematic review and meta-analysis reported a
19% increase in the risk of ischemic heart disease, and an 18% in-
crease in the risk of cerebrovascular accidents in patients with IBD.*

Tofacitinib is an oral, small-molecule Janus kinase in-
hibitor for the treatment of UC.’ In clinical studies, tofacitinib
treatment has been associated with generally reversible in-
creases in serum lipids during the first few months of therapy,*!
with maximum effects observed within 6 weeks.” However, these
changes have not been associated with an increased cardiovas-
cular risk in previous individual studies in rheumatoid arthritis
and psoriasis.* ! The incidence rate (IR) of major adverse car-
diovascular events (MACE; defined as adjudicated cardiovas-
cular mortality and nonfatal cardiovascular events, including
myocardial infarction and cerebrovascular events) among
4827 patients with 8699 patient-years of exposure in rheu-
matoid arthritis clinical studies was low and stable over time
(5 years) at 0.37/100 patient-years (95% confidence interval
[CT], 0.26-0.52).° In previous reports from a UC clinical trial
program (cutoff December 2016), in which patients received
tofacitinib for up to 4.4 years, the IRs of MACE remained low
at 0.24/100 patient-years (95% CI, 0.07-0.62)." 2 There is an
ongoing postmarketing, open-label, endpoint-driven safety
study (surveillance study A3921133; ClinicialTrials.gov iden-
tifier: NCT02092467) comparing tofacitinib 5 or 10 mg twice
daily (BID) to tumor necrosis factor inhibitor therapy in pa-
tients with rheumatoid arthritis who are >50 years of age and
have 21 cardiovascular risk factor.!?

This article reviews available evidence on lipid levels and
cardiovascular events during tofacitinib treatment in patients
with UC, discusses these data in the context of available data
in other indications, and provides recommendations based on
up-to-date expert guidelines on the practical management of
lipid levels in patients with UC receiving tofacitinib.

METHODS

Data on serum lipid levels and cardiovascular events
during tofacitinib treatment were obtained from the phase 3/
open-label, long-term extension (OLE) tofacitinib UC clinical
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program (cutoff May 27, 2019). Relevant literature was iden-
tified from searches of PubMed using search terms such as
“lipid,” “cholesterol,” “lipoprotein,” “cardiovascular,” “in-
flammation,” “atherosclerosis,” “tofacitinib,” “rheumatoid ar-
thritis,” “psoriasis,” “inflammatory bowel disease,” “ulcerative
colitis,” “hyperlipidemia,” and “guidelines.” Further relevant
information was identified from the reference lists of articles
returned using these search terms, and from the authors’ expe-
rience and knowledge of the literature. These queries formed a
conceptual framework to interpret lipid findings in studies of
tofacitinib in UC. Guidance for lipid management is based on
the most up-to-date expert guidelines.

9

EFFECTS OF TOFACITINIB ON SERUM LIPIDS IN

UC CLINICAL TRIALS

The phase 3/OLE tofacitinib UC clinical program com-
prises 4 studies: 2 identical, 8-week induction studies of patients
with moderately to severely active UC (OCTAVE Induction 1
[ClinicalTrials.gov identifier: NCT01465763] and OCTAVE
Induction 2 [ClinicalTrials.gov identifier: NCTO01458951]),
a 52-week maintenance study that enrolled responders from
OCTAVE Induction 1 and 2 (OCTAVE Sustain [ClinicalTrials.
gov identifier: NCT01458574]), and an ongoing OLE study
that enrolled patients who completed OCTAVE Induction 1
and 2 and were nonresponders or who completed or demon-
strated treatment failure in OCTAVE Sustain (OCTAVE Open
[ClinicalTrials.gov identifier: NCT01470612]). Details of these
studies have been described previously and are summarized in
Supplementary Table S1 and Supplementary Fig. S1.!112 1415

The phase 3/OLE tofacitinib UC clinical program in-
cludes 1124 patients with moderately to severely active UC who
received at least 1 dose of tofacitinib 5 or 10 mg BID in the
phase 3 induction, maintenance, and OLE studies, with treat-
ment duration up to 6.8 years and with 2576.4 patient-years of
drug exposure. Patients had a mean age of 41.2 years, and the
majority had a body mass index <25 kg/m?>. Approximately 5%
of patients in the cohort were current smokers and 31% were
former smokers (Table 1).

In healthy women and men without diabetes, the Reynolds
Risk Score can be used to predict the risk of having a future heart
attack, stroke, or major heart disease in the next 10 years, based
on age, blood pressure, smoking status, history of heart attacks
in parents (<60 years of age), total cholesterol levels, and high-
sensitivity C-reactive protein levels (marker of inflammation).!®


http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa227#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa227#supplementary-data
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TABLE 1. Demographics and Baseline Characteristics of
Patients With Ulcerative Colitis in the Phase 3 Induction,
Maintenance, and OLE Studies of Tofacitinib Who
Received Tofacitinib 5 or 10 mg BID

Tofacitinib (all)
(N=1124)

Age, y, mean (SD) 41.2 (13.9)
Male, n (%) 658 (58.5)
Race, n (%)

White 897 (79.8)

Black 10 (0.9)

Asian 144 (12.8)

Other 39 (3.5)

Unspecified 34 (3.0)
Body mass index (kg/m?), n (%0)*

<25 665 (59.2)

25to <30 303 (27.0)

>30 155(13.8)
Smoking history, n (%)"

Current 58 (5.2)

Never 716 (63.7)

Stopped 350 (31.1)
Disease duration, y, mean (SD) 8.2 (7.0)
Extent of disease, n (%)"*

Proctosigmoiditis 163 (14.5)

Left-sided colitis 380 (33.9)

Extensive/pancolitis 577 (51.5)

Proctitis 1(0.1)
Total Mayo score at baseline, mean (SD)? 8.6 (2.0)
Oral corticosteroid use at baseline, n (%) 505 (44.9)
Prior tumor necrosis factor inhibitor failure, n (%)" 583 (51.9)

Treatment duration, d, median (range) 686 (1 to 2494)

*N =1123.

"Based on data collected at the start of the phase 3 induction studies.

N =1121.

SN = 1122.

Abbreviations: BID, twice daily; N, number of patients; n, number of patients within
the given category; OLE, open-label, long-term extension; SD, standard deviation.

7 A mean Reynolds Risk Score of 2.1 following 8 weeks of
tofacitinib 10 mg BID induction therapy has previously been
reported.!? At baseline in the tofacitinib UC clinical program,
the majority of patients had a <5% risk of a cardiovascular
event in the next 10 years based on their Reynolds Risk Score
(Supplementary Table S2). Higher proportions of patients in the
groups of males >45 years of age and females >55 years of age
had markers of cardiovascular risk (Reynolds Risk Score >5%,
body mass index 225 kg/m?, hypertension, diabetes, hyperlipi-
demia, and history as an ex-smoker) (Supplementary Table S2).

Serum lipid parameters were measured at baseline and at
week 8 in the induction studies, up to week 61 for patients who
received tofacitinib 5 or 10 mg BID or placebo in OCTAVE
Sustain, and up to month 48 for patients who received
tofacitinib 5 or 10 mg BID in the OLE study (Supplementary

Table S3). After 8 weeks of tofacitinib 10 mg BID induction
therapy, serum levels of total cholesterol (total-c), high-density
lipoprotein cholesterol (HDL-c), and low-density lipoprotein
cholesterol (LDL-c) increased relative to baseline and remained
elevated up to week 61 for patients on maintenance treatment
using tofacitinib 5 or 10 mg BID.!? Differences for tofacitinib
vs placebo for total-c, HDL-c, and LDL-c generally remained
stable between weeks 17 and 61.'> Changes in total-c/HDL-c
and LDL-c/HDL-c ratios were minimal during the induction
and maintenance studies.'

Patients from OCTAVE Sustain who entered the OLE
study in remission received tofacitinib 5 mg BID; all other pa-
tients entering the OLE study (ie, patients with treatment failure
and those who were not in remission) received tofacitinib 10 mg
BID. The mean changes from the OLE study baseline in total-c,
HDL-c, LDL-c, and triglycerides to month 48 of the OLE study
are summarized in Fig. 1, with tofacitinib 5 or 10 mg BID not
associated with major changes from baseline over time. Mean
levels of LDL-c at month 48 were only slightly higher than the
recommended target for patients with a low cardiovascular risk
(<116 mg/dL)."® Lipid levels and ratios were generally stable
over time in the OLE study.

The mean percentage changes from the OLE study base-
line at month 48 for total-c, HDL-c, LDL-c, and triglycerides
are shown in Table 2, and the shift tables for total-c, HDL-c,
LDL-c, and triglycerides in the OLE study are shown in Table 3.

The use of lipid-lowering agents was permitted in the
tofacitinib UC clinical trials, based on the patients’ risk factors and
local/national guidance. The dose of lipid-lowering agents, which
included Anatomical Therapeutic Chemical 2 lipid-modifying
agents (excluding fish oil preparations), was increased for 1.9% of
patients, and 7.7% of patients added new lipid-lowering agents.

The findings on lipid parameters in the tofacitinib UC trials
were generally similar to those of clinical studies of tofacitinib in
patients with other inflammatory conditions®® !* as well as studies
of other Janus kinase inhibitors in rheumatoid arthritis and CD."
2l For example, in a phase 2 study of patients with CD, treatment
with the Janus kinase-1 selective inhibitor, filgotinib, was associated
with increases in LDL-c and HDL-c levels of 12% and 11%, respec-
tively, at week 20, with a corresponding change of 3% in the LDL-c/
HDL-c ratio.? It is important to note that across the other condi-
tions studied in the tofacitinib clinical trials, ie, rheumatoid arthritis,
psoriasis, and psoriatic arthritis, where patients have different clinical
characteristics and demographics, the data also showed no signifi-
cant change in the ratios of LDL-c/HDL-c and/or total-c/HDL-¢,%”
12 both of which are markers of increased cardiovascular risk.?

Implications of Lipid Elevations on
Cardiovascular Safety in Patients Receiving

Tofacitinib
In the phase 3/OLE tofacitinib UC clinical program, 7
adjudicated MACE (defined as death due to cardiovascular
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FIGURE 1. Mean change from baseline in lipid levels to month 48 in the OLE study. A, Total-c. B, HDL-c. C, LDL-c. D, Triglycerides. E, Ratio of total-c/
HDL-c. F, Ratio of LDL-c/HDL-c. Error bars represent standard error. Abbreviations: BID, twice daily; HDL-c, high-density lipoprotein cholesterol; LDL-c,
low-density lipoprotein cholesterol; OLE, open-label, long-term extension; total-c, total cholesterol; SE, standard error.

causes, or nonfatal myocardial infarction or stroke) were re-
ported, with an IR of 0.26/100 patient-years (2654.66 patient-
years of exposure; 95% CI, 0.11-0.54); the IR remained stable
from December 2016 (IR, 0.24; 95% CI, 0.07-0.62).> MACE
were reported for 2 patients during induction (acute coronary
syndrome in a patient who received a predominant dose of
tofacitinib 5 mg BID [defined as average daily dose <15 mg],
and fatal aortic dissection in a patient who received a pre-
dominant dose of tofacitinib 10 mg BID [defined as average
daily dose =15 mg]). The fatal event of aortic dissection oc-
curred in a male patient aged 39 years who had untreated base-
line hyperlipidemia (LDL-c, 189 mg/dL; total-c, 308 mg/dL);
this event was considered by the investigator to be unrelated
to study treatment. MACE were also reported for 2 patients
during maintenance (myocardial infarction in a patient who re-
ceived a predominant dose of tofacitinib 5 mg BID, and hem-
orrhagic stroke in a patient who received a predominant dose
of tofacitinib 10 mg BID), and 3 patients during the OLE study
(acute myocardial infarction and cerebellar hemorrhage in 2

800

patients who received a predominant dose of tofacitinib 5 mg
BID, and cerebrovascular accident in a patient who received a
predominant dose of tofacitinib 10 mg BID). Both myocardial
infarction events and the acute coronary syndrome event led
to temporary tofacitinib discontinuation, and the hemorrhagic
stroke, cerebrovascular accident, and cerebellar hemorrhage led
to permanent tofacitinib discontinuation. Of the 7 patients with
MACE, 5 had multiple cardiovascular risk factors at baseline.
The low incidence of MACE in the tofacitinib UC clin-
ical studies was comparable with that reported in the clinical
trials of tofacitinib in rheumatoid arthritis (MACE IR, 0.37;
95% CI, 0.26-0.52 in OLE studies [n = 4827; 8699 patient-years
of exposure]),® psoriasis (MACE IR, 0.37; 95% CI, 0.22-0.57;
n = 3623; 5204 patient-years of exposure),!® 2 and psoriatic
arthritis (MACE IR, 0.24; 95% CI, 0.05-0.70; n = 783; 1238
patient-years of exposure) programs.” A retrospective cohort
study of 459 patients with UC who had received treatment with
tumor necrosis factor inhibitors revealed an IR for MACE of
2.37/100 patient-years of exposure; however, it should be noted
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TABLE 2. Mean (SD) Percent Change from Baseline in Total-c, HDL-c, LDL-c, and Triglycerides Over Time in the

OLE Study
Tofacitinib 5 mg BID Tofacitinib 10 mg BID
Visit
(mo) n % (SD) n % (SD)
Total-c 12 164 -1.6 (14.1) 480 11.4(21.1)
24 139 -1.5(15.6) 399 12.2(21.4)
36 121 -2.4(16.4) 328 12.8 (23.2)
48 52 -5.1(18.2) 213 10.4 (21.6)
HDL-c 12 164 -2.0(17.1) 479 11.3(27.4)
24 139 1.1(15.4) 399 12.2(27.2)
36 121 -2.5(14.6) 328 13.6 (27.7)
48 53 -5.1(11.8) 213 10.9 (28.7)
LDL-c 12 161 -0.1(19.9) 475 14.4 (30.0)
24 135 -2.8(23.9) 397 14.9 (31.0)
36 119 -1.3(24.0) 326 14.5(33.3)
48 51 -5.1(26.2) 213 12.4 (32.3)
Triglycerides 12 164 6.1 (38.5) 479 10.6 (49.8)
24 139 15.4 (52.8) 399 13.8 (55.4)
36 120 12.2 (47.0) 328 19.6 (65.8)
48 52 16.0 (43.2) 213 18.3 (64.1)

Abbreviations: BID, twice daily; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; n, number of patients with non-missing data; OLE,

open-label, long-term extension; SD, standard deviation; total-c, total cholesterol.

that this result is based on data from a claims database, and so
cannot be directly compared with the incidence derived from a
clinical trial setting.*

A phase 3 trial of tofacitinib in psoriasis has also dem-
onstrated reductions of circulating biomarkers of cardiovas-
cular risk, including high-sensitivity C-reactive protein, for
tofacitinib vs placebo.!® However, assessment of the risk of
cardiovascular disease in relation to LDL-c elevation with
tofacitinib treatment will require longer-term exposure and fol-
low-up across indications.

CARDIOVASCULAR RISKS

Chronic Inflammation

Atherogenic dyslipidemia, characterized by increased
serum concentrations of LDL-c, apolipoprotein B (the main
structural protein component of LDL particles), and trigly-
cerides, and low serum concentrations of HDL-c, is an estab-
lished risk factor for cardiovascular disease.?* ?¢ Infiltration
of the arterial wall by apolipoprotein B-containing lipopro-
teins is an initiating event in the pathogenesis of atheroscle-
rotic plaques, and is closely linked to inflammation, which
modulates both the atherogenic lipid profile and the endo-
thelium.?6 27

Chronic systemic inflammation is associated with
changes in atherogenic lipid metabolism that may impact

the risk of atherosclerosis and cardiovascular disease.”®
Levels of serum lipids and lipoproteins can change signifi-
cantly during acute and chronic inflammation.?-* Previous
studies in rheumatoid arthritis have reported lower lipid
levels in patients with active inflammation vs those
without.’"** Despite this finding, the risk of cardiovascular
disease is elevated in patients with rheumatoid arthritis,
suggesting a complex interaction between systemic inflam-
mation and atherogenic lipids.* It has been demonstrated
that systemic inflammation can influence the composition
and function of LDL and HDL particles, and may there-
fore promote a more atherogenic profile.’® 3 The function
of HDL particles is important for reverse cholesterol trans-
port, an essential pathway for maintaining cholesterol ho-
meostasis, which prevents atherosclerotic plaque formation
and toxic intracellular levels of cholesterol. This pathway
removes free cholesterol from tissues to the HDL particle
for esterification by lecithin-cholesterol acyltransferase, to
generate a mature HDL particle, which can be delivered
either directly to the liver or via cholesterol ester transfer
protein and LDL for fecal excretion. Dysfunction of HDL
particles has been identified in patients with rheumatoid
arthritis and psoriasis.”” *® In rheumatoid arthritis, it has
been suggested that increases in cholesterol ester catabolism
without an increase in cholesterol esterification drive low
levels of cholesterol in the setting of active inflammation.3*
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TABLE 3. Maximum Observed Concentrations of LDL-¢c, HDL-c, Total-c, and Triglycerides Up to Month 48 in the OLE

Study According to OLE Study Baseline Levels

OLE Study Treatment Maximum Observed Concentrations of LDL-c (mg/dL), n (%)
Baseline <100 100 to <130 130 to <160 160 to <190 >190
Tofacitinib 5 mg BID <100 18 (10.3) 17 (9.8) 6(3.4) 0(0.0) 0(0.0)
(n=174) 100 to <130 1(0.6) 16 (9.2) 24 (13.8) 8 (4.6) 2(1.1)
130 to <160 0(0.0) 1(0.6) 15 (8.6) 18 (10.3) 3(1.7)
160 to <190 0(0.0) 0(0.0) 1 (0.6) 13 (7.5) 12 (6.9)
>190 0(0.0) 0(0.0) 0(0.0) 3(1.7) 16 (9.2)
Tofacitinib 10 mg BID <100 146 (19.4) 104 (13.8) 50 (6.6) 11 (1.5) 4(0.5)
(n =752) 100 to <130 31 (4.1) 73(9.7) 103 (13.7) 38 (5.1) 15 (2.0)
130 to <160 4(0.5) 12 (1.6) 29 (3.9) 36 (4.8) 32(4.3)
160 to <190 1(0.1) 2(0.3) 6(0.8) 19 (2.5) 20 (2.7)
>190 1(0.1) 0(0.0) 1(0.1) 3(0.4) 11 (1.5)
Maximum Observed Concentrations of HDL-c¢ (mg/dL), n (%)
Baseline <40 40 to <60 >60
Tofacitinib 5 mg BID <40 2(1.1) 9(5.1) 1(0.6)
(n=175) 40 to <60 0(0.0) 30 (17.1) 32 (18.3)
>60 0(0.0) 4(2.3) 97 (55.4)
Tofacitinib 10 mg BID <40 10 (1.3) 42 (5.6) 17 (2.3)
(n=1753) 40 to <60 8(1.1) 146 (19.4) 159 (21.1)
>60 1(0.1) 30 (4.0) 340 (45.2)
Maximum Observed Concentrations of Total-c (mg/dL), n (%)
Baseline <200 200 to <240 >240
Tofacitinib 5 mg BID <200 33 (18.9) 20 (11.4) 6(3.4)
(n=175) 200 to <240 5(2.9) 22 (12.6) 29 (16.6)
>240 0(0.0) 2(1.1) 58 (33.1)
Tofacitinib 10 mg BID <200 228 (30.3) 145 (19.3) 85(11.3)
(n=1753) 200 to <240 23(3.1) 65 (8.6) 109 (14.5)
>240 6(0.8) 10 (1.3) 82(10.9)
Maximum Observed Concentrations of Triglycerides (mg/dL), n (%)
Baseline <150 150 to <200 200 to <500 2500
Tofacitinib 5 mg BID <150 77 (44.0) 32(18.3) 19 (10.9) 1(0.6)
(n=175) 150 to <200 2 (1.1) 2(1.1) 19 (10.9) 0(0.0)
200 to <500 1(0.6) 2(1.1) 16 (9.1) 3(1.7)
>500 0(0.0) 0(0.0) 0(0.0) 1(0.6)
Tofacitinib 10 mg BID <150 460 (61.1) 104 (13.8) 71 (9.4) 4(0.5)
(n=753) 150 to <200 21 (2.8) 11 (1.5) 29 (3.9) 0(0.0)
200 to <500 8(1.1) 7(0.9) 36 (4.8) 2(0.3)
>500 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Baseline defined as month 0 of the OLE study. % is the overall percentage of patients with the observation within a treatment group. The denominator is the total n for the treat-
ment group. Abbreviations: BID, twice daily; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; OLE, open-label, long-term extension;

total-c, total cholesterol.

Consistent with findings in patients with rheumatoid arthritis,
levels of serum LDL-c and total-c are lower in patients with
active IBD than in healthy control patients, and correlate with
the extent of systemic inflammation.*

Potential Mechanistic Effects of Tofacitinib on

Lipids and Inflammation

The relationship between the effects of tofacitinib on
serum lipids and its effects on inflammation through Janus ki-
nase inhibition is unclear. Similar effects on lipids have been
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reported with tofacitinib in other patient populations with
inflammatory conditions® 4> and with other classes of an-
ti-inflammatory agents,** supporting a link between sup-
pression of active inflammation and elevation of lipid levels.
Immunosuppressive agents used for the treatment of IBD have
also been associated with changes in lipid parameters in pa-
tients with other inflammatory conditions. For example, meta-
analyses have shown that, in patients with rheumatoid arthritis,
use of tumor necrosis factor inhibitors is associated with sig-
nificant elevations from baseline in total-c and HDL-c.* %
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Similarly, in patients with ankylosing spondylitis, elevation of
total-c and HDL-c in response to tumor necrosis factor inhib-
itor therapy correlated with a reduction in systemic inflamma-
tion measured by C-reactive protein.*® Furthermore, an inverse
relationship was observed at week 8 between decreases in high-
sensitivity C-reactive protein levels and increases in total-c,
HDL-c, and LDL-c levels in patients with UC who received
placebo or tofacitinib 10 mg BID in the OCTAVE Induction 1
and 2 studies.> Physicians managing patients with IBD there-
fore need to be aware of the potential for therapy-induced
elevation in lipid concentrations and need to implement risk-
management strategies appropriate for the individual patient’s
level of cardiovascular risk.

A phase 1 mechanism of action study of tofacitinib in-
vestigated the possible mechanisms through which tofacitinib
might reverse the abnormal lipid profile associated with active
inflammation in rheumatoid arthritis.*® In this study, it was
demonstrated that the cholesterol ester fractional catabolic
rate was higher in patients with rheumatoid arthritis com-
pared with healthy volunteers, while the cholesterol ester pro-
duction rate and rate of cholesterol efflux were similar. This
suggests that lower levels of serum total-c, LDL-c,and HDL-c
in rheumatoid arthritis are driven by increased cholesterol
ester catabolism (Fig. 2). In addition, tofacitinib treatment

Free

LDL-cr
% cholesterol

3. Delivery of cholesterol
to liver for excretion as
fecal sterols

Fecal sterol
excretion

was associated with a decrease in the cholesterol ester frac-
tional catabolic rate and a concomitant significant increase
in serum HDL-c towards levels found in healthy volunteers.
Markers of anti-atherogenic HDL functions (antioxidant and
efflux functions) also improved with tofacitinib treatment,
including decreased serum amyloid A and increased activity
and mass of lecithin-cholesterol acyltransferase, the enzyme
that promotes the conversion of free cholesterol to esters for
transport to the liver (Fig. 2). In line with these findings, data
from a clinical study of patients with psoriasis have also dem-
onstrated an increase in the activity of lecithin-cholesterol
acyltransferase and paraoxonase-1, and a decrease in HDL-
associated serum amyloid A following tofacitinib treatment.!’
The implications of these beneficial effects of tofacitinib on
anti-atherogenic HDL function for cardiovascular risk re-
quire further investigation.

MANAGEMENT OF LIPIDS IN PATIENTS
RECEIVING TOFACITINIB

Long-term follow-up studies will further clarify whether
lipid elevations observed during tofacitinib therapy increase the
risk of cardiovascular mortality and morbidity. It is important
for gastroenterologists to recognize the impact that tofacitinib
has on inflammation and lipid levels, and to monitor lipids in

Peripheral
tissues

1. Cholesterol efflux
o from tissues into plasma

2. Cholesterol esterification
by LCAT and CE transfer
by CETP

ApoB-100

FIGURE 2. Reverse cholesterol transport pathway (reproduced with permission from Charles-Schoeman et al*®). Abbreviations: ApoA-1,
apolipoprotein A-1; ApoB-100, apolipoprotein B-100; CE, cholesterol ester; CETP, cholesterol ester transfer protein; FC, free cholesterol; HDL-c,
high-density lipoprotein cholesterol; LCAT, lecithin-cholesterol acyltransferase; LDL-c, low-density lipoprotein cholesterol; LDL-cr, LDL-c receptor;

SR-B1, scavenger receptor class B type 1.
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individual patients based on clinical guidelines for hyperlipi-
demia if results are abnormal.

Clinical guidelines for reducing the risk of atherosclerotic
cardiovascular disease'® ¥ are based on risk categories deter-
mined by clinical factors (eg, existing cardiovascular disease,
diabetes, chronic kidney disease, familial hyperlipidemia) and
estimates of cardiovascular risk determined using risk calcu-
lation systems, such as the Framingham Score,*® Reynolds
Risk Score,'® Risk Calculator,*” and Systematic Coronary Risk
Estimation chart® in Europe.'® These systems consider multiple
interacting factors such as age, sex, smoking history, blood
pressure, cholesterol, and sometimes, levels of high-sensitivity
C-reactive protein.

Lipid Profiling for Monitoring Dyslipidemia

The European Society of Cardiology and European
Atherosclerosis Society recommend that lipid profiling (LDL-
¢, HDL-c, triglycerides, and non-HDL-c or apolipoprotein
B) should be conducted for all patients with cardiovascular
disease or clinical conditions/family history associated with
increased risk of cardiovascular disease, and that risk factor
screening, including lipid profiling, should be considered for
all asymptomatic male patients >40 years of age and female
patients >50 years of age or who are postmenopausal.'® It is
also recommended that risk assessment using a system such
as Systematic Coronary Risk Estimation, which was devel-
oped to directly estimate total fatal cardiovascular risk in
European clinical practice,* should be conducted for all other
individuals, because other factors, including inflammatory
disorders, may modify cardiovascular risk.'® LDL-c is recom-
mended as the primary lipid parameter for risk estimation
and management, but HDL-c, non-HDL-c, and triglycerides
should also be evaluated before treatment of dyslipidemia.
Levels of LDL-c at which intervention is recommended
are classified as a function of risk (Supplementary Table
S4). The American College of Cardiology/American Heart
Association Task Force 2018 report*” included the identifica-
tion of patient groups who will benefit from statin therapy,
and the age groups, risk factors, and LDL-c concentration
ranges used to define these are summarized in Supplementary
Table S5. These guideline recommendations highlight the im-
portance of using risk assessment to identify patients who
will benefit from intervention.

Interventions for Dyslipidemia

A treat-to-target approach based on a patient’s calculated
cardiovascular risk is recommended in European guidelines.'®
European Society of Cardiology/European Atherosclerosis
Society guidelines recommend a primary objective of reducing
LDL-c levels, with the treatment goal determined by risk cate-
gory (see Supplementary Table S4 for full list of risk categories).!®
American College of Cardiology/American Heart Association
guidelines define intensity of statin therapy according to the
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required percentage LDL-c reduction (high intensity: >50%;
moderate intensity: 30% to 49%; low intensity: <30%).4

Guideline recommendations on interventions to help pa-
tients achieve these goals include lifestyle modification of risk
factors (heart-healthy diet, maintaining healthy body weight,
regular physical activity, cessation of smoking, etc.) in conjunc-
tion with the use of lipid-lowering agents.'® 4’ Patients at low or
moderate risk, in whom lipid levels remain uncontrolled, and
patients at high or very high risk of cardiovascular disease with
LDL-c levels 270 mg/dL and >55 mg/dL, respectively, can re-
ceive a high-intensity HMG-CoA reductase inhibitor (statin) at
the highest recommended or highest tolerable dose to reach the
goal.!® For elderly patients, therapy may be started at a lower
dose and titrated to achieve the target level, particularly when
drug interactions are possible or renal function is significantly
impaired.'® Additional treatment options for those patients who
cannot tolerate high-dose statin therapy, or who do not achieve
target lipid levels, include combination therapy with cholesterol
absorption inhibitors and proprotein convertase subtilisin/kexin
type 9 inhibitors.” Investigating secondary causes of hyperlipi-
demia in patients should also be indicated,*” such as those due
to metabolic causes, including hypothyroidism. Intensification
of lipid-lowering therapy or referral to a specialist should be
considered in those patients who do not respond to primary
lipid-lowering therapy and lifestyle modification. Referral to
specialist clinics may also be considered initially for those with
documented cardiovascular disease or high risk at baseline.'s

Lipid levels, adherence to statin therapy and lifestyle mod-
ification, and adverse events should be monitored regularly for
patients who are receiving lipid-lowering agents.!s 47

For patients initiating tofacitinib therapy, levels of lipid
parameters should be monitored within approximately 4 to 8
weeks of initiating therapy, and the patient should be managed
according to current clinical guidelines.>* Following 8 weeks
of tofacitinib induction therapy, lipid levels may be expected
to have stabilized due to the effects of therapy on inflamma-
tion. Use of lipid panels before treatment initiation or during
periods of acute flare may not be informative, due to the effects
of acute inflammation in suppressing lipid metabolism leading
to low lipid levels. However, for those patients with recognized
cardiovascular risk factors, lipid profiles prior to treatment
with tofacitinib should be monitored and managed as per ap-
plicable clinical guidelines. General recommendations for lipid
management in patients with UC initiating tofacitinib therapy
are summarized in Fig. 3.

Evidence for Effects of Statin Therapy in Patients
With IBD

Although there are no randomized clinical trials exam-
ining the impact of LDL-lowering with statin therapy in pa-
tients with IBD, LDL-lowering in the general population
(irrespective of comorbidities) has been associated with im-
proved cardiovascular outcomes. Atorvastatin 10 mg once daily
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Documented cardiovascular disease
Family history of cardiovascular disease
Family history of hyperlipidemia
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Chronic kidney disease

}

Risk estimation for patients without cardiovascular
disease or documented cardiovascular risk factors

Age

Gender

Blood pressure
Smoking
Cholesterol

!

Stable

‘ Initiation of tofacitinib therapy ‘

Continue existing interventions }4—8_W68k induction

Review/modify existing
interventions

¥

Lipid profiling

Normal _.‘ No intervention

Implement lifestyle intervention
Lipid-lowering therapy with statins
e According to risk and LDL-c levels
Investigation of potential secondary

v

Abnormalities

v

causes of hyperlipidemia

Abnormalities

Monitor lipids, Intensify lipid-lowering therapy
adherence, adverse events e Statin dose, combination therapy,

v

alternative agents

Abnormalities

Monitor lipids, [
adherence, adverse events

| Referral to specialist

FIGURE 3. Algorithm for management of lipids in patients receiving tofacitinib. Risk assessment, stratification of patient, and monitoring of lipids
should be based on clinical practice guidelines for hyperlipidemia (European Society of Cardiology, European Atherosclerosis Society, American
College of Cardiology, American Heart Association). Abbreviations: LDL-c, low-density lipoprotein cholesterol.

concomitant with tofacitinib 10 mg BID has been investigated
in a 12-week, placebo-controlled, phase 2 study in patients with
rheumatoid arthritis.’! The study demonstrated rapid and sig-
nificant reductions in LDL-c, triglycerides, and apolipoprotein
B with administration of atorvastatin at week 6 for 6 weeks,
supporting the use of statin therapy as a feasible and well-
tolerated approach to reducing global cardiovascular risk in
patients with rheumatoid arthritis.’® However, further studies
are needed to determine how lipid-lowering therapy should be
used when stopping or interrupting tofacitinib treatment. In
addition, it remains unclear what impact the lowering of lipid
levels with statins has on cardiovascular risk over time in pa-
tients with IBD. The antiatherogenic effect of statins is also me-
diated through nonlipid mechanisms, including direct effects in
the vascular wall that have an impact on endothelial function,
vascular inflammation, smooth muscle cells, and plaque sta-
bility.’> ¥ Endothelial dysfunction, which occurs in the early,
subclinical phase of atherosclerosis, has been identified in pa-
tients with UC regardless of traditional cardiovascular risk

factors.> 3 During active disease in patients with IBD, damage
to the intestinal vascular endothelial cells is more prominent.*
This raises the question of whether cardiovascular risk in pa-
tients with IBD can be modified by treatment to reduce disease
activity, and whether there are benefits of statin therapy in IBD
beyond lipid-lowering.

In patients with rheumatoid arthritis who received
atorvastatin vs placebo, a numerical improvement in rheuma-
toid arthritis disease activity endpoints (American College of
Rheumatology responses) was reported in addition to the effects
on lipids.>! A similar anti-inflammatory effect of statin therapy
(on the rheumatoid arthritis endpoints Disease Activity Score in
28 joints, swollen joint counts, C-reactive protein, and erythro-
cyte sedimentation rate) was described in a placebo-controlled
study of patients receiving disease-modifying antirheumatic
drugs.” It is established that statins have pleiotropic anti-inflam-
matory properties in addition to lipid-lowering effects,* and have
an impact on immunity and mucosal inflammation in the gas-
trointestinal tract.’® Studies in animal models indicat that statins
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may modify disease activity in IBD through the beneficial effects
of decreasing both inflammation and fibrosis;**-*! however, there
are currently limited data from clinical studies to support these
effects in patients. A small, open-label study of 10 patients with
CD demonstrated that atorvastatin, added to standard anti-in-
flammatory therapy, reduced markers of systemic and mucosal
inflammation (eg, C-reactive protein and fecal calprotectin) and
numerically improved Crohn’s Disease Activity Index scores.®
A large retrospective study of a U.S. administrative claims da-
tabase, which included 1986 statin-exposed patients with IBD,
showed that statin exposure was associated with a reduction in
the rate of first prescription for oral corticosteroids (courses
>14 days) among the patients with UC (n = 1132; hazard ratio,
0.75; 95% CI, 0.62-0.91).% A trend towards reduced use of
tumor necrosis factor inhibitors and rates of abdominal sur-
gery or hospitalization in patients with UC was also reported.®
In addition, protective effects of statin exposure against the
onset of IBD, including UC, and against the development of
colorectal cancer among patients with IBD have been reported
and may also support an anti-inflammatory effect of statins.®¢’
In contrast, a small, placebo-controlled study of atorvastatin
showed no benefit of statin therapy vs placebo in patients with
UC,® indicating a need for larger, randomized studies to inves-
tigate potential effects on inflammation and disease activity. In
the phase 3/OLE tofacitinib UC clinical program, 71 (6.3%)
patients were receiving lipid-lowering agents at baseline and re-
ceived concomitant treatment with tofacitinib. Further studies
are required to elucidate the effects of statin therapy in con-
junction with tofacitinib on disease activity and cardiovascular
risk in patients with UC.

CONCLUSIONS

Patients with IBD have an increased risk of cardiovas-
cular disease relative to the general population, despite low
prevalence of established cardiovascular risk factors and
lower levels of serum cholesterol. Systemic inflammation may
contribute to a pro-atherogenic lipid profile through effects on
the composition and function of LDL-c and HDL-c particles.

Elevations in LDL-c, HDL-c, total-c, and triglycerides
have been reported in clinical trials of tofacitinib in patients
with UC. However, ratios of LDL-¢/HDL-c and total-c/HDL-
¢, which have been identified as strong predictors of cardiovas-
cular risk in the general population, were generally unaffected
by tofacitinib treatment, and levels of LDL-c were only slightly
higher than the recommended target for patients with a low
cardiovascular risk. In addition, MACE were reported at low
frequency in the phase 3/OLE tofacitinib UC clinical program,
and a low proportion of patients increased their dose of, or
added, a new lipid-lowering agent.

Mechanistic studies in other inflammatory conditions have
shown that control of systemic inflammation with tofacitinib is
associated with a reversal of increased cholesterol ester metab-
olism, as well as improvement of markers of anti-atherogenic
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HDL function. The clinical significance of lipid elevations in-
duced by tofacitinib and also observed with other anti-inflam-
matory agents is not yet fully determined. Longer-term studies
are required to further evaluate the risk for cardiovascular di-
sease and the impact of stopping or interrupting therapy on lipid
profiles.

As per the approved label, patients commencing
tofacitinib therapy should have lipid levels monitored after
approximately 4 to 8 weeks, and up-to-date expert guide-
lines for hyperlipidemia management should be followed.
Physicians should follow general clinical guidance on strat-
ification of patients according to cardiovascular risk prior
to initiating any therapy, to identify those patients who may
benefit from counseling and regular lipid monitoring, and to
identify those requiring lipid-lowering intervention during
tofacitinib therapy.

SUPPLEMENTARY DATA

Supplementary data are available at Inflammatory Bowel
Diseases online.
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