W) Check for updates

Oral surveillance and JAK inhibitor
safety: the theory of relativity
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Abstract | The published results of the post-marketing ORAL Surveillance study,
which compared the Janus kinase (JAK) inhibitor tofacitinib with anti-TNF therapy
in older patients with rheumatoid arthritis who have cardiovascular risk factors,
have led to changes in the recommendations for the use of JAK inhibitors. Although
new safety signals have emerged for tofacitinib, namely malignancy and
cardiovascular disease, it should be noted that these signals are relative to those
seen with TNF blockers. The new data further raise our intrigue that venous
thromboembolism might be a true risk related to JAK inhibition. Reassuringly, the
totality of the findings from this newly published study and the other data collected
to date suggest that JAK inhibitors can be used safely at approved doses by many

patients with rheumatoid arthritis.

Tofacitinib was the first Janus kinase (JAK)
inhibitor to be approved for the treatment
of rheumatoid arthritis (RA) nearly 10 years
ago. This oral medication, which diminishes
the activity of JAK1, JAK2 and JAK3,

was proven in phase III trials to offer an
alternative of similar efficacy to injectable
biologic DMARDs (bDMARD:). Since that
time, other, more selective JAK inhibitor
compounds have been approved, each with
the idea that greater selectivity for one or
more kinases might offer improvements in
efficacy or safety (FIG. 1). So, where are we
today in understanding the relative safety

of these compounds? In the ‘old days’ we
compared the safety of TNF inhibitors with
non-biologic DMARDs. Over time, as more
bDMARD:s were approved, we began to
shift our frame of reference and compare
the safety of TNF inhibitors with other
bDMARDs, and now compare JAK inhibitors
and their relative safety with the bDMARDs.
With so many choices for patients starting
therapy, these relative comparisons are
important, and very recently, the large
post-marketing ORAL Surveillance
(ORALSURV) trial has reported its outcomes
in the peer-reviewed literature'. Although
ORALSURY studied only patients with RA
aged >50 years old with cardiovascular risk
factors who started treatment with either
tofacitinib or anti-TNF therapy (etanercept
or adalimumab, depending on the region),

the FDA extrapolated the study’s findings
beyond tofacitinib to all JAK inhibitors
currently in use for immune-mediated
inflammatory diseases, and restricted use

of this class of drugs to patients with RA
only after TNF inhibitor failure’. While the
practicing rheumatologist attempts to digest
this information, which will no doubt change
clinical practice recommendations, it is
useful to put the ORALSURV findings in the
context of the JAK inhibitor studies to date.

The ORALSURY study

In 2012, when tofacitinib received FDA
approval for use in RA, the agency mandated
the drug’s manufacturer, Pfizer, to conduct
an additional post-marketing clinical trial
owing to concerns regarding a potential
increased risk of cancer, cardiovascular
events and serious infections (SIEs) observed
in the developmental programme in patients
who received the higher, unapproved dose
of 10 mg twice daily. Dose-dependent safety
signals were noted in relation to a number of
adverse events of special interest, leading

to the conclusion that the benefit:risk ratio
of tofacitinib was optimal with 5mg twice
daily, leading to the approval of only

this dosage for use in RA’. ORALSURV

was this FDA-mandated post-marketing
phase IITb-IV study, which enrolled

4,362 patients with RA aged >50 years who
had at least one cardiovascular risk factor.

Patients on background methotrexate
therapy were randomly allocated to
receive treatment either with tofacitinib
at a dose of 5mg or 10 mg twice daily
or with a TNF inhibitor (etanercept or
adalimumab, depending on the region).
The trial’s primary end points were major
adverse cardiovascular events (MACEs)
and malignancy, and the trial was designed
as an event-driven, non-inferiority study
with regard to these two outcomes. The trial
could only be concluded when at least 1,500
patients had been followed for 3 years, and
103 MACEs (including cardiovascular death,
non-fatal myocardial infarction and non-fatal
stroke) and 138 malignancies (excluding
non-melanoma skin cancers) had occurred.
Non-inferiority of the tofacitinib regimens
to the TNF inhibitor control regimen was to
be concluded if the upper confidence limits
for the hazard ratios for malignancy (total
time analysis) or MACEs (on-treatment time
analysis) were less than 1.8 (REF).
Interestingly, in 2019, during the
ORALSURV trial, a statistically significant
elevation in the risk for pulmonary
embolism was noted with the 10-mg dose
of tofacitinib relative to TNF inhibitor
treatment, and all patients on this dose
were moved to the 5-mg dosage, although
their data continued to be analysed as part
of the 10-mg cohort'. This switch perhaps
complicates interpretation of dose effect,
and potentially brings the risk estimates
for the two doses closer together, given
the blending of these groups. Although
this study was conceived primarily with
cardiovascular and malignancy outcomes
in mind, the study focused on the usual
adverse events of interest for JAK inhibitor
therapies: SIEs, herpes zoster infection,
venous thromboembolism (VTE), MACEs,
malignancy and mortality. For each of these
adverse events, we lend context below,
and in the end, conclude that the data are
not dissimilar to those from the original
developmental programme, which suggested
additional safety concerns at the 10-mg
dosage and that resulted in the 5-mg twice
daily dosage as the approved dose for RA.

Infection

ORALSURV's findings are consistent with
clinical-trial and real-world studies of JAK
inhibitors to date, and highlight that JAK
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Fig. 1| Timeline of approved indications for Janus kinase inhibitors for rheumatic diseases. In 2012 tofacitinib became the first Janus kinase (JAK)
inhibitor to be indicated for arheumatic disease, when the FDA approved its use in the treatment of rheumatoid arthritis (RA); EMA approval came in 2017.
In addition to tofacitinib, other JAK inhibitors (baricitinib, upadacitinib and filgotinib) have also been approved for use in the treatment of RA, and the
indications for JAK inhibitors have expanded to include psoriatic arthritis (PsA), ankylosing spondylitis (AS) and ulcerative colitis (UC). MTX,

methotrexate.

inhibitors confer similar risk of infection

to TNF inhibitors, with the exception of
their propensity to reactivate latent viruses
(such as varicella zoster virus, herpes
simplex virus and cytomegalovirus).
Unsurprisingly, ORALSURYV reported rates
of varicella zoster virus reactivation (that

is, herpes zoster) several fold higher than
for tofacitinib. To date, all JAK inhibitors
approved in the USA seem to confer similar
herpes zoster risk based on experience
from phase II-1II trials’, although direct
comparator data between the different

JAK inhibitor compounds are lacking.
Filgotinib, a compound with selectivity for
JAK1 and approved for use in Europe, had
a lower herpes zoster incidence in more
recently conducted phase II-III trials,
although a dose-dependent elevation was
observed®. With regard to SIEs, importantly,
ORALSURV reported a similar risk for the
tofacitinib 5-mg dose and TNF inhibitors,
even in patients >65 years old. Although
incidence rates were slightly higher in those
>65 years old than in those 50-65 years old,
there was no effect modification due to age,
and the hazard ratios comparing tofacitinib
with TNF inhibitors were similar in older
and younger individuals. The ORALSURV
SIE data were reassuring, and consistent with
data from the RA development programmes
of currently approved JAK inhibitors and

bDMARDs, in which SIE rates are similar’
and generally in the range of 3-4 events
per 100 patient-years, with elevated rates as
expected in more elderly individuals.

Venous thromboembolism
ORALSURV’s finding of an increased risk
of VTE with the tofacitinib 10-mg dose
relative to TNF inhibition supports the
idea, first raised in RA clinical trials of
baricitinib’s 4-mg dose’, that VTE might

be a true JAK inhibitor-related adverse
event. Although a biological explanation is
currently lacking, it is tempting to speculate
that greater modulation of JAK2, which
would be observed with higher doses of
tofacitinib and baricitinib, could offer

an eventual explanation®. Reassuringly,
however, JAK inhibitors used in RA at their
currently approved doses do not yet seem to
carry excess risk. ORALSURV reported the
tofacitinib 5-mg dose and TNF inhibitors
to be associated with a similar risk of VTE,
and this is consistent with real-world data
(from the CORRONA registry) indicating
that patients starting treatment with
tofacitinib and those starting treatment
with TNF inhibitors had a similar risk’.
Furthermore, the incidence rates of VTE
observed in pivotal trials of tofacitinib and
upadacitinib were similar (and were even
lower in filgotinib trials), and the rates

within the active comparator groups of
those programmes (that is, methotrexate
and adalimumab) were similar or in some
cases even higher®'*'". Even for baricitinib,
for which the initial imbalance in VTE
risk between the 2-mg and 4-mg doses in
the first 12 weeks of phase III trials raised
eyebrows, similar long-term incidence
rates were reported for both doses, of

0.5 events per 100 patient-years, a rate in
line with RA population-based studies™".
Lastly, baricitinib 4 mg given for 2 weeks
did not increase the risk of VTE in the
treatment of COVID-19, a condition

with heightened VTE risk at baseline".

As the findings of ORALSURYV suggest
that there is a dose-dependent risk with
tofacitinib relative to TNF inhibitors, until
more basic and population-based research
has been conducted with each of these
compounds it seems at least prudent to
steer JAK inhibitors away from those with
a strong risk of VTE, particularly those
with a history of VTE who are not presently
anti-coagulated.

Major adverse cardiovascular events
Within ORALSURY, tofacitinib at both

the 5-mg and the 10-mg twice daily doses
failed to demonstrate non-inferiority for
MACE:s in comparison with TNF inhibitors,
as the 95% CI exceeded the pre-specified
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upper boundary of 1.8. The incidence

rate for the tofacitinib 5-mg dose was

0.91 per 100 patient-years and for the TNF
inhibitors it was 0.73 per 100 patient-years
(HR 1.24;95% CI 0.81-1.91). Interestingly,
the MACE incidence rate for TNF
inhibitors in ORALSURYV was markedly
lower than that seen for etanercept

(1.70 per 100 patient-years) in a similar
trial evaluating patients with RA and
cardiovascular risk factors'’. Real-world
data have established that TNF inhibitors are
protective with regard to MACEs compared
with non-biologic DMARDs, and some
studies suggest that tocilizumab (an IL-6
receptor inhibitor) or even abatacept

(a selective co-stimulation modulator) might
be more protective than TNF inhibitors'.
The 2022 STAR-RA population-based study,
evaluating commercial and Medicare data
on patients with RA initiating treatment
with tofacitinib or TNF inhibitors, found
no difference in the incidence rates of
myocardial infarction and stroke between
these treatment groups (HR 1.01; 95% CI
0.83-1.23)'°. Of interest, however, when

the analysis was restricted to patients with
similar cardiovascular risk factors to those
of patients enrolled in the ORALSURV
study, again, no statistical difference in
cardiovascular outcomes was found, but
the HR of 1.24 (95% CI 0.90-1.69) for
tofacitinib compared with TNF inhibitors
was the same as that reported in the
ORALSURYV for tofacitinib 5-mg twice
daily, noted above. As for JAK inhibitor
data from studies prior to ORALSURY, data
from the RA developmental programme
for all approved JAK inhibitors suggest
incidence rates similar to those observed
for the bDMARD comparators in those
phase III trials'®'>"".

Malignancy

The overall rate of malignancy for JAK
inhibitors in RA randomized clinical

trials and long-term extension studies has
been reported to be similar to that seen
with bDMARDSs, and lower than that
observed for tofacitinib in this study. In the
ORALSURYV study, the incidence rate for
malignancy was 1.13 (95% CI 0.87-1.14) for
patients treated with tofacitinib 5 mg twice
daily and 1.13 (95% CI 0.86-1.14) for those
treated with tofacitinib 10 mg twice daily,
compared with 0.77 (95% CI 0.55-1.04) for
the TNF inhibitor-treated patients (HR 1.48;
95% CI 1.04-2.09). This signal was driven
by differential rates of several cancers
(particularly lung cancer and lymphoma)
primarily seen in the North American strata
of the study (compared with the rest of the

world), and among older individuals and

in those with a history of tobacco smoking.
An increased risk of non-melanoma skin
cancer was also noted, which has been noted
previously with use of the tofacitinib 10-mg
dose in ulcerative colitis'’. Conversely,
numerically higher rates of melanoma

(per 100 patient-years) were observed for
patients using TNF inhibitors (0.09 (95% CI
0.03-0.21) versus 0.02 (95% CI 0.0-0.10) for
either tofacitinib dosage. The mechanism

by which JAK inhibitors could be associated
with some types of cancer is unknown,

but we would speculate that some JAK
inhibitors, depending on their selectivity and
effect on natural killer cells, could potentially
diminish the host’s immunosurveillance

for cancer, making an existing or de novo
cancer more likely to progress'. In general,
long-term data from large numbers of
individuals is required to evaluate these
long-latency events, and the real world RA
data evaluated to date suggest no difference
in cancer risk between patients treated with
tofacitinib 5mg or bDMARDs’. The extent
to which tofacitinib or other JAK inhibitors
might increase the risk of malignancy within
specific high-risk groups (for example,
elderly smokers) deserves further study.

Mortality

For all the approved JAK inhibitors,
mortality rates have generally been reported
to be similar to those associated with
bDMARD: including TNF inhibitors,

with standard incidence ratios in the
Surveillance, Epidemiology, and End
Results (SEER) database of around 1

with no statistical difference>*'*". In the
ORALSURY study, there was a statistically
significant increase in overall mortality for
the 10-mg dose (HR 2.37; 95% CI 1.34-4.18)
and non-statistically significant trend for

the 5-mg dose (HR 1.49; 95% CI 0.81-2.74)
compared with TNF inhibitor-treated
patients. These data were reflective of the
differential rates of MACEs and malignancy
observed in the trial.

How should we use JAK inhibitors?

In our minds, ORALSURY raises more
questions than it answers, but it does help

to inform treatment decision-making

for physicians and patients, particularly

if patients are at a high risk of certain
outcomes. The issues raised by this study are
reminiscent of the concerns raised about the
risk of tuberculosis and other opportunistic
infections with the use of TNF inhibitors,
which was recognized in post-marketing
surveillance, or of the association between
cyclooxygenase 2 (COX2) inhibitors

and increased cardiovascular risk, which
resulted in rofecoxib and valdecoxib being
withdrawn from the market***'. As with
ORALSURY, when signals of concern arose
with TNF inhibitors and COX2 inhibitors
there was substantial controversy and
conflicting opinions. Over time, research
confirmed these signals, and we look
forward to additional mechanistic and
clinical research to confirm or refute the
observations from ORALSURV. What we
do have to acknowledge is that we clearly
have a signal of concern in a high-risk
population and need to grapple with how
this signal should influence our treatment
decision-making. We must also acknowledge
that ORALSURY reflects only a comparison
of TNF inhibitors relative to JAK inhibitors
in a specific population of patients with RA,
and that both treatments might be protective
against many of the outcomes under study
if compared with no therapy, non-biologic
DMARDs, or even other bDMARD:s. It all
boils down to the population under study

Box 1| FDA and EMA responses to ORAL Surveillance

The results of the ORAL Surveillance study’ have led regulatory authorities such as the FDA and
EMA to recommend different changes to the utilization of Janus kinase inhibitors.

EMA?

¢ For patients 265 years old, those with a history of smoking and those with risk factors
for cardiovascular disease or malignancy, tofacitinib should be used only if no suitable

alternatives exist

FDA*

* Use of tofacitinib, baricitinib and upadacitinib is recommended for use only in patients who have
had an inadequate response to, or intolerance of, one or more TNF inhibitors

* Boxed warnings for tofacitinib, baricitinib and upadacitinib updated to include information
about the risks of serious heart-related events, cancer, blood clots and death

 Health-care professionals should consider the benefits and risks for an individual patient prior
to initiating or continuing treatment with tofacitinib, baricitinib or upadacitinib, particularly for
patients with a history of smoking, those with risk factors for cardiovascular disease and those

with a malignancy
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and the referent group, and the fact that RA
disease control is protective against all of the
outcomes under study.

What does the clinician do now?
Regulatory authorities such as the FDA and
EMA have arrived at different conclusions
with different modifications of JAK inhibitor
utilization (BOX 1). The EMA recommended
that for patients 265 years old with a history
of smoking or risk factors for cardiovascular
disease or malignancy, tofacitinib should be
used only if no suitable alternatives exist™;
the FDA extrapolated the ORALSURV data
beyond tofacitinib to include baricitinib
and upadacitinib, with use of these agents
recommended in such patients only in the
case of prior TNF inhibition failure’. We
believe that the ORALSURYV data highlight
the already described narrow safety window
of JAK inhibitors, which was noted in
the clinical trials, where the higher doses
of the JAK inhibitors were not approved
owing to increased toxicity. In general,
these medicines, like all medicines, should
be steered towards patients for whom
the benefit:risk ratio is maximal, and it
underscores the importance of screening
patients for various risk factors prior to
therapy selection. Fortunately, a number
of highly effective alternatives are available
for the treatment of rheumatic disease that
we can utilize for patients at an increased
risk of certain outcomes. For now, however,
it seems that JAK inhibitors can be used at
approved doses with safety similar to that
of TNF blockade in many patients with
RA, particularly in younger individuals and
in older individuals who lack certain risk
factors (for example, smoking).

Conclusions

Although the FDA's ‘better to be safe

than sorry” approach might ultimately
prove correct, there is certainly a need

for studies comparing JAK inhibitor
compounds, and comparing JAK inhibitors
with other DMARDs, as well as further
mechanistic studies to explain the safety
signals observed in comparison with TNF
inhibitors to date. How JAK inhibitor
compounds compare with one another, and
how they compare with other bDMARDs

beyond TNF inhibitors, in regard to

these outcomes is unknown. Although we
clinicians navigate now perhaps murkier
waters in the wake of this one study, we
remind ourselves that we must always
remember our frame of reference.
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