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ABSTRACT

Introduction: Baricitinib received European Medicines Agency (EMA) approval for the treatment of moderate-to-severe active
rheumatoid arthritis (RA) in 2017. Due to risks including serious infections, increased blood lipid parameters, and missing infor-
mation regarding safety in pregnancy, additional risk minimization measures (ARMM) including healthcare professional educa-
tional material and a patient alert card were implemented to inform on the risks and actions to minimize risk such as the need
to screen for tuberculosis and active viral hepatitis before starting baricitinib, monitoring of blood lipids and against use during
pregnancy. The aim of the study is to report occurrences of infections, lipid level monitoring and pregnancies, in real world data,
to gain insights into whether baricitinib is used in accordance with the aRMM.

Methods: A descriptive observational cohort study, utilizing routinely collected data from the Swedish, Norwegian, Finnish,
and Danish national registries, was carried out. RA patients initiating baricitinib treatment were identified in the periods 2017-
19 (Sweden and Finland), 2017-20 (Norway) and 2017-21 (Denmark). Monitored events included pregnancies, cases of tuber-
culosis, viral hepatitis, and hyperlipidemia, as well as changes in statin prescriptions (including any of initiation, escalation,
reduction or change of statin). Hyperlipidemia and statin use served as proxies for lipid level assessment.

Results: Among 3908 patients initiating baricitinib (3373 person-years exposure), eight pregnancies (1% of 815 women aged 18—
50years) potentially overlapped with treatment. During baricitinib treatment, there was a small number of prevalent cases of
tuberculosis (less than three events), and a low prevalence of hepatitis (0.2%), and hyperlipidemia (0.5%), whereas 9.3% had start
of or changes in statin prescription, indicating lipid level monitoring.

Prior Postings and Presentations: Results from the study are found in the report delivered to EMA in April 2023, and the study was presented orally at the International Conference on
Pharmacoepidemiology (ICPE) 2023.
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work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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Conclusion: The study's findings suggest that patients with RA are treated with baricitinib in accordance with the risk minimi-

zation recommendations, particularly concerning pregnancy and infection risks. However, the methods used for assessing lipid

levels warrant further refinement for more accurate monitoring.

1 | Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune inflamma-
tory disease characterized by progressive joint destruction, sys-
temic complications, and decreased life expectancy [1, 2]. It has
a profound negative impact on the quality of life, especially in
moderate-to-severe cases [3-5]. Baricitinib, a Janus kinase (JAK)
1/JAK2 inhibitor gained European Commission approval in 2017
for treating moderate-to-severe active RA. Registration and ex-
tension clinical trials have shown baricitinib to be effective and
generally well-tolerated [6]. However, there are important risks
associated with baricitinib treatment that, consistent with the
Guideline on Good Pharmacovigilance Practices (GVP) Module
XVI, require additional risk minimization measures (@QRMM) to
inform healthcare professionals and patients of the risks and ef-
forts to minimize them. These important risks included serious
infections and increased blood lipid parameters, and the miss-
ing information regarding safety in pregnancy. The aRMM were
implemented in the form of healthcare professional educational
material and a patient alert card to stress the need to screen for tu-
berculosis and active viral hepatitis before starting baricitinib, the
need to monitor blood lipids, and against use during pregnancy,
among other topics. Specifically, the text within the healthcare
educational materials stated, in part, that (1) “prescribers should
screen the patients for viral hepatitis before commencing baric-
itinib treatment. Active tuberculosis should also be ruled out”,
(2) “baricitinib use is associated with hyperlipidemia; prescribers
should monitor the patient's lipid parameters and manage the
hyperlipidemia, if detected”, and (3) “physicians should advise
women of child-bearing potential to use contraception during
treatment and for a week after its ending” [7]. In general, infor-
mation about the pattern of use of pharmaceutical products is
important to ensure that medical treatments are used safely and
effectively. Monitoring how a medical drug is used, especially in
relation to already established risk areas, can help to identify if the
drug is used as intended and whether further education is needed.
The aim of the present study is to report occurrences of pregnancy,
active tuberculosis, viral hepatitis, and lipid monitoring assessed
via proxy measures among patients with RA treated with baric-
itinib. This will provide insight into how baricitinib is used and
whether healthcare professionals adhere to the aBRMM guidelines.

2 | Methods

The present study is a descriptive observational cohort study
utilizing nationwide, routinely collected data from healthcare
registries in Sweden, Norway, Finland, and Denmark, all with
similar, tax-based healthcare systems.

2.1 | Population

The study population includes patients treated with barici-
tinib and diagnosed with RA (ICD-10 codes DM05 and DM06)

between 2017 and the latest available data for each country:
2019 for Sweden and Finland, 2020 for Norway, and 2021 for
Denmark. Patients were excluded if (1) age below 18 years when
initiating baricitinib treatment, (2) no RA diagnosis within
10years before treatment initiation to ensure that patients with
RA are identified, and (3) migration within 5years before treat-
ment initiation to ensure that patient's data is available in the
registries.

2.2 | Exposure

Exposure to disease-modifying antirheumatic drug treatments
(including baricitinib, ATC: LO4AA37) was identified through
the national prescription and hospital registries providing
dates of dispensation and administration. See Table S1 for an
overview of each country. In clinical practice, pharmacies and
hospitals rarely record the intended duration of a prescription
or treatment. Additionally, the national hospital registries may
lack complete data due to omissions by clinical staff. To ad-
dress this and accurately track ongoing treatment, the period
between instances when baricitinib prescriptions were filled
or administered at hospitals was examined and discussed
with clinical pharmacologists. Distributions of the duration
between treatments, within each country, were inspected. If a
new baricitinib prescription or administration occurred within
180days of the last, the treatment was considered continuous.
These individual treatment periods were then combined to
form a single, uninterrupted course of treatment while exclud-
ing any instances of stockpiling medications. Baricitinib inci-
dent users were defined based on the first recorded treatment
in 2017. The exposure period started at treatment initiation
and continued until discontinuation of baricitinib (more than
180days between the baricitinib treatments), initiation of a bi-
ologic disease-modifying antirheumatic drug or another JAK
inhibitor (see Table S1 for names and ATC codes), end of study
period, death, or migration.

2.3 | Outcomes

The aRMM specifies that baricitinib must not be used during
pregnancy. This study evaluates compliance by assessing the
overlap between pregnancy duration and baricitinib expo-
sure. Pregnancies were identified using national medical birth
registries and national patient registries, covering live births,
stillbirths (not available for Sweden), as well as abortions (see
ICD-10 codes in Table S2). For pregnancies ending in live birth
and stillbirth, the duration or the start of pregnancy (i.e., the date
of the last menstrual period (LMP)) was provided in the patient
registry or birth registry. For pregnancies ending in abortion,
LMP was not available from Sweden, Norway, or Finland. In
the data from Denmark, the maximum duration of pregnancies
ending in spontaneous and elective abortions was found to be
146 and 147 days, respectively. These pregnancy durations were
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Summary

Baricitinib was approved to treat moderate-to-severe
rheumatoid arthritis, but required additional risk min-
imization measures (ARMM) informing health care
professionals about the important risks of serious in-
fections and increased blood lipid parameters, and the
missing information regarding safety in pregnancy.
Recommendations to reduce these risks included the
need to screen for tuberculosis and active viral hepa-
titis before starting baricitinib, monitor blood lipids,
and advise against use during pregnancy.

The aim of the study is to report occurrences of infec-
tions, lipid level monitoring and pregnancies, in real
world data, to gain insights into whether baricitinib is
used in accordance with the aRMM.

The study was carried out as a commitment to the
European Medicine Agency (EMA) and utilized
registry data from Sweden, Norway, Finland, and
Denmark.

The findings of the study suggest that patients with
RA are treated with baricitinib in accordance with
risk minimization recommendations, particularly
concerning pregnancy and infection risks.

The methods used for assessing lipid level monitoring
warrant further refinement.

used across all countries to estimate the start of pregnancies
ending in spontaneous and elective abortions. Furthermore, for
Sweden, the date of the end of pregnancy was provided only as
a month and a year. The 15th of the given month was therefore
imputed for the day. No women were observed to have multiple
pregnancies during baricitinib exposure.

The aRMM specifies the need to screen patients to rule out ac-
tive tuberculosis and active viral hepatitis before starting barici-
tinib. This study evaluates compliance by identifying diagnoses
of tuberculosis (ICD-10: A15-A19) and viral hepatitis (ICD-10:
B15-B19) up to Syears prior to and during baricitinib exposure
using the national patient registries.

The aRMM specifies that prescribers assess blood lipid pa-
rameters approximately 12weeks after initiation of barici-
tinib. Due to the unavailability of laboratory data in present
study, proxy measures for lipid monitoring were used to eval-
uate compliance. One such proxy was hyperlipidemia diag-
noses identified in national patient registries (ICD-10: E780,
E781).The prevalence of hyperlipidemia diagnoses 5years and
lyear prior to baricitinib exposure was compared with the
prevalence of hyperlipidemia diagnoses during baricitinib ex-
posure. A second proxy for lipid level assessment was change
in statin prescriptions, including any of initiation, escalation,
reduction or change of statin. If patients had no statin pre-
scription in the period prior, and a statin prescription in the
period after initiation of baricitinib, they were categorized as
initiating statin treatment. If the dose of the statin prescrip-
tion increased or decreased from the period prior to the period
after initiation of baricitinib, the patients were categorized as
either escalating or reducing statin treatment. Among patients

with statin treatment, if the ATC code of the statin prescription
changed from the period prior to the period after initiation of
baricitinib, the patients were categorized as having a change
in statin treatment. Statin use was identified in the national
prescription registries (ATC codes: C10AA01, C10AA02,
C10AA03, C10AA04, CI0AA05, C10AA07, CI0AA08) up to
6 months prior to and between 2 and 8 months after initiation
of the baricitinib treatment. The statin prescription closest to
the start of baricitinib treatment was identified in both peri-
ods. It was assumed that the patients used one pill per day,
and to be able to compare doses across statins, a conversion
factor was used (see Table S3). It is important to note that the
absence of these diagnoses and change in statin prescriptions
does not confirm that screening was conducted, but rather as-
sesses the level of risk control achieved.

See Table S4 for an overview of registries, years covered, and
variables within each country.

2.4 | Statistical Analyses

This is a descriptive study, counting diagnoses and prescrip-
tions within periods before and after the initiation of baricitinib
treatment. Patients are counted once within each period if they
have an event. Results are given as proportion of patients with
an event. Numbers and percentages based on less than three
persons (i.e., 0, 1, or 2) are masked due to Danish health data
privacy regulations.

2.5 | Data Management and Ethical
Considerations

The protocol for this study was registered in the European
Union Electronic Register of Post-Authorisation Safety
Studies (EU PAS Register), study number EUPAS25151 and
at ENCEPP [8]. The study was approved by relevant par-
ties in Sweden (Swedish Ethical Review Authority: 2019-
01079; Socialstyrelsen 13179/2019), Norway (Regional
Committee for Medical Research Ethics South East Norway:
28554; Data Protection Services for research: DPIA 754092),
Finland (Finnish Social and Health Data Permit Authority
Findata: THL/2721/14.02.00/2020; Statistics Finland:
TK/779/07.03.00/2020), and Denmark (Data Protection
Agency: P-2019-669).

Data from Sweden, Norway, Finland, and Denmark were pooled
at the servers of Statistics Denmark. All data management and
analyzes were overseen by two researchers, and programming
was conducted by a primary analyst and validated with double
programming by a separate analyst.

3 | Results

A flowchart of the patients is presented in Figure 1. In total
3908 patients with incident baricitinib treatment were identified
across Nordic registries. Table 1 shows the number of baricitinib-
treated patients for each country, patient characteristics, and the
corresponding exposure time.

30f7



Patients with rheumatoid arthritis, treated with a Janus Kinase inhibitor:

Total: 6,372
Denmark: 1,151
Sweden: 2,384
Norway: 1,670
Finland: 1,167

l

Patients above 18 years of age and rheumatoid arthritis diagnosis before
treatment:

Total: 6,331
Denmark: 1,146
Sweden: 2,359
Norway: 1,669
Finland: 1,157

l

Baricitinib incident users with no migration 5 years prior to index:

*  Total: 3,908 persons (3,373 person-years)
*  Denmark: 428 (433 person-years)

*  Sweden: 1993 (1,675 person-years)

*  Norway: 913 (732 person-years)

*  Finland: 574 (533 person-years)

FIGURE 1 | Flow chart leading to identification of baricitinib
incident users.Years covered: Denmark: 2017-2021; Sweden: 2017-2019;
Norway: 2017-2020; Finland: 2017-2019; with a 5year look back period.

3.1 | Pregnancy and Baricitinib Exposure

Of the 3908 patients initiating baricitinib treatment, 815 were
women considered to be of childbearing age (18 to 50years old).
Among those, there were eight women (1%) with a pregnancy
that potentially overlapped with their baricitinib exposure.
Three of these pregnancies ended in live births and four in elec-
tive abortions. One pregnancy ended in either a spontaneous
abortion or a stillbirth; the specific outcome is masked due to
the low number of cases.

3.2 | Tuberculosis and Viral Hepatitis

Among the 3908 patients with incident baricitinib treatment,
six (0.2%) patients were identified with a tuberculosis diagnosis
during the 5year period prior to baricitinib treatment, whereas
less than three patients with tuberculosis were identified during
the baricitinib treatment. For viral hepatitis, 20 patients (0.5%)
had a prior diagnosis, whereas eight (0.2%) were diagnosed
during the treatment.

3.3 | Lipid Level Assessment

Among the 3908 patients with incident baricitinib treatment,
77 (2.0%) and 22 (0.6%) were diagnosed with hyperlipidemia
during the 5year and 1year period prior to baricitinib treatment,
respectively. Eighteen patients (0.5%) were identified with a hy-
perlipidemia diagnosis during the baricitinib treatment.

TABLE 1 | Baseline characteristics of rheumatic arthritis with
incident treatment of baricitinib.

Characteristics
Persons, n 3908
Person time, years 3373

Age in years, median (Q1; Q3) 60.5 (50.5; 70.1)

Age group in years, n (%)

18-35 260 (6.7%)

36-50 681 (17.4%)
51-65 1460 (37.4%)
66-74 995 (25.5%)
>175 512 (13.1%)

Sex, n (%)

Male 764 (19.5%)
Female 3144 (80.5%)

Calendar year of treatment start, n (%)

2017 376 (9.6%)
2018 1368 (35.0%)
2019 1569 (40.1%)
2020 436 (11.2%)
2021 159 (4.1%)
Years since RA diagnosis, n (%)
<1 245 (6.3%)
1-4 823 (21.1%)
5-9 1147 (29.4%)
>10 1693 (43.3%)

Country, n (%)

Sweden 1993 (51.0%)
Norway 913 (23.4%)
Finland 574 (14.7%)
Denmark 428 (11.0%)

In total, 363 patients (9.3%) were identified with a change in
their statin prescription after initiating baricitinib. Table 2 out-
lines the distribution of these prescription changes either as ini-
tiation, escalation, reduction or change in statin.

4 | Discussion

The present study reports on events of pregnancy, infection, and
lipid level assessment among patients with RA and the barici-
tinib treatment, as these are the key focuses of additional risk
minimization activities related to the marketing authorization
of baricitinib. In total, 3908 patients with RA initiating barici-
tinib were identified in four Nordic countries. Eight pregnancies
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TABLE 2 | Change in statin prescription among 3908 baricitinib
patients.

Change in statin prescription n (%)
Any change,? total 363 (9.3%)
Initiation of statin 177 (4.5%)

Escalation of statin® Between 9 and 11

Reduction of statin® 175 (4.5%)

Change in statin ATC code® <3

2“Change in statin prescription” is initiation, escalation or reduction in statin
dose, or change in statin prescription.

b“Escalation” and “change in ATC code” is combined so that it is not possible to
deduce the numbers from summing the total.

“Reduction of statin are both patients who reduce dose, but still have a statin
prescription after baricitinib initiation, and patients with no statin prescription
after baricitinib treatment initiation.

(1% of the 815 women aged 18-50years) had a potential overlap
with the baricitinib treatment. Less than three patients had a tu-
berculosis diagnosis during baricitinib treatment. Eight patients
(0.2%) had viral hepatitis infections diagnosis during baricitinib
treatment. Twenty-two patients (0.6%) had a hyperlipidemia di-
agnosis during baricitinib treatment, and 363 patients (9.3%) had
a change in statin prescription, suggesting the occurrence of a
lipid level assessment.

A key strength of the study is the nationwide data utilizing
several data sources, where patients can be followed for sev-
eral years without data breaks. Furthermore, it was possible
to collect data from four countries. The main limitation of the
present study is in the use of hyperlipidemia diagnoses and
changes in statin prescription as proxies of lipid level assess-
ment. Hyperlipidemia diagnoses tend to be underreported and
the use of statin prescriptions does not allow for a distinction
between (1) patients who underwent lipid level assessment but
did not require a change in statin therapy (either because they
did not start statin treatment, maintained the same dosage
or used other hyperlipidemic treatments) and (2) those who
never had their lipid levels assessed at all. Thus, a more ac-
curate interpretation would be that the 9.3% of patients with
any change in their statin prescription represent those who
had their lipid levels assessed and required, and subsequently
received, changes to their statin prescriptions. Therefore, the
current evaluation most certainly underestimates the true
proportion of patients who had their lipid level assessed.
According to the European Public Assessment Report (EPAR)
from EMA, based on data from randomized controlled trials,
increased blood cholesterol is among the most common side
effects of baricitinib treatment and “may affect more than 1 in
10 people” [9]. The use of hyperlipidemia diagnoses and sta-
tin prescription as proxies for lipid level assessment was pre-
defined in the protocol and SAP. The present study has been
planned for several years [8] and when the protocol was writ-
ten, the use of hyperlipidemia diagnoses and statin prescrip-
tions were deemed a potentially useful option to identify lipid
level assessment. Recently, several laboratory databases have
been established. Future studies could consider the feasibility
of incorporating laboratory databases in countries, where this
is an option.

The identification of pregnancies and infections is reliable
when they result in an inpatient or outpatient visit since preg-
nancies should be registered in the medical birth registries
by law, and the health care professionals are incentivized to
accurately register diagnoses for reimbursement purposes.
However, conditions managed solely by general practitioners
are not captured, potentially leading to an underestimation
of the true prevalence of pregnancy and infections among the
baricitinib-treated patients. Despite this, the overall identifi-
cation of pregnancies and serious infections is considered re-
liable as they typically lead to inpatient or outpatient contacts
and due to the consistent documentation of inpatient and out-
patient contacts [10].

There are also four design elements of the present study that
may have led to an overestimation of pregnancies, infections,
and hyperlipidemia. However, this is preferred over a poten-
tial underestimation since these outcomes are adverse and it is
better to identify them than not; therefore, this potential over-
estimation does not weaken the study findings. (1) To estimate
the duration of baricitinib treatment, 180days were used as
the maximum allowed duration between registered barici-
tinib administrations/dispensations. Given the short half-life
of baricitinib, this might have overestimated the treatment pe-
riod if a patient stopped taking the medication, resulting in a
longer period to identify outcome events. (2) In Sweden and
Finland, prescription registries were used to identify treat-
ments; however, these registries do not include intravenous
treatments like infliximab. As a result, some patients may ap-
pear to have received continuous baricitinib treatment when
in fact they may have switched to an intravenous treatment,
resulting in a longer period to identify outcome events. (3)
Estimates were used to determine the duration of pregnancies
ending in abortions, likely leading to a longer pregnancy dura-
tion, and therefore increasing the chance that it might overlap
with baricitinib treatment. (4) Tuberculosis and viral hepatitis
were identified based on diagnoses alone, reflecting a change
from the original plan in the protocol. If, instead, these infec-
tions had been defined based on the original combination of
diagnosis plus relevant prescription, there would have been
fewer events identified.

4.1 | Generalizability

The data from Denmark, Sweden, Norway, and Finland are
based on nationwide population-based registries and, as such
are generalisable to other populations of patients meeting in-
clusion criteria for this study. The Nordic health care system
overall is free of charge to patients, therefore the identification
of outcome events in this data is less prone to underestima-
tion as compared to data from insurance-based health care
systems.

4.2 | Interpretation

Although it is not possible to directly link the aRMM to barici-
tinib use in clinical practice within this study, utilizing registry
data provides valuable insights into clinical practice. The find-
ings of few pregnancies and infections suggest that healthcare
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professionals are treating RA patients with baricitinib in accor-
dance with the aRMM guidelines. The use of hyperlipidemia di-
agnoses and changes in statin prescriptions as proxies for lipid
level assessment was not ideal and likely underestimates the ac-
tual proportion of patients receiving lipid monitoring. A report
with the results from the present study was submitted to EMA,
where it was assessed in June 2023 with the comment: “Based
on the current evaluation, no changes are warranted to the addi-
tional risk minimization activities or the SmPC” [11].

5 | Conclusions

The present study utilizes registry data from four Nordic coun-
tries to gain insight into clinical practice and provides valuable
information about events associated with the baricitinib treat-
ment, as outlined in the aRMM. A low prevalence of tuber-
culosis and viral infections and pregnancies among incident
baricitinib users was observed, suggesting that prescribers are
largely adhering to safety guidelines. Alterations in statin pre-
scriptions indicated that at least 9.3% of patients had their lipid
level monitored. In conclusion, the study's findings suggest that
patients with RA are treated with baricitinib in accordance with
additional risk minimization recommendations, particularly
concerning pregnancy and infection risks. However, the meth-
ods used for assessing lipid levels warrant further refinement for
more accurate monitoring.

5.1 | The Plain Language Summary

Baricitinib was approved for the treatment of moderate-to-severe
active rheumatoid arthritis (RA) in Europe in 2017. All drugs
can cause adverse events. For baricitinib, there was a concern
regarding serious infections, increased blood lipid parameters,
and safety in pregnancy. Therefore, additional risk minimiza-
tion measures (@RMM) including healthcare professional ed-
ucational material and a patient alert card were implemented.
Although we cannot directly link the aRMM to the clinical use
of baricitinib in the present study, we can use registry data to
gain valuable insights into clinical practices. This study aims to
report on occurrences of pregnancy, active tuberculosis, viral
hepatitis, and lipid monitoring using proxy measures, among
patients with RA who are treated with baricitinib. RA patients
initiating the baricitinib treatment were identified in health care
registers in the periods 2017-19 (in Sweden and Finland), 2017-
20 (in Norway), and 2017-21 (in Denmark). Monitored events
included pregnancies, cases of tuberculosis, viral hepatitis, and
hyperlipidemia, as well as changes in statin prescriptions (in-
cluding any of initiation, escalation, reduction or change of sta-
tin). Hyperlipidemia and statin use served as proxies for lipid
level assessment. Among 3908 patients initiating baricitinib,
eight pregnancies (1% of 815 women aged 18-50years) poten-
tially overlapped with treatment. During baricitinib treatment,
there was limited prevalence of tuberculosis (count not provided
because of less than three events), hepatitis (0.2%), and hyperlip-
idemia (0.5%), whereas 9.3% had start of or changes in statin pre-
scription, indicating lipid level monitoring. The study's findings
suggest that patients with RA are treated with baricitinib in ac-
cordance with risk minimization recommendations, especially
regarding pregnancy and infection risks.
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