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Abstract

This review provides guidance in the decision-making process regarding when to choose a janus kinase 
[JAK] inhibitor as medical treatment strategy. The focus will be on ulcerative colitis, because the only 
yet available JAK inhibitor, tofacitinib, has approval for use in ulcerative colitis. The guidance path will 
include consideration of disease activity, previous treatment, comorbidities, family planning, patient 
preferences, pharmacology as well as concurrent chronic inflammatory diseases or extraintestinal 
manifestations. The suggested guidance path illustrates our daily difficulties in the decision-making 
process regarding best choice for the individual patient. However if predictive biomarkers are lacking, 
the named criteria can be applied to any other strategy and hence provide support in daily practice.

Key Words:  Janus Kinases; inflammatory bowel disease; ulcerative colitis; Crohn’s disease; novel treatment

1. Introduction

The previous articles included in this issue of the journal have ad-
dressed the molecular structure and function, pharmacology, effi-
cacy of janus kinase [JAK] inhibitors in ulcerative colitis [UC] and 
Crohn’s disease [CD], as well as safety in inflammatory bowel disease 
[IBD]. This review aims to position JAK inhibitors in current treat-
ment algorithms, while considering the different aspects raised in the 
previous articles. To include JAK inhibitors in our current treatment 
paradigms, we toned to question the factors driving decision-making 
when we include a new strategy in our current treatment paradigm? 
Factors contributing to this decision include severity of disease and 
the time needed for a response, comorbidities, family planning, 
pharmacological considerations as well as extraintestinal mani-
festations and patient preferences. These factors are addressed in 
detail below, ultimately resulting in guidance for decision-making 
[Figures 1 and 2].

1.1. Clinical need
Over the past two decades our therapeutic options in IBD have been 
continuously increasing. This novel era started with the introduction 

of the class of anti-tumour necrosis factor [anti-TNF] antibodies, 
and was followed over a decade later by the first integrin-antagonist 
vedolizumab and only in the last years by the class of anti-p40 
(interleukin-12 [IL-12]/IL-23] antibody.1–6 The latest addition has 
been the class of JAK inhibitors, namely tofacitinib as the only cur-
rently approved drug.7 Although the number of diverse strategies 
has been increasing, there is still a substantial proportion of patients 
who remain insufficiently treated. Over the years, it has been found 
that patients respond best to the first strategy introduced. Thus, it 
would be desirable to establish markers that allow for prediction 
for the best choice of strategy for the individual patient. Until now, 
we have only limited data that point to the direction that this might 
prospectively be possible. One example is the study by Atreya et al. 
where an increased expression of TNF in the intestinal mucosa 
could be associated with an increased likelihood for response to 
adalimumab treatment in CD patients.8 The other example stems 
from a phase 2 trial with etrolizumab, in which an increased intes-
tinal expression of αE correlated with a clinical response.9 However, 
until a predictive analysis before the initiation of therapy is pos-
sible, selection of the therapeutic strategy depends on other fac-
tors. Can we specify these factors? The primary goal of treatment 
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is predominantly to improve intestinal inflammation, and therefore 
we need to to ask: what is the disease severity, and how quickly do 
we need a response to therapy, or in other words, how much is the 
daily life of the individual patient affected? The second consider-
ation is the individual patient: are there relevant comorbidities [e.g. 
diabetes mellitus, thrombotic events in the past], do we have elderly 
patients or is the patient young and planning a pregnancy? A final 
consideration should be coexisting extraintestinal manifestations 
or concurrent chronic inflammatory diseases that equally affect the 
patient’s quality of life and should ideally be treated with the same 
strategy.

These three points will be discussed below with regard to JAK in-
hibitors with a particular focus on tofacitinib. These considerations 
will then result in the inclusion of JAK inhibitors in the treatment 
paradigm [summarized in Figures 1 and Figure 2].

1.2. Disease activity and time to response
Clinical studies with regard to JAK inhibitors have been discussed 
in detail for UC by Marc Ferrante and for CD by Gerhard Rogler 
in this issue of the Journal of Crohn’s & Colitis. If we limit the dis-
cussion here to tofacitinib, the only as yet approved JAK inhibitor, 
the results of three phase 3, randomized, double-blind, placebo-
controlled trials provide relevant data.7 The studies included pa-
tients with moderately to severely active UC. Thus, non-hospitalized 
patients with moderately to severely active UC are eligible for JAK 
inhibitor treatment. Remarkably, in both induction trials [OCTAVE 
1 and 2] the treatment effect was independent of previous anti-TNF 
treatment.7 As alluded to above, in other treatment strategies pre-
vious exposure to anti-TNF therapy resulted in a decreased response 
rate.1,2,4,5 Hence, failure to an anti-TNF strategy might qualify for 
JAK inhibitor treatment.

• Exclude infectious complications

Steroid-free remission
complete tapering,
continue with
mesalazine

Steroid dependent
unsuccessful tapering
of steroids
• + Azathioprin
  2–3 mg/kg
• TNF-antibodies
• Vedolizumab
• Tofacitinib*
• Ustekinumab

Refractory to steroids
No response to
steroids
• TNF-Antibodies ± IS
• Vedolizumab
• Tofacitinib*
• Ustekinumab

Steroids
• Mild-moderate → MMX-budesonide
• Systemic steroids 1 mg/kg body weight

Treatment algorithm for ulcerative colitis

Mesalazine
• Consider sufficient dosing, combined systemic and local therapy

Figure 1. General treatment algorithm in ulcerative colitis. In the case of frequent steroid use [>1/year], steroid-dependent or steroid refractory disease, an 
additional, long-term strategy is required. The picture illustrates the choices for moderate to severe ulcerative colitis, and thus excludes severe disease where 
the only studies available are for infliximab as well as ciclosporin.50,51 *See Figure 2 and the considerations when choosing tofacitinib as an exemplary JAK 
inhibitor. IS, immunosuppressant.

Moderate to severe ulcerative colitis: choosing tofacitinib – factors to
consider

Advantages

• Extraintestinal manifestations/
   concurrent chronic inflammatory
   diseases (peripheral and axial
   SpA, psoriasis, no data for
   uveitis)
• Oral drug
• Short half-life
• No immunogenicity
• Clinical response independent of
   previous anti-TNF exposure

• Increased risk for
   thromboembolism
• Increased risk for infections
   (comorbidities, elderly)
• Reproductive age and planned
   pregnancy

Disadvantages

Figure 2. Guidance for the decision-making process for tofacitinib. The scheme summarizes advantages and disadvantages as well as points to consider when 
choosing tofacitinib as an exemplary JAK inhibitor. SpA, spondyloarthropathy.
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As referred to above, the article by Rogler addresses the role of 
JAK inhibitors in CD. With regard to tofacitinib, the results of two 
phase 2b studies did not reveal clinical efficacy.10 Remarkably, the 
more specific JAK1 inhibitor filgotinib induced clinical remission in 
patients with active CD.11 Thus, the class of JAK inhibitors might 
prospectively provide an option in CD.

The next consideration is: when can I expect to observe the clin-
ical response? To answer this question, post-hoc analyses of data from 
two phase 3 induction trials [OCTAVE 1 and 2] were performed.12 
The analyses included patients on tofacitinib 10 mg bid [n = 905] 
or placebo [n = 234] for 8 weeks. As clinical parameters to evaluate 
response, Mayo stool frequency and rectal bleeding subscores were 
calculated by applying diary data from the first 15 days of therapy. 
Significant improvements were detected after 3 days, as indicated by 
a reduction of the stool frequency subscore [28.8% vs 17.9%] and 
the rectal bleeding subscore [32% vs 20.1%]. The authors conclude 
that tofacitinib at a dose of 10 mg bid shows a rapid onset in patients 
with moderate to severe UC.12 As a consequence, in patients with 
moderately to severely active UC, upon treatment with tofacitinib, 
the clinical response can be judged fairly quickly.

Is this limited to a clinical response or do the patients actually 
feel better as objectively assessed by quality of life measures? Within 
the OCTAVE induction 1 and 2 studies, quality of life was evalu-
ated by applying different measures including the Inflammatory 
Bowel Disease Questionnaire [IBDQ] and the SF-36v2 Health 
Survey [SF-36v2].13 Changes in IBDQ [40.7 and 44.6 vs 21.0 and 
25.0] and SF-36v2 with Physical and Mental Component Summaries 
[PCS/MCS] [PCS: 6.8 and 6.8; MCS: 6.8 and 7.6 vs placebo PCS: 
2.5 and 4.6; MCS: 3.5 and 4.4] were significantly greater in pa-
tients on tofacitinib 10  mg bid. These changes were maintained 
in the OCTAVE Sustain trial at week 52 as expressed by the in-
creased IBDQ [tofacitinib 5 mg: +3.7; tofacitinib 10 mg: +4.8; pla-
cebo: −26.5] and the maintained changes in SF-36v2 in either the 
tofacitinib 5 mg group [PCS: 0.0; MCS: −1.0] or the 10 mg group 
[PCS: 0.3; MCS: 0.1] vs placebo [PCS: −5.2; MCS: −6.7]. The au-
thors conclude that tofacitinib improves the health-related quality of 
life throughout week 52.13

2. Comorbidities

This leads us to the second consideration, namely comorbidities. 
Which comorbidities influence our choice of strategy? The first con-
cerns infectious complications and although the data are still limited 
and thus an effect on rare infections cannot be excluded, there is 
a signal for herpes zoster infections that will be outlined below. In 
addition, the effect on lipid metabolism is well described. Most im-
portant are the more recent signals on an increased risk of embol-
isms. All these points are discussed below.

The risk for developing herpes zoster infection was calculated 
based on the tofacitinib phase 2/3 and open-label, long-term exten-
sion trials in UC. A  total of 1157 patients who were treated with 
tofacitinib within the named clinical trials were included in the ana-
lysis.14 Of these, 65 [5.6%] patients developed herpes zoster infection 
that manifested in 11 patients with multidermatomal involvement 
and one case of encephalitis. In five patients this led to treatment 
discontinuation. The hazard incidence ratio in the cohort was 4.07 
[3.14–5.19]. Risk factors, as determined by highest incidence ratios, 
were age ≥65  years [9.55; 4.77–17.08], Asian race [6.49; 3.55–
10.89], prior failure to TNF antibodies [5.38; 3.86–7.29] as well as 
patients on tofacitinib 10 mg bid [4.25; 3.18–5.56]. Hence, in the 
multivariate analysis older age and prior failure to TNF antibodies, 

Asian race, diabetes and concurrent steroids were identified as inde-
pendent risk factors.14 A measure to illustrate the individual risk is 
the number needed to harm [NNH]. Over all studies [IBD, rheuma-
toid arthritis] tofacitinib at a dose of 10 mg bid revealed the highest 
risk for developing herpes zoster infection with an NNH of 22 pa-
tients, while for the 5 and 10 mg group together the risk was 36 pa-
tients.15 Consequently, the risk for developing herpes zoster infection 
is highest with tofacitinib as compared to other IBD therapies.16,17

Although patients with IBD overall have lower lipid concentra-
tions in parallel with a lower body mass index [BMI], and lower 
prevalence of diabetes and hypertension,18–20 they have a slightly 
increased risk of cardiovascular morbidity.21 This increased risk of 
cardiovascular morbidity is equally true for other chronic inflam-
matory diseases, including in particular psoriasis and rheumatoid 
arthritis, underlining chronic inflammation as a cardiovascular risk 
factor.22,23 Thus, it is crucial to evaluate any new drug in the field of 
IBD for its potential effects on additional cardiovascular risk factors. 
A recent study included patients who received tofacitinib within the 
global study programme and evaluated inflammation, lipid concen-
trations and incidence rates of major adverse cardiovascular events 
[MACEs].24 The study comprised 1157 patients from 8-week induc-
tion studies, a maintenance study as well as an ongoing long-term 
extension study. Lipid concentrations were increased in patients on 
tofacitinib treatment in comparison with the placebo group through 
week 61. However, neither the ratio of low-/high-density lipopro-
tein cholesterol [LDL-c/HDL-c] nor of total cholesterol to HDL-c 
changed significantly. Four MACEs were documented, and three 
patients had four or more cardiovascular risk factors. The authors 
conclude that the observed changes in lipid ratio were not clinically 
relevant, although they did justify the label-indicated monitoring of 
blood lipids.24

The recently raised warning on the development of embolisms is 
discussed in detail by Colombel et al. Data on the incidence of deep 
vein thrombosis [DVT] and pulmonary embolism [PE] occurring 
within the tofacitinib UC programme were recently summarized.25 
The analysis included data from a phase 2 study and two phase 3 
induction studies as well as a phase 3 maintenance study in addition 
to the ongoing, open-label, long-term extension [OLE] study. The 
analysis included 1157 patients [2404 patient-years’ exposure]. This 
post-hoc analysis revealed one DVT and four PE cases, all patients 
were on 10 mg tofacitinib bid, all events occurred in the OLE study 
and all patients had venous thromboembolism risk factors.25 From 
this analysis the authors conclude that due to the small sample size 
and limited drug exposure, additional studies are required. Following 
the publication of these data, the Food and Drug Administration 
[FDA] released the last safety announcement in July 2019 stating 
that there is an ‘increased risk of blood clots and of death with the 
10 mg twice daily dose of tofacitinib’. In addition, ‘the approved use 
of tofacitinib for ulcerative colitis will be limited to certain patients 
who are not treated effectively or who experience severe side effects 
with certain other medicines’.26 The recommendations released by 
the European Medicines Agency [EMA] in November 2019 differ 
slightly: tofacitinib ‘should be used with caution in all patients at 
high risk of blood clots. … the maintenance dose of 10 mg twice 
daily should not be used in patients with ulcerative colitis who are at 
high risk of blood clots unless there is no suitable alternative treat-
ment’.27 Together with the FDA and EMA warning and the data de-
rived from the rheumatoid arthritis studies, we can conclude that 
predisposing risk factors for venous thromboembolism at this point 
represent an exclusion criterium for the use of tofacitinib. This raises 
the interesting question of how we manage patients with an acute 
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UC flare, which by itself has been shown to be a risk factor for DVT 
and PE.28 However, recent analysis of the tofacitinib programme re-
vealed exclusively events within the OLE study and not in the in-
duction phase. Nevertheless, more data are warranted to provide an 
evidence-based recommendation.

2.1. Family planning
The data available with regard to pregnancy are very limited at this 
point. Of 1157 patients included in UC interventional studies, 11 
mothers and 14 fathers were exposed to tofacitinib either before or 
at the time of conception as well as during pregnancy. These preg-
nancies resulted in 15 healthy newborns, no fetal deaths, no neo-
natal death and no congenital malformations. Two spontaneous 
abortions and two medical terminations occurred.29 The data from 
tofacitinib studies in the rheumatoid arthritis and psoriasis trials 
also did not reveal a signal.30 However, this is a very limited number 
of pregnancies and the available mechanistic data support a more 
cautious approach. Tofacitinib, although not formally examined, is 
assumed to cross the placenta.29 Of note, in animal reproduction 
studies, tofacitinib was teratogenic and feticidal in rats at 146 times 
the 5 mg bid and 74 times the 10 mg bid human dose, respectively. 
In addition, this was equally true for rabbits at 13 times the 5 mg bid 
and 6.3 times the human 10 mg bid dose. Malformations included 
anasarca, membranous ventricular septal defects and skeletal abnor-
malities.31 Thus, until more data are available, one should follow the 
recommendations and use effective contraception during treatment 
and for 6 weeks after the last dose.31 Similarly, data for tofacitinib 
in lactation are lacking. Due to the small size, it can be assumed that 
tofacitinib is secreted in breast milk. Animal studies have revealed 
detectable tofacitinib levels in the milk of lactating rats.31 Due to 
this limited amount of data and complete lack of data in humans, a 
recommendation cannot be provided at this point.

2.2. Extraintestinal manifestations—coexisting non-
intestinal chronic inflammatory diseases
The third consideration is extraintestinal manifestations or other 
coexisting chronic inflammatory diseases. There is a significant pro-
portion of patients in whom not only intestinal inflammation is 
relevant for the decision-making but extraintestinal manifestations 
need to be considered. If we look objectively at the extraintestinal 
manifestations, where are JAK inhibitors effective? Regarding 
spondyloarthropathy with axial involvement, the phase 2 trial re-
ported by Van der Heijde et al. indicates that tofacitinib 5 and 10 mg 
bid was more efficacious than placebo with regard to signs, symp-
toms and objective end points in ankylosing spondylitis patients.32 
For axial involvement, the T helper 17 [Th17] cell pathway has 
been shown to be of importance.33 Th17 differentiation depends 
strongly on IL-23, which mediates its signal through the IL-23 re-
ceptor involving downstream JAK2 and Tyk2 as signal transducers. 
However, Jak2 is central for haematopoiesis and thus a specific 
inhibition of JAK2 in inflammatory disease is limiting whereas it 
might be desirable in haematological disorders.34 In parallel, the ef-
ficacy of tofacitinib has been shown for peripheral arthritis.35 Thus, 
for either axial or peripheral spondyloarthropathy, inhibition of 
JAKs (as exemplified here for tofacitinib) is an option. This is of 
particular interest, because anti-p40 antibodies are not effective for 
axial spondyloarthropathy.36 Tofacitinib is a pan-JAK inhibitor, and 
consequently the more specific JAK1 inhibitors such as filgotinib or 
upadacitinib will have to be evaluated for this indication. Moving 
from the joints to the skin there are two randomized phase 3 trials 

available indicating efficacy in psoriasis.37,38 Last, for uveitis the 
data are restricted to case reports that suggest that JAK inhibitors 
(in both publications tofacitinib was used) might present a thera-
peutic option, although controlled trials are lacking.39,40 In summary, 
tofacitinib as a pan-JAK inhibitor presents with a beneficial profile 
with regard to extraintestinal manifestations. However, these find-
ings cannot be generalized to other JAK inhibitors due to different 
specificities.

2.3. Patient preferences
One would assume that patients prefer an oral drug over intra-
venous or subcutaneous administration. However, the data available 
are limited and the topic might include more aspects than initially 
considered. Previous data provide strong evidence that patients are 
willing to accept risks related to therapy escalation to avoid a future 
disease relapse.41 Remarkably, a previous questionnaire revealed that 
when asked for their preference of anti-TNF administration, patients 
showed a trend towards intravenous rather than subcutaneous treat-
ment.42 The yet unexplored question is whether patients would prefer 
an oral drug or a subcutaneous/intravenous injection over a longer 
distance, thus allowing them to forget about the disease in the mean-
time. An additional consideration is adherence to therapy. In a recent 
single-centre study from the USA, a retrospective analysis revealed 
that 69% of patients were adherent to the self-injectable biologic.43 
In a study evaluating adherence to an oral drug [5-ASA] in quiescent/
mildly active UC, patients identified that baseline non-adherence was 
52.4%. Even an educational effort was unable to increase the rate 
of adherence. Identified risk factors for non-adherence were young 
age, short disease duration and low education levels.44 Thus, caution 
is needed in stating which administration strategy might result in the 
highest adherence. Clearly, this field requires more data, including 
with regard to the novel highly efficient oral drugs.

2.3. Pharmacological considerations
The elegance of an oral small molecule drug is that it can be started 
and stopped as necessary without the danger of development drug-
neutralizing antibodies. We have probably unconsciously acted in 
this way for decades in introducing and stopping classical immuno-
suppressants such as methotrexate, thiopurines and calcineurin in-
hibitors. However, methotrexate and in particular thiopurine are 
characterized by their long half-life, and cannot be used for fast-
needed decisions and effects.45,46 Biologicals limit the possibility of 
intermittent treatment because this has been associated with an in-
creased risk of developing anti-drug-antibodies [ADAs]. A  recent 
analysis reviewed the incidence of ADA development in published 
adalimumab and infliximab trials. Irrespective of the assays applied, 
the incidence ADAs ranged widely among assays as well as inflam-
matory diseases [adalimumab 0–87% and infliximab 0–79%].47 In 
clinical practice the problem evolves during treatment and presents 
as a secondary loss of response. Although the incidence of ADAs in 
the newer biologicals vedolizumab and ustekinumab appears to be 
lower, they are still present.48,49 The introduction of a new class with 
small molecules and a very short half-life, in the absence of risk in 
developing ADAs, is highly intriguing. This will lead to novel con-
cepts in treatment strategies.

3. Concluding Considerations

The elegance of an oral small molecule drug is that it can be started 
and stopped as necessary. Ultimately, this might prospectively even 
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allow treatment strategies in which the JAK inhibitor is only in-
cluded in daily treatment when needed. Prospective studies will need 
to demonstrate the feasibility of such theoretical considerations. 
Nevertheless, the option of starting and stopping a drug without im-
munogenicity concerns is appealing.

The detailed considerations discussed in this article indicate that 
there is a place for JAK inhibitors in the treatment of IBD, which is 
of particular interesting given the short time until a response can be 
judged as well as the effect of the majority of extraintestinal mani-
festations. Future studies will need to provide evidence of whether 
more specific JAK inhibitors reduce the named disadvantages and 
hence increase the potential of this class even further.
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