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ABSTRACT

Background: The second wave of COVID-19 pandemic was not only associated with a rapid and severe surge in the number of cases but also
limited availability of recommended medicines. Baricitinib has been known to reduce recovery time in COVID-19 pneumonia in association
with remdesivir. Tofacitinib, with limited evidence, was used in severe COVID-19 pneumonia based on its similarity of action with baricitinib.

Methods: Data of all patients admitted to the COVID-19 intensive care unit in the month of April were accessed and analyzed. Data of patients
who were on other immunomodulators, invasive ventilation, or suffering from end-stage organ diseases were excluded from the analysis.

Results: Out of 73 patients, data of 50 were analyzed. Twenty-five received tofacitinib and the other 25 were managed with standard of care.
Age, comorbidities, and gender distribution between the two groups were similar. On day 7 of admission, the change in SpO,/FiO, ratio was
1.26 + 1 and 0.72 + 1 in the tofacitinib group and control group, respectively. Similarly, a higher number of subjects in the control group
showed worsening in the World Health Organization (WHO) ordinal scale (36 vs 12%, p = 0.01). The clinical objective improvement was similar
in the two groups. The intubation rates in the tofacitinib group were significantly lower than that in the control group (32% vs 8%, p = 0.034).

Conclusion: Tofacitinib, in this retrospective single-center experience, was found to be associated with reduced intubation rates and reduced

worsening in the WHO ordinal scale. There was no difference in mortality in the two groups.
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HIGHLIGHTS

Tofacitinib, a JAK/STAT inhibitor, has been used in COVID-19
pneumonia in anecdotal reports. In this report, we describe our
experience with tofacitinib, in the background of nonavailability
of baricitinib and tocilizumab. Our results indicate that tofacitinib
is associated with clinically relevant outcomes, like reduced
intubation rates and halting the worsening respiratory failure.

INTRODUCTION

COVID-19 pandemic, especially the second wave, has wreaked
havoc across the country. The huge surge in the number of
cases has been accompanied by an acute shortage of drugs,
which have a proven role in severe COVID-19 disease. There are
multiple factors that have been attributed to the limited drug
availability, like decreased production, delayed supply, and
hoarding. Among the recommended drugs for management of
COVID-19, few important and mortality-reducing drugs are
steroids, baricitinib, and to some extent remdesivir and
tocilizumab. As the most important cause for mortality in
COVID-19 disease is hypoxemic respiratory failure secondary
to cytokine storm and lung involvement, most of the trials
have attempted immunomodulatory therapies for reducing
inflammation and halting the cytokine storm. Among these drugs,
the most studied are tocilizumab' and baricitinib.? The Center for
Disease Control and Prevention, the United States of America, has
recommended the timely use of these drugs. But due to the limited
availability and exponential spurt of cases, the treating physicians
and intensivists were pushed to the wall and had to innovate
while dealing with cytokine storm. Network theoretic analysis of
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JAK/STAT pathway modulators has been hypothesized to have
a significant role in halting the cytokine storm. Consistent
with these theories, baricitinib, a JAKT and JAK2 inhibitor, in
association with remdesivir was found to be associated with
reducing time to recovery in the landmark adaptive COVID-19
treatment trial 2.2

One such drug, tofacitinib, is an early generation nonspecific
JAK/STAT inhibitor with predominant action on JAKT and JAK3.
Tofacitinib works at the intracellular level by inhibiting the
interleukin (IL)-15- and IL-6-induced phosphorylation of STAT
proteins. Downstream production of IL-4, IL-6, IL-8, IL-17, [L-22,tumor
necrosis factor, and interferon-y is inhibited by oral tofacitinib.>
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Tofacitinib in COVID-19 Pneumonia

In view of this action, it has been approved for use in rheumatoid
arthritis, ulcerative colitis, and psoriatic arthritis.

Cytokine profile modulated by tofacitinib is similar to that
of baricitinib. Due to the limited availability of baricitinib and
tocilizumab, it was decided, in our intensive care unit, that
tofacitinib with analogous action will be used after verbal informed
consent from the patient. The use of tofacitinib in COVID-19 is not
novel to this study as Hayek et al. in their retrospective study have
shown that the use of tofacitinib was associated with survival
benefit. In their study, tofacitinib was used in 138 subjects of
COVID-19 pneumonia. Compared with retrospective controls from
the same center who were receiving only dexamethasone, patients
who received tofacitinib were at 62% reduced odds of dying (odds
ratio = 0.38, 95% confidence interval 0.19-0.76). Toxicity profile did
not differ between the two groups.* Authors in this study used
20 mg of tofacitinib daily in two divided doses for 5 to 7 days. The
regimen seems to be extrapolated from the recommendations for
the management of moderate to severe ulcerative colitis.” Based
on the findings of Hayek et al., we started using tofacitinib in 10 mg
twice daily dosing in all severe cases of COVID-19 disease. In this
report, we have presented our experience of 25 cases of severe
COVID-19 who were managed with tofacitinib in comparison to their
peers who received no immunomodulators apart from steroids.

MEeTHODS AND MATERIALS

Study Setting and Design

This was a retrospective case-control study done at a tertiary
teaching hospital in north India. The study included participants
who had received tofacitinib as an alternative to baricitinib or
tocilizumab, both of which were not available for use. Fifty cases
were reviewed of which 25 had received tofacitinib whereas the
other 25 were managed as per management protocol issued by
the ministry of health and family welfare (MoHFW—July 2020
version 5). Records for all patients who were admitted to our ICU
in the month of April and May were accessed after due permission
from the ethics committee.

Participants

All patients recruited in the analysis were confirmed cases of
COVID-19 either with rapid antigen test or with RT-PCR for
SARS-CoV-2 virus. All cases were on oxygen therapy either
with a nonrebreathing face mask with reservoir, high-flow
oxygen therapy, or noninvasive ventilation, at the time of
admission. The etiology of respiratory failure was confirmed to be
COVID-19 pneumonia through chest radiography or high-resolution
computed tomography of the thorax. All participants belonged to
severe category as per classification by MoHFW. Almost all subjects
were within the first 15 days of illness. The presence of autoimmune
comorbidities, malignancy, heart failure, liver failure, renal failure,
and concomitant use of any otherimmunomodulatory therapy was
considered to be prohibitory for the use of tofacitinib. Similarly, we
excluded all the cases who were on invasive mechanical ventilation
or the ones who were already on baricitinib or tocilizumab.

Protocol

Our hospital predominantly follows the clinical management
protocol for COVID-19 released by MoHFW (version 5) on July 3,
2020.5 In short, we uniformly use intravenous dexamethasone
after initial use of methylprednisolone for 3 to 5 days, therapeutic
anticoagulation, and remdesivir apart from the usual ICU care.
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In steroid nonresponders, other immunomodulators are also
considered. In the first week of April, the availability of the
recommended immunomodulators (by the CDC), like baricitinib
and tocilizumab, became restricted and other alternatives, like
bevacizumab, itolizumab, and adalimumab, were being tried. In
our hospital, based on the recent evidence and similarity of the
mechanism of action with baricitinib, we started using tofacitinib.
Tofacitinib was offered to the patients after explaining the possible
mechanism of action in COVID-19 while keeping in mind the limited
evidence and absence of clear-cut recommendations. Data of all the
cases admitted to our ICU in the month of April, who fulfilled the
eligibility criteria, were collected from hospital records. All patients
were followed for 21 days since the admission or until discharge,
whichever was earlier.

Data Collected

Apart from the demographic details, data regarding the current
iliness, past illness, and severity assessment were recorded for all
patients. Instead of PaO,/FiO, (partial pressure of arterial oxygen/
fraction of inspired oxygen), we used SpO,/FiO, (oxygen saturation
as measured by pulse oximetry/fraction of inspired oxygen), as
it involves a noninvasive technique and can be assessed in real
time. Also, previous studies have shown that SpO,/FiO, correlates
significantly with PaO,/FiO, ratio.”

Outcomes

The World Health Organization (WHO), in their R & D blueprint
document, has advised for the use of ordinal scale as a primary
end point for the assessment of clinical efficacy.? In the same
document, based on therapeutic role of investigational product,
the secondary outcomes for efficacy as well as safety were also
suggested, like viral clearance, levels of biomarkers inflammation,
and treatment-emergent adverse effects. Other clinical markers
of efficacy, like mortality, ICU stay, and hospital stay, were also
advised. In concordance with the WHO document, we also used
similar outcomes for our study. Tofacitinib is easily available as it is
acommonly used Food and Drug Administration approved therapy
for rheumatoid arthritis, ulcerative colitis, and psoriatic arthritis.

Statistical Analysis

Data were presented in a descriptive fashion as means (and standard
deviation) or numbers (percentage with 95% confidence intervals).
The difference between continuous variables was analyzed using
the Mann-Whitney U (not normally distributed) and the Student'’s
t-test (normally distributed). The difference between categorical
variables was analyzed using Fischer’s exact test. The p values less
than 0.05 were considered statistically significant. Statistical analysis
was done using the IBM® SPSS® software platform (version 26.0).

REesuLTs

From April 8 to May 10, a total of 73 patients were admitted to
ICU with hypoxemic respiratory failure and COVID-19 pneumonia.
Twenty-three subjects were excluded from the analysis for various
reasons as mentioned in the consort chart (Fig. 1). Out of the
remaining 50 subjects, 25 were treated with tofacitinib along
with the standard of care (tofacitinib group), and the rest of
the subjects were managed with the only standard of care. The
demographic and clinical severity details of these subjects are
presented in Table 1. Patients in the control group had a higher
SpO,/FiO, ratio but at the same time, a greater number of patients
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in the control group were in category 5 as per WHO ordinal scale
[requiring noninvasive ventilation (NIV) or high-flow oxygen
therapy(HFOT)], but both parameters were not statistically
significant. Age, gender, and comorbidities status were not
significantly different between the two groups. Due to significant
hypoxia, we were not able to record the anthropometric measures
of the patients and hence obesity was not evaluated in the two
groups. Day of illness at the time of presentation was 10.5 and
12.8 days in the tofacitinib and control group, respectively. The
majority of the computed tomographies of thorax were done
much early in the course of illness, and the computed tomography
severity index was similar in the two groups.

As far as concomitant medicines are concerned, all patients
in both groups were managed with dexamethasone and
anticoagulants apart from the usual ICU care (Table 2). In addition
to this, remdesivir was used in 52 and 72% of the subjects in the
tofacitinib group and control group, respectively. Plasma therapy
was used in one subject in tofacitinib group, on compassionate
grounds, on day 14 of admission, who did not show improvement
in respiratory parameters. In the same subject, tofacitinib was
withheld from day 10 of admission. Tocilizumab was tried in three
subjects in the control group and one subject in the tofacitinib

Count

Not given Given
Tofacitinib

m Worsening in WHO ordinal scale
® No change in WHO ordinal scale
B Improvement in WHO ordinal scale

Fig. 1: Consort diagram showing flow of subjects

group. One out of three subjects who received tocilizumab in the
control group expired, and the subject in the tofacitinib group
who had received tocilizumab also expired. In selected patients
of COVID-19 severe disease, our hospital follows a policy of using
injectable methylprednisolone therapy (125 mg) in the early
stages of illness (for 3-5 days) switching over to dexamethasone
subsequently (56 vs 68% in tofacitinib group vs control group).

In efficacy data (Table 3), there was a fall in requirement
of oxygen supplementation in the tofacitinib group as shown
by the FiO, requirement on day 7 (41.8 vs 49.2%, p = 0.36,
tofacitinib vs control group, respectively) to maintain a similar
oxygen saturation, albeit it was not statistically significant.
Similarly, SpO,/FiO, ratio was higher in the tofacitinib group
on day 7 as compared to the control group but it was also not
statistically significant. We also tried to evaluate the numeric
change in SpO,/FiO, from day 1 to day 7 and the change was
higher in the tofacitinib group with a trend toward significance.
Similarly, in the WHO ordinal scale, a higher number of patients
in the control group belonged to category 6 (intubated and
on mechanical ventilation) on day 7. In the tofacitinib group,
12 patients were in category 5 requiring NIV or HFOT on day 1,
out of these 9 continued to be on NIV/HFOT, two got intubated
and 1 improved by day 7. In the control group, most of the
subjects belonged to category 4 or 6 by day 7. Significantly
higher number of patients in control group got intubated by
day 7 (32 vs 8%, p = 0.011). We also evaluated the change in
the WHO ordinal scale from baseline. Nearly equal number of
cases showed improvement in both groups but worsening as
per WHO ordinal scale was statistically more common in the
control group (36 vs 12%, p = 0.043). A higher number of cases

Table 2: Details of the use of concomitant medications in both groups

Tofacitinib group ~ Control group

Remdesivir 52% 72%
Plasma therapy 4% 0
Tocilizumab 4% 12%
Dexamethasone 100% 100%
Methylprednisolone pulse

therapy 56% 68%

Table 1: Demographic and clinical profile of the patients

Tofacitinib group Control group
Gender (Male %/Female %) 64%/36% 64%/36%
Age (years) mean + SD 45.52 +15.67 46.72 +11.2
Comorbidities (DM/HTN) % 56%/40% 64%/44%
Day of illness at the time of presentation mean + SD 10.5+2.7 128+ 3.6
SpO, at presentation (%) mean + SD 91.56 +3.48 9244 +3.61
FiO, at presentation (%) mean + SD 64.68 + 25.46 56.64 + 23.82
SpO,/FiO, ratio 1.75+0.97 1.93 +£0.82
CTSI [number of subjects done in/(mean score + SD)] 16 (15.2 + 6.0) 18 (14.0+5.2)
WHO ordinal scale at presentation 2 (8%) 1 (4%)
3 (hospitalized without oxygen therapy) 11 (44%) 8 (32%)
4 (oxygen with mask or nasal prongs)
12 (48%) 16 (64%)

5 (NIV or HFNC)

SD, standard deviation; DM, diabetes mellitus; HTN, hypertension; SpO,, oxygen saturation; FiO,, fraction
of inspired oxygen; CTSI, computed tomography severity index; WHO, World Health Organization; NIV,

noninvasive ventilation; HFNC, high-flow nasal cannula
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Table 3: Efficacy parameters of both groups

Tofacitinib group Control group p value
SpO, onday 7 93.6+2.2 934 +438 0.85
FiO, onday 7 41.8 +26.8 49.2 +304 0.36
SpO,/FiO, on day 7 3.0+1.38 26+14 0.37
Change in SpO,/FiO, ratio compared to day 1 126 +1.0 072+ 1.0 0.073
WHO ordinal scale on day 7 0.011
2 (discharged with activity limitation) 20% 8%
3 (hospitalized without oxygen therapy) 20% 16%
4 (oxygen therapy with mask of nasal prongs) 16% 40%
5 (NIV or HFNC) 36% 4%
6 (intubated and mechanical ventilation) 8% 32%
Change in WHO ordinal scale 0.043
Worsening 12% 36%
Static 44% 16%
Improvement 44% 48%
Intubation on day 7 8% 32% 0.034
Death by day 21 12% 20% 0.44

Mean value of oxygen saturation; Fraction of oxygen of both groups. SpO,, oxygen saturation; FiO,, fraction of inspired oxygen; WHO, World Health

Organization; NIV, noninvasive ventilation; HFNC, high-flow nasal cannula

Flowchart 1: Change in WHO ordinal scale from day 1 to day 7

73 patients admitted

23 patients excluded from analysis
5 were on mechanical ventilation
8 received baricitinib or tocilizumab

v

4 subjects were enrolled in clinical trial
6 had end-stage liver/lung/renal
disease/cancer/Parkinson

‘ Data analyzed of 50 subjects ‘

v

‘ Tofacitinib group: 25‘

!

v

‘ Control group: 25 ‘

I

All subjects received dexamethasone
13 received remdesivir
1 patient received plasma therapy
1 received tocilizumab

All subjects received dexamethasone
18 received remdesivir
3 patients received tocilizumab

in the tofacitinib group continued to be in the same category on
day 7 (44 vs 16%) (Flowchart 1).

The clinically relevant outcomes of intubation and death were
also evaluated. The tofacitinib group had a significantly lower
number of intubations by day 7 as compared with the control group
(32 vs 8%, p = 0.034) but this did not reflect in the number of deaths
by day 21 where the difference was not statistically significant (20
vs 12%, p = 0.44).

There were no instances of new bacterial or invasive fungal
infections or treatment-emergent adverse effects in either of the
two groups.

Discussion

In this retrospective, single-center experience on the use of
tofacitinib in severe COVID-19 pneumonia, we found that the
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tofacitinib group had significantly lower intubation rates and
a lower risk of worsening as per WHO ordinal scale by day 7.
There were no significant differences as per mortality and
categorical improvement on the WHO scale between either of
the two groups.

Despite over a year into the pandemic, COVID-19 remains a
rapidly evolving disease. In the second wave of the pandemic,
India witnessed new kinds of limitations in treatment and care,
which were more of logistical as compared to the dearth of
evidence. The meteoric rise in the number of cases was followed
by a catastrophic fall in the availability of drugs, like remdesivir,
tocilizumab, baricitinib, and oxygen.’ There are only four medicinesin
COVID-19, which have a robust backing up of evidence. Among them,
the mostimportantis dexamethasone, which has shown a significant
reduction in 28-day mortality among hospitalized patients.'® At the
same time, a significant number of patients either do not respond to
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dexamethasone only or have severe adverse events due to the same,
like hyperglycemia, oral candidiasis, or bacterial infections. This led to
an evaluation of various otherimmunomodulators, like tocilizumab
and baricitinib. Tocilizumab is extensively studied in literature and
has been found to have clinical benefits early in the course of illness
in carefully selected few subjects."'" Similarly, baricitinib when given
with remdesivir in hospitalized cases of COVID-19 was associated with
asignificant reduction in recovery time. Patients receiving baricitinib
had a median recovery time of 7 days as compared to 8 days in the
control group.'?

Consideringimmunomodulation as animportant component
of armamentarium against COVID-19 pneumonia, various
other drugs have been evaluated in COVID-19, like itolizumab,
bevacizumab, and adalimumab with limited evidence.”* Given the
fact that baricitinib is the only drug with the strongest positive
evidence, we were inclined to use similar congeners of baricitinib.
Among them, there is limited but positive evidence for tofacitinib."*
The influence of tofacitinib on the cytokine profile of subjects is
not only similar to baricitinib but also broader. Being pushed to
the wall with limited availability of medication, we started using
tofacitinib and observed significant clinical benefits of the same.
With the rise in cases of mucormycosis in COVID-19 patients, who
have been managed with dexamethasone, there is an urgent need
for metabolically neutral and broad-acting immunomodulators.

Evidence generation for or against any therapy is a long and
rigorous task, time for which was not allowed by the pandemic. This
is reflected in the limited number of robust trials being available
for COVID-19."” Tofacitinib is proven to be a safe medicine with
limited short-term adverse effects.'® Given the lack of availability of
proven medicine, our findings present evidence in favor of the use
of tofacitinib in severe cases of COVID-19 pneumonia, presenting
with hypoxemic respiratory failure.

There are several limitations to our study, like being a single-
center, retrospective, and open-label experience due to which the
index study is bound to have an inherent bias. In addition to this,
we did not focus on analyzing the effect of immunomodulation
on inflammatory markers, like C-reactive protein and ferritin.
Also, we excluded most of the cases who had received other
immunomodulators, like baricitinib and tocilizumab. The number
is not large enough to conclusively derive evidence apart from
being hypothesis-generating. Had the number of cases been large
enough with alonger follow-up, we could have found out the effect
of tofacitinib on mortality as well. Despite these limitations, this is
the first Indian study describing the use of tofacitinib in COVID-19
pneumonia. The answers to these questions and limitations will be
provided by the phase 2/3 TOSCO (TOfacitinib for Severe COVID-19
disease) trial, which is currently ongoing.

CONCLUSION

In conclusion, we have presented here the preliminary experience of
tofacitinib in COVID-19. We have found that tofacitinib is associated
with a significant reduction in intubation rates and prevention
of clinical worsening as per the WHO ordinal scale. This limited
data call for a randomized controlled trial for the use of tofacitinib
in severe COVID-19. It is also prudent to evaluate the efficacy of
tofacitinib against the commonly used medications, like baricitinib,
tocilizumab, and dexamethasone.
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