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1 | INTRODUCTION

Abstract

Background: We investigated associations between baseline use of immunosup-
pressive drugs and severity of Coronavirus Disease 2019 (COVID-19) in autoimmune
hepatitis (AIH).

Patients and methods: Data of AIH patients with laboratory confirmed COVID-19
were retrospectively collected from 15 countries. The outcomes of AIH patients who
were on immunosuppression at the time of COVID-19 were compared to patients
who were not on AIH medication. The clinical courses of COVID-19 were classified
as (i)-no hospitalization, (ii)-hospitalization without oxygen supplementation, (jii)-
hospitalization with oxygen supplementation by nasal cannula or mask, (iv)-intensive
care unit (ICU) admission with non-invasive mechanical ventilation, (v)-ICU admission
with invasive mechanical ventilation or (vi)-death and analysed using ordinal logistic
regression.

Results: We included 254 AlH patients (79.5%, female) with a median age of 50 (range,
17-85) years. At the onset of COVID-19, 234 patients (92.1%) were on treatment with
glucocorticoids (n = 156), thiopurines (n = 151), mycophenolate mofetil (n = 22) or tac-
rolimus (n = 16), alone or in combinations. Overall, 94 (37%) patients were hospitalized
and 18 (7.1%) patients died. Use of systemic glucocorticoids (adjusted odds ratio [aOR]
4.73, 95% Cl 1.12-25.89) and thiopurines (aOR 4.78, 95% Cl 1.33-23.50) for AIH was
associated with worse COVID-19 severity, after adjusting for age-sex, comorbidities
and presence of cirrhosis. Baseline treatment with mycophenolate mofetil (aOR 3.56,
95% Cl 0.76-20.56) and tacrolimus (aOR 4.09, 95% Cl 0.69-27.00) were also associated
with more severe COVID-19 courses in a smaller subset of treated patients.
Conclusion: Baseline treatment with systemic glucocorticoids or thiopurines prior to the
onset of COVID-19 was significantly associated with COVID-19 severity in patients with
AlH.

KEYWORDS
autoimmunity, azathioprine, budesonide, liver transplantation, mercaptopurine, SARS-CoV-2

Autoimmune hepatitis (AIH) is a chronic immune-mediated liver

Coronavirus Disease 2019 (COVID-19) has rapidly spread worldwide
causing an ongoing pandemic since December 2019. The major-
ity of COVID-19 cases have mild symptoms while individuals with
older age and co-morbid conditions such as cardiovascular diseases,
chronic lung/kidney diseases and diabetes mellitus are at increased
risk of severe COVID-19 outcomes."? The liver is also commonly af-
fected by COVID-19%* and patients with underlying chronic liver
diseases have high rates of hospitalization and death.

disease treated by immunosuppressive therapy. Approximately, 80%
of AlH patients respond to standard therapy (glucocorticoids and/or
thiopurines). Mycophenolate mofetil (MMF) and tacrolimus are alter-
native immunosuppressive drugs for patients who do not respond or
are intolerant to standard therapy.>® Some studies have suggested
that baseline therapy with glucocorticoids and thiopurines is asso-
ciated with an increased risk of severe COVID-19 for patients with
inflammatory bowel diseases (IBD) or rheumatic disorders.”” On the
other hand, baseline use of tacrolimus was associated with a better
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COVID-19 outcome while MMF was linked to severe COVID-19 in
liver transplant recipients.*%?

Data regarding the clinical presentation and outcome of COVID-19
in AIH patients are limited to two international registry studies, and a
retrospective case study.’?* These studies suggested that the contin-
uation of immunosuppressive therapy during COVID-19 infection was
not associated with adverse outcomes in AlH.

In our previous study,*® we described factors that were associ-
ated with severe COVID-19 outcome in patients with AIH. Because
of sample size limitations, we could not fully evaluate any potential
impact of baseline AIH medications on COVID-19 course. We have
extended our data and now aim to explore the impact of AIH medi-
cations, including glucocorticoids, thiopurines, MMF and tacrolimus,
on the risk of worse COVID-19 severity.

2 | MATERIALS AND METHODS

2.1 | Study design

We retrospectively evaluated data of AIH patients who were diag-
nosed with COVID-19 between March 11, 2020, and May 15, 2021,
from 15 countries. All participants independently identified patients
and collected data from electronic health records and patient charts
using the same case report form. Only AlH patients who were older
than 16 years at the time of COVID-19 with a diagnosis confirmed
by a PCR-based test were included in the study. The diagnosis of AIH
or AlH-variant with primary biliary cholangitis or primary sclerosing
cholangitis and the treatment responses were ascertained accord-
ing to international guidelines.s'6 Complete biochemical response
was defined as normalization of serum aminotransferases and im-
munoglobulin G levels. A lack of normalization of aminotransferases

during immunosuppressive therapy was defined as non—response.5

2.2 | Data collection

We collected general information about patients, types and doses
of immunosuppression, AlH response status at last follow-up be-
fore COVID-19 and the presence of cirrhosis. Clinical symptoms
at COVID-19 diagnosis, co-morbid conditions, modifications in the
dose or type of immunosuppressive medications during COVID-19,
highest care level, hospitalization time, specific COVID-19 therapies

and patient outcomes were also recorded.

2.3 | Exposure

Patients were classified into mutually exclusive exposure categories
according to their baseline AIH treatment in a hierarchical manner.
These were no treatment <glucocorticoids <thiopurines <MMF and
tacrolimus. The highest-ranking treatment for each patient accord-
ing to this hierarchy was considered the primary treatment and the

Lay summary

In this large cohort of patients with AlH, baseline treat-
ment with glucocorticoids and thiopurines prior to the
onset of COVID-19 was associated with worse COVID-19
severity. Our findings provide data to clinicians for man-
agement of AIH patients with COVID-19 and highlight the
importance of preventive public health measures for these
patients during the COVID-19 pandemic.

use of combination treatment was indicated by a binary variable
when the primary treatment was used in combination with another

immunosuppressive drug or glucocorticoids.

2.4 | Confounders

Potential confounders for the association between a type of treat-
ment and COVID-19 outcomes were demographic characteristics
and comorbidities (Table 1). The presence of cirrhosis was included
as a separate variable since it is strongly associated with worse out-
comes of COVID-19 in patients with AIH.*1213

2.5 | Outcomes

We obtained complete COVID-19 disease course data for all pa-
tients who ultimately recovered from or died of the disease. The
severity of COVID-19 was classified using a 6-level ordinal scale in-
dicating the worst clinical state throughout the disease course®>: (i)
no hospitalization, (ii) hospitalization without oxygen supplementa-
tion, (iii) hospitalization requiring oxygen supplementation by nasal
cannula or mask, (iv) intensive care unit (ICU) admission requiring
non-invasive mechanical ventilation, (v) ICU admission requiring in-
vasive mechanical ventilation and, (vi) death. This ordinal COVID-19
outcome spectrum was modified and adapted from the WHO clini-
cal progression scale.’ The Harran University Hospital of Sanliurfa
was the coordinating centre and local ethics review boards of cen-
tres providing patient data approved the study.

2.6 | Statistical analysis

Participant characteristics were illustrated using appropriate descrip-
tive statistics. The primary analysis was performed using an ordinal lo-
gistic regression model. Exponentiated coefficients from this model for
the treatment term indicate odds ratios of attaining a worse outcome.
We reported crude odds ratios, as well as odds ratios after adjusting
for age, sex, and odds ratios after adjusting also for the presence of
cirrhosis, the number of comorbidities at baseline and presence of ad-
ditional immunosuppressive or glucocorticoids alongside the primary
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treatment. All analyses were performed using the open-source R soft-
ware v. 4.0.3 (R foundation for statistical computing, Vienna, Austria)
running under the IDE, R Studio v. 1.4.1 using the MASS package.

3 | RESULTS

3.1 | General characteristics of the study
population

Data from 264 patients with AIH who contracted COVID-19 were
analysed. Seven patients who had previously undergone liver trans-
plantation and three patients concomitantly diagnosed with AIH and
COVID-19 were excluded (Figure 1). Our final study population in-
cluded 254 AlH patients (79.5%, female) with a median age of 50
(range 17-85) years at the time of COVID-19. The general charac-
teristics, clinical features and outcomes of the AIH patients with
COVID-19 are presented in Table 1. The data of 110 patients have
already been described in our previous study.*?

At the last follow-up before contracting COVID-19, 199 (78.3%)
patients had biochemical response to therapy while 55 (21.7%) were
non-responders. Sixty-eight (26.8%) patients with AIH had features
of cirrhosis. Co-morbid conditions were present in 107 (42.1%) of the
patients.

The majority of patients (92.1%) were on immunosuppressive
therapy at the time of COVID-19 diagnosis: 156 (61.4%) patients were
on glucocorticoids alone or in combinations, 153 (60.2%) on thiopu-
rines (azathioprine/6-mercaptopurine) alone or in combinations, 22
(8.7%) on MMF alone or in combinations and 16 (6.3%) on tacrolimus
alone or in combinations. The median doses at the time of COVID-19
were: glucocorticoids (prednisolone equivalent) 5 mg/day (range
2.5-60); azathioprine 75 mg/day (range 25-200), MMF 1000 mg/day
(range 500-2000) and tacrolimus 3 mg/day (range 2-7). Two patients

Total AIH patients with
COVID-19
(n=264)

Excluded (n=10)
Liver transplant before COVID-19
Concurrent AIH and COVID-19
diagnosis

COVID-19 in AIH patients
(n=254)

l

Hospitalized (37 %, n=94)

]

Died (7.1 %, n=18)

FIGURE 1 Study flow chart for patient inclusion
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received 50 mg/day of 6-mercaptopurin. Four patients were also re-
ceiving vedolizumab, infliximab and adalimumab. We excluded these
patients from primary treatment analyses as these therapies were
given for concomitant inflammatory disorders other than AIH.

Most patients (n = 233, 91.7%) were symptomatic at the
time of COVID-19 diagnosis; cough (n = 158, 62.2%) and fever
(n = 150, 59.1%) were the most commonly reported symptoms.
Gastrointestinal symptoms (abdominal pain, diarrhoea, nausea and

vomiting) were noted in 59 (23.2%) patients.

3.2 | Management of patients with AlH during
COoVID-19

The doses of immunosuppressive therapy were modified (reduced
or withdrawn) in 58 (22.8%) patients while therapy was maintained
in 176 (69.3%) patients. A total of 118 (46.5%) patients received
therapy for COVID-19. Antivirals (n = 58, 22.8%) and hydroxychloro-
quine (n = 39, 15.4%) were the most commonly prescribed therapies.
High-dose steroid treatment was given to 35 (13.8%) patients and
86 (33.9%) patients received antibiotics. The details of COVID-19
therapies are presented in Table 1.

3.3 | Characteristics of AlH patients without
immunosuppressive treatment

Twenty (7.9%) patients who were not taking any immunosuppres-
sive drug at the onset of COVID-19 infection constituted the refer-
ence category for the primary analysis. Nine of these patients were
in long-term remission and therapy was therefore discontinued by
their physician, five patients had inactive cirrhosis, four patients had
withdrawn therapy at their own discretion and two patients were
non-responders to all previously administered therapies. All of these
patients had at least an 8-week immunosuppression-free period
prior to COVID-19 disease. The general characteristics of these 20
patients were similar to patients who were on immunosuppressive
therapy during COVID-19 (Table S1).

3.4 | Outcomes of COVID-19 in patients with AIH

A total of 94 (37.0%) AIH patients were hospitalized during COVID-19.
Among them, 76 (29.9%) patients required oxygen therapy via nasal
cannula 47 (18.5%), non-invasive ventilation 18 (7.1%) or mechani-
cal ventilation 11 (4.3%). Death was recorded in 18 (7.1%) patients.
Detailed information regarding variables included in the full model
analysis of COVID-19 severity is presented in Table S2. Crude, age-sex
adjusted, and fully adjusted odds ratios with confidence intervals are
presented in Table 2. These analyses indicate that patients on gluco-
corticoids (aOR 4.73, 95% Cl 1.12-25.89) and patients receiving thio-
purine treatment (aOR 4.78, 95% Cl 1.33-23.50) were at an increased
risk of worse COVID-19 severity compared to patients receiving no
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TABLE 1 Demographics, clinical features and outcomes of study TABLE 1 (Continued)

lati =254
population (n >4) Outcome of study population

Median age, years (range) 50 (17-85) Hospitalized, n (%) 94(37.0)
Female, n (%) 202 (79.5) Intensive care admission, n (%) 27(10.6)
Variant syndromes (PBC/PSC), n (%) 19 (7.5)/6(2.4) Death, n (%) 18(7.1)
. . o
AlH activity (remission), n (%) 199(78.3) Abbreviations: AZA, azathioprine; MMF, mycophenolate mofetil;
Presence of Cirrhosis, n (%) 68(26.8) 6-MP, mercaptopurine; PBC, primary biliary cholangitis; PSC, primary
Smoking, n (%) 15(5.9) sclerosing cholangitis.
Alcohol, n (%) 4(1.6)
Co-morbidity, (%) 107(42.1)
High blood pressure 62(24.4) treatment both in unadjusted and adjusted models. Patients under
. _ . 0, -
Diabetes mellitus 53(20.9) both prednisolone-equivalent dose <5 mg/day (aOR 2.93, 95% CI1 0.60
o : .
Coronary artery disease 12(4.7) 17.41) and >5 mg/day (aOR 8.30, 95% Cl 1.72-50.22) were at increased
risk of worse outcomes with a higher point estimate for high-dose cor-
Heart failure 4(1.6) . . L .
ticosteroids. The odds ratio point estimates for MMF (aOR 3.56, 95% Cl
Respi di 7
espiratory disease (2.8) 0.76-20.56) and tacrolimus (aOR 4.09, 95% Cl 0.69 to 27.00) were also
Kidney insufficiency 8(3.1) similar to those of thiopurines and glucocorticoids but the confidence
Active cancer 3(1.2) intervals could not reliably exclude a null effect. When we analysed the
AlH medications, n (%) 234(92.1) adjusted risk of COVID outcome related to AIH activity (remission vs.
AZA /6-MP alone 64(25.2) non-remission), the adjusted OR was 1.08 (95%Cl 0.55-2.09) indicating
AZA /6-MP +Glucocorticoids 85(33.5) that AIH disease activity was not associated with outcome.
AZA /6-MP +Tacrolimus 1(0.4)
AZA /6-MP +Glucocorticoids + Tacrolimus 3(1.2)
Glucocorticoids alone 48(18.9) 4 | DISCUSSION
Glucocorticoids +MMF 10(3.9)
Glucocorticoids +Tacrolimus 7(2.8) We investigated the impact of standard and non-standard immuno-
L suppressive treatments on the clinical severity of COVID-19 in an in-
Glucocorticoids +Methotrexate 1(0.4) . . . .
o ) ternational multi-centre dataset of 254 patients with AIH. Our study
Glucocorticoids +MMF +Tacrolimus 2(0.8) . . . L
adds new information about the impact of baseline immunosuppres-
bRl L) sive medications on the risk of worse COVID-19 course in AlH pa-
Tacrolimus alone 3(1.2) tients. Patients who were on thiopurine and glucocorticoid therapy
Symptoms at presentation, n (%) 233(91.7) prior to the onset of COVID-19 had a higher risk of worse COVID-19
Medical therapies used for COVID-19, n (%) 118 (46.5) severity compared to patients with AIH who were not on immuno-
Antibiotics 86(33.9) suppressive therapy. We also observed an association between MMF
Hydroxychloroquine 39 (15.4) or tacrolimus use with worse COVID-19 course but wide confidence
Antivirals 58(22.8) intervals in the analyses preclude reliable conclusions about these
Favipiravir 52(20.5) medications. The association between AIH medication and COVID-19
Raiesivii 2(0.8) outcomes further supports the importance of preventive public health
Qe e 4(1.6) measures such as vaccination, social distancing and mask-wearing for
i ith AIH during th VID-19 ic.
High-dose steroids 35(13.8) patients wit during the CO pandemic
) A previous study on 58 immunosuppressive-treated AlIH patients
Anakinra 4(1.2) . 14 4 . L .
with COVID-19,”" did not find an association between the use of im-
Tocili b 2(0.8
octiizuma ©8) munosuppression and mortality. The limited number of patients in this
Intravenous immunoglobulin 2(0.8) .
study may have prevented powerful analyses. In our previous study
Rituximab 1(0.4) on 110 AIH patients with COVID-19,*® discontinuation or withdrawal
Oseltamivir 1(0.4) of immunosuppression during COVID-19 was not associated with a re-
Ilvermectin 1(0.4) duced risk of severe COVID-19 outcome. This observation should per-
Oxygen therapy, n (%) 76 (29.9) haps not be surprising considering that the immunosuppressive effect
Nasal cannula 47 (18.5) of AIH medications persists several weeks after their discontinuation.
Non-invasive ventilation 18 (7.1) Similar to previous analyses of AIH-COVID-19 data,'*** the pres-
Mechanical ventilation 11(4.3) ence of cirrhosis and other comorbidities were associated with worse

COVID-19 outcomes in the current study. The odds ratios for cirrhosis
and comorbidities should however be interpreted with caution, since
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OR fully adjusted
(95% ClI)

TABLE 2 Crude and adjusted OR for
worse COVID-19 severity according to
AlH medications

OR Crude
(95% ClI)

OR Age-sex adjusted
(95% Cl)

4.49 (1.31-20.89)
Thiopurines 3.27 (1.04-14.45)
MMF 3.06 (0.74-15.88)
1.72 (0.32-10.05)

Glucocorticoids 3.92(1.13-18.40)
3.22(1.02-14.28)
3.58(0.85-18.78)

2.30(0.42-13.75)

4.73(1.12-25.89)
4.78 (1.33-23.50)
3.56 (0.76-20.56)

Tacrolimus 4.09 (0.69-27.00)

Note: Odds ratios are from an ordinal logistic regression model and indicate the relative risk

of being in a worse outcome category compared to no treatment. In the fully adjusted model,
additional adjustments were made for the number of comorbidities (Table 1), presence of cirrhosis
and combinations of treatment.

these variables were used for adjustments in the primary analysis and
carry a risk of bias when interpreted on their own.*

Thiopurines are also commonly used in the treatment of IBD. A
recent analysis of the large SECURE-IBD data showed that thiopu-
rine therapy was significantly associated with severe COVID-19.
The median dose of thiopurine therapy in our patients was 75 mg/
day which is lower than what is often used for IBD. Despite the lower
dose, we found that thiopurine was associated with an increased risk
of worse COVID-19 course also in AlH patients.

Systemic glucocorticoids were associated with higher odds of
worse COVID-19 severity in patients with AIH. A recent large co-
hort study of 6077 patients with immune-mediated inflammatory
diseases showed that baseline glucocorticoid use was significantly
associated with adverse COVID-19 outcomes (OR per 1 mg increase
in prednisone-equivalent glucocorticoid dose was 1.07; 95% Cl, 1.05-
1.08).” We also observed a similar trend indicating a lower point es-
timate for low dose glucocorticoids (prednisolone-equivalent <5 mg/
day) compared to that of higher dose (>5 mg/day) glucocorticoid use,
albeit with far more uncertainty. These results also support the no-
tion of aiming for maintenance of remission with the lowest effective
glucocorticoid dose in AlIH patients during the COVID-19 pandemic.

The relationship between MMF or tacrolimus use and COVID-19
outcomes has mainly been studied in liver transplant recipients. The
overall effect of these immunosuppressive agents on the COVID-19
outcomes remains inconclusive. Two studies showed that both
MMF and tacrolimus have no impact on COVID-19 outcomes.*®*?
In contrast, one study reported that MMF use was an independent
predictor of severe COVID-19,% while another study reported that
tacrolimus use was associated with better survival in liver trans-
plant receipts with COVID-19.1* A recent large Danish cohort study
showed that cyclosporine/tacrolimus treated patients (for any rea-
son) had a significantly higher risk of hospitalization for COVID-19
when compared to the general population.?’ Our results do not ex-
clude the possibility of an association between baseline use of MMF
or tacrolimus and a worse COVID-19 course in patients with AlIH.

The COVID-19 related mortality rate was 7.1% in our cohort of pa-
tients with AIH. In two previous AIH-COVID-19 studies,*>'* mortality
rates were 10% and 23%. The frequency of cirrhosis (26%) in this study
population was lower than reported in two previous studies (29%-54%).
Therates of age >65 years, co-morbidity and cirrhosis were higher in our

smaller previous study13 and more patients in the present larger study

received therapy for COVID-19 (Table S3). These factors may explain the
lower mortality rate in the current study. We did not find association be-
tween AlIH activity and COVID-19 severity. Two previous studies found
similar mortality rates among AIH patients and those with other causes
of chronic liver diseases.*>'* Our study aim was to evaluate any associ-
ations between AIH medications and clinical courses of COVID-19. We
therefore did not include a control group of patients with other causes
of chronic liver diseases. Instead, we used AlH patients who were not on
immunosuppressive treatment during COVID-19 as the reference cat-
egory of the treatment spectrum. This analysis allowed examining the
impact of AIH medications itself on the severity of COVID-19.

We here report the largest cohort to date of patients with AlH af-
fected by COVID-19. The study was performed through an international
multi-centre effort and collected data from geographically diverse areas
in Europe and both Americas. We used a graded severity scale to esti-
mate the association of immunosuppressive drugs and COVID-19 se-
verity.X> This clinical progression scale of COVID-19 that we used was
proposed by the WHO and is commonly used in clinical trials evaluating
COVID-19 therapeutics. Further, reporting directly by hepatologists fol-
lowing the patients strengthens the validity of our data.

The retrospective nature of our study is the main limitation.
Potential confounders may therefore affect our results. We acknowl-
edge that management and therapeutic strategies for COVID-19 vary
between centres and countries. Patients with mild COVID-19 disease
were possibly less likely to be included in our study as those with
severe COVID-19 are more likely to come to the attention of their
hepatologists. Also, COVID-19 testing is more likely directed towards
severely symptomatic cases. These factors may have led to a study
sample of more severe COVID-19 cases. The AIH cohort is however
representative of that of AlH-specific registries, with 80% female pa-
tients, 92% on immunosuppressive therapy and 27% having cirrhosis.

In conclusion, baseline use of thiopurines (azathioprine or
6-mercaptopurine) and glucocorticoids were associated with a
higher risk of worse COVID-19 severity compared to no treatment
for AIH. Our data also suggest that MMF and tacrolimus therapy
may be associated with worse COVID-19 course, but this association
requires validation in larger AlH cohorts.
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