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ABSTRACT

Coronavirus disease 2019 (COVID-19) is currently a major public health problem. The development of pulmonary fibrosis secondary to
acute respiratory distress syndrome (ARDS) is one of the expected sequelae. In this case series, we describe five instances of the use of
anakinra in late-phase COVID-19 pneumonia in hospitalized patients with pulmonary fibrosis and refractory respiratory failure fulfilling
ARDS criteria. The study demonstrates that anakinra has promising efficacy and safety in late-phase COVID-19 infection in patients with
ARDS and refractory hypoxaemia, and suggests its potential application as antifibrotic therapy in these patients.

LEARNING POINTS

e  Uptoone third of patients with severe COVID-19 pneumonia progress to acute respiratory distress syndrome (ARDS).

e  Pulmonary fibrosis is a known consequence of ARDS.

e  Our study shows promising results regarding the efficacy and safety of anakinra used in late-phase COVID-19 infection in patients with
pulmonary fibrosis secondary to ARDS.
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INTRODUCTION

Up to one third of patients with severe COVID-19 pneumonia progress to acute respiratory distress syndrome (ARDS)". The prevalence of
post-COVID-19 fibrosis is still unknown, although recent studies have shown that 47% of patients have reduced oxygen diffusion and 25%
reduced total lung capacity at discharge, these effects being more frequent in those with severe disease?.

Regarding the proinflammatory pathways involved in the development of fibrosis, it seems that SARS-CoV-2 employs different molecular
pathways to activate the NLPR3 inflammasome related to interleukin (IL)-1 and IL-6 secretion to trigger the cytokine cascade that causes
severe lung damage©°.
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Anakinra is a recombinant human IL-1 receptor antagonist with a short half-life (3-4 h) that neutralizes the biological activity of IL-1a and
IL-1B by competitively inhibiting their binding to the receptor. Most studies have evaluated the use of anakinrain the early stages of SARS-
CoV-2 infection, with substantial differences in their design and results .

We report a case and review a case series describing the use of anakinra in late-phase COVID-19 pneumonia in hospitalized patients with
refractory respiratory failure and pulmonary fibrosis.

CASE REPORT

Patient 1 was a 65-year-old non-smoking woman with a history of arterial hypertension, hepatic steatosis, osteoporosis and surgical
intervention for left parotid adenoma. She was admitted on 26 March 2020 due to a 10-day clinical course of fever above 38°C and diarrhoea
in the previous 24 hours, presenting bilateral pulmonary infiltrates on chest x-ray compatible with COVID-19 pneumonia with moderate
parenchymal involvement, hypoxaemia with PaO,/FiO, 319 mmHg and a positive RT-PCR assay on oropharyngeal swab for SARS-CoV-2.
On admission, specific treatment with azithromycin, hydroxychloroquine and lopinavir/ritonavir was started. The patient also received
low-molecular-weight heparin and low-flow oxygen therapy with a nasal canula. After 6 days (16 following disease onset), she presented
radiological and clinical worsening with a PaO_/FiO, of 230 mmHg and it was decided to add corticosteroids (cumulate dose of 440 mg of
methylprednisolone) and in the following 24 hours, a single dose of tocilizumab 600 mg (IL-6 142 pg/ml). In the subsequent clinical evolution,
dyspnoea persisted on minimal effort as well as hypoxaemia (PaO,/FiO, 252 mmHg) and ferritin increased to 1115 pg/l and D-dimer to
1999 ng/ml. Consequently, on day 15 of admission (day 25 of disease), a lung CT scan was performed and showed ground-glass opacities and
fibrosis mainly after diffuse alveolar damage. In view of these findings, it was decided to prescribe anakinra, at a dose of 200 mg twice daily
for the first day (two doses), and then 100 mg daily for the following 2 days (cumulative dose 600 mg).

The clinical evolution was satisfactory with correction of hypoxaemia (PaO,/FiO, 314 mmHg) and inflammatory parameters (ferritin 500
pg/l, D-dimers 650 ng/ml). The patient was discharged 2 days after the last dose of anakinra with no need for oxygen therapy and PaO,/FiO,
413 mmHg. The patient was followed up twice as an outpatient in August and December 2020. She had no respiratory symptoms and a new
control lung CT scan in December showed decreased pulmonary fibrosis.

CASE SERIES

Inview of the satisfactory results for patient 1, aretrospective observational study of a case series was performed. The study was conducted
in a 900-bed tertiary care hospital in Spain. All patients who received anakinra between 1 March 2020 and 1 January 2021 in the inpatient
wards were identified through their pharmaceutical records. Subsequently, those who received anakinra at least 2 weeks after symptom
onset were selected. Demographic data and relevant clinical characteristics such as comorbidities associated with increased severity of
COVID-19 pneumonia,immunosuppressive treatment received and number of days after symptom onset, were collected from the electronic
medical record. The number of days after symptom onset before anakinra was administered was registered, as well as the regimen and
cumulative dose. As efficacy variables, we recorded the time of oxygen therapy support, PaO2/FiO2, analytical variables and chest imaging
available before and 48 h after the last dose administered. Abnormalities compatible with pulmonary fibrosis in those in whom CT was
performed were also assessed. The time and PaO,/FiO, at discharge were documented, as well as survival and availability of lung CT in the
8 months after administration. Adverse events within 7 days after anakinra administration were noted.

RESULTS

A total of 17 patients with COVID-19 received anakinra on inpatient wards; five of these, including our patient, received it at least 2 weeks
after symptom onset (mean 23.6 days, range 19-29).

Table 1 summarizes the main characteristics of the patients. Four men and one woman with a mean age of 74.4 years (range 66-82) were
included. All received a total cumulative dose of 600 mg subcutaneous anakinra, with a loading dose of two doses of 200 mg twice daily,
followed by 100 mg daily for 2 days; in one of the patients the maintenance dose was administered every 48 hours adjusted for his impaired
renal function.

All patients had hypoxaemic refractory respiratory failure fulfilling ARDS criteria with a mean PaO,/FiO, of 180.2 mmHg (range 128-252)
and chest x-ray with bilateral infiltrates compatible with ARDS.

Forty-eight hours after administration of the last dose of anakinra, all patients showed improvement in PaO,/FiO, (mean 274 mmHg, range
172-341) as well as at hospital discharge (mean 346.2 mmHg, range 291-413). Figure 1 shows the evolution of the patients’ PaO2/FiO2
measurements.

All patients had chest x-rays before and after anakinra administration, which showed regression of the infiltrates in three patients and
radiographic stability in the remaining two 48 hours after the last dose. A CT scan was only performed in three patients and revealed
interstitial abnormalities compatible with pulmonary fibrosis in all three (Fig. 2).
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P4

68/M

P5

82/M

Risk factors for severe
COVID-19

Hypertension

Hypertension,
obesity

Hypertension,
leukaemia

Hypertension,
obesity

Previous immunosup-
pressive therapy (days
after disease onset)

Corticosteroids (15)
Tocilizumab (16)

Corticosteroids (7)

Corticosteroids (16)
Tocilizumab (22)

Corticosteroids (7)
Tocilizumab (7)

Corticosteroids (17)
Tocilizumab (17)

anakinra (days)

Duration of COVID-19 | 25 29 25 19 20
symptoms (days before

anakinra)

Days of oxygen therapy | 16/1 26/3 15/11 14/4 14/23*
support

before/aftert anakinra

PAO2/FIO2 (mmhg) 252/341 163/256 190/304 168/297 128/172
before/aftert anakinra

PAO2/FIO2 (MMHG) 413 291 343 390 294

at discharge

D-dimer (ng/ml) 1999/650 2268/830 1149/815 1197/1195 3621/5023
before/aftert anakinra

Ferritin (ug/l) 1115/500 1175/918 780/487 1581/1695 973/950
before/aftert anakinra

Lymphocytesx103/ul 0.9/1.6 0.9/1.2 5.9/6.1 0.5/0.7 0.5/0.7
before/aftert anakinra

Time to discharge after | 2 3 13 6 23

Adverse events after - - - Neutropenia Neutropenia

anakinra Increase x3 liver tran-
saminases

Thorqx radiology after Regression of infil- Regression of infil- Stable infiltrates Regression of infil- Stable infiltrates

anakinra trates trates trates

CT after anakinra

Regression of fibrosis

Regression of fibrosis

Regression of fibrosis

NA

NA

Table 1. Characteristics and outcomes of the five patients

Cumulative dose of anakinra: 600 mg (loading dose 200 mg/12 hx2 doses followed with 100 mg/24 hx2 doses or 48 h if renal impairment).

148 Hours after last dose of anakinra. *Discharge with low flow oxygen therapy. Na, not applicable; p, patient.
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All patients were still alive at follow-up, four of them after 12 months and one after 3 months at the end of the study. The three patients with
lung CT scan images available before the start of anakinra, and at 7, 2.5 and 6 months, respectively, showed complete resolution of fibrosis

(Fig. 2).
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Figure 1. Evolution of PaO2/FiO2 values.
1Pa0O2/FiO2 before anakinra. P, patient

Figure 2. Lung CT images of patients before and after anakinra.
(P1, left column) 7 Months after anakinra; (P2, left column) 2.5
months after anakinra; (P3, left column) 6 months after anakinra.

P, patient

To our knowledge, this is the first report evaluating the use of anakinra as a treatment for refractory hypoxaemia and fibrosis secondary to

ARDS caused by COVID-19.
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All patients had a satisfactory response with improvement in respiratory and clinical parameters, allowing them to be discharged from
hospital in the following days. During subsequent follow-up, evolution was favourable in all patients, with resolution of fibrosis in those
patients who had lung CT scans.

No serious adverse effects or secondary infections were reported in our study, although this may have been influenced by the limited
number of patients included.

The patients in our series had similar characteristics in terms of age and comorbidities to those described in published studies of patients
with moderate-severe COVID-19 51, Also, previous treatment with corticosteroids and anti-ILé (tocilizumab) is commonly administered
in clinical practice in patients with similar severity *¢. The anakinra regimen, with a cumulative dose of 600 mg, is similar to those in most
previous reports-%, with the exception of the study by Cavalli et al., which used higher doses (5 mg/kg twice daily intravenously) and was
one of the few to demonstrate a significant increase in survival®. In all studies, the drug was administered in the first 2 weeks after symptom
onset (range 3-13 days). Only two of the studies demonstrated a significant reduction in mortality® 9, and the only randomized clinical trial
available, CORINMUNO-19, with 116 patients, failed to demonstrate clinical improvement, although it should be noted that the patients
included had a lower severity profile than in other studies and did not have to meet the clinical criteria for ARDS for inclusion ),

Of note, in none of the available COVID-19 studies was anakinra used in the late phase of infection, and also the outcomes were not based
on improvement in refractory hypoxaemia or pulmonary fibrosis, which are the two most important measures studied in our case series.
Our study has important limitations because of its retrospective and non-randomized design, so there may many confounding factors, as
well as the small number of patients included. We should also highlight the fact that four of the five patients were previously treated with
tocilizumab, although with a suboptimal initial response: due to the long half-life of this drug (between 6 and 18 days), we cannot rule out
that the subsequent use of anakinra could have had a synergistic effect. In fact, several in vitro studies have shown that the combined effect
of IL-6 and IL-1 is linked to SARS-CoV2-mediated severe lung damage 19,

Although prospective studies on the long-term pulmonary consequences of COVID-19 infection are lacking, given the increasing number
of patients affected, it is crucial to identify those at risk of fibrosis development in order to provide an appropriate clinical and therapeutic
approach, including their enrolment in clinical trials &,

Experience inthe use of immunosuppressive therapiesin COVID-19-associated pulmonary fibrosis is rare, although there are several clinical
trials in progress with different molecules, including nintedanib and pirfenidone, whose mechanisms of action also involve the inhibition of
IL-1 and |L-6 211,12,

In summary, our study shows promising results regarding the efficacy and safety of anakinra used in late-phase COVID-19 infection, in
patients with ARDS and refractory hypoxaemia, and shows it could potentially be applied as an antifibrotic therapy in these patients.
These preliminary results, given the limitations of the study design, provide new evidence regarding the management of post-COVID fibrosis
which could contribute to future prospective and clinical trials.
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