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1 | INTRODUCTION

Chronic lymphocytic leukemia (CLL) is a lymphop-
roliferative neoplasm characterized by the expansion
and accumulation of CD5" clonal B-cell population.
Dysregulation of innate and adaptive immune responses
leading to immunosuppression is a main feature of this
disease and infections are a major cause of morbidity and
mortality."? Furthermore, patients with dell7* (TP53
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Patients with lymphoproliferative diseases are at an increased risk of an incom-
plete immune response following vaccination or SARS-CoV-2 infection and might
develop persistent viral infection and severe COVID-19 disease. We present a case
of successful treatment of persistent and mechanical-ventilation-requiring SARS-
CoV-2 infection in a del17" CLL patient using exogenous antibodies.

Casirivimab and Imdevimab, COVID-19, haemato-oncological patients, immunity

mutation) and unmutated immunoglobulin heavy-chain
variable region gene (IGHV) show worse prognosis.’
Chemoimmunotherapy agents can further impair the im-
mune response to common pathogens, rendering patients
more susceptible to infections.™*

Patients with hematological malignancies showed an
increased susceptibility to severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection and a higher
risk of hospitalization and death.*” A recent study showed
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that 77% of CLL patients diagnosed with COVID-19 were
hospitalized, 28% of which died from COVID-19 and its
complications.® CLL patients are also at an increased risk
of an incomplete immune response following vaccination.
About 60% of patients are unable to develop SARS-CoV-2
antibodies after two doses of mRNA vaccination. This fig-
ure purportedly higher in those who have already received
directed CLL-therapy, thus preventing these patients to ef-
fectively eradicate the virus.”®

Ronapreve™ comprises two monoclonal antibodies,
Casirivimab and Imdevimab, approved for the treatment
of early SARS-CoV-2 infection or post-exposure pro-
phylaxis in patients at high risk of progression to severe
COVID-19.*° These recombinant human monoclonal an-
tibodies are directed to nonrelated epitopes of the receptor-
binding domain of the spike protein of the virus. Its
attachment prevents the SARS-CoV-2 virus from entering
human cells through the angiotensin converting enzyme 2
(ACE2) receptors.11 Due to the role of these antibodies in
preventing viral infection of human cells, they are recom-
mended for administration in early stages of SARS-CoV-2
infection and preferably before oxygen supplementation is
implemented.”'® Ronapreve™ has been shown to reduce
SARS-CoV-2 viral load and the risk of COVID-19-related
hospitalization or death from any cause,'! however, no
cases of CLL patients under Ronapreve™ treatment have
been described.

We present a case of persistent SARS-CoV-2 infec-
tion in a del17+ CLL patient, successfully treated with
Ronapreve™ in later disease stages.

2 | CASE HISTORY

The patient is a 69-year-old male with a history of
asthma, pulmonary aspergillosis, tuberculosis, and
insulin-dependent type 2 diabetes. He was also diag-
nosed with CLL with 17p deletion in 2010 and was pre-
viously submitted to multiple therapeutic lines: 6 cycles

of Rituximab, Fludarabine, and Cyclophosphamide
(Rituximab was only administered in the first cycle
due to intolerance) as first-line therapy; second line
with methylprednisolone for 6 months; third-line
with Alemtuzumab for 12weeks, and fourth-line with
Ibrutinib, having achieved partial response (although
transfusion dependent). The patient has been in com-
plete remission under a fifth therapeutic line with
Venetoclax for the past four years, administered as a
400 mg daily dose. While previously vaccinated with
two doses of the mRNA SARS-CoV-2 vaccine, the pa-
tient failed to produce antibodies and antispike (AS)
and antinucleocapsid (AN) were negative at admission.

The patient presented with mild respiratory symptoms
on September 10, 2021 (DO0) and had a positive antigen
test for SARS-CoV-2 on D2. On D4, he was admitted to the
hospital with complaints of dyspnea and had a PaO2/FiO2
(P/F) ratio of 322.

A SARS-CoV-2 polymerase chain reaction (PCR) test
confirmed the infection, with an initial cycle threshold
(Ct) of 18.2. Antibody tests showed a nonseroconversion
pattern with both AS and AN antibodies negative. The
COVID-19 disease severity markers were leukopenia
(3100 cells/pl) and elevated serum C-reactive protein level
(15.72 mg/dl), serum ferritin (4167 ng/ml), and D-dimer
(2233 ng/ml).

He started oxygen supplementation on admission to
hospital, which was increased according to need. On D6
an angio-computerized tomography (angio-CT) was per-
formed revealing SARS-CoV-2 pneumonia, with ground
glass opacity and reticulation affecting over 50% of both
lungs (Figure 1). He was admitted to our intensive care
unit (ICU) on that day.

To address the COVID-19 pneumonia, he was ini-
tially treated with remdesivir for 10days (100mg daily)
and methylprednisolone 1 mg/kg/day. Considering
the patient's CLL and immunosuppression, antimi-
crobial prophylaxis with atovaquone, acyclovir, and
voriconazole were prescribed. The patient was monitored

FIGURE 1 CT scans showing SARS-
CoV-2 pneumonia, with ground glass
opacity and reticulation. This reticulation
was extended to every lobe and affected
>50% of both lungs.
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for cytomegalovirus (CMV) reactivation and serum galac-
tomannan levels. None of those infections were identified.

After discussion with the patient's hematologist,
Venetoclax was discontinued due to the severity of
COVID-19 pneumonia and a lymphopenia of 620 cells/pl.
Hypogammaglobulinemia motivated a total of three ad-
ministrations of polyclonal intravenous immunoglobulin
during his ICU stay.

Due to past history and unfavorable prognosis, alternative
therapies were discussed. Convalescent plasma was consid-
ered but, given the uncertainty associated with the high anti-
body titre and the risk of subsequent resistant infection, the
use of Ronapreve™ was favored.'* At that time, Ronapreve™
had not yet been approved for hospitalized patients, there-
fore approval was sought from both the Hospital's pharmacy
and the European Medical Agency (EMA).

The patient developed a slow disease progression and
was under noninvasive ventilation and intermittent high
flow oxygen for 36 days (D7-D43).

A follow-up CT-scan on D17 showed worsening of
the pulmonary infiltrates, patchy consolidations, and
subpleural sparing, suggesting progression to organizing
pneumonia (Figure 2). By that time, antifibrotic therapy
with pirfenidone was started with a gradual increment to
a full dose of 2.4 g/day.

Due to respiratory distress and deterioration of P/F
ratio, mechanical ventilation was initiated on D43.

Ronapreve™ was approved and delivered to the hospital
within 3 days of mechanical ventilation (D46). Despite the
indication that Ronapreve™ antibodies should be admin-
istered to patients not on mechanical-ventilation support,
preferably in an out-patient scenario, we considered that
the patient's endogenous immune response had not been
initiated since his serologic antibodies remained negative
and the SARS-CoV-2 PCR tests remained positive, with a
Ct of 24.3. Therefore, Ronapreve™ was administered in a
single dose of 8000mg, diluted in 250ml of sodium chlo-
ride 0.9%. The intravenous infusion administered in an
hour period was not associated with adverse effects.

FIGURE 2
worsening of the pulmonary infiltrates,

CT scans showing

patchy consolidations and subpleural
sparing, suggesting progression to
organizing pneumonia.
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During his long stay at the ICU (a total of 70days), he
developed infectious complications and received antibi-
otic treatment, including a 4-day course of Piperacillin-
tazobactam directed to a complicated urinary infection
caused by Proteus mirabilis, escalated to Meropenem
considering clinical deterioration; a 21-day course of
Trimethoprim-sulfamethoxazole due to ventilator-
associated pneumonia to Stenotrophomonas maltophilia,
and, finally, 15days of Ceftazidime-Avibactam plus 9 days
of Amikacin following Bacteremia with carbapenem-
resistant Klebsiella pneumoniae.

3 | OUTCOME AND FOLLOW-UP
Following treatment with Ronapreve™, and termination
of Venetoclax, the patient had a favorable clinical out-
come and ventilatory support was progressively reduced.
Tracheostomy was performed on D57, 14days after me-
chanical ventilation, to avoid complications of prolonged
endotracheal intubation.

The patient showed clinical improvement and
was successfully weaned off the ventilator at D65.
Methylprednisolone was maintained on the initial dose
during 27 days, followed by slow dose taper, until substi-
tution for oral prednisolone.

After Ronapreve™ administration, SARS-CoV-2 PCR
tests were performed weekly, with progressive increase of
Ct values, reaching values above 36 after 3weeks. By that
time, AS antibodies were also present (174.6 AU/ml), while
AN were negative, indicating that the patient did not de-
velop natural immunity to the virus but acquired exoge-
nous antibodies. To assess the efficacy of these Ronapreve™
induced antibodies, a neutralization assay was performed,
which confirmed patient immunity. Patient was discharged
from the ICU 70days after admission, to continue rehabili-
tation on an Internal Medicine ward.

The patient was soon decannulated and oxygen supple-
mentation was ceased. After three months of respiratory
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and physical therapy in a rehabilitation center, he is cur-
rently at home. In March 2022, his hemogram showed
an increase of lymphocytes, and the immunophenotypic
analysis was compatible with CLL progression, motivat-
ing Venetoclax reinstitution.

4 | DISCUSSION

Due to disease-inherent and treatment-induced reduced
immune response, characterized by hypogammaglobu-
linemia, B- and T-cells defects, decreased levels of CD4+
T-cells, neutropenia and innate immunity malfunction,
CLL patients are at a higher risk of developing severe
forms of COVID-19 disease. They become unable to se-
roconvert after complete mRNA vaccination or to effec-
tively eradicate SARS-CoV-2 after infection.”®'* Clinical
evidence on SARS-CoV-2 immune responses following
mRNA vaccination in hemato-oncological patients, and
the impact of the available therapeutic agents on the
immune response to vaccinations, is extremely scarce.
However, even among patients with hematological ma-
lignancies, CLL patients appear to be at increased risk of
poor outcomes after SARS-CoV-2 infection."

Efforts have been made to clarify the impact of CLL-
directed therapy during COVID-19 disease and to decide
whether or not it should be discontinued. A general rec-
ommendation was made that CLL patients with controlled
disease under antileukemic treatments should not discon-
tinue therapy, unless it produces significant immunosup-
pression.'* Recent publications also suggest that Bruton
tyrosine kinase inhibitors (BTKi) should be continued,
not only due to its ability to control CLL progression but
also to decrease the hyperinflammatory status. As for
Venetoclax, no standard recommendation is available but
patients under its treatment had increased rates of SARS-
CoV-2 infection and consequent hospitalization."’

One of the aspects that increases the risk of SARS-
CoV-2 infection in these patients is that the levels of di-
rected antibodies induced by vaccines or SARS-CoV-2
infection itself, when present, have a slower increase,
lower peak and more transient profile compared to
healthy individuals."® Those physiology aspects promote a
more aggressive infection and a higher risk of recurrence
of COVID-19 in these patients. Regarding that, therapies
that help neutralize the virus load, diminishing cell infec-
tion and viral proliferation, could reduce both disease in-
stallation and progression.

One of the available therapeutic options is the con-
valescent plasma, rich in neutralizing antibodies from
patients recently recovered from the SARS-CoV-2 infec-
tion. Initially related to shorter hospital stay and lower

mortality,16 it was later associated with limitations, in-
cluding the number of available donors, low titer of neu-
tralizing antibodies, and infusion-related reactions or
infections.'> Ronapreve™ is an alternative therapeutic
approach that might overcome those limitations and has
proven to be safe and effective.

We described a case of a 69-year-old male patient
with CLL, treated with Venetoclax and vaccinated with
2 doses of the mRNA SARS-CoV-2 vaccine that did not
develop specific humoral immunity and ended up being
hospitalized in the ICU with a COVID-19 pneumonia
and, posteriorly, mechanically ventilated. The failure of
all therapeutic options allowed infection to persist 43 days
with active accumulation of the SARS-CoV-2 virus. As a
rescue therapy, an isolated infusion of Ronapreve™ anti-
bodies was performed 46days from initial diagnosis, pro-
moting the appearance of serum AS antibodies, effective
against SARS-CoV-2 infection and resulting in a favor-
able clinical, analytical, and radiological outcome for the
patient.

Our results provide, to our knowledge, the first evi-
dence of the therapeutic potential of this antibody combi-
nation in an immunosuppressed hospitalized COVID-19
patient, previously vaccinated without seroconversion
and under ventilatory support. However, it is imperative
to design studies to assess their efficacy in a wider range
of patients with lymphoid malignancies, including CLL,
under different antileukemic treatments, so that spe-
cific guidelines can be established to decrease patients’
morbidity and mortality and to improve their long-term
outcomes.

5 | PATIENT'S PERSPECTIVE
(DECEMBER 2021)

“I first had mild respiratory symptoms and mild fatigue
only. My wife, however, had more severe symptoms and
we started suspecting they could be attributed to the
SARS-CoV-2 virus, so we had an antigen test that came
back positive. We immediately called the national health
line that gave us the instructions to go to the hospital's
emergency department, where the PCR test confirmed the
infection.

Being a retired Pneumologist myself makes me more
aware of not only the possible severity and consequences
of the Covid-19 disease but also the possibility of not de-
veloping antibodies against this virus because of my dis-
ease, CLL, so I started to be very worried. Throughout my
pre-intubation days in the ICU, I felt everyone from the
ICU medical team, my Haematologist and my family tried
to give me the best possible care. Since I continued not
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to develop directed antibodies against the virus, the team
started to consider Ronapreve™ antibodies as a potential
therapeutic option. At the time I felt that could be my
chance of recovery, the solution to this problem.

I started to feel more and more fatigued over time, a
fatigue that was palpable when trying to perform simple
motor tasks. The medical and nursing team, that would
give me feedback from my progression, needed to gradu-
ally increment the oxygen supplementation and I knew I
was clinically getting worse. There are a lot of things that
people, including some of my family members, tell me I
said or they have told me during the days prior to the in-
tubation that I don't really remember. I only recall waking
up feeling very distressed because I knew that was a con-
siderable possibility, I wouldn't develop the antibodies to
the virus and I wouldn't get out of that bed.

Throughout the rest of my stay in the ICU, I had a big
fluctuation of feelings — some of the times I would feel
better and in others I would feel apprehensive and, psy-
chologically, very confused. It was a shock, initially, when
I woke up and couldn't move my legs, however, after the
physical therapy I was under in the ICU and the one I'm
doing now, I feel better from a motor as well as respiratory
point of view. The otolaryngology team has been evaluat-
ing me and I've already been decannulated. I'm currently
in a swallowing rehabilitation training with the speech-
language therapists.

I still feel psychologically tired (although I don't tend
to look back and relive the period from my ICU stay) and I
know it's going to be a long rehabilitation process, but I do
feel Ronapreve™ antibodies made a difference and I feel
hopeful about the recovery that lies ahead.”
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