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Abstract

Background: Moderate/severe cases of COVID-19 present a dysregulated immune system with T cell lymphopenia
and a hyper-inflammatory state.

This is a study protocol of an open-label, multi-center, double-arm, randomized, dose-finding phase I/1l clinical trial
to evaluate the safety, tolerability, alloreactivity, and efficacy of the administration of allogeneic memory T cells and
natural killer (NK) cells in COVID-19 patients with lymphopenia and/or pneumonia. The aim of the study is to
determine the safety and the efficacy of the recommended phase 2 dose (RP2D) of this treatment for patients with
moderate/severe COVID-19.

Methods: In the phase | trial, 18 patients with COVID-19-related pneumonia and/or lymphopenia with no oxygen
requirement or with an oxygen need of < 2.5 liters per minute (lpm) in nasal cannula will be assigned to two arms,
based on the biology of the donor and the patient. Treatment of arm A consists of the administration of escalating
doses of memory T cells, plus standard of care (SoC). Treatment of arm B consists of the administration of
escalating doses of NK cells, plus SoC.

In the phase Il trial, a total of 182 patients with COVID-19-related pneumonia and/or lymphopenia requiring or not
oxygen supplementation but without mechanical ventilation will be allocated to arm A or B, considering HLA
typing. Within each arm, they will be randomized in a 1:1 ratio. In arm A, patients will receive SoC or RP2D for
memory T cells plus the SoC. In arm B, patients will receive SoC or RP2D for NK cells plus the SoC.
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Discussion: We hypothesized that SARS-CoV-2-specific memory T-lymphocytes obtained from convalescent donors
recovered from COVID-19 can be used as a passive cell immunotherapy to treat pneumonia and lymphopenia in
moderate/severe patients. The lymphopenia induced by COVID-19 constitutes a therapeutic window that may
facilitate donor engraftment and viral protection until recovery.

Trial registration: ClinicalTrials.gov NCT04578210. First Posted : October 8, 2020
Keywords: COVID-19, Protocol, Allogeneic, Memory T cells, NK cells, Lymphopenia, Pneumonia, Safety

Background

The infection caused by the 2019 novel severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2)
(formerly designated 2019-nCoV) was first discovered in
Wuhan, China, in December 2019. On February 11,
2020, the World Health Organization (WHO) named
the respiratory illness as 2019 coronavirus disease
(COVID-19), and as of March 19, 2020, 234,073 cases of
2019-nCoV infection were confirmed worldwide, result-
ing in 9840 deaths [1]. The COVID-19 emergence has
attracted global attention, being declared a public health
emergency of international concern by the WHO [2, 3].
The effects of this disease range from asymptomatic in-
fection to acute pneumonia, sometimes causing multi-
organ failure leading to death [4, 5]. Although estimates
of the fatality rate vary over time and are difficult to cal-
culate, they are between 1 and 7%. Furthermore, long-
term sequelae are still unknown, but to date, they in-
clude heart and lung tissue damage, heart failure, re-
spiratory  distress, anosmia, ageusia, pulmonary
embolism, heart attack, stroke, cognitive impairment,
anxiety, depression, post-traumatic stress disorder, sleep
disturbance, joints and muscles pain, and fatigue, among
others [3]. It has been reported that COVID-19 is more
likely to occur in elderly patients with comorbidities and
weaker immune systems [5], whereas the majority of
children have had mild clinical manifestations and a fa-
vorable prognosis so far [6, 7].

Several drugs have been proposed as potential treat-
ments for COVID-19. Some of these agents have been
quickly tested in clinical studies and showed preliminary
efficacy against the disease [8]. The Guidelines for the
Prevention, Diagnosis, and Treatment of Novel
Coronavirus-induced Pneumonia issued by the National
Health Commission of the People’s Republic of China
for tentative treatment of COVID-19 recommends anti-
virals including IFN-«, lopinavir/ritonavir, and ribavirin
[9]. Chloroquine phosphate and arbidol are also included
based on the preliminary outcomes of clinical studies
[10]. However, most of these treatments have not proved

to be effective enough to date [11]. Therefore, exploring
effective therapies due to the worrisome situation is ur-
gent. New drugs are currently undergoing clinical trials
to assess if they can be used to treat COVID-19, such as
favipiravir, remdesivir, and darunavir [8, 10]. Most of
them are antiretroviral drugs and modulators of the in-
flammatory response. Nonetheless, few propose to use
the potential of cell therapy for viral destruction and im-
mune system recovery, which is a safe and cost-effective
strategy successfully used in other diseases.

In this regard, several studies have shown increased
amounts of pro-inflammatory cytokines in serum associ-
ated with pulmonary inflammation and extensive lung
damage in COVID-19 [12, 13]. Furthermore, severe
cases have higher leukocyte and neutrophil counts and
neutrophil-to-lymphocyte ratio, in contrast with lower
percentages of monocytes, eosinophils, basophils, lym-
phocytes, B cells, T cells, and NK cells [14—18]. The lat-
ter cells are a pivotal component of the innate immune
system that can eliminate virally infected and malignant
cells [19, 20]. Moreover, it has been demonstrated that
NK cells play a role in another coronavirus infec-
tion—named SARS—originated in China in 2002. In
SARS, both the number and function of NK cells cor-
related with the severity of the disease, meaning that
coronavirus infection can alter the number and func-
tion of NK cells hampering their capacity to kill vir-
ally infected cells [21]. In addition, NK cells show
characteristics that are typical of the adaptive immune
system, as it has been proven by the existence of a
pool of memory NK cells in mice and humans in-
fected with cytomegalovirus (CMV) [22].

Furthermore, both helper T cells and suppressor T
cells in patients with COVID-19 are below normal levels,
being the reduction more prominent in severe cases [5,
13, 16, 23]. In particular, in severe cases, the percentage
of naive helper T cells increases, whereas the percentage
of memory helper T cells decreases [24, 25]. These
memory helper T cells can form a pool of long-lived
memory cells, which upon re-encountering with their
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cognate antigen induce enhanced effector function
resulting in increased protection of the host [26, 27].

Given the characteristics of NK cells and memory T
lymphocytes, they can contribute to maintain an efficient
antiviral immune response [19, 20, 28]. To accomplish
this goal, two steps are needed: first, a rapid and well-
coordinated innate immune response, and second, the
differentiation of naive helper T cells into effector and
memory subsets [24, 25]. Recent and previous data have
shown that infusions of donor memory T-lymphocytes
(CD45RA™ T cells) are safe and constitute a simple
measure to prevent infections in the setting of allogeneic
hematopoietic stem cell transplantation (HSCT) [26, 29].
The infusion of a population of immune cells that have
been in contact with COVID-19 and with immuno-
logical memory would create a quicker and more robust
secondary immune response [26, 27, 30, 31].

Following this approach, this dose-escalation multi-
center phase I/II clinical trial proposes the treatment of
patients with bad prognosis due to SARS-CoV-2 infec-
tion, pneumonia, and/or lymphopenia, by using a cell
therapy approach. It is an innovative and non-
pharmacologic intervention, where NK cells or memory
T lymphocytes will be infused from donors who have re-
covered from COVID-19 and have been free from dis-
ease for at least 14 days [32]. These procedures are
routinely performed at the Haematology and Hae-
motherapy Services of many hospitals, meaning that
there is extensive experience in this type of selective sep-
aration of cell populations [27]. For this reason, the cell
therapy approach proposed in this study has shown to
be essentially safe and can contribute to increase the
therapeutic options available in the current SARS-CoV-2
emergency [26, 28, 29, 33]. It is a trial in accordance
with usual clinical practice, being thus a low-level inter-
vention trial.

A quick recovery of patients with pneumonia and/or
lymphopenia is expected, based on the fact that the
number and function of NK cells correlate with the se-
verity of SARS, and this quick response is essential after
a viral infection [19, 28]. Moreover, previous successful
experiences treating other viruses such as CMV,
Epstein-Barr virus (EBV), and human herpesvirus 6
(HHV-6) have been reported [34-36]. Regarding the
pool of memory T cells, infusing them would increase
its number in selected patients who have low levels of
memory T cells due to the viral infection. These lym-
phocytes have long-life memory, which upon re-
encountering with SARS-CoV-2 would induce an en-
hanced effector function resulting in greater protection
of the patient [26, 27]. If this approach were successful,
it would impact on saving thousands of lives, releasing
hospital beds, reducing the costs of the National Health
System, and improving the economy.

Page 3 of 12

Methods
The  study  protocol
recommendations.

follows the SPIRIT

Aim, design, and setting

The study is a phase I/II multi-centric clinical trial. The
main goal is to evaluate the safety and efficacy and to es-
tablish the recommended phase 2 dose of a new poten-
tial cell therapy for coronavirus-related pneumonia and/
or lymphopenia that consists of a single infusion of NK
cells or memory T cells from a healthy donor recovered
from COVID-19.

Phase I comprises dose-escalating steps, whereas phase
II aims to determine the efficacy of the treatment with a
randomized, SoC-controlled setting. SoC was considered
the best comparator in this study in order to demon-
strate the efficacy of the intervention. Placebo injection
was not considered due to technical difficulties in mask-
ing and the objective nature of the parameters defining
recovery (temperature < 38°C armpit, and SpO2 > 94%,
sustained for at least 24 h) or lymphopenia recovery
through day 14.

The trial sponsor is Dr Antonio Pérez Martinez at Uni-
versity Hospital La Paz in Madrid. The study plans to in-
clude patients in seven centers in Spain (see Table 1),
starting in April 2020 and with a planned study duration
of 2 years. Follow-up is planned for 3 months.

Patients can enter the study if they meet the eligibility
criteria, after signing the informed consent. Before initi-
ating the trial, the investigator/institution must obtain
approval/favorable opinion from the Independent Ethics
Committee (EC) for the trial protocol, written informed
consent form, consent form updates, subject recruitment
procedures, and any other written information to be
provided to subjects. Eligible subjects will be informed
before the beginning of the study about the objectives
and procedures, as well as the potential risks derived
from the study participation.

The process of obtaining informed consent must be
documented in the subject source documents.

The study consists of two consecutive phases. In phase
I (see Fig. 1A), 18 patients with pneumonia and/or lym-
phopenia related to COVID-19 will be assigned to two
arms, based on the biological compatibility of the donor
and the patient (if one or more HLA class I match be-
tween donor and recipient is present, patients will re-
ceive memory T cells—arm A; in case they have less
than one HLA class I match or HLA-KIR mismatch, pa-
tients will receive NK cells—arm B). In both arms, par-
ticipants are distributed in 3 dose-escalating cohorts.
Arm A investigates the administration of a single dose of
memory T cells plus the SoC, whereas arm B consists of
the administration of a single dose of NK cells plus the
SoC. To proceed to administer each subsequent dose, no
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Table 1 Study sites
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Study site

Principal investigator

Hospital Universitario La Paz

Hospital Clinic de Barcelona

Hospital 12 de Octubre de Madrid
Hospital Clinic de Valencia

Hospital General Universitario de Alicante
Hospital Universitario Cruces

Hospital de Emergencias Enfermera Isabel Zendal

Antonio Pérez Martinez

Alex Soriano Viladomiu

Maria Liz Paciello Coronel
Carlos Solano Vercet

Luis Manuel Herndndez Blasco
Juan José Mateos Mazén

Clara Herndndez Blanco

signs of safety issues are required for at least 7 days after
the cell infusion. In phase II (see Fig. 1B), a total of 182
patients with pneumonia and/or lymphopenia related to
COVID-19 will be included. There will also be two arms
based on the biology of the donor and the patient: arm
A: allogeneic T memory cells and arm B: allogeneic NK
cells based on the biological compatibility of the donor
and the patient. Patients on each arm will be randomized
(1:1) into two arms (SoC+RP2D) or to SoC. In arm A, pa-
tients will receive the SoC or the RP2D for memory T
cells plus the SoC. In arm B, patients will receive the SoC
or the RP2D for NK cells plus the SoC. The selected dose
in each arm will be based on the phase I results. The de-
velopment of the study protocol follows the Standard
Protocol Items: Recommendations for Interventional
Trials (SPIRIT) 2013 Checklist (Additional file 1). Figure 1
shows the trial flow chart, Table 2 the trial schedule for
phase 1, and Table 3 the trial schedule for phase 2.

Study population
The target population for enrolment in the study will be
patients with pneumonia and/or lymphopenia related to

COVID-19. Participants are recruited from the contribu-
tor centers during the recruitment period.

A total of 182 patients will be included in the clinical
trial. The objective is to enroll 18 patients in the dose-
escalation stage (phase I), 9 patients per arm (3 patients
in each cohort for both arms), and a total of 164 patients
in phase II, 82 patients per arm. Additionally, the donors
will be selected by the Regional Blood Transfusion
Center during the first 5 months of the study.

Inclusion criteria:

— Male or female patients < 80 years old

— Diagnosis of COVID-19 infection with laboratory
confirmation by reverse-transcription PCR (RT-PCR)
of SARS-CoV-2

— Onset of symptoms < 12 days prior to
administration of study treatment

— Phase I criteria: Patients requiring hospitalization for
COVID-19, with diagnosed pneumonia with chest
radiograph or computed tomography imaging and/
or lymphopenia (absolute lymphocyte counts below
1.2 x 10%cells /L) AND O,Sat < 94% on room air at

5x108/kg to 1x107/kg

Fig. 1 Trial flow chart of the two consecutive phases of the study

| PHASE | PHASE Il
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up to 1x10°/kg
Cohort 1
CD45RA" SoC
) CD45RA-
| Donor-recipient | _,{memoryT | _|, [Cohort2 S 5 | Donor-recipient | | o mory T
>1 common HLA-| lymphocytes 1x105/kg to 5x10%/kg >1 common HLA-| lymphocytes E
A Cohort 2
F
SoC+RP2D
Cohort 3 F F
Patient selection 5x10°/kg to 1x10°/kg E Patient selection I
COVID-19* T COVID-19+ =
pneumonia or severe c
lymphopenia N pneumonia A
Cohort 1
up to 1x108/kg / C
M — Cohort 1 \'
Donor-recipient T Donor-recipient SoC
> | <1 common HLA- or], | e cell Cohort 2 .| <1 common HLA-I
HLA-KIR mismatch | | Laoe/kgtosx10%kg) I or HLA-KIR | NK cells
mismatch Cohort 2
Cohort3 SoC+RP2D
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Table 2 Schedule of activities of phase I. Standard Protocol ltems: Recommendations for Interventional Trials checklist (SPIRIT) figure

All the visits have a window of + 1 day Screening/D0  D1-D90 or until discharge D7 D14 D21 D28 D90
Informed consent X

SARS-CoV-2 PCR testing X X X X X
Medical history X

Concomitant medications X X X X X X X
Physical examination X X X X X X X
Vital signs X X X X X X X
Respiratory status X X X X X X
Hematology X X3 (day 3) X X X X
Biochemistry X X3 (day 3) X X X X
Markers of immunological function’ X X X X X X
Blood sample for additional investigational studies X X X X X

Donor chimerism X? (day 3) X2 X2 X2
Pregnancy test X

Scales (NEWS and 7 point scale) X X X X X X X
Improvement according to the investigator/second dose** X

DLTs X

Evaluation of patient recovery X

Adverse events X

'Performed at screening and weekly

2Days 3 and 7. If donor chimerism persists by day 7, repeat on days 14, 21, and 28 and then continue weekly (until disappearance). Stop once it is negative
3Day 3

“Those patients showing clinical improvement at day 7 according to the investigator (based on respiratory status and blood-test result) who have not shown previous
toxicities of grade 3 or higher and if donor chimerism does not persist can receive a second cycle with the same dose at day 7, if the investigator considers it appropriate
Patients will be followed until day 90, discharge, or death, whichever occurs earlier. However, if the patient is discharged before day 30, weekly ambulatory visits
(days 7, 14, 21, and 28) will be performed if the investigator considers it appropriate

screening, no oxygen requirement or with an oxygen Patients with multi-organ failure

need of < 2.5 [pm in the nasal cannula — Moderate-severe (grade > 3) organ impairment
— Phase II criteria: Patients requiring hospitalization (liver, kidney), according to the criteria from the
with pneumonia diagnosed with chest radiograph or National Cancer Institute (NCI CTCAE version
computed tomography imaging or lymphopenia 5.0)
(absolute lymphocyte counts below 1.2 x 10°cells/L) — Severe and/or uncontrolled concurrent medical
AND O,Sat < 94% on room air at screening, disease that could cause unacceptable safety risks or
requiring or not oxygen supplementation (nasal compromise compliance with the protocol in the
cannula, oxygen mask with reservoir, non-invasive opinion of the clinical investigator
ventilation, etc.), but excluding mechanical — Have a known history of human immunodeficiency
ventilation virus infection, hepatitis B or hepatitis C; testing is
— Have a negative pregnancy test documented prior to not required in the absence of prior documentation
enrolment (for females of childbearing potential) or known history
— Be willing and able to comply with study procedures — Pregnant or breastfeeding women, where pregnancy
— DPatients must have the ability to comprehend and is defined as the state of a female after conception
sign the informed consent and until the termination of gestation, confirmed by
— Written informed consent obtained prior to any a positive hCG laboratory test
screening procedures — Any other condition that may interfere with the
efficacy and/or safety evaluation of the trial
Exclusion criteria: according to the investigator’s opinion
— Enrolled in another clinical trial for COVID-19 The blood donor selection will be done by the Regional
— Rapidly progressive disease with anticipated life Blood Transfusion Center with the following criteria:

expectancy <72 h
— Patients requiring mechanical ventilation 1. Male or female patients < 65 years
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Table 3 Schedule of activities of phase Il. Standard Protocol ltems: Recommendations for Interventional Trials checklist (SPIRIT) figure

All the visits have a window of + 1 day

Screening/D0

D1-D90 or until discharge D7 D14 D21 D28 D90

Informed consent X
SARS-CoV-2 PCR testing

Medical history X
Concomitant medications X
Physical examination X
Vital signs X
Respiratory status X
Hematology X
Biochemistry X
Markers of immunological function’ X
Blood sample for additional investigational studies X

Donor chimerism

Pregnancy test X
Scales (NEWS and 7 point scale) X
Evaluation of patient recovery

Improvement according to the investigator/second dose™

Adverse events X

X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X
X3 (day 3) X X X X
X? (day 3) X X X X
X X X X X
X X X X
X? (day 3) x X X2 X2
X X X X X X

'Performed at screening and weekly

2Days 3 and 7. If donor chimerism persists by day 7, repeat on days 14, 21, and 28 and then continue weekly (until disappearance). Stop once it is negative

3Day 3

“Those patients showing clinical improvement at day 7 according to the investigator (based on respiratory status and blood-result tests) who have not shown
previous toxicities of grade 3 or higher and if donor chimerism does not persist can receive a second cycle with the same dose at day 7, if the investigator

considers it appropriate

Patients will be followed until day 90, discharge, or death, whichever occurs earlier. However, if the patient is discharged before day 30, weekly ambulatory visits
(days 7, 14, 21, and 28) will be performed if the investigator considers it appropriate

2. SARS-CoV-2-positive patients by PCR during their
disease

3. Complete resolution of symptoms at least 14 days
prior to donation

4. Subjects must have at least one SARS-CoV-2-nega-
tive test by PCR from a nasopharyngeal swab, or, if
available, a negative SARS-CoV-2 viremia tested by
quantitative PCR in blood, before the blood donation

5. Donors must have HLA typing and KIR typing
performed, in order to decide treatment assignment
for patients

6. Subjects must be tested, at least, for the following:
HBsAg, Anti-HBc, Anti-HCV, Anti-HIV 1 and 2,
HCV, HBV**, HIV** (by NAT), CMV*, EBV*,
Toxoplasma*, Syphilis (RPR or VDRL or FTA), and
HTLV I/II**
*At least IgG, ideally IgG and IgM
**Mandatory for foreign patients, recommended for
nationals

Investigational product

The proposed treatment under investigation consists of
the infusion of cells from donors in the recovery phase of
the disease, who have been asymptomatic for at least 14
days prior to the donation, and with at least one SARS-

CoV-2-negative test. Blood samples are purified, and cell
subsets are obtained by magnetic immunoselection tech-
niques. Blood donor apheresis will be split into 2 parts,
memory T cells (CD45RA™) for arm A and NK cells
(CD37/CD56") will be selected for arm B. Blood products
from one donor can be utilized for more than one patient.

Risks, adverse events (AEs)
The risk to which research subjects could be exposed in
this trial can be minimized by adherence to the eligibility
criteria and close clinical monitoring.

Potential risks associated with NK cells and/or memory
T cell infusion may include, but are not limited to:

— Infusion reactions
— Side effects related to frozen products
— Graft-versus-host disease

Other unpredictable complications may occur, the
most serious happening within the first month after T
cell or NK cell infusion.

Treatment assignment criteria and randomization
Donors and patients will be HLA tested and allocated in
two different arms:
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— Arm A: If one or more HLA class I match between
donor and recipient are present, patients will receive
memory T cells.

— Arm B: If the donor and recipient have less than 1
HLA class I match or HLA-KIR mismatch, they will
receive NK cells.

For phase I, patients on each arm (A or B, according
to the HLA compatibility) will subsequently undergo a
correlative allocation into the different dose-escalating
cohorts.

For phase II, eligible patients will be allocated to arm
A or B considering HLA typing and within each arm
they will then be randomized in a 1:1 ratio to the investi-
gational arm (SoC+RP2D) or to SoC.

The randomization sequence was created by the Data
Management Department, using SAS version 9.4 statis-
tical software (procedure “PROC PLAN”) with a 1:1 allo-
cation. The randomization seed was by default generated
by the procedure from reading the time of day from the
computer’s clock where the program was executed.
Randomization will be done centrally through the elec-
tronic system RedCAP® in order to conceal the sequence
until interventions are assigned. The randomization
process is carried out based on the sequence generated
by the SAS statistical program, with the assignment of
treatment being blind. In this way, the program will only
show “SoC (Standard of Care)” or “SoC (Standard of
Care) + RP2D (Recommended Phase 2 Dose),” this as-
signment being blind. This is a simple randomization.
As it is a multi-center study, the randomization is strati-
fied by each site.

The patients who meet the selection criteria will be
randomized by the members of the research team desig-
nated by each center to carry out the randomization,
through the electronic system RedCAP".

SoC medicines and supportive care are permitted ac-
cording to institutional guidelines. All concomitant med-
ications should be recorded, from the date the informed
consent is signed until the patient is discharged.

Treatment dosing and schedule
Single ascending dose cohorts (phase |)
All patients will receive the SoC according to
institutional guidelines from each site for COVID-19.
Additionally, they will receive the investigational
treatment.

Arm A: If one or more HLA class I match between
donor and recipient is present, patients will receive the
corresponding number of memory T cells:

— Cohort 1: starting dose will be up to 1 x 10°/kg
— Cohort 2: 1 x 10°/kg to 5 x 10°/kg
— Cohort 3: 5 x 10°/kg to 1 x 10°/kg
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Arm B: If donor and recipient have less than one HLA
class I match or HLA-KIR mismatch, they will receive
the following amount of NK cells:

— Cohort 1: starting dose will be up to 1 x 10°/kg
— Cohort 2: 1 x 10°/kg to 5 x 10%/kg
— Cohort 3: 5 x 10°/kg to 1 x 107/kg

The decision to proceed to each subsequent dose
level (next cohort) will be made based on safety and
tolerability data from the prior lower dose level, in
the moment in which the prior dosing group has
completed the recruitment. Safety data for at least 7
days post-dose from all the subjects at the prior lower
dose will be considered before dose escalation.

The 18 patients included in phase I will continue to be
followed for possible DLTs during the 21 days following
cell infusion.

Dose-level decisions for phase Il
Dose-level decisions for phase II will be guided by
safety and DLT data from phase I. Phase II will begin
once RP2D is established based on the phase I data.
In both phases of the study, those patients showing
clinical improvement at day 7 according to the investiga-
tor (based on respiratory status and blood-test results),
who have not shown previous toxicities of grade 3 or
higher and if donor chimerism does not persist, can re-
ceive a second cycle with the same dose at day 7, if the
investigator considers it appropriate.

Discontinuation criteria

If a subject discontinues the study, the investigator will
try to perform all the needed evaluations to ensure that
no adverse events occur.

a. Study medication may be discontinued in the
following instances:

— Discharge from the hospital/ institution

— Concomitant illness that would affect assessments of
clinical status to a significant degree according to
the investigator’s judgment

— Toxicity, or toxicity that, in the judgment of the
investigator, compromises the ability to continue
study-specific procedures or is considered not to be
in the subject’s best interest

— Subject request to discontinue for any reason

— Subject’s non-compliance

— Pregnancy during the study
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Study outcomes

Phase I primary outcome is the occurrence of DLTs in
all patients during the study treatment, until 21 days
after cell infusion, and maximum tolerated dose (MTD).
DLT is defined as any grade 3 or higher toxicity with an
attribution of definitely or probably related to the infu-
sion of the cells and any lower grade toxicity that in-
creases to a grade 3 or higher as a direct result of the
cell infusion.

Based on this, the RP2D will be defined as follows:
The recommended dose will be the MTD unless no
MTD is determined in the dose-escalation segment of
the study. In the latter, the recommended dose will be
the highest dose evaluated in the dose-escalation
segment.

Co-primary outcome of phase I is the incidence and
nature of DLT of a single infusion of NK or memory T
cells from a healthy donor recovered from COVID-19
(dose escalation).

Phase II primary outcome is the incidence of patient
recovery infusing adoptive NK cells or adoptive memory
T cells. Recovery is defined as the proportion of partici-
pants in each group with normalization of fever and oxy-
gen saturation (criteria for normalization: temperature <
38°C armpit, and SpO2 > 94%, sustained for at least 24
h) or lymphopenia recovery through day 14.

Secondary outcomes collected are additional biochem-
ical information for the patient evolution (time to nor-
mal level of lymphocytes, time to negative SARS-CoV-2
test...) and general status of the patient (visits to inten-
sive unit care, clinical status...). Exploratory objectives
harbor those related with immune reconstitution (im-
munoglobulins, serum cytokines, T cells, NK cells, and B
cells repertoire) and determination of donor chimerism
by short tandem repeats and a variable number of tan-
dem repeat markers using the ABI Prism 3130 System
and immune lymphocyte reconstitution by multipara-
metric flow cytometry after adoptive therapy weekly dur-
ing the first month after infusion.

Further information is in supplementary Table 2.

Data collection and analysis plan

The handling, communication, and transfer of personal
data of all the subjects participating in the study will be
protected, complying with the basic ethical principles of
Biomedical Research and with the applicable regulations:
Regulation (EU) 2016/679 of the European Parliament
and of the Council of 27 April 2016 on the protection of
natural people with regard to the processing of personal
data and on the free movement of such data, and repeal-
ing Directive 95/46/EC (General Data Protection Regula-
tion) and LAW 41/2002, of 14 November, regulating
patient autonomy and rights and obligations of informa-
tion and clinical documentation.
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An electronic case report form (CRF) has been de-
signed using MACRO electronic Data Capture by
Elsevier.

The statistical software R [R Core Team (2014). R: A
language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria]
will be used for statistical analysis.

Descriptive information will be presented as tabular
summaries by the treatment group. Categorical data will
be summarized by number and percentages, whereas
continuous variables will be summarized by descriptive
statistics. Fisher’s exact test will be used to determine
statistical significance in the differences between groups.
The results of the statistical analysis will be displayed in
tables and as mean + SD in figures. Significance levels
will be expressed as p-values (*p < 0.05). The final trial
data set will be available to statisticians and to all the
main investigators.

Investigators will collect data from participants. A CRF
will be completed for all patients that have given in-
formed consent. All entries into the CRF are the respon-
sibility of the investigator or a qualified designated staff
member.

The Chief Investigator/Sponsor should retain the con-
tents of the master file in paper or digital format for
each clinical trial for at least 25 years after the end of
the trial (according to current national legislation) or for
a longer period if there are other applicable
requirements.

Once the database has been locked, the Data Manager
will produce an Adobe® Portable Document Format
(PDF) of the MACRO?® electronic Case Report Forms
(eCRFs) to send to the sites and Sponsor.

The Data Manager performs a final inventory of all
data management documentation and returns all docu-
mentation and study database within 30 days after the
acceptance of the final analysis by the Chief Investiga-
tor/Sponsor. All study documents will be returned to
the Sponsor with acknowledgment of receipt once the
inventory is complete.

Once the study has been locked, all the information
will be kept in data management files until the return of
all documentation and no copy of it will be stored;
therefore, whatever request related to the study will have
to be done during this period.

Sample size
A total of 182 patients will be included in this clinical
trial. The plan is to enroll 18 patients in the first dose-
escalation segment (phase I): 9 patients per arm (3 pa-
tients in each cohort, for both arms).

During phase I, three dose levels will be assessed. Dose
level one will be up to 1 x 10° memory T cells/kg in
arm A and up to 1 x 10° NK cells/kg in arm B. If all
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three recipients do not have any > grade 3 toxicities as-
sociated with the experimental treatment within 7 days,
the second cohort of 3 patients will receive 1-5 x 10°
memory T cells/kg in arm a and 1-5 x 10° NK cells/kg
in arm B. If none of these 3 patients has any > grade 3
toxicities associated with the experimental treatment,
then the third cohort of 3 patients will receive 0.5-1 x
10° memory T cells/kg in arm A and 0.5-1 x 10" NK
cells/kg in arm B. If none of these 3 patients has any >
grade 3 toxicities associated with the experimental treat-
ment, then the dose administered in cohort 3 will be the
recommended dose for the phase II extension (RP2D). A
total of 164 patients will be included in phase II: 82 pa-
tients per arm.

Study procedures and assessment

The study procedures to be conducted for each subject
enrolled in the study are presented in tabular form in
Tables 2 and 3.

Subjects will receive a screening visit, within 2 days be-
fore randomization and dosing to determine eligibility
for participation in the study. After the informed con-
sent is signed, the assessments will be performed (SARS-
CoV-2 testing, physical examination, respiratory status,
blood samples, and recording all adverse events (AEs)).
Study subjects who fulfill all the inclusion criteria and
none of the exclusion criteria will be immediately
randomized.

The screening visit will be followed by a baseline visit/
infusion day visit (day 0), and further on, daily assess-
ments from day 1 to 90 or until discharge will be per-
formed as far as possible, considering the increased
workload.  Additional investigations (blood tests:
hematology and biochemistry, markers of immunological
function, and donor chimerism) and SARS-CoV-2 PCR
will be performed weekly for 1 month.

Blood samples will be stored for research use. These
samples will be processed to obtain the cells and a
phenotypic study will be carried out to see the recovery
in time of immunological markers using the flow cytom-
etry technique. The functionality of infected COVID-19
cells and recovered cells will be studied by co-culture as-
says to see cytokine secretion by flow cytometry. In
addition, plasma cytokines will be studied by protein
assays.

Protocol modifications and adherence
All protocol modifications must be documented in writ-
ing. Any protocol amendment will be identified by a
consecutive number and must be approved and signed
by the sponsor and the principal investigator.

If amendments are relevant, approval by the EC must
occur before any changes can be implemented.
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Amendments that are required for subject safety may
be implemented immediately provided the health au-
thorities are subsequently notified by protocol amend-
ment and the reviewing EC is notified. The protocol
amendment can be initiated either by the sponsor or by
any principal investigator.

Investigators ascertain they will apply due diligence to
avoid protocol deviations. If deviations occur, the inves-
tigator must inform the monitor and the consequences
of such deviations will be reviewed and discussed among
the team. All protocol deviations will be documented/re-
corded specifying reason, data, action taken, and conse-
quences in patients and in the study. All documentation
related to deviation will be stored in the investigator file.

Data monitoring committee

The trial will be monitored by the personnel from the
Spanish Clinical Research Network (SCReN). They will
verify the correctness of the data collection and manage
the data. An appropriate monitoring plan for this study
has been developed. The monitor will visit the site to
check the completeness of subject records, the accuracy
of data capture/data entry, the adherence to the protocol
and to Good Clinical Practice, and the progress of en-
rollment and to ensure that the study treatment is being
stored, dispensed, and accounted for according to speci-
fications. The investigator must give the monitor access
to all relevant source documents for monitoring activ-
ities, audits, EC revisions, and inspections from Health
Authorities.

The investigator must maintain source documents for
each subject in the study, if applicable, consisting of case
and visit notes (hospital or clinical medical records) con-
taining demographic and medical information, labora-
tory data, and the results of any other tests or
assessments. All information on CRFs must be traceable
to these source documents in the subject’s file. The in-
vestigator must also keep the original informed consent
form signed by the subject (a signed copy should be
given to the subject).

Data safety monitoring

The investigator will monitor and systematically collect
the AEs starting from the date of signing the informed
consent form until the final follow-up visit of each sub-
ject. The occurrence of AEs is sought by non-directive
questioning of the subject at each visit during the study.
Adverse events may also be detected through physical
examination, laboratory test findings, or other assess-
ments. There is also a Data Safety Monitoring Board
(DSMB), who will periodically review and evaluate the
accumulated study data for participant safety, study con-
duct and progress, and, when appropriate, efficacy, and
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will make recommendations concerning the continu-
ation, modification, or termination of the trial.

The DSMB considers study-specific data as well as
relevant background knowledge about the disease, test
agent, or patient population under study.

Dissemination of trial results

Anonymized individual participant data will be made
available when the trial is complete, on request to the
corresponding authors and approval by the scientific
committee. After approval of a proposal, data will be
shared through a secure online platform. The protocol
will be registered in a publicly accessible database. In
addition, after study completion and finalization of the
study report, the results of this trial will be submitted
for publication in a scientific journal or will be made
public, complying with the Declaration of Helsinki.

Discussion

Several drugs have been proposed as potential treat-
ments for COVID-19. However, most of these treat-
ments are not specific and have not proved to be
effective enough. Currently, only steroids have been re-
ported to decrease mortality in patients with severe
COVID-19 [37]. Older patients and patients with pre-
existing comorbidities are at higher risk for complica-
tions. Pneumonia and T cell lymphopenia are indicators
of disease severity and higher death risk [38]. Here, we
describe an innovative and non-pharmacologic interven-
tion, where NK cells or memory T lymphocytes will be
infused from donors who have recovered from COVID-
19 and have been free from disease for at least 14 days.
The aim of the study is to determine the safety and the
efficacy of the RP2D of this treatment for patients with
moderate/severe COVID-19.

The protective role of T cells has already been shown
in previous SARS-CoV viruses [39]. Both helper T cells
and suppressor T cells in patients with COVID-19 are
below normal levels, being the reduction more promin-
ent in severe cases. In severe cases, the percentage of
naive helper T cells increases, whereas the percentage of
memory helper T cells decreases [40]. In this regard,
several studies have shown increased amounts of pro-
inflammatory cytokines in serum associated with pul-
monary inflammation and extensive lung damage in
COVID-19 [41]. In particular, severe cases have higher
leukocyte and neutrophil counts and neutrophil-to-
lymphocyte ratio, in contrast with lower percentages of
monocytes, eosinophils, basophils, lymphocytes, B cells,
T cells, and NK cells [42].

The lymphopenia induced by COVID-19 constitutes a
therapeutic window that may facilitate donor engraft-
ment and viral protection until recovery. We hypothe-
sized that SARS-CoV-2-specific memory T-lymphocytes
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obtained from convalescent donors recovered from
COVID-19 can be used as a passive cell immunotherapy
to treat pneumonia and lymphopenia in moderate/severe
patients [43]. These memory helper T cells can form a
pool of long-lived memory cells, which upon re-
encountering with their cognate antigen induce en-
hanced effector function resulting in increased protec-
tion of the host.

To date, no treatment with cell therapy has been ap-
proved for COVID-19; some are in experimental phases
or have gone through pilot studies and include treat-
ment with mesenchymal stem cells [44, 45] or NK cells.
NK cells are lymphocytes of the innate immune system
that can eliminate virally infected and malignant cells
[19, 20]. Coronavirus infection can alter the number and
function of NK cells hampering their capacity to kill vir-
ally infected cells. Clinical data has shown that COVID-
19 disease severity is correlated with a reduction in the
number and function of NK cells. The capacity of NK
cells to recognize and eliminate viral infections such as
CMYV, hepatitis B virus (HBV), and hepatitis C virus
(HCV) has been well described. In this regard, adoptive
NK cell therapy for COVID-19 patients can improve
survival and limit disease progression in moderate/severe
cases.

Trial status

The study protocol version 1.0 of the 1st of April
2020 was approved by the Ethics Committee CEIm
Hospital Universitario La Paz (Identifier: Clinical Eth-
ical Approval No. HULP-5579) on the 8th of April
2020. The current version is protocol version 5.0, 14
May 2021. Recruitment is ongoing. The first partici-
pant was recruited on the 4th of September 2020.
The final participant is anticipated to be recruited in
April 2022.

As of 23rd of February 2021, a total of 9 participants
have received treatment in arm A of phase I (all of them
at University Hospital La Paz). No DLTs were detected
and no MTD was established; therefore, after data as-
sessment by the Data Safety Monitoring Board (DSMB),
the recommended dose for arm A of phase II has been
established as 5 x 10°/kg to 1 x 10°/kg. As of 26 August
2021, a total of 27 participants have been included in
arm A of phase II (14 have received SoC + RP2D for
memory T cells and 13 have received the SoC). The en-
rolment is ongoing.

In future manuscripts derived from this protocol, au-
thor contributions will be determined according to who
conceived and designed the study, who collected the
data, who contributed to data analysis, and who wrote
the paper. Medical writers might be used in the writing
process.
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