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+ Behandeling
= Virus, immuniteit, immuunrespons en pathogenese

1.3 Setting
+ Ziekenhuiszorg

Samenvatting / Summary

RESEARCH QUESTION

COVID-19 represents a major threat to societies and their health care systems. Two major pathways seem to be pivotal to

cause life threatening damage; severe systemic inflammation and damage to the pulmonary endothelium leading to pulmonary
thrombosis. Our study group have the unique availability of GMP approved and ready for use fetal cells, non-invasively derived

from umbilical cords. These umbilical cord derived mesenchymal stromal cells (UC-MSC) have both a very potent
anti-inflammatory activity and a favorable effect on the pulmonary endothelium. Therefore, UC-MSC are a highly interesting cell

therapy to save critical COVID-19 patients.

Our main research questions are whether it is safe and if it is feasible to administer UC-MSC to critical COVID-19 patients at

the ICU. We also aim to find prognostic biomarkers for patient selection and disease progression.

URGENCY

Due to the high risk associated with CCVID-19 respiratory insufficiency, there is an overall consensus to find an effective

intervention as quick as possible. Furthermore, COVID-19 patients burden ICU capacity and have hampered regular care.

Reducing duration of mechanical ventilation and improving survival would reduce the impact of COVID-19 on the ICU capacity,

enabling full restart of regular interventions.

HYPOTHESIS

We hypothesize that UC-MSC therapy is safe and will reduce respiratory symptoms and improve outcome in critical COVID-19

patients.

APPROACH
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We will perform a phase-| dose seeking and subsequent phase-Il feasibility study of UC-MSC in critical COVID-19 patients. In

the phase-| study we will use dose-escalation, monitoring dose limiting toxicity. The highest tolerable dose will be taken forward

into a phase-l| feasibility study with primary outcome mechanical ventilation days and alive after 28 days. We would consider a

reduction of4 ventilation days a sufficient success to take UC-MSC therapy forward into a phase-lll international randomized

controlled trial.
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PROJECTTITEL:

Fetal cells to save adult lives — umbilical cord derived mesenchymal stromal cells in critical COVID-19

patients
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1. PROBLEEMSTELLING EN DOELSTELLING(EN):
COVID-19, the disease caused by infection with the pandemic SARS-CoV-2, represents a major threat to

societies and their health care systems. Many patients suffering from COVID-19 require intensive care due

to respiratory insufficiency, which is the main cause of mortality in patients admitted to the intensive care

unit (ICU)[1]. In the Erasmus Medical Center, the mortality of ICU-admitted patients is 30-35% and the

mean duration of ICU stay is 22 days, which burdens ICU capacity significantly [personal data]. Current

therapeutic approaches include aggressive standard supportive care and treatment of any other co-

infections. Therapeutic options are lacking and new therapies are urgently needed. Due to our already
established international collaboration, a high potential innovative therapy derived from fetal cells,
umbilical cord derived mesenchymal stromal cells (UC-MSC), is readily available in our center.

Two major pathways seem to be responsible for COVID-19 induced damage and related critical respiratory
distress; (1) systemic inflammation leading to cytokine release storms (CRS) and (2) inflammation

induced endothelial damage leading to pulmonary thrombosis[2].

Systemic inflammation |C—> Cytokine release
y Jd | storm

1 ( ] |
Mechanical ventilation

SARS-CoV-2 infection Umbilical cord derived
—leading to inflammation mesenchymal stromal cells

Death

2 | ] |
Endothelial damage — Puimsnely j

Figure 1. Unique qualities of UC-MSC that might save COVID-19 patients

UC-MSC have unique qualities, which makes them a very attractive cell compound in COVID-19 patients.

They exhibit a potent anti-inflammatory activity reducing CRS in conditions like graft versus host

disease, and the potential to ameliorate SARS-CoV2 induced lung injury by improving the integrity of

already damaged endothelium[3] (see figure 1). UC-MSC have several other advantages; (a) they

represent fetal tissue, (b) are readily available in large quantities and are GMP approved, and (c) do not

require invasive techniques, in contraryto e.g. bone-marrow derived (BM-)MSC. Furthermore, they are

more immune-evasive with regard to their ability to interfere with the function of antigen-presenting cells

and are less rigid compared to BM-MSC, reducing possible risk of pulmonary embolism upon administration

in critical COVID-19 patients[4]. Therefore we think that UC-MSC are a very promising cell therapy and

could potentially reduce mortality and need for mechanical ventilation. We propose to perform a

phase-| and subsequent phase-Il study with UC-MSC in critical COVID-19 patients with respiratory

insufficiency.

The key objectives of this project are:

. Assess the safety of UC-MSC in critical COVID-19 patients with respiratory failure;
2. Evaluate the feasibility and potential of UC-MSC in critical COVID-19 patients;
3. Investigate the effect of UC-MSC on immuno-metabolic profiles to find new prognostic biomarkers

for disease progression and UC-MSC response (patient selection), and understanding underlying
mechanisms of UC-MSC mode of action.

2. PLAN VAN AANPAK:

STUDY DESIGN: We will perform 2 consecutive studies with 3 main outcome parts (A-C); a phase-l safety
and dose finding study (part A) and phase-ll confirmation and feasibility study (part B). In both

studies we will collect blood samples to study disease and therapeutic mechanics by investigating
immunometabolism (part C). These results will enable us to better predict and identify patients which will

benefit from this new treatment and can be included in a larger phase llI-trial, which is critical as next step.
An overview of the study design is depicted in figure 2.

Targeted study population: Adults will be recruited at the level Ill ICU of the Erasmus Medical Center in

Rotterdam, the Netherlands.
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Inclusion criteria: Positive testing for SARS-CoV-2; Invasive mechanical ventilation <72 hours; age = 18

years; signs of systemic inflammation (H-score >104 (Mehta et al. [5]; composite score for secondary
haemophagocytic lymphohystiocytosis); written informed consent from patient or legal representative.
Exclusion criteria: Patient currently on ECMO; invasive mechanical ventilation for = 72 hours; patients who
are pregnant or who give breastfeeding; patients with active malignant tumours; uncontrolled co-infections

with other viruses or bacteria; aspergillum pneumonia.

Figure 2. Overview of study design

PART A — Phase-| safety and dose finding study |

Dose level 1 - 2.5x10° MSCs/kg |

Evaluation of dose limiting

toxicity (DLT):
Progressive pulmonary y4
embolism/pulmonary hypertension od samp g evel

Hypersensitivityto MSC
Significant detoriation until 48h after UC- py
MSC administration

Dose-escalation after N=6 if

less then 2 patients show DLT

Dose level 2 — 5x10° MSC/kg
Dose level 3 — 10x10° MSC/kg

-

Recommended phase-Il dose

Part A — Phase-| safety and dose finding study
The dose levels (between 5 and 20x10% UC-MSC per kg) are based on clinical phase I/ll ARDS-trials using
BM-MSCs [6], and pathophysiological repeated dosing seems sensible due to the complex responses in

the first days of the disease. Six patients will receive dose level 1 (2 doses of 2.5x10% UC-MSC/kg with 48

hour interval) and if £1 patient shows a dose limiting toxicity (DLT, see figure 2), we will proceed to dose

level 2 (5x108 UC-MSC twice). Dose level 3 is the final step (10x10° MSC twice), unless two or more DLT

occur, which prompts a de-escalation to a lower dose level. Depending on the effect and observed DLTs,
the recommended phase Il dose (RP2D) will be defined. Recruitment is stopped after each patient until

possible acute DLT have been diagnosed or ruled-out (up to 48h after last administration of UC-MSC).

Part B — Phase-ll confirmation and feasibility study
Effectiveness of the UC-MSC will be assessed in a feasibility study in critical COVID-19 patients, who will

receive RP2D established in part A. The primary outcome is mechanical ventilation free days and alive at

28 days. We chose this primary end-point since duration of mechanical ventilation is the most important
reason for ICU admittance. Reducing mortality and mechanical ventilation days decreases the burden of

COVID-19 on ICU capacity. Secondary outcomes include: intensive care free days and alive after 28 days;
change in Sequential Organ Failure Assessment (SOFA) score, measures of gas exchange and laboratory
parameters of inflammation and thrombosis (measured standard of care).

We would consider a reduction in mechanical ventilation of 4 days a success (reduction of ~20%),
which makes UC-MSC-therapy worth further evaluation in a phase-Ill study. To evaluate these rates with a

significance level a=0.05, power=80% 26 patients are needed. Including the 6 patients from part A with the

same dose, we need an additional 20 patients in this feasibility trial. We will compare study patients with

non-included patients and the available historical cohort of COVID-19 patients admitted to the ICU.

Part C — Discovery of prognostic biomarkers for disease progression and UC-MSC response
We will acquire 0.3 ml plasma before start of, and during UC-MSC therapy (every 12 hours). In these blood

samples, we aim to longitudinally measure ~200 immuno-metabolites hypothesized to be involved in the

immune modulating effect of UC-MSC, including bioactive lipids playing a key role in inflammation,
oxidative stress, vascular dysfunction and immune dysfunction (measured by Leiden University). By

investigating these metabolites and their change overtime we aim to investigate: a) new prognostic
biomarkers for disease progression and severity (patient selection); b) prognostic biomarkers for clinical

response to UC-MSC administration (patient selection and timing of repeat dose); ¢) the possible mode of

action of UC-MSC (underlying mechanisms). These findings may support development of new prognostic
biomarkers and possible therapeutic targets.
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3. HAALBAARHEID VAN HET PROJECT:

MOTIVATION FEASIBILITY: The design of this study is highly feasible. The UC-MSC product is already
available. The ICU of the Erasmus Medical Center provides 60 beds for critical patients with COVID-19.

Based on conservative assumptions we expect that 100 patients are eligible per year. We estimate that

~40% of these patients will be excluded based on the exclusion criteria. Assuming that about three quarter
of the patients will provide informed consent, we expect that ~10 patients can be included per quarter. The

ICU of the Erasmus Medical Center is well equipped and has experience in performing intervention studies.

Furthermore, the applicants and their team have a long-standing history in ventilation research.

TIME SCHEDULE AND EXPECTED MILESTONES: We already are preparing the study: medical ethical

approval will be submitted May 2020 and the study drug is available. We expect that duration of the part A

will be 6 months (Milestone 1: open-access publication of phase-| trial, early 2021) and for part B another 6

months. Together with data cleaning and analysis, we expect a total project duration of 24 months, starting
as soon as the financial support is available from July 30" 2020 (phase-I-trial preparation; 1 month initiation

time (informing staff, nurses and developing lay patient folders)) and ending July 30" 2022 (open access

publication of phase-I| trial (Milestone 2)). Analysis on prognostic biomarkers of clinical course and UC-

MSC response will be started after ending part A and B, scheduled at 15 months after start of this project.
Reports will follow in the year thereafter (2021-2022, Milestone 3).

4. RELEVANTIE VOOR DE PRAKTIJK:

Due to the high risk of COVID-19 respiratory insufficiency, there is an overall consensus to find an effective

intervention as quick as possible. Results forthcoming from this project will provide health care

professionals with important information on a potential new cell therapy for critical COVID-19 patients, in

whom mortality is significant. Improving mortality and reducing health care need will alleviate the ICU-

capacity and enable more non-COVID regular health to be conducted.

This project will also provide crucial information for the next step; a phase-Ill randomized controlled trial,
and also introduces MSC-therapy on the ICU. We are already in contact with colleagues in Dresden,

Germany (prof. dr. Mario Rudiger, project advisor), to collaborate on a phase-Ill trial internationally. A major
advantage of UC-MSC, if shown effective, is that umbilical cords are available world-wide enabling easy
increase of production of UC-MSC and implementation of this innovative cell therapy.

Also, results and knowledge forthcoming from this project can help boost MSC-therapy non-COVID-19

ARDS patients in the ICU. Furthermore, also neonates may benefit. In the department of necnatology,
neonatal sepsis is a major problem with high mortality, in which UC-MSC treatment can be successful. Co-

applicants (Reiss, Taal, Simons) from our study group are performing pre-clinical studies with UC-MSC and

neonatal sepsis, and are keen to take UC-MSC forward in a phase-l/Il trial in neonatal sepsis, for which

knowledge from this project can contribute.

5. DEELNAME VAN DE STAKEHOLDER(S) (e.g. patiénten, zorgprofessionals, etc.):

A

[ET CE I cin applicant) is well known and

respected, ensuring effective spread of a potential novel therapy on all ICUs in the Netherlands, if shown

effective. By collaborating with prof. dr. Mario Riidiger (project advisor), from the Technical University of

Dresden, Germany, we aim to contribute to a subsequent international phase-IIl randomized controlled trial.

At this non-profit organisation, the UC-MSC are GMP manufactured (see appendix; GMP certificate) and

readily available, ensuring availability of the study drug. We will also collaborate with prof. dr.

(project advisor), head of the Leiden Academic Center of Drug Research. He has experience
in performing large-scale metabolomics studies. His experience in combining clinical and basic research

ensures effective study of prognostic biomarkers for clinical course and UC-MSC response.

Due to the time limitations there was no yet a response asked from patient organizations. However it is

planned to ask FCIC (Family and patient Centred Intensive Care) and ICConnect, two platforms for ICU

patients and their relatives.
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LANDESDIREKTION

SACHSEN

BESTATIGUNG DER UBEREINSTIMMUNG EINES

HERSTELLERS MIT GMP

Teil 1

Ausgestellt nach einer Inspektion gemén

« Art. 111 (5) der Richtlinie 2001/83/EG
« Art. 15 der Richtlinie 2001/20/EG

Die zustandige deutsche Uberwachungsbehérde
bestitigt:

Der Hersteller

Universitatsklinikum Carl Gustav Carus Dresden

an der Technischen Universitit Dresden (ASR)

Anschrift der Betriebsstatte

Medizinische Klinik und Poliklinik |

FetscherstraBe 74

Haus 27, Haus 31, Haus 58, Haus 65, Haus 66, Haus

85, Haus 111

01307 Dresden

Deutschland

» wurde im Rahmen der nationalen Arzneimittel(iber-

wachung inspiziert in Verbindung mit der Herstellungs-
erlaubnis Nr. DE_SN_01_MIA_2016_0047 geman

- Art. 40 der Richtlinie 2001/83/EG
- Art. 13 der Richtlinie 2001/20/EG

umgesetzt in deutsches Recht durch:

§ 13 Abs. 1 und § 72 Arzneimittelgesetz

Aufgrund der aus der letzten Inspektion vom

25. November 2016 gewonnenen Erkenntnisse wird fir

die oben genannte Betriebsstétte des Herstellers die

Ubereinstimmung mit den Anforderungen der Guten

Herstellungspraxis festgestellt, die sich aus

DE SN 01 GMP 2017 0007 22.02.2017 Unterschrift:

594124

Freistaat

SACHSEN

Zertifikat-Nr./Certificate no:

DE_SN_01_GMP_2017_0007

Aktenzeichen/Reference Number:

L24-5115/277

CERTIFICATE OF GMP COMPLIANCE OF A

MANUFACTURER

Part 1

Issued following an inspection in accordance with

+ Art. 111 (5) of Directive 2001/83/EC

= Art. 15 of Directive 2001/20/EC

The competent authority of GERMANY confirms the

following:

The manufacturer

Universitatsklinikum Carl Gustav Carus Dresden

an der Technischen Universitat Dresden (A6R}

Site address

Medizinische Klinik und Poliklinik |

FetscherstraBBe 74

Haus 27, Haus 31, Haus 59, Haus 65, Haus 66, Haus

85, Haus 111

01307 Dresden

Germany

« has been inspected under the national inspection
programme in connection with manufacturing
authorisation no. DE_SN_01_MIA_2016_0047 in

accordance with
- Art. 40 of Directive 2001/83/EC
- Art. 13 of Directive 2001/20/EC

transposed in the following national legislation:
Sect 13 para 1 and sect 72 Arzneimittelgesetz (German
Drug Law)

From the knowledge gained during the inspection of

this manufacturer, the latest

25 November 2016, it is

with the Good Manufaciuri
referred to in

c

FédAhabit complies

ctige reqijrements

¥
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« den Grundsatzen und Leitlinien der Guten

Herstellungspraxis geman
- Richtlinie 2003/94/EG

ergeben.

Dieses Zertifikat bestatigt den Status der Betriebsstétte

zum Zeitpunkt der oben genannten Inspektion. Es

sollte nicht zur Bestatigung der Ubereinstimmung
herangezogen werden, wenn seit der genannten

Inspektion mehr als drei Jahre vergangen sind. Nach

Ablauf dieser Zeit sollte mit der zustandigen Behérde

Kontakt aufgenommen werden. Das Zertifikat ist nur

bei Vorlage s&mtlicher Seiten inklusive der Teile 1 und

2 gultig. Die Echtheit dieses Zertifikates kann ggf.
durch die ausstellende Behdrde bestéatigt werden.

DE_SN_01_GMP_2017_0007 22.02.2017

+ the principles and guidelines of Good Manufacturing
Practice laid down in

- Directive 2003/94/EC

This certificate reflects the status of the manufacturing
site at the time of the inspection noted above and

should not be relied upon to reflect the compliance
status if more than three years have elapsed since the

date of that inspection, after which time the issuing

authority should be consulted. This certificate is valid

only when presented with all pages and both parts 1

and 2. The authenticity ofthis certificate may be

verified with the issuing authority.
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Teil 2

* Humanarzneimittel
+ Priifpréparate zur Anwendung am Menschen der

Phasen I, II, [ll

1 HERSTELLUNGSTATIGKEITEN

- Die erlaubten Herstellungstatigkeiten umfassen vollstandige und

teilweise Herstellung {einschlieBlich verschiedener Prozesse wie

Umftllen, Abpacken oder Kennzeichnen), Chargenfreigabe und

-zertifizierung, Lagerung und Vertrieb der genannten

Darreichungsformen sofern nicht anders angegeben;

- Die Qualitatskontrolle und/oder Freigabe und/oder Chargen-

zertifizierung ohne Herstellungsschritte sollten unter den

entsprechenden Punkten spezifiziert werden;

- Unter der relevanten Produktart und Darreichungsform sollte

auch angegeben werden, wenn der Hersteller Produkte mit

speziellen Anforderungen herstellt, z.B. radioaktive Arzneimittel

oder Arzneimittel, die Penicilline, Sulfonamide, Zytostatika,
Cephalosporine, Stoffe mit hormoneller Wirkung oder andere

potenziell gefahrliche Wirkstoffe enthalten (anwendbar fir alle

Bereiche des Teils 1 mit Ausnahme 1.5.2 und 1.6).

1.3 Biologische Arzneimittel

1.3.1 Biologische Arzneimittel

1.3.1.5 Biotechnologische Produkte

1.6 Qualitatskontrolle

1.6.4 Biologisch

Part 2

= Human Medicina! Products

« Human Investigational Medicinal Products for phase

LILI

1 MANUFACTURING OPERATIONS

- authorised manufacturing operations include total and partial
manufacturing (including various processes of dividing up,

packaging or presentation), batch release and certification, storage
and distribution of specified dosage forms unless informed to the

contrary;

- quality control testing and/or release and batch certification

activities without manufacturing operations should be

specified under the relevant items;

- if the company is engaged in manufacture of products with

special requirements e.g. radiopharmaceuticals or products

containing penicillin, sulphonamides, cytotoxics, cephalosporins,
substances with hormonal activity or other or potentially hazardous

active ingredients this should be stated under the relevant product
type and dosage form (applicable to all sections of Part 1 apart
from sections 1.5.2 and 1.6)

1.3 Biological medicinal products

1.3.1 Biological medicinal products

1.3.1.5 Biotechnology products

1.6 Quality control testing

1.6.4 Biological
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FREISTAAT22. Februar 2017
SACHSEN

Name und Unterschrift des Bearbeiters der zustandigen

=
Referat 24, Pharmazie, GMP-Inspektorat
BraustrafBe 2

04107 Leipzig
Deutschland

DE_SN_01_GMP_2017_0007 22.02.2017

22 February 2017

Name and signature of the authorised person of the

Competent Authority

Referat 24, Pharmazie, GMP-Inspektorat
BraustraBe 2

04107 Leipzig
Deutschland
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