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Outline for Today

* Representative cases from different time points

* Discussion of Randomized Evaluation of COVID-|9 Therapy: The
RECOVERY Trial

e Q & A forum
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Case |: History of Present lllness

* April 2020

* 65 year old woman presents with 5 days of
* Subjective fever
* Myalgias
* Dyspnea

+ PMHx

« CAD with NSTEMI in 2018
+ HTN
+ HLD
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Physical exam Investigations

* Temperature: 102 F * WBC:3.0

* Heart rate: 100/min * Hemoglobin 4 g/dL
* Respiratory rate: 28/min * Platelets: 130,000

* Blood pressure: 130/60 * Creatinine: |.0 mg/dL

* Troponin: 0.05

e C-reactive Protein: |5
* Ferritin: 550

e D-dimer:0.72

* Oxygen saturation: 94% on 2L

* General: mildly uncomfortable
and tired, able to speak in full
sentences

* Chest: tachypneic but without
increased work of breathing,
clear to auscultation
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Clinical Course

* Admitted to intermediate care unit
* Received hydroxychloroquine and Lopinavir/ritonavir

* 5 days later developed signs of hyperinflammation and progression of
disease

e Admitted to MICU
 Received tocilizumab

* Discharged after 20 days of hospitalization
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History of Present lliness

* July 2020

* 60 year old woman presents with 8 days of
* Fatigue
* Cough
* Dyspnea
* PMHx
* IDDMILAIC 9.0%

« HTN
+ HLD
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Physical exam Investigations

* Temperature: 99 F * WBC:5.0
* Heart rate: | |0/min * Hemoglobin 12 g/dL
* Respiratory rate: 30/min ° PIateI§t§: 150,000
* Blood pressure: 140/80 ) Creatln.lne: .0 mg/dL
* Oxygen saturation: 94% on ) Tr'oponl.n: <0.04 .

40% FiO2 NRB * C-reactive Protein: |8
* General: mildly uncomfortable * Ferritin: 600

* D-dimer:0.60

and tired, appears short of
breath

* Chest: tachypneic, using
accessory muscles, coarse
breath sounds bilaterally
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Clinical Course

 Admitted to intensive care unit
e Received Remdesivir and dexamethasone
* Improved over the course of 4 days

* Discharged after 10 days of hospitalization
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COVID-19 Therapeutics: The Impact of Clinical Trials

July 17th, 2020
March 28th, 2020 May 1st, 2020 May 22nd, 2020 June 15th, 2020 June 29th, 2020 RECOVERY
FDA issues HCQ/CQ FDA issues EUA for ACTT-I preliminary FDA revokes RECOVERY LPV/r preliminary results
EUA Remdesivir results publication HCQ/CQ EUA Press Release oublication

March 11, 2020 April 29%, 2020 May 7th, 2020 June 5th, 2020 ure 250, 2920 July 4th, 2020
WHO declares NIAID Press Release Cao, et al. LPV/r RCT RECOVERY HCQ Deramethacone HV(\:/cHlO dollslt_:lcj)\?}cmues
andemic ACTT-I Published an rarms
P Press Release Press Release  SOLIDARITY
Patient 1 Admitted Patient 2 Admitted
Receives HCQ + LPV/r Receives Remdesivir + Dexamethasone
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N I H Oxford Biomedical
Research Centre

Randomised Evaluation
of COVID-19 Therapy:
the RECOVERY trial

Prof Martin Landray
University of Oxford, UK
on behalf of the RECOVERY trial investigators
www.recoverytrial.net
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Background

Pandemic caused by a new virus:

- For most people, self-limiting viral illness

- For hospitalised patients, 10-20% mortality

- For ventilated patients, 40-50% mortality
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Background

Unprecedented clinical challenge:
- Overstretched health service (availability of beds, staff, and ventilators)
- Huge time pressures and personal stress for frontline medical staff

- Large numbers of unwell, anxious, and often elderly patients
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Pathophysiology of COVID-19

Inflammatory response

Onset Admission

Dyspnoea

Acute respiratory
distress syndrome

Intensive care
unit admission

Days
7
< P
8

< P

9
< P

105

< P

Median time

41 41 21 i 16
(100%) (10|0%) (Sll%) (27|%) (39%)
Number of cases

Huang et al Lancet, 395 (10223), 497-506

Three broad categories of treatment:
- repurposed anti-virals

- immunomodulatory drugs

- targeted specifically at SARS-CoV-2

Plus treatments targeted at complications
(e.g. antithrombotics)



Selection of treatments

Huge uncertainty about treatment

- Many candidate drugs

- Many opinions (from many sources)

- No reliable data (uncontrolled case series, inconclusive randomized trials)

- Unlikely to be a single “big win” but moderate benefits would be important

Initial prioritisation principles

- Potentially effective (based on prior pre-clinical & clinical data)

- Major safety issues understood

- Sufficient treatment available for large-scale recruitment

- Potential to rapidly scale up as a clinical treatment (if shown to be effective)



Looking back to move forward...

STATISTICS IN MEDICINE, VOL. 3, 409-420 (1984)

WHY DO WE NEED SOME LARGE, SIMPLE
RANDOMIZED TRIALS?

SALIM YUSUF*®* RORY COLLINS AND RICHARD PETO
Clinical Trial Service Unit, Radcliffe Infirmary, Oxford, UK

The criteria for a good trial are similar in many serious diseases: first and foremost, ask an
"important’ question and, secondly, answer it ‘reliably’. These two very general criteria obviously
require further elaboration, but even as they stand they can suggest some surprisingly specific
consequences for clinical trial design. Particularly, they can be used to suggest both the possibility
and the desirability of large, simple randomized trials of the effects on mortality of various widely
practicable treatments for common conditions.



Lessons from the past...

Second International Study of Infarct Survival (1SI1S2)

“By far the most important determinant of the success of ISIS is the extent to
which, in those busy hospitals where the majority of acute Ml patients are
actually admitted, the responsible physicians and nurses choose to enter
their patients. Hence, the extra work must be — and is — absolutely minimal.”

Routine Care
= 13% dead
=== —

Aspirin only

l 10 =] Streptokinase only

Percentage dead

Routine care +
Streptokinase and Aspirin
8% dead

0 | \ \ | \
0 1 2 3 4 5
Weeks from starting treatment




RECOVERY trial - Design

Simple eligibility: Hospitalised patients with SARs-CoV-2

* Important outcome: mortality (use of ventilation, duration of hospitalisation)
 Randomization: assigns patient between suitable and available treatments
* Follow-up: 1 page case report form + extensive linkage to national health datasets

* Targeted anti-SARS-CoV-2

Repurposed antivirals
* Hydroxychloroquine
* Lopinavir-ritonavir

Immunomodulatory
 Dexamethasone
e Azithromycin
* Tocilizumab

e Convalescent plasma

V| RANDOMISED EVALUATION OF COVID-19 THERAPY (RECOVERY) n

Hospital: Patient Name:

1. Information about the study has been provided to me: | confirm that | have read and understood
the Participant Information Leaflet (V1.0 13-Mar-2020) | have had the opportunity to consider the
information and ask questions. These have been answered satisfactorily.

2. Voluntary participation: | understand that my participation is voluntary and that | am free to
withdraw at any time, without giving any reason, and without my medical care or legal rights being
affected.

3. Access to study data about me: | give permission for relevant sections of my medical notes and
information collected during the study to be looked at, in confidence, by authorised individuals from
this hospital, the University of Oxford, and regulatory authorities to check that the study is being carried
out correctly.

4. Access to my medical information: | agree that medical information collected by the doctors and
hospitals which provide me with care and which may be located inlocal or national health and research
organizations (including hospital admission, civil registration, audit and research data) may be provided
to the study coordinating centre both during and for up to 10 years after the scheduled follow-up period.
| understand that information that identifies me will be passed securely 1o such bodies to make this
possible and that | can opt out of this at any time by writing to the coordinating centre team.

5. Data stored on computer: | understand that information about my progress in the study will be
recorded on a computer database, and that this data will be stored on computers supervised by the
University of Oxford. | understand that this information will be kept securely and confidentially.

6. Agreement to take part: | have read the information (or had it read to me), had an opportunity 1
ask questions and agree to take part in the above study.

d

PRINTED name of participant Signature Today's date
d

PRINTED name of person taking consent Signature Today's date

*1 copy for participant, 1 copy for researcher site fie; 1 (original to be kept in medical notes:

Lot . B et s
Section A: Baseline and Eligibility
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RECOVERY trial design

ELIGIBLE PATIENTS

1. Admitted to
hospital

. Proven or
suspected SARS-
CoV-2 infection




RECOVERY trial design

ELIGIBLE PATIENTS

Admitted to
hospital

Proven or
suspected SARS-
CoV-2 infection

+Q

No additional treatment

Lopinavir-ritonavir
400/100 mg bd PO for 10 days

Dexamethasone
6 mg od PO/IV for 10 days

Hydroxychloroquine
See protocol for dosing

Azithromycin
500 mg od PO/IV for 10 days




RECOVERY trial design

ELIGIBLE PATIENTS

Admitted to
hospital

Proven or
suspected SARS-
CoV-2 infection

No additional treatment

Lopinavir-ritonavir OUTCOMES

400/100 mg bd PO for 10 days

Primary:
e 28-day mortality

Dexamethasone
6 mg od PO/IV for 10 days Secondary:

e Duration of
hospitalisation

 Mechanical
ventilation or
death

Hydroxychloroquine
See protocol for dosing

Azithromycin
500 mg od PO/IV for 10 days



RECOVERY trial design

ELIGIBLE PATIENTS

Admitted to
hospital

Proven or
suspected SARS-
CoV-2 infection

No additional treatment

Lopinavir-ritonavir OUTCOMES

400/100 mg bd PO for 10 days

Primary:
e 28-day mortality

Dexamethasone
6 mg od PO/IV for 10 days Secondary:

e Duration of
hospitalisation

 Mechanical
ventilation or
death

Hydroxychloroquine
See protocol for dosing

Azithromycin
500 mg od PO/IV for 10 days



Adding a second randomisation

No additional treatment

Lopinavir-ritonavir
400/100 mg bd PO for 10 days

Dexamethasone
6 mg od PO/IV for 10 days

Hydroxychloroquine
See protocol for dosing

Azithromycin
500 mg od PO/IV for 10 days

SECOND RANDOMISATION ELIGIBILITY CRITERIA

Key eligibility criteria
Hypoxia (O, sat" <92% or on O, therapy)

+

Inflammation (CRP =75 mg/L)

Ol

Tocilizumab

»

OUTCOMES
1. Mortality at 28 days
2. Need for ventilation; admission duration




RECOVERY - rapid and widespread recruitment

Recruitment at 100 days

_ 11862
12000 11308 11579

Total
o
o
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Characteristics at main randomisation (n=12102)

Male sex 7539 (62%)
Age 66
Days since symptom onset (median) 8
Respiratory support No oxygen required 3039 (25%)
Supplemental oxygen only 7518 (62%)
Ventilation/ECMO 1545 (13%)
Prior disease Diabetes 3303 (27%)
Cardiovascular disease 3410 (28%)

Chronic lung disease 2731 (22%)



Mortality — overall and by patient characteristic

28-day mortality

Mortality Age (vears)
25 1 7 i <50 8%
50-59 14%
20 —
60-69 24%
15 — 70-79 33%
80+ 40%
10 - Sex
5 Female 19%
Male 26%
0 | | | | Respiratory support at enrolment
0 7 14 21 28 No oxygen 15%
Oxygen only 22%

Days since randomisation
Ventilation 35%



Hydroxychloroquine — study population

Total recruited #

n=11197

4

Hydroxychloroquine unavailable (n=639 [6%])
or considered unsuitable (n=3199 [29%])

Number randomized between
hydroxychloroquine and other arms

n=7513 (67%)

Allocated to other active treatment
Lopinavir-ritonavir (n=1010)
Dexamethasone (n=1170)

Azithromycin (n=617)

Number randomized between
hydroxychloroquine and usual care alone
n=4716 (42%)

Allocated hydroxychloroquine
n=1561 (100%)
Received hydroxychloroquine
n=1395/1516* (92%)

Consent withdrawn
n=3 (0.2%)

Proceeded to second
randomization 1
n=75 (4.8%)

Included in 28 day ITT analysis
n=1561 (100%)

Allocated usual care alone
n=3155 (100%)

Received hydroxychloroquine
n=13/3078" (0.4%)

Consent withdrawn
n=5 (0.2%)

Proceeded to second
randomization 1
n=178 (5.6%)

Included in 28 day ITT analysis
n=3155 (100%)

Hydroxychleroquine Usual care

(n=15861) (n = 3155)

Age, years 65.2 (15.2) 65.4 (15.4)

< 70" 925 (99%) 1874 (59%)

=701to < 80 342 (22%) 630 (20%)

=80 294 (19%) 650 (21%)
Sex

Male 961 (62%) 1974 (63%)

Femalet 600 (38%) 1181 (37%)

Number of days since symptom onset
Number of days since hospitalisation

Respiratory support received
No oxygen received
Oxygen only
Invasive mechanical ventilation

Comorbidities
Diabetes
Heart disease
Lung disease
Tuberculosis
HIV
Severe liver disease
Severe kidney impairment
Any of the above

SARS-Cov-2 test result
Positive
Negative
Test result not yet knowntt

9[5to 14]

3[1to 6]

362 (23%)
938 (60%)
261 (17%)

427 (27%)
422 (27%)
334 (21%)
4 (0%)
8 (1%)
16 (1%)
111 (7%)
882 (57%)

1393 (89%)
153 (10%)
15 (1%)

9510 13]

3[1to 5]

750 (24%)
1873 (59%)
532 (17%)

856 (27%)
789 (25%)
712 (23%)
9 (0%)
13 (0%)
46 (1%)
261 (8%)
1807 (57%)

2841 (90%)
291 (9%)
23 (1%)




Hydroxychloroquine: No reduction in mortality

30
" ook e e Added to protocol on 21 March
25 —
Usual care
20

* Recruitment stopped 5 June (Day 76)

Mortality, %
o
|

10 e Result announced 5 June (Day 76)

0 | | | |
0 7 14 21 28

Days since randomization
Number at risk

Active 1561 1337 1227 1161 1125 https://www.medrxiv.org/content/10.1101/2020.07.15.20151852v1
Control 3155 2750 2525 2410 2346



Hydroxychloroqine:
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Coronavirusoutbreak Hydroxychloroquine does not cureé
Covid-19, say drug trial chiefs

Major study of thousands of patients ledby University of oxford
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Dexamethasone — study population

11,303 Patients were recruited

1948 Were excluded (could have =1 reason)
357 (3%) Did not have dexamethasone

— available

1707 (159) Were not considered suitable
for randomization to dexamethasone

9355 (83%) Underwent randomization
between dexamethasone and
other treatments

1

2930 Were assigned to receive other active
treatment

6425 (57%) Underwent randomization
between dexamethasone and usual
care alone

A

L

2104 (100%) Were assigned to receive dexa-
methasone
1975/2079 (95%) Received dexamethasone

4321 (100%) Were assigned to receive usual
care alone
336/4278 (8%) Received dexamethasone

1 Withdrew consent -

J

— 6 Withdrew consent

L

95 (4.5%) Proceeded to second
randomization

276 (6.495) Proceeded to second
randomization

J

L

2104 (1009%) Were included in the 28-day
intention-to-treat analysis

4321 (100%) Were included in the 28-day
intention-to-treat analysis

Characteristic

Aget
Mean —yr
Distribution — no. (%6)
<70yr
JO0to79yr
=80 yr
Sex — no. (%)
Male
Femalej

Median no. of days since symptom on-
set (IQR){
Median no. of days since hospitalization
(IQR)
Respiratory support received — no. (%)
MNo oxygen
Oxygen only

Invasive mechanical ventilation

Treatment Assignment

Dexamethasone Usual Care
(N=2104) (N=4321)
66.9+15.4 65.8+15.8
1141 (54) 2504 (58)
469 (22) 859 (20)
494 (23) 958 (22)
1338 (64) 2749 (64)
766 (36) 1572 (36)
8 (5-13) 9 (5-13)

2 (1-5) 2 (1-5)
501 (24) 1034 (24)
1279 (61) 2604 (60)

324 (15)

683 (16)



Dexamethasone: Reduces mortality in patients

requiring oxygen or ventilation

A All Participants [N=6425)

504
Rate ratio, 0.83 (95% CI, 0.75-0.93)
404 P<0.001
£ 30
E 30 Usual care
e
= 20+
= Dexamethasone
10
0 T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 4321 3754 3427 327 3205

Dexamethasone 2104 1903 1725 1659 1621

B Invasive Mechanical Ventilation (N=1007)

50+
Rate ratio, 0.64 (95% Cl, 0.51-0.81)
404 Usual care
g 30+
&
£ Dexamethascne
o 20+
=
10
0 T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 683 572 481 424 400

Dexamethasone 324 290 248 232 228

C Oxygen Only (N=3883)

50
Rate ratio, 0.82 (95% CI, 0.72-0.94)
404
g 30
= Usual care
g
= 20+
= Dexamethasone
104
0 T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 2604 2195 2018 1950 1916

Dexamethasone 1279 1135 1036 1006 981

D No Oxygen Received (N=1535)

50+
Rate ratio, 1.19 (95% Cl, 0.91-1.55)
40+
g 304
Z
g
o 204 Dexamethasone
=
104 Usual care
0~ T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 1034 987 928 897 889
Dexamethasone 501 478 441 421 412

Included in protocol (13 March)

Recruitment stopped 8 June (Day 81)

Results announced 16 June (Day 89)

Dexamethasone 6mg daily

e £5 for 10 days
* Widely available



Dexamethasone:

Reduces mortality in patients requiring oxygen or ventilation

A All Participants (N=6425)

50+
Rate ratio, 0.83 (959% Cl, 0.75-0.93)
40| P<0.001
£ 304
-OE 30 Usual care
g
= 204
= Dexamethasone
104
0 T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 4321 3754 3427 3271 3205
Dexamethasone 2104 1903 1725 1659 1621

B Invasive Mechanical Ventilation (N=1007)

50+
Rate ratio, 0.64 (95% Cl, 0.51-0.81)
404 Usual care
g 30+
=
£ Dexamethasone
o 204
=
10
0 T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 683 572 481 424 400

Dexamethasone 324 290 248 232 228

Respiratory Support
at Randomization

Invasive mechanical
ventilation

Oxygen only

No oxygen received

All Patients

Dexamethasone Usual Care
no. of events/total no. (%)
95/324 (29.3)

682/2604 (26
145/1034 (14
1110/4321 (25

298/1279 (23.3)
89/501 (17.8)
482/2104 (22.9)

283/683 (41.4)

2)
.0)
7)

Rate Ratio (95% Cl)

_._

._._

—_—

<=

0.64 (0.51-0.81)

0.82 (0.72-0.94)
1.19 (0.91-1.55)
0.83 (0.75-0.93)

C Oxygen Only (N=3883)

50—
Rate ratio, 0.82 (959% Cl, 0.72-0.94)
40
g 30
2 Usual care
g
= 204
= Dexamethasone
104
0 T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 2604 2195 2018 1950 1916
Dexamethasone 1279 1135 1036 1006 981

D No Oxygen Received (N=1535)

50+
Rate ratio, 1.19 (95% Cl, 0.91-1.55)
40+
g 304
=
g
o 204 Dexamethasone
=
104 Usual care
0~ T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 1034 987 928 897 889

Dexamethasone 501 478 441 421 412

P<0.001
Chi-square trend across three categories: 11.5 : : . '
0.50 0.75 1.00 1.50 2.00
Dexamethasone Usual Care
Better Better

N o

Department P Eirae-

Social Care

Home Dexamethasone
Dear colleagues,
Dexamethasone In COVID-19 $ World Health
. . # Organization

Rt s scoienta o etsoovy g WPt Now The National Institutes
Dexamethasone 6 mg once per day (ether by | | pexamethasone Guidelines Panel Provi a Health Topics v Countries v Newsroom v Emergencies v

compared with 4321 UK patients randomised t
one-third in ventilated patients (rate ratio 0.65 [

one fifth in other patients receiving oxygen only  Introduction

There was no benefit among those patients wh
p=0.14), Overview

Normally we would advise waiting for the full pi
and peer review do not lead to different conclu:
with good significance, and with a well known r
consider it is reasonable for practice to change

Critical Care

Antiviral Therapy

Please find more information below.

Immune-Based Therapy +

Dexamethasone in Pat
Last Updated: June 25, 2020

+
+ Introduction
. Patients with severe COVID-19 develop a syst|

multisystem organ dysfunction. It has been pi
corticosteroids might prevent or mitigate the{
series have yielded conflicting results; both b
that have evaluated short courses of corticos|

A preliminary, unpublished analysis from a lal
patients in the United Kingdom showed that f
reduced rate of mortality compared to those |
patients with severe COVID-19 (defined as the
whe required mechanical ventilation at enrolll
did not require supplemental axygen at enrall

Based on these preliminary results:

+ The COVID-19 Treatment Guidelines Pang
mg per day for up ta 10 days) in patients ¥

st slios; Antithrombotic Therapy
P Concomitant Medications
Ge=- &R
S el s < Panel Roster
Q.
O Frank Atherton O Gregorsmith Panel Financial Disclosure
Chief Medical Oficerfor et Mecical Off
Wales scotiand
i Guideline PDFs
H
\*\ o @ [ Section Only (PDF| 147 KB}
[A Full Guideline (PDF |1MB)
Professor Stephen Powss Professor Chrs Wi
National Medical Director Chief Medical Off
NHS England and NHS england
Improvement

Sign up for updates

patients with COVID-19 wha require suppl
+ The Panel recommends against using de

fome | Newsroom / Detall | WHO welcomes preliminary results about dexamethasone use In treating critically Il COVID-19 patient

WHO welcomes preliminary
results about dexamethasone use
in treating critically ill COVID-19
patients

supplemental oxygen (Al).




Lopinavir-ritonavir:

No reduction in mortality

30 —
RR 1.03 (0.91-1.17)
Log-rank p=0.60

N
&)
I

Lopinavir-ritonavir

N
o
I

Usual care

Mortality, %
o
|

-
o
|

0 I I I |
0 7 14 21 28

Days since randomisation

Number at risk
Active 1616 1422 1325

Control 3424 3018 2799

1269 1238
2700 2650
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The New York Times

How the news should sound.

The Daily An audio report hosted by Michael Barbaro.
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HIV drug combo found to have no benefit for hospitalised
COVID-19 patients in UK trial



What next — for RECOVERY?

Complete evaluation of current study treatments
- Azithromycin (2901 pts 1:2)

- Tocilizumab (849 pts 1:1)

- Convalescent plasma (347 pts 1:1)

Consider new therapies for the next wave,
- re-purposed antivirals, monoclonal antibodies

Adapting the platform for future outbreaks
- e.g. seasonal influenza, new emerging infections

Disseminate lessons for both COVID-19 and non-COVID clinical trials



Lessons learned

* Arbitrary use of unproven treatments should be avoided
e Randomized trials are critical to determine which treatments are effective

* Large, streamlined trial design allows rapid evaluation of the effects on
outcomes that matter to patients and public health

* Requires leadership, collaboration, and infrastructure
* Proven treatments must be made available rapidly, widely, and affordably

These lessons are not just important for the current COVID-19 pandemic
but also for the tackling the burden of cardiovascular and
other common, non-communicable diseases



Johns Hopkins Study Enrollment

No. approved Total patient accrual Accrual 8/14-8/20
protocols

Inpatients 106
Outpatients 2 26 5
Prevention 2 27 6
Expanded Access I 102 16

* Overall, there have been 2700 patients hospitalized throughout JHHS with 208 patients (7.7%) enrolled,
including 106 (3.9%) in RCTs
* Notes:
* Temporal mismatch between the number of patients admitted and the number of clinical trials
* Inpatient trials have been mostly at JHH, whereas many patients have been at other hospitals without
trials, thus challenging the definition of the denominator
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