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Hi Dr. Hahn and Anand and Michael, I share this so contidentially. Yikes...and 1 rh()u@Aof @Qn)u; and hard as the
group submitted last night to BM] after revisions...so I am part of the large mtcmatl(@d regearch group and one of
the senior researchers in this network meta- dml\ sis as seen in the list of authors. Youswouldknow the one reason
why I stand out among this group of some the world’s top researchers which 1 amQ)rou t and made the personal
decision to reveal it. I was told that had 1 not played such a prominent role in thi started in Feb beftore 1
came on deck, that they would have not wanted me in it and 1 expected this sjfpe caming to DC and experiencing
the push back which is so terrible. But a lot of the work I did so folk had go@hoie@¥ind some was my own
work...anyway, I share this submission (embargoed) so highly confidentially, ple@ share with no one not even in
people who work or report to you...please. But I weighed the balance "@ thitGs so important and such an
emergency and while I have not done this before and will not again, &ng s embargoed so that you are primed
of what we found if it could help your decision-making to help thc@[ \2@%11@ globe as the US leads the world,
rightly. You two are an example. So I trust you and Michael, 1 tm@lu asa brother. This is for your eyes only but
can inform your decision-making behind the scenes as it will b@ prisfHraybe one week.

@d 13 RCTs for that outcome enrolling 2,282
Net /Sl agapptoach is not simple pair-wise modelling of a
treatment to xts comparator but we mciude the indirectz d e in the models (briefly, in NMA we may have
evidence of Avs Cand B vs C wheruC is the commGnyconmarator c.g. placebo, but not A vs B (head to head) that
we are interested in and NMA us to speculatar 'uhénatxcaﬂ} ‘if they were actually compared and we include
the dxrect and rhzt mdxrect evi ence in the model). .van@mr we fcmnd that in patte 1S \vho receu:ed remdemqr

i dmw yf)ur attumon to “Txme to ”vmptam rx,soiunon

=

ccrtamty), aud lopma{q

ot hvdxoxy thcrc \ms& was Apparent risk of advu::c cvents,

than standard care. T'c
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Again, I would never do this but do it kyre Q’L have lives on the line and we are searching for a treatment or

combination and I want to help the, infsggation and you two as the top regulators in this push. I am so confident
in you and the team in beating thisd us ¢ the whole administration...yes, it is wearing on us tor this is tough,
and we are being fought by the $br @8 and media which is horrendous for we have a very serious emergency and

the people the public seck ]llbt@'lp “honest, direct guidance and allow them to be informed so they can make
common sense ‘best” decisiag@rfor themselves.

Ph
Senior Advisor t As%ant Secretary
For COVID-19 Qapde ficy
Office of th ist ecretary of Public Affairs {ASPA)
US Depart t of Health and Human Services (HHS}
Washin , DC
Tel: (Office}
Tei:l (Celiular)

Dr.Paul £, Alexander, D
P
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From: Paul Elias Alexander . Q) QO
Sent: Sunday, July 19, 2020 8:35 AM 2 \C)
To: Alexander, Paul (HHS/ASPA) >
Subject: Fw: COVID-19 LNMA manuscript resubmitted OA ®Q)

Time to symptom resolution Thirteen RCTs enrolling 2,282 participants31 34-39 41@45 (z§5() 53 55 64 reported
time to symptom resolution. At least 100 patients received hydroxychloroquine, I ;1\'@()11;1\'&, and remdesivir.
Patients who recetved remdesivir (MD -2.58 days CI -4.32 to -0.54, moderate ce@:x@ydroxychloroquinc (MD -
4.53 days CI -5.98 to -2.99, low certainty), and lopinavir-ritonavir (MD -1.22 (B})( 1™2.00 to -0.37, low certainty)
had a shorter symptom duration than standard care. \}K Qt)
v
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What is already known/ what this paper adds

Despite huge efforts to identify effective pharmacologic
interventions for COVID-19 disease, evidence for effective
treatment remains limited.
w
This living systematic review and network meta-analysis provid 2
a comprehensive picture and assessment of the evidence publissgg
as of 8 July 2020 and will be updated periodically Q
The certainty of the evidence for most interventions testeé%;hus
far is low or very low. § Q)o',
52O
In patients with severe COVID-19, glucocorticecids ™ \ably
decrease mortality and mechanical ventilation. Hydrox c@@ine,
lopinavir-ritonavir, and remdesivir may reduce tire) tclbymptom

resolution.
Q &

kttps://mamanuscripteentral.com/bmj
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2

3 Abstract

g Objectives: To compare the effects of therapies for treatment of
P COVID-19

7 Design: Living systematic review and network meta-analysis (NMA).
8 Data sources: U.S. Centers for Disease Control and Prevention (CDC}
9 COVID-19 Research Articles Downloadable Database, which includesx,s
10 25 electronic databases up to 8 July 2020 an
11 Study selection: We included randomized clinical trials (RCTs) .n
:i vwhich persons with suspected, probable, or confirmed COVID-19 @e
b randomized to pharmaceuticals or standard care/placebQ—for
15 treatment. Pairs of reviewers independently screened titlgs and
16 abstracts, and full texts, of potentially eligible articl (%)
17 Methods: After duplicate data abstraction, we cong tqéb a
18 Bayesian-random effects network meta-analysis for each t e of
19 interest. We assessed the risk of bias of the incl udies
20 using a modification of the Cochrane Risk of Bias 1, and
21 the certainty of the evidence using the GRADE approggh fQr NMA. We
22 TR 3 ; 2

23 classified interventions in groups from the mogE S&? he least
% effective/ harmful following GRADE guidance gé;ng<> minimally
25 contextualized approach. \z\

26 Results: We included 25 RCTs. The certainty e evidence for
27 the majority of comparisons is very low be Serf risk of bias
28 (lack of blinding) and very serious imprecéslor{b Glucocorticoids
29 were the only intervention with ev1dence 3 eductlon in death
:? compared to standard care (37 fewer per 12§D 1ents, 95% credible
3 interval [CI] 63 fewer to 11 fewer Sggnate certainty) and
33 mechanical ventilation (31 fewer per 47 fewer to 9 fewer,
34 moderate certainty). Three drugs ]% duce symptom duration
35 compared to standard care: hydrosyrhisroquine (-4.5 days, low
36 certainty), remdesivir (-2.6 daps, oderat:e certainty), and
37 lopinavir-ritonavir (-1.2 days, amty) Hydroxychloroguine
gg may increase the risk of advers when compared to the other
40 interventions and remdeswi bly dces not substantially
41 increase the risk of adve s ects. No other interventions
42 included enough patients to a%ngfully interpret adverse effects
43 leading to drug discontin

44 Conclusion: Glucocorti ds(o probably reduce mortality and
45 mechanical ventilatioXw pared to standard care. The
:g effectiveness of most fgte ntions is very uncertain because most
48 of the RCTs so far&Sha‘qb been small and have important study

29 limitations.

50 Protocol: The proségo&s included as a supplement.
51 O
52 .,37 &
: S
54 \Q) o
55
56 @Q) OQ)
57 (74} C}
58 9 .o
” &
60

Y &

kttps://mamanuscripteentral.com/bmj
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Background

As of 18 July 2020, over 14.1 million people have been infected
with COVID-19; of these, 600,000 have died.! Despite huge efforts
to identify effective interventions for 1its prevention and
treatment- which have resulted in almost 1500 trials completed or
under way-“ evidence of effective treatment remains limited. a},
Faced with the pressures of a global pandemic, healthcare work o
around the world are prescribing medications off-label for w@x
there is only very low quality evidence. The result - this a
to be certainly the case for the very well-publicized exa
hydroxychloroquine - may be no benefit and appreCLab
Timely evidence summaries and associated guidelines may
the problem.? Clinicians, patients, guideline b es and
government agencies are also facing the challenges of iNTe gtlnq
the results from trials that are being published at re never
seen before. This environment makes it necessary toQprodce well-
developed summaries that distinguish more from .ke?s ustworthy
evidence. Q 5

ars
e of

{3

Living systematic reviews (SRs) and network x{éza §lyses (NMAs}
address the main limitation of tradition 1ews, that of
providing a picture of the relevant evider@boﬂxy at a specific
timepoint.® This is crucial in the contex@o VID-19, in which
the picture is constantly changing. The-.gb y of living NMA to
present a complete, broad, and updated @I the evidence makes
it ideal to inform the development p%tice recommendations.
NMA, rather than pairwise met n sis provides useful
information about the comparative e ctdiveness of treatments that
vere not tested head-to-head. The pac Qf such direct comparisons
is certain to limit inferences ip&h VID-19 setting. Moreover,
the incorporation of indirect @d can strengthen evidence in
comparisons that were tested @ -head.”

The objective of this livi QSPQS\d NMA is to compare the effects
of pharmacologic theraple reatment of COVID-19. This SR is
part of the BMJ Rapid n@ndatlons project, a collaborative
effort from the - I Evidence Ecosystem Foundation
(www.magicproject .oro)QngQehe BMJ. Our living NMA will directly
inform BMJ Rapid Reco@e @yrions® on COVID-19 treatments, triggered
to provide trust th actionable, and living guidance to
clinicians and paJQ (rgtrsoon after new and potentially practice-
changing eviden e es available.

Methods (y}' NI

A protocol pxsg-)ide the detailed methods of this SR, including all
updates ( 1 e as supplementary material). We report this
living SR ing the guidelines of the PRISMA checklist for

NMA.7 A systematic review is a cumulative synthesis that is
update @rly as new evidence becomes available.®? The linked
BMJ @ ecommendations the guideline panels approved all
de<:1 elevant to data synthesis.
El@lb@lty criteria

I uded randomized clinical trials (RCT) in persons exposed to

VID-19 or with suspected, probable or confirmed COVID-19 that
compared pharmaceuticals for treatment against one another or
against no intervention, placebo, or standard care. We included
trials regardless of publication status (peer-reviewed, in press,
or pre-print) or language. We applied no restriction based on
severity of illness or setting and included trials of Chinese
medicines if the drug was one or more specific molecules with a
defined molecular weight dosing.

kttps://mamanuscripteentral.com/bmj
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1
2
3
g We excluded RCTs evaluating vaccination, blood products,
p nutrition, traditional Chinese herbal medicines that include more
7 than one molecule or a molecule without specific molecular weighted
8 dosing and non-drug supportive care interventions. RCTs including
9 patients with COVID-19 that evaluated these interventions werex,
10 identified and categorized separately. an
1 0
12 Information sources Q§>
:i We perform daily searches Monday to Friday in the U.S. Cente(&-for
15 Disease Control and Prevention (CDC) COVID-19 Research Ap{Icles
16 Downloadable Database for eligible studies—the most compr nagie
17 database of COVID-19 research articles®. The database ing d&€y 25
18 bibliographic and grey literature sources: Medline v'.d\ and
19 PubMed), PubMed Central, Embase, CAB Abstracts, .léﬁ’l éalth,
20 PsycInfo, Cochrane Library, Scopus, Academic Sead plete,
g; Africa Wide Information, CINAHL, ProQuest Central, @ciEihder, the
23 Virtual Health Library, LitCovid, WHO COVID-19 wehé?te QZDC COVID-
24 19 website, Eurosurveillance, China CDC Weekly, eéggd Security
25 Digital Library, ClinicalTrials.gov, bioRxiv ( P s), medRxiv
26 {(preprints), chemRxiv (preprints), and SSRN (&pﬁ E8) .
27
28 The daily searches are designed to match fae uﬂhate schedule of
29 the database and to capture eligible stu@:e ~Qhe day of or day
:? after their publication. We filtered t é?re ts from the CDC’s
3 database through a validated and highly ng@ive machine learning
33 model to identify RCTs.!'® We track prints of RCTs until
34 publication and updated data to maQ%?f: t in the peer-reviewed
35 publication when discrepant anq3> edgnciled corrections and
36 retractions. o> Q
37 NP
gg In addition, we searched six Chifk¥se tabases on a biweekly basis:
40 Wanfang, CBM, CNKI, VIP, Chiqigs %§§3cal Journal Net (preprints),
41 and ChinaXiv (preprints). W d d the search terms for COVID-
42 19 developed by the CDC to e inese language. For the Chinese
43 literature search, we al iné$ided search terms for randomized
44 trials. The Supplementa até}ial includes the Chinese literature
:: search strategy. RN
47 W . Q .
48 e monitor living evn@?n Q,retgleval services on an ongoing basis.
29 These included the a Overview of the Evidence (L-OVE) COVID-19
50 Repository by the is{emonikos Foundation and the Systematic and
51 Living Map on ID@? Evidence by the Norwegian Institute of
52 Public Health, qd$laboration with the Cochrane Canada Centre at
53 McMaster Unive@yitdt
54
:: We searche%é@l glish information sources from 1 December 2019
57 and until JKQ' 2020 and Chinese literature from the conception
= of the dggéb%ﬁbs to 26 June 2020.
59 N AN
60 Study~$le9ion

Sfrsoftware, Covidence,'” pairs of trained and calibrated

Usin

revigh independently screened all titles and abstracts followed
bbfub texts of trials that were identified as potentially
é]g e. A third reviewer adjudicated conflicts.

S .

o Data collecticn
{~ For each eligible trial, pairs of reviewers, following training
<2 and calibration exercises, extracted data independently using a
standardised, pilot-tested data extraction form. Reviewers
collected information on trial characteristics (trial
registration, publication status, study status, design), patient
characteristics (country, age, sex, smoking habits, comorbidities,

kttps://mamanuscripteentral.com/bmj
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setting and type of care, and severity of COVID-19 symptoms for

studies of treatment), and outcomes of interest (means or m
and measures of variability for continuous cutcomes and the

edians
number

of participants analyzed and the number of participants that

experienced an event for dichotomous ocutcomes) .

Outcomes of interest were selected based on their importance qé?

patients and were informed by clinical expertise in the SR t
R d
I

and in the linked guideline panel responsible for the BMJ
Recommendations. The panel includes unconflicted clinical ex

recruited to ensure global representation, and patient-pastier

S
S.

Outcomes were rated from 1-2 based on importance to in 'vigg&l

patients (92 being most important) and any outcome rated 7 A
by any panel member was included. Selected outcome

2y,
mortality (closest to 90 days), mechanical ventil gaép total
lefing to

number of patients, over 90 days), adverse event

Lhigher
ded

discontinuation (within 28 days), viral clearance (ycl st to 7
days +/- 3 days), duration of hospitalization, ICHJ?En of stay,

viral clearance. Outcomes of interest for prop a of CO
include mortality, infection with COVID-1 italiz
adverse events leading to discontinuation, dsine to s

time to symptom resolution or clinical improveg&ht,; nd t
P

ime to
VID-19
ation,
ymptom

resolution or clinical improvement. Time vifil clearance was

included because it may be a surrogatagpfqi$§transmissib
although this is uncertain.!? 2§9 1)

<
Because of the inconsistent reportin %ééézwed across tria
the updates we will use a hierarch oyythe outcome mech
ventilation in which we will inclu ihS%rmation from the
number of patients who received vapti ion over a time per
available (as done for this an iy but we will also i
the number at the time point iR~whi most of the patient
mechanically ventilated if &§
outcome is reported. o g$

Reviewers resolved disgxep, ies by discussion and,
necessary, by adjudicati&p gg?h third party.

K .

XNy N
We update the data cokféc&\ from included studies when the
published as preprinﬂ?ﬁr@bas soon as the peer-review publi
becomes available &g)st ies initially included as preprint

. -t .
Risk of bias w1@1 ividual studies
For each eligl eistrial, reviewers, following trainin

ility,

ls, in
anical

total
iod if
nclude
s were

the only way in which this

when

Yy were
cation
Se.

g and

calibration e cea8s, used a revision of the Cochrane tool for
assessing rré? of“pias in randomized trials (RoB 2.0)'* to rate

trials as

low risk of bias’, ‘some concerns - probably low

e
risk of bjias’(QYsome concerns - probably high risk of bias’ and

rising

from the) rapdomization process, bias due to departures from the

‘thigh ri €§§P ias’, across the following domains: bias a

inten iMNervention, bias due to missing outcome data, b

meas qﬁt of the outcome, bias in selection of the re

resuéksﬁ?n

biéﬁ a@ising from early termination for benefit. We rated
h risk of bias overall if one or more domains were ra

ias in
ported

cluding deviations from the registered protocol, and

trials
ted at

some concerns — probably high risk of bias’ or ‘high risk of bias’

c§>and at low risk of bias if all domains were rated at ‘some co
S

- probably low risk of bias’ or ‘low risk of bias’. Rev

ncerns
iewers

resolved discrepancies by discussion and, when not possible, by

adjudication by a third party.

Data synthesis
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2

3 We conducted NMA using a Bayesian framework.!® In this report, we
g conducted an NMA for pharmacological treatments of COVID-19 that
P included all patients, regardless of severity of disease.

; a. Summary measures

9 We summarized the effect of interventions on dichotomous outcomesx ..
10 using the odds ratio (OR) and its 95% credible intervals (CI).

11 continuous outcomes, we used the mean difference (MD) and its

:i CI in days for ICU length of stay and duration of mechani

Vi ventilation because we expected similar durations across S.
15 For time to symptom resolution and length of hospital stey, we
16 first performed the analyses using the relative effect a e
17 ratio of means (RoM) and its 95% CI before calculating i n@s
18 because we expected substantial variation between stud%s.‘\Q\

19 N Q@

20 b. Treatment nodes O 9

g; Treatments were grouped into common nodes based g ule but
23 not dose or duration. For intervention arms wit s} than one
24 medication, we created a separate node and inclu Ql d s from the
25 same class within the same necde. quine and
26 hydroxychloroquine were included in the samghno for COVID-19
27 specific effects and separated for diseazzam endent adverse
28 effects. We drew network plots using the twoxplot command of
29 Stata version 15.1 (StataCorp, College S&.@io@ Texas, USA) with
:‘1’ thickness of edges of the nodes based ork\cone(b.lmber of studies.!’

32 OQ@

33 c. Statistical analysis

34 For most outcomes, we conducted d"\effects NMAs wusing a
35 Bayesian framework with the same priQ¥s-RQr the variance and effect
36 parameters.'® For networks where Q§ eQutcome were particularly
iz sparse, we conducted fixed-effe Q.”v“ We will use a plausible prior for
39 variance parameter, and uniform prior for the gffect parameter suggested by Turner ef a/ based on
40 empiric data.!” For all analyses( ) e§ed three Markov-chains with
41 100,000 iterations after ig&rial burn-in of 10,000 and a
42 thinning of 10. We used e litting models to assess local
43 incoherence and to obtaj@ i giect estimates.?? All NMAs were
44 performed using the gem\@ %n age of R version 4.0.0 (RStudio,
:: Boston, MA).2! XN N
a7 @ & :
48 Some treatment nodes@ hrery few total participants and very few
49 total events res‘(?e in highly implausible and extremely
50 imprecise effec:_$ i@es. We therefore decided to include only
51 treatments that ro d a total of at least 100 patients or had
52 at least 20 eyen & For this iteration, the analyses included
53 treatment nod ‘§n fewer than 100 patients and 20 events, but
:: the results ot reported.
:;’ Certainty @ s&?evidence
58 Vle assesgad certainty of evidence using the GRADE approach for
59 NMA.5 22 gi) people with GRADE experience rated each domain for
60 each (6} ison separately and resolved discrepancies by
con:§\ We rated the certainty for each comparison and outcome
as gh’~ moderate, low, or very low, based on considerations of
3 b bias, inconsistency, indirectness, publication bias,

T itivity, incoherence (difference between direct and
§ndirect effects), and imprecision.?® Judgments of imprecision for
this SR were made using a minimally contextualized approach, with

Q\ a null effect as the threshold of importance.?’ The minimally
contextualized approach considers only whether credible intervals
include the null effect and thus does not consider whether
plausible effects, captured by credible intervals, include both
important and trivial effects.?® We created GRADE evidence
summaries (Summary of Findings tables) in the MAGIC Authoring and

kttps://mamanuscripteentral.com/bmj
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publication platform (www.magicapp.org) to provide user-friendly
formats for clinicians and patients, and allow re-use in the
context of clinical practice guidelines for COVID-19.

Interpretation of results

Page 12 of 460

To facilitate interpretation of the results, we calculatedx.

absolute effects for outcomes in which the summary measure was
or RoM. For the outcomes mortality and mechanical ventilation, Jb
used baseline risks from the International Severe A@
Respiratory and Emerging Infection COVID-19 database.?® al
other outcomes, we used the mean or median from all stu :5 nf
which participants received standard of care for each outﬁ\@%

:!

calculated absolute effects using the transitive ris &
using R2jags package in R.?®

3 ®
For each outcome, we classified treatments in groups @om e most
to the least effective wusing the minimally @pnt&xtualized
framework that focuses on the treatment effect es@! s and the
certainty of the evidence.??

F

Subgroup and sensitivity analysis @
When a comparison was dominated by a single dy¥defined as >90%
contribution in fixed effects), we conduct ufbprimary analysis
with a fixed effects model for that co .1¥ We planned to
perform subgroup analyses of preprints r reviewed studies
and high vs. low risk of bias. We will f additional subgroup
analyses in the future if directed by e ked independent Rapid
Recommendation guideline panels; 1n 1@ ase there was no such
direction. \\\ >

& R
Results g

&, Q

Following screening of 6,516 1 and abstracts, and 109 full-
texts, we identified 25 uniqye q\ that evaluated pharmacological
treatments as of 8 July 2 Tgure 1).3%% Searches of living
evidence retrieval serviges éintified one additional eligible
RCT.? Fifteen RCTs have en @:lblished in peer-reviewed journals;
and ten only as preprrﬁ.s. \(’-Most trials were registered (23/25;
92%), published in En sr 3/25; 92%) and evaluated treatment in
hospitalized patienc& 1 COVID-19 (24/25; 96%). Nearly two-

thirds were conduc China (16/25; 64%). Of the 25 included
pharmacological V§ 6 evaluated treatment against active
comparator(s), uated treatment against standard care or
placebo and ted different durations/doses of the same

treatment. Our(y}l% as performed on 26 June 2020 and includes 19
RGTs:, 3 32:34n3) %3 Table 1 presents the characteristics of the
included s&’ Additional study characteristics, outcome data,
and risk i{@¥ assessments for each study are available in the
Supplemea?ér% aterial.

Ny
The R\f 9 included in the analysis are: 1) two RCTs evaluating
diff t&uratlons of the same drug because both arms would have
beenry clésified within the same treatment node;*? % 2) one RCT
ev@u gng lincomycin vs azithromycin,®® which was excluded because
t arm was connected to the network; 3) three RCTs, evaluating

JYyolchicine,® febuxostat,®® and methylprednisolone® all versus

obstandard care were excluded because they were identified after, or
Q& the data was available after the analysis was completed.

Two trials did not have publicly accessible protocols or registrations.”®*” Of the trials with
publicly accessible protocols or registrations, 16 reported results for one or more of our
outcomes of interest that were not prespecified in protocols/registrations. No other discrepancies

kttps://mamanuscripteentral.com/bmj
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1

2

3 between the reporting of our outcomes of interest in trial reports and protocols/registrations were

5 noted.

6

7 Three studies were initially posted as preprints and subsequently

8 published after peer review.?? % 8 60-62 Tn one study, mortality was

9 not reported in the preprint but was reported in the peer reviewedx.
10 paper.®® ' There were no substantive differences between thg,

1 preprint and peer reviewed publications for the other two studi
One RCT did not report outcomes in the groups as randomized;
authors shared outcome data with us in the groups as randomi
15 X

16 All analyses reached convergence based on trace plots and XX ch
17 Brooks-Gelman-Rubin statistic <1.05. For glucocorticoidsg\N &ne
18 were two RCTs with substantial differences in size (RE

19 enrolled 6425 patients® and GLUCOCOVID 63%?2), thus w T

20 fixed effects analysis for the direct pairwise anal s
the outcomes that were reported in both RCTs (mortegﬁt &and

23 mechanical ventilation). This analysis was separake” f the

24 network meta-analyses, which were all random ef q:> ue to the
25 lack of sufficient data, we did not conduct an f\ghe subgroup
26 or sensitivity analyses specified in the prot@)ld ee
27 Supplementary Material) . QQ N

v

fpned <

this
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As of July 8, 2020:

6516 records identified from literature search

6145 English bibliographic databases and pre-print servers
371 Chinese bibliographic databases and pre-print servers

Page 14 of 460

1 Epistemonikos COVID-19 Evidence

v

6468 records after duplicates removed |« Q)&}"
&
O~
- %}
P 6359 records excluded for not being relevant Q-
x
HF
109 full text articles assessed for eligibility \\Q)\ Q\\
o<
78 full text articles excluded Ne) (§
34 not a randomized trial X @

14 randomized trial with no results Q ?
@I

5 not exposed (o orinfected with

2 prophylaxis Z)
P 25 wrong intervention QK Qb
2 blood products 10
15 traditional (h@se q@kinc that were not
specific molecylos at 1lic doses
2 exercisewdhabilitgtivn
2 personatprol equipment
I diagnesfic ian 4
I ps logi€@) and educational
2 o X
>
v S
31 randomized trials included é
) O

3 preprins of pu&i\s;cd trials
Pl 1 comedidn O

2du alcs\

¥ - —
25 unique randomized @a s @uded

15 published and |
)

23 English and 2 Chiglst g N
cpl&g)
L

https://mamanuscriptcentral.com/bmj
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1
2
3 Risk of bias in included studies
g The supplementary material presents the assessment of risk of bias
P of the included studies per outcome. Two studies were judged at
7 low risk of bias in all domains.?! %% All other studies had probably
8 high or high risk of bias in the domains of randomization or
9 deviation from the intended interventiocns. a},
10
11 Effects of the interventions {§b
:i The supplementary material presents the network plots depict$hg
14 the interventions included in the NMA of each outcome. T 2
15 presents a summary of the effects of the interventions xn the
16 outcomes. The supplementary material presents detailed a%/e
17 and absolute effect estimates and certainty of the evigs¥cgyTor
18 all comparisons and outcomes. We did not detect %tk&lcal
19 incoherence in any of the NMAs.
20 Q @
g; a. Mortality Q
2 The 15 RCTs including 8,654 participants? 3437‘9‘“<§B el Hg
24 addressed mortality. The treatment nodes includ in e NMA were
25 glucocorticoids, hydroxychloroquine, Qggr ritonavir,
26 remdesivir, umifenovir, and standard care. n rk estimates
27 did not reveal a convincing reduction & Qrany of these
28 interventions compared to standard care.Qhe (bertamty of the
29 evidence was low for the comparison betweengye sivir and standard
:? of care, and very low for all other cor ri s (Table 2). For
3 glucocorticoids, the direct estimate & @re credible than the
33 network estimate (moderate certaint vs\ very low certainty)
34 because the direct estimate was more ckgp. The network estimate,
35 vhich considers heterogeneity of t eXLire network, was RR 0.84
36 CI 0:.52 to 1.36. The direct mgta- alysis of two RCTs for
37 glucocorticoids versus standar s 2 guggested a probable
gg mortality reduction with glucoc ds: RR 0.88 CI 0.80 to 0.97,
40 RD 37 fewer per 1000 CI 63 f 11 fewer, moderate certainty
41 for risk of bias.
42
43 b. Mechanical ventilati
44 Eight RCTs that enrolle@}?Q@ partiéipantedl 343939 1114374651 52,6564
45 reported mechanical ven-Q' n in patients who were not receiving
:g mechanical ventllatlo seline. The treatment nodes included
48 in the NMA were gl1 <i 1coids, remdesivir, and standard care
29 (Table 2). The net¥§}k timate for glucocorticoids was very low
50 certainty because y serious imprecision RR 0.71 CI 0.29 to
51 1.73. The direc 1r®se direct meta-analysis for glucocorticoids
52 versus st:andar%t r;e\_ 52 resulted in higher certainty and suggested
53 a probable red o with glucocorticoids versus standard care: RR
54 0.74 CI 0. 59 , RD 30 fewer per 1000 CI 48 fewer to 8 fewer,
:: moderate c for risk of bias.
:: ¢, Adv e G)Ients leading to discontinuation
50 Eleven hat enrolled 1,875 participants: 31 38739 41 44-50 53 64
60 repox:géfI rse effects leading to discontinuing the study drug.
The u%ént nodes included in the NMA were hydroxychloroquine,
rem , and standard care. There was moderate certainty

ev@eng— that remdesivir did not incur any additional harm beyond

d care and low certainty evidence that hydroxychloroguine

Jncreased the risk of adverse events compared with standard care
ob(Table 2).

S
Q d. Viral clearance at 7 days (+/- 3 days)
All ten RCTs that cumulatively enrolled 856 participants 2% 37 43 45-
48 50 53 55 84 measured viral clearance with PCR cutoff points. The
treatment nodes included in the NMA were hydroxychloroquine,
lopinavir-ritonavir, remdesivir, and standard care. There was no

kttps://mamanuscripteentral.com/bmj
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convincing evidence that any of the interventions increased the
rate of viral clearance (Table 2). The certainty of the evidence
was low for the comparison between remdesivir and standard care,
and very low for all other comparisons.

e. Duration of hospitalization
EBight RCTs iehrolling B55 participantg3l 35737 39 41:46151:3355:64' yaport
duration of hospitalization. The treatment nodes included in ~b‘3
NMA were lopinavir-ritonavir, remdesivir, and standard ¢

Patients who received lopinavir-ritonavir had fewer da%- of
hospitalization than patients who received standard care the
effect estimate included no difference: RD -1.42 days CI O % 20
0.02 (low certainty; Table 2). Remdesivir did not appear ce
duration of hospitalization (low certainty). @ é\
) (Z)
f. ICU length of stay O

Two RCTs enrolling 280 participants studied lopip@vir&ritonavir
(99 patients) and interferon beta 1 (42 patients)yver standard
care (139 patients) reported length of ICU stay.XX¥’ ndard care
vas the only treatment node with at least atients and

therefore no analyses were performed for this @]t@ e.

g. Duration of mechanical ventilation Q @Q
Three RCTs and enrolling 557 part1c1pant33§:}”"€\reported duration
of mechanical ventilation. The treatmeg n s included in the
meta-analysis were remdesivir and G ag@srd care. Moderate
certainty evidence that remdesivir rﬁes the duration of

mechanical ventilation compared to s{¥hd care, MD-5.15 days CI

-8.28 to -2.02 (Table 2). \\\ B

| &R

h. Time to symptom resolution &

Thirteen RCTs enrolling 2,282 ‘C'Qpantsﬂ SAERAAl @ B9 ARG SR MRS
reported time to symptom reso onOAt least 100 patients received
hydroxychlorogquine, lopinavig=ti avir, and remdesivir. Patients
who received remdesivir (MD% days CI -4.32 to -0.54, moderate
certainty), hydroxychloro neQ(MD -4.53 days CI -5.98 to -2.99,

low certainty), and lopi irs}itonavir (MD -1.22 days CI -2.00 to
-0.37, low certainty) h a'-&ﬁorter symptom duration than standard
care.

i, Time to viral
Ten RCTs enrollin 84Nparticipantgd® 37 41 43 45 47 48 50 52 55 64 revealed
no convincing eprrden®” that any of the interventions reduced the
time vir rance; at least 100 patients received
hydroxychlo % lopinavir-ritonavir, and remdesivir. The
certainty of\ajl idence was very low for all comparisons (Table

2) .

Discuss:l.& C}
N
This \ﬁm@SR and NMA provides a comprehensive picture of the
evidenc r pharmacologic treatments of COVID-19 up to 8 July
20265 % certainty of the evidence for the majority of the
arfyons is very low. The only intervention that probably
u mortality and mechanical ventilation is glucocorticoids;,
3 result driven entirely by the RECOVERY trial.®! Remdesivir is the
bonly intervention in which moderate certainty exists supporting
benefits for both time to symptom resolution and duration of
mechanical wventilation, but it remains uncertain whether
remdesivir has any impact on mortality and other outcomes important
to patients. Remdesivir was the only intervention where all of the
data came from RCTs sponsored by a pharmaceutical company. Direct
evidence from RCTs in patients with COVID-19 has so far provided

kttps://mamanuscripteentral.com/bmj
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1

2

3 little definitive evidence about adverse effects for most
: interventions.

: Hydroxychloroquine may increase the risk of adverse events leading
8 to drug discontinuation when compared to the other interventions.
9 Notably, this iteration of the living NMA did not include three\,».
10 recently published large RCTs on hydroxychloroquine versug;
11 standard care.®"57 RECOVERY, the largest hydroxychloroquine R"
:i suggests that hydroxychloroquine may not reduce mortality an

b increase length of hospital stay.®® These data will be inclu in
15 the next update. There was no convincing evidence that the\_ot.her
16 interventions resulted in benefits or harms when com dQ)
17 standard of care. 0)\ Q)

18 &7 N

19 Stengths and limitations of our review @ Q}

20 Our search strategy and eligibility criteria were c@prgﬂenswe,
g; without restrictions of language of publication, @nd @rovide a
23 full picture of the current evidence. To ensure gxpe se in all
2 areas, our team is composed of clinical and metho ex ts trained
25 and calibrated for all stages of the review p e In order to
26 minimize problems with counterintuitive resul i data analysis
27 plan anticipated challenges that arise in NMA ata is sparse.l?
28 We assessed the certainty of the evidence uan e GRADE approach
29 and interpreted the results considering a&;@b]\ effects. Many of
:? the results for comparisons with spars %la were uninformative
3 and were sometimes implausible. For P'Z@ason, we decided to
33 report evidence on treatments thay omized at least 100
34 patients. In the future, when more a om more treatments are
35 available, our classification of itNexwentions from the most to
36 the least effective will fac:.ldz;atéQ clear interpretation of
37 results.

38

‘313 The main limitation of the @sﬁtic review is the very low
41 quality of the evidence as of the current sparse data
42 available. As the many ongo Tals are completed, we anticipate
43 that the effect estimatesgp; 110 ickly become both plausible and
44 informative as the quall\@ ofo}'he evidence rises. Only two studies
45 vere judged to be at Qew {st of bias.?!' 32 % The most common
:g limitation was lack o l ing, including the largest trials.

zg Another limitation @ tle SR is the limited quality of reporting.
50 For some outcome he&vmethod in which the researchers measured
51 and reported o Qbmeg roved inconsistent across studies did not
52 match across udi and thus such studies could not be included
53 in the NMAs. é[$ed the team to propose a hierarchy for the
54 outcome mec ical® ventilation as described in the methods. We
:: expect tha eog)elative effect will not vary importantly across
57 methods o&‘ ea@rements

58

59 n&n \oﬁature of our NMA could conceivably (at least
60 temp amplify publication bias because studies with promising results

are m e'li e® to be published and are published sooner than studies with negative results. The

mc reprints, many of which have negative results might mediate this risk. Industry-

&nzls such as those for remdesivir and other patented medications may be particularly

sk fat publication bias and positive results for these medications may require more cautious

) terprctatlon than generic medications tested in RCTs independent of industry influence.

©) However, the inclusion of preprints in our NMA may introduce bias

S from simple errors and reporting limitations of preprints. We

include preprints because of the urgent need for information and

because so many of the studies on COVID-19 are published first as
preprints.
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For comparisons with sufficient data, the primary limitation of
the evidence is lack of blinding, which may introduce bias through
differences in co-interventions between randomization groups. We
chose to consider the treatment arms that did not receive an active
experimental drug (i.e., placebo or standard care) within the same

Page 18 of 460

node: it is possible that the unblinded standard care groupsx.s
received systematically different co-interventions than in studi%’-’

that were blinded. )

O~
It is also possible that study-level meta-analysis may not dggéct
important subgroup modification that would otherwise be d cted
vithin trial comparisons.®®Direct comparisons in which the é§§d se
is dominated by unblinded studies were rated down, con51 (yltn
GRADE, for risk of bias and that is reflected in the ra the
quality of evidence from the network estimate.®® For g the
RECOVERY trial suggested that patients with more s isease
may obtain a greater benefit from dexamethasone thgﬁ?paa§§nts with
less severe disease.”!

&
Our living NMA 1is informing the developmentggk\ggg BMJ Rapid
Recommendations. There is, however, an J.mport dg erence in the
methods for assessing the certainty of th @ucence between the
twoe. In this SR and 1living NMA, we azl ng a minimally
contextualized approach for rating the ceﬁ@h of the evidence,
vhereas the BMJ Rapid Recommendati e using a fully
contextualized approach in which the ds of importance of

magnitudes of effects depend on all .ot outcomes and factors
involved in the decision.?® The Qco&xtualization explains
potential differences in the certai’\/ o€ the evidence between the
two. The limitations of potentia@y sleading results when the
network is sparse, and the de a ty of focusing on direct
estimates from larger studiesdWh this is the case, explain
differences in the details oQ;§%i$§§iimates of effect in this NMA
and in the associated remdesj idelines.

To date, we are aware of g ofWer efforts similar to ours.®® 77 We
decided to proceed inde de \ly to ensure that the results fully
inform clinical decisig a g for the associated living guidance
in BMJ Rapid Recomm a ns. We are also including a more
comprehensive search{§o e evidence, and several differences in
analytic methods whj v&believe are best suited for this process.
It is also impgyta to evaluate the reproducibility and
replicability o s s from different scientific approaches.

'ca \? update this SR and living NMA. The changes

will be highlighted for readers and the most
updated v oqb ill be the one available in the publication
platform. exfQus versions will be archived in the supplementary
material(,_, . SR and 1living NMA will also be accompanied by
intera Q fographics and a website for users to access the
most a;\ results in a user-friendly format.

O
S
1p€¥ons

idence suggests that glucocorticoids prcbably reduce

We will perio
from each v

b\)ortallty and mechanical ventilation in patients with severe

COVID-19. Remdesivir probably reduces length of hospital stay. The
effects of most pharmacologic interventions is currently highly
uncertain, and no definitive evidence exists that other
interventions result in important benefits and harms for any
outcomes.
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