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Abstract

Background: Convalescent plasma has been widely used to treat COVID-19 and is under investigation in numerous
randomized clinical trials, but results are publicly available only for a small number of trials. The objective of this study
was to assess the benefits of convalescent plasma treatment compared to placebo or no treatment and all-cause
mortality in patients with COVID-19, using data from all available randomized clinical trials, including unpublished and
ongoing trials (Open Science Framework, https://doi.org/10.17605/0OSFIO/GEHFX).

Methods: In this collaborative systematic review and meta-analysis, clinical trial registries (ClinicalTrials.gov, WHO
International Clinical Trials Registry Platform), the Cochrane COVID-19 register, the LOVE database, and PubMed

were searched until April 8, 2021. Investigators of trials registered by March 1, 2021, without published results were
contacted via email. Eligible were ongoing, discontinued and completed randomized clinical trials that compared
convalescent plasma with placebo or no treatment in COVID-19 patients, regardless of setting or treatment schedule.
Aggregated mortality data were extracted from publications or provided by investigators of unpublished trials and
combined using the Hartung-Knapp-Sidik-Jonkman random effects model. We investigated the contribution of
unpublished trials to the overall evidence.

Results: A total of 16,477 patients were included in 33 trials (20 unpublished with 3190 patients, 13 published with
13,287 patients). 32 trials enrolled only hospitalized patients (including 3 with only intensive care unit patients). Risk of
bias was low for 29/33 trials. Of 8495 patients who received convalescent plasma, 1997 died (23%), and of 7982 control
patients, 1952 died (24%). The combined risk ratio for all-cause mortality was 0.97 (95% confidence interval: 0.92; 1.02)
with between-study heterogeneity not beyond chance (I = 0%). The RECOVERY trial had 69.8% and the unpublished
evidence 25.3% of the weight in the meta-analysis.

Conclusions: Convalescent plasma treatment of patients with COVID-19 did not reduce all-cause mortality. These
results provide strong evidence that convalescent plasma treatment for patients with COVID-19 should not be used
outside of randomized trials. Evidence synthesis from collaborations among trial investigators can inform both evi-
dence generation and evidence application in patient care.
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Introduction

The transfer of plasma from a patient who recovered and
is convalescent from coronavirus disease 2019 (COVID-
19) to a person currently suffering from the disease aims
to create transient passive immunity to combat the active
infection. Convalescent plasma treatment has previously
been used to treat, e.g., SARS-CoV-1, MERS, and HIN1
influenza [1-4]. Non-randomized studies indicated a
beneficial effect on mortality in COVID-19 [5]. However,
as stated by the US Food and Drug Administration (FDA)
in March, 2020, “although promising, convalescent
plasma has not been shown to be effective in every dis-
ease studied” [6]. Thousands of patients with COVID-19
worldwide have received convalescent plasma outside of
clinical trials. In the US, this has occurred under single-
patient emergency investigational new drug authority, as
well as the National Expanded Access Protocol [7, 8] and
an Emergency Use Authorization (EUA) by the FDA on
August 23, 2020 [9]. No authorization has been issued by
the European Medicines Agency; however, the European
Commission developed guidance for monitored use [10]
together with the European Centre for Disease Preven-
tion and Control and the European Blood Alliance, and
announced in January 2021 to allocate grants of €36 mil-
lion to expand plasma collection programs [11].

When the results of the largest convalescent plasma
trial enrolling more than 11,000 participants, the Ran-
domised Evaluation of COVID-19 Therapy (RECOVERY)
Trial, were published as press release in January 2021,
four randomized trials on convalescent plasma had been
published in peer-reviewed journals [12—15] and five had
been reported in preprints [16—20]. No trial had reported
mortality benefits of a convalescent plasma treatment
[21]. Subsequently, several other trials have closed their
recruitment according to registry entries.

To summarize all available data on mortality effects of
convalescent plasma for COVID-19, we conducted a col-
laborative systematic review and meta-analysis of all pub-
lished and unpublished randomized clinical trials that are
ongoing, discontinued or completed, investigating the
effects of convalescent plasma treatment in patients with
COVID-19 compared to placebo or no intervention.

Methods

The study protocol was posted at the Open Science
Framework before data collection [22] and not in a
review registry. We report the study under consideration
of the PRISMA 2020 statement [23].

Data sources and searches

We identified all eligible trials from ClinicalTrials.gov
and the WHO International Clinical Trials Registry
Platform [ICTRP] as of September 28, 2020, through
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the COVID-evidence database. We also searched Pub-
Med, the Cochrane COVID-19 trial registry and the
LOVE database [24] for published results (preprints and
peer-reviewed journals) as of April 8, 2021 using search
strategies with terms related to convalescent plasma and
COVID-19 with a standard randomized clinical trials fil-
ter (Additional file 1).

Collaborative approach

For all unpublished and/or ongoing trials identified in
the initial search as of September 28, 2020, and during an
update by March 1, 2021, trial investigators were invited
to provide their data and collaborate (Additional file 2).
Investigators were also asked to provide additional details
regarding the randomization and allocation concealment
procedures for their trial.

Study selection

We included all trials that reported randomly allocating
patients with confirmed or suspected Severe Acute Res-
piratory Syndrome Coronavirus 2 (SARS-CoV-2) infec-
tion to a treatment with convalescent plasma versus
placebo or no additional treatment other than the usual
local care. We considered all trials that randomized at
least one patient in the experimental arm and one patient
in the control arm, regardless of the treatment regime for
convalescent plasma or standard of care, as long as there
were no differences in the treatments used in the arms
beyond the convalescent plasma treatment or placebo.
Trials could report all-cause mortality at any time point
regardless of whether it was the primary outcome or not.
We did not put any restrictions on trial status, language,
geographical region, or healthcare setting. One reviewer
(CA or PJ) screened each record for inclusion and poten-
tial duplicates of trials. Deduplication was conducted in
R version 3.6.2 (R Foundation for Statistical Computing).

Data extraction and risk of bias assessment

We extracted the following trial characteristics based on
the trial registry record or the publication (where avail-
able): descriptions of experimental and control arms,
patient setting, eligibility criteria for recipients and
donors, study location, blinding, target sample size, trial
status. We contacted investigator teams of all trials with-
out published results (Additional file 2) and requested
aggregated, trial-level mortality data and confirmation
of the descriptive characteristics that we extracted. Each
data point was thus collected by two reviewers (CA/
PJ and collaborating trial investigators). If several fol-
low-up points were available, we chose the longest. For
each treatment arm in a trial, we collected the number
of deceased patients and the number of randomized
patients (intention-to-treat data). We also collected
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information on the number of patients without available
mortality data (lost to follow-up). Finally, for potentially
eligible trials that were not included, we extracted the
current recruitment status as of March 1, 2021 from trial
registries and asked investigators for confirmation of the
status and current accrual.

Two reviewers (CA and PJ) independently assessed the
risk of bias of included RCTs using the Cochrane risk of
bias tool 2.0 [25]. Disagreements were resolved through
discussion. The assessment was done using information
reported in the preprints and journal publications or pro-
vided by investigators for unpublished trials. Small-study
effects were assessed using a funnel plot and Egger’s test.
The presence of small-study effects may be suggestive,
but not definitive, of publication bias [26].

Data synthesis and analysis

We prespecified all-cause mortality as our sole outcome.
We report absolute numbers, proportions, and treatment
effect estimates (risk ratio, RR) with 95% confidence
interval (CI). A meta-analysis was performed to com-
bine RRs across all trials using the Hartung-Knapp-Sidik-
Jonkman (HKSJ) random-effects model [27] with Paule
and Mandel (PM) tau-squared estimator, correcting for
zero events in one study arm by adding the reciprocal of
the size of the contrasting arm [28]. We expected a large
variation in sample size and in the number of outcome
events across trials, with a proportion of trials presenting
with zero events in one or both arms and therefore the
HKSJ-PM method would perform well in terms of equal-
ity of weights between trials. Statistical heterogeneity is
described with the I?-statistic [29]. In 3 multi-arm stud-
ies, we considered each eligible comparison separately in
the main analysis as prespecified; we also added a sensi-
tivity analysis combining them. A RR <1 means treatment
with convalescent plasma reduced overall mortality.

We conducted sensitivity analyses to assess robustness
across meta-analytic approaches using the DerSimo-
nian—Laird and Sidik—Jonkman tau-squared estimators,
Mantel-Haenszel random-effects method, Peto’s odds
ratio method and profile likelihood method. We also
repeated all meta-analytic approaches using the arc-
sine difference, a variant to the handling of zero events.
DerSimonian-Laird is a standard random-effects meta-
analysis approach but underestimates uncertainty. The
Sidik—Jonkman tau-squared estimator, on the other hand,
may vield inflated estimates if heterogeneity is low [30].
The Mantel-Haenszel method performs reasonably well
with small and zero event counts, similar to Peto’s odds
ratio method or with the arcsine transformation for zero
events. The Peto’s odds ratio method is, however, subopti-
mal in the presence of substantial imbalances in the allo-
cation of patients randomized in the compared arms.
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In exploratory subgroup analyses, we stratified tri-
als by (1) publication status (results published in peer-
reviewed publications and preprints versus unpublished);
(2) patient setting (ICU patients; inpatients with oxygen
supplementation; inpatients with or without oxygen sup-
plementation); and (3) antibody titer level (confirmed
high-titer versus low-titer or unconfirmed titer). We
defined high-titer as S-protein receptor binding domain
(RBD)-specific IgG antibody titer of 1:640 or higher,
or serum neutralization titer of 1:40 or higher [14]. For
studies using the Ortho VITROS SARS-CoV-2 IgG test,
which reports a signal-to-cutoff (S/C) value, we defined
high titer as S/C>12 (corresponding to the initial US
emergency use authorization) as prespecified. We com-
plemented the high-titer definition with additional
information made available in the March 2021 version
emergency use authorization [31] (e.g., EUROIMMUN
(ratio >3.5) and Abbott ARCHITECT (S/C>4.5). We
furthermore stratified trials by (4) control type (placebo
versus no treatment); (5) timing of treatment (maxi-
mum 14 days after symptom onset versus not maximum
14 days after symptom onset); (6) donor pregnancy his-
tory (only using donated plasma from men, nulliparous
women, or women testing negative for human leukocyte
antigen (HLA) antibodies, versus including non-nullip-
arous women without HLA antibody testing); and (7)
donor severity of COVID-19 (moderate or severe disease
[e.g., whose infection required hospitalization] versus
mild disease) [1, 32]. We added a non-prespecified sub-
group analysis stratified by region, pooling high-income
countries (Australia, Bahrain, Belgium, Chile, Germany,
Italy, Netherlands, New Zealand, Spain, Sweden, United
Kingdom, USA) versus middle-income countries (Argen-
tina, Bangladesh, Brazil, China, Colombia, India, Iran,
Mexico, Nigeria, Peru, Philippines, Russia) [33]. We also
added a non-prespecified subgroup analysis separating
trials with early administration of high-titer plasma in
hospitalized patients from other trials, given the updated
emergency use authorization by the FDA in Febru-
ary 2021 [34] The non-prespecified analyses are further
described in Additional file 3; there were no substantial
deviations from the protocol. For the subgroup analysis
on donor pregnancy status (“Excluding potentially HLA
antibody positive persons”) we used the non-prespecified
Hartung—Knapp “ad hoc” variance correction [35] (this
group included only two very small studies with large
imprecision which can provide abnormally anticonserva-
tive estimates [36]).

We describe the accumulation of publicly available
evidence in a cumulative non-prespecified meta-analy-
sis using the HKS] random-effects model with PM tau-
squared, with published trials ordered by their date of
publication or preprint posting, and the unpublished
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trials added to the model last as one summarized treat-
ment estimate.

We used R version 3.6.2 (the ‘meta’ and ‘metaplus’
packages) for the analyses (R Foundation for Statistical
Computing).

Patient involvement statement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved
in developing plans for design or implementation of the
study. No patients were asked to advise on interpreta-
tion or writing up of the results. All-cause mortality is
selected as an important outcome in COVID-19 research
by Core Outcome Set developers that involved patients
as a key stakeholder group [37].

Results

Of 4005 unique records identified in trial registries, lit-
erature databases, and other repositories, 102 trials were
potentially eligible based on the information available
(Fig. 1 and Additional file 4). We identified and included
7 already published trials (4 preprints [17-19, 38] and
3 publications) [13-15] at the time of our initial search
(September 28, 2020) or at an update (March 1, 2021).
In addition, investigators of 90 unpublished trials with a
valid email address were contacted, 51 teams responded,
5 trials were confirmed ineligible, and investigators of
26 eligible trials shared their data. Of these, 20 trials are
still unpublished, and 5 have been posted as preprints
[16, 20, 39] or published in peer-reviewed journals [12,
40] as of April 8, 2021. Since then, the RECOVERY Trial
has been published in a peer-review journal [41] and the
IRCT20200310046736N trial has been published [42];
resulting in 13 published trials (6 preprints and 7 publica-
tions) and 20 unpublished trials included.

We included 33 trials with 16,477 participants (median
66, interquartile range IQR 31 to 120, range 5 to 11,558)
(Table 1). Fourteen of these 33 trials were ongoing (42%).
Without taking into account the adaptive trials whose
final sample size is not fixed (ASCOT, REMAP-CAP
and the RECOVERY Trial), 5552 patients were planned
to be enrolled in the remaining 30 trials of which 52%
(2872/5552) have been included in the meta-analysis.

The 33 trials were conducted in Europe (n=12), Asia
(n=8), South America (n=7), North America (n=3),
Africa (n=1), Oceania (n=1) and transcontinental
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(n=1). SARS-CoV-2 infection of all enrolled partici-
pants was confirmed in all trials except the RECOVERY
Trial that also included patients with probable infection.
There were 3 trials (9%) with only ICU patients, and 19
trials (58%) where not all patients required intensive care,
but all required oxygen. In 10 trials (30%), patients were
recruited regardless of intensive care or oxygen require-
ment and one trial (3%) recruited only outpatients.

All participants received the usual local care. In 14
trials (42%), all patients received convalescent plasma
within 14 days since symptom onset. The plasma was
confirmed to have high antibody titers in 15 (45%) trials;
and was obtained from donors with moderate or severe
COVID-19 in 6 trials (18%). Twenty-three trials (70%)
excluded women donors who were pregnant or had pre-
viously been pregnant (or who did not test negative for
HLA antibodies). Patients randomized to the control
group received in 24 (74%) trials no additional treatment
than the usual local care and in 9 (26%) trials a placebo
infusion.

The risk of bias was considered as low for 29 out of the
33 included trials. For 3 trials it was unclear due to inad-
equate description of the allocation concealment proce-
dure or concerns about open label trials reported without
patient flowcharts. Risk of bias was considered high for
1 trial due to missing information about potential proto-
col deviations (Additional file 5). Loss to follow-up was
minimal (0% in 20 trials, ranging from 0.003 to 9% in 13
trials). Assessment of small study effects resulted in a
statistically significant Egger’s test (p-value 0.046; Addi-
tional file 6).

Recruitment status of nonincluded trials

We surveyed 64 unpublished potentially eligible trials (i.e.
eligibility based on the information provided in the regis-
tries) that were not included in this analysis for their cur-
rent recruitment status. Out of the 64 trials, 14 were not
yet recruiting (22%), 33 recruiting (52%), 2 terminated
early (3%), 10 completed (16%), and 4 were withdrawn
(6%) and one was not identifiable at the trial registry.
However, the status of the 47 trials marked as recruit-
ing or not yet recruiting remains unclear since their lat-
est registry update occurred at a median of August 2020
(IQR: May 2020 to December 2020). Investigators of 14
out of the 64 trials (22%) provided current accrual as of
February/March, 2021, with a total of 3076 participants

(See figure on next page.)

Fig. 1 Flowchart of the data collection process. °Of 102 potentially eligible trials, 7 had publications available, and investigators of trials
unpublished at the time of our initial search by September 28, 2020 or at an update on March 1, 2021, with a valid email address were contacted
(n=090); of these, 51 responded. All trials that were potentially eligible but not included are described in Additional file 4. bTrials excluded as
“withdrawn"are trials labelled as such on the registries (such trials will never be conducted)
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Identification

Records identified from:
COVID-evidence (n = 3649)

Of which ClinicalTrials.gov (n =
2056); WHO ICTRP (n = 1551); WHO
COVID-19 database (n = 21);
medRxiv (n = 16); PubMed (n = 5)

Y

Records identified from:
PubMed (n =321)
Cochrane COVID-19 trial registry (n

=709)
L-OVE Platform (n = 25)
Websites (n = 1)

Grant recipient lists (n = 1)
Citation searching (n = 3)

Total records identified (n = 4709)

Y

Records after duplicates removed
(n = 4005)

(]

. ]

Screening

Records screened (n = 4005)

\

Records excluded (n = 3903):

Not investigating convalescent
plasma treatment (n=3671)

Not a RCT (n = 224)

RCT cancelled by investigator (n = 1)
RCT without eligible control (n = 5)
RCT on prevention (n = 1)

RCT on combination therapy (n =1)

Eligibility

Reports sought for retrieval 2
(n=102)

Not eligible (n = 5):
Inadequate randomization (n = 4)
No adequate control (n=1)

A J

Potentially eligible but not included
(n=64):

No data to contribute (n =7)
Withdrawn (n = 4)b

Unpublished and no valid email
address (n =4)

Unpublished and no answer (n = 37)
Not ready to share data (n = 12)

|

Included

J

Studies included in quantitative
synthesis (meta-analysis)
(n=33)

Publications or preprints (n = 13)
Unpublished results (n = 20)

Fig. 1 (See legend on previous page.)
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recruited out of a total target sample size of 3989 partici-
pants (median recruitment 80 participants, IQR 0 to 483;
median proportion of target sample 55%, IQR 6 to 100%).

The total target sample size of all unavailable completed
or terminated trials was 1457 participants (median 88
participants, IQR 55 to 142). Of the 97 eligible trials (33
included and 64 not included), there is evidence available
from at least 20,499 participants, of which at least 4022
participants (20%) are enrolled in unpublished trials that
we have not included in this analysis.

All-cause mortality

Overall, 3949 of 16,477 patients died (24%). The mortal-
ity in patients treated with plasma was 23% (1997/8495)
versus 24% (1952/7982) in patients in the various con-
trol groups. The mortality rates in the control groups
varied considerably ranging from 0 to 54% (median 15%
IQR 10 to 25%), with nine trials with a mortality rate
of 25% and above in their control groups. The com-
bined RR for all-cause mortality was 0.97 (95% CI [0.92;
1.02]; p-value=0.25) (Fig. 2). There was no between-
study heterogeneity beyond that expected by chance
(I=0%; tau®=0, 95% CI [0; 0.12]). In 3 trials includ-
ing 47 patients, there were zero deaths in both arms.
The RECOVERY Trial and the unpublished REMAP-
CAP trial accounted for 69.8% and 19.7% of the weight
in the meta-analysis, and 70% (11,558/16,477) and 12%
(2014/16,477) of the patients included, respectively. The
unpublished evidence overall accounted for 25.3% of
the weight in the meta-analyses and 3190 of the 16,477
patients included (19%).

The sensitivity analyses employing different meta-ana-
lytical methods results were compatible with the main
analysis (Additional file 7). No potential effect modifiers
were detected (Fig. 3).

Accumulation of evidence in published and unpublished
trials

The accumulation of evidence generated through pub-
lications and the addition of unpublished data through
the collaborative effort was characterized by two major
shifts in the treatment effect estimates over time (Fig. 4).
For a short period of time, when 4 trials were available,
the cumulative meta-analysis suggested a nominally sig-
nificant benefit (p=0.03; with limited evidence, however,
as transient nominally significant results upon sequen-
tial addition of trials can be misleading) [43]. The first
shift occurred with the publication of the PLACID trial
(before September 10th, 2020 RR 0.58, 95% CI [0.38;
0.90]; with the PLACID trial RR 0.84 95% CI [0.53; 1.34]),
and the second shift occurred when the RECOVERY
Trial was posted as a preprint (before March 10th, 2021
RR 0.84, 95% CI [0.65; 1.09]; with the RECOVERY trial
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RR 0.98, 95% CI [0.92; 1.04]). The addition of the unpub-
lished trial evidence greatly increased the precision of
the effect estimate (before unpublished trials RR 0.96,
95% CI [0.88; 1.05]; with the unpublished trials RR 0.97,
95% CI [0.92; 1.03]) and also corroborates the findings
of the RECOVERY Trial, showing highly similar effects
(RECOVERY RR 0.99, 95% CI [0.93; 1.05] versus unpub-
lished combined RR 0.97, 95% CI [0.87; 1.07]).

Discussion

This meta-analysis of 33 clinical trials, including 16,477
patients with COVID-19, showed that treatment with
convalescent plasma did not decrease all-cause mortality
and confidence intervals excluded a meaningful clinical
effect. This analysis is the largest available body of ran-
domized clinical trial evidence on treatment benefits of
convalescent plasma in COVID-19 to-date. There was no
indication that the treatment was associated with more
or less benefit in patients with different disease severity
or with the type of plasma, but data for subgroup analyses
were sparse. Only few trials assessed early administration
of plasma and further analyses are required to investigate
a potential effect modification of the timing of the inter-
vention, and whether patients have already developed
their own antibodies by the time of the treatment. The
vast majority of trials included patients with moderate or
severe COVID-19 who needed hospitalization and it is
unclear if the results are applicable to outpatients.

In addition to providing the most complete body of
evidence including all available mortality data, our col-
laborative approach was also driven by the opportunity
to allow all trials to publicly share their data regardless of
their planned sample size or final results. Beyond reduc-
ing research waste, such collaboration of trial investiga-
tors and evidence synthesis aims to inform the generation
of clinical trial evidence and the application of evidence
for clinical care in a timely fashion [44].

The evidence base was dominated by the RECOVERY
Trial and REMAP-CAP, which accounted for 89.5% of
the weight in the meta-analysis and 82% of the patients
included. For both trials, the lack of benefit on mortal-
ity outcomes were initially communicated through
press releases. Those highly anticipated announce-
ments might have had an impact on the future of clini-
cal trials assessing convalescent plasma. Since February
4, 2021, the emergency use authorization in the US no
longer authorizes use in outpatients, patients beyond an
early disease stage or of low-titer plasma [34] followed
by similar changes in the European Commission’s guid-
ance for monitored use [10]. Although this authorization
does not apply to trials, recruitment for trials includ-
ing such patients or low-titer treatments could become
more difficult. Out of the 33 included RCTs, 9 have been
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Events, Events, % weight

Trial Country Plasma (n/N) Control (n/N) Favours Favours RR (95% CI) (random)
Plasma Control
Published
ILBS-COVID-02 India 3/15 1/16 ———> 3.20[0.37; 27.49] 0.1
PLACID India 34/235 31/229 —— 1.07 [0.68; 1.68] 14
RECOVERY United Kingdom 1399/5795 1408/5763 0.99[0.93; 1.05] 69.8
PLASM-AR Argentina 25/228 12/105 —_—— 0.96 [0.50; 1.83] 0.7
PICP19 India 10/40 14/40 —_— 0.71[0.36; 1.41] 0.6
ChiCTR2000029757 China 8/52 12/51 —_— 0.65[0.29; 1.47] 0.4
IRCT20200310046736N1 Iran 3/31 5/31 _— 0.60[0.16; 2.30] 0.2
NCT04342182 Netherlands 6/43 11/43 —_— 0.55[0.22; 1.34] 0.4
NCT04359810 United States 19/150 18/73 —_— 0.51[0.29; 0.92] 0.9
NCT04356534 Bahrain 1/20 2/20 0.50[0.05; 5.08] 0.1
NCT04479163 Argentina 2/80 4/80 0.50[0.09; 2.65] 0.1
NCT04392414 Russia 2/46 2/20 0.43[0.07; 2.87] 0.1
ConPlas-19 Spain 0/38 4/43 0.01 [0.00; 2569.79] 0.0
Random effects model & 0.96 [0.88; 1.05] 74.7
Heterogeneity: 12 = 2%, 12 = 0.0007, p = 0.43
Unpublished
NCT04332835 Colombia 6/49 2/51 ——> 3.12[0.66; 14.73] 0.1
CCAP-2 Denmark 13/98 3/46 —1——> 2.03[0.61; 6.79] 0.2
LIFESAVER Italy 1/4 1/8 2.00[0.16; 24.33] 0.0
PLACO-COVID Italy 12/60 7/60 B B — 1.71[0.72; 4.05] 0.4
LACCPT Nigeria 7M1 6/11 —_—— 1.17 [0.58; 2.35] 0.6
RECOVER Germany 6/43 6/47 R 1.09[0.38; 3.13] 0.3
REMAP-CAP International 367/1082 323/932 L3 0.98 [0.87; 1.10] 19.7
COP-COVID-19 Mexico 7120 4/11 —_— 0.96 [0.36; 2.57] 0.3
CONFIDENT Belgium 45/150 51/151 —— 0.89[0.64; 1.24] 2.6
NCT04385199 United States 3/20 2/10 0.75[0.15; 3.79] 0.1
PC/COVID-19 Spain 2/38 3/36 0.63[0.11; 3.56] 0.1
NCTO04403477 (a) Bangladesh 3/20 2.5/10 0.60[0.13; 2.68] 0.1
NCT04403477 (b) Bangladesh 3/20 2.5/10 0.60[0.13; 2.68] 0.1
ASCOT Australia and New Zealand 1/15 2/18 0.60[0.06; 5.99] 0.1
NCT04600440 Sweden 2/17 3/14 0.55[0.11; 2.84] 0.1
PERUCONPLASMA Peru 112 3/13 0.36 [0.04; 3.02] 0.1
CPC-SARS Mexico 6/31 6/11 —_— 0.35[0.14; 0.87] 0.4
NCT04442191 United States 0/8 1/6 0.11[0.00; 17.06] 0.0
Co-CLARITY Philippines 0/13 0/12 0.0
NCT04528368 Brazil 0/9 0/8 0.0
CAPSID Germany 0/2 0/3 0.0
Random effects model < 0.97 [0.87; 1.07] 25.3
Heterogeneity: 12=0%,1%=0, p=0.64
Random effects model 0.97 [0.92; 1.02] 100.0
Heterogeneity: 12=0%,1%=0, p =0.65 I T T !
Test for overall effect: p =0.25 0.1 05 1 2 5
Risk Ratio (95% Cl)

Fig. 2 Random effects meta-analysis on the association between convalescent plasma treatment compared to placebo or no treatment and
all-cause mortality in patients with COVID-19, stratified by publication status. C/ confidence interval, RR risk ratio. NCT04403477 compares two
different volumes of plasma a 400 mL and b 200 mL versus standard of care. To avoid double counting the control arm, the number of patients and
number of events were split equally between the two comparisons

terminated early; moreover, out of 64 eligible trials not
included, at least four were withdrawn, two terminated
early, and more might follow. However, the remaining
amount of evidence that is not covered by this analysis
is small.

Traditional systematic reviews have many strengths,
but they take time and may struggle to capture unpub-
lished data. Others have highlighted the need for an
accelerated evidence synthesis regarding the benefits
and harms of COVID-19 interventions such as convales-
cent plasma [45], suggesting a rapid review approach or
continuously updated (living) systematic reviews (LSR),

particularly ones that incorporate emerging technologies
to automate certain aspects of the review process. LSR
are valuable [46, 47], but are dependent on traditional
availability of data, which can be slower than needed in
urgent contexts. Our approach, built on a similar strat-
egy used to investigate hydroxychloroquine/chloroquine
[48] was designed to accelerate the evidence synthesis
for rapid provision of urgently needed information to
guide clinical decision making. We offered investigators
the opportunity to share trial results regardless of trial
or publication status, which was done only after careful
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Donor COVID-19 severity

Mild to moderate 6 553
Mild to severe 3 114
Moderate to severe 6 167

Excluding potentially HLA antibody positive persons

Yes 24 8077
No 2 54
Countries

Middle-income 15 912
High—-income 15 6501
Middle- and high—income 1 1082

Subgroups N Comparisons Plasma
Publication status

Published 13 6773
Unpublished 18 1698
Control type

Placebo 9 667
Standard of care 22 7804
Confirmed high-titer

Yes 15 7681
No 16 790
High titer given within 14 days of symptoms onset in hospitalized patients
No 27 8344
Yes 3 99
Patient Setting

Inpatients with or without supplemental oxygen 8 6413
Inpatients with supplemental oxygen 20 746
ICU 2 1232
Outpatients 1 80
Treatment started within 14 days of symptoms onset

No 17 8036
Yes 13 383

N patients N patients

Control Favours Favours RR (Cl 95%) P-value
Plasma Control
6514 . 0.96[0.88; 1.05] 0.95
1445 - 0.97[0.87; 1.07]
368 aJ» 0.77[047; 1.27] 0.28
7591 -+ 0.98[0.94; 1.02]
7342 -+ 0.97[0.92; 1.03] 0.54
617 — 0.91[0.72; 1.15]
7850 - 0.97[0.92; 1.03] 0.04
81 0.47[0.10; 2.20]
6111 — 0.87[0.64; 1.17] 0.64
685 — 0.90[0.72; 1.12]
1083 e 0.97 [0.65; 1.44]
80 0.50[0.09; 2.65]
7570 — 0.92[0.74; 1.13] 0.28
338 — 0.79[0.63; 0.98]
403 —_— 0.85[0.53; 1.36] 0.09
118 —_—t 1.30[0.73; 2.31]
124 —_— 0.75[0.32; 1.78]
7676 - 0.98[0.92; 1.04] 0.28
26 0.37 [0.00; 34923.14]
709 — 0.85[0.67; 1.09] 0.51
6341 == 0.98[0.92; 1.04]
932 [ : —T ‘ 0.98[0.87; 1.10]
0.2 0.5 1 2

Risk Ratio (95% CI)

Fig. 3 Subgroup analyses. C/ confidence interval, ICU intensive care unit, AR risk ratio. Subgroup analyses include only trials with at least one
event in one arm (i.e. trials with zero events in both arms were excluded). Number of comparisons differ from number of trials as two trials had
more than one comparison. We defined high-titer as S-protein receptor binding domain (RBD)-specific IgG antibody titer of 1:640 or higher, or
serum neutralization titer of 1:40 or higher. For studies using the Ortho VITROS SARS-CoV-2 IgG test, which reports a signal-to-cutoff (S/C) value,
we defined high titer as S/C> 12 (corresponding to the initial United States Food and Drug Administration emergency use authorization) as
prespecified. We complemented the high-titer definition with additional information made available in the March 2021 version emergency use
authorization, e.g., EUROIMMUN (ratio > 3.5) and Abbott ARCHITECT (S/C>4.5)

consideration and approval of principal investigators and
data steering committees.

Our collaboration focused on aggregated data of one
critical outcome, robust to various types of bias: all-cause
mortality. We encouraged teams to continue their plans
for individual publications, which will display the granu-
larity not captured by our rapid approach, as well as to
participate in other collaborations. We are aware of one
other international real-time collaboration, the Continu-
ous Monitoring of Pooled International Trials of Con-
valescent Plasma for COVID-19 Hospitalized Patients
(COMPILE) project [49], a highly granular, individual
patient data meta-analysis including eight trials [50].

We identified almost a hundred eligible trials that
evaluate evidence on convalescent plasma treatment
in patients with COVID-19. Among 21 other system-
atic reviews and meta-analyses on this topic that were
available on PubMed as of mid-April, 2021 [5, 46, 47,
51-68], 15 include only O to 2 randomized trials along-
side observational studies (e.g., two LSR) [46, 47, 51-63]
and the two most comprehensive reviews included 10
RCTs [5, 64]. One of the latter meta-analyses [5] does
not include the RECOVERY Trial and includes one trial
that we categorized as non-randomized [69]. The other
meta-analysis, authored by some members of our team
[64] included four peer-reviewed articles, five preprints
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Study Publication date Favours Favours RR [95%-CI] P-value
Plasma Control
Adding: registered as ChiCTR2000029757 2020-06-03 0.65[0.29; 1.47] 0.30
Adding: registered as NCT04342182 2020-07-03 0.60[0.19; 1.89] 0.11
Adding: registered as NCT04392414 2020-08-02 <«—+—— 0.59[0.40; 0.86] 0.03
Adding: ConPlas-19 2020-09-01 <«—+—— 0.58 [0.38; 0.90] 0.03
Adding: PLACID 2020-09-10 —_— 0.85[0.53;1.34] 0.37
Adding: ILBS-COVID-02 2020-10-27 —_— 0.88[0.56; 1.37] 0.48
Adding: registered as NCT04356534 2020-11-04 —_— T 0.86[0.58; 1.28] 0.40
Adding: FundacionINFANT-Plasma 2020-11-21 —_— 0.85[0.59; 1.21] 0.31
Adding: PLASM-AR 2020-11-24 —_—T 0.87[0.65; 1.16] 0.30
Adding: PICP19 2020-11-29 —_— 0.84[0.65; 1.09] 0.16
Adding: RECOVERY 2021-03-10 — 0.98[0.92;1.04] 0.47
Adding: NCT04359810 2021-03-13 —-I— 0.94[0.83; 1.07] 0.31
Adding: registered as IRCT20200310046736N1  2021-04-10 . 0.96 [0.88; 1.05] 0.36
Adding: Unpublished data | —-T | 0.97[0.92;1.03] 0.26
0.5 1 2
Risk Ratio (95% Cl)
Fig.4 Accumulation of evidence over time (Cumulative meta-analysis). C/ confidence interval, RR risk ratio. Published trials are ordered by their
date of publication. For the PLACID trial we used the date when it was first posted as a preprint (September 10th, 2020) before being published in a
peer reviewed journal (October 22nd, 2020). Similarly, NCT04479163 was first posted as a preprint (November 21st, 2020) before being published a
peer reviewed journal (February 18th, 2021) and RECOVERY Trial was first posted as a preprint (March 10th, 2021) before being published in a peer
reviewed journal (May 14th, 2021)

and the RECOVERY Trial press release and showed no
statistically significant benefits for mortality or other
clinical outcomes. The project described here is the only
meta-analysis with a collaborative approach that captures
ongoing randomized trial evidence regardless of status.
We regard our design as complementary to traditional
systematic reviews. Whereas comprehensive inclusion
of results unavailable through traditional venues may be
helpful in evidence synthesis [70, 71], non-peer-reviewed
results should be viewed with more caution. This trade-
off between quality control and results availability may
become a more pressing issue as preprints are becom-
ing a more popular means of disseminating clinical trial
results [72]. This review incorporates yet another dimen-
sion by including data from ongoing trials, some of which
may be unable to achieve their planned sample size or
that may go unreported.

We encourage trial investigators to coordinate early on
in the design and conduct of their RCTs. Beyond pro-
viding evidence for clinical decision making, such an
approach can foster evidence-based research and strate-
gic evidence generation in situations where several trial
teams address the same urgent research questions. Col-
laborative meta-analyses of ongoing trials do not provide
final evidence but could be crucial to guide clinical deci-
sions as well as data steering committee decisions.

Several limitations with our review should be consid-
ered. First, we only examined mortality. However, all-
cause mortality in hospitalized COVID-19 patients is
arguably the most important patient-relevant outcome
in this setting; can be reliably measured; is most robust
against sources of bias; and can be rapidly collected from

diverse trials without complex data harmonization. Con-
sistent results in the subset of placebo-controlled trials,
the fact that attrition was overall negligible, and that all
trials were randomized (as confirmed for all unpublished
trials by investigators) further corroborated that the
overall risk of bias within the trials is probably not high.
However, it cannot be ruled out that the self-selected
response from unpublished trial teams may introduce a
reporting bias, e.g. if willingness to contribute data to the
collaborative analysis depended on the results of interim
trial analyses, as suggested by the Egger’s test. Neverthe-
less, the potential reporting bias is unlikely to change our
interpretation of the results as we believe that small stud-
ies with null results were less likely to be shared with us
and would contribute little to the overall evidence.
Second, we had limited ability to address potential
effect modification by the timing, dose, or titer for plasma
treatment. We also did not collect detailed information
on various patient characteristics, including age, sex,
comorbidities, and concomitant treatment (including
dexamethasone) disclosed in individual trial publications
which would allow further insights on potentially smaller
or greater benefits in certain subgroups. For example,
the trials in this meta-analysis did not specifically study
patients with B-cell depletion or other immunodeficien-
cies. Moreover, as the participants in all included trials
except one were hospitalized at enrollment, representing
a group with moderate to critical COVID-19, results have
unclear applicability to outpatients. According to our
search, nine outpatient trials (one terminated, seven with
ongoing recruitment and one not yet started) are in the
pipeline. In their updated emergency use authorization,
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the US FDA restricted the authorization to the use of
high-titer plasma in hospitalized patients early in the
course of the disease [34]. While early administration of
high-titer plasma has been advocated also elsewhere [1],
only a small minority of RCTs have applied this regimen.
Four of 32 RCTs here included used early administration
of high-titer plasma in hospitalized patients (ASCOT,
ConPlas-19, REMAP-CAP, and NCT04392414), and
one in outpatients (NCT04479163), and our study-level
analysis did not find subgroup effects regarding titer or
timing. Although our definition of high-titer was chosen
to conform with US FDA guidance, there is still a limited
amount of comparative data between assays used in dif-
ferent countries (and in some cases, individual working
groups) to translate titer levels. It cannot be excluded that
patients treated earlier within the onset of symptoms, or
with milder COVID-19, may benefit from treatment with
convalescent plasma. As the majority of included RCTs
are ongoing, they are expected to contribute more evi-
dence in the coming months, together with additional
evidence from individual patient data meta-analyses,
e.g., the COMPILE project [49]. This may shed light on
important outcomes other than all-cause mortality (e.g.,
severe respiratory disease or hospitalization rate), as well
as possible subgroup effects such as early administration
of high-titer plasma.

Third, our subgroup analyses in some cases made use
of arbitrary categorizations, albeit chosen to be consist-
ent with clinical practice, such as for plasma antibody
titers and the timing of treatment initiation. The specifi-
cation of subgroups was published in the protocol before
data were obtained and analyzed. We consider all sub-
group analyses exploratory and caution is warranted in
interpreting such results.

Fourth, although representing a collaboration across
many different countries, no data from any low-income
countries were available, potentially limiting the applica-
bility of our findings to these specific settings. Among all
identified potentially eligible trials, one was situated in a
low-income country (COVIDIT, Uganda; registered as
NCT04542941).

Finally, even though this kind of collaborative meta-
analysis relies on a detailed protocol with prespecified
analyses aiming to ensure its integrity and validity, a few
amendments were necessary. First, we realized the risk
of bias assessment was readily feasible and added it post-
hoc. Second, we did not specify a follow-up time point
for the outcome assessment. We retained the latest one
communicated to us; all updates requests were made sys-
tematically to all teams. Finally, we added some non-pre-
specified analyses and these are stated as such.
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Conclusions

Treatment with convalescent plasma for COVID-19 was
not shown to reduce mortality and confidence intervals
excluded a meaningful clinical effect. These results pro-
vide strong evidence that convalescent plasma treatment
for patients with COVID-19 should not be used outside
of randomized trials. Evidence synthesis from collabora-
tions among trial investigators can inform both evidence
generation and evidence application in patient care.
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