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Key Points  29 

 30 

Question   31 

Does two units of ABO compatible high-titer convalescent plasma, administered to critically ill patients with COVID-32 

19, improve 21-day organ support-free days (a composite end-point of in-hospital mortality and the duration of ICU-33 

based respiratory or cardiovascular support)?  34 

Findings   35 

In this international Bayesian randomized clinical trial that included 2,011 participants treatment with two units of high-36 

titer convalescent plasma, compared with no convalescent plasma, resulted in a 99.4% posterior probability of futility for 37 

the primary outcome of organ support–free days within 21 days. 38 

Meaning   In critically ill adults with confirmed COVID-19, treatment with convalescent plasma had a low likelihood of 39 

providing a meaningful improvement in organ support-free days.   40 

  41 
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Abstract 42 

IMPORTANCE The evidence for benefit of convalescent plasma for critically ill patients with COVID-19 is inconclusive.  43 

OBJECTIVE To determine whether convalescent plasma would improve outcomes for critically ill adults with COVID-19. 44 

DESIGN, SETTING AND PARTICIPANTS. An ongoing adaptive platform trial (REMAP-CAP) testing multiple interventions within 45 

multiple therapeutic domains. Between March 9 2020 and January 18, 2021, 4,763 adults with suspected or confirmed 46 

COVID-19 were enrolled and randomized within at least 1 domain. Of these, critically ill adults (intensive care-level 47 

respiratory or cardiovascular organ-support) with confirmed COVID-19 were randomized to open-label interventions in the 48 

immunoglobulin domain at 129 sites in 4 countries. Follow-up ended April 19, 2021. 49 

INTERVENTIONS The immunoglobulin domain randomized participants to receive two units of high-titer ABO-compatible 50 

convalescent plasma (total volume 550ml ± 150ml) within 48 hours of randomization (n=1084), or no convalescent plasma 51 

(n=916). 52 

MAIN OUTCOMES AND MEASURES The primary ordinal endpoint was organ support-free days (days alive and free of ICU-53 

based organ-support) up to day 21, where patients who died were assigned –1 day (range -1 to 21 days). The primary 54 

analysis was a Bayesian cumulative logistic model that included all patients enrolled in the trial, adjusting for age, sex, site, 55 

region, time, assignment to interventions within other domains, and domain and intervention eligibility. Superiority was 56 

defined as the posterior probability of an odds ratio greater than 1 (threshold for trial conclusion of superiority >99%). 57 

Futility was defined as the posterior probability of an odds ratio less than 1.2 (threshold for trial conclusion of futility >95%). 58 

An odds ratio greater than 1 represented improved survival, more organ support–free days, or both. 59 

RESULTS Among the 2,011 participants who were randomized (median age 61 years, and 645 (32.3%) women), 1990 (99%) 60 

completed the trial.  61 

The convalescent plasma intervention was stopped after pre-specified criteria for futility were met.  62 

For the convalescent plasma, and no convalescent plasma groups, respectively, the median organ support–free days were 0 63 

(IQR, –1 to 16), and 3 (IQR, –1 to 16) (composed of in-hospital mortality of 37.3% (403/1075) and 38.4% (401/1075), and 64 

median days alive and free of organ support of 14 (IQR 3 to 18) and 14 (IQR 7 to 18). The median adjusted odds ratio (OR) 65 

was 0.97 (95% credible interval 0.83 to 1.15) and posterior probability of futility (OR < 1.2) was 99.4% for convalescent 66 

plasma compared to no convalescent plasma.  The observed treatment effects were consistent across the primary and 67 
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eleven secondary outcomes. Serious adverse events were reported in 32/1075 (3%), and 12/905 (1.3%) participants in the 68 

convalescent plasma and no convalescent plasma groups, respectively. 69 

CONCLUSIONS AND RELEVANCE In critically ill adults with confirmed COVID-19, treatment with two units of high-titer 70 

ABO-compatible convalescent plasma, had a low likelihood of providing a meaningful improvement in organ support-free 71 

days. 72 

TRIAL REGISTRATION Clinicaltrials.gov: NCT02735707  73 

https://clinicaltrials.gov/ct2/show/NCT02735707
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Introduction 74 

Coronavirus disease 2019 (COVID-19) is an acute illness caused by the severe acute respiratory syndrome coronavirus 2 75 

(SARS-CoV-2).1 Amongst the many treatments studied,2 only two immunomodulatory drugs have been shown to reduce 76 

mortality in hospitalized adults with COVID-19 - corticosteroids and interleukin-6 receptor antagonists,3,4 with critically ill 77 

patients showing greater benefit with corticosteroids.5 Convalescent plasma (blood product containing SARS-CoV-2 78 

specific antibodies), is a biologically plausible antiviral treatment with immunomodulatory properties6-9 that may offer 79 

greater benefit to critically ill patients with COVID-19, in whom multiorgan dysfunction could be driven by the higher 80 

prevalence of viral RNAemia, and by progressive host response.10,11 However, convalescent plasma use in COVID-19 81 

patients has either been outside of clinical trials, with over 500,000 patients estimated to have received it in the United 82 

States by March 2021,12 or in randomized clinical trials (RCTs) that have not focused on critically ill patients with COVID-83 

19, often without improving clinical outcomes, including in the recently published RECOVERY Trial.13-15   84 

Therefore, we conducted an international, multicenter randomized clinical trial (RCT) to address this uncertainty in the 85 

evidence and to determine whether convalescent plasma compared to no convalescent plasma (No-CP) improves 86 

outcomes in critically ill patients with COVID-19 within the Randomized, Embedded, Multifactorial, Adaptive Platform Trial 87 

for Community-Acquired Pneumonia (REMAP-CAP). 88 

Methods  89 

Trial Design 90 

REMAP-CAP is an international, multicenter, open-label adaptive platform designed to determine the best treatment 91 

strategies for patients with severe pneumonia in both pandemic and non-pandemic settings. This trial’s design and results 92 

regarding corticosteroids, anticoagulants, antivirals, and IL-6 receptor antagonists (IL-6ra) in COVID-19 have been 93 

reported previously.3,4,16-18 94 

Patients are assessed for eligibility and randomized to different interventions across several domains. The trial is overseen 95 

by an International Trial Steering Committee (ITSC) blinded to the treatment allocation and an independent Data and 96 

Safety Monitoring Board (DSMB) (Supplement 1). This trial is funded through multiple sources, approved by relevant 97 
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regional research ethics committees, and conducted in accordance with Good Clinical Practice guidelines and the 98 

principles of the Declaration of Helsinki.   99 

The Immunoglobulin Domain evaluating convalescent plasma enrolled participants at trial sites in Australia, Canada, the 100 

United Kingdom, and the United States. Informed consent, in accordance with local regulations, was obtained from all 101 

patients or their surrogates. Details of the trial design have been reported previously and are in the Protocol and Statistical 102 

Analysis Plan (SAP) (Supplement 1).16 103 

To account for the observed ethnic disparities in outcome during the pandemic, we collected self-reported race/ethnicity 104 

from either the participants or their surrogates, via fixed categories appropriate to their region. 105 

Participants 106 

Patients aged 18 years or older with confirmed SARS-CoV-2 infection admitted to hospital and classified as moderately or 107 

severely ill were eligible for enrollment in the COVID-19 Immunoglobulin Domain, equivalent to severely or critically ill 108 

respectively, as per the World Health Organization (WHO) case definitions.19 Outcomes for the critically ill participants, 109 

defined as patients admitted to an intensive care unit (ICU) and receiving respiratory (invasive or non-invasive mechanical 110 

ventilation, including high flow nasal cannula with flow rate ≥30 liters per minute and fractional inspired oxygen 111 

concentration ≥ 40%) or cardiovascular (infusion of vasopressor or inotropes) organ support, are reported in this 112 

article.3,4,16-18   113 

Trial exclusion criteria included presumption that death was imminent with lack of commitment to full support, or 114 

participation in this trial in the prior 90 days. Immunoglobulin Domain-specific exclusion criteria included: known 115 

hypersensitivity to convalescent plasma; objection to receiving plasma products; previous history of transfusion-related 116 

acute lung injury (TRALI; and more than 48h elapsed since ICU admission or 14 days since hospital admission. Further details 117 

regarding eligibility are listed in the immunoglobulin domain–specific appendix in Supplement 1 and in eAppendix 2 in 118 

Supplement 2.  119 

Treatment Allocation 120 

The COVID-19 Immunoglobulin Domain contained three interventions, convalescent plasma at randomization, delayed 121 

convalescent plasma (given if clinical deterioration - only available at one site in the United States), and no convalescent 122 
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plasma (No-CP).   Participants were randomized via a centralized computer program to each intervention (available 123 

locally) starting with balanced assignment. 124 

Procedures 125 

The trial used an open-label design, where convalescent plasma was supplied by each site's transfusion laboratory, and 126 

the clinical team were provided instructions for convalescent plasma administration. This was an open-label study as it 127 

was considered unethical to expose patients in the standard of care group, who may have severe lung injury and hypoxia, 128 

to receiving a potentially harmful extra fluid volume (with either non-convalescent fresh frozen plasma or saline) as part 129 

of usual care as a placebo intervention. Details of donor selection, plasma manufacture, testing of convalescent plasma in 130 

each country, and convalescent plasma administration are in Supplement 2.   131 

Other aspects of care were provided as per each site's standard of care. In addition to assignments in the Immunoglobulin 132 

Domain, participants could be randomized to additional interventions within other domains, depending on domains active 133 

at the site, patient eligibility, and consent (see www.remapcap.org). Randomization to the Corticosteroid Domain for 134 

COVID-19 closed on June 17, 2020.16 Thereafter, corticosteroids were allowed as per recommended standard of care. 135 

Although clinical staff were aware of their individual patient's intervention assignment, neither they nor the ITSC were 136 

provided any information about aggregate patient outcomes. Data were collected prospectively at the bedside by local 137 

research teams. 138 

Interventions 139 

Participants were randomized to receive high-titer ABO compatible convalescent plasma (total volume approximately 550 +/- 140 

150 ml) within 48 hours of randomization, or No-CP. All convalescent plasma used in the trial were tested for SARS-CoV-2 141 

antibodies and met a minimum titer criterion prior to administration. The details of the method of testing and minimum titer 142 

criterion for convalescent plasma in each country are in Supplement 2. 143 

Outcomes 144 

The primary outcome was respiratory and cardiovascular organ support-free days up to day 21. The definitions of 145 

respiratory and cardiovascular organ support were the same as in the inclusion criteria. In this composite ordinal 146 

outcome, all deaths within the hospital, up to day 90, are assigned the worst outcome (–1 day). Among survivors, 147 

respiratory and cardiovascular organ support-free days were calculated up to day 21, such that a higher number 148 
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represents faster recovery. The best outcome would be 21 organ support–free days. Prespecified secondary outcomes 149 

included: in-hospital survival; 28-day survival; 90-day survival; respiratory support-free days; cardiovascular support-free 150 

days; progression to invasive mechanical ventilation, extra corporeal mechanical oxygenation (ECMO) or death; intensive 151 

care length-of-stay; hospital length-of-stay; World Health Organization ordinal scale at day 14; venous thromboembolic 152 

events at 90 days; and serious adverse events. (emethods Supplement 2).  153 

Trial Power and Sample Size 154 

This trial uses a Bayesian design with no maximum sample size. Regular adaptive analyses are conducted, and 155 

randomization continues, potentially with response-adaptive randomization with preferential assignment to those 156 

interventions that appear most favorable, until a pre-defined statistical trigger of superiority or futility is met. Response-157 

adaptive randomization was used in the Immunoglobulin Domain from November 23,2020. 158 

Statistical Analysis 159 

The statistical analysis plan for the COVID-19 Immunoglobulin Domain was written blinded to treatment allocation and 160 

posted online (www.remapcap.org) before data lock and analyses (Supplement 1). The primary analysis was generated 161 

from a Bayesian cumulative logistic model, which calculated posterior probability distributions of organ support-free days 162 

at day 21 (primary outcome) based on evidence accumulated in the trial and assumed prior knowledge in the form of a 163 

prior distribution. Prior distributions for treatment effects in the moderate and severe states were nested in a hierarchical 164 

prior distribution centered on an overall intervention effect estimated with a neutral prior assuming no treatment effect 165 

(standard normal prior on the log odds ratio). The primary model adjusted for location (site, nested within country), age 166 

(categorized into six groups), sex, and time-period (two-week epochs). The model contained treatment effects for each 167 

intervention within each domain.  168 

The primary analysis was conducted on all randomized patients as of, January 18, 2021, and not just those randomized 169 

within the Immunoglobulin Domain. This approach allowed maximal incorporation of all information, providing the most 170 

robust estimation of the coefficients of all included covariates. Of note, not all patients were eligible for all domains nor for 171 

all interventions within each domain (depending on site participation, baseline entry criteria, and patient or surrogate 172 

preference).  173 
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Because the primary model included information about assignment to interventions within domains whose evaluation is 174 

on-going, it was run by the Statistical Analysis Committee unblinded to the treatment allocation (Supplement 1), who 175 

conduct all protocol-specified trial adaptive analyses and report results to the DSMB.  176 

The cumulative log odds for the primary endpoint were modeled such that a parameter >0 reflects an increase in the 177 

cumulative odds for the organ support free-days outcome, which implies benefit. The model assumed proportional 178 

effects across the ordinal organ support-free days scale. There was no imputation of missing primary (or secondary) 179 

endpoint values.  180 

The posterior distribution of the odds ratios is summarized by, allowing calculation of odds ratios with 95% credible 181 

intervals (CrI) and the probability that convalescent plasma was superior or futile compared with No-CP. An odds ratio >1 182 

represents improved survival and/or more organ support-free days. The pre-defined statistical triggers for trial 183 

conclusions and disclosure of results were: superiority if >99% posterior probability the odds ratio was >1 compared with 184 

No-CP; or futility if >95% posterior probability the odds ratio was <1.2 compared with No-CP. The predefined statistical 185 

trigger of an odds ratio of <1.2 for futility was a pragmatic choice in a global pandemic as a balance between 186 

demonstrating an important clinical improvement and the need to declare futility to allow other more promising 187 

interventions to be assessed.  188 

Sensitivity and secondary analyses were performed by blinded investigators, so the analysis population was restricted to 189 

only critically ill patients with COVID-19 enrolled in domains that had stopped and were unblinded at the time of analysis 190 

with no adjustment for assignment in other ongoing domains. Safety analyses (serious adverse events and venous 191 

thromboembolism at 90 days) were restricted to data from patients enrolled in the immunoglobulin domain. 192 

Additional sensitivity analyses of OSFD and in-hospital mortality were restricted to data from patients enrolled in the 193 

Immunoglobulin domain with no adjustment for assignment in any other domains.  The following sensitivity analyses were 194 

conducted: analysis of OSFD and in-hospital mortality without site and time adjustments; analysis of OSFD and in-hospital 195 

mortality estimated with additional interactions between unblinded domains and interventions; analysis of OSFD and in-196 

hospital mortality estimated with patients that were treated according to protocol.   197 

No formal hypothesis tests were performed on secondary outcomes, and summaries of the posterior distributions are 198 

provided for descriptive purposes only. Secondary dichotomous outcomes were analyzed with Bayesian logistic regression 199 



REMAP-CAP COVID-19 Immunoglobulin Domain RCT 

 11 

models, and the secondary time-to-event outcomes (mortality and length of stay) were analyzed using a piecewise 200 

exponential Bayesian model to estimate hazard ratios.  201 

The prespecified six subgroups were binary categories for: presence of SARS-CoV-2 antibodies at baseline; detectable 202 

virus at baseline in an upper respiratory sample; need for mechanical ventilation; immunosuppressed state; time from 203 

hospitalization to enrolment in recipients (categorized as <3, 3-7 and >7 days); and antibody titer of the convalescent 204 

plasma transfused. Further details of all analyses are provided in eAppendices 5 and 6 in Supplement 2. Pre-specified 205 

analyses are listed in the statistical analysis plan (Supplement 1). Data management and summaries were created using R 206 

version 3.6.0, the primary analysis was computed in R version 4.0.0 using the rstan package version 2.21.1. Additional 207 

data management and analyses were performed in SQL 2016, SPSS version 26, and Stata version 14.2. 208 

Results 209 

At a scheduled adaptive analysis, the statistical trigger for futility in critically ill participants with COVID-19 was met 210 

(posterior probability of futility 96.4%, (OR 0.95, 95% Credible Interval (CrI) 0.73 to 1.23). Assignment to this domain 211 

closed on January 11, 2021 for critically ill participants (randomization continued for participants who were not critically 212 

ill). After announcement of the preliminary RECOVERY trial results on January 15,2021, the ITSC halted recruitment to all 213 

patients within the domain.20 214 

Participants 215 

Between March 9, 2020 and January 18, 2021, of 10,282 screened patients, 4,763 who were hospitalized with COVID-19, 216 

were enrolled in this trial, and randomized within at least one therapeutic domain (Fig. 1). Patients were recruited to the 217 

Immunoglobulin Domain from May 5, 2020 at 129 sites in: Australia (n=4); Canada (n=9); the United Kingdom (n=115); 218 

and the United States (n=1). Among the 2,097 participants enrolled in the domain, 2,011 were critically ill, and were 219 

randomly assigned to convalescent plasma at randomization (n=1084), convalescent plasma if clinical deterioration 220 

(n=11), and no convalescent plasma (n=916). Follow-up of participants was up to April 19 2021.  Further information 221 

about hospitalized participants with COVID-19 who were not critically ill and participants in the convalescent plasma if 222 

clinical deterioration group are in Supplement 2. 223 

Thirteen participants subsequently withdrew consent, and eight participants had missing primary outcome data. The 224 

baseline characteristics of the participants randomized to convalescent plasma were similar across intervention groups 225 
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and typical of patients requiring ICU care for COVID-19 (Table 1 and eTable 1). All but three participants were receiving 226 

respiratory support at the time of randomization, including high flow nasal oxygen (22%), noninvasive (45%) and invasive 227 

(33%) mechanical ventilation. These three patients were receiving only cardiovascular support (inotropes or 228 

vasopressors). 229 

Interventions and co-interventions 230 

In the convalescent plasma group, 85.6% (920/1075) received convalescent plasma as per protocol (definition 231 

Supplement 2), and 94.5% (1016/1075) received some convalescent plasma. In the No-CP group, 0.6% (5/905) received 232 

convalescent plasma.  233 

Most patients were enrolled after the announcement of the dexamethasone result from the RECOVERY trial,21 and 234 

therefore 94% (1859/1987) of participants were treated with corticosteroids (eTable 1). Remdesivir use, as part of routine 235 

care, was recorded in 45% of participants. Most participants were enrolled before the announcement of the IL6-receptor 236 

antagonist result from this trial (eTable 1 and 2).4  237 

Primary Outcome 238 

The median number of organ support-free days was 0 (interquartile range, -1 to 16) in the convalescent plasma group and 239 

3 (interquartile range, -1 to 16) in the No-CP group (Fig.2 and Fig.3). Relative to No-CP, the median adjusted odds ratio 240 

from the primary model was 0.97 (95% CrI 0.83 to 1.15), yielding a 99.4% posterior probability of futility. Organ-support 241 

free days was a composite ordinal outcome of hospital mortality (37% (401/1075) for convalescent plasma and 38% 242 

(347/904) for No-CP) and days alive and free of organ support (median 14 (IQR 3 to 18) for convalescent plasma and 243 

median 14 (IQR 7 to 18) for No-CP). Compared with No-CP, the median adjusted odds ratio for in-hospital survival was 244 

1.04 (95% CrI 0.85 to 1.27) for convalescent plasma, yielding a 91.8% posterior probability of futility. Potential interactions 245 

between convalescent plasma and other interventions were evaluated and reported (eTables 2 and 7). There were no 246 

clinically meaningful interactions. 247 

The pre-specified secondary analyses of the primary outcome using only data from participants in the Immunoglobulin 248 

Domain were consistent with the primary analysis (eTable 4).  249 

In the pre-specified subgroup analyses, based on participant characteristics at baseline, the estimated treatment effect of 250 

convalescent plasma did not meaningfully vary for four sub-groups: SARS-CoV-2 PCR status, detectable anti-SARS-CoV-2 251 
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antibody at baseline, mechanical ventilation at baseline, or antibody titer in plasma product (Fig. 4). In the small number 252 

of participants (n=126) with immunodeficiency at baseline, convalescent plasma demonstrated potential benefit (89.8% 253 

posterior probability of superiority). In the subgroup of participants randomized more than 7 days into hospitalization 254 

(n=126) convalescent plasma may be harmful (90.3% posterior probability of harm, OR < 1.0).  255 

Secondary Outcomes 256 

The secondary outcomes are presented in (Figure 3 and eTable 5). Full model results of all outcome analyses are provided 257 

in eAppendices 5 and 6 in Supplement 2. Compared with No-CP, convalescent plasma had treatment effects consistent 258 

with the primary outcome, for the pre-specified secondary outcomes.  259 

Adverse Events 260 

There were 44/1980 (2.2%) participants who had at least one serious adverse event, 32/1075 (3.0%), in the convalescent 261 

plasma group and 12/905 (1.3%) in the No-CP group. (eTable 8). Only one event was considered to be possibly or 262 

probably related to convalescent plasma. 263 

Sensitivity Analyses 264 

The sensitivity analyses were consistent with the primary analysis (eTables 5 and 6). 265 

Discussion 266 

In critically ill adults with confirmed COVID-19, treatment with two units of high titer ABO compatible convalescent 267 

plasma had a low likelihood of providing a meaningful improvement in organ support-free days, compared with no 268 

convalescent plasma, with a 99.4% probability of futility. The observed treatment effects were consistent across 269 

secondary outcomes, and in all sensitivity analyses. Among the pre-defined subgroups, there was no evidence for a 270 

meaningful difference in treatment effect with convalescent plasma compared with No-CP, with the exception of the 271 

small number of participants with immunodeficiency at baseline. 272 

Our trial results are consistent with the lack of benefit of convalescent plasma for patients hospitalized with moderate or 273 

severe COVID-19 reported in the RECOVERY trial,13 and with the meta-analyses within the Cochrane systematic review.14 274 

In this trial, 75% of participants received advanced respiratory support which often occurs between 7-10 days after 275 

symptom onset, and by which stage in the disease many immunocompetent patients will have developed endogenous 276 
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antibody responses.22 This could explain our overall results, including the effect observed in the pre-specified 277 

immunodeficiency subgroup (Fig. 4). These findings also warrant further investigation of the hypotheses that benefit with 278 

convalescent plasma may be different early on in the illness,22,23 and perhaps in patients with an impaired immune system 279 

who are unable to mount effective immune responses, including antibody responses.23,24 280 

The pre-specified anti-SARS-CoV-2 antibody and SARS-CoV-2 PCR status subgroups evaluated the hypotheses that the 281 

antibody negative population and respiratory PCR positive population may derive benefit from convalescent plasma 282 

therapy. Overall, anti-SARS-CoV-2 antibody negative participants had a higher mortality compared with antibody positive 283 

participants and the viral load in respiratory samples were high,25 consistent with greater prevalence of viral RNAemia in 284 

critically ill COVID-19 patients.10 However, no differences in treatment effect were observed within these two subgroups, 285 

even when RECOVERY data were taken into consideration (eFigure 2). The potential reported benefit in antibody negative 286 

participants treated with monoclonal antibody therapy, suggest a higher dose of convalescent plasma may be needed to 287 

improve outcomes.26 288 

Strengths of our trial include a design that assessed the effect of administration of high-titer convalescent plasma in 289 

critically ill adults on patient-centered outcomes, with the majority of participants (72.7%) randomized within three days 290 

of hospitalization. In this trial, the dose of convalescent plasma administered, was at least one-unit Euroimmun (EI) titer 291 

≥8 in 56.6% of participants and EI≥6 in 99% of participants for which data were available, which represents higher titers 292 

than the emergency use authorization recommendation by the FDA (EI≥3.5) (eTable 9).27  293 

Limitations 294 

This trial has several limitations. First, it used an open-label design, although clinician and patient awareness of trial 295 

assignment likely had minimal effect on ascertaining the primary outcome.  Second, 85.6% of participants received 296 

convalescent plasma in the intervention group as per protocol and 0.6% of patients in the No-CP group received 297 

convalescent plasma; however, this is unlikely to have biased the results towards null, as the per protocol analyses were 298 

similar to the primary analysis. Third, although most participants received very high titer convalescent plasma that has a 299 

linear relationship to viral neutralization; the viral neutralization properties of the treatment were not measured prior to 300 

administration. Fourth, the trial has only been able to test the potential effectiveness of convalescent plasma in critically 301 

ill patients and it remains possible that convalescent plasma or other high-titer antibody-based therapy (alone or in 302 

combination with anti-viral chemotherapy) may have a therapeutic effect earlier in the disease process or in some patient 303 
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subgroups. Fifth, the trial did not collect data on time since symptom onset, only time from hospitalization. Sixth, the trial 304 

was unable to recruit participants to No-CP due to the expanded use authorization (EUA) in the United States, which also 305 

led to low levels of recruitment in the United States. 306 

Conclusions 307 

In critically ill adults with confirmed COVID-19, treatment with two units of high titer ABO compatible convalescent 308 

plasma had a low likelihood of providing a meaningful improvement in organ support-free days.  309 
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Figure 1 Title: Screening, Randomization, and Follow-up of Participants in the REMAP-CAP COVID-19 Immunoglobulin 574 

Domain Randomized Clinical Trial  575 

Figure 1 Legend:  576 

a This trial has eligibility criteria applied at the Platform level, outlined in the Core Protocol documents (Supplement 1), in 577 

addition to domain-level eligibility criteria which are outlined in domain-specific appendices. A patient must be eligible for 578 

the platform, and at least one domain to be randomized in this trial. A "platform trial" is a clinical trial with a single master 579 

protocol in which multiple treatments are evaluated simultaneously. This trial has an adaptive platform design, it allows 580 

treatments to be stopped for futility, to declare one or more treatments to be superior, or to add new treatments, or 581 

whole therapeutic areas (domains) to be tested during the course of a trial. A “domain” refers to a common therapeutic 582 

area (e.g., antiviral therapy or immunoglobulin therapy) within which several interventions or intervention dosing 583 

strategies can be randomly assigned (including a control, such as no antiviral, as appropriate).16 584 

b Patients could meet more than 1 ineligibility criterion.  585 

c All participants required either respiratory or cardiovascular support or both. Respiratory support was defined as: the 586 

provision of invasive or non-invasive mechanical ventilation (including high flow nasal cannula with a flow rate of at least 587 

30 liters per minute and a fractional inspired oxygen concentration of 40% or higher). Cardiovascular support was defined 588 

as: receiving infusion of vasopressor or inotropes or both. 589 

d The COVID-19 Immunoglobulin Domain contained three interventions, convalescent plasma at randomization, delayed 590 

convalescent plasma (given if clinical deterioration - only available at one site in the United States), and no convalescent 591 

plasma (No-CP).   Participants were randomized via a centralized computer program to each intervention (available 592 

locally) starting with balanced assignment. Regular adaptive analyses are conducted, and randomization continues, 593 

potentially with response-adaptive randomization with preferential assignment to those interventions that appear most 594 

favorable, until a pre-defined statistical trigger of superiority or futility is met. Response-adaptive randomization was used 595 

in the Immunoglobulin Domain from November 23,2020. 596 

e Additional information about delayed convalescent plasma participants is available in Supplement 2 eTable 1 and 4. 597 

f Results for patients who were not critically ill were used for borrowing within the primary model. This means that results 598 

for patients who were not critically ill were partially pooled with critically ill patients in the primary analysis for estimating 599 

treatment effects of convalescent plasma in each population. This partial pooling can provide a more precise estimate of 600 
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the treatment effect of convalescent plasma in critically ill patients by incorporating additional information from non-601 

critically ill patients if the observed data in the two groups are similar. 602 

g The primary analysis of alternative interventions within the Immunoglobulin Domain is estimated from a model that 603 

adjusts for patient factors and for assignment to interventions in other domains. To obtain the most reliable estimation of 604 

the effect of these patient factors and of other interventions on the primary outcome, all patients enrolled in the COVID-605 

19 cohort (for whom there is consent and follow-up) are included. Importantly, however, the model also factors eligibility 606 

for the Immunoglobulin Domain and its interventions, such that the final estimate of an Immunoglobulin Domain 607 

intervention's effectiveness relative to any other within that domain is generated from those patients that might have 608 

been randomized to either. 609 

 610 

Figure 2 Title: Primary outcome – organ support-free days up to day 21 611 

Figure 2 Legend: The upper panel displays the distributions of organ support-free days (days alive and free of ICU-based 612 

organ support) up to day 21. The ordinal scale includes a score of –1 (in-hospital death, the worst possible outcome), and 613 

a score of 0 to 21 (the numbers of days alive without organ support) by trial group as the cumulative proportion (y axis) 614 

for each trial group by day (x axis), with death listed first. Curves that rise more slowly are more favorable. The difference 615 

in the height of the two curves at any point represents the difference in the cumulative probability of having a value for 616 

days without organ support of less than or equal to that point on the x axis. 617 

The lower panel displays organ support-free days as horizontally stacked proportions by trial group. Red represents worse 618 

values and blue represents better values. The median adjusted odds ratios from the primary analysis, using a Bayesian 619 

cumulative logistic model, was 0.97, 95% credible interval 0.83 to 1.15 for convalescent plasma group compared with the 620 

no convalescent plasma (No-CP) group, yielding 37.8% probability of superiority and 99.4% probability of futility over the 621 

No-CP group.  622 

 623 

Figure 3 Title: Primary and secondary outcomes 624 

Figure 3 Legend: Abbreviations: CP, convalescent plasma; ECMO, extracorporeal membrane oxygenation; HR, hazards 625 

ratio; ICU, intensive care unit; IMV, invasive mechanical ventilation; IQR, interquartile range; OR, odds ratio; WHO, World 626 

Health Organization 627 
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Additional data are available in eTables 4 and 5. 628 

Data for secondary analyses excluded participants who had been randomized within another domain within the moderate 629 

stratum and then randomized to the immunoglobulin domain in the severe stratum (excluded 7 participants), maximum 630 

of 1980 participants included within secondary analyses (See eTable 5). 631 

WHO Scale at day 14. Based on the data collected, we define a modified version of the original WHO scale that combines 632 

outcome scores of 0-2 into a single category (On the original scale: 0 = uninfected, 1 = ambulatory with no limitation of 633 

activities, and 2 = ambulatory with limitation of activities). For the convalescent plasma group the median WHO score is 6 634 

(Intubation and mechanical ventilation) and the IQR range is 3 (hospitalized, no oxygen therapy) to 7 (ventilation + 635 

additional organ support: vasopressors, renal replacement therapy (RRT), ECMO) for the No-CP group the median WHO 636 

score is 5 (non-invasive ventilation or high-flow oxygen) and the IQR is the combined 0-2 group (uninfected/ambulatory) 637 

to 7 (ventilation + additional organ support: vasopressors, renal replacement therapy (RRT), ECMO). 638 

An odds ratio > 1 equates to the threshold for superiority to control for the primary outcome. 639 

An odds ratio < 1.2 equates to the threshold for futility for the primary outcome. No formal hypothesis tests were 640 

performed on secondary outcomes, and summaries of the posterior distributions are provided for descriptive purposes 641 

only. 642 

*28-day survival, 90-day survival, length of ICU stay, and length of hospital stay are analyzed as time-to-event outcomes 643 

and the estimated hazard ratio is reported for these outcomes.  The 28-day and 90-day survival outcomes are 644 

summarized as the proportion alive at day 28 and day 90, respectively. Length of ICU/hospital stay are summarized by the 645 

median time to ICU/hospital discharge (in days), respectively.  646 

 647 

Figure 4 Title: Pre-specified sub-group analyses of primary outcome - organ support-free days (OSFDs)a 648 

Figure 4 Legend: Abbreviations: CP, convalescent plasma; EI, Euroimmun; OSFD, organ support-free days; PCR, 649 

polymerization chain reaction.  650 

aData for sub-group analyses excluded participants who had been randomized within another domain within the 651 

moderate stratum and then randomized to the immunoglobulin domain in the severe stratum (excluded 7 participants), 652 

maximum of 1980 participants included within the sub-group analyses. The analysis population for subgroup analyses 653 

includes 1980 participants where 1972 have known outcomes of OSFD. 654 
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An odds ratio > 1 equates to the threshold for superiority to control for the primary outcome. An odds ratio < 1.2 equates 655 

to the threshold for futility for the primary outcome. 656 

For the number of convalescent plasma doses administered with a Euroimmun titer ≥ 8, the number of participants 657 

analyzed equals total number in the No-CP group (900) plus the number in the intervention group who received those 658 

number of convalescent plasma doses. 659 

Immunodeficiency was defined as immunosuppressive treatment or disease (See supplementary appendix eMethods for 660 

full definition). 661 

  662 
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Table 1. Participant Characteristics at Baseline  

 
No. (%) of participants a 

Characteristic  Convalescent plasma 

(N=1078) 

No Convalescent plasma 

(N=909) 

Age – median (IQR), years  61 (52 - 69) 61 (52 - 70) 

Sex – Male n/N (%) 727 (67.4) 618 (68.0) 

Sex – Female n/N (%) 351 (32.6) 291 (32.0) 

Race/Ethnicity b - White – n / N (%)  731 / 976 (74.9) 619 / 832 (74.4) 

Asian – n / N (%)  144 / 976 (14.8) 133 / 832 (16.0) 

Black – n / N (%)  51 / 976 (5.2) 38 / 832 (4.6) 

Mixed – n / N (%)  16 / 976 (1.6) 8 / 832 (1.0) 

                       Other b – n / N (%)  34 / 976 (3.5) 34 / 832 (4.1) 

APACHE II score c - median (IQR)  13.0 (8.0 - 19.0) 

(n = 1044) 

12.0 (8.0 - 19.0) 

(n = 888) 

Pre-existing conditions – n / N (%)  
  

Diabetes mellitus  339 / 1078 (31.4) 268 / 907 (29.5) 

Respiratory disease 245 / 1078 (22.7) 216 / 907 (23.8) 

Kidney diseased  107 / 1000 (10.7) 83 / 837 (9.9) 

Severe cardiovascular diseasee  96 / 1053 (9.1) 67 / 890 (7.5) 

Immunosuppressive disease or therapyf  67 / 1066 (6.3) 60 / 907 (6.6) 

SARS-CoV-2 RNA detected (respiratory sample) 

at randomization – n/N (%)g 

676 / 845 (80.0) 489 / 599 (81.6) 

SARS-CoV-2 Antibody negative at baseline – n/N 

(%) 

271 / 874 (31.0) 149 / 558 (26.7) 

Time to enrollment - median (IQR)h  
  

From hospital admission - hours  42.7 (23.6 - 78.6) 41.7 (22.5 - 84.3) 

 
From ICU admission - hours  17.7 (10.2 - 23.5) 17.2 (10.6 - 23.2) 

Acute respiratory supporti   
  

Non-invasive mechanical ventilation 493 (45.7) 407 (44.8) 

Invasive mechanical ventilation  356 (33.0) 289 (31.8) 



REMAP-CAP COVID-19 Immunoglobulin Domain RCT 

 32 

High flow nasal cannula  225 (20.9) 211 (23.2) 

None/supplemental oxygen only  2 (0.2) 1 (0.1) 

ECMO – n/N (%)  2 (0.2) 1 (0.1) 

Vasopressor supporti   207 (19.2) 175 (19.3) 

 Country of enrolment – n/N (%) 
  

    United Kingdom 1023/1078 (94.9) 868/909 (95.5) 

    Canada 39/1078 (3.6) 35/909 (3.9) 

    United Statesj 12/1078 (1.1) 0/1078 (0.0) 

    Australia 4/1078 (0.4) 6/909 (0.7) 

Received therapies – n/N (%)k   

    Steroids 1014/1078 (94.1)  845/909 (93.0)  

    Remdesivir 491/1078 (45.5) 398/909 (43.8) 

    Immunomodulators (tocilizumab or sarilumab) 425/1078 (39.4) 348/909 (38.3)  

 Abbreviations: SD, standard deviation; APACHE, Acute Physiology and Chronic Health Evaluation; IQR, interquartile range; ECMO, extracorporeal 

membrane oxygenation.  

a Unless otherwise indicated. Percentages may not sum to 100 because of rounding.  

b Data collection not approved in Asia, Canada and continental Europe. 'Other' includes 'declined' and 'other ethnic group'. Participants (or their 

surrogates) self-reported their race/ ethnicity via fixed categories appropriate to their region. “Declined” does not simply represent missing data. A 

patient may decline to provide their race at the time of registration or the person performing the registration may decline to ask the patient to clarify 

race at the time of registration. 

c   Range: 0 to 71, with higher scores indicating greater severity of illness. It is calculated from data obtained on the first day of intensive care unit (ICU) 

admission, the median score is similar to all critically ill patients with confirmed COVID-19 reported to ICNARC – the national clinical audit covering all 

NHS adult, general intensive care and combined intensive care/high dependency units in England, Wales and Northern Ireland 

(https://www.icnarc.org/our-audit/audits/cmp/reports). 

d Determined from the most recent stable serum creatinine in the year prior to this hospital admission, except in patients who were receiving chronic 

dialysis prior to this hospital admission. In patients not receiving chronic dialysis prior to this admission, abnormal renal function is defined as a 

creatinine level of MALES: ≥130 μmol/L (1.5 mg/dL) or FEMALES: ≥100 μmol/L (1.1 mg/dL). Kidney disease is also recorded if the patient was 

receiving chronic hemodialysis or peritoneal dialysis prior to this hospital admission. 

e Defined as New York Heart Association Class IV: angina or symptoms at rest or on minimal exertion (whilst getting dressed or during self-care). 

f Defined as  patients receiving immunotherapy (defined as receiving therapy that has suppressed resistance to infection prior to this hospital admission, 

including Immunosuppression, chemotherapy within 4 weeks of admission; radiation; high-dose steroid treatment (e.g. >1.5mg/kg methyl prednisolone 

or equivalent for ≥5 days) or long-term treatment steroid treatment (e.g. >20 mg/day of a steroid)) and/or patients with an immunosuppressive disease 

(defined as having one or more disease(s) that is sufficiently advanced to suppress resistance to infection these includes AIDS, acute leukemia, 

lymphoma, metastatic cancer, myeloma or other diseases sufficiently advanced to suppress resistance to infection such as Primary or inherited 
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immune deficiency syndromes, chronic leukemia, aplastic anemia or other causes of chronic neutropenia). Note that if the cancer or hematological 

malignancy has been in remission for 5 years or more, it is no longer considered a co-morbidity (eTable 3). 

g Classified as positive when the SARS-CoV-2 PCR test was positive between 24 hours before and after randomization. All participants enrolled had 

confirmed SARS-CoV-2 infection via PCR test either within the same hospital admission or in the community prior to hospital admission. Detailed data on 

viral variants and viral load on UK participants are available in an associated paper (Ratcliff et al, 2021). Participants had wild type or alpha variant of 

SARS-CoV-2.  

h Time from hospital admission includes time in the emergency department. For patients receiving convalescent plasma time from randomization to 

receipt of convalescent plasma was median 5.7 hours (IQR 3.5 - 17.8) for 1013 participants where data were available. 

i All participants required either respiratory or cardiovascular support or both. Respiratory support was defined as: the provision of invasive or non-

invasive mechanical ventilation (including high flow nasal cannula with a flow rate of at least 30 liters per minute and a fractional inspired oxygen 

concentration of 40% or higher). Cardiovascular support was defined as: receiving infusion of vasopressor or inotropes or both. 

j The United States was unable to randomise to no convalescent plasma due to the expanded access programme within the United States and 

randomised to convalescent plasma at randomisation (n=12) versus delayed convalescent plasma (n=11). Additional information, including data on the 

11 participants receiving delayed convalescent plasma, is in SupplementAppendix (eTable 1). Data on these 11 participants are excluded from Table 1. 

k Treatments received within 48 hours of randomisation. 
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