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Patients with cancer are at high risk of severe coronavirus disease 2019
(COVID-19), with high morbidity and mortality. Furthermore, impaired
humoral response renders severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) vaccines less effective and treatment options are scarce.

Randomized trials using convalescent plasma are missing for high-risk
patients. Here, we performed a randomized, open-label, multicenter trial
(https://www.clinicaltrialsregister.eu/ctr-search/trial/2020-001632-10/DE)
in hospitalized patients with severe COVID-19 (n =134) within four risk groups
((1) cancer (n=56); (2) immunosuppression (n =16); (3) laboratory-based
risk factors (n=36); and (4) advanced age (n = 26)) randomized to standard
of care (control arm) or standard of care plus convalescent/vaccinated
anti-SARS-CoV-2 plasma (plasma arm). No serious adverse events were
observed related to the plasma treatment. Clinical improvement as the
primary outcome was assessed using a seven-point ordinal scale. Secondary
outcomes were time to discharge and overall survival. For the four groups
combined, those receiving plasma did not improve clinically compared

with thosein the control arm (hazard ratio (HR) =1.29; P= 0.205). However,
patients with cancer experienced a shortened median time to improvement
(HR=2.50; P=0.003) and superior survival with plasma treatment versus the
controlarm (HR = 0.28; P=0.042). Neutralizing antibody activity increased
inthe plasma cohort but not in the control cohort of patients with cancer
(P=0.001). Taken together, convalescent/vaccinated plasma may improve
COVID-19 outcomes in patients with cancer who are unable to intrinsically
generate an adequate immune response.

The coronavirus disease 2019 (COVID-19)-associated risk of death is par-
ticularly high for patients with hematologic or solid cancer' >, advanced
age*° and other conditions®’. Both humoral® and cellular’ immunodefi-
ciency contribute to unfavorable outcomes. Despite this, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine availability
and waning vaccine efficacy in these patients remain concerning'®".

Few therapies improve outcomes in severe COVID-19 with
impaired oxygenation'. Monoclonal antibodies as pre- or postex-
posure prophylaxis or as early treatment canreduce the risk of severe
COVID-19 (refs. 13,14). Evidence for the benefit of monoclonal anti-
bodies in patients requiring oxygen supplementation is missing"
or pending'®.
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Fig.1| Consort diagram. Patient flow within the RECOVER trial. *Two
more patients were initially randomized but were later removed from the
randomization tool and database. For one patient, informed consent was lost.

Analyzed in the full analysis set (n = 66)
Analyzed in the per-protocol set (n = 63)
Analyzed in the safety set (n = 66)

The other patient withdrew consent and requested the deletion of all data. ®All
patients lost to follow-up reached the primary endpoint, as lost to follow up
occurred after discharge.

Clinicaltrials on convalescent plasmatherapy for COVID-19 have
beenmostly negative . Relevant determinants causing heterogeneity
in plasma efficacy were: (1) the timing from disease onset to therapy
initiation, with early therapy being most effective's; and (2) titers of
neutralizing antibodies'®****, Still, it is unknown whether patients
without sufficient antibody response benefit from therapy with plasma
from convalescent or vaccinated donors, but several subgroup analyses
have pointed toward better outcomes with plasmatherapy.InaBayes-
ian re-analysis of the Randomized Evaluation of COVID-19 Therapy
(RECOVERY) trial, the subgroup of patients who had not yet developed
anantibody response to SARS-CoV-2 appeared to have slightly better
outcomes when treated with convalescent plasma?. A similar subgroup
analysis of the Randomised, Embedded, Multi-factorial, Adaptive
Platform Trial for Community-Acquired Pneumonia (REMAP-CAP) trial
pointed toward a potential benefit forimmunosuppressed patients®.
Two observational propensity score-matched cohort studiesin patients
with hematological malignancies showed a marked decrease in mor-
tality despite in parts delayed transfusion of convalescent plasma**%,

Here, we performed a randomized controlled clinical trial with
convalescent/vaccinated plasma in high-risk patients, including
patients with cancer with severe COVID-19, and analyzed the associa-
tion between plasmatherapy and the response of neutralizing antibody
titersin plasmarecipients.

Results

Trial population

Atotal of 136 patients meeting eligibility criteria were randomized
(Fig.1). The inclusion criteria were: (1) PCR-confirmed infection with
SARS-CoV-2inarespiratory tract sample; (2) oxygen saturation on ambi-
entair of <94% or a partial oxygen pressure - inspired oxygen fraction

ratio of <300 mmHg; (3) provision of written informed consent; and
(4) meeting at least one high-risk criterion to define the patient group
(seethestudy protocol described in the Supplementary Information):

« Group1(cancer): patients with pre-existing or concurrent hema-
tological cancer and/or receiving active cancer therapy for any
cancer (including chemotherapy, radiotherapy and surgical treat-
ments) within the past 24 months

« Group 2 (immunosuppression): patients experiencing chronic
immunosuppression, either pharmacological or due tounderlying
diseases not meeting group 1 criteria

« Group3(lymphopenia/elevated D-dimers): patients aged >50 years
and <75 years and not meeting group 1 or 2 criteria who had lym-
phopenia (<0.8 x10° cells per liter) and/or b-dimers (>1 pg ml™)

« Group4 (age >75 years): patients aged >75 years and not meeting
group 1,2 or3criteria

Two patients were excluded—one due to the absence of a signed
informed consent and the other due to withdrawal of consent after
signature. Thus, 134 patients were enrolled and randomized between
3 September 2020 and 20 January 2022. A total of 68 patients were
assigned to the plasma arm and 66 were assigned to the control arm.
Eligible patients underwent randomization into the experimental
(plasma) or control arm atal:1ratio using block randomization for the
patientgroup stratadefined above (groups1-4). Patientsin the plasma
cohort received at least one unit of ABO-compatible plasma, and ten
control patients crossed over to the plasmagroup at day 10 after rand-
omization. Plasma donor eligibility required high titers of neutralizing
antibody activity inalive virus neutralization assay (titers > 1:80; <20%
of potential donors) (see the information on plasma donationand the
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Table 1| Patient and treatment characteristics for the overall patient collective for both treatment arms combined and each

separately

Characteristic All(n=134) Control (n=66) Plasma (n=68)
General

Mean+s.d. age (years) 68.5+11.3 69.7+10.5 67.4+121
Sex

Male 91(67.9%) 46 (69.7%) 45 (66.2%)
Female 43 (321%) 20 (30.3%) 23(33.8%)
Ethnic origin

Asian 1(0.7%) 1(0.7%) 0 (0%)
Caucasian/White 130 (97.0%) 64 (97.0%) 66 (97.1%)
Hispanic 2 (1.5%) 0 (0%) 2(2.9%)
Other 1(0.7%) 1(1.5%) 0 (0%)
Median (25th percentile, 75th percentile) time from symptom onset to 7.0 (4.0,10.0) 7.0(4.0,10.0) 7.0 (5.0,10.0)
randomization (d)?

Comorbidities

Chronic lung disease 37 (27.6%) 20 (30.3%) 17 (25.0%)
Cardiovascular disease 94 (70.1%) 47 (71.2%) 47 (691%)
Chronic liver disease 15 (11.2%) 11(16.7%) 4(5.9%)
Rheumatic/immunologic disease 16 (11.9%) 8 (12.1%) 8 (11.8%)
Organ transplant 17 (12.7%) 10 (15.2%) 7(10.3%)
Diabetes 34 (25.4%) 19 (28.8%) 15 (22.1%)
Chronic kidney disease 35(26.1%) 21(31.8%) 14 (20.6%)
Chronic kidney disease with hemodialysis 13 (9.7%) 9 (13.6%) 4 (5.9%)
Median (25th percentile, 75th percentile) clinical frailty scale score? 3.0(2.0,4.0) 3.0(2.0,4.0) 3.0(2.0,4.0)
WHO performance status®

ECOG=0 3(2.3%) 1(1.5%) 2(3.0%)
ECOG=1 27 (20.5%) 12 (18.5%) 15 (22.4%)
ECOG=2 51(38.6%) 29 (44.6%) 22 (32.8%)
ECOG=3 35 (26.5%) 16 (24.6%) 19 (28.4%)
ECOG=4 16 (12.1%) 7(10.8%) 9 (13.4%)
Cancer®

All entities 56 (41.8%) 28 (42.4%) 28 (41.2%)
B cell non-Hodgkin lymphoma/chronic lymphocytic leukemia 18 (32.1%) 7 (25.0%) 11(39.3%)
Acute myeloid leukemia/myelodysplastic syndromes 12 (21.4%) 8(28.6%) 4 (14.3%)
Myeloma 11(19.6%) 6 (21.4%) 5(17.9%)

B cell acute lymphoblastic leukemia 2(3.6%) 0(0%) 2(71%)
Hodgkin lymphoma 2(3.6%) 1(3.6%) 1(3.6%)
Chronic myeloid leukemia 1(1.8%) 1(3.6%) 0 (0%)

T cell non-Hodgkin lymphoma 1(1.8%) 1(3.6%) 0 (0%)
Solid tumor 9(16.1%) 4(14.3%) 5(17.9%)
SARS-CoV-2 baseline

Median (25th percentile, 75th percentile) percentage inhibition (as 9.3(4.8,26.2) 8.5(4.0,20.3) 10.2 (5.5, 28.8)
measured by NeutraLISA)?

Mean+s.d. Ct value on day of randomization/day 1° 23.6+5.6 23.3%+5.2 23.9+61
Study assessments

7POS at randomization

7P0OS=3 26 (19.4%) 12 (18.2%) 14 (20.6%)
7POS=4 80 (59.7%) 40 (60.6%) 40 (58.8%)
7POS=5 28 (20.9%) 14 (21.2%) 14 (20.6%)
Laboratory

Nature Cancer | Volume 4 | January 2023 | 96-107

98


http://www.nature.com/natcancer

Article

https://doi.org/10.1038/s43018-022-00503-w

Table 1(continued) | Patient and treatment characteristics for the overall patient collective for both treatment arms

combined and each separately

Characteristic All(n=134) Control (n=66) Plasma (n=68)
Median (25th percentile, 75th percentile) WBC count (10° cells per liter) 5.7(3.7,8.6) 6.1(4.0,8.9) 5.4(3.6,7.5)
Median (25th percentile, 75th percentile) lymphocytes (10° cells per 0.6 (0.3,0.9) 0.5(0.3,0.9) 0.6 (0.3,0.8)

liter)?

Median (25th percentile, 75th percentile) CRP (mgl™)?

80.8(42.5,147.2)

85.0 (48.2,138.7) 72.7(39.8,157.6)

Median (25th percentile, 75th percentile) LDH (UL™)?

359.0 (277.0, 473.1)

368.5(278.0, 497.0) 354.0 (277.0, 457.0)

Median (25th percentile, 75th percentile) b-dimer (mgl™)?

1.3(07,27)

1.4(07,2.4) 11(07,1.6)

)
)
)
)

Median (25th percentile, 75th percentile) troponin (pgml™)?

17.2 (11.4, 32.0)

23.0(10.5, 48.6) 156.9 (11.4, 25.3)

Treatment (including crossover day 10)

Plasma received

Convalescent plasma 67 6 61
Convalescent plus vaccinated plasma 7 3 4
Vaccinated plasma only 4 1

Other COVID-19 medication

Anti-inflammatory 49 (36.6%) 22 (33.3%) 27 (39.7%)
Small-molecule antiviral 11(8.2%) 3 (4.5%) 8 (11.8%)
Biologic antiviral 3(2.2%) 1(1.5%) 2(2.9%)
Antibiotics 6 (4.5%) 3 (4.5%) 3(4.4%)
Anticoagulants 2 (1.5%) 2 (3.0%) 0 (0%)
Other concomitant medication 9 (6.7%) 5 (7.6%) 4 (5.9%)

“Numbers were as follows (n#134): n=116 for time from symptom onset to randomization, n=127 for clinical frailty scale score, n=132 for World Health Organisation (WHO) performance status,
n=119 for percentage inhibition (as measured by NeutraLISA), n=119 for Ct values, n=117 for lymphocytes, n=132 for C-reactive protein (CRP), n=127 for lactate dehydrogenase (LDH), n=125
for -dimer and n=122 for troponin. ®Pre-existing or concurrent hematological malignancy and/or active cancer therapy (including chemotherapy, radiotherapy or surgery) within the last

24months or less. EGOG, Eastern Cooperative Oncology Group; WBC, white blood cell.

neutralization assay used for the determination of titers in donors in
the Supplementary Information, as well as Extended Data Fig. 6 and
Supplementary Table 4). Recruitment was stopped on 20 January 2022,
after enrollment of 77% of the target population (Methods). The aver-
age age was 69 years (range = 36-95 years) (Table 1and Supplementary
Table 5) and 43 patients were female (32.1%). Eastern Cooperative
Oncology Group performance status (median = 2; interquartile range
(IQR) =2-3), clinicalfrailty scale (median = 3; IQR = 2-4) and time from
symptom onset to randomization (median=7.0 d; IQR =4.0-10.0 d)
were similarinboth arms. Only 11.2% of patients were fully vaccinated.
The allocation of patients to the predefined high-risk patient groups
was: 42% for group 1 (n = 56; Extended Data Fig. 1), 12% for group 2
(n=16),27% for group 3 (n=36) and 19% for group 4 (n=26) (Table1;
group details in Supplementary Table 5). The most common cancers
were B cell malignancies (n =20), acute myeloid leukemia/myelodys-
plastic syndrome (n=12), myeloma (n=11) and solid cancer (n=9).
Two patients suffered from Hodgkin’s lymphoma and one patienteach
suffered from chronic myeloid leukemia or T cell lymphoma (Table 1).
The most common cause of chronic immunosuppression in group 2
was solid organ transplantation (n =12).Ingroup 3, 27 patients showed
lymphopenia and 21 patients had elevated D-dimers, whereas both
criteria were presentin12 patients.

Follow-up and primary endpoint

A clinical seven-point ordinal scale (7POS)***° was determined daily,
whichwas defined as: (1) not hospitalized, with resumption of normal
activities; (2) not hospitalized, but unable to resume normal activities;
(3) hospitalized, but not requiring supplemental oxygen; (4) hospital-
ized and requiring supplemental oxygen; (5) hospitalized and requiring
nasal high-flow oxygen therapy, noninvasive mechanical ventilation
or both; (6) hospitalized and requiring extracorporeal membrane
oxygenation, invasive mechanical ventilation or both; and (7) death’..

At baseline, the 7POS was at a median of 4 (range = 3-5) and oxygen
supplementation (through anasal cannula or high-flow oxygen therapy)
was required in n =108 (80.6%) patients, with equal distribution in
both arms.

In the full analysis set, the median time from randomization to
improvement of two points on the 7POS or live hospital discharge
was 12.5 d (95% confidence interval (CI) =10-17) in the plasmaarm and
18 d (95% C1=11-28) in the control arm (hazard ratio (HR) =1.29; 95%
Cl=0.86-1.93;log-rank P=0.205) (Fig. 2a,b). Pre-specified subgroup
analysesrevealed benefitin patients with cancer (group 1; n=56). For
patients with cancer, the median time to improvement was 13 d (95%
Cl=7-14)for the plasmaarmand 31 d (95% Cl = 15-not available (NA))
for the controlarm (HR =2.50; 95% Cl =1.34-4.79; log-rank P= 0.003;
Fig.2b,c). Givenpotential confoundersin age and gender distributions
between the plasmaand controlarms, we adjusted for these variablesin
asensitivity analysis. This resulted inasimilar HRin group1(HR=2.79;
95% Cl=1.35-5.94), supporting the beneficial role of plasma for patients
with cancer. No significant differences betweenarms were observedin
groups 2-4 (Fig. 2b,d, Extended Data Fig. 2 and Table 2).

Overall survival and other secondary endpoints

Overall, n =27 patients died and no significant difference was seen
for overall survival according to randomization (HR = 0.72; 95%
Cl=0.33-1.55;log-rank P= 0.403) (Fig. 3a). In the cancer group (group
1),improved overall survival was observed in the plasma arm compared
with the controlarm (HR = 0.28;95% Cl = 0.06-0.96; log-rank P = 0.042)
(Fig.3b,c). The treatment arms of groups 2-4 did not differ in survival
(Fig.3b,d, Extended Data Fig. 3 and Table 2).

The time to discharge did not differ (HR =1.28; 95% Cl = 0.86—
1.91; log-rank P=0.217) in the overall study population (12.5d (95%
Cl=10-17) for the plasma arm versus 18 d (95% CI = 11-28) for the con-
trol arm) (Extended Data Fig. 4). Discharge occurred earlier in group
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Fig.2|Primary endpoint (time to improvement of two points on the 7POS
or live hospital discharge). a, Kaplan-Meier curve for the primary endpoint of
atwo-pointimprovement on the 7POS or live hospital discharge for the overall
study cohort (groups 1-4) by plasma arm (blue) and control arm (red). The
median time toimprovement was 12.5 d (95% Cl =10-17) for the plasma arm

and 18 d (95% CI =11-28) for the control arm (log-rank P= 0.205). b, Forest plot
with HRs for the primary endpoint overall (full analysis set) and by predefined
subgroups. 95% Cls are provided in parentheses. The HRs are presented as the
centers of the error bars. The error bars range from the lower to the upper 95%
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confidence limit. CP, convalescent plasma. ¢, Kaplan-Meier curve for the primary
endpoint for group 1by plasma arm (blue) and control arm (red). The median
time to improvement was 13 d (95% Cl = 7-14) for the plasma arm and 31d (95%
CI=15-NA) for the controlarm (log-rank P = 0.003). d, Kaplan-Meier curve for
the primary endpoint for combined groups 2-4 by plasma arm (blue) and control
arm (red). The median time to improvement was 12 d (95% Cl =10-28) for the
plasmaarmand11d (95% Cl = 8-21) for the control arm (log-rank P= 0.3902).In a,
candd, the numbers of participants at risk are detailed below the Kaplan-Meier
plot. See Extended Data Fig. 3 for separate data for groups 2-4.

1for the plasma arm (median =13 d; 95% CI = 8-14) versus the control
arm (median =31d; 95% Cl =15-NA) (HR =2.50; 95% Cl =1.34-4.78;
log-rank P=0.003).

Mechanical ventilation was initiated in 28.5% of patients. No sig-
nificant difference was observed between the treatment groups (27.9%
(95% CI1=18.7-39.6) for the plasma arm versus 29% (95% CI =19.2-
41.3) for the control arm; odds ratio (OR) = 0.95 (95% Cl = 0.44-2.06);
P=0.892) or withinthe subgroups (Table 2). The outcome for patients
who crossed over was not substantially different from that for other
patientsin the controlarm.

Neutralizing antibody titers

At the time of randomization, the average percentage inhibition
of SARS-CoV-2 virus measured with the surrogate neutralizing
enzyme-linked immunosorbent assay was 9.3% (IQR =4.8-26.2;10.2%
(IQR =5.5-28.8) for the plasmaarm versus 8.5% (IQR = 4.0-20.3) for the
controlarm) (Fig. 4aand Supplementary Table 6). Neutralizing activity
increased over time in both arms (Fig. 4b,c and Extended Data Fig. 5).

The highest levels at day 3/5 were overall higher in the plasma cohort
(51.1% (IQR = 14.7-92.5) for the plasma cohort compared with 21.6%
(IQR =7.2-87.3) for the control cohort) (Fig. 4b,c). In patients with can-
cer, the neutralizing activity did not increase over time in the absence
of plasma therapy. In contrast, plasma therapy increased the neutral-
izing activity in patients with cancer who had higher levels on day 3/5
(group1;30.9% (IQR =15.4-98.0) for the plasma arm compared with 8.8%
(IQR =3.5-46.3) for the control arm; Fig. 4c and Extended Data Fig. 5).
Accordingly, for group 1, the median difference fromday 3/5tobaseline
differed significantly inthe plasmaarm (9.1% (IQR = 3.8-24.9)) compared
with the control arm (1.6% (IQR =-1.5-4.7) (P=0.001; Fig. 4c, left). In
groups 3and 4, neutralizing antibodies were already present at the time
of study inclusion (Extended DataFig. 5) and titers further increased over
timeregardless of the therapy arm. Thus, there was no benefitin neutral-
izing antibody titers for group 3 and 4 patients treated with plasma. Of
note, inthe few patientsincludedingroup 2 (immunosuppression), titers
of neutralizing antibodies were low at the time of inclusion and remained
low regardless of therapy arm (Extended Data Fig. 5).
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Table 2 | Outcome data for all patients combined and for group 1and groups 2-4 separately

All patients Group 1(cancer) Groups 2-4 (other risk groups)
All(n=134) Control Plasma All(n=56) Control Plasma All(n=78) Control Plasma
(n=66) (n=68) (n=28) (n=28) (n=38) (n=40)
Overall improvement rate (95% CI)
At 28d 0.622 0.725 0.458 0.821 0.730 0.656
(0.503- (0.615- (0.286-0.673) (0.663- (0.582- (0.509-
0.742) 0.825) 0.935) 0.859) 0.798)
At 56d 0.737 0.817 0.667 0.929 0.784 0.735
(0.623- (0.716- (0.481-0.841) (0.796- (0.642- (0.592-
0.840) 0.899) 0.987) 0.898) 0.861)
At 84d 0.754 0.817 0.667 0.929 0.811 0.735
(0.641- (0.716- (0.481-0.841) (0.796- (0.672- (0.592-
0.853) 0.899) 0.987) 0.917) 0.861)
Median (95% Cl) time to 18 (11-28) 12.5 (10-17) 31(15-NA) 13 (7-14) 11(8-21) 12 (10-28)
improvement (d)
Overall survival rate (95% Cl)
At 28d 0.835 0.864 0.710 0.929 0.918 0.815
(0715- (0754- (0.485-0.850) (0.743- (0767- (0.650-
0.908) 0.927) 0.982) 0.973) 0.908)
At56d 0.765 0.832 0.710 0.893 0.803 0.787
(0.636- (0.717- (0.485-0.850) (0.704- (0.631- (0.618-
0.854) 0.903) 0.964) 0.901) 0.888)
At 84d 0.748 0.815 0.665 0.893 0.803 0.753
(0.616- (0.696- (0.440-0.817) (0.704- (0.631- (0.576-
0.840) 0.890) 0.964) 0.901) 0.864)
Overall need for mechanical ventilation (n=130)
No ventilation 93 (71.5%) 44 (71.0%) 49 (721%) 38 (71.7%) 16 (64.0%) 22 (78.6%) 55 (71.4%) 28 (75.7%) 27 (67.5%)
Mechanical ventilation 37 (28.5%) 18 (29.0%) 19 (27.9%) 15 (28.3%) 9 (36.0%) 6 (21.4%) 22 (28.6%) 9 (24.3%) 13 (32.5%)

Adverse events

Adverse events observed after plasma administration wereinaccord-
ance with published data". No serious adverse events were observed
related to plasmatherapy. Adverse events are provided in Supplemen-
tary Table7.Infusionreactions are described in Supplementary Table 8.

Discussion

The results of this trial provide evidence that patients with cancer
(group1) who develop severe COVID-19 benefit from anti-SARS-CoV-2
plasmafrom convalescent/vaccinated donorsand experience improved
overallrecovery. Although the size of group 1was relatively small, with
56 patients, differences in the primary endpoint were substantial (13
versus 31 d) and are supported by earlier discharge and improved over-
allsurvival. Thelikelihood of improved outcomes upon plasmatherapy
was substantial for patients with cancer, with shortened time to the
primary endpoint, time to discharge and also survival. In contrast,
no benefits were observed in groups 2-4, pointing toward a specific
benefit of vaccinated/convalescent plasma in patients with cancer.

These results from a specifically designed clinical trial are in line
withtworetrospective propensity-matched cohort analyses withatotal
of 244 patients treated with plasma*?® and one prospective nonrand-
omized study using neutralizing monoclonal antibodies™.

Antivirals and monoclonal antibodies for COVID-19 are most effec-
tive in early disease stages and are usually not recommended beyond
5d after symptom onset. The same was shown for early convalescent
plasma therapy in a prehospital setting without the need for supple-
mental oxygen®. Inour study, patients were randomized and treated on
average within7 d of symptom onset and few crossed over at day 10 after
randomization. Aneven earlier intervention with plasma might further
increase the efficacy in patients with cancer. Few therapies with proven
efficacy areavailable for these patients at later time points, particularly

for those presenting with impaired oxygenation, making plasma an
attractive treatment approach even at advanced disease stages.

Unlike monoclonal antibodies®, convalescent plasma holds the
potential to evolveinreal time with the virus and retain activity against
new variants. Furthermore, it does not involve patent fees and can be
obtained within the regular blood donor pool. Since plasmafrom vac-
cinated donors contained higher levels of neutralizing antibodies**,
and antibody titer has been associated with efficacy®, we included
vaccinated donors once vaccination was widely available (see Sup-
plementary Table 4).

Our study has limitations. Compared with studies with nonse-
lected patients, the overall cohort was relatively small. Also, while the
overall cohort was well balanced, we observed imbalances between
enrollment arms (for example, with respect to age, sex, comorbidi-
ties and therapy) in the subgroups. Therefore, we adjusted for the
two variables (that is, age and sex) most likely to be associated with
outcomesin asensitivity analysis, which did notimpact on the primary
outcomeingroupl.Another limitation could be the open-label design
of our trial. However, the primary endpoint results for subgroups are
supported by the secondary endpoint results for overall survival and
neutralizing activity, showing the unique effectivity of plasma therapy
in patients with cancer.

Thegroup of patients with cancer was diverse, with most patients
suffering from hematological malignancies. Thus, the conclusions
might not be applicable to all types of cancer. Lastly, recruitment
occurred over an extended time span with different virus variants
and evolving standards of care. Nonetheless, randomization was in
place and plasma was obtained during the respective waves of the
pandemic. Our conclusions cannot formally be extended to novel
variants not covered within the trial (starting with Omicron). While
studies have suggested that neutralizing antibodies were broadly
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Kaplan-Meier plot. See Extended Data Fig. 4 for separate data for groups 2-4.

active before Omicron, the Omicron variant in particular has shown
that variant-specific plasma would be important to control virus
replication®.

There are several strengths of our trial. Plasma was obtained from
donors with confirmed high titers of neutralizing antibodies, as indi-
cated by the fact that <20% of patients in the donor pool met the criteria
(=1:80 titer and corresponding high saturation in the NeutraLISA;
Extended Data Fig. 7). The relevant subgroups were predefined in the
protocol. HRs and Cls indicated large effect sizes in group 1. Plasma
therapy effects on neutralizing antibody levels matched clinical ben-
efit, although causality cannot be proven. The inclusion of patient
groups now known not to benefit from plasma (for example, groups 3
and4) suggests that underlying disease characteristics determine the
benefit of plasma therapy in patients with cancer.

We found that in patients with cancer an increase in neutralizing
antibodies was observed after plasmainfusion, which further supports
the restriction of the beneficial effects of plasma to patients with lim-
ited ability to react to the antigen with a humoral response. While the
subgroup analysis was exploratory, the effect sizes were substantial.
Given the limited available effective treatment options for patients
with cancer and the favorable safety profile, convalescent/vaccinated
plasmashould be considered. Further confirmation of the findings is
expected to come fromother larger trials (for example, REMAP-CAP).

Taken together, these data suggest that plasma therapy may
improve outcomes in patients with cancer with severe COVID-19.

Methods

Ethics and regulatory requirements

This study was carried outinaccordance with the Declaration of Helsinki
andthe International Conference on Harmonization and Good Clinical
Practice (ICH-GCP) E6 (R2) guidelines. The study was approved by the
Paul Ehrlich Institut (Federal Institute for Vaccines and Biomedicines)
andthe ethics committee of the Medical Faculty Heidelberg. Regulatory
authority requirements with respect to plasma manufacturing, accord-
ing to §67 Arzneimittelgesetz (Germany) and §13 GCP-V, were met.

Study sites and trial eligibility

Fifteentrial sitesin Germany enrolled study participants (ten university
hospitals and five urban hospitals; Supplementary Tables1and 3). Adult
patients requiring hospital admission for COVID-19 were assessed for
eligibility irrespective of previous SARS-CoV-2 infection or vaccina-
tion status. The inclusion criteria were: (1) PCR-confirmed infection
with SARS-CoV-2 in a respiratory tract sample; (2) oxygen saturation
onambientair of <94% or a partial oxygen pressure — inspired oxygen
fraction ratio of mmHg; (3) provision of writteninformed consent; and
(4) meeting atleast one high-risk criterion to define the patient group:
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« Group 1(cancer): patients with pre-existing or concurrent
hematological cancer and/or receiving active cancer therapy for
any cancer (including chemotherapy, radiotherapy and surgical
treatments) within the past 24 months

« Group 2 (immunosuppression): patients experiencing chronic
immunosuppression, either pharmacological or due to underly-
ing diseases not meeting group 1 criteria

« Group 3 (lymphopenia/elevated D-dimers): patients aged
>50 years and <75 years and not meeting group 1or 2 criteria,
who had lymphopenia (<0.8 x 10° cells per liter) and/or b-dimers
(>1pgml™).

«  Group 4 (age >75 years): patients aged >75 years and not meeting
group 1,2 or 3 criteria

Inclusion criteria were consecutively checked for groups 1-4 in
ascending order.

Patients with a history of reaction to blood products, patients
requiring mechanical ventilation (including noninvasive ventilation),
patients with selectiveimmunoglobulin A deficiency and patients par-
ticipating in another trial of investigational medicinal products were
excluded. Further details on inclusion/exclusion are provided in the
published protocol®. Modifications of the protocol and the statistical
analysis plan are described in Supplementary Table 2.

Eligible patients underwent randomizationinto the experimental
(plasma) or controlarmat al:1ratio using block randomization for the
patientgroup strata defined above (groups1-4). Patients randomized
into the control arm were offered to crossover on day 10 (plus a maxi-
mum of 2 d) after randomization in the absence of clinical improve-
ment. Control arm patients received the standard of care as defined
by the respective hospital at the time of trial inclusion. Patients in the
plasmaarmreceived two units of ABO-compatible plasma (238-337 ml
each from two different donors) on the day of randomization (day 1)
and onalater day. This was administered intravenously in addition to
the standard of care. Convalescent and/or vaccinated donor plasma
was obtained at the IKTZ Heidelberg. Plasma donor eligibility required
high titers of neutralizing antibody activity inalive virus neutralization
assay (titers >1:80; <20% of potential donors) (see the information on
plasmadonationand the neutralization assay used for determination of
titersin donorsin the Supplementary Information, as well as Extended
Data Fig. 6 and Supplementary Table 4). Data collection and analysis
were not performed blind to the conditions of the experiments.

Procedures

After obtaining informed consent, a clinical 7POS**° was determined
daily, which was defined as: (1) not hospitalized, with resumption of
normal activities; (2) not hospitalized, but unable to resume normal
activities; (3) hospitalized, but not requiring supplemental oxygen;
(4) hospitalized and requiring supplemental oxygen; (5) hospitalized
and requiring nasal high-flow oxygen therapy, noninvasive mechani-
cal ventilation or both; (6) hospitalized and requiring extracorporeal
membrane oxygenation, invasive mechanical ventilation or both; and
(7) death®.

Endpoints

The primary endpoint was defined as the time from randomization
to a two-point improvement on the 7POS or live hospital discharge,
whichever occurred first. Patients who withdrew their informed con-
sent without a previous two-point improvement or live hospital dis-
charge were censored at the respective date. Patients who were lost
to follow-up were censored at the date of last contact. Administrative
censoring was conducted at day 84 for all patients who were still alive
but did not experience an improvement or discharge until day 84.
The event ‘death from any cause’ was handled by censoring deceased
patients without previous two-point improvement or live discharge
at day 84 (in analogy to the approach of ref. 36). Using this approach

ensures that deceased patients are considered as notimproved over
the whole observation period of 84 d. Secondary endpoints were
overallsurvival (time from randomization until death from any cause,
applying the same censoring rules as the primary endpoint for with-
drawal of informed consent, loss to follow-up and administrative
censoring at day 84), antibody titers, requirement of mechanical
ventilation at any time during the hospital stay and time from rand-
omization until live hospital discharge (applying the same censoring
rules as the primary endpoint for withdrawal of informed consent,
loss to follow-up and administrative censoring at day 84, as well as
censoring patients who died from any cause at day 84 analogously to
the primary endpoint).

Statistics and reproducibility

The analysis of the primary endpoint was done viaalog-rank test, strati-
fied for the factor ‘patient group’. The event ‘death fromany cause’ was
handled by censoring those patients at day 84 (ref.36). HRs were deter-
mined via Cox regression stratified by patient group (1-4). A post-hoc
sensitivity analysis was performed using an adjusted Cox regression
considering age and sex to account for differences observed in the
distribution of these variables between study arms. Time to discharge
was assessed analogously to the primary endpoint. Overall survival was
assessed by means of alog-rank test and Cox regression, both stratified
for patient group. Requirement of mechanical ventilation (yes versus
no) was analyzed by means of alogistic regression model adjusting for
the factors treatment and patient group, including all patients with
more than 1d of follow-up. Patients who died were accounted for as
having received mechanical ventilation. For neutralizing antibodies,
the difference between baseline and the highest value on day 3/5 was
assessed to compare the plasma versus control arm titers stratified by
patientgroup (1-4),and avan Elteren test was performed. Predefined
subgroup analyses were conducted for each patient group, as well as
anexploratory analysis of the treatment effect interaction between the
patientsingroup 1versus groups 2-4 combined. Complete case analy-
seswere performed, and noimputation of missing datawas conducted.
Patientsin the control arm with crossover at day 10 after randomization
were analyzed according to initial group assignment in the control
arm. A post-hoc analysis of patients in the control arm comparing
the outcomes of patients with crossover and those without crossover
was performed. Adverse events were summarized descriptively. The
assumption of proportional hazards for the Cox regression models was
graphically assessed by inspecting the Kaplan-Meier curves; otherwise,
duetothe exclusive use of nonparametrictests, no further assessments
of the distribution of the underlying data were required. The analysis
of efficacy endpoints was donein the full analysis set including all ran-
domized patients, while the safety endpoints were analyzed according
tothetreatmentactually received. The trial was designed to enroll 174
patients (87 per arm) to detect a HR of 1.6 for shortening the time to
improvement of two points on the 7POS or live hospital discharge in
the plasma arm compared with the control arm at a two-sided signifi-
cance level of 5% with a power of 80%. Additional details are provided
in the protocol and statistical analysis plan (see the study protocol
and statistical analysis plan in the Supplementary Information). The
statistical analysis plan was written while investigators were blinded
to treatment allocation.

All findings, including clinical and laboratory data, were docu-
mented by theinvestigator or anauthorized member of the study team
inthe patient’s medical record and in the electronic case report forms
(ClinCase Software Version 2.7.0.3). A responsible monitor checked
all flagged data and generated questions that were sent back to the
responsibleinvestigator. Theinvestigator had to resolve all discrepan-
cies. Further checks for plausibility, consistency and completeness of
datawere performed after completion of the study. Statistical analyses
were performed using the software packages SAS version 9.4, R Base
(version 4.0; https://r-project.org) and GraphPad Prism version 9.
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Early trial termination

The first patient was randomized on 3 September 2020. Enrollment
fluctuated with SARS-CoV-2 incidence in Germany. In January 2022,
the Omicron variant became dominant in Germany. The neutralizing
activity of stored plasma against Omicron was unknown. Also, enroll-
ment had slowed considerably following new guidelines (from the
World Health Organisation and others) on convalescent plasma use.
The data-monitoring board thus recommended to stop recruitment,
which was enacted on 20 January 2022, after enrollment of 77% of the
target population.

Safety assessments

All adverse events were graded according to Common Terminology
Criteria for Adverse Events version 5.0. Pharmacovigilance was per-
formed accordingto the ICH-GCP E6 (R2) guidelines. Anindependent
data-monitoring committee regularly assessed outcomes and serious
adverse events.

Laboratory analyses

Standard laboratory tests were performed locally. Reverse transcription
PCRfromnose and throat swabs for SARS-CoV-2 and antibody determi-
nation were performed at the Department of Infectious Diseases, Virol-
ogy, Heidelberg University Hospital. NeutraLISA assay (Euroimmun)
measures serum competition with angiotensin-converting enzyme
2-S1 subunit binding and was used as a surrogate for neutralizing
SARS-CoV-2 antibody activity in plasma. A live virus neutralization
assay was performed as previously described”. Alive virus neutraliza-
tionassay and NeutraLISA correlation for donor plasmais providedin
Extended Data Fig. 7.

Trial registration
This trial was registered with EudraCT number 2020-001632-10 on 4
April 2020.

Reporting summary
Furtherinformation onresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

Allof the data supporting the findings of this study are available from
the corresponding author upon reasonable request. Please contact
Carsten.miiller-tidow@med.uni-heidelberg.de for data availability.
Source data are provided with this paper.

Code availability

Statistical analyses have been performed using the software pack-
age SAS Version 9.4 and R Base (version 4.0; https://r-project.
org). No unique code has been developed. Please contact Carsten.
miller-tidow@med.uni-heidelberg.de for code availability.
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Extended Data Fig. 1| Consort diagram for group-1 (hematological and solid cancer). Consort diagram for group 1 (hematological and solid cancer).
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Extended Data Fig. 2| Kaplan Meier curves for time to improvement on
7-point ordinal scale or live hospital discharge for group-2 to -4. Kaplan
Meier curves for cumulative probability of endpoint 2-point improvement on

the 7-point ordinal scale or discharge by PLASMA (blue) and CONTROL (red) with
number of subjects at risk below. (a) group 2; log-rank p = 0.860; (b) group 3; log-
rank p = 0.472; (c) group 4; log-rank p = 0.452.
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Extended Data Fig. 3 | Kaplan Meier curves for Survival for group-2 to -4. Kaplan Meier curves for endpoint event survival by PLASMA (blue) and CONTROL (red)
with number of subjects atrisk. (a) group 2; log-rank p = 0.774; (b) group 3; log-rank p = 0.892; (c) group 4; log-rank p = 0.571.
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Extended Data Fig. 5| NeutraLISA measurement in the four subgroups. (a)
Baseline neutralizing activity in group-1(CONTROL: n =24, PLASMA: n =25),
group-2 (CONTROL: n =8,PLASMA: n = 6), group-3 (CONTROL: n = 14, PLASMA:
n=18) and group-4 (CONTROL: n =9, PLASMA: n = 14) measured by a surrogate
inhibition assay on day 1 (after randomization and prior to plasma treatment).
Boxplotsindicate the interquartile range and whisker lengthis limited to 1.5
times theinterquartile range. Medians are indicated within the boxes. (b) Highest
levels of neutralizing activity on day 3/5in group-1(CONTROL: n =25, PLASMA:
n=26),group-2(CONTROL:n=8,PLASMA:n=7),group-3(CONTROL:n=15,
PLASMA: n==18) and group-4 (CONTROL: n =10, PLASMA: n =13) measured by
asurrogate inhibition assay on day 1 (after randomization and prior to plasma

treatment). Boxplots indicate the interquartile range and whisker length is
limited to 1.5 times the interquartile range. Medians are indicated within the
boxes. (c) Increase in neutralizing activity analyzed as the percent differencein
neutralizing activity as measured by a surrogate inhibition assay on day 1 (after
randomization and prior to plasma treatment) and compared to the highest level
ofday 3/5in group-1(CONTROL: n =24, PLASMA: n = 25), group-2 (CONTROL:
n=_8,PLASMA:n = 6), group-3 (CONTROL: n =14, PLASMA: n = 18) and group-4
(CONTROL:n =9,PLASMA: n =13) measured by a surrogate inhibition assay on
day1(after randomization and prior to plasma treatment). Boxplotsindicate the
interquartile range and whisker length is limited to 1.5 times the interquartile
range. Medians are indicated within the boxes.
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Extended Data Fig. 6 | Column scatter plots for neutralization characteristics
of donated plasma. (a) ntAB titers per plasma donor; convalescent donors OD ratio determined by antibody values measured with the Euroimmune ELISA;

(n=19, median =160 (IQR:160-160)); vaccinated donors (n = 7, median = 320 convalescent donors (n =19, median = 7.92 (IQR: 5.65-9.39)); vaccinated donors
(IQR:160-320)); hybrid donors (n =3, median = 1280 (IQR: 1280-1280)). (n=7,median =10.30 (IQR: 9.96-10.60)); hybrid donors (n = 3, median =11.40
(b) NeutraLISA assay result as % inhibition; convalescent donors (n =19, (IQR:10.99-13.02)). Abbreviations: ntAB neutralizing Antibodies.

median = 89.23 (IQR: 81.32-98.33)); vaccinated donors (n = 4, median = 99.38

(IQR:98.85-99.68)); hybrid donors (n =3, median = 99.69 (IQR: 99.69-99.91)). (c)
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Reporting on sex and gender In this trial we included patients fullfilling pre-defined inclusion criteria with severe COVID-19 performing convenience
sampling. We included only high-risk patients with severe COVID-19. Patients with severe COVID-19 are predominantly male.
Accordingly, 43 patients of the included patients were female (32.1%).
Gender was not assessed in this trial.

Population characteristics A total of 136 patients meeting eligibility criteria were randomized. Two patients were excluded due to absence of a signed
informed consent and withdrawal of consent after signature, respectively.
Average age was 69 years (range, 36-95 years) and 43 patients were female (32.1%). ECOG performance status (median 2),
clinical frailty scale (median 3) and time from symptom onset to randomization (median 7.0) were similar in both arms. The
allocation of patients to the predefined high-risk patient groups were: group-1 42% (n=56, Figure S1), group-2 12% (n=16),
group-3 27% (n=36), group-4 19% (n=26). The most common cancers were B-cell malignancies (n=20), acute myeloid
leukemia/ myelodysplastic syndrome (n=12) and myeloma (n=11), and solid cancer (n=9). Two patients suffered from
Hodgkin’s lymphoma and one patient each from chronic myeloid leukemia or T-cell lymphoma . The most common cause for
chronic immunosuppression in group-2 was solid organ transplantation (n=12). In group-3, 27 patients showed lymphopenia
and 21 patients elevated d-dimers, both criteria were present in 12 patients.

Recruitment Patients were recruited at the respective centers according to the inclusion and exclusion criteria of the clinical trial protocol.

Data collection and analysis were not performed blind to the conditions of the experiments.

Ethics oversight The study was approved by the federal institute for vaccines and biomedicines (Paul-Ehrlich-Institute) and the ethics
committee Heidelberg. Regulatory authority requirements with respect to plasma manufacturing according to §67
Arzneimittelgesetz (Germany) and §13 GCP-V were met. Ethics committees for the recruiting centers approved the
respective recruiting center.
All included patients provided written informed consent.
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Sample size To detect the assumed difference between treatment groups using a log-rank test comparing the cumulative improvement curves for the
primary endpoint using a significance level of 5% (two-sided) with a power of 80%, a total number of 174 patients is required for the entire
trial (87 patients per group) when additionally considering a dropout rate of 5%, meaning that n=164 patients who do not prematurely drop
out of the study are required to be enrolled. The required number of events which was calculated using the formula by Schoenfeld, amounts
to 142. It is expected that adjusting for the covariate “patient group” in the analysis will lead to an increase in power. Sample size calculation
was done conservatively assuming an equally long follow-up period of 38 days for every patient. Sample size calculation was done using
RPACT v 2.0.6.

For the sample size calculation, it was assumed that there would be a consistent median time to improvement and overall survival rate across
all 4 patient groups. Since this might not necessarily be the case, and it could be likely that patients in group 1 and 2 might have a shorter
median time to improvement, we conducted a simulation study to explore the robustness of our model under varying assumptions for the
median event times. For our simulation study, we assumed exponentially distributed event times, with a median time to improvement of 16
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days across all patient groups in the control group (medC1= medC2 = medC3 = medC4=16), while we assumed differing median times to
improvement in the patient groups 1 & 2 compared to patient groups 3 & 4 (medE1l= medE2 , medE3 = medE4) in the experimental group.
We considered a sample size of n=164 evaluable patients for the whole trial, with 42 patients belonging to groups 1 and 3 each, and 40
patients belonging to groups 2 and 4 each corresponding to patient group membership probability of about 25% for all four groups. Also, we
assumed a 38-day mortality rate of 20% in the control arm, while we assumed that the corresponding mortality rate in the experimental arm
amounted to 13% (corresponding to a HR for overall survival of 1.6) across all four patient strata assuming exponentially distributed survival
times. We simulated 10,000 trials per scenario corresponding to a maximum standard error of sqrt(0.5*0.5/10000)=0.005 for the simulated
power.

We used a stratified log-rank test to assess whether the cumulative improvement curves in the two treatment groups (experimental/control)
would be equal at a two-sided significance level of a=0.05 stratifying for the factor “patient group” for analysis. The analysis of the simulated
datasets was done using the PROC LIFETEST procedure in SAS v9.4. The trial was terminated early after enrollment after enrolment of 77% of
the target population.

Data exclusions  Two patients were excluded due to absence of a signed informed consent and withdrawal of consent after signature, respectively.

Replication The findings are derived from unique patient samples combined with observed clinical data and cannot be replicated.

Randomization A computer-generated randomisation list was created. Participants were assigned random numbers based on consecutive enrolment.
A subject was considered enrolled when he or she had signed the Informed consent form. The patient received a screening number at the
clinical site (number of site plus number of patient in ascending order, e. g. 001-001 for the first enrolled patient at site 01) via registration in
the eCRF system (www.xxx.). The screening number was used to identify the subject throughout the clinical study and was used on all study

documentation related to the subject.

All subjects randomised received a unique randomisation number. All patients in the experimental group had to start CP treatment within 7
days of randomisation. Patients withdrawn from the trial retain their Patient ID and randomisation number.

Blinding The study was open-label.
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1. Sino Biological SARS- coV/ SARS-coV-2 nucleocapsid antibody, mouse; catalogue number: 40143-MMO5; current lot no.
MA15JA2101-T
2. Scicons anti-dsRNA mAb SCICONS J2, catalogue number: 10010500; lot no unknown
Secondary antibody:
Sigma- Aldrich anti- mouse- IgG (whole molecule) — peroxidase conjugated; antibody generated in goat; catalogoue number:
A4416-5XIML; lot no. unknown

Validation Statements of the manufactures website, relevant citations:
Primary Antibodies: Anti-nucleocapsid: RRID: AB_2827977 and https://www.sinobiological.com/antibodies/cov-nucleocapsid-40143-
mmO5 and Anti-dsRNA antibody: RRID: AB_2651015 and https://nordicmubio.com/products/mouse-anti-double-stranded-rna-
j2/10010500
Secondary antibody: https://www.sigmaaldrich.com/DE/de/product/sigma/a4416
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Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Veroks cells:
- cell line source: ATCC Cat.#CRL-1586

Authentication Since the cell line was newly obtained from ATCC, we did not confirm authenticity
Mycoplasma contamination The cells are tested for mycoplasma contamination in 3-months intervals using the MycoAlert kit (Lonza; catalogue number
LTO7-118)

Commonly misidentified lines  na
(See ICLAC register)

Clinical data
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Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  https://www.clinicaltrialsregister.eu/ctr-search/trial/2020-001632-10/DE
Study protocol The study protocol is provided as supplementary data with all changes included.

Data collection Fifteen trial sites in Germany enrolled study participants (10 university and 5 urban hospitals, table S1 and S3). Data was collected
using eCRFs. Monitoring was performed according to the study protocol and clinical trial regulations. Data collection and analysis
were not performed blind to the conditions of the experiments. The first patient was randomized on September 3rd, 2020, the last
patient was enrolled in January 2022 when the omicron variant became dominant in Germany and the trial was terminated early.

Outcomes The primary outcome was time to improvement on a 7 point ordinal scale which is routinely used for COVID-19 patients. Patients
were evaluated daily until discharge. For details see protocol. Secondary outcomes are detailed in the manuscript and in the study
trial protocol. Secondary endpoints were overall survival (time from randomization until death from any cause, applying the same
censoring rules as the primary endpoint for withdrawal of informed consent, loss to follow-up and administrative censoring at day
84); antibody titers; requirement of mechanical ventilation at any time during the hospital stay; time from randomization until live
hospital discharge (applying the same censoring rules as the primary endpoint for withdrawal of informed consent, loss to follow-up
and administrative censoring at day 84, as well censoring patients who died from any cause at day 84 analogously to the primary
endpoint).




	Anti-SARS-CoV-2 antibody-containing plasma improves outcome in patients with hematologic or solid cancer and severe COVID-1 ...
	Results

	Trial population

	Follow-up and primary endpoint

	Overall survival and other secondary endpoints

	Neutralizing antibody titers

	Adverse events


	Discussion

	Methods

	Ethics and regulatory requirements

	Study sites and trial eligibility

	Procedures

	Endpoints

	Statistics and reproducibility

	Early trial termination

	Safety assessments

	Laboratory analyses

	Trial registration

	Reporting summary


	Acknowledgements

	Fig. 1 Consort diagram.
	Fig. 2 Primary endpoint (time to improvement of two points on the 7POS or live hospital discharge).
	Fig. 3 Secondary endpoint (overall survival).
	Fig. 4 SARS-CoV-2 neutralizing activity in patient plasma.
	Extended Data Fig. 1 Consort diagram for group-1 (hematological and solid cancer).
	Extended Data Fig. 2 Kaplan Meier curves for time to improvement on 7-point ordinal scale or live hospital discharge for group-2 to −4.
	Extended Data Fig. 3 Kaplan Meier curves for Survival for group-2 to −4.
	Extended Data Fig. 4 Kaplan Meier curves for Time to discharge overall.
	Extended Data Fig. 5 NeutraLISA measurement in the four subgroups.
	Extended Data Fig. 6 Column scatter plots for neutralization characteristics of donated plasma.
	Extended Data Fig. 7 Correlation between live virus neutralization assay and NeutraLISA.
	Table 1 Patient and treatment characteristics for the overall patient collective for both treatment arms combined and each separately.
	Table 2 Outcome data for all patients combined and for group 1 and groups 2–4 separately.




