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Abstract



BACKGROUND

Although several experimental therapeutics for Ebola virus disease (EVD) have been developed, the safety and efficacy of the most promising
therapies need to be assessed in the context of a randomized, controlled trial.

METHODS

We conducted a trial of four investigational therapies for EVD in the Democratic Republic of Congo, where an outbreak began in August 2018.
Patients of any age who had a positive result for Ebola virus RNA on reverse-transcriptase—polymerase-chain-reaction assay were enrolled. All
patients received standard care and were randomly assigned in a 1:1:1:1 ratio to intravenous administration of the triple monoclonal antibody
ZMapp (the control group), the antiviral agent remdesivir, the single monoclonal antibody MAb114, or the triple monoclonal antibody REGN-EB3.
The REGN-EB3 group was added in a later version of the protocol, so data from these patients were compared with those of patients in the ZMapp
group who were enrolled at or after the time the REGN-EB3 group was added (the ZMapp subgroup). The primary end point was death at 28 days.

RESULTS

A total of 681 patients were enrolled from November 20, 2018, to August 9, 2019, at which time the data and safety monitoring board
recommended that patients be assigned only to the MAb114 and REGN-EB3 groups for the remainder of the trial; the recommendation was based
on the results of an interim analysis that showed superiority of these groups to ZMapp and remdesivir with respect to mortality. At 28 days, death
had occurred in 61 of 174 patients (35.1%) in the MAb114 group, as compared with 84 0f 169 (49.7%) in the ZMapp group (P=0.007), and in 52 of
155 (33.5%) in the REGN-EB3 group, as compared with 79 of 154 (51.3%) in the ZMapp subgroup (P=0.002). A shorter duration of symptoms
before admission and lower baseline values for viral load and for serum creatinine and aminotransferase levels each correlated with improved
survival. Four serious adverse events were judged to be potentially related to the trial drugs.

CONCLUSIONS

Both MADb114 and REGN-EB3 were superior to ZMapp in reducing mortality from EVD. Scientifically and ethically sound clinical research can be
conducted during disease outbreaks and can help inform the outbreak response. (Funded by the National Institute of Allergy and Infectious
Diseases and others; PALM ClinicalTrials.gov number, NCT03719586.)
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N AUGUST 2018, AN OUTBREAK OF EBOLA VIRUS DISEASE (EVD) BEGAN IN THE PROVINCES OF NORTH KIVU AND ITURI IN THE
I Democratic Republic of Congo (DRC); it was the tenth known outbreak of EVD in that country.1»2 The outbreak became the second largest
that has been recorded since the first description of Zaire ebolavirus infection in 1976, and it is surpassed only by the 2013-2016 outbreak in

West Africa that resulted in more than 11,000 deaths.

After the end of the outbreak in West Africa, the World Health Organization (WHO) initiated a series of discussions to develop an R&D Blueprint
for EVD research that included a working group focused on how experimental therapeutics should be assessed in the context of the next EVD
outbreak.3 These and other discussions led to a consensus that when a new outbreak occurred, the most promising experimental therapeutics
should be studied in the context of a randomized, controlled trial, if possible.4 This groundwork facilitated the uniting of the international

community and DRC leadership to develop and implement the trial described in this report.

Methods v

TRIAL DESIGN

The Pamoja Tulinde Maisha (PALM [“Together Save Lives” in the Kiswahili language]) trial compared ZMapp with three newer investigational
agents.> Patients were assigned in a 1:1:1:1 ratio to receive ZMapp (a triple monoclonal antibody agent), remdesivir (a nucleotide analogue RNA
polymerase inhibitor®), MAb114 (a single human monoclonal antibody derived from an Ebola survivor’8), or REGN-EB3 (a coformulated mixture
of three human IgG1 monoclonal antibodies?19). ZMapp was chosen as the control on the basis of data from the Partnership for Research on
Ebola Virus in Liberia IT (PREVAIL II) trial.1! The current trial was originally designed in November 2018 as a three-group trial, and the protocol
was updated in January 2019 to add REGN-EB3 as a fourth group; data from this group were compared with those of patients in the ZMapp group
who were enrolled on or after the time the REGN-EB3 group was added (the ZMapp subgroup). The primary end point was death at 28 days.

TRIAL OVERSIGHT



The trial was jointly approved by the ethics board at the University of Kinshasa and the institutional review board at the National Institute of
Allergy and Infectious Diseases (NIAID) and was overseen by an independent data and safety monitoring board. Trial staff at participating Ebola
treatment centers included staff from the Alliance for International Medical Action (ALIMA), International Medical Corps (IMC), Médecins sans
Frontieres (MSF), and the DRC Ministry of Health. Written informed consent was obtained from all patients or their legal guardians, and assent
forms were obtained for children according to local standards and requirements. Full details about the trial design, conduct, oversight, and
analyses are provided in the protocol and the Supplementary Appendix, both available with the full text of this article at NEJM.org. The PALM
Writing Group performed the primary data analyses, wrote the manuscript, and, on behalf of the PALM Study Group, vouch for the accuracy and
completeness of the data and for the fidelity of the trial to the protocol. The Office of Clinical Research Policy and Regulatory Operations of the
Division of Clinical Research of the NIAID is the holder of the Investigational New Drug application (125530) from the Food and Drug
Administration. The Biomedical and Advanced Research and Development Authority of the U.S. Department of Health and Human Services
provided financial support for the production of ZMapp and REGN-EB3. NIAID and the Defense Advanced Research Projects Agency of the U.S.
Department of Defense provided financial support for the production and provision of MAb114.

SCREENING AND RANDOMIZATION

Patients were assessed for eligibility on the basis of a reverse-transcriptase—polymerase-chain-reaction (RT-PCR) assay to detect the RNA of the
nucleoprotein of Ebola virus (EBOV). Patients of any age, including pregnant women, were eligible if they had a positive result on RT-PCR within 3
days before screening and if they had not received other investigational agents (except experimental vaccines) within the previous 30 days.
Neonates who were 7 days of age or younger were eligible if the mother had documented EVD. Randomization was stratified according to baseline
nucleoprotein cycle-threshold (Ct) value (<22.0 or >22.0, corresponding to higher and lower viral loads, respectively, as determined by quantitative
RT-PCR) and Ebola treatment center. Trial-group assignments were placed in sequentially numbered envelopes, which were distributed to trial
sites to be opened at the time of enrollment. Data were recorded on bar-coded paper case-report forms that were transmitted from the site to a
server, where they were digitally sorted into electronic patient folders with the use of software developed by the University of Minnesota and were
then entered by trial staff at the Institut National de Recherche Biomédicale (INRB) Coordinating Center (Kinshasa, DRC) and NIAID (Bethesda,
MD) into the Web-based REDCap database.

TRIAL PROCEDURES

All patients received standard care, which consisted of administration of intravenous fluids, daily clinical laboratory testing, correction of
hypoglycemia and electrolyte imbalances, and administration of broad-spectrum antibiotic agents and antimalarial agents as indicated. All four
trial agents were administered intravenously. Patients in the ZMapp group received a dose of 50 mg per kilogram of body weight every third day
beginning on day 1 (for a total of three doses). Patients in the remdesivir group received a loading dose on day 1 (200 mg in adults, and adjusted
for body weight in pediatric patients), followed by a daily maintenance dose (100 mg in adults) starting on day 2 and continuing for 9 to 13 days,
depending on viral load. Patients in the MAb114 group received a dose of 50 mg per kilogram, administered as a single infusion on day 1. Patients
in the REGN-EB3 group received a dose of 150 mg per kilogram, administered as a single infusion on day 1.



The Xpert Ebola Assay (Cepheid) was used for detection of the EBOV RNAs encoding surface glycoprotein and nucleoprotein.1214 Clinical

chemical analyses of plasma samples that had been separated from whole blood were performed with the use of the Piccolo Xpress Chemistry
Analyzer (Abbott).

STATISTICAL ANALYSIS

The primary end point (death at 28 days) was assessed with the use of a modified Boschloo’s test for hypothesis testing.1> We estimated that 145
patients would need to be enrolled in each group to give the trial approximately 80% power, at a type I error rate of 5%, to show that mortality
would be 50% lower in each of the groups than in the ZMapp group (15% vs. 30%). Each of the primary comparisons of remdesivir, MAb114, and
REGN-EB3 with ZMapp was tested at a two-sided type I error rate of 5%, without adjustment for multiplicity (as prespecified in the statistical
analysis plan). After an assessment that was conducted in a blinded manner, the protocol was amended in July 2019 to increase the sample size to
725 to improve the power of the trial while taking into account the availability of ZMapp. The sample size was revised to 185 patients each in the
ZMapp, remdesivir, and MAb114 groups and 170 in the REGN-EB3 group. Comparisons were restricted to patients who were enrolled in the trial
concurrently.1>16 Interim data and safety monitoring included four analyses of efficacy that were performed on the basis of prespecified
enrollment targets (Table S1 in the Supplementary Appendix). Additional details are provided in the statistical analysis plan, which is included
with the protocol.

Results v

PATIENTS

From November 20, 2018, to August 9, 2019, a total of 681 patients were enrolled and underwent randomization at Ebola treatment centers in Beni
(335 patients), Butembo (243 patients), Katwa (46 patients), and Mangina (57 patients). Eight patients were excluded from the final analysis: 1
patient was later found to have been ineligible because of a false positive EVD result on RT-PCR assay, and 7 patients underwent randomization
during a 2-week period when ZMapp was unavailable because of compromised cold-chain conditions. Of the remaining 673 participants, 169 were
assigned to receive ZMapp, 175 to receive remdesivir, 174 to receive MAb114, and 155 to receive REGN-EB3. A total of 154 patients were assigned to
the ZMapp group after the REGN-EB3 group had been added (the ZMapp subgroup), and data from these patients were used in the comparison of
REGN-EB3 with ZMapp (Fig. S1).

Table 1.



‘Table 1. Baseline Demographic and Clinical Characteristics o the Trial Population.*

Al Patients ZMapp Remdesivir MABLLA REGN.EB3  ZMapp Subgroup
Characteristic (N=673) (N=169) (N=175) (N=174) (N=155) (N=154)
Age—yr 2882176 2972168 2062172 27242185 2824182 302:167

Syr 6 (128) 0018 16(9.1) 26(149) 2055 17019

7 days s07) 202 20 106) o 203
>Syrto<igyr %028 14(83) 25043 2067 18016 1384)
=18y 501 (74.4) 135 799) 134 (76.6) 19 (68.4) 113 (729) 124 (305)

Female sex— no. (%) 374.(55.6) 87515 98 (56.0) 98(563) 91 (s87) 50(519)

Positive resulton pregnancy test — no,lotal no. (%) 177277 (6) 4463(63) 67708 5/69.(72) 268 29) 4461 (66)

Weight —kg (% wi ata) 0:193(00)  492:192(0)  478:177(06)  M8198(0)  461:204(0) 496183 (0)

Patient repor 155/60050)  41S4Q68) 41676 367 (29)  3S/1S3@29) 41154 (266)

10 days WAL 241 (12) 1843 (019) 2136 (583) 20735 (57.1) 2741 512)
10ays S5 (87) 1841 (439) 2143 (488) 10736 278) 1735 614 18741 (639)
15/155 (97) 244149) 443 03) 536 (13.9) 435 11.4) 241 (49)

WYEO(21)  TONES(LT) A2 TIM@0)  EASSU26)  64/153(418)

056(04)  B452(06)  BESILY 2662640 21153 (0) 23151 (07)

W5:49(4)  W3AT(L2)  2B448@3)  BSS1(E2) 2874906  280:46(L3)

55435 (12) 56136 (12) 54:3423) 55236 (06) 5.4:32(06) 55436(13)

no./toal o, (%) 57/557(102) 12140 86) 15139 (108) BROEY) 18023 121140 86)

Serum lues (% with missing data)

c 25:29086)  2983(25)  2780(77)  21a26(72)  25:28068)  27830(@27)
A41(05)  43:11(48)  A31E69)  44l3@8I)  44l0(LE  43a11(38)
68700 (406)  T67a74S(432)  TII02(472)  SA6:617 (420)  G4BT6(B1) 7758749 (429)
AT —Uiter 9:464 (181) 4G4TS (213)  385:470(183)  358a433(178)  368a483(148)  3%0:445 (214)

1069:175(137)  10612149(89) 10724185 (131)  10674176(172) 107.6:190(155) 10592148 (91)
703:150(137)  71.0:141 (89) 7075144 (13.0)  697:147(17.2)  700:17.1(255)  702:140 (9.))
982:208(22) 972201 (24) 920007  BS2AS(I)  1000:206(32) 974214 26)
374212 (19) V5206 VIAIQY  VAx20]) 41203 375212 (06)
BUTS@E)  2MBI0(9)  M669(23) 2517846 258:82(58) 28273 (58)
958:42(52)  9S731(3)  %ABIQS)  955:54(69)  958:41(52) 95.6:3.2 (58)

per decilter,

issing data” refers to the percentage of patients with missing dat received
les per liter, multply o o i
A

partate and RT-pC

he REGN.£83 group was added.
n to the protocol. The total number of patients reflects ths.
. and the levels are expressed

group of nucleoprotein Ct values

levels, AST levels, and the median values for each group.

Baseline Demographic and Clinical Characteristics of the Trial Population.

Most patients (74.4%) were 18 years of age or older, 12.8% were 6 to 17 years of age, and 12.8% were 5 years of age or younger, of whom 0.7% were
neonates (<7 days old). A total of 55.6% patients were female, of whom 6.1% were pregnant at the time of EVD diagnosis (Table 1).

The mean (+SD) baseline nucleoprotein Ct value was 24.0+5.6, and 42.1% of patients had a baseline value of 22.0 or lower. Patients were enrolled
within an average of 5.5 days after the onset of symptoms. The most commonly reported baseline symptoms were diarrhea (in 53.8% of the
patients), fever (in 51.4%), abdominal pain (in 46.4%), headache (in 44.4%), and vomiting (in 39.4%) (Table S2). Malaria coinfection was
identified in 57 of 557 patients (10.2%). Patient-reported information regarding vaccination status (i.e., whether the patient had received the
rVSVAG-ZEBOV-GP vaccine) was available for 620 patients; of these, 155 (25.0%) reported that they received the vaccine. Among patients who
reported that they had been vaccinated, 38.7% reported that they had received the vaccination at least 10 days before enrollment.

The mean baseline serum creatinine level was 2.5+2.9 mg per deciliter (221+256 pmol per liter), the mean aspartate aminotransferase level was
668+700 U per liter, and the mean alanine aminotransferase level was 379+464 U per liter. The mean baseline creatinine and aspartate
aminotransferase values were higher in the ZMapp and remdesivir groups than in the other two groups. However, the baseline creatinine level was
not recorded in 18.6% of patients, aspartate aminotransferase level was not recorded in 40.6%, and alanine aminotransferase level was not
recorded in 18.1%. In addition, 70.1% of the available baseline samples indicated some degree of hemolysis.

MORTALITY



On August 9, 2019, when 681 patients had been enrolled, the data and safety monitoring board conducted an interim analysis on data from 499
patients and, on the basis of two observations, recommended terminating random assignment to ZMapp and remdesivir. First, results in the
REGN-EB3 group crossed an interim boundary for efficacy with respect to a surrogate end point for death at 28 days that took into account
outcomes in all patients with at least 10 days of follow-up (Fig. S3). Second, an analysis of mortality showed that there was a clear separation

between the MAb114 and REGN-EB3 groups and the ZMapp and remdesivir groups (Fig. S4).

Table 2.
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Comparison of Death at 28 Days According to Treatment Group.

A total of 673 patients were included in the primary analyses. At 28 days, death had occurred in 290 patients (43.1%) overall, in 18.8% of patients
with a low viral load (Ct value >22.0), and in 76.1% with a high viral load (Ct value <22.0) (Table 2).

Figure 1.



Cumulative Incidence of Death.
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Table 3.

Table 3. Logistic-Regression Analyses for Death at 28 Days.
No. of Patients
Variable in Analysis® Odds Ratio (95% confidence interval)j
ForEachVariable ~ Remdesivirvs. ZMapp ~MAbl14vs.ZMapp ~ REGN-EB3vs. ZMapp.
Duration of symptoms 615 111 (1.05-1.16) 1.04 (0.66-1.64) 0.49 (0.31-0.78) 0.45 (0.28-0.73)
per day of symptomsi
Nucleoprotein Ct value 620 066 (0.62-0.71) 129 (0.71-2.34) 039 (0.21-0.73) 037 (0.20-0.68)
per 1 unitincrease
Years of age 623 1.00 (1.00-1.01) 1.07 (0.68-1.66) 052 (0.33-0.82) 0.48 (0.31-0.77)
per 1 yr increase
Creatinine levelf 507 1.43 (1.31-1.56) 0.93 (0.54-1.59) 0.48 (0.27-0.84) 0.38 (0.21-0.67)
per 1 mg/dlincrease
AST levelf 380 115 (1.11-1.20) 1.06 (0.54-2.05) 031 (0.14-0.67) 029 (0.14-0.63)
per 100 U/liter increase
ALT levelf, 511 143 (1.33-154) 0.95 (0.54-1.68) 0.37 (0.20-0.69) 0.36 (0.20-0.66)
per 100 U/liter increase
Patient-reported 620 037 (0.24-0.5) 1.06 (0.67-1.68) 0.48 (0.30-0.77) 0.44 (0.28-0.71)
vaccination§ yes vs. no

* Model estimates include data from patients who were enrolled after the REGN-EB3 group was added. The number of patients in the analysis
reflects the number enrolled after the REGN-EB3 group was added for whom data were available for each variable.

 Each row shows the odds ratios derived from a multivariate logistic-regression model that included the variable listed plus the four treatment groups.

 The variable reflects each additional day of symptoms before admission to the treatment center.

§ Because of its clinical significance, the variable was added after the statistical analysis plan was finalized but before analysis of the data.

Logistic-Regression Analyses for Death at 28 Days.

Table 4.

Table 4. Multivariate Logistic-Regression Analyses for Death at 28 Days
in the 371 Patients Who Had Data Available for All Variables.

Variable Odds Ratio (95% Cl)
Assignment to remdesivir vs. ZMapp 0.99 (0.46-2.14)
Assignment to MAb114 vs. ZMapp 0.24 (0.10-0.61)
Assignment to REGN-EB3 vs. ZMapp 0.21 (0.08-0.53)
Duration of symptoms before admission to 1.12 (1.00-1.24)
treatment center, per each additional day
Baseline nucleoprotein Ct value per 1-unit increase 0.67 (0.59-0.76)
Years of age per 1 yr increase 1.02 (1.00-1.04)
Creatinine level per 1 mg/dl increase 1.36 (1.18-1.58)
AST level per 100 U/liter increase 1.00 (0.92-1.07)
ALT level per 100 U/liter increase 0.96 (0.79-1.17)
Patient-reported vaccination, yes vs. no 0.47 (0.21-1.01)

Multivariate Logistic-Regression Analyses for Death at 28 Days in the 371 Patients Who Had Data Available for All Variables.

The percentage of patients who died was lower in the MAb114 group and in the REGN-EB3 group than in the ZMapp group (Figure 1 and Table 2).
The difference between the MAb114 and the ZMapp groups was -14.6 percentage points (95% confidence interval [CI], -25.2 to -1.7; P=0.007); the
difference between the REGN-EB3 group and the ZMapp subgroup was -17.8 percentage points (95% CI, -28.9 to -2.9; P=0.002); and the
difference between the remdesivir and ZMapp groups was 3.4 percentage points (95% CI, -7.2 to 14.0). (Fig. S5 shows the differences in mortality
in the remdesivir, MAb114, and REGN-EB3 groups relative to the ZMapp group according to Ct value, age, sex, and site.) The survival benefits seen
in the MAb114 and REGN-EB3 groups were also seen in sensitivity analyses adjusted for potential baseline imbalances (Table 3 and Table 4 and
Table S3).



SECONDARY EFFICACY END POINTS

Figure 2.

A Time to First Negative Result on RT-PCR Assay
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Time to Viral Clearance.

In an analysis of the time to the first negative result on RT-PCR assay for EBOV nucleoprotein, in which patients who had died were considered as
not having had viral clearance, the time to the first negative result was shorter in the MAb114 and REGN-EB3 groups than in the ZMapp group
(median in the MAb114 group, 16 days; median in the REGN-EB3 group, 15 days; median in the ZMapp group, 27 days) (Figure 2). Among patients
in the remdesivir group, the estimated median time was more than 28 days because mortality exceeded 50%.

PROGNOSTIC VARIABLES

A longer duration of symptoms before treatment was associated with significantly worse outcomes. Of note, 19% of patients who arrived at the
treatment center within 1 day after the reported onset of symptoms died, as compared with 47% of patients who arrived after they had had
symptoms for 5 days (Table S4). The odds of death increased by 11% (95% CI, 5 to 16) for each day after the onset of symptoms that the patient did
not present to the treatment center (Table 3).

The odds of death were lower among patients with lower viral loads (odds ratio per unit increase in Ct value, 0.66; 95% CI, 0.62 to 0.71) and higher
among patients with higher levels of creatinine (odds ratio per 1 mg per deciliter increase, 1.43; 95% CI, 1.31 to 1.56), aspartate aminotransferase
(odds ratio per 100 U per liter increase, 1.15; 95% CI, 1.11 to 1.20), and alanine aminotransferase (odds ratio per 100 U per liter increase, 1.43; 95%
CI, 1.33 to 1.54). A multivariate logistic-regression analysis showed that the duration of symptoms at enrollment, baseline nucleoprotein Ct value,
and serum creatinine level all remained significant prognostic indicators of death (Table 4). Across all models, the effect estimates of treatment
with MAb114 and REGN-EB3 remained significant (Table 3 and Table 4).

The percentage of patients who died was lower among those who reported that they had received the rVSVAG-ZEBOV-GP vaccine than among
those who reported no vaccination (27.1% [42 of 155 patients] vs. 48.4% [225 of 465]). However, patients who reported vaccination were also more
likely to have had fewer days of illness before enrollment, higher baseline nucleoprotein Ct values, and lower levels of alanine aminotransferase
(Table S5).

SAFETY

At least 98% of the patients received the infusions according to protocol (Table S6). A total of 29 serious adverse events were determined by trial
investigators to be potentially related to the trial drugs (Table S7). However, after adjudication by an independent pharmacovigilance committee,
four events in three patients, all of which resulted in death, were determined to be possibly related to a trial drug: one patient in the ZMapp group
had worsening of gastrointestinal symptoms; one patient in the ZMapp group had periinfusional hypotension and hypoxia that responded to
resuscitation after treatment interruption but that resulted in death within 24 hours; and one patient in the remdesivir group had hypotension that
resulted in cessation of a loading dose of remdesivir and that was followed rapidly by cardiac arrest. However, even in these cases, the deaths could
not readily be distinguished from underlying fulminant EVD itself.



DELAYS IN TREATMENT ADMINISTRATION

The mean time from randomization to administration of the first infusion was somewhat longer in the ZMapp and remdesivir groups than in the
MAD114 and REGN-EB3 groups. (Table S8 and Fig. S6 provide a summary of the time from randomization to the first infusion according to trial
group and site, and Table S9 provides the results of a sensitivity analysis of outcomes that excluded data from patients with delays of more than 6
hours.) Twelve patients were enrolled but died before receiving the first infusion: one in the ZMapp group, three in the remdesivir group, three in
the MAb114 group, and five in the REGN-EB3 group.

Discussion v

In this trial of four promising experimental treatments against Z. ebolavirus, the combination of standard care plus either MAb114 or REGN-EB3
was superior to standard care plus ZMapp against the Ituri EBOV variant currently circulating in the DRC. Survival benefits were seen both in
patients with high viral loads and in those with low viral loads at presentation. The reason that mortality among patients who received ZMapp was
22% in the PREVAIL II trial (conducted during the outbreak in West Africa) and 50% in our trial (conducted during the current outbreak in the
DRC) is unclear. Potential differences in virulence, the relevant viral epitopes,14 patient populations, duration of symptoms, and standard-of-care
practices are being explored.

In addition to differential effects of the four trial agents with respect to mortality, the results showed the importance of early diagnosis and
treatment. We observed an 11% increase in the odds of death for each day that symptoms persisted before enrollment. These data highlight the
need for community awareness that earlier diagnosis and treatment are associated with increased survival. Similarly, there was an effect of
baseline viral load with respect to death at 28 days with each trial drug: mortality among patients who had a nucleoprotein Ct value of 22 or less at
screening (i.e., high viral load) was 4 times as high as mortality among patients with a nucleoprotein Ct value of greater than 22 (i.e., low viral
load). As described previously, the degree of baseline renal dysfunction was also a strong adverse prognostic indicator of survival, despite the use
of medical countermeasures,!”18 with higher creatinine levels at presentation correlating with a higher risk of death.

Given that 97% of deaths in this trial occurred within 10 days after enrollment, the efficacy of MAb114 and REGN-EB3 as compared with that of
ZMapp and remdesivir might be partly attributable to the fact that the full treatment courses of MAb114 and REGN-EB3 were administered in a
single dose, whereas ZMapp and remdesivir were administered in multiple infusions. Differences in the time to appearance of the first negative
nucleoprotein Ct result among trial groups support this observation; patients in the MAb114 and REGN-EB3 groups had faster rates of viral
clearance than patients in the ZMapp and remdesivir groups. With ZMapp, the longer preparation time and the recommendation to allot up to 4
hours for the infusion of the first dose led to some delays in initiating therapy until the following day for patients who arrived later in the day to



their respective treatment centers. However, in a sensitivity analysis, mortality was only slightly lower when ZMapp recipients with delayed therapy
were excluded.

Although most characteristics at baseline were balanced across the four groups, values for serum creatinine and aminotransferases were higher in
the ZMapp and remdesivir groups than in the MAb114 and REGN-EB3 groups; patients in the latter groups had better outcomes, despite similar
durations of illness before enrollment. This suggests that enrolled patients might, on average, have been somewhat sicker in the ZMapp and the
remdesivir groups, which could potentially account for some of the differences in outcomes. A high percentage of missing baseline data
complicates this analysis. Nevertheless, sensitivity analyses confirm the persistence of benefits of treatment with MAb114 and REGN-EB3 despite
these potential imbalances.

Of the 620 patients for whom information on vaccination with rVSVAG-ZEBOV-GP was available, 155 patients (25.0%) reported that they had
received the vaccine; of these, 38.7% reported that they had received the vaccine at least 10 days before the onset of clinical symptoms. Patients
who reported vaccination were more likely to enroll sooner after the onset of symptoms and generally had more favorable prognostic profiles at
baseline, suggesting a possible relationship between vaccination and health-seeking behaviors associated with improved outcomes. Alternatively,
the less severe clinical status of these persons at presentation could be the result of a direct effect of the vaccine on outcomes. A limitation of these
results is that vaccination status was reported by the patient; efforts to confirm vaccination status are under way. Given that vaccination status was
not a randomization factor in this trial, it is not possible to draw firm conclusions about its effect on mortality.

With few exceptions, the safety profiles of all four trial drugs were generally consistent with either their limited previous investigational use in
EBOV-infected humans, published phase 1 data in healthy volunteers, or both. Twenty-nine serious adverse events were reported by the
investigators as possibly related to the experimental treatments — not all of which occurred during the treatment period. On review, four were
thought to be possibly related to the trial-drug infusions. It is difficult to distinguish adverse events associated with the trial drug from those
related to underlying EVD, so the assessment of relatedness is challenging. These favorable safety profiles support the notion that relative efficacy
rather than safety considerations will most likely provide the major rationale for the future use of these drugs.

Although the observed treatment benefits of MAb114 and REGN-EB3 were striking, 34% of all patients and 67% of patients who presented with
higher viral loads died despite receiving one of these agents. Exploration of more efficacious interventions — such as further improvements in
aggressive supportive-care measures and combination strategies that use agents with potentially complementary mechanisms of action — is
needed. It is worth noting, however, that all the treatments chosen for this trial had shown comparatively high survival rates in nonhuman primate
EBOV challenge models with the use of a non-Ituri EBOV variant (Kikwit), which illustrates a potential limitation of these models in evaluating
single-drug and (future) combination-drug strategies.



We encountered numerous challenges in the performance of this trial. It was conducted in a region of the DRC in which there is regional violence,
mistrust of government, mistrust of the Ebola response, an unstable electrical power grid, transportation difficulties, and a history of high
morbidity from other infectious diseases. Missing results from laboratory tests make the logistic-regression analyses difficult to interpret.
Continual oversight of staffing and supply-chain issues by the DRC Ministry of Health, the INRB, the WHO, ALIMA, IMC, and MSF was essential
to maintaining an appropriate standard of supportive care in the trial centers. The trial was interrupted temporarily in two participating centers
that had to be evacuated because of violence directed against those units by local community or paramilitary groups who were reportedly
suspicious of the activities under way in those facilities.

Reaching a successful conclusion to this challenging trial required careful planning as well as the cooperation, support, and coordination of
national and international health agencies, government leaders, pharmaceutical companies, dedicated oversight boards, scientists, and
nongovernmental organizations. This trial showed that it is possible to conduct scientifically rigorous and ethically sound research during an
outbreak, even in a conflict zone. Although it is important to recognize the collective strength of this partnership in ensuring the completion of
the trial, the single greatest factor that ensured its success was the commitment of the staff in the field and at the sites (the physicians, nurses,
pharmacists, hygienists, the gardes-malades [guardians of the sick], and the numerous other support staff) who worked under highly challenging
circumstances at the front lines of this effort in the Ebola treatment centers, as well as that of the patients themselves.
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Dr. Prem raj P.
Dec 16, 2019

PALM Ebola Clinical Trial -- A Success Story

This protocol proved the greater efficacy and safety of combination of standard care plus Mab114 or REGN-EB3 over standard care plus ZMapp in terms
of patients' survival. The study could be an eye opener for future better therapeutic options for Ebola infected patients. The statistical and molecular
analysis were done precisely and is highly appreciable. Good article!!!

Diane HALLINEN
Dec 11, 2019

Appreciate the workers caring for the patients
Having worked in an ETU in Sierra Leone, I am so impressed that clinical trials were completed during this current epidemic. The bleach scented, sweat
full boots on the ground deserve high praise. Thank you.
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Abstract



Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has been identified as the virus
responsible for the coronavirus disease 2019 (COVID-19) outbreak worldwide. Data on treatment
are scare and parallels have been made between SARS-CoV-2 and other coronaviruses. Remdesivir
is a broad-spectrum antiviral with efficient in vitro activity against SARS-CoV-2. Evidence of clinical
improvement in patients with severe COVID-19 treated with remdesivir is controversial. The aim of
this study was to describe the clinical outcomes and virological monitoring of the first five COVID-
19 patients admitted to the intensive care unit of Bichat-Claude Bernard University Hospital, Paris,
France, for severe pneumonia related to SARS-CoV-2 and treated with remdesivir. Quantitative
reverse transcription PCR was used to monitor SARS-CoV-2 in blood plasma and the lower and
upper respiratory tract. Among the five patients treated, two needed mechanical ventilation and
one needed high-flow cannula oxygen. A significant decrease in SARS-CoV-2 viral load in the upper
respiratory tract was observed in most cases, but two patients died with active SARS-CoV-2
replication in the lower respiratory tract. Plasma samples were positive for SARS-CoV-2 in only one
patient. Remdesivir was interrupted before the initialy planned duration in four patients, two
because of alanine aminotransferase elevations (3 to 5 normal range) and two because of renal
failure requiring renal replacement. This case series of five COVID-19 patients requiring intensive
care unit treatment for respiratory distress and treated with remdesivir, highlights the complexity of
remdesivir use in such critically ill patients.

Keywords: Antiviral therapy; Case reports; Remdesivir; SARS-CoV-2 viral load; Viral pneumonia.

Copyright © 2020 The Author(s). Published by Elsevier Ltd.. All rights reserved.
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Abstract

BACKGROUND

Remdesivir, a nucleotide analogue prodrug that inhibits viral RNA polymerases, has shown in vitro activity against SARS-CoV-2.

METHODS

We provided remdesivir on a compassionate-use basis to patients hospitalized with Covid-19, the illness caused by infection with SARS-CoV-2.
Patients were those with confirmed SARS-CoV-2 infection who had an oxygen saturation of 94% or less while they were breathing ambient air or
who were receiving oxygen support. Patients received a 10-day course of remdesivir, consisting of 200 mg administered intravenously on day 1,
followed by 100 mg daily for the remaining 9 days of treatment. This report is based on data from patients who received remdesivir during the
period from January 25, 2020, through March 7, 2020, and have clinical data for at least 1 subsequent day.

RESULTS

Of the 61 patients who received at least one dose of remdesivir, data from 8 could not be analyzed (including 7 patients with no post-treatment
data and 1 with a dosing error). Of the 53 patients whose data were analyzed, 22 were in the United States, 22 in Europe or Canada, and 9 in Japan.
At baseline, 30 patients (57%) were receiving mechanical ventilation and 4 (8%) were receiving extracorporeal membrane oxygenation. During a
median follow-up of 18 days, 36 patients (68%) had an improvement in oxygen-support class, including 17 of 30 patients (57%) receiving
mechanical ventilation who were extubated. A total of 25 patients (47%) were discharged, and 7 patients (13%) died; mortality was 18% (6 of 34)
among patients receiving invasive ventilation and 5% (1 of 19) among those not receiving invasive ventilation.

CONCLUSIONS

In this cohort of patients hospitalized for severe Covid-19 who were treated with compassionate-use remdesivir, clinical improvement was
observed in 36 of 53 patients (68%). Measurement of efficacy will require ongoing randomized, placebo-controlled trials of remdesivir therapy.
(Funded by Gilead Sciences.)



Introduction v

INCE THE FIRST CASES WERE REPORTED IN DECEMBER 2019, INFECTION WITH THE SEVERE ACUTE RESPIRATORY

coronavirus 2 (SARS-CoV-2) has become a worldwide pandemic.12 Covid-19 — the illness caused by SARS-CoV-2 — is overwhelming

health care systems globally.34 The symptoms of SARS-CoV-2 infection vary widely, from asymptomatic disease to pneumonia and life-
threatening complications, including acute respiratory distress syndrome, multisystem organ failure, and ultimately, death.>” Older patients and
those with preexisting respiratory or cardiovascular conditions appear to be at the greatest risk for severe complications.%’ In the absence of a
proven effective therapy, current management consists of supportive care, including invasive and noninvasive oxygen support and treatment with
antibiotics.®? In addition, many patients have received off-label or compassionate-use therapies, including antiretrovirals, antiparasitic agents,

antiinflammatory compounds, and convalescent plasma.1013

Remdesivir is a prodrug of a nucleotide analogue that is intracellularly metabolized to an analogue of adenosine triphosphate that inhibits viral
RNA polymerases. Remdesivir has broad-spectrum activity against members of several virus families, including filoviruses (e.g., Ebola) and
coronaviruses (e.g., SARS-CoV and Middle East respiratory syndrome coronavirus [MERS-CoV]) and has shown prophylactic and therapeutic
efficacy in nonclinical models of these coronaviruses.417 In vitro testing has also shown that remdesivir has activity against SARS-CoV-2.
Remdesivir appears to have a favorable clinical safety profile, as reported on the basis of experience in approximately 500 persons, including
healthy volunteers and patients treated for acute Ebola virus infection,1819 and supported by our data (on file and shared with the World Health
Organization [WHO]). In this report, we describe outcomes in a cohort of patients hospitalized for severe Covid-19 who were treated with
remdesivir on a compassionate-use basis.

Methods v

PATIENTS

Gilead Sciences began accepting requests from clinicians for compassionate use of remdesivir on January 25, 2020. To submit a request, clinicians
completed an assessment form with demographic and disease-status information about their patient (see the Supplementary Appendix, available
with the full text of this article at NEJM.org). Approval of requests was reserved for hospitalized patients who had SARS-CoV-2 infection confirmed
by reverse-transcriptase—polymerase-chain-reaction assay and either an oxygen saturation of 94% or less while the patient was breathing ambient
air or a need for oxygen support. In addition, patients were required to have a creatinine clearance above 30 ml per minute and serum levels of
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) less than five times the upper limit of the normal range, and they had to
agree not to use other investigational agents for Covid-19.



In approved cases, the planned treatment was a 10-day course of remdesivir, consisting of a loading dose of 200 mg intravenously on day 1, plus
100 mg daily for the following 9 days. Supportive therapy was to be provided at the discretion of the clinicians. Follow-up was to continue through
at least 28 days after the beginning of treatment with remdesivir or until discharge or death. Data that were collected through March 30, 2020, are
reported here. This open-label program did not have a predetermined number of patients, number of sites, or duration. Data for some patients
included in this analysis have been reported previously.2922 Details of the study design and conduct can be seen in the protocol (available at
NEJM.org).

STUDY ASSESSMENTS

Data on patients’ oxygen-support requirements, adverse events, and laboratory values, including serum creatinine, ALT, and AST, were to be
reported daily, from day 1 through day 10, and additional follow-up information was solicited through day 28. Although there were no prespecified
end points for this program, we quantified the incidence of key clinical events, including changes in oxygen-support requirements (ambient air,
low-flow oxygen, nasal high-flow oxygen, noninvasive positive pressure ventilation [NIPPV], invasive mechanical ventilation, and extracorporeal
membrane oxygenation [ECMOY]), hospital discharge, and reported adverse events, including those leading to discontinuation of treatment,
serious adverse events, and death. In addition, we evaluated the proportion of patients with clinical improvement, as defined by live discharge
from the hospital, a decrease of at least 2 points from baseline on a modified ordinal scale (as recommended by the WHO R&D Blueprint Group),
or both. The six-point scale consists of the following categories: 1, not hospitalized; 2, hospitalized, not requiring supplemental oxygen; 3,
hospitalized, requiring supplemental oxygen; 4, hospitalized, requiring nasal high-flow oxygen therapy, noninvasive mechanical ventilation, or
both; 5, hospitalized, requiring invasive mechanical ventilation, ECMO, or both; and 6, death.

PROGRAM OVERSIGHT

Regulatory and institutional review board or independent ethics committee approval was obtained for each patient treated with remdesivir, and
consent was obtained for all patients in accordance with local regulations. The program was designed and conducted by the sponsor (Gilead
Sciences), in accordance with the protocol. The sponsor collected the data, monitored conduct of the program, and performed the statistical
analyses. All authors had access to the data and assume responsibility for the integrity and completeness of the reported data. The initial draft of
the manuscript was prepared by a writer employed by Gilead Sciences along with one of the authors, with input from all the authors.

STATISTICAL ANALYSIS

No sample-size calculations were performed. The analysis population included all patients who received their first dose of remdesivir on or before
March 7, 2020, and for whom clinical data for at least 1 subsequent day were available. Clinical improvement and mortality in the remdesivir
compassionate-use cohort were described with the use of Kaplan—Meier analysis. Associations between pretreatment characteristics and these
outcomes were evaluated with Cox proportional hazards regression. Because the analysis did not include a provision for correcting for multiple
comparisons in tests for association between baseline variables and outcomes, results are reported as point estimates and 95% confidence



intervals. The widths of the confidence intervals have not been adjusted for multiple comparisons, so the intervals should not be used to infer
definitive associations with outcomes. All analyses were conducted with SAS software, version 9.4 (SAS Institute).

Results v

PATIENTS

In total, 61 patients received at least one dose of remdesivir on or before March 7, 2020; 8 of these patients were excluded because of missing
postbaseline information (7 patients) and an erroneous remdesivir start date (1 patient) (Fig. S1 in the Supplementary Appendix). Of the 53

remaining patients included in this analysis, 40 (75%) received the full 10-day course of remdesivir, 10 (19%) received 5 to 9 days of treatment, and
3 (6%) fewer than 5 days of treatment.

BASELINE CHARACTERISTICS OF THE PATIENTS

Table 1.

Table 1. Baseline Demographic and Clinical Characteristics of the Patients.*
Invasive Noninvasive
Ventilation Oxygen Support Total
Characteristic (N=34) (N=19) (N=53)
Median age (IQR) — yr 67 (56-72) 53 (41-68) 64 (48-71)
Age category — no. (%)
<50yr 6 (18) 8 (42) 14 (26)
50to <70yr 14 (41) 7(37) 21 (40)
=70yr 14 (41) 4(21) 18 (34)
Male sex — no. (%) 27 (79) 13 (68) 40 (75)
Region — no. (%)
United States 14 (41) 8 (42) 22 (42)
Japan 8 (24) 1(5) 9(17)
Europe or Canada 12 (35) 10 (53) 22 (42)
Oxygen-support category — no. (%)
Invasive ventilation 34 (100) - 34 (64)
Invasive mechanical ventilation 30 (88) - 30 (57)
Extracorporeal membrane oxygenation 4(12) = 4(8)
Noninvasive oxygen support = 19 (100) 19 (36)
invasive positive-p ilati = 2(11) 2(4
High-flow oxygen — 5 (26) 5(9)
Low-flow oxygen — 10 (53) 10 (19)
Ambient air — 2(11) 2(4)
Median duration of symptoms before remdesivir 11 (8-15) 13 (10-14) 12 (9-15)
therapy (IQR) — days
Coexisting conditions — no. (%)
Any condition 25 (74) 11 (58) 36 (68)
Hypertension 9 (26) 4(21) 13 (25)
Diabetes 8 (24) 1(5) 9(17)
Hyperlipidemia 6 (18) 0 6 (11)
Asthma 5 (15) 1(5) 6 (11)
Median laboratory values (IQR)
ALT — IU per liter 48 (31-79) 27 (20-45) 37 (25-61)
AST — IU per liter 39 (30-76) 35 (28-46) 36 (29-67)
Creatinine — mg per deciliter 0.90 (0.66-1.17) 0.79 (0.63-1.00) 0.89 (0.64-1.08)
* ALT denotes alanine aminotransferase, AST aspartate ami and IQR i ile range. To convert the

values for creatinine to micromoles per liter, multiply by 83.4.




Baseline Demographic and Clinical Characteristics of the Patients.

Table 1 shows baseline demographic and clinical characteristics of the 53 patients in the compassionate-use cohort. Patients were enrolled in the
United States (22 patients), Japan (9), Italy (12), Austria (1), France (4), Germany (2), Netherlands (1), Spain (1), and Canada (1). A total of 40
patients (75%) were men, the age range was 23 to 82 years, and the median age was 64 years (interquartile range, 48 to 71). At baseline, the
majority of patients (34 [64%]) were receiving invasive ventilation, including 30 (57%) receiving mechanical ventilation and 4 (8%) receiving
ECMO. The median duration of invasive mechanical ventilation before the initiation of remdesivir treatment was 2 days (interquartile range, 1 to
8). As compared with patients who were receiving noninvasive oxygen support at baseline, those receiving invasive ventilation tended to be older
(median age, 67 years, vs. 53 years), were more likely to be male (79%, vs. 68%), had higher median serum ALT (48 U per liter, vs. 27) and
creatinine (0.90 mg per deciliter, vs. 0.79 [79.6 umol per liter, vs. 69.8]), and a higher prevalence of coexisting conditions, including hypertension
(26%, vs. 21%), diabetes (24%, vs. 5%), hyperlipidemia (18%, vs. 0%), and asthma (15%, vs. 5%). The median duration of symptoms before the
initiation of remdesivir treatment was 12 days (interquartile range, 9 to 15) and did not differ substantially between patients receiving invasive
ventilation and those receiving noninvasive ventilation (Table 1).

CLINICAL IMPROVEMENT DURING REMDESIVIR TREATMENT

Figure 1.

No. of Patients in Oxygen-Support Group at Baseline (%)
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Changes in Oxygen-Support Status from Baseline in Individual Patients.

Over a median follow-up of 18 days (interquartile range, 13 to 23) after receiving the first dose of remdesivir, 36 of 53 patients (68%) showed an
improvement in the category of oxygen support, whereas 8 of 53 patients (15%) showed worsening (Figure 1). Improvement was observed in all 12
patients who were breathing ambient air or receiving low-flow supplemental oxygen and in 5 of 7 patients (71%) who were receiving noninvasive
oxygen support (NIPPV or high-flow supplemental oxygen). It is notable that 17 of 30 patients (57%) who were receiving invasive mechanical
ventilation were extubated, and 3 of 4 patients (75%) receiving ECMO stopped receiving it; all were alive at last follow-up. Individual patients’
changes in the category of oxygen support are shown in Figure 2. By the date of the most recent follow-up, 25 of 53 patients (47%) had been
discharged (24% receiving invasive ventilation [8 of 34 patients] and 89% [17 of 19 patients] receiving noninvasive oxygen support).

Figure 3.
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Cumulative Incidence of Clinical Improvement from Baseline to Day 36.

By 28 days of follow-up, the cumulative incidence of clinical improvement, as defined by either a decrease of 2 points or more on the six-point
ordinal scale or live discharge, was 84% (95% confidence interval [CI], 70 to 99) by Kaplan—Meier analysis (Figure 3A). Clinical improvement was
less frequent among patients receiving invasive ventilation than among those receiving noninvasive ventilation (hazard ratio for improvement,
0.33; 95% CI, 0.16 to 0.68) (Figure 3B) and among patients 70 years of age or older (hazard ratio as compared with patients younger than 50 years,



0.29; 95% CI, 0.11 to 0.74) (Figure 3C). Sex, region of enrollment, coexisting conditions, and duration of symptoms before remdesivir treatment

was initiated were not significantly associated with clinical improvement (Table S1).

MORTALITY

Seven of the 53 patients (13%) died after the completion of remdesivir treatment, including 6 of 34 patients (18%) who were receiving invasive
ventilation and 1 0f 19 (5%) who were receiving noninvasive oxygen support (see the Supplementary Appendix for case narratives). The median
interval between remdesivir initiation and death was 15 days (interquartile range, 9 to 17). Overall mortality from the date of admission was 0.56
per 100 hospitalization days (95% CI, 0.14 to 0.97) and did not differ substantially among patients receiving invasive ventilation (0.57 per 100
hospitalization days; 95% CI, O to 1.2]) as compared with those receiving noninvasive ventilation (0.51 per 100 hospitalization days; 95% CI, 0.07
to 1.1]). Risk of death was greater among patients who were 70 years of age or older (hazard ratio as compared with patients younger than 70 years,
11.34; 95% CI, 1.36 to 94.17) and among those with higher serum creatinine at baseline (hazard ratio per milligram per deciliter, 1.91; 95% CI, 1.22
to 2.99). The hazard ratio for patients receiving invasive ventilation as compared with those receiving noninvasive oxygen support was 2.78 (95%
CI, 0.33 to 23.19) (Table S2).

SAFETY
Table 2.
Table 2. Summary of Adverse Events.
Invasive Noninvasive
Ventilation Oxygen Support Total
Event (N=34) (N=19) (N=53)

number of patients (percent)

Any adverse event 22 (65) 10 (53) 32 (60)
Adverse events occurring in 2 or more patients
Hepatic enzyme increased 8 (24) 41 12 (23)
Diarrhea 103) 4(21) 5(9)
Rash 3(9 1(5) 4(8)
Renal impairment 4(12) 0 4(8)
Hypotension 3(9) 1(5) 4(8)
Acute kidney injury 2(6) 1(5) 3(6)
Atrial fibrillation 2(6) 1(5) 3(6)
Multiple-organ-dysfunction syndrome 3(9) 0 3(6)
Hypernatremia 3(9 0 3(6)
Deep-vein thrombosis 3(9 0 3(6)
Acute respiratory distress syndrome 1(3) 1(5) 2(4)
Pneumothorax 2(6) 0 2 (4)
Hematuria 2(6) 0 2(4)
Delirium 13) 1(5) 2(4)
Septic shock 2(6) 0 2(4)
Pyrexia 1(3) 1(5) 2 (4)
Any serious adverse event 9 (26) 3(16) 12 (23)
Serious events occurring in 2 or more patients
Multiple-organ-dysfunction syndrome 2(6) 0 2(4)
Septic shock 2(6) [] 2 (4)
Acute kidney injury 2(6) 0 2(4)
Hypotension 2(6) 0 2(4)

* Adverse-event terms are based on the Medical Dictionary for Regulatory Activities, version 22.1. Hepatic enzyme in-
creased includes the following terms: hepatic enzyme increased, alanine aminotransferase increased, aspartate amino-
transferase increased, and transaminases increased. Elevated hepatic enzymes resulted in discontinuation of remdesi-
vir therapy in 2 patients.




Summary of Adverse Events.

A total of 32 patients (60%) reported adverse events during follow-up (Table 2). The most common adverse events were increased hepatic
enzymes, diarrhea, rash, renal impairment, and hypotension. In general, adverse events were more common in patients receiving invasive
ventilation. A total of 12 patients (23%) had serious adverse events. The most common serious adverse events — multiple-organ-dysfunction
syndrome, septic shock, acute kidney injury, and hypotension — were reported in patients who were receiving invasive ventilation at baseline.

Four patients (8%) discontinued remdesivir treatment prematurely: one because of worsening of preexisting renal failure, one because of multiple
organ failure, and two because of elevated aminotransferases, including one patient with a maculopapular rash.

LABORATORY DATA
Given the nature of this compassionate-use program, data on a limited number of laboratory measures were collected. Median serum ALT, AST,
and creatinine fluctuated during follow-up (Fig. S2).

Discussion v

To date, no therapy has demonstrated efficacy for patients with Covid-19. This preliminary report describes the clinical outcomes in a small cohort
of patients who were severely ill with Covid-19 and were treated with remdesivir. Although data from several ongoing randomized, controlled trials
will soon provide more informative evidence regarding the safety and efficacy of remdesivir for Covid-19, the outcomes observed in this
compassionate-use program are the best currently available data. Specifically, improvement in oxygen-support status was observed in 68% of
patients, and overall mortality was 13% over a median follow-up of 18 days. In a recent randomized, controlled trial of lopinavir-ritonavir in
patients hospitalized for Covid-19, the 28-day mortality was 22%.19 It is important to note that only 1 0of 199 patients in that trial were receiving
invasive ventilation at baseline. In case series and cohort studies, largely from China, mortality rates of 17 to 78% have been reported in severe
cases, defined by the need for admission to an intensive care unit, invasive ventilation, or both.?3-28 For example, among 201 patients hospitalized
in Wuhan, China, mortality was 22% overall and 66% (44 of 67) among patients receiving invasive mechanical ventilation.” By way of comparison,
the 13% mortality observed in this remdesivir compassionate-use cohort is noteworthy, considering the severity of disease in this patient
population; however, the patients enrolled in this compassionate-treatment program are not directly comparable to those studied in these other
reports. For example, 64% of remdesivir-treated patients were receiving invasive ventilation at baseline, including 8% who were receiving ECMO,
and mortality in this subgroup was 18% (as compared with 5.3% in patients receiving noninvasive oxygen support), and the majority (75%) of
patients were male, were over 60 years of age, and had coexisting conditions.



Unfortunately, our compassionate-use program did not collect viral load data to confirm the antiviral effects of remdesivir or any association
between baseline viral load and viral suppression, if any, and clinical response. Moreover, the duration of remdesivir therapy was not entirely
uniform in our study, largely because clinical improvement enabled discharge from the hospital. The effectiveness of a shorter duration of therapy
(e.g., 5 days, as compared with 10 days), which would allow the treatment of more patients during the pandemic, is being assessed in ongoing
randomized trials of this therapy.

No new safety signals were detected during short-term remdesivir therapy in this compassionate-use cohort. Nonclinical toxicology studies have
shown renal abnormalities, but no clear evidence of nephrotoxicity due to remdesivir therapy was observed. As reported in studies in healthy
volunteers and patients infected with Ebola virus, mild-to-moderate elevations in ALT, AST, or both were observed in this cohort of patients with
severe Covid-19.18:19 However, considering the frequency of liver dysfunction in patients with Covid-19, attribution of hepatotoxicity to either
remdesivir or the underlying disease is challenging.?? Nevertheless, the safety and side-effect profile of remdesivir in patients with Covid-19

require proper assessment in placebo-controlled trials.

Interpretation of the results of this study is limited by the small size of the cohort, the relatively short duration of follow-up, potential missing data
owing to the nature of the program, the lack of information on 8 of the patients initially treated, and the lack of a randomized control group.
Although the latter precludes definitive conclusions, comparisons with contemporaneous cohorts from the literature, in whom general care is
expected to be consistent with that of our cohort, suggest that remdesivir may have clinical benefit in patients with severe Covid-19. Nevertheless,
other factors may have contributed to differences in outcomes, including the type of supportive care (e.g., concomitant medications or variations
in ventilatory practices) and differences in institutional treatment protocols and thresholds for hospitalization. Moreover, the use of invasive
ventilation as a proxy for disease severity may be influenced by the availability of ventilators in a given location. The findings from these
uncontrolled data will be informed by the ongoing randomized, placebo-controlled trials of remdesivir therapy for Covid-19.
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Abstract

Remdesivir is approved for emergency use by the US Food and Drug Administration (FDA) and
authorized conditionally by the European Medicines Agency (EMA) for patients with coronavirus
disease 2019 (COVID-19). Its benefit-risk ratio is still being explored because data in the field are
rather scant. A decrease of the creatinine clearance associated with remdesivir has been



inconstantly reported in clinical trials with unclear relevance. Despite these uncertainties, we
searched for a potential signal of acute renal failure (ARF) in pharmacovigilance postmarketing
data. An analysis of the international pharmacovigilance postmarketing databases (VigiBase) of the
World Health Organization (WHO) was performed, using two disproportionality methods. Reporting
odds ratio (ROR) compared the number of ARF cases reported with remdesivir, with those reported
with other drugs prescribed in comparable situations of COVID-19 (hydroxychloroquine,
tocilizumab, and lopinavir/ritonavir). The combination of the terms "acute renal failure" and
"remdesivir" yielded a statistically significant disproportionality signal with 138 observed cases
instead of the 9 expected. ROR of ARF with remdesivir was 20-fold (20.3; confidence interval 0.95
[15.7-26.3], P < 0.0001]) that of comparative drugs. Based on ARF cases reported in VigiBase, and
despite the caveats inherent to COVID-19 circumstances, we detected a statistically significant
pharmacovigilance signal of nephrotoxicity associated with remdesivir, deserving a thorough
qualitative assessment of all available data. Meanwhile, as recommended in its Summary of Product
Characteristics, assessment of patients with COVID-19 renal function should prevail before and
during treatment with remdesivir in COVID-19.

© 2020 The Authors. Clinical Pharmacology & Therapeutics © 2020 American Society for Clinical
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