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Background: New treatment modalities are urgently needed
for patients with COVID-19. The World Health Organization
(WHO) Solidarity trial showed no effect of remdesivir or hydrox-
ychloroquine (HCQ) on mortality, but the antiviral effects of
these drugs are not known.

Objective: To evaluate the effects of remdesivir and HCQ on
all-cause, in-hospital mortality; the degree of respiratory failure
and inflammation; and viral clearance in the oropharynx.

Design: NOR-Solidarity is an independent, add-on, random-
ized controlled trial to the WHO Solidarity trial that included
biobanking and 3 months of clinical follow-up (ClinicalTrials.
gov: NCT04321616)

Setting: 23 hospitals in Norway.

Patients: Eligible patients were adults hospitalized with con-
firmed SARS-CoV-2 infection.

Intervention: Between 28 March and 4 October 2020, a
total of 185 patients were randomly assigned and 181 were
included in the full analysis set. Patients received remdesivir
(n= 42), HCQ (n= 52), or standard of care (SoC) (n= 87).

Measurements: In addition to the primary end point of
WHO Solidarity, study-specific outcomes were viral clearance

in oropharyngeal specimens, the degree of respiratory fail-
ure, and inflammatory variables.

Results:No significant differences were seen between treatment
groups in mortality during hospitalization. There was a marked
decrease in SARS-CoV-2 load in the oropharynx during the
first week overall, with similar decreases and 10-day viral loads
among the remdesivir, HCQ, and SoC groups. Remdesivir and
HCQ did not affect the degree of respiratory failure or inflamma-
tory variables in plasma or serum. The lack of antiviral effect was
not associated with symptom duration, level of viral load, degree
of inflammation, or presence of antibodies against SARS-CoV-2 at
hospital admittance.

Limitation: The trial had no placebo group.

Conclusion: Neither remdesivir nor HCQ affected viral
clearance in hospitalized patients with COVID-19.

Primary Funding Source: National Clinical Therapy Research
in the Specialist Health Services, Norway.
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In February 2020, a World Health Organization (WHO)
expert group recommended that 4 drugs approved for

other indications—hydroxychloroquine (HCQ), remdesivir,
ritonavir-boosted lopinavir, and interferon-b1a—should
be evaluated in an international, adaptive, open-label,
randomized clinical trial and compared with standard of
care (SoC) in the treatment of hospitalized patients with
SARS-CoV-2 infection. This initiative resulted in initiation
of the WHO Solidarity trial (1). The HCQ and lopinavir
groups of this trial were subsequently stopped because of
reported lack of effect based on emerging external evi-
dence from the RECOVERY (Randomised Evaluation of
COVID-19 Therapy) trial, as well as internal evidence from
interim analyses (2).

In October 2020, the WHO Solidarity trial consortium
published interim results, reporting that all of the repur-
posed drugs evaluated showed little or no effect on in-
hospitalmortality anddid not reduce theneed formechanical

ventilation (1). For remdesivir, these results contrasted with
those of ACTT (Adaptive COVID-19 Treatment Trial), which
reported that remdesivir significantly reduced time to recov-
ery and discharge from the hospital, in particular in patients
not receivingmechanical ventilation (3).

Of major interest was whether remdesivir could
affect the clinical course in patients with mild or moder-
ate disease, where viral replication is believed to drive
disease progression, as opposed to severe disease, in
which inflammation seems to play a predominant role.
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Remdesivir is a viral RNA polymerase inhibitor shown to
have antiviral effects on SARS-CoV-2 in vitro through in-
terference with viral RNA production (4,5). However,
data on any antiviral effects of remdesivir in SARS-CoV-2–
infected humans are scarce.

TheNOR-Solidarity trial is an independent add-on study
to theWHO Solidarity trial that evaluated the effects of HCQ
and remdesivir compared with SoC in hospitalized patients
with COVID-19. Here, we present the effect of remdesivir
andHCQcomparedwith SoCon viral clearance as assessed
by SARS-CoV-2 polymerase chain reaction (PCR) in oropha-
ryngeal specimens. We also examined whether remdesivir
and HCQ had any effects on inflammatory biomarkers and
degree of respiratory failure.

METHODS

Trial Design
NOR-Solidarity is an independent add-on trial to the

WHOSolidarity trial, a large, open-label, adaptive, random-
ized clinical trial evaluating the effect of repurposed antivi-
ral drugs on hospitalized patients with COVID-19. WHO
Solidarity included 405 hospitals in 30 countries; 11330
adults were randomly assigned, 2750 to remdesivir, 954 to
HCQ, 1411 to lopinavir (without interferon), 2063 to inter-
feron (including 651 to interferon plus lopinavir), and 4088
to SoC. The NOR-Solidarity trial included biobanking and
additional clinical and biochemistry data collection, as well
as follow-up beyond the WHO Solidarity core protocol
(ClinicalTrials.gov: NCT04321616).

Participants
The participants in NOR-Solidarity were recruited

from 23 Norwegian hospitals. Eligibility criteria were adult
patients (≥18 years) with SARS-CoV-2 infection confirmed
by PCR who were admitted to the hospital ward or inten-
sive care unit (ICU) with no anticipated transfer to a non-
study hospital within 72 hours of inclusion. Informed
consent by the study participant or legally authorized rep-
resentative was provided before inclusion.

Key exclusion criteria were severe comorbid condi-
tions with life expectancy less than 3months, level of aspar-
tate aminotransferase or alanine aminotransferase more
than 5 times the upper limit of normal, rate-corrected QT
interval greater than 470 ms, pregnancy, breastfeeding,
acute occurrence of a comorbid condition in a 7-day pe-
riod before inclusion, known intolerance to study drugs,
participation in a potentially confounding trial, or concomi-
tant medications interfering with the study drugs.

Randomization
Eligible patients were allocated in an equal ratio using

computer randomization procedures. There were 2 sepa-
rate allocation lists. The first was the global list, in which the
allocation sequence was prepared by an independent stat-
istician appointed by the international trial steering group.
A secondary national list was additionally prepared as a
backup if allocation according to the global list was not
available. The randomization procedure ensured that a
patient could be allocated only to an available treatment.
The randomization lists were not stratified or blocked; thus,

the randomization can be regarded as simple. The trial was
open-label, without a placebo control.

Interventions
The participants were randomly assigned to the fol-

lowing groups: 1) local SoC; 2) SoC plus 800 mg of oral
HCQ twice daily on day 1, then 400 mg twice daily up to
9 days; or 3) SoC plus 200 mg of intravenous remdesivir
on day 1, then 100 mg daily up to 9 days. All study treat-
ments were discontinued at discharge. During the study,
local SoC changed as a result of the RECOVERY trial and
updated WHO guidelines recommending systemic ste-
roids for severe and critical COVID-19 (4 September
2020) (6).

Recruitment
NOR-Solidarity started recruiting patients on 28

March 2020, as the first study site within the WHO
Solidarity trial. Patients were initially randomly assigned
to HCQ or SoC. Randomization to remdesivir started on
7 April. Hydroxychloroquine was removed as a treatment
group after advice from the NOR-Solidarity steering com-
mittee on 8 June 2020 because of lack of evidence of its
effectiveness, confirmed in both internal WHO interim
analyses and an external report from the RECOVERY
study (7,8). Thus, from 8 June 2020 on, NOR-Solidarity
allocated patients only to SoC and remdesivir. On 4
October 2020, the WHO Solidarity trial consortium pub-
lished interim results reporting that HCQ and remdesivir,
as well as the other repurposed drugs in the trial, had lit-
tle or no effect on in-hospital mortality. Whereas the
remdesivir group was continued in the WHO Solidarity
trial, it was stopped in the NOR-Solidarity study on 5
October because of general low mortality in hospitalized
patients in Norway; the potential for adverse effects in
ventilated patients; and potentially little, if any, effect of
remdesivir in patients with mild disease. This decision
was supported by the independent national data moni-
toring and safety committee.

Outcomes
The primary outcome of NOR-Solidarity was all-cause, in-

hospital mortality with study treatment compared with SoC.
Secondary outcomes were receipt of invasive mechanical
ventilation, time to first receipt and duration of mechanical
ventilation, receipt and duration of treatment at an ICU, and
occurrence of suspected unexpected serious adverse reac-
tions. Because NOR-Solidarity was an add-on trial to WHO
Solidarity, most of these data have already been published as
part of this report (1) but are nowpresented separately.

Further substudy-specific secondary outcomes included
viral clearance as assessed by SARS-CoV-2 PCR in oropha-
ryngeal specimens (measured at baseline, days 3 to 5, days
7 to 9, and thereafter every third day). Respiratory failure, as
assessed by PO2–FIO2 (P–F) ratio and inflammatory laboratory
variables (that is, C-reactive protein [CRP], procalcitonin, lac-
tate dehydrogenase, and ferritin levels and lymphocyte and
neutrophil counts) measured daily during hospitalization,
was an additional prespecified secondary end point. Details
are presented in the protocol and statistical analysis plan
(Supplement, available at Annals.org).
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The exploratory objective of identifying potential
determinants of individual treatment responses by relat-
ing viral clearance to demographic and clinical character-
istics (that is, age and time since symptom onset), baseline
viral load, inflammatory markers (that is, CRP and ferritin),
and levels of anti–SARS-CoV-2 antibodies with affinity to
either receptor-binding domain or nucleocapsid antigen.

Statistical Analysis
Following the WHO core protocol, no sample size

was prespecified.
Before the database was locked, and deliberately with-

out knowledge of allocation, a statistical analysis plan was
written and approved, prespecifying and detailing all analy-
ses (Supplement). Because this is an add-on study, there
are no adjustments for multiple testing. Interpretations of
results are based on unadjusted CIs. All treatment compari-
sons are with concurrent controls. Thus, some participants
receiving SoC act as controls for both active treatment
groups, whereas some act in one or the other.

We used the log-rank statistic to test the null hypothesis of
no treatment effect onall-causemortality. Thenatural logarithm
of the average mortality rate ratio was estimated using the
(O�E)/V estimator (whereO is observedevents, E is expected

events, and V is variance) from the log-rank statistic with 95%
CIs estimated using a normal distribution with 1/V as variance.
Hazard ratios, estimated using Cox proportional hazards mod-
els, were reported as advised by the journal's editors and
reviewers. Because of the low number of deaths in blinded
reviews, stratification variables in the primary analyses were not
used. Participants who withdrew consent or were alive but still
in the hospital at the time of database locking were censored
at last known time of contact. Discharged participants were
assumed to be alive and were censored at the time of data-
base locking unless otherwise confirmed. Those who had an
end-of-study visit at 3monthswere censored at this date.

Dichotomous end points were analyzed using logistic
regression without adjustment for any baseline covariates.
The estimated average marginal risk difference and corre-
sponding 95% CI were estimated using the delta method.
Missing data due to discharge or participant withdrawal
were imputed with best outcome. Continuous outcomes
during the first 14 days were analyzed using a mixed model
with fixed intercept and separate slopes before and after day
7, and random intercept and slope. The difference in slope
before day 7 was used to estimate the treatment effect in the
first week. We also computed the average marginal point
estimate at day 10 as a separate measure of treatment

Figure 1. Study flow diagram.

23 centers in Norway
Hospitalized

patients with COVID-19
Age ≥18 y

Assessed for eligibility (n = 186)

Excluded (n = 1)
   Incorrect inclusion: 1

Randomly assigned (n = 185)

Randomly assigned to either
SoC or remdesivir + SoC (n = 101)

Randomly assigned to either
SoC or HCQ + SoC  (n = 108)

Allocated to SoC (n = 58) Allocated to remdesivir + SoC (n = 43) Allocated to SoC (n = 54) Allocated to HCQ + SoC (n = 54)

Excluded (n = 9)
   No postrandomization
      data: 1*
   Voluntary discontinuation: 1
   Patient lost to follow-up: 1
   Death: 4
   Other: 2†

Excluded (n = 9)
   No postrandomization
      data: 1*
   Patient lost to follow-up: 3
   Death: 3
   Other: 2

Excluded (n = 13)
   No postrandomization
      data: 2
   Voluntary discontinuation: 5
   Patient lost to follow-up: 1
   Death: 4
   Other: 1

Excluded (n = 8)
   Voluntary discontinuation: 1
   Patient lost to follow-up: 1
   Death: 2
   Other: 4

Completed 3 mo of follow-up
(n = 49)

Completed 3 mo of follow-up
(n = 34)

Completed 3 mo of follow-up
(n = 46)

Completed 3 mo of follow-up
(n = 41)

Flow chart of patients enrolled in NOR-Solidarity from 28 March to 5 October 2020; a total of 181 patients were randomly assigned to receive SoC,
remdesivir + SoC, or HCQ + SoC. A total of 149 patients completed the 3 mo of follow-up. Each pairwise intention-to-treat analysis was between the
remdesivir or HCQ group and its respective SoC. Some participants receiving SoC act as controls for both active treatment groups, whereas some act in
one or the other, giving a partial overlap of the 2 control groups. HCQ= hydroxychloroquine; SoC= standard of care.
* Excluded from the full analysis set.
†Other: emigration, progression of cancer diseases.
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Table 1. Patient Characteristics and Baseline Values*

Characteristic All Patients (n = 181) Remdesivir vs. Its Control HCQ vs. Its Control

Remdesivir þ SoC (n = 42) SoC (n = 57) HCQ þ SoC (n = 52) SoC (n = 54)

Demographics
Mean age (SD), y 59.8 (15.3) 59.7 (16.5) 58.1 (15.7) 60.3 (13.3) 59.2 (16.4)
Female sex, n (%) 62 (34.3) 13 (31) 14 (24.6) 21 (40.4) 20 (37)
Mean BMI (SD), kg/m2 28 (5) 28 (5) 28 (4) 28 (5) 27 (4)
Mean symptom duration

before admission (SD), d
8 (4.9) 7.5 (6.1) 7.2 (3.5) 8.4 (4.3) 8.6 (5.3)

Mean P–F ratio at admission
(SD), kPa

41 (13) 38 (13) 43 (12) 41 (15) 43 (11)

P–F ratio <40 kPa, n (%) 77 (43) 22 (52.4) 22 (38.6) 24 (48) 15 (27.8)
Mean respiratory rate (SD),

breaths/min
21.8 (5.8) 21.9 (5.3) 22 (5.4) 21.6 (5.8) 21.5 (5.8)

Mean temperature (SD), �C 37.4 (0.9) 37.2 (0.9) 37.5 (1) 37.6 (0.9) 37.3 (0.8)
Admitted to ward, n (%) 171 (94.5) 39 (92.9) 56 (98.2) 47 (90.4) 53 (98.1)
Admitted to ICU, n (%) 10 (5.5) 3 (7.1) 1 (1.8) 5 (9.6) 1 (1.9)

Comorbid conditions, n (%)
Chronic cardiac disease 28 (15.6) 6 (14.6) 12 (21.1) 6 (11.5) 9 (16.7)
Chronic pulmonary disease 10 (5.6) 4 (9.8) 3 (5.3) 2 (3.8) 1 (1.9)
Ever smoking 71 (39.4) 16 (39) 27 (47.4) 18 (34.6) 21 (38.9)
Hypertension 55 (30.6) 15 (36.6) 14 (24.6) 17 (32.7) 18 (33.3)
Diabetes 31 (17.2) 9 (22) 9 (15.8) 7 (13.5) 8 (14.8)
Obesity (BMI >30 kg/m2) 44 (26.8) 11 (28.9) 9 (18.4) 16 (32.7) 11 (22)

Comedication, n (%)
Steroids 8 (4.5) 1 (2.4) 2 (3.6) 2 (3.8) 4 (7.4)
Other immunomodulatory

drugs
8 (4.5) 1 (2.4) 1 (1.8) 2 (3.8) 4 (7.4)

ACE inhibitors 12 (6.7) 2 (4.9) 4 (7.1) 1 (1.9) 7 (13)
Angiotensin II receptor

blockers
30 (16.8) 11 (26.8) 7 (12.5) 9 (17.3) 7 (13)

Hematology
Median hemoglobin level

(IQR), g/L
132 (123–141) 132 (124–143) 136 (129–141) 130 (120–141) 132 (126–140)

Median leukocyte count
(IQR), � 109 cells/L

6.2 (4.7–8.7) 6 (4.9–8.7) 6.3 (4.8–8) 6.6 (4.4–9.2) 6 (4.8–8.5)

Median neutrophil count
(IQR), � 109 cells/L

4.3 (3.0–6.6) 4.3 (2.7–6.8) 4.5 (2.9–6.6) 4.9 (3–6.8) 4.1 (2.8–6.3)

Median lymphocyte count
(IQR), � 109 cells/L

1.1 (0.8–1.4) 1.1 (0.9–1.5) 1 (0.8–1.5) 1 (0.7–1.3) 1.1 (0.9–1.4)

Median platelet count
(IQR), � 109 cells/L

203 (159–271) 206 (162–268) 203 (166–269) 184 (151.5–270) 208 (167–276)

Inflammatory markers
Median C-reactive protein

level (IQR), mg/L
70 (36.5–137.5) 70 (39.8–139.2) 82 (33–141.8) 76 (47–133) 65.5 (34–124)

Median procalcitonin level
(IQR), μg/L

0.12 (0.1–0.21) 0.13 (0.1–0.2) 0.11 (0.1–0.3) 0.13 (0.1–0.26) 0.1 (0.1–0.2)

Median ferritin level (IQR),
μg/L

613 (319–1173) 695 (343–1262) 589 (318–1077) 626 (295–1298) 531.5 (321–991)

Other
Median LDH level (IQR),

μkat/L
4.6 (3.6–6.0) 4.7 (3.9–6.7) 4.0 (3.3–5.9) 4.8 (3.9–6.0) 4.2 (3.3–5.4)

Median D-dimer level (IQR),
nmol/L

3.7 (2.5–6.1) 4.2 (2.6–5.6) 2.7 (2.0–4.8) 4.9 (2.7–8.4) 4.2 (2.7–6.9)

Median AST level (IQR), U/L 39 (27.2–59) 49 (34.5–77) 34 (24–54.8) 39 (28–59) 32 (24–53)
Median ALT level (IQR), U/L 33 (20–58) 41 (22–69.2) 31 (20.5–54) 33 (22–53) 30 (18.8–52)
Median creatinine/eGFR

(IQR), mL/min/1.73 m2
89.7 (74.2–105.5) 90.6 (77.2–106.2) 89.7 (79.8–105.6) 86.3 (67.5–101.2) 91.8 (82.7–104.7)

Viral load (oropharynx)
Mean viral load (SD), log10

count/1000 cells
2 (1.6) 1.6 (1.6) 2.3 (1.8) 2.3 (1.5) 2 (1.5)

Continued on following page
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difference. As sensitivity analyses, we added simpler
between-group analyses usingt tests and Wilcoxon tests on
the change from baseline to day 7 and day 10. Subgroup
analyses were done by including the subgroup as an interac-
tion term with the treatment term in the mixed model. High
and low baseline subgroupswere definedby the overall me-
dian. The 90-day outcomes on antibodies against SARS-
CoV-2 were analyzed using thet distribution. Durations of
mechanical ventilation and ICU stay are descriptively pre-
sented using cumulative probability plots.

Methods for reverse transcriptase PCR of SARS-CoV-
2 quantification and for measurement of antibodies
against SARS-CoV-2 are described inAppendix 2 (avail-
able at Annals.org).

All statistical analyses were done with Stata, version
16.1 (StataCorp), and R, version 4.0.3 (R Foundation), and
all code is available in a public repository (https://doi.org
/10.17605/OSF.IO/V8GZ6), together with the protocol
and statistical analysis plan (Supplement).

Ethics
The trial protocol was approved by the regional ethics

committee (118684) and by the Norwegian Medicines
Agency (20/04950-23) andwas overseen by an independ-
ent data and safety monitoring board. Informed consent
was obtained from each patient or from the patient's
legally authorized representative if the patient was not
able to provide consent. Further details regarding design,
overview, and analyses can be found in the protocol and
statistical analysis plan (Supplement).

Role of the Funding Source
The National Clinical Therapy Research in the Specialist

Health Services funded this research but had no role in
design, analysis, management, interpretation of data, or
preparation or approval of the manuscript, nor did it play
any other conducting role.

RESULTS

Participant Flow
From 28 March to 4 October 2020, a total of 185

patients from 23 hospitals in Norway were enrolled in the
trial; according to the National Intensive Care and Pandemic
Registry, this accounts for 24% of all patients hospitalized
with SARS-CoV-2 in Norway during the study period (9).
Four patients were excluded because of the absence of
postrandomization information. Of the 181 patients who

were randomly assigned, 87 were assigned to receive SoC
and 97 to receive treatment with either remdesivir (n= 43)
or HCQ (n= 54), with an SoC group matched to each treat-
ment group (Figure 1). A total of 149 patients (remdesivir,
n= 34; HCQ, n= 41; and SoC, n= 74) completed the
3 months of follow-up, whereas 32 patients were lost to fol-
low-up because of death (n= 12); voluntary discontinuation
(n= 7); other reasons, including emigration or progression
of underlying cancer (n= 7); or unknown reasons (n= 6)
(Figure 1). Not all variables were available in all patients, and
missing data on patient characteristics and baseline values
are reported inAppendix Table 1 (available at Annals.org).

The baseline demographic and disease characteristics
were generally balanced among the treatment groups
(Table 1). However, the percentage of patients with a P–F ra-
tio less than 40 kPa was higher in the remdesivir and HCQ
groups than in their respective SoC groups, whereas the
percentage that used angiotensin-converting enzyme inhibi-
tors was lower in the 2 treatment groups. Most of the
patients were men (65.7%), and the mean age was 59.8
years. On average, patients were hospitalized within 8 days
of symptom onset. Forty-three percent had respiratory fail-
ure (that is, P–F ratio <40 kPa). At hospital admittance, SARS-
CoV-2 antibodies to receptor-binding domain were present
in 47% of patients and antibodies to nucleocapsid antigen
in 39.4% of patients. Median treatment duration was 5 days
(interquartile range [IQR], 3 to 9 days) for remdesivir and
HCQ and 6 days (IQR, 3 to 9 days) for SoC, and the patients
received a median total dose of 700 mg (IQR, 500 to 1050
mg) of remdesivir and 5400 mg (IQR, 3500 to 8500 mg) of
HCQ.Most of the patients were discharged home (n= 137),
whereas 25 were discharged to a convalescence stay or
nursing home (Appendix Table 2, available at Annals.org).

Primary and Secondary Efficacy Outcome Shared
With theWHOSolidarity Trial

All-cause, in-hospital mortality was 6.6%, considerably
lower than the overall mortality in the WHO Solidarity trial
(11.8%). Nonetheless, no differences in mortality, includ-
ing in-hospital mortality and mortality at 28 days or 60
days, were seen between the remdesivir or HCQ group
and its respective SoC group (Table 2). Note, however,
that the sample size was low, and a corresponding trial
would have required a true treatment difference of 21%
to reach 80% power.

Like the WHO Solidarity study, we found no effects of
remdesivir or HCQ on the rate of ICU admission, use of me-
chanical ventilation during hospitalization, or time to receipt

Table1–Continued

Characteristic All Patients (n = 181) Remdesivir vs. Its Control HCQ vs. Its Control

Remdesivir þ SoC (n = 42) SoC (n = 57) HCQ þ SoC (n = 52) SoC (n = 54)

Anti–SARS-CoV-2 antibodies,
n (%)
Seroconverted (RBD ≥5) 60 (47.2) 14 (42.4) 18 (46.2) 15 (42.9) 20 (54.1)
Seroconverted

(nucleocapsid ≥10)
50 (39.4) 11 (33.3) 14 (35.9) 15 (42.9) 17 (45.9)

ACE = angiotensin-converting enzyme; ALT = alanine aminotransferase; AST = aspartate aminotransferase; BMI = body mass index; eGFR = esti-
mated glomerular filtration rate; HCQ = hydroxychloroquine; ICU = intensive care unit; IQR = interquartile range; LDH = lactate dehydrogenase;
P–F = Po2–FIo2; RBD = receptor-binding domain; SoC = standard of care.
* Missing values are given in Appendix Table 1 (available at Annals.org).
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of mechanical ventilation (Table 2). Duration of ICU stay and
mechanical ventilation, reported as cumulative probability
plots, also showed no differences between the treatments
(Appendix Figure 1, available at Annals.org).

Two patients in the HCQgroup developed a prolonged
rate-corrected QT interval, and the treatment was with-
drawn.Most other serious adverse events were related to re-
spiratory failure and interpreted as attributable to disease
progression (Appendix Table 3, available at Annals.org).
One suspected unexpected serious adverse reaction was
reported in the remdesivir group (Appendix Table 3).

Secondary End Points Specific to the NOR-
Solidarity Trial

The most important secondary outcome in the NOR-
Solidarity trial was viral load in the oropharynx. There was a
general marked decrease in SARS-CoV-2 oropharyngeal
load during the first week after randomization, with a similar
decrease and levels after 10 days in the remdesivir, HCQ,
and SoC groups (Figure 2). The differences between the
treatment groups regarding the decrease rate during the
first week and at day 10 were nominally in favor of SoC, with
CIs excludingmajor effects on viral clearance for both active
treatments. For sensitivity analyses, including box plots, see
Appendix Figure 2 (available at Annals.org).

All groups of patients had improved respiratory func-
tion, reflected by an increase in P–F ratio, during the first
week after randomization. However, the rate of improve-
ment during the first 7 days was significantly (but only
modestly) improved by remdesivir but not by HCQ com-
pared with their SoC groups. At day 10, P–F ratio was not
affected in any of the intervention groups compared with
the SoC groups (Figure 3).

The patient group as a whole was at baseline charac-
terized by markedly elevated plasma levels of CRP and
ferritin, whereas they had decreased lymphocyte counts
(Table 1). However, except for significantly more rapid
decreases in levels of ferritin (both remdesivir and HCQ),
lactate dehydrogenase (remdesivir), and procalcitonin
(remdesivir) during the first week after randomization,
and a significant lower CRP level in the remdesivir group
(but higher in the HCQ group at day 10), the treatments
had no marked or consistent effects on these inflamma-
tory markers (Appendix Figures 3 and 4, available at
Annals.org).

It could be hypothesized that the effect of remdesivir
or HCQ on viral load would be dependent on symptom
duration before hospitalization (≥7 vs. <7 days), the pres-
ence of SARS-CoV-2 antibodies, or high or low viral load
at hospital admission. Of note, in these subgroup analy-
ses, remdesivir did not exert any increased oropharyn-
geal viral clearance compared with SoC (Appendix
Figure 5, available at Annals.org). Results were similar for
HCQ (Appendix Figure 6, available at Annals.org). In
addition, in subgroup analyses evaluating age (≥60 vs.
<60 years) and degree of inflammation (ferritin and CRP;
levels greater than or equal to median vs. lower than me-
dian) at baseline, we did not find any significant treat-
ment effects on viral clearance by either remdesivir or
HCQ versus its respective SoC (Appendix Figures 7 and
8, available at Annals.org).

DISCUSSION

Recently published results of the WHO Solidarity
study indicated that neither remdesivir nor HCQ had any

Table 2. Mortality, Admission to ICU, and Mechanical Ventilation

Variable Treatment þ
SoC (95% CI), %

SoC (95% CI),
%

Relative Risk
(95% CI)*

Hazard Ratio
(95% CI)*

Estimated Marginal Risk
Difference (95% CI),
percentage points†

Remdesivir vs. its SoC
Mortality during

hospitalization
7.1 (1.8 to 17.5) 7.0 (2.2 to 15.6) 1.0 (0.2 to 4.6) 1.0 (0.4 to 2.9)

28-d mortality 2.4 (0.1 to 10.1) 5.3 (1.3 to 13.1) – – �2.9 (�10.3 to 4.5)
60-d mortality 7.1 (1.8 to 17.5) 5.3 (1.3 to 13.1) – – 1.9 (�7.8 to 11.6)
Admission to ICU during

hospitalization
19.0 (9.2 to 32.6) 19.3 (10.5 to 30.8) – – �0.3 (�15.9 to 15.4)

Mechanical ventilation
during hospitalization

9.5 (3.1 to 20.8) 7.0 (2.2 to 15.6) – – 2.5 (�8.6 to 13.6)

Time to receipt of mechani
cal ventilation

– – 1.4 (0.4 to 5.8) 1.3 (0.5 to 3.4) –

HCQ vs. its SoC
Mortality during

hospitalization
7.5 (2.4 to 16.7) 3.6 (0.6 to 10.6) 2.2 (0.4 to 10.8) 3.1 (0.3 to 34.4)

28-d mortality 7.5 (2.4 to 16.7) 1.8 (0.1 to 7.6) – – 5.8 (�2.2 to 13.7)
60-d mortality 7.5 (2.4 to 16.7) 1.8 (0.1 to 7.6) – – 5.8 (�2.2 to 13.7)
Admission to ICU during

hospitalization
22.6 (12.8 to 35) 16.1 (8.1 to 27.1) – – 6.6 (�8.2 to 21.4)

Mechanical ventilation during
hospitalization

15.1 (7.2 to 26.3) 10.7 (4.4 to 20.5) – – 4.4 (�8.2 to 17.0)

Time to receipt of mechanical
ventilation

– – 2.1 (0.7 to 6.2) 3.0 (0.6 to 16.3) –

HCQ = hydroxychloroquine; ICU = intensive care unit; SoC = standard of care.
* Based on time-to-event analyses (log-rank and Cox regression).
† Based on logistic regression analyses for dichotomous end points.
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effect on mortality, the need for mechanical ventilation,
or duration of hospital stay (1). The analyses of the NOR-
Solidarity trial are consistent with the main findings of
that report. In addition, we found no significant effects of
either remdesivir or HCQ on the rate of SARS-CoV-2
clearance in oropharyngeal samples. This lack of antiviral
effect was also corroborated when examining the influ-
ence of relevant baseline characteristics, such as age,
symptom duration, degree of viral load, and presence of
antibodies against SARS-CoV-2.

In addition to a large difference in sample size and
only remdesivir and HCQ used as active treatment
groups in NOR-Solidarity, the main difference between
the trials was substantially lower mortality in the NOR-
Solidarity trial (6.6% vs. 11.8% after 28 days). However,
mortality in NOR-Solidarity was equal to that in data from
the National Intensive Care and Pandemic Registry (9). In
Norway, lockdown policies were effectively introduced
during the initial phase of the pandemic, reducing pres-
sure on hospital and health care systems, which may
explain the lower mortality—in particular, the favorably
lower ICU mortality (18.4%)—than in other countries (10).
Some differences in the presence of comorbid condi-
tions (for example, diabetes [25% vs. 17.2%] and chronic
heart disease [21% vs. 15.6%], from WHO Solidarity vs.
NOR-Solidarity, respectively) (1) could also have contrib-
uted to lower mortality in the NOR-Solidarity population.
Nevertheless, we found no effect on mortality, rate of
ICU admission, or need for mechanical ventilation, which
was consistent with the overall results of the WHO
Solidarity study.

Despite the early emergence of reports that both
remdesivir and HCQ effectively exerted strong antiviral
activities against SARS-CoV-2 in preclinical models (11),
our results show no antiviral effects of these drugs in hos-
pitalized patients. Previously, Wang and colleagues (12)
found no effect on SARS-CoV-2 clearance in 155 hospi-
talized patients receiving remdesivir compared with 78
patients receiving placebo. Moreover, Lyngbakken and
colleagues (13) showed no antiviral effects of HCQ in 27
hospitalized patients compared with 26 patients receiv-
ing SoC. It has been claimed that these antiviral drugs,
and in particular remdesivir, could be important in the
early stages of COVID-19, before clinical progression to
a state of hyperinflammation (14). However, we found no
significant antiviral effects of remdesivir or HCQ, even in
patients with symptom duration less than 7 days or base-
line CRP and ferritin levels below median levels in the
patient cohort. Moreover, the presence of SARS-CoV-2
antibodies or high or low viral load at hospital admission
did not influence the potential antiviral effects of these
drugs. Much focus has been directed at the use of remdesivir
in hospitalized patients with moderate COVID-19, but the
present data suggest that only a study of even earlier inter-
vention (that is, in an outpatient, primary care setting), if any,
would be warranted to rule out any antiviral effects of remde-
sivir in patients with COVID-19. Our data underscore the gap
between preclinical and clinical studies on remdesivir (15).

The widespread use of HCQ in the first phase of the
pandemic came to a quick halt after negative results in
several large trials. First the RECOVERY trial and later the
WHO Solidarity study demonstrated lack of any material

Figure 2. Efficacy of viral clearance by remdesivir and HCQ.
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benefit of this drug in the treatment of COVID-19 (1, 2).
Despite concerns about cardiac toxicity related to the
loading dose of HCQ (16), we observed no grade 4
adverse effects related to either HCQ or remdesivir,
although 2 patients in the HCQ group developed a pro-
longed rate-corrected QT interval resulting in treatment
withdrawal. However, the number of patients included in
this trial was too small to adequately address safety
issues.

The study has both strengths and limitations. Strengths
include participation of most hospitals in Norway, ensuring
enrollment of a large proportion of the patients who were
hospitalized during the study period. Because this was a
pragmatic trial in a real-world clinical setting, our results may
be generalizable to similar patient populations. However,
the study also has many limitations. Despite being a
randomized controlled trial with blinded analyses of all rele-
vant data, it did not include a placebo group. Relatively few
patients were included, and CIs were wide enough to
include moderate effects. Our conclusion, and particularly
our subgroup analyses, should therefore be interpretedwith
caution. Not all data were available from all patients at all
time points. Finally, patients were discharged from the hos-
pital at the discretion of the treating physician. Accordingly,
the median duration of hospitalization was 5 to 6 days, and
most of the patients did not receive the full treatment length
of the tested medication, although recent studies have
found no statistically significant difference between a 5-day
course and a 10-day course of remdesivir (17).

In conclusion, the overall lack of effect of remdesivir
and HCQ on the clinical course of patients hospitalized

for COVID-19 was accompanied by a paucity of effect on
SARS-CoV-2 viral clearance in the oropharynx. Our find-
ings question the antiviral potential of these drugs in hos-
pitalized patients with COVID-19.
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Figure 3. Effect of remdesivir and HCQ on the degree of respiratory failure assessed by P–F ratio.
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APPENDIX 2: MATERIALS AND METHODS

RNAExtraction, Reverse Transcriptase PCR, and
SARS-CoV-2 Quantification

Total nucleic acids were extracted from 200-mL oro-
pharyngeal samples (MagNA Pure 96 system, MagNA
Pure 96 DNA and Viral NA Small Volume Kit; Roche),
and eluted in 100 mL. Bacteriophage MS2 RNA (Merck,
Sigma-Aldrich) was added before extraction as an inter-
nal control. SARS-CoV-2 RNA real-time reverse transcrip-
tase PCR targeting the viral envelope gene was done as
described by Corman and colleagues (18), using MS2
primers according to Dreier and colleagues (19), on the
AriaDx PCR instrument (Agilent Technologies). The
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quality and cellular quantification of oropharyngeal sam-
ples were analyzed using the CELL Control r-gene kit
(bioM�erieux) according to the manufacturers' instruc-
tions. Viral load was calculated using standard dilution
series of purified RNA from the Frankfurt1 strain, pro-
vided by the European Virus Archive Global. Viral loads
for respiratory samples were normalized according to
the cellular quantification as log10 RNA copies per 1000
cells.

Measurement of Antibodies Against SARS-CoV-2
Amultiplexed, bead-based, flowcytometric assay, called

microsphere affinity proteomics, was adapted for detection
of SARS-CoV-2 antibodies (20). Thus, amine-functionalized
polymer beads were color-coded with fluorescent dyes, as
described earlier, and reacted successively with amine-
reactive biotin (Sulfo-NHS-LC-Biotin, Proteochem) and
NeutrAvidin (Thermo Fisher). ADNA construct encoding the
receptor-binding domain of spike-1 protein from SARS-
CoV-2 was provided by Florian Krammer, and the described
protocol was used to produce recombinant protein in
Expi293F cells (Thermo Fisher) (21). Bacterially expressed
full-length nucleocapsid from SARS-CoV-2 was purchased
from Prospec Bio (www.prospecbio.com). Viral proteins
solubilized in phosphate-buffered saline were biotinylated
chemically using a 4:1 molar ratio of Sulfo-NHS-LC-Biotin to
protein. Free biotin was removed using G50 Sephadex spin
columns. Biotinylated proteins were bound to NeutrAvidin-
coupled microspheres with fluorescent barcodes. Beads
with NeutrAvidin only were used as reference for back-
ground binding. Sera were diluted 1:1000 in phosphate-
buffered saline containing 1% Tween 20, 1% bovine serum

albumin, 10 μg/mL d-biotin, and 10 μg/mL NeutrAvidin
(Thermo Fisher) and were incubated with a mixture of anti-
gen-coupled and NeutrAvidin-only beads for 1 hour at 22 ,
C under constant agitation. The beads were washed twice in
PBT, labeled with R-phycoerythrin–conjugated goat anti-
human IgG-Fc (Jackson Immunoresearch) for 20 minutes,
washed again, and analyzed by flow cytometry (Attune NxT,
Thermo Fisher). Specific binding was measured as the ratio
of R-phycoerythrin fluorescence intensity of antigen-coupled
beads and NeutrAvidin-only beads, with a ratio of 5 and 10
defining the cutoff for a positive antibody against RBP and
nucleocapsid, respectively. Reference panels containing
samples from 287 individuals with PCR-confirmed SARS-
CoV-2 infection and 1343 prepandemic samples were used
to set the cutoff. With a cutoff set to obtain a specificity of
100%, the sensitivity was 84%, and 92%when including bor-
derline values.
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Appendix Table 1. Missing Data on Patient Characteristics and Baseline Values*

Characteristic All Patients (n = 181) Remdesivir vs. Its Control HCQ vs. Its Control

Remdesivir þ SoC (n = 42) SoC (n = 57) HCQ þ SoC (n = 52) SoC (n = 54)

Demographics
Age 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Female sex 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
BMI 17 (9.4) 4 (9.5) 8 (14) 3 (5.8) 4 (7.4)
Symptom duration before admission 1 (0.6) 1 (2.4) 0 (0) 0 (0) 0 (0)
P–F ratio at admission 2 (1.1) 0 (0) 0 (0) 2 (3.8) 0 (0)
P–F ratio <40 kPa 2 (1.1) 0 (0) 0 (0) 2 (3.8) 0 (0)
Respiratory rate 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Temperature 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Admitted to ward 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Admitted to ICU 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Comorbid conditions
Chronic cardiac disease 1 (0.06) 1 (2.4) 0 (0) 0 (0) 0 (0)
Chronic pulmonary disease 1 (0.06) 1 (2.4) 0 (0) 0 (0) 0 (0)
Ever smoking 1 (0.06) 1 (2.4) 0 (0) 0 (0) 0 (0)
Hypertension 1 (0.06) 1 (2.4) 0 (0) 0 (0) 0 (0)
Diabetes 1 (0.06) 1 (2.4) 0 (0) 0 (0) 0 (0)
Obesity (BMI >30 kg/m2) 17 (9.4) 4 (9.5) 8 (14) 3 (5.8) 4 (7.4)

Comedication
Steroids 2 (1.1) 1 (2.4) 1 (1.8) 0 (0) 0 (0)
Other immunomodulatory drugs 2 (1.1) 1 (2.4) 1 (1.8) 0 (0) 0 (0)
ACE inhibitors 2 (1.1) 1 (2.4) 1 (1.8) 0 (0) 0 (0)
Angiotensin II receptor blockers 2 (1.1) 1 (2.4) 1 (1.8) 0 (0) 0 (0)

Hematology
Hemoglobin level 3 (1.7) 1 (2.4) 1 (1.8) 1 (1.9) 0 (0)
Leukocyte count 1 (0.6) 1 (2.4) 0 (0) 0 (0) 0 (0)
Neutrophil count 10 (5.5) 3 (7.1) 4 (7) 2 (3.8) 3 (5.6)
Lymphocyte count 9 (5) 2 (4.8) 4 (7) 2 (3.8) 3 (5.6)
Platelet count 3 (1.7) 1 (2.4) 1 (1.8) 1 (1.9) 1 (1.9)

Inflammatory markers
C-reactive protein level 2 (1.1) 0 (0) 1 (1.8) 1 (1.9) 0 (0)
Procalcitonin level 58 (32) 9 (21.4) 18 (31.6) 21 (40.4) 19 (35.2)
Ferritin level 9 (5) 0 (0) 3 (5.3) 3 (5.8) 4 (7.4)

Other
LDH level 8 (4.4) 1 (2.4) 5 (8.8) 1 (1.9) 4 (7.4)
D-dimer level 19 (10.5) 2 (4.8) 8 (14) 6 (11.5) 7 (13)
AST level 11 (6.1) 2 (4.8) 5 (8.8) 3 (5.8) 4 (7.4)
ALT level 8 (4.4) 2 (4.8) 2 (3.5) 3 (5.8) 2 (3.7)
Creatinine/eGFR 1 (0.6) 0 (0) 0 (0) 1 (1.9) 0 (0)

Viral load (oropharynx)
Viral load 48 (26.5) 10 (23.8) 12 (21.1) 17 (32.7) 11 (20.4)

Anti–SARS-CoV-2 antibodies
Seroconverted (RBD ≥5) 54 (29.8) 9 (21.4) 18 (31.6) 17 (32.7) 17 (31.5)
Seroconverted (nucleocapsid ≥10) 54 (29.8) 9 (21.4) 18 (31.6) 17 (32.7) 17 (31.5)

ACE = angiotensin-converting enzyme; ALT = alanine aminotransferase; AST = aspartate aminotransferase; BMI = body mass index; eGFR = esti-
mated glomerular filtration rate; HCQ = hydroxychloroquine; ICU = intensive care unit; IQR = interquartile range; LDH = lactate dehydrogenase;
P–F = Po2–FIo2; RBD = receptor-binding domain; SoC = standard of care.
* Values are numbers (percentages). This table corresponds with Table 1, indicating all missing values for the whole study population as well as the
intervention groups and their respective, concurrent SoC groups.
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Appendix Table 2. Patient Discharge Status*

Discharged to SoC (n = 87) Remdesivir þ
SoC (n = 42)

HCQ þ
SoC (n = 52)

Total
(n = 181)

Home 64 (73.6) 28 (66.7) 37 (71.2) 129 (71.3)
Home, requiring municipal assistance 3 (3.4) 2 (4.8) 3 (5.8) 8 (4.4)
Recreation stay 3 (3.4) 3 (7.1) 2 (3.8) 8 (4.4)
Municipal rehabilitation/nursing home 8 (9.2) 5 (11.9) 4 (7.7) 17 (9.4)
Local hospital 1 (1.1) 0 (0) 0 (0) 1 (0.6)
NK 8 (9.2) 4 (9.5) 6 (11.5) 18 (9.9)

HCQ = hydroxychloroquine; NK = not known; SoC = standard of care.
* Data are absolute numbers (percentages).
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Appendix Table 3. AEs, Safety Data, and SUSARs*

Variable SoC (n = 87) Remdesivir þ SoC (n = 42) HCQ þ SoC (n = 52)

Total AEs, n 33 34 26
Patients with AE 22 (25.3) 20 (38.5) 16 (38.1)
Patients with >1 AE 7 (8.0) 6 (14.0) 5 (9.3)
Patients with AEs, by system organ class

Blood and lymphatic system disorders 0 (0) 0 (0) 1 (1.9)
Cardiac disorders 1 (1.1) 2 (4.8) 0 (0)
Gastrointestinal disorders 2 (2.3) 3 (7.1) 4 (7.7)
General disorders and administration site conditions 3 (3.4) 2 (4.8) 0 (0)
Hepatobiliary disorders 1 (1.1) 0 (0) 0 (0)
Infections and infestations 4 (4.6) 0 (0) 1 (1.9)
Injury, poisoning, and procedural complications 2 (2.3) 0 (0) 0 (0)
Investigations 3 (3.4) 4 (9.5) 6 (11.5)
Metabolic and nutritional disorders 0 (0) 0 (0) 1 (1.9)
Musculoskeletal and connective tissue disorders 0 (0) 0 (0) 2 (3.8)
Neoplasms: benign, malignant, and unspecified 1 (1.1) 0 (0) 0 (0)
Nervous system disorders 2 (2.3) 2 (4.8) 1 (1.9)
Renal and urinary disorders 1 (1.1) 0 (0) 1 (1.9)
Respiratory, thoracic, and mediastinal disorders 8 (9.2) 6 (14.3) 7 (13.5)
Skin and subcutaneous tissue disorders 0 (0) 2 (4.8) 0 (0)
Vascular disorders 1 (1.1) 1 (2.4) 1 (1.9)

Serious AEs, n† 20 13 12
Patients with serious AE 13 (14.9) 8 (15.4) 10 (23.8)
Patients with serious AEs, by system organ class

Gastrointestinal disorders 1 (1.1) 1 (2.4) 0 (0)
General disorders and administration site conditions 2 (2.3) 1 (2.4) 0 (0)
Hepatobiliary disorders 1 (1.1) 0 (0) 0 (0)
Infections and infestations 2 (2.3) 0 (0) 1 (1.9)
Injury, poisoning, and procedural complications 2 (2.3) 0 (0) 0 (0)
Investigations 1 (1.1) 2 (4.8) 2 (3.8)
Neoplasms: benign, malignant, and unspecified 1 (1.1) 0 (0) 0 (0)
Nervous system disorders 1 (1.1) 1 (2.4) 0 (0)
Renal and urinary disorders 1 (1.1) 0 (0) 1 (1.9)
Respiratory, thoracic, and mediastinal disorders 6 (6.9) 5 (11.9) 7 (13.5
Patients with prolonged rate-corrected QT interval 0 (0) 0 (0) 2 (3.8)
Withdrawal of treatment due to AE 0 (0) 0 (0) 2 (3.8)
Event with fatal outcome 0 (0) 0 (0) 0 (0)

SUSAR
Hemorrhagic diarrhea 0 (0) 1 (2.4) 0 (0)

AE = adverse event; HCQ = hydroxychloroquine; SoC = standard of care; SUSAR = suspected unexpected serious adverse reaction.
* Values are numbers of patients (percentages) unless otherwise specified. An AE was considered serious if, in the view of either the investigator or
the sponsor, any of the following outcomes occurred: death, a life-threatening AE, prolongation of existing hospitalization, a persistent or significant
incapacity or substantial disruption of the ability to conduct normal life functions, or a congenital anomaly/birth defect or important medical events.
† Several events have may have occurred to 1 patient.
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Appendix Figure 1.Cumulative probability plots for duration of mechanical ventilation and intensive care unit stay.
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Appendix Figure 2. Box plots of change from baseline to days 7 and 10 in viral load and P–F ratio.
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Appendix Figure 3. Effect of remdesivir on inflammatory markers, lymphocytes, and neutrophils.
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EDTA plasma samples were taken at randomization, between days 3 and 5, between days 7 and 9, and weekly thereafter. CRP, ferritin, procalcitonin,
LDH, lymphocytes, and neutrophils were analyzed by the routine laboratory at the hospitals included in the study. Treatment effects are given as esti-
mated differences in daily decrease rates (slopes) of the variables between remdesivir and its SoC during the first week, and in differences in point esti-
mates at day 10. Results are presented as estimated treatment differences with 95% CIs. CRP = C-reactive protein; LDH = lactate dehydrogenase; SoC =
standard of care.
* To convert to SI units (mkat/L), multiply by 0.0167.
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Appendix Figure 4. Effect of HCQ on inflammatory markers, lymphocytes, and neutrophils.
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EDTA plasma samples were taken at randomization, between days 3 and 5, between days 7 and 9, and weekly thereafter. CRP, ferritin, procalcitonin,
LDH, lymphocytes, and neutrophils were analyzed by the routine laboratory at the hospitals included in the study. Treatment effects are given as esti-
mated differences in daily decrease rates (slopes) of the variables between HCQ and its SoC during the first week, and in differences in point estimates
at day 10. Results are presented as estimated treatment differences with 95% CIs. CRP = C-reactive protein; HCQ = hydroxychloroquine; LDH = lactate
dehydrogenase; SoC = standard of care.
* To convert to SI units (mkat/L), multiply by 0.0167.
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Appendix Figure 5. Efficacy of remdesivir on viral clearance in patients with short versus long symptom duration, with high versus low
baseline viral load, and with the presence or absence of SARS-CoV-2 antibodies.
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Subgroup analyses evaluating the effect on viral clearance of remdesivir compared with SoC in patients with short (<7 d) and long (≥7 d) symptom dura-
tion before hospitalization (upper left), in patients with high or low viral load (defined as above or belowmedian level, respectively) at admission to hos-
pital (lower left), and in the presence or absence of SARS-CoV-2 antibodies to RBD (cutoff ≥5) (upper right) and nucleocapsid (cutoff ≥10) (lower right).
Treatment effects are given as estimated differences in average daily viral decrease rates (slopes) during the first week, between remdesivir and SoC,
for all subanalyses. Results are presented as estimated treatment differences with 95% CIs. RBD = receptor-binding domain; SoC = standard of care.
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Appendix Figure 6. Efficacy of HCQ on viral clearance in patients with short versus long symptom duration, with high versus low base-
line viral load, and with the presence or absence of SARS-CoV-2 antibodies.
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Subgroup analyses evaluating the effect on viral clearance of HCQ compared with SoC in patients with short (<7 d) and long (≥7 d) symptom duration
before hospitalization (upper left), in patients with high or low viral load (defined as above or below median level, respectively) at admission to hospital
(lower left), and in the presence or absence of SARS-CoV-2 antibodies to RBD (cutoff ≥5) (upper right) and nucleocapsid (cutoff ≥10) (lower right).
Treatment effects are given as estimated differences in average daily viral decrease rates (slopes) during the first week, between HCQ and SoC, for all
subanalyses. Results are presented as estimated treatment differences with 95% CIs. HCQ = hydroxychloroquine; RBD = receptor-binding domain;
SoC = standard of care.
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Appendix Figure 7. Effect of remdesivir on inflammatory markers, lymphocytes, and neutrophils.
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In subgroup analyses evaluating the effect of viral clearance related to age (≥60 vs. <60 y) and degree of inflammation (ferritin and CRP; levels greater
than or equal to median vs. lower than median) at baseline. Treatment effects are given as estimated differences in average daily viral decrease rates
(slopes) during the first week, between remdesivir and SoC, for all subanalyses. Results are presented as estimated treatment differences with 95% CIs.
CRP = C-reactive protein; SoC = standard of care.
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Appendix Figure 8. Effect of HCQ on inflammatory markers, lymphocytes, and neutrophils.
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In subgroup analyses evaluating the effect of viral clearance related to age (≥60 vs. <60 y) and degree of inflammation (ferritin and CRP; levels greater
than or equal to median vs. lower than median) at baseline. Treatment effects are given as estimated differences in average daily viral decrease rates
(slopes) during the first week, between hydroxychloroquine and SoC, for all subanalyses. Results are presented as estimated treatment differences with
95% CIs. CRP = C-reactive protein; HCQ = hydroxychloroquine; SoC = standard of care.
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