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Background. Tocilizumab, an interleukin 6 receptor (IL-6R) antagonist monoclonal antibody, has shown efficacy in patients
with coronavirus disease 2019 (COVID-19) pneumonia, but the optimal dose is unknown.

Methods. Patients hospitalized for moderate to severe COVID-19 pneumonia were randomized 1:1 to receive standard of care
treatment and 1-2 doses of intravenous tocilizumab 4 mg/kg or 8 mg/kg (open-label). Primary pharmacokinetic and pharma-
codynamic end points were serum concentrations of tocilizumab and soluble interleukin 6 receptor (sIL-6R), IL-6, ferritin, and
C-reactive protein (CRP), from baseline to day 60. The secondary end point was safety. Key exploratory efficacy end points included
clinical status, time to discharge, mortality rate, and incidence of mechanical ventilation.

Results.  Of 100 patients randomized, 49 received tocilizumab 4 mg/kg and 48 received 8 mg/kg. In pharmacokinetic and sIL-6R
assessments, dose-dependent differences were seen in patients who received 1 or 2 doses of 4 or 8 mg/kg. Serum concentrations of
IL-6, ferritin, and CRP and safety outcomes were comparable between groups. Through day 60, serious adverse events were reported
in 30.6% and 25.0% of patients in the 4- and 8-mg/kg groups, respectively. Eight patients (16.3%) in the 4-mg/kg group and 6 (12.5%)
in the 8-mg/kg group died. Exploratory time-to-event outcomes favored 8 mg/kg within the first 2 weeks.

Conclusions. In patients with moderate to severe COVID-19 pneumonia who received tocilizumab 4 or 8 mg/kg, pharmaco-
kinetic and sIL-6R assessments showed expected dose-dependent effects; pharmacodynamic assessments and safety were compa-
rable, with no new safety signals. Further study is required before a lower dose of tocilizumab can be recommended in patients with
COVID-19 pneumonia.

Clinical Trials Registration. NCT04363736.
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Coronavirus disease 2019 (COVID-19) has taken an immense
toll on human health, with >250 million confirmed cases and
>5 million deaths globally [1]. Approximately 20% of patients
with COVID-19 experience complications related to severe
pneumonia [2], which can progress to acute respiratory distress
syndrome and death [3-6]. Elevated levels of proinflammatory
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cytokines and mediators, such as interleukin 6 (IL-6),
C-reactive protein (CRP), and ferritin, are associated with poor
clinical outcomes [5, 7-10], which prompted observational
studies and clinical trials investigating the safety and efficacy of
immunomodulatory treatments early in the pandemic [11, 12].

Tocilizumab is an IL-6 receptor (IL-6R) antagonist mon-
oclonal antibody approved for use in inflammatory diseases,
including rheumatoid arthritis and cytokine release syndrome
associated with chimeric antigen receptor T-cell therapy [13-
15]. Results from randomized controlled trials in patients with
rheumatoid arthritis have shown efficacy of tocilizumab at
4- and 8-mg/kg doses [16-19]. Based on resolution of symp-
toms, tocilizumab was approved at an 8-mg/kg dose for cyto-
kine release syndrome induced by chimeric antigen receptor
T-cell therapy, although no formal dose-finding studies were
performed [14, 20].

Tocilizumab 4 or 8 mg/kg in Patients With COVID-19 « OFID « 1


mailto:william.stubbings@roche.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

Results from randomized clinical trials of tocilizumab in pa-
tients with COVID-19 have been discordant, possibly due to
differences in patient populations, coadministered treatments,
treatment timing, or the evolving standard of care (SOC) [11].
Most randomized trials and observational studies investigating
tocilizumab in patients with COVID-19 pneumonia have evalu-
ated the 8-mg/kg dose [21-28]; however, other studies have
shown potential benefits of doses of <4 mg/kg [29-31]. In June
2021, the US Food and Drug Administration authorized the
emergency use of tocilizumab (8 mg/kg for patients >30 kg) for
the treatment of COVID-19 in hospitalized patients receiving
systemic corticosteroids and requiring supplemental oxygen,
noninvasive or invasive mechanical ventilation, or extracorpo-
real membrane oxygenation (ECMO) [32].

This phase 2 clinical trial (MARIPOSA) investigated the
pharmacokinetics, pharmacodynamics, safety, and efficacy of
intravenous tocilizumab at 4- and 8-mg/kg doses in combina-
tion with SOC treatment in hospitalized patients for moderate
to severe COVID-19 pneumonia.

METHODS

Study Design and Patient Population
This phase 2, open-label, randomized study was conducted at
26 sites in the United States.

We included patients 218 years old hospitalized for mod-
erate to severe COVID-19 pneumonia detected by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)-positive
reverse-transcription polymerase chain reaction (RT-PCR)
(within 7 days before randomization) and confirmed by chest
radiography or computed tomography scan. Severe COVID-19
pneumonia was defined as patients having blood oxygen satu-
ration of <93% or partial pressure of oxygen to fraction of in-
spired oxygen ratio of <300 mm Hg. Patients with moderate
pneumonia did not meet the oxygen requirements of severe
pneumonia but had evidence of inflammation as indicated by
CRP levels >2x the upper limit of normal (ULN). All patients
received SOC treatment per local practice, which may have in-
cluded antiviral treatment, low-dose corticosteroids, and sup-
portive care. Patients who were on invasive ventilation >24
hours, on ECMO, in shock, or with multiorgan failure requiring
treatment in an intensive care unit were excluded.

Patient Consent Statement

All patients or their legally authorized representatives gave
written or oral informed consent. This study was conducted in
accordance with the International Council for Harmonisation
E6 guideline for good clinical practice and the Declaration of
Helsinki or local regulations, whichever afforded greater pa-
tient protection. This trial was approved by trial sites through
a central institutional review board or local institutional review
board or ethics committee at the study site.

Randomization and Treatments

Patients were randomized 1:1 through permuted-block ran-
domization to receive SOC and 1 dose of tocilizumab 4 or
8 mg/kg (maximum 800 mg) intravenously. An interactive
voice or web-based response system provided sites with treat-
ment assignments. Randomization was stratified by pneumonia
severity (moderate or severe). An additional infusion (same
as initial dose) could be administered 8 to 24 hours after the
first if a patient had a sustained fever or clinically significant
worsening of signs or symptoms, such as an increased supple-

mental oxygen requirement.

Outcomes and Assessments

The pharmacokinetic outcomes were serum concentrations of
tocilizumab at baseline and days 1, 2, 3, 7, 14, 21, 28, 35, and 60
following administration of tocilizumab 4 or 8 mg/kg. Timing
of sampling on day 1 and relative to second infusion are pro-
vided in the Supplementary Methods. Tocilizumab concen-
trations in serum samples were measured by enzyme-linked
immunosorbent assay performed at a central laboratory (QPS
Netherlands).

The pharmacodynamic outcomes were serum concentra-
tions of soluble IL-6 receptor (sIL-6R), IL-6, ferritin, and CRP
at the same time points as above following administration of
tocilizumab 4 or 8 mg/kg. The sIL-6R and IL-6 levels were
measured using immunoassays validated at QPS. Ferritin was
assessed using standard clinical chemistry at local clinical la-
boratories. CRP was measured using an in vitro diagnostic
method validated at PPD, Inc (cobas; Roche Diagnostics).

Key safety outcomes included (1) incidence and severity
of adverse events (AEs), with investigator text encoded using
the preferred terms in the Medical Dictionary for Regulatory
Activities, version 23.0, and severity determined according to
the National Cancer Institute Common Terminology Criteria
for Adverse Events, version 5.0; (2) SARS-CoV-2 viral load over
time in nasopharyngeal swab and bronchoalveolar lavage sam-
ples (if applicable); (3) time to RT-PCR virus negativity; (4)
proportion of patients with any posttreatment infection (as re-
ported by investigator) other than COVID-19; and (5) change
from baseline in targeted clinical laboratory test results.

Key exploratory efficacy outcomes included (1) clinical status,
as assessed using an ordinal scale ranging from 1 (discharged
or ready for discharge) to 7 (death) (Supplementary Table 1) at
days 14 and 28; (2) time to hospital discharge or “ready for dis-
charge” (as evidenced by normal body temperature and respi-
ratory rate and stable oxygen saturation on ambient air or <2 L
of supplemental oxygen) by day 28; (3) mortality rate by day 28;
and (4) incidence of mechanical ventilation up to day 28.

Statistical Methods
In healthy volunteers and patients with rheumatoid arthritis,
20-30 individuals per treatment arm was adequate to study
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between-participant and within-participant pharmacokinetic
variability [33]. However, the variability of pharmacokinetic
parameters in a heterogeneous population of patients with
COVID-19 was unknown; therefore, 50 patients per treatment
arm were enrolled. The modified intention-to-treat (mITT)
population included all patients who underwent randomization
and received either dose of tocilizumab.

The pharmacokinetic analysis population consisted of pa-
tients with 21 analyzed sample contributing toward the es-
timation of key parameters. The serum pharmacokinetics of
tocilizumab were summarized by estimating the total exposure
(area under the curve), maximum concentration, total clear-
ance, and volume of distribution.

Safety assessments were completed for all patients who re-
ceived any amount of tocilizumab. Efficacy outcomes were ex-
ploratory and were evaluated in the mITT population. Time

to hospital discharge was compared between the 2 doses using
proportional hazards models stratified by moderate vs severe
COVID-19 pneumonia. Cause-specific hazards are reported
with death as a competing risk. The Cochran-Mantel-Haenszel
test, stratified by COVID-19 severity at baseline, was used to
assess the between-group difference in mortality and incidence
of mechanical ventilation by day 28. Description of subgroup
analysis of mortality is provided in the Supplementary Methods.

RESULTS

Patient Disposition and Baseline Characteristics

A total of 100 patients were randomized; 3 patients did not re-
ceive tocilizumab. In the mITT and safety populations, 49 pa-
tients received tocilizumab 4 mg/kg plus SOC (1 dose, n = 37;
2 doses, n = 12) and 48 patients received tocilizumab 8 mg/kg

110 Patients were
assessed for eligibility

10 Excluded
4 Patients met >1
exclusion criterion
2 Patients did not

meet all inclusion
criteria

4 Patients excluded for
other reasons

100 Randomized

50 Randomized to
receive tocilizumab

4 mg/kg

1 Did not receive
tocilizumab 4 mg/kg

49 Were included in
the mI'T'T population

49 Were included in the
safety population

49 Were included in the
PK population

14 Discontinued
before day 28

35 Completed to
day 28

5 Discontinued
before day 60

30 Completed trial to
day 60

Figure 1.

50 Randomized to
receive tocilizumab

8 mg/kg

2 Did not receive
tocilizumab 8 mg/kg

48 Were included in
the mI'T'T population

48 Were included in the
safety population

47 Were included in the
PK population

9 Discontinued

before day 28

39 Completed to
day 28

4 Discontinued
before day 60

35 Completed trial to
day 60

Study flowchart. Abbreviations: mITT, modified intention-to-treat; PK, pharmacokinetic.
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plus SOC (1 dose, n = 39, 2 doses, n = 9; Figure 1). Median time
between first and second dose was 18.8 and 19.8 hours in the 4-
and 8-mg/kg groups, respectively (Supplementary Table 2). In
the 4- and 8-mg/kg groups, 11 patients (22.4%) and 9 patients

(18.8%) had moderate disease, respectively, and 38 (77.6%) and
39 (81.3%) patients had severe disease.

The baseline demographic data were generally comparable
between groups, with some differences observed for age and

Table 1.

Baseline Patient Demographics and Disease Characteristics in the Modified Intention-to-Treat Population

Characteristic

Tocilizumab 4 mg/kg (n = 49)

Tocilizumab 8 mg/kg (n = 48)

Male sex, No. (%) 27 (55.1) 30 (62.5)
Age, y, mean (SD) 56.8 (14.3) 59.8 (14.6)
Weight, kg, mean (SD) 88.45 (22.6) 93.95 (274)
Ethnicity, No. (%)?
Hispanic or Latino 11 (22.4) 15 (31.3)
Not Hispanic or Latino 35 (71.4) 32 (66.7)
Not stated 3(6.1) 0(0)
Unknown 0(0) 1(2.1)
Race, No. (%)°
American Indian or Alaska Native 2(4.1) 1(2.1)
Asian 3(6.1) 1(2.1)
Black or African American 20 (40.8) 13(27.1)
Native Hawaiian or other Pacific Islander 0 1(2.1)
White 15 (30.6) 23 (47.9)
Multiple 1(2.0) 0(0)
Unknown 8(16.3) 9(18.8)
Smoking history, No. (%)
Never 30 (61.2) 34 (70.8)
Current 3(6.1) 2(4.2)
Former 16 (32.7) 12 (25.0)
Ordinal scale for clinical status, No. (%)°
1 0 1(2.1)
2 8(16.3) 5(10.4)
3 16 (32.7) 11 (22.9)
4 20 (40.8) 24 (50.0)
5 5(10.2) 4(8.3)
6 0 3(6.3)
Disease severity (stratification), No. (%)
Moderate 11 (22.4) 9(18.8)
Severe 38 (77.6) 39 (81.3)
Corticosteroid use, No. (%) 11 (22.4) 11 (22.9)
Antiviral treatment, No. (%)° 25 (51.0) 19 (39.6)
CRP level
No. of patients 45 42

Median (range), mg/L
Ferritin level

No. of patients

Median (range), pmol/L
|6 level

No. of patients

2

Median (range), ng/L
sIL-6R level

146.6 (5.5-428.2) 1567.2 (4.7-438.2)

42
013.3 (123.6-30 013.2)

38
1958.3 (61.7-21 768.9)

41
64.2 (0.0-1820.0)

42
68.0 (0.0-2540.0)

No. of patients 45 43

Median (range), ng/L 37900.0 (17 500.0-69 400.0) 35300.0 (18 700.0-60 000.0)
Days from first COVID-19 symptom at baseline, median (range) 8.0 (1.0-20.0) 9.0 (3.0-68.0)
Days from COVID-19 diagnosis, median (range) 2.0 (0.0-14.0) 3.0 (0.0-13.0)

Abbreviations: COVID-19, coronavirus disease 2019; CRP, C-reactive protein; IL, interleukin

“Self-reported.

6; SD, standard deviation; sll-6R, soluble interleukin 6 receptor.

®Seven-category ordinal scale: 1, discharged (or ready for discharge as evidenced by normal body temperature and respiratory rate and stable oxygen saturation on ambient air or <2 L of
supplemental oxygen); 2, non-intensive care unit (ICU) hospital ward (or ready for hospital ward), not requiring supplemental oxygen; 3, non-ICU hospital ward (or ready for hospital ward),
requiring supplemental oxygen; 4, ICU or non-ICU hospital ward, requiring noninvasive ventilation or high-flow oxygen; 5, ICU, requiring intubation and mechanical ventilation; 6, ICU, re-
quiring extracorporeal membrane oxygenation or mechanical ventilation and additional organ support; 7, death.

°Antiviral treatments included lopinavir-ritonavir, remdesivir, lopinavir, ritonavir, chloroguine, hydroxychloroguine, and hydroxychloroquine sulfate.
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race (Table 1). The mean age was 56.8 (standard deviation [SD],
14.3) years in the 4-mg/kg group and 59.8 (SD, 14.6) years in
the 8-mg/kg group. In the 4- and 8-mg/kg groups, 20 (40.8%)
and 13 (27.1%) patients, respectively, were Black or African
American and 15 (30.6%) and 23 (47.9%), respectively, were
White. Overall, 11 patients (22.4%) in the 4-mg/kg group and
15 (31.3%) in the 8-mg/kg group were Hispanic or Latino. At
baseline, the proportions of patients receiving corticosteroid
and all antiviral treatments were comparable between the 4-
and 8-mg/kg groups (11 [22.4%] vs 11 [22.9%] and 25 [51.0%]
vs 19 [39.6%], respectively). The proportion of patients with
previous remdesivir use within 7 days of baseline was com-
parable between the 4- and 8-mg/kg groups (12 [24.5%] vs 11
[22.9%], respectively; Supplementary Table 3). Postbaseline,
differences were observed in the proportion of patients re-
ceiving concomitant systemic corticosteroids (12 [24.5%] and
16 [33.3%] in the 4- and 8-mg/kg groups, respectively) and
remdesivir (25 [51.0%] and 20 [41.7%], in the 4- and 8-mg/kg
groups, respectively).

Pharmacokinetic Outcomes
The pharmacokinetic population included 49 patients who re-
ceived tocilizumab 4 mg/kg and 47 who received tocilizumab
8 mg/kg. Serum tocilizumab concentrations peaked following
the end of each infusion and then declined; concentration-
time profiles in patients who received two 4-mg/kg doses of
tocilizumab were similar to those in patients who received one
8-mg/kg dose (Figure 2).

Population pharmacokinetic estimates of tocilizumab max-
imum concentration and area under the curve between days

0 and 28 increased with increasing dose, with patients who
received 2 doses of tocilizumab 4 mg/kg having values in the
same range as those in patients who received 1 dose of 8 mg/kg
(Supplementary Table 4). Linear clearance estimates were sim-
ilar for 1 and 2 doses of tocilizumab 4 mg/kg and for 1 dose
of tocilizumab 8 mg/kg but showed a 26% increase in the geo-
metric mean when 8 mg/kg was administered twice compared
with a single administration. The volume of the central com-
partment was similar for all dose groups.

Pharmacodynamic Outcomes

Serum sIL-6R concentrations increased immediately following
tocilizumab administration, with a similar rate of sIL-6R-
tocilizumab complex production up to day 7 in both groups
(Figure 3A). Maximum geometric mean serum sIL-6R concen-
trations were recorded on day 7 for the 4-mg/kg group and on
day 14 for the 8-mg/kg group. Geometric mean serum sIL-6R
concentrations were lower in the 4-mg/kg group than in the
8-mg/kg group between days 14 and 35. Interpatient variability
was low to moderate over time in both dose groups (Figure 3A).

Serum IL-6 concentrations increased immediately following
the tocilizumab infusion, peaking at day 3 for both doses. No
notable differences were observed between the 2 doses in the
IL-6 serum concentration-time profiles up to day 60 (Figure
3B).

Geometric mean serum CRP concentrations were above the
ULN at baseline in both groups. Following tocilizumab admin-
istration, the geometric mean concentrations decreased rapidly
from baseline to below the ULN at day 7 and remained close to
or below the ULN from day 7 to day 60. No notable differences
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Figure 2. Serum tocilizumab concentration over time by 4-mg/kg (1 or 2 doses) vs 8-mg/kg (1 or 2 doses) groups in the pharmacokinetic population. Data points around
the nominal time of 1 and 2 days included pre— and post—second infusion measurements for patients receiving a second infusion. Values below the limit of quantitation
were set to 0 prior to maximum concentration and missing thereafter. Abbreviations: SOC, standard of care; TCZ, tocilizumab.
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Figure 3. Pharmacodynamics of soluble interleukin 6 receptor (A), interleukin 6

(B), C-reactive protein (C), and ferritin (D) in the modified intention-to-treat popula-
tion. C-reactive protein and ferritin levels presented were from a central laboratory
(QPS Netherlands). Values below the limit of quantitation were set to 0 predose and
0.5 times the lower limit of quantitation thereafter. Day 21 samples for 1 patient
were collected on actual day 27. Day 60 was assumed as any study completion visit
after day 50. Abbreviations: SOC, standard of care; TCZ, tocilizumab.

were observed between the 2 doses in the CRP concentration-
time profiles up to day 60 (Figure 3C).

Geometric mean serum ferritin concentrations were above
the ULN at baseline. Following tocilizumab administration, a
marked decrease in serum ferritin concentrations was observed
in both groups from approximately day 7 to day 35, with the

geometric mean concentrations close to normal range by day
21 (Figure 3D).

Safety Outcomes

Adverse events through day 60 occurred in 57.1% of patients
in the 4-mg/kg group and 45.8% in the 8-mg/kg group (Table
2). Serious AEs were reported in 30.6% and 25.0% of patients
in the 4- and 8-mg/kg groups, respectively. Eight patients
(16.3%) in the 4-mg/kg group and 6 (12.5%) in the 8-mg/kg
group died (Table 2 and Supplementary Table 5). Infections
were the most common AE by System Organ Class and of spe-
cial interest (Supplementary Table 6). In the 4-mg/kg group, 10
posttreatment infections were observed in 8 patients (16.3%);
in the 8-mg/kg group, 6 posttreatment infections were observed
in 5 patients (10.4%) (Table 2). The majority of posttreatment
infections were reported as serious; 4 patients (8.2%) experi-
enced 5 serious infections in the 4-mg/kg group, and 4 (8.3%)
experienced 4 serious infections in the 8-mg/kg group. The
most frequently reported serious infections were events related
to sepsis (5 patients [including septic shock and sepsis]) and
pneumonia (2 patients). Results of targeted clinical laboratory
results, SARS-CoV-2 viral load over time, and time to RT-PCR
virus negativity are described in the Supplementary Results.

Exploratory Efficacy Outcomes

No formal statistical comparisons between the 4- and 8-mg/kg
groups were conducted for exploratory efficacy outcomes be-
cause the main objectives were pharmacokinetic and pharma-
codynamic outcomes; at the beginning of the pandemic, there
was insufficient information to design a noninferiority trial to
compare efficacy of 4 and 8 mg/kg. In the analysis of clinical
status, the 7-category ordinal scale distribution favored the
8-mg/kg group from day 2 until day 7, but there were no dif-
ferences between the groups at day 28 (Supplementary Table 7
and Supplementary Figure 1). A trend for increased progres-
sion toward worse clinical status (categories 5 and 6) and death
(category 7) was seen up to day 14 for the 4-mg/kg vs 8-mg/
kg group, followed by no notable difference between groups at
days 21 and 28.

Overall, 39 patients (79.6%) in the 4-mg/kg group and 38 pa-
tients (79.2%) in the 8-mg/kg group were discharged or ready
to be discharged by day 28, as assessed by hospital records
(Supplementary Table 7). In the cause-specific analysis of the
time to hospital discharge, the hazard ratio (HR) for hospital
discharge favored the 8-mg/kg group (HR, 0.876 [95% confi-
dence interval {CI}, .55-1.40]). The cumulative incidence func-
tions over time for hospital discharge (ordinal scale category 1)
indicated a potential benefit in patients with severe COVID-19
pneumonia in the 8-mg/kg group at day 7 (21.1% vs 41.0% in the
4- and 8-mg/kg groups, respectively; Supplementary Figure 2).

The mortality rate at day 28 was higher in the 4- vs 8-mg/
kg group (7 patients [14.3%] vs 5 [10.4%], respectively); the
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Table 2. Adverse Events® Through Day 60 in the Safety Population

Characteristic

Tocilizumab 4 mg/kg (n = 49)

Tocilizumab 8 mg/kg (n = 48) All Patients (N = 97)

Any AE

Patients with >1 event 28 (57.1) 22 (45.8) 50 (51.5)
Total No. of AEs 63 64 127
Patients with >1 related AE 2(4.1) 1(2.1) 3(3.1)
Deaths 8(16.3) 6 (12.5) 14 (14.4)
No. of patients who discontinued the study due to an AE 0 0
Patients with >1 of the following:
SAE 15 (30.6) 12 (25.0) 27 (27.8)
Related SAE 0(0) 1(2.1) 1(1.0)
Grade 3-5 event 16 (32.7) 13 (27.1) 29 (29.9)
Infection 8(16.3) 5 (10.4) 13 (13.4)
Total No. of events 10 6 16
Serious infection 4(8.2) 4(8.3) 8(8.2)
Total No. of events 4 9
Events with incidence of >2% in either group
Septic shock 1(2.0) 2(4.2) 3(3.1)
Pneumonia 1(2.0) 1(2.1) 2(2.1)
Sepsis 1(2.0) 1(2.1) 2(2.1)

Data are presented as No. (%) unless otherwise indicated.
Abbreviations: AE, adverse event; SAE, serious adverse event.

“Investigator text for AEs was encoded using the preferred terms in the Medical Dictionary for Regulatory Activities, version 23.0. For frequency counts by preferred term, multiple occur-
rences of the same AE in an individual were counted only once. For total number of events, multiple occurrences of the same AE in an individual were counted separately.

weighted difference between the treatment groups was —4.5%
(95% CI, -18.2% t0 9.2%) (Supplementary Table 7). None of the
subgroups showed a clear difference between the 2 treatment
groups in the odds ratio for mortality at day 28 (Supplementary
Figure 3).

In both groups, the proportion of patients on mechanical
ventilation (or ECMO) increased from baseline until day 7 and
then declined due to clinical improvement. The incidence of
mechanical ventilation to day 28, including mechanical venti-
lation ongoing at baseline, was 14 patients (28.6%) in the 4-mg/
kg group and 15 (31.3%) in the 8-mg/kg group (Supplementary
Table 7); the weighted difference was 1.5% (95% CI, -16.4% to
19.5%). In the patients who were not on mechanical ventilation
at baseline, the incidence of new mechanical ventilation events
to day 28 was 10 patients (22.2%) in the 4-mg/kg group and
8 (19.5%) in the 8-mg/kg group (Supplementary Table 7); the
weighted difference was -3.2% (95% CI, -20.6% to 14.1%).

DISCUSSION

In this randomized phase 2 trial of hospitalized patients with
moderate to severe COVID-19 pneumonia who received
tocilizumab 4 or 8 mg/kg, pharmacokinetic and sIL-6R assess-
ments showed expected dose-dependent effects. Serum sIL-6R
concentrations were lower between days 14 and 35 in the 4-mg/
kg group compared with the 8-mg/kg group. Similarly, there
was a higher clearance of tocilizumab serum concentrations
observed in the 8-mg/kg than in the 4-mg/kg group. This dif-
ference between the 2 doses is possibly related to an unbalanced

distribution of covariates known to have a positive impact
on tocilizumab clearance, including body weight [33], with a
higher mean body weight in the 8-mg/kg group than the 4-mg/
kg group.

Serum sIL-6R concentrations were lower between days 14
and 35 in the 4-mg/kg group than in the 8-mg/kg group; as ex-
pected, the duration of target engagement was longer for the
8-mg/kg dose than the 4-mg/kg dose. Otherwise, pharmaco-
dynamic assessments revealed no clear differences between the
tocilizumab doses in serum IL-6, CRP, or ferritin concentra-
tions up to day 60.

The safety of tocilizumab 4 mg/kg was comparable to that of
8 mg/kg. No new safety signals were identified. Results of the
present MARIPOSA trial are consistent with those of other ran-
domized trials of tocilizumab in COVID-19 [21-28]. Overall
mortality rates and frequency of serious AEs in this trial were
lower than those in the COVACTA trial [23] but higher than
those in the EMPACTA trial [24], possibly due to differences
in patient populations and improvements in SOC. Patients
enrolled in the COVACTA trial [23] had baseline disease se-
verity ranging from moderate hypoxia to requiring mechan-
ical ventilation and/or ECMO, whereas patients enrolled in the
EMPACTA trial [24] were at an earlier disease stage and not
receiving noninvasive or invasive mechanical ventilation. In the
MARIPOSA trial, patients receiving noninvasive or invasive
mechanical ventilation were included, with approximately 10%
receiving invasive ventilation. However, patients on invasive
ventilation >24 hours, on ECMO, in shock, or with other organ
failure were excluded. SOC evolved between the COVACTA,
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MARIPOSA and EMPACTA trials, with 73% of patients in the
EMPACTA trial receiving corticosteroids at baseline [24] com-
pared with 22% of COVACTA patients [23] and 22% of patients
in the MARIPOSA trial. The proportion of patients receiving
antiviral agents (including remdesivir) was approximately 25%
in COVACTA at baseline [23], whereas approximately 45% of
patients received antivirals in MARIPOSA and 79% received
antivirals in EMPACTA [24]. Finally, in contrast with the global
COVACTA and EMPACTA trials, the MARIPOSA trial in-
cluded only patients in the United States. In the COVACTA,
EMPACTA, and MARIPOSA trials, septic shock was the most
common serious infection (other than COVID-19 pneumonia),
with similar rates in each trial (2.4%, 2.0%, and 3.1%, respec-
tively) [23, 24].

In exploratory efficacy analyses, the 7-category ordinal scale

distribution favored the 8-mg/kg group from day 2 until 7, but
the significance of this finding is unclear because there was no
difference between groups at later time points. The HRs for time
to discharge, 28-day mortality rate, and initiation of mechan-
ical ventilation all favored 8 mg/kg. The exploratory nature of
these analyses, differences in corticosteroid and remdesivir use
between groups, and small sample size warrant caution in inter-
pretation of results.
The open-label design is a limitation of this study; however,
pharmacokinetic and pharmacodynamic end points were un-
likely to be affected by awareness of tocilizumab dose. The trial
was not powered to evaluate efficacy and did not have a placebo
arm.

CONCLUSIONS

In this randomized clinical trial of hospitalized patients with
moderate to severe pneumonia who received 1-2 doses of
tocilizumab 4 or 8 mg/kg, pharmacokinetic assessments and
sIL-6R levels showed expected dose-dependent effects, whereas
other pharmacodynamic assessments revealed no clear dif-
ferences between the 2 dose regimens. Safety outcomes were
comparable between groups, and no new safety signals were
identified. Exploratory efficacy results indicated that further
study is required before a lower tocilizumab dose can be re-
commended in patients with moderate to severe COVID-19
pneumonia.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.
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