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Hyperinflammation and COVID-19 early in the pandemic…
If only it were this simple (March 2020)



A newer paradigm for hyperinflammation (September 2021)

COVID-19 disease course 
and clinical markers of 
severity. 
The clinical course of COVID-
19 can be categorized into 
stages:
(1) preclinical/mild
(2) moderate
(3) severe/critical.

…”the disease advances 
beyond stage 1 if the anti-
inflammatory checkpoints 
of the host’s immune 
responses fail and the 
balance between virus 
control and inflammation 
is lost “



Role for IL-6 inhibition in COVID-19 – Early case reports, 
and CRS as a model

• Published in April 2020 PNAS (Pre-
print sooner).

• O2 requirements reduced 16/21; 
fever resolved 21/21; resolution of 
chest opacities on imaging (19/21); 
“19 out of 21 patients discharged; 
2 others remain hospitalized”

• Why the initial comfort level and 
excitement for IL-6i? Familiar drug, 
approved for RA, GCA, CRS.
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An early explosion in trials and utilization of IL-6 inhibitors (IL-6i)



An early explosion in trials and utilization of IL-6 inhibitors (IL-6i)

Tocilizumab COVID-19 utilization at AMITA (Chicagoland community based health system)

4/6/2020 to present: 570 patients
Vast majority treated prior to EUA (6/24/2021)
Helps explain shortages in our rheumatology practices



JAK1, JAK2, JAK3, TYK2: 
intracellular signal transducing 

molecules → inflammatory, anti-
viral, and hematopoetic effects

JAK inhibition in inflammation

• JAKs (JAK1/2/3 and TyK 2) have 

inflammatory, anti-viral, and 

hematopoetic effects via the JAK/STAT 

pathway

• Potential for broader downstream 

immunologic effects than single cytokine 

blockade

• JAKinibs block JAKs with specificity but 

clinical relevance unknown

• Interest in COVID-19:

• Baricitinib – JAK1 & JAK2

• Tofacitinib – pan-Jak (especially JAK3)

• Ruxolitinib – JAK1 & JAK2



BenevolentAI: Interest of baricitinib early in pandemic

• Baricitinib identified as an 
early molecule of interest 
based on “machine based 
learning algorithm”

• Artificial intelligence matched 
known pathways in COVID-19 
with known therapeutics 

• Beyond JAK 1/2, Baricitinib
other effects on the kinome, 
blocking kinases (AAK1) 
implicated in viral entry

• Published in Lancet February 
2020



Flurry of COVID-19 inpatient RCTs with no standardization across 
primary endpoints

How much do endpoints other than mortality matter? 



No initial standardization across clinical status 
assessments

WHO NIAID

NIAID OS5-7 eventual sweet spot for inpatient clinical trials (trial eligibility and 
subgroup analysis)
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Tocilizumab studies 0.0: Case reports & observational 
studies generate promise and excitement 

• Typical dose 8 mg/kg as single IV infusion but 

some reports (and subsequent trials) 

described/allowed 2nd dose

• STOP-COVID – observational multicenter cohort 

study with 3924 critically ill patients (of whom 

433 received tocilizumab within 2 days of ICU 

admission); the risk of in-hospital death was 

estimated to be lower with tocilizumab treatment 

compared with no tocilizumab. 

• 30-day mortality toci 27.5% vs no toci 37.1%, 

(risk difference 9.6%; 95% CI 3.1%-16%); 

NNT ~ 10



Tocilizumab studies 1.0: Double-blind, placebo-controlled 
RCTs fail to show mortality benefit

Target 
population

Key eligibility 
criteria

Treatment Primary 
endpoint

Enrollment 
dates

COVACTA Hospitalized adults 
with hypoxia

COVID-19 (PCR)
Pneumonia (CXR or 
CT)
SpO2≤93% or 
PaFiO2/FiO2<300 
mmHg

TCZ 8 
mg/kg vs 
PBO

Clinical status at 
day 28 on 7-
category ordinal 
scale

03 Apr 2020 –
28 May 2020

EMPACTA Hospitalized adults 
with hypoxia

COVID-19 (PCR)
Pneumonia (CXR or 
CT)
SpO2≤94%; NI/I MV 
excluded

TCZ 8 
mg/kg vs 
PBO

Mechanical 
ventilation or 
death by day 28

14 May 2020 –
21 Jul 2020

REMDACTA Hospitalized 
patients >12 yrs
old with hypoxia

COVID-19 (PCR)
Pneumonia (CXR or 
CT)
SpO2≤93% on 
>6L/min oxygen; renal 
failure excluded

TCZ 8mg/kg 
+ RDV vs 
PBO + RDV

Time to discharge 
or ready for 
discharge to day 
28

16 Jun 2020 –
04 Jan 2021

*TCZ in these trials was typically given in lieu of, and not in addition to steroids (RECOVERY-dex press release 6/16/2020)

Adapted with permission from Genentech

*



COVACTA EMPACTA REMDACTA

TCZ
N=294

PBO
N=144

TCZ
N=249

PBO
N=128

TCZ
N=430

PBO
N=210

Mortality 19.7% 19.4% 10.4% 8.6% 18.1% 19.5%

Weighted 
difference 
(95%CI)

0.3% (-7.6, 8.2) 2.0% (-5.2, 7.8) -1.3% (-7.8, 5.2)

Time to hospital 
DC/ Ready for DC

56.8% 50.0% 87.1% 82.8% 66.0% 67.1%

Median days 20 28 6 7.5 14 14

HR (95%CI) 1.35 (1.02, 1.79)* 1.16 (0.91, 1.48) 0.965 (0.78, 1.19)

MV or death 27.9% 36.7% 11.6% 18.8% 27.5% 29.8%

Weighted 
difference/ 
HR (95%CI)

-8.9% (-20.7, 3.0) 0.56 (0.33, 0.97)* -2.2% (-10.2, 5.9)

Tocilizumab studies 1.0 – placebo-controlled RCTs, 
failing to show mortality benefit

*TCZ in these trials was typically given in lieu of, and not in addition to steroids (RECOVERY-dex press release 6/16/2020)

Adapted with permission from Genentech



Safety of tocilizumab in RCTs

*TCZ in these trials was typically given in lieu of, and not in addition to steroids (RECOVERY-dex press release 6/16/2020)

Adapted with permission from Genentech

*

COVACTA EMPACTA REMDACTA

TCZ
N=295

PBO
N=143

TCZ
N=250

PBO
N=127

TCZ
N=429

PBO
N=213

AE 240 
(81.4%)

118 
(82.5%)

127 
(50.8%)

67 (52.8%) 332 
(77.4%)

153 
(71.8%)

SAE 116 
(39.3%)

64 (44.8%) 38 (15.2%) 25 (19.7%) 141 
(32.9%)

76 (35.7%)

Deaths 72 (24.4%) 36 (25.2%) 29 (11.6%) 15 (11.8%) 98 (22.8%) 55 (25.8%)

Infections 127 
(43.1%)

63 (44.1%) 25 (10.0%) 16 (12.6%) 143 
(33.3%)

76 (35.7%)

Serious infections 71 (24.1%) 42 (29.4%) 13 (5.2%) 9 (7.1%) 97 (22.6%) 59 (27.7%)

Opportunistic 
infections

1 (0.3%) 3 (2.1%) 0 0 6 (1.4%) 5 (2.3%)

Anaphylactic reactions 0 0 0 0 2 (0.5%) 0

Hepatic events 7 (2.4%) 3 (2.1%) 2 (0.8%) 0 8 (1.9%) 3 (1.4%)

Bleeding events 47 (15.9%) 18 (12.6%) 12 (4.8%) 8 (6.3%) 61 (14.2%) 24 (11.3%)



Dampening enthusiasm after Tociluzimab 1.0…



Tocilizumab 2.0 – A New Hope 
Two open label studies show mortality benefit

REMAP-CAP: Open-label, randomized, controlled study with COVID-19 inpatients with 

ICU admission within 24 hours

• tocilizumab (353) or sarilumab (48) IV vs standard care (402)

• 70%+ on dexamethasone; 30%+ on remdesivir

• Pooled IL6i mortality: 27% vs placebo: 36%. NNT ~ 11



Tocilizumab 2.0 – A New Hope (open label studies show mortality 
benefit)

RECOVERY-toci: 

Open-label, randomized, controlled, UK majority sites. COVID-19 inpatients with hypoxia 

(<92%, NC→MV), CRP ≥ 75 mg/dl

• tocilizumab n=2022 vs standard care n=2094

• 80%+ on dexamethasone; broadly used after RECOVERY-dex announcement June 2020



RECOVERY-toci: Mortality & safety results

28-day mortality:
toci 31% vs placebo 35%, 
NNT = 25

Safety: pre-specified 
safety outcomes including 
cause-specific mortality 
and major cardiac 
arrythmias showed “no 
difference between 
treatment arms”



• Data weaker for NIV (OS6) and IMV 
(OS7) subsets - keep in mind for 
JAKi data

• What’s more clinically relevant to 
identify patients – CRP levels or 
clinical status?

• ONLY significant for toci with 
concurrent steroid use

RECOVERY-toci: Subgroup analysis



Overall tociluzimab performance in meta-analysis



WHO meta-analysis: Background steroid use with tocilizumb
demonstrates mortality benefit  

• Prospective meta-analysis of 27 IL6i trials by WHO REACT Working Group

Adapted with permission from Genentech

A willingness to explore IL6i with concomitant steroids (bit different from JAKi)



Tocilizumab summary & EUA highlights

• MOA excitement & comfort + success in early case reports & observational studies = lots of 
utilization → shortages for our rheumatology patients

• Most trials including double-blind placebo-controlled RCTs did not show a mortality benefit

• Open-label studies including RECOVERY showed mortality benefit
• RECOVERY patients selected in part by elevated CRP but clinical status (NC vs BiPAP vs IMV) 

did not seem to matter
• Success limited to concomittant steroid-treated patients across trials
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• MOA excitement & comfort + success in early case reports & observational studies = lots of 
utilization → shortages for our rheumatology patients

• Most trials including double-blind placebo-controlled RCTs did not show a mortality benefit

• Open-label studies including RECOVERY showed mortality benefit
• RECOVERY patients selected in part by elevated CRP but clinical status (NC vs BiPAP vs IMV) 

did not seem to matter
• Success limited to concomittant steroid-treated patients across trials

EUA granted 6/24/2021 – Factsheet highlights:

• Receipt of systemic corticosteroids required

• Adults and kids > 2 years of age requiring oxygen support of any degree

• Adult dosing: 8 mg/kg max 800 mg IV

• If clinical signs/symptoms worsen or do not improve after 1st dose, 2nd dose may be given at 

least 8 hours after 1st  



JAKi to treat COVID-19

Honorable mentions

Tofacitinib: STOP-COVID. 289 patients – tofa vs pbo +SOC
-met primary endpoint: death or respiratory failure
-not powered to detect mortality differences, but trends favored

Ruxolitinib: RUXCOVID – 432 patients rux vs pbo + SOC
-negative study



Baricitinib for the treatment of COVID-19

FDA approved for COVID-19 5/10/2022, also approved for RA 
and alopecia areata): 

1) NIH ACTT-2

2) Initial safety hesitations/considerations & evolution in use

3) Pivotal COV-BARRIER & COV-BARRIER addendum trial

4) RECOVERY-baricitinib

5) Package insert highlights



NIH ACTT-2: First pivotal trial with baricitinib

• Adaptive platform trial: Baricitinib (BAR) + remdesivir (RDV) for hospitalized patients

• Patients could be enrolled if ”admitted to hospital with symptoms suggestive of COVID-19”

• No CRP or supplemental O2 requirements (most were on O2)

• BAR (4 mg/d x 14 days for GFR>60) + RDV (n=515) vs PBO + RDV (n=518)

• Dexamethasone not routinely used at the time. 20% on steroids for “standard 

indications” including asthma, adrenal insufficiency, septic shock, and ARDS.



NIH ACTT-2: First pivotal trial with baricitinib

• Adaptive platform trial: Baricitinib (BAR) + remdesivir (RDV) for hospitalized patients

• Patients could be enrolled if ”admitted to hospital with symptoms suggestive of COVID-19”

• No CRP or supplemental O2 requirements (most were on O2)

• BAR (4 mg/d x 14 days for GFR>60) + RDV (n=515) vs PBO + RDV (n=518)

• Dexamethasone not routinely used at the time. 20% on steroids for “standard 

indications” including asthma, adrenal insufficiency, septic shock, and ARDS.

• Primary endpoint: time to recovery by day 28 (i.e. how many days to get to OS1-3)

• Secondary endpoints: status at day 15 and mortality day 28



Baricitinib, ACTT-2: Median time to recovery



Baricitinib, ACTT-2: Median time to recovery

Improved median time to recovery most 
pronounced in OS6 (high-flow/NIV) –
OVERALL: BAR 7 days vs PBO + RDV 8 days
OS6: BAR 10 days vs PBO + RDV 18 days



Baseline: OS5 (Nasal canula O2) 

Baseline: OS6 - BiPAP Baseline: OS7 – IMV or ECMO

Baricitinib, ACTT-2: Outcomes on day 15 based on baseline severity



Baricitinib, ACTT-2: Mortality and safety

Mortality

• Kaplan–Meier estimates of mortality at day 28

• BAR + RDV: 5.1% vs PBO + RDV: 7.8% (HR 0.65)

• Study not powered to detect a difference in mortality but 

both the survival rate and the time-to-death analyses 

favored combination treatment

Safety

• SAEs: BAR + RDV: 16% vs PBO + RDV: 21% 

• 20% of patients who received steroids: Infections 

(serious/non-serious) 25.1% (56 of 223) vs 5.5% (44 of 

793)



Baricitinib, ACTT-2: Reception

• Results were not received with initial acclaim; questionable clinical importance of 1 day 

of earlier recovery

• Class-related VTE safety concerns (signal not seen in ACTT-2)

• EUA granted 11/19/2020. Initial use in EUA tied to remdesivir which had its skeptics. 

• Concern over combining with steroids. Placed initially in niche when tocilizumab 

unavailable, or as an alternative to dexamethasone – ACTT-4 Study BARI vs DEX 

started and eventually stopped for futility (though AEs lower in bari than in dex)



Baricitinib, COV-BARRIER: Second pivotal trial

• Phase 3, international, double-blind, placebo-controlled trial comparing barictinib 4 mg daily 

or placebo for up to 14 days in COVID-19+ hospitalized patients receiving standard of care 

(e.g., steroids and antivirals such as remdesivir but not required unlike ACTT-2)

• Hospitalized patients (OS4-6), special amendment: enrollment expanded for OS7 

(IMV/ECMO)

• At least one elevated inflammatory marker (CRP, ferritin, d-dimer, LDH) required

• BARI (n= 764) + SOC vs PBO (n = 761) + SOC

• Primary endpoint: progression to high-flow, NIV, IMV, or death by day 28. 

• Secondary endpoints: all-cause mortality by day 28, day 60 (exploratory endpoint)



~ 20% remdesivir, 80% dex; evenly distributed

Baricitinib, COV-BARRIER: Demographics



Baricitinib, COV-BARRIER: Results

Study did not meet primary endpoint 
(progression to increased O2 support or death), 
however bari showed 5% absolute reduction in 
all-cause mortality resulting in NNT=20



OS6 group NNT=8
Mortality benefit most driven by sickest 
patients (OS6 – HFNC/BiPAP). Treat 8 
patients to save 1 OS6 life.

Baricitinib, COV-BARRIER: Results

Study did not meet primary endpoint 
(progression to increased O2 support or death), 
however bari showed 5% absolute reduction in 
all-cause mortality resulting in NNT=20



• Clinical status appears to be 
more important than CRP
(resonated with ID/pulm)

• Supports use with 
concomitant steroids (dex
quickly became the SOC), 
but unclear if really needed 
– would love to see a trial 
address this

• Patients who received 
baseline RDV use did not 
benefit

Baricitinib, COV-BARRIER: Subgroup analysis



Baricitinib, COV-BARRIER addendum – Use in patients with OS7 

• Later, COV-BARRIER 

expanded to include 

IMV/ECMO (OS7) patients. 

• Pre-planned analysis 

targeting 100 patients. -

Mortality and VFDs pre-

specified primary 

endpoints.

• Results published in a later 

manuscript

28 DAY MORTALITY
NNT = 5

60 DAY MORTALITY
NNT=6



OS4-6

Baricitinib, COV-BARRIER: Safety



OS4-6

Baricitinib, COV-BARRIER: Safety



OS4-6

OS7

Baricitinib, COV-BARRIER: Safety



COV-BARRIER: Strengths, limitations, and reception

• Do non-mortality primary endpoints matter?

• Large, well-done double-blind placebo-controlled RCT

• Emphasis on clinical subgroups >> inflammatory markers

• Well-powered – OS6 (bipap) – treat 8 to save 1 life; OS7 (IMV) – treat 5 to 6 

• Clear data on adding onto dexamethasone. Remdesivir did not add much

• Clear data on safety, especially VTE

• Based on study, EUA use changed (ok to use with dex, ok to use without remdesivir)



Baricitinib, COV-BARRIER: Our experience

• How I got involved

• How we ran the study successfully in a community-based setting

• How it changed my clinical trial career



RECOVERY-bari

• Randomized, controlled, open-label platform trial assessing multiple possible treatments 

for patients hospitalized for COVID-19. Preprint only, awaiting manuscript

• Hypoxic hospitalized inpatients randomized to receive usual care plus baricitinib 4 mg/day 

x 10 days/discharge (n=4148) vs placebo (n=4008)

• Primary endpoint was mortality at day 28

• Prior or subsequent administration of tocilizumab was permitted at the discretion of the 

managing doctor (!)

• 95% of patients were receiving corticosteroids; 23% receiving tocilizumab (with planned 

use within the next 24 hours recorded for a further 9%



RECOVERY-bari: Results

• “No significant excess in death or infection due to non-COVID-19 causes and no excess of 
thrombosis, or other safety outcomes”

• Toci+bari tolerated fine but no real additional benefit



Baricitinib in COVID-19: Package insert highlights

Indication: COVID-19 treatment in hospitalized adults requiring supplemental oxygen, non-

invasive or invasive mechanical ventilation, or ECMO. (EUA remains in place kids 2+)

Dosage: 4 mg orally daily for up to 14 days. Dose reduction for renal failure; do not use 

eGFR <15 mL/min/1.73m2 (vs gfr 30 for RA/Alopecia). May be crushed and used through 

NG tube.

Monitoring:
• Latent TB testing not required for COVID-19

• Avoid initiation or interrupt baricitinib in patients with lymphopenia (ALC <200 cells/mm3) or neutropenia (ANC <500 

cells/mm3) 

• If increases in ALT or AST are observed and drug-induced liver injury is suspected, interrupt OLUMIANT until this diagnosis is 

excluded 

• Patients with symptoms of thrombosis should discontinue drug and be promptly evaluated

• In patients with COVID-19, monitor for signs and symptoms of new infections during and after treatment with OLUMIANT. 

There is limited information regarding the use of OLUMIANT in patients with COVID-19 and concomitant active serious 

infections. The risks and benefits of treatment with OLUMIANT in COVID-19 patients with other concurrent infections should 

be considered.
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Guidelines – NIH (updated 4/8/22) vs IDSA (updated 6/29/22)



Guidelines – NIH (updated 4/8/22) vs IDSA (updated 6/29/22)



Conclusions

• Hyperinflammation recognized early in COVID-19, and rheumatic drugs of high interest 

as possible treatments – leading to shortages for tocilizumab in our practices

• Heterogeneity in study design and mixed results (particularly with tocilizumab)

• Tocilizumab, when showing benefit in trials, required background steroids. Safety in 

RCTs overall reassuring

• Baricitinib effect more consistent across studies, pronounced effect in OS6 (high flow 

O2/BiPAP). Unclear need for steroids. Safety (VTE/infection) overall reassuring. FDA 

approved for adult inpatients requiring oxygen

• Implications for blocking infection related inflammation beyond COVID-19? Other causes 

of ARDS? Suspect there will be much more to follow…
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