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Abstract

Background: The ACTT risk profile, which was developed from ACTT-1 (Adaptive COVID-19 

Treatment Trial-1), demonstrated that hospitalized patients with COVID-19 in the high-risk 

quartile (characterized by low absolute lymphocyte count [ALC], high absolute neutrophil count 

[ANC], and low platelet count at baseline) benefited most from treatment with the antiviral 

remdesivir. It is unknown which patient characteristics are associated with benefit from treatment 

with the immunomodulator baricitinib.

Objective: To apply the ACTT risk profile to the ACTT-2 cohort to investigate potential 

baricitinib-related treatment effects by risk quartile.

Design: Post hoc analysis of ACTT-2, a randomized, double-blind, placebo-controlled trial. 

(ClinicalTrials.gov: NCT04401579)

Setting: Sixty-seven trial sites in 8 countries.

Participants: Adults hospitalized with COVID-19 (n = 999; 85% U.S. participants).

Intervention: Baricitinib + remdesivir versus placebo + remdesivir.

Measurements: Mortality, progression to invasive mechanical ventilation (IMV) or death, and 

recovery, all within 28 days; ALC, ANC, and platelet count trajectories.
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Results: In the high-risk quartile, baricitinib + remdesivir was associated with reduced risk for 

death (hazard ratio [HR], 0.38 [95% CI, 0.16 to 0.86]; P = 0.020), decreased progression to 

IMV or death (HR, 0.57 [CI, 0.35 to 0.93]; P = 0.024), and improved recovery rate (HR, 1.53 

[CI, 1.16 to 2.02]; P = 0.002) compared with placebo + remdesivir. After 5 days, participants 

receiving baricitinib + remdesivir had significantly larger increases in ALC and significantly larger 

decreases in ANC compared with control participants, with the largest effects observed in the 

high-risk quartile.

Limitation: Secondary analysis of data collected before circulation of current SARS-CoV-2 

variants.

Conclusion: The ACTT risk profile identifies a subgroup of hospitalized patients who benefit 

most from baricitinib treatment and captures a patient phenotype of treatment response to an 

immunomodulator and an antiviral. Changes in ALC and ANC trajectory suggest a mechanism 

whereby an immunomodulator limits severe COVID-19.

Primary Funding Source: National Institute of Allergy and Infectious Diseases.

ACTT (Adaptive COVID-19 Treatment Trial) was a series of large, double-blind, 

randomized, placebo-controlled trials that evaluated treatments for adults hospitalized with 

COVID-19 and helped define the standard of care. ACTT-1 showed that the antiviral 

remdesivir reduced time to recovery compared with placebo (1). Given emerging data 

at the time suggesting that host immune dysregulation was associated with COVID-19 

severity, ACTT-2 investigated the immunomodulator baricitinib. Baricitinib, a selective, 

orally administered Janus kinase (JAK) 1 and 2 inhibitor, inhibits the signaling pathways 

of several inflammatory cytokines associated with severe COVID-19, such as tumor 

necrosis factor-a, interleukin-6, and granulocyte colony-stimulating factor (2, 3). ACTT-2 

demonstrated that treatment with baricitinib+remdesivir further reduced time to recovery 

compared with placebo+remdesivir (4). Differential treatment effects were assessed by an 

8-point ordinal scale based on supplemental oxygen use (Supplement Table 1, available 

at Annals.org). The treatment effect of remdesivir in ACTT-1 was greatest in participants 

receiving low-flow oxygen at baseline (ordinal score [OS] 5) (1), and the treatment effect 

for baricitinib+remdesivir in ACTT-2 was greatest in participants receiving high-flow 

oxygen or noninvasive ventilation (OS6) (4). On the basis of these subgroup observations 

and data from additional clinical trials, society and government guidelines on COVID-19 

management make the strongest recommendations for remdesivir use in patients requiring 

low-flow supplemental oxygen and for baricitinib use in patients requiring high-flow oxygen 

or noninvasive ventilation (5).

There may, however, be patient-specific characteristics that, when added to oxygen 

requirement, more precisely define who may benefit from a particular COVID-19 

therapeutic, such as baricitinib. For example, ACTT-1 participants with a low absolute 

lymphocyte count (ALC), a high absolute neutrophil count (ANC), and a low platelet count 

at baseline were more likely to develop severe disease outcomes (6). These parameters were 

selected in previous work that applied data mining techniques to develop a risk profile, 

hereafter referred to as the “ACTT risk profile,” which predicted risk for progression 

to invasive mechanical ventilation (IMV) or death. Although oxygen requirement of 
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participants at baseline, or the baseline OS, was included in the risk profile by design, 

its contribution to the risk profile (hazard ratio [HR], 0.91) was substantially lower than 

the contributions of ANC (HR, 1.93), ALC (HR, 0.58), and platelet count (HR, 0.63) 

(Supplement Table 2, available at Annals.org), and compared with baseline OS alone, the 

ACTT risk profile better predicted progression to IMV or death (area under the receiver 

operating characteristic curve [AUROC], 0.73 vs. 0.53; P < 0.001) (6). When the treatment 

effect of remdesivir was assessed within risk quartiles, those in the high-risk quartile derived 

the greatest benefit. This quartile included a range of oxygen requirements, including some 

patients who required either IMV or extracorporeal membrane oxygenation (ECMO) (OS7), 

a group for which remdesivir is not generally recommended in treatment guidelines. These 

findings inspired the hypothesis that respiratory status alone is insufficient for identification 

of subgroups that benefit most from different COVID-19 therapeutics, as some persons 

within each oxygen requirement group may benefit more than others.

In this study, we applied the ACTT risk profile to the ACTT-2 data set and explored the 

treatment effect of baricitinib by risk quartile to ascertain whether, similar to our findings 

with remdesivir, we could more precisely characterize who will benefit from baricitinib.

Methods

Data Set

ACTT-1 (ClinicalTrials.gov: NCT04280705) enrolled 1062 participants from 21 February 

to 19 April 2020 (1), and ACTT-2 (ClinicalTrials.gov: NCT04401579) enrolled 1033 

participants from 8 May to 1 July 2020 (4). Overall, ACTT-1 and ACTT-2 enrolled patients 

from 81 hospitals in 11 countries (82% U.S. participants); ACTT-2 included 67 sites in 

8 countries (85% U.S. participants). Eligibility criteria and clinical assessments conducted 

through study day 28 were similar between the trials. Steroids were permitted only for 

non–COVID-19 indications. A total of 999 ACTT-2 participants who received their assigned 

treatment and had no missing data for ACTT risk profile contributions were analyzed 

(Supplement Tables 3 and 4, available at Annals.org). The OS was assigned at enrollment 

into ACTT (Supplement Table 1); enrolled participants had an OS of 4 to 7 at baseline 

(OS4: hospitalized, no supplemental oxygen; OS5: low-flow supplemental oxygen; OS6: 

noninvasive ventilation or high-flow nasal cannula; OS7: IMV or ECMO). The primary 

outcome was time to recovery, defined as time until hospital discharge or the first day of 

hospitalization without a need for medical care (OS1 to OS3).

Statistical Analysis

Prognostic Performance of the Risk Profile—Participant characteristics were 

compared (including ACTT risk profile components) between trial stages and risk quartiles. 

Baseline upper respiratory viral load (VL) (collected via oropharyngeal or nasopharyngeal 

swab) and C-reactive protein (CRP) level were compared between the high-risk and least-

risk ACTT quartiles using Wilcoxon–Mann–Whitney tests. The prognostic performance of 

the ACTT risk profile was assessed in the ACTT-2 data set by calculating the AUROC for 

mortality, progression to IMV or death, and recovery within 28 days. For patients requiring 

IMV at baseline, the composite outcome of IMV or death was defined as the time to death.
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Treatment Effect of Baricitinib—The treatment effect of baricitinib+remdesivir versus 

placebo+remdesivir was estimated using ACTT-2 data for each quartile of ACTT risk 

profile for the outcomes of mortality, progression to IMV or death, and recovery within 28 

days. Fine–Gray competing-risks analysis (7) was used for consistency with the analyses 

used to develop the ACTT risk profile (6), and Cox regression was performed as a 

sensitivity analysis (8). A Fine–Gray competing-risk model with interaction terms between 

ACTT risk quartile and treatment was used to compare baricitinib response between 

quartiles. Statistical methods followed the PATH (Predictive Approaches to Treatment effect 

Heterogeneity) guidelines for assessing treatment effect heterogeneity (9, 10). Hazard ratios 

were used to determine relative treatment effects, and differences in cumulative incidence 

were estimated based on Kaplan–Meier survival curves.

Exploratory Analyses Using Individual Laboratory Parameters to Predict 
Benefit of Baricitinib—Exploratory analyses were performed to assess whether 

individual laboratory parameters might also predict benefit from baricitinib. Fine–Gray 

competing-risks models were repeated with quartiles defined by CRP level, ALC, or ANC 

individually. Additional details are provided in the Supplement (available at Annals.org).

Exploratory Analyses of Changes in Hematologic and Other Laboratory 
Parameters During Treatment—Temporal trends in laboratory parameters in the ACTT 

risk profile (ALC, ANC, and platelet count) as well as VL and CRP level were compared 

between treatment groups with t tests on log-transformed ratio changes from baseline to 

study day 5. Trends in ALC, ANC, and platelet count within the baricitinib+remdesivir 

group alone were compared between risk quartiles with t tests on the log-transformed ratio 

changes.

Role of the Funding Source

The protocols were designed by the ACTT investigators and the study sponsor, with 

input from the manufacturers of remdesivir (Gilead) and baricitinib (Eli Lilly). ACTT 

investigators and site staff gathered the data, which were analyzed by statisticians at The 

Emmes Company and the National Institute of Allergy and Infectious Diseases (NIAID). 

The funder, NIAID, participated in writing of the manuscript and submission of the 

manuscript for publication.

Results

Characteristics of the ACTT Risk Profile

Distributions of ALC, ANC, and platelet count were similar between ACTT-1 and ACTT-2 

participants overall and within each quartile (Table 1). Risk quartiles were defined with 

the combined ACTT-1 and ACTT-2 populations, and ACTT-2 participants were evenly 

distributed by treatment across quartiles (Supplement Table 5, available at Annals.org). In 

ACTT-2, all risk quartiles included representation from each OS category, although ACTT-2 

had fewer participants in the OS7 category (IMV or ECMO) than ACTT-1 (11% vs. 27%) 

and more in the OS5 category (low-flow supplemental oxygen [55% vs. 41%]) and within 
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each risk quartile (Table 1). For both ACTT-1 and ACTT-2, the OS5 category had the 

greatest representation in each risk quartile.

Table 2 shows baseline characteristics for ACTT-2 participants by risk quartile. There 

was greater representation of men and older patients in higher risk quartiles. Baseline 

VL was higher in the higher risk quartiles and was significantly higher in the high-risk 

quartile than in the least-risk quartile (the difference in the medians of log10 VL was −0.50 

[95% CI, −1.1 to −0.000039]). Median CRP level increased with risk quartile and was 

significantly higher in the high-risk quartile (174.2 mg/L [CI, 163.0 to 190.0 mg/L]) than 

in the least-risk quartile (67.0 mg/L [CI, 60.0 to 78.9 mg/L]). Relationships between other 

participant characteristics and risk quartile were similar to those in ACTT-1 (Supplement 

Table 6, available at Annals.org), although on average the ACTT-1 cohort was older, had 

less representation of Hispanic participants, and had lower baseline VL compared with 

the ACTT-2 cohort. Baseline characteristics in the ACTT-2 cohort were balanced between 

treatment groups (4), as was the risk profile distribution (Supplement Figure 1, available at 

Annals.org).

Prognostic Performance of the ACTT Risk Profile

In predictions of the outcomes of recovery, death, and IMV or death within 28 days in the 

ACTT-2 population, AUROC values ranged from 0.56 to 0.73 for the ACTT risk profile 

(Supplement Figure 2 and Supplement Table 7, available at Annals.org).

Treatment Effect of Baricitinib

When outcomes within quartiles of ACTT risk profile were assessed, patients in the high-

risk quartile receiving baricitinib+remdesivir had significantly improved clinical outcomes 

within 28 days compared with placebo+remdesivir recipients (Figure 1) for mortality 

(subdistribution HR, 0.38 [CI, 0.16 to 0.86]; P = 0.020), IMV or death (HR, 0.57 [CI, 0.35 to 

0.93]; P = 0.024), and recovery (HR, 1.53 [CI, 1.16 to 2.02]; P = 0.002). Although treatment 

effect estimates were not significant for the moderate-, lower-, or least-risk categories, the 

size of the baricitinib treatment effect increased with increasing risk quartiles (Figure 1, top). 

Results from Cox regression analysis and for treatment effects quantified as differences in 

cumulative incidence were similar (Supplement Figures 3 and 4, available at Annals.org). 

Interaction tests showed that the treatment effect of baricitinib for recovery was 1.60 times 

higher (CI, 1.10 to 2.32) in the high-risk group than in the least-risk group (Supplement 

Table 10, available at Annals.org). An analysis that adjusted for baseline values of OS, age, 

sex, log10 CRP level, and number of comorbidities also showed significant benefit from 

baricitinib in the high-risk group for mortality, recovery, and IMV or death (Supplement 

Figure 5, available at Annals.org).

Exploratory Analyses Using Individual Laboratory Parameters to Predict Benefit of 
Baricitinib

Sensitivity analyses that estimated treatment effects by quartile of CRP level and ANC 

suggested that the ACTT risk profile distinguished a subgroup that benefited most from 

baricitinib better than either CRP level or ANC alone (Supplement Figures 6 and 7, available 

at Annals.org). When treatment effects were assessed by ALC quartile, participants with an 
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ALC below 0.74 × 109 cells/L experienced a significant benefit from baricitinib+remdesivir 

compared with placebo+remdesivir for mortality, recovery, and IMV or death within 28 days 

(Supplement Figure 9, available at Annals.org), which was similar to our result with the 

ACTT risk profile. In contrast, the size of the treatment effect of baricitinib did not show a 

clear relationship for the higher quartiles.

Exploratory Analyses of Changes in Hematologic Parameters and Other Laboratory 
Parameters During Treatment

Recipients of baricitinib+remdesivir had higher ALC and lower ANC by day 5 

than those who received placebo+remdesivir (Figure 2). Participants who received 

baricitinib+remdesivir had a significantly greater geometric mean (GM) ratio change from 

baseline to day 5 in ALC (1.48 [CI, 1.42 to 1.55] vs. 1.11 [CI, 1.06 to 1.16]) and ANC 

(0.82 [CI, 0.78 to 0.86] vs. 0.97 [CI, 0.93 to 1.02]) than those receiving placebo+remdesivir. 

When the high-risk quartile was assessed, the GM ratio changes in ALC and ANC from 

baseline to day 5 also differed significantly between treatment groups. Recipients of 

baricitinib+remdesivir in the high-risk quartile had a GM ratio change in ALC of 1.72 (CI, 

1.56 to 1.90) (that is, values at day 5 were 72% higher on average than values at baseline), 

which was significantly greater than the change among placebo+remdesivir recipients (1.14 

[CI, 1.02 to 1.27]). The GM ratio change in ANC among recipients of baricitinib+remdesivir 

in the high-risk quartile was 0.66 (CI, 0.60 to 0.73) (34% lower on average at day 5 than 

at baseline) and 0.84 for those who received placebo+remdesivir (CI, 0.77 to 0.91); these 

changes also differed significantly. The magnitude of the treatment effect in the high-risk 

quartile on ALC and ANC trajectory was larger than that in the overall population. An 

interaction test showed that the treatment effect in the high-risk quartile was significantly 

larger than the effect in the moderate-risk (P = 0.003) and least-risk (P = 0.039) quartiles 

for ALC (Supplement Table 11, available at Annals.org). Analogous models were fit for the 

log-transformed changes in ANC, platelet count, CRP level, and VL, but interaction terms 

were not significant. Platelet count increased by day 5 in both treatment groups, but the 

increases were similar between groups and by risk quartile (Figure 2).

When the baricitinib+remdesivir group was analyzed alone, the GM ratio change in ALC 

from baseline to day 5 in the high-risk quartile was 1.72 (CI, 1.56 to 1.90), which was 

significantly larger than the changes in the moderate-risk quartile (1.32 [CI, 1.21 to 1.44]), 

the lower-risk quartile (1.46 [CI, 1.36 to 1.57]), and the least-risk quartile (1.40 [CI, 1.31 

to 1.50]) (Figure 3). Significantly larger decreases in ANC were also seen in the high-risk 

quartile (GM ratio change, 0.66 [CI, 0.60 to 0.73]) compared with the moderate-risk quartile 

(0.88 [CI, 0.80 to 0.96]), the lower-risk quartile (0.92 [CI, 0.83 to 1.02]), and the least-risk 

quartile (0.89 [CI, 0.81 to 0.97]). There were no significant differences in the magnitude of 

changes in platelet count by quartile in the baricitinib+remdesivir group.

Viral load decreased from baseline to day 5 overall and within each risk quartile, but 

changes were similar between treatment groups (Supplement Figure 11, available at 

Annals.org). In contrast, although CRP values decreased by day 5 in both treatment groups, 

they decreased significantly more in the baricitinib+remdesivir group (GM ratio change, 

0.43 [CI, 0.40 to 0.47]) than in the placebo+remdesivir group (GM ratio change, 0.59 [CI, 
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0.54 to 0.64]) (Supplement Figure 11). Significant differences in GM ratio change in CRP 

level from baseline to day 5 were also seen in the high-risk quartile (0.42 [CI, 0.36 to 0.49] 

for baricitinib+remdesivir and 0.62 [CI, 0.52 to 0.73] for placebo+remdesivir).

Discussion

Several risk stratification tools can predict progression to severe COVID-19 outcomes; 

however, a gap exists in knowledge of whether such tools can be applied to guide 

COVID-19 treatment strategies. Risk scores with high prognostic performance do not 

necessarily identify subgroups with strong treatment benefit, as parameters related to 

treatment responsiveness may differ biologically from those related to disease outcome (11). 

In this study, the ACTT risk profile, in addition to defining a group of participants who 

were more likely to require IMV or die, identified a subgroup with differential benefit from 

immunomodulator treatment. Within the high-risk quartile, characterized by participants 

with higher ANC, lower ALC, and lower platelet count, the baricitinib+remdesivir group 

had a markedly reduced hazard of death (by a factor of 0.38) and a reduced hazard of IMV 

or death (by a factor of 0.57). The ACTT risk profile can identify a subgroup of hospitalized 

patients with COVID-19 who benefit from remdesivir, as shown previously (6), and from 

baricitinib, as shown here.

Although most COVID-19 therapeutic trials report analyses stratified by baseline oxygen 

requirements, the ACTT risk profile differentiates risk in a more precise manner (6). 

Baseline oxygen requirement, defined by the OS, was included in the ACTT risk profile 

by design, but its contribution to risk stratification was lower than the contributions of the 

hematologic parameters. Of note, 60% of patients within the high-risk quartile in ACTT-2 

required no oxygen or low-flow oxygen at baseline. These data suggest that baseline oxygen 

requirement is an incomplete proxy for COVID-19 severity. Although respiratory status 

is used in major treatment guidelines to guide management, the findings presented here 

suggest that a biomarker-based approach utilizing simple parameters found in a bedside 

complete blood count provides complementary information on who might benefit from 

baricitinib treatment.

Baricitinib is a selective and reversible inhibitor of JAK 1/2 that is used in the treatment 

of autoimmune diseases. In large studies of patients with rheumatoid arthritis who were 

treated with baricitinib, increases in the ALC, including T and B cells, were observed in 

the first weeks of treatment, whereas ANC decreased significantly (12, 13). In this study, 

in the very different clinical setting of hospitalized patients with COVID-19, we observed 

significant increases in ALC and decreases in ANC after 5 days of baricitinib treatment 

(Figure 2), and the ALC increases and ANC decreases were larger in magnitude than 

for control participants. Although studies early in the pandemic showed that low ALC 

(14–16) and high ANC (17–19) are hallmarks of severe COVID-19, treatment effects on 

these parameters have not been assessed in large therapeutic trials. When assessing the 

trajectory of these markers solely within the baricitinib-treated group, we found the largest 

trajectory changes in ALC and ANC within the high-risk quartile (Figure 3), in which a 

significant treatment effect on mortality was also observed. Although this study was not 

designed to evaluate the mechanism of baricitinib, we hypothesize that baricitinib-dependent 
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enhancement of ALC and suppression of ANC may affect lymphocyte and neutrophil 

function in host defense and may limit deleterious inflammation. This is supported by 

findings in a small cohort of hospitalized patients with COVID-19 evaluated early in the 

pandemic, where baricitinib treatment increased ALC, with significant increases specifically 

in CD4+ and CD8+ T-cell counts—both of which are implicated in host defense against 

SARS-CoV-2—as well as B cells and SARS-CoV-2–specific antibodies by 1 week (20). 

Enhancement of ALC with baricitinib treatment may also limit immune dysregulation (21, 

22), thus decreasing pulmonary inflammation. In addition, baricitinib-dependent reductions 

in ANC may limit neutrophil-mediated pathology in COVID-19. Neutrophils are present 

within pulmonary infiltrates in human COVID-19 postmortem samples (23), and neutrophils 

are implicated in immunopathology in severe COVID-19 (24, 25). In a nonhuman primate 

model of COVID-19, baricitinib treatment decreased neutrophil recruitment to the lungs 

and lung pathology (26). Taken together, changes in ALC and ANC trajectory mediated by 

baricitinib and most pronounced in the high-risk quartile may affect immune defense and 

limit inflammation in COVID-19, thereby improving outcomes.

The ACTT risk profile predicts benefit in the high-risk quartile from 2 very different 

COVID-19 therapeutics: an antiviral, as previously shown (4), and an immunomodulator, 

as shown in this study. Therefore, we hypothesize that parameters reflected in the profile, 

including levels of lymphocytes and neutrophils in the blood at baseline, capture a patient 

phenotype of responsiveness to treatment. This phenotype may comprise persons who are 

unable to effectively reduce viral burden or limit deleterious inflammation and who derive 

particular benefit from an antiviral or an immunomodulator.

These data have implications for the design of future COVID-19 treatment trials and 

interpretation of clinical trial data sets assessing immunomodulators for hospitalized patients 

with COVID-19. Pivotal trials supporting the use of dexamethasone (27), baricitinib (4, 

28), and tocilizumab (29, 30) stratified patients with COVID-19 into subgroups based on 

baseline oxygen requirement, with society and government COVID-19 treatment guidelines 

adopting a similar approach (5). Although the COV-BARRIER (28) and RECOVERY trials 

(27) used CRP or other inflammatory markers as part of their enrollment criteria, no 

clear evidence exists that persons with elevated levels of inflammatory markers benefit 

more from an immunomodulator. The REMAP-CAP (Randomized Embedded Multifactorial 

Adaptive Platform for Community-acquired Pneumonia) trial reported that beneficial effects 

of tocilizumab were seen across all prespecified CRP subgroups (29). To our knowledge, no 

other clinical trials have assessed clinical benefit from an immunomodulator with relation 

to dynamics in hematologic parameters, and these data suggest the relevance of these 

measurements in predicting treatment response.

This analysis has several limitations. First, this is a post hoc analysis. Although recovery 

and mortality within 28 days were prespecified end points, we also analyzed IMV or death 

within 28 days for consistency with analyses that were performed to develop the ACTT 

risk profile. Results for these disease severity outcomes, regardless of prespecification, were 

consistent with treatment benefit. Low event rates in lower-risk quartiles limit the power to 

detect treatment response for death and for IMV or death, but event rates were adequate 

when recovery was analyzed, and an interaction test showed a significantly higher treatment 
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effect on recovery within 28 days in the high-risk quartile compared with the least-risk 

quartile (P = 0.013). We also opted not to assess whether variables that were unavailable at 

the time of risk profile development, such as CRP level or VL, should be included. Rather, 

we describe these variables within the context of the risk profile, and the high-risk quartile 

had statistically significant differences in baseline CRP level and VL, suggesting that the 

ACTT risk profile captures some of the variability in risk quantified by these variables. 

Although the ACTT risk profile predicted benefit of baricitinib better than CRP level or 

ANC alone, when participants were stratified by ALC into quartiles, the lowest quartile, 

defined by an upper limit of 0.74 × 109 cells/L, was found to predict baricitinib treatment 

response against mortality, IMV or death, and recovery. However, unlike the ACTT risk 

profile, higher ALC quartiles did not show a pattern with baricitinib treatment response. 

Future studies of ALC, ALC dynamics, and JAK inhibitors during COVID-19 are warranted. 

Another limitation of this study is that corticosteroid use may affect the variables included 

in the risk profile and clinical outcomes. When steroid use was assessed in ACTT-2, 

preenrollment corticosteroid use was low, and overall use was well balanced between 

treatment groups within quartiles (Supplement Tables 12 and 13, available at Annals.org). 

Of note, ACTT-2 excluded many patients with immunosuppression or immunodeficiencies 

for safety reasons; therefore, our results cannot be generalized to this population, which has 

accounted for 12% to 20% of COVID-19–related hospitalizations recently (31, 32). Finally, 

the data collected here are from an early stage of the COVID-19 pandemic. Some data 

suggest that ALC and ANC remain important predictors of severe COVID-19 as Omicron 

subvariants have become dominant (33), but further studies are needed to determine the 

importance of these laboratory parameters against current SARS-CoV-2 variants and in 

patients with prior immunity due to infection or vaccination.

Despite these limitations, ACTT-2 was a large, double-blind, randomized, placebo-

controlled trial that assessed baricitinib+remdesivir in the relative absence of competing 

therapies and had detailed characterization of participants that was seen in few other studies. 

Patients identified as being at high risk for severe COVID-19 outcomes by the ACTT 

risk profile benefit significantly from baricitinib treatment, and baricitinib robustly reverses 

trends in leukocyte parameters, suggesting a potential mechanism through which it enhances 

host defense and limits pathology. We observed diversity in ALC and ANC parameters 

within oxygen requirement categories and capture a patient phenotype of responsiveness to 

baricitinib treatment based on simple complete blood count parameters.

Baricitinib and other immunomodulators are showing increasing importance for treatment 

of infectious diseases, such as severe pneumonia, often in combination with antimicrobial 

therapy (4, 27, 28, 34). The data presented here suggest that hematologic parameters related 

to host immune status may help identify patients at risk for severe disease and also direct 

therapies to those who are most likely to benefit. Therapeutic trial design for COVID-19 and 

other infectious diseases characterized by immune dysregulation should incorporate readily 

available biomarkers, which may help to identify more specific and personalized treatment 

approaches.
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Figure 1. 
Effect of baricitinib+remdesivir compared with placebo+remdesivir in hospitalized patients 

with COVID-19 for the outcomes of death, IMV or death, and recovery within 28 days, by 

ACTT risk quartile.

ACTT = Adaptive COVID-19 Treatment Trial; IMV = invasive mechanical ventilation; NA 

= not applicable. Top. Effect of baricitinib+remdesivir compared with placebo+remdesivir. 

Fine–Gray subdistribution hazard ratios and 95% CIs are shown. Bottom. Kaplan–Meier 

curves for the high-risk quartile.

Paules et al. Page 14

Ann Intern Med. Author manuscript; available in PMC 2024 November 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Changes in ALC, ANC, and platelet count after initiation of treatment with 

baricitinib+remdesivir vs. placebo+remdesivir in hospitalized patients with COVID-19.

Panel A shows distributions of ALC, ANC, and platelet count at baseline (yellow) and at 

day 5 (blue) by risk quartile and treatment group. Panel B shows the distributions of ratio 

change in hematologic parameters from baseline to day 5 in the high-risk quartile and in the 

overall study population by treatment group. The center of the ratio change distribution is 

quantified by the geometric mean of the ratio change with the 95% CI. P values are from 
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t tests on the log-transformed ratio changes. ALC = absolute lymphocyte count; ANC = 

absolute neutrophil count.

Paules et al. Page 16

Ann Intern Med. Author manuscript; available in PMC 2024 November 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Differences in the magnitude of change from baseline to day 5 for ALC, ANC, and platelet 

count in baricitinib+remdesivir recipients in the high-risk quartile.

The figure shows changes in ALC (left), ANC (middle), and platelet count (right), expressed 

as a ratio of the value at day 5 to the baseline value, by ACTT risk quartile in the baricitinib 

+ remdesivir treatment group. The center of the ratio change distribution is quantified by 

the geometric mean of the ratio change with the 95% CI. P values are from t tests on 

the log-transformed ratio changes. ACTT = Adaptive COVID-19 Treatment Trial; ALC = 

absolute lymphocyte count; ANC = absolute neutrophil count.
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