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SUMMARY
GM-CSF promotes myelopoiesis and inflammation, and GM-CSF blockade is being evaluated as a treatment
for COVID-19-associated hyperinflammation. Alveolar GM-CSF is, however, required for monocytes to differ-
entiate into alveolar macrophages (AMs) that control alveolar homeostasis. By mapping cross-species AM
development to clinical lung samples, we discovered that COVID-19 is marked by defective GM-CSF-depen-
dent AM instruction and accumulation of pro-inflammatory macrophages. In a multi-center, open-label RCT
in 81 non-ventilated COVID-19 patients with respiratory failure, we found that inhalation of rhu-GM-CSF did
not improve mean oxygenation parameters compared with standard treatment. However, more patients on
GM-CSFhadaclinical response,andGM-CSF inhalation inducedhighernumbersof virus-specificCD8effector
lymphocytes and class-switched B cells, without exacerbating systemic hyperinflammation. This translational
proof-of-concept study provides a rationale for further testing of inhaled GM-CSF as a non-invasive treatment
to improve alveolar gas exchange and simultaneously boost antiviral immunity in COVID-19. This study is
registered at ClinicalTrials.gov (NCT04326920) and EudraCT (2020-001254-22).
Cell Reports Medicine 3, 100833, December 20, 2022 ª 2022 The Author(s). 1
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INTRODUCTION

Gas exchange in the lungs occurs over a thin alveolocapillary

membrane that is an easy portal of entry for bloodborne infection.

Tissue-resident alveolar macrophages (TRAMs) adhere to and

crawl on alveolar epithelial cells and in this exposed position

continuously capture, conceal, and neutralize pathogens from

inhaled air, without causing inflammation.1–3 Granulocyte-macro-

phage colony-stimulating factor (GM-CSF) provides the instruc-

tive signal that programs fetalmonocytes to become homeostatic

TRAMs in the alveolar niche in the first days of life.4–8 These

TRAMs then self-maintain with onlyminimal input from circulating

monocytes,5,9,10 but severe inflammatory insults can, however,

temporarily deplete TRAMs and recruit monocytes that can later

develop into long-lived recruited recruited AMs, a process again

requiring epithelial derived GM-CSF.1,4,11–13

In patients with severe coronavirus disease 2019 (COVID-19),

infection with SARS-CoV-2 virus has profound effects on alve-

olar homeostasis, resulting in hypoxemia through impaired al-

veolocapillary gas exchange, sometimes progressing to the

acute respiratory distress syndrome (ARDS).14,15 The initial viral

replication phase that occurs in lung alveolar epithelial cells

(AECs), alveolar macrophages (AMs), and capillary endothelial

cells is followed by a second hyperinflammatory phase in which

alveolar homeostasis is severely disturbed, marked by recruit-

ment of dysregulated myeloid cells, inflammatory macrophages,

and neutrophils,16,17 leading to a state of immune silence

hampering T cell activation.18–24 Systemic cytokine release can

cause profound fever, overproduction of ferritin and acute-

phase proteins, and progressive organ dysfunction.17,25–29

Despite the well-established beneficial effects of local epithelial

cell-derived GM-CSF in lung homeostasis and boosting of den-

dritic cell (DC) function,30–32 GM-CSF has been proposed as one

of the cytokines that could promote hyperinflammation when

released systemically from activated T cells in severe COVID-

19, particularly in the elderly.21,33 Indeed, in some diseases,

GM-CSF promotes emergency myelopoiesis, providing the pro-

genitors of pro-inflammatory macrophages, and primes neutro-

phils for neutrophil extracellular trap-osis (NETosis).34,35 The

precise contribution of local versus systemic GM-CSF in

COVID-19 disease is therefore unclear at present, and unravel-

ing the tissue-specific role of this complex cytokine could reveal

if GM-CSF function should be inhibited or boosted to improve

disease outcome.36,37

In COVID-19 pneumonia, we found that TRAMs were replaced

by recruited macrophages with various inflammatory profiles

and different stages of development. Human COVID-19 lung
Figure 1. Profiling of BAL monocyte and macrophage clusters

(A) Schematic overview of the CITE-seq pipeline on BAL cells and UMAP of the

(B) UMAPs of the annotated BAL monocyte and macrophage clusters in the healt

right), patients with non-COVID-19 pulmonary infection (n = 8; bottom left), and

(C and D) Heatmaps showing the top differentially expressed genes (C) and sur

LogFC per cluster. Heatmaps were created by comparing the transcriptome or p

(E) UMAP of the annotated BAL monocyte and macrophage clusters.

(F and G) UMAPs representing relative expression of key surface protein (F) and

subgroups (blue, low expression; red, high expression). BAL, bronchoalveolar lava

cells, natural killer cells; UMAP, uniform manifold approximation and projection;
macrophages are characterized by the loss of an evolutionarily

conserved GM-CSF-mediated instruction that drives AM devel-

opment and prevents the accumulation of pro-inflammatory

macrophages in the lung. We therefore initiated a randomized

controlled proof-of-concept clinical trial to investigate the feasi-

bility and safety of inhaled sargramostim (rhu-GM-CSF, Leukine)

in hospitalized COVID-19 patients with signs of hypoxemia.38

The primary objective was to study the impact and safety of

5 days of GM-CSF inhalation treatment on parameters of alve-

olar gas exchange, while exploratory and safety analyses

included effects of GM-CSF inhalation on antiviral immunity

and systemic hyperinflammation. This study is registered

online at ClinicalTrials.gov (NCT04326920) and EudraCT

(2020-001254-22).

RESULTS

Profound perturbation of the lung macrophage
compartment in COVID-19 patients
We profiled mRNA and 277 oligo-conjugated barcoded antibody

binding of 223,927 individual bronchoalveolar lavage (BAL) cells

from19 hospitalized patients (Table S1 for demographic and clin-

ical characteristics, Table S2 for details of the single-cell analysis)

withCOVID-19 (n = 8), non-COVID-19 pulmonary infection (n = 8),

or interstitial lung disease (ILD) (n = 1) and control uninfected in-

dividuals undergoingdiagnostic bronchoscopy (n = 2) (Figure 1A).

This analysis revealed 12 distinct cell subsets (Figures 1A

and 1B), which were each annotated based on differentially

expressed genes and surface proteins (DEGs; DEPs). We identi-

fied monocytes (FCN1+VCAN+; CD14+CD244+), macrophages

(FABP4+C1QA+; CD64+CD11a+), conventional DCs (FSCN1+

FCER1A+CD1c+; HLA-DR+CD86+CD1c+), plasmacytoid DCs

(SPIB+LILRA4+; CD162+CD62L+CD304+), B cells (CD79A+

MS4A1+; HLA-DR+CD22+), plasma cells (IGHG1+IGHG2+;

CD27+CD38+), basophils (TPSB2+GATA2+; CD22+CD151+),

T cells (CD3D+CD2+; CD2+CD5+), NK cells (KLRC1+XCL1+;

CD7+CD49a+), neutrophils (CXCR1+FCGR3B+; CD16+CD35+),

ciliated cells (TTC29+HYDIN+PROM1+; CD133+), and epithelial

cells (SFTPD+SFTA2+; CD142+CD26+) (Figures 1A, 1B, and S1).

Lymphocytes, monocytes, and neutrophils were enriched in

COVID-19 patients and patients with other pulmonary infections

compared with healthy control and ILD samples (Figure 1B). A

more in-depth analysis of the monocyte and macrophage

clusters (55,304 cells) according to published datasets1,39

further divided these into classical monocytes (CCL20+

CCL3L1+EGR3+; CD69+CD93+), heat-shock monocytes/macro-

phages (HSPA1+DNAJB1+HSPA6+), interferon (IFN)-stimulated
proteome- and transcriptome-based clustering.

hy control group (n = 2; top left), patient with interstitial lung disease (n = 1; top

COVID-19 patients (n = 8; bottom right).

face proteins (D) between BAL monocyte and macrophage clusters based on

roteome of each annotated cluster.

gene (G) annotation markers through CITE-seq on monocyte and macrophage

ge; cDCs, conventional dendritic cells; pDCs, plasmacytoid dendritic cells; NK

CITE-seq, cellular indexing of transcriptomes and epitopes by sequencing.
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Figure 2. Lack of alveolar macrophages and GM-CSF signature in COVID-19 patients

(A) UMAP of BAL monocytes and macrophages originating from healthy control (light blue; n = 2), patient with interstitial lung disease (dark blue; n = 1), patients

with non-COVID-19 pulmonary infection (orange; n = 8), or COVID-19 patients (red; n = 8).

(B) UMAPs of the annotated BAL monocyte and macrophage clusters per patient group.

(C) Relative abundance of monocyte and macrophage clusters per patient group.

(legend continued on next page)
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monocytes/macrophages (IFIT1+CXCL10+RSAD2+), transitional

monocytes (CHIT1+CHI3L1+; CD81+CD164+), interstitial macro-

phages (IMs; SLC40A1+FOLR2+; FOLR2+MERTK+CD163+), and

TRAMs (LGALS3+FABP4+MME+; CD10+CD204+Mac2+) (Figures

1C–1G).

In patients with COVID-19 and non-COVID-19 pulmonary

infection, TRAM proportions were strongly reduced, while IFN-

stimulated monocytes and CD163+FOLR2+ IMs40 were enriched

compared with healthy controls (HCs) and ILD (Figures 2A–2C).

CD163+FOLR2+ IMs and transitioning monocytes were more en-

riched in COVID-19 pneumonia compared with a non-COVID-19

pneumonia (Figures 2B and 2C). The differentiation process of

monocytes and macrophages was modeled using slingshot tra-

jectory inference analysis41 (Figures 2D and 2E), which predicted

a trajectory starting from the monocyte cluster differentiating

into IFN-stimulated monocytes or transitional monocytes.

The transitional monocyte cluster then further bifurcates into

CD163+FOLR2+ IMs or TRAMs (Figure 2D). In HCs, the end state

ofmostmonocytes/macrophages was the TRAM fate (Figure 2E,

left), whereas in COVID-19 patients most recruited monocytes

were predicted to differentiate into IFN-stimulated monocytes/

macrophages and CD163+FOLR2+ IMs (Figure 2E, right). The

presence of recruited CD163+FOLR2+ IMs in the alveolar lumen

was also confirmed by immunohistochemistry in a fatal case of

COVID-19 (Figure 2F). So, in line with earlier reports,18,20,42 we

found that monocytes recruited to the lungs of COVID-19 pa-

tients fail to develop into AMs yet accumulate into highly pro-in-

flammatory monocytes and CD163+FOLR2+ IMs that end up in

the alveolar lumen.

Identification of the murine GM-CSF-dependent lung
macrophage signature
We then compared human scRNA data to the various stages of

mouse AM development, driven by the instructive cytokine

GM-CSF.4–6,43 We performed microarray analysis on sorted

lung monocyte and developing AM populations from lung tis-

sue of C57BL/6 mice at different time points from embryonic

to adult life (Figure 2G). First, we focused on the genes that

shared three characteristics: they were (1) AM specific and

not found in other tissue-resident macrophages,44 (2) lost in

GM-CSF-deficient mice (Csf2�/�), and (3) rescued in Csf2�/�

mice upon treatment with inhaled GM-CSF. We regarded these

genes as reflective of the ‘‘murine GM-CSF-dependent lung

macrophage signature’’ (Figure 2H), examples being Ear1,

Plet4, Kazald1, and Pparg (Figure 2H). Macrophages sorted
(D) Diffusion map and slingshot-mediated trajectory inference starting from mon

monocyte state to either CD163+FOLR2+ interstitial macrophages (2) or alveolar

(E) Diffusion map of the annotated BAL monocytes and macrophages from the h

(F) Immunohistochemistry analysis of CD163 expression on lung section of a pa

(G) Schematic overview of mini-bulk microarray setup used on monocytes and m

treatment.

(H and I) Heatmaps showing the relative expression of the top genes present in t

lack-of-GM-CSF lung macrophage signature (I). In the last two columns of each p

of PND9 Csf2�/� mice treated with PBS (left) or rGM-CSF (right) is shown.

(J) Projection of the murine GM-CSF lung macrophage signature on patient BAL

(K) UMAPs representing the expression of two conserved genes between human

lack-of-GM-CSF gene signature (CXCL10, right UMAP). DC, diffusion component;

colony-stimulating factor; PBS, phosphate-buffered saline; WT, wild type; PND9
from the alveolar lumen of PND9 Csf2�/� mice lacked this

GM-CSF-dependent AM signature, but inhaled treatment with

recombinant GM-CSF (rGM-CSF) in the early life of Csf2�/�

mice restored this gene signature (Figure 2H, right column; Fig-

ure S2A). Next, we looked into genes that were (1) upregulated

in macrophages in Csf2�/� mice compared with wild-type AMs,

but (2) downregulated again upon treatment with inhaled GM-

CSF (Figure 2I, right column). These genes thus reflect the

lack of GM-CSF instruction and are therefore considered as

the ‘‘murine lack-of-GM-CSF lung macrophage signature’’

and include genes driven by type I IFN signaling, such as

Cxcl9, Cxcl10, Ifit1, Ifit2, and Rsad2 (Figure 2I). Altogether,

this demonstrates not only that (1) GM-CSF is a critical instruc-

tive cytokine for murine TRAM differentiation,5,43 but also that

(2) lung monocytes develop into pro-inflammatory cells in the

absence of GM-CSF, a state that is, however, reversible by

inhalation of GM-CSF (Figure S2A).
Analysis of the COVID-19 scRNA-seq dataset suggests
impaired GM-CSF instruction
We next compared murine AM differentiation transcriptional

states with human COVID-19 single-cell RNA-sequencing

(scRNA-seq) datasets. We projected the murine GM-CSF-

dependent lungmacrophage signature on thepatients’ BALclus-

ters obtained from sequencing data (Figures 2J and S2B–S2E).

Genes associated with the presence of GM-CSF (Figures 2H

and S2B), as for example, PPARG6 (Figure 2K, left uniformmani-

fold approximation and projection [UMAP]), were highly ex-

pressed by human TRAMs found in HCs (Figure 2K, left UMAP;

Figure S2D, left). Vice versa, genes upregulated in the absence

of GM-CSF (Figures 2I and S2C), such as CXCL10 (Figure 2K,

right UMAP), IL18BP, TNFSF13B, and MMP14, were enriched

in IFN-stimulated monocytes and CD163+FOLR2+ IMs from

COVID-19-infected patients (Figure 2K, right UMAP; Figure S2D,

right). In conclusion, these data led us to suspect that mononu-

clear cells in the lungs of COVID-19 patients lacked evolutionarily

conserved GM-CSF instruction, leading to a lack of TRAMs and

accumulation of pro-inflammatory monocyte/macrophage pop-

ulations typically seen in GM-CSF-deficient states (Figure S2E).

This provided the rationale for a randomized clinical trial in which

inhaled GM-CSF (rhu-GM-CSF, sargramostim, Leukine) was

administered to hypoxemic COVID-19 patients, in an attempt to

improve alveolar homeostasis, with the underlying hypothesis

that such treatment would promote the differentiation of
ocytes bifurcating either to IFN-stimulated monocytes (1) or via a transitional

macrophages (3).

ealthy control group (left) versus COVID-19 patient group (right).

tient who succumbed to severe COVID-19.

acrophages isolated from lungs of WT or Csf2�/� mice after PBS or rGM-CSF

he murine GM-CSF-dependent lung macrophage signature (H) and the murine

anel, the relative expression of these genes by macrophages sorted from lungs

CITE-seq data.

and mouse that represent a GM-CSF gene signature (PPARg, left UMAP) or a

ILD, interstitial lung disease; rGM-CSF, recombinant granulocyte-macrophage

, post-natal day 9; TEAEs, treatment emergent adverse events.
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Figure 3. Study flowchart

ABG, arterial blood gas
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transitional monocytes into AMs, reduce hyperinflammation, and

restore the gas-exchange apparatus.

Clinical trial design assessing inhaled GM-CSF
treatment
Eighty-one hospitalized COVID-19 patients were included in the

Sargramostim in Patients with COVID-19 (acronym SARPAC)

trial at five participating sites in Belgium. Enrolled patients had

acute hypoxemic respiratory failure (oxygen saturation below

93% onR2 L oxygen per minute or a ratio of the partial pressure

of oxygen [PaO2] to the fraction of inspired oxygen [FiO2;

PaO2:FiO2 ratio] below 350 mm Hg). Patients suspected of pro-

found systemic inflammation (serum ferritin >2,000 mg/L) or

already on mechanical ventilation were excluded from participa-

tion (full clinical study protocol available in the supplemental in-

formation). Eighty-one patients were randomly assigned in a

1:1 ratio to receive 5 days of twice daily 125 mg of inhaled rhu-

GM-CSF (sargramostim) on top of standard of care (SOC) or to

receive SOC alone (Figure 3).

Seventy-three patients reached the evaluable primary

endpoint (oxygenation parameters at day 6). Two patients dis-

continued treatment prematurely, three patients refused arte-

rial puncture at day 6, and another three patients were

excluded from analysis because of an error in FiO2 recording.

All primary efficacy evaluable patients (n = 73) were included

in a modified intention-to-treat analysis. All patients (n = 81)

were included in the safety population. No patients discontin-

ued participation because of safety reasons. The patients’

baseline demographic, clinical, and biological characteristics

and co-administered medications were broadly similar across

both groups (Table 1), with the exception of C-reactive protein

(CRP) and IL1RA levels, which were slightly higher in the SOC

group.
6 Cell Reports Medicine 3, 100833, December 20, 2022
Effect of inhaled GM-CSF on clinical outcomemeasures
We analyzed the a priori defined primary endpoint of this proof-

of-concept trial by examining the gradient between partial pres-

sure of oxygen in the alveolar air and the arterial blood (P(A-a)O2

gradient), which is a marker for alveolar gas exchange and venti-

lation/perfusion mismatch. When analyzing the continuous com-

parisons for the P(A-a)O2 gradient, we did not observe better

oxygenation in the sargramostim compared with the SOC treat-

ment arm (Table S3). Similarly, a second primary endpoint, the

change in the PaO2/FiO2 ratio, often used in the ICU setting in

ventilated patients, was also not statistically different between

the SOC and the sargramostim group (Table S3). However, the

spread and skewing of these oxygenation parameters after

5 days of treatment were more extensive than anticipated in

the statistical analysis plan, resulting in a non-parametric distri-

bution. The clinical responder rate represents an additional

parameter that can be used in clinical trials where clinical

outcome measures are dispersed due to clinical heterogeneity

of the study population. The proportion of clinical responders

defined by at least 25% improvement in P(A-a)O2 gradient after

5 days of treatment compared with baseline values was higher in

the sargramostim group than in the SOC group (15/38 [39.5%]

versus 22/35 [62.9%]; p = 0.0459) (Figures 4B and S3A and

Table S3). This was also the case when clinical response was

defined by a more marked improvement of at least 33% in

P(A-a)O2 gradient (10/38 [26.3%] versus 19/35 [54.3%]; p =

0.0147) or at least 50% improvement (6/38 [15.8%] versus 12/

35 [34.4%]; p = 0.1023) (Figure 4B and Table S3). The proportion

of patients showing at least 25% improvement in the PaO2/FiO2

ratio was not statistically different between groups (11/38

[28.9%] versus 11/35 [31.4%]; p = 0.817) (Figures 4D and S3B

and Table S3). No evidence for an enhanced treatment effect

of sargramostim could be found in post hoc-specified subgroups



Table 1. Baseline characteristics of patients

SOC (n = 41) Sargramostim (n = 40) All patients (n = 81) p value

Age at randomization

Median (IQR), years 60 (53–69) 59 (46–68) 60 (49–69) nse

Age R65 years, n (%) 15 (36.6) 11 (27.5) 26 (32.1) nsa

Male gender, n (%) 25 (61.0) 26 (65.0) 51 (63.0) nsa

Ethnicity

White, n (%) 39 (95.1) 34 (85.0) 73 (90.1) nsb

Black, n (%) 0 (0.0) 4 (10.0) 4 (4.9)

Arabian, n (%) 2 (4.9) 2 (5.0) 4 (4.9)

BMI, median (IQR) 27.6 (24.7–33.1) 28.6 (26.0–33.8) 28.0 (25.0–33.4) nse

Days since symptom onset, median (IQR) 10.0 (9.0–13.0) 11.0 (8.5–14.0) 11.0 (9.0–13.0) nse

Days since hospitalization, median (IQR) 3.0 (3.0–5.0) 3.0 (2.5–4.5) 3.0 (3.0–5.0) nse

Comorbidity, n (%)

Arterial hypertension 7 (17.1) 7 (17.5) 14 (17.3) nsa

Diabetes mellitus 7 (17.1) 9 (22.5) 16 (19.8) nsa

Cardiovascular disease 1 (2.4) 0 (0.0) 1 (1.2) nsb

Chronic kidney disease 1 (2.4) 0 (0.0) 1 (1.2) nsb

Severe liver disease 0 (0.0) 0 (0.0) 0 (0.0) nsb

Chronic lung disease 0 (0.0) 0 (0.0) 0 (0.0) nsb

Cancer 2 (4.9) 2 (5.0) 4 (4.9) nsb

Smoking status, n (%)

Current 3 (7.3) 0 (0.0) 3 (3.7) nsb

Former 16 (39.0) 18 (45.0) 34 (42.0)

Concomitant medication at randomization, n (%)

Glucocorticoids 9 (22.0) 11 (27.5) 20 (24.7) nsa

Antiviral drugs (remdesivir) 0 (0.0) 3 (7.5) 3 (3.7) nsb

Hydroxychloroquine 26 (63.4) 24 (60.0) 50 (61.7) nsa

Antibiotics 2 (4.9) 1 (2.5) 3 (3.7) nsb

Oxygenation, median (IQR)

PaO2/FiO2 ratio (mm Hg) 297.00 (242.00–319.50) 291.50 (251.50–329.00) 295.00 (248.00–328.00) nse

P(A-a)O2 gradient (mm Hg) 45.55 (38.60–61.75) 50.15 (39.80–63.75) 47.65 (38.90–61.75) nse

Lab values, median (IQR)

C-reactive protein level (mg/L) 83.00 (38.40–180.00) 73.20 (39.10–122.80) 74.50 (38.75–147.45) 0.0499e

Eosinophil count (3109/L) 0.02 (0.00–0.09) 0.01 (0.00–00.10) 0.02 (0.00–0.10) nse

Lymphocyte count (3109/L) 0.88 (0.65–1.22) 1.08 (0.83–1.40) 1.00 (0.70–1.30) nse

Ferritin (mg/L) 721.00 (425.00–1,068.00) 736.50 (446.50–1,063.50 721.00 (425.00–1,068.00) nse

D-dimer (nmol/L) 3.61 (2.39–5.04) 4.36 (3.12–5.80) 3.81 (2.79–5.31) nse

Lactate dehydrogenase (mkat/L) 5.98 (4.31–6.86) 4.98 (4.14–6.40) 5.26 (4.21–6.68) nse

Aspartate aminotransferase (mkat/L) 0.65 (0.57–0.89) 0.62 (0.44–1.01) 0.65 (0.48–0.95) nse

Alanine aminotransferase (mkat/L) 0.57 (0.40–0.92) 0.59 (0.38–0.86) 0.58 (0.40–0.89) nse

Creatinine (mmol/L) 78.68 (68.07–92.82) 75.14 (68.07–88.40) 77.35 (68.07–92.82) nse

Biomarkers in serum, median (IQR)

IL1RA (ng/mL) 1,288.00 (905.10–2,350.00) 839.30 (595.80–1,494.00) 1,162.00 (678.40–1,806.00) 0.0260c

IL-6 (pg/mL) 11.54 (4.85–36.84) 11.47 (4.50–21.73) 11.54 (4.85–24.90) nsc

IL-8 (pg/mL) 27.44 (15.91–46.49) 22.51 (14.14–32.11) 23.99 (15.91–39.73) nsc

IL-18 (pg/mL) 150.70 (87.13–198.30) 101.30 (73.80–164.70) 131.00 (80.32–184.80) nsc

C5a (ng/mL) 8.83 (4.52–16.06) 11.18 (3.91–16.28) 9.94 (4.37–16.12) nsc

GM-CSF (fg/mL) 9.12 (6.82–13.39) 9.13 (7.35–12.42) 9.12 (7.05–12.71) nsc

TNF (pg/mL) 14.77 (8.53–25.91) 16.32 (12.17–20.13) 14.99 (10.66–22.28) nsc

SOFA score, median (IQR) 2.0 (1.0–3.0) 2.0 (1.0–2.0) 2.0 (1.0–2.0) nsd

(Continued on next page)
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Table 1. Continued

SOC (n = 41) Sargramostim (n = 40) All patients (n = 81) p value

Six-category ordinal scale at randomization, no. (%)

3: hospitalized, on non-invasive ventilation

or high-flow oxygen devices

5 (12.2) 1 (2.5) 6 (7.4) nsb

4: hospitalized, requiring supplemental

oxygen

33 (80.5) 38 (95.0) 71 (87.7)

5: hospitalized, not requiring supplemental

oxygen

3 (7.3) 1 (2.5) 4 (4.9)

aChi-square test.
bFisher’s exact test.
cMann Whitney test.
dWilcoxon test.
et test.
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(concomitant glucocorticoid use, P(A-a)O2 gradient above or

below the median value at randomization, CRP and ferritin level

at randomization above or below themedian value), although pa-

tients’ numbers were too small to draw definitive conclusions

(Figure S4).

In this small proof-of-concept study, no evidence for a treat-

ment effect of sargramostim could be found for any of the

supportive endpoints listed in Table S3, including duration of

hospital stay, progression to mechanical ventilation or ARDS,

and all-cause mortality rate at 4 weeks post-randomization.

GM-CSF inhalation in COVID-19 does not promote
hyperinflammation or end-organ damage
Since increased numbers of GM-CSF-producing T cells21 and

higher serum GM-CSF concentrations33 were reported in some

patients with COVID-19, and since GM-CSF can boost the pro-

duction of pro-inflammatory cytokines, an a priori defined phar-

macodynamic endpoint was used to study if inhaled sargramos-

tim enhanced cytokine-release syndrome. For patients in three

selected study sites, we quantified serum concentrations of cy-

tokines, chemokines (IL-1b, IL-1Ra, IL-6, IL-8, IL-10, IL-18,

ICAM, C5a, CXCL10, G-CSF, GM-CSF, TNF-a, and IFNg), and

biomarkers (Ang-2, sRAGE, MUC-1, and GDF15) at randomiza-

tion and at day 6 and compared these with a cohort of age-

matched HCs and a cohort of patients with severe COVID-19

and signs of cytokine-release syndrome (Table S4). At random-

ization, serum concentration of GM-CSF was low in most pa-

tients, comparable to HC samples, and not altered after 5 days

of treatment (Figure S5A). Principal-component (PC) analysis

on pro-inflammatory cytokines clearly separated HCs from se-

vere COVID-19 patients (Figures 5A, left and right, and S5B). Af-

ter 5 days of sargramostim treatment, PC1 values were signifi-

cantly lower compared with baseline and overlapped partly

with values of HCs (Figure 5A, middle and right). Examined at

an individual level, the pro-inflammatory cytokines, comprising

both PC1 and PC2, were all significantly increased in COVID-

19 patients included in SARPAC at randomization compared

with HCs (Figures 5B and S5C). Importantly, these cytokines

declined over the next days and were not increased by 5 days

of sargramostim (Figures 5B and S5C). Cytokine release pro-

motes complement activation and is an ominous driver of severe

COVID-19.17,45 The C5a concentration was higher in COVID-19
8 Cell Reports Medicine 3, 100833, December 20, 2022
patients in our cohort, compared with HCs at randomization,

but by day 6 had dropped, independent of sargramostim treat-

ment (Figure S5D). High serum concentrations of ferritin and

CRP, and low circulating numbers of lymphocytes and eosino-

phils, can be signs of cytokine-release syndrome, but between

randomization and day 6, virtually all patients demonstrated

amelioration of these key laboratory parameters, irrespective

of their treatment arm (Table S3).

Systemic GM-CSF has been shown to promote the priming of

neutrophils in other forms of ARDS, and low-density CD24+ acti-

vatedneutrophils46were seen in higher numbers in ourCOVID-19

cohort, compared with HCs. Sargramostim treatment did not,

however, promote this neutrophil activation state (Figure 5C).

GM-CSF is a prototypical growth and maturation factor for

DCs, and circulating conventional DCs (cDC2s and cDC3s) and

plasmacytoid DCs (pDCs) were depleted in COVID-19 patients

at randomization and after 6 days, irrespective of sargramostim

treatment (Figure S5E). Systemic GM-CSF promotes emergency

hematopoiesis and could be involved in expansion of myelomo-

nocytic cells.25 However, after 6 days of follow-up, there was no

increase in the percentage of CD14+ or CD16+ monocytes in pa-

tients receiving sargramostim, compared with those in the SOC

group (Figure 5D). Downregulation of HLA-DR on monocytes is

frequently found in ARDS-associated immunosuppression,47

and we did find evidence of this in our COVID-19 patients at

randomization, compared with HCs (Figure 5E). Soluble receptor

for advanced glycation end products (sRAGE), released by

damaged type I AECs,48 was significantly elevated at baseline

in COVID-19 patients; however, it returned to levels seen in

HCs after 5 days in both treatment arms (Figure 5F, left). Elevated

Mucin-1 (MUC1, KL-6) levels can reflect severe interstitial lung

damage, epithelial lung alterations, and regenerative processes

secondary to SARS-CoV-2 infection.49 MUC1 serum levels

were not increased after 5 days of inhaled sargramostim and

even tended to be lower compared with the SOC group (Fig-

ure 5F, right). Angiopoietin-2 (Ang-2), a biomarker of endothelial

cell injury,50 was significantly increased in the serum of COVID-

19 patients, but not altered by sargramostim treatments (Fig-

ure 5G). Another marker of end-organ damage, growth differen-

tiation factor-15 (GDF15), has been shown to be an independent

predictor of the progression of COVID-19.51 Serum levels of

GDF15 did not differ after 5 days of treatment between the
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Figure 4. Primary endpoint

(A) Absolute change from baseline of P(A-a)O2 gradient (mm Hg) on day 6.

(B) Responder rate of patients with at least 25%, 33%, or 50% improvement in P(A-a)O2 gradient (mm Hg) on day 6 compared with baseline.

(C) Absolute change from baseline of PaO2/FiO2 ratio (mm Hg) on day 6.

(D) Responder rate of patients with at least 25%, 33%, or 50% improvement in PaO2/FiO2 ratio (mm Hg) on day 6 compared with baseline.
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SOC and the sargramostim group (Figure 5H). In conclusion,

these findings suggest that inhaled GM-CSF in COVID-19 pa-

tients does not lead to (1) a cytokine-release syndrome, nor (2)

expansion of circulating pro-inflammatory myeloid cells, or (3)

elevated levels of markers associated with end-organ damage.

Adverse and serious adverse events were generally balanced

between both groups, except for mild epistaxis, which was re-

ported more in the sargramostim group (20.0% versus 4.9% in

SOC) (Table 2). Overall, 12 patients died during the study, of

which 1 died during the first 6 days and 4 during the first

28 days after randomization. We did not find evidence for differ-

ences in mortality between study arms and, if any, mortality was

higher in the control group (Table 2).

GM-CSF inhalation boosts anti-COVID-19 immunity
GM-CSF has significant immune-stimulating effects in models of

bacterial and viral lung infection.30,31,52 To investigate whether

inhaled GM-CSF altered the cellular and humoral immune
response against SARS-CoV-2, we performed high-dimensional

flow cytometry on the peripheral blood mononuclear cells

(PBMCs) and used UMAP visualization to reduce dimensionality

(Figure 6A). Gating on the B cell population (CD20+ cells), we

identified eight B cell and plasmablast clusters using signature

surface markers (Figures 6A, 6B, and S6A). Compared with

HCs, COVID-19 patients included in SARPAC had a significant

relative increase in plasmablasts (cluster 8) and tended to have

a relative increase in CD11c+ switched memory (SM) B cells

(cluster 7) (Figures 6B and 6C). Circulating SM B cells were

significantly increased after 5 days of treatment with sargramos-

tim (Figure 6D), whereas the increase in plasmablasts was inde-

pendent of the treatment arm (Figure S6B). Virus-specific humor-

al responses assessed by quantifying both IgG and IgA directed

against the receptor binding domain (RBD) of the spike (S1) pro-

tein and IgG directed against the nucleocapsid protein (NCP)

were markedly increased in both the SOC and the sargramostim

group after 5 days of treatment (Figure 6E). Similar to the
Cell Reports Medicine 3, 100833, December 20, 2022 9
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Table 2. Safety and most common TEAE and serious TEAEs

SOC

(n = 41)

Sargramostim

(n = 40)

Total

(n = 81) p value

Adverse event

Patients with R1

event, no. (%)

33 (80.5) 30 (75.0) 63

(77.8)

nsa

No. of events 114 139 253

Serious adverse event

Patients with R1

event, no. (%)

4 (9.8) 6 (15.0) 10

(12.3)

nsa

No. of events 13 15 28

Adverse events not leading to mortality

Infectious disorder

(not COVID-19)

9 (22.0) 7 (17.5) 16 (19.8) nsb

Epistaxis 2 (4.9) 8 (20.0) 10 (12.3) 0.0480b

Constipation 6 (14.6) 3 (7.5) 9 (11.1) nsb

Thrombosis 0 (0.0) 1 (2.5) 1 (1.2) nsb

Acute kidney injury 0 (0.0) 2 (5.0) 2 (2.5) nsb

Cardiac disorder 3 (7.3) 2 (5.0) 5 (6.2) nsb

Abnormal liver-

function

0 (0.0) 1 (2.5) 1 (1.2) nsb

Anaphylaxis 0 (0.0) 0 (0.0) 0 (0.0) nsb

Mortality at 20 weeks, no. (%)

COVID-19 1 (2.4) 0 (0.0) 1 (1.2) nsb

Infectious disorder

(not COVID-19)

2 (4.9) 1 (2.5) 3 (3.7) nsb

Nervous system

disorder

1 (2.4) 0 (0.0) 1 (1.2) nsb

Other 4 (9.8) 3 (7.5) 7 (8.6) nsb

‘‘Epistaxis’’ and ‘‘constipation’’ are the preferred terms that have a >10%

incidence in the overall population if grades I–II. No terms have >5% inci-

dence in the overall population if grades III–IV. TEAEs, Treatment Emer-

gent Adverse Events.
aChi-square test.
bFisher’s exact test.
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plasmablasts, the observed increases were independent of sar-

gramostim treatment.

In parallel, we studied cellular immune responses. Using

UMAP projection of CD3+ PBMCs, we identified 19 T cell clus-

ters, encompassing one combined MAIT/iNKT cell cluster, two

gd T cell populations, and eight CD8 and eight CD4 T cell clusters

(Figures 7A, 7B, and S6C). Comparing COVID-19 patients

included in SARPAC at day 1 and day 6 with matched HCs re-
Figure 5. Effect of sargramostim on hyperinflammation and end-organ

(A) PC analysis of pro-inflammatory cytokinesmeasured in serum of healthy contro

SARPAC at baseline (T1; n = 73) and after 5 days of treatment (T2) with either st

(B) Cytokines measured in serum of HC (n = 19), SOC (n[T1] = 36; n[T2] = 34), and

treatment (T2).

(C and D) Percentages of low-density neutrophils (C) and CD14+CD16� monocy

fraction at baseline (T1) and after 5 days of treatment (T2).

(E) Surface expression of HLA-DR (MFI) on inflammatory monocytes in the PBM

(F–H) Serum levels of sRAGE andMUC1 (F), Ang-2 (G), andGDF15 (H) in HC (n = 16

and after 5 days of treatment (T2; n = 21). Statistical testing was performed using

Statistical differences are noted as *p < 0.05, **p < 0.01, ***p < 0.001, and ****p <
vealed a relative increase in CD38+ HLA-DR+ effector memory

(EM) CD4 and CD8 T cells in COVID-19 patients at both time

points (Figures 7B and 7C). Importantly, we observed a signifi-

cant increase in activated CD38+ HLA-DR+ EM CD8 T cells after

5 days of sargramostim treatment, but not in the control group

compared with baseline (Figure 7D). We finally addressed if

these T cell responses were specifically directed against the vi-

rus and, therefore, stimulated T cells with a megapool (MP) of

221 peptides (15-mer) spanning the entire S protein of SARS-

CoV-2, or with 246 predicted MHCII-restricted or 628 predicted

MHCI-restricted peptides covering the rest of the SARS-CoV-2

proteome.53,54 After stimulation with the CD8 MP, the number

of IFNg-producing cells in an ELISpot assay was significantly

increased after 5 days of sargramostim treatment compared

with SOC, and some of these cells simultaneously produced

IL-2 (Figure 7E). A major expansion of activated CD38+ HLA-

DR+ EM or SARS-CoV-2-specific CD4 T cells was not observed

upon sargramostim inhalation (Figures S6D and S6E).

Together, these data from a small proof-of-principle study in

81 patients demonstrate that inhalation of sargramostim in

COVID-19 patients is feasible and safe, potentially leading to

improved gas exchange in the lung, simultaneously boosting

the immune response against the virus, without enhancing cyto-

kine-release syndrome.

DISCUSSION

The precise reasons for TRAM loss in COVID-19 have remained

elusive, and one possible explanation was that AMs are directly

infected by SARS-CoV-2.42 This leaves the question of why re-

cruited newcomer monocytes fail to differentiate into TRAMs

when they encounter an empty alveolar niche.1We found that re-

cruited lung macrophages in COVID-19 lungs lack GM-CSF in-

struction. GM-CSF is the prime instructive cytokine of the alve-

olar niche, produced by type II AECs.4 We have tried to

measure GM-CSF levels in the BAL fluid of COVID-19 patients

and other pulmonary infections but failed to detect it (data not

shown), and serum levels of GM-CSFwere very low in our cohort,

despite an earlier report.33 Several explanations are possible for

the lack of GM-CSF instruction on recruited monocytes in

COVID-19 lungs. First, through their expression of ACE2 recep-

tor, type II AECs are prime targets of SARS-CoV-2 infection,42,55

so the demise of these cells in COVID-19 pneumonia would lead

to the loss of a major source of GM-CSF. Second, subversion of

GM-CSF production might be unique to the betacoronavirus

family. The SARS-CoV-1 virus 3C-like proteinase, which is

conserved in SARS-CoV-2, specifically subverts the production
damage

ls (HC; n = 19), patients with severe COVID-19 (n = 39), and patients included in

andard of care (SOC; n = 34) or sargramostim (n = 39).

sargramostim groups (n[T1] = 37; n[T2] = 39) at baseline (T1) and after 5 days of

tes, CD14+CD16+ monocytes, and CD14�CD16+ monocytes (D) in the PBMC

C fraction at baseline (T1) and after 5 days of treatment (T2).

), SOC (n[T1] = 26; n[T2] = 25), and sargramostim groups at baseline (T1; n = 27)

Kruskal Wallis test with Dunn’s test to correct for multiple comparisons (A–H).

0.0001.
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Figure 6. Effect of sargramostim on the circulating B cell compartment

(A) UMAP plot of CD20+ PBMCs depictingmanual annotation of B cell clusters obtained fromHCs (n = 20) and SARPAC study patients at baseline (T1; n = 35) and

after 5 days of treatment (T2; n = 37).

(B) Relative proportions that contribute to each B cell cluster in HC or SARPAC patients at baseline and after 5 days of treatment.

(C) Relative proportions of CD11c+ switched memory B cells (top) and plasmablasts (bottom) in HCs (n = 20) and SARPAC patients at baseline (T1; n = 35) and

after 5 days of treatment (T2; n = 37).

(D) Percentage of switched memory B cells in PBMC fraction of HC (n = 11), SOC (n[T1] = 25; n[T2] = 25), and sargramostim group (n[T1] = 26; n[T2] = 26) at

baseline (T1) and after 5 days of treatment (T2).

(E) IgG and IgA antibodies against SARS-CoV-2 Spike protein 1 (S1) and nucleocapsid protein (NCP)-specific IgG antibodies in HC (n = 23), SOC (n[T1] = 30;

n[T2] = 27), and sargramostim group (n[T1] = 28; n[T2] = 26) at baseline (T1) and after 5 days of treatment (T2). Statistical testing was performed using the Kruskal

Wallis test with Dunn’s correction for multiple comparisons for (C) and (E) and the Wilcoxon test for (D). The line in (C) and (E) indicates the median. Statistical

differences are noted as *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.
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of GM-CSF, but not other cytokines, when overexpressed in lung

epithelial cells.56 Finally, the inflammatorymilieu of theCOVID-19

lung with high numbers of neutrophils and pro-inflammatory cy-

tokines could inhibit the differentiation of AMs by competing for

available autocrine and paracrine GM-CSF57 or by antagonizing

downstream signaling induced by GM-CSF instruction. Indeed,

hyperinflammation in COVID-19 is accompanied by oxidative

stress, a known suppressor of GM-CSF production by type II

AECs.58

Based on prior success of inhaled GM-CSF in other pulmo-

nary disorders characterized by lack of TRAMs,8 we initiated a
12 Cell Reports Medicine 3, 100833, December 20, 2022
randomized controlled proof-of-concept clinical trial to study

if inhaled sargramostim treatment would improve alveolar

oxygenation, a primary readout of the function of the alveolus.

Although there was no difference in the mean value of P(A-a)

O2 gradient change between treatment groups, after 5 days of

inhaled sargramostim, we found a higher clinical responder

rate defined by at least 25% improved oxygenation. Unfortu-

nately, we could not perform pre-intervention and post-inter-

vention bronchoscopy in this clinical trial setting in infectious

COVID-19 patients, to minimize risk to staff and discomfort for

critically ill patients. We can therefore only speculate as to why
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Figure 7. Effect of sargramostim on the T cell compartment
(A) UMAP plot of CD3e+ PBMCs depicting manual annotation of T cell clusters obtained from HC (n = 20) and SARPAC study patients at baseline (T1; n = 35) and

after 5 days of treatment (T2; n = 37).

(B) Relative proportions that contribute to each T cell cluster in HC or SARPAC patients at baseline and after 5 days of treatment.

(C) Relative proportions of HLA-DR+CD38+ effector memory CD8 (top) and CD4 (bottom) T cells in HC (n = 20) and SARPAC patients at baseline (T1; n = 35) and

after 5 days of treatment (T2; n = 37).

(D) Flow cytometry plots pre-gated on viable effector CD8 T cells and gated on the HLA-DR+CD38+ fraction in representative samples of standard of care (SOC)

and sargramostim groups at baseline (T1) and after 5 days of treatment (T2). The percentage of activated (HLA-DR+CD38+) CD8 T cells in the PBMC fraction of HC

(n = 11), SOC (n[T1] = 25; n[T2] = 25), and sargramostim groups (n[T1] = 26; n[T2] = 26) at baseline (T1) and after 5 days of treatment (T2) is shown.

(E) Absolute numbers of IFNg+ (left) or IFNg+IL-2+ (right) spots detected by ELISpot after CD8 T cell stimulation with SARS-CoV-2 peptide pools in HC (n = 22),

SOC (n[T1] = 29; n[T2] = 24), and sargramostim groups (n[T1] = 30; n[T2] = 27) at baseline (T1) and after 5 days of treatment (T2). Statistical testing was performed

using the Kruskal Wallis test with Dunn’s correction for multiple comparisons for (C), theWilcoxon test for (D), and theMannWhitney test for (E). The line in (C) and

(E) indicates the median. Statistical differences are noted as **p < 0.01, ***p < 0.001, and ****p < 0.0001.
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alveolar oxygenation improved in more sargramostim-treated

patients. Based on our translational studies in mice that were

treated with inhaled GM-CSF, one obvious explanation is that

alveolar inflammation was suppressed via differentiation of

locally recruitedmonocytes and their differentiation into homeo-

static TRAMs.59 In animalmodels, GM-CSF inhalation and auto-

crine GM-CSF release in the lung has been shown to improve al-

veolocapillary barrier function, minimize alveolar water loss and

edema, and directly promote epithelial repair, which are critical

to maintain or restore alveolar gas exchange.60,61 Finally, we

could also show that GM-CSF inhalation directly boosted B
cellmemory responses andSARS-CoV-2-specificCD8T cell re-

sponses, in line with previous mouse models of viral or bacterial

pneumonia.30,31,62,63 Like others, we detected a deficiency at

least in circulating DC subsets in our cohort of COVID-19 pa-

tients, and remaining DCs were reported as hypofunctional.64

GM-CSF is the prime cytokine boosting the numbers and func-

tion of DCs that cross-present antigens derived from infected

AECs to CD8 T cells.31,52

Despite the beneficial effects of lung GM-CSF on alveolar ho-

meostasis, gas exchange, and antimicrobial immunity, there is

still a lot of controversy surrounding GM-CSF as a therapeutic
Cell Reports Medicine 3, 100833, December 20, 2022 13
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target in COVID-19, given that it can promote emergency myelo-

poiesis, boost cytokine release, and promote priming of neutro-

phils.36,37 Blockade of systemic GM-CSF or its receptor was

also proposed as a strategy to dampen hyperinflammation in se-

vere COVID-19. At least six randomized clinical trials have been

launched since the beginning of the pandemic,36 two of which

already reported promising results,65,66 while another did not

show benefit and was prematurely halted.67 Major differences

in the outcomes of GM-CSF interventions might depend on the

timing of intervention, but also on the route of administration.

While our study’s primary endpoint was oxygenation after

5 days of inhaled GM-CSF, the protocol did allow for systemic

administration based on the clinician’s decision after the

6-day period in both study arms, if clinical deterioration

occurred. Although only eight patients received intravenous

GM-CSF after the primary endpoint analysis, this form of treat-

ment was also not associated with more adverse events, in line

with earlier observations in sepsis and pneumonia-associated

ARDS patients.68,69

In conclusion, this translational study from mice to proof-of-

concept in humans with COVID-19 identified inhalation with

GM-CSF as a potential therapy for COVID-19 pneumonia,

improving blood oxygenation and at the same time boosting

antiviral immunity with minimal side effects.

Limitations of the study
Threemain limitations of the SARPAC trial include the open-label

design, reliance on the surrogate primary endpoint of ‘‘oxygena-

tion,’’ and exclusion of patients with critical COVID-19. All pa-

tients were unvaccinated at the time of inclusion. Most patients

were white and male. All these factors could limit the extrapola-

tion of our findings to different patient populations, current SOC,

and other SARS-CoV-2 variants of concern.
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Please see Table S5 (excel-format table) N/A N/A

Biological samples

Human BAL samples This paper N/A

Human PBMCs This paper N/A

Human serum This paper N/A

Chemicals, peptides, and recombinant proteins

Streptavidin, PE-Cy5 conjugated BD Biosciences Cat# 554062, RRID:AB_10053563

Streptavidin, PE-CF594 conjugated BD Biosciences Cat#562284

Fc block Biosciences Cat# 564219, RRID:AB_2728082

Folligon Intervet Cat# BE-V059272

Chorulon Intervet Cat# BE-V059315

Leukine (Sargramostim; human GM-CSF) Partner Therapeutics N/A

Recombinant Mouse GM-CSF VIB Protein Service Facility N/A

RPMI Thermo Fisher Scientific Cat# 21875-059

GlutaMAX Thermo Fisher Scientific Cat# 35050-038

Penicicillin-Streptomycin Thermo Fisher Scientific Cat# 15140122

Sodium Pyruvate Thermo Fisher Scientific Cat# 11360070

NEAA Thermo Fisher Scientific Cat# 11140035

2-mercaptoethanol Thermo Fisher Scientific Cat# 31350010

Liberase TL Roche Cat# 05 401 020 001

DNase I Roche Cat# 04 536 282 001
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CD4 SARS-CoV-2 peptide pools Provided by Alessandro Sette54 N/A

CD8 SARS-CoV-2 peptide pools Provided by Alessandro Sette54 N/A

FoxP3 Transcription factor staining

buffer kit

eBioscience Cat# 00-5523-00

Critical commercial assays

Live/Dead eFluor 506 Thermo Fisher Scientific Cat# 65-0866-18

FluoSpot Flex Mabtech Cat# FSP-0102-10

S-PLEX Human GM-CSF Kit MSD Cat# K151F3S-1

V-plex Cytokine panel 2 (human) kit MSD Cat# K151WTD

V-plex Proinflammatory panel 1

(human) kit

MSD Cat# K15049D

U-plex Human IL-18 MSD Cat# K151VJK

U-plex Human G-CSF MSD Cat# K151VGK

V-plex Chemokine panel 1

(human) kit

MSD Cat# K151NVD

V-plex vascular injury panel 2

(human) kit

MSD Cat# K151SUD

MicroVue Complement Multiplex Quidel Cat# A905s

ELISA kit for anti-spike 1 (S1) IgA EUROIMMUUN Cat# EI 2606-9601 A

ELISA kit for anti-spike 1 (S1) IgG EUROIMMUUN Cat# EI 2606-9601 G

ELISA kit for anti-NCP IgG EUROIMMUUN Cat# EI 2606-9601-2 G
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Murine Micro-array data This paper GSE216705

Experimental models: Organisms/strains

Mouse: Csf2�/� Bred at the animal facility of the University

of Ghent

Guilliams et al., 20135

Mouse: C57BL/6j SPF Janvier Labs N/A

Software and algorithms

REDCap Vanderbilt University N/A

limma R package (v 3.42.2) Bioconductor RRID:SCR_001320

mogene10sttranscriptcluster.db

R package

Bioconductor RRID:SCR_006442

ComBat function (sva R package,

v3.34.0)

Bioconductor RRID:SCR_006442

Adobe Illustrator Adobe www.adobe.com

Cell Ranger 10X Genomics https://support.10xgenomics.com/

single-cell-gene-expression/software/

pipelines/latest/what-is-cell-ranger

FlowJo v10.6.1 FlowJo https://www.flowjo.com

GraphPad Prism 9 GraphPad https://www.graphpad.com/

Other

GeneChip Mouse Gene 1.0 ST arrays Affymetrix RRID:SCR_008323
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RESOURCE AVAILABILITY

Lead contact
Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead contact, Bart N.

Lambrecht (bart.lambrecht@ugent.be).

Material availability
This study did not generate new unique reagents.

Data and code availability
d The sc-RNA and CITE-Seq data from the COVID-19 patients are publicly available online via singularity portal of the Flemish

institute for Biotechnology (VIB) via the COVID-19 response link (https://www.single-cell.be/covid19/browser) and are publicly

available as of the date of publication. De-identified individual participant data will be available upon approval of a reasonable

proposal. The shared data can be used for the analyses mentioned in the approved proposal without restriction. Proposals

should be directed to and will be fulfilled by the lead contact, Bart N. Lambrecht (bart.lambrecht@ugent.be).

d Microscopy data reported in this paper will be shared by the lead contact upon request without restriction.

d This paper does not report original code. Any additional information required to reanalyze the data reported in this paper is

available from the lead contact upon request without restriction.
EXPERIMENTAL MODEL AND SUBJECT DETAILS

In vivo animal studies
The following mice were used in this study; female C57BL/6 mice (aged 6–10 weeks) were purchased from Janvier (France);

Csf2�/� mice were bred at the animal facility of the VIB-UGhent. All animals were housed under specific-pathogen-free conditions

in individually ventilated cages in a controlled day-night cycle and given food and water ad libitum. All experiments were approved

by the independent animal ethical committee ‘‘Ethische Commissie Dierproeven – faculteit Geneeskunde en Gezondheids-weten-

schappen Universiteit Gent.’’
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SARPAC trial oversight and role of the funder

The trial was approved by the competent authorities and the Ethical Committee of Ghent University Hospital, and the trial was

conducted in accordance with Good Clinical Practice guidelines and the Declaration of Helsinki. Bart N. Lambrecht designed

the trial and was the coordinating investigator. An independent data safety monitoring board monitored participant safety. Every

patient or their legal representative provided informed consent for participation. All investigators take responsibility for the

integrity of the trial and the publication. The first authors wrote the first draft of the manuscript. All authors made the decision

to submit the manuscript for publication and vouch for the accuracy and completeness of the data and for the fidelity of the trial

to the protocol.

SARPAC trial design, participants and randomization

We conducted a randomized controlled, multi-center, open-label, interventional study across 5 hospitals in Belgium. Eligible patients

were adults (18–80 years of age) with confirmed recent COVID-19 pneumonia (i.e. positive polymerase-chain reaction (PCR) assay,

antigen detection test or serology <2weeks prior to randomization) and acute respiratory failure defined as a ratio of the partial arterial

pressure of oxygen to the fraction of inspired oxygen (PaO2/FiO2) below 350 mmHg or blood oxygen saturation level (SpO2) below

93% on minimal 2 L/min supplemental oxygen. The FiO2 is measured for high-flow oxygen devices and is an estimate in patients

breathing spontaneously on low-flow oxygen devices.

Patients were excluded from the trial in case of (1) known serious allergic reactions to yeast-derived products, (2) lithium carbonate

therapy, (3)mechanical ventilation prior to randomization, (4) peripheral white blood cell count above 25.000/mL and/or activemyeloid

malignancy, (5) high dose systemic steroid therapy (>20mgmethylprednisolone or equivalent) for a COVID-19-unrelated disorder, (6)

enrolment in another investigational study, (7) pregnant or breastfeeding or (8) ferritin levels >2000 mg/mL (which will exclude ongoing

CRS). The full list of in- and exclusion criteria can be found in the study protocol (See additional resources). All patients received stan-

dard of care validated at that time (e.g. anti-viral treatment, glucocorticoids and supportive care). However, concomitant treatment

with another investigational agent was prohibited.

Eligible patients were randomly assigned in a 1:1 ratio to receive sargramostim 125 mg twice daily for 5 days as a nebulized inha-

lation on top of standard of care (active group), or to receive standard of care treatment (control group). Upon progression of disease

requiring initiation of non-invasive or invasive mechanical ventilatory support within the 5-day period, in patients in the active group,

inhaled sargramostim is replaced by intravenous sargramostim 125 mg/m2 body surface area once daily until the 5-day period is

reached. Randomization and subsequent data collection were done using REDCap. The primary analysis was performed at day 6

or hospital dischargewhichever came first. The final trial visit occurred 10–20weeks after randomization. Detailed information related

to the subjects (e.g., sample size, etc.) can be found in Table 1.

Enrolled patients underwent multiple daily evaluations. Additional serum and EDTA samples and arterial blood gas samples were

collected on day 1 and 6 since randomization and on follow-up (10–20 weeks after randomization). The majority of patients random-

ized before July 2020 received hydroxychloroquine as per standard of care and the majority of patients randomized from July 2020

onwards received dexamethasone as per standard of care.

Human BAL samples

BAL fluid was obtained from patients who have been hospitalized with COVID-19 (n = 8), non-COVID-19 pulmonary infection (n = 8),

interstitial lung disease (ILD) (n = 1) and control individuals (n = 2). Detailed information related to the subjects can be found in

Table S2.

METHOD DETAILS

Timed pregnancies
For timed pregnancies, female C57BL/6 mice were injected intraperitoneal with 5 IU serum gonadotropin (Folligon; Intervet) to stim-

ulate follicle growth and 5 IU human chorionic gonadotropin (Chorulon; Intervet) to induce ovulation. Briefly, neonatal Csf2�/� mice

were treated 5 times on the first 5 days of birth with rGM-CSF (5ug GM-CSF in 5 ul PBS per day via i.n. administration).5 Negative

control mice =Csf2�/� mice treated with PBS (also 5 ul). All animal experiments were approved by the local animal ethics committee

(VIB-UGhent) and were performed according to local guidelines and Belgian animal protection law.

Flow cytometry and cell sorting of murine samples
Cell sorting was performed on a FACSAria II cytometer. After cell sorting, purity was checked (always >95%). For flow cytometry,

lungs were cut into small pieces, incubated in RPMI containing Liberase TM (Roche) and DNase (Roche), and then syringed through

a 19-gauge needle to obtain a homogenous cell suspension. Red blood cells were lysed for 4 min at room temperature in 1 mL

osmotic lysis buffer. Cells were sorted exactly as in Guilliams et al.5 (macrophages, pre-AMs and AMs in WT see Figure 3,

GM-CSF treated mice gating see Figure 6). Antibodies used in this study can be found in the key resources table.

Neutrophils (Ly-6GhiCD11bhiCD64loLy-6Chi cells), Eosinophils (SiglecFhiCD11bhiCD64loLy-6Cint cells), T cells (CD3hiCD11blo

CD64lo cells), and B cells (CD19hiCD11bloCD64lo cells) were systematically outgated before analysis. Fixable live/dead marker

Aqua was purchased from Invitrogen. Dead cells were outgated using the live/marker before analysis.
e3 Cell Reports Medicine 3, 100833, December 20, 2022
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GM-CSF signature
To identify the mouse alveolar macrophage (AMF) signature genes that are CSF2 dependent we compared GeneChip Mouse Gene

1.0 ST arrays (Affymetrix) microarrays of GM-CSFKOmice tomicroarrays covering the AMFdevelopment: Yolk SacMF (E12.5), Fetal

liver monocyte (E15.5), Bone Marrow monocyte (adult), lung macrophage on E15.5, E17.5 and E19.5, Pre-AMF on day of birth, AMF

on day 9 after birth and adult AMF.

The microarrays were analysed using the limma R package (v 3.42.2). The Robust Multi-array Average (RMA) procedure was used

to normalize data within arrays (probeset summarization, background correction and log2-transformation) and between arrays

(quantile normalization). Probesets were filtered and converted into gene symbols using themogene10sttranscriptcluster.db R pack-

age (v 8.7.0).

To identify the AMF signature genes that are CSF2 dependent we first calculated the DE genes between the AMF group and the

primitive MF groups combined with the BM_mono and FL_mono. A gene was considered differentially expressed when the Log2fold

change >1 and the Adjusted p value <0.05 (limma Bioconductor package, multiple testing correction by the Benjamini-Hochberg

method).

In order to only retain the genes with a perfect gene signature, we only kept the DE genes where the (mean normalised expression

values in the AMF samples) > (mean normalised expression values in the primitive MF groups, BM_mono and FL_mono samples) + 1.

A final filtering was done by only keeping the genes that overlap with our AMF core gene list. The AMF core gene list was obtained by

comparing Alveolar Macrophages to Liver Macrophages, Spleen Macrophages, Brain Macrophages, Peritoneal Macrophages and

Small Intestine Macrophages. Combat was used to correct for batch effects caused by the different experiments: overlapping sam-

ples over the different experiments were used as input for the ‘mod’ parameter of the ComBat function (sva R package, v3.34.0). For

each genewe calculated themean andmedian expression in the AMF samples, and themean andmedian expression in the otherMF

samples. Genes that have a mean and median value which is >1.2 times higher in the AMF samples compared to the other MF sam-

ples, were retained. We next scaled the expression values of these genes by calculating the mean expression value per gene over all

MF samples, which is then subtracted from each MFs’ particular gene expression value. These scaled expression values needed to

be positive for every AMF sample and negative for every other MF sample (but 3 mismatches were allowed here) in order to add the

gene to the AMF core list. All this resulted in 128 AMF core genes and 22 AMF signature genes that are CSF2 dependent.

To identify the AMF signature genes lacking in GM-CSF KO mice we first calculated the DE genes between MF_Gm_csfKO and

AMF group, primitive MF groups, BM_mono and combined. A gene was considered differentially expressed using the same cut

offs as described above. In order to only retain the genes with a perfect gene signature, we only kept the DE genes where the

(mean normalised expression values in the MF_Gm_csfKO samples) > (mean normalised expression values in the AMF, primitive

MF groups, BM_mono and FL_mono samples) + 1. This resulted in 73 AMF signature genes lacking in GM-CSF KO mice.

We next converted the found genes into the human orthologs by looking up the human gene symbol on NCBI (https://www.ncbi.

nlm.nih.gov/search/) and checking if there is an ortholog in human listed under the ‘Ortholog’ tab. The found orthologswere then used

as input for the SingleCellSignatureExplorer tool to identify where these genes are enriched in the UMAP.

Human BAL samples and single cell library preparation
We profiled matching BAL fluid from patients who have been hospitalized with COVID-19 (n = 8), non-COVID-19 pulmonary infection

(n = 8), interstitial lung disease (ILD) (n = 1) and control individuals (n = 2). The analysis includes single-cell 30 RNA-sequencing along

with the quantitative measurement of surface proteins using panels of more than 250 oligo-conjugated antibodies (TotalSeq A -

CITEseq). The study population entails adult patients with a diagnostic or therapeutic need for bronchoscopy. Patients aged

18–100 years old were eligible for study inclusion if they had clinical symptoms suggestive of COVID-19 and if hospitalization was

required. Controls were asymptomatic and were selected from a group of patients requiring a bronchoscopy with BAL for diagnostic

work or follow-up of other diseases. In these cases, lavage was always performed in a healthy lung lobe and SARS-CoV-2 was

formally ruled-out by RT-PCR. This study was performed in accordance with the principles expressed in the Declaration of Helsinki.

Written informed consent was obtained from all patients or a legal representative. The study was approved by the Ethics Committee

of Ghent University Hospital (Belgium), AZ Jan Palfijn (Belgium) and AZ Maria Middelares (Belgium), where all samples have been

collected. After dimensionality reduction, integration and clustering of the BAL cells, we mapped more than 60 clusters correspond-

ing with immune and epithelial cell identities in our preliminary analysis defined by expression of specific marker genes or antibodies.

Bronchoscopy with BAL was performed bedside using a single use disposable video bronchoscope. Bronchoscopy was only per-

formed in hemodynamically and respiratory stable patients. In spontaneously breathing patients, an additional oxygen need of

3L/min in rest was required. Recommended personal protective equipment was used: full face mask, disposable surgical cap, med-

ical protective mask (N95/FFP2/FFP3), work uniform, disposable medical protective gown, disposable gloves. Three to five aliquots

of 20 mL sterile normal saline were instilled into the region of the lung with most aberrations on chest CT. Retrieval was done by suc-

tioning of the scope. BAL fluid was collected in siliconized bottles to prevent cell adherence and kept at 4�C. BAL fluid was filtered

through a 100 mm cell strainer (BD Biosciences) and centrifuged for 7 min at 1300 rpm at 4�C. The supernatant was removed and the

BAL fluid cells were counted and subsequently processed fresh for CITEseq/scRNAseq. Onemillion of cells was used for subsequent

single cell RNA sequencing while the remaining cells were frozen in 1 mL 90% fetal calf serum (FCS, Sigma), 10% dimethyl sulph-

oxide Hybri-Max (DMSO, Sigma) in a cryovial using a 5100 Cryo 1�C Freezing Container (Nalgene) to �80�C. Afterwards the cells

were stored in liquid nitrogen (- 196�C). Whole blood was collected in EDTA tube and processed within a maximum of 1.5 hours
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after collection. Whole blood separation was performed by bringing whole blood, diluted with PBS 7.2 (ThermoFisher Scientific,

# 20012027), in a LeucosepTM tube, (Greiner Bio-One, # 227290), prefilled with 15 mL LymphoprepTM(Stemcell technologies,

# 07851), followed by a centrifugation step of 30minutes at 1500 rpm (acceleration 5, brake 3). After isolation, the PBMCs were twice

washed in PBS 7.2 and centrifuged at 350 xg for 10 minutes in a cooled centrifuge at 4�C. Isolated PBMCs were counted, cryopre-

served in 1mL FCS/DMSO 10% and stored in liquid nitrogen (- 196�C).

Preprocessing data
Single cell sequencing libraries were sequenced with a NovaSEQ S4 flow cell with custom sequencing metrics (single-indexed

sequencing run, 28/8/0/98 cycles for R1/i7/i5/R2) (Illumina). Sequencing was performed at the VIB Nucleomics Core (VIB, Leuven).

The demultiplexing of the raw data was performed using CellRanger software (10x – version 4.0; cellranger mkfastq which wraps

Illumina’s bcl2fastq). The reads obtained from the demultiplexing were used as the input for ‘cellranger count’ (CellRanger software),

which aligned the reads to a merged human/SARS-CoV-2 genome using STAR and collapses to unique molecular identifier (UMI)

counts. In order to maintain explicit control over all gene and cell quality control filters, we used the raw feature-barcode matrix

instead of the filtered feature-barcode matrix generated by CellRanger. As an initial filtering, we removed all cells with less than

200 genes and genes expressed in less than 3 cells.

First, the hashed samples were demultiplexed by allocating cells to a specific donor using a SNP-based algorithm. Droplets with

reads from different donors were omitted from the analysis. We next identified outlier cells based on 3 metrics: library size, number

of expressed genes andmitochondrial proportion. All cells that were 5median absolute deviation (MADs) higher or lower than theme-

dian value for eachmetric were removed. Cells that expressed less than 200 genes – if still present - were removed. Genes expressed

in less than 50 cells were discarded. For the antibodies (ABs) we selected the top 120 most expressed ABs. The complete proteoge-

nomic informationwas utilized for the single cell analysis by applying TotalVI (scvi Python package v0.6.7), an algorithm that combines

protein and mRNA profiles for the cell clustering in the dimensionality reduction by uniform manifold approximation and projection

(UMAP). The BAL dataset contains 19 samples of which 16 samples are CITE-Seq samples. We analyzed this dataset using the ‘Inte-

gration of CITE-seq and scRNA-seq data with totalVI’ workflow as described on http://docs.scvi-tools.org/.

The UMAP was checked for contamination cells, doublets and other unwanted cells, such as cells with high AB counts, cells

with lower nGenes,. After multiple rounds of cleaning a final UMAP was obtained on which we calculated the DE genes and DE

proteins using the scvi Python package. A gene was considered differential expressed when ‘lfc_median’ > 1.0, ‘bayes_factor’ > 1

and ‘non_zeros_proportion1’ > 0.10. An antibody was considered differential expressed when ‘proba_de’ > 0.05 and ‘(raw_mean1/

raw_mean2*lfc_mean)>=0.2’.

Heatmaps were made by scaling the normalized values (denoised values; calculated by the TotalVI workflow) using

the scale_quantile function of the SCORPIUS R package (v1.0.7) and the pheatmap R package (v1.0.12). The plots showing

the expression of certain genes or proteins were created based on the normalized values (denoised values) using a quantile cutoff

of 0.95 and via the scanpy.pl.umap function of the Scanpy Python package (v1.5.1).

The diffusion map was created using the scanpy.tl.diffmap function of the Python Scanpy package (v1.5.1). Slingshot was applied

on the first three diffusion components together with the annotated clusters using the slingshot R package (v1.4.0). The Monocyte

cluster was used as the starting point of the trajectory.

Outcomes of the clinical trial
The primary endpoint was the improvement in oxygenation after 5 days of sargramostim treatment and/or standard of care. Oxygen-

ation was assessed on an arterial blood gas by the PaO2/FiO2 ratio and P(A-a)O2 gradient. Median change from baseline in oxygen-

ation to day 6 and the numbers of patients that experienced at least 25%, 33% and 50% improvement in oxygenation were analyzed

in the sargramostim group and the usual care group.

Supportive secondary endpoints included amongst others: time to clinical improvement; length of hospital stay; time until progres-

sion to mechanical ventilation and/or ARDS. For patients of selected sites, additional blood samples were collected to measure spe-

cific immunological parameters. All supportive and secondary endpoints are listed in the statistical analysis plan, which can be found

in the extended data supplement.

Key safety endpoints included all-cause mortality, serious adverse events, sepsis and septic shock during hospital stay. Adverse

events were recorded according to the system organ class and preferred terms in the Common Terminology Criteria for Adverse

Events, version 6.0.

Sample collection and processing
Peripheral venous blood specimens were collected from healthy individuals and study patients using simultaneously obtained EDTA

and serum tubes. Healthy individuals were age, BMI and gender matched without prior medical history and in the absence of recent

infection or vaccination (<6 weeks). Healthy controls provided written informed consent prior to blood sampling and storage of their

samples in the PID biobank (EC Ghent University Hospital 2012/593). EDTA blood was diluted 1:2 in Hank’s Balanced Salt Solution

(HBSS; Fisher Scientific; 24020117) and peripheral blood mononuclear cells (PBMCs) isolated after gradient centrifugation over

Ficoll-Paque (GEHealthcare; 17-1440-02). Cell free plasmawas subsequently transferred from the supernatant, aliquoted and stored

at�80�C. After two washings in cold HBSS, the yielded layer of PBMCs was counted in a Neubauer plate with trypan blue exclusion
e5 Cell Reports Medicine 3, 100833, December 20, 2022
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of dead cells. PBMCs were aliquoted in 90% Fetal Calf Serum (FCS; Sigma Aldrich; F7524) and 10% dimethyl sulfoxide (DMSO;

Sigma Aldrich; D2650). Vials were placed in a �80�C freezer using controlled rate freezing in preparation for final storage at

�150�C until further use. Serum tubes were spun at 4�C and cell free serum was subsequently aliquoted and stored at �80�C until

analysis.

Extended immunophenotyping on PBMCs
Cryopreserved PBMCs were thawed in 37�C preheated complete medium (RPMI-1640 medium supplemented with GlutaMAX, 10%

FCS, 1% penicillin-streptomycin (Pen/Strep; 10,000 U/mL; Gibco; 15140122), 1 mM sodium pyruvate (Gibco; 11360070), 1% non-

essential amino acids (NEAA; Gibco; 11140035) and 50 mM 2-mercaptoethanol (Gibco; 31350010). Cells were left to recuperate for

30 min at 37�C and 5% CO2 after removal of DMSO. Cells were counted using Luna-FX7 (Logos Biosystem) and 4*10̂ 6 cells were

plated for immunophenotyping. Next, cells were first stained with FcR block (Biolegend; 422302) together with Mono Block

(Biolegend; 426102), biotin conjugated antibodies and Fixable Viability dye eFluor 506 (Thermofisher; 65-0866-14) in PBS. In a sec-

ond step, remaining surface markers were stained with a mixture of antibodies in FACS buffer (DPBS pH7.4, 1% Bovine Serum

Albumin, 0,05% NaN3, 1 mM EDTA) and Brilliant Stain buffer (BD Biosciences). Cells were fixed, permeabilized and intracellular

stained with antibodies using FoxP3 staining buffer (Thermofisher; 00-5523-00) following manufacturer’s protocol. Acquisition

and analysis of labeled cell suspensions was performed with a FACSymphony flow cytometer (BD biosciences) and subsequent

analysis of data with FlowJo10 software (BD biosciences). Antibodies used to define PBMC populations can be found in the key re-

sources table.

T cell restimulation and FluoroSpot
To quantify SARS-CoV-2 specific CD4 and CD8 T cells, peptide restimulation with Fluorospot for IFN and IL-2 was performed (Mab-

tech; Fluorospot Flex). In short, 2,5X10̂ 5 PBMCwere resuspended in complete medium, plated in triplicate into 96 well plates with a

PVDFmembrane bottom layer, precoated overnight with capturing antibodies directed against IFN and IL-2. PBMC were stimulated

with CD4 T cell (CD4-R and CD4-S MP) or CD8 T cell (CD8-A and CD8-B MP) specific peptide pools at a final concentration of

1 mg/mL, as described in Weiskopf et al.54 After 23 hours of stimulation, plates were collected and spots were developed following

manufacturer’s protocol (Mabtech, FSP-0102-10). Spots were revealed and quantified using Mabtech IRIS Fluorospot reader

(Mabtech).

Biomarker quantification
Serum cytokines IL-1b, IL1Ra, IL-6, IL-8, IL-10, IL-18, CXCL10, ICAM, G-CSF, GM-CSF, TNFa, IFNg were quantified by MSD using

the S-plex GM-CSF Human kit (MSD; K151F3S-1), the V-plex Cytokine panel 2 (human) kit (MSD; K151WTD), the V-plex Proinflam-

matory panel 1 (human) kit (MSD; K15049D), U-plex Human IL-18 (MSD; K151VJK), U-plex Human G-CSF (MSD; K151VGK), V-plex

Chemokine panel 1 (human) kit (MSD; K151NVD), V-plex vascular injury panel 2 (human) kit (MSD; K151SUD) according to manufac-

turer’s protocol, with data acquired on a MESO QuickPlex SQ 120.

C5a measurement
Complement components were measured in cell free plasma. C5a was measured using customizable enzyme immunoassay multi-

plex kits (MicroVue Complement Multiplex, Quidel; A905s), according to manufacturer’s instructions. Data were acquired on a

Q-View Imager LS, using the Q-View Software 3.11.

Immunoglobulin ELISA
SARS-CoV-2 antibodies on stored serum samples of included patients were analyzed with antigen-coated ELISA kits (EUROIMMUN

AG) for anti-spike 1 (S1) IgA (EI 2606-9601 A) and IgG (EI 2606-9601 G) and anti-nucleocapsid protein (NCP) IgG (EI 2606-9601-2 G),

according to manufacturer’s protocol.

QUANTIFICATION AND STATISTICAL ANALYSIS

Sample calculation and power analysis
The outcome(s) on which the sample size calculation is based upon, is the primary endpoint measurement of oxygenation, defined as

PaO2/FiO2 ratio and P(A-a)O2. Sample calculation and power analysis have been performed using Genstat. The target difference is

the difference measured at the primary endpoint (at day 6) between the control and the treated group. Given a sample size of 40

patients each, a minimal improvement of 10% in the treated group relative to the control group will be detected as significant at a

significance level of 0,01 with a power of 0.90. The error variance was set at 100 units, corresponding with a standard deviation

of 10 units.

The post-treatment evaluations should be assessedwithin 24 hours of the last dose of treatment. That is, Day 6will be the timepoint

for measures of efficacy endpoints based on 5 days of treatment. If the patient is discharged from hospital prior to the day 6 efficacy

evaluation, the values at day of discharge will be used as value for measuring efficacy endpoints.
Cell Reports Medicine 3, 100833, December 20, 2022 e6



Article
ll

OPEN ACCESS
Statistical analysis
Safety data were analyzed descriptively in the safety population which included all patients that received at least one dose of sar-

gramostim on the active arm and all patients who received only standard of care on the control arm. All efficacy endpoints were based

on the modified intention-to-treat population, unless otherwise specified. Some specific sensitivity analyses of efficacy were based

on ITT (for primary endpoints only), which included all patients who had undergone randomization. Patients with missing data (i.e. no

arterial blood gas analysis at baseline and/or day 6) were excluded from the analyses for which the missing data are necessary. Pa-

tients with a negative P(A-a)O2 gradient were excluded for oxygenation analyses, given these values are biologically not possible.

Categorical endpoints are calculated as the percentage of patients with the event, relative to the number of patients treated.

Continuous endpoints will be summarized by n, means or medians, minimum, maximum, and 25th and 75th percentiles. F-test

and two sample t-test may be used to compare patients on the sargramostim and control arms. In the event that the underlying as-

sumptions and/or distributions for a given statistical method were not satisfied, alternative statistical methods were employed.

The number of patients that experienced at least 25%, 33% and 50% improvement in oxygenation was compared between the

sargramostim group and the standard of care group by a Chi-square test. The median change from baseline in oxygenation to

day 6 was analyzed by a Brown-Mood test. p values were two sided, and any p value less than 0.05 was considered statistically sig-

nificant. Statistical details of experiments can be found in the figure legends. The complete SAP is provided in the Supplementary

Appendix.

ADDITIONAL RESOURCES

This study is registered online with ClinicalTrials.gov (NCT04326920) and EudraCT (2020-001254-22) and is complete. The study

protocol (Data S1) and statistical analysis plan (Data S2) are available as supplemental Data items.
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Supplementary figure 4
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Supplementary figure 1 | Core transcriptional profile of cells isolated after BAL, related to Figure 1 

Heatmap showing top 10 differentially expressed genes per cell cluster based on LogFC per group. 

Heatmap was created by comparing transcriptional data from each annotated cluster.  

  



Supplementary figure 2 | GM-CSF instruction in monocyte and macrophage clusters, related to Figure 

2 

(A) Principal component (PC) analysis of transcriptional profile of the main cell populations shown in 

Figures 2H-I. 

(B) Heatmap listing genes from the ‘murine GM-CSF lung mac signature’ and showing the log2 

normalised expression of the gene split over the different human monocyte and macrophage clusters.  

(C) Heatmap listing genes from the ‘murine lack-of-GM-CSF lung mac signature’ and showing the log2 

normalised expression of the gene split over the different human monocyte and macrophage clusters.  

(D) Mean enrichment scores (calculated via SingleCellSignatureExplorer) for the ‘murine GM-CSF lung 

mac signature’ (left plot) and ‘murine lack-of-GM-CSF lung mac signature’ (right plot) over the different 

monocyte and macrophage clusters. 

(E) Mean enrichment scores (calculated via SingleCellSignatureExplorer) for the ‘murine GM-CSF lung 

mac signature’ (left plot) and ‘murine lack-of-GM-CSF lung mac signature’ (right plot) over healthy 

control group (n=2), patient with interstitial lung disease (n=1), patients with non-COVID-19 pulmonary 

infection (n=8) and COVID-19 patients (n=8). 

 

  



Supplementary figure 3 | Primary endpoint, related to Figure 4 

(A) Waterfall plot of relative change from baseline of P(A-a)O2 (mmHg) on day 6. Dotted line indicates 

improvement by at least 25, 33 or 50% compared to baseline. 

(B) Waterfall plot of relative change from baseline of PaO2/FiO2 ratio on day 6. Dotted line indicates 

improvement by at least 25, 33 or 50% compared to baseline. 

 

  



Supplementary figure 4 | Subgroup analysis of primary endpoint, related to Figure 4 

(A) Waterfall plot of relative change from baseline of P(A-a)O2 (mmHg) on day 6 for patients on 

concomitant glucocorticoids (upper panel) or not on glucocorticoids (lower panel) at randomization. 

(B) Waterfall plot of relative change from baseline of P(A-a)O2 (mmHg) on day 6 for patients with a 

baseline P(A-a)O2 value greater than the median baseline P(A-a)O2 value per group (upper panel) or 

lower than the median baseline P(A-a)O2 value per group (upper panel) 

(C) Waterfall plot of relative change from baseline of P(A-a)O2 (mmHg) on day 6 for patients with a 

baseline CRP value greater than the median CRP value per group (upper panel) or lower than the 

median baseline CRP value per group (upper panel) 

(D) Waterfall plot of relative change from baseline of P(A-a)O2 (mmHg) on day 6 for patients with a 

baseline ferritin value greater than the median CRP value per group (upper panel) or lower than the 

median baseline ferritin value per group (upper panel) 

 

  



Supplementary figure 5 | Effect of sargramostim on immune landscape, related to Figure 5 

(A) GM-CSF measured in serum of healthy control (HC; N= 19), standard of care (SOC; n(T1) = 25; n(T2) 

= 25) and sargramostim group (n(T1) = 28; n(T2) = 22) at baseline (T1) and after (T2) 5 days of 

treatment. 

(B) Included variables (cytokines) denoted in the vectors in the loadings plot of the principal 

component (PC) analysis. 

(C) Cytokines and chemokines measured in serum of healthy control (HC), standard of care (SOC) and 

sargramostim group at baseline (T1) and after (T2) 5 days of treatment. HC (n= 19), SOC ( n(T1) = 36; 

n(T2) = 34) and sargramostim (n(T1) = 37; n(T2) = 39). 

(D) C5a measured in serum of healthy control (HC), standard of care (SOC) and sargramostim group at 

baseline (T1) and after (T2) 5 days of treatment. HC (n= 15), SOC (n(T1) = 27; n(T2) = 23) and 

sargramostim (n(T1) = 27; n(T2) = 23). 

(E) Percentage of DC2, DC3, pDC and basophils in PBMC fraction of healthy control (HC; n= 28), 

standard of care (SOC; n(T1) = 25; n(T2) = 26) and sargramostim group (n(T1) = 27; n(T2) = 26) at 

baseline (T1) and after (T2) 5 days of treatment. 

The comparisons were performed by the Kruskal Wallis test with Dunn’s correction for panel (A), (C), 

(D) and (E). The line in panel (A), (C), (D) and (E). indicates the median. 

  



Supplementary figure 6 | Effect of sargramostim on lymphocytes, related to Figure 6 and 7 

(A) Heatmap plots illustrating the signature surface markers used to identify B cell subsets. 

(B) Percentage of plasmablasts in PBMC fraction of standard of care (SOC; n(T1) = 25; n(T2) = 25) and 

sargramostim group (n(T1) = 26; n(T2) = 26) at baseline (T1) and after (T2) 5 days of treatment. 

(C) Heatmap plots illustrating the signature surface markers used to identify T cell subsets. 

(D) Percentage of activated (HLA-DR+CD38+) CD4 T cells in PBMC fraction of healthy control (HC; n= 

11), standard of care (SOC; n(T1) = 25; n(T2) = 25) and sargramostim group (n(T1) = 26; n(T2) = 26) at 

baseline (T1) and after (T2) 5 days of treatment. 

(E) Absolute number of IFNg+ (left) or IFNg+IL-2+ (right) spots detected by ELISpot after CD4 T cell 

stimulation with SARS-CoV-2 peptide pools in healthy control (HC; n= 22), standard of care (SOC; n(T1) 

= 29; n(T2) = 24) and sargramostim group (n(T1) = 30; n(T2) = 27) at baseline (T1) and after (T2) 5 days 

of treatment. 

The comparisons were performed by the Wilcoxon test for panel (B), (D) and (E). The line in panel (E) 

indicates the median. 



Table S1. Demographics of patients with BAL procedure, related to Figure 1 and 2 

 Control (N=2) COVID-19 (N=8) Non-COVID-19 pulmonary 
infection (N=8) 

ILD (N=1) 

Age     

Median (IQR) – yr 64 (63-64) 53 (42-58) 65 (38-76) 47 

Sex     

Male – no. (%) 0 (0.0) 5 (62.5) 5 (62.5) 1 (100.0) 

Ethnicity     

White – no. (%) 2 (100.0) 7 (87.5) 8 (100) 1(100) 

Asian – no. (%) 0 (0.0) 1 (12.5) 0 (0) 0 (0.0) 

BMI, Median (IQR) 27.2 (25.5-28.8) 27.7 (25.5-33.9) 25.9 (23.6-27.6) 35.8 (NA) 

Median no. days since symptom 
onset (IQR) – days 

NA 17 (11-30) 9 (5-10) 5 (NA) 

Median no. days since 
hospitalization (IQR) – days 

NA 10 (6-21) 2 (2-2) 1 (NA) 

Comorbidity – no. (%)     

Arterial hypertension 0 (0.0) 2 (25) 1 (12.5) 0 (0.0) 

Diabetes mellitus 0 (0.0) 2 (25) 1 (12.5) 0 (0.0) 

Cardiovascular disease 0 (0.0) 1 (12.5) 1 (12.5) 0 (0.0) 

Chronic kidney disease 0 (0.0) 0 (0.0) 1 (12.5) 0 (0.0) 

Severe liver disease 0 (0.0) 0 (0.0) 1 (12.5) 0 (0.0) 

Chronic lung disease 0 (0.0) 2 (25.0) 4 (55.5) 1 (100.0) 

Cancer 2 (100) 0 (0.0) 3 (37.5) 0 (0.0) 

Smoking status – no. (%)     

Current 2 (100.0) 1 (20.0) 1 (12.5) 1 (100) 

Former 0 (0.0) 3 (60.0) 3 (37.5) 0 (0) 

Concomitant medication at 
randomization 

NA    

Glucocorticoids NA 1 (14.3) 1 (12.5) 0 (0.0) 

Antiviral drugs 
(remdesivir) 

NA 0 (0.0) 0 (0.0) 0 (0.0) 

Hydroxychloroquine NA 0 (0.0) 0 (0.0) 0 (0.0) 

Antibiotics NA 4 (57.1) 8 (100) 1 (100) 

Oxygenation, Median (IQR)     

PaO2/FiO2 ratio NA 161 (119-212) 294 (202-336) 285.7 (NA) 

Aa gradient (IQR) – mmHg NA 287 (287-289) NA NA 

Lab values, Median (IQR)     

C-reactive protein level – 
mg/l 

NA 94.5 (40.1-146.3) 141.6 (40.6-186.8) 62.4 (NA) 

Eosinophil count – no. x 
109/l 

NA 0.024 (0.01-0.15) 0.12 (0.04-0.24) 0.32 (NA) 

Lymphocyte count – no. x 
109/l 

NA 0.92 (0.68-1.15) 0.13 (0.84-1.63) 1.46 (NA) 

Ferritin – µg/l NA 505 (400-563) 299 (165-736) 208 (NA) 

Lactate dehydrogenase – 
ukat/l 

NA 6.3 (3.9-11.5) 4.1 (2.7-5.7) 5.7 (NA) 

Asparate 
aminotransferase – ukat/l 

NA 1.1 (0.5-1.3) 0.3 (0.2-0.4) 0.3 (NA) 

Alanine aminotransferase 
– ukat/l 

NA 0.9 (0.6-2.0) 0.2 (0.2-0.3) 0.3 (NA) 

Creatinine – µmol/l NA 58.4 (50.2-69.2) 69.9 (65.4-88.4) 67.2 (NA) 

SOFA score, median (IQR) NA 8.5 (3.3-10) 2 (1-3.5) 2 (NA) 

6-category ordinal scale at 
randomization – no. (%) 

    

2 Hospitalized, on invasive 
mechanical ventilation or 
ECMO 

0 (0.0) 6 (75.0) 0 (0.0) 0 (0.0) 

3 Hospitalized, on non-
invasive ventilation or 
high flow oxygen devices 

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

4 Hospitalized, requiring 
supplemental oxygen 

0 (0.0) 2 (25.0) 6 (75.0) 1 (100.0) 

5 Hospitalized, not 
requiring supplement 
oxygen 

0 (0.0) 0 (0.0) 2 (25.0) 0 (0.0) 

6 Non-hospitalized 2 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 

 



Table S2. Technical details of the single-cell analysis, related to Figure 1 and 2 

Patient ID nrCells median_genesPerCell mean_readsPerCell mean_percentMito 

COV002 16222 1878 5727 3,66 

COV004 9240 2060 7600 5,21 

COV006 5751 1717 7206 3,4 

COV007 1963 1720 7323 3,18 

COV012 14156 2067 6480 1,6 

COV013 16751 1487 5166 4,82 

COV014 11568 346 932 2,15 

COV015 10998 457 1818 1 

COV016 5564 2406 9480 7,79 

COV017 6730 2468 9100 7,77 

COV021 8981 2808 11454 4,97 

COV022 8428 1740 7110 3,67 

COV023 17220 513 2645 2,87 

COV024 4217 2126 9052 5,7 

COV025 16958 436 1156 1,54 

COV034 15585 608 2500 0,47 

COV035 19032 407 1230 2,02 

COV036 15472 429 2515 1,4 

COV037 19091 552 1542 0,98 

 

  



Table S3. Overview primary and secondary study endpoints, related to Figure 4 and Table 2 

 SOC 
(n = 41) 

Sargramostim 
(n = 40) 

P Value 

Primary endpoints 

Number of patients with ≥ 25% 
Reduction Change from Baseline in P(A-a) 
Gradient on Day 6* – no./total no. (%) 

15/38 (39.5) 22/35 (62.9) 0.0459C 

Number of patients with ≥ 33% 
Reduction Change from Baseline in P(A-a) 
Gradient on Day 6* – no./total no. (%) 

10/38 (26.3) 19/35 (54.3) 0.0147C 

Number of patients with ≥ 50% 
Reduction Change from Baseline in P(A-a) 
Gradient on Day 6* – no./total no. (%) 

6/38 (15.8) 12/35 (34.3) 0.1023F 

Mean Change from Baseline in P(A-a) 
Gradient on Day 6* (SD) 

-0.3 (55.0) 4.0 (96.3) 0.8182T 

Median Change from Baseline in P(A-a) 
Gradient on Day 6* (95% CI) 

-9.4 
(-13.4, 6.2) 

-14.6 
(-23.6, -8.7) 

0.1292M 

Number of patients with ≥ 25% Increase 
Change from Baseline in PaO2/FiO2 on 
Day 6* – no./total no. (%) 

11/38 (28.9) 11/35 (31.4) 0.8175C 

Number of patients with ≥ 33% Increase 
Change from Baseline in PaO2/FiO2 on 
Day 6* – no./total no. (%) 

6/38 (15.8) 6/35 (17.1) >0.9999F 

Number of patients with ≥ 50% Increase 
Change from Baseline in PaO2/FiO2 on 
Day 6* – no./total no. (%) 

4/38 (10.5) 3/35 (8.6) >0.9999F 

Mean Change from Baseline in PaO2/FiO2 
on Day 6* (SD) 

+29.7 (71.8) +25.7 (85.3) 0.8263T 

Median Change from Baseline in 
PaO2/FiO2 on Day 6* (95% CI) 

+20.0 
(-10, 61) 

+58.0 
(-3, 64) 

0.0818M 

Secondary endpoints 

Mean change in 6-point ordinal scale 
change between Baseline and Day 6 (SD) 

0.3 (1.0) 0.3 (1.0) 0.9893T 

Median number of days in hospital (95% 
CI) 

9.0 (7, 14) 8.5 (6, 12) 0.9093M 

Incidence of nosocomial infection – 
no./total no. (%) 

1 (2.4) 2 (5.0) 0.1655W 

Death at 28 days – no. (%) 2 (4.9) 2 (5.0) >0.9999F 

Incidence of progression to mechanical 
ventilation and/or ARDS – no./total no. 
(%) 

6 (14.6) 7 (17.5) 0.7254C 

Median time (days) to clinical sign score < 
6 for at least 24h (95% CI) 

3.0 (1.0, 6.0) 2.0 (1.0, 3.0) 0.4171L 

Mean change in clinical sign score 
between Baseline and Day 6 (SD) 

-2.2 (3.0) -2.0 (3.1) 0.8525T 



Mean change in NEWS2 score between 
Baseline and Day 6 (SD) 

-0.4 (3.0) -0.6 (3.1) 0.8018T 

Mean change in SOFA between Baseline 
and Day 6 (SD) 

-0.4 (1.2) -0.5 (1.5) 0.9302T 

Median Change Ferritin level between 
Baseline and Day 6 (95% CI) 

-112 
(-259, 118) 

-90 
(-150, 34) 

0.8974M 

Median Change D-dimer level between 
Baseline and Day 6 (95% CI) 

-0.44 
(-2.90, 2.46) 

-0.71 
(-1.79, 1.33) 

0.7172M 

Median Change CRP level between 
Baseline and Day 6 (95% CI) 

-43.1 
(-73.8, -22.8) 

-43.6 
(-69.8, -21.7) 

0.8974M 

Median Change Lymphocyte number 
between Baseline and Day 6 (95% CI) 

0.20 
(0.02, 0.56) 

0.45 
(0.18, 0.70) 

0.2650M 

Median Change Eosinophil number 
between Baseline and Day 6 (95% CI) 

0.005 
(0.000, 0.073) 

0.100 
(0.010, 0.160) 

0.1079M 

HRCT fibrosis score at follow-up (95% CI) 102.5 
(100.0, 105.8) 

100.8 
(100.0, 102.5) 

0.5696M 

* Day 6 or hospital discharge, whichever came first 

c Chi-square Test 

F Fisher's Exact Test 

M Brown-Mood Test;  W Wald test 

T T Test 

HRCT fibrosis score is based on the collected average of the six individual HRCT zone scores. 

L Log-rank test 

  



Table S4. Definition severe COVID-19, related to Figure 5 

1.      Antigen, PCR or serological proof of SARS-Cov2 infection 

2.      Presence of hypoxia defined as PaO2/FiO2 below 350 while breathing room air in 
upright position or PaO2/FiO2 below 280 on supplemental oxygen and immediately 
requiring high flow oxygen device or mechanical ventilation. 

3.      Signs of cytokine release syndrome defined as ANY of the following: 

 a.      Serum ferritin concentration >1000 mcg/L and rising since last 24h 
b.      Single ferritin above 2000 mcg/L in patients requiring immediate high flow 
oxygen device or mechanical ventilation. 
c.       Lymphopenia defined as <800 lymphocytes/microliter and two of the 
following extra criteria: 
                 i.     Ferritin > 700 mcg/L and rising since last 24h 
                 ii.     Increased LDH (above 300 IU/L) and rising since last 24h 
                 iii.     D-Dimers > 1000 ng/mL and rising since last 24h 
                 iv.     CRP above 70 mg/L and rising since last 24h and absence of bacterial 
(if three of the above are present at admission, no need to document 24h rise) 

4.      Chest X-ray and/or CT scan showing bilateral infiltrates within last 2 days 
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Protocol Amendment History: 
 

 
 

Version 
Number 

Date Description of amendment 

1.4 10APR2020 Specification of participating centers (UZ Ghent and AZ Sint Jan 
Brugge to multicenter trial 

  Section 10.3: extra sampling only in selected centers 

2.0 15APR2020  Section 6.1: Inclusion criteria 1 removed and changed to COVID-
19 diagnosis confirmed by antigen detection test and/or PCR 
and/or positive serology, or any emerging and validated 
diagnostic laboratory test for COVID-19 within this period. 

  Section 1.5, 6.1: Extra Inclusion criteria: In some patients, it may 
be impossible to get a confident laboratory confirmation of 
COVID-19 diagnosis after 24h of hospital admission because 
viral load is low and/or problems with diagnostic sensitivity.  In 
those cases, in absence of an alternative diagnosis, and with 
highly suspect bilateral ground glass opacities on recent (<24h) 
chest-CT scan (confirmed by a radiologist and pulmonary 
physician as probable COVID-19), a patient can be enrolled as 
probable COVID-19 infected. In all cases, this needs 
confirmation by later seroconversion 

  Section 10: redefining sampling.due to addition of extra study 
sites. 
Section 8.1.5: better definition of duration of treatment  
Section 13.6: Despite the known safety profile of the study 
medications and study design, a DSMB is foreseen. 

  General: Better definition of progressive disease: Progression to 
ARDS requiring mechanical ventilation is removed and replaced 
by: progressive disease requiring mechanical ventilatory 
support.  

  General: Safety follow-up period is 10-20 weeks. 

  Section 1.6.1, 8.1.5: Nebulizing is preferably done in an isolation 
negative pressure chamber, and if not, personnel should use an 
FFP2 mask. Patient should self-administer the medication and 
where possible, the room should not be entered within one 
hour after administration. 
 

  Section 9.4: arterial blood 
 gas mandatory at D1, D6 and FU 
Section 9.2, 9.4: if arterial blood gas is taken within 24h before 
first dose administration, as described in point° the arterial 
blood gas of screening can be used as D1 value 

 

  Section 7.1.2: If a patient decides to leave hospital before day 6 
of the study, for example because of clinical improvement, the 
oxygenation parameters at day of discharge will be used to 
calculate the primary endpoint measurement.  
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3.0 14 May 2020 Section 9.4: Schematic overview of the data collection & 

interventions: lay-out was updated to improve clarity. 

  Section 9.4: Added to flowchart, as per standard of care during 

follow-up visit: 

- 6 minutes walk test (Section 4.2) 

- HRCT scan to assess HRCT fibrosis score 

  Section 10:  
- Clarification on study blood sampling added: EDTA only to be 
collected in selected sites. 
- processing details of samples were updated from 1500RPM or 
410g to 1770 g. 

General: Typo’s were corrected. 

General: “requiring invasive mechanical ventilatory support”: 
wording “invasive” changed to “non-invasive / invasive“. 

Section 9.2: “on page 36” added to “as described in point°”. 

Section 9.4: clinical assessments added to flowchart: 
Ordinal Scale Category, Clinical Sign Sore, NEWS2 Score, SOFA 
Score, HScore, CURB-65, APACHE II and Glasgow Coma Scale. 

Section 3.2, 4.2: Mean change of SOFA score between day 1 and 
day 6 or between day 1 and day 11: updated to day 10. 
Mean change NEWS2 score between day 1 and day 6 or 
between day 1 and day 11: updated to day 10. 
 

4.0 07 June 2021 General: Typo’s were corrected. 

4.0 07 June 2021 Section 1.5 and 6.2 
-patients on high dose systemic steroids (> 20 mg 
methylprednisolone or equivalent) 
Replaced by 
-patients on high dose systemic steroids (> 20 mg 
methylprednisolone or equivalent) for COVID-19 unrelated 
disorder 
 
AND 
 
- Patients with serum ferritin >2000 mcg/ml (which will exclude 
ongoing HLH) 
Replaced by  
- Patients with serum ferritin >2000 mcg/L (which will exclude 
ongoing HLH) 

4.0 07 June 2021 Section 3.3 and Sections 4.1 and 4.2  
Further clarification of Primary and Secondary endpoint 
measurements 
 

4.0 07 June 2021 Section 4.3: 
 Enumeration and description of planned pharmacodynamic 
measurements (biomarkers, flow cytometry, 
immunomonitoring) 

4.0 07 June 2021 Section 9.3.6: 
Clarification on role of VIB-UGent Center for Inflammation 
Research 
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Clarification of which pharmacodynamic parameters, 
biomarkers, immunomonitoring assays will be performed 

4.0 07 June 2021 Definitions of follow-up visit were made consistent. 

4.0 07 June 2021 Section 11: 
Shipment process of optional samples was updated.  

4.0 07 June 2021 Section 11.3:  
Typo selected centres corrected to all centres 
Better description of sample handling and analysis by centers 

 07June 2021 Secion 11.4 
Clarification of sample storage and shipment, including role of 
VIB 

4.0 07 June 2021 Section 12.3: correction statistical analysis team 
Further clarification on statistical analysis performed 

4.0 07 June 2021 Section 13.4: 
Access to data and data ownership better defined 

4.0 07 June 2021 Section 14.7: 
Period of first DSUR reporting modified to 1 year + 60 days 
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LIST OF ABBREVIATIONS 
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1. Protocol Summary 

 
SARPAC trial : Use of sargramostim in patients with acute hypoxic respiratory failure due to COVID-19 

Title 

A prospective, randomized, open-label, interventional study to 
investigate the efficacy of sargramostim (Leukine®) in improving 
oxygenation and short- and long-term outcome of COVID-19 patients 
with acute hypoxic respiratory failure. 

Protocol number SARPAC 

Protocol version V4.0 

EudraCT number 2020-001254-22 

Sponsor University Hospital Ghent 

Co-ordinating Investigator Bart N. Lambrecht 

Type of study Interventional 

Fase IV 

Methodology prospective, randomized, open-label study 

Study duration 22 weeks 

Purpose of study 

To study the effectiveness of additional sargramostim (GM-CSF) 
inhalation versus standard of care on blood oxygenation in patients 
with COVID-19 coronavirus infection and acute hypoxic respiratory 
failure 

Number of participants 80 

Study population and 
main inclusion criteria 

Patients with confirmed COVID-19 infection and acute hypoxic 
respiratory failure 
Presence of hypoxic respiratory failure defined as O2 saturation 
below 93% on minimal 2l/min O2 therapy and/or ratio PaO2/FiO2 
below 350 

Investigational drug, dose, 
route 

Sargramostim/Leukine®  125 mcg BID via inhalation, for 5 days 
Sargramostim/Leukine®  125 mcg/m2 once daily IV upon progression, 
for 5 days 

Treatment duration 5 days, followed by possible 5 day extension upon deterioration 
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1.1. Protocol specifics 

 

 EudraCT number : 2020-001254-22 
 

University Hospital Ghent 

 

1.2. Study Type and Study Phase 

 
This is phase 4 academic, prospective, randomized, open-label, interventional study designed to 
investigate the efficacy of sargramostim (Leukine®) in improving oxygenation and short- and long-term 
outcome of COVID-19 patients with acute hypoxic respiratory failure.  
 

1.3. Aim of the study (including primary endpoints) 

 
The primary objective is to investigate whether the administration of inhaled sargramostim (Leukine®) 
at a dose of 250 mcg daily during 5 days improves oxygenation in COVID-19 patients with acute hypoxic 
respiratory failure. 
 
The secondary objectives are:  
- to study if early intervention with sargramostim is safe (number of AEs/SAEs) 
- to study if early intervention with inhaled sargramostim affects clinical outcome defined by  

duration of hospital stay, 6-point ordinal scale, clinical sign score, SOFA score, NEWS2 score 
- to study if early intervention with sargramostim affects the rate of nosocomial infection  
- to study if early intervention with inhaled sargramostim affects progression to mechanical ventilation 
and/or ARDS 
- to study if treatment with sargramostim affects all-cause mortality rate at 4 and 20 weeks post 
inclusion 
-to study if treatment with sargramostim affects features of secondary haemophagocytic 
lymphohistiocytosis, defined by HS score 
- to study if treatment with sargramostim has a favourable effect on long term 10-20 week follow up 
 

1.4. Subjects 

 

1.4.1. Number of subjects 

A total of 80 patients with confirmed COVID-19 and acute hypoxic respiratory failure will be enrolled, 
40 in the active and 40 in the control group. 
 

1.4.2. Target group 

Confirmed COVID-19 patients with acute hypoxic respiratory failure admitted to the COVID-19 
isolation ward. 
 
 

1.5. Inclusion and exclusion criteria 

 
Inclusion criteria 
The following patients will be enrolled: 
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- Recent (≤2weeks prior to randomization) confident diagnosis of COVID-19 confirmed by antigen 
detection and/or PCR, and/or seroconversion or any other emerging and validated diagnostic test. 

- In some patients, it may be impossible to get a confident laboratory confirmation of COVID-
19 diagnosis after 24h of hospital admission because viral load is low and/or problems with 
diagnostic sensitivity.  In those cases, in absence of an alternative diagnosis, and with highly 
suspect bilateral ground glass opacities on recent (<24h) chest-CT scan (confirmed by a 
radiologist and pulmonary physician as probable COVID-19), a patient can be enrolled as 
probable COVID-19 infected. In all cases, this needs confirmation by later seroconversion. 
- Presence of acute hypoxic respiratory failure defined as (either or both) 

• saturation below 93% on minimal 2 l/min O2 

• PaO2/FiO2 below 350 

- Admitted to specialized COVID-19 ward 
- Age 18-80 
- Male or Female 
- Willing to provide informed consent 
 
Exclusion criteria 
- Patients with known history of serious allergic reactions, including anaphylaxis, to human 
granulocyte-macrophage colony stimulating factor such as sargramostim, yeast-derived products, or 
any component of the product.  
- mechanical ventilation before start of study 
- patients with peripheral white blood cell count above 25.000 per microliter and/or active myeloid 
malignancy 
-patients on high dose systemic steroids (> 20 mg methylprednisolone or equivalent) for COVID-19 
unrelated disorder 
-patients on lithium carbonate therapy  
- Patients enrolled in another investigational drug study 
- Pregnant or breastfeeding females (all female subjects regardless of childbearing potential status 
must have negative pregnancy test at screening)  
- Patients with serum ferritin >2000 mcg/L (which will exclude ongoing HLH) 
 
 

1.6. Study Interventions 

Confirmed or highly suspect COVID-19 patients with acute hypoxic respiratory failure (saturation 
below 93% on minimal 2 l/min O2 or PaO2/FiO2 <350) will be randomized to receive sargramostim 
125mcg twice daily for 5 days as a nebulized inhalation on top of standard of care (active group), or to 
receive standard of care treatment (control group). Upon progression of disease requiring initiation of 
non-invasive or invasive mechanical ventilatory support within the 5 day period, in patients in the 
active group, inhaled sargramostim will be replaced by intravenous sargramostim 125mcg/m2 body 
surface area once daily until the 5 day period is reached. From day 6 onwards, progressive patients in 
the active group will have the option to receive an additional 5 days of IV sargramostim, based on the 
treating physician’s assessment. In the control group with progressive disease requiring non-invasive 
or invasive mechanical ventilatory support, from day 6 onwards, the treating physician will have the 
option to initiate IV sargramostim 125mcg/m2 body surface area once daily for 5 days.   
Safety data, including blood leukocyte counts, will be collected in all patients. Efficacy data will also 
be collected and will include arterial blood gases, oxygenation parameters, need for ventilation, lung 
compliance, organ function, radiographic changes, ferritin levels, triglyceride levels, etc. as well as 
occurrence of secondary bacterial infections. 
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Patients will stop the investigational drug if there is unacceptable toxicity according to investigator’s 
judgement.  
 

1.6.1. IMPs and dosage 

LEUKINE® (sargramostim) prepared and administered for inhalation using nebulizer 
LEUKINE for injection is a sterile, preservative-free lyophilized powder that requires reconstitution with 
2mL normal saline solution. Once reconstituted, LEUKINE can be inhaled as an aqueous aerosol using 
either a vibrating mesh nebulizer (Philips InnospireGo) or jet nebulizer, per manufacturer instructions. 
(Nebulizers studied include: AKITA2 Apixneb, PARI LC-Plus set, PulmoAide, Pan LC, Aeroneb Solo 
Device). Use reconstituted LEUKINE® solution for inhalation within 16 hours following reconstitution 
and/or dilution. 
Nebulizing is preferably done in an isolation negative pressure chamber, and if not, personnel should 
use an FFP2 mask. Patient should self-administer the medication and where possible, the room should 
not be entered within one hour after administration. 
 
LEUKINE® (sargramostim) prepared and administered intravenously 
For patients that are on a mechanical ventilator and cannot be treated with LEUKINE® inhalation:  

• The recommended dose is 125 mcg/m2/day administered intravenously over a 4-hour period 

once daily for up to 5 days.  

• For intravenous injection: Administer LEUKINE injection in 0.9% Sodium Chloride Injection, 

USP. Dilute LEUKINE for intravenous infusion in 0.9% Sodium Chloride Injection, USP. If the 

final concentration of LEUKINE is below 10 mcg/mL, add Albumin (Human) at a final 

concentration of 0.1% to the saline prior to addition of LEUKINE to prevent adsorption to the 

components of the drug delivery system. To obtain a final concentration of 0.1% Albumin 

(Human), add 1 mg Albumin (Human) per 1 mL 0.9% Sodium Chloride Injection, USP (e.g., use 

1 mL 5% Albumin [Human] in 50 mL 0.9% Sodium Chloride Injection, USP). 
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1.6.2. Schematic overview of the data collection & interventions 

 
 
 
 

1.7. Study duration 

The total treatment duration of the study is 10 days, and the entire study duration is 10-22 weeks to 
final follow up visit.  
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2. Rationale and background 

2.1. Rationale 
Sargramostim (Leukine®) is a yeast-derived recombinant humanized granulocyte-macrophage colony 
stimulating factor (rhuGM-CSF, sargramostim) and the only FDA approved GM-CSF (Leucine Package 
Insert). GM-CSF, a pleiotropic cytokine, is an important leukocyte growth factor known to play a key 
role in haematopoiesis, effecting the growth and maturation of multiple cell lineages as well as the 
functional activities of these cells in antigen presentation and cell mediated immunity (1). Since its 
initial FDA approval in 1991, over 500,000 patients have received Leukine®, providing extensive clinical 
and post-marketing data in a broad range of treated individuals - from preterm neonates to the elderly 
and including males and females - representing a well-characterized safety profile for Leukine®. 
Leukine® administered as a subcutaneous or intravenous injection is approved for six indications 
including use as a medical countermeasure for radiation exposure. The US Government currently holds 
Leukine® in the Strategic National Stockpile. Leukine® may benefit patients with beginning signs of 
Acute Respiratory Distress Syndrome (ARDS) due to COVID-19 Infection. GM-CSF is a critical cytokine 
for the health of lungs. The alveolar macrophages are dependent on GM-CSF for differentiation and 
normal functioning. In addition, GM-CSF is an immunomodulator that plays a critical role in host 
defense by promoting differentiation of dendritic cells, and stimulating antiviral immunity (2-4).  
 
As described in detail below, it is being studied as an adjuvant therapy in the management of life-
threatening infections to boost the hosts innate immune response to fight infection, reduce the risk of 
secondary infection, and in varied conditions to prevent infection during critical illness (5-8). In 
addition, it has been studied in pulmonary conditions that affect alveolar macrophages, such as 
autoimmune pulmonary alveolar proteinosis (“aPAP”), with beneficial outcomes (9, 10). We propose 
based on preclinical and clinical data and the safety data from more than 500,000 adult and pediatric 
patients treated with Leukine®, that patients with beginning signs of acute lung injury and/or ARDS 
due to COVID-19 infection be given Leukine®. ARDS due to COVID-19 carries a high mortality rate (11) 
and Leukine® may confer benefit by both active management of this complication as well as in 
prevention of secondary infections. 
 
In animal models of postviral ARDS and mortality, GM-CSF has demonstrated immunomodulatory 
effects that improve the clinical response and symptoms associated with influenza and other viral 
respiratory infections (12-14), and represents a promising candidate for the prevention of ARDS in 
patients with COVID-19. 
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2.2. Background 
 
The proposed development plan was guided by three specific considerations: 
 
1. Supportive Scientific Rationale:  
The biology and effects of GM-CSF on the lung, specifically alveolar macrophages and epithelial cells, 
as well its immunomodulatory activities in stimulating antiviral immunity make GM-CSF a critical 
cytokine for healthy pulmonary function and defence. Detailed studies have shown that GM-CSF is 
necessary for the maturation of alveolar macrophages from fetal monocytes and the maintenance of 
these cells in adulthood (1).  
GM-CSF has a wide array of effects on myeloid cells. GM-CSF has been shown to be a myelopoietic 
growth factor that has pleiotropic effects not only in promoting the differentiation of immature 
precursors into polymorphonuclear neutrophils, monocytes/ macrophages and dendritic cells, but also 
in controlling the function of fully mature myeloid cells (15). GM-CSF is also known to reverse 
immunoparalysis seen in sepsis by immune activation, resulting in beneficial outcomes (5). 
 
There is a large body of evidence generated with GM-CSF in animal studies suggesting the potential 
use in ARDS and infections (16). For the purpose of brevity, we will point to the data that reflects the 
potential value in viral lung infections and preventing secondary bacterial infections and progression 
to ARDS: 
 
Halstead and colleagues demonstrated that in vivo high airway levels of GM-CSF profoundly rescue 
mice from lethal influenza pneumonia. While in vitro GM-CSF is canonically described as an M1-
polarizing cytokine, their data demonstrated that in vivo, during influenza A virus infection, GM-CSF 
instead temporizes the type II interferon-induced M1 polarization of airway macrophages and reduces 
inflammation induced damage (12, 13). Unkel and colleagues demonstrated GM-CSF–dependent 
cross-talk between influenza virus infected alveolar epithelial cells and CD103+ dendritic cells is crucial 
for effective viral clearance and recovery from injury and thus pointing to the potential use of GM-CSF 
treatment in severe influenza virus pneumonia (17). Investigations have shown that GM-CSF conferred 
resistance to influenza in mice via alveolar phagocytes and through alveolar macrophages which 
became more resistant to influenza- induced apoptosis. Delivery of intranasal GM-CSF to wild-type 
mice also conferred resistance to influenza (18). There is evidence that inhaled GM-CSF prevents 
bacteremia in post influenza bacterial pneumonia primarily through locally-mediated improved lung 
antibacterial resistance to systemic bacteremia during influenza A viral infection (13). 
 
Conclusions: GM-CSF confers resistance to influenza by enhancing innate immune mechanisms that  
depend on alveolar macrophages, which are dependent on GM-CSF for their health and normal 
functioning. Pulmonary delivery of this cytokine has the potential to reduce morbidity and mortality 
due to viral pneumonia. This is summarized in the diagram below: 
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2. Experience: Use of Leukine® has beneficial effect in the treatment of conditions that are similar 
to ARDS seen with COVID-19. 
A small (18 patient) double blind randomized placebo controlled clinical trial of low-dose (3mcg/kg 
daily for 5 days) intravenous GM-CSF treatment in adult patients with severe sepsis and respiratory 
dysfunction, led to the conclusion that GM-CSF treatment was associated with improved gas exchange 
and might play a homeostatic role (6). In a phase II study, 130 patients with severe sepsis with 
respiratory dysfunction were randomized to GM-CSF (250mcg/m2 intravenously daily for 14days) or 
placebo. The results showed an improvement in 28day mortality on GM-CSF; this did not reach 
statistical significance due to the small sample size (7). 
 
Herold and colleagues used Leukine® by inhalation route on a compassionate basis in six patients with 
moderate to severe community-acquired pneumonia or ventilator-associated pneumonia ARDS who 
were not improving despite all measures and at least 6 days of mechanical ventilation(8). 125mcg of 
Leukine® were applied by Aeroneb Solo device (Covidien, Neustadt, Germany) at an interval of 48 
hours. Compared to historical controls, the authors observed significant improvement in oxygenation 
and lung compliance with GM-CSF therapy. This resulted in improved morbidity using standard scoring 
systems and 4 of the six patients recovered and were discharged from the hospital. There is an ongoing 
study of inhaled GM-CSF across multiple centers in Germany (GI HOPE; NCT02595060) recruiting 
patients with diagnosis of pneumonia associated ARDS.  
 
There is a large body of evidence of inhaled Leukine® in autoimmune pulmonary alveolar proteinosis 
(aPAP), which results in accumulation of surfactant in alveolar sacs with resultant hypoxia. Tazawa and 
colleagues conducted a phase II study of inhaled Leukine® at 9 pulmonary centers throughout Japan 
in patients with unremitting or progressive aPAP with hypoxia and symptoms (9). Patients received 
250mcg daily by inhalation, using an LC-PLUS nebulizer with a manual interrupter valve connected to 
a PARI Turbo BOY compressor, for 7 days and this cycle was repeated every other week for six cycles 
(total 12 weeks). The treatment was well tolerated with no serious adverse events. Adverse events 
were reported in just 7 of the 39 patients oxygenation, radiological changes as well as symptoms. 
Following these results, a larger randomized phase 3 study (PAGE study) was conducted by the 
Japanese investigators in 12 centers. 64 patients with mild to moderate aPAP with hypoxia were 
randomized to receive placebo or Leukine® (33 patients) at a dose of 125mcg twice a day for 7days 



SARPAC   

SARPAC Version  4.0 – Date 07 June 2021 
20/55 

followed by a week of no treatment. This two-week cycle was repeated 12 times over a period of 24 
weeks. The treatment was again well tolerated with no significant differences in adverse events 
between the two groups. The GM-CSF treated patients had significantly improved hypoxia parameters 
and radiographic changes (10). This clinical experience of use of Leukine® in viral pneumonia suggests 
salutary effects. In addition, these studies establish the safety of inhaled Leukine® and provide 
evidence for activity of inhaled Leukine®. 
 
3. Expediency: Toxicology, pharmacologic and safety data supports the immediate clinical use of 
Leukine® in hypoxic respiratory failure with acute lung injury leading to ARDS due to COVID-19. 
Investigator brochure is available and contains detailed information on toxicity. 
 

2.3. Risk/Benefit Assessment 

  
COVID-19 poses a very significant risk of mortality of 3-7% and this percentage rises to mortality of 
20% in patients with co-morbidity (11, 19). Of all infected patients, some 15-20% develop severe 
respiratory symptoms necessitating hospital admission. Around 5% of infected patients will require 
invasive mechanical ventilation, and many of those (40-50% will die). The current world-wide 
pandemic of COVID-19 is putting unforeseen stress on the entire primary, secondary and tertiary 
medical system, leading to unseen triage of patients that potentially benefit or not from admission to 
ICU units when they develop respiratory failure. 

GM-CSF (sargramostim, Leukine®) has been given systemically to almost 500.000 patients in the past.  
It is therefore a well characterized product. Inhalation of GM-CSF has also been used to treat patients 
with interstitial lung disease and reduced oxygen saturation (i.e. partial acute hypoxic respiratory 
failure) with few significant side effects above the placebo arm. The protocol is set up to give twice 
daily inhalation with GM-CSF, followed by intravenous administration if the patient would move to the 
ICU unit on mechanical ventilation.  

Although GM-CSF has been given systemically and via inhalation to patients with pneumonia-
associated ARDS, there are no current data on the safety profile of this drug in patients with COVID-
19. Given the severity of the clinical syndrome caused by COVID-19, and the prior triage of patients 
before hospital admission to the COVID-19 ward, this trial will be performed in a hospital setting on a 
COVID-19 ward with close monitoring of vital parameters (continuous ECG, oxygen saturation, 
temperature, vital clinical signs), which will allow intermediate intervention should serious side effects 
occur. Once on the ICU unit, patients will be intensively monitored for all vital parameters, as part of 
the routine ICU monitoring. 

There are currently no treatments directed at improving lung repair and local immunity in COVID-19 
patients, and no treatment that attempt to halt the progression from manageable acute hypoxic 
respiratory failure to ARDS. Preventing such progression to ARDS could have a huge impact on the 
foreseeable overflow of the ICU units. We therefore believe the benefits of administering inhaled GM-
CSF treatment in early stage COVID-19 acute hypoxic respiratory failure outweighs the risks associated 
with a phase 4 IMP administration via a different route and unknown indication.  

2.4. Limitations 

There is a large number of COVID-19 infected patients that are currently being hospitalized across the 
globe. In just 9 days time, our COVID-19 ward at Ghent University Hospital has admitted 25 confirmed 
cases, of which a significant portion (50%) already fulfill eligibility criteria for the current proposed 
protocol. We therefore believe that given the current ascending part of the epidemiology curve, with 
numbers of patients rising sharply, there will be no shortage of patients that are eligible. 
Partner Therapeutics has offered to give (free of charge) enough GM-CSF to treat 20 patients for a 10 
day period and an additional 20 controls for 5 days (should deterioration occur). There are large 
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amounts of GM-CSF in the United States strategic national stockpile, so should this therapy work, there 
might be immediate worldwide application of a GM-CSF inhalation therapy. 

3. Objectives  

 

3.1. Primary Objectives 

This is phase 4 academic, prospective, randomized, open-label, interventional study designed to 
investigate the efficacy of sargramostim (Leukine®) in improving oxygenation and short- and long-term 
outcome of COVID-19 patients with acute hypoxic respiratory failure. There are currently no 
treatments directed at improving lung repair and local immunity in COVID-19 patients, and no 
treatment that attempt to halt the progression from manageable acute hypoxic respiratory failure to 
ARDS in patients with COVID-19 infection.   
 
Justification for our objective is that preventing progression from early acute hypoxic respiratory 
failure to ARDS could have a huge impact on the foreseeable overflow of the ICU units, that is already 
happening in some countries and is bound to happen on a global scale. The outcome of our study could 
thus have large impact from a medical, ethical and economic perspective. 
 

The hypothesis of the proposed intervention is that GM-CSF has profound effects on antiviral 
immunity, can provide the stimulus to restore immune homeostasis in the lung with acute lung injury 
post COVID-19, and can promote lung repair mechanisms, that lead to a 25% improvement in lung 
oxygenation parameters.  

 
This hypothesis is based on experiments performed in mice showing that GM-CSF treatment can 
prevent mortality and prevent ARDS in mice with post-viral acute lung injury. 
 
To address our hypothesis, we will randomize patients with confirmed COVID-19 with acute hypoxic 
respiratory failure (saturation below 93% on minimal 2 l/min O2 or PaO2/FiO2 <350) to receive 
sargramostim 125mcg twice daily for 5 days as a nebulized inhalation on top of standard of care (active 
group), or to receive standard of care treatment (control group). Upon progression of disease requiring 
initiation of non-invasive or invasive mechanical ventilatory support within the 5 day period, in patients 
in the active group, inhaled sargramostim will be replaced by intravenous sargramostim 125mcg/m2 
body surface area once daily until the 5 day period is reached.   
 
To measure the effectiveness of sargramostim on restoring lung homeostasis, the primary endpoint 
of this intervention is measuring oxygenation after 5 DAYS of inhaled (and intravenous) treatment 
through assessment of pretreatment and post-treatment ratio of PaO2/FiO2 and through 
measurement of the P(A-a)O2 gradient, which can easily be performed in the setting of clinical 
observation of patients admitted to the COVID -19 ward or ICU COVID-19 unit. During the 5 day 
treatment period, we will perform daily measurements of oxygen saturation (pulse oximetry) in 
relation to FiO2, and the slope of alterations in these parameters could also be an indicator that our 
hypothesis is correct.  
 
Comparison will be between active group A receiving sargramostim on top of standard of care and 
control group B receiving standard of care.  
 
Data from the Wuhan COVID-19 epidemic show that patients that deteriorate are facing a prolonged 
period of mechanical ventilation. Therefore, from day 6 onwards, progressive patients in the active 
group will have the option to receive an additional 5 days of IV sargramostim, based on the treating 
physician’s assessment. This group will be called group C.  In the control group, for patients with 
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progressive disease  requiring (non-) invasive mechanical ventilatory support, from day 6 onwards, the 
treating physician will have the option to initiate IV sargramostim 125mcg/m2 body surface area once 
daily for 5 days. This group will be called group D. Comparisons of Group A (early 5 day intervention 
with sargramostim) with Group D (late 5 day intervention with sargramostim) will also be very 
informative.  
 

3.2. Secondary Objectives 

 
- to study if early intervention with sargramostim is safe (number of AEs/SAEs) 
 
- to study if early intervention with inhaled sargramostim affects clinical outcome defined by  
Duration of hospital stay 
Mean and median change in 6-point ordinal scale between day 1 and day 6 
Mean and median change in clinical sign score between day 1 and day 6 
Time to clinical sign score <6 maintained for 24h 
Mean and median change of SOFA score between day 1 and day 6 or between day 1 and day 10. 
Mean and median change NEWS2 score between day 1 and day 6 or between day 1 and day 10. 
Time to NEWS2 score less than 2 for at least 24h 
 
- to study if early intervention with sargramostim affects the rate of nosocomial infection  
 
- to study if early intervention with inhaled sargramostim affects progression to mechanical 
ventilation and/or ARDS 
 
-to study if treatment with sargramostim affects all cause mortality rate at 28 days and 20 weeks 
post inclusion 
 
-to study if treatment with sargramostim affects features of secondary haemophagocytic 
lymphohistiocytosis, as defined by Hs score (temp, organomegaly, cytopenia, triglycerides, 
fibrinogen, ferritin, AST and known immunosuppression) 
 
- to study if treatment with sargramostim has a favourable effect on long term 10-20 week follow 
up 

4. End Points + Time Points 

4.1. Primary End Points + Time Points 
To measure the effectiveness of sargramostim on restoring lung homeostasis, the primary endpoint 
of this intervention is measuring oxygenation after 5 DAYS of inhaled (and intravenous) treatment 
through assessment of pretreatment (day 0) and post-treatment (day 5) ratio of PaO2/FiO2 and 
through measurement of the P(A-a)O2 gradient, which can easily be performed in the setting of clinical 
observation of patients admitted to the COVID -19 ward or ICU COVID-19 unit. Preferentially, this 
measurement should be done in the upright position, while breathing room air for a minimum of 3 
minutes. If this is impossible due to need for supplemental oxygen, FiO2 and oxygen supplementation 
method should be recorded in patient record, so that A-a gradient can be normalized for age expected 
normal A-a gradient while on supplemental oxygen use. 
During the 5 day treatment period, we will perform daily measurements of oxygen saturation (pulse 
oximetry) in relation to FiO2, and the slope of alterations in this parameters could also be an indicator 
that our hypothesis is correct. 
If the patient leaves hospital prior to the day 6 analysis point, oxygenation at day of discharge will be 
used as value for measuring primary endpoint. 
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Improvement will be expressed as % of patients showing an improvement in P(A-a)O2 gradient and 
PaO2/FiO2 ratio between day 6 and day 1 of at least 25%; at least 33% and at least 50% in each 
treatment arm and expressed also as mean and median change in P(A-a)O2 gradient and PaO2/FiO2 
ratio comparing D6 to D1 in both treatment arms.  
 

4.2. Secondary End Points + Time Points 
 
- to study if early intervention with sargramostim is safe (number of AEs/SAEs) 
Although sargramostim has been given previously by inhalation to patients with ARDS and interstitial 
lung disease, data on safety in patients with COVID-19 infection are currently lacking. Since we are 
randomizing against 5 days of no sargramostim treatment, comparison of AEs and SAEs between group 
A and group B will be very informative. 
 
-to study if early intervention with inhaled sargramostim affects clinical outcome defined by  
Length of hospital stay 
Mean and median change in 6-point ordinal scale change between day 1, day 6 
Mean and median change in clinical sign score between day 1 and day 6 
Time to clinical sign score <6 maintained for 24h 
Mean and median change of SOFA score between day 1 and day 6 or between day 1 and day 10. 
Mean and median change NEWS2 score between day 1 and day 6 or between day 1 and day 10. 
Time to NEWS2 score less than 2 for at least 24h 
 
 
- to study if early intervention with sargramostim affects the rate of nosocomial infection 
Patients with viral respiratory infection are at risk of secondary bacterial infections. As part of routine 
clinical care, sputum samples will be collected in patients suspected of secondary bacterial pneumonia, 
and checked for the presence of bacteria. 
 
-to study if early intervention with inhaled sargramostim affects progression to mechanical 
ventilation and/or ARDS 
Decreasing oxygenation often leads to the need for non-invasive or invasive mechanical ventilation, 
and if severe enough to a diagnosis of ARDS. We will therefore as a secondary endpoint also study if 
early intervention with inhaled sargramostim prevents progression to criteria-defined ARDS (according 
to the American-European Consensus Conference (AECC) diagnostic criteria for ARDS: acute onset; 
ratio of partial pressure of arterial oxygen to fraction of inspired oxygen (PaO2/FiO2) of 200 or less, 
regardless of positive end-expiratory pressure; bilateral infiltrates seen on frontal chest radiograph; 
and pulmonary artery wedge pressure of 18 mm Hg or less when measured, or no clinical evidence of 
left atrial hypertension), requiring high-flow oxygen devices, non-invasive mechanical ventilation, 
mechanical ventilation, by measuring the day from admission when this diagnosis is made or therapies 
are initiated. 
 
-to study if treatment with sargramostim affects all-cause mortality rate at 4 and 20 weeks post 
inclusion. 
 
-to study if treatment with sargramostim affects features of secondary haemophagocytic 
lymphohistiocytosis. 
A large subset of patients with severe COVID-19 developing respiratory failure might have a cytokine 
storm syndrome, designated as secondary haemophagocytic lymphohistiocytosis (sHLH). sHLH is an 
under-recognised, hyperinflammatory syndrome characterised by a fulminant and fatal 
hypercytokinemia with multi-organ failure. Cardinal features of sHLH include unremitting fever, 
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cytopenias, and hyperferritinaemia; hypertriglyceridemia, pulmonary involvement can present as 
ARDS. A cytokine profile resembling sHLH is associated with COVID-19 disease severity, characterised 
by increased interleukin (IL)-2, IL-7, granulocyte-colony stimulating factor, interferon-γ inducible 
protein 10, monocyte chemoattractant protein 1, macrophage inflammatory protein 1-α, and tumour 
necrosis factor-α.  
Predictors of fatality from a recent retrospective, multicentre study of 150 confirmed COVID-19 cases 
in Wuhan, China, included elevated ferritin (mean 1297·6 ng/ml in non-survivors vs 614·0 ng/ml in 
survivors; p<0·001) and IL-6 (p<0·0001), suggesting that mortality might be due to virally driven 
hyperinflammation. 
To address the effect of sargramostim treatment on sHLH, we will measure levels of ferritin, these 
chemokines and cytokines at the beginning of the trial day 0 and after the initial 5 day treatment. PBO 
including leukocytes and lymphocytes are performed on a routine clinical basis in these patients. 
 
- to study if treatment with sargramostim has a favourable effect on long term 10-20 week follow 
up 
At 10-20 weeks after Day 1, patients will be seen on routine check-up by pulmonologist, who will 
perform a clinical exam, pulmonary function tests (including FVC, TLC and diffusion capacity), a 
laboratory (ferritin, lymphocytes, leukocytes) and a 6 minutes walk test and HRCT if done per standard 
of care. 

 

4.3. Pharmacodynamic and Pharmacokinetic endpoints 
 
Pharmacodynamic endpoints: 
Plasma and serum samples will be collected for summary and exploratory analysis by the Primary 
Immunodeficiency lab at UZ Gent and the VIB-UGent Inflammation Research Center (IRC) as 
appropriate (e.g. descriptive statistics, compare change from baseline between the two treatment 
arms), may include but are not limited to:  
 
• anti-drug antibodies (ADA) – D1 and long-term follow-up serum samples (Summary only to indicate 
presence or not)  
• Local safety labs such as D-dimers, LDH, ferritin, CRP, fibrinogen, eosinophils, lymphocytes  
• Cytokines and biomarkers (from selected centres) on D1, and D6 (or at hospital discharge, if 
    earlier) and follow up 

o Cytokines may include, but not limited to:  
▪ IL-1beta, IL-1RA, IL-2, IL-8, IL-6, TNFa, GM-CSF, G-CSF, IP-10, MCP-1, MIP-1a, IFNg, 
and IL-10  

o Biomarkers may include, but are not limited to  
▪ sRAGE, Angiopoietin-2, KL6, GDF-15, suPAR. 

• Immunomonitoring (from selected centers) on D1, and D6 (or at hospital discharge, if 

    earlier) and follow up will include  

o flow cytometry analysis of numbers of peripheral blood lymphocyte and monocyte 

subsets, and their activation status by flow cytometry 

o ELISPOT assays to measure the number of IFNg, TNFa, IL-2 and GM-CSF producing CD4 and 

CD8 T cells following restimulation of frozen and thawed peripheral blood mononuclear 

cells (PBMC) with a SARS-CoV2 megapool of immunogenic peptides. 

  



SARPAC   

SARPAC Version  4.0 – Date 07 June 2021 
25/55 

5. Study design  
 

5.1. Description of study design 
 

This is phase 4 academic, prospective, randomized, open-label, interventional study designed to 
investigate the efficacy of sargramostim (Leukine®) in improving oxygenation and short- and long-term 
outcome of COVID-19 patients with acute hypoxic respiratory failure. There are currently no 
treatments directed at improving lung repair and local immunity in COVID-19 patients, and no 
treatment that attempt to halt the progression from manageable acute hypoxic respiratory failure to 
ARDS in patients with COVID-19 infection. Justification for our objective is that preventing progression 
from early acute hypoxic respiratory failure to ARDS could have a huge impact on the foreseeable 
overflow of the ICU units, that is already happening in some countries and is bound to happen on a 
global scale. 
 
 
The hypothesis of the proposed intervention is that GM-CSF has profound effects on antiviral 
immunity, can provide the stimulus to restore immune homeostasis in the lung with acute lung injury 
post COVID-19, and can promote lung repair mechanisms, that lead to a 25% improvement in lung 
oxygenation parameters. This hypothesis is based on experiments performed in mice showing that 
GM-CSF treatment can prevent mortality and prevent ARDS in mice with post-viral acute lung injury. 
 
We will randomize patients with confirmed COVID19 with acute hypoxic respiratory failure (saturation 
below 93% on minimal 2 l/min O2 or PaO2/FiO2 <350) to receive sargramostim 125mcg twice daily for 
5 days as a nebulized inhalation on top of standard of care (active group), or to receive standard of 
care treatment (control group). Upon progression of disease to requiring non-invasive or invasive 
mechanical ventilatory support within the 5 day period, in patients in the active group, inhaled 
sargramostim will be replaced by intravenous sargramostim 125mcg/m2 body surface area until the 5 
day period is reached.   
Dosing of inhaled and systemic sargramostim are based on prior experience of this drug in patients 
with pulmonary alveolar proteinosis (inhaled) and with pneumonia associated ARDS (inhaled and 
intravenous). The inhaled route is preferred first, because high local concentrations of GM-CSF have a 
favourable effect on lung immunity, lung homeostasis and lung repair. The switch to intravenous 
treatment with deterioration requiring initiation of mechanical ventilation  is necessitated by the fact 
that patients with COVID-19 poorly tolerate ventilation in the absence of high level positive end 
expiratory pressure (PEEP), especially when they develop ARDS.  For giving the sargramostim via 
inhalator in a ventilated patient, this would involve PEEP-free ventilation for at least 10-15 minutes, 
which will not be tolerated in COVID-19 associated severe hypoxic respiratory failure and/or ARDS 
according to expert opinion (Prof. Dr. Pieter Depuydt, Intensive Care Unit, UZ Ghent). 
 
To measure the effectiveness of sargramostim on restoring lung homeostasis, the primary endpoint 
of this intervention is measuring oxygenation after 5 days of inhaled (and intravenous) treatment 
through assessment of pretreatment and post-treatment ratio of PaO2/FiO2 and through 
measurement of the P(A-a)O2 gradient, which can easily be performed in the setting of clinical 
observation of patients admitted to the COVID -19 ward or ICU COVID-19 unit. Supplemental oxygen 
use will be recorded, and if needed A-a gradient will be normalized against expected age- and 
supplemental oxygen dependent A-a gradient.  During the 5 day treatment period, we will perform 
daily measurements of oxygen saturation (pulse oximetry) in relation to FiO2, and the slope of 
alterations in this parameters could also be an indicator that our hypothesis is correct. If the patient 
leaves hospital prior to the day 6 analysis point, oxygenation at day of discharge will be used as value 
for measuring primary endpoint. 
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Comparison will be between active group A receiving sargramostim on top of standard of care and 
control group B receiving standard of care.  
 
Data from the Wuhan COVID-19 epidemic show that patients that deteriorate are facing a prolonged 
period of mechanical ventilation. Therefore, from day 6 onwards, progressive patients in the active 
group will have the option to receive an additional 5 days of IV sargramostim, based on the treating 
physician’s assessment. This group will be called group C. In the control group with progressive disease 
requiring non-invasive or invasive mechanical ventilatory support or developing ARDS, from day 6 
onwards, the treating physician will have the option to initiate IV sargramostim 125mcg/m2 body 
surface area once daily for 5 days. This group will be called group D. Comparisons of Group A (early 5 
day intervention with sargramostim) with Group D (late 5 day intervention with sargramostim) will 
also be very informative.  
 
 
 

5.2. End of Study Definition 

5.2.1. For an individual subject 

 
The subject has completed the study if he or she has completed all phases of the study, including the 
last visit (week 10-20 clinical follow up visit) or the last scheduled procedures, as described in this 
protocol (see section “9. Study Specific Procedures”). 

 

5.2.2. For the whole study 
 
Overall, the end of the study is reached when the last study procedure for the last subject has occurred: 
last subject, last visit (LSLV). 
As soon as the whole study has ended (cfr. the definition above), the co-ordinating Investigator shall 
notify the HIRUZ Clinical Trial Unit, so that the Competent Authority and the Ethics Committee can be 
informed in a timely manner according to the regulatory requirements (within 90 days after end of the 
study, or if the study had to be terminated early, this period must be reduced to 15 days and the 
reasons should clearly explained). 

 

5.3. Estimated duration of the study 
 

There is a large number of COVID-19 infected patients that are currently being hospitalized across the 
globe.  In just 9 days time, our COVID-19 ward at Ghent University Hospital has admitted 25 confirmed 
cases, of which a significant portion (50%) already fulfill eligibility criteria for the current proposed 
protocol.  We therefore believe that given the current ascending part of the epidemiology curve, with 
numbers of patients rising sharply, there will be no shortage of patients that are eligible.  We estimate 
the study to terminate in 30 weeks, including last clinical follow up visits.  
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6. Inclusion and Exclusion Criteria 
 

6.1. Inclusion Criteria 
 
The following patients will be enrolled 

 
 Recent (≤2weeks prior to randomization) - Confident COVID-19 diagnosis confirmed by antigen 
detection test and/or PCR and/or positive serology, or any emerging and validated diagnostic 
laboratory test for COVID-19 within this period.  

 

-In some patients, it may be impossible to get a confident laboratory confirmation of COVID-
19 diagnosis after 24h of hospital admission because viral load is low and/or problems with 
diagnostic sensitivity.  In those cases, in absence of an alternative diagnosis, and with highly 
suspect bilateral ground glass opacities on recent (<24h) chest-CT scan (confirmed by a 
radiologist and pulmonary physician as probable COVID-19), a patient can be enrolled as 
probable COVID-19 infected. In all cases, this needs confirmation by later seroconversion. 
-Presence of acute hypoxic respiratory failure defined as (either or both)  

saturation below 93% on minimal 2 l/min O2 
PaO2/FiO2 below 350 

-Admitted to specialized COVID-19 ward 
-Age 18-80 
-Male or Female 
-Willing to provide informed consent 

 
 

6.2. Exclusion Criteria  
 

-Patients with known history of serious allergic reactions, including anaphylaxis, to human granulocyte-
macrophage colony stimulating factor such as sargramostim, yeast-derived products, or any 
component of the product.  
 
 -mechanical ventilation before start of study 
 
-Patients enrolled in another investigational drug study 
 
-Pregnant or breastfeeding females (all female subjects regardless of childbearing potential status 
must have negative pregnancy test at screening)  
 
- patients with peripheral white blood cell count above 25.000 per microliter and/or active myeloid 
malignancy 
 
-patients on high dose systemic steroids (> 20 mg methylprednisolone or equivalent) for COVID-19 
unrelated disorder 
 
 
-patients on lithium carbonate therapy  
 
-Patients with serum ferritin >2000 mcg/L (which will exclude ongoing HLH) 
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6.2.1. Screen failures 

 
Screen failures are defined as subjects who consent to participate in the clinical study but are not 
subsequently randomly assigned to the study intervention or entered in the study. A minimal set of 
screen failure information will be kept to ensure transparent reporting of screen failure subjects.  
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7. Target Population 
 

7.1. Subjects 
 

7.1.1. Number of subjects and planned recruitment rate 

 
There is a large number of COVID-19 infected patients that are currently being hospitalized across 
the globe. In just 9 days time, our COVID-19 ward at Ghent University Hospital has admitted 25 
confirmed cases, of which a significant portion (50%) already fulfill eligibility criteria for the current 
proposed protocol.  Similar numbers of patients are currently being seen in all centers. We therefore 
believe that given the current ascending part of the epidemiology curve, with numbers of patients 
rising sharply, there will be no shortage of patients that are eligible.  
 
 

The number of subjects that will be included in this study is: 80. 
These are divided into following sub-groups: 
 
Group A : active sargramostim treatment group, treatment for initial 5 days, no deterioration after 5 
days  
Number of patients : 40 
  
Group B : control group : no treatment with sargramostim in first 5 days 
Number of patients : 40 
 
Group C and D :  
Data from the Wuhan COVID-19 epidemic show that patients that deteriorate are facing a prolonged 
period of mechanical ventilation. Therefore, from day 6 onwards, progressive patients in the active 
group will have the option to receive an additional 5 days of IV sargramostim sargramostim 
125mcg/m2 body surface area once daily, based on the treating physician’s assessment. This group 
will be called group C.  It is estimated that some 30% of patients might deteriorate and require non-
invasive or invasive mechanical ventilation, giving potentially rise to 12 patients that progress from 
group A to group C, if the clinician decides to move forward with the drug. 
 
In the control group progressing to requiring non-invasive or invasive mechanical ventilatory support, 
from day 6 onwards, the treating physician will have the option to initiate IV sargramostim 125mcg/m2 
body surface area once daily for 5 days. This group will be called group D. It is estimated that some 
30% of patients might deteriorate to mechanical ventilation or ARDS, giving potentially rise to 12 
patients that progress from group A to group C, if the clinician decides to move forward with the drug 
 
Comparisons between group A (early sargramostim) versus group B (no sargramostim) at day 6 will be 
important for reaching primary endpoint, and for key secondary endpoints. Comparisons of Group A 
(early 5 day intervention with sargramostim) with Group D (late 5 day intervention with sargramostim) 
will also be very informative for secondary endpoint analysis. 
 
 
 

7.1.2. Withdrawal and replacement of subjects 

 
Subjects are free to withdraw from participation in the study at any time upon request.  
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An investigator may discontinue or withdraw a subject from the study for the following reasons:  
• allergic reactions (anaphylactic shock) to sargramostim 

• Pregnancy 

• Progression to non-invasive or invasive mechanical ventilation and/or ARDS between 

screening and randomization 

• Significant study intervention non-compliance  

• If any clinical adverse event (AE), laboratory abnormality, or other medical condition or 
situation occurs such that continued participation in the study would not be in the best 
interest of the subject 

• If the subject meets an exclusion criterion (either newly developed or not previously 
recognized) that precludes further study participation  

 

In all cases, the reason why subjects are withdrawn must be recorded in detail in the eCRF and in the 
subject’s medical records. 
 
If a patient decides to leave hospital before day 6 of the study, for example because of clinical 
improvement, the oxygenation parameters at day of discharge will be used to calculate the primary 
endpoint measurement.  
 
The following actions must be taken if a subject fails to return to the clinic for a required study visit 
(visit at 10-20 weeks after Day 1) :  

• The site will attempt to contact the subject and reschedule the missed visit within 4 weeks 
and counsel the subject on the importance of maintaining the assigned visit schedule and 
ascertain if the subject wishes to and/or should continue in the study.  
• Before a subject is deemed lost to follow-up, the investigator or designee will make every 
effort to regain contact with the subject (where possible, 3 telephone calls and, if necessary, 
a certified letter to the subject’s last known mailing address or local equivalent methods). 
These contact attempts should be documented in the subject’s medical record or study file.  

• Should the subject continue to be unreachable, he or she will be considered to have 
withdrawn from the study with a primary reason of lost to follow-up.  

 

7.2. Method of recruitment 
 
Subjects will be recruited at the COVID-19 hospitalization ward at the participating centers. The study 
will be proposed by the treating physician to all subjects with PCR-Confirmed COVID-19 infection and 
a presence of acute hypoxic respiratory failure. 
 
There will be no compensation for study participation. Partner Therapeutics Inc. is providing 
sargramostim to the study subjects, free of charge. 
 
Since this is a hospital based trial, taking place over a minimum of five days in which patients are 
severely ill, we suspect the retention in the trial to be high.  
 

  

 

7.3. Screening 
 
Patients will be informed about the study by the treating physician. 



SARPAC   

SARPAC Version  4.0 – Date 07 June 2021 
31/55 

After receiving full explanation, having received sufficient time to considerer the trial, asking 
questions and receiving satisfying responses to all questions, patients will be asked to sign ICF. 
 
A serum pregnancy test will be done (female patients only). 
Medical history will be checked for review of exclusion criteria and relevant subject information. 
 
Patients will be continuously monitored on the COVID-19 ward. 
Exams (standard of care) include, but are not limited to: 

- ECG 

- Chest X-Ray, and CT-scan 

- Laboratory  tests for leukocyte formula, kidney and liver function, ferritin levels 

- Vital signs 

- Pulse oximetry, Arterial blood gas, capnography 

As soon as all in- and exclusion criteria are checked and patient is considered eligible, patient can be 
randomized. There is no minimal window to randomize the patient. 

 
 
 

8. Investigational Medicinal Product (IMP) 
 
 

8.1. Name of the IMP 
LEUKINE® 

8.1.1. Composition and active substance of the IMP 
Sargramostim, Granulocyte macrophage colony-stimulating factor (GM-CSF), is the active substance of 
Leukine®.  
 

8.1.2. Producer and Distributor of the IMP 
The producer and distributor of Leukine® is Partner Therapeutics Inc, an integrated commercial-stage 
biotech company focused on the development and commercialization of therapeutics that improve 
health outcomes in the treatment of cancer. The distribution of IMP will be done by Tanner Pharma. 
 

 

8.1.3. Preparation + Dosage + administration of the IMP 

 
For inhalation: LEUKINE® is a sterile, preservative-free lyophilized powder that requires reconstitution 
with 4mL normal saline solution, to reach a concentration of 62,5 mcg/ml. Once reconstituted, 
LEUKINE® can be inhaled as an aqueous aerosol using either a vibrating mesh nebulizer or jet nebulizer, 
aerosolizing 2 ml twice daily. Reconstituted LEUKINE® solution for inhalation should be used within 16 
hours following reconstitution and/or dilution. Dosage for inhalation: 125mcg twice daily via nebulizer.  
Nebulizing is preferably done in an isolation negative pressure chamber, and if not, personnel should 
use an FFP2 mask. Patient should self-administer the medication and where possible, the room should 
not be entered within one hour after administration. 

 
 
For intravenous injection:  LEUKINE® injection in 0.9% Sodium Chloride Injection, USP. Dilute LEUKINE® 
for intravenous infusion in 0.9% Sodium Chloride Injection, USP. If the final concentration of LEUKINE® 
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is below 10 mcg/mL, add Albumin (Human) at a final concentration of 0.1% to the saline prior to 
addition of LEUKINE to prevent adsorption to the components of the drug delivery system. To obtain 
a final concentration of 0.1% Albumin (Human), add 1 mg Albumin (Human) per 1 mL 0.9% Sodium 
Chloride Injection, USP (e.g., use 1 mL 5% Albumin [Human] in 50 mL 0.9% Sodium Chloride Injection, 
USP). Once diluted for infusion, LEUKINE® is stable for 6h. Dosage for intravenous injection: 
125mcg/m2/day over a 4-hour period for up to 5 days. 
 
 
  

8.1.4. Permitted dose adjustments and interruption of treatment 
No dose adjustments and interruptions are permitted during this trial.  In case of anaphylaxis or 
severe AE, the drug will be immediately interrupted. 
 

8.1.5. Duration of treatment 
LEUKINE® will be administered for 5 days, with a possible 5 day extension to a maximum of 10 days in 
case of progression of disease and need for mechanical ventilation.  
 

8.1.6. Packaging and Labeling of the IMP 
 

LEUKINE® (sargramostim) for injection is a sterile, preservative-free, white lyophilized powder 
supplied in a carton containing five 250 mcg single-dose vials.  
 
LEUKINE® (sargramostim) injection is a sterile, clear, colorless solution preserved with 1.1% benzyl 
alcohol supplied in a carton containing one 500 mcg/mL multiple-dose vial and a carton containing five 
500 mcg/mL multiple-dose vials (NDC 0024-5844-05). 
 
Storage and Handling : Leukine should be stored at 4 °C.   
 
Drug will be labeled by Pharmacy UZ Ghent (for UZ Ghent enrolment) for inhaled or intravenous use. 
 

8.1.7. Storage conditions of the IMP 
Store LEUKINE® vials refrigerated at 2°C-8°C (36°F-46°F) in the original carton to protect from light. Do 
not freeze or shake. Do not use beyond the expiration date printed on the vial. 
Leukine® is to be shipped refrigerated at 2°C-8°C (36°F-46°F). The medication will be delivered to the 
pharmacy of the participating centers. Temperature during shipment and storage is to be monitored 
continuously. Whenever a temperature deviation occurs, Partner Therapeutics Inc. should be 
contacted. Partner Therapeutics Inc. might allow further use of the medication vials depending on the 
duration and intensity of the temperature excursion. The co-ordinating investigator should be 
informed of this deviation as well. 
 

 

8.1.8. Known side effects of the medication 
To date, there have been no new safety signals associated with LEUKINE® (sargramostim). Observed 
side effects with aerosolized LEUKINE® at 250mcg dose and in at least one evaluation have included: 
bronchospasm, cough, dyspnea, a decrease in vital capacity and/or forced expiratory volume 
associated with bilateral infiltrates, pleural effusions, increased phlegm, throat irritation, and back 
pain. 
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8.2. Concomitant / Rescue Medication 
 
There are no restrictions regarding concomitant/rescue medication. 
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9. Study Specific Procedures 
Patients will be informed about the study by the treating physician. 
After receiving full explanation, having received sufficient time to considerer the trial, asking questions 
and receiving satisfying responses to all questions, patients will be asked to sign ICF. 
The ICF process will be performed before any other study related procedure. 
 

9.1. Randomization 
In this open label trial patients will be randomized in a 1:1 ratio. Randomization in Belgium will be done 
using REDCap (electronic IVRS system).  
 

9.2. Study specific interventions 
This is a hospital based intervention trial, in which patients with COVID-19 will be treated at least for 
5 days with sargramostim. Patients with COVID-19 infection and respiratory failure are severely ill, and 
will require multiple daily clinical exams, blood sampling, vital parameter measurements, blood 
oxygenation measurements, and chest X-rays.  These are all part of the clinical management plan of 
the patients, and data stored in the electronic patient file will be used as part of the assessment of 
efficacy and safety profile of sargramostim.  
 
On screening, blood sample will be taken, preferentially during routine blood sampling, to determine 
exclusion criteria (pregnancy, high ferritin level). 
 
On day 1, prior to sargramostim treatment in group A, and during the day in group B control patients, 
a tube of blood serum (5 ml) and an EDTA tube (10 ml) will be collected for measuring blood cytokine 
and chemokine levels, and activation of immune cells in selected centers. Also in each center, an 
arterial blood gas determination via arterial puncture will be taken. This sample should be taken in an 
upright position, while breathing room air for a minimum of 3 minutes. If this is impossible due to 
dependency on supplemental oxygen, FiO2, oxygen flow rate, and method of oxygen delivery should 
be noted in the patient file. If arterial blood gas is taken within 24h before first dose administration,  
the arterial blood gas of screening can be used as D1 value. 
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On day 6 or on day of discharge before day 6 , a tube of blood serum (5ml) and an EDTA tube (10 ml) 
will be collected for measuring blood cytokine and chemokine levels, and activation of immune cells in 
selected centers. Also in each center, an arterial blood gas determination via arterial puncture will be 
taken.  
 
On days 1-5, patients in group A will inhale sargramostim 125mcg twice daily for 5 days as a nebulized 
inhalation using a Philips InnoSpire Go portable mesh nebulizer on top of standard of care. This device 
is a handheld mesh nebulizer that can be fitted with a facial mask. Patients will be instructed prior to 
receiving the first dose on how to use this simple device, by a physician.  This procedure is finished in 
5-10 minutes, and will be performed twice daily, in the morning (between 6 a.m. and 11 a.m.) and 
evening (between 6 p.m. and 11 p.m.). 
 
Upon progression of disease requiring initiation of non-invasive or invasive mechanical ventilatory 
support within the 5 day period, in patients in the active group, inhaled sargramostim will be replaced 
by intravenous sargramostim 125mcg/m2 body surface area once daily until the 5 day period is 
reached. This administration will occur via a centrally placed catheter or peripheral catheter, that will 
be in place as part of routine medical care at the ICU. 
 
On a final clinical visit between week 10-20 an additional serum tube (5ml) and an EDTA tube (10 ml) 
will be taken in selected centers. 

 

 
 

9.3. Overview of collected data 
1. patient demographics 
 age, sex, ethnicity, day of admission 
2. day of COVID-19 PCR positivity, and conversion to negative 
2. patient biometry 
 weight, length, BMI, body surface area 
3. Clinical and laboratory parameters on screening day and during trial 
 -first day of illness, potential source of infection 

-clinical examination findings (cyanosis, crepitation’s and rales, heart murmurs, peripheral 
edema) 

 -vital signs (temperature, blood pressure, heart rate, breathing rate) 
 -pulse oximetry data (SaO2) 
 -clinical blood gas sampling (PaO2, PaCO2, HCO3) 

-clinical chemistry sampling (ferritin, leukocyte formula, platelets, kidney and liver function, 
fibrinogen, triglycerides) 
-Chest X-ray and/or CT characteristics and radiology clinical report 
-in case of admission to ICU : invasive monitoring data (arterial blood pressure, PCWP, 
continuous O2 saturation, continuous ECG, ventilatory parameters (tidal volume, FiO2, PEEP 
pressure, peak pressure, minute ventilation) 

4. All standard care drugs used during the trial and on day of enrolment of the trial, including oxygen 
flow rate. 
5. Basic clinical data on prior medical history (prior lung diseases, smoking history, prior lung function 
measurements (preferentially within 5 preceding years), prior gas exchange measurements) and 
medication use will be collected from electronic medical record. 
 
6. Study specific measurements 
On serum samples from selected centers, at each of the indicated timepoints exploratory analysis 
may include but is not limited to: 
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• Anti-drug antibodies (ADA) (D1-D6-FU) using ELISA  

• Quantification of sRAGE (D1-D6-FU) using ELISA 

• Quantification of Ang2 (D1-D6-FU) using ELISA 

• Quantification of MUC1 (D1-D6- FU) using ELISA 

• Quantification of GDF15 (D1-D6- FU) using ELISA 

• Quantification of suPAR (D1-D6-FU) using ELISA 

• Quantification of cytokines GM-CSF, IL-1b, IL1RA, IL-6, IL-8, IL-10, IL12p40, IL17A, IL-
18, IL23p19, CCL2, CXCL9, CXCL10, INFgamma, TNF (D1-D6-FU) using Luminex at VIB-
UGhent. 

• Quantification of IFNalpha2 (D1-D6-FU) using SIMOA 

• Quantification of GM-CSF (D1-D6-FU) using MSD. 

• Quantification of S1 specific IgG and IgA antibodies (D1-D6-FU) using ELISA 

• Quantification of NCP specific IgG (D1-D6-FU) using ELISA 

 
• will be measured on samples collected at the various centers at day 1 or day 6 or 

discharge (whichever comes first) and at 12-22 weeks follow up visit. 

Peripheral blood mononuclear cells will be prepared at UZ Gent, following shipment of EDTA-
blood samples by selected centers,  for Immunomonitoring purposes on D1, and D6 (or at 
hospital discharge, if earlier) and follow up visit.  PBMC samples will be vitally frozen until 
analysis. When all samples are available from the selected centers, they will be thawed and 
PBMCs will be analyzed by the Primary Immunodeficiency Lab at UZ Ghent, in collaboration 
with the VIB-UGent Center for Inflammation Research. VIB-UGhent will perform some these 
assays as a service to UZGhent labs. Analyseswill include : 

o flow cytometry analysis of numbers of peripheral blood lymphocyte and 

monocyte subsets, and their activation status by flow cytometry 

o ELISPOT assays to measure the number of IFNg, TNFa, IL-2 and GM-CSF 

producing CD4 and CD8 T cells following restimulation of frozen and thawed 

peripheral blood mononuclear cells (PBMC) with a SARS-CoV2 megapool of 

immunogenic peptides. 
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9.4. Schematic overview of the data collection & interventions 

10. Procedure 
Screening D1 D2-D5 D6/discharge 

 
D7-D9 D10 

Follow-up (10-20 weeks 
after D1) 

Informed consent X            

Inclusion/exclusion criteria X            

Randomization   X          

Medical history & biometry X            

Anamnesis and (S)AE inquiry X   X 

Concomitant medication X    X 

Physical examinationl X   X 

6 Minutes Walk Test o, l    X 

Vital signs a X   X 

ECGl  On clinical grounds   

Chest X-ray and/or (HR)CT scan  On clinical grounds X m 

Lung functionl            X 

Routine laboratory assessmentsl on clinical 
grounds, except: 

X   

Xb   Xc 

 

  

Xc 

 - screening/day 1 and day 6/discharge 

Serum pregnancy test X            

Study blood sampling  

  

X 

  

X 

 

  

  

 - 5 ml serum tube X 

 - 10 ml EDTA tube (selected centers only)  

Arterial blood gas d   X   X    X 

Score assessments      

- 6-point ordinal scale e   X 

- Clinical sign score f   X 

- NEWS2 score g   X 

- SOFA score h   X   X  X  X 

- HScore i   X   X    X 

- CURB-65 j   X          
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- APACHE II k   X          

- Glasgow Coma Scale  X 

- HRCT fibrosis scorem  X 

IMPn   (X) (X) (X) (X) (X)   

Drug compliance        
 
 

a Includes morning assessment (7-10 am) of T°C (actual and highest last 24h), Pulse rate, Blood Pressure, Respiratory Rate, SpO2 by pulsoximetry. Time point assessment (7-10 am) is not applicable for the Follow-Up 
visit. 
 
b Should minimally include haemoglobin, platelets, WBC count, eosinophils, lymphocytes, CD4 and CD8 T cell count, CRP, bilirubin, AST, ALT, LDH, creatinine, fibrinogen, triglycerides, ferritin, ureum, troponin, D-dimers.  
 
c Should minimally include haemaglobin, hematocrit, platelets, WBC count, neutrophils, eosinophils, lymphocytes, CD4 and CD8 T cell count, CRP, bilirubin, AST, ALT, LDH, creatinine, fibrinogen, triglyceride, ferritin, 
troponin, D-dimers, ESR, CK 
 
d Patient sitting upright breathing room air for a minimum of 3 minutes. If this is impossible due to dependency to supplemental oxygen, FiO2, oxygen flow rate, and method of oxygen delivery should be noted in the 
patient file. If arterial blood gas is taken within 24h before first dose administration, the arterial blood gas of screening can be used as D1 value.  
 
e Defined as 1 = Death; 2 = Hospitalized, on invasive mechanical ventilation or ECMO; 3 = Hospitalized, on non-invasive ventilation or high flow oxygen devices; 4 = Hospitalized, requiring supplemental oxygen; 5 = 
Hospitalized, not requiring supplemental oxygen; 6 = Not hospitalized. 
 
f (0-18) by scoring 6 clinical signs from 0 to 3 (0 = absent, 1 = mild, 2 = moderate and 3 = severe): Fever (0 = <37°C; 1 = 37.1-38°C; 2 = 38.1-39°C; 3 = >39°C) last 24h; Cough; Fatigue; Shortness of breath; Diarrhea; Body 
pain. 
 
g NEWS2 (see https://www.mdcalc.com/national-early-warning-score-news-2): requires RR, SpO2, T°C, SBP and pulse. 
 
 h SOFA score (see https://www.mdcalc.com/sequential-organ-failure-assessment-sofa-score): requires PaO2, FiO2, platelet count, GCS, bilirubin, MAP and creatinine.  
 
I HScore (see https://www.mdcalc.com/hscore-reactive-hemophagocytic-syndrome): requires T°C, haemoglobin, WBC count, platelets, ferritin, triglycerides and AST (BM aspirate is not required). 
 
j CURB-65 (see https://www.mdcalc.com/curb-65-score-pneumonia-severity): requires confusion, BUN, RR, blood pressure and age.  
 
k APACHE II (see https://www.mdcalc.com/apache-ii-score): requires age, T°C, MAP, pH, pulse, RR, sodium, potassium, hematocrit, creatinine, WBC count, GCS and FiO2.  
 
l Intervention is standard of care and is being performed regardless of inclusion in the study. 
 
m Preferably HRCT if done per standard of care, which will be used to evaluate fibrosis at follow visit. This is a subjective assessment of the overall extent of normal attenuation, reticular abnormalities, honeycombing 

and traction bronchiectasis will be performed.  A reticular abnormality is defined as a collection of innumerable areas of small linear opacity. Honeycombing is defined as the presence of a cystic airspace measuring 3–
10 mm in diameter, with 1- to 3-mm thick walls. Traction bronchiectasis is defined as irregular bronchial dilatation within the surrounding areas showing parenchymal abnormalities. The morphological criteria on HRCT 
scans include bronchial dilatation with respect to the accompanying pulmonary artery, a lack of tapering of the bronchi and the identification of bronchi within 10 mm of the pleural surface. The HRCT findings will be 

graded on a scale of 1–4 based on the classification system: 1. normal attenuation; 2. reticular abnormality; 3. traction bronchiectasis; and 4. honeycombing. The presence of each of the above four HRCT findings will 
be assessed independently in three (upper, middle and lower) zones of each lung. The upper lung zone is defined as the area of the lung above the level of the tracheal carina, the lower lung zone is defined as the area 

https://www.mdcalc.com/national-early-warning-score-news-2
https://www.mdcalc.com/sequential-organ-failure-assessment-sofa-score
https://www.mdcalc.com/hscore-reactive-hemophagocytic-syndrome
https://www.mdcalc.com/curb-65-score-pneumonia-severity
https://www.mdcalc.com/apache-ii-score


SARPAC   

SARPAC Version  4.0 – Date 07 June 2021 
39/55 

of the lung below the level of the inferior pulmonary vein and the middle lung zone is defined as the area of the lung between the upper and lower zones. The extent of each HRCT finding will be determined by visually 
estimating the percentage (to the nearest 5%) of parenchymal involvement in each zone. The score for each zone will be calculated by multiplying the percentage of the area by the grading scale score. The six zone 

scores will be averaged to determine the total score for each patient. The highest score is 400 points and the lowest score is 100 points using this calculation method. The total score is the “HRCT fibrosis score”. 
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3922654/pdf/1465-9921-15-10.pdf) 
 
n Patients randomized in the treatment group will receive inhaled sargramostim from D1 untill D5. In case of progression requiring mechanical ventilation within the first 5 days, IV sargramostim can be initiated until 
the 5 day period is reached. From day 6 onwards, progressive patients in the active group will have the option to receive an additional 5 days of IV sargramostim, based on the treating physician’s assessment. Patients 
in the control group will have the option to receive 5 days of IV sargramostim in case of progression requiring mechanical ventilation, based on the treating physician’s assessment. IMP should always be administered 
after other assessments, where possible. 
 
o 6 MWT: to assess the distance walked over 6 minutes as submaximal test of aerobic capacity/endurance. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3922654/pdf/1465-9921-15-10.pdf
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10.1. Restrictions for subjects during the study 
There are no subject restrictions during this trial. 
 

11. Sampling 
 

11.1. Types and number of samples 
D1: serum blood sample 5ml, EDTA blood sample 10 ml  
D6 or discharge before day 6 : serum blood sample 5ml, EDTA blood sample, 10 ml 
W10-20 follow-up visit :  serum blood sample 5ml, EDTA blood sample, 10 ml 
 
EDTA blood samples should only be collected in selected sites. 
 
 

11.2. Timepoints of sampling 
These samples are to be taken on D1 and D6 (or discharge if before day 6)  and on final follow up visit 
between week 10 and 20. There’s no time window allowed. 
 

11.3. Sample Handling & Analysis 
In all centers samples will be taken during hospitalization together with the blood draw for standard 
of care. 
 
After clotting for 30-60 minutes the samples will be processed at 1770 g during 10 minutes at room 
temperature. 3 aliquots will be filled and frozen at -80°C until further analysis. 
Centrifugation and storage will be done by qualified personal.  
 
EDTA blood samples (only for selected sites) will be processed to purify peripheral blood mononuclear 
cells (PBMC) by gradient centrifugation and stained for flow cytometric analysis of number of 
monocytes, HLA-DR expression on monocytes and dendritic cells, and lymphocyte activation, 
described under 4.3. Flow cytometry will be performed on paraformaldehyde fixed samples.   
 
Multiple cytokines and chemokines will be measured by multiplex bead based ELISA assay, described 
under 4.3. Development of anti-drug antibodies (ADA) will be measured using protocol developed by 
PartnerTherapeutics on serum samples taken at day 1 and follow up visit. 
 
 

11.4. Sample Storage and/or shipping 
Serum samples will be stored at minus 20 degrees temperature at the participating research centers. 
These samples will be shipped to sponsor at regular intervals, and in any case at the end of the study. 
In selected samples, EDTA blood will be collected for flow cytometry analysis and shipped to the PID 
lab at UZGhent for purification of PBMCs, freezing and later flow cytometry.  These samples will be 
shipped same day (with a 24h tolerance) to UZGhent.  
Frozen PBMC’s may also be analyzed in specific participating centers if this was agreed with PI of the 
study. Storage conditions of frozen PBMCs is at  -80°C prior to thawing and flow cytometry analysis. 
 
For all sites where PBMC manipulation is being done at site for analysis at that site, samples will be 
destroyed at the end of the study. For samples which go directly to PID lab at UZGhent, for purification 
of PBMCs, freezing and later analysis. VIB shall help in the analysis of flow cytometry experiments, but 
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will not become the owner of the samples, nor of the data ensuing from those samples. At all times, 
UZGhent remains the owner of the samples and data resulting from these analyzes by VIB. 
 
 
 

11.5. Future use of stored samples 
Initially samples will be stored for the use as described within this protocol. If at a later time point 
samples will be stored for future use, they will be stored in a FAGG certified biobank. In that scenario, 
the Ethics comite of UZGhent will be asked for permission to store the material in a FAGG certified 
biobank.  If permission is not granted, samples will be destroyed after completion of the study. 
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12. Statistical Considerations 
 

12.1. Sample size calculation 
The outcome(s) on which the sample size calculation is based upon, is the primary endpoint 
measurement of oxygenation, defined as ratio of Pa02/FiO2 and P(A-a)O2. 
Sample calculation and power analysis have been performed using Genstat. The target difference is 
the difference measured at the primary endpoint (at day 6) between the control and the treated group. 
Given a sample size of 40 patients each, a minimal improvement of 10% in the treated group relative 
to the control group will be detected as significant at a significance level of 0,01 with a power of 0.90. 
The error variance was set at 100 units, corresponding with a standard deviation of 10 units. 
The post-treatment evaluations should be assessed within 24 hours of the last dose of treatment. That 
is, Day 6 will be the timepoint for measures of efficacy endpoints based on 5 days of treatment, and 
Day 10 for patients who complete 10 days of treatment.  If the patient is discharged from hospital prior 
to the day 6 (or day 10) efficacy evaluations , the values at day of discharge will be used as value for 
measuring efficacy endpoints. 

 

12.2. Type of statistical methods 
All endpoints will be summarized and where relevant represented graphically 

 
A detailed statistical analysis plan (SAP) has been set up by EffectStats LLC, Cambridge Massachusetts, 
USA.  The statistical tests to be used to look at improvements in oxygenation between treatment 
groups will be a Chi-square test.  Mortality frequencies will be analyzed using Wald test.  

Key timepoints of interest for endpoints include Day 6 and Day 11, where data are available. All 
available efficacy data will be tabulated and presented for all patients in the mITT Population. 

Oxygenation after 5 days of Sargramostim Intervention 

To measure the effectiveness of sargramostim on restoring lung homeostasis, the primary endpoint of 
this intervention is measuring oxygenation after 5 days of inhaled (and intravenous) treatment through 
assessment of pretreatment and post-treatment ratio of PaO2/FiO2, SpO2/FiO2 and through 
measurement of the P(A-a)O2 gradient. During the 5 day treatment period, daily measurements of 
oxygen saturation (pulse oximetry) in relation to FiO2 will be performed. Negative value of P(A-a)O2 
gradient would be removed from the primary analysis. 
P(A-a)O2 gradient, PaO2/FiO2 ratio and SpO2/FiO2 are defined as: 
P(A-a)O2 gradient=[(FiO2) × (Atmospheric Pressure – H2O Pressure) – (PaCO2/0.8)] – PaO2 

PaO2/FiO2=Partial Pressure Oxygen/Fraction of Inspired Oxygen*100 
SpO2/FiO2 = Oxygen Saturation/ Fraction of Inspired Oxygen*100 
Comparison will be between active group A receiving sargramostim on top of standard of care and 
control group B receiving standard of care. The change from baseline and daily change from baseline 
in oxygenation/respiratory parameter of P(A-a)O2 gradient,  ratio of PaO2/FiO2  and ratio of SpO2/FiO2  

will be evaluated and summarized between group A and group B at Day 6. The difference of change 
from baseline between two groups will be tested by a t-test. In general, the last observed 
measurement prior to the first dose of study treatment occurred on Day 1 visit will be considered the 
baseline measurement. Day 6 is the primary analysis point. If the patient leaves hospital prior to the 
day 6 analysis point, oxygenation at day of discharge will be used as value for measuring primary 
endpoint. 
The analyses described above will also be performed between group A (early 5 day intervention with 
sargramostim) and group D (late 5 day intervention with sargramostim). Change from baseline (D1) to 
Day 10, daily change from baseline (D1) at Day 10 in oxygenation/respiratory parameter of P(A-a)O2 
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gradient, ratio of PaO2/FiO2 and ratio of SpO2/FiO2 will be summarized as well. A t-test will be 
conducted to compare the difference between the groups. 
The same analyses will be repeated for pathological oxygenation parameter of P(A-a)O2 gradient, ratio 
of PaO2/FiO2 and ratio of SpO2/FiO2 including summary of their value and change from baseline at Day 
6 and Day 10. A waterfall plot will be used to respent the change from baseline and percentage change 
from baseline on Day 6 for 1)oxygenation parameter of P(A-a)O2 gradient; 2) pathological oxygenation 
parameter of P(A-a)O2 gradient;  3) ratio of PaO2/FiO2; 4) ratio of SpO2/FiO2. Percentage change from 
baseline of P(A-a)O2 gradient and ratio of PaO2/FiO2 on Day 6 and follow-up will be summarized. 

Reasons of missing AA gradient values on Day 6 will also be summarized. 
The normal value of AA gradient for room air is calculated as: 2.5+(0.21×Age). All the results including 
change from baseline, and maximum change from baseline after 5 day intervention with sargramostim, 
normal AA gradient value for room air and flag of abnormality on Day 6will be listed.  
At least 25% reduction from baseline, at least 33% reduction from baseline, and at least 50% reduction 
from baseline in P(A-a)O2 gradient and pathological gradient on Day 6 will be summarized for mITT 
population. 
 
Survival status will be collected up to follow-up period (20 weeks after day 1). Death is considered as 
an event. All the mortality events and cause of death will be listed by treatment group and by patient. 
Number of patients died and survival time will be summarized by treatment group. Survival time will 
also be listed by patient. Risk and risk difference of all causes mortality by Day 28 and during the study 
period will also be summarized. 
The hazard ratio will be estimated by the Cox proportional hazards model with treatment group as a 
covariate in the model. Relevant hazard rates, hazard ratio between treatment groups and associated 
p-values will be tabulated. 
 

 

12.3. Statistical analysis team 
The statistical analysis will be performed by EffectStats LLC, Cambridge Massachusetts, USA, under 
guidance of Dr Ella Li, statistician. 
 

 

13. Data handling 
 
 

13.1. Method of data collection 
 
Subjects that are included in the study , will be assigned a unique study number upon their registration 
in REDCap.. On all documents submitted to the coordinating center, sponsor or CI, patients will only 
be identified by their study number. The subject identification list will be safeguarded by the site. The 
name and any other directly identifying details will not be included in the study database. 

 

13.1.1. Case Report Form 
An electronic data capture (EDC) system, i.e. REDCap, will be used for data collection. Data reported 
on each eCRF should be consistent with the source data. If information is not known, this must be 
clearly indicated on the eCRF. All missing and ambiguous data will be clarified.  
Only the data required by the protocol are captured in the eCRF. The eCRFs and the database will be 
developed, based on the protocol. The final eCRF design will be approved by the Co-ordinating 
Investigator. 
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All data entries and corrections will only be performed by study site staff, authorized by the 
investigator. Data will be checked by trained personnel (monitor, data manager) and any errors or 
inconsistencies will be clarified. The investigator must verify that all data entries in the eCRF are 
accurate and correct. 

 
REDCap is provided and maintained by Vanderbilt University; a license for use was granted to the 
Health, Innovation and Research Institute (HIRUZ). REDCap is a web-based system.  
The study site staff is responsible for data entry in REDCap. 
 

13.1.2. Data directly collected in the CRF (no source available) 
N.A. 

13.2. Data storage 
The data is accessed through a web browser directly on the secure REDCap server. The server is 
hosted within the UZ Ghent campus and meets hospital level security and back-up requirements.  
 
Privacy and data integrity between the user's browser and the server is provided by mandatory use of 
Transport Layer Security (TLS), and a server certificate issued by TERENA (Trans-European Research 
and Education Networking Association). All study sites will have access to REDCap. Site access is 
controlled with IP restriction. 
 

13.3. Archiving of data 
The investigator and sponsor specific essential documents will be retained for at least 25 years. At that 
moment, it will be judged whether it is necessary to retain them for a longer period, according to 
applicable regulatory or other requirement(s). 

 

13.4. Access to data 

Direct access will be granted to authorised representatives from the Sponsor, host institution and the 
regulatory authorities to permit study-related monitoring, audits and inspections. 

Login in REDCap is password controlled. Each user will receive a personal login name and password 
and will have a specific role which has predefined restrictions on what is allowed in REDCap. 
Furthermore, users will only be able to see data of subjects of their own site. Any activity in the 
software is traced and transparent via the audit trail and log files. 

For access to the pseudonymized data needed for statistical analysis, a separate data transfer 
agreement is in place between UZGhent and EffectStats LLC.  UZGhent owns the data, and the results 
of the statistical analysis, and EffectStats LLC is not allowed to share these data with third parties.  Data 
generated at the VIB Center for Inflammation research (results of ELISA analysis, results of flow 
cytometry analysis)  remain property of UZ Ghent. 
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14. Safety  
 

14.1. Definitions 
 

Term Definition 

Adverse Event (AE) Any untoward medical occurrence in a subject to whom a medicinal 
product has been administered, including occurrences which are not 
necessarily caused by or related to that product. 

Unexpected Adverse 
Event 

An adverse event, the nature or severity of which is not consistent with 
the applicable product information (e.g., Investigator's Brochure for an 
unapproved investigational product or package insert/summary of 
product characteristics for an approved product). 

Adverse Reaction (AR) 
 

An untoward and unintended response in a subject to an investigational 
medicinal product which is related to any dose administered to that 
subject. 
The phrase "response to an investigational medicinal product" means 
that a causal relationship between a study medication and an AE is at 
least a reasonable possibility, i.e. the relationship cannot be ruled out. 
All cases judged by either the reporting medically qualified professional 
or the Sponsor as having a reasonable suspected causal relationship to 
the study medication qualify as adverse reactions. 

Serious Adverse Event 
(SAE) 

A serious adverse event is any untoward medical occurrence that: 

• results in death 

• is life-threatening 

• requires inpatient hospitalisation or prolongation of existing 

hospitalisation 

• results in persistent or significant disability/incapacity 

• consists of a congenital anomaly or birth defect 

Other ‘important medical events’ may also be considered serious if they 
jeopardise the subject or require an intervention to prevent one of the 
above consequences. 
NOTE: The term "life-threatening" in the definition of "serious" refers to 
an event in which the subject was at risk of death at the time of the event; 
it does not refer to an event which hypothetically might have caused 
death if it were more severe. 

Serious Adverse 
Reaction (SAR) 

An adverse event that is both serious and, in the opinion of the reporting 
Investigator, believed with reasonable probability to be due to one of the 
study treatments, based on the information provided. 

Suspected Unexpected 
Serious Adverse 
Reaction (SUSAR) 

A serious adverse reaction, the nature and severity of which is not 
consistent with the information about the medicinal product in question 
set out: 

• in the case of a product with a marketing authorisation, in the 

summary of product characteristics (SmPC) for that product 

• in the case of any other investigational medicinal product, in the 

investigator’s brochure (IB) relating to the study in question 
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Attribution definitions 
An adverse event is considered associated with the use of the drug if the attribution is possible, 
probable or definitive. 
 
Not related 
An adverse event which is not related to the use of the drug. 
 
Unlikely 
An adverse event for which an alternative explanation is more likely - e.g. concomitant drug(s), 
concomitant disease(s), and/or the relationship in time suggests that a causal relationship is unlikely. 
 
Possible 
An adverse event which might be due to the use of the drug. An alternative explanation - e.g. 
concomitant drug(s), concomitant disease(s), - is inconclusive. The relationship in time is reasonable; 
therefore the causal relationship cannot be excluded. 
 
Probable 
An adverse event which might be due to the use of the drug. The relationship in time is suggestive (e.g. 
confirmed by dechallenge). An alternative explanation is less likely - e.g. concomitant drug(s), 
concomitant disease(s). 
 
Definitely 
An adverse event which is listed as a possible adverse reaction and cannot be reasonably explained by 
an alternative explanation - e.g. concomitant drug(s), concomitant disease(s). The relationship in time 
is very suggestive (e.g. it is confirmed by dechallenge and rechallenge). 

 

14.2. Reporting requirements 

14.2.1. AE reporting 

 
AE’s will be recorded from the first drug administration until the end of the study, as defined in section 
5.2.  
Special attention will be given to those subjects who have discontinued the study for an AE, or who 
experienced a severe or a serious AE. All AE’s should be recorded in the patient’s file and in the CRF.  

 

14.2.2. SAE reporting 
 

SAE’s occurring during the entire study period will be reported as below. 
 
All serious adverse events (initial and follow up information) and pregnancies occurring during this 
study must be reported by the local Principal Investigator within 24 hours after becoming aware of the 
SAE to: 

- The local ethics committee (it is the responsibility of the local PI to report the local SAE’s to 
the local EC) 

- HIRUZ CTU of the University Hospital Ghent 
- The National Coordinating Investigator (in case of multicenter studies) 

The company Partner Therapeutics that provides the IMP  
This reporting is done by using the appropriate SAE form. For the contact details, see below. 
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14.2.3. SUSAR reporting 

 
In case the Coordinating Investigator, in consultation with HIRUZ CTU, decides the SAE is a SUSAR 
(Suspected Unexpected Serious Adverse Reaction), HIRUZ CTU will report the SUSAR to the Central EC 
and the FAMHP within the timelines as defined in national legislation. The Coordinating Investigator 
reports the SUSAR to all local PI’s. 
In case of a life-threatening and fatal SUSAR the entire reporting process must be completed within 7 
calendar days. In case of a non life-threatening SUSAR the reporting process must be completed within 
15 calendar days.  

 

 

14.3. List of contact details for safety reporting 
 
HIRUZ CTU:    
Ghent University Hospital 
C. Heymanslaan 10, 1K5 
9000 Ghent, Belgium 
e-mail: hiruz.ctu@uzgent.be   
Tel: +32 9 332 05 00 
Fax:  +32 9 332 05 20 
 
Coordinating Investigator:  
Prof. dr. Bart Lambrecht 
Ghent University Hospital 
Department of pneumology 
C. Heymanslaan 10, 1K5 
9000 Ghent, Belgium 

email: bart.lambrecht@ugent.be  
Tel: +32 9 332 91 10 
 
Marketing Authorisation Holder:  
Partner Therapeutics,  
Dr. Debasish Roychowdhury  
e-mail: Debasish.Roychowdhury@partnertx.com 
Tel: +16107721703  
   

 

14.4. Flowchart Reporting 

 

Type of Adverse Event Action to be taken 

AE List all AE’s per subject in the patient’s file and 
add this information to the CRF. 

SAE Notify to HIRUZ CTU within 24 hours after 
becoming aware of the SAE + add the SAE to a 
list that will be reported yearly (see section 13.8) 

SAR Notify to HIRUZ CTU within 24 hours after 
becoming aware of the SAE 
→ HIRUZ CTU will submit to the central EC 

mailto:hiruz.ctu@uzgent.be
mailto:bart.lambrecht@ugent.be
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→ study team informs company that provides 
the IMP 

SUSAR Notify to HIRUZ CTU within 24 hours after 
becoming aware of the SUSAR 
→ HIRUZ CTU will submit to the central EC. 
→ HIRUZ CTU will submit to the FAMHP 
→ study team informs company that provides 
the IMP 

 
In case the (SU)SAR occurs at a local participating site, the local PI or study team should also contact: 

- The local Ethics Committee 

- The Co-ordinating Investigator 

 

14.5. Events, excluded from reporting 
COVID-19 infection is a very recent syndrome, on which few data are available. Normal symptoms and 
natural disease course symptoms that will not be reported as adverse events are dyspnea, coughing, 
malaise, fever, drop in oxygen saturation, progression to respiratory failure, progression to ARDS, 
severe drop in blood pressure in the ICU,progression to multi-organ failure.  
 
 

14.6. Data Safety Monitoring Board (DSMB) 
All study medication is registered and used in current practice. Despite the known safety profile of the 
study medications and study design, a DSMB is foreseen.  

 

14.7. Development Safety Update Report 

The Coordinating Investigator will provide DSURs once a year throughout the entire duration of the 
clinical study, or on request, to the Competent Authority (FAMHP in Belgium), Ethics Committee and 
Sponsor. This DSUR will include all SAE’s (who were not categorized as SAR’s and were not immediately 
reported to the EC). 

The report will be submitted 1 year (+ maximum 60 days) after the ‘Development International Birth 
Date (DIBD)’ , and will subsequently be submitted each year until the study is declared ended. This 
DIBD is the date of the sponsor’s first overall authorisation to conduct the clinical trial in any country 
worldwide. HIRUZ CTU can provide a template that can be used to complete this DSUR. 
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15. Monitoring/Auditing/Inspection 
 

15.1. Monitoring 

15.1.1. General 
Monitoring of the study will be performed in compliance with GCP E6(R2) and the applicable regulatory 
requirements. The study team will be trained in an initiation visit by the monitor. A training and 
delegation log will be held. A detailed description of the monitoring tasks can be found in the latest 
version of the (study-specific) ‘Monitoring plan’. 
 

15.1.2. Monitoring team 
Monitoring services will be provided by HIRUZ CTU. All relevant contact details (e.g. primary contact 
person, can be found in the ‘Monitoring plan’. 

 

15.1.3. Scope 
Monitoring services will consist of the following (non-exhaustive list): 
- review of informed consents and the followed process 
- check on recruitment status 
- checking for protocol deviations/violations 
- checking GCP compatibility 
- check on safety reporting compliance 
- IMP handling and storage 
- review of study data 
… 

 

15.2. Inspection 
This study can be inspected at any time by regulatory agencies during or after completion of the study. 
Therefore access to all study records, including source documents, must be accessible to the inspection 
representatives. Subject privacy must be respected at all times, in accordance to GDPR, GCP and all 
other applicable local regulations. 
The investigator/study team should immediately notify the sponsor if he or she has been contacted by 
a regulatory agency concerning an upcoming inspection. 

 

15.3. Protocol Deviation policy 
Sponsor and all investigators agree to take any reasonable actions to correct protocol 
deviations/violations noted during monitoring/inspection, in consultation with the monitoring team. 
All deviations must be documented on a protocol deviation log by the study team that is kept available 
at any time for monitoring/inspection purposes. Under emergency circumstances, deviations from the 
protocol to protect the rights, safety or well-being of human subjects may proceed without prior 
approval of the sponsor and the EC. 

 

15.4. Serious breach to GCP and/or the protocol 
Critical issues that significantly affect patient safety, data integrity and/or study conduct should be 
clearly documented and will be communicated with the Coordinating Investigator, HIRUZ CTU and 
possibly both the applicable Ethics Committee(s) and Competent authority. (Please contact HIRUZ CTU 
asap in case of a serious breach: hiruz.ctu@uzgent.be and/or +3293320500). 
Early determination of the study (in a specific center or overall) may be necessary in case of major non-
compliance.  

mailto:hiruz.ctu@uzgent.be
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16. Ethical and legal aspects 
 

16.1. Good Clinical Practice 
The study will be conducted cfr the latest version of the ICH E6 (R2) GCP guidelines, creating a standard 
for the design, conduct, performance, monitoring, auditing, recording, analyses and reporting of 
clinical studies that provides assurance that the data and reported results are accurate and that the 
rights, integrity and confidentiality of study subjects are protected. 

 

16.2. Informed Consent 
Eligible subjects may only be included in the study after providing written (witnessed, if needed) 
Ethics Committee-approved informed consent, or, if incapable of doing so, after such consent has been 
provided by a legally acceptable representative(s) of the subject. 
Informed consent must be obtained before conducting any study-specific procedures (as described in 
this protocol).  
 
Prior to entry in the study, the investigator must explain to potential subjects or their legal 
representatives the study and the implication of participation. Subjects will be informed that their 
participation is voluntary and that they may withdraw consent to participate at any time. Participating 
subjects will be told that their records may be accessed by competent authorities and by authorized 
persons without violating the confidentiality of the subject, to the extent permitted by the applicable 
law(s) and/or regulations. By signing the Informed Consent Form (ICF), the subjects or legally 
acceptable representatives are authorizing such access. 
After this explanation and before entry to the study, written, dated and signed informed consent 
should be obtained from the subject or legally acceptable representative. The ICF should be provided 
in a language sufficiently understood by the subject. Subjects must be given the opportunity to ask 
questions. 
The subject or legally acceptable representative will be given sufficient time to read the ICF and to ask 
additional questions. After this explanation and before entry to the study, consent should be 
appropriately recorded by means of either the subject's or his/her legal representative's dated 
signature or the signature of an independent witness who certifies the subject's consent in writing. 
After having obtained the consent, a copy of the ICF must be given to the subject. 
In case the subject or legally acceptable representative is unable to read, an impartial witness must 
attest the informed consent. 
Subjects who are unable to comprehend the information provided or pediatric subjects can only be 
enrolled after consent of a legally acceptable representative. 
The following information should be added to the electronic patient dossier (EPD):   
• which version of the ICF was obtained 
• who signed the ICF  
• if sufficient time has been given to consider participation into the study 
• which investigator obtained ICF with the date of signature 
• if a copy was provided to the patient 
• start and end of participation in the study 
 

16.3. Approval of the study protocol 

16.3.1. General 
The protocol has been reviewed and approved by the Ethics Committee of the Ghent University 
(Hospital), designated as the central Ethics Committee, after consultation with the local Ethics 
Committees, and the Federal Agency for Medicine and Health Products (FAMHP). This study cannot 
start before both approvals have been obtained. 
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16.3.2. Protocol amendments 
Any significant change or addition to the protocol can only be made in a written protocol amendment 
that must be approved by the Central Ethics Committee (and the FAMHP if applicable). 
Only amendments that are intended to eliminate an apparent immediate safety threat to patients may 
be implemented immediately. 
Notwithstanding the need for approval of formal protocol amendments, the investigators are expected 
to take any immediate action, required for the safety of any subject included in this study, even if this 
action represents a deviation from the protocol. These actions should always be notified to the 
sponsor. 

 

16.4. Confidentiality and Data Protection 
All study data will be handled in accordance with the law on General Data Protection Regulation 
(GDPR) and institutional rules 
[Belgian law dated on 30 July 2018 and 22 Aug. 2002]. 
 
The collection and processing of personal data from subjects enrolled in this study will be limited to 
those data that are necessary to fulfill the objectives of the study. These data must be collected and 
processed with adequate precautions to ensure confidentiality and compliance with applicable data 
privacy protection laws and regulations. 
  
Appropriate technical and organizational measures to protect the personal data against unauthorized 
disclosures or access, accidental or unlawful destruction, or accidental loss or alteration must be put 
in place. Sponsor and site personnel whose responsibilities require access to personal data agree to 
keep the identity of subjects confidential. 
The informed consent obtained from the subject includes explicit consent for the processing of 
personal data and for the investigator/institution to allow direct access to his or her original medical 
records (source data/documents) for study-related monitoring, audit, Ethics Committee review and 
regulatory inspection. This consent also addresses the transfer of the data to other entities, if 
applicable. 
 
Privacy and confidentiality of data generated in the future on stored samples will be protected by the 
same standards applicable to all other clinical data. 
Stored samples will be pseudonymized throughout the sample storage and analysis process and will 
not be labeled with personal identifiers. 

 
 

16.5. Liability and Insurance 
The sponsor has taken a no fault insurance for this study, in accordance with the relevant legislation 
(article 29, Belgian Law of May 7, 2004). 
Sponsor: Ghent University Hospital 
Insurance Details: Allianz Global Corporate & Specialty; Uitbreidingstraat 86, 2600 Berchem; Tel: +32 
33 04 16 00 
Polis number: BEL000862 
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16.6. End of Study Notification 
If all subjects have completed the study, a notification of the end of the study should be submitted to 
the (Central) Ethics Committee and FAMHP. This notification should be made within 90 days of the end 
of the clinical study. In case of early termination (definition in CT-1, 4.2), this is reduced to 15 days. 
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17. Publication policy 
 

This study will be registered at ClinicalStudies.gov, and results information from this study will be 
submitted to ClinicalStudies.gov. In addition, every attempt will be made to publish results in peer-
reviewed journals. 
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3 Abbreviations 

AE :                      Adverse Event 

AECC :                American-European Consensus Conference 

ALT:                  Alanine Aminotransferase 

ARDS :                Acute Respiratory Distress Syndrome 

AST:                   Alanine Aminotransferase 

CK:                      Creatine Kinase 

COVID-19 :         Coronavirus induced disease-2019 

CRP:                  C-reactive protein 

DSMB :                Data Safety Monitoring Board 

ECG :                    Electrocardiogram 

ESR:                     Erythrocyte Sedimentation Rate 

eCRF :                  electronic Case Report Form 

FiO2 :                    Fraction of inspired oxygen 

FVC :                    Forced vital capacity 

GM-CSF :             Granulocyte-macrophage colony stimulating factor 

ICF :                      Informed Consent Form 

ICU:                      Intensive Care Unit 

LDH:                   Lactate Dehydrogenase 

PaO₂ :                    Partial pressure of oxygen 

SAE :                    Serious Adverse Event 

SUSAR :               Suspected Unexpected Serious Adverse Reaction 

TLC :                    Total Lung Capacity 

WBC:   White Blood Cells 
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4 Introduction 

The purpose of this statistical analysis plan (SAP) is to describe the procedures and statistical 

methodologies that will be used in the analysis and reporting of results for Protocol SARPAC. 

This document is prepared based on the following documents: 

• the study protocol version 3.0 dated 14 May 2020;  

• the Case Report Form version 2.0 dated 08 April 2020. 

Readers are referred to the final study protocol (and any amendments or addenda), the case 

report form (CRF), and CRF completion guidelines for details of the study design, conduct and 

data collection. Any significant changes to these documents in terms of the principle features of 

the study analyses may result in a SAP amendment; any other changes will be denoted in the 

Clinical Study Report as changes to the planned analyses. 

This SAP must be finalized prior to the locking of the clinical database for this study. The mock 

summary tables, figures and by subject data listings (TFLs) are provided in a separate document. 

5 Study Objectives and Endpoints 

5.1 Primary Objective 

The primary objective is to investigate whether the administration of sargramostim (Leukine®) 

improves oxygenation and short and long-term outcomes in COVID-19 patients with acute 

hypoxic respiratory failure. 

5.1.1 Primary Endpoint 

To measure the effectiveness of sargramostim on restoring lung homeostasis, the primary 

endpoint of this intervention is measuring oxygenation after 5 DAYS of inhaled (and 

intravenous) treatment through assessment of pretreatment (day 1) and post-treatment (day 6) 

ratio of PaO2/FiO2 and through measurement of the P(A-a)O2 gradient.  

During the 5 day treatment period, daily measurements of oxygen saturation (pulse oximetry) in 

relation to FiO2 will be performed, and the slope of alterations in this parameters could also be 

an indicator of correctness of study hypothesis. 
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The post-treatment evaluations should be assessed within 24 hours of the last dose of treatment. 

That is, Day 6 will be the timepoint for measures of efficacy endpoints based on 5 days of 

treatment, and Day 10for patients who complete 10 days of treatment.  If the patient is 

discharged from hospital prior to the day 6 (or day 10) efficacy evaluations , the values at day of 

discharge will be used as value for measuring efficacy endpoints. 

5.1.2 Secondary Objectives & Endpoints  

• to study if early intervention with sargramostim is safe (number of AEs/SAEs) 

o Incidence of AEs/SAEs. 

• to study if early intervention with inhaled sargramostim affects clinical outcome 

o Length of  hospital stay. 

o Mean change in 6-point ordinal scale between day 1 and day 6. 

o Mean change in clinical sign score between day 1 and day 6. 

o Time to clinical sign score<6 maintained for 24h. 

o Mean change of SOFA score between day 1 and day 6 or between day 1 and day 

10. 

o Mean change NEWS2 score between day 1 and day 6 or between day 1 and day 

10. 

o Time to NEWS2 score less than 2 for at least 24h. 

• to study if early intervention with sargramostim affects the rate of nosocomial infection 

o Rate of nosocomial infection. 

• to study if early intervention with inhaled sargramostim affects progression to mechanical 

ventilation and/or ARDS 

o Number of patients requiring initiation of mechanical ventilation. 

o Duration of invasive and non-invasive ventilation and/or supplemental oxygen. 

• to study if treatment with sargramostim affects all cause mortality rate at 20 weeks post 

inclusion 

o All-cause mortality rate at 4 and 20 weeks post inclusion. 

• to study if treatment with sargramostim affects features of secondary haemophagocytic 

lymphohistiocytosis, as defined by Hs score (temp, organomegaly, cytopenia, 

triglycerides, fibrinogen, ferritin, AST and known immunosuppression) 
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o Features of secondary haemophagocytic lymphohistiocytosis. 

• to study if treatment with sargramostim has a favourable effect on long term 10-20 week 

follow up 

o Clinical exams performed at 10-20 weeks follow up. 

o Pulmonary function tests (including FVC, TLC and diffusion capacity) performed 

at 10-20 weeks follow up. 

o Laboratory tests (ferritin, lymphocytes, leukocytes) performed at 10-20 weeks 

follow up. 

6 Study Design 

6.1 Study Design Overview 

This is phase 4 academic, prospective, randomized, open-label, interventional study designed to 

investigate the efficacy of sargramostim (Leukine®) in improving oxygenation and short- and 

long-term outcome of COVID-19 patients with acute hypoxic respiratory failure. 

Patients with confirmed COVID19 with acute hypoxic respiratory failure (saturation below 93% 

on minimal 2 l/min O2 or PaO2/FiO2 <350) will be randomizied to receive sargramostim 

125mcg twice daily for 5 days as a nebulized inhalation on top of standard of care (active group), 

or to receive standard of care treatment (control group). Upon progression of disease to requiring 

initiation of non-invasive or invasive mechanical ventilatory support within the 5 day period, in 

patients in the active group, inhaled sargramostim will be replaced by intravenous sargramostim 

125mcg/m2 body surface area until the 5 day period is reached. 

The number of subjects that will be included in this study is: 80. 

These are divided into following sub-groups: 

Group A: active sargramostim treatment group, treatment for initial 5 days, no deterioration 

after 5 days 

Number of patients : 40 

Group B: control group : no treatment with sargramostim in first 5 days 
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Number of patients : 40 

Group C and D: 

From day 6 onwards, progressive patients in the active group (Group A) will have the option to 

receive an additional 5 days of IV sargramostim 125mcg/m2 body surface area once daily, based 

on the treating physician’s assessment. This group will be called group C. It is estimated that 

some 30% of patients might deteriorate and require noninvasive or invasive mechanical 

ventilation, resulting potentially in 12 patients that progress from group A to group C, if the 

clinician decides to move forward with the drug. 

In the control group (Group B) progressing to requiring invasive or non-invasive mechanical 

ventilatory support, from day 6 onwards, the treating physician will have the option to initiate IV 

sargramostim 125mcg/m2 body surface area once daily for 5 days. This group will be called 

group D. It is estimated that some 30% of patients might deteriorate to mechanical ventilation or 

ARDS, resulting potentially in 12 patients that progress from group B to group D, if the clinician 

decides to move forward with the drug. 

Comparisons between group A (early sargramostim) versus group B (no sargramostim) at day 6 

will be important for reaching primary endpoint, and for key secondary endpoints. Comparisons 

of Group A (early 5 day intervention with sargramostim) with Group D (late 5 day intervention 

with sargramostim) will also be very informative for secondary endpoint analysis. 

Refer to Section 5.1 of the Study Protocol for a more detailed description of the study. Section 

1.6.2 of the Study Protocol is a schematic of the study design. 

6.2 Randomization 

In this open label trial patients will be randomized in a 1:1 ratio. Randomization in Belgium will 

be done using REDCap (electronic IVRS system). 

6.3 Study Schedule 

The scheduled assessments will be carried out during the study as described in Section 9.4 of the 

Study Protocol.  
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6.4 Duration of Treatment and Study 

The total treatment duration of the study is 5 days, followed by possible 5 day extension upon 

deterioration. The entire study duration is 10-22 weeks to final follow up visit. 

6.5 End of Study Definition 

The subject has completed the study if he or she has completed all phases of the study, including 

the last visit (week 10-20 clinical follow up visit) or the last scheduled procedures (refer to 

protocol section “9. Study Specific Procedures”). 

6.6 Study Drug Administration 

Refer to Sections 8 and 9.2 of the Study Protocol. 

6.7 Study Assessments 

6.7.1 Safety Evaluations 

The safety and tolerability of study drug in each dosing cohort will be evaluated through: 

• Incidence of AEs/SAEs. 

• Pulmonary function tests  

• Laboratory tests  

• Physical examination 

• ECG 

• Chest X-ray 

• Vital signs (including height and weight) 

Adverse events (AEs) will be collected from the signing of informed consent form (ICF) to last 

subject contact/visit/end of post-treatment follow-up period. 

Clinical exam, pulmonary function tests (including FVC, TLC and diffusion capacity), and a 

laboratory test (ferritin, lymphocytes, leukocytes) will be performed on routine check-up by 

pulmonologist at 10-20 weeks after discharge from hospital. Safety data, including blood 

leukocyte counts, will be collected in all patients. 
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Physical examination and vital signs will be tested from screening to last subject 

contact/visit/end of post-treatment follow-up period. 

ECG and chest X-ray will be collected on clinical ground.  

Refer to study protocol section 9.4 for the detailed schematic overview of the data collection & 

interventions.  

6.7.2 Efficacy Evaluations 

To measure the effectiveness of sargramostim on restoring lung homeostasis, the primary 

endpoint of this intervention is measuring oxygenation after 5 DAYS of inhaled (and 

intravenous) treatment through assessment of pretreatment (day 0) and post-treatment (day 5) 

ratio of PaO2/FiO2 and through measurement of the P(A-a)O2 gradient. 

The post-treatment evaluations should be assessed within 24 hours of the last dose of treatment. 

That is, Day 6 will be the timepoint for measures of efficacy endpoints based on 5 days of 

treatment, and Day 10 for patients who complete 10 days of treatment.  If the patient is 

discharged from hospital prior to the day 6 (or day 10) efficacy evaluations , the values at day of 

discharge will be used as value for measuring efficacy endpoints. 

Efficacy data will also be collected and will include arterial blood gases, oxygenation 

parameters, need for ventilation, lung compliance, organ function, radiographic changes, ferritin 

levels, triglyceride levels, etc. as well as occurrence of secondary bacterial infections. 

7 Statistical Analysis Methods 

7.1 General Considerations 

All safety analyses will be based on Safety Population; all efficacy analyses will be based on 

mITT population, unless otherwise specified. Some specific sensitivity analyses of efficacy may 

be based on ITT (for primary endpoints only). 

All analyses will be considered as descriptive analyses. Derivation of two-sided 95% confidence 

intervals and p-values will be generated where applicable. 
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Time to event endpoints will be defined as the start date/time to the end date/time; censoring 

dates will be the last date/time the patient was determined to be event-free. Kaplan Meier 

methods will be used for time to event endpoint analyses; a log-rank test will be performed to 

compare the two survival curves. Timepoints estimates and median survival will be derived from 

the Kaplan Meier analysis. A Cox proportional hazards model may also be used to compare the 

treatment groups using a hazard ratio. 

Categorical endpoints will be calculated as the percentage of patients with the event, relative to 

the number of patients treated. Logistic regression approaches and/or repeated measures 

statistical approaches may be used to compare patients on the sargramostim and control arms, in 

addition to Fisher’s Exact or Chi2 tests (as appropriate). 

Continuous endpoints will be summarized by n, means, medians, minimum, maximum, and 25th 

and 75th percentiles. F-test and two sample t-test may be used to compare patients on the 

sargramostim and control arms. 

In the event that the underlying assumptions and/or distributions for a given statistical method 

are not satisfied, alternative statistical methods will be employed. 

Additional exploratory analyses may be performed to evaluate the robustness and sensitivity of 

the study results, including but not limited to the analysis populations, subgroup analyses, 

treatment interactions, adjusted or stratified analyses, and/or alternative statistical methods. 

7.1.1 Study Day 

Study day will be calculated as follows: 

• For the sargramostim arm, first dose date is the first sargramostim dose date.  

• For the control arm, the randomization date will be used as the first dose date.  

•  Assessments/events prior to the first dose date, study day will be the assessment date 

minus the first dose date. Assessments/events on or after the first dose date, study day 

will be the assessment date minus the first dose date plus one. 
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7.1.2 Baseline Definition  

In general, the last observed measurement prior to the first dose of study treatment will be 

considered the baseline measurement unless otherwise specified. For assessments on the day of 

first dose where time is not captured, a nominal pre-dose indicator, if available, will serve as 

sufficient evidence that the assessment occurred prior to first dose. 

Assessments on the day of the first dose where neither time nor a nominal pre-dose indicator are 

captured, will be considered prior to the first dose. 

In all summaries change from baseline variables will be calculated as the post-treatment value 

minus the value at baseline. The % change from baseline will be calculated as (post-baseline 

value - baseline value) / baseline value x 100. 

7.1.3 Analysis Period  

The post-treatment evaluations should be assessed within 24 hours of the last dose of treatment. 

That is, Day 6 will be the timepoint for measures of efficacy endpoints based on 5 days of 

treatment, and Day 10 for patients who complete 10 days of treatment.  If the patient is 

discharged from hospital prior to the day 6 (or day 10) efficacy evaluations , the values at day of 

discharge will be used as value for measuring efficacy endpoints. 

The main analysis period would be the Treatment Emergent period which is defined as the 

period from the date of the first dose until the end of earliest of the following 1) the date of Day 

28; or 2) Date of Early discontinuation from study. This analysis period will be used for all 

treatment emergent adverse event, laboratory evaluations and efficacy parameters.   

For the primary endpoints, the data collected within first 6 days will be used for analysis. 

7.1.4 Missing Data Handling  

Missing data may be imputed using last-observation-carried forward, or other advanced 

statistical imputation methods for sensitivity analysis. For the primary endpoint, if assessments 

on Day 6 is not available, assessments on Day 5 will be used for analysis. If the patient leaves 

hospital prior to the day 6 analysis point, oxygenation at day of discharge will be used as value 

for measuring primary endpoint.  Imputation for intubation rate and ordinal scale will not be 

performed.  



University Hospital Ghent  Protocol No. SARPAC 

Statistical Analysis Plan 

 

 

Page 17 of 31 

Confidential  Draft v0.7: 05 March 2021 

When using last observation carried forward, a missing follow-up visit value will be imputed as 

that patient's previously observed value. 

Regarding to time-to-event data, if no other specification in each section, the following rules will 

be used for missing data imputation: 

• Patients who are not lost to followed up or experienced the event will be censored at the 

actual date of end of study visit.  

• Patients who received no drug or standard of care will be excluded from analysis.  

• Patients without an event but lost to follow-up will be censored at last date of follow-up. 

7.2 Sample Size 

The outcome(s) on which the sample size calculation is based upon, is the primary endpoint 

measurement of oxygenation, defined as ratio of Pa02/FiO2 and P(A-a)O2. 

Sample calculation and power analysis have been performed using Genstat. The target difference 

is the difference measured at the primary endpoint (at day 6) between the control and the treated 

group. Given a sample size of 40 patients each, a minimal improvement of 10% in the treated 

group relative to the control group will be detected as significant at a significance level of 0,01 

with a power of 0.90. The error variance was set at 100 units, corresponding with a standard 

deviation of 10 units. 

The post-treatment evaluations should be assessed within 24 hours of the last dose of treatment. 

That is, Day 6 will be the timepoint for measures of efficacy endpoints based on 5 days of 

treatment, and Day 10 for patients who complete 10 days of treatment.  If the patient is 

discharged from hospital prior to the day 6 (or day 10) efficacy evaluations , the values at day of 

discharge will be used as value for measuring efficacy endpoints. 

7.3 Data Safety Monitoring Board  

Despite the known safety profile of the study medications and study design, a DSMB reviewed 

the data. 

7.4 Analysis Population 



University Hospital Ghent  Protocol No. SARPAC 

Statistical Analysis Plan 

 

 

Page 18 of 31 

Confidential  Draft v0.7: 05 March 2021 

The following analysis populations will be used to summarize the results from this study. 

• Safety Population includes all patients who received at least one dose of sargramostim 

and/or SOC based on actual treatment received. Patients who did not receive any study 

treatment (either sargramostim and/or SOC) will be excluded from Safety Population. All 

safety analyses will be based on the Safety Population. 

• Intent-to-treat Population (ITT) includes all patients who were randomized. Selected 

efficacy analysis (P(A-a)O2) will be performed based on ITT population for the purpose of 

sensitivity, unless otherwise specified. 

• Modified Intent-to-treat Population (MITT) includes all patients who were randomized 

and received at least one dose of sargramostim and/or standard of care based on the 

treatment assigned at randomization. All efficacy analysis will be performed based on 

modified ITT population, unless otherwise specified. 

• Enrolled Population includes all patients who were eligible and signed informed constent 

form (ICF). 

If the ITT is identical, or less than 10% different compared to the MITT population, then the 

selected efficacy analyses may not be repeated across the ITT analysis population. 

7.5 Patient Disposition 

Descriptive statistics by treatment will be used to summarize the number of patients screened, 

the number of screening failures, the number of patients enrolled, the number of patients in 

Safety Population, ITT, and mITT, number of patients who completed treatment period, 

completed the study, withdrawal from treatment, and withdrawal from the study, and reasons for 

withdrawals. The descriptive statistics will include numbers and percentages of patients in each 

identified category by treatment groups. A patient’s data listing will be provided for disposition 

that includes patients who are excluded from the analysis populations; who prematurely 

withdrew from the study and reasons for excluding each analysis set, and for early 

discontinuation (from treatment and from the study). 

For study completion status, the following logic will be used: 
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• Patient will be considered completed the study, if all of the following met: 1) complete 

the study treatment,  2) complete the first 5 study days, and 3) have a follow-up visit; 

• Patient study completion status will be considered ongoing, if 1) patient started the study, 

and 2) the data cutoff date is less than 140 days away from the patient’s first visit date in 

the Day 1-5 period; 

• Patient will be considered discontinued from the treatment, if any of the following met: 

1) the last date of drug taken is before Day 6 if the patients are in Group A, 2) the last 

date of drug taken is before Day 10 if the patients are in Group C/ D, 3)the last visit date 

is before Day 6 if the patients are in the control arm. 

• Patient will be considered discontinued from the study, if any of the following met: 1) the 

patient is considered discontinued from the treatment, or 2) didn't complete the study 

treatment and the study status is not ongoing, or 3) didn't have a follow-up visit and the 

study status is not ongoing. 

For withdrawal from study reason, the following logic will be used: 

• If a patient was discharged before Day 6, the withdrawal from study reason would be 

“Discharged before Day 6”; 

• If a patient completed study treatment but did not have a follow-up visit, the withdrawal 

from study reason would be “Lost to follow-up”; 

• Else, the withdrawal from study reason would be the same as the withdrawal from 

treatment reason. 

Patients will also be summarized by enrollment calendar time and treatment group. 

7.6 Protocol Deviations 

A subject listing of protocol deviations data will be presented.  

The following general categories will be considered important deviations and be listed and 

discussed in the CSR as appropriate for the study: 

• Deviation 1: Patients randomized but who did not receive study drug or standard of care 

• Deviation 2: Patients who deviate from the following key entry criteria: 

o Inclusion: 
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o Exclusion: 

• Deviation 3: Patients randomized who received treatment other than that to which they 

were randomized to. 

7.7 Demographics and Baseline Disease Characteristics 

Demographic information for Safety Population will be summarized based on the first treatment 

that patients have received in the study. The demographic data consists of age, gender, race, 

ethnicity, along with baseline height, body weight, body mass index (BMI), Body Surface Area 

(BSA). The baseline the disease assessment scales, including the SOFA score (including 

categorization of <6 versus ≥ 6) , ordinal scale, Hs Score, Clinical sign score, NEWS2 Score, 

CURB-65 score and APACHE II will be summarized. 

Individual demographics and other baseline factors will be listed by patient. 

Continuous variables (for example, age, height, body weight, body mass index, body surface area, 

disease assessment scales) will be summarized by n, means, medians, minimum, maximum, and 

25th and 75th percentiles. Number of patients and percentages will be used to describe categorical 

(discrete) variables (for example, gender, race and ethnicity).  

Individual demographics and baseline factrors will be listed by patient. 

7.8 Medical History 

Medical condition and/or significant medical history will be coded using Medical Dictionary for 

Regulatory Activities (MedDRA) Version 23.1, and listed by reported term, System Organ Class 

(SOC), and Preferred Term (PT). The number and percentage of patients will be summarized by 

SOC and PT by treatment group for Safety Population.  

Baseline medical history will be summarized separately. 

7.9 Concomitant Medications  

All medications received after the consent to the study until the end of study will be coded using 

WHO Drug Enhanced Dictionary (WHODrug_20200901_B3) and categorized as Prior 

Medication, Concomitant Medication, or Post Medication based on the following:  



University Hospital Ghent  Protocol No. SARPAC 

Statistical Analysis Plan 

 

 

Page 21 of 31 

Confidential  Draft v0.7: 05 March 2021 

• Prior medications include medications that have a start date and end date before the 

date/time of the first dose of the study treatment; 

• Concomitant medications include medications that start date prior to, or after the date of 

first dose, that continues while the patient is on treatment (Day 10) and could continue on 

into follow up period; 

• Post medications include medications that have a start date after the end date of the study 

treatment (Day 10). 

Depending on the start and end date, a medication could be categorized as prior, concomitant, or 

post, or fall into more than 1 categories. For example, a medication with a start date prior to the 

first dose of study drug can be both prior and concomitant:if its end date is before the first dose 

of study drug, it would be prior medication; or it would be the concomitant medication only if 

the end date of the medication is after the first dose of the study drug.  

Concomitant medications will be summarized by treatment group, Anatomical Therapeutic 

Chemical (ATC) classes, and Preferred Term. Prior and Post Medications will be included in the 

patient’s listing of medications including the start and end dates, prior/concomitant/post flag, 

whether it is ongoing, dose, unit and indication. 

7.10 Extend of Exposure and Treatment Compliance 

Treatment duration and treatment compliance will be summarized by treatment group. For each 

patient, the treatment duration is defined as the number of days from the first treatment date to 

the last treatment date, and can be calculated as:  

Treatment Duration (Days) = Date of Last Treatment – Date of First Treatment +1. 

For the purpose of Day 1-5 treatment compliance though, the Date of Last treatment will be 

censored on Day 5 for patients who have taken sargoramostim beyond Day 5 (progressed and 

switched onto IV). For the overall treatment duration, the date of the last treatment will be either 

the date for the end of treatment record or the last treatment date in the database. For each patient 

the treatment compliance is defined as the actual treatment received as percentage of the planned 

treatment (K days). It can be calculated as: 
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Treatment Compliance = 100*(Treatment Duration– Number of Days without Sargramostim 

within the period)/K 

In these calculations, the study treatment would be sargramostim. The study specified treatment 

duration of sargramostim is 5 days. Therefore, K = 5, in general. For discontinued patients, K 

would be equal to the number of days from the date the sargramostim study drug is first received 

to the date of early discontinuation. For patients who received sargramostim after day 5 (e..g, 

groups C and D), these data will be presented in a separate treatment duration and compliance 

table. The compliance for standard of care will not be calculated or summarized.  

7.11 Efficacy Evaluations 

Key timepoints of interest for endpoints include Day 6 and Day 11, where data are available. All 

available efficacy data will be tabulated and presented for all patients in the mITT Population. 

7.11.1 Oxygenation after 5 days of Sargramostim Intervention 

To measure the effectiveness of sargramostim on restoring lung homeostasis, the primary 

endpoint of this intervention is measuring oxygenation after 5 days of inhaled (and intravenous) 

treatment through assessment of pretreatment and post-treatment ratio of PaO2/FiO2, SpO2/FiO2 

and through measurement of the P(A-a)O2 gradient. During the 5 day treatment period, daily 

measurements of oxygen saturation (pulse oximetry) in relation to FiO2 will be performed. 

Negative value of P(A-a)O2 gradient would be removed from the primary analysis. 

P(A-a)O2 gradient, PaO2/FiO2 ratio and SpO2/FiO2 are defined as: 

P(A-a)O2 gradient=[(FiO2) × (Atmospheric Pressure – H2O Pressure) – (PaCO2/0.8)] – PaO2 

PaO2/FiO2=Partial Pressure Oxygen/Fraction of Inspired Oxygen*100 

SpO2/FiO2 = Oxygen Saturation/ Fraction of Inspired Oxygen*100 

Comparison will be between active group A receiving sargramostim on top of standard of care 

and control group B receiving standard of care. The change from baseline and daily change from 

baseline in oxygenation/respiratory parameter of P(A-a)O2 gradient,  ratio of PaO2/FiO2  and 

ratio of SpO2/FiO2  will be evaluated and summarized between group A and group B at Day 6. 

The difference of change from baseline between two groups will be tested by a t-test. In general, 
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the last observed measurement prior to the first dose of study treatment occurred on Day 1 visit 

will be considered the baseline measurement. Day 6 is the primary analysis point. If the patient 

leaves hospital prior to the day 6 analysis point, oxygenation at day of discharge will be used as 

value for measuring primary endpoint. 

The analyses described above will also be performed between group A (early 5 day intervention 

with sargramostim) and group D (late 5 day intervention with sargramostim). Change from 

baseline (D1) to Day 10, daily change from baseline (D1) at Day 10 in oxygenation/respiratory 

parameter of P(A-a)O2 gradient, ratio of PaO2/FiO2 and ratio of SpO2/FiO2 will be summarized 

as well. A t-test will be conducted to compare the difference between the groups. 

The same analyses will be repeated for pathological oxygenation parameter of P(A-a)O2 

gradient, ratio of PaO2/FiO2 and ratio of SpO2/FiO2 including summary of their value and change 

from baseline at Day 6 and Day 10. A waterfall plot will be used to respent the change from 

baseline and percentage change from baseline on Day 6 for 1)oxygenation parameter of P(A-

a)O2 gradient; 2) pathological oxygenation parameter of P(A-a)O2 gradient;  3) ratio of 

PaO2/FiO2; 4) ratio of SpO2/FiO2. Percentage change from baseline of P(A-a)O2 gradient and 

ratio of PaO2/FiO2 on Day 6 and follow-up will be summarized. 

Reasons of missing AA gradient values on Day 6 will also be summarized. 

The normal value of AA gradient for room air is calculated as: 2.5+(0.21×Age). All the results 

including change from baseline, and maximum change from baseline after 5 day intervention 

with sargramostim, normal AA gradient value for room air and flag of abnormality on Day 6will 

be listed.  

At least 33% reduction from baseline, and at least 50% reduction from baseline in P(A-a)O2 

gradient and pathological gradient on Day 6 will be summarized for mITT population. 

Sensitivity analysis: 

For the purpose of evaluating the sensitivity and robustness of the primary analysis using the 

mITT population, the above analyses will be repeated in the ITT Population.  
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7.11.2 Mean Change in Ordinal Scale Between Day 1 and Day 6 

Ordinal scale will be assessed at the Screening and Days 1-10. Baseline for the following 

analyses is defined as the last ordinal scale prior to administration of study drug. 

Ordinal Score at screening, day 1, day 6 and mean change between day 1 and day 6 will be 

summarized and listed between group A and group B.   

7.11.3 Effects on Progression to Mechanical Ventilation and/or ARDS 

Decreasing oxygenation often leads to the need for non-invasive or invasive mechanical 

ventilation, and if severe enough to a diagnosis of ARDS. We will therefore as a secondary 

endpoint also study if early intervention with inhaled sargramostim prevents progression to 

criteria-defined ARDS (according to the American-European Consensus Conference (AECC) 

diagnostic criteria for ARDS: acute onset; ratio of partial pressure of arterial oxygen to fraction 

of inspired oxygen (PaO2/FiO2) of 200 or less, regardless of positive end-expiratory pressure; 

bilateral infiltrates seen on frontal chest radiograph; and pulmonary artery wedge pressure of 18 

mm Hg or less when measured, or no clinical evidence of left atrial hypertension), requiring 

high-flow oxygen devices, non-invasive mechanical ventilation, mechanical ventilation, by 

measuring the day from admission when this diagnosis is made or therapies are initiated. 

Respiratory support includes high-flow oxygen devices, non-invasive mechanical ventilation, 

mechanical ventilation. The durations of respiratory support (days) are defined as: 

Duration of respiratory support 

= ∑ (End Date time⁄ on Day 𝑘𝑖–  Start Date time⁄ on Day𝑘𝑖) 24⁄

𝑁𝑖

𝑘𝑖=0

 

Where, 𝑁𝑖 is the total number of available study days for any patient 𝑖.  

Number of patients with ARDS onset, ratio of partial pressure of arterial oygen to fraction of 

inspired oxygen (PaO2/FiO2), number of patients with bilateral infiltrates seen on frontal chest 

radiograph and duration of respiratory support will be summarized by treatment group. 



University Hospital Ghent  Protocol No. SARPAC 

Statistical Analysis Plan 

 

 

Page 25 of 31 

Confidential  Draft v0.7: 05 March 2021 

Date of ARDS onset, ratio of partial pressure of arterial oygen to fraction of inspired oxygen 

(PaO2/FiO2), present of bilateral infiltrates seen on frontal chest radiograph and details 

regarding respiratory support will also be listed by patient. 

Time to progression to invasive ventilation (days) is calculated as: 

Time to invasive ventilation (Days)  = Date of first invasive ventilation/Censoring– Date 

of randomization +1 

All patients without progression to invasive ventilation during the study will be censored on the 

date of end of the follow up period, early discontinuation or death whichever is earlier. 

The probability function of progression to invasive ventilation will be estimated by Kaplan-

Meier method. The median time and its 95% confidence interval for each group will be reported. 

Cumulative progression rates estimated by the KM method for day 6, 10, and available visits 

during the follow up period and the 95% confidence intervals will be reported.  

7.11.4 Nosocomial Infections 

As part of routine clinical care, sputum samples will be collected in patients suspected of 

secondary bacterial pneumonia, and checked for the presence of bacteria. 

Identification / occurrence of nosocomial infections through the evaluation of BAL 

(bronchoalveolar lavage), sputum, skin, urine and blood culture results or other microbiology 

results, as well as adverse events, or via other medical procedures performed will be listed and 

summarized by treatment group using descriptive analyses.  

Nosocomial infection rate per 1000 patient per day will be calculated as: 

 Nosocomial infection rate = total number of nosocomial infection cases / total number of 

hospitalization days for all patients * 1000 

Wald test will be used to compare nosocomial infection rate between treatment groups. 
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7.11.5 Sequential Organ Failure Assessment (SOFA) 

Overall calculated SOFA score will be summarized by treatment group for each available 

timepoint. Mean change of SOFA score between day 1 and day 6 and between day 1 and day 10 

will be summarized by treatment group as well.  

Individual GCS and SOFA scores will be provided in a patient data listing. 

7.11.6 National Early Warning Score (NEWS-2) 

National Early Warning Score (NEWS-2) in each available measure and the calculated overall 

NEWS-2 score will be summarized by treatment group for each available timepoint using 

descriptive analyses. Mean change of NEWS2 score between day 1 and day 6 and between day 1 

and day 10 will be summarized by treatment group as well. Individual measures and overall 

score will be provided in patient data listing. 

NEWS2 score less than 2 for at least 24h will be condisered as an event.  

Time to NEWS score<2 for at least 24h (days) is calculated as: 

Time to NEWS score<2 (Days)  = Date of first NEW2 score<2 for at least 

24h/Censoring– Date of randomization +1 

All patients without achieving NEWS2 score less than 2 for at least 24h during the study will be 

censored on the date of end of the follow up period, early discontinuation or death whichever is 

earlier. 

The probability function of progression to invasive ventilation will be estimated by Kaplan-

Meier method. The median time and its 95% confidence interval for each group will be reported. 

Cumulative progression rates estimated by the KM method for day 6, 10, and available visits 

during the follow up period and the 95% confidence intervals will be reported.  

7.11.7 Clinical Sign Score 

Clinical sign score ranges from 0-18 based on 6 parameters each scored 0-3 (by patient, except 

T°C). Overall clinical sign score and score on each parameter will be summarized by treatment 

group for each available timepoint using descriptive analyses. Mean change of clinical sign score 
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between day 1 and day 6 will be summarized by treatment group as well. Individual overall 

clinical sign score and score on each parameter will be provided in patient data listing. 

Clinical sign score less than 6 maintained for 24h will be considered as an event. 

Time to clinical sign score<6 maintained for 24h (days) is calculated as: 

Time to clinical sign score<6 (Days)  = Date of first clinical sign score<6 maintained for 

24h/Censoring – Date of randomization +1 

All patients without achieving clinical sign score less than 6 maintained for 24h during the study 

will be censored on the date of end of the follow up period, early discontinuation or death 

whichever is earlier. 

The probability function of progression to invasive ventilation will be estimated by Kaplan-

Meier method. The median time and its 95% confidence interval for each group will be reported. 

Cumulative progression rates estimated by the KM method for day 6, 10, and available visits 

during the follow up period and the 95% confidence intervals will be reported.  

7.11.8 Mortality 

Survival status will be collected up to follow-up period (20 weeks after day 1). Death is 

considered as an event. All the mortality events and cause of death will be listed by treatment 

group and by patient. Number of patients died and survival time will be summarized by 

treatment group. Survival time will also be listed by patient. Risk and risk difference of all 

causes mortality by Day 28 and during the study period will also be summarized. 

The hazard ratio will be estimated by the Cox proportional hazards model with treatment group 

as a covariate in the model. Relevant hazard rates, hazard ratio between treatment groups and 

associated p-values will be tabulated. 

Survival Time (days) is calculated as: 

       Survival Time (Days) = Date of Death/Censoring - Date of randomization +1 

It is defined as the number of days from the date of first dose of study drug to the date of death or 

censoring. For patients who did not have deaths within 140 days’ follow up time, the date of 
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censoring is the earliest of the following (1) early study distontinuations; (2) end of 140 days 

after the first dose; (3) last record in the datebase for those who were lost to follow up. 

The probability function of death will be estimated by Kaplan-Meier method. The median time 

and its 95% confidence interval for each group will be reported. Cumulative progression rates 

estimated by the KM method for day 6, 10, and available visits during the follow up period and 

the 95% confidence intervals will be reported.  

7.11.9 Hospitalization 

The duration of hospitalization (days) is defined as:  

Duration of hospitalization (Days) = Date of Discharge – Date of Randomization + 1. 

Duration of hospitalization will be listed for each patient, and summarized by treatment group.  

The duration of ICU (days) is defined as: 

Duration of ICU(Days) = Date of Discharge from ICU – Date of ICU Admission + 1. 

Number of patients who ever went to ICU and went to ICU on or before Day 28, along with ICU 

stay duration will be summarized and listed. 

 

7.11.10 Feature of Secondary Haemophagocytic 

Features of secondary haemophagocytic lymphohistiocytosis is defined by Hs score including 

temperature, organomegaly, cytopenia, triglycerides, fibrinogen, ferritin, AST and known 

immunosuppression. Hs score will be summarized by treatment group for each available 

timepoint using descriptive analyses. Individual Hs score will be provided in patient data listing. 

7.11.11 Favourable Effect on long term follow up 

At 10-20 weeks after discharge from hospital, patients will be seen on routine check-up by 

pulmonologist, who will perform a clinical exam (cyanosis, crepitation’s and rales, heart 

murmurs, peripheral edema), pulmonary function tests (including FVC, TLC and diffusion 

capacity), and a laboratory (ferritin, lymphocytes, leukocytes). All the results will be listed by 

paitent. 

7.12 Safety Evaluations 
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Safety assessments will include monitoring of vital signs, adverse events (AEs), clinical 

laboratory tests, 12-lead electrocardiograms (ECG) and physical examinations. The main analysis 

period would be the Treatment Emergent period which is defined as the period from the date of the 

first dose until the end of earliest of the following 1) Date of Study Day 6 if a patient was not 

enrolled to Group C or D, or Date of Study Day 10 if a patient was determined to be enrolled in 

next 5 day treatment period; or 2) Date of Early discontinuation from study. This analysis period 

will be used for all treatment emergent adverse event, laboratory evaluations. 

Safety variables will be tabulated and presented for all patients in the Safety Population and 

Intent-to-treat Population.  

7.12.1 Adverse Event 

Refer to protocol section 13.1 to see the definitions of adverse event. All adverse events will be 

coded using Medical Dictionary for Regulatory Activities (MedDRA) version 23.1. Adverse 

event will be categorized as prior events, treatment emergent adverse event, and post treatment 

adverse event: 

• Prior Events includes all adverse event with a start date before the first dose of the study 

drug or date of on study treatment (for SOC arm) regardless of the end date.  

• Treatment-emergent adverse events (TEAE) are defined as adverse events with a start 

date (or date of worsening) on or after the date of on-study treatment.  

TEAE will be summarized by: 1) treatment group; 2) system organ classification (SOC) and 

preferred term (PT); 3) PT; 4) SOC, PT and the maximum severity.  

Treatment-related TEAE, serious TEAE and treatment-related serious TEAE will be summarized 

by SOC and PT coded by the most current version of MedDRA dictionary, and the maximum 

severity. SAEs and deaths will be listed by patient. 

The frequency of treatment-emergent serious adverse event (TESAEs) will be summarized by 

treatment group, SOC, and preferred term.  Severity (using CTCAE) and relationship of TEAEs 

to treatment (sargramostim, sargramostim inhalation device or standard of care) will be based on 

the scales as as recorded on eCRF  (also refer to Section 13.1 of the Study Protocol for 

definitions).  



University Hospital Ghent  Protocol No. SARPAC 

Statistical Analysis Plan 

 

 

Page 30 of 31 

Confidential  Draft v0.7: 05 March 2021 

If a patient experiences more than one TEAE within a preferred term, the patient will be counted 

only once in the calculation of incidence of TEAE within that preferred term. Similarly, if a 

patient experiences more than one TEAE within a SOC, the patient will be counted only once in 

the calculation of incidence of TEAE within that SOC. If a patient experiences more than one 

TEAE within a preferred term (or SOC), the occurrence with the highest severity will be used in 

the calculation of the incidence of TEAE within that preferred term (or SOC) by severity. If a 

patient experiences more than one TEAE within a preferred term (or SOC), the occurrence 

considered most closely related to study drug will be used in the calculation of the incidence of 

TEAE with that preferred term (or SOC) by relationship to study drug. 

A data listing for all AEs will be provided with flags for TEAE, relatedness and CTCAE 

severity. AEs related to sargramostim treatment will be listed. Any serious AEs and deaths will 

be listed.  

7.12.2 Laboratory data 

Laboratory data, as performed and collected as part of SOC (see Section 9 in the Study Protocol), 

will be collected and include hemoglobin, WBC, Eosinophil count, lymphocyte count, CD4+, 

CD8+, TBC, ESR, CRP, Creatinine, AST, ALT, Bilirubin, LDH, Troponins, CKs, Ferritin, 

Fibrinogen, Triglycerides, beta-HCG, D-Dimers and so on. 

Descriptive statistics for baseline value, actual value and change from baseline to each scheduled 

postbaseline visit will be provided by treatment group for clinical hematology, chemistry 

laboratory, and immune profiling (where available) tests. Baseline for these tests is defined as the 

last assessment prior to administration of study drug. Conventional Units will be used for 

reporting the laboratory test results.  

Serum pregnancy test results will be listed. Values for any chemistry, hematology, and immune 

profiling values outside the clinical reference ranges will be flagged on the individual patient 

data listings.  

7.12.3 Physical Examination 

Physical examination findings will be listed by treatment group and patient. 
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7.12.4 Vital Signs 

Vital signs (including temperature, respiratory rate, blood pressure and pulse) will be measured 

during the Screening visit,Treatment period, Post-treatment period (within 24hrs), Study period, 

End of study and Follow-up period.  

Baseline for vital signs is defined as the last assessment prior to administration of study drug.  

All vital sign data including unscheduled records will be listed. Unscheduled records will be 

excluded from the summary statistics. Vital sign data including baseline value, actual value, and 

change from baseline to each post-baseline visit will be summarized by treatment group and 

timepoint. 

7.12.5 Electrocardiogram (ECG) 

Electrocardiogram examination findings for ECGs will be listed by treatment group and patient 

for each ECG parameter. 

7.12.6 Patient Profiles 

Key lab parameters for patients with SAEs, discontinuation due to AE, and deaths will be 

presented in patient profiles, in which the demographics and treatment data will be included. 

Additional profiles may be generated for any identified suspected unexpected serious adverse 

reactions (SUSARs). 

8 Data Presentation 

8.1  Insufficient Data for Presentation 

Some of the TFLs may not have sufficient numbers of patients or data for presentation. If this 

occurs, the blank TFL shell will be presented with a message printed in the table, such as, “None 

reported”. 

9 Revison History 
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