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Granulocyte-macrophage colony-stimulating factor (GM-CSF) is a myelopoietic growth factor and pro-
inflammatory cytokine that plays a central role in a broad range of immune-mediated diseases. GM-CSF, 
which is secreted by macrophages, T cells, mast cells, natural killer cells, endothelial cells, and fibroblasts, 
regulates macrophage number and function. It acts as a pro-inflammatory signal, prompting macrophages 
to launch an immune cascade that ultimately results in tissue damage.1,2 GM-CSF is believed to be a key 
driver of lung inflammation in severe and critical COVID-19 pneumonia, operating upstream of other pro-
inflammatory cytokines and chemokines.1-6 Anti-GM-CSF monoclonal antibodies (mAbs) may mitigate 
inflammation by inhibiting this signaling axis upstream and thus minimizing downstream production 
of numerous pro-inflammatory mediators involved in the pathogenesis of COVID-19.7 Gimsilumab, 
lenzilumab, namilumab, and otilimab target GM-CSF directly, neutralizing the biological function of 
GM-CSF by blocking the interaction of GM-CSF with its cell surface receptor.1,8,9 Mavrilimumab targets 
the alpha subunit of the GM-CSF receptor, blocking intracellular signaling of GM-CSF.8,10 None of these 
agents are currently FDA approved for any indication. 

Recommendation

• There is insufficient evidence for the COVID-19 Treatment Guidelines Panel (the Panel) to 
recommend either for or against the use of GM-CSF inhibitors for the treatment of hospitalized 
patients with COVID-19. 

Rationale

Clinical data are lacking to definitively establish the potential benefits and risks associated with the use of 
GM-CSF inhibitors in patients with COVID-19. Data from a double-blind randomized controlled trial of 
lenzilumab did show a significant improvement in the primary endpoint of ventilator-free survival through 
Day 28 among those who received the GM-CSF inhibitor.11 However, preliminary data from a large, 
double-blind randomized trial of otilimab (primary endpoint: alive and free

 of respiratory failure at Day 28) and published results of a small, double-blind, randomized trial of 
mavrilimumab (primary endpoint: proportion alive and off supplemental oxygen at Day 14) did not 
show a survival benefit for the GM-CSF inhibitors compared to placebo.12-14 The study populations 
differed; the lenzilumab and mavrilimumab studies primarily included patients on room air or low-flow 
oxygen and excluded patients receiving mechanical ventilation, whereas the otilimab study included only 
patients receiving high-flow oxygen, noninvasive ventilation, or mechanical ventilation. Lenzilumab and 
mavrilimumab continue to be investigated, whereas clinical development of otilimab for the treatment of 
COVID-19 has ceased. 

Clinical Data for COVID-19

Lenzilumab, mavrilimumab, namilumab, and otilimab have been evaluated in clinical trials in hospitalized 
adults with SARS-CoV-2 pneumonia.12-15 Clinical data are not yet published for gimsilumab. The Panel’s 
recommendations are based on the results of the available clinical studies. Selected clinical data on the use 
of anti-GM-CSF mAbs for the treatment of COVID-19 are summarized in Table 5e.

Clinical Trials

See ClinicalTrials.gov for a list of ongoing clinical trials that are evaluating the use of GM-CSF inhibitors 

https://clinicaltrials.gov/ct2/results?cond=COVID-19&term=GM-CSF+inhibitors+&cntry=&state=&city=&dist=
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for the treatment of COVID-19.

Adverse Effects

The primary risks associated with GM-CSF inhibitors being reported and evaluated are related to 
bacterial infection. Other adverse events that have been reported with these agents include acute 
kidney injury and elevated liver transaminases.10 Autoimmune pulmonary alveolar proteinosis has been 
associated with a high-titer of anti-GM-CSF auto-antibodies.16

Considerations in Pregnancy

Pregnant patients have been excluded from clinical trials evaluating GM-CSF inhibitors for the 
treatment of COVID-19. There is insufficient evidence to recommend for or against their use in pregnant 
individuals with COVID-19.

Considerations in Children

There are no data on the use of GM-CSF inhibitors in children.

References
1. Mehta P, Porter JC, Manson JJ, et al. Therapeutic blockade of granulocyte macrophage colony-stimulating 

factor in COVID-19-associated hyperinflammation: challenges and opportunities. Lancet Respir Med. 
2020;8(8):822-830. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32559419.

2. Thwaites RS, Sanchez Sevilla Uruchurtu A, Siggins MK, et al. Inflammatory profiles across the spectrum of 
disease reveal a distinct role for GM-CSF in severe COVID-19. Sci Immunol. 2021;6(57). Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/33692097.

3. Hamilton JA. GM-CSF in inflammation and autoimmunity. Trends Immunol. 2002;23(8):403-408. Available 
at: https://www.ncbi.nlm.nih.gov/pubmed/12133803.

4. Lotfi N, Thome R, Rezaei N, et al. Roles of GM-CSF in the pathogenesis of autoimmune diseases: an update. 
Front Immunol. 2019;10:1265. Available at: https://www.ncbi.nlm.nih.gov/pubmed/31275302.

5. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, 
China. Lancet. 2020;395(10223):497-506. Available at: https://www.ncbi.nlm.nih.gov/pubmed/31986264.

6. Zhou Y, Fu B, Zheng X, et al. Pathogenic T-cells and inflammatory monocytes incite inflammatory storms in 
severe COVID-19 patients. Natl Sci Rev. 2020;7(6):998-1002. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/34676125.

7. De Luca G, Cavalli G, Campochiaro C, et al. GM-CSF blockade with mavrilimumab in severe COVID-19 
pneumonia and systemic hyperinflammation: a single-centre, prospective cohort study. Lancet Rheumatol. 
2020;2(8):e465-e473. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32835256.

8. Lang FM, Lee KM, Teijaro JR, Becher B, Hamilton JA. GM-CSF-based treatments in COVID-19: reconciling 
opposing therapeutic approaches. Nat Rev Immunol. 2020;20(8):507-514. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/32576980.

9. Temesgen Z, Assi M, Shweta FNU, et al. GM-CSF neutralization with lenzilumab in severe COVID-19 
pneumonia: a case-cohort study. Mayo Clin Proc. 2020;95(11):2382-2394. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/33153629.

10. Burmester GR, Feist E, Sleeman MA, et al. Mavrilimumab, a human monoclonal antibody targeting GM-CSF 
receptor-alpha, in subjects with rheumatoid arthritis: a randomised, double-blind, placebo-controlled, phase I, 
first-in-human study. Ann Rheum Dis. 2011;70(9):1542-1549. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/21613310.

11. Temesgen Z, Burger CD, Baker J, et al. Lenzilumab in hospitalised patients with COVID-19 pneumonia 



COVID-19 Treatment Guidelines 293

(LIVE-AIR): a Phase 3, randomised, placebo-controlled trial. Lancet Respir Med. 2021. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/34863332.

12. Patel J, Bass D, Beishuizen A, et al. A randomised trial of anti-GM-CSF otilimab in severe COVID-19 
pneumonia (OSCAR). Eur Respir J. 2022;Published online ahead of print. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/36229048.

13. Temesgen Z, Burger CD, Baker J, et al. Lenzilumab efficacy and safety in newly hospitalized COVID-19 
subjects: results from the live-air Phase 3 randomized double-blind placebo-controlled trial. medRxiv. 
2021;Preprint. Available at: https://www.ncbi.nlm.nih.gov/pubmed/33972949.

14. Cremer PC, Abbate A, Hudock K, et al. Mavrilimumab in patients with severe COVID-19 pneumonia 
and systemic hyperinflammation (MASH-COVID): an investigator initiated, multicentre, double-blind, 
randomised, placebo-controlled trial. Lancet Rheumatol. 2021;3(6):e410-e418. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/33754144.

15. Fisher BA, Veenith T, Slade D, et al. Namilumab or infliximab compared with standard of care in hospitalised 
patients with COVID-19 (CATALYST): a randomised, multicentre, multi-arm, multistage, open-label, 
adaptive, Phase 2, proof-of-concept trial. Lancet Respir Med. 2021. Available at:  
https://www.ncbi.nlm.nih.gov/pubmed/34922649.

16. Chaulagain CP, Pilichowska M, Brinckerhoff L, Tabba M, Erban JK. Secondary pulmonary alveolar 
proteinosis in hematologic malignancies. Hematol Oncol Stem Cell Ther. 2014;7(4):127-135. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/25300566.


