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Dear Editor,
We read with great interest the work by 

Martinez Sanz et al1 ‘G-CSF as a suitable 
alternative to GM-CSF to boost dinutuximab-
mediated neutrophil cytotoxicity in neuro-
blastoma treatment,’ published in the 
Journal for ImmunoTherapy of Cancer on May 
28, 2021. The authors note access to recom-
binant human granulocyte-macrophage 
colony-stimulating factor (rhu GM-CSF; 
sargramostim (yeast-derived)) is limited 
outside of North America, potentially leading 
to suboptimal treatment of patients with 
neuroblastoma and therefore necessitating 
an alternative agent to stimulate dinutux-
imab immunotherapy-responsiveness in the 
treatment of neuroblastoma. Using preclin-
ical models, the study compared the efficacy 
of neutrophils stimulated with either GM-CSF 
or granulocyte colony-stimulating factor 
(G-CSF) to kill dinutuximab-opsonized GD2-
positive neuroblastoma cell lines and primary 
patient tumor material. G-CSF enhancement 
of neutrophil killing capacity of neuroblas-
toma cells was reported to be as potent as 
GM-CSF. The authors concluded that their in 
vitro study, along with other preclinical and 
small clinical studies, justifies the study of 
G-CSF as a potentially suitable alternative for 
sargramostim in patients with neuroblastoma.

Currently, there are limited clinical data 
using G-CSF as part of the dinutuximab 
regimen. A recent phase I-IIa Japanese clin-
ical study by Hara and coworkers2 involving 
25 patients reported tolerability with G-CSF 
or M-CSF given in conjunction with dinu-
tuximab in patients with high-risk neuro-
blastoma. The authors of this study, however, 
stated that their sample size was too small to 
confirm the safety of using G-CSF or M-CSF 

as part of the dinutuximab regimen. Further, 
the follow-up period of this trial was insuffi-
cient to evaluate a survival benefit.

Previous work has shown that G-CSF may 
not be an appropriate agent for patients 
with high-risk neuroblastoma, as neuroblas-
toma cell lines express mRNA for the G-CSF 
receptor and are stimulated in response to 
exogenous G-CSF, leading to a more aggres-
sive biologic behavior and increased invasive-
ness. Martinez Sanz et al1 reported in vitro 
G-CSF did not show increased neuroblastoma 
cell growth or a change in the susceptibility of 
neuroblastoma to neutrophil-mediated cyto-
toxicity as compared with the control, and 
no evidence of effect on the neuroblastoma 
phenotype.

GM-CSF stimulates production of gran-
ulocytes, monocytes/macrophages, and 
promotes maturation of monocytes to antigen-
presenting cells. Granulocytes are important 
contributors to antitumor responses when 
using combination therapy of anti-GD2 
antibodies and sargramostim.3 Increased 
circulating myeloid cells alter the tumor 
microenvironment and lead to improved 
T-cell response.4 Additionally, GM-CSF polar-
izes macrophages to the M1 phenotype which 
can lead to increased tumor necrosis factor. 
The safety and efficacy of GM-CSF has been 
well established in patients with high-risk 
neuroblastoma and is indicated in combina-
tion with dinutuximab and naxitamab-gqgk 
(see Unituxan and Danyelza prescribing 
information).

Martinez Sanz et al1 highlight the crit-
ical need for access to sargramostim for all 
patients with high-risk neuroblastoma. The 
benefits of combining anti-GD2 antibody 
and sargramostim therapy are well known, 
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but since worldwide access is limited and sometimes 
cost prohibitive, the focus of research outside of North 
America has shifted to identifying alternatives. Patients 
with high-risk neuroblastoma deserve access to the best 
treatment options available and adapted to the local 
resources and should not have to settle for alternative 
therapeutic options, regardless of where they reside. In 
fact, research studies addressing setting-relevant ques-
tions need to be performed also in low-income and 
middle-income countries.5

Understandably, there is urgency for identifying alter-
natives to sargramostim for clinical use outside of North 
America, but we urge caution in using G-CSF as an alter-
native without further study, as these agents are not 
interchangeable. Healthcare providers need to continue 
to advocate for our patients and focus on the goal of 
providing affordable access to the most effective thera-
pies for all patients with high-risk neuroblastoma.

Sincerely,
Dr Jaume Mora and Dr Guillermo Chantada
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