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Dear Editor

We appreciate the thoughtful commentary of Maris and colleagues (1) regarding our recent
publication demonstrating that G-CSF acts as a growth factor for neuroblastoma cancer stem
cells (CSC) in vivo (2). In the study, both gain-of-function and loss-of function studies
confirm a significant role for G-CSF stimulating CSC-dependent xenograft growth and
metastasis in experimental neuroblastoma. However, we agree that our data are not a
mandate to avoid G-CSF in our patients and certainly do not recommend any actions that
would "jeopardize patient safety" or recommend the "unwarranted removal" of G-CSF from
protocols.

As noted by Maris and colleagues, the empiric use of G-CSF for granulocyte support is an
integral component of modern dose intensive chemotherapy for neuroblastoma. This is
supported in part by an earlier randomized study by Ladenstein and colleagues (3), which
demonstrated that G-CSF partially ameliorates acute toxicities of intensive chemotherapy.
This study, however, was not designed to evaluate the impact of G-CSF on long-term
outcomes. The majority of patients completing their induction chemotherapy went on to
receive high-dose chemotherapy and autologous stem cell rescue, which required G-CSF
administration for both peripheral stem cell harvesting and engraftment. Because both their
randomized cohorts eventually received significant exposures to G-CSF, we respectfully
maintain that this study does not support any conclusions linking G-CSF administration and
long term survival.

Regarding the dose of G-CSF used in our study, we utilized a dose that increased
granulopoiesis, avoided extreme leukocytosis, and is consistent with other murine studies
(4). We are aware of FDA guidelines defining initial human equivalents for murine drug
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studies. However, it is unclear that this methodology applies to recombinant human proteins
circulating in mice. Further study on the dose responsiveness of neuroblastoma CSCs in our
models would address this issue. Regardless of the dose of G-CSF used for exogenous
administration, our experiments also showed that using an anti—-G-CSF antibody, to
sequester free endogenous cytokine and block G-CSF/GCSF-receptor signaling, resulted in
potent inhibition of metastasis and tumor growth as in other tumor models.

Maris and colleagues state that "even if there is a recruitment of CD114+ cells, they likely
will be sensitive to subsequent cycles of currently used cytotoxic and/or immunotherapeutic
agents." We do not yet know if this is the case. Yet, chemoprotective anti-p53 functions are
well described for cytokine-activated STAT3 signaling in multiple stem cell and tumor
models, including neuroblastoma (5). Thus, G-CSF/STAT3 signaling may protect rather
than sensitize neuroblastoma CSCs from genotoxic damage. Supporting this hypothesis, we
clearly demonstrate that G-CSF treatment activates antiapoptotic STAT3 target genes in the
CSC subpopulation (Fig. 5; ref. 2). Furthermore, we previously demonstrated that multiple
cycles of genotoxic chemotherapy enrich for the CD114+ CSC subpopulation in vivo (6).
These data suggest that G-CSF may protect CSCs from chemotherapy, although experiments
to formally test this are in progress.

In summary, we greatly appreciate the interest our study has generated and hope to stimulate
additional research focused on targeting neuroblastoma CSCs. Based on our observations
demonstrating critical biologic effects of G-CSF/STAT3 signaling on this tumor
subpopulation, we agree that additional clinical and preclinical research is required.
However, we respectfully maintain that our findings should prompt a discussion and
reevaluation of the risks and benefits of G-CSF in high-risk neuroblastoma. This is
especially true as advances in supportive care (e.g., antibiotic/antifungal therapies, and
patient monitoring) have altered the risks of neutropenia in our pediatric patient population
over the past decade. As always, new biologic findings need to be validated and
incorporated into revised risk/benefit calculations and communicated to our patients based
on objective data, keeping patient safety as our highest priority.
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