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Activation of Peripheral-Blood Granulocytes

Is Strongly Correlated With Patient Outcome After
Immunotherapy With Anti-GD2 Monoclonal Antibody and
Granulocyte-Macrophage Colony-Stimulating Factor

Irene Y. Cheung, Katharine Hsu, and Nai-Kong V. Cheung

A B S T R A C T

Purpose

Adjﬂvant therapy using anti-GD2 monoclonal antibody and granulocyte-macrophage colony-
stimulating factor (GM-CSF) has shown treatment success for patients with high-risk neuroblas-
toma (NB). Although there is ample evidence on how the antibody targets NB, in vivo contribution
by GM-CSF remains unclear. This report investigates granulocyte activation and its correlation with
treatment outcome.

Patients and Methods

Patients enrolled onto NCT00072358 received multiple treatment cycles, each consisting of
anti-GD2 antibody 3F8 plus subcutaneous (SC) GM-CSF. Peripheral-blood (PB) samples from 151
patients were collected on day 0 and day 4 of cycle 1. PB from a subgroup of 35 patients had
intravenous (IV) instead of SC GM-CSF during cycle 4. Samples were analyzed by flow cytometry
for CD11a, CD63, CD87, and CD11b and its activation epitope CBRM1/5.

Results
Comparing cycle 1 day 4 PB samples with day 0 PB samples, five of five activation marker—positive

granulocytes were significantly higher. The change in frequency and mean fluorescence intensity
of CBRM1/5-positive granulocytes correlated with progression-free survival (PFS; P = .024 and
P = .008, respectively). A multivariable analysis identified increasing CBRM1/5-positive granulo-
cytes and missing killer immunoglobulin-like receptor ligand as positive independent prognostic
factors for PFS, whereas second-line cyclophosphamide-based therapy before protocol entry
negatively influenced outcome. Thirty-five patients who received SC GM-CSF at cycle 1 and IV
GM-CSF at cycle 4 had significantly less CBRM1/5 activation after IV GM-CSF. In contrast, 63
patients who received SC GM-CSF at both cycles had comparable CBRM1/5 activation.

Conclusion
GM-CSF-induced granulocyte activation in vivo is associated with improved patient outcome. This
activation was more apparent when GM-CSF was given by the SC route instead of IV route.
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marrow, and bone, typical metastases found in
high-risk neuroblastoma (NB).

Monoclonal antibody (MoAb) therapy is an ac-
cepted treatment modality for cancers in adult
solid tumors, including colorectal and breast can-
cer, non—small-cell lung cancer, squamous cell
carcinoma, and melanoma.'> However, this mo-
dality has remained inadequately exploited for the
treatment of pediatric cancers. Unlike chemotherapy
or radiation, MoAD is neither myelosuppressive
nor genotoxic and generally has little long-term
toxicity. These are critical considerations for
young children. More importantly, MoAD is ef-
fective against malignant cells in blood, bone

426 © 2011 by American Society of Clinical Oncology

GD2 is an adhesion molecule abundant on
NB. It is also widely expressed in melanoma,
small-cell lung cancer, bone or soft tissue sar-
coma, retinoblastoma, and brain tumors.’> GD2 is
rarely expressed in normal tissues, except neu-
rons, skin cells, and pain fibers. Scintigraphy stud-
ies using radiolabeled MoAb confirm excellent
tumor targeting.” At least two antibody families
against GD2 have been tested clinically (ie, mu-
rine 3F8* and ch14.18>°). They both mediate
antibody-dependent cell-mediated cytotoxicity
(ADCC) and complement-mediated cytotoxicity of
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NB and melanoma cells in vitro.”'® Used alone, ch14.18 improved
overall survival and reduced the rate of bone marrow relapse.'!
When combined with granulocyte-macrophage colony-stimulating
factor (GM-CSF) and interleukin-2 after autologous stem-cell trans-
plantation,' statistically significant improvements in progression-free
survival (PES) and overall survival were documented at 2 years in a
phase ITI randomized trial."?

Anti-GD2 MoAb mediates highly efficient ADCC of NB in the
presence of human natural killer (NK) cells and granulocytes in
vitro.'*'® Moreover, it induces complement-mediated cytotoxic-
ity because NB cells lack decay-accelerating factor CD55'7 and
homologous restriction factor CD59.'"® Complement deposition
on NB cells can also enhance ADCC by activating the iC3b receptor
on granulocytes.'®'® Neutrophil function depends on an array of
adhesion molecules, including (3, integrin LFA-1 (CD11a/CD18)
and membrane-activated complex 1 (Mac-1), also called CD11b/
CD18 or CR3. CD11b/CD18 has been implicated in tumor ADCC
mediated by anti-GD2 antibodies.'® CD11b is most efficient when
activated (ie, when a conformational change within the N-terminal
ligand-binding I domain creates a neoepitope known as CBRM1/
5.2% Although upregulation of CD11b expression typically accompa-
nies CD11b conformational activation in vitro,>' the role of CD11b
conformational activation in vivo and its prognostic importance in
patient outcome are not known.

Although chemotherapy leads to prolonged T-cell lymphope-
nia and immunosuppression,** myeloid cells predictably recover,
provided colony-stimulating factors are given. In two consecutive
clinical trials of high-risk NB conducted at Memorial Sloan-
Kettering Cancer Center, a combination of anti-GD2 MoAb 3F8
and GM-CSF was tested for its efficacy in prolonging survival
among patients with minimal residual disease. Intravenous (IV)
GM-CSF (ClinicalTrials.gov identifier: NCT00002560) was used in
the first study, and subcutaneous (SC) GM-CSF was used in a sub-
sequent trial (NCT00072358). In this report, granulocyte activation in
patients treated on NCT00072358 was analyzed and correlated with
treatment outcome. Activation markers including CD11b (and its
activation epitope CBRM1/5), CD11a, CD63, and CD87 were exam-
ined. CD63, a member of the tetraspan membrane glycoprotein fam-

ily,** is an activation marker of neutrophils and basophils, and it is
responsible for the retention and sorting of pro-neutrophil elastase in
the primary granules of neutrophils.”> CD87 is a cellular urokinase-
type plasminogen activation receptor found on granulocytes, mono-
cytes, T cells, and NK cells. In neutrophils, activation triggers
exocytosis of preformed CD87 on cytoplasmic granular membranes
to the cell surface. Complex formation with urokinase-type plasmin-
ogen activation receptor facilitates the adhesive functions of CD11b.
Given the prognostic importance of FcGR2A*® and inhibitory killer
immunoglobulin-like receptor (KIR) mismatch,”” a multivariable
analysis of known prognostic variables was also carried out.

Treatment Protocol

The first 151 evaluable patients who received anti-GD2 MoAb 3F8 and
yeast-derived human recombinant GM-CSF (Sargramostim; Immunex, Seat-
tle, WA) on protocol IRB 03-077 (NCT00072358) were included in this anal-
ysis. Informed written consents for treatment and tests were obtained in
accordance to the guidelines of the institutional review board. Patients re-
ceived multiple cycles of SC GM-CSF plus IV 3F8 (Table 1). The dose of
GM-CSF was 250 ug/m* on days —5 to 1; the dose was escalated to 500 ug/m*
on days 2 to 4. Treatment cycles were repeated every 1 to 3 months for up to 2
years from study entry; all patients also received six cycles of oral isotretinoin
after cycle 4 at the dosage previously described.”® Immunotherapy would be
terminated if there was progressive disease. For patients with elevated human
antimouse antibody titer (> 1,000 U/mL),? treatment would be delayed until
their titer turned negative.

Patient Characteristics

Patients were required to have high-risk NB according to the Interna-
tional Neuroblastoma Staging System™ (ie, stage 4 or stage 3 with MYCN
amplification). Of the 151 patients in this analysis, 88 were male, and 63 were
female; all patients were enrolled before December 1, 2008. All seven stage 3
patients had MYCN-amplified (= 10 copies per genome) tumors. One hun-
dred forty-three patients had stage 4 NB (40% with MYCN-amplified tumors)
diagnosed at a median age of 3.3 years; 132 of 143 patients were diagnosed at
= 18 months of age, and all nine patients diagnosed before age 18 months had
MYCN amplification. One patient diagnosed at age 1 year had progressive
disease at 3 years before reinduction and immunotherapy. One patient with
stage 4S disease experienced relapse with widespread bone and marrow disease

Table 1. Treatment Intervention and PB Collection

Treatment Day Day of the Week Regular Cycle GM-CSF (ug/m?)

Cycle 4 GM-CSF (ug/m?)* Antibody 3F8 PB Collectiont

=05 Wednesday 250 SC
-4 Thursday 250 SC
-3 Friday 250 SC
-2 Saturday 250 SC
=1 Sunday 250 SC
0 Monday 250 SC
1 Tuesday 250 SC
2 Wednesday 500 SC
3 Thursday 500 SC
4 Friday 500 SC

250 SC

250 SC

250 SC

250 SC

250 SC

250 IV [\ First (day 0) collection®
250 IV v

500 IV vV

500 IV vV

500 IV \% Second (day 4) collection

cycle 4 for activation marker analysis.
tBoth PB samples were collected on site for immediate marker analyses.

and would likely be affected by storage and long-distance transport.

Abbreviations: GM-CSF, granulocyte-macrophage colony-stimulating factor; IV, intravenous; PB, peripheral blood; SC, subcutaneous.
“The first 56 patients on protocol received IV GM-CSF on days 0 through 4 of treatment cycle 4; 35 of these patients had adequate blood from both cycle 1 and

$This sample was not collected on day —5, when GM-CSF was started usually at home or at home institutions because activation markers of neutrophils are labile
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at 30 months of age before reinduction and immunotherapy. Disease status at
protocol entry included 48 patients with primary refractory NB, four patients
with secondary refractory NB, and 99 patients in complete remission (CR)/
very good partial remission (VGPR; 74 patients in first CR/VGPR and 25
patients in = second CR/VGPR) in accordance with International Neuroblas-
toma Response Criteria.”® Sixty-eight of 151 patients (first CR/VGPR, n = 21;
= second CR/VGPR, n = 20; primary refractory, n = 25; and secondary
refractory, n = 2) also required a second-line cyclophosphamide-based regi-
men before protocol entry to consolidate remission.>"*?> Among the 151
patients, 35 patients received IV GM-CSF on days 0 through 4 of cycle 4 and
had adequate blood samples from both cycle 1 (SC GM-CSF) and cycle 4 (IV
GM-CSF) for activation marker comparisons. Another 63 patients received SC
GM-CSF during cycle 4 and had adequate blood samples from both cycle 1 (SC
GM-CSF) and cycle 4 (SC GM-CSF) for activation marker comparisons.
Median follow-up among survivors was 50 months (range, 12 to 87 months).

Immunostaining of Peripheral-Blood Leukocytes With
Activation Markers

In the 151 patients, peripheral blood (PB) from treatment cycle 1 (plus
cycle 4 for 98 patients) was collected on day 0 and day 4 of 3F8 immunotherapy
(Table 1). PB diluted in phosphate-buffered saline was centrifuged at 1,500
rpm for 5 minutes at 4°C. Cell pellets were reacted with a panel of fluorescent
antibodies (CD3, CD14, and class-matched control immunoglobulin G) to
gate on lymphocytes, monocytes, and granulocytes and to set cut points for
positivity. Cells with geometric mean fluorescence intensity (MFI) greater
than 95% of control antibody were called positive. The activation marker
panel included CD11a (Serotec, Oxford, United Kingdom), CD11b (D12
clone from BD Biosciences, San Jose, CA; and VIM12 clone from Invitrogen,
Carlsbad, CA), CD11b activation epitope CBRM1/5 (eBioscience, San Diego,
CA), and CD63 and CD87 (both from BD Biosciences). Cell pellets were
incubated with these antibodies on ice for 30 minutes and then washed with
phosphate-buffered saline and centrifuged at 1,500 rpm for 5 minutes at 4°C.
After incubation with red cell lysis buffer (Becton Dickinson, Franklin Lakes,
NJ) for 15 minutes at room temperature, cells were washed and centrifuged.
Then, 200 uL of 1% formalin was added, and each sample was analyzed by
flow cytometry using FACSCalibur (Becton Dickinson).

FCGR2A polymorphism genotyping has been described previously.?”
Allelic discrimination of FCGR2A was identified as R/R versus H/H versus
H/R. HLA and KIR genotyping and analysis have also been previously de-
tailed.?” Patients were scored as NK sensitive if any of the HLA class I ligands
for his or her inhibitory KIR was absent.

Statistical Analysis

The ¢ test was used to determine the statistical difference between day 0
and day 4. PFS was estimated using the Kaplan-Meier method, and Cox
proportional hazards regression was used to determine the statistical impor-
tance of prognostic factors on PFS.

Comparing Leukocyte Populations in Day 0 and Day 4
PB Samples From 151 Patients Given SC GM-CSF

PB samples collected from treatment cycle 1 from 151 patients
who were treated with SC GM-CSF plus antibody 3F8 were analyzed.
Day 0 samples were obtained after 5 days of GM-CSF at 250 wg/m”.
Day 4 samples were obtained after 4 more days of GM-CSF (2 days at
250 ug/m?/d, followed by 2 additional days at 500 ug/m?*/d; Table 1).
The day 0 sample WBC and absolute neutrophil count values were
11,400/uL * 6,300/uL and 8,400/uL * 5,400/ L, respectively, and
the day 4 sample WBC and absolute neutrophil count values were
11,800/l = 8,100/uL and 8,300/l = 5,900/, respectively. By
flow cytometry, granulocytes were the predominant population, with
a 13.5% increase comparing day 4 with day 0 (Fig 1). In contrast, both
monocytes and lymphocytes decreased by 2.9% and 5.3%, respec-
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Fig 1. Distribution of leukocyte population during cycle 1 of anti-GD2 antibody
3F8 plus subcutaneous granulocyte-macrophage colony-stimulating factor (GM-
CSF). Day 0 (pre) samples were obtained after 5 days of GM-CSF at 250 ug/m?,
and day 4 (post) samples were obtained after 4 more days of GM-CSF (2 days at
250 ug/m?/d, followed by 2 additional days at 500 wg/m?/d; mean + SEM;
P < .001).

tively. The change in all three populations was statistically significant
(P <.001).

Change in Activation Marker Expression in Patients
Given SC GM-CSF

For each leukocyte population, frequency was defined as the
percentage of cells positive for the specific activation marker in the
respective leukocyte population. In the granulocyte population
(Fig 2A), the frequency of all five activation marker—positive gran-
ulocytes in day 4 PB increased significantly compared with day 0
PB. This increase was particularly apparent for CBRM1/5, the
activation epitope of CD11b, which increased from 43.6% to
67.2% (P < .0001). In contrast, none of the markers showed any
statistical change in the lymphocyte population (Fig 2B). In the
monocyte population, only CBRM1/5-positive cells increased
from 28.9% to 39.9% (P < .001; Fig 2C).

Correlation Between CD11b Activation and PFS
Increasing day 4 CBRM1/5-positive granulocytes were associated
with the likelihood of better PFS by Kaplan-Meier analysis when the
median was used as the cut point (P = .024, data not shown). Similar
results were found using the ratio of day 4 MFI compared with day 0
MFTI, with the median ratio as the cut point (Fig 3, P = .008). When
patients were stratified according to their disease status at protocol
entry, both CR/VGPR patients (n = 99) and primary refractory pa-
tients (n = 48) showed PFS advantage among patients with a greater
day 4 MFI ratio (P = .009) or increased day 4 CBRM1/5-positive
granulocytes (P = .025). When the absolute number of CBRM1/5-
positive granulocytes in the day 0 sample was analyzed, there was no
correlation with outcome. Similarly, the absolute number of CBRM1/
5-positive granulocytes in the day 4 sample had no impact on PFS. In
contrast, there was significant correlation when frequency change of
CBRM 1/5-positive granulocytes from day 0 to day 4 samples was used
as a prognostic variable. Other prognostic variables, including MYCN
amplification, prior marrow or stem-cell transplantation, history of
prior relapse, second-line cyclophosphamide-based therapy, disease
status at enrollment (primary refractory v first CR/VGPR v second
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Fig 2. Frequency of activation marker in leukocyte population in day O (pre) and
day 4 (post) peripheral blood of patients during cycle 1 of anti-GD2 antibody 3F8
plus subcutaneous granulocyte-macrophage colony-stimulating factor: (A) gran-
ulocytes, (B) lymphocytes, and (C) monocytes. Frequency was defined as the
percentage of cells positive for the specific activation marker in the respective
leukocyte population. (*) P < .03. (t) P < .0001. (¥) P < .001.

CR/VGPR), missing KIR ligand, and FcGR2A polymorphism, were
also tested in univariate analyses (Table 2 and Appendix Table Al,
online only). Variables with P <<.1 were used to build the multivari-
able model. Only an increase in day 4 CBRM1/5-positive granulocytes
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Fig 3. Correlation between mean fluorescence intensity (MFI) of CBRM1/5-
positive granulocytes and progression-free survival among 147 patients
treated with anti-GD2 antibody 3F8 plus subcutaneous granulocyte-
macrophage colony-stimulating factor (GM-CSF). Median ratio of day 4 MFI
over day 0 MFI was used as the cut point (solid line, > median, n = 73; dotted
line, < median, n = 74; P = .008).

and missing KIR ligand were found to have positive independent
prognostic importance on PFS, whereas the need for an additional
high-dose cyclophosphamide-based regimen before protocol entry
had a negative independent impact on PES (Table 2). Similar conclu-
sions were drawn when MFI ratio was used instead of frequency
change in CBRM1/5-positive granulocytes. The distribution of pa-
tients according to disease status at enrollment for these three inde-
pendent risk factors is provided in Appendix Table A2 (online only).

Assessing the Impact of SC Versus IV Route of GM-CSF Adminis-
tration by Granulocyte CBRM1/5 Expression. Given the patient-to-
patient variability of granulocyte activation or excitability, each
individual patient served as his or her own control. A total of 98
patients had adequate PB samples collected in both cycle 1 and cycle 4
for activation analysis; 35 patients received SC GM-CSF in cycle 1 and
IV GM-CSF in cycle 4, whereas 63 patients received SC GM-CSF in
both cycle 1 and cycle 4. CBRM1/5 activation (frequency increase
from day 0 to day 4) during cycle 4 was compared with that during
cycle 1 in these two patient subgroups. Patients (n = 35) given IV
GM-CSF (cycle 4) had significantly less activation than when they
were given SC GM-CSF (cycle 1; P = .017, Fig4A). In contrast, among
the 63 patients who were given SC GM-CSF during cycle 4, CBRM1/5
activation was comparable with activation in cycle 1, when they were
also given SC GM-CSF (P = .97, Fig 4B).

Early in vitro studies showed that granulocytes mediate efficient
ADCC of NB. Cytotoxicity was dependent on FcyRITA (CD32) and
CD11b/CD18 integrins but was not dependent on oxidative
intermediates.'*'® Subsequent studies using Lym-1 antibody in
B-cell lymphoma showed similar findings.”® In the presence of
GM-CSF, anti-GD2 MoAb was effective against NB.'*2* Combin-
ing GM-CSF with anti-CD20 antibody was also found to have
benefit in patients with advanced non-Hodgkin’s lymphoma and

© 2011 by American Society of Clinical Oncology 429
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Table 2. Univariate and Multivariate Analyses of Variables on Progression-Free Survival in 147 Patients Treated With Anti-GD2 Antibody 3F8 Plus
Subcutaneous GM-CSF

P
Variable No. of Patients™ Univariate Analysis Multivariate Analysis Hazard Ratio 95% CI
Frequency change in CBRM1/5-positive granulocytest 147 .024 .005 0.51 0.32t00.81
MYCN amplification 140 .32 —_ —_ —_
Prior bone marrow or stem-cell transplantation 147 12 — — —
History of prior relapse+ 147 .025 .092 1.81 0.91t03.59
Second-line cyclophosphamide-based regimen 147 .001 .001 2.24 1.39t0 3.63
Disease status at enrollment$ 147 .008 .67 0.95 0.75t0 1.21
Missing KIR ligand 147 .073 .034 0.60 0.38t0 0.96
FcGR2A polymorphism|| 147 40 — — —

NOTE. Details of univariate analyses are provided in Appendix Table A1.
“Four secondary refractory patients were excluded from this analysis.

cut point.

[R/R or R/H v H/H.

Abbreviations: GM-CSF, granulocyte-macrophage colony-stimulating factor; KIR, killer immunoglobulin-like receptor.
TFrequency was defined as the percentage of granulocyte cells positive for CBRM1/5 activation marker; change was measured from day 0 to day 4 using median

FHistory of prior relapse included all patients in second complete remission/very good partial remission.
8First complete remission/very good partial remission v primary refractory v second complete remission/very good partial remission.

Hodgkin’s disease.>* Despite compelling in vitro evidence, the in vivo
role of neutrophils in these antitumor responses was uncertain. This
report provides the first evidence, to our knowledge, that granulocyte
activation by GM-CSF in patients, as measured by the CD11b activa-
tion epitope CBRM1/5, may be an independent prognostic factor on
outcome. This phenomenon held true for patients who were in first
and second CR/VGPR, as well as those who had primary refractory NB
before immunotherapy. Moreover, PB from patients with GM-CSF
administered by SC route elicited greater granulocyte activation when
compared with the IV route. This finding may account, in part, for the
superior survival outcome of patients receiving SC GM-CSF
(NCT00072358) when compared with patients receiving IV GM-CSF
(NCT00002560).%* These data, together with the prognostic impor-
tance of FCGR2A (CD32) polymorphism among patients with pri-
mary refractory NB,*® gave credence that myeloid cells, specifically
granulocytes, contributed to the antitumor response after combina-
tion therapy using anti-GD2 antibody and GM-CSF.

This study demonstrated that an increase in frequency or MFI
of CBRM1/5-positive granulocytes during the first treatment cycle
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Fig 4. Comparing frequency change of CBRM1/5-positive granulocytes from
day 0 to day 4 peripheral blood when patients were treated with (A) subcutane-
ous (sc) granulocyte-macrophage colony-stimulating factor (GM-CSF; cycle 1) and
intravenous (iv) GM-CSF (cycle 4; n = 35) or (B) SC GM-CSF (cycles 1 and 4;
n = 63).
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was a key favorable determinant of patient outcome. This correla-
tion was somewhat unexpected, because multiple cycles were given
to patients for up to 2 years on this protocol. These data suggest
that the level of granulocyte excitability in patients receiving SC
GM-CSF was similar throughout the repeated cycles and that the
excitability determined as early as the first cycle was prognostic of
treatment outcome. In addition, because the size of the circulating
granulocyte population, relative to the marginating pool or to the
marrow reserve, was variable between patients, the absolute
granulocyte count or CBRM1/5-positive granulocyte count per
microliter of blood might not be representative of the patient’s
total-body granulocyte pool.

The biologic effects of GM-CSF can be multifold.*® It stimu-
lates production of myeloid cells, including granulocytes and
monocytes/macrophages, accelerating hematopoietic recovery af-
ter dose-intensive chemotherapy.*® It also stimulates the matura-
tion of monocytes into antigen-presenting cells. When locally
combined with cancer vaccines,”” GM-CSF has shown clinical
promise.”® However, GM-CSF is also a potent stimulator of
myeloid-derived suppressor cells (MDSCs), which can interfere
with both the innate and adaptive immune response.’®>° In mouse
models, MDSCs are Gr-1" and CD11b™ myeloid precursor cells
that can differentiate into dendritic cells, macrophages, and neu-
trophils. MDSCs accumulate in the blood, lymph nodes, and bone
marrow and at tumor sites to inhibit both adaptive and innate
immunity.**** Tumor-infiltrating MDSCs have also been associ-
ated with adverse patient outcome.*? Furthermore, the stimulation
of MDSCs by high GM-CSF levels could reduce vaccine response
and possibly decrease antitumor efficacy in patients.’®*° It was
reassuring that CD11b activation in our patients had positive in-
stead of negative impact on patient outcome.

In addition to inducing MDSCs,* high doses of GM-CSF (> 250
g/m?*/d) have also been implicated to have a negative effect on mono-
cyteand lymphocyte ADCC.* Hence, optimal doses of GM-CSF of 40
to 80 pg/d were suggested for vaccine development,*® and doses of 80
to 150 pg/d (< 150 ug/m?/d) were suggested for antibody therapy.*>

JOURNAL OF CLINICAL ONCOLOGY
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However, in the randomized studies of ch14.18, GM-CSF at 250
wg/m?/d seemed beneficial for patient outcome.'? In our study, at an
even higher dose (500 ug/m?/d for 3 days; Table 1), there was further
granulocyte activation, which correlated with superior PFS.

Previous studies have also shown that after repeated daily injec-
tions of GM-CSF 250 ug/m?/d, peak serum concentration of GM-CSF
gradually decreased on days 5 and 10 when compared with day 1. Such
adecline in serum level was less pronounced in cycle 4 compared with
cycle 1.** Thus, serum GM-CSF levels could not have accounted for
the smaller increase in CBRM1/5-positive granulocytes in PB in cycle
4 when GM-CSF was administered IV (Fig 4A). These results suggest
that the SC route of GM-CSF administration was more effective than
the IV route in granulocyte activation.

In addition to CBRM1/5 activation, two other independent prog-
nostic factors were identified in the multivariable analysis, namely the
favorable impact of missing KIR ligand and the negative impact when
additional cyclophosphamide-based therapy was required to consoli-
date remission (Table 2). Inadequate response to induction therapy is
well known to be an adverse prognostic factor in high-risk NB. In the
randomized study carried out by the Children’s Oncology Group,
achieving CR/VGPR was a highly favorable predictor of outcome.*’ In
our study, patients with refractory disease or relapsed disease were
treated with high-dose cyclophosphamide-based regimens con-
taining vincristine with either topotecan or irinotecan.” Once they
achieved CR/VGPR or stable disease, they were enrolled onto the
3F8/GM-CSF protocol. Thus, it is not surprising that in the multi-
variable model, the necessity of a cyclophosphamide-based
second-line regimen was a poor prognostic marker associated with
refractory or high-risk disease.

Both in the context of autologous stem-cell transplantation” and
high-dose cyclophosphamide,*® missing KIR ligand seemed to be
highly prognostic for patient outcome after treatment with antibody
3F8 plus GM-CSF. Although NK cells alone were suboptimal in killing
NB,** killing by both licensed and unlicensed NK cells was much more
efficient in the presence of antibody 3F8.° Previous studies in patients
undergoing autotransplantation® and more recently patients receiv-
ing hu14.18 —interleukin-2 fusion protein® have also implicated miss-
ing KIR ligand as a prognostic factor. In our analysis, lymphocytes had
low CBRM1/5 expression, and as expected, it did not increase with
GM-CSF. CBRM1/5 among the NK subset was not tested, but this
may be an important marker to monitor in future studies. Although
supporting the role played by NK cells in mediating antitumor re-
sponse,” this study strongly suggests that granulocyte and myeloid
cell activation may be a crucial component in the overall strategy of
antibody therapy in NB.>
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