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Abstract

PURPOSE—In 2010, a Children’s Oncology Group (COG) phase III randomized trial for high-

risk neuroblastoma patients (ANBL0032) demonstrated improved event-free survival (EFS) and 

overall survival (OS) following treatment with an immunotherapy regimen of dinutuximab, GM-

CSF, IL-2, and isotretinoin compared to treatment with isotretinoin alone. Dinutuximab, a 

chimeric anti-GD2 monoclonal antibody, acts in part via NK cells. Killer Immunoglobulin-like 

Receptors (KIRs) on NK cells and their interactions with KIR-ligands can influence NK cell 

function. We investigated whether KIR/KIR-ligand genotypes were associated with EFS or OS in 

this trial.

PATIENTS AND METHODS—We genotyped patients from COG study, ANBL0032, and 

evaluated the effect of KIR/KIR-ligand genotypes on clinical outcomes. Cox regression models 

and log-rank tests were used to evaluate associations of EFS and OS with KIR/KIR-ligand 

genotypes.

RESULTS—In this trial, patients with the “all KIR-ligands present” genotype, as well as patients 

with inhibitory KIR2DL2 with its ligand (HLA-C1) together with inhibitory KIR3DL1 with its 

ligand (HLA-Bw4) were associated with improved outcome if they received immunotherapy. In 

contrast, for patients with the complementary KIR/KIR-ligand genotypes, clinical outcome was 

not significantly different for patients that received immunotherapy vs. those receiving isotretinoin 

alone.

CONCLUSIONS—These data show that administration of immunotherapy is associated with 

improved outcome for neuroblastoma patients with certain KIR/KIR-ligand genotypes, while this 

was not seen for patients with other KIR/KIR-ligand genotypes. Further investigation of KIR/KIR-

ligand genotypes may clarify their role in cancer-immunotherapy, and may enable KIR/KIR-ligand 

genotyping to be utilized prospectively for identifying patients likely to benefit from certain cancer 

immunotherapy regimens.

Keywords

Immunotherapy; KIR; Personalized Medicine; Neuroblastoma; NK cells

INTRODUCTION

Neuroblastoma is the most common extracranial solid tumor in children, accounting for 10% 

of childhood cancer mortality. High-risk neuroblastoma patients have less than 40% 5-year 

survival when treated with traditional chemotherapeutic agents (1). The Children’s 

Oncology Group (COG) ANBL0032 phase III clinical trial enrolled high-risk neuroblastoma 

patients following initial treatment with multi-agent chemotherapy, surgical resection, local 

radiation therapy and autologous stem cell transplant. This randomized trial compared an 

immunotherapy regimen [consisting of the combination of dinutuximab (chimeric 14.18 

monoclonal anti-GD2 antibody), aldesleukin (IL-2), sargramostim (GM-CSF) and 
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isotretinoin (herein this treatment regimen is referred to as “immunotherapy”)] to treatment 

with isotretinoin alone. Those treated with immunotherapy showed significant clinical 

benefit in both event-free survival (EFS) and overall survival (OS) (2). Further advances are 

still needed for these high risk patients; treatment with anti-GD2 immunotherapy is 

expensive, has toxic side effects, and many treated patients still relapse (2).

The variability in clinical presentation of neuroblastoma and the response to immunotherapy 

may, in part, reflect patient-to-patient differences in immune function. Some immune 

functions are genetically inherited and can be assessed by genotyping (3). NK cells 

contribute to antibody-dependent cellular cytotoxicity (ADCC). Killer-Immunoglobulin-like 

Receptors (KIRs) are a family of highly polymorphic receptors which regulate NK cell 

function via balanced transmission of activating or inhibitory signals. Most inhibitory KIRs 

have ligands that belong to the HLA class-I family. NK cell development and effector 

function are influenced by the specific inherited KIR and KIR-ligand repertoires, and their 

interactions. This study focuses on 4 inhibitory KIRs: KIR2DL1 is a receptor for HLA-C2; 

KIR2DL2 and KIR2DL3 are receptors for HLA-C1; and KIR3DL1 is a receptor for HLA-

Bw4 epitopes (4–9).

Mature NK cells expressing inhibitory KIRs mediate reduced tumor-directed ADCC when 

KIRs encounter their respective KIR-ligands on tumor (10,11). We and others have 

previously found that neuroblastoma patients that have at least one KIR-ligand missing for 

their inhibitory KIRs (“KIR-ligand missing”, Supplementary Table 1) have improved 

outcomes compared to those that inherit all of the KIR-ligands for their inhibitory KIRs 

(“KIR-ligands present”) when receiving anti-GD2 mAb-based therapies (12–14).

In this study, we asked if KIR and KIR-ligand genotypes of the neuroblastoma patients in 

ANBL0032 were associated with clinical outcome. We also asked whether the clinical 

outcome for certain KIR/KIR-ligand genotypes could be influenced by the administration of 

this immunotherapy (2).

MATERIALS AND METHODS

Patients

The phase III neuroblastoma clinical trial ANBL0032 (ClinicalTrials.gov # NCT00026312) 

evaluated the efficacy of isotretinoin alone compared to immunotherapy. Of the 226 patients 

randomized, 174 individual patients had DNA available (immunotherapy: 88; isotretinoin: 

86), allowing evaluation of KIR/KIR-ligand genotype association with updated clinical 

outcome (>5 years of follow up) (Supplemental Methods). Clinical characteristics for the 

COG patients, and for those genotyped in this report, are found in Supplemental Table 4. 

Appropriate IRB approved consent forms, detailing the therapy involved in the randomized 

study and the collection of blood/DNA samples for correlative immune-related studies, were 

obtained for all patients. The clinical trial was conducted in accordance with the Helsinki 

Declaration of 1975.
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KIR/KIR-ligand Analyses

Genotyping—KIR gene status was determined for 15 separate KIR genes for each patient 

by a SYBR green real time PCR reaction, which uses the melt curve to determine the 

presence or absence of the gene (15). As KIR2DL1, KIR2DL2, KIR2DL3 and KIR3DL1 are 

the best studied inhibitory KIR genes, with known ligands, in prior studies of cancer 

immunotherapy (9–14,16), they are the focus of this study. The genotypes of these known 

KIR-ligands for the KIRs of interest in this study [including HLA-C1, HLA-C2, and the 

three known HLA-Bw4 epitopes (HLA-Bw4T80, HLA-Bw4I80, and HLA-A-Bw4)] were 

determined by PCR-SSP reactions using the KIR HLA Ligand SSP typing kit (Olerup, West 

Chester, PA) with GoTaq DNA polymerase (Promega, Madison,WI).

KIR2DL2 and KIR2DS2 are in linkage disequilibrium. In this study, of the 89 KIR2DS2+ 

patients, 86 (97%) were also KIR2DL2+ and of the 85 KIR2DS2− patients, 83 (98%) were 

also KIR2DL2−.

All KIR/KIR-ligand genotyping was conducted in a blinded manner, whereby individuals 

that determined the genotype of the patients did not have access to the randomization and 

clinical outcome data. “KIR-ligands present” is defined as all the KIR-ligands present for 

each inhibitory KIR gene present. “KIR-ligand missing” is defined as having at least one of 

the KIR-ligands absent for the inhibitory KIR genes present (Supplemental Table 1).

Statistical Methods—The primary objective was to evaluate the association of EFS and 

OS with treatment and KIR-ligand status (KIR-ligands present compared with KIR-ligand 

missing). All other analyses were exploratory. All analyses reported here utilized patient 

data based on intent to treat. Cox proportional hazards regression models and log-rank tests 

were used to compare EFS/OS curves by treatment and genotype. The proportional hazards 

assumption was tested, and when the assumption was not met, adjustments were made by 

incorporating time-dependent covariates into the model. Statistical analyses were performed 

using SAS v9.4 (SAS Institute, Cary, NC).

EFS was defined as the time from study enrollment until the first occurrence of relapse, 

progressive disease, secondary cancer, or death or until the last contact with the patient if 

none of these events occurred (censored). OS was defined as the time from study enrollment 

until death or the last contact with the patient if death did not occur during the study 

(censored). Only patients who were randomized were included in these analyses.

With the exception of Table 1, analyses were performed without corrections for multiple 

comparisons. For Table 1, due to the complexity of assessing KIR2DL2 and its ligand 

together with KIR3DL1 and its ligand, the comparisons of treatment groups were performed 

within specific KIR2DL2/ligand and KIR3DL1/ligand subgroups with p-values adjusted 

using the Bonferroni method.
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RESULTS

Immunotherapy treatment improved outcome for patients with KIR-ligands present

Since patients in this COG study were randomized to receive immunotherapy or isotretinoin 

alone, we could assess how individual genotype groups were influenced based on the 

treatment they received. For patients with a KIR-ligands present genotype, treatment with 

immunotherapy improved both EFS and OS as compared to those that were treated with 

isotretinoin alone (EFS p=0.03, Figure 1A; OS p=0.01, Figure 1B). In contrast, for patients 

with KIR-ligand missing, there was no significant improvement in EFS or OS for 

immunotherapy treatment (Figure 1).

KIR-ligand missing was not associated with improved clinical outcome in the 
Immunotherapy group

In contrast to some previous reports where the KIR-ligand missing genotype was associated 

with improved clinical outcome with anti-GD-2 therapy (11–14), amongst the 

immunotherapy patients here we found no association of KIR-ligand missing compared with 

KIR-ligands present for either EFS or OS (Figures 1A and 1B). Patients in the isotretinoin 

alone group did show a trend towards improved OS if they were KIR-ligand missing vs. 

KIR-ligands present (OS p=0.06; Figure 1B).

Immunotherapy treatment improved outcome for patients dependent upon KIR2DL2/KIR-
ligand status

Unlike KIR2DL1, KIR2DL3 and KIR3DL1, which are found in >92% of these 

neuroblastoma patients, KIR2DL2 is found in only 51% of this study population 

(Supplemental Table 2), which are similar frequencies as others have reporte for these genes 

(11,16). Several groups reported that the status of the inhibitory KIR2DL2 (and/or a KIR 

gene closely linked to KIR2DL2, the activating receptor KIR2DS2) influence patient 

outcome, and some of these assessed the impact of KIR2DL2 with or without its ligand (17–

19). KIR2DL2 is also of interest as both KIR2DL2, and KIR2DL2 with its HLA-C1 ligand, 

are more common in patients with neuroblastoma than in healthy individuals (16). Thus, we 

investigated the influence of KIR2DL2 and its ligand HLA-C1 on patient outcomes in this 

study.

For patients treated with isotretinoin alone, individuals that possessed KIR2DL2 

(“KIR2DL2+”) along with its ligand C1 (“ligand+”) had significantly worse EFS and OS as 

compared to those individuals that were not KIR2DL2+/C1+ (Supplementary Table 3: those 

KIR2DL2+ with HLA-C2/C2, or those KIR2DL2− with HLA-C1/C1, C1/C2 or C2/C2) 

(EFS p=0.04; OS p= 0.004, Figure 2A–2B). For those patients treated with immunotherapy, 

there were no significant differences in EFS or OS for patients that were KIR2DL2+/C1+ 

compared to those that were not KIR2DL2+/C1+ (Figure 2A–2B). For patients that were 

KIR2DL2+/C1+, treatment with immunotherapy significantly improved both EFS and OS as 

compared to treatment with isotretinoin alone (EFS p=0.02; OS p =0.002, Figure 2A–2B). In 

contrast, for patients that were not KIR2DL2+/C1+, the EFS and OS were similar for 

patients receiving immunotherapy compared to those receiving isotretinoin alone (Figure 

2A–2B).
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We did not observe any significant associations between the presence or absence of 

KIR2DL1 and its HLA-C2 ligand or between the presence/absence of KIR2DL3 and its 

HLA-C1 ligand with either EFS or OS in this study (data not shown).

Immunotherapy treatment significantly improved outcome for patients dependent upon 
KIR3DL1/KIR-ligand status

In our previous evaluation of follicular lymphoma patients, we found that maintenance 

rituximab treatment in patients that had KIR3DL1 along with its ligand, HLA-Bw4, resulted 

in improved duration of response over those that were not KIR3DL1+/Bw4+ (20). Forlenza 

et al. recently reported that neuroblastoma patients treated with a mouse anti-GD2 mAb, 

3F8, in combination with GM-CSF, had improved OS and progression-free survival if they 

were HLA-Bw4− compared to those with HLA-Bw4+ (21).

In this study, for those patients that possess KIR3DL1 with its ligand (“KIR3DL1+/Bw4+”), 

treatment with immunotherapy resulted in significant improvements in both EFS and OS as 

compared to treatment with isotretinoin alone (EFS p=0.03; OS p=0.03, Figure 2C–2D). In 

contrast, for patients that were not KIR3DL1+/Bw4+ (Supplementary Table 3: those 

KIR3DL1+/− and HLA-Bw4−; KIR3DL1− with HLA-Bw4+) the EFS and OS were similar 

for patients receiving immunotherapy compared to those receiving isotretinoin alone (Figure 

2C–2D).

Patients that are both KIR2DL2+/C1+ as well KIR3DL1+/Bw4+ had improved clinical 
outcome if treated with immunotherapy vs. isotretinoin alone

Recently, Lode et al. reported that neuroblastoma patients that were KIR2DS2+ treated with 

a similar anti-GD2 chimeric antibody had improved clinical response as compared to 

patients that were both KIR2DS2− and KIR3DL1+ with the KIR3DL1+/Bw4 present (i.e. 

those KIR2DS2+ vs. KIR2DS2−, KIR3DL1+, Bw4+) (22). Since we found that both 

KIR2DL2 and its ligand status, as well as KIR3DL1 and its ligand status (Figure 2), 

influence outcome dependent upon treatment type, we investigated whether these KIR/KIR-

ligand subsets together could further influence patient outcomes. We thus compared the 

group of patients with KIR2DL2 with its HLA-C1 ligand that also have KIR3DL1with its 

HLA-Bw4 ligand (designated: KIR2DL2+/C1+/KIR3DL1+/Bw4+) to the remaining 

patients, those lacking KIR2DL2, HLA-C1, KIR3DL1, or HLA-Bw4 (“not KIR2DL2+/C1+/

KIR3DL1+/Bw4+”). The distinct genotypes comprising these 2 groups are detailed in 

Supplemental Table 3. We found that patients treated with isotretinoin alone that were not 
KIR2DL2+/C1+/KIR3DL1+/Bw4+ had significantly improved EFS and OS as compared to 

those that were KIR2DL2+/C1+/KIR3DL1+/Bw4+ (EFS p=0.04; OS p=0.007, Figure 3). 

For those patients treated with immunotherapy, there were no significant differences in 

either EFS or OS when comparing these genotype groupings (EFS p=0.42; OS p=0.06, 

Figure 3).

Similar to what we found in Figures 1 and 2, we found that, based on this grouping of KIR/

KIR-ligand genotypes, a subset of patients appear to significantly benefit from 

immunotherapy treatment as compared to isotretinoin alone. Specifically, KIR2DL2+/C1+/

KIR3DL1+/Bw4+ patients had significantly improved EFS and OS if treated with 
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immunotherapy vs. isotretinoin alone (EFS p=0.02; OS p=0.007, Figure 3). In contrast, for 

the counter to this genotype, those not KIR2DL2+/C1+/KIR3DL1+/Bw4+, outcome was 

similar if treated with immunotherapy vs. isotretinoin alone (Figure 3). To determine if one 

genotypic factor (either KIR2DL2/ligand status or KIR3DL1/ligand status) was driving this 

influence on clinical benefit, we analyzed the different possible genotypic combinations of 

KIR2DL2/ligand or not KIR2DL2+/C1+ and KIR3DL1/ligand or not KIR3DL1+/Bw4+, 

and used a Bonferonni adjustment of the p-values. Only the subgroup that was both 

KIR2DL2+/C1+ and KIR3DL1+/Bw4+ showed statistically significantly higher EFS and 

OS for patients treated with immunotherapy compared to those receiving isotretinoin alone 

(EFS p=0.04; OS p=0.01, Table 1). For the 3 other subgroupings of KIR2DL2 and its HLA-

C1 ligand and KIR3DL1 and its HLA-Bw4 ligand, there was no evidence of differences in 

EFS or OS when receiving immunotherapy vs. isotretinoin alone.

DISCUSSION

In this study of high-risk neuroblastoma patients who had responded to initial induction and 

consolidation therapy, we assessed potential associations of KIR/KIR-ligand genotype with 

clinical outcome. Unlike some prior reports (11–14), in the immunotherapy group, we found 

no evidence of improved outcome for patients with the KIR-ligand missing genotype 

compared to patients with KIR-ligands present. We also had the opportunity to analyze the 

potential associations of KIR/KIR-ligand genotypes on the outcome of patients in the 

isotretinoin alone group. For the patients in the isotretinoin group, we saw a trend for 

improved OS in the patients with KIR-ligand missing vs. those with KIR-ligands present. 

We hypothesize that this may be, in part, due to the increased inhibition burden on NK cells 

from a KIR-ligands present genotype as compared to a KIR-ligand missing genotype, such 

that those patients with a KIR-ligand missing genotype are less inhibited and thus more able 

to reduce the tumor load without the presence of immunotherapy.

All four prior published studies of KIR/KIR-ligand genotypes for neuroblastoma patients 

receiving anti-GD2 mAb-based treatment have reported better outcome for patients with 

KIR-ligand missing vs. KIR-ligands present (11–14). However, this study of neuroblastoma 

patients with minimal residual disease does not recapitulate those findings. One of those 

studies was a COG phase-II trial for patients with relapsed or refractory neuroblastoma 

treated with a humanized anti-GD2 mAb molecularly-linked to IL-2, instead of a chimeric 

anti-GD2 antibody in combination with IL2, GM-CSF and isotretinoin which was given in 

this present trial (ANBL0032) (12). In this prior report for patients with relapsed/refractory 

disease, neither OS or EFS were reported; instead disease response was the reported 

outcome. It is possible that differences in the treatment regimen (humanized anti-GD2 mAb 

linked to IL2 vs. chimeric anti-GD2 antibody in combination with IL2, GM-CSF and 

isotretinoin), the disease state (minimal residual disease vs. refractory/recurrent 

neuroblastoma), or the measure of outcome (response vs. EFS/OS) might modify the clinical 

biology, potentially accounting for the differences between the KIR/KIR-ligand results 

reported here and in that study (12).

The other reports are from Memorial Sloan Kettering Cancer Center (MSKCC), and all 

involve administration of the murine 3F8 anti-GD2 mAb to patients after completing 
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chemotherapy (11,13,14). These three reports present accumulated data from MSKCC with 

significant overlap of patients in each report (patients from NCT00072358, NCT00037011, 

NCT00002634 and NCI-V90-0023 clinical trials).

Two major differences between these MSKCC studies and our study is their use of murine-

derived monoclonal antibody (3F8) vs. a chimeric monoclonal antibody (dinutuximab), as 

well as the addition of the cytokine, IL-2, to all patients in the COG immunotherapy regimen 

and only a few in the MSKCC trial. The structural or immunological differences between 

these two antibody constructs could contribute to differences in response to treatment. 

Murine-based monoclonal antibodies are more immunogenic than chimeric antibodies, as 

only about 25% of the chimeric mAb is mouse-derived, and 75% of the backbone is human-

derived. Human anti-mouse antibody (HAMA) responses against murine mAbs can reduce 

the efficacy of the antibody immunotherapy by neutralizing the antibody, not allowing for 

effective recruitment of immune cells to the tumor site. It is possible that the frequent 

induction of a neutralizing (HAMA) response to 3F8 vs. the infrequent induction of a human 

anti-chimeric antibody (HACA) response to ch14.18 (23,24), or the use of IL2, may 

somehow account for the differential association of KIR-ligand missing status with better 

outcome for anti-GD2 treated patients in the MSKCC regimen but not the COG regimen.

Due to the randomized design of this study, we also could compare outcomes for patients 

receiving immunotherapy vs. isotretinoin alone. This provided the unique opportunity to 

assess whether the observed improved outcome following immunotherapy, as compared to 

isotretinoin, was associated with certain KIR/KIR-ligand genotypes. We found that patients 

with a KIR-ligands present genotype had a statistically significant benefit in EFS and OS if 

they received immunotherapy instead of receiving isotretinoin alone. In contrast, for those 

with KIR-ligand missing, there was no evidence of improved outcome from immunotherapy.

Prior studies have shown that having a population of unlicensed NK cells (having at least 

one KIR-ligand missing) enhances tumor cell killing when the tumor microenvironment 

expresses KIR-ligands (7–10). This suggests that individuals with at least one KIR-ligand 

missing have NK cells better equipped to kill HLA-expressing tumor cells. We hypothesize 

these individuals might not require the COG immunotherapy regimen to further boost their 

NK capability. We also hypothesize that patients with all KIR-ligands present may have NK 

cells that are more inhibited upon encountering their own HLA-expressing tumor cells; as 

such they may require an additional “boost of function” provided by this COG 

immunotherapy regimen. Caution is needed, since these hypotheses require the tumor cells 

to express their inherited ligands; in this study, we have only assessed genotype. Even so, if 

these genotype/outcome associations are validated, they would suggest that for some 

patients, depending on the functional implications that are based on ones’ genotype, 

immunotherapy overcomes these genotype-restraints. In other words, for patients whose 

genotype predicts worse NK ADCC function (namely those with all KIR-ligands present) 

(11), the administration of immunotherapy is associated with outcome comparable to that 

seen for patients with favorable genotype that receive immunotherapy.

To further elucidate the KIR/KIR-ligand genotype influence on which patients have 

improved outcome associated with immunotherapy (vs. isotretinoin alone), we analyzed 
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additional KIR/KIR-ligand genotypes. These were selected based on prior reports. We 

identified certain KIR/KIR-ligand genotypes that were significantly associated with benefit 

from this immunotherapy regimen, which may have future actionable clinical relevance. 

Given previous studies assessing the role of KIR2DL2/S2 and KIR2DL2-ligand status (16–

19), KIR3DL1 and its HLA-Bw4 ligand (20,21), and KIR2DL2/S2 and KIR3DL1 status 

simultaneously (22), we assessed how these inhibitory KIR/KIR-ligand interactions may 

influence outcome for patients receiving immunotherapy vs. isotretinoin alone. In this study, 

we found that patients with KIR2DL2+/C1+ treated with immunotherapy had significantly 

improved outcome compared to those receiving isotretinoin alone. There was no evidence of 

such a difference for those patients that are not KIR2DL2+/C1+. Similarly, we demonstrated 

that KIR3DL1+/Bw4+ patients treated with immunotherapy had significantly improved 

outcome as compared to those treated with isotretinoin alone. Conversely, in a study by 

Forlenza et al. of neuroblastoma patients treated with a different anti-GD2 regimen (21), 

which involved a more recent analysis of many of the same neuroblastoma patients 

previously reported on by MSKCC’s neuroblastoma research team (11,13,14); they 

demonstrated worse outcome for HLA-Bw4+ patients when treated with 3F8 than HLA-

Bw4− patients. HLA-Bw4 interactions with KIR3DL1 causes inhibition of NK cell activity, 

but this interaction is also a component of NK cell licensing (6,7). It is possible that distinct 

combinations of immunotherapeutic treatments can differentially influence either the 

licensing effect or the inhibitory potential of KIR3DL interactions with its HLA-Bw4 ligand, 

potentially accounting for the differences in these studies.

We identified a subset of our patient population, those KIR2DL2+/C1+/KIR3DL1+/Bw4+, 

that have clear clinical benefit with immunotherapy as compared to isotretinoin alone. In 

contrast, the complementary genotype groups showed no apparent difference in outcome if 

treated with immunotherapy or isotretinoin alone. Patients with KIR2DL2+/C1+/

KIR3DL1+/Bw4+ make up ~30% of the patients in our study (49 out of 174), yet seem to 

account for the majority of clinical benefit that the entire population experiences from 

immunotherapy treatment in this study.

In summary, regardless of patient KIR/KIR-ligand genotype, the overall group of patients 

that received immunotherapy had improved outcome compared to patients receiving 

isotretinoin alone (2). Our evaluation of KIR/KIR-ligand genotypes suggests that patients 

with certain KIR/KIR-ligand genotypes significantly benefit from the COG immunotherapy 

regimen. As these findings have not been validated independently in other studies, it is 

premature to classify them as clinically actionable. However, if this strategy were to be 

validated, it could enable administration of this regimen of immunotherapy to those that 

would best benefit, and allow avoiding this somewhat toxic 5-month regimen (or using a 

different strategy) for those who might not benefit from this regimen. Enhancements to anti-

GD2 mAb-based therapy, based on preclinical and early clinical data are being evaluated in 

efforts to improve its efficacy (22,25–27). Since we cannot be certain that the benefit in the 

immunotherapy group observed for patients with KIR-ligands present or for patients with 

KIR2DL2+/C1+/KIR3DL1+/Bw4+ will be applicable for newer generations of anti-GD2 

immunotherapeutic regimens, further studies of KIR/KIR-ligand associations with outcome 

in subsequent trials of immunotherapeutic regimens for children with neuroblastoma will be 

needed to determine the potential clinical utility of these findings.
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STATEMENT OF TRANSLATIONAL RELEVANCE

The use of anti-GD2 mAb as tumor targeted immunotherapy has improved the outcome 

for high-risk neuroblastoma patients, but not all patients benefit from this 

immunotherapy. Preclinical data suggest that an important mechanism of anti-tumor 

action is antibody dependent cell-mediated cytotoxicity (ADCC) by NK cells. Prior 

clinical trials have demonstrated that genotypic polymorphisms in KIR and KIR-ligand 

genotypes are associated with NK function and clinical outcome. We evaluated KIR/KIR-

ligand genotypes in patients from a randomized Phase-III trial of anti-GD2 based 

immunotherapy, comparing results for patients randomized to immunotherapy or no 

immunotherapy. We identified KIR/KIR-ligand genotypes that were associated with 

improved outcome if immunotherapy was given. These results confirm a role for NK 

cells in this effect, and could provide a biomarker for prospectively personalizing care.
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Figure 1. Associations of overall KIR/KIR-ligand status with clinical outcome
Figure 1A – EFS; Figure 1B – OS. For immunotherapy patients, those with KIR-ligands 

present (Line 1: solid-black line) were compared to those with KIR-ligand missing (Line 2: 

dashed-black line). For isotretinoin patients, those with KIR-ligands present (Line 3: solid-

red line) were compared with those with KIR-ligand missing (Line 4: dashed-red line). In 

addition, comparisons by treatment group were performed. For both EFS and OS, the 

assumption of proportional hazards was upheld, and p-values are reported from Cox 

regression analyses. (“*” indicates p<0.05)
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Figure 2. Associations of KIR2DL2+/C1+ status and KIR3DL1+/Bw4+ status with clinical 
outcome
Figure 2A – EFS; Figure 2B – OS: For immunotherapy patients, KIR2DL2+/C1+ (Line 1: 

solid-black line) were compared to not KIR2DL2+/C1+ (Line 2: dashed-black line). For 

isotretinoin patients, KIR2DL2+/C1+ (Line 3: solid-red line) were compared with those not 
KIR2DL2+/C1+ (Line 4: dashed-red line). In addition, comparisons by treatment group 

were performed. Figure 2C – EFS; Figure 2D – OS: For immunotherapy patients, those 

KIR3DL1+/Bw4+ (Line 1: solid-black line) were compared to those not KIR3DL1+/Bw4+ 

(Line 2: dashed-black line). For isotretinoin patients, KIR3DL1+/Bw4+ (Line 3: solid-red 

line) were compared with those not KIR3DL1+/Bw4+ (Line 4: dashed-red line). For 

KIR2DL2+/C1+ status, for both EFS and OS, the proportional hazards assumption was 

violated, so p-values are reported from the Cox model after adjustment by incorporating 

time-dependent covariates. For KIR3DL1+/Bw4+ status, both EFS and OS, the proportional 

hazards assumption was upheld, and p-values are reported from Cox regression analyses. 

(“*” indicates p<0.05; “**” indicates p<0.01)
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Figure 3. Associations of KIR2DL2+/C1+/KIR3DL1+/Bw4+ with clinical outcome
Figure 3A – EFS; Figure 3B – OS. For immunotherapy patients, KIR2DL2+/C1+/

KIR3DL1+/Bw4+ (solid-black line) were compared to those not KIR2DL2+/C1+/

KIR3DL1+/Bw4+ (dashed-black line). For isotretinoin patients, KIR2DL2+/C1+/

KIR3DL1+/Bw4+ (solid-red line) were compared with those not KIR2DL2+/C1+/

KIR3DL1+/Bw4+ (dashed-red line). In addition, comparisons by treatment group were 

performed. For both EFS and OS, the proportional hazards assumption was violated, so p-

values are reported from the Cox model after adjustment by incorporating time-dependent 

covariates. (“*” indicates p<0.05; “**” indicates p<0.01).
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