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Abstract

Purpose: Novel effective therapies are urgently needed in recurrent osteosarcoma. GD2 is 

expressed in human osteosarcoma tumors and cell lines. This study evaluated the disease 

control rate (DCR) in patients with recurrent osteosarcoma treated with the anti-GD2 antibody 

dinutuximab plus cytokine therapy as compared to historical outcomes.

Methods: AOST1421 was a single-arm phase 2 study for patients with recurrent pulmonary 

osteosarcoma in complete surgical remission. Patients received up to five cycles of dinutuximab 

(70mg/m2/cycle) with GM-CSF. Two different dinutuximab infusion schedules were studied: 

35mg/m2/day over 20 hours (2-day) and 17.5mg/m2/day over 10 hours (4-day). Primary end 

point was DCR, defined as proportion of patients event-free at 12 months from enrollment. The 

historical benchmark was 12-month DCR of 20% (95% CI 10–34%). Dinutuximab would be 

considered effective if ≥16/39 patients remained event-free. Secondary objectives included toxicity 

evaluation and pharmacokinetics (PK).

Results: Thirty-nine eligible patients were included in the outcome analysis. Dinutuximab did 

not demonstrate evidence of efficacy as 11/39 patients remained event-free for a DCR of 28.2% 

(95% CI 15–44.9%). One of 136 administered therapy cycles met criteria for unacceptable toxicity 

when a patient experienced sudden death of unknown cause. Other ≥ Grade 3 toxicities included 

pain, diarrhea, hypoxia and hypotension. PK parameters were similar in the two schedules.

Conclusions: The combination of dinutuximab with GM-CSF did not significantly improve 

DCR in recurrent osteosarcoma. Dinutuximab toxicity and PK in adolescent and young adult 

osteosarcoma patients were similar to younger patients. Other strategies for targeting GD2 in 

osteosarcoma are being developed.

Keywords

Dinutuximab; recurrent osteosarcoma; GD2

INTRODUCTION

Treatment of patients with recurrent osteosarcoma remains challenging with very few 

effective therapeutic options available. A subset of patients with relapsed disease achieves 

subsequent surgical remission, but the majority of these patients will nevertheless relapse 

with a poor overall survival (OS). The main predictors of survival after osteosarcoma 

recurrence include the time to first recurrence, number of prior recurrences, disease burden 

and ability to achieve complete surgical remission (CR) after recurrence. Five-year OS for 
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patients who are able to achieve second CR is reported at 39% versus 0% for patients who 

do not. Further, both event-free survival (EFS) and OS continue to decline rapidly after each 

subsequent recurrence (1), (2). Therefore, identification of novel effective therapies in this 

disease is an urgent need.

The disialoganglioside GD2 is a rational target in osteosarcoma. GD2 is expressed in 

>95% osteosarcoma tumors and cell lines (3,4). Prior experience from neuroblastoma 

clinical trials showed that the anti-GD2 antibody dinutuximab combined with cytokine 

therapy significantly improves outcomes in the setting of minimal residual disease (5). 

In neuroblastoma trials, dinutuximab has typically been administered at 17.5mg/m2/day 

for four days over a minimum of 10 hours each day with a cumulative dose of 

70mg/m2/cycle (4-day schedule). Neuropathic pain is a frequent and major adverse effect 

associated with dinutuximab infusion necessitating hospitalization for continuous opiate 

administration. Modeling data using simulations in fourteen neuroblastoma patients with 

different administration schedules of dinutuximab with the same total dose per cycle 

showed no difference in the overall area under the curve (AUC) with a 48-hour infusion 

cycle, suggesting that this schedule of administration should not impact the efficacy 

of dinutuximab (6). Since minimizing hospital time is desirable in an older adolescent 

osteosarcoma patient population, an alternative shorter 2-day infusion schedule was used in 

this study with the same overall total dose per cycle.

To evaluate the efficacy of novel agents expeditiously in this rare disease, the Bone Tumor 

Committee of Children’s Oncology Group (COG) undertook a retrospective analysis of all 

osteosarcoma patients enrolled in prior Phase 2 trials conducted within the COG. The goal 

of this analysis was to characterize the median progression-free survival (PFS) of recurrent 

osteosarcoma patients to identify criteria for efficacy that were supported by prospectively 

collected data. This analysis estimated that 12-month PFS was 20% (CI 10–34%) for 

patients who were able to achieve a surgical CR (7). These data have since been used as 

the historic efficacy standard for a series of COG Phase 2 trials in recurrent osteosarcoma 

including AOST1321 and the current study AOST1421. This benchmark has allowed for 

trials testing novel agents with rapid accrual of small numbers of patients to detect an 

efficacy signal that would then provide justification for a larger Phase 3 study.

In this context, we conducted the single arm phase 2 trial (NCT02484443) to evaluate 

disease control rate (DCR) in patients with recurrent osteosarcoma, who achieved a pre-

enrollment complete resection, when treated with dinutuximab plus cytokine therapy as 

compared to our historical benchmark experience. We evaluated a novel infusion schedule 

and focused on patients in a minimal residual disease state.

PATIENTS AND METHODS

Patient Population and Eligibility

Patients with recurrent osteosarcoma between the ages of 0–30 years who had isolated 

pulmonary recurrence and were able to achieve a CR within 4 weeks prior to enrollment 

were eligible for the study. Other key eligibility criteria included an ECOG performance 

score of 0, 1 or 2 and adequate organ function requirements as defined in the protocol. Key 
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exclusion criteria included a history of bone metastases or any concurrent extra-pulmonary 

metastases, primary refractory disease which progressed on upfront therapy, any prior GD2-

based therapy or known allergy to protocol drugs and pregnancy or breastfeeding.

The study was open to enrollment groupwide in the COG. The National Cancer Institute’s 

Central Institutional Review Board approved this study. All patients or their legal 

representatives signed informed consent and assent (as per local institutional policy) prior to 

enrollment.

Study Design

This was a single arm Phase 2 study of dinutuximab in combination with GM-CSF in 

patients with pulmonary recurrence of osteosarcoma. Patients were enrolled after complete 

surgical resection of disease and received five 28-day cycles of protocol therapy unless they 

progressed on therapy or experienced unacceptable toxicity.

The study schema is shown in Figure 1a. All patients received GM- CSF on days 1–14 

subcutaneously at 250mcg/m2/day (max dose 500mcg/day). At study inception, a shorter 

experimental schedule of dinutuximab infusion was administered. While the total dose per 

cycle (70mg/m2) was identical to that used in neuroblastoma, dinutuximab was infused over 

2 days as a 20-hour infusion each day on days 4 and 5 (35mg/m2/day in this 2-day schedule) 

in contrast to the 4-day schedule. The administration schedule was changed to a 4-day 

schedule (17.5mg/m2/day) after the first 32 patients were enrolled due to a grade 5 adverse 

event of sudden death of a patient on protocol therapy. The last 9 patients on study received 

dinutuximab on this 4-day schedule.

Endpoints

Primary Endpoint: Patients had disease evaluations at baseline, following cycle 2 and 5 

and then at 8 and 12 months from start of therapy. The primary endpoint was occurrence of 

an event which was defined as (1) disease progression - appearance of new lesions as per 

RECISTv1.1 (8); (2) diagnosis of a second malignant neoplasm; or (3) death regardless of 

cause. A patient who did not experience any of these three events in the 12-month interval 

after enrollment was considered to have experienced a disease control success (DCS). All 

other eligible patients were considered not to have experienced DCS. Patients who were not 

eligible could be replaced to fulfill the design criteria.

Secondary Endpoints: Toxicities were graded according to CTCAEv4.0. Protocol-

defined unacceptable toxicities (UT) included: anaphylaxis; unexpected death on protocol 

therapy or within 30 days of last dose of protocol therapy not related to disease progression; 

grade ≥ 4 allergic reaction, capillary leak syndrome, pain requiring narcotics/lidocaine AND 

persisting ≥ 4 days after the end of ch14.18 (dinutuximab) infusion; or grade ≥ 3 peripheral 

motor neuropathy for ≥ 2 weeks duration.

Dinutuximab concentrations were measured in plasma on days 4 and 7 of cycle 1 

dinutuximab infusion and prior to start of cycle 2 infusion. Samples were analyzed 

using a validated electrochemiluminescence method at BioAgilytix Labs, Durham, NC, as 

previously published (9).
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Exploratory Endpoints: Several biological correlates that might potentially impact 

the response to immunocytokine therapy were explored in our study. These include 

development of human anti-chimeric antibodies (HACA) and presence of specific FcγR 

gene polymorphisms and natural killer cell isoforms. Given the small number of patients 

enrolled in this study, these analyses were exploratory.

Since dinutuximab is a human-mouse chimeric antibody, patients can develop potentially 

neutralizing human anti-chimeric antibodies (HACA). In neuroblastoma patients, 

dinutuximab is typically administered in an adjuvant setting after patients have received 

high dose chemotherapy followed by autologous stem cell transplant. These patients are 

frequently immunosuppressed and therefore the rate of developing HACA is low. The 

risk of developing HACA in our more immunocompetent study population was unknown. 

Therefore, we collected blood samples prior to start of each cycle to assess HACA titers in 

all patients. This analysis was performed using a validated electro chemiluminescent method 

(Bioagilytix Labs, Durham, NC). A 3-step process of screening assay, confirmatory assay 

and titration assay was utilized, as previously published (9).

FcγR gene polymorphisms can affect the immune cells’ ability to mediate antibody-

dependent cytotoxicity by affecting the affinity of IgG for the FcγR (10). In neuroblastoma 

patients receiving immunocytokine therapy (hu14.18-IL2), a trend towards higher response 

rate was seen in patients with FcγR2A 131-H/H genotype (p=0.06). Therefore, we explored 

the different FcγR genotypes to evaluate any potential correlation with outcome. FcγR 

genotypes were determined at polymorphic codon 158 of FcγRIIIA (FCGR3A, rs396991) 

and codon 131 of FcγRIIA (FCGR2A, rs1801274) via selective gene amplification, 

purification and direct sequence analysis, as described previously (11).

Natural killer cells play an important role in response to immunocytokine therapy. In 

patients with GIST and neuroblastoma, an immunosuppressive natural killer cell isoform, 

NKp30C is associated with worse prognosis (12,13). We performed natural cytotoxicity 

receptor 3 (NCR3, rs986475) genotyping and isoform prediction using both DNA and RNA. 

Isoform quantifications were performed by real-time PCR using NKp30 and B2M primers 

as previously described (12). The relative quantity of each isoform was measured as a 

percentage of the total of the A, B, and C isoforms. Patients were characterized as harboring 

an immunosuppressive profile when the immunosuppressive isoform C (which is usually 

<10% of total isoform population) was ≥25%.

Statistical Analysis

Primary Objective: The primary objective of the study was to compare DCR at 12 

months in patients with completely resected pulmonary metastatic osteosarcoma, with a 

benchmark developed by Lagmay et al (7). Since that analysis demonstrated that the upper 

95% confidence bound for the 12-month EFS probability to be approximately 30%, the null 

hypothesis for this study was a disease control response (DCR) probability ≤ 30%. We were 

to enroll 39 eligible patients. If 15 or fewer patients experienced DCS, we would conclude 

that dinutuxumab did not offer sufficient disease control to warrant further study; otherwise, 

we would consider dinutuxumab for further study. If the true DCR probability is 30%, the 

therapy would not be considered for further development with probability 0.91. If the true 
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DCR is 50%, the therapy would be considered for further development with probability 

0.90.

Secondary Objectives:

PK evaluation:  PK parameters such as volume of distribution, clearance, half-life (t1/2 

α and t1/2 β), area under the curve (AUC) and maximum plasma concentration (Cmax) 

were calculated for each schedule of administration. Equality of the median of those six PK 

parameters across the two schedules was tested using the Kruskal-Wallis test (14).

Toxicity evaluation:  The analytic unit for UT monitoring was each patient-cycle. Any 

cycle in which the patient received at least 85% of planned protocol therapy, or in which 

a UT is observed was considered as a UT-evaluable cycle. If no UT was observed in an 

evaluable cycle, the cycle was considered free of a toxicity event; otherwise, the cycle had a 

toxicity event. We used a Bayesian rule to monitor for excessive toxicity. We assumed a beta 

prior distribution with α=0.4 and β=1.6 for the UT probability. The posterior probability 

of the chance of UT exceeded 30% was calculated monthly. If this posterior probability 

exceeded 80%, the COG Data and Safety Monitoring Committee was to be notified and a 

plan for possible dose modification developed.

The maximum grade of each adverse event in the NCI CTCAE version 4 that was grade 3, 

4 or 5 that was experienced by each individual while on protocol therapy was determined. 

These maximum grades were tabulated according to regimen received. The p-value from the 

exact conditional test of equality of proportion of patients with the particular toxicity when 

comparing the two dosing regimens was calculated. In order to control the false discovery 

rate at 5%, we used the Bonferroni correction. We identified a difference in the rate of any 

particular toxicity as significant only if the exact conditional p-value was 0.00625 (=0.05/8) 

or less.

Exploratory Objectives: The determination of HACA positivity in this study 

corresponds to that used for a recent COG neuroblastoma trial using dinutuximab (9). 

Briefly, patients were considered HACA evaluable if they had at least one sample available 

for analysis after cycle 1, day 4 (C1D4). Any patient with a confirmed HACA titer of >100 

ng/ mL (prior studies determined this cutoff to be clinically meaningful) any time after 

C1D4 was deemed as HACA positive; the remaining were considered HACA negative. Time 

to development of HACA was assessed for evaluable patients with serial samples available.

FcγR gene polymorphisms and the presence of NKp30 isoform were categorized only for 

eligible patients with evaluable specimens. The association between DCS category and the 

biological measures noted above was assessed using the exact conditional methods.

For secondary and exploratory outcomes, a P-value of 0.05 or less were considered 

indicative of a significant association.
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RESULTS

Patient Characteristics

AOST1421 enrolled 41 patients between November 2015 and August 2018. Data current 

to 31 December 2020 were used for this analysis. Accrual rate was greater than expected 

(2.1 patients vs. 1.6 patients per month). Two patients were ineligible, leaving 39 eligible 

and evaluable patients for this analysis. Figure 1b summarizes the allocation of treatment 

and disposition status of the patients enrolled on this study. Table 1 lists the patient 

characteristics of these 39 patients and compared by two infusion schedules. Median age 

was 15 years (range: 7 to 26 years). The majority of patients (74%) were non-metastatic at 

their initial diagnosis and 72% were in their first recurrence.

Disease Control Rate

For the primary outcome, DCR, 28 of 39 patients experienced an event within 12 months 

for a DCR of 28.2% (95% CI 15–44.9%). One event was sudden death of unknown cause 

and the remaining events were incidents of disease progression. The EFS at 12 months was 

28.2% (95% CI: 15.3–42.7%) and OS was 88% (95% CI: 72.9–95%) (Figure 2). All 11 

patients with DCS were patients in their first recurrence and the 12-month EFS for the 28 

patients with first recurrence was 39.3% (95% CI 21.7–56.5%; Table 2). The DCR was not 

significantly related to dinutuximab infusion schedule (Table 2).

Adverse Effects

One of 136 administered therapy cycles met criteria for UT when a patient receiving the 2-

day schedule died after cycle 2 of infusion due to an unknown cause, attributed as probably 

related to protocol therapy. The patient completed 2-day infusion of dinutuximab without 

serious adverse events and was discharged home. He died in his sleep that night at home. 

Despite extensive review of the medical records, no cause of death could be determined, 

and the family declined autopsy. Since the patient received the 2-day experimental infusion 

schedule, the study was paused and the protocol was amended to allow only the standard 

4-day schedule. Three patients who were on protocol therapy at this time were taken off 

therapy prematurely. No further grade 5 events occurred in the subsequent nine patients 

enrolled on study. Other ≥ Grade 3 toxicities occurring in > 10 % participants were known 

dinutuximab toxicities such as pain, diarrhea, hypoxia and hypotension. Table 3 summarizes 

these common adverse events. Of note, 23/30 patients in the 2-day schedule did not 

experience any Grade 3–5 toxicities as compared to 100% of patients in the 4-day schedule 

experiencing at least one Grade 3–4 toxicity. Abdominal pain (56% vs. 10%) and hypoxia 

(44% vs. 23%) were more common in the 4-day schedule vs. the 2-day schedule. None of 

the differences in rates were considered significant after controlling the false discovery rate 

at 5%.

Pharmacokinetics Parameters

PK data were available on 20 patients with the 2-day schedule and 9 patients with the 4-day 

schedule. Table 4 summarizes the PK parameters for patients in each infusion schedule and 

for the overall cohort. Volume of distribution (V1), clearance (CL), t 1/2 alpha and t1/2 beta 
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were not statistically different according to the criteria described above. The 4-day schedule 

demonstrated significantly greater AUC0−∞ and significantly smaller Cmax when compared 

with the 2-day schedule.

Development of HACA

Assessment of HACA was mandatory on this study and results were available for 36/39 

patients (no samples were received on the remaining 3 patients for analysis). Of these 36 

patients, 30 were evaluable as previously defined. The majority (17/30; 57%) of patients 

developed HACA after exposure to dinutuximab while 13/30 (43%) remained HACA 

negative. Of the 17 HACA + patients, 15 were evaluable for the course when HACA first 

developed; 11 (73%) developed HACA before the end of course 2 and 4 (24%) developed 

HACA from course 3 onwards.

NKp30 isoform and FcγR Analysis

No significant associations between DCR and any quantification of NKp30 isoform or FcγR 

were identified (Table 2).

DISCUSSION

While dinutuximab in combination with GM-CSF did not meet the design efficacy criteria 

for 12-month DCR in patients with completely resected recurrent osteosarcoma, there are 

several key takeaways from our study. First, there remains a tremendous need for novel 

therapies in patients with recurrent osteosarcoma as demonstrated by faster than expected 

accrual in our study even with concurrent accrual to another trial within COG (AOST1321) 

for the same patient population. Second, our current phase 2 trial design using a benchmark 

approach remains a highly effective and efficient mechanism to discern signal of activity 

of novel agents in patients. Using this approach, we confirmed that our study showed a 

definite lack of activity. An updated analysis of EFS outcomes in three recent COG trials 

for patients with measurable disease at enrollment (AOST1322, AOST1321 cohort 1 and 

AOST1521) as well as two trials for patients with CR at enrollment (AOST1321 cohort 

2, AOST1421) suggests that the previously established historical benchmarks for outcomes 

have not changed with time and can continue to be used in these screening studies in the 

future (15,16). However, some refinement may be needed in future trials for patients in 

first recurrence based on our data in those patients. Third, pharmacokinetic parameters of 

dinutuximab in adolescent and young adult patients with osteosarcoma are similar to those 

seen in younger patients with neuroblastoma (17). Our data show that AUC and Cmax were 

affected by duration of infusion in contrast to the simulated data in neuroblastoma patients. 

Consistent with previous reports in neuroblastoma trials (18,19), most patients who were to 

develop HACA did so early on in therapy by the end of cycle 2. This suggests that duration 

of therapy is likely not a significant factor in HACA development but rather an inherent 

propensity of the host. The overall rate of HACA positivity in this patient population was 

higher than that reported in neuroblastoma patients where it is rarely seen, likely due to a 

more immunocompromised state when dinutuximab is administered after autologous stem 

cell transplant (11).
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In this study we also attempted to determine if some of the known predictors of 

response to immunotherapy in neuroblastoma such as NKp30 isoforms and FcγR genotype 

affinities would predict response in osteosarcoma. NKp30 isoform C is associated with 

an immunoinhibitory effect and hypothesized to be associated with a poor response to 

immunotherapy whereas AB isoform is immunostimulatory. Similarly, high affinity of FcγR 

genotypes 2A and 3A is predicted to be associated with good response to immunotherapy 

while low affinity is associated with poor response (20). In our cohort, no difference in DCS 

was seen based on these biological markers.

In addition, apart from the one sudden unexpected death of unknown cause in a patient 

receiving the 2-day infusion schedule, this shorter infusion schedule was well tolerated 

in the majority of patients and some adverse effects such as abdominal pain and hypoxia 

tended to be less severe in this group. These data may provide the basis for designing future 

trials with dinutuximab in adolescent and young adult cancer patients.

Previous studies have suggested that GD2 is expressed in majority of osteosarcoma patient 

tumors in diagnostic, metastatic as well as recurrent disease but degree of expression can 

be variable (21). Based on these data, presence of GD2 expression was not a required 

eligibility criterion in our study. Instead, one of the proposed objectives of the study was 

to evaluate GD2 expression in tumor material retrospectively and correlate with clinical 

outcome. However, this aim could not be completed as proposed as it was not possible 

to develop a validated test to determine GD2 expression in formalin-fixed tissues with the 

current available antibodies. One of the specific challenges in osteosarcoma specimens is the 

need to decalcify tissues which can hamper the immunohistochemical staining of proteins. 

In addition, significant variability exists in institutional protocols for decalcification. Our 

inability to complete this objective in this study was one of the limiting factors to determine 

the role of degree of GD2 expression in dinutuximab efficacy. Future studies should take this 

into consideration and collect fresh frozen tissue or touch preparation of the tumor tissue for 

GD2 evaluation. The other limitation of our study was that while all of our DCS patients 

were those with first recurrence, due to small numbers we could not definitively ascertain 

whether dinutuximab is more efficacious in patients with first recurrence or whether this was 

due to the natural history of the disease. It may be prudent to consider enrolling a larger 

cohort of patients in first recurrence in future trials with dinutuximab.

Despite the fact that GD2 is highly expressed on the osteosarcoma cell surface, dinutuximab 

as a monotherapy was not adequate to improve outcome in relapsed patients. This is likely 

not a reflection of the target but instead the mechanism of anti-tumor activity of dinuximab 

(antibody-dependent complement mediated cytotoxicity) being not sufficient. Therefore, 

novel approaches are being developed to enhance efficacy of anti-GD2 antibodies. A 

combination of anti-CD47 antibody with dinutuximab in OS xenografts showed significant 

tumor growth delay in osteosarcoma xenografts as well as decrease in metastatic burden 

in a pulmonary metastatic model whereas single agent anti-GD2 or anti-CD47 had no 

anti-tumor effects. The investigators hypothesized that GD2 is a macrophage checkpoint 

capable of inhibiting tumor cell phagocytosis (22). This combination is now being 

evaluated in a clinical trial for recurrent osteosarcoma. Similarly, GD2-based CAR T 

cell therapy is also being studied in patients with recurrent osteosarcoma (NCT04539366; 
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NCT03373097). Another strategy being investigated is an anti-CD3 x anti-GD2 bispecific 

antibody (NCT02173093) with the rationale that the simultaneous recruitment of T-cells 

using anti-CD3 would significantly enhance the tumor kill effect of anti-GD2 antibody. In 

addition, chemoimmunotherapy combining irinotecan and temozolomide with dinutuximab 

has shown pronounced activity in neuroblastoma and combination of dinutuximab with 

chemotherapy may similarly warrant evaluation in osteosarcoma (23,24). In summary, data 

from our initial dedicated study of dinutuximab in osteosarcoma will inform future trials 

with dinutuximab in patients with osteosarcoma.
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HIGHLIGHTS

1. GD2 is expressed in most osteosarcoma tumors and cell lines.

2. Dinutuximab with GM-CSF in patients with recurrent osteosarcoma was 

evaluated.

3. Dinutuximab failed to improve 12-month disease control rate in these 

patients.

4. Study provides safety and PK of dinutuximab in adolescent & young adults 

patients.

5. Novel therapeutics to target GD2 are being evaluated.
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Figure 1a: 
Study design schema for AOST1421
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Figure 1b: 
CONSORT diagram showing patient allocation and disposition
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Figure 2: 
Kaplan-Meier estimates of event-free and overall survival in 39 patients with relapsed 

osteosarcoma treated with dinutuximab after complete surgical resection of recurrent 

disease.
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Table 1:

Characteristics of 39 eligible and evaluable patients (by dinutuximab infusion schedule and total)

2-day schedule (N=30) 4 –day schedule (N=9) All (N=39)

Number Percent Number Percent Number Percent

Age at enrollment

<21 years 25 83% 8 89% 33 85%

21+ 5 17% 1 11% 6 15%

Sex

Male 18 60% 4 44% 22 56%

Female 12 40% 5 56% 17 44%

Race

White 21 70% 6 67% 27 69%

Black 3 10% 1 11% 4 10%

Other 1 3% 2 22% 3 8%

Unknown/not reported 5 17% 0 0% 5 13%

Metastatic disease at initial diagnosis

Yes 9 30% 1 11% 10 26%

No 21 70% 8 89% 29 74%

Number of recurrences prior to enrollment

1 21 70% 7 78% 28 72%

2 9 30% 2 22% 11 28%
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Table 2:

Disease control success (DCS) rates by clinical, treatment, and biomarker parameters

Disease Control Response (DCR)

Total

Fisher’s exact p-value
1

Yes No

n (%) n (%) n

Dinutuximab Infusion schedule

7 (23) 23 (77) 30

0.238

2-day schedule

4-day schedule 4 (44) 5 (56) 9

Age less than or 21 or greater at enrollment

9 (27) 24 (73) 33

1.000

No

Yes 2 (33) 4 (67) 6

Sex

4 (18) 18 (82) 22

0.158

Male

Female 7 (41) 10 (59) 17

Race

7 (26) 20 (74) 27

0.323

White

Black 1 (25) 3 (75) 4

Other 2 (67) 1 (33) 3

Unknown/ Not Reported 1 4 5

Ethnicity

4 (44) 5 (56) 9

0.393

Hispanic or Latino

Not Hispanic or Latino 6 (23) 20 (77) 26

Unknown/ Not Reported 1 3 4

Metastatic disease at initial diagnosis.

9 (31) 20 (69) 29

0.693

No

Yes 2 (20) 8 (80) 10

Number of recurrences prior to enrollment.

11 (39) 17 (61) 28

0.017

1

2 0 11 (100) 11

NKp30 isoform Final

6 (25) 18 (75) 24

0.232

AB

C 5 (50) 5 (50) 10

no data 0 5 5

FCGR2A

5 (24) 16 (76) 21

0.681

high

low 4 (36) 7 (64) 11

no data 2 5 7

FCGR3A

6 (40) 9 (60) 15

0.448

high

low 4 (22) 14 (78) 18
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Disease Control Response (DCR)

Total

Fisher’s exact p-value
1

Yes No

n (%) n (%) n

no data 1 5 6

Siebert, Fc affinity profile (20)

3 (33) 6 (67) 9

0.685

high

low 6 (26) 17 (74) 23

no data 2 5 7

1:
Excluding categories Unknown / Not reported or no data.
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Table 3:

Grade 3–5 Adverse Events Observed by Infusion Schedule: one grade 5 event of sudden death seen in 2-day 

schedule; 23% of patients in 2-day schedule had no Grade 3–5 events

Organ systems, Toxicity Type

Dosing Schedule
1

2-day schedule (N=30) 4-day schedule (N=9)

n Percent n Percent

None 7 (23)

Gastrointestinal disorders Abdominal pain 3 (10) 5 (56)

Diarrhea 3 (10) 1 (11)

Nausea 1 (3.3)

Vomiting 2 (6.7)

Vascular disorders Hypotension 8 (27) 2 (22)

Respiratory, thoracic and mediastinal disorders Hypoxia 7 (23) 4 (44)

General disorders and administration site conditions Pain 5 (17) 2 (22)

Sudden death NOS 1 (3.3)

1
None of the comparisons between the two schedules of the rates of specific toxicity were significant at the 0.05 level after the Bonferroni 

correction was applied.
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Table 4:

PK Parameters by Infusion Schedule

4-day schedule
(N=9)

2-day schedule
(N=20)

Overall
(N=29) Test p-value Median*

BSA (m 2 )

 Mean (SD) 1.59 (0.331) 1.82 (0.317) 1.75 (0.333)

 Median [Min, Max] 1.65 [0.860, 2.04] 1.79 [1.31, 2.39] 1.70 [0.860, 2.39]

Delivered Dose (mg)

Mean (SD) 111 (23.2) 120 (29.4) 118 (27.5)

Median [Min, Max] 116 [60.0, 143] 119 [55.0, 169] 116 [55.0, 169]

CL (L/Day/m 2 )

 Mean (SD) 0.746 (0.0537) 0.852 (0.153) 0.819 (0.139)

 Median [Min, Max] 0.729 [0.693, 0.829] 0.792 [0.666, 1.27] 0.788 [0.666, 1.27] 0.053

V1 (L/m 2 )

 Mean (SD) 1.58 (0.320) 2.43 (1.41) 2.17 (1.24)

 Median [Min, Max] 1.46 [1.27, 2.09] 1.84 [1.13, 6.84] 1.81 [1.13, 6.84] 0.053

T1/2 Alpha (days)

 Mean (SD) 0.720 (0.106) 0.946 (0.339) 0.876 (0.304)

 Median [Min, Max] 0.684 [0.615, 0.885] 0.810 [0.566, 1.89] 0.800 [0.566, 1.89] 0.053

T1/2 Beta (days)

 Mean (SD) 7.62 (0.138) 7.48 (0.162) 7.53 (0.165)

 Median [Min, Max] 7.65 [7.42, 7.76] 7.49 [7.25, 7.86] 7.50 [7.25, 7.86] 0.059

AUC (mg*hr/L)

 Mean (SD) 2261 (158) 1911 (419) 2019 (392)

 Median [Min, Max] 2304 [2027, 2440] 2038 [904, 2514] 2136 [904, 2514] 0.018

Cmax (mg/L)

 Mean (SD) 14.5 (2.54) 19.7 (5.74) 18.1 (5.51)

 Median [Min, Max] 13.6 [11.7, 19.3] 21.3 [7.58, 26.3] 18.4 [7.58, 26.3] 0.010

*
Kruskal-Wallis test with a null hypothesis that medians by dose schedule are equal.
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