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Abstract

We evaluated the peptide-specific immunoglobulin G (IgG) response and the safety of the personalized peptide vaccine in four

children with refractory solid cancer. Although the pre-vaccination IgG responses were suppressed compared to those observed

in children with upper respiratory tract infection, IgG levels against the vaccinated peptides after 12 times vaccination increased

in all the three cases tested. Vaccination-related adverse effects were grade 1 injection-site local skin lesions. One patient had

maintained remission for 37 months. The remaining three patients exhibited progressive disease. These results indicate the

next steps in phase II studies considering their immune boosting effect and safety.

Introduction

Recent advances in pediatric multidisciplinary cancer therapy have resulted in long-term survival and full
recovery in most patients.1,2 However, this impressive advancement is associated with late adverse effects
owing to repeated intense treatments needed to achieve these results. One of the effects is the suppression
of immune responses, which might in turn result in early recurrence3,4 or the development of secondary
cancers. We developed a new approach for cancer immunotherapy, i.e., a personalized peptide vaccine
(PPV), wherein peptides are selected from 31 different peptide candidates for individual patients on the
basis of their secondary immune responses5-7. The PPV resulted in a longer overall survival (OS) in some
patients with advanced adult cancers, as observed in phase II studies.8,9 Humoral responses against these 31
peptides—encoded by 15 different tumor-associated antigens—are detectable in healthy donors and cancer
patients, and these levels were biomarkers for OS in not only vaccinated patients but also unvaccinated
patients with advanced cancer.10,11 However, little is known about the immunological features of patients
with refractory childhood cancer considering the tumor immunology, partly owing to the lack of an affordable
assay system to measure the preexisting antitumor immunity. Accordingly, we conducted the current early
phase II clinical study for patients with refractory childhood cancer to evaluate the possible application of
the PPV as a new immunotherapy modality.

Methods

We conducted the current early phase II study of the PPV in children diagnosed with refractory solid cancer.
The details of the protocol are given in Supplemental Appendix A1. The patient profiles are presented in
Table 1. Four patients with pediatric sarcoma (alveolar rhabdomyosarcoma [ARMS], osteosarcoma, alveolar
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small cell tumor, and Wilms tumor, respectively) were enrolled in this study between October 2016 and
March 2017. The safety profile was assessed by monitoring the occurrence of adverse events according to the
National Cancer Institute Common Terminology Criteria for Adverse Events (version 4.0). For measuring
the IgG responses to 31 peptides, IgG titers specific to the antigen peptides in the plasma were evaluated
by using a bead-based multiplex Luminex assay, as previously described.5-12 We adopted “Fluorescence
Intensity Unit (FIU)” for measuring peptide-specific IgG response associated with personalized vaccine.
Komatsu reported the comparison between the IgG measured by ELISA and FIU12. The total sums of
the immunoglobulins specific to each peptide were calculated. The protocol was approved by the Kurume
University Ethical Committee and registered in the UMIN Clinical Trials registry (UMIN # 000030249).
The patient caregivers were given a full explanation of the protocol and provided informed consent before
enrollment.

Statistical analysis

The 2-fold Wilcoxon test was used to examine the differences between young and adult patients with cancer
and healthy controls.P -values <.05 were considered statistically significant.

Results

Although all the four patients showed grade 1 erythema or induration at the injection sites, none of them
showed any other severe PPV-related adverse effects. The patients received the PPV a total of 22, 12, 12,
and 7 times, respectively (Table 1). One patient (Case 1), who received the PPV alone, had a stage IV
right sacrum-origin ARMS with lymph node metastasis (Figs. 1A and 1B). His tumor relapsed in the right
kidney 12 months after the initial multidisciplinary therapy (Fig. 1C). After the completion of secondary
chemotherapy, the patient visited our institute at the age of 5 years (2 months after the final chemotherapy)
and was disease-free (Fig. 1D). He was administered the PPV alone 22 times for 22 months, and he has
not shown any relapse 37 months since the PPV administration (Fig. 1E). Informed consent for using all
these photographs was properly documented and obtained from the patient caregivers. The pre-vaccination
immune response against the 31 peptide candidates in this patient was very low, but IgG levels against 2
of the 4 peptide vaccines were increased at the time of the 6th vaccination, followed by a strong increase at
the 18th vaccination against all 4 peptides with a >100-fold increase vs. 2 peptides. Moreover, these higher
IgG levels were maintained for nearly 12 months after the last vaccination (Fig. 1F). The remaining three
cases (Cases 2, 3, and 4) had active tumors at the time of study enrollment, and had received chemotherapy
combined with the PPV for 18, 9, and 6 months, respectively (Table 1). IgG boosting was observed in the
post-vaccination plasma sample of all the three cases (cases 1 to 3) at the 12th vaccination, but not at the
6thvaccination from Case 4 who did not receive the 7thvaccination owing to disease progression (Supplemental
Table 2).

To better understand the immunological features of these four cases, their pre-vaccination IgG responses
against the 31 peptides were compared to those of seven pediatric patients (age: 1–2 years) with upper
respiratory tract infection (URI). IgG responses were detectable for only parts of the 31 peptides in the
former cases, with total sums of 270, 670, 203, and 596 FIU (Supplemental Table 2), whereas they were
detectable for the vast majority of 31 peptides in the pediatric URI cases with total sums of 605, 1148,
860, 2053, 7378, 2268, and 5983, respectively (Supplemental Table 3). Subsequently, the total sum of the
pre-vaccination IgG levels against 31 the peptides in the pre- or post-vaccination plasma samples of the four
children was significantly lower (p=0.01) or higher (p>0.01) than that of the seven pediatric patients with
URI, respectively (Fig. 1G).

Discussion

The results of the current early phase II study showed that pre-vaccination IgG levels against 31 peptide
vaccine candidates in patients with relapsed childhood cancer were suppressed when compared with the URI
group. This immunosuppression could be partly owing to adverse effects associated with repeated intensive
treatments for relapsed childhood cancer. However, these suppressed immunological features were not only
cancelled but rather strongly boosted by administering the PPV. This finding should be confirmed in a
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large-scale PPV study of childhood cancer with age-matched controls.

We treated only four patients using the PPV; hence, it is impossible to discuss or evaluate the clinical
benefits of the PPV for childhood cancer. However, these findings might be useful for better designing the
next step of the trial. Only one patient achieved long-term remission. The other three cases showed disease
progression, regardless of the enhancement in the level of IgG antibodies to the vaccinated peptides in cases
2 and 3. Therefore, patients in remission, but not those with active metastatic tumors, might be more
appropriate as candidates for PPV therapy.

Regarding case 1 that was successfully treated with the PPV, rhabdomyosarcoma is the most common soft
tissue sarcoma in children, comprising 3.5% of cases among children aged 0–14 years.13 A higher relapse
rate (up to 50%) was one of the features of ARMS.14-16 Furthermore, patients with ARMS with metastasis,
similar to the patient reported herein, were reported to have dismal OS.17,18 The results of the current
study suggest that the PPV has some consolidation effect on childhood solid tumors when the tumor is
controlled at the time of entry, in agreement with the results of the effects of the WT1 peptide vaccination
in five cases.19 Collectively, these results help in planning the next step of the phase II study of the PPV
considering the immune boosting effect and safety.
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Figure Legends

Figure 1. A–E, Computed tomography (CT) scans and their date of examination.

A, Original tumor site. B, Metastasis to the peritoneal lymph node. C, Relapsed site (right kidney).D, CT
findings before vaccination (no tumor). E, The latest CT findings (no tumor). Arrows indicate the location
of the tumors. F, Immune response for vaccinated peptides. Arrows indicate the day of vaccination. “20XX”
is the year of the first disease onset. G, Statistical analysis with the 2-fold Wilcoxon test.

Table 1: Abbreviation; VAC: vincristine, actinomycin D, cyclophosphamide chemotherapy, ICE: Ifosphamide,
Carboplatin, Etoposide chemotherapy, IMRT: Intensity modulated radiation therapy, DXR: doxorubicin,
MTX: methotrexate, IFO: ifosphamide, CDDP: cisplatinum, VDC: vincristine, doxorubicin, cyclophos-
phamide chemotherapy, IE: ifosphamide, etoposide chemotherapy, DD4A: d-actinomycin, doxorubicin, vin-
cristine chemotherapy, PTK: Protein tyrosine kinases, TMZ: temozolomide, SD: stable disease, PD: progres-
sive disease, OS: overall survival

Supplemental table 1: a: A3family, HLA-A3, A11, A31, and A33

Abbreviation: HLA, human leukocyte antgen ; TAA, tumor associated antigen

Supplemental table 2: Bold number indicated the selected peptide for vaccination
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A B C D E

201X. June-4
Disease onset

201X. Oct-2
1st Metastasis

201X+2. Feb-23 
Relapse

201X+3 Jan-24
Before vaccination

201X+6. Jan-28
After vaccination

Figure 1
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