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INTRODUCTION

There has been significant progress in the field
of immunotherapy, within oncology, with recent
Food and Drug Administration approval of immu-
notherapeutics for metastatic melanoma and
non–small cell lung cancer and the advent of mul-
tiple immunotherapy clinical trials for primary and
metastatic adult brain tumors.1–4 These adult

immunotherapy studies have identified unique
responses in regard to treatment response het-
erogeneity (as characterized by pseudoprogres-
sion, delayed responses, therapy-induced
inflammation, and so forth) and resulting radio-
graphic challenges. As such, new guidelines
have been recently published by the iRANO
group to allow for refinement of response as-
sessment criteria for neuro-oncology patients
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KEY POINTS

� Peptide-based immunotherapy for pediatric brain tumors is associated with the presence of
treatment-related heterogeneity, including that of pseudoprogression.

� Conventional MR imaging has limitations in the assessment of treatment-related heterogeneity,
particularly regarding distinguishing true tumor progression from efficacious treatment responses.

� Advanced neuroimaging techniques, including diffusion magnetic resonance (MR), perfusion MR,
and MR spectroscopy (MRS), may add value in the assessment of treatment-related heterogeneity.

� Recent delineation of specific response criteria for immunotherapy of adult brain tumors (Immuno-
therapy Response Assessment in Neuro-Oncology [iRANO]) is likely to be relevant to the pediatric
population.
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receiving immunotherapy.4 These iRANO criteria
suggest that among adult patients who demon-
strate imaging findings meeting RANO (response
assessment in neuro-oncology) criteria for pro-
gressive disease within 6 months of initiating
immunotherapy, including the development of
new lesions, confirmation of radiographic pro-
gression on follow-up imaging is recommended
provided that the adult patient is not significantly
worse clinically.4

The authors’ institutions is currently engaged
in multiple peptide-based vaccine trials for
children with diffuse intrinsic pontine glioma
(DIPG), recurrent high-grade glioma, recurrent
low grade-glioma, and recurrent ependy-
moma,5–7 The authors have recently described
the occurrence of heterogeneous treatment
response (including pseudoprogression), which
has remarkable similarity with what has been
seen in some adult immunotherapy studies. The
purpose of this review article is to highlight the
authors’ initial experience with regard to the
emerging radiographic challenges related to het-
erogeneous treatment response, including that
of pseudoprogression, with the use of peptide-
based vaccine therapy in pediatric brain tumors.

The authors’ initial experience with some of the
advanced neuroimaging techniques, including
diffusion MR and MRS, is also described to
help address some of these radiographic
challenges.

CONVENTIONAL MR IMAGING

The authors have noted multiple forms of
treatment-related heterogeneity in different pilot
studies of peptide-based vaccine therapy for pedi-
atric brain tumors, particularly in DIPG, recurrent
supratentorial high-grade tumors, and recurrent
low-grade gliomas. Conventional MR imaging
supplemented with MRS, diffusion MR, and perfu-
sion MR was typically performed serially at regular
intervals depending on the specific protocol while
on the peptide-based vaccine therapy (Fig. 1)
(ie, every 6 weeks for newly diagnosed patients
receiving radiation). The different forms of
treatment-related heterogeneity that have resulted
in radiographic challenges include (1) pseudo-
progression, characterized by transient enlarge-
ment of the tumor with associated clinical
symptoms, recently published for the authors’
DIPG cohort (Fig. 2A) and recurrent low-grade

Fig. 1. Example of timing of MR imaging scans for new diagnosis of high-grade pediatric glioma treated with
radiation and serial peptide-based vaccine therapy. The time of conventional MR imaging during the course of
peptide-vaccine therapy for this particular stratum (A) of the vaccine study was approximately every 6 weeks after
initiation of therapy. Straum A of included new diagnosis of high-grade gliomas based on imaging (DIPG) or bi-
opsy and included initial radiotherapy followed by peptide-based vaccine. Note, additional time points of imag-
ing were obtained during clinical pseudoprogression. The timing of serial MR imaging was different for different
strata. Diffusion imaging was integrated with all conventional MR imaging scans. MRS and perfusion MR were
performed in conjunction with only certain conventional MR imaging scan for logistic reasons. HGG, high grade
glioma; i.m., intramuscular; PBMC, peripheral blood mononuclear cell; Q3W, every 3 weeks; RT, radiotherapy.
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