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First report of tumor treating fields use
in combination with bevacizumab in a
pediatric patient: a case report

Daniel O'Connell*!, Violet Shen', William Loudon' & Daniela A Bota'

Practice points

e Although only representing 15-20% of pediatric CNS tumors, 70-90% of children with high-grade glioma are dead
within 2 years of diagnosis.

e Given the unclear nature of temozolomide in the treatment of pediatric high-grade glioma, the need for further
studies both using and not using temozolomide in conjunction with an alternative regimen such as tumor treating
fields (TTF) becomes apparent.

e TTF involve intermediate-frequency, low-intensity alternating electrical fields that selectively kill or arrest the growth
of rapidly dividing cancer cells during mitosis.

e Inthe adult population, significantly prolonged progression-free and overall survival in glioblastoma patients who
had TTF added to maintenance temozolomide chemotherapy has been demonstrated.

e TTF appear to have forestalled the growth of recurrent glioblastoma in our patient for 7 months.
e The dermatologic side effects of the TTF device experienced by our patient were minimal.

e (linical trials to further validate the effect of TTF on high-grade glioma in conjunction with molecular analyses of
baseline tumor biopsies in adults and children are urgently needed in the coming years.

We report the first case of a pediatric patient with glioblastoma (GBM; WHO grade IV
astrocytoma) successfully treated with tumor treating fields (TTF). The patient was diagnosed
with GBM when 13 years of age and progressed through surgical resection, radiotherapy
and chemotherapy. Discrete tumor growth visualized on MRI with stable neurological
examination was monitored for 6 months with subsequent stable disease observed
radiographically and clinically for 7 months while adherent to Optune® (TTF). TTF thereby
played arole in forestalling recurrent GBM growth in this young woman for 7 months without
significant adverse effects. We propose that TTF therapy is a potential valuable treatment in
this small, but sick, patient population.

First draft submitted: 17 March 2016; Accepted for publication: 30 August 2016; Published
online: 5 December 2016

Presentation

A 13-year-old female patient presented with progressively worsening headaches. The symptoms
were initially attributed to having the common cold or allergies. She was living with her parents
and attending middle school at the time, a nonsmoker and a nondrinker. She was receiving A
and B grades while leading an active social life. There was a strong family history of colon can-
cer on the maternal side. The patient’s vital statistics included a height of 164 cm, a weight of
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60 kg and a BMI of 22. Café au lait spots were
notably absent. Karnofsky performance score
consistently rated 80% or above during assess-
ments. On neurological examination, she had
occasional difficulty performing serial sevens,
experienced fluctuating concentration and ataxic
gait, but was otherwise within normal limits. A
month after the onset of headaches, her primary
care provider ordered a head computed tomog-
raphy which suggested the presence of a right-
sided supratentorial brain tumor. MRI showed
both areas of contrast enhancement and cystic
necrosis (see Figure 1). She was referred to the
local children’s hospital where she had her first

resection.

Pathology & diagnosis

Pathology was reviewed at Mayo Clinic and
Johns Hopkins Reference Laboratories docu-
menting WHO grade IV astrocytoma (glio-
blastoma [GBM]) with absent /DHI muta-
tion, positive GFAP, positive S100, positive
OLIG2 co-expression and, to a lesser extent,
positive synaptophysin. BRAF mutation was
not detected. The tumor, composed of cells
with largely irregular, hyperchromatic nuclei
and relatively abundant cytoplasm, was highly
infiltrative and mitotically active (>30 mitoses
per 10 High Power Fields). Microcysts, hyper-
plastic microvasculature and necrosis were pre-
sent. Despite the relatively strong synaptophysin
expression, the morphology of the specimen was
atypical for primitive neuroectodermal tumor
(PNET). Features most suggestive of PNET still
fell short of the classic PNET-like component
of glial tumors and staining characteristics of

the tumor remained constant from this par-
tially suggestive area to the surrounding tumor.
Immunohistochemical stains were performed on
paraffin-embedded tissue also using antibodies
to p53 protein, Ki-67 and KP1. Overexpression
of p53 protein in most tumor cells highlighted
both the more cellular and the infiltrative com-
ponent of the tumor. Ki-67/MIBI labeling was
brisk with a proliferative index up to 50-60%
in the most solid area of the tumor highlighting
the proliferative activity of the infiltrative cells.
CDG68/KP1 was positive in microglia, scant
macrophages well distinct from tumor cells.
These immunohistochemical stains further sup-
ported the diagnosis of GBM (see Figure 2 for
corresponding pathology). Tissue collected from
the second resection reaffirmed this consensus.
The clinicopathologic and genetic features of the
current series of rare brain tumors with GBM
and PNET features support the concept of an
underlying high-grade glioma with secondary
development of PNET-like foci [1]. Recent lit-
erature further suggests via concordant DNA
methylation profiling that many CNS PNETs
can reliably be separated and reclassified into
high-grade glioma reference subgroups based on
embryonal histology and molecular analysis [2].
In most cases, clinical presentation of these
morphological variants is identical and patient
survival is short not differing significantly from

standard GBM.

Treatment

The patient subsequently received a course of
craniospinal radiation at 36.0 Gy in 20 frac-
tions. The metastasis around the falx received

Figure 1. Preoperative MRI brain images at the time of tumor diagnosis. (A) T1 postcontrast axial.
(B) T1 postcontrast coronal. (C) T1 postcontrast sagittal.
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Figure 2. Initial brain pathology. (A) A hematoxylin—eosin-stained section of cortical tissue with
microvascular proliferation; areas of necrosis present but not visualized here (objective x10).

(B) A hematoxylin—eosin-stained section of cortical tissue with pronounced hypercellularity, nuclear
pleomorphism and mitotic figures easily identified (objective x20).

50.4 Gy in 28 fractions. The right-sided fron-
tal lobe tumor received a total of 69.4 Gy in
33 fractions. The patient also received con-
comitant temozolomide 90 mg/msq daily
for 42 days based upon the ACNS0822 pro-
tocol followed by a 4-week rest period [3].
Consolidation treatment further included
cisplatin at 75 mg/msq on day 1 and temo-
zolomide 150 mg/msq on days 2—6 in 28-day
cycles for approximately 12 cycles with dose
reductions during the last cycles secondary to
hematological toxicities attributed to cisplatin.
She received a total of seven doses of cisplatin
with a cumulative dose of 525 mg/msq. Renal
function was preserved and audiogram showed
minimal hearing loss. Given lack of enrollment
at the time in a clinical trial, the patient was
maintained on 150 mg/msq adjuvant temo-
zolomide administered five times per month
given high risk of progression and followed
closely. Seizures began to recur and her repeat
MRI showed further disease progression 20
months after initial diagnosis. This progres-
sion was reflected by two foci of nodular con-
trast enhancement, one dural based measur-
ing 5.6 mm at the anterosuperior margin of
the operative bed, and the other more linear
measuring 5.3 mm in the central deep white
matter of the right frontal lobe. In addition,
there was new T2 signal abnormality. She

underwent stereotactic-guided right fronto-
parietal craniotomy and near total resection
(290% resected) of the right frontal lobe with
residual rim of abnormal signal intensity noted.

The patient then came for a second opin-
ion at a comprehensive brain tumor program.
Optune® (Novocure, NH, USA) plus bevaci-
zumab was decided upon as a combined treat-
ment regimen based upon Patient Registry
Dataset (PRiDe) data given recurrence of her
neoplasm [4]. Approximately 5 weeks after sur-
gery, the patient was started on bevacizumab
10 mg/kg administered every 2 weeks. The
Optune system was initiated 6 weeks after
starting bevacizumab (see Figure 3 for the MRI
performed shortly after starting bevacizumab
and tumor treating fields [TTF]). The device
was set at the standard adult frequency of
200 kHz, energy of 0.7 V/cm with the right-
sided frontal lobe lesion as the primary target.
Treatment course consisted of 4-week cycles
with maximal adherence strongly encouraged
(24 h/day). Our patient successfully main-
tained an acceptable level of adherence (275%
per day) to the device per monthly report cards
sent to clinic by wearing the device at home
and at school [5]. Bevacizumab was continued
along with TTF for the whole duration of
therapy until the time of further progression
(13 months).
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Outcome

She was assessed on a monthly basis by history
taking, neurological examination, laboratory
and every other month MRI studies. The side
effects experienced by the patient during this
period were minimal. She reported some mild
scalp irritation and skin breakdown for which
she was prescribed over-the-counter 1% hydro-
cortisone cream as needed [6]. The issue resolved
at the time of her next appointment. She con-
tinued her usual activities. Brain MRI with and
without contrast showed stable disease from 6
months after starting TTF to almost 7 months
later. MRI then demonstrated progression
according to 2010 Response Assessment in
Neuro-Oncology criteria (see Figure 4 showing
increased T2 hyperintensity in the right basal
ganglia and temporal lobe reflecting nonenhanc-
ing tumor recurrence) [7]. The patient was able
to complete all of the activities appropriate for a
child of her age through the time of further pro-
gression. After progression, Optune was stopped
and she was continued on bevacizumab. She
later underwent a FoundationOne® (MA, USA)

next-generation sequencing-based assay for the
purpose of GBM-related therapeutic implica-
tion. She was started crizotinib due to having
a ROS1 mutation and continued to be followed
in clinic [8].

Discussion & conclusion

High-grade gliomas in the young (WHO
grades IIT and IV) are uncommon, with inci-
dence rates of 0.08 for anaplastic astrocytoma
and 0.14 for GBM per 100,000 persons [9].
Nevertheless, they carry with them a devastat-
ing prognosis, especially when involving the
brainstem, with patients seldom achieving long-
term survival. There are even worse prognoses
and fewer options for children with recurrent
high-grade glioma. Although only representing
15-20% of pediatric CNS tumors, 70-90%
of these high-grade glioma patients are dead
within 2 years of diagnosis [10]. Although initial
gross total or near total resection has demon-
strated increased progression-free survival per
Children’s Cancer Group (CCG) Study CCG-
945, and focal radiation therapy has been a

Figure 3. Postoperative MRI brain images shortly after starting bevacizumab and tumor treating
fields. (A) T1 precontrast axial. (B) T1 postcontrast axial. (C) T2 axial. (D) T2 fluid attenuated inversion
recovery axial. (E) Diffusion weighted b1000 axial. (F) Corresponding apparent diffusion coefficient

axial.
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Figure 4. Postoperative MRI brain images at the time of tumor progression. (A) T1 precontrast
axial. (B) T1 postcontrast axial. (C) T2 axial. (D) T2 fluid attenuated inversion recovery axial.
(E) Diffusion-weighted b1000 axial. (F) Corresponding apparent diffusion coefficient axial

mainstay in children greater than 3 years of
age, there is currently no accepted standard of
care regarding chemotherapies, their doses and
durations for pediatric patients with high-grade
glioma. Treatment algorithms are based upon
therapies approved for adult populations [11].
The standard of care in adults with GBM con-
sists of initial gross total resection followed by
focal irradiation, concomitant chemotherapy
and then adjuvant chemotherapy in the form of
temozolomide. At the time of recurrence, only
bevacizumab and the Optune device have US
FDA approval in the treatment of adult GBM.
Therefore, many of the adult patients actively
participate in clinical trials after exhausting their
FDA approved therapies.

The approved options for children and teen-
agers with GBM are even more limited. As of
now, neither temozolomide nor bevacizumab is
formally approved by the FDA for pediatric gli-
omas. Hyperfractionated and hypofractionated
ionizing radiotherapy techniques have not been
proven to result in significant benefit. The CCG

future science group

sponsored CCG-943 trial in 1989 first demon-
strated improved survival in pediatric GBM cases
with the addition of chemotherapy to radiation
therapy at least negating any further trial rand-
omization to radiotherapy alone but without sup-
porting any particular chemotherapeutic agent
as first line [12]. The later crossover to temozo-
lomide as chemotherapy of choice in the pedi-
atric high-grade glioma population reflects the
2005 data published by Stupp ez /. demonstrat-
ing the benefit of temozolomide in addition to
radiation therapy versus radiotherapy alone [13].
Bevacizumab is often used along with temozo-
lomide for maintenance therapy following the
accepted adult model for tumor recurrence [14].
However, a recent feasibility and Phase II trial
demonstrated that neither bevacizumab nor
vorinostat proved superior to temozolomide as a
radiosensitizer in pediatric high-grade glioma [15].
Fortunately, in our patient’s case, there is evi-
dence to suggest that CNS tumors in the young
with combined features of malignant glioma and
PNET, although rare and poorly characterized,
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may ultimately respond better to platinum-based
chemotherapy such as cisplatin than to temozolo-
mide [16]. The relative inefficacy of temozolomide
in the treatment of pediatric high-grade glioma
has even led some to question using it to treat
these patients given its negative implications. The
consistent adjuvant dosing of 150 mg/msq/day
temozolomide was considered appropriate in this
patient given the failure of maintenance temozo-
lomide dosed at 200 mg/msq/day for 5 days in
28-day cycles following the first month of adju-
vant chemotherapy in the pediatric population
to demonstrate either overall improvement in
patient outcome or noninferiority as shown in a
single-arm Phase II trial, ACNSO0126 [17]. Given
the unclear benefit of temozolomide in the treat-
ment of pediatric high-grade glioma, the need
for further studies, both using and not using
temozolomide in conjunction with an alterna-
tive regimen such as Optune, becomes apparent.

The use of TTF in cases of pediatric high-
grade glioma remains a novel suggestion with
no clinical trials currently in progress. Optune is
an approved antimitotic, nonionizing radiation
treatment for adult (>18 years of age) patients
with recurrent GBM. A 2009 study of chemo-
therapeutic treatment combined with TTF
in vitro, in vivo and in a pilot clinical trial dem-
onstrated that chemotherapeutic efficacy and
sensitivity can increase without increasing treat-
ment-related toxicity [18]. A pivotal 2012 study
then demonstrated that when compared with
physician’s choice chemotherapy in adult patients
with recurrent GBM, TTF therapy can obtain a
similar median overall survival with significantly
fewer adverse effects (6 vs 16%; p = 0.022)
and no decrement in quality of life relative to
conventional chemotherapies [19]. Even more
recently, Stupp ¢t al. demonstrated significantly
prolonged progression-free and overall survival
in GBM patients who had TTF added to main-
tenance temozolomide chemotherapy following
standardized chemoradiation therapy further
elucidating its benefit in the management of
high-grade glioma [20].

The presumptive mechanism of TTF involves
intermediate-frequency, low-intensity alternat-
ing electrical fields selectively killing or arresting
the growth of rapidly dividing cancer cells. This
effect is thought to be accomplished by inhibit-
ing the proper formation of the mitotic spindle
and causing rapid membrane breakdown during
cytokinesis [21]. Optune is believed to treat GBM
by emitting alternating electric fields or TTF in

CNS Oncol. (Epub ahead of print)

a specified kilohertz range. The cancer cells are
subject to alternating electric fields in the fre-
quency of 100-250 kHz likely resulting in their
cytoskeleton becoming disrupted, specifically
during mitosis in the metaphase-to-anaphase
transition, eventually causing blebbing and apop-
tosis [22]. The physical and electrical properties
of cancer cells differ from cells that proliferate
normally; cancer cells exhibit a lower-membrane
electrical potential compared with normal pro-
liferating cells and increased membrane fluidity
affecting ease of deformation probably making
them more susceptible to TTF [23].

The minimally accepted treatment duration
for TTF therapy to reverse GBM tumor growth
is 4 weeks with a period of 28 days considered
one full treatment course [24]. Generally speak-
ing, tumor responses to TTF develop slowly, as
predicted by tumor volume kinetics models with
a median time to response of 5.2 months [25].
This matches well with our patient who had
discrete tumor growth visualized on MRI for
6 months prior to achieving stable disease. Aside
from the skin irritation associated with the
device, it does not appear from this case that any
other significant side effect was withstood by the
patient secondary to its use to achieve this stabil-
ity at 6 months’ time. TTF further played a role
in forestalling recurrent GBM growth in this
young woman for 7 additional months without
significant adverse effects. The possible benefit
of repeat resection was deferred given the lack of
clinical and radiographic deterioration justifying
furcher surgery at the time of TTF completion.

There was initial concern about using the
Optune device on a young patient still in develop-
ment. Devices like Optune are yet to be studied in
pediatric patients. Theoretically, given its physical
mechanism of action at the cellular level targeted
within the brain, the use of TTF in the young
should not differ significantly than in the adult
population. Aside from the dentate gyrus of the
hippocampus and the granular cells of the olfac-
tory bulb migrating from the subventricular zone,
the neuronal cells of the mammalian CNS cease
to experience neurogenesis beyond the period of
early development unlike the aberrant glial cells
targeted by TTF [26]. Adult and pediatric patients
alike can be considered remote from the period of
neuronal differentiation during and shortly after
embryogenesis. The effect of TTF upon mature
astrocytes and other neuroglia in adolescents
would be expected to parallel that of adults. There
are no reports of preclinical work to show that

future science group
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electrical fields could potentially impair synaptic
formation and neuronal connections affecting
cognitive function on brains in development.

We therefore propose that TTF are a potential
valuable treatment in this very small, but acutely
sick, patient population. TTF should undergo
further evaluation in clinical trials to confirm
their benefit in children as observed in adult
high-grade glioma.
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