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Introduction: Pediatric low-grade gliomas (pLGG) are the most common brain

tumor in children and encompass a wide range of histologies. Treatment may

pose challenges, especially in those incompletely resected or those with multiple

recurrence or progression.

Case description: We report the clinical course of a girl diagnosed with pilocytic

astrocytoma and profound hydrocephalus at age 12 years treated with subtotal

resection, vinblastine chemotherapy, and focal proton radiotherapy. After

radiotherapy the tumor increased in enhancement temporarily with

subsequent resolution consistent with pseudoprogression. Despite

improvement in imaging and radiographic local control, the patient continues

to have challenges with headaches, visual and auditory concerns, stroke-like

symptoms, and poor quality of life.

Conclusion: pLGG have excellent long-term survival; thus, treatments should

focus on maintaining disease control and limiting long-term toxicities. Various

treatment options exist including surgery, chemotherapy, targeted agents, and

radiation therapy. Given the morbidity associated with pLGG, individualized

treatment approaches are necessary, with a multi-disciplinary approach to care

focused on minimizing treatment side effects, and promoting optimal quality of

life for patients.
KEYWORDS

pediatric low-grade glioma, pilocytic astrocytoma, proton radiation, chemotherapy,
case report
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fonc.2024.1366251/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1366251/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1366251/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1366251/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1366251/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2024.1366251&domain=pdf&date_stamp=2024-06-07
mailto:njohcarn@uwo.ca
https://doi.org/10.3389/fonc.2024.1366251
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2024.1366251
https://www.frontiersin.org/journals/oncology


Joh-Carnella et al. 10.3389/fonc.2024.1366251
1 Introduction

Pediatric low-grade gliomas (pLGG) are one of themost common

childhood brain tumors, accounting for about one-third of such

tumors. The clinical behavior varies, but pLGG are indolent and

carry a low risk of malignant transformation, with a 5-year overall

survival (OS) as high as 97%, and 10- and 20-year OS around 90% (1,

2). Progression-free survival (PFS) is inferior, especially in those with

residual tumor, where PFS has been documented as high as 45%-65%

(3). These tumors can occur in deep locations such as the brainstem

and suprasellar area; treatments and tumoral location may result in

considerable morbidity, including vision loss, functional decline,

endocrine dysfunction, motor disability, neurocognitive difficulties,

and reduced quality of life (QoL). Management is aimed at long-term

tumor control while minimizing tumor- and treatment-related

morbidity and maintaining QoL (4, 5).

Gross total resection is the preferred treatment for pLGG when

feasible (6). Unresectable tumors or those that progress require

adjuvant treatment with chemotherapy, targeted agents, and/or

radiation therapy (6, 7). With the emergence of molecular

diagnostics suggesting most pLGG upregulate the RAS mitogen-

activated protein kinase (RAS/MAPK) pathway, targeted therapies

are a promising treatment option (4, 8). Early studies offer optimistic

results, but long-term side effects are yet unknown; should current

clinical trials report efficacious and safe treatment of pLGG, this

modality has the potential to become first-line treatment of pLGG

(9) Chemotherapy remains a front-line adjuvant therapy for children

with progressive or unresectable pLGG. Typically monotherapy with

vinblastine or carboplatin or combination treatment with carboplatin

and vincristine or thioguanine, procarbazine, lomustine/CCNU and

vincristine (TPCV) are utilized (10, 11). Chemotherapy is associated

with a 3-year PFS of 50–80% (6), and side effects are taken into

consideration (7).

Radiation therapy has become less favored as first-line therapy

in young patients (i.e., those under 10 years old) due to its potential

long-term effects, including neurocognitive and endocrine

dysfunction as well as risk of second malignancy (7). Although

developments in radiation technology, such as imaged guided

intensity modulated photon and proton beam radiation, can

significantly reduce side effects (12), the high OS associated with

pLGG, alternative treatment options, and low likelihood of

malignant transformation have resulted in less frequent use.

Radiation therapy may serve as a reasonable option in older

pLGG patients, those with symptomatic progression, and/or those

with progressive disease despite systemic therapy.

The timing of various treatments and their potential side effects

relative to morbidity associated with tumor progression and

cumulative effects of other treatment options need to be carefully

considered (13, 14). Herein, we report the multi-year clinical course

of a 12-year-old female diagnosed with a pLGG and ultimately

treated with subtotal resection, vinblastine chemotherapy, and focal

proton radiotherapy. While our patient’s disease was adequately

treated with this combination of therapy, her QoL has significantly

suffered as she continues to experience effects of the tumor itself as

well as its associated treatment.
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2 Case description

A 12-year-old previously healthy female presented with a 2–3-

month history of intermittent headaches, dizziness, emesis, and

unsteady gait. Neurological assessment revealed slow and deliberate

speech, papilledema, decreased lower extremity tone, bilateral

dysmetria, and ataxia. MRI brain revealed a heterogeneously

enhancing mass in the fourth ventricle with obstructive hydrocephalus

(Figures 1, 2A). The patient’s treatment included endoscopic third

ventriculostomy and subtotal tumor resection (Figure 2B). Surgical

management of pediatric CNS tumors is specialized, thus

centralization of care at large pediatric centers is imperative. Her

post-operative course was complicated by cerebral salt wasting,

ophthalmoplegia, and diplopia. Pathology was consistent with a

pilocytic astrocytoma, WHO grade I; molecular testing, now

considered standard of care, was not performed.

Local tumor progression was identified on surveillance imaging

5 years after initial diagnosis (Figure 2C). The patient experienced

clinical progression with right-sided hearing loss. Given the tumor

location, additional surgery was not feasible; she was started on

vinblastine chemotherapy. Dose reduction (4mg/m2/dose) was

required secondary to intolerance, specifically nausea, peripheral

neuropathy, and myelosuppression. She completed a 70-week

course of chemotherapy as planned, with subsequent tumor

stability (Figure 2D). Throughout treatment the patient struggled

with episodic headaches, ataxia, diplopia, and neuropathic pain. She

completed high school but was unable to pursue further education

given her functional status. Approximately 8 months post

chemotherapy, the patient developed further clinical and

radiographic progression with vomiting and headaches

(Figure 2E). At this time, a right ventriculoperitoneal (VP) shunt

was inserted which improved performance status. Subsequent

treatment options were discussed and ultimately the patient

proceeded with focal proton beam radiation (5220cGy/29

fractions) (Figure 3). At presentation and throughout her

treatment, she was followed by allied health professionals.

Medications were used to help manage pain, neuropathy, tinnitus,

headaches, and nausea.
FIGURE 1

Initial MRI imaging demonstrating mass and associated
hydrocephalus. Sagittal (A) and axial (B) post contrast images
demonstrating fourth ventricular mass with
associated hydrocephalus.
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Fivemonths following completion of radiation, the patient developed

worsening headaches, fatigue, unsteadiness, dizziness, word-finding

difficulties, auditory symptoms, and visual symptoms, raising concern

for a stroke. Neuro-imaging ruled out a stroke and demonstrated stability

in tumor size, with new T2 changes and enhancement surrounding the

tumor (Figure 2F). Differential included post-radiation effects,

pseudoprogression, or true tumor progression. Dexamethasone was

initiated, but due to myopathy was discontinued.

Ongoing surveillance over the subsequent 5 years demonstrated

tumor stability and eventual improvement of the peritumoral T2

changes and enhancement (Figure 2G) suggesting the initial
Frontiers in Oncology 03
changes were related to pseudoprogression. The patient continued

to endorse headaches, diplopia, hearing impairment, tinnitus,

ataxia, and fatigue. Despite combination treatment that ultimately

achieved durable tumor control, her long term QoL has been

adversely affected since diagnosis.
3 Discussion

pLGG are indolent tumors described as a chronic progressive

disease that may require multiple treatment modalities. The
FIGURE 2

Serial MRI imaging demonstrating tumor changes over time. Axial high-resolution images on top panel, axial T1 post contrast images in middle panel
and sagittal T1 post contrast images in bottom panel [(B) and (C) bottom are sagittal FLAIR images]. (A) Mass noted within the fourth ventricle
resulting in supratentorial hydrocephalus and trans ependymal edema. (B) Post-operative MRI demonstrating residual tumor in the midbrain (arrow)
and pons as well as roof of fourth ventricle (1 week post initial MRI). (C) Local tumor progression with enlargement of nodular component of dorsal
midbrain mass and increased enhancement (64 months from initial diagnosis). (D) Completion of vinblastine chemotherapy, tumor stable on imaging
(84 months from diagnosis). (E) Further tumor progression with increase in size of posterior midbrain mass (92 months from diagnosis). (F) Following
radiation therapy, tumor appears stable in size although increased enhancement of the tumor was noted in the pons, midbrain and subthalamic
regions (105 months from diagnosis). (G) Tumor stable on most recent evaluation (152 months from initial diagnosis).
FIGURE 3

Proton radiation plan demonstrating doses administered. Coronal (A), axial (B) and sagittal (C) images demonstrating proton radiation plan and
doses administered.
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mainstay of therapy is complete resection, when feasible (5, 6). In

those with residual disease, timing of adjuvant therapy is

controversial, with some suggesting a “watch and wait” approach

as a quiescent period is possible and others considering more

immediate treatment (3, 6). The plethora of treatment options

and their associated toxicity weighed against the potential

complication of tumor progression need to be taken into

consideration in the management of these patients.

LGG of childhood have been recognized as distinct from those

arising in older adolescents and adults (8, 15). In contrast to adult

LGG, pLGG rarely undergo malignant transformation, although the

precise frequency of this transformation in the absence of

radiotherapy in the management of pLGG remains unknown as

radiotherapy is often used at progression and repeat biopsy is

seldom performed (15). In adult patients with shorter life

expectancies and whose tumors are typically more aggressive than

children’s, early irradiation remains standard practice (16).

Historically photon radiation had been used in pLGG, in both

up-front and salvage therapy, with 5-year PFS and OS of 87% and

99%, respectively (17). Radiation, albeit an effective treatment, is not

without side effects, some of which greatly impact QoL (14, 18–20).

Photon radiotherapy is associated with long-term side effects

including neurocognitive decline, behavioral changes, increased

risk of stroke, neuroendocrine deficiencies, vascular damage,

growth abnormalities, and increased risk of second malignancy

(Table 1) (30–34). Neuropsychiatric impacts of brain radiation need

to be further explored especially in the modern era of radiotherapy.

Chemotherapy is an option in progressive or incompletely

resected pLGG as a means to delay or avoid radiotherapy (6, 10,

11). The combination of carboplatin and vincristine is associated

with a PFS of 68% (12). TPCV is similarly effective, but is associated

with a risk of second malignancy and infertility (35). Some patients

receive multiple lines of chemotherapy for recurrent disease, and

their QoL and risk of treatment toxicity remains a concern.

In those patients that exhaust other therapy options, radiation

becomes a treatment consideration. Newer radiation techniques,

such as intensity modulated, image guided photon or proton beam

radiation offer treatment with the potential of reducing radiation-

associated toxicity (Table 1) (20, 30). Proton beam radiation, which

our patient received, allows for improved sparing of normal brain

tissue (20, 22, 30). Although data are limited, initial studies report

that proton therapy is effective in pLGG at maintaining high PFS

and OS while reducing radiation-induced side effects (18, 20, 30).

Some series have suggested a higher risk of pseuodoprogression

following proton beam radiotherapy compared to photon

radiotherapy; a recent systematic review suggested no difference

(22, 36, 37). In our patient, there was radiographic as well as clinical

deterioration following radiotherapy. While the imaging changes

resolved, the clinical symptoms persisted. Although most instances

of pseudoprogression are diagnosed on imaging alone, clinical

symptom progression is possible (22, 38, 39).

Stereotactic radiation therapy (SRT), another highly conformal

radiation approach, has also been shown to be effective in the

management of pLGG (28). Similar to proton radiation therapy, the

goal of SRT is to minimize the amount of normal tissue irradiated
Frontiers in Oncology 04
without compromising tumor management (28). Second malignant

neoplasm (SMN) specifically high-grade glioma, although rare,

serves as a possible late effect of radiation therapy. Chemotherapy,

specifically TPCV, is also associated with a risk of SMN, specifically

leukemia, and thus tends to be a less favored chemotherapy regimen

(20, 35, 40). Furthermore, children with neurofibromatosis type 1

(NF-1) who are at increased risk of pLGG, also have an increased risk

of SMN with one study documenting a relative risk of 3.04 of SMN

after radiation therapy (41).

Although not applicable in our case, clinicians considering radiation

therapy should be aware of the well-documented cranial radiation-

induced vascular complications (27, 42–45). The pathophysiology of

this is complex; it involves endothelial loss and ultimately results in

vascular damage and abnormal endothelial proliferation involving the

upregulation of pro-inflammatory and hypoxia-related genes (42, 46).

Certain factors including tumor location (i.e., circle of Willis), younger

age at time of irradiation, NF-1, treatment with an alkylating

chemotherapy agent, and higher doses of radiation increase the risk

for cerebrovascular complications (43–45, 47–50).

The emergence of molecular diagnosis allowing for targeted

therapy is changing the landscape of pLGG management. These

tumors frequently have somatic driver alterations that result in

MAPK pathway activation (8). Initial clinical trials offer promising

results but more data are needed to evaluate long-term efficacy and

side effects (9). Notably, molecular diagnostics were not available

for our patient at the time of presentation for consideration of

radiotherapy; molecular characterization of disease is done

routinely in cases of pLGG.

In most cases of residual or unresectable disease, systemic

therapy is not curative and serves primarily as a radiotherapy

deferral strategy particularly among younger patients who are at

highest risk of long-term deficits. That said, an “avoid radiotherapy

until absolutely necessary” strategy may not serve all patients well

as radiation will not reverse pre-existing toxicity deficits incurred

through successive rounds of tumor progression and interventions.

It is unknown if proton therapy was introduced earlier in her care

(i.e. at the time of first progression after surgery when the patient

was age 17), in aggregate would have had a more favorable longer

term therapeutic profile than the patient experienced.

QoL is an important aspect of clinical care that encompasses

various aspects of a person’s well-being and reflects satisfaction with

life (51, 52). As a broad term it tends to be defined as an individual’s

sense of well-being and ability to participate in and enjoy life. QoL

includes physical, psychological and functional status, as well as

social and emotional wellbeing (53–57). There are various

standardized questionnaire that focus on general symptoms and

patients ability to function, some of these include questions

pertaining to difficulties with symptoms such as headaches,

anorexia, nausea, seizures, sleep disturbances, mood, social

interactions or isolation, motor difficulties, cognitive abilities and

one’s ability to perform basic activities of daily living (57–60). QoL

is impacted by patient specific factors, tumor location, treatment

and side effects from the treatment and patients overall experience

(53). In our case, no formal tool was used to assess QoL, instead

subjective QoL was reported based on the patient’s symptoms.
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TABLE 1 pLGG treated with radiation therapy in the literature.
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4 Conclusion

As a chronic disease, pLGG tend to require multiple modalities of

therapy. Patients’ QoL can be significantly impacted both by

symptoms of tumor progression as well as treatment side effects. The

heterogenous nature of this disease and varying clinical course results

in challenges in management. The treatment-related effects should be

considered. In some circumstances, the cumulative effects of multiple

lines of surgery and systemic therapy in addition to the tumoral’s

negative impact on function at diagnosis and at progression likely play

a significant role in patients’ poor health-related QoL outcomes. For

some patients, earlier intervention with radiotherapy (accepting

potential longer-term toxicity of this modality) with its associated

durable tumor control might be the appropriate strategy to secure

optimal long-termQoLas even themostadvanced technicaldeliveryof

radiation typically cannot recover function that has been lost. Overall,

these patients require individualized approaches to management with

a focus onmulti-disciplinary team involvement to reduced treatment-

associated side effects, and promote QoL.

5 Patient perspective

For the past 15 years, I have struggled through surgery,

chemotherapy, and radiotherapy and all of the side effects that come

with all of those treatments.Noneof themwere easy and there is noone

path that I favor more than the others, they are all equally difficult to

endure. Separately I don’t believe they were as helpful as they were

when combined altogether. I am thankful to be able to receive all of

these important treatments andmy long survival.Though I’vebeen left

disabled after everything, I am thankful to be alive and to be able to

enjoy my life with my family. I am also thankful to all of the very

knowledgeable doctors for each part that they have played in my

treatment. It has been a painful and arduous journey that I’ve been

through and it has been full of loss, and thoughmy life is very different

than that of the average person, that doesn’t mean it’s not enjoyable or

fulfilling. Life goes on, and it doesn’t have to go on the same way for

everyone to be considered a good life.
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