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Abstract: This review explores the nuanced decision-making surrounding postoperative radiotherapy for
diffuse low-grade glioma (DLGG) patients, emphasizing the need for personalized treatment to balance the
benefits of tumor control with the risks of long-term side effects. Radiotherapy is a cornerstone of DLGG
treatment, offering significant improvements in progression-free survival, but its potential for cognitive decline
and vascular lesions necessitates careful consideration of individual patient factors. The review delves into the
complexities of radiotherapy timing, revealing that while early radiotherapy enhances progression-free
survival, it does not significantly impact overall survival and may lead to earlier onset of cognitive decline.
Conversely, delayed radiotherapy may mitigate cognitive decline but may result in shorter progression-free
survival and the onset of neurological symptoms. The review advocates for a patient-centered approach,
emphasizing the importance of weighing individual risks and benefits, and highlights the potential of artificial
intelligence in predicting cognitive decline and the need to revisit previous research findings in light of the
2021 WHO (World Health Organization) classification update, underscoring the evolving nature of DLGG
treatment and the ongoing quest for optimal therapeutic strategies.

Keywords: diffuse low-grade glioma; postoperative radiotherapy; individualized treatment; timing
of radiotherapy; cognitive decline

1. Introduction

Glioma is a type of tumor that originates from neural stem cells or progenitor cells in the central
nervous system, and it is a common form of primary central nervous system tumors, accounting for
approximately 80% of all primary malignant brain tumors [1]. According to the 2021 WHO
classification update, gliomas are now categorized based on their histological and molecular
biomarker characteristics, into adult diffuse gliomas, pediatric diffuse low-grade gliomas (DLGG),
pediatric diffuse high-grade gliomas, anaplastic astrocytomas, and ependymal tumors, among others
[2]. In adult diffuse gliomas, grades 1 and 2 are classified as DLGG, while grades 3 and 4 are
considered diffuse high-grade gliomas (DHGG) [2], and DLGG constitutes about 5% of primary brain
tumors and 15% of gliomas [1,3].

DLGG exhibit slow growth rates and long disease courses, with a wide range of median survival
times from 5.6 to 13.3 years [4]. Some patients can survive for over 10 years, but more than 70% of
DLGG may progress to DHGG within a decade. Following malignant transformation, the median
overall survival (mOS) of patients significantly decreases to approximately 2.4 years [5]. With
aggressive treatment, the median survival of DLGG can be extended to about 13 years [6], and the
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current standard treatment regimen includes surgery, radiotherapy, and chemotherapy, among
others [7].

Radiotherapy plays a pivotal role in the treatment of DLGG, aiming to control postoperative
residual tumor cells, delay tumor progression, and thereby improve patient survival rates [8].
However, studies indicate that while radiotherapy is crucial, it may be associated with side effects
such as cognitive decline [9-11]. For patients with a favorable prognosis, these side effects may impact
their quality of life over the long term. Previous clinical trials have shown that early postoperative
radiotherapy can extend progression-free survival (PFS), but it does not increase overall survival (OS)
[12]. Therefore, individualized decisions regarding the timing of postoperative radiotherapy, the
cessation of radiotherapy, and the possibility of delayed radiotherapy for different DLGG patients
remain important issues that require further research and clinical exploration.

This review systematically summarizes the potential risks and management measures of brain
radiotherapy and reviews the research results related to the timing of postoperative radiotherapy in
DLGG patients. By comparing the clinical outcomes of early versus delayed postoperative
radiotherapy, this paper aims to provide a reference for future clinical practice, assisting neuro-
oncologists in formulating the most appropriate radiotherapy plan based on the patient’s underlying
disease, significant side effects of radiotherapy, and respect for the patient’s personal preferences, to
achieve the best balance between survival and quality of life. Additionally, this paper questions
previous research findings based on the 2021 WHO update of central nervous system tumor
classification and explores the feasibility of using rapidly developing computer technologies to
predict early cognitive decline following radiotherapy, in order to optimize treatment decisions.

2. The Treatment of Diffuse Low-Grade Gliomas

In terms of treatment strategies, adherence to the guidelines set forth by the National
Comprehensive Cancer Network (NCCN) and the European Association of Neuro-Oncology
(EANO) is paramount. The treatment regimen for gliomas encompasses surgical resection,
radiotherapy, chemotherapy, targeted drug therapy, tumor treating fields, or a combination thereof
[7]. The standard treatment protocol begins with the safest possible tumor resection, followed by
radiotherapy and chemotherapy aimed at eradicating residual cancer cells.

Radiotherapy and chemotherapy, as adjuvant therapies, have been demonstrated to further
enhance the survival rates of patients with DLGG. Current clinical treatment recommendations
suggest that for high-risk(over 40 years old, subtotal tumor resection, or biopsy only, tumor diameter
greater than or equal to 6 cm) grade 2 oligodendroglioma patients over the age of 40 or those with
incomplete tumor resection, the combination of radiotherapy with adjuvant PCV chemotherapy or
TMZ chemotherapy is recommended. For high-risk(same as above) grade 2 astrocytomas, the
suggestion is radiotherapy combined with PCV or TMZ adjuvant chemotherapy, or radiotherapy
with concurrent and adjuvant TMZ chemotherapy. Factors such as tumor volume, astrocytic
components, and Karnofsky Performance Status (KPS) score are crucial considerations in the
formulation of clinical treatment plans.

For patients with a KPS score of 60 or above, if they are under the age of 40 and have had a
complete tumor resection, observation with regular follow-up is an option. The decision to initiate
adjuvant therapy should be made following thorough discussion with the patient and their family.
For high-risk patients, postoperative adjuvant therapy should be actively considered.

In the realm of radiotherapy, given that DLGG patients generally have a favorable prognosis
and radiotherapy may entail certain side effects, particularly long-term ones such as cognitive decline
and cerebrovascular lesions, which can lead to prolonged suffering for the patient. Therefore,
postoperative treatment strategies should be tailored to the individual patient’s condition, taking into
account a variety of factors to achieve personalized treatment plan adjustments.

3. The Side Effects of Cranial Radiotherapy

Radiotherapy, while effective in damaging tumor cells, inevitably affects normal tissue, leading
to adverse reactions associated with radiotherapy. These reactions encompass acute (short-term)
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adverse reactions and delayed (long-term) adverse reactions [13-15]. The subsequent section of this
article outlines the common symptoms of these adverse reactions and discusses strategies for more
effectively managing or preventing them. This information is intended to assist neurosurgeons and
radiation oncologists in comprehensively evaluating the benefits and potential risks of radiotherapy
for patients, thereby facilitating effective communication between healthcare providers and patients
and collaboratively developing more optimized treatment plans.

3.1. Acute (Short-Term) Side Effects

3.1.1. Fatigue

It is widely recognized that during the course of radiotherapy, patients commonly experience
significant fatigue or somnolence. In patients with primary brain tumors, particularly those with
glioblastoma, approximately 80% to 90% of individuals report fatigue symptoms associated with
radiotherapy. These fatigue symptoms are generally mild in most cases; however, it is noteworthy
that as many as half of the patients may exhibit more severe symptoms that can limit daily activities,
necessitate increased daytime sleep, or fail to show significant relief of fatigue after rest. Patients may
begin to feel fatigued within the first two weeks of starting radiotherapy, and the level of fatigue may
peak 2 to 4 weeks after the completion of treatment. These symptoms typically subside over several
months, yet there are reports in the literature of some patients continuing to experience fatigue
symptoms 6 to 12 months after the end of treatment. This persistence often indicates a need for further
evaluation to explore other potential causes of fatigue, which may include sleep disorders,
cardiopulmonary diseases, hematological issues, metabolic or endocrine disorders, nutritional
deficiencies, depression or emotional disorders, and medication use (including antiepileptic drug
therapy) [16,17].

3.1.2. Cerebral Edema

Cerebral edema typically occurs within days to weeks following radiotherapy to the brain,
resulting from a temporary increase in vascular permeability due to radiation-induced vascular
injury [13,18]. Patients may present with clinical manifestations of increased intracranial pressure,
such as headache (which may also be caused by direct neural damage from radiotherapy), nausea,
vomiting, nuchal rigidity, and exacerbation or onset of seizures. These symptoms severely impact the
quality of life and treatment compliance of patients and, in severe cases, can even be life-threatening
[19,20]. Many brain tumor patients already experience symptoms of mass effect due to the tumor and
surrounding edema prior to treatment, such as motor and sensory deficits, memory impairment, and
others. Radiotherapy may exacerbate swelling around the tumor, thereby aggravating symptoms of
related neurological dysfunction, although these neurological impairments are typically temporary
and not considered precursors to long-term cognitive damage. Physicians commonly use
corticosteroids such as dexamethasone to alleviate cerebral edema, nonsteroidal anti-inflammatory
drugs (e.g., acetaminophen, ibuprofen, loxoprofen) to control severe headaches, prophylactic
antiepileptic drugs to manage the exacerbation or prevention of new-onset seizures, and central
antiemetics (e.g., ondansetron) to relieve nausea and vomiting. Due to a lack of prospective clinical
study data, the application of these medications often relies on the individual clinical experience of
the physician and the severity of the symptoms [21,22].

3.1.3. Alopecia

Alopecia is a common side effect in patients undergoing whole brain radiotherapy (WBRT). This
phenomenon may cause psychological distress for certain individuals. The degree of hair loss is
closely related to the radiation dose: lower doses of radiotherapy typically result in reversible
alopecia, with complete hair regrowth observed within 2 to 4 months after the completion of
radiotherapy; however, higher doses of radiotherapy may lead to permanent hair loss [23,24]. The
use of intensity-modulated radiotherapy (IMRT) with scalp-sparing techniques can mitigate the
extent of hair loss to some degree.
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3.1.4. Skin Damage

The skin is highly sensitive to radiation therapy, with more than 95% of patients undergoing
radiotherapy experiencing skin reactions ranging from moderate to severe [25]. In the early stages of
radiotherapy, the skin may exhibit changes in color, erythema, and inflammatory responses. In more
severe cases, the damaged skin may present with desquamation, atrophy, and/or the formation of
ulcers [26-28]. Severe radiation dermatitis not only delays the execution of the tumor treatment plan
but also significantly affects the patient’s quality of life, necessitating timely intervention for control.
This includes physical therapy as well as oral and topical medication treatments [29].

3.2. Delayed (Long-Term) Side Effects

3.2.1. Cognitive Decline

Studies have described the issue of late cognitive decline in brain tumor patients following
radiotherapy, which is a significant concern for clinicians when considering early radiotherapy for
patients with DLGG [30]. Cognitive decline is particularly common in childhood acute lymphoblastic
leukemia (ALL) survivors who have received cranial radiotherapy (CRT). With advancements in
chemotherapy and a reduction in the frequency of CRT use, the incidence and severity of cognitive
decline in pediatric patients have decreased [31-33].

In adults, both WBRT and partial brain radiotherapy are associated with neurocognitive
impacts. A randomized study by the European Organisation for Research and Treatment of Cancer
(EORTC) showed that patients reported more significant cognitive decline after one year of WBRT
compared to stereotactic radiosurgery (SRS) alone [34]. Corresponding imaging changes include
nonspecific diffuse white matter alterations [35-37], which may occur in patients receiving WBRT
doses above 20 Gy and could be related to the severity of symptoms after one year [37]. Severe white
matter brain disease, characterized by ataxia, confusion, memory loss, dementia, and even death in
rare cases, occurs in less than 5% of patients and is typically associated with higher radiation dose
fractions. Currently, WBRT rarely employs this fractionation method [38]. Therefore, when
counseling patients receiving WBRT, physicians should consider factors such as systemic treatment,
concomitant medications, baseline neurocognitive function, comorbidities, and overall prognosis to
better assess the impact of WBRT on neurocognition and quality of life. The impact of partial brain
radiotherapy on neurocognition is not yet clear, and most studies have been conducted in patients
with low-grade gliomas with favorable prognoses. An observational study in the Netherlands found
that the negative impact of radiotherapy on cognition was observed only in patients receiving each
fraction greater than 2 Gy, and the impact of radiotherapy on cognition was more significant than
that of the brain tumor itself and the use of antiepileptic drugs [39]. However, a subsequent study of
the same cohort of 65 patients conducted formal neurocognitive testing an average of 12 years after
diagnosis found that even patients receiving low fractionation radiotherapy doses (<2 Gy/fraction)
exhibited a gradual decline in some cognitive functions [40]. Notably, this secondary analysis of
cohort data excluded patients with tumor recurrence, thus overlooking the impact of tumor
recurrence on cognitive function in patients not receiving radiotherapy. Currently, highly conformal
and stereotactic radiotherapy techniques may mitigate the cognitive impact of radiotherapy to some
extent. For instance, a study from India compared neurocognitive and neuroendocrine outcomes
between patients receiving highly conformal radiotherapy (SCRT) and those receiving traditional
radiotherapy over a 5-year period post-treatment, finding SCRT to be superior without affecting
survival rates [41]. For DLGG patients with a favorable prognosis, consideration may be given to
delaying radiotherapy to avoid early cognitive decline, a topic that will be discussed in detail later in
the text.

3.2.2. Radiation Necrosis

Radiation necrosis is a late complication of radiotherapy, typically appearing 1 to 3 years after
treatment, but in some advanced cases, it has been reported even 10 years after radiotherapy has
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concluded [42]. This necrosis often occurs near or around the treatment target area, and its clinical
manifestations depend on the location of the necrosis, which may include focal neurological signs or
symptoms, increased intracranial pressure, gait and balance abnormalities, and complex cranial
nerve deficits. The incidence of radiation necrosis in patients undergoing postoperative SRS
treatment is 4% to 18% in the 6 months to several years following treatment [43—46]. The risk is further
increased by concurrent chemotherapy (17%), targeted therapy (25%), and immunotherapy (38%)
[41,47,48]. Differentiating radiation necrosis from tumor progression can be challenging. The imaging
features seen on standard MRI are nonspecific and usually cannot be clearly distinguished from
tumor progression, often necessitating serial follow-up to differentiate tumor growth from the
evolution of radiation necrosis. Advanced imaging techniques may reveal lactate peaks or lipid peaks
on MRS [46], reduced cerebral blood volume (CBV) on tumor perfusion imaging [44,49], diffusion
restriction on diffusion-weighted MRI [50], and lack of uptake on PET/CT [51].

Radiation necrosis is typically a self-limiting process, with symptoms resolving on their own
within 5 to 7 months after onset. Asymptomatic patients can be observed without intervention.
Symptomatic patients can be treated with medium doses of corticosteroids (e.g., dexamethasone 4-8
mg daily) until symptoms improve, followed by gradual tapering of the dose. Follow-up imaging
after 1 to 2 months of intervention can help confirm the therapeutic response. For patients unable to
tolerate corticosteroids or unable to taper the dose, treatment options may include bevacizumab or
laser interstitial thermal therapy (LITT) [52,53].

For refractory necrosis, LITT may be considered, and it can be combined with biopsy [54,55],
although there is a lack of high-level clinical evidence to support this approach. In cases with
significant mass effect or diagnostic uncertainty, surgical resection may be necessary.

3.2.3. Vascular Lesions

Radiation-induced vascular lesions are one of the late complications that may occur following
cranial radiotherapy, including cavernous hemangiomas, ischemic stroke, intracranial hemorrhage,
and moyamoya disease, which may be related to radiation damage to cerebral blood vessels.
Literature reports suggest that the occurrence of this problem is associated with factors such as
younger age at the time of treatment, radiation fields involving the internal carotid artery bed, the
superior petrosal sinus, and the Willis circle, higher radiation doses, and chemotherapy [56-58].

Cavernous hemangiomas are the most common type of radiation-induced vascular lesion, and
their volume may increase over time with a risk of hemorrhage. These lesions typically occur in
patients 3 to 6 years after cranial irradiation, with reported incidence rates ranging from 3% to 43%,
with a higher incidence in pediatric patients compared to adults, and increasing with the duration
since the end of radiotherapy [59-62].

Ischemic stroke has been reported to occur in the late stages of radiotherapy. In a prospective,
randomized study of meningioma patients with dose escalation, 20% of patients experienced
ischemic stroke 5.6 years (median) after treatment [63]. The total radiation dose to the Willis circle
may be the most significant risk factor, especially when doses exceed 40Gy; however, even with lower
total doses up to 10Gy, ischemic stroke may occur with longer follow-up [64]. Although cranial
irradiation rarely significantly affects the carotid arteries, it may still increase the risk of carotid artery
disease and atherosclerosis, thereby increasing the risk of ischemic stroke [65].

Vascular lesions similar to moyamoya disease have been reported to occur 40 months (median)
after radiotherapy, with younger age (<5 years), type 1 neurofibromatosis, or low-grade glioma being
independent risk factors [66,67].

Radiation-induced aneurysms are a rare but potentially fatal complication of radiotherapy.
Nanney et al. reviewed 46 patients with brain tumors who received radiotherapy and found 69
intracranial aneurysms within the radiotherapy field over an average of 12 years. The pathogenesis
is not fully understood, but it may be related to vascular endothelial cell damage, vascular wall
degeneration, and atherosclerosis. Radiographically, these aneurysms are often cystic or multiple and
are more easily detected on magnetic resonance weighted imaging [68]. The diagnosis and treatment
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of radiation-induced aneurysms require a combination of medical history, clinical presentation, and
imaging findings.

Currently, there are no clear guidelines for primary or secondary prevention of radiation-
induced vascular lesions. Clinically, patients and their families should be informed about the risks,
symptoms, and preventive measures associated with radiation-induced vascular lesions,
emphasizing the importance of regular follow-up and monitoring to detect and manage
complications in a timely manner. Information on lifestyle and health habits should also be provided
to reduce the risk of complications. For patients with pre-existing vascular disease before
radiotherapy, the decision to proceed with radiotherapy should be made based on the severity of the
disease and the patient’s willingness to undergo treatment.

3.2.4. Post-radiotherapy Stroke-like Migraine Attacks (SMART Syndrome)

SMART syndrom is a rare delayed complication of cranial irradiation. Patients typically
experience migraine-like headaches, seizures, and subacute stroke-like episodes several years after
radiotherapy, with symptoms including hemiplegia, aphasia, and hemianopsia. These episodes
usually present in a subacute manner and tend to resolve spontaneously within weeks. The exact
mechanism of SMART syndrome is not fully understood, but it appears to be caused by radiation-
induced excessive brain excitation, impaired self-regulation mechanisms, and vascular endothelial
damage [69].

Treatment for SMART syndrome primarily involves symptomatic management. Nonsteroidal
anti-inflammatory drugs and opioids can alleviate headaches, while drugs like carbamazepine and
topiramate can be used to control seizures. Additionally, patients need to understand and avoid
triggers for their headaches, such as stress, sleep disorders, specific foods, or beverages [70].

3.2.5. Endocrine Dysfunction

Late endocrine dysfunction is relatively common among patients following radiotherapy, with
approximately 80% of patients experiencing hypothalamic and pituitary dysfunction after receiving
treatment doses as low as 20Gy [71-73]. Endocrine-related issues may arise in patients within the first
year following radiotherapy, and the likelihood of such issues increases over time. In non-pituitary
tumor patients undergoing radiotherapy, 37% to 77% of patients are diagnosed with pituitary
hypofunction between 3 to 13 years post-radiotherapy. Growth hormone deficiency (50%),
gonadotropin deficiency (25%), hyperprolactinemia (24%), adrenocorticotropic hormone deficiency
(19%), and central hypothyroidism (16%) are the most common pituitary dysfunctions [73].

Patients undergoing cranial radiotherapy should undergo comprehensive endocrine function
assessments prior to radiotherapy, including measurements of growth hormone, gonadotropins,
prolactin, adrenocorticotropic hormone, and thyroid function. After radiotherapy, regular follow-up
checks should be conducted to monitor changes in hormone levels and the function of related target
organs. Hormone replacement therapy should be administered to patients with low or deficient
hormone levels to maintain normal physiological function. For patients with hyperprolactinemia,
treatment with dopamine agonists and other medications may be employed.

3.2.6. Impact on Vision

Radiation-induced optic neuropathy (RION) typically presents as painless visual impairment
(unilateral or bilateral, depending on the location of the damage) between 6 to 24 months after
treatment. Symptoms may progress gradually over 1 to 4 weeks following onset. The occurrence and
severity of RION are positively correlated with the total radiation dose. It has been reported that for
conventional fractionated radiotherapy, the incidence of optic neuropathy is extremely low when the
total dose is below 55Gy; it ranges from 3% to 7% when the total dose is between 55 to 60Gy; and it
increases to 7% to 20% when the dose exceeds 60 Gy [74]. Single-dose radiation therapy exceeding
2.5Gy also appears to increase the risk of RION [75]. In SRS treatment, the incidence of RION is
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extremely low when the single dose to the visual pathway is maintained below 10 Gy or
12Gy/fraction [76,77].

Official neuro-ophthalmic examination can be used to confirm visual loss and assess the health
of the optic nerve and optic disc. MRI can reveal signal abnormalities in the optic nerve with optic
nerve enhancement [70,78].

However, there is currently no definitive treatment that significantly improves the prognosis of
patients with RION. Hyperbaric oxygen therapy, corticosteroids, and anticoagulant treatment may
show some efficacy in specific cases, but there is a lack of high-level clinical evidence to support these
treatment methods [79]. For patients whose tumors have already affected optic nerve function, close
monitoring of optic nerve function during radiotherapy is necessary to prevent further radiotherapy-
induced severe and irreversible RION.

4. Postoperative Radiotherapy Decision-Making and Management in DLGG Patients

Despite the potential risks associated with radiotherapy, given its effectiveness in controlling
tumor progression, it remains a treatment option that should be considered for every patient with
DLGG. However, for neuro-oncologists, it is essential to comprehensively consider the individual
characteristics of each patient and, based on thorough communication with the patient, develop the
optimal treatment plan to achieve a balance between the benefits and potential risks of radiotherapy.
For patients assessed to have a higher potential risk, such as those with severe cerebrovascular
disease before radiotherapy, other treatment options such as chemotherapy can be considered first
to avoid further exacerbation of cerebrovascular disease. For patients who experience severe side
effects such as severe cerebral edema or visual dysfunction during radiotherapy, radiotherapy should
be immediately discontinued and alternative treatment approaches should be adopted.

For patients with a favorable prognosis for DLGG, whether to delay postoperative radiotherapy
should also be considered. Although patients who undergo postoperative radiotherapy have
observed declines in neurocognitive function, there is individual variation in the occurrence of this
phenomenon, but it can still be observed [40,80]. Early postoperative radiotherapy compared to
delayed radiotherapy does not increase the patient’s OS, but it does provide a longer progression-
free survival (PFS, approximately 1.5 years) [12]. This means that if a DLGG patient undergoes cranial
radiotherapy in the early postoperative period, they may have to endure the suffering of cognitive
decline for the next decade. However, if patients undergo other treatments or observation first and
receive radiotherapy when DLGG progresses to DHGG, they may avoid the suffering caused by
cognitive decline but would need to experience tumor progression earlier. Therefore, for neuro-
oncologists, more consideration and communication with patients are required to make the best
decision.

Table 1. Radiotherapy-related decision-making, based on potential side effects of radiotherapy,
clinical characteristics of the patient, and individual preferences.

The Side Effects of . Radiotherapy-Related Decision-
. . Management Strategies .
Cranial Radiotherapy Making
Patients require further evaluation to In the event that symptoms, such as

. investigate potential underlyin: those that restrict daily activities,

Severe Fatigue gate P cryng _ Y .
causes of fatigue and to initiate occur, it is necessary to consider

appropriate treatment interrupting radiotherapy

Corticosteroids are employed to
alleviate cerebral edema,
nonsteroidal anti-inflammatory
drugs (NSAIDs) are utilized for
headache control, antiepileptic drugs
are employed to manage the
exacerbation or prevent new-onset

If severe cerebral edema occurs
during radiotherapy, it is necessary
to interrupt the treatment

Cerebral Edema

seizures, and centrally acting
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antiemetics are used to alleviate
nausea and vomiting.

The decision to proceed with

Intensity-modulated radiotherapy radiotherapy is primarily based on

(IMRT) with scalp-sparing

Alopecia . o .. the patient’s willingness, with the use
techniques can mitigate the severity . .
. of IMRT scalp-sparing techniques for
of hair loss to some extent
the treatment
Timely i i ial f
ey mterve.n tlc.)ns are essent.la °" " In the event of severe local skin
. control, which include physical .
Skin Damage ) damage, radiotherapy should be
therapy as well as oral and topical .
. interrupted
pharmacological treatments
For postoperative patients with low-
risk DLGG who have no history of
Highly conformal radiotherapy  seizures, with the tumor not located
. . (SCRT), and close monitoring of in a functional area, and with
Cognitive Decline

individual patient demands,
consideration can be given to
radiotherapy when tumor
progression occurs.

cognitive function changes in
patients

Radiation Necrosis

Continuous follow-up is necessary to
differentiate tumor growth from the
evolution of radiation necrosis.
Caution should be exercised when
deciding on a second round of
radiotherapy for patients who have
already developed radiation necrosis

Asymptomatic patients can be
observed, with corticosteroids used
for symptom control, and LITT as a

treatment option

Avoid high-dose irradiation of the
Willis circle, inform patients and
their families about the risks,

For patients with pre-existing
cerebrovascular disease prior to
radiotherapy, the decision to proceed

Cerebrovascular symptoms, and preventive measures . .
. ympre ¢ PTEvEIHVe ! with radiotherapy should be based
Lesions associated with radiation-induced . .
) on the severity of the disease and the
cerebrovascular diseases, and B
. . patient’s willingness to undergo
emphasize the importance of regular
I treatment
follow-up and monitoring
Nonsteroidal anti-inflammatory
drugs (NSAIDs) and opioids can  For patients with preoperative severe
alleviate headaches, while headache symptomes, it is necessary
antiepileptic drugs are used to to inform the patient of this risk and
SMART syndrome priep 5 P . .
make a cautious decision regarding

control epileptic seizures.
Understanding and avoiding
potential triggers for headaches is
also essential

whether to proceed with early
postoperative radiotherapy

For patients with pre-radiotherapy
endocrine issues, radiotherapy

Comprehensive endocrine function should be carefully selected, and if

Endocrine Dysfunction assessment before radiotherapy and significant endocrine dysfunction is

regular follow-up after radiotherapy detected during radiotherapy, the
possibility of interrupting
radiotherapy should be considered

Radiation-Induced
Optic Neuropathy

(RION)

In patients whose optic nerve
function is already compromised by
the tumor, radiotherapy should be

High-pressure oxygen,
glucocorticoids, and anticoagulant
therapy may demonstrate certain

d0i:10.20944/preprints202408.1011.v1
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efficacy in specific circumstances;  administered with caution. During
however, there is currently a lack of ~ the course of radiotherapy, it is
high-level clinical evidence to imperative to closely monitor the
support these treatment modalities optic nerve function to prevent
further irreversible severe RION

4.1. Definitions of Early Radiotherapy and Delayed Radiotherapy

Currently, a broad consensus has not yet been reached regarding the definitions of early
radiotherapy and delayed radiotherapy for patients with DLGG. In the study by Tiphaine Obara,
early radiotherapy is defined as the administration of radiotherapy concurrent with first-line or
second-line treatments (surgery, chemotherapy), whereas delayed radiotherapy is defined as the
initiation of radiotherapy after at least a third-line treatment [81]. Sanjay Dhawan’s research defines
early radiotherapy as the initiation of radiotherapy within a few weeks post-surgery, and delayed
radiotherapy as the administration of radiotherapy upon clinical symptoms or radiological evidence
of progression [82]. In Michela Buglione’s study, early postoperative radiotherapy is defined as
within 3 months after surgery, while delayed postoperative radiotherapy is defined as the initiation
of radiotherapy upon detection of tumor progression [83]. Synthetically, early radiotherapy can be
roughly defined as the administration of radiotherapy as soon as possible after surgery (usually
within a few weeks to several months), whereas delayed radiotherapy can be defined as the option
to forgo radiotherapy post-surgery until other treatment modalities have been exhausted and
radiotherapy is initiated only when clinical symptoms and/or radiological evidence suggest tumor
progression.

4.2. The Impact of Early Radiotherapy versus Delayed Radiotherapy on the Survival of DLGG Patients

As previously mentioned, for patients with DLGG, there is no significant difference in OS
between early radiotherapy and delayed radiotherapy post-surgery; however, a difference exists in
PFS. The most representative study demonstrating this is a randomized controlled trial published in
2005 by van den Bent, M.]. in The Lancet, which randomized 314 DLGG patients to either early
radiotherapy or radiotherapy at the time of progression. The study revealed no statistically
significant difference in median OS between the two groups, with median OS of 7.4 years for the
early radiotherapy group and 7.2 years for the delayed radiotherapy group. The only difference
observed was in median PFS, which was 5.3 years and 3.7 years, respectively. Additionally, the study
reported better control of epileptic seizures in patients receiving early radiotherapy after one year
[84]. Johan A. F. Koekkoek also summarized 10 clinical studies on the effect of radiotherapy on
seizure control in DLGG patients, all of which indicated that radiotherapy significantly reduced the
frequency and severity of seizures [85].

To further validate the findings of van den Bent, M.]., we conducted a literature search using
electronic databases including the Cochrane Library, Ovid Medline, and Embase, with the search
period ending in April 2024. The detailed search strategy is provided in Supplementary Table S1. The
search included combinations of terms related to “glioma” and “radiotherapy,” restricted to English-
language and human studies. We followed the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines. Two authors (Xin and Wenbo) determined the eligibility of
articles for inclusion and were responsible for reviewing the full text of all selected articles. The
inclusion criteria were: (i) adult patients with World Health Organization (WHO) grade II gliomas
confirmed histologically, (ii) patients who had received radiotherapy (fractionated local radiation,
stereotactic radiotherapy, or brachytherapy), (iii) a sample size of =5, (iv) biopsy or surgical resection
performed, (v) histological types of astrocytoma, oligodendroglioma, or mixed oligodendroglioma,
and (vi) WHO grade 2. Preliminary exclusion criteria were: (i) reviews and (ii) abstracts not published
in full text. Additionally, we applied the following exclusion criteria to the remaining articles: (i)
patients who had previously received cranial radiotherapy and (ii) patients who underwent
craniotomy in addition to biopsy or resection of DLGG. We searched the reference lists of the selected
full-text articles to identify other studies. From the selected articles, we extracted the following data:

d0i:10.20944/preprints202408.1011.v1


https://doi.org/10.20944/preprints202408.1011.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 August 2024 doi:10.20944/preprints202408.1011.v1

10

study design, sample size, clinical characteristics of the study population, and final survival outcomes
(median OS/PFS, 5-year overall survival rate, and progression-free survival rate). In this literature
search, a total of 8197 unique records were obtained. We assessed 1506 articles to ascertain their
eligibility for further screening, ultimately incorporating 5 studies that met the inclusion criteria
(detailed screening process is illustrated in Figure 1).

Combination of search terms related to
glioma and radiotherapy

! l

Cochrane Library Ovid Medline } ‘ Embase J

1785 results 3852 results 5083 results

the duplicate papers and
retracted articles

|

1506 of full text articles
assessed for eligibility

[ 8917 records after removing ‘

1501 articles were excluded :
*no survival outcomes of
DLGG patients undergoing
pN early postoperative
radiotherapy versus
delayed postoperative
radiotherapy
*Midterm report from a

5 articles included in review prospective randomized
controlled clinical trial

Figure 1. Identification of articles.

In Table 2, the primary findings from five studies regarding the survival-related outcomes of
early postoperative radiotherapy versus delayed postoperative radiotherapy in patients with DLGG
are presented.

Table 2. Summary of survival outcome after postoperative early radiotherapy (ERT) verus
postoperative delayed radiotherapy (DRT).

oS
Article Study Design Population (baseline) PES outcomes(ERT outcomes(ERT vs
vs DRT)
DRT)
M]Jvanden  Prospective 5.3y vs 7.4y vs
Bent, etal, Random Clinical 119 for ERT,124 for DRT 3.4y(p<0-0001) 7.2y(=0-872)
2005 Trail PFS 5: 44% vs 37% OS5 : 63% vs 66%
Michel gnicin advoniage  signicant
Buglione, et  Retrospective 73 for ERT,22 for DRT & & g
al 2013 compared to DRT (p different
’ =0.001) OS(p=0.319)
Zolt'an PFS 5: 52.2% vs (22’ 2/60055/18’8
Hanz’ely, et  Retrospective 36 for ERT,61 for DRT  39.5%, PFS 10: 30.7% Y :
al, 2003 vs 12.4%( p = 0.0388) 20270 Vs 23.77%(p
’ AP — 0.7545)
Christopher

54m vs 6lm(p= 96m vs 156m (p =

Leighton, et  Retrospective 80 for ERT,87 for DRT 0.805) 0.003)

al, 1997
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PFS 5: 44% vs 56%, OS 5: 62% vs 84%,
PFS 10: 19% vs 4% 0OS 10: 35% vs

70%
Tiphaine . 153y vs
Obara, etal, Retrospective 40 for ERT,96 for DRT None
2020 13.7y(NS)

The literature search suggests that, in addition to van den Bent, M.].'s prospective randomized
study specifically exploring the impact of early versus late postoperative radiotherapy on the survival
of patients with DLGG, there are four other studies that have investigated this clinical issue
retrospectively.

Michela Buglione’s study retrospectively analyzed 95 adult patients with low-grade gliomas
who received early (within 3 months postoperatively) or late (after disease progression)
radiotherapy. The study found that early radiotherapy significantly improved the PFS of patients,
with 1-year, 5-year, and 10-year PFS rates of 79%, 49%, and 14%, respectively, compared to 74%, 39%,
and 7% for late radiotherapy. However, early radiotherapy did not significantly impact OS, with 1-
year, 5-year, and 10-year OS rates of 89%, 60%, and 51%, respectively. Additionally, the study found
that younger patients (<40 years) and those with a good functional status (high KPS score) had better
PES and OS, regardless of whether they received early or late radiotherapy. This study underscores
the importance of radiotherapy in the treatment of low-grade gliomas and provides a reference for
the timing of radiotherapy administration [83].

Zoltan Hanzély’s research retrospectively analyzed long-term follow-up data on 97 patients
with WHO grade II astrocytomas treated at the National Institute of Neurosurgery in Budapest,
Hungary, between 1985 and 1997. The study divided patients into two groups: those who received
early postoperative radiotherapy (37%) and those who received it later. The results showed that the
5-year and 10-year PFS rates for the early radiotherapy group were 52.2% and 30.7%, respectively,
compared to 39.5% and 12.4% for the late radiotherapy group (p = 0.0388). However, there was no
significant difference in the 5-year and 10-year disease-specific survival rates (DSS) between the two
groups. Age and the extent of surgical resection were significant prognostic factors for DSS. Further
analysis revealed that early radiotherapy significantly benefited patients with partial resection, with
5-year PFS and DSS rates of 60.0% and 66.7%, respectively, compared to 12.4% and 49.8% for patients
who did not receive radiotherapy (p < 0.05). For patients with extensive resection, postoperative
radiotherapy had no impact on PFS and DSS. The findings suggest that for patients with WHO grade
II astrocytomas and partial resection, early postoperative radiotherapy can significantly improve PFS
and DSS; for those with extensive resection, radiotherapy can be delayed until tumor progression
[86].

Christopher Leighton’s study retrospectively analyzed data from 167 adult patients with
supratentorial low-grade gliomas treated at a regional cancer center in Canada between 1979 and
1995. All patients were histopathologically confirmed to have low-grade fibrillary astrocytomas,
oligodendrogliomas, or mixed gliomas. The study aimed to investigate the impact of radiotherapy
timing on prognosis. The results showed that the median overall survival for this group was 10.5
years, with 5-year and 10-year survival rates of 72% and 50%, respectively. The median tumor
progression-free survival was 4.9 years, with 5-year and 10-year progression-free survival rates of
50% and 12%. Oligodendrogliomas or mixed gliomas had a better prognosis than astrocytomas.
Multivariate analysis revealed that age less than 40 at diagnosis, presence of seizures, less
postoperative residual tumor, a KPS score of 70 or higher, oligodendroglioma or mixed glioma
pathology, and delayed radiotherapy were associated with longer overall survival. However,
radiotherapy timing was not an independent prognostic factor, as patients who chose delayed
radiotherapy often had other favorable prognostic factors. The study suggests that early
postoperative radiotherapy may be an appropriate treatment strategy for patients with unfavorable
prognostic factors, while delayed radiotherapy may be a viable option for those with favorable
prognostic factors [86].
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Tiphaine Obara’s article included 339 patients with DLGG diagnosed at the Neuro-oncology
Department in Nancy, France, between 1982 and 2017. The study analyzed their survival rates,
natural prognostic factors, and treatment efficacy. The study found that the median survival for
DLGG patients was 15.7 years, and for most of the follow-up period, they maintained their neurologic
function and were able to live independently. The study confirmed the importance of the KPS score
and tumor volume at diagnosis as independent prognostic factors. Additionally, the study found that
surgical resection had a positive impact on survival, especially when the resection was complete. In
terms of radiotherapy, the study found no significant difference in survival between early and late
radiotherapy, but late radiotherapy (i.e., radiotherapy after malignant transformation of the tumor)
was associated with a poorer prognosis. This study indicates that a personalized treatment strategy
can achieve longer survival while maintaining the quality of life of the patient [81].

In summary, these study results suggest that in the treatment of diffuse low-grade gliomas, early
radiotherapy and delayed radiotherapy have little impact on OS, but early radiotherapy can
significantly improve PFS. Younger patients and those with good neurologic function, regardless of
whether they receive early or late radiotherapy, have better PFS and OS. These study results
emphasize the importance of radiotherapy in the treatment of low-grade gliomas and provide a basis
for choosing the timing of radiotherapy administration.

4.3. The Impact of DLGG Progression to DHGG on Patients

However, if a patient with a DLGG opts for a delayed postoperative radiotherapy, they may
experience tumor progression at a shorter interval compared to those who receive early radiotherapy.
Tumor progression can lead to various impacts, including the onset of more frequent and severe
neurological symptoms such as epileptic seizures, cognitive decline, and motor dysfunction [87-89].
These factors should be considered by physicians when making treatment decisions. The extent to
which these symptoms negatively affect the patient’s daily life and work is influenced by multiple
factors, including the patient’s age, tumor location, molecular characteristics, extent of resection, and
whether the patient had epileptic seizures before surgery and their severity. For patients who may
suffer severe consequences due to tumor progression, close monitoring and the development of
individualized treatment plans are particularly important.

5. Summary

The impact of radiotherapy on individual patients varies, partly due to factors such as tumor
location and type, which lead to varying degrees of decline in neurofunction and status when tumor
progression occurs. Therefore, the treatment needs of patients with DLGG are more specific,
personalized, and diverse. According to the content presented in this article, for DLGG patients with
favorable disease conditions, regular and meticulous follow-up monitoring may allow for
radiotherapy to be initiated when clinical or radiological progression occurs. For patients with tumors
in functional areas, larger residual tumor volumes, severe epileptic symptoms, or advanced age, the
time to tumor progression may be shorter, and the impact on neurofunction and quality of life after
tumor progression may be greater than the impact of radiotherapy. Therefore, for these patients, it
may be necessary to decide whether to undergo early postoperative radiotherapy based on the
specific circumstances. For patients who may have their underlying diseases or health status
exacerbated by radiotherapy, the decision for postoperative radiotherapy requires extra caution. If
severe cerebral edema occurs during radiotherapy, it should be discontinued as appropriate.
Moreover, patients’ own needs should also be considered by physicians. For example, a pregnant
patient with DLGG may prefer delayed postoperative radiotherapy over immediate postoperative
radiotherapy, and a DLGG patient who requires intense mental labor may also choose not to undergo
radiotherapy immediately after surgery to avoid the risk of cognitive decline. This requires adequate
communication between clinical physicians and patients.

With the advancement of artificial intelligence (Al) technology, researchers are able to predict
specific outcomes based on existing patient characteristics. Al can also be utilized to predict the risk
of severe cognitive impairment and quality of life decline in DLGG patients undergoing early
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postoperative radiotherapy, aiding clinicians and patients in making joint decisions regarding the
timing of radiotherapy. This requires extensive data training for AL

In the context of the studies discussed in this article on early versus delayed postoperative
radiotherapy for DLGG patients, due to the early publication dates, the pathological diagnoses of
glioma patients were largely dependent on histology. However, the current diagnosis of diffuse
gliomas now includes molecular diagnostics. In the past, WHO grade II astrocytomas may now be
diagnosed as WHO grade IV astrocytomas or glioblastomas. Therefore, the results of these studies
may need to be revisited, with some DLGG cases possibly being reclassified as DHGG, which could
affect the study outcomes. It may be necessary to conduct retrospective studies under the new
diagnostic criteria or new prospective studies to re-determine the accuracy of the impact of early
versus delayed postoperative radiotherapy on the OS and PFS of DLGG patients.
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