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Abstract: The temporal lobes are prone to receiving high dose of radiation in nasopharyngeal carcinoma
(NPC) patients as they are adjacent to the primary tumor. It will cause cerebral tissue damage in some
patients receiving radiotherapy. Radiation-induced temporal lobe necrosis (TLN) is one of the late-stage
complications in NPC patients. Currently, patients with NPC have achieved impressive overall survival rate
due to advance in radiation technique and adding chemotherapy in last two decades. TLN is associated with
neurological deficits including dizziness, lethargy, debilitation, personality change, symptoms of increased
intracranial pressure, epileptic attacks and cognition failure and severely impairs patients’ quality of life.
Thus, TLN has become an important concern for long-term survival patients after radiation therapy. The
incidence of TLN is related to treatment-related factors, tumor-related factors and individual factors. The
early discovery of TLN benefits from the development of image technology. However, the pathogenesis
of radiation-induced TLN is still not fully understood. Conventional treatment includes corticosteroids,
anticoagulants, vitamins, hyperbaric oxygen and surgery. Latest researches focus on treatment like
bevacizumab, edaravone, gangliosides, nerve growth factor, etc. Despite therapeutic options for the
treatment of cerebral radiation necrosis are increasing, TLN is poorly responsive to existing treatment. The
development of treatment modalities has been slow. No consensus on the management for TLN secondary
to radiotherapy in NPC has been established up to date. In this article, we reviewed TLN related advances

in pathophysiology, risk factors, clinical features and management basing on current literatures.
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Introduction radiotherapy and then to intensity-modulated radiotherapy

Nasopharyngeal carcinoma (NPC) has very unbalanced (IMRT). Locoregional control and overall survival have

geographic distribution, which is particularly endemic been improving along with significant reduction of

within east and southeast Asia (1,2). NPC is highly sensitive
to ionizing radiation, radiotherapy is the mainstay treatment
for non-metastatic NPC. Currently, photon-based
radiotherapy is the most commonly used, it has progressed
from two-dimensional (2D) radiotherapy to 3D-conformal
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radiation-induced toxicities. It is reported that proton or
carbon ion radiotherapy for treating NPC could improve
the therapeutic ratio even further. However, proton or
carbon ion radiotherapy is pricey and its advantage needs
further validation in large scale prospective study, thus
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its application is not yet widespread. Despite therapeutic
toxicity has been greatly reduced when compared with
two decades ago due to advances in radiation technique,
brain necrosis secondary to radiation is still one of the
late complications observed in NPC patients, including
brainstem, cerebellum and temporal lobe necrosis (TLN).
TLN is the most common type, because the tumor is
anatomically adjacent skull base, sometimes infiltrates it,
the brain parenchyma neighboring is often exposed in high
dose radiation range. The reported incidence of TLN
varies widely from 1.9% to 35% (3-10). This variability
is related to a number of factors. Firstly, radiotherapy
techniques and fraction scheme are heterogeneous among
studies. Secondly, the median latency of neurological
complication is 4 years or more, the incidence of TLN
increases with prolonged follow-up (11,12). Thus, the
exact incidence of TLN is difficult to achieve due to
different follow-up across studies. Moreover, the increase
in the use of imaging examination and improvements in
technique are reasons that higher incidence is reported in
recent studies. Five-year overall survival of NPC patients
is about 80% (13). TLN is severely impair patients’ quality
of life. With prolonged survival achieved in NPC patients,
TLN has become a more significant clinical problem.
This study focuses on TLN secondary to radiation
in NPC patients, we reviewed TLN related advances
in pathophysiology, risk factors, clinical features and
management basing on current literatures. We present the
following article in accordance with the Narrative Review
reporting checklist (available at http://dx.doi.org/10.21037/
anpc-2019-LCMNC-03).

Methods

We did an extensive search of MEDLINE and PubMed
for English-language articles published between Jan 1,
1990, and Dec 31, 2019. The search terms included:
‘nasopharyngeal carcinoma’, ‘nasopharynx cancer’,
‘temporal lobe radiation necrosis’, ‘temporal lobe necrosis’,
‘temporal lobe injury’, ‘cerebral necrosis’, ‘brain necrosis’,
‘radiotherapy’, ‘chemotherapy’, ‘pathophysiology’,
‘diagnosis’, ‘treatment’, “clinical trials”, and “meta-analysis”.
Current clinical trials or studies were prioritized for
selection. After evaluating the relevance of the references
that had been selected, main articles were comprised
of studies that had been published in the last 10 years.
Meanwhile, we did not exclude older, original studies that
have been referenced widely and are greatly respected.
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Discussion
Pathophbysiology and risk factors

Pathophysiology

The pathogenesis of radiation-induced TLN, a type of
radiation-induced brain necrosis, is under exploring and
still not fully understood. It is predominantly seen in
white matter. Currently, the mechanism widely accepted
are vascular injury, gliocytes and neuron damage and
inflammatory reaction. It is believed that above three
processes work together to mediate the changes in
radiation-induced brain necrosis.

Tonizing radiation provoke the production of reactive
oxygen species (ROS). ROS initial DNA and non-DNA
damage, letting cells enter into the process of repair and/
or apoptosis (14). This process results in endothelial
damage, basement membrane swelling, telangiectasis, and
platelet and fibrin thrombi formation which present as
increases in capillaries permeability, blood-brain barrier
(BBB) disruption and vasogenic edema (15). Afterward,
the damaged brain tissue is lack of oxygen, resulting in up-
regulation of hypoxia-inducible factor-1a (HIF-1a). HIF-1a
is a transactivator of vascular endothelial growth factor
(VEGF). It causes augmentative production of VEGF
by astrocytes, which results in neo-angiogenesis (16).
Most new vessels are immature and dysfunctional, which
further increase permeability of capillaries and BBB.
Ultimately, all these changes lead to brain edema and
necrosis. In human specimens, a previous study found
that HIF-1a and VEGF were expressed predominantly in
perinecrotic area (17).

In addition to endothelial injury, radiation can
directly cause damage of astrocytes, oligodendrocytes,
oligodendrocyte progenitors and neural progenitors. On
one hand, the number of mature oligodendrocytes and its
progenitor cells decreases, which eventually leads to myeline
loss and demyelination (18). On the other hands, although
neurons are relatively resistant to radiation, recently studies
found that apoptosis of neural progenitor and impairment in
hippocampal neurogenesis happened after radiation (18,19).
This change produces symptoms of memory loss, cognitive
impairment in clinical and brain atrophy in radiological.
The mechanism is undergoing explored.

Inflammation also plays an important role in TLN. The
injury of vascular endothelial, gliocytes and neural genesis
result in accumulation of inflammatory cells. Amounts of
inflammatory cytokines release, like tumor necrosis factor-a
(TNF-a), interleukin-1, interleukin-6 and so on, which
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further aggravate ischemia, edema, fibrinoid necrosis and
white matter necrosis (17).

Risk factors
The incidence of TLN is associated with treatment-related
factors, tumor-related factors and individual factors.
Treatment-related factors includes radiation dose,
involved volume of temporal lobe, fraction size, radiation
technique, chemotherapy, target therapy. Radiation dose is
recognized one of the most critical factors affecting TLN.
Su et al. reported (20) that TLN is associated with maximal
dose (Dmax) and the dose delivered to 1 cubic centimeter
volume (Dlcc). When Dmax >64 Gy or Dlcc =52 Gy,
the incidence of TLN increase with augment of 2.6% and
2.5% per Gy respectively. Radiation dose should be strictly
limited in temporal lobe, particularly in nasopharyngeal
re-irradiation patients. In terms of involved volume of
temporal lobe, a study demonstrated that 5-year incidence
of TLN for temporal lobes rV40 <10% or aV40 <5 cc is
less than 5%. For those with rV40 >15% or aV40 >10 cc,
incidence of TLN is increased significantly and it is more
than 20% (rVX: volume percentage of temporal lobes
receiving > X Gy, aVX: absolute volume of temporal lobes
receiving > X Gy) (3). A later study found similar trend
that patients with aV20 >42.22 cc had significantly higher
risk of TLN (21). Fraction size is another radiation factor
for TLN. In a study of 1,008 NPC patients, 50.4 Gy in
4.2 Gy per fraction was performed in 621 patients and 60
Gy in 2.5 Gy per fraction was used in 320 patients, the
incidence of TLN 18.6% and 4.6% was observed in each
group (9). Thus, it’s better to use conventional fraction,
which is widely in practice around the world nowadays. Last
century, two-dimensional radiotherapy (2D RT) was used
via laterally opposed fields in the treatment for NPC. In
the 1990s, IMRT emerged. It not only improves survival of
NPC patients, but greatly reduces the morbidity of TLN
after radiation. A prospective study reported that IMRT
reduced the incidence of TLN by 8% (4). Actually, this
improvement is result from strict restriction for maximal
dose and involved volume of temporal lobes in IMRT when
compared with 2D RT. Moreover, particle radiation therapy
with special properties of radiophysics could improve
dose distribution and conformality of radiation plan. In a
dosimetric comparison study of carbon-ion and photon-
based IMRT, a significant reduce mean dose was observed
in normal tissue including temporal lobe (22). Theoretically,
it has the potential of protecting temporal lobe, however,
it needs to be proved by clinical study in the future. When
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it comes to chemotherapy, Lee ez 4/. demonstrated that the
5-year incidence of TLN slightly increase (0% vs 1.3%, no
statistical significance) by adding concurrent chemotherapy
and no negative impact was found by adding neoadjuvant
and adjuvant chemotherapy (23). Recently study by Wang
and his colleagues presented consistent results in their
predictive model for TLN, no significant negative impact
was found by adding chemotherapy (24). Cetuximab is an
epidermal growth factor receptor (EGFR) inhibitor. In a
phase 2 trial, 7 of 33 NPC patients underwent cetuximab
plus IMRT developed into TLN in 3 years (25). The
incidence is much higher when compared with historical
control, suggesting that TLN occurrence might be
exacerbated by concurrent cetuximab. As TLN is a late
complication that is irreversible, it should be caution when
choose this treatment modality and more study iz vivo
or retrospectively need to be down to further prove this
phenomenon. Lastly, the role of molecular target therapy
and immunotherapy in TLN is unclear as related report in
literatures was limited.

Tumor stage is one of important tumor-related factors,
which reflects the distance between temporal lobe and
primary tumor. In a retrospective study, which a median
follow-up of 40 months, no patients in T1-2 developed into
TLN, while 3.1% in T3 and 13.4% in T4 was observed of
TLN (20), suggesting 'T" stage is a risk factor for TLN.

Comorbid factors like hypertension, diabetes, lipidemia,
obesity and smoking, which might be contributory factors in
the development of TLN are not fully studied in literatures.
Furthermore, individual factor like heterogeneity of radio-
sensitivity is worthy of notice. Radio-sensitivity not only
impacts treatment response of tumor, but might play a
role in the incidence of radiation toxicity. A genome-wide
association study conducted by Wang et al. found that
gene CEP128 might be a genetic susceptibility involved
in temporal lobe injury development (26). It provides the
novel insight into the underlying mechanisms of radiation-
induced brain injury. Studies in vitro and vivo warrants to be
done in further exploring in this field.

Clinical features

Clinical presentation

TLN includes asymptomatic and symptomatic cases.
Asymptomatic cases which were incidentally diagnosed
during follow-up have been reported in 18-45% patients
(11,27). For patients with symptoms, the presentations are
variable. According to a retrospective study (11), 42.6%
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patients presented with vague symptoms including mild
memory impairment, personality change and/or occasional
dizziness, 25% patients suffered from nonspecific symptoms
like mild headache, mental confusion and/or generalized
convulsion as a result of mass effect, 13.9% of patients
were seriously affected with marked debilitation, raised
intracranial pressure, epileptic attacks and/or changes in
consciousness level.

Imaging features

TLN lesions are usually restricted within the portals of
radiation though they may extend well beyond. Enhanced
computed tomography (CT) and magnetic resonance image
(MRI) is commonly used in assessment of disease status.
The characteristic manifestations of TLN on CT are finger
like hypodense area which is representative of reactive
white matter edema in early stage and cyst like changes
corroborating with liquefactive necrosis and surrounding
gliosis in late stage (28). While MRI is superior to CT in
diagnosing TLN. The major performances of TLN on
MRI (11) are (I) finger-like white-matter lesion on T2
weight image (T2WI), sometimes is accompanied with
edema around necrotic foci, (II) contrast heterogeneous
enhancement describe as Swiss cheese or soap bubble
internally and spreading wave front marginally, (IIT) highly
hyperintense well-defined cystic components on T2WI,
(IV) sometimes mass effect could been observed as well.
Figure 1 shows the representative MR images of a patients
synchronously with TLN and recurrent lesions after
radiation of NPC. Conventional imaging techniques are
not really sufficient to diagnose all conditions. Advanced
imaging tools like functional MRIs, positron emission
tomography (PET) and single photon emission CT
(SPECT) provide additional information and can be choose
when there are indications.

PWI allows a non-invasive evaluation of cerebral blood
flow (CBF) and relative regional cerebral blood volume
(rCBV). CBEF, rCBYV, mean transit time of contrast media
(MTT) and time to peak (IT'TP) can be achieved in this
sequence. Radiation necrosis was observed with very low
CBYV due to vascular damage (29). While tumors usually
manifest a higher CBF and rCBV, lower MTT and TTP.
It is reported in a study, a threshold of 406.5 mL for CBV
and 29.5 mL/second for CBF was found to differentiate
benign and malignant brain lesions with a sensitivity of
91% and specificity of 88% (30). Despite great diagnostic
value, the potential pitfalls of PWT are its susceptibility to
motion artifacts, relative but not absolute quantification
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of CBV and inaccurate determination of CBV in cases of
severe disruption or absence of blood brain barrier (31).
DWTI quantitatively detects motions of water molecules
in living tissue where water diffusion is anisotropic. TLN
usually displays a marked high apparent diffuse coefficient
(ADC) due to necrosis and a loosening of the extracellular
space (32). Tumor with high cellularity, the added cell
membrane mass impedes water movement and lead to a
decrease in ADC (32). However, low ADC values have
been observed in RT-induced cerebral necrosis in several
studies, which they attributed to sterile liquefaction necrosis
or a mixture of different components of radiation-induced
necrosis (33-35). PWI and DWI provide information
of hemodynamics and micro-structure/function. MR
spectroscopy (MRS) as a non-invasive method, can be used
to gain metabolic information, which help to characterize
intracranial lesions. Lactate (Lac) and lipid (Lip) reflect
anaerobic metabolism and cellular necrosis respectively,
which is not detectable in healthy brain. Choline (Cho)
represents cellular membrane phospholipid synthesis
reflecting cell proliferation. N-acetyl-aspartate (NAA)
functions as a neuronal integrity marker. Creatine (Cr)
indicates cellular energy metabolism and is fairly stable
under most conditions. Radiation necrosis generally marked
by decrease in Cho, Cr and NAA (36), while malignancy
usually presented with elevated Cho and decreased levels
of Cr and NAA (37). Cho/NAA ratio is often used in brain
MRS. A clinic decision model suggested patients with a
Cho/NAA ratio <1.1 were assigned for imaging follow-
up; those with a higher ratio >2.3 underwent immediate
treatment in line with tumor; while patients with Cho/NAA
ratios between these values would undergo biopsy (38).
Another study suggested that complete absence of the
Cho and NAA peaks, or progressive reduction of both
accompanying with rising lipid and lactose peaks highly
indicated radiation necrosis (39). However, MRS lacks the
ability to precisely identify the boundaries of a tumor and
radiation necrosis when they co-exist at the same location.
And there is no consensus on the calculated threshold
which can best distinguish radiation necrosis from a tumor.
According to a meta-analysis, adding these functional MRIs
to conventional radiological imaging can enhance diagnostic
accuracy (40).

Nuclear medicine imaging techniques like PET and
single-photon emission CT (SPECT) is based on the
preferential uptake and retention of radiolabeled tracers
by the target tissue. Tumor cells have a higher tendency
to absorb these metabolites generating contrast in uptake
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Figure 1 MRI of a patients synchronously with TLN and recurrent lesions after radiation of NPC. (A,E) T1 weighted images (T1WT) show

an extensive abnormal low intensity area in the left temporal lobe (white long arrow) and a low intensity small nodule and rough edge in the
left side of brain stem (white short arrow). (B,F) Gd-enhanced T1WI shows enhanced liner shaped lesion and enhanced nodule in the left
of brain stem, heterogeneous signal area in the left temporal lobe. (C,G) T2WI shows a high intensity lesion in left temporal lobe and brain

stem. (D,H) Left temporal lobe lesion in coronal plane. Lesions in the left temporal lobe and brain stem are confirmed as temporal lobe

necrosis and recurrent disease respectively in the follow-up.

between tumor mass and surrounding healthy tissue.
Radiation necrosis with large amount of necrosis and
fibrosis components, usually presents with low uptake
activity. "*F-fluorodeoxyglucose ('"*F- FDG) is the most
commonly tracers used in PET. Di Chiro er 4l. raised a
question ‘Can PET-FDG challenge tumor histology?’ based
on a large samples study indicating a 100% sensitivity and
specificity with PET in the differentiation of tumor from
radiation necrosis (41). However, this result was challenged
by subsequent studies. A review indicated "*F-FDG PET
might had less sensitivity of 81-86% due to recent RT,
low histological grade and small tumor volume. While it
had various range of specificity of 40-94%, false-positive
cases happened in radiation-induced brain injury due to
activated repair mechanisms or inflammatory activity (42).
Other tracers such as '"C-methionine (MET),
"F-fluoroethyltyrosine (""F-FET), "*F-boronophenylalanine

© Annals of Nasopharynx Cancer. All rights reserved.

("F-FBPA), "*F-fluorodihydroxyphenylalanine ("*F-FDOPA)
and "*F-fluorothymidine (FLT) have been going studied.
In addition, hybrid PET/MRI provides not only the tracer
uptake PET imaging but also combines morphological and
functional MRI. It theoretically seems to have the highest
diagnostic accuracy (43,44). The application of above
technique remains to be specifically proved by clinical
studies. The disadvantage of PET is that it is expensive,
not widely available and ironizing radiation. In term of
SPECT, the common tracers used are **"Thallium (T1),
""Technetium-methoxyisobutylisonitrile (Te-MIBI), ™ Te-
glucoheptonate (GHA). Yamamoto et al. (45) reported that
*'T1 and "™ Tc-MIBI concentration was significantly higher
in recurrent tumor than brain necrosis, with accuracy of
90% to diagnosis for radiation necrosis in both tracers, and
concentration level was higher in ""Te-MIBI than **'Tl.
When compare to PET it is a less costly method, however
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the spatial resolution is slightly low.

Advanced image techniques are promising, meanwhile
further prospective studies are required to clearly establish
the clinical usefulness of them.

Diagnosis and differential diagnosis

Absolutely, pathological biopsy is the golden standard for
the diagnosis of TLN. However, due to the limitation of
intracranial lesion sampling, this invasive procedure is rare
adopted. In many cases a working diagnosis can still be
reached without resorting to biopsy. To carefully consider
symptoms, radiation history, latency after radiation,
reviewing the treatment plan (radiation necrosis usually
locates in region with relative highly biological effective
dose), image features and tumor biomarkers.

Differential diagnosis of TLN includes intracranial
extension of NPC, primary intracranial tumors, second
intracranial malignancies, hematogenous cerebral metastasis
and brain abscess. It is easier to exclude brain abscess on the
basis of symptoms and laboratory investigations suggestive
of infection. Hematogenous cerebral metastasis from
NPC are extremely rare (46). If temporal lobe lesion with
patchy enhancement continues with cavernous sinus where
was invaded by tumor when newly diagnosed, intracranial
extension of NPC can’t be excluded. At this point, it’s
necessary to combine multiple image examination and copy
number of circulating plasma EBV DNA. Most radiation-
induced necrosis presents as an isolated lesion in the
temporal lobe locating in radiation area. Primary tumors
like glioma, lymphoma and radiation-induced sarcoma
should be excluded by comprehensively considering
epidemic, clinical and image features.

Management

No consensus on the management for TLN secondary to
radiotherapy for NPC has been established. Prevention
remains the most effective method in the management of
TLN, like using advanced radiation techniques, optimizing
radiation plan, etc. Reduction of TLN risk needs to be
balanced with tumor control. Once TLN happens, for
asymptomatic TLN, observation with close image follow-up
is generally suggested. For those with symptomatic TLN,
active treatment should be given, the clinical goals are to
reduce symptoms and improve quality of life. Interventions
for TLN are developing, the treatment modalities available,
both established and experimental, are as follows.
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Corticosteroids

Corticosteroids are the classic treatment for symptomatic
TLN. It can reduce inflammatory response, alleviated
edema and relieve symptoms. Methylprednisolone and
dexamethasone are commonly used in clinical practice,
proton pump inhibitors are prophylactically used together
with them in order to avoid gastric ulcer and bleed. Lam
et al. (27) demonstrated that intravenously pulsed steroid
was associated with better clinical response than oral steroid
delivery. Corticosteroids seem to be beneficial only in early
phase of liquefactive necrosis. The value of corticosteroids is
symptom relief rather than cure. Prolonged use of steroids is
related to myopathy, weight gain, and even infection duo to
immunosuppressive effects. In a clinical trial, the response
rate is 31.5% by using methylprednisolone alone (47).
Thus, it’s crucial to identify steroid refractory TLN. The
combination of corticosteroids with other effective agents
present a better control of TLN in several studies (48,49).

Anticoagulation & antiplatelet

Anticoagulants reduce platelet aggregation and prevent
thrombogenesis, which can inhibit one of formation
mechanisms in TLN. The use of heparin and warfarin in
the treatment of cerebral radiation necrosis is reported in
literature (50). In this small case series patients experienced
relief in a short-term, whereas symptoms recurrence after
discontinuation. The safety of this treatment is questionable
as a risk of hemorrhage. There is a lack of large randomized
controlled studies to assess the safety and the benefits of
anticoagulant therapy.

Bevacizumab (BEV)

BEV is a humanized murine monoclonal antibody against
VEGE. In 2007, it was first reported with ideal effect in
radiation-induced necrosis (51). Since then, an emerging
body of studies have examined the use of this agent in
the treatment of radiation necrosis, most of them are
case reports, case series, pilot studies and retrospective
studies with small sample size and only 2 randomized
clinical trails were performed (47,52-61). Levin ez al.
(56) compared BEV (7 patient: 7.5 mg/kg) to placebo (7
patient: saline) every 3 weeks, 4 cycles in the treatment of
radiation necrosis, and showed good efficacy of BEV in
radiation necrosis. Patients in BEV group were observed
with significant decreases in lesion volume. Seven patients
initially randomized to placebo then crossed over to receive
BEV as they had obvious progression during follow-
up, then showed improvements in neurological signs and
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symptoms after using BEV. Randomized controlled trials
(RCT) conducted by Xu er al. (47), demonstrated that
BEV offers improved symptomatic relief and radiographic
response over corticosteroids. The side effects such as
hypertension, proteinuria and thrombosis were mild and
manageable. According to above results, BEV positively
alleviate symptom, improve radiographic signs and reduce
dosage of steroids in radiation necrosis. However, follow-
up of the studies is not long enough, and many studies
reported recurrence of radiation necrosis following
BEV discontinuation or even along with BEV treatment
(62-64). Most of patients initially responded to BEV, but
with prolonged treatment their condition deteriorated.
Researchers considered it might attribute to the phenomenon
of over-pruning. Over inhibition of VEGF break the
balance of angiogenesis and anti-angiogenesis. Other
recurred patients after discontinuation of BEV suggests
that BEV is effective in reducing edema, but it still can’t
reverse radiation necrosis by BEV. Currently, no uniform
established standard regarding the application of BEV.
There are still many questions. Firstly, how to screen
patients who are sensitive to BEV? BEV is costly and some
patients (about 34%) failed to benefit from it (47). A study
by Li et al. (65) explored predictive factors of therapeutic
effects of BEV in NPC patients with radiation-induced
TLN. The results suggested that BEV might be more
effective in patients with a lower maximum radiation dose
to TL, however, no cutoff value was found in this study,
further study warrants to be done in the future. Secondly,
what is the optimal dose? Various dosages range from 5 mg/
kg tol5 mg/kg were used in previous studies, a low dose
of 5-7.5 mg/kg was reported to have satisfactory effect
(47,51,56,60,66). A small sample size retrospective study (59)
demonstrated that no difference in clinical and radiologic
outcomes when high-dose (10-15 mg/kg) was compared
with low-dose (5-7.5 mg/kg). Thirdly, what is the best
treatment course? Researchers thought there might be a
BEV resistance caused by over-pruning, it’s better to give
short-course, stop timely upon obtaining satisfactory effects
and reuse if radiation necrosis progresses.

Nerve growth factor (NGF)

In the past decades, amounts of studies demonstrated
that glial and neuron damage is associated with the
development of TLN. It helps us to explore new agents
in the treatment for TLN. NGF is a growth factor and
neuropeptide primarily involved in the regulation of
growth, maintenance, proliferation and survival of certain
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target neurons both in peripheral and central nervous
systems. In 2014, Wang ez al. firstly reported that mouse
nerve growth factor has the potential to reverse TLN (67).
Consequently, a phase II trial conducted by them,
comparing the combination of corticosteroids and NGF
(study group) with corticosteroids alone (control group)
in the treatment of TLN, both objective and subjective
evaluation showed it was significantly better in the study
group than the control group (48). Moreover, three
patients had complete response. Hence, the researcher
speculated that the process of TLN was not irreversible.
Whereas, routine clinical practice has to base on high-
ranking evidence like meta-analysis or well-designed phase
IIT clinical trials. The role of nerve growth factor needs to
be further validated. It must be emphasized that NGF is
a growth factor, whether it will promote tumor stem cell
growth is still uncertain. Hence, it must be careful to rule
out tumor recurrence or metastasis when enrolling patients
in this treatment.

Gangliosides

Gangliosides are sphingolipids containing sialic acid.
They are cell membrane components, predominantly in
the central nervous system. Monosialotetrahexosylgang
lioside (GM1), the prototype ganglioside, is a member
of gangliosides which contains one sialic acid residue.
GML1 is involved in the development of nervous system
and has neurotropic and neuroprotective functions. GM1
is efficacious in animal models of neurodegenerative
disease (68). Pathological processes such as ischemia,
hypoxia are often accompanied with decrease level of
ganglioside. Certain amount supplement of GMI1 can
prevent neuron apoptosis, axonal damage and improve the
ability of learning and memory. Clinical experience is richest
with GMI in the treatment of stroke. Fourteen RCTs
consistently reported superior neurological outcomes when
compared to placebo, although no difference in survival
was found (69). Two RCTs in Parkinson’s disease provided
evidence of GMI to be superior to placebo in improving
motor symptoms and slowing progression (70,71). GM1
would be a welcome therapy in neurodegenerative disease
with promising prospects. The application of GMI in
cerebral necrosis has not been reported in literatures.
Some researcher speculated that GM1 might have a
potential therapeutic effect in cerebral radiation necrosis.
A randomized clinical trial (NCT03067753) comparing the
efficacy of GM1 and methylprednisolone is undergoing in
China. We are looking forward the results of this study.
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Edaravone

Edaravone is a free radical scavenger, which can help
to eliminate ROS in the pathogenesis of radiation-
induced brain injury. A RCT of 154 patients showed
that significantly more patients in the study group using
edaravone and steroid regimen achieved edema decreases
>25% than that in the steroid alone group (55.6% vs.
35.4%) (49). Based on the mechanism of edaravone, it
might play a beneficial role in prophylactic treatment,
however, whether it will against the treatment of tumor
therapy is unclear, which needs to be further studied.

Surgery

Surgery as an invasive method, is an alternative but not
preferred treatment (72). Resection is reserved for medical
therapy refractory TLN or in situations in which the
diagnosis is unclear. Moreover, with an emergency of
intracranial hypertension, concurrence of intracranial
hemorrhage, etc. surgery is required to provide a beneficial
palliative effect.

In addition to above treatments, vitamin E and
pentoxifylline (73,74), hyperbaric oxygen therapy (75)
and laser interstitial thermal ablation (76) can also be
considered in the treatment of TLN. However, benefit of
these treatment modalities is not well established and no
RCT was published in literatures. It is also reported that
exogenous neural stem cells supplementation can prevent
radiation-induced functional loss of the brain in animal
model (77), suggesting it has the potential to prevent the
occurrence of TLN.

Conclusions

In conclusion, therapeutic options for the treatment
of cerebral radiation necrosis are increasing, such as
bevacizumab, NGF, GM1, edaravone. However, large,
randomized controlled researches with long-term follow-up
trial or meta-analysis is needed to evaluation the safety and
confirm the efficacy on these treatments.
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