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Abstract

Background To investigate the frequency of temporal lobe necrosis (TLN) soon after radiotherapy (RT) and identify
differences among patients with various types of head and neck cancer (HNC) and between different RT methods.

Methods We retrospectively reviewed 483 patients with HNC who had completed RT in our hospital after January,
2015. These patients were followed-up at the radio-oncology department and received contrast-enhanced magnetic
resonance imaging (MRI) or computed tomography (CT) to identify metastases or recurrence of cancer at regular
intervals. Meanwhile, the occurrence of TLN, graded according to the Common Terminology Criteria for Adverse
Events V5.0, was recorded. We categorized the patients into nasopharyngeal carcinoma (NPC) and non-NPC groups
and compared the cumulative occurrence of TLN between the groups using Kaplan—Meier and Cox regression analy-
ses. We further compared the cumulative occurrence of TLN between proton beam therapy (PBT) and volumetric
modulated arc therapy (VMAT) in patients with any HNC, NPC, and non-NPC HNC.

Results Compared with the non-NPC group, the NPC group had a higher frequency of TLN (5.6% vs. 0.4%, p <0.01)
and were more commonly associated with TLN in the Kaplan—-Meier analysis (p <0.01) and the Cox regression model
after covariates were adjusted for (adjusted hazard ratio: 13.35, 95% confidence interval: 1.37-130.61) during the fol-
low-up period. Furthermore, the frequency of TLN was similar between patients receiving PBT and those receiving
VMAT (PBT vs. VMAT: 4.7% vs. 6.3%, p=0.76). Kaplan—-Meier analysis revealed that the accumulated risks of TLN were
similar between PBT and VMAT in patients with any HNC (p=0.44), NPC (p=0.84), and non-NPC HNC (p=0.70).

Conclusion Our study demonstrated that patients with NPC are susceptible to TLN during the early period after RT.
In addition, PBT may be associated with an equivalent risk of TLN when compared with VMAT in patients with NPC
or other HNGs.
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Introduction

Radiotherapy (RT) is the standard treatment for head
and neck cancer (HNC). Late effects on “bystander”
organs have become increasingly prevalent in survivors
of HNC. Among radiation injuries with long-term con-
sequences, radiation vasculopathy and hypothyroidism
are relatively common [1-3]. Patients treated with radi-
cal RT for HNC may receive significant radiation doses
to large volumes of brain tissue. Patients with HNC,
particularly advanced-stage nasopharyngeal carcinoma
(NPC) may be at increased risk of adverse late brain
effects including temporal lobe necrosis (TLN) after
concurrent chemoradiation therapy [4, 5]. The mecha-
nisms of TLN include microvascular injury, cell injury,
and inflammatory and free radical injury [6]. Patients
with TLN may develop epilepsy or cognitive decline.
However, available data regarding the long-term prog-
nosis of TLN remain scarce.

The application of proton beam therapy (PBT) in the
treatment of HNC has been growing in the past few
years [7]. The physical properties of the Bragg peak
allow for precise dose delivery, thus minimizing or
preventing an exit dose from affecting normal tissues
located beyond the target. PBT is much more sensitive
to tissue density than photon therapy. So far, intensity-
modulated radiation therapy (IMRT) and PBT have
been demonstrated to have similar treatment effects
on local tumor control in patients with NPC [8, 9]. The
accuracy achieved with PBT allows further widening of
the therapeutic window, as dose escalation for radiore-
sistant tumors is possible without jeopardizing treat-
ment tolerance [10]. Comparative studies of PBT versus
photon radiotherapy have demonstrated diverse results
[11-15]. Some studies showed a lower regional toxicity
in patients receiving PBT for various cancers [8, 9, 12,
13, 16], results corroborated by the biggest prospective
PBT series published to date [12, 13]. However, other
studies focusing on HNC only demonstrated that the
risk of TLN was higher in patients receiving PBT [14,
15], which could be resulted from various biological
and treatment uncertainties [16]. Studies mentioned
above used different techniques treating different can-
cer around the brain, which were unable to answer the
question. We used a PBT system with intensity modula-
tion in our institution [17]. Intensity modulated proton
therapy have been reported to improve several aspects
of dose profile [18], and has become the preferred
technique for HNC The current study focus on HNC
treated by PBT with intensity modulation. Our work
investigated the frequency of TLN during the early
period after RT for HNC and the association between
novel PBT and the risk of TLN in these patients.

Page 2 of 11

Materials and methods

Patient recruitment and demographic data

We reviewed patients with HNC who received RT after
January 1, 2015, which was the date on which PBT was
established in our institution. All enrolled patients
received regular follow-ups with brain imaging stud-
ies to detect the presence of tumor recurrence at the
radio-oncology department of our hospital. Patients were
referred to the neurology department for evaluation of
the risk of radiation vasculopathy or other neurovascu-
lar complications. We focused on TLN during the early
period after RT. The median latency for TLN detection
was 30 months with a range between 6 and 56 months
after RT in previous study [19]; therefore, patients with
a time interval of > 5 years between the date of their final
RT and the date of their latest follow-up were excluded in
this study. Data on demographic characteristics and RT
of all recruited patients were recorded. Laboratory data,
such as glycated hemoglobin, high and low-density lipo-
protein cholesterol, and high-sensitivity C reactive pro-
tein (hs-CRP) levels, were registered (Fig. 1). The study
was approved by the Ethics Institutional Review Board of
our hospital (202101981B0 and 202200464B0).

Cancer and RT data

We recorded the pathological types, locations, and tumor
stages of HNC, method of RT [volumetric modulated
arc therapy (VMAT) or PBT], interval from latest RT to
study enrollment, and accumulated total doses of RT of
each patient. Both PBT and VMAT treatment plans were
generated using the Eclipse planning system (version
13.7; Varian Medical Systems, Palo Alto, CA, USA). Pen-
cil beam scanning with 3 beam angles was used for full-
field PBT plans [9]. The planning target volume in VMAT
was expansion of 3-5 mm around the clinical target. For
PBT, worst-case robust optimization was used for CTV
coverage without PTV expansion. Dose constraints and
algorithm used for optimization in the PBT were the
same as those used in VMAT. The relative biological
equivalent value of 1.1 was assumed for protons and cal-
culated during optimization [20]. Prescription consisted
of 6000-6600 centi-grays (cGy) 30—33 fractions for post-
operative radiotherapy and 6996 cGy in 33 fractions for
primary radiotherapy over 6—7 weeks (5 fractions per
week). All targets were treated simultaneously [21].

Grouping

Patients were categorized into two groups according to
cancer pathology: an NPC group and a non-NPC group.
The non-NPC group consisted of patients with oral
cavity, oropharyngeal, laryngeal, and hypopharyngeal
cancers. The NPC and non-NPC groups were further
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Head and neck cancer patients who had completed their RT after Jan. 01, 2015 at Linkou CGMH
and were under regular follow-ups at radio-oncology department and neurovascular complication
evaluation at neurology department (n=652)

1.

Exclusion criteria

Time interval between the final date of RT and the latest
date of follow-up > Syears (n=167)

2. Missing or incomplete data (n=2)

| Totally enrolment: n=483 |

l

| NPC(n=198) |

l

|

|

| non-NPC (n=285) |

|

|

| PBT(m=86) |

| vMAT(m=112) | |

PBT (n=46) | | VMAT (n=239) |

Fig. 1 Patient enroliment. CGMH Chang Gung Memorial hospital; HNC Head and neck cancer; NPC Nasopharyngeal carcinoma; PBT Proton beam

therapy; RT Radiotherapy; VMAT Volumetric modulated arc therapy

subdivided into PBT and VMAT subgroups based on the
method of RT (Fig. 1).

Follow-ups

Patients received regular follow-up at the radio-oncology
department at least every 6 months and received at least
one comprehensive neurological examination at the neu-
rology department. Patients received contrast-enhanced
magnetic resonance imaging (MRI) and/or computed
tomography (CT) every 6 months to identify potential
distal metastasis or recurrence of the primary tumor and
to record the occurrence, type, and progression of TLN.
CT of the head and neck region was performed using a
multidetector CT scanner. Thin-slice CT images (3 mm
in thickness) were reconstructed in the axial, coronal, and
sagittal directions. MRI was performed using a 1.5 or 3.0
Tesla MR scanner by using a standard head and neck coil.
Pre-contrast T1-weighted images, T2-weighted fat-satu-
rated images, and postcontrast T1-weighted fat-saturated
images were acquired in the axial, coronal, and sagittal
planes. The section thicknesses were 5 mm with a 2.5-
mm intersection gap in the axial plane and 4 mm with a
1-mm gap in the sagittal and coronal planes. Screening
for TLN-associated neurological symptoms and detailed
neurological examinations were performed during outpa-
tient visits to the neurology department.

Outcomes
The primary outcome in this study was the diagnosis of
TLN. TLN was classified according to the pattern into

three types: edema, enhancement, and necrosis [22]. The
severity of TLN was graded according to the Common
Terminology Criteria for Adverse Events (CTCAE) V5.0
[23].

Radiation dose to the temporal lobe and dosimetry
analysis

For patients who had TLN and were treated by photons
radiotherapy (XRT) with single VMAT plan, dose sta-
tistics of bilateral temporal lobes were retrieved from
VMAT plan used for treatment. In other patients with
TLN, either treated by photons or protons, had adaptive
replanning during treatment course to adaptive anatomi-
cal change during fractionated radiotherapy. The primary
plans were registered to second plan with dose deforma-
tion and summation by VelocityTM oncology imaging
informatics system (VARIAN, Palo Alto). We compared
the dosimetry data among NPC patients receiving differ-
ent method of RT and NPC patients with/without TLN.
We also compared the dosimetry data of the diseased ver-
sus non-diseased lobes in NPC patients with TLN. Since
only a small part of temporal lobe would be irradiated
by PBT, maximal dose (Dmax) and highest dose deliv-
ered to small specific volume (0.5, 1, and 2 c.c.) should
be more comparable. Shroeder and colleagues reported
that D1cc is the most important dosimetry factor corre-
lated to TLN [15]. The QUANTEC analysis also showed
that maximal dose is predictive for TLN [24]. So Dmax,
DO.5 cc, Dlcc, and D2cc were reported and analyzed. On
the other hand, spread of low and intermediate radiation
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dose is the main disadvantage of VMAT. Therefore, the
volumes of temporal lobe that exposed to radiation doses
of 2000 (V20Gy) and 5000 cGy (V50Gy) or more were
also analyzed [25-27].

Statistical analysis

We used SPSS 22.0 (SPSS, Chicago, IL, USA) to ana-
lyze the clinical data. Parameters are presented as
mean + standard deviation or frequency (%). We used an
independent two-sample ¢ test to identify differences in
the continuous variables between the study groups. Cat-
egorical variables were compared using a chi-square test
or Fisher’s exact test. Radiation dose and follow-up dura-
tion were analyzed using Mann-Whitney tests and were
presented as median (quartile 1, quartile 3). Intergroup
differences in event risk and time to TLN were compared
using Kaplan—Meier analysis and the log-rank test. Cox
regression analysis was used to compare risks between
the study groups, in which covariates [age, tumor stag-
ing (T3 or T4), cancer type (NPC or non-NPC), RT
doses, time interval to the end of RT, type of RT (PBT
or VMAT), and reirradiation) were adjusted. Continu-
ous variables (RT dose) were analyzed as continuous
data instead of being categorized into groups. We used
a univariate Cox regression model and a multivariable
Cox regression model with backward selection to inves-
tigate the correlations between these risk factors, NPC,
and the risk of TLN. Since the definition of tumor stage is
different between NPC and non-NPC, which could extra-
ordinary be a potential confounding factor to the study
results. Cochran—Mantel-Haenszel test was used to
assess the conditional independence of cancer types asso-
ciated with TLN. Significance was indicated by p <0.05.

Results
A total of 652 patients with HNC who finished RT after
January 1, 2015, received regular post-RT follow-ups,
and had evaluation for neurovascular complications
screening by neurologists in our hospital were initially
reviewed. Of these patients, 167 whose time inter-
val between the date of their final RT and the date of
their latest follow-up was >5 years were excluded. Two
patients with missing information were also excluded.
In total, 483 patients with HNC were recruited and cat-
egorized into two groups: 198 (41.0%) were in the NPC
group and 285 (59.0%) were in the non-NPC group. In
the NPC group, 86 (43.4%) patients received PBT and
112 (56.6%) patients received VMAT. In the non-NPC
group, 46 (16.1%) patients received PBT and 239 (83.9%)
patients received VMAT (Fig. 1).

Compared with the patients in the NPC group, those
in the non-NPC group were older (non-NPC vs. NPC:
58.30£9.89 vs. 50.17 £10.68 years, p<0.01) and were
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more likely to be men (non-NPC vs. NPC: 90.9% vs.
81.3%, p<0.01), had higher frequencies of betel quid
chewing (non-NPC vs. NPC: 43.4% vs. 14.2%, p<0.01)
and smoking (non-NPC vs. NPC: 57.2% vs. 38.3%,
p<0.01). The frequencies of stage T4 cancer (NPC vs.
non-NPC: 29.7% vs. 35.6%, p =0.18) and advanced cancer
(stages T3 and T4; NPC vs. non-NPC: 55.9% vs. 60.1%,
p=0.37) were similar between the two groups. Patients
in the NPC group were more likely to receive PBT (NPC
vs. non-NPC: 43.4% vs. 14.2%, p<0.01) and had higher
mean RT doses [NPC vs. non-NPC: 6996 (6996, 6996)
vs. 6600 (6600, 6996) cGy, p<0.01]. Levels of metabolic
parameters, namely glycated hemoglobin, free T4 levels,
and inflammatory markers, including hs-CRP and homo-
cysteine, were similar between the two groups (Table 1).

The mean interval from RT completion to the last fol-
low-up was slightly longer in the NPC group [NPC vs.
non-NPC: 35 (21, 46) vs. 30 (18, 42) months, p=0.03].
Compared with the non-NPC group, the patients in the
NPC group were more likely to receive a diagnosis of
TLN (NPC vs. non-NPC: 5.6% vs. 0.4%, p <0.01; Table 2)
and were at a higher risk of developing TLN during the
follow-up according to the Kaplan—Meier analysis (log—
rank test p<0.01; Fig. 2) and the Cox regression model
(adjusted hazard ratio: 13.35, 95% confidence interval:
1.37-130.61, p=0.03) after adjustment for covariables.
Although the definition of advanced T stage could be
different between NPC and non-NPC, both the NPC
patients in the TO-T2 stage (NPC vs. non-NPC: 4.7% vs.
0.0%, p=0.04; Additional file 1: Table 1) and those in the
T3-T4 stage (NPC vs. non-NPC: 6.4% vs. 0.6%, p<0.01)
yielded higher risks of TLN development. Cochran—
Mantel-Haenszel test (p <0.01) also showed that patients
with NPC remained have a higher odds ratio of the TLN
occurrence after excluding the effect of tumor stages.

Regarding the influence of the method of RT, the fre-
quency of TLN was similar between patients receiving
PBT and VMAT (PBT vs. VMAT: 4.7% vs. 6.3%, p=0.76).
Kaplan—Meier analysis indicated that the accumulated
risks of developing TLN between patients who received
PBT and those who received VMAT were similar among
patients with any HNC (log—rank test: p=0.44; Fig. 3A),
patients with NPC (log—rank test: p=0.84; Fig. 3B), and
patients with non-NPC HNC (log-rank test: p=0.70;
Fig. 3C). The radiation doses to the temporal lobes in
the NPC patients receiving different method of RT were
shown in the Table 3. Compared to NPC patients under-
going VMAT therapy, NPC patients receiving PBT had
significantly lower V20Gy and V50Gy of the temporal
lobes. D1cc and D2cc of left temporal lobe were also sig-
nificantly lower in patients under PBT (Table 3).

In total, 12 patients (2.5%) developed TLN. The details
of the RT dose-volume parameters of the 12 patients who
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Table 1 Baseline characteristics of the study groups
NPC (n=198) Non-NPC (n=285) p value
Demographics
Age (years) 50.17+10.68 5830+9.89 <0017
Sex (% male) 161 (81.3%) 259(90.9%) <0017
Hypertension (%) 29 (14.6%) 58 (20.5%) 0.16
Diabetes mellitus (%) 18 (9.1%) 35 (12.4%) 042
Dyslipidemia (%) 35(17.7%) 45 (15.9%) 061
T4 stage (%) 58 (29.7%) 99 (35.6%) 0.18
Advanced T (T3/T4) stages (%) 109 (55.9%) 167 (60.1%) 037
Smoking (%) 76 (38.3%) 162 (57.2%) <0017
Betel quid chewing (%) 28 (14.2%) 123 (43.4%) <0017
RT dose (centi-grays) 6996 (6996, 6996) 6600 (6600, 6996) <001
Proton beam therapy (%) 86 (43.4%) 46 (16.1%) <001°
Re-irradiation 11 (5.6%) 19 (6.7%) 0.63
Cancer types -
NPC 198 (100%) 0 (0%)
Oral cavity/oropharyngeal cancer 0 (0%) 199 (69.8%)
Laryngeal cancer 0 (0%) 23 (8.1%)
Hypopharyngeal cancer 0 (0%) 56 (19.6%)
Others 0 (0%) 7 (2.5%)
Laboratory data
Glycated hemoglobin (%) 5.66+0.54 6.31+0.69 0.28
Creatinine (mg/dL) 1.02+£1.08 1.04+1.04 0.91
Homocysteine 12.05+5.90 12691483 0.31
High-sensitivity CRP 3.25+6.51 10.84+54.50 0.07
Uric acid (mg/dL) 6.79+£9.39 7.60+1325 0.51
Triglyceride (mg/dL) 129.39+93.59 147.03+95.69 0.07
Free T4 1.25+3.69 1.38+6.78 0.83
Time from RT to the last follow-up (months) 35 (21, 46) 30(18,42) 0.03"

CRP c-reactive protein; NPC Nasopharyngeal carcinoma; RT Radiotherapy
tp<0.05

# Data were examined using Mann-Whitney exams and presented as median (quartile 1, quartile 3)

Other data were examined using two-sample t tests (continuous variables) and chi-square tests (categorical variables)

developed TLN are listed in Additional file 1: Table 2.
Among these patients, 3 (25%) had bilateral involvement,
11 (91.7%) developed an edematous pattern, and 6 (50%)
had contrast enhanced lesions. Only 1 (8.3%) patient had
a seizure before the latest follow-up. Ten (83.3%) of the
12 TLN patients were grade 1 (asymptomatic) in sever-
ity based on CTCAE v5.0 criteria, while 2 (Patient 4 and
6, 16.7%; Additional file 1: Table 2) were graded 2 and
received steroid treatment. The dose distributions of
select patients with NPC with and without TLN receiv-
ing different RT methods are shown in the Supplemen-
tary Figure. Of notes, all dosimetry parameters (Dmax,
DO0.5 cc, Dlcc, D2cc, V50Gy, and V20Gy) in bilateral tem-
poral lobes of the NPC patients with TLN were higher
compared to other NPC patients without TLN (Table 3).
Totally 15 necrotic temporal lobes were observed in NPC
patients with TLN, all the dosimetry parameters except

V20Gy of the necrotic temporal lobes were higher than
those of the non-necrotic temporal lobes with statistical
significance (Additional file 1: Table 3).

Discussion

Our study demonstrated that patients with NPC were
more susceptible to TLN development during the early
period after RT than patients with non-NPC HNC. In
addition, PBT is not associated with an increased risk of
TLN compared with VMAT in patients with any HNC,
NPC, or non-NPC HNC. The incidence rate of TLN
varied from 4.6 to 7% during the early period after RT
[26]. NPC is known to be a risk factor for TLN; however,
the prevalence of TLN in patients with non-NPC HNC
remains uncertain. For patients with non-NPC HNCs,
exposure of high radiation dose over temporal lobes is
not rare. The treatment volume of RT would extend to
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Table 2 Primary study outcome and associated factors of TLN in Cox regression models

NPC, n=198 (%) Non-NPC, n=285 (%) p value
Primary analysis
Occurrence of TLN 11(56) 1(04) <001

Adjusted HR (95% Cl) p value

Multi-variable analysis
Cancer type (NPC vs. non-NPC) 13.35(1.37,130.61) 0.03"
Age 1.04(0.98,1.11) 0.16
T3/T4 stage 3.27(0.80,13.27) 0.10
Radiation doses 1.00 (1.00, 1.00) 0.01
Proton-beam therapy 1.67 (040, 6. 94) 048
Re-irradiation 0.87 (0.04, 19.60) 0.93
Time to radiation therapy 1.00 (0.95, 1.05) 0.96

TLN Temporal lobe necrosis; C/ Confidence interval; HR Hazard ratio; NPC Nasopharyngeal carcinoma

# Data was analyzed using the Chi-square test

 Data was analyzed using a multivariable Cox regression model with backward selection
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Fig. 2 Cumulative risks of TLN in patients with NPC and non-NPC
head and neck cancer. Kaplan-Meier analysis comparing

the cumulative risks of TLN between the NPC and non-NPC groups.
Frequency of TLN was significantly higher in the NPC group

than in the non-NPC group. NPC Nasopharyngeal carcinoma; TLN
Temporal lobe necrosis

skull base or temporal lobes if there is extensive peri-
neural invasion in pathological samples or if patients are
at risk of retropharyngeal lymph node metastasis. One
previous study investigated the association of RT with
the development of TLN in patients with parotid gland
tumors [28]; One of our patients with parotid gland
tumor also developed TLN during follow-up. However,
our results revealed the risk of TLN is relatively lower in

patients with non-NPC HNC. It is possible that the pre-
scription dose to skull base for the conditions described
above could be definitively lower than the radiation dose
prescribed for the patients with overt tumor extension
to skull base. Therefore, screening for TLN in non-NPC
population may not be cost-effective.

For patients with NPC, an important question is
whether the RT method moderates the risk of TLN, par-
ticularly in the current era, where several advanced RT
methods are available. A study demonstrated that IMRT
significantly reduced the risk of TLN compared with
two-dimensional RT [29]. One study revealed that the
prevalence rate of 2-year TLN was approximately 4.6%
in patients with HNC after PBT [26]. Most of the stud-
ies exploring the cause of TLN showed that highest dose
in a small area is more critical in the prediction of TLN
than the total volumes of intermediate radiation dose.
However, the most significant advantage of PBT could be
the decreasing “dose spillage’, which means the interme-
diate and low dose region spreading everywhere in the
body. This could be the reason why PBT may not reduce
the risk of TLN in these studies [26]. However, another
study demonstrated that the risk of developing TLN
could be even higher in patients with NPC who received
PBT (10%) than in those who received VMAT (4%), and
this may arouse the attention to possible adverse effects
of PBT use in NPC patients [11]. Compared with the
patients undergoing VMAT treatment, our NPC patients
who received PBT had similar risks of TLN development
during follow-up, and had lower V20Gy and V50Gy radi-
ation doses bilaterally. Our findings might mitigate some
safety concerns that individuals may have regarded PBT
as a risk factor for TLN in patients with NPC, and may
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risks of TLN were comparable between PBT and VMAT in all the subgroups. HNC Head and neck cancer; NPC Nasopharyngeal carcinoma; PBT Proton
beam therapy; TLN Temporal lobe necrosis; VMAT Volumetric modulated arc therapy

provide some evidence of post-RT complication for the
share-decision-making process before choosing the treat-
ment strategy.

Advanced T staging, RT dose-volume parameters, radi-
ation fraction, and reirradiation are common risk factors
for TLN development [30]. However, there were still 4
NPC patients with T2 stage developed TLN in our study.
In these patients, the extents of parapharyngeal space
invasion of the primary tumor were close to the cranial
cavity, and therefore the radio-oncologists in-charge
extended the treatment volume into the cranial cavity
and along the foramen ovale to eradicate possible sub-
clinical tumor extension. The radiation doses to the low-
est part of the temporal lobes were more than 7000 cGy
in these patients, and this could be a possible reason why
these NPC patients with T2 stage still developed TLN
after RT. The current study showed that higher radiation
doses to the temporal lobe increased the risk of TLN,
suggesting the radiation dose is a more determinative
factor rather than the method of radiation. However, this
study was not able to identify the most decisive dose level
for predicting TLN. Different methods of dose-response
analysis would be required to solve this problem. To
avoid TLN, we should still follow the QUANTEC report
for dose prescription to reduce maximal dose to tempo-
ral lobe currently [25].

The median follow-up time was approximately 3.43
years in TLN patients after RT [31]. Among patients who
developed TLN, 21.5% developed symptomatic epilepsy
during follow-up [31]. Another retrospective review
found that 88.5% of patients developed radiation necro-
sis after RT, of which 16.5% developed epilepsy [32].
However, the incidence rates of TLN and seizure in our
study were lower than those in previous studies. The

pathogenesis of RT-related epilepsy can be explained by
various potential mechanisms: (1) RT can cause endothe-
lial cell and blood-brain barrier damage and aggravate
brain edema, and (2) inflammatory cytokines released
after RT may be associated with epilepsy development
[33]. Detection of epilepsy is important, because seizures
can lead to status epilepticus, sudden unexplained death
in epilepsy, conscious disturbance, cognitive impair-
ment, and significant morbidity. Notably, temporal lobe
epilepsy should theoretically be higher in patients after
RT due to its anatomical correlation. Our patient with
epilepsy developed an altered sense of smell, which was
considered as grade 1 seizure based on CTCAE v5.0 [23];
this symptom and interictal discharges on electroenceph-
alogram disappeared after treatment with levetiracetam.
Seizure symptoms are sometimes vague in these TLN
patients. Cooperation between different medical special-
ties may help to discover the occurrence of seizure. Cog-
nitive impairment is another complication in patients
with TLN [34-36]. Cerebral microbleeds, hippocampal
atrophy, and TLN have been proposed as possible mech-
anisms leading to cognitive impairment after RT [34—36];
however, our retrospective study was unable to obtain
comprehensive neuropsychiatric assessments in these
patients. Future prospective studies may help to illustrate
whether the method of RT affects cognitive or hippocam-
pus preservation [37, 38].

A previous study showed that TLN usually begins
with white matter lesions, followed by contrast-
enhanced lesions and cystic formation. These lesions
can be progressed, regressed, static, or fluctuated [39].
In our patients, 92% and 50% exhibited white matter
and contrast-enhanced lesions, but none had cystic
formation, which is consistent with previous reports.
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Treatment of TLN remains an area of uncertainty. Glu-
cocorticoid, anticoagulant, pentoxifylline with vitamin
E, bevacizumab, hyperbaric oxygen therapy, and sur-
gical treatment have all been proposed for TLN treat-
ment [40-42]. The efficacy of steroid treatment varies,
and previous reports have shown that 19.4% and 15.3%
of patients with TLN achieve complete response and
partial response, respectively, after oral steroid treat-
ment [30, 43]. However, steroid use is not a standard
treatment of TLN in our hospital; thus, this study was
unable to investigate the responses to the aforemen-
tioned treatments.

This study has several limitations. First, the sample
size of enrolled patients may not be sufficient to yield
results of clinical significance. Our hospital is a large
medical center in East Asia providing PBT to patients
with HNC and may provide valuable pilot data in this
field. A multicenter prospective study is warranted to
evaluate the accuracy of our findings [38]. Second, both
contrast-enhanced CT and MRI studies were arranged
to screen for cancer recurrence in these patients. MRI
was more sensitive to TLN diagnosis than was CT. The
retrospective nature of our study may have underes-
timated the true prevalence of TLN in patients with
HNC. Third, dosimetry data were not available for all
patients. This may have affected the determination of
the causal relationship between TLN and the method
of RT. However, the purpose of this study was to inves-
tigate the associations of TLN with different types of
HNC and RT methods instead of determining causal
relationships. Fourth, a wide range of confounding
factors was present. Selection and reporting bias due
to influencing factors and missing data may also have
confounded the results of the present study. Finally, the
generalizability of our results to patients of other eth-
nicities remains uncertain. In addition, the capacity of
PBT may still be limited and therefore patient selection
remains crucial. Also, access is not equitable in most
countries and it needs to be clear that in a wide terri-
tory with a high incidence of NPC, patients can still be
treated with gold-standard XRT without jeopardizing
their outcomes [44, 45].

Conclusions

Our single-center retrospective study demonstrated that
patients with NPC were more susceptible to TLN devel-
opment during the early period after RT than patients
with non-NPC HNC. Among advanced RT techniques,
PBT was associated with an equivalent risk of TLN com-
pared with VMAT in patients with NPC. These findings
could potentially mitigate the safety concerns regarding
the use of PBT in these patients.

Page 9 of 11

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513014-023-02344-y.

Additional file 1: Figure. Radiation dose distributions of select patients
with nasopharyngeal carcinoma receiving RT. Table 1. Risk of TLN and
NPC, overall and by T stage category. Table 2. Characteristics of patients
with TLN in this study. Table 3. Comparisons of dosimetry data of the TLN
versus non-TLN lobes in NPC patients with TLN.

Acknowledgements

The authors thank Chang Gung Memorial Hospital, the Ministry of Science
and Technology, Ms. Karen Kang, and Ms. Elaine Shinwei Huang for their
administrative work.

Author contributions

Author contributions: All authors have read and approved the manuscriptCon-
ception and design: CHL, TCC, KHF. Analysis and interpretation: CHL, TCC, KHF,
CYL, YCW. Data collection: CHL, TCC, KHF, CYL, TYC, YCW, JLJ, LYL, CHY. Writ-

ing the article: CHL, KHF, TCC. Critical revision of the article: TCC, KHF, BSH,

PSS. Final approval of the article: CHL, TCC, KHF. Statistical analysis: CHL, TCC,
KHF. Obtained funding: CHL. Overall responsibility: KHF, TCC.

Funding

Funding was provided by Chang Gung Memorial Hospital (grant num-

bers CMRPG3MO0811, CMRPG381503, CMRPG3C0763, CMRPG3G0261,
CFRPG3L0011, and BMRPF99) and the Ministry of Science and Technology
(grants 106-2511-5-182 A-002-MY2, 108-2314-B-182 A-050-MY3, 111-2314-B-
182 A-133-MY3, NMRPG3M6231-3, NMRPG3G6411-2, and NMRPG3J6131-3).
The funding bodies played no role in the design of the study; the collection,
analysis, and interpretation of data; or in writing the manuscript.

Availability of data and materials
The data sets generated during this study are available from the correspond-
ing author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Institutional Review Board of Chang
Gung Memorial Hospital (202101981B0 and 202200464B0).

Competing interests
The authors declare no competing interests.

Author details

'Stroke Center, Department of Neurology, Linkou Medical Center, Chang Gung
Memorial Hospital, Taoytan, Taiwan. 2School of Medicine, College of Medicine,
Chang Gung University, Taoy(ian, Taiwan. *Institute of Health Policy and Man-
agement, College of Public Health, National Taiwan University, Taipei, Taiwan.
“Department of Radiation Oncology, Proton and Radiation Therapy Center,
Chang Gung Medical Foundation, Linkou Chang Gung Memorial Hospital,
Taoy(ian, Taiwan. *Taipei Chang Gung Head and Neck Oncology Group, Chang
Gung Memorial Hospital Linkou Medical Center, TaoyUan, Taiwan. 5Particle
Physics and Beam Delivery Core Laboratory of Institute for Radiological
Research, Linkou Medical Center, Chang Gung University/Chang Gung Memo-
rial Hospital, Taoytian, Taiwan. ' Department of Neurology, Keelung Chang
Gung Memorial Hospital, Keelung, Taiwan. ®Community Medicine Research
Center, Keelung Chang Gung Memorial Hospital, Keelung, Taiwan. °Depart-
ment of Neuroradiology, Linkou Medical Center, Chang Gung Memorial
Hospital, Taoytian, Taiwan. '°Department of Neurology, College of Medicine,
National Cheng Kung University Hospital, National Cheng Kung University,
Tainan, Taiwan. ' Department of Radiation Oncology, New Taipei Municipal Tu-
Cheng Hospital, New Taipei City, Taiwan.

Received: 18 July 2023 Accepted: 5 September 2023
Published online: 21 September 2023


https://doi.org/10.1186/s13014-023-02344-y
https://doi.org/10.1186/s13014-023-02344-y

Liu et al. Radiation Oncology

(2023) 18:155

References

1.

2.

20.

21

Abayomi OK. Neck irradiation, carotid injury and its consequences. Oral
Oncol. 2004;40:872-8.

Carpenter DJ, Mowery YM, Broadwater G, Rodrigues A, Wisdom AJ, Dorth
JA, et al. The risk of carotid stenosis in head and neck cancer patients after
radiation therapy. Oral Oncol. 2018;80:9-15.

Gujral DM, Chahal N, Senior R, Harrington KJ, Nutting CM. Radiation-
induced carotid artery atherosclerosis. Radiother Oncol. 2014;110:31-8.
Welsh LC, Dunlop AW, McGovern T, McQuaid D, Dean JA, Gulliford SL,

et al. Neurocognitive function after (chemo)-radiotherapy for head and
neck cancer. Clin Oncol (R Coll Radiol). 2014;26:765-75.

Chen SC, Abe Y, Fang PT, Hsieh YJ, Yang YI, Lu TY, et al. Prognosis of hip-
pocampal function after sub-lethal irradiation brain Injury in patients
with nasopharyngeal carcinoma. Sci Rep. 2017;7:14697.

Zheng Z, Wang B, Zhao Q, Zhang Y, Wei J, Meng L et al. Research progress
on mechanism and imaging of temporal lobe injury induced by radio-
therapy for head and neck cancer. Eur Radiol 2021.

Kim JK, Leeman JE, Riaz N, McBride S, Tsai CJ, Lee NY. Proton therapy for
head and neck cancer. Curr Treat Options Oncol. 2018;19:28.

Li X, Kitpanit S, Lee A, Mah D, Sine K, Sherman EJ, et al. Toxicity profiles
and survival outcomes among patients with nonmetastatic naso-
pharyngeal carcinoma treated with intensity-modulated proton

therapy vs intensity-modulated radiation therapy. JAMA Netw Open.
2021;4:€2113205.

Chou YC, Fan KH, Lin CY, Hung TM, Huang BS, Chang KP et al. Intensity
modulated proton beam therapy versus volumetric modulated arc
therapy for patients with nasopharyngeal cancer: a propensity score-
matched study. Cancers. 2021;13.

Leeman JE, Romesser PB, Zhou Y, McBride S, Riaz N, Sherman E, et al.
Proton therapy for head and neck cancer: expanding the therapeutic
window. Lancet Oncol. 2017;18:254-65.

. Zhang YY, Huo WL, Goldberg S|, Slater JM, Adams JA, Deng XW, et al.

Brain-specific relative biological effectiveness of protons based on long-
term outcome of patients with nasopharyngeal carcinoma. Int J Radiat
Oncol Biol Phys. 2021;110:984-92.

Gaito S, Hwang EJ, France A, Aznar MC, Burnet N, Crellin A, et al. Out-
comes of patients treated in the UK proton overseas programme: Central
Nervous System Group. Clin Oncol. 2023;35:283-91.

Hwang E, Gaito S, France A, Crellin AM, Thwaites DI, Ahern 'V, et al.
Outcomes of patients treated in the UK proton overseas programme:
non-central nervous system group. Clin Oncol. 2023;35:292-300.

Patel SH, Wang Z, Wong WW, Murad MH, Buckey CR, Mohammed K, et al.
Charged particle therapy versus photon therapy for paranasal sinus and
nasal cavity malignant diseases: a systematic review and meta-analysis.
Lancet Oncol. 2014;15:1027-38.

Schroder C, Kothe A, De Angelis C, Basler L, Fattori G, Safai S, et al. NTCP
modeling for high-grade temporal radionecroses in a large cohort of
patients receiving pencil beam scanning proton therapy for skull base
and head and neck tumors. Int J Radiat Oncol Biol Phys. 2022;113:448-55.
Lin YH, Cheng JY, Huang BS, Luo SD, Lin WC, Chou SY et al. Significant
reduction in vertebral artery dose by intensity modulated proton
therapy: a pilot study for nasopharyngeal carcinoma. J Pers Med. 2021;11.
Wu PW, Huang CC, Lee YS, Chou YC, Fan KH, Lin CY et al. Post-irradiation
sinus mucosa disease in nasopharyngeal carcinoma patients treated with
intensity-modulated Proton Therapy. Cancers. 2022;14.

Chuong M, Badiyan SN, Yam M, Li Z, Langen K, Regine W, et al. Pencil
beam scanning versus passively scattered proton therapy for unresect-
able pancreatic cancer. J Gastrointest Oncol. 2018;9:687-93.

Su SF, Huang SM, Han F, Huang Y, Chen CY, Xiao WW, et al. Analysis of
dosimetric factors associated with temporal lobe necrosis (TLN) in
patients with nasopharyngeal carcinoma (NPC) after intensity modulated
radiotherapy. Radiat Oncol. 2013;8:17.

Paganetti H, Niemierko A, Ancukiewicz M, Gerweck LE, Goitein M, Loeffler
JS, et al. Relative biological effectiveness (RBE) values for proton beam
therapy. Int J Radiat Oncol Biol Phys. 2002;53:407-21.

Wang HM, Lin CY, Hsieh CH, Hsu CL, Fan KH, Chang JT, et al. Induction
chemotherapy with dose-modified docetaxel, cisplatin, and 5-fluoroura-
cil in Asian patients with borderline resectable or unresectable head and
neck cancer. J Formos Med Assoc. 2017;116:185-92.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 10 of 11

LuL, ShengY, Zhang G, Li Y, OuYang PY, Ge Y, et al. Temporal lobe injury
patterns following intensity modulated radiotherapy in a large cohort of
nasopharyngeal carcinoma patients. Oral Oncol. 2018;85:8-14.
Common Terminology Criteria for Adverse Events. (CTCAE v5.0). [https://
ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/
CTCAE_v5_Quick_Reference_5x7.pdf.

Lawrence YR, Li XA, el Naga |, Hahn CA, Marks LB, Merchant TE, et al.
Radiation dose-volume effects in the brain. Int J Radiat Oncol Biol Phys.
2010;76:20-7.

Lee AW, Ng WT, Pan JJ, Chiang CL, Poh SS, Choi HC, et al. International
guideline on dose prioritization and acceptance criteria in radiation
therapy planning for nasopharyngeal carcinoma. Int J Radiat Oncol Biol
Phys. 2019;105:567-80.

Kitpanit S, Lee A, Pitter KL, Fan D, Chow JCH, Neal B, et al. Temporal lobe
necrosis in head and neck cancer patients after proton therapy to the
skull base. Int J Part Ther. 2020;6:17-28.

Huang J, Kong FF, Oei RW, Zhai RP, Hu CS, Ying HM. Dosimetric predic-
tors of temporal lobe injury after intensity-modulated radiotherapy for
T4 nasopharyngeal carcinoma: a competing risk study. Radiat Oncol.
2019;14:31.

Verhoef L, van der Kogel A. A patient who developed necrosis of the
temporal lobe after irradiation of the parotid gland for pleomorphic
adenoma. Int J Oral Maxillofac Surg. 2000;29:155.

Zhou X, Liu P, Wang X. Temporal lobe necrosis following radiotherapy in
nasopharyngeal carcinoma: new insight into the management. Front
Oncol. 2020;10:593487.

Wu VWC, Tam SY. Radiation induced temporal lobe necrosis in naso-
pharyngeal cancer patients after radical external beam radiotherapy.
Radiat Oncol. 2020;15:112.

Huang X, Zhang X, Wang X, Rong X, Li Y, Li H, et al. A nomogram to
predict symptomatic epilepsy in patients with radiation-induced brain
necrosis. Neurology. 2020;95:1392-403.

Rong X, Yin J,Wang H, Zhang X, Peng Y. Statin treatment may lower the
risk of postradiation epilepsy in patients with nasopharyngeal carcinoma.
Epilepsia. 2017,58:2172-7.

Vezzani A, Fujinami RS, White HS, Preux PM, Blumcke I, Sander JW,

et al. Infections, inflammation and epilepsy. Acta Neuropathol.
2016;131:211-34.

Shen Q, Lin F, Rong X, Yang W, Li Y, Cai Z, et al. Temporal cerebral micro-
bleeds are associated with radiation necrosis and cognitive dysfunction
in patients treated for nasopharyngeal carcinoma. Int J Radiat Oncol Biol
Phys. 2016;,94:1113-20.

Voon NS, Abdul Manan H, Yahya N. Cognitive decline following radio-
therapy of head and neck cancer: systematic review and meta-analysis of
MRI correlates. Cancers. 2021;13.

Cheung M, Chan AS, Law SC, Chan JH, Tse VK. Cognitive function of
patients with nasopharyngeal carcinoma with and without temporal
lobe radionecrosis. Arch Neurol. 2000;57:1347-52.

Nangia S, Singh M, Khosa R, Rout SK, Singh G, Oomen S. The Hippocam-
pus: a new organ at risk for postoperative radiation therapy for bucco-
alveolar Cancer? A dosimetric and biological analysis. Adv Radiat Oncol.
2021;6:100681.

Hwang E, Burnet NG, Crellin AM, Ahern V, Thwaites DI, Gaito S, et al. A
novel model and infrastructure for clinical outcomes data collection
and their systematic evaluation for UK patients receiving proton beam
therapy. Clin Oncol. 2022;34:11-8.

Wang YX, King AD, Zhou H, Leung SF, Abrigo J, Chan YL, et al. Evolution
of radiation-induced brain injury: MR imaging-based study. Radiology.
2010;254:210-8.

Yang X, Ren H, Fu J. Treatment of radiation-induced brain necrosis. Oxid
Med Cell Longev. 2021;2021:4793517.

Liao G, Khan M, Zhao Z, Arooj S, Yan M, Li X. Bevacizumab treatment

of radiation-induced brain necrosis: a systematic review. Front Oncol.
2021;11:593449.

Kohshi K, Imada H, Nomoto S, Yamaguchi R, Abe H, Yamamoto H. Suc-
cessful treatment of radiation-induced brain necrosis by hyperbaric
oxygen therapy. J Neurol Sci. 2003;209:115-7.

Lee AW, Ng SH, Ho JH, Tse VK, Poon YF, Tse CC, et al. Clinical diagnosis of
late temporal lobe necrosis following radiation therapy for nasopharyn-
geal carcinoma. Cancer. 1988;61:1535-42.


https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf

Liu et al. Radiation Oncology

44,

45.

(2023) 18:155

Gaito S, Aznar MC, Burnet NG, Crellin A, France A, Indelicato D, et al.

Assessing equity of access to proton beam therapy: a literature review.

Clin Oncol. 2023;35:€528-36.

Burnet NG, Mee T, Gaito S, Kirkby NF, Aitkenhead AH, Anandadas
CN, et al. Estimating the percentage of patients who might benefit
from proton beam therapy instead of X-ray radiotherapy. Br J Radiol.
2022;95:20211175.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Risk of temporal lobe necrosis between proton beam and volumetric modulated arc therapies in patients with different head and neck cancers
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patient recruitment and demographic data
	Cancer and RT data
	Grouping
	Follow-ups
	Outcomes
	Radiation dose to the temporal lobe and dosimetry analysis
	Statistical analysis

	Results
	Discussion
	Conclusions
	Anchor 19
	Acknowledgements
	References


