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Background: Radiotherapy is the standard radical treatment for nasopharyngeal carcinoma (NPC) and
may cause radiation-induced brain necrosis (RN). Intravenous steroids have been considered as an effec-
tive treatment for RN. However, evidence concerning the efficacy of different doses of intravenous steroid
therapy remains insufficient to establish the optimal regimen for NPC patients with RN.
Methods: We retrospectively reviewed charts of 169 patients who were diagnosed with RN after radio-
therapy for NPC, treated with low-dose or high-dose intravenous methylprednisolone (IVMP) and fol-
lowed up for 12 months. We collected the clinical data, including the Late Effects of Normal Tissue
(LENT)/Subjective, Objective, Management, Analytic (SOMA) scales score and Montreal Cognitive
Assessment (MoCA) score. Magnetic resonance imaging (MRI) was performed pre- and post-treatment
to define the radiographic response.
Results: There were no significant differences in the treatment response based on MRI, or changes in clin-
ical symptoms and cognitive function between low and high-dose groups. Thirty of 93 low-dose patients
(32.3%) and 21 of 76 high-dose patients (27.6%) presented effective response in MRI, with no significant
differences between groups (P = 0.515). Neither group showed a significant difference in the effective rate
based on the MoCA total score and LENT/SOMA score. The most commonly reported grade 3 adverse
events in the high-dose group (n = 76) were infections and infestations (3 [3.9%] vs. none for low-dose
group).
Conclusions: We found low-dose IVMP was not inferior to high-dose IVMP for NPC patients with RN. In
addition, treatment-related infections and infestations were likewise more common with high-dose ster-
oid than low-dose steroid.

� 2019 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 137 (2019) 16–23
Nasopharyngeal carcinoma (NPC) is a common malignancy in
the southern Chinese population [1]. Radiotherapy is the standard
radical treatment for NPC and produces long-term effects. How-
ever, therapeutic irradiation increases the risk of neurologic injury,
including radiation-induced brain necrosis (RN) [2], which is a
common and serious complication among the many
radiotherapy-related complications [3]. Furthermore, treatment
of RN remains challenging. Treatment strategies such as anticoag-
ulants [4], hyperbaric oxygen [5], and vitamins [6] have been
reported in the past two decades, but their use is not widely
accepted due to potential adverse effects and limited randomized
control trials. Bevacizumab has recently been reported to be
promising, but exhibits potential toxicity and has a high cost bur-
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den [7,8]. Moreover, there were 39.5% of patients presented with
recurrence of RN after bevacizumab treatment in our previous
study [9]. Surgical operation is one treatment option, but surgery
is considered to be the last resort for those who with poor-
controlled conditions, e.g. progressive symptoms despite conserva-
tive therapy, hemorrhage, and brain necrosis formation [10].

Steroids have been considered as an effective treatment for RN
and used to provide prompt symptomatic relief [3,11]; steroids
help reduce cytokine and inflammatory responses, which not only
modify cerebral edema but also reduce risk of subsequent changes
in blood vessels and inflammation [3,12]. Thus, steroids have been
recommended as the front-line therapeutic strategy for decades,
and pulse-dose intravenous steroids, which have been demon-
strated to be more effective than oral steroids [13,14], are com-
monly used. However, the incidence of adverse events may go up
with increasing doses of intravenous steroids, and therefore, low
intravenous steroids can also be used to reduce advents events
[15–19]. Furthermore, evidence concerning the safety and efficacy
of different doses of intravenous steroid therapy remains insuffi-
cient to establish the optimal treatment regimen for NPC patients
with RN. Since infusions of steroids are widely used to treat RN,
it is important to clarify whether low-dose intravenous steroids
are as safe and efficient as high-dose intravenous steroids.

We therefore undertook this study to assess the efficacy and
safety of high-dose vs. low-dose intravenous methylprednisolone
therapy in patients with brain necrosis after radiotherapy for
nasopharyngeal carcinoma (NPC).
Methods and materials

Patients

This retrospective study was approved by the institutional
review board of our hospital. A total of 169 NPC patients with his-
tory of radiotherapy admitted to the Department of Neurology at
our hospital between January 2005 and December 2016 were con-
sidered. We retrospectively collected the demographic and clinical
data of these patients through chart review. Patients who fulfilled
the following eligibility criteria were included: (1) underwent radi-
ation therapy at least 12 months prior to intravenous methylpred-
nisolone administration; (2) treated using intravenous
methylprednisolone (high-dose or low-dose); (3) not previously
administered bevacizumab; (4) lacked evidence regarding
increased intracranial pressure suggestive of brain hernia requiring
surgical intervention; and (5) performed MRI before and after
intravenous methylprednisolone therapy and with measurable
lesions in the MRI. Patients with any of the following were
excluded: NPC relapse, brain lesion resection, metastases, hepati-
tis, other malignances, neurovascular disease, demyelinating dis-
ease, or other diseases of the nervous system.
Data collection

The following demographic, clinical, and laboratory data before
methylprednisolone administration were retrieved from the
clinical notes: age, sex, body weight, NPC stage, high-sensitivity
C-reactive protein levels (hs-CRP), total radiation dose of the neck
and temporal lobe, radiation approaches (intensity-modulated
radiotherapy [IMRT] vs. conventional), duration between radio-
therapy and RN diagnosis (DBRN), duration between RN diagnosis
and methylprednisolone treatment (DBNM), duration between
radiotherapy and methylprednisolone treatment (DBRM), the Late
Effects of Normal Tissue (LENT)/Subjective, Objective, Manage-
ment, Analytic (SOMA) scale score, and Montreal Cognitive Assess-
ment (MoCA) score. The 7th edition of the AJCC/UICC staging
system was used for clinical staging at presentation.
Methylprednisolone regimens

Before 2009, patients with brain necrosis after radiotherapy for
NPC were treated with low-dose methylprednisolone [15,20]. Low-
dose methylprednisolone was administered as an intravenous
infusion of 1 mg/kg/day for 5 consecutive days, then 40 mg for
5 days, then oral prednisone 30 mg per day, gradually tapering
by 5 mg/week to a maintenance dose of 10 mg daily for 3 months.
All patients with brain necrosis after radiotherapy for NPC were
generally treated with high methylprednisolone after 2009 [21].
High-dose methylprednisolone was administered as an intra-
venous infusion of 500 mg for 3 consecutive days, 80 mg for 4 days,
40 mg for 4 days, then oral prednisone 30 mg/day, gradually taper-
ing by 5 mg/week to a maintenance dose of 10 mg daily for
3 months.
Clinical and radiological measurements

MRI scan
The RN volume was detected using T2-weighted fluid-

attenuated inversion recovery (FLAIR) and T1-weighted gadolin-
ium contrast-enhanced MRI 3 days before methylprednisolone
administration (F0) and at 3 (F1) and 12 months (F2) of follow
up; images were independently assessed by two radiologists who
were masked to the treatment. For lesion measurement, radiolo-
gists identified the outline of the lesion manually and semi-
automatically, and the total RN volume was estimated with Vol-
ume Viewer 2 software (GE Healthcare, AW Suite 2.0 6.5.1. z) on
T2-weighted FLAIR images. The methylprednisolone response rate
was defined as the percentage decrease in brain edema volume
shown on T2-weighted FLAIR and T1-weighted gadolinium
contrast-enhanced images at F1 or F2, compared with images at
F0. The effective response was defined as �25% reduction in RN
volume at F1 and F2 compared with the volume at F0 [9].

Progressive disease was defined as either (1) more than a 10%
increase in the volume of the lesions on MRI (2) the appearance
of any new lesion/site on MRI or (3) clear clinical worsening, and
progression-free survival (PFS) was defined as the time from the
start of steroid therapy to disease progression. We measured over-
all survival (OS) from the date of initiation of steroid treatment
until death, and we censored patients who were alive at the time
of the last data cutoff at the time of the last follow-up.

LENT-SOMA assessment
Clinical symptoms and signs were evaluated using the

LENT/SOMA scale at F0 and F1; the total LENT/SOMA score was a
summary of the Subjective, Objective, and Management (SOM)
characteristics [22–24]; a reduction �1 in the total LENT/SOMA
score was defined as clinical improvement [21].

MoCA assessment
MoCA, which consists of seven cognitive domains, visuospatial

and executive abilities, naming, attention, language, abstraction,
delayed recall memory, and orientation [25], was performed to
assess cognitive function at F0 and F1. A total score >25 indicated
normal cognitive function, and scores <20 and 20–24 indicated sig-
nificant and mild cognitive impairment likely to impair function,
respectively [26]. Changes in MoCA total score were compared
between groups. Improvement was defined as a change (i) from
mild or significant cognitive impairment to normal cognitive func-
tion or (ii) from significant to mild cognitive impairment. Deterio-
ration was defined as a change (i) from normal cognitive function
to mild cognitive impairment or significant cognitive impairment
or (ii) from mild to significant cognitive impairment.

Safety assessments included the frequency and severity of
adverse events (AEs), we graded adverse event severity according
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to the National Cancer Institute’s Common Terminology Criteria for
Adverse Events (version 4.03).
Statistical analysis

Variables were summarized using proportions for categorical
variables and medians with interquartile ranges (IQR) for continu-
ous variables. Student’s t test was used to compare between-group
differences for normally distributed variables, the Mann–Whitney
U test was used to compare non-parametric variables, and the
chi-squared or Fisher’s exact tests were used to compare categori-
cal variables. Progression-free survival (PFS) and overall survival
(OS) curves were plotted using the Kaplan–Meier method, and
comparisons were performed using the log-rank test. All tests were
two-sided, and P < 0.05 was considered to indicate statistical sig-
nificance. All statistical analyses were performed using R version
3.3.2 for Windows (R Foundation).

Results

Demographic and clinical characteristics

A patient flowchart is shown in Fig. 1. The two groups had sim-
ilar demographic and clinical characteristics (Table 1). There were
169 RN patients who were treated with intravenous methylpred-
nisolone, including 137 males (81.1%) and 32 females (18.9%).
The median age was 49 years, with a range of 25–70 years. There
were no significant differences between the two groups regarding
age, sex, duration between radiotherapy and RN, duration between
RN diagnosis and methylprednisolone treatment, duration
between radiotherapy and methylprednisolone treatment,
LENT/SOMA scores, MoCA scores, high-sensitivity C-reaction
protein levels (hs-CRP), total radiation dose of neck, radiation
approaches (IMRT/conventional), NPC stage, the brain volume of
edema, and necrosis at baseline.
Radiotherapy characteristics

Of the 169 patients, 149 (88.2%) and 20 (11.8%) received con-
ventional two-dimensional radiotherapy and IMRT, respectively.
In the low-dose group, 93 patients developed RN after a median
latency of 41.3 months (IQR, 34.6–68.4 months) from commence-
ment of the primary course of radiotherapy; in the high-dose
Fig. 1. Flow chart of study cohort selection. Abbreviations: NPC = Nasopharyngeal Carcin
RN = radiation-induced brain necrosis.
group, 76 patients developed RN after a median latency of
40.1 months (IQR, 33.7–60.7 months) (Table 1). The overall distri-
bution of patients with stages II, III, IV, and IVA NPC in the low-
and high-dose groups was 3.2%, 44.1%, 26.9%, and 25.8% and
7.9%, 43.4%, 31.6%, and 17.1%, respectively.
MRI characteristics of brain necrosis

The median volume of brain edema lesions in T2-weighted
FLAIR images in the low- and high-dose groups was 18.4 cm3

(IQR, 4.2–45.4 cm3) and 14.7 cm3 (IQR, 5.2–52.4 cm3), respectively
(P = 0.744). The median volume of brain necrotic lesions in T1-
weighted contrast-enhanced images in the low and high-dose
groups was 1.5 cm3 (IQR, 0.4–4.3 cm3), and 1.9 cm3 (IQR, 0.5–
5.0 cm3) (P = 0.350), respectively. Bilateral brain edema lesions
were detected in 127 patients, and 42 patients showed unilateral
radiological abnormalities (P = 0.265), with no significant differ-
ences between groups at the sides of lesions in the brain edema
and brain necrotic lesions (Table 2).

Brain necrotic lesions were present in 72 out of 93 (77.4%) and
65 out of 76 (85.5%) patients in low-dose and high-dose groups,
respectively. Cysts occurred in 14 (15.1%) and seven patients
(9.2%) in the low and high-dose groups, respectively (P = 0.252).
Clinical assessment

Changes in MRI
As shown in Table 3, the improvement of RN volume, cognitive

function, and clinical symptoms and signs at the different time
points of the study in the two groups of patients are reported.

At F1, the total effective rate of intravenous methylprednisolone
on T2-weighted FLAIR images was 30.2% in 169 patients; in addi-
tion, 30 and 21 patients in the low and high-dose groups, respec-
tively, exhibited radiological improvement on T2-weighted FLAIR
images at F1 (32.3% vs. 27.6%, P1 = 0.515). Notably, patients in both
groups showed an improvement of the treatment response rate
based on T1-weighted gadolinium enhanced MRI (low-dose group,
31.2%; high-dose group, 40.8) (Table 3), but it did not reach the sta-
tistical difference between the two groups (P1 = 0.278). The per-
centage change in brain lesions size for all assessable patients is
shown in Fig. 2.

At F2, the total effective rate of intravenous methylprednisolone
on T2-weighted FLAIR images was 37.9% in 169 patients; in addi-
oma; IVMP = intravenous methylprednisolone; MRI = magnetic resonance imaging;



Table 1
Patient baseline characteristics by group.

Low-dose group
(n = 93)

High-dose group
(n = 76)

P value

Demographic and clinical characteristics
Age, years 49.0 (44.0–56.0) 49.0 (43.8–54.0) 0.977
Sex 0.303
Male 78 (83.9) 59 (77.6)
Female 15 (16.1) 17 (22.4)

DBRN, months 41.3 (34.6–68.4) 40.1 (33.7–60.7) 0.461
DBRM, months 59.5 (30.6–93.6) 49.7 (12.3–73.4) 0.119
DBNM, months 10.8 (0.2–38.6) 6.3 (0.1–22.4) 0.085

Biochemical characteristics
AST (U/L) 20.0 (18.0–24.0) 21.0 (16.3–25.0) 0.753
ALT (U/L) 20.0 (14.0–28.0) 17.0 (13.0–25.0) 0.246
BUN (mg/dL) 4.4 (3.8–5.3) 4.4 (3.5–5.2) 0.643
TG (mmol/L) 1.1 (0.7–1.5) 0.9 (0.6–1.4) 0.069
ApoA1 (g/L) 1.2 (1.0–1.3) 1.1 (1.1–1.3) 0.790
CPK (U/L) 87.0 (55.5–132.0) 82.0 (61.0–110.0) 0.688
Hs-CRP (mg/L) 3.2 (1.4–7.9) 2.2 (1.1–6.7) 0.208
ESR (mm/h) 15.0 (12.0–26.0) 15.0 (7.5–31.5) 0.638

Radiotherapy characteristics
Nose-dose, Gy 70.0 (68.0–74.0) 70.0 (70.0–72.0) 0.712
Neck-dose, Gy 60.0 (56.0–64.0) 62.0 (60.0–64.5) 0.099
Temporal lobe, Gy 68.6 (66.7–72.5) 68.6 (68.6–70.6) 0.846

Radiation approaches 0.998
Conventional 2D-RT 82 (88.2) 67 (88.2)
IMRT 11 (11.8) 9 (11.8)

NPC-associated characteristics
NPC type 0.375
Undifferentiated 55 (59.1) 50 (65.8)
Poorly differentiated 38 (40.9) 26 (34.2)
NPC stage 0.252
II 3 (3.2) 6 (7.9)
III 41 (44.1) 33 (43.4)
IV 25 (26.9) 24 (31.6)
IVA 24 (25.8) 13 (17.1)

Abbreviations: DBRN, duration between radiotherapy and radiation-induced brain
necrosis (RN) diagnosis; DBNM, duration between RN diagnosis and methylpred-
nisolone treatment; DBRM, duration between radiotherapy and methylpred-
nisolone treatment; AST, aspartate transaminase; ALT, alanine transaminase; BUN,
blood urea nitrogen; CPK, creatine phosphate kinase; TG, triglyceride; ApoA1,
apolipoprotein A1; Hs-CRP, high-sensitivity C-reaction protein levels; ESR, ery-
throcyte sedimentation rate; Nose-dose, total radiation dose of nasopharynx; Neck-
dose, total radiation dose of neck; IMRT, intensity-modulated radiotherapy; 2D-RT,
two-dimensional radiotherapy.
Data are shown as numbers (%) or medians (interquartile ranges). No difference was
found between the low dose group and high dose group regarding either the clinical
characteristics or the follow-up data (P = 0.099–0.998).

Table 2
MRI characteristics of temporal lobe necrosis at baseline.

Low dose group
(n = 93)

High dose group
(n = 76)

P value

RN volume at baseline (cm3)
White-matter lesions 18.4 (4.2–45.4) 14.7 (5.2–52.4) 0.744
Contrast-enhanced lesions 1.5 (0.4–4.3) 1.9 (0.5–5.0) 0.350

White-matter lesions
Number of flair lesions 0.464
Single 20 (21.5) 20 (26.3)
Multiple 73 (78.5) 56 (73.7)
Side of flair lesions 0.265
Unilateral 20 (21.5) 22 (28.9)
Bilateral 73 (78.5) 54 (71.1)

Contrast-enhanced lesions
Number of enhancing lesions 0.379
None 21 (22.6) 11 (14.5)
Single 20 (21.5) 20 (26.3)
Multiple 52 (55.9) 45 (59.2)
Side of enhancing lesions 0.397
None 21 (22.6) 11 (14.5)
Unilateral 28 (30.1) 24 (31.6)
Bilateral 44 (47.3) 41 (53.9)

Cysts 0.252
None 79 (84.9) 69 (90.8)
Yes 14 (15.1) 7 (9.2)

Abbreviations: MRI, magnetic resonance imaging; RN, radiation-induced brain
necrosis
Data are shown as numbers (%) or medians (interquartile ranges). No difference was
found between the low dose group and high dose group regarding either the clinical
characteristics or the follow-up data (P = 0.252–0.744).
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tion, 36 and 28 patients in the low and high-dose groups, respec-
tively, exhibited radiological improvement on T2-weighted FLAIR
images (38.7% vs. 36.8%, P2 = 0.803). Moreover, patients in both
groups showed an improvement of the treatment response rate
based on T1-weighted gadolinium enhanced MRI in 137 patients
(low-dose group, 24.7%; high-dose group, 30.3%), but it did not
reach the statistical difference between the two groups
(P2 = 0.373).

LENT/SOMA and MoCA assessment
At F1, 25 (26.9%) and 20 (26.3%) cases in the low and high-dose

groups, respectively, showed improvement in cognitive function.
Meanwhile, 26 of 93 patients (28.0%) in the low-dose group
improved by at least one point on the LENT/SOMA score compared
to 26 of 76 patients (34.2%) in the high-dose group. Neither group
showed a significant difference in the effective rate based on the
MoCA total score and LENT/SOMA score.

Survival outcomes
Twenty-two patients (12 on high-dose group and 10 on low-

dose group) presented new neurologic symptoms during follow
up, and cranial MRIs showed progression of RN in these patients.
In the log-rank test, progression-free survival (PFS) during follow
up was similar between groups (P = 0.474; Fig. 3). And we found
the actual 5-year overall survival in the low-dose group and in
the high-dose group was 68.6% and 59.0%, respectively, but it did
not reach the statistical difference between the two groups
(P2 = 0.599; Fig. 4).

Safety and tolerability
Adverse events (any grade) were reported by 41 (44.1%) of 93

patients who received low-dose steroids and by 48 (63.2%) of 76
patients who received high-dose steroids. The most common
adverse events reported by patients who received low-dose ster-
oids were flushing (10 [10.8%] of 93), hyperglycemia (6 [6.5%]),
gastritis (5 [5.4%]), and insomnia (5 [5.4%]; Table 4). No cases of
Infections and infestations were reported for low-dose steroids.
The most common adverse events reported by patients who
received high-dose steroids were flushing (11 [14.5%] of 76),
hyperglycemia (7 [9.2%]), gastritis (7 [9.2%]; Table 4). No grade 4
adverse events deemed related to treatment were observed
between the two groups, but the most commonly reported grade
3 adverse event was insomnia for low-dose group (2 [2.2%], vs. 1
[1.3%] for high-dose steroids), and for high-dose group they were
infections and infestations (3 [3.9%] vs. none for low-dose group),
gastritis (1 [1.3%] vs. none).

Discussion

We retrospectively assessed the effect of low-dose vs. high-dose
intravenous methylprednisolone therapy in patients with brain
necrosis after radiotherapy for NPC, based on MRI and changes in
clinical symptoms and cognitive function. Few studies have evalu-
ated the efficacy of different doses of intravenous steroid therapy
in patients with brain necrosis. We found that high-dose intra-
venous methylprednisolone showed no additional benefit above
that of low-dose intravenous methylprednisolone in the treatment



Table 3
Efficacy of improvement based on LENT/SOMA score, MoCA score, and MRI findings at the different study time points.

Low dose group (n = 93) High dose group (n = 76)

Therapeutic effect Baseline 3 months 12 months Baseline 3 months 12 months P1y P2�

RN volume (cm3)
White-matter lesions 0.515 0.803

Effective 30 (32.3) 36 (38.7) 21 (27.6) 28 (36.8)
Non-effective 63 (67.7) 57 (61.3) 55 (72.4) 48 (63.2)

Contrast-enhanced lesions 0.278 0.373
Effective 29 (31.2) 23 (24.7) 31 (40.8) 23 (30.3)
Non-effective 43 (46.2) 49 (52.7) 34 (44.7) 42 (55.3)

MoCA
Degree of cognitive impairment 0.252*
Normal 29 (31.2) 37 (39.8) 25 (32.9) 26 (34.2)
Mild 60 (64.5) 52 (55.9) 43 (56.6) 46 (60.5)
Significant 4 (4.3) 4 (4.3) 8 (10.5) 4 (5.3)

Treatment response rate 0.996
Improved 25 (26.9) 20 (26.3)
Stable 50 (53.8) 41 (54.0)
Deteriorated 18 (19.4) 15 (19.7)

LENT-SOMA
Domain
Subjective 1 (0–2) 0 (0–1) 0 (0–1) 0 (0–1)
Objective 1 (0–2) 1 (0–2) 1 (0–1) 0 (0–1)
Management 4 (4–4) 4 (4–4) 4 (4–4) 4 (4–4)
Analytic 3 (2–3) 3 (2–3) 3 (2–3) 3 (2–3)
Total score# 6 (5–7) 5 (5–7) 5 (4–6) 5 (4–6) 0.182*

Treatment response rate 0.382
Improved 26 (28.0) 26 (34.2)
Ineffective 67 (72.0) 50 (65.8)

Abbreviations: LENT-SOMA, the Late Effects of Normal Tissue (LENT)/Subjective, Objective, Management, Analytic (SOMA) scale score; MoCA, Montreal Cognitive Assessment
score; RN, radiation-induced brain necrosis.
Data are shown as numbers (%) or medians (interquartile ranges). P1y, low-dose group vs. high-dose group at 3 months; P2�, low-dose group vs. high-dose group at
12 months. *, low-dose group vs. high-dose group at baseline; #, summary grade of the Subjective, Objective, and Management (SOM) characteristics.

Fig. 2. Waterfall plot. The changes of the lesion sizes in the MRI for 169 evaluable patients.
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response rate based on MRI or changes in clinical symptoms and
cognitive function. The mechanisms of RN corresponding to clinical
manifestations are not fully understood. One important pathologi-
cal feature of RN is radiation-induced damage of endothelial and
glial cells and vascular injury, which initiates brain necrosis; vas-
cular endothelial cell damage results in fibrinoid necrosis of the
small arteries, accompanied by increased capillary permeability,
leading to focal coagulative necrosis and oligodendrocyte damage
and demyelination [27]. Methylprednisolone reduces cytokine
and inflammatory responses, which reduces vasogenic edema as
well as subsequent changes in blood vessels and inflammation
[12]. Besides, steroids may also result primarily in the restoration
of the endothelial junctions within the cerebral micro-
vasculature and consequent reduction in cerebral edema [28].
Thus, steroids have long been used in treatment of RN and to pro-
vide prompt symptomatic relief [3]. Eyster et al. first reported on



Fig. 3. Progression-free survival is illustrated in patients who underwent high-dose IVMP vs. low-dose IVMP.

Fig. 4. Overall survival is illustrated in patients who underwent high-dose IVMP vs. low-dose IVMP.
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treatment with steroids and suggested that steroids might have a
retarding influence on the progressive pathologic process, in addi-
tion to symptomatic relief via the anti-edema effect [29].

In our study, the total effective rate of intravenous methylpred-
nisolone on T2-weighted FLAIR images was 30.2% in 169 patients.
This is consistent with a previous report in which approximately
one-third of patients in the early phase of RN benefitted from ster-
oid therapy [3]. In a recent study, high-dose steroid treatment,
which has better tolerance and may minimize long-term steroid-
induced side effects, was compared to oral steroids in the treat-
ment of RN in NPC patients; 20% of patients receiving pulse ster-
oids experienced radiological improvement as opposed to 3.2% of
those receiving conventional oral steroids [13]. Our study further
demonstrated that high dose intravenous methylprednisolone
showed no benefit while comparing with low dose intravenous
methylprednisolone; this finding might be related to the mecha-
nism of steroid. High-dose intravenous methylprednisolone has
commonly been used in the acute and progressive stages of
autoimmune diseases such as multiple sclerosis [30] and myasthe-
nia gravis [31], supporting the concept that autoimmunity plays a
major role in the pathogenesis of diseases. However, in our study,
all patients exhibited late delayed injury whose primary pathogen-
esis is that vascular injury initiates the process of necrosis, mostly
presenting as a chronic onset; therefore, we speculate that this is
why low-dose intravenous methylprednisolone may be as effective
as high-dose intravenous methylprednisolone.

The consistent efficacy of different doses of intravenous methyl-
prednisolone is also manifested in the improvement of cognitive
function and clinical symptoms. The mechanisms underlying
radiation-induced cognitive impairment remain ill-defined. Cogni-
tive impairment due to brain necrosis has been explored in several
studies, and a decline in the cognitive function of patients with
brain lesions due to radiation generally has been reported [32]. A
study also demonstrated a significant association between the vol-
ume of brain necrosis and the level of cognitive impairment after
radiotherapy in evaluated patients [33]. Our study demonstrated
neither group showed a significant difference in the effective rate
Table 4
Treatment-related adverse events.

Low dose group (n = 93)

Adverse event, n (%) Grades 1–2

Total adverse events 39 (41.9)
Gastrointestinal disorders
Gastritis 5 (5.4)

General disorders and administration site conditions
Fatigue 4 (4.3)

Infections and infestations
Lung infection 0
Meningitis 0
Urinary tract infection 0

Investigations
Weight gain 4 (4.3)

Metabolism and nutrition disorders
Hyperglycemia 6 (6.5)

Nervous system disorders
Dizziness 2 (2.2)

Psychiatric disorders
Insomnia 5 (5.4)

Respiratory, thoracic and mediastinal disorders
Nasal hemorrhage 1 (1.1)

Skin and subcutaneous tissue disorders
Rash acneiform 0

Vascular disorders
Flushing 10 (10.8)
Hypertension 2 (2.2)

Abbreviation: Data are shown as numbers (%).
based on the MoCA total score, it is tempting to speculate that this
might be related to brain necrosis. There was no statistical differ-
ence in the treatment response rate in the T1-weighted gadolinium
enhancement between the two groups; therefore, there was also
no difference in the treatment response rate of cognitive function.

Nevertheless, high steroid treatment is associated with numer-
ous side effects such as increased number of infections, gastrorrha-
gia, hyperglycemia, cataracts, osteoporosis, peptic ulcer disease,
liver damage and aseptic necrosis of the bones [17–19]. There
are numerous case-series reports on the potential serious hepatic
risks of the intravenous glucocorticoid administration modality,
and the extent and outcome of severe liver damage seems to be
dose dependent [16,34]. Safety and tolerability in our study
favored low-dose steroid compared with high-dose steroid, with
a reduction in the frequency of overall adverse events reported
and a reduction in grade 3 adverse events. Furthermore,
treatment-related infections and infestations were likewise more
common with high-dose steroid then low-dose steroid, probably
related to the induced immunodepression, and the adverse event
profile was in line with the profile reported previously.

In conclusion, there were no significant differences in the effi-
cacy of high-dose vs. low-dose intravenous methylprednisolone
treatments for NPC patients with RN, and treatment-related infec-
tions and infestations were likewise more common with high-dose
steroid than low-dose steroid. This observation may have impor-
tant clinical implications that low-dose is superior to high-dose
intravenous methylprednisolone therapy since the adverse effects
of low-dose intravenous methylprednisolone therapy might be sig-
nificantly reduced, while an increase in methylprednisolone dose
may increase the incidence of adverse effects.

The present study has several limitations that need to be
addressed for accurate interpretation of the results. First, given
the retrospective nature of this study, our data may exhibit attri-
tion bias due to missing documentation and loss to follow-up.
LENT/SOMA scales and MoCA scales at 12 months were not inte-
grally recorded in our study. Second, due to the sample size of
our study, further prospective investigations with a larger cohort
High dose group (n = 76)

Grade 3 Grades 1–2 Grade 3

2 (2.2) 43 (56.6) 5 (6.6)

0 7 (9.2) 1 (1.3)

0 3 (3.9) 0

0 2 (2.6) 1 (1.3)
0 0 1 (1.3)
0 0 1 (1.3)

0 4 (5.3) 0

0 7 (9.2) 0

0 1 (1.3) 0

2 (2.2) 2 (2.6) 1 (1.3)

0 1 (1.3) 0

0 2 (2.6) 0

0 11 (14.5) 0
0 3 (3.9) 0
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are needed to confirm our findings. Third, this was a single-center,
retrospective study, thus the results should be further validated in
other cohorts to improve generalizability.
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