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Abstract: The mechanism of radiation-induced delayed brain injuries remains poorly understood, and few treatment options 

are available. The aim of this study was to investigate whether temporal lobe necrosis can be reversed by anti-mycobacterium 

therapy (AMT). We conducted this prospective, controlled study in southern China. Ten patients with symptomatic delayed 

radiation injury were monitored during AMT and compared with a control group of 11 patients who received current standard 

therapies. Activities of daily living were assessed by the Barthel Index (BI) at study entry and after 2 years of therapy. Magnetic 

resonance imaging (MRI) was performed before treatment, and changes were monitored during the study. Kaplan–Meier 

analysis was employed to delineate time-related mortality. A significant treatment effect was observed in the AMT group. The 

patients’ headaches, seizures, dizziness, and cognitive deterioration rapidly improved. BI improved in the AMT treatment group 

compared with the control group after 2 years (Mann–Whitney U test; P=0·001). Abnormalities of the temporal lobes, observed 

by MRI, markedly decreased over time in eight patients, whereas in the control group significant BI deterioration was observed 

(Wilcoxon signed-rank test; P=0·003) and the patients did not show favorable MRI changes. By 24 months, there was a 

significant difference between the AMT and control groups with respect to survival time (log-rank test; P=0·011). The results of 

the present study suggest that radiation necrosis of the brain can be successfully managed by AMT. These findings must be 

confirmed in large, double-blind, randomized clinical trials. 
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1. Introduction 

Radiotherapy is used to treat a wide variety of head and 

neck tumors that arise in and around the skull base. 

Radiation-induced injury may occur when adjacent normal 

nervous system tissue is exposed to radiation. Delayed 

radiation injury (DRI) of the normal brain can be a devastating 

complication and generally occurs months to years after the 

initiation of therapy. DRI is generally progressive and 

irreversible, and it has a tremendous negative impact on a 

patient’s quality of life.
1
 Fischer and Holfelder initially 

described the delayed radiation-induced histological changes 

in 1930.
2
 Although many scientific studies of DRI have been 

conducted, the pathophysiological mechanism of DRI remains 

poorly understood.
3
 To date, the treatment for DRI has 

typically involved management of symptoms. Although 

spontaneous resolution of small white matter lesions (WMLs) 

has been reported occasionally,
4
 clinicians have not found an 

effective method to stop the progression of necrosis, which 

appears as cysts and/or contrast-enhanced lesions on brain 

magnetic resonance imaging (MRI) developed after WMLs. 

Data from surgical resection and biopsy have shown that 

histologic features of radiation injury are diverse and not 

specific to radiation. Classically, however, the most prominent 

histopathological changes are reactive white matter edema, 

demyelination, coagulative necrosis, and cysts with central 

liquefaction and gliosis in the walls.
5,6

 The presence of these 

histological changes may be indicative of DRI, a result of 
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some type of inflammation induced by radiation. 

Temporal lobe necrosis (TLN) after external radiation is 

one of the most dreaded DRI complications in nasopharyngeal 

carcinoma.
7,8

 Evaluation of the temporal lobes in patients 

previously treated for nasopharyngeal carcinoma can provide 

a better understanding of DRI in the brain unaffected by the 

underlying tumor and outside of the planned field of radiation. 

In a study by Cheng et al.,
9
 20% of the patients undergoing 

surgery for radiation necrosis were found to have a cerebral 

abscess, indicating that TLN might be due to 

radiation-induced inflammation. That study demonstrated that 

the response to antibiotic therapy is not satisfactory in DRI, 

even with a pathologically proven abscess. By chance, we 

discovered that anti-mycobacterium therapy (AMT) affects 

TLN. In 2008, we used AMT to treat a symptomatic TLN 

patient with symptoms of headache and dysphasia, 

accompanied by pulmonary tuberculosis as evidenced by a 

positive chest X-ray test. AMT provided unexpected symptom 

relief from TLN. Based on this experience, we developed a 

trial protocol to evaluate whether AMT can reverse TLN with 

respect to both symptoms and MRI abnormalities. This 

information can be used for future understanding, awareness, 

prevention, and management by both physicians and patients. 

2. Patients and Methods 

2.1. Study Design 

This prospective, open-labeled and controlled 

nonrandomized study was conducted between January 2009 

and October 2013. Twenty-one patients qualified for inclusion 

in the study, according to the inclusion and exclusion criteria 

(see below). There were 16 males and 5 females. Patients who 

fulfilled the following eligibility criteria were recruited in this 

study: (i) histopathologically proven nasopharyngeal 

carcinoma with radiation therapy and negative brain MRI 

before radiation therapy; (ii) cranial irradiation ≥ 6 months 

prior to study entry; (iii) MRI evidence of bilateral WMLs 

and/or cysts with or without foci of contrast enhancement on 

MRI; and (iv) evidence of progressive neurologic signs or 

symptoms related to TLN. The following exclusion criteria 

were used: (i) significant hepatic or renal insufficiency; (ii) 

evidence of brain metastasis, brain abscess, any intracranial 

tumor, cerebral infarction, or demyelinating disease; or (iii) 

clinical manifestations, such as fever or meningeal irritation 

signs indicating meningitis. 
The patients were categorized into the different groups 

based on the following considerations: (i) consent to receive 

AMT treatment and (ii) consent to stop steroid therapy. Ten 

patients were included in the treatment group, and 11 patients 

(control group) underwent standard therapies. 

2.2. Planned Interventions (Treatment) and Follow-Up 

Eligible patients underwent complete physical and 

neurological examinations upon entry. Upon admission, 

pretreatment contrast-enhanced MRI of the brain was 

performed on all of the patients. In the active treatment group, 

all treatments with corticosteroids were discontinued for 

patients prior to AMT initiation. Our initial treatment 

protocols (Treatment Phase 1) comprised amikacin (600 

mg/day) and mannitol 125 ml (bid) for 2 weeks, together with 

a three-drug AMT regimen (per day: isoniazid 8 mg/kg, 

rifampicin 10 mg/kg, and pyrazinamide 25 mg/kg), followed 

by treatment with a three-drug AMT regimen for 9 months 

(Treatment Phase 2), and then treatment with a combination of 

isoniazid and rifampicin with the same dosages that ceased 

after 24 months (Treatment Phase 3). Treatment was carried 

out under extensive observation. When a worsened condition 

occurred during the Phase 2 period, short-term mannitol, 

amikacin, and/or low-dose intravenous immunoglobulin were 

used to improve the symptoms. All of the patients had weekly 

liver function tests for the first month of therapy and every 3 

months thereafter. 
In the control group, during the observational period 

treatments were conducted using routine regimens, including 

steroids, intravenous immunoglobulin, hyperbaric oxygen, 

nerve growth factor, and mannitol alone or in combination. 

Steroid treatment was defined as 10 mg of dexamethasone (or 

equivalent) daily and was administered to patients with severe 

clinical symptoms and radiologic evidence of a mass effect. 

Each patient was followed and assessed by the same physician 

during the study. 

2.3. Outcome Measures 

Eligible patients underwent complete physical and 

neurological examinations upon entry，at 12 and 24 months. 

The clinical and radiological evaluations were not blinded. 

Activities of daily living were evaluated to assess the 

neurological status of the subjects. These were assessed using 

the Barthel Index (BI) (0–100 scale, with lower scores 

denoting less independence in activities of daily living) along 

with evaluation by MRI. 
The university ethics committee approved the present study. 

All of the patients were informed of the potential short- and 

long-term drug complications of AMT. Written informed 

consent was obtained from patients who agreed to participate 

in the study. The patients were instructed to contact the study 

neurologist in the event of neurological symptoms. 
The present study is registered with controlled-trials.com 

(number ISRCTN04023349). 

2.4. Statistical Analysis 

For the comparison of descriptive data, the Mann–Whitney 

U test was used for the analysis of variables that did not fit a 

normal distribution. The Wilcoxon signed-rank test was used 

for comparisons within groups. Fisher’s exact test was used 

for categorical variables. Mortality was estimated by the 

Kaplan–Meier method, and results were compared between 

groups using the log-rank test. The Statistical Package for the 

Social Sciences (version 16·0; SPSS, Inc., Chicago, IL, USA) 

was used to perform these tests. A P value less than 0·05 was 

considered to indicate a statistically significant difference. 
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3. Results 

3.1. Demographic and Clinical Characteristics 

The baseline clinical characteristics of all of the patients are 

listed in Table 1. The AMT and control groups were 

comparable for all of the baseline variables. Ten patients with 

TLN were included in the AMT group (age range, 39–60 

years), and 11 patients were in the control group (38–63 years). 

All patients had undergone radiotherapy for nasopharyngeal 

carcinoma and showed no evidence of recurrent disease upon 

entering the trial. The main presentations were epilepsy, 

dizziness, headache, amnesia, cognitive dysfunction, and 

dysphasia. 

3.2. Control Group 

During the study period, all of the control patients showed 

worsening neurological signs and symptoms. The patients 

were treated with corticosteroids alone or in combination for 

symptom relief. Two patients were treated surgically at the 

Department of Neurosurgery due to symptom development, 

with poor outcomes. There were nine deaths in this group. One 

patient had marked deterioration and was bedridden. Another 

patient experienced chronically increasing difficulty in 

speaking and swallowing, without temporal lesion expansion 

apparent in an MRI. 

3.3. AMT Group 

Treatment was well tolerated. All patients receiving AMT 

showed improvement in neurological signs and symptoms in 

Treatment Phase 1, and the response occurred early in the 

course of treatment for all patients. Clinical worsening halted 

during the beginning of the 2-week course of active treatment. 

The rapidly improved symptoms included headaches, seizures, 

dizziness, and cognitive deterioration. Two TLN patients had 

difficulty swallowing, but their dysphasia gradually improved 

with the active treatment. Improvement during the treatment 

was sustained throughout follow-up in seven patients. 
The other three who had initial treatment successes 

experienced worsening in Treatment Phase 2. One patient 

suffered worsening symptoms after 8 months of AMT and was 

then successfully treated with combination therapy of 

mannitol and intravenous immunoglobulin in the hospital. 

Nevertheless, another two patients suffered treatment failure 

and died. One of two patients suffered anorexia and weakness 

after 2 months of treatment, with expanding temporal lesions 

on MRI. This patient refused to take any medicine or be 

hospitalized and died 2 weeks later. Another patient 

experienced dizziness and difficulty in walking after 3 months 

of treatment, was diagnosed with temporal lobe herniation at 

another hospital, and died 1 month after. 
The treatment also led to improvement in non-neurological 

complications, including xerostomia, foul odor, and trismus in 

the AMT group. 
Evaluation of activities of daily living showed that BI 

improved in the AMT treatment group compared with the 

control group after 2 years (Mann–Whitney U test; P=0·001). 

However, in the control group, significant BI deterioration 

was observed (Wilcoxon signed-rank test; P=0·003; Table 1). 

Table 1. Demographic and baseline characteristics. 

Characteristic AMT group Control group P value 

Sex: M/F  3/7 2/9 0·635a 

Mean age at study 

entry, years (range) 

50·4 (39–60) 53·9 (38–63) 0·322b 

Median disease 

duration, years (IQR) 

3·6 (2·0–4·25) 3·3 (1–4·0) 0·567b 

Total dosage of 

radiation treatment, Gy 

70·9±7·39 71·8±5·67 0·431b 

Barthel index at 

enrollment 

75·0±12·3 76·8±9·6 0·831b 

Barthel index at year 1 75·0±40·3 28·2±34·9 0·007b 

Barthel index at year 2 80·0±42·2 11·4±26·5c 0·001b 

M, male; F, female; AMT, anti-mycobacterium treatment 
a Fisher’s exact test (two-sided) 
bMann–Whitney U test 
cWilcoxon signed-rank test (P=0·003, compared with enrollment) 

3.4. Kaplan–Meier Survival Analysis 

Two patients in the AMT group and nine patients in the 

control group died during the study period. Figure 1 shows the 

Kaplan–Meier estimates for the occurrence of death in AMT 

and control patients. The log-rank tests of the Kaplan–Meier 

analyses, considering the data at baseline, indicated 

significant differences between groups with and without AMT 

treatment (P=0·011). 

 

Fig. 1. Temporal lobe necrosis survival curve. Kaplan‒Meier analysis 

showing the cumulative proportion of patients surviving after the follow-up 

period in the anti-mycobacterium treatment (AMT) and control groups. The 

result of the log-rank analysis was significant. AMT was associated with a 

lower mortality than the standard treatments. 

3.5. Efficacy as Measured by MRI 

During the study period, signal abnormalities in follow-up 

MRIs were markedly decreased in size and prominence by the 

end of AMT in eight patients. Characteristic imaging 
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abnormalities of TLN, such as the typical “Swiss cheese” 

pattern and necrotic masses with finger-like projections, 

showed increasing size reductions (Fig. 2).  

 

Fig. 2. Evolution of bilateral white matter lesions of a case in the anti-mycobacterium treatment (AMT) group before and after AMT. A1–E1: A1, left temporal 

lobe edema leads to compression of the brainstem before AMT; B1, postcontrast coronal T1-weighted MRI shows contrast-enhanced lesions in both temporal 

lobes; C1, coronal T1-weighted image shows a large edema lesion forming an irregular shape with finger-like projections in the left temporal lobe; D1, axial 

contrast-enhanced MRI shows enhancing lesions in both temporal lobes; E1, postcontrast sagittal T1-weighted MRI shows irregular mass of enhancement with 

perifocal edema. A2–E2: brain MRI shows regression of lesions on both sides after 3 months of AMT. A3–E3: lesions showed continuous regression in follow-up 

MRI examinations in May 2010. 

Additionally, regions showing enhancement in the inferior 

temporal lobes in pretreatment MRIs disappeared with 

treatment. Cysts, which suggest a later stage of TLN,6,10 

were also stabilized and decreased (Fig. 3). 

 

Fig. 3. Magnetic resonance evolution of temporal lobe cysts after anti-mycobacterium treatment (AMT) A1–F1: A1, axial T1-weighted; B1, axial T2-weighted; 

C1, coronal fluid-attenuated inversion-recovery (FLAIR) image shows bilateral temporal lobe cysts. Enhancing lesions in both temporal lobes were not obvious 

on postcontrast axial (D1), coronal (E1), or sagittal (F1) T1-weighted MRIs. A2–F2: MRIs show cysts in both temporal lobes that, 3 months after AMT, had 

decreased in size. A3–F3: An MRI performed 2 years later showed the right cyst regressed and the left static. 

However, three patients showed expansion of lesions during Phase 2 of AMT, including one patient who was successfully 

treated (Fig. 4). 
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Fig. 4. Aberrant expansion of the lesions during anti-mycobacterium treatment (AMT). A1–E1: A1, left temporal lobe edema leads to mild compression of the 

brainstem on axial T1-weighted MRIs before AMT; B1, T2-weighted image shows an extensive lesion in the left temporal lobe and a small lesion in the right side; 

C1, coronal T2 fluid-attenuated inversion-recovery (FLAIR) image shows the left lesion; D1 and E1: enhanced lesions in both temporal lobes were found, which 

were more evident in the left lobe. A2–E2: subsequent MRI scan demonstrated an extensive white matter lesion in the inferior right temporal lobe with 

enhancement; the lesion showed a typical “Swiss cheese” pattern, whereas the lesion in the left temporal lobe had disappeared. A3–E3: MRI demonstrates 

enlargement of the lesion in the right temporal lobe with edema extending superiorly into the parietal lobe forming an irregular shape and finger-like projections 

and formation of a cavitating lesion with rim contrast enhancement. A4–E4: MRI shows complete regression of the lesions in the bilateral temporal lobes in 

November 2010.  

 

Fig. 5. Evolution of temporal lobe necrosis of a case in the control group. 

A1–C1: axial T2-weighted (A1), axial T1-weighted (B1), and coronal 

fluid-attenuated inversion-recovery (FLAIR) images show the appearance of 

mild white matter lesions (WMLs) bilaterally. A2–C2: MRIs show WMLs in 

both temporal lobes that, 10 months later, had increased in size. A3–C3: An 

MRI performed 6 months later showed a severe WML in the right temporal 

lobe with a large confluent area extending superiorly and causing a mass 

effect; however, the WML regressed on the left side. A4–C4: Given the 

patient’s unexpected clinical decline, a follow-up brain MRI was performed in 

September 2011. The images revealed a modest increase in the size of the 

lesions with a “soap bubble” pattern. 

In the control group, TLN lesions were generally persistent 

and became more severe and extensive over time (Fig. 5). 

Only one patient showed mild reduction in the lesion size; 

however, that patient experienced chronically increasing 

difficulty in speaking and swallowing. 

3.6. Adverse Events in AMT Group 

Adverse events occurred in 7/10 patients (70%). Three 

patients had mild gastrointestinal syndrome on active therapy 

but were able to continue the trial and resolved quickly. 

Itching without rash was experienced by 2 patients. One 

patient experienced anorexia and stopped AMT. Two deaths 

that occurred in AMT group were considered related to the 

expansion of lesions. 

4. Discussion 

Here we report our initial experience with AMT for TLN, a 

severe type of DRI. This study shows that AMT can reverse 

and even clinically cure TLN. The patients enrolled in the 

study were in the advanced stage of TLN. The AMT effects 

were associated with significantly improved neurological 

status and changes in the temporal lobes observed by MRI. 

These results suggest that AMT is a potentially useful 

treatment for TLN. 
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At present, there are no proven long-term treatment 

strategies for this significant radiation-induced late effect, and 

no prophylactic trial has been reported.11,12 Corticosteroids 

are used to reduce neurological symptoms and reduce brain 

edema in the short-term; however, long-term use is not 

generally advised because of the risk of immunosuppression 

and uncontrolled sepsis.13,14 Case reports in children and 

adults suggest a beneficial effect of hyperbaric oxygen,15 but 

this finding remains to be conclusively demonstrated. 

Anticoagulants,16 high-dose vitamins, and surgery have been 

attempted to combat DRI. However, none of these approaches 

has proven to be effective in controlled clinical trials. 

Bevacizumab, an antivascular endothelial growth factor 

antibody, has been used to treat symptomatic and progressive 

CNS radiation necrosis.17–19 However, the results of the 

latter studies were underpowered to detect significant changes 

in neurocognitive function and MRI changes due to small 

sample size with a short follow-up. To date, no patient has 

been reported to have complete resolution of both symptoms 

and MRI abnormality by these treatments. However, the 

findings of this study suggest that radiation necrosis of the 

brain can be successfully managed. All the patients receiving 

AMT responded nearly immediately to treatment. The 

worsening headaches, seizures, dizziness, and cognitive 

deterioration rapidly improved. AMT also ameliorated 

non-neurological complications, including xerostomia, foul 

odor, and trismus. Additionally, the effects of AMT were 

sustained. This study may provide a new approach for a 

pharmacological strategy by which to reverse progressive 

DRI. 
The imaging findings of temporal changes following 

irradiation for nasopharyngeal carcinoma have been well 

documented.6,8 Cysts and bilateral WMLs represented late 

signs of TLN, which frequently became more severe and 

extensive over time and were associated with poor outcomes. 

There is no evidence in the literature that any treatment could 

effectively relieve these symptoms. However, ATM therapy 

resulted in striking regression of bilateral WMLs with 

contrast-enhanced necrotic lesions and cysts upon MRI, 

whereas patients receiving standard therapies showed 

progressive changes upon MRI. The remarkable changes 

observed in the imaging studies suggest that part of the 

treatment effect may be due to physiologic repair of 

radiation-damaged blood–brain barrier attained by decreasing 

the levels of inflammation through the use of AMT. To the 

best of our knowledge, AMT has provided the best results ever 

reported for DRI in humans. 
The mechanisms by which the AMT interacts with TLN are 

not yet known. The idea that DRI may be radiation-induced 

inflammation should be addressed hypothetically. As early as 

1934, Groff20 observed that injection of bacteria into the 

carotid artery or direct inoculation of bacteria into the brain of 

cats failed to induce brain abscess. Thus, the brain is normally 

resistant to infection. However, skull-base irradiation may 

unavoidably disrupt this function because of its CNS 

neurotoxicity, predisposing the included tissues to high risk of 

opportunistic mycobacterium infection. Several lines of 

evidence have shown that chronic inflammatory responses are 

associated with DRI.21–24 These results also provide a 

rationale for the use of anti-inflammatory-based interventions 

to prevent or ameliorate DRI. Although DRI may be a 

complex phenomenon that involves several molecular and 

cellular processes, our finding that AMT reverses TLN 

suggests that mycobacteria infection may be involved in the 

pathogenesis of DRI. The absence of a sensitive laboratory 

test for CNS mycobacterium infection might lead to failure to 

detect this type of infection.25 
Although AMT is promising, there are still many risks 

during the treatment. Three patients initially responded to 

AMT therapy, but their condition deteriorated with continued 

therapy. The mechanism responsible for this paradoxical 

phenomenon may be similar to that causing deterioration 

during treatment for CNS tuberculosis infection. It is well 

known that up to 10% patients with CNS TB after 

antituberculous treatment can show radiologic worsening of 

preexisting tuberculous lesions or develop a new lesion.[26-28]  

This paradoxical reaction can cause clinical deterioration or is 

just incidentally found when routine follow-up brain imaging 

is processed. It is believed that the paradoxical response is due 

to the enhancement of the immune response after active TB is 

controlled.[29] According to our limited experience, clinical 

improvement of the paradoxical expansion may be achieved 

through intravenous immunoglobulin and mannitol therapy. 

Besides that, Anti-tubercular drugs are similar to a lot of other 

medications in terms of causing side effects to the patients 

who took them. Examples of side effects caused by AMT 

consist of drug-induced hepatotoxicity, nephrotoxicity, 

peripheral neuropathy, hyponatremia,ototoxicity and rash. For 

this, careful patient monitoring clinically, hematologically and 

biochemically especially during first few weeks of AMT are 

necessary. 
The study results must be interpreted within the context of 

possible limitations. We used an open-label, non-randomized 

study design in which a small number of patients was included; 

inevitably, this may cause potential sampling errors. 

Nevertheless, a nearly certain clinical diagnosis of TLN was 

attempted using careful patient selection, with the intent of 

excluding alternative differential diagnoses. Another study 

limitation is the lack of histologic documentation, due to the 

difficulties in obtaining histologic evidence of 

radiation-induced brain changes in patients who have 

undergone radiation therapy for nasopharyngeal carcinoma. 
Despite these limitations, the striking facts that patients 

achieved complete resolution of both symptoms and MRI 

enhancement after the use of AMT lead us to believe that 

AMT could be a life-saving, cost-effective approach to 

combat cerebral radiation necrosis. These findings might also 

lead to prophylactic measures against radiation necrosis 

beyond what is already performed to control the effects of the 

radiation itself. 

5. Conclusions 

No firm conclusions can be drawn from this small 
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prospective pilot study on a type of advanced DRI. However, 

our findings suggest that AMT may benefit patients suffering 

from the late effects of radiation on the nervous system. The 

results of this trial raise many questions, primarily about the 

precise mechanisms of action of the drugs used. Ongoing 

cellular and molecular studies and a randomized clinical trial 

will be needed to provide these answers. 
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