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Abstract
Radiotherapy is the cornerstone of brain metastasis management. With the advancement of therapies,
patients are living longer, exposing them to the long-term effects of radiotherapy. Using concurrent or
sequential chemotherapy, targeted agents, and immune checkpoint inhibitors may increase the incidence
and severity of radiation-induced toxicity. Recurrent metastasis and radiation necrosis (RN) appear
indistinguishable on neuroimaging, making it a diagnostic dilemma for clinicians. Here, we present a case
of RN in a 65-year-old male patient who previously had brain metastasis (BM) from primary lung cancer,
misdiagnosed initially as recurrent BM.
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Introduction
Radiation necrosis is increasingly recognized and should be kept in mind, particularly when the patient has
symptoms resembling recurrence [1]. With the advancement of therapies, patients are living longer,
exposing them to the long-term effects of radiotherapy. Some studies suggest increased frequency with the
use of biological agents and immune checkpoint inhibitors [2]. Treatment-induced necrosis represents a
serious side-effect. Symptoms are produced by localized brain necrosis and reactive edema. Differentiating
recurrent tumors from tissue necrosis can be very difficult by imaging, and both entities are primarily
indistinguishable on conventional structural MRI and have similar clinical presentations [3]. Radiation-
induced changes can appear up to 10 years following initial treatment [4]. Here, we illustrate how the case
can be elusive and difficult to distinguish from recurrent metastasis. 

Case Presentation
A 67-year-old male presented with a five-day history of right-sided upper and lower extremity weakness,
aphasia, and headache. He had a history of non-small cell lung cancer with brain metastasis which was
diagnosed in 2020. He was initially treated with chemotherapy, followed by radiation. Radiation was
completed in January 2021 with concurrent carboplatin and paclitaxel. Unfortunately, he developed
recurrent stage IV disease with brain metastasis. When he presented to the emergency department, he was
on pembrolizumab. His vitals were within normal limits. Physical examination revealed 0/5 right upper and
lower extremity motor strength with intact sensation and cranial nerve function. The rest of the physical
exams were normal.

Complete blood count and basic metabolic panel were within normal ranges. Head CT showed a large region
of hypoattenuation centered within the left frontal lobe with a 9 mm midline shift and effacement of the
anterior horns of the lateral ventricles (Figure 1).
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FIGURE 1: Head CT was done on presentation, showing hypo
attenuated area and mass effect

Head MRI revealed a peripherally enhancing lesion anteriorly on the left extending to the cortical surface
with new significant surrounding vasogenic edema (Figure 2). The findings were thought to represent
recurrent metastatic disease with extensive vasogenic edema. 
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FIGURE 2: Brain MRI shows peripherally enhancing lesion noted
anteriorly on the left extending to the cortical surface with new
significant surrounding vasogenic edema

The patient was stabilized for transfer to the general medical floor. High-dose steroids and Levetiracetam
were started to prepare the patient for surgery. The patient underwent left frontal stereotactic craniotomy
with gross total resection of the brain lesion and computer-assisted navigational procedure for resection of
the intradural brain mass.

No complications were associated with surgery. He continued to show marked recovery, regained most of the
strength of the right side, and improved his speech. Post-tumor resection MRI status was significant for a
resection cavity anteriorly on the left, with no definite residual enhancement (Figure 3).
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FIGURE 3: Post-operative MRIs show diminished mass effect

Overall, the diminished mass effect was significant. A final pathological examination from specimens
obtained during surgery revealed no features suggesting tumor recurrence (Figure 4).
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FIGURE 4: Post-treatment changes with no malignant cells to suggest
metastasis.

The patient’s symptoms significantly improved, such that he ambulates well without assistance, and his
speech has returned to baseline. He was enrolled in inpatient rehabilitation before discharge. Upon
discharge, outpatient occupational and physical therapy were arranged. Follow-ups with oncology and
neurosurgery, as well as 3-month postoperative brain MR imaging, were scheduled, and the patient was
discharged with tapering doses of steroids and Levetiracetam.

Discussion
Radiation necrosis is a complication of radiotherapy that can resemble tumor recurrence. Delayed RN can be
seen several months to years after initiating radiotherapy up to 10 years following therapy. Risk factors
depend on radiation dose, and the volume irradiated [5]. For example, lesions below ≤ 20 mm can be safely
treated with 24 Gy, 21-30 mm with 18 Gy, and 31-40 mm with 15 Gy. However, a dose of more than 55Gy
has serious side effects and a higher risk to develop radiation necrosis [6]. Tissue necrosis is due to the
consequence of vascular endothelial cell damage, resulting in fibrinoid necrosis of small vessels and direct
brain parenchymal necrosis. These conditions appear within the irradiated volume as contrast-enhancing,
expansive brain lesions surrounded by edema [7].

The differential diagnosis for brain-enhancing lesions includes but is not limited to recurrent brain
metastasis, primary brain tumor, or infectious process (abscess). Another differential is intracerebral
hemorrhage, which was excluded based on initial CT findings. Infection with abscess formation was
excluded as the patient was afebrile, with a normal white blood cell count, and with negative meningeal
signs on physical examination. Radiation-induced necrosis confirmed by pathology excluding recurrent
brain metastasis or primary brain tumors as possible differential diagnosis. Symptoms produced by localized
brain necrosis depend upon the location of the lesion. They can include focal neurologic deficits, progressive
motor weakness, speech disturbance, or more generalized symptoms like headache, nausea, and increased
intracranial pressure. Seizures are a common presentation in up to 20% of patients [8].

MR perfusion, MR spectroscopy, or positron emission tomography (PET) can be used for diagnosis [9].
Ultimately, a biopsy of the suspicious lesion may be required for a definitive diagnosis, particularly in
patients who are symptomatic and have worsening imaging findings over time [10]. In some cases, tissue
necrosis is an asymptomatic, self-limited process. Initial treatment with a moderate dose of glucocorticoid is
recommended in symptomatic patients. Follow-up imaging in one to two months is generally
recommended. Various other treatment options like bevacizumab and laser interstitial thermal therapy
(LITT) are viable treatment options that can be utilized [11].

Our patient was presented with clinical features suspicious of recurrent brain metastasis, prompting a
thorough workup. Given the patient’s history, clinical presentation, and imaging suggestive of cerebral
edema with a midline shift, surgical resection was deemed necessary and the optimal intervention.
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Pathology revealed no evidence of malignancy and was consistent with post-radiation changes. Clinicians
must be aware of post-radiation necrosis. Survival of patients with BM is being prolonged with improved
systemic therapy and increased use of stereotactic radiosurgery (SRS), clinically manifesting with late effects
of radiotherapy.

Conclusions
Radiation therapy is increasingly being utilized for patients with metastatic disease. Unfortunately, it can
damage normal tissues in rare cases leading to radiation necrosis. Differentiating tumor growth from
radiation necrosis can be difficult but is essential to determine to provide appropriate patient management.
Corticosteroids, surgery, and bevacizumab are all possible effective treatment options. Clinicians should
choose the treatment that offers the patient resolution of neurologic systems with minor toxicity and
invasiveness. 
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Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Winter SF, Loebel F, Loeffler J, Batchelor TT, Martinez-Lage M, Vajkoczy P, Dietrich J: Treatment-induced

brain tissue necrosis: a clinical challenge in neuro-oncology. Neuro Oncol. 2019, 21:1118-30.
10.1093/neuonc/noz048

2. Ruben JD, Dally M, Bailey M, Smith R, McLean CA, Fedele P: Cerebral radiation necrosis: incidence,
outcomes, and risk factors with emphasis on radiation parameters and chemotherapy. Int J Radiat Oncol
Biol Phys. 2006, 65:499-508. 10.1016/j.ijrobp.2005.12.002

3. Zakaria R, Mubarak F, Shamim MS: MR perfusion imaging, techniques and role in differentiating radiation
necrosis and tumor recurrence. J Pak Med Assoc. 2019, 69:1924-1926.

4. Strenger V, Lackner H, Mayer R, et al.: Incidence and clinical course of radionecrosis in children with brain
tumors. a 20-year longitudinal observational study. Strahlenther Onkol. 2013, 189:759-64. 10.1007/s00066-
013-0408-0

5. Huang J, Lauren E, Campian JL: Approach to the patient with radiation necrosis . Neuro-Oncology for the
Clinical Neurologist. Strowd RE (ed): Elsevier, Philadelphia, PA; 2021. 314-320. 10.1016/B978-0-323-69494-
0.00024-5

6. Vellayappan B, Tan CL, Yong C, et al.: Diagnosis and management of radiation necrosis in patients with
brain metastases. Front Oncol. 2018, 8:395. 10.3389/fonc.2018.00395

7. Nordal RA, Wong CS: Molecular targets in radiation-induced blood-brain barrier disruption . Int J Radiat
Oncol Biol Phys. 2005, 62:279-87. 10.1016/j.ijrobp.2005.01.039

8. Huang X, Zhang X, Wang X, et al.: A nomogram to predict symptomatic epilepsy in patients with radiation-
induced brain necrosis. Neurology. 2020, 95:e1392-403. 10.1212/WNL.0000000000010190

9. Schwartz RB, Holman BL, Polak JF, et al.: Dual-isotope single-photon emission computerized tomography
scanning in patients with glioblastoma multiforme: association with patient survival and histopathological
characteristics of tumor after high-dose radiotherapy. J Neurosurg. 1998, 89:60-8.
10.3171/jns.1998.89.1.0060

10. Miyatake S, Nonoguchi N, Furuse M, Yoritsune E, Miyata T, Kawabata S, Kuroiwa T: Pathophysiology,
diagnosis, and treatment of radiation necrosis in the brain. Neurol Med Chir (Tokyo). 2015, 55:50-9.
10.2176/nmc.ra.2014-0188

11. Palmisciano P, Haider AS, Nwagwu CD, Wahood W, Aoun SG, Abdullah KG, El Ahmadieh TY: Bevacizumab
vs laser interstitial thermal therapy in cerebral radiation necrosis from brain metastases: a systematic review
and meta-analysis. J Neurooncol. 2021, 154:13-23. 10.1007/s11060-021-03802-x

2023 Sweidan et al. Cureus 15(1): e34400. DOI 10.7759/cureus.34400 6 of 6

https://dx.doi.org/10.1093/neuonc/noz048?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/neuonc/noz048?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijrobp.2005.12.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijrobp.2005.12.002?utm_medium=email&utm_source=transaction
https://ecommons.aku.edu/pakistan_fhs_mc_radiol/378/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00066-013-0408-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00066-013-0408-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/B978-0-323-69494-0.00024-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/B978-0-323-69494-0.00024-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fonc.2018.00395?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fonc.2018.00395?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijrobp.2005.01.039?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijrobp.2005.01.039?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1212/WNL.0000000000010190?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1212/WNL.0000000000010190?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/jns.1998.89.1.0060?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/jns.1998.89.1.0060?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2176/nmc.ra.2014-0188?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2176/nmc.ra.2014-0188?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11060-021-03802-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11060-021-03802-x?utm_medium=email&utm_source=transaction

	Recurrent Brain Metastasis Versus Radiation-Induced Necrosis: A Case Report and Literature Review
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Head CT was done on presentation, showing hypo attenuated area and mass effect
	FIGURE 2: Brain MRI shows peripherally enhancing lesion noted anteriorly on the left extending to the cortical surface with new significant surrounding vasogenic edema
	FIGURE 3: Post-operative MRIs show diminished mass effect
	FIGURE 4: Post-treatment changes with no malignant cells to suggest metastasis.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


