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Emergent radiotherapy for brain and leptomeningeal metastases: 
a narrative review※

Andrew B. Barbour1^, Peter Zaki1, Tresa M. McGranahan2, Vyshak Venur3, Balamurugan Vellayappan4^, 
Joshua Palmer5, Lia M. Halasz1^, Jonathan T. Yang1, Molly Blau1^, Yolanda D. Tseng1^, Samuel T. Chao6^, 
John H. Suh6^, Matthew Foote7, Kristin J. Redmond8^, Stephanie E. Combs9,10^, Eric L. Chang11^,  
Arjun Sahgal12, Simon S. Lo1^

1Department of Radiation Oncology, University of Washington/Fred Hutchinson Cancer Center, Seattle, WA, USA; 2Department of Neurology, 

University of Washington/Alvord Brain Tumor Center, Seattle, WA, USA; 3Division of Medical Oncology, University of Washington/Fred 

Hutchinson Cancer Center, Seattle, WA, USA; 4Deparment of Radiation Oncology, National University Cancer Institute of Singapore, Singapore, 

Singapore; 5Deparment of Radiation Oncology, The Ohio State University/Arthur G. James Cancer Hospital, Columbus, OH, USA; 6Deparment 

of Radiation Oncology, Cleveland Clinic Foundation, Cleveland, OH, USA; 7Department of Radiation Oncology, Princess Alexandra Hospital, 

University of Queensland/ICON Cancer Centre, Brisbane, QLD, Australia; 8Deparmemt of Radiation and Molecular Oncology, John Hopkins 

University, Baltimore, MD, USA; 9Department of Radiation Oncology, Klinikum rechts der Isar, Technical University of Munich (TUM), Munich, 

Germany; 10Institute for Radiation Medicine (IRM), Helmholtz Zentrum München, Neuherberg, Germany; 11Department of Radiation Oncology, 

Keck School of Medicine and Norris Cancer Center at University of Southern California, Los Angeles, CA, USA; 12Department of Radiation 

Oncology, Sunnybrook Health Science Centre, University of Toronto, Toronto, ON, Canada

Contributions: (I) Conception and design: AB Barbour, SS Lo; (II) Administrative support: None; (III) Provision of study materials or patients:  

AB Barbour; (IV) Collection and assembly of data: AB Barbour; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All 

authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Simon S. Lo, MD. Department of Radiation Oncology, University of Washington/Fred Hutchinson Cancer Center, 1959 NE 

Pacific St., Seattle, WA 98195, USA. Email: simonslo@uw.edu. 

Background and Objective: As novel systemic therapies allow patients to live longer with cancer, the 
risk of developing central nervous system (CNS) metastases increases and providers will more frequently 
encounter emergent presentation of brain metastases (BM) and leptomeningeal metastases (LM). Management 
of these metastases requires appropriate work-up and well-coordinated multidisciplinary care. We set out to 
perform a review of emergent radiotherapy (RT) for CNS metastases, specifically focusing on BM and LM.
Methods: We review the appropriate pathways for workup and initial management of BM and LM, while 
reviewing the literature supporting emergent treatment of these entities with surgery, systemic anti-cancer 
therapy, and RT. To inform this narrative review, literature searches in PubMed and Google Scholar were 
conducted, with preference given to articles employing modern RT techniques, when applicable. Due to the 
paucity of high-quality evidence for management of BM and LM in the emergent setting, discussion was 
supplemented by the authors’ expert commentary. 
Key Content and Findings: This work highlights the importance of surgical evaluation, particularly for 
patients presenting with significant mass effect, hemorrhagic metastases, or increased intracranial pressure. 
We review the rare situations where emergent initiation of systemic anti-cancer therapy is indicated. When 
defining the role of RT, we review factors guiding selection of appropriate modality, treatment volume, 
and dose-fractionation. Generally, 2D- or 3D-conformal treatment techniques prescribed as 30 Gy in 10 
fractions or 20 Gy in 5 fractions, should be employed in the emergent setting. 
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Introduction

Background

There is no consensus regarding what defines an oncologic 
emergency, what conditions require emergent radiotherapy 
(RT), or the appropriate timeframe of initiating emergent 
RT. Cancer  Care Ontario has  def ined oncologic 
emergencies as ‘medical conditions arising from a reversible 
threat to organ function requiring radiation treatment 
within a few hours of diagnosis (1). Some providers question 
if emergent indications for RT truly exist, given the delayed 
responses seen with RT and ability to temporize patients 
with medical management. Given that data on emergent 
RT are largely retrospective, physicians must subjectively 
assess if a delay in treatment initiation may compromise 
patient outcomes.

A review of emergent RT practice patterns at a Canadian 
cancer center found that brain metastases (BM) were the second 
most common indication for emergent treatments (15%) (1). 
While another retrospective Canadian institutional review found 
the brain to be the fourth most common organ emergently 
treated (12.1%) (2). A multicenter patterns of care study at 
140 RT centers (university, community, and private practice) 
in Germany, Austria, and Switzerland identified 3,244 cases of 
emergent RT. Of these, increased intracranial pressure (ICP) was 
the third most common indication for emergent RT (11.3%). 
Seventy percent of these cases had symptomatic improvement, 
defined as a greater than 25% decrease in symptom intensity (3). 
As the incidence of central nervous system (CNS) metastases 
is thought to be rising due to improved systemic therapies 
prolonging patient survival, emergent presentation of CNS 
metastasis may be more commonly encountered (4-6). With 
this background, we set out to perform a review of emergent 
RT for CNS metastases, specifically focusing on BM and 
leptomeningeal metastases (LM).

We define the indication for emergent RT of BM and 
LM as symptomatic metastases despite initiation of standard 
medical therapies, such as corticosteroids, not better suited 
for surgical resection, systemic anti-cancer therapy, or 
supportive care alone. Symptoms may include neurological 
deficits or signs of mass effect such as headache, nausea, 
seizure, or altered mentation. We define emergent as 
requiring treatment initiation within 24–48 hours of 
symptomatic presentation, including a need to initiate 
treatment after typical clinical hours or on a weekend 
or clinic holiday. Thus, a patient with minimal-to-no 
symptoms while medically managed (e.g., corticosteroids), 
may not require emergent initiation of RT.

Objectives

(I) Review the initial work-up and management of BM 
and LM.

(II) Define when surgical intervention or systemic anti-
cancer therapy may be preferred to emergent RT.

(III) Define the role of emergent RT for BM, while 
reviewing appropriate treatment approaches.

(IV) Define the role of emergent RT for LM, while 
reviewing appropriate treatment approaches.

We present this article in accordance with the Narrative 
Review reporting checklist (available at https://apm.
amegroups.com/article/view/10.21037/apm-22-1276/rc).

Methods

To inform this narrative review, literature searches 
in PubMed and Google Scholar were conducted in 
English, Table 1. All publication years were considered, 
with preference given to articles employing modern RT 
techniques, when applicable. Full manuscripts and abstracts 

Conclusions: Patients with BM and LM present from a diverse array of clinical situations, requiring well-
coordinated multidisciplinary management, and there is a paucity of high-quality evidence guiding such 
management decisions. This narrative review aims to more thoroughly prepare providers for the challenging 
situation of emergent management of BM and LM.
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were considered. Searches were conducted using, but not 
limited to, combinations of such keywords as ‘emergent 
radiotherapy’, ‘brain metastases’, and ‘leptomeningeal 
metastases’. For topics with a paucity of high-quality 
published evidence, discussion was supplemented by the 
authors’ expert commentary.

What is the appropriate initial work-up of brain 
and LM?

Initial evaluation of a cancer patient with neurologic 
symptoms includes a focused history and physical 
examination. During the initial examination, the patient 
must be assessed for signs of increased ICP or herniation, 
with particular attention given to Cushing’s Triad of 
widened pulse pressure, bradycardia, and irregular 
respiration, as well as focal neurologic signs, including 
cranial nerve deficits. A detailed examination should be 
performed to distinguish baseline neurological symptoms, 
including those related to prior therapies (e.g., prior surgery 
or RT), from new symptoms. New symptoms should be 
localized to guide initial radiographic examination, which 
must be compared to prior imaging when available. Serial 
neurological examinations are essential.

Computed tomography (CT) and contrast-enhanced 
magnetic resonance imaging (MRI) are the most valuable 
imaging modalities. Non-contrast head CT is often the 
initial examination used to emergently identify hemorrhage, 
hydrocephalus, and gross mass effect. MRI has enhanced 
resolution as compared to CT and is required for full 
characterization of CNS disease burden in order to guide 
optimal management. When interpreting MRI results in 
patients with previously irradiated metastases that are newly 
symptomatic, providers should consider radiation necrosis as a 

possible etiology (7). In patients with de novo CNS metastases 
and an unknown primary, systemic imaging should be obtained 
to identify a primary and to find an accessible site for a biopsy 
to establish diagnosis. If LM is suspected due to symptoms 
such as radiculopathies, multiple cranial neuropathies, 
elevated ICP (e.g., papilledema), unexplained severe headache 
with nausea and vomiting, or neurological symptoms not 
clearly explained by focal lesions, contrast-enhanced MRI 
of the entire craniospinal axis (brain through cauda equina) 
should be performed. The gold standard for LM diagnosis is 
identification of malignant cells in cerebrospinal fluid (CSF) 
via lumbar puncture (LP), but in clinical practice, LP is often 
omitted when the diagnosis is radiographically and clinically 
apparent (8). Due to the false-negative rate of single CSF 
samples, repeated sampling can be considered. More sensitive 
assays, such as CSF tumor cells, can be considered and are 
being investigated (9-12). If possible, MRI for LM should be 
obtained prior to LP or CSF diversion procedure, due to the 
possibility of these procedures causing artifactual findings. As 
neither MRI or CSF cytology are fully sensitive for diagnosis 
of LM, diagnostic criteria are based upon pathology, imaging, 
and clinical findings (8).

Following identification of clinically significant BM or 
LM, multidisciplinary consultation involving neurosurgery, 
radiation oncology, and medical and/or neuro-oncology is 
recommended. A patient’s goals of care must be elucidated 
directly or via an alternate decision maker (13), and the 
option of best supportive care should be discussed. All 
patients with CNS metastases should have non-urgent 
referral to palliative care, if not already established. Steroids 
should be started immediately for symptomatic patients 
without contraindications, and can be given prior to full 
workup if clinical suspicion is present. If an etiology of 
undiagnosed lymphoma is suspected, the clinician and 

Table 1 The search strategy summary

Items Specification

Date of search April 2022

Databases and other sources searched PubMed, Google Scholar

Search terms used Combinations of keywords such as, but not limited to: emergent radiotherapy, brain 
metastases, leptomeningeal metastasis

Timeframe All publication years considered

Inclusion criteria All English language full manuscripts and abstracts were eligible for consideration

Selection process A.B.B. conducted the selection alone and consensus was obtained through all coauthors’ 
review of the manuscript and the list of selected references
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medical oncologist should discuss the benefit of prompt 
corticosteroid initiation versus risk of obfuscating diagnosis. 
For patients with moderate to severe symptoms related 
to mass effect, dexamethasone doses of at least 16 mg 
per day should be started, given intravenously during the 
acute phase, whereas 4–8 mg per day can be used for mild 
symptoms (14). Prophylactic use of anti-epileptic drugs 
(AED) is not recommended as routine management (15), 
however, expert consultation should be obtained to discuss 
use of AED as some providers may advocate for their use in 
certain clinical situations (e.g., acute hemorrhagic metastasis 
or large metastases in epileptogenic areas) (16). Other 
medical interventions, such as the use of hyperventilation or 
osmotic agents, are outside the scope of this review.

When is surgery the preferred treatment 
modality?

In scenarios with significant mass effect, hemorrhagic 
metastases, or increased ICP, surgical intervention is 
the most immediate and effective method for averting 
neurologic  catastrophe fol lowing init ia l  medical 
management. In emergent situations, surgery is often 
considered the standard of care unless contraindicated, as 
it is the only intervention that can immediately prevent 
impending herniation or severe hydrocephalus. In the 
setting of hydrocephalus, intervention may consist of 
a temporary CSF diversion that can be performed at 
bedside or a CSF shunt, prior to treatment with a different 
modality. In the setting of mass effect, tumor resection 
is clearly preferred in medically-operable patients with 
good performance status and a newly diagnosed solitary 
BM amenable to safe resection. This recommendation 
can be extended to patients with a limited number of 
metastases, particularly when the offending lesion is 
accessible via a single surgical approach. In the presence 
of extensive BM, LM, or uncontrolled extracranial disease, 
immediate surgical intervention to prevent rapid neurologic 
deterioration may be required for lesions causing significant 
mass effect. We recommend surgery be strongly considered 
for tumors in the posterior fossa, as large metastases in 
the cerebellum represent a life-threatening condition due 
to the potential for brainstem compression and/or acute 
hydrocephalus (17). For tumors considered to be highly 
radiosensitive or chemoresponsive [e.g., small cell lung 
cancer (SCLC), hematologic malignancy, germ-cell tumors 
(GCT)], these treatment modalities may be considered 
based upon a patient’s complete clinical picture. Finally, 

while not critical to consider in the emergent setting, 
resection allows for identification of actionable mutations 
not present in the primary tumor (18), change in receptor 
subtype, and histologic diagnosis in patients with de novo 
metastatic disease.

Compared to upfront whole brain radiation therapy 
(WBRT), class I evidence favors the use of surgical 
resection followed by RT for newly diagnosed solitary BM 
in the non-emergent setting. As the following studies did 
not specifically evaluate patients in the emergent setting, 
our recommendations are extrapolated from such studies 
combined with the authors’ shared clinical experience. 
Three randomized studies have compared upfront 
WBRT to surgical resection (19-21). All three of these 
randomized studies excluded SCLC and lymphoma, while 
GCTs, leukemia, and multiple myeloma were excluded 
on a less consistent basis. One trial excluded patients 
requiring immediate treatment to prevent acute neurologic 
deterioration (19). Two studies found a survival benefit 
to upfront surgery, but noted that the extent of systemic 
disease and older age were associated with a reduction 
or absence of surgical benefit (19,21). The third study 
did not find a difference in median survival by treatment  
modality (20). The discordant result of this trial may be 
due to the study containing patients of lower performance 
status or who more frequently had extensive systemic disease 
burden, thus leading to increased mortality from systemic 
progression. These randomized studies and additional 
observational studies are reviewed in detail elsewhere (22,23).

When upfront surgical resection is performed for 
solitary BM, adjuvant RT is preferably given 3–4 weeks 
post-operatively, but is occasionally delayed up to 8 weeks 
due to patient-specific factors. While class I evidence 
supports the role of adjuvant WBRT after surgical resection 
for the endpoint of decreased brain recurrence (24), the 
role of stereotactic radiosurgery (SRS) has also been 
evaluated (25,26). As adjuvant RT occurs after the emergent 
treatment period, a full discussion of these approaches falls 
outside the scope of this review. Pre-operative radiosurgery 
has also been studied, but is typically employed in patients 
in whom symptoms improve on steroids or AEDs to allow 
radiosurgery planning (27,28).

In the setting of multiple BM, no high-level data 
exists to guide optimal selection of upfront therapy to 
maximize patient outcomes, but retrospective studies have 
examined outcomes for patients with a limited number of 
BM undergoing surgical resection. One study compared 
outcomes from solitary BM resection to patients with 
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multiple BM who had resection of all (≤3 BM) or some BM. 
This study found equivalent survival for patients undergoing 
resection of solitary BM to those having complete resection 
of up to 3 BM (29). Another retrospective study compared 
surgical resection of multiple BM causing significant 
symptomatic mass effect to solitary symptomatic BM, 
finding similar performance and survival benefits without 
increased perioperative complications (30).

While these retrospective studies provide some insight 
into the utility of resecting a limited number of BM, there 
is less evidence guiding surgical management in emergent 
situations, particularly when >3 BM are present. In such 
situations, the role of surgery is to avert irreversible neurologic 
catastrophe, as opposed to achieving intracranial control. 
Subjective clinical decision-making is required to select the 
most appropriate intervention, but in general, resection is 
recommended for up to 2–3 symptomatic metastases (31), and 
surgical intervention is recommended to address CSF outflow 
obstruction, significant midline shift, and posterior fossa 
tumors threatening herniation. After the initial neurological 
emergency is stabilized via surgery, additional tumor-directed 
treatments can be pursued, including adjuvant RT.

When are systemic therapies the preferred 
treatment modality for BM in the emergent 
setting?

No high-level data exists to support the routine use 
of systemic therapies as upfront management in a 
neurologic emergency. For treatment of symptomatic 
BM, recent societal guidelines preferentially recommend 
local to systemic therapy (32,33). A patient may fail to 
be a candidate for local therapy in rare situations when 
intracranial progression or recurrence follows prior local 
therapies (e.g., recent prior CNS RT), or when extracranial 
disease progression is life threatening. Emerging data on the 
intracranial efficacy of some kinase inhibitors (KI) identifies 
a role for these agents in KI-naïve patients with melanoma 
or non-small cell lung cancer (NSCLC) when a targetable 
mutation is present. However, further work is need to 
guide when these agents should be used preferentially to 
RT. Multidisciplinary management is essential in making 
a decision to initiate upfront systemic therapy. In these 
uncommon emergent situations, decision to initiate 
systemic therapies is often guided by tumor histology, which 
will be the focus of this section.

For CNS metastases from gestational trophoblastic 
neoplasia (GTN) or GCTs, chemotherapy is generally 

the preferred non-emergent approach. Based on review 
of retrospective data and expert opinion, systemic therapy 
should generally serve as the frontline treatment of GTN 
with BM, with the use of RT being limited to cases of 
resistant/recurrent disease requiring palliation, or in the 
context of clinical trials. If the patient has symptoms from 
mass effect of the metastasis, an urgent neurosurgical 
consultation should be sought (34,35). For GCTs, 
chemotherapy is preferred when BM are identified at initial 
diagnosis, while multimodal therapy tailored to a patient’s 
unique situation is preferred in the case of relapsed or 
resistant disease (36).

Lung primaries are the most common source of BM (37). 
Although there is a weak recommendation for using 
targeted therapies in the treatment of BM from NSCLC 
in the non-emergent setting (32), data are limited in the 
emergent setting. For epidermal growth factor receptor 
mutant NSCLC treated with osimertinib, a subgroup 
analysis within a phase 3 trial demonstrated a progression-
free survival benefit for patients with CNS metastases (38), 
and a phase 2 study demonstrated a CNS response in at 
least half of patients who had RT-naïve CNS metastases (39).  
Icotinib can also be considered for patients with BM (32).  
Second generation anaplastic lymphoma kinase (ALK) 
inhibitors have shown clear benefit for patients with 
BM in phase 3 studies (40,41). A phase 2 study of the 
third generation ALK and ROS1 inhibitor lorlatinib 
demonstrated substantial intracranial activity, including 
in patients that had progressed on prior ALK-targeted 
therapy (42). In a combined analysis of phase 1 and phase 
2 studies for entrectinib in patients with ROS1 fusion-
positive NSCLC, 11 of 20 patients with CNS metastases 
obtained an intracranial response (43). Currently, a weak 
recommendation exists regarding the use of alectinib, 
brigatinib, and ceritinib prior to local therapy for BM (32). 
A final consideration is the use of pembrolizumab, which 
can be considered for NSCLC patients with programmed 
death-ligand 1 expression, who are receiving pemetrexed 
and a platinum agent (32). For SCLC, systemic therapies 
can be effective for CNS disease, but focal therapy 
with radiation should precede chemotherapy due to the 
radiosensitivity of this histology.

The treatment of breast cancer is highly dependent 
upon receptor subtype. Triple negative breast cancers 
have a high rate of CNS involvement in the metastatic 
setting, but currently lack systemic therapies approved 
in the setting of BM. Metastatic HER2-amplified breast 
cancer also frequently involves the CNS. A phase 2 
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study of capecitabine combined with lapatinib found 
objective CNS response in 66% of patients (44). A phase 
2 study of trastuzumab plus pertuzumab in patients 
with progressive BM showed clinical benefit in 68% of  
patients (45). Additionally, a retrospective analysis of 
trastuzumab emtansine (TDM1) suggested improved 
survival as compared to capecitabine-lapatinib for patients 
with HER2-amplified CNS metastases (46). From the 
authors’ personal experience, we advise caution when 
managing a patient with a high burden of CNS disease 
on TDM1 due to the potential for rapid cell lysis leading 
to worsening neurologic status. While single arm studies, 
multiple studies have demonstrated high intracranial 
response rates to trastuzumab deruxtecan (47-49). Currently, 
the combination of tucatinib, trastuzumab, and capecitabine 
is weakly recommended for patients that have progressed 
on prior HER2-directed therapy and have asymptomatic 
BMs (32). Regarding hormone-positive breast cancers, 
cyclin-dependent kinase 4/6 inhibitors have significantly 
improved progression free survival, but their potential use 
in CNS disease is limited. Phase 2 data on abemaciclib 
showed an intracranial clinical benefit rate of 24% (50). In 
a phase 2 study of the novel therapeutic paclitaxel trevatide 
used in recurrent BM or LM without regard to receptor 
subtype, substantial CNS treatment effect was shown, with 
potentially prolonged survival when treating LM (51).

Melanoma has a propensity for CNS metastasis. Phase 
2 data supports the use of combined immune checkpoint 
blockade with ipilimumab/nivolumab in patients with 
untreated melanoma BM, with intracranial clinical benefit 
in 56% of the 94 study patients (52). However, the 
concurrent use of high-dose steroids reduces the benefit 
of immunotherapy (53), making immunotherapy a poor 
treatment option in the emergent setting. Agents targeted 
at mutations in the mitogen-activated protein kinase 
pathway have demonstrated clinical benefit in melanoma. 
Most notably, a phase 2 study of combination dabrafenib 
and trametinib in patients harboring BRAFV600E mutant 
melanoma with radiation-naïve BM showed an intracranial 
response in greater than 50% of patients (54). Combination 
encorafenib and binimetinib has also demonstrated a 
significant intracranial response (55). Randomized data are 
needed to guide optimal decision-making for patients with 
melanoma BM, but these phase 2 data suggest a promising 
potential for systemic therapies. Given the uncertain role of 
upfront molecular marker targeted therapy in the emergent 
setting, when the goal is rapid relief of neurologic symptoms, 
the risk of deferring local therapy has to be carefully weighed 

against the benefit of this strategy. In general, if any of the 
lesions is larger than 2 cm and/or if there are neurologic 
deficits or neurologic symptoms, emergent local therapy, 
namely, surgery or RT, should be considered.

When should emergent RT be considered for BM, 
and what treatment approach should be used?

For patients not requiring rapid decompression, with BM 
that are too widespread to be surgically addressed, or when 
surgical morbidity is deemed prohibitive (e.g., tumor in 
eloquent cortex), upfront radiation should be considered. 
In the emergent setting, treatment should be initiated as 
2D- or 3D-conformal WBRT as opposed to more advanced 
techniques, such as WBRT with hippocampal avoidance 
(HA-WBRT) or SRS. While various appropriate dose-
fractionations exist for WBRT, we generally recommend  
30 Gy in 10 or 20 Gy in 5 treatment fractions. The use 
of a 10 vs. 5 fraction treatment course may be guided by 
prognosis, although supportive care alone should be explored 
as an alternative option in the setting of poor prognosis (33). 
Additional consideration for use of WBRT may be given to 
histological subtypes that are radiosensitive and/or prone to 
occult micrometastatic disease (e.g., SCLC). WBRT may 
be contraindicated in patients with significant mass effect 
or obstruction, severe cerebral edema, active hemorrhage, 
or if a large lesion in the posterior fossa is threatening 
herniation. Unlike surgery, the therapeutic benefit of RT 
is not immediate, thus there is no consensus definition of 
situations requiring emergent RT, and this decision is left to 
the subjective discretion of the primary physician. Due to a 
lack of prospective studies regarding the use of emergent RT 
for BM, these recommendations are based on expert opinion 
and extrapolation from non-emergent settings.

In  the  emergent  se t t ing ,  para l l e l -opposed  or 
3D-conformal WBRT is the preferred modality. Partial 
brain irradiation (PBI) could be considered in select cases, 
but carries an increased risk of out-of-field failures and can 
complicate field matching with future RT courses, and is 
thus not recommended as standard therapy. A prescription 
of 20 Gy in 5 fractions should be considered if using PBI. 
Mounting evidence supports the use of SRS in the non-
emergent setting due to studies suggesting improved 
survival and neurocognitive outcomes when SRS is used for 
a limited number of BM as compared to WBRT (56-58). 
However, patients requiring emergent RT for BM typically 
have significant neurologic symptoms, making treatment 
with SRS unsafe given the risk of acutely worsening a 
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patient’s symptoms during a critical period. HA-WBRT is 
employed to reduce the cognitive toxicity of WBRT (59), 
but the complexity of treatment planning would delay 
emergent initiation of care. Instead, memantine can be 
considered for use as a neuroprotectant during RT (60).

Various acceptable dose-fractionations exist for WBRT, 
although none have been validated for use in the emergent 
setting. Two of the most common used dose-fractionations, 
30 Gy in 10 or 20 Gy in 5 treatment fractions, were 
established as standard practice four decades ago (61). 
Attempts to improve functional or survival outcomes by 
using protracted treatment courses or twice daily treatments 
to a higher total dose have not demonstrated clinical 
benefit (62-64). Shorter treatment courses of 10 Gy in 1 or  
12 Gy in 2 fractions have also been investigated and can be 
beneficial in addressing neurologic symptoms, but provide 
lower rates of complete symptom improvement and have 
a less durable response (65). To improve the therapeutic 
ratio of WBRT, studies have attempted to combine 
radiosensitizers to WBRT, but have not shown a benefit 
(66,67) and are not currently recommended for clinical  
use (32). There is insufficient evidence to support selection 
of dose-fractionation based upon histology (22,68,69). In 
the emergent setting, shorter treatment schedules may be 
favored due to worse prognosis and higher rates of early 
treatment cessation among hospitalized patients (70).

The choice to emergently initiate WBRT may be influenced 
by a patient’s current systemic treatments or prior history of 
radiation. Limited high-level evidence exists regarding the 
combination of systemic therapy with intracranial radiation. A 
review of commonly used systemic therapies for solid tumors 
identified the majority to be safe, while identifying a significant 
risk of neurotoxicity when combining cranial RT with 
gemcitabine, erlotinib, or vemurafenib (71).

There is often a reluctance to provide a second course 
of WBRT due to the risk of neurotoxicity including 
symptomatic radiation necrosis. While no consensus 
opinion exists regarding reirradiation, multiple retrospective 
studies have shown acceptable toxicity profiles when 
using appropriate patient selection (72-76). It is generally 
recommended to provide at least a 6-month interval between 
courses of RT, while conducting reirradiation with a lower 
dose per fraction, such as 20–25 Gy in 10 fractions (77).

What is the appropriate role of emergent RT for 
LM?

Survival for patients with LM is poor with a median survival 

of months (78-80). While median survival for LM varies 
with primary tumor location and histology, poor functional 
status at emergent presentation of LM portends a dismal 
prognosis and support care alone should be considered (8). 
As with BM, initial emergent treatment follows the standard 
principle of medical management with steroids and AEDs 
if indicated, and surgical intervention for elevated ICP. If 
further emergent management is required following initial 
medical and surgical intervention, additional local therapy is 
favored over chemotherapy. For local therapy, multiple RT 
approaches exist, with proper treatment design dependent 
upon clinical symptoms and imaging. In the emergent 
setting, typically in patients with poor-risk LM, involved-
field radiotherapy (IFRT) to symptomatic sites is frequently 
used and supported by the National Comprehensive Cancer 
Network (NCCN) guidelines (81). However, it must be 
acknowledged that leptomeningeal disease is a diffuse 
process, and focal RT is a temporizing measure.

Based on retrospective studies subject to patient-
selection bias, use of systemic and intrathecal chemotherapy 
is associated with prolonged survival in patients with LM 
(82,83). We currently lack high-level data on the efficacy 
of novel targeted and immune therapies in treating LM 
as patients with LM are typically excluded from early 
clinical trial cohorts. However, multiple case reports and 
retrospective series have demonstrated a benefit in patients 
with LM (84-87). Novel peptide-drug conjugates have 
shown promise in early studies (51). Regarding treatment 
with chemotherapy in the emergent setting, patients are 
unlikely to tolerate or quickly benefit from these therapies, 
and typically require focal therapy. Further, the use of 
intrathecal therapy may be complicated by CSF flow blocks, 
which are common among patients with LM, and difficult 
to assess in the emergent setting (88).

RT is an essential part of multidisciplinary management 
in patients with LM. It is supported in guidelines for 
both good-risk and poor-risk patients (81). RT should be 
considered for palliation, stabilization, and prevention 
of neurologic symptoms. RT should also be considered 
for improvement of CSF flow obstruction. RT can be 
delivered comprehensively via craniospinal irradiation 
(CSI), or be limited to symptomatic sites via IFRT. In 
a phase II trial comparing proton CSI to photon IFRT 
in patients with LM from NSCLC or breast cancer, 
proton CSI improved CNS disease control and CNS 
progression-free survival (89). Limited hematologic and 
gastrointestinal toxicities are associated with proton CSI 
due to the sparing of the majority of the vertebral column 
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and anterior organs (89,90), as can be seen in Figure 1. 
However, the complexity of treatment planning limits the 
utility of proton CSI in the emergent setting. We do not 
advise routine use of photon CSI in the emergent setting, 
given the significant risk of myelosuppression and palliative 
intent of CSI. In exceptional circumstances, initiation of 
CSI with initial fields limited to areas of emergent concern 
can be considered. Comprehensive CNS RT may also be 
considered in patients with CNS leukemia and negative 
bone marrow, as the CNS may act as a sanctuary location 
for the disease (91), but initial treatment in the emergent 
setting would generally be limited to the symptomatic 
target. Generally, we advise withholding CSI for non-
emergent management of certain tumors, and advise use of 
proton CSI (8,89,92-94).

For emergent scenarios, particularly in patients with 
poor-risk disease, IFRT should be considered. IFRT may 
include WBRT, treatment of the skull base, or focal spine 
RT. WBRT has not been consistently associated with 
improved survival in retrospective studies of LM patients, 
but may reduce some neurologic symptoms (95-100). 
WBRT should be considered in the emergent setting for 

patients with concurrent BM, extensive nodular intracranial 
LM, or symptomatic linear intracranial LM (8). When 
treating LM with WBRT, traditional WBRT treatment 
fields should be extended to include the spinal cord down to 
the caudal aspect of the second cervical vertebral body, and 
should cover areas of CSF flow including the cribriform 
plate, optic nerves, and cranial nerve foramen and  
canals (101). For patients with LM confined to the base 
of skull, individual cranial nerves, or with pure cranial 
neuropathies, RT may be limited to the skull base, as can be 
seen in Figure 2. Focal spine RT can be used to treat well 
circumscribed, symptomatic lesions, particularly lesions that 
are bulky, obstructing CSF flow, or encasing spinal roots. In 
the setting of CSF flow obstruction, focal RT may restore 
CSF flow in approximately 30% of patients with spinal 
and 50% with intracranial CSF flow blocks, and may assist 
subsequent efficacy of intra-CSF therapy (102,103). Focal 
RT can also be used to treat cauda equina syndrome and 
would typically target the lumbosacral vertebrae, as can be 
seen in Figure 3.

There is limited data on IFRT dose fractionation, but 
dosing typically ranges from 20–40 Gy in 5–20 fractions. 

Figure 1 Dosimetry of a patient treated with photon CSI with volumetric modulated arc therapy (A) as compared to proton CSI (B) 
demonstrating sparing of vertebral column and anterior organs. CSI, craniospinal irradiation. 

A B
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Figure 2 Patient with multiple cranial neuropathies and MRI brain suggestive of perineural spread involving a peri-orbital facial mass. LP 
and MRI spine negative. The patient received 20 Gy in 5 fractions to the skull base and facial mass delivered with opposed lateral fields. He 
had subsequent resolution of facial pain and stability to mild improvement of other cranial neuropathies. MRI, magnetic resonance imaging; 
LP, lumbar puncture. 

Figure 3 Patient with symptomatic leptomeningeal metastases, including nodular contrast enhancement of sacral nerve roots. He received 
treatment with 30 Gy in 10 fractions of involved-field radiotherapy to the L5 cauda equina and involved sacral nerve roots using three static 
fields.
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Conventional dosing of 30 Gy in 10 fractions and 20 Gy 
in 5 fractions is commonly used for WBRT when treating 
LM (97,104). A retrospective review of patients with CNS 
involvement from myeloma treated with RT failed to 
show a dose-response relationship, but found total doses 
of at least 20 Gy to associate with improved response in 
patients with cranial nerve involvement (69). In patients 
previously treated with resection and SRS, salvage WBRT 
can be an effective therapy (105). Concurrent treatment 
with WBRT and intrathecal methotrexate should be 
avoided due to the increased risk of leukoencephalopathy  
(106-108), but if given concurrently, a lower dose-per-
fraction of 2 Gy should be considered (109). Given the 
paucity of data informing dose-fractionation for LM, 
we recommend a similar strategy for selection of dose-
fractionation as proposed for BM, while considering a lower 
dose-per fraction in the presence of concomitant intrathecal 
therapy.

Conclusions

Emergent  management  of  BM and LM requires 
multidisciplinary care coordination and informed discussion 
regarding a patient’s goals of care. Proper work-up and 
initial medical management is essential, followed by 
surgical evaluation to determine if intervention is required 
to address mass effect or divert CSF due to elevated ICP. 
Subsequent management decisions related to supportive 
care, systemic therapy, and RT are largely driven by tumor 
histology and patient factors, due to the paucity of high-
level data in the emergent setting. While there is a role for 
upfront systemic therapy for some entities such as GTN 
and germ cell tumors, the upfront use of KI in melanoma 
and NSCLC with targetable mutations is an emerging 
paradigm. When treating with RT in the emergent setting, 
shorter treatment schedules and limited treatment fields 
may be favored due to worse prognosis and higher rates of 
early treatment cessation among hospitalized patients.
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