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Brain metastases are a significant contributor to morbidity and mortality. The incidence of

brain metastases is increasing as a result of increased time for metastasis development in

the setting of improved systemic therapy and extracranial disease control and improved

detection by MRI. Radiotherapy is an essential treatment modality for brain metastases

in both the definitive and post-surgical adjuvant treatment contexts, and radiation

oncologists rely heavily on diagnostic neuroimaging to guide treatment. Insight into

the aspects of diagnostic neuroimaging that radiation oncologists rely on for clinical

decision-making, radiation treatment planning, and assessment of treatment response or

complications can help guide radiologists when constructing their neuroimaging reports

in the context of brain metastases.
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INTRODUCTION

Brain metastases occur in as many as 25% of patients with cancer and are a significant contributor
to morbidity andmortality (1). They are estimated to be symptomatic in 60–75% of patients (2) and
can be associated with headaches, seizures, syncope, focal neurological deficits, gait disturbances,
cognitive dysfunction, nausea, vomiting, cranial nerve dysfunction, cerebellar symptoms, and
speech disturbances (3). Brain metastases arise most commonly from lung, breast, colorectal,
melanoma, and renal cell primaries (4). At presentation,∼60% of patients havemultiple lesions (5).
There are an estimated 200,000 incident brain metastases per year, and the incidence is increasing
(6) as a result of increased time for metastasis development because of improved systemic therapy
and extracranial disease control and improved detection by MRI (1, 4).

Radiation therapy (RT) plays an essential role in the management of brain metastases. The first
report of the palliative benefit of whole brain radiotherapy (WBRT) was a case series by Chao
et al. from Memorial Hospital (now Memorial Sloan Kettering) in 1954 that demonstrated 24 of
38 patients benefiting from WBRT (7). Several subsequent trials found that post-surgical WBRT
improved overall survival, local control, and functional independence relative to WBRT alone,
and RT became the standard adjuvant post-surgical treatment for brain metastases (8, 9). More
recently, targeted stereotactic radiosurgery (SRS) is an increasingly useful tool for treating brain
metastases while minimizing off-target brain irradiation-associated neurocognitive decline (10).
When added to WBRT, SRS was demonstrated to improve overall survival in patients with a single,
unresectable brain metastasis compared with WBRT alone (11). This was followed by a practice-
changing trial showing that SRS with WBRT reserved for treatment failure or disease progression
had equivalent overall survival compared with upfront SRS and WBRT in patients with less than
five brain metastases (12). Finally, SRS without WBRT was non-inferior in treating 5–10 brain
metastases when compared with 2–4 brain metastases (13). Consequently, SRS is now the favored
treatment for limited brain metastases for most solid tumor histologies, defined as the number of
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metastases where SRS is as effective as WBRT with more
cognitive protection, whereas WBRT is used to target extensive
brain disease, though it is worth noting that the National
Comprehensive Cancer Network (NCCN) guidelines allow for
SRS to be used for both limited and extensive brain disease (14).

In both the definitive and post-surgical adjuvant treatment
contexts, radiation oncologists rely heavily on diagnostic
neuroimaging to decide on a treatment course and for treatment
planning. Given the panoply of features that radiologists
can address when constructing their reports, there are key
observations that may help to guide RT. In the following article,
we will provide an overview of the radiation oncology approach
to brain metastases to provide insight into specific information
that may be relevant to our discipline. First, we will review the
aspects of diagnostic neuroimaging that radiation oncologists
rely on for clinical decision-making. Then, we will provide
an overview of radiation treatment planning. Lastly, we will
describe how radiation oncologists use diagnostic neuroimaging
to assess treatment response, treatment-related complications,
and disease recurrence.

Diagnostic Imaging Considerations
Brain metastases tend to occur at specific sites within the brain,
and their distribution can vary by histology. For example, brain
metastases are often located at the gray–white matter junction,
the subarachnoid space, and the interfaces of major arterial
vascular territories (15). Within the brain parenchyma, most
brain metastases (up to 80%) occur in the cerebral hemispheres,
whereas ∼17% occur in the cerebellum and 3% in the basal
ganglia (16). Within the cerebrum, metastases tend to occur in
the frontal and parietal lobes more often than in the temporal
and occipital lobes (16). Uterine, prostate, and gastrointestinal
cancers tend to metastasize to the posterior fossa (17).

When patients present with symptoms related to intracranial
disease, CT imaging is often obtained, and it can provide
initial insight into the presence of large metastases, mass effect,
herniation, and hydrocephalus. Thus, CT imaging can indicate
when a surgical emergency exists for which delaying care to plan
RT would be inappropriate. However, CT is not the primary
method for identifying and planning RT for brain metastases.
Although the sensitivity of CT can be improved with contrast,
CT has low sensitivity for small brain metastases relative to
contrast MRI, the current gold standard for visualizing brain
metastases (18, 19). Radiation oncologists typically only use
CT for lesion visualization and treatment planning when MRI
is contraindicated.

There are several characteristics of brain metastases that
can distinguish them from primary malignancies, as well as
from non-cancer abnormalities on MRI imaging. The T1 pre-
contrast sequence has limited utility in visualizing most brain
parenchymal metastases because brain parenchymal metastases
tend to be iso-intense. However, this sequence is useful in
visualizing melanoma metastases, which are T1-weighted pre-
contrast hyperintense because of the presence of melanin
(Figure 1) (20). Also, the presence of T1-weighted pre-contrast
hyperintensity may indicate a hemorrhage, and lung, melanoma,
choriocarcinoma, renal cell carcinoma, and thyroid carcinoma

FIGURE 1 | A patient with metastatic melanoma treated with stereotactic

radiosurgery (27Gy in 3 fractions) demonstrating lesion enhancement without

contrast. (A) T1 pre-contrast sequence demonstrating that the melanin within

the tumor tends to enhance. (B) T1 post-contrast sequence.

TABLE 1 | Summary of brain metastases imaging findings.

MRI sequence Typical findings for brain metastases

T1 pre-contrast Iso-intense with brain parenchyma (hemorrhage

and melanoma can appear hyperintense)

T1 post-contrast Enhancing

T1-weighted post-contrast

spoiled GRE

Enhancing

T2 Variable intensity

T2 FLAIR Hyperintense peritumoral edema

DWI Peritumoral edema with elevated ADC compared

with primary brain tumors

DTI Anisotropy measures are lower in contrast

enhancing tumor relative to primary brain tumors

SWI/GRE Hypointense with intratumoral hemorrhage

DCE/DSC Elevated rCBV

Spectroscopy Choline peak within tumor and no elevation in

peritumoral edema

Lipid peak associated with necrosis

NAA decreased

metastases are more likely to hemorrhage compared with other
histologies (21). Other MR sequences such as susceptibility-
weighted imaging (SWI) or gradient echo (GRE) can also
detect hemorrhage and calcifications (22). The T1-weighted post-
contrast sequence is essential for visualizing brain metastases.
Because secondary malignancies in the brain violate the blood–
brain barrier and have vasculature representative of their
parent tumors (23), brain metastases generally enhance on T1-
weighted post-contrast imaging, tending to appear as bright,
well-demarcated, spherical masses. The center of the mass is
often contrast-devoid, resulting in a rim of enhancement. Cystic
metastases may appear hyperintense within the tumor on a
T2-weighted sequence, whereas mucinous tumors may be T2
hypointense (24). The T2-weighted fluid-attenuated inversion
recovery (FLAIR) MR sequence allows the visualization of
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FIGURE 2 | Whole brain radiation therapy (WBRT) for a patient with non-small

cell lung cancer with multiple brain metastases. (A) T2 FLAIR axial image

before WBRT. (B) T2 FLAIR axial image 6 months after WBRT with 30Gy in 10

fractions. (C) Radiation field for WBRT defined using the skull anatomy.

peritumoral edema. Diffusion-weighted imaging (DWI) is an
area of interest because metastases and gliomas have different
apparent diffusion coefficients (ADCs) compared with normal
brain matter, although there is considerable overlap between the
ADCs of primary brain tumors, metastases, edema, and non-
tumoral lesions (25). DWI can potentially distinguish gliomas
from brain metastases because the mean minimum ADC within
the vasogenic edema of metastases was found to be higher than
that of the infiltrative edema of gliomas (26). Conversely, in
dynamic contrast-enhanced (DCE) perfusion MR imaging, the
relative cerebral blood volume (rCBV) of peritumoral edema
for gliomas tends to be significantly greater than that of brain
metastases (27). The typical MRI findings for brain metastases
are summarized in Table 1.

Primary brain malignancies and non-cancer abnormalities
have specific characteristics on diagnostic imaging that allow for
their identification relative to brain metastases. Both gliomas
and brain metastases tend to have low signal on T1-weighted
sequences and high signal on T2-weighted sequences, making it
difficult to distinguish between gliomas and brain metastases on

FIGURE 3 | Comparison of the radiation planning treatment volumes for a

primary malignancy and stereotactic radiosurgery (SRS) for a brain metastasis.

(A) A primary glioblastoma multiforme with a GTV, green, encompassing the

gross tumor, red, and edema. A CTV, yellow, and PTV, blue, are shown as

concentric expansions from the GTV. (B) A metastatic brain lesion treated with

SRS and a GTV, green, with a PTV, blue. No CTV is required because of low

risk of tumor invasion into the brain parenchyma.

this basis. However, gliomas tend to form expansile masses that
conform to the barriers of the lobe or deep nuclear structures,
whereas brain metastases are well demarcated. Because most
brain metastases are contrast enhancing, enhancement can also
aid in distinguishing gliomas from brain metastases depending
on glioma grade. Approximately 70% of high-grade gliomas are
contrast enhancing, whereas only 20% of low-grade gliomas are
(28). Like gliomas, non-cancer brain abnormalities visible on
imaging, including infarcts, demyelinating plaques, abscesses,
hematomas, necrosis, and encephalitis, may also be confused
with metastases (29). These entities can demonstrate contrast
enhancement, perilesional edema, mass effect, and central
necrosis. Acute infarcts can appear as masses with contrast
enhancement on CT, like brain metastases; however, infarcts
show evolving changes over time on repeat MRIs. T1-weighted
and T2-weighted MRI sequences are less useful in the acute
setting because they show abnormalities in <50% of acute infarct
cases, whereas techniques like perfusion imaging and DWI can
show differences within minutes of symptom onset (30). In
the subacute and chronic settings, infarcted brain is associated
with high extracellular fluid content and increased T2-weighted
MRI signal. Abscesses are difficult to distinguish from brain
metastases, appearing as round lesions with associated edema
and ring-like peripheral contrast enhancement (31). DWI can
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FIGURE 4 | A patient with a non-small cell lung cancer metastasis shown (A)

preoperatively, (B) postoperatively on T1-post weighted MRI, and (C) on 3D

brain volume (BRAVO) MRI. The postoperative cavity is contoured as the GTV,

red, with an expansion to the PTV, blue. The patient was treated with

stereotactic radiosurgery and 27Gy in 3 fractions.

help to distinguish abscesses and tumors because abscesses have
restricted diffusion in their center from the high cellularity
and viscosity of pus relative to brain metastases, although
mucinous and highly cellular brain metastases may also have
central restricted diffusion (32). Necrosis can be the result of a
malignancy or a side effect from radiation (see Post-radiation
evaluation). It is considered a hallmark of high-grade gliomas,
like glioblastoma multiforme, whereas it is relatively uncommon
in the setting of a small, treatment-naive brain metastasis. Both
necrosis and tumor can appear T2 hyperintense and contrast
enhancing, so conventional MRI may fail to distinguish them
(33). However, recent advances inMRI have shown a potential for

TABLE 2 | Typical point dose constraints for organs at risk.

Organ Total dose (Gy)

Brainstem 55

Cochlea 50

Cord 50

Lacrimal gland 40

Lens 10

Optic chiasm 54

Optic nerve 54

Pituitary 60

Retina 45

differentiating necrosis from tumors, such as MR spectroscopy
and amide proton transfer (APT) MR. APT MR can detect
the amide protons of low-concentration mobile proteins and
peptides in the cytoplasm of necrotic cells, thus differentiating
necrosis from brain tumors (34).

Radiation Planning and Treatment
Considerations
According to the NCCN guidelines, the type and timing of
RT for brain metastases depends on the clinical scenario,
including the number and volume of metastases, the dose and
fractionation of planned radiation, systemic treatment options,
and the anticipated benefit of surgical resection (35). If a brain
metastasis is>2 cm, or if the patient is acutely symptomatic from
the brain metastasis, they may be referred for surgery before
RT (36). The benefit of surgical resection depends on the need
for tissue diagnosis, the size and location of the lesion, and the
institutional experience. As SRS is a treatment option for limited
brain metastases (13), at our institution, SRS is the preferred
treatment method for limited brain metastases when patients
have new or stable systemic disease and have additional systemic
treatment options. In the setting of multiple brain metastases,
the NCCN recommends SRS over WBRT if the patient has a
good performance status, radioresitant histology, or low overall
tumor volume. When 116 radiation oncologists were surveyed
for the “maximum number of brain metastases [they] would
commonly treat with upfront SRSwithout offeringWBRT,” 40.4%
indicated 1–4, 42.1% indicated 5–10, 14% indicated 10–20, and
3.5% did not have a limit (37). Furthermore, when asked what
other factors influenced this decision, the location and histology
of the metastases mattered the most. In a similar survey, the
average cutoff for switching from SRS to WBRT was 8.1 brain
metastases for central nervous system (CNS) specialists with a
high clinical volume compared with 4.9 brain metastases for
CNS specialists with a low clinical volume (38). An example of
a WBRT plan for a patient with numerous brain metastases as
well as the response to the treatment is shown in Figure 2.

The first step in planning RT is a CT (also known as a
radiation simulation) with the patient in the treatment position
and appropriate immobilization devices, such as a rigid, custom-
made thermoplastic mask and headrest. Using the planning
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FIGURE 5 | Organs at risk (OARs) defined on a planning CT and corresponding T2-weighted MR images. The included OARs are the lenses, yellow, the eyes, aqua,

the optic nerves, purple, the optic chiasm, green, and the brain stem, red.

CT in conjunction with MRI, radiation oncologists define the
radiation treatment area primarily using three target volumes.
The gross tumor volume (GTV) encompasses all visible disease.
The clinical target volume (CTV) includes the GTV, but it also
accounts for subclinical disease spread. The CTV is often an
expansion beyond the GTV that respects anatomical borders and
can include areas at risk for microscopic disease (e.g., including
involved cranial nerves in the case of observed neurotropism).
However, for metastatic lesions to the brain, the expansion from
GTV to CTV is usually 0mm as there is no expected subclinical
extension of disease. Finally, the planning target volume (PTV)
is an expansion on the CTV that accounts for daily setup
uncertainties (39). Modern RT techniques include positioning
devices specifically designed for neuroradiation and onboard
imaging (daily 2D and 3D imaging) that allows for high accuracy
of treatment and results in minimal patient setup uncertainties,
thus allowing the PTV margin to be as small as 0–2mm. An
example of GTV, CTV, and PTV volumes for a typical brain
metastasis SRS case compared with a primary malignancy case
can be seen in Figure 3. In the postoperative setting, the T1 post-
contrast image from the postoperative MRI is used to define a
GTV as enhancing disease. If there is no enhancing disease, the
postoperative cavity is contoured as a CTV. An expansion is
made to the PTV directly from a GTV, in the case of residual

tumor, or fromCTV, in the case of gross resection, using amargin
of 2–3mm. An example of a postoperative SRS case can be seen
in Figure 4.

In planning RT for brain metastases, radiation oncologists
typically request an MRI with contrast and 1-mm slice thickness
for optimal visualization of the metastases. Ideally, the patient
will be immobilized during the MR with the same mask that
is used for the planning CT, which will allow for near-perfect
registration of the two imaging studies for contouring and
treatment planning. For WBRT, no fusion is typically needed,
as the anatomical borders of the brain will determine the
borders of the treatment fields. However, MRI fusion is required
for hippocampal-sparing WBRT, a technique associated with
memory preservation and improved quality of life, to ensure
the lack of visible metastases in the bilateral hippocampal
regions and for accurate contouring (40). For SRS planning,
the T1-weighted post-contrast sequence is generally able to
visualize the metastases. A T1-weighted post-contrast spoiled
GRE sequence, known for high spatial resolution to display
anatomical structures of both normal brain and tumors (41) and
to detect small brain metastases (42), is also often requested.
These two MR sequences are fused to the planning CT, and a
GTV is contoured encompassing the visible lesion with a 0–2mm
expansion to PTV.
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FIGURE 6 | The planning target volumes and corresponding radiation plan for three patients using stereotactic radiosurgery and altered fractionation depending on

number and location of metastases relative to organs at risk. (A) A patient with a single brain metastasis treated with 21Gy in 1 fraction. No organs at risk fall within

the treatment fields. (B) A patient with multiple brain metastases, each treated with 27Gy in 3 fractions. The lesions are close to one another and are located at the

midline. (C) A patient with a single brain metastasis overlying the optic chiasm, green, treated with 30Gy in 5 fractions. GTV, red. PTV, blue. The radiation dose

gradient depicts 10Gy as blue and >100% of prescribed dose as orange.

To safely deliver radiation to the brain, it is important to
note the proximity of a tumor to organs at risk (OARs). The
doses to OARs are constrained according to empirically derived
limits and can vary by institution and study group. Whether the
mean radiation dose to the organ or the maximum point dose to
the organ is constrained during radiation planning depends on
whether the organ functions serially (such as the brainstem), in
parallel (such as the brain parenchyma), or both. The common
OARs that are constrained in the head are the lens, eyes,
lacrimal glands, optic nerves, optic chiasm, cochlea, pituitary, and
brainstem (Table 2). Each structure is carefully contoured during
treatment planning so that toxicities are limited (Figure 5). The
proximity of a tumor to an OAR will alter a planned dose and
fractionation so that dose limits are not exceeded, and patients
are spared risk of toxicity (Figure 6). MR imaging can detect
toxicity to OARs after RT. For example, decreased white matter
fiber integrity in the para-hippocampal cingulum after brain
irradiation demonstrated by MR diffusion tensor imaging (DTI)
is thought to relate to late cognitive decline (43).

Post-radiation Evaluation
Patients are usually evaluated every 2–3 months for 1–
2 years after RT with high-resolution MRI to determine

treatment response and are followed by interval scans every 4–6
months thereafter. The Response Assessment inNeuro-Oncology
group defined treatment response using criteria that include
T1 gadolinium enhancing disease, T2 and FLAIR changes,
the appearance of new lesions, corticosteroid requirement,
and clinical status. Evaluation of treatment response can be
complicated by several factors, including radiation inflammation,
radionecrosis, and recurrence of the tumor (44). Post-radiation
changes to tumors and normal tissue vary over time and are
typically observed as acute (during or immediately following
RT), subacute (within 3 months of RT), or late (months to
years after RT). Acute-onset encephalopathy related to RT
may not have associated imaging findings but will likely have
associated symptoms that will prompt neuroimaging, such
as headache, nausea, vomiting, fever, altered mental status,
worsening neurologic symptoms, and increased intracranial
pressure. It is estimated that ∼5% of patients receiving SRS
to the brain will present with acute neurotoxicity (45), and
MRI can show varying amounts of edema. Depending on
the imaging findings and the severity of symptoms, high-dose
steroids can often improve the acute effects of brain irradiation,
and, occasionally, surgery is warranted. Subacute radiation effects
include increased inflammation, which may cause a tumor
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FIGURE 7 | An example of radiation necrosis after stereotactic radiosurgery with 21Gy in 1 fraction with upper images showing T1-post contrast and the lower

images showing edema. (A) Pre-radiotherapy scans showing a left frontal metastasis. (B) 2 months post-RT scans showing contraction of the treated metastasis with

some effacement of the ventricles. (C) 6 months post-RT peripheral enhancement of treated metastasis with a necrotic center and associated edema, ultimately

requiring surgical intervention.

to appear larger on MRI than it was before radiation. In
addition, some chemotherapies, such as temozolomide, can cause
pseudoprogression in the subacute context, making irradiated
brain lesions look like they have progressed on MRI when they
have not (46). If a patient with suspected pseudoprogression
is asymptomatic, they are typically monitored with follow-up
MRI to rule out genuine disease progression. Late changes after
radiation include stabilization or contraction of the observed
lesion if there has been treatment response. MR SWI sequences
can show microbleeds after radiation that increase in frequency
over time (47). In the subacute to late setting, potentially
symptomatic radiation necrosis can also occur, with mass effect
and neurologic dysfunction.

Radiation oncologists often rely on MRI to identify radiation
necrosis. Radiation necrosis is hypothesized to be related to
vascular injury and glial and white matter damage, as well
as effects on the fibrinolytic enzyme system and immune
mechanisms (48). The volume of irradiated brain increases the
risk of this serious complication (49, 50). In a study of 206
patients with 310 brain metastases treated with SRS, radiation
necrosis was observed in 24% of treated lesions, and roughly
half were asymptomatic, unlikely to have been detected in the
absence of MRI (49). Moreover, in autopsy studies of patients
who underwent SRS for brain metastases, necrosis was noted

as early as 3 weeks after treatment (51). Some indications
of radiation necrosis that are noted on MRI are conversion
from non-enhancing to enhancing lesions, new periventricular
enhancement, and soap-bubble or Swiss cheese enhancement
(48). To correctly distinguish necrosis from tumor recurrence, it
is likely that multiple MRI sequences will be needed (52). There
is some evidence that the DTI anisotropy ratio of a contrast-
enhanced lesion is significantly lower in patients with radiation
necrosis than in those with recurrent tumor, and facilitated
diffusion favors radiation necrosis (53). MR spectroscopy, which
can interrogate the chemical content of a volume of tissue
may be useful in differentiating radiation necrosis from disease
recurrence. Because necrotic tissue and treated tumor should
have different metabolic profiles, identifying metabolic spectra
can differentiate necrosis and treatment response (54). There is
also some evidence of elevated lipid levels in necrotic brain tissue
that may be detectable on MR spectroscopy (55). As tumors are
generally more metabolically active than necrotic tissue, fluorine-
18 fluorodeoxyglucose (FDG) PET-CT activity can also help
distinguish progression relative to radiation injury, though it
is not as predictive as perfusion imaging (56). An example of
radiation necrosis after SRS is shown in Figure 7.

A recurrent brain metastasis can be obscured by post-
treatment inflammation and radionecrosis, so it is important to
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FIGURE 8 | Perfusion imaging of a patient with metastatic squamous cell carcinoma. (A) A pre-treatment T1-post contrast MRI with corresponding Vp and Ktrans

perfusion imaging demonstrating increased signal. (B) 2-month follow-up scan after receiving SRS with 27Gy in 3 fractions showing slight contraction of the mass on

T1-post MRI and marked decrease in perfusion.

carefully rule out these side effects during follow-up imaging.
Because DCE MRI can provide insight into tumor vascularity
and hemodynamics, plasma volume (Vp) and the volume transfer
coefficient (Ktrans) can aid in deciphering brain metastasis
recurrence during post-treatment diagnostic imaging. These
MR sequences use a two-compartment kinetic model, where
contrast is initially assumed to be within the blood plasma
volume and, over time, it leaks into the interstitial space. Vp

approximates tumor vascularity, and Ktrans is proportional to
the accumulation of contrast in the interstitial space, where it
can indicate increased permeability. In contrast to gliomas that
can produce molecules such as VEGF that disrupt the blood–
brain barrier (57), metastatic disease generally does not affect the
surrounding vascularity of the brain. Therefore, an increase in
Vp after radiation, when the Vp signal was previously noted to
nadir, is correlated with tumor recurrence (56). Elevated Ktrans

signal has also been associated with tumor recurrence compared
with treatment-induced necrosis (58), and the combination of
Vp and Ktrans signals together can further improve sensitivity
and specificity (56). An example of post-RT perfusion imaging
is shown in Figure 8. Dynamic susceptibility contrast (DSC)

MRI has similar perfusion parameters to DCE MRI, such as
rCBV, but it is not preferred over DCE MRI because of worse
spatial resolution and more artifacts (59). Like Vp and Ktrans,
elevated rCBV is shown to indicate recurrent metastatic tumors
after brain SRS (60). As is the case with radionecrosis, in MR
spectroscopy, the metabolic spectra of enhancing edema may
be able to differentiate tumor recurrence. For example, N-acetyl
aspartate (NAA) is suppressed and choline is elevated in both
high-grade primary malignancies and secondary brain tumors;
however, only the edema associated with primary tumors tends
to have a relative increase in choline (61).

CONCLUSION

In the USA, radiation oncology split from diagnostic radiology
training in 1969, as it was recognized that radiation oncology
training should be specialized to accommodate increasing cancer
detection, new imaging modalities, and improved radiation
delivery. Because radiation oncologists often do not receive
formal diagnostic radiology training, they are instead expected to
partner with diagnostic radiologists, who can provide important
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insight to guide clinical decision-making. As Sarah Donaldson,
a former president of the Radiologic Society of North America
and radiation oncologist, wrote, “[Radiation oncologists] need
to see and measure tumors in every dimension, understand
how tumors move, their heterogeneity, their blood supply,
and their molecular pathways. More than ever before in the
history of radiology, radiation oncologists have an intensely
strong interrelationship that already aligns radiologists as
partners.” (62) Though there have been numerous advances in
imaging, including MRI with DWI, DTI, SWI/GRE, DCE/DSC,
MR spectroscopy, and APT MR, these methods are not
always incorporated into clinical decision-making by radiation
oncologists. Thus, the close partnership between radiologists and
radiation oncologists will allow these exciting technologies to
become commonplace in radiation oncology clinical practice

and, ultimately, lead to earlier brain metastases detection,
improved radiotherapy treatment planning, more accurate
treatment delivery, and optimal post-therapy monitoring.
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