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INTRODUCTION

The present joint European Association of Neuro-Oncology
(EANO)eEuropean Society for Medical Oncology (ESMO)
recommendations for the diagnosis and treatment of
parenchymal brain metastasis (BM) from solid cancers
complement the first joint EANOeESMO guideline on lep-
tomeningeal metastasis from solid cancers.1 These recom-
mendations address BMs from solid tumours, but do not
address BMs from primary brain tumours or BMs from
lymphoma or leukaemia. The recommendations cover pre-
vention, diagnosis, therapy and follow-up, but not
ondence to: ESMO Guidelines Committee, ESMO Head Office, Via
6960 Lugano, Switzerland
linicalguidelines@esmo.org (ESMO Guidelines Committee).
ffice, c/o WMA GmbH, Alser Strasse 4, 1090 Vienna, Austria
ffice@eano.eu (EANO Executive Board).

This Guideline was developed by the European Association of Neuro-
EANO) and the European Society for Medical Oncology (ESMO). The
committees of the two societies nominated authors to write the
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differential diagnosis, adverse effects of therapeutic mea-
sures or supportive or palliative care. Given the low level of
evidence, the recommendations are often based on expert
opinion and consensus rather than on evidence from
informative clinical trials. Still, the EANOeESMO multidis-
ciplinary recommendations shall serve as a valuable source
of information for physicians and other health care pro-
viders, as well as informed patients and relatives.

INCIDENCE AND EPIDEMIOLOGY

Details on epidemiology and pathogenesis are covered in
the Supplementary Material, available at https://doi.org/
10.1016/j.annonc.2021.07.016.

DIAGNOSIS, PATHOLOGY AND MOLECULAR BIOLOGY

Clinical presentation

The clinical history is commonly short with development of
neurological symptoms and signs within weeks. BMs may
cause headaches, epileptic seizures or motor deficits such
as hemiparesis, hemisensory loss, personality changes,
aphasia, visual disturbances or symptoms and signs of
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raised intracranial pressure. The risk of epilepsy probably
depends on proximity to the cortex and on the presence of
tumoural haemorrhage. Focal symptoms and signs depend
on BM location. Haemorrhage, typically with BMs from
melanoma or chorionic carcinoma, or obstructive hydro-
cephalus, notably with cerebellar BMs, can cause rapid
neurological deterioration. A detailed neurological exami-
nation using a standard evaluation form, e.g. as proposed
by the Response Assessment in Neuro-Oncology (RANO)
group,2 should be carried out and documented when BMs
are diagnosed and during follow-up.3
Table 1. Predictive markers

Entity Molecular markers/targets

Breast HER2, ER/PR, BRCA1/2 (‘BRCAness’), PIK3CA,
PD-L1

Non-small-cell lung EGFR, ROS1, NTRK, ALK, RET, MET, KRAS, BRAF,
PD-1/PD-L1

Squamous cell FGFR1
Melanoma BRAF, KIT, NF1, NRAS, PD-L1
Colorectal KRAS, BRAF, NRAS, PD-L1, MSI
Upper gastrointestinal HER2, MET
Urothelial/transitional Cell PD-L1
Endometrium MSI
Ovarian (serous) ER/PR, MSI
Ovarian (mucinous) MSI

Predictive value for treatment guidance of these markers may depend on the overall
clinical setting (localisation and extent of manifestations, subsequent identification
of primary) and is thus only provided for orientation.
ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; ER/PR,
estrogen/progesterone receptor; FGFR1, fibroblast growth factor receptor 1; HER2,
human epidermal growth factor receptor 2; MSI, microsatellite instability; NF1,
neurofibromin 1; PD-1, programmed cell death protein 1; PD-L1, programmed
death-ligand 1; PI3KCA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit alpha.
Diagnostic procedures

Neuroimaging at diagnosis. New neurological symptoms
and signs in a cancer patient should trigger a neurological
work-up including neuroimaging to distinguish BMs from
other aetiologies of neurological morbidity, notably side-
effects of cancer therapy. Furthermore, subgroups of can-
cer patients have a high risk of BM, probably justifying
screening at diagnosis of their cancer, including lung cancer
in general, notably non-squamous lung cancers, with the
possible exception of stage I non-small-cell lung cancer
(NSCLC). Screening should also be considered in stage IV
melanoma, notably because early BM diagnosis may impact
clinical decision making and improve outcome. Screening at
diagnosis is also potentially justified in metastatic human
epidermal growth factor receptor 2 (HER2)-positive and
triple-negative breast cancer [EANO: IV, n/a; ESMO: IV, B].4,5

This approach will result in a higher rate of detection of
asymptomatic brain metastases.

About 75% of BMs are located in the cerebral hemi-
spheres, 21% in the cerebellum and up to 3% in the brain
stem. Fewer than half of all BMs are single, i.e. there is only
one brain lesion,6 and very few are solitary, i.e. the only
metastasis detected in the body. Cranial magnetic reso-
nance imaging (MRI), without and with contrast agent
administration carried out with at least 1.5-T field strength,
is the gold standard for neuroradiological assessment of
patients with suspected BMs.7 The diagnostic work-up of
patients with suspected BM should include at minimum
cranial MRI with pre- and post-contrast T1-weighted, T2-
weighted and/or T2-fluid-attenuated inversion recovery
(FLAIR) and diffusion-weighted imaging (DWI) sequences
[EANO III, C; ESMO IV, B]. Characteristic MRI findings include
solid or ring enhancement, perifocal oedema and a predi-
lection for the greyewhite matter junction and vascular
border zones. Magnetic resonance spectroscopy (MRS) as
well as perfusion and DWI may offer supportive findings,
such as tumour-specific metabolites, unrestricted diffusion
of cystic content and low perfusion. However, there is no
combination of imaging features that distinguishes BM from
other pathologies with absolute certainty. Although differ-
ential diagnosis is beyond the scope of this guideline, a
biopsy should be considered if lesions, notably of cystic
nature, cannot be distinguished with certainty from primary
brain tumours, abscesses or inflammatory lesions. The
Volume 32 - Issue 11 - 2021
sensitivity of MRI for the detection of BM depends on the
technique employed, with influencing factors being field
strength, contrast agent type and dose, delay between
contrast agent administration and data acquisition and in-
and through-plane resolution. Three-dimensional acquisi-
tion is preferred because of its thinner slices.8,9 With
double-dose contrast agent, imaging sensitivity is increased,
but this comes at the cost of a decrease in specificity and
should be reserved for those instances when it is essential
to optimise sensitivity. There should be at least a several-
minute delay between contrast agent administration and
image acquisition, typically achieved by performing an
additional sequence between contrast agent administration
and the post-contrast T1-weighted acquisition.10,11 Cranial
computed tomography (CT) is markedly less sensitive than
MRI for BM detection and should be limited to patients
with contraindications for MRI.

Positron emission tomography using [18F]-2-fluoro-2-
deoxy-D-glucose (FDGePET) represents the most widely
used tracer in extracranial oncological PET imaging and is of
value in improving the accuracy of staging by detecting
more extracranial metastases than CT, especially in BM
patients with cancers of unknown primary (CUP).12 How-
ever, the regionally high FDG uptake in the normal brain
limits substantially the sensitivity of FDGePET for BM
detection.13 PET using radiolabelled amino acids has an
additional diagnostic value compared with anatomical MRI
and is superior to FDGePET for patients with brain tumours
including BMs.13,14

Pathology and liquid biopsies. Details on pathology and
liquid biopsies are covered in the Supplementary Material,
available at https://doi.org/10.
1016/j.annonc.2021.07.016.

An efficient algorithm allows for identification of the
source of BM in most patients (Table 1 and Figure 1).
https://doi.org/10.1016/j.annonc.2021.07.016 1333
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Histology compatible with carcinoma or melanoma

Carcinoma: pan-CK+; SCLC, poorly differentiated carcinoma: pan-CK- or (+); Melanoma: pan-CK-
(Lymphoma: pan-CK-, Vim+, CD45+; Sarcoma: Pan-CK-; Vim+)

First level: CK7/CK20
(plus specifi c marker(s) if clinical information or histology is suggestive of CUP origin)

NSCLC: TTF1+, Napsin+
Breast: GCDFP-15+, GATA-3+, 
Mammaglobin+
Thyroid: TTF1+, Thyroglobulin+
Mesothelium: CK5/6+, Calretinin+,
Vim+, WT1+
Endometrium: CEA-, Vim(+)
Serous ovarian: PAX8+, WT1+

Urothelial/transitional cell: CK5/6+,
Uroplakin-II+, p40+, p63+, GATA-3+

Prostate: PSA+, PSA-P+, NKX3+
Renal cell: PAX8+, RCC+, Vim+; Clear cell: CD10+
Liver: Hep Par1+, arginase-1+
Melanoma: S100+, HMB45+, Melan-A+
SCLC: TTF1+, CK7(+), CD56(+), Synaptophysin(+), 
Chromogranin(+)
Squamous cell: CK5/6+, CK7(+), HPV+, p40+, p63+, p16+,
PAX8(+)
Endocervix: CEA+, p16+, HPV+, PAX8(+)
Neuroendocrine: Synaptophysin+, Chromogranin+, CD56+

Colorectal: CDX2+
Mucinous ovarian: PAX8+, CDX2(+), CK7(+) WT1-

CK7+

CK20-

CK20+

CK7-

CK7(+) CK20(+)
Upper GI tract: CDX2+, cadherin 17+

Pancreas/bile duct: CDX2+, Ca19-9+, CEA(+)

Figure 1. Immunohistochemical markers for evaluation of metastatic carcinoma of unknown primary (CUP). Typical expression profiles often greatly facilitate the
identification of the tissue of origin. However, the combinations depicted here represent the most common marker profiles and various exceptions can occur (e.g. in
less differentiated tumours, as is often the case for CUPs). Also, metastases of squamous cell and neuroendocrine carcinoma are particularly challenging in this respect
because they often lack immunohistochemical markers indicating the tissue of origin. More recently developed diagnostic platforms such as DNA methylation, RNA or
microRNA (miRNA) analysis hold great potential for the identification of the tissue of origin of CUPs but have not yet entered clinical routine. (þ): tends to be positive.
Ca19-9, cancer antigen 19-9; CD, cluster of differentiation; CDX, caudal type homeobox transcription factor; CEA, carcinoembryonic antigen; CK, cytokeratin; GATA-3,
member 3 of transcription factor family binding to DNA sequence GATA; GCDFP, gross cystic disease fluid protein; GI, gastrointestinal; Hep Par 1, hepatocyte paraffin
1; HMB, human melanoma black; HPV, human papilloma virus; Melan-A, melanoma antigen recognised by T cells, MART1; NKX3, homeobox protein Nkx 3.1; NSCLC,
non-small-cell lung carcinoma; p16/p40/p63, tumour protein 16/40/63; PAX, paired-box gene transcription factor; PSA, prostate-specific antigen; PSA-P, prostate-
specific acidic phosphatase; RCC, renal cell carcinoma; SCLC, small-cell lung carcinoma; TTF, thyroid transcription factor; Vim, vimentin; WT1,Wilms tumour protein 1.
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Recommendations

� Screening for BM should be considered for patients with
lung cancer with the possible exception of stage I NSCLC,
and for stage IV melanoma, and potentially also for
1334 https://doi.org/10.1016/j.annonc.2021.07.016
patients with metastatic HER2-positive and triple-
negative breast cancer [EANO: IV, n/a; ESMO: IV, B].

� The presence of BMs should be explored by neuroimag-
ing in all patients with cancer who present with clinical
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symptoms or signs of raised intracranial pressure, sei-
zures and new neurological deficits [EANO III, B; ESMO
III, B].

� The diagnostic work-up of patients with suspected BM
should include cranial MRI with pre- and post-contrast
T1-weighted, T2-weighted and/or T2-FLAIR and
diffusion-weighted sequences [EANO: III, C; ESMO: IV, B].

� Histopathological and immunohistochemical work-up of
BM should follow local institutional algorithms [EANO:
IV, n/a; ESMO: V, B].

� In patients undergoing neurosurgical resection,
treatment-relevant predictive biomarkers detected in
the primary tumour or extra-central nervous system
(CNS) metastasis should be reconfirmed in the BM
[EANO: IV, n/a; ESMO: V, B].

� Cell-free tumour DNA in the blood or cerebrospinal fluid
(CSF) analyses should not be routinely requested for the
characterisation or monitoring of BM [EANO: IV, n/a;
ESMO: IV, C].

� CSF studies including cytology should be carried out to
rule out leptomeningeal metastasis if suspected based
on clinical or neuroimaging findings [EANO: III, C;
ESMO: IV, B].
THERAPEUTIC STRATEGIES: GENERAL CONSIDERATIONS

For the majority of patients, the goal of treatment of BM is
to prevent or delay neurological deterioration and to pro-
long survival with acceptable quality of life. A minority of
patients, notably with small and few lesions, may experi-
ence long-term survival or even cure. Several tumour-
specific approaches are commonly used in combination.
Surgery

Diagnostic considerations. Neurosurgical interventions with
diagnostic intention are required in several clinical sce-
narios, including patients where neuroimaging leaves doubt
that lesions represent BMs, where no primary tumour is
known, where more than one tumour is known, where the
primary tumour rarely generates BM or where changes in
molecular profile compared with the primary tumour may
impact clinical decision making [EANO: III, C; ESMO: IV, B].
The diagnostic value of biopsy to distinguish progression
from therapy-induced changes after stereotactic radio-
therapy (SRT) remains limited because active tumour- and
therapy-induced changes like necrosis may coexist, but not
adequately be represented in the biopsy material.

Therapeutic considerations. The therapeutic value of
neurosurgical resection at least of single BMs in patients
with controlled systemic disease remains undisputed.
Extent of resection is associated with local control of
BM15,16 [EANO: I, A; ESMO: II, A]. En bloc resections may
result in lower recurrence rates and lower risk of lep-
tomeningeal dissemination than piecemeal resections.17

The likelihood of gross total BM resection with low
morbidity can be increased using preoperative functional
Volume 32 - Issue 11 - 2021
MRI, intraoperative neuronavigation, fluorescence-guided
resection and cortical mapping.18-21 A post-operative MRI
should be carried out within 48 h after surgery to determine
the extent of resection.

The randomised clinical trials that demonstrated
improved survival when surgical resection was followed by
whole-brain radiotherapy (WBRT), compared with WBRT
alone in patients with single BMs, were conducted decades
ago at a time when surgical and imaging techniques were
different and when no active systemic treatments were
available. These trials also commonly pooled patients with
BMs from different primary tumours.22,23 Extrapolating
these data to modern neurosurgery has led to the
assumption that similar improvements in outcome may be
achieved with surgical interventions in patients with more
than one BM if a gross total resection is feasible.

There are specific scenarios where surgery should be
considered for its immediate therapeutic effect in patients
with multiple BMs. This includes large BMs (>3 cm diam-
eter) causing raised intracranial pressure or neurological
impairment when located in eloquent brain regions. Pos-
terior fossa location often constitutes a surgical indication
because of the risk of obstructive hydrocephalus. Cystic or
necrotic BMs are another indication since these may
respond less well to SRT than solid BMs. Prior cyst aspira-
tion followed by radiosurgery may also be considered.24,25

Surgical resection, more than any other intervention, al-
lows rapid steroid tapering and optimises the therapeutic
efficacy of ensuing therapy, notably immune checkpoint
inhibition.26 Surgery is less often indicated for patients with
recurrent BM, although the above-mentioned individual
considerations may apply, notably if further promising sys-
temic treatment options are available.

Laser interstitial thermal therapy is a novel intervention
mostly for recurrent brain tumours as well as for radiation
necrosis, with encouraging local control data,27 but the
definition of its role in the management of BM requires
further study.28

All indications for surgical interventions in BM, except
emergency situations, should be assessed for risk and
benefit in a multidisciplinary tumour board since the ma-
jority of BM patients die of systemic disease and not of BM.
Specifically, the role of surgery versus SRT needs to be
weighted and it has to be determined which kind of mo-
lecular neuropathology work-up is required, to secure that
an adequate amount and quality of tissue is obtained to
maximise benefit for the patients.
Radiotherapy

Stereotactic radiosurgery. Whereas WBRT has been the
historical mainstay of radiotherapy (RT) for treatment of
BM, stereotactic radiosurgery (SRS) has today become the
standard of care in many clinical situations. In general, SRS
is defined as the delivery of high doses of radiation via
stereotactic or image guidance with w1 mm targeting ac-
curacy to intracranial targets. It is commonly given as single
fraction utilising doses between 15 and 24 Gy. Fractionated
https://doi.org/10.1016/j.annonc.2021.07.016 1335
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SRS given in two to five fractions typically delivered with 27
Gy in three fractions or 30 Gy in five fractions29 is preferred
in patients with larger lesions (>3 cm diameter) or lesions
in proximity of structures at risk, e.g. the brain stem or in
pre-irradiated patients.

SRS added to WBRT improves overall survival (OS) in
patients with 1-3 BMs.30 SRS has been increasingly used in
patients with >3 BMs. A prospective multicentre study
(JLGK0901) of 1194 patients with 1-10 BMs who received
SRS alone showed a similar survival of 10.8 months in pa-
tients with 2-4 versus 5-10 BMs.31 Treatment-related
toxicity was low, with neurocognitive function assessed by
the mini-mental state examination being similar between
groups when cumulative tumour volume was <15 ml.32

Because of high local recurrence rates after neurosurgical
resection alone, two randomised trials evaluated SRS to the
resection cavity after neurosurgical resection of BMs. Brown
et al. randomised 194 patients to post-operative WBRT or
SRS.33 There was no difference in OS and the decline in
cognitive function was more frequent after WBRT. Mahajan
et al. randomised 132 patients to either post-operative SRS
or observation.34 Freedom from local recurrence was
significantly improved by post-operative SRS. In case of
larger resection cavities, a risk-adapted fractionation is
encouraged where the total dose is distributed over three
to five fractions.

Whole-brain radiotherapy.WBRT, typically 20-30 Gy in 5-10
fractions, has been used either as a consolidating treatment
after local therapy or as the primary treatment modality
primarily for patients with multiple BMs. WBRT after
neurosurgical resection or SRS of limited BMs improved
local and distant brain control, but not OS, and was asso-
ciated with a detrimental effect on neurocognitive func-
tion.35-37 In addition, no benefit for WBRT was
demonstrated in a randomised phase III trial in melanoma
patients already locally treated for one to three BMs.37

When used as initial treatment for patients with multiple
BMs, WBRT is associated with a median survival of 3-6
months, with 10%-15% of BM patients alive at 1 year.38 The
QUARTZ trial, which randomised NSCLC patients not eligible
for surgery or SRT to receive optimal supportive care or
optimal supportive care plus WBRT (20 Gy in five fractions),
showed similar median survival of w9 weeks in both
arms,39 with no significant reduction in quality of life for
patients receiving supportive care only. Yet, WBRT may still
have a role for the management of patients with multiple
large unresectable BMs in the context of a recent diagnosis
of cancer, in younger patients and in patients in good
general performance status (PS).

New WBRT-based approaches have also been evaluated
in patients with multiple BMs. The simultaneous integrated
boost technique allows an additional focal dose escalation
in macroscopic BMs compared with WBRT alone. Radiation
Therapy Oncology Group (RTOG) 0614 showed a trend to-
wards neurocognitive protection by memantine when
combined with WBRT.40 The NRG CC001 trial compared
WBRT plus memantine with hippocampal avoiding (HA)-
1336 https://doi.org/10.1016/j.annonc.2021.07.016
WBRT plus memantine and reported significantly preserved
patient-reported quality of life and prevention of cognitive
decline throughout the follow-up period.41 The implications
of these data for the use of memantine remain unclear
because memantine alone was not active when combined
with WBRT and whether it helped HA-WBRT to be active
cannot be determined.

Prophylactic cranial irradiation. Prophylactic cranial irradi-
ation (PCI) has been established as a standard of care in
small-cell lung cancer (SCLC), both in limited42 and exten-
sive disease.43 However, PCI is currently being challenged
due to its toxicity in extensive-stage SCLC by the introduc-
tion of serial MRI-based follow-up44,45 and immune check-
point inhibition.46 A randomised phase III trial showed no
lower probability of cognitive decline in patients treated
with PCI associated with hippocampal avoidance when
compared to standard PCI. No difference in incidence rate
of BM at 2 years or in survival was observed either.47 Hip-
pocampal sparing can thus not be considered standard of
care in this setting.

Pharmacotherapy

Most BMs exhibit uptake of contrast on MRI or CT and are
thus characterised by the lack of a functional bloodebrain
barrier. Intravenously (i.v.) administered drugs are pre-
dicted to distribute in the same way as i.v. administered
contrast agents for neuroimaging, suggesting that systemic
pharmacotherapy could be as efficient for contrast-
enhancing BMs as for other systemic tumour manifesta-
tions. However, to what extent uptake of a gadolinium-
based contrast agent truly allows prediction of adequate
penetration of larger molecules (like monoclonal antibodies
or antibodyedrug conjugates) remains uncertain. The
choice of agent is primarily determined by histological and
molecular tumour type and not by the metastasis location
in the brain. If feasible, molecular genetic work-up of BMs
rather than primary tumour should be considered for
selecting targeted therapy and immunotherapy in a tumour-
specific manner [EANO: IV, C; ESMO: IV, B]. Drugs with
better bloodebrain barrier penetration are predicted to
provide superior tumour control, notably in tumour areas
that are partially protected by the bloodebrain barrier.
Previous lines of treatment should also be considered in the
decision making. In the situations of multiple systemic
treatment options, CNS and extra-CNS disease activity as
well as toxicity profile of the respective treatment options
should be considered in the decision-making process for the
optimal systemic treatment strategy [EANO: IV, A; ESMO:
IV, B].

Preliminary evidence suggests that steroid use has a
negative impact on outcome of immunotherapy in BM
patients.48

BM from breast cancer. Systemic therapy plays an impor-
tant role in the control of BM from breast cancer. Different
drugs have been used for the treatment of BM including
classical chemotherapy agents such as capecitabine,
Volume 32 - Issue 11 - 2021
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cyclophosphamide, 5-fluorouracil, methotrexate, vincristine,
cisplatin, etoposide, vinorelbine and gemcitabine, most of
them with response rates >30%.

Patients with BM from HER2-positive metastatic breast
cancer are particularly likely to benefit from targeted ther-
apy. In patients without neurosurgical indication and with
preserved neurological status (PS 0-2), previously treated
with trastuzumab but capecitabineelapatinib-naïve, the
combination of lapatinib and capecitabine produced a brain
response rate of 38% in patients with pre-irradiated BM and
of 66% in patients with treatment-naïve BM.49,50 The NALA
study compared neratinib plus capecitabine to lapatinib
plus capecitabine in second/third line. One hundred and
thirty patients had asymptomatic and stable BM at study
entry and ‘overall cumulative incidence’ of intervention for
BM (mostly RT) was decreased from 29% to 23% in the
neratinib arm (P ¼ 0.04).51 The combination of neratinib
and capecitabine showed a control rate approaching 50%
(22 partial response, 16 stable disease) for patients with BM
pre-treated with any combination of surgery and RT and
with a stable steroid dose who had received mainly more
than two lines of systemic treatment in a phase II study.52 A
secondary analysis of the second-line EMILIA study evalu-
ating trastuzumab emtansine (T-DM1) in patients previously
treated with trastuzumab and a taxane was carried out on
patients retrospectively identified with asymptomatic CNS
metastases (n ¼ 95). This analysis showed an improved OS
in the T-DM1 group compared with the lapatinib and
capecitabine group (median, 26.8 months, n ¼ 45 versus
12.9 months, n¼ 50).53 A retrospective analysis of T-DM1 in
BM breast cancer patients, including 92% of patients pre-
treated with local treatment, showed a response rate of
up to 44%.54 The combination of tucatinib, capecitabine
and trastuzumab was tested in a third-line phase III trial
with half of the patients presenting with BM (HER2CLIMB).
In the sub-analysis among the 291 patients with BM, me-
dian OS was significantly prolonged in the tucatinib com-
bination group compared with the trastuzumab and
capecitabine combination group (18.1 versus 12.0
months).55 Few studies have specifically assessed systemic
therapy for BM from HER2-negative luminal or triple-
negative breast cancer. Abemaciclib showed an intracra-
nial clinical benefit rate defined as complete response plus
partial response plus stable disease persisting for �6
months of 25% and a median progression-free survival (PFS)
of 4.4 months in heavily pre-treated patients with BM from
estrogen receptor-positive/HER2-negative breast cancer.56

Prevention of BM by systemic treatment is an emerging
topic in the management of breast cancer. In the CLEO-
PATRA study, patients did not have BM at diagnosis but
13% relapsed in the brain at first recurrence. In this
subpopulation, median time to develop BM was
increased from 12 to 15 months with the addition of
pertuzumab to trastuzumab and docetaxel.57 The CER-
EBEL study did not show that the combination of lapati-
nib and capecitabine was more efficient than trastuzumab
plus capecitabine for BM prevention in the first-line or
second-line setting.58
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BM from lung cancer. For patients with advanced NSCLC
without actionable oncogenic driver alterations, mono-
therapy with anti-programmed cell death protein 1 (PD-1)
or programmed death-ligand 1 (PD-L1) immune checkpoint
inhibitors in case of PD-L1 positivity (>50%) or combination
of immune checkpoint inhibition with platinum-based
combination chemotherapy has become standard of care.
Further combination immunotherapies, including cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4) inhibition, with
or without chemotherapy, have recently reached clinical
practice.59,60 Only scarce data are available regarding the
role of immune checkpoint inhibition specifically in the
treatment of asymptomatic BM. Early data suggested that
pembrolizumab is safe and effective for untreated NSCLC
BMs with CNS response rates in the range of 30%.61 The
efficacy of nivolumab has been retrospectively confirmed in
NSCLC patients with asymptomatic BMs.62 Subgroup ana-
lyses from combination trials using anti-PD-1 and anti-CTLA-
4, with or without chemotherapy, suggest a significant ef-
ficacy against BMs, with similar benefit irrespective of the
presence of CNS lesions.63 Most immunotherapy trials have
only enrolled patients with controlled and treated, e.g. with
RT, BMs, and the lack of prospective data limits the level of
evidence for immunotherapy in the management of
asymptomatic BM. A multicentre pooled analysis reported
immunotherapy efficacy in a variety of settings. Among
patients with ‘active’ BM (n ¼ 73), the intracranial response
rate was 27.3%.64

NSCLC patients with oncogenic driver alterations such as
epidermal growth factor receptor (EGFR) mutation and
anaplastic lymphoma kinase (ALK), c-ros oncogene 1 (ROS1)
or Ret proto-oncogene (RET) rearrangements are charac-
terised by a higher cumulative incidence of BM than those
without driver oncogenes. These patients achieve favour-
able median survival times of >3 years in EGFR-mutated
NSCLC65 and >5 years with ALK rearrangement.66 Tyrosine
kinase inhibitors (TKIs) have thus become a standard
treatment component of the multimodality management
because of increased response rates for extracranial as well
as intracranial metastases compared with classical chemo-
therapy. CNS response rates are influenced by the potency
of the TKIs as well as their bloodebrain barrier penetration,
including their specific P-glycoprotein interaction.67 Specific
TKIs have shown significant CNS activity, notably in the
presence of EGFR mutations as well as ALK, ROS1, RET,
neurotrophic tyrosine receptor kinase (NTRK), Neuregulin 1
(NRG1) rearrangements, as well as exon 14 skipping mu-
tations of MET, also called tyrosine-protein kinase Met or
hepatocyte growth factor receptor. Only limited data are
available regarding targeted therapy for KRAS G12C and
BRAF mutations.

The standard of care for patients with extensive SCLC
disease is based on platinum and etoposide combination
chemotherapy together with immune checkpoint inhibi-
tion,46 [EANO: II, B; ESMO: II, B]. The added value of
immune checkpoint inhibition remains to be formally
demonstrated in SCLC patients with brain metastases, with
or without symptoms or dedicated local treatment.
https://doi.org/10.1016/j.annonc.2021.07.016 1337
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BM from melanoma. Systemic chemotherapy using classical
agents such as temozolomide, dacarbazine or fotemustine
has only limited efficacy in melanoma patients with BM.68

Monotherapy using the BRAF inhibitors vemurafenib or
dabrafenib in BRAF-mutated patients with melanoma BM
achieved intracranial response rates between 15% and
40%;69-71 and improved intracranial response rates up to
60% were observed with the combination of vemurafenib
and dabrafenib in asymptomatic untreated BM, similar to the
response rate in other organ sites with, however, overall
short duration of response.72 Anti-PD-1 monotherapy or
ipilimumab plus nivolumab has been investigated in patients
with BM: in patients with asymptomatic BM, current data
favour the combination with an overall response rate of
w50%,73,74 reasonable response duration and PFS of >50%
at 18 months. However, the inclusion criteria in these trials
were stringent resulting in asymptomatic or oligosympto-
matic patient populations with low CNS tumour burden.
Based on these data, ipilimumabenivolumab combination
therapy is the preferred first-line treatment also in BRAF-
mutated asymptomatic patients with BMs [EANO: II, B;
ESMO: II, B]. Importantly, efficacy of ipilimumabenivolumab
combination seems to be lower in patients with symptomatic
BM requiring steroids with 21%74 intracranial response rates.
Recommendations

Surgery
� Surgery should be considered when there is doubt on the
neoplastic nature of a brain lesion, when no primary
tumour is known, when more than one tumour is known,
when the primary tumour rarely generates BM or when
changes in molecular profile compared with the primary
tumour may impact clinical decision making [EANO: III,
C; ESMO: IV, B].

� Single BMs should be considered for surgical resection
[EANO: I, A; ESMO: II, A].

� Multiple resectable BMs may be considered for surgical
resection [EANO: IV, C; ESMO: V, C].

� Surgery may be considered for patients requiring steroids,
who are candidates for immune checkpoint inhibition
[EANO: III, n/a; ESMO: IV, B].

� Surgery should be considered when there are acute
symptoms of raised intracranial pressure [EANO: III, C;
ESMO: IV, B].

� A post-operative MRI should be carried out within 48 h
after surgery to determine the extent of resection
[EANO: IV, C; ESMO: V, C].

Radiotherapy
� SRS is recommended for patients with a limited number
(1-4) of BMs [EANO: I, A; ESMO: I, A].

� SRS may be considered for patients with a higher number
of BMs (5-10) with a cumulative tumour volume <15 ml
[EANO: II, B; ESMO: II, B].

� SRS to the resection cavity is recommended after com-
plete or incomplete resection of BMs [EANO: I, A;
ESMO: I, A].
1338 https://doi.org/10.1016/j.annonc.2021.07.016
� Post-operative WBRT after neurosurgical resection or af-
ter SRS should be discouraged [EANO: I, A; ESMO: I, E].

� WBRT should be considered for treatment of multiple
BMs not amenable to SRS, depending on the presence
of neurological symptoms, size, number and location of
BMs and the choice and availability of CNS-active sys-
temic therapy [EANO: III, B; ESMO: III, B].

� Supportive care with omission of WBRT should be consid-
ered in patients with multiple BMs not eligible for SRS
and poor PS [EANO: I, B; ESMO: I, B].

� Despite scepticism, PCI is still recommended for patients
with limited and extensive-stage SCLC with complete
response to chemoradiotherapy [EANO: I, A; ESMO: I, A].

Pharmacotherapy
� Systemic pharmacotherapy based on histological and mo-
lecular characteristics of the primary tumour and previ-
ous treatment should be considered for most patients
with BMs [EANO: IV, n/a; ESMO: IV, B].

� If feasible, molecular genetic work-up of BMs rather than
primary tumour should be considered for selecting tar-
geted therapy and immunotherapy in a tumour-specific
manner [EANO: IV, C; ESMO: IV, B].

� Systemic treatment of asymptomatic or oligosympto-
matic BMs should be considered to delay WBRT in
HER2-positive breast cancer patients with a preserved
general status [EANO: III, C; ESMO: III; B].

� For HER2-negative breast cancer patients with progres-
sive BM after local treatment, standard chemotherapy,
such as capecitabine, eribulin or carboplatin and bevaci-
zumab, may be considered [EANO: III, C; ESMO: III, B].

� Patients with NSCLC without actionable oncogenic driver
alterations with asymptomatic or oligosymptomatic BM
should be treated by upfront immune checkpoint inhibi-
tion alone (PD-L1 �50%) or systemic chemotherapy com-
bined with immune checkpoint inhibition (PD-L1 <50%)
[EANO: II, B; ESMO: III, B].

� Patients with NSCLC with actionable oncogenic driver al-
terations such as EGFR or ALK or ROS1 rearrangement
and asymptomatic or oligosymptomatic BM should be
treated by upfront systemic targeted therapy [EANO: II,
B; ESMO: III, B].

� Patients with SCLC should be treated by platinum-based
chemotherapy without or with immune checkpoint inhi-
bition [EANO: II, B; ESMO: II, B].

� The combination of ipilimumab and nivolumab should be
the preferred first-line treatment option not only in BRAF
wild-type, but also in BRAF-mutated asymptomatic pa-
tients [EANO: II, B; ESMO: II, B].

� Patients with multiple symptomatic BRAF-mutated BMs
or patients requiring 4 mg dexamethasone or more
eligible for further treatment should receive dabrafenib
plus trametinib [EANO: IV, B; ESMO: IV, B].
INTEGRATED THERAPEUTIC APPROACHES

The best combination of the different therapeutic ap-
proaches should be identified according to the general and
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neurological status, comorbidities, neuroimaging findings,
histology and molecular status of the primary tumours (if
possible updated) and previous treatments (Figure 2). The
multimodality treatment of BMs requires a careful individ-
ualised estimation of the different contributions from sur-
gery, radiation oncology and medical oncology. Ideally,
therapeutic decisions should be discussed at a dedicated
BM board or at a disease-specific tumour board with
participation of colleagues experienced in the management
of CNS tumours [EANO: IV, n/a; ESMO: V, B].

To obtain local control, surgery and SRT can be compet-
itive as well as complementary approaches. The role of
WBRT is declining, considering the modest benefiterisk
ratio and the development of SRS. The following factors
favour neurosurgical resection: unknown primary tumour,
neuroradiologically uncertain lesion, large cystic or necrotic
lesion, need for high-dose steroids, mass effect and need for
molecular profiling to guide clinical decision making. Factors
favouring SRS alone over surgery commonly followed by
SRS or systemic therapy include a surgically less accessible
location, increased surgical risk and preference for a non-
invasive outpatient treatment.

Systemic therapy should primarily follow the histology
and molecular characteristics of the primary tumour and
prior treatment.

In the specific case of BM from cancer of unknown pri-
mary tumour (BM-CUP), after extensive diagnostic work-up
including notably PET, no data from controlled trials are
available. Surgical resection should be followed by RT of the
cavity, but not by any tumour-agnostic systemic treatment
in the absence of further tumour manifestations unless an
actionable driver mutation is detected.

When combining systemic pharmacotherapy and RT, the
risk of adverse events should be considered for each new
drug, e.g. BRAF inhibitors and WBRT cause severe dermatitis
that is usually managed by avoiding concomitant treatment.75

For patients with asymptomatic or oligosymptomatic BM,
no prospective trials have addressed the question of
optimal combined modality treatment with systemic ther-
apy, including TKI or immune checkpoint inhibition, and
surgery or SRS. Such a trial would have to consider survival
endpoints as well as quality of life including neurocognitive
endpoints.

In breast cancer, no study has defined the best timing of
systemic treatment and RT combinations and most of the
trials focus on the role of systemic pharmacotherapy alone.
In NSCLC patients without activating driver mutations and
limited asymptomatic BM, systematic meta-analysis of
mostly uncontrolled data suggests improved OS after early
combination of immune checkpoint inhibitors and SRS
compared with a sequential approach.76 For NSCLC with
activating EGFR mutations, several retrospective studies,
including mainly studies on first-generation EGFR inhibitors
characterised by a poor CNS tumour penetration, also
suggest that the best survival may be achieved with com-
bined upfront TKI and SRT compared with a sequential
strategy.77-79 Adequately designed controlled clinical trials
are required to determine whether novel, potent brain-
Volume 32 - Issue 11 - 2021
penetrant TKIs, including the third-generation TKI osi-
mertinib, can obviate the need for early SRS. Fewer data are
available about optimal sequencing of TKI and local therapy
in patients with ALK translocations where several potent
CNS-penetrating compounds are available. However, there
is widespread consensus that upfront WBRT should not be
delivered in patients with EGFR mutation or ALK trans-
location. In case of BM from SCLC, the decision to add SRS
or WBRT and the timing of such interventions depend on
symptoms and disease burden. Replacement of WBRT by
SRS appears to compromise time to progression in the CNS,
but not OS.80 Although melanoma is known as a radio-
resistant tumour, durable local control may be achieved
after SRS.81 The optimal timing of SRT in the multimodal
therapeutic approach to BM from melanoma remains to be
determined, although data from uncontrolled cohort
studies also support early combination.82

Data from randomised trials to confirm the superiority of
initial combined modality treatment have not been pub-
lished. To what extent patient selection introduced bias into
the published cohort studies suggesting superiority of
combined modality treatment remains controversial. For
patients with symptomatic BM, systemic therapy is also
considered, but commonly not as a single modality
treatment.

Once progression of BMs has been diagnosed using
appropriate imaging examinations or tissue analysis, further
treatment options should ideally be discussed in a multi-
disciplinary board (Figure 2). On an individual case-by-case
consideration, surgery, (repeat) SRS, change of systemic
treatment and combinations thereof may be considered.

Randomised trials in the BM population are needed to
confirm the optimal timing of the different interventions,
e.g. surgery before immunotherapy, SRS at BM diagnosis
concomitant with systemic pharmacotherapy or at pro-
gression. Considering the high unmet need, enrolment into
trials should be considered whenever possible.
Recommendations

� The multimodality treatment of BMs should be based on
a careful individualised estimation of the different contri-
butions from surgery, radiation oncology and medical
oncology [EANO: IV, n/a; ESMO: V, B].

� Ideally, therapeutic decisions should be discussed at a dedi-
cated BM board or at a disease-specific tumour board with
participation of colleagues experienced in the management
of CNS tumours [EANO: IV, n/a; ESMO: V, B].

� Randomised trials in patients with asymptomatic or oligo-
symptomatic BM should be conducted to identify the
optimal combined modality treatment of systemic ther-
apy, including TKI or immune checkpoint inhibition,
with surgery or SRS [EANO: IV, n/a; ESMO: V, B].
MONITORING AND FOLLOW-UP

Patients with a history of BM should be followed up by
neurological assessment and neuroimaging in 3-monthly
https://doi.org/10.1016/j.annonc.2021.07.016 1339
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Progression or recurrence

Palliative careOptions determined by performance status, neurological
function, type of CNS progression and prior treatment:
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A

Figure 2. Proposed combination of the different therapeutic approaches for patients diagnosed with BM.
(A) In general. (B) For SCLC patients. (C) For melanoma patients.
Purple: general categories or stratification; blue: systemic anticancer therapy; turquoise: combination of treatments or other systemic treatments; white: other aspects
of management. Straight line: preferred option; dotted line, alternative option.
BM, brain metastasis; CNS, central nervous system; CT, computed tomography, GI, gastrointestinal; mucin, mucinous; MRI, magnetic resonance imaging; PCI, pro-
phylactic cranial irradiation; SCLC, small-cell lung cancer; SRS, stereotactic radiosurgery; SRT, stereotactic radiotherapy; WBRT, whole-brain radiotherapy.
a Depending on the total volume of BM.
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Figure 2. Continued.
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intervals and whenever clinically indicated. The evaluation
of response to treatment in clinical trials on BM is
increasingly based on RANO criteria, which consider
changes in target and non-target lesions on conventional
contrast-enhanced MRI, neurological status and steroid
use,83 and such criteria are also increasingly used in clinical
practice.

The neurological status should be regularly documented
using a standardised procedure, e.g. the neurologic
assessment in neuro-oncology scale.2 Cognitive function
should be assessed at baseline and in the course of disease
and ability to consent should regularly be re-evaluated
[EANO: IV, n/a; ESMO: V, B]. Brain MRI should be carried
out every 2-3 months or at any instance of suspected
neurological progression [EANO: IV, n/a; ESMO: V, B]. MRI is
the standard method for response assessment and follow-
up.83 The MRI should be repeated on the same device or at
least a device with an identical field strength. However,
conventional MRI may not always reliably distinguish be-
tween treatment-related abnormalities, notably pseudo-
progression, radionecrosis and tumour progression.
Perfusion MRI and MRI spectroscopy are increasingly used
in this setting, but evidence for their ability to aid in dif-
ferential diagnosis remains low.84-86

Amino acid PET tracers such as [11C]-methyl-L-methio-
nine, 3,4-dihydroxy-6-[18F]-fluoro-L-phenylalanine or O-(2-
[18F]fluoroethyl)-L-tyrosine (FET) have been most frequently
evaluated for the differentiation of BM relapse from radi-
ation injury following RT. Across all these amino acid PET
tracers, both the sensitivity and specificity for correct dif-
ferentiation are in the range of 80%-90%.87 Furthermore,
amino acid PET using FET is also of value for the diagnosis of
treatment-related changes following immunotherapy, using
immune checkpoint inhibitors or targeted therapy, with or
without RT [EANO III, C; ESMO IV, C].88

The immunotherapy RANO criteria89 have been designed
to assess delayed responses and prevent that progression is
assumed too early in patients treated with immunotherapy,
as long-term survival and tumour regression can occur
following initial progression in these patients. The rate of
pseudoprogression with immunotherapy alone appears to
be low. Further studies are required to determine how to
distinguish treatment-related changes from progression af-
ter SRT with or without systemic therapy.82 For BM patients,
whose primary tumour is still unknown after a first work-up
at diagnosis, whole-body FDGePET in the follow-up may be
useful.

Liquid biopsies assessing circulating tumour cells or cell-
free DNA in blood or CSF have not yet been integrated
into the response assessment and follow-up of BM
patients.90
Recommendations

� A detailed neurological examination should be carried
out every 2-3 months or earlier when radiological pro-
gression is suspected and/or neurological symptoms or
signs develop [EANO: IV, n/a; ESMO: V, B].
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� Neurocognitive function and ability to consent should be
regularly assessed [EANO: IV, n/a; ESMO: IV, B].

� Brain MRI should be carried out every 2-3 months or at
any instance of suspected neurological progression
[EANO: IV, C; ESMO: IV, B].

� Advanced MRI techniques, such as MRS and perfusion im-
aging and amino acid PET, should be considered for distin-
guishing treatment-related changes from tumour
progression [EANO: III, C; ESMO: IV, C].
SUPPORTIVE CARE

This guideline does not aim to comprehensively describe
palliative and supportive care for BM patients. Therefore,
general considerations for brain tumour patients apply.91

When required clinically for control of raised intracranial
pressure, the lowest dose of steroids should be used for the
shortest time possible [EANO: IV, n/a; ESMO: IV, B]. The risk
of Pneumocystis jirovecii pneumonia is increased in patients
treated with steroids for more than a few weeks, and
prophylaxis with trimethoprimesulfamethoxazole should
be considered in such circumstances if additional immu-
nosuppressive systemic therapy is administered. Bev-
acizumab is probably the best agent for the treatment of
radionecrosis after SRT.92 It exhibits superior activity
compared with steroids and does probably not interfere
with the efficacy of immunotherapy. Patients who experi-
enced a seizure should receive secondary anticonvulsant
prophylaxis, at least transiently. Primary prophylaxis is not
recommended because it has not been shown to be
effective in preventing a first-ever seizure [EANO: I, A;
ESMO: I, A]. Seizures should be managed with anticonvul-
sant drugs that do not exhibit drugedrug interactions, e.g.
levetiracetam, lamotrigine and lacosamide are preferred
over phenytoin, carbamazepine or valproic acid. Primary
thromboprophylaxis should be considered in patients hos-
pitalised for an acute illness or who are confined to bed.
Low-molecular-weight heparin (LMWH) or unfractionated
heparin is recommended for primary prophylaxis as well as
for the treatment of venous thromboembolism (VTE)
[EANO: II, B; ESMO: II, C]. Risk factors for thromboembolic
events in BM patients include specific primary tumours,
steroid use, administration of chemotherapy, high body
mass index and immobilisation. The risk of intracranial
bleeding is probably not increased in BM patients in general
treated with therapeutic doses of LMWH. Other risk factors
of bleeding should be considered. Data on direct oral an-
ticoagulants in BM patients are lacking.

Recommendations

� Steroids should only be considered in symptomatic pa-
tients [EANO: IV, n/a; ESMO: IV, B].

� Primary anticonvulsant prophylaxis should not be given
[EANO: I, A; ESMO: I, A].

� If indicated, LMWH should be considered as the first-line
treatment for primary or secondary thromboprophylaxis
and for the therapeutic treatment of VTE in BM patients
[EANO: II, B; ESMO: II, C].
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� Decisions on the competency to drive should take into ac-
count epilepsy but also cognitive and other neurological
functions and need to adhere to national guidelines
and law [EANO: IV, n/a; ESMO: V, n/a].
OUTLOOK

Guidelines reflect knowledge and consensus at a given
timepoint. Updates on these recommendations will be
announced on the websites of EANO (www.eano.org) and
ESMO (www.esmo.org). Conclusions derived from second-
ary analyses on patients with BM defined as ‘active’ or
‘inactive’, which are poorly defined concepts, are not suit-
able to derive treatment algorithms. Dedicated trials for BM
patients based on well-defined diagnostic and inclusion
criteria, ideally enriched for molecular genetic signatures
where feasible and with adequate criteria of evaluation, are
required to improve the outcome of BM in a primary
cancer-specific manner.
METHODOLOGY

This Clinical Practice Guideline was developed in accor-
dance with the ESMO standard operating procedures for
Clinical Practice Guidelines development (http://www.
esmo.org/Guidelines/ESMO-Guidelines-Methodology). The
relevant literature has been selected by the expert authors.
References were identified through searches of PubMed
with the search terms ‘CNS’, ‘brain’, ‘metastasis’, ‘trial’,
‘clinical’, ‘surgery’, ‘radiotherapy’, ‘chemotherapy’, ‘targeted
therapy’, ‘immunotherapy’, ‘imaging’, ‘MRI’ and ‘PET’ in
various combinations from 1 January 2011 to 30 August
2020. Articles were also identified through searches of the
authors’ own files. Only papers in English were reviewed.
The final reference list was generated by consensus of the
authors and based on originality and relevance to the
broad scope of this guideline. Levels of evidence and
grades of recommendation were applied using the Euro-
pean Federation of Neurological Societies criteria as rec-
ommended by EANO (Supplementary Table S1, available at
https://doi.org/10.1016/j.annonc.2021.07.016)93 as well as
using an adapted version of the Infectious Disease Society
of America-United States Public Health Service Grading
System as recommended by ESMO (Supplementary
Table S2, available at https://doi.org/10.1016/j.annonc.
2021.07.016).94 Statements without grading were consid-
ered justified standard clinical practice by the experts.
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