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Predictive molecular markers in metastases to the central nervous
system: recent advances and future avenues
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Abstract Metastases to the central nervous system (CNS)
are common in several cancer types. For most primary
tumors that commonly metastasize to the CNS, molecular
biomarker analyses are recommended in the clinical setting
for selection of appropriate targeted therapies. Therapeutic
efficacy of some of these agents has been documented in
patients with brain metastases, and molecular testing of
CNS metastases should be considered in the clinical set-
ting. Here, we summarize the clinically relevant biomarker
tests that should be considered in neurosurgical specimens
based on the current recommendations of the European
Society of Medical Oncology (ESMO) or the National
Comprehensive Cancer Network (NCCN) for the most
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relevant primary tumor types: lung cancer (EGFR muta-
tions, ALK rearrangement, BRAF mutations), breast
cancer (HER2 amplification, steroid receptor overexpres-
sion), melanoma (BRAF mutations), and colorectal cancer
(RAS mutations). Furthermore, we discuss emerging ther-
apeutic targets including novel oncogenic alterations
(ROS1 rearrangements, FGFR1 amplifications, CMET
amplifications, and others) and molecular features of the
tumor microenvironment (including immune-checkpoint
molecules such as CTLA4 and PD-1/PD-L1). We also
discuss the potential role of advanced biomarker tests such
as next-generation sequencing and “liquid biopsies” for
patients with CNS metastases.
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Introduction

Metastases to the central nervous system (CNS) are com-
mon in cancer patients and most frequently affect the
parenchyma of the brain (~80 % supratentorial, 20 %
infratentorial) via hematogenous spread, while the spinal
cord is less frequently involved [66]. In some cases, the
CNS is directly infiltrated by growth of metastases or pri-
mary tumors of the surrounding soft tissues or bones. The
cerebrospinal fluid (CSF) or the leptomeninges (pia and
arachnoid) are involved by metastatic spread in ~4-15 %
of patients with cancer [17].

Population-based investigations report incidences of
CNS metastases ranging from 8.3 to 14.3 per 100.000
people [55]. Autopsy studies demonstrated that brain
metastases can be detected in up to 25 % of all cancer
patients [66, 86]. The most common primary tumors to
metastasize to the brain are lung cancer (39-56 % of
cases), breast cancer (13-30 %), melanoma (6-11 %),
renal cell carcinoma (2-4 %) and colorectal cancer
(3-8 %). In up to 15 % of patients presenting with brain
metastases, no primary tumor is identified despite extensive
diagnostic investigation (“cancer of unknown primary”,
CUP) [28, 72].

Conventional therapeutic approaches for CNS metas-
tases comprise local treatments such as neurosurgical
resection, stereotactic neurosurgery, and whole-brain
radiotherapy [58]. Cytotoxic chemotherapy has a limited
role. However, several targeted agents approved for the
treatment of primary tumor types commonly associated
with CNS involvement have shown clinically relevant
efficacy in brain metastases [68, 70, 72]. Examples include
the human epidermal growth factor receptor 2 (HER2)
tyrosine kinase inhibitor (TKI) lapatinib, the epidermal
growth factor receptor (EGFR) TKIs erlotinib and gefiti-
nib, the anaplastic lymphoma kinase (ALK) TKI
crizotinib, and the v-RAF murine sarcoma viral oncogene
homolog B1 (BRAF) TKIs vemurafenib and dabrafenib [3,
26, 41, 47, 93]. A large number of novel targeted agents
aimed at oncogenic intratumoral signaling molecules or
the tumor microenvironment are in clinical development
and are expected to significantly expand the therapeutic
options for many cancer types in the near future. Thus, in
selected patients with CNS metastases, therapy with spe-
cific inhibitors of molecular aberrations is increasingly
considered in the clinical setting. Patient selection for such
therapies relies on molecular biomarker analyses of tumor
tissues. Patient outcome may be optimized using

@ Springer

molecular information on a case-by-case basis. Recom-
mendations for clinical biomarker analyses for most
primary tumor types have been published and are regularly
updated by the European Society of Medical Oncology
(ESMO) and the National Comprehensive Cancer Network
(NCCN) [54]. However, so far no evidence-based rec-
ommendations for clinical biomarker analyses of CNS
metastases exist. We provide here a summary of ESMO
and NCCN recommendations on clinical biomarker anal-
yses for the tumor types most commonly causing CNS
metastases: lung cancer, breast cancer, melanoma, renal
cell cancer, and colorectal cancer. Furthermore, we discuss
potentially emerging candidate biomarkers and advanced
test methods (e.g. next-generation sequencing, “liquid
biopsies”) that may become clinically relevant in the
future.

Lung cancer
Non-small-cell lung cancer (NSCLC)

At present, two genetic alterations directly influence ther-
apeutic decision making in patients with metastatic
NSCLC and should be determined at diagnostic work-up in
patients that qualify for systemic therapy. There are a large
number of experimental targeted agents under clinical
development in metastatic NSCLC.

Epidermal growth factor receptor (EGFR) gene mutations

Activating mutations of the EGFR gene occur in
~10-15 % of Caucasians and 40 % of East-Asian NSCLC
patients with a higher prevalence in non- or light smokers,
adenocarcinomas and women [8, 81]. EGFR mutations
predict response to therapy with the TKIs gefitinib and
erlotinib and therapeutic activity of these agents has been
documented in patients with CNS metastases [10, 15, 93].
EGFR mutation testing is recommended in metastatic
NSCLC with non-squamous histology [63]. Routine testing
is not recommended in squamous cell carcinoma, except in
patients with no or light smoking history, or patients with
SCLC. The recommended method for EGFR testing is
genetic sequencing.

Small case series have investigated the concordance of
EGFR mutation status between primary tumors and mat-
ched CNS metastases. Discordance rates between 0 and
32 % have been reported [34, 49, 84]. Variability of the
EGFR status has also been demonstrated between different
extra-CNS tumor sites with most studies comparing pri-
mary tumors and lymph node metastases where
discordance rates of 4.5-36 % have been observed [10].
Although no evidence from adequately designed clinical
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studies on this issue is available, the relatively high dis-
cordance rates support re-testing of the EGFR status in
neurosurgical NSCLC specimens in cases with known
EGFR status in extra-CNS lesions.

ALK rearrangements

The EML4-ALK fusion gene is detectable in <5 % of
NSCLC with a higher prevalence in non- or light smokers,
younger patients, and adenocarcinomas [82]. ALK trans-
locations appear to occur at similar frequencies in brain
metastases as compared to other disease sites [71]. The
discordance rate for ALK translocation between primary
tumor and matched CNS metastases was shown to be
0 %, while ALK amplification was more frequently
observed in CNS metastases than in the matched primary
tumors at a discordance rate of 12.5 % [71]. ALK rear-
rangements are predictive of response to the TKI
crizotinib and responses to this drug have been seen in
patients with brain metastases [41, 61]. ALK testing is
recommended particularly in cases with non-squamous
histology and never/former light smokers and in cases
without EGFR mutations [63]. The recommended method
for ALK translocation testing is fluorescent in situ
hybridization (FISH). Immunohistochemistry (IHC) for
ALK has been shown to correlate with ALK gene status
and can be used as a screening tool with confirmation by
FISH [20]. Advantages of THC include faster turnaround
time and cost effectiveness and wider availability of
immunohistochemistry in relation to FISH [20, 38, 96].
Several inter-observer and inter-laboratory studies have
reported high analytical performance of this method, but it
must be noted that its reliability is highly dependent on
the staining protocol, the use of appropriate quality con-
trol measures (such as strict use of positive and negative
controls) and the training of the scorer [23, 39, 96, 97].
Due to the difficult interpretation of FISH results in some
cases, this method should preferably be performed in
centralized laboratories with a high level of expertise [20].

Candidate biomarkers

A large number of promising molecular candidate bio-
markers such as alterations of ROS1, RET, BRAF, HER2,
fibroblast growth factor receptor 1 (FGFR1), cellular
mesenchymal epithelial transition (CMET), KRAS or
programmed death ligand 1 (PD-L1) are being investigated
in ongoing studies of metastatic NSCLC [73, 74, 89].
Routine testing for these biomarkers in CNS metastases of
NSCLC is not generally recommended at the current time,
but it is likely that some of these biomarkers may become
relevant for clinical decision making in the near future, as
more targeted agents become available.

BRAF mutations are found in ~3 % of NSCLC cases
with a significant association with adenocarcinomatous
histology [18]. A recent case report documented regression
of both visceral and brain metastases induced by treatment
with the BRAF inhibitor vemurafenib in a patient with
BRAF V600E-mutated NSCLC. However, the BRAF
V600E mutation was detected in only 1/355 (0.3 %) of
NSCLC brain metastases in another study [12].

Based on dramatic responses seen in ROSI-altered
lung adenocarcinomas treated with inhibitors such as
crizotinib, some institutions regularly test for ROS1 in the
clinical setting [19]. Screening using ROS1 immunobhis-
tochemistry and subsequent confirmation of positive cases
using FISH analysis has been suggested as a feasible
algorithm, although this approach requires further inves-
tigation [16]. However, ROSI1 alterations have been
detected at a very low frequency of 1.3 % in NSCLC
brain metastases [74]. A recent study reported frequent
protein overexpression (44.4 %) and gene amplification
(21.6 %) of CMET in brain metastases of NSCLC and
there was evidence that CMET alterations may be
acquired during the metastatic process [75]. Since inhib-
itors of the CMET/hepatocyte growth factor (HGF) axis
with good penetration of the blood—brain/blood—tumor
barrier are being developed for brain tumors, these
molecular alterations may open avenues for targeted
therapy of NSCLC CNS metastases that should be
explored in clinical trials.

Recent studies reported FGFR1 amplifications in a sig-
nificant fraction of NSCLC brain metastases [73]. In
squamous cell carcinomas, 19 % of cases had FGFR1
amplifications consistent with the frequency reported for
primary tumors. Interestingly however, brain metastases of
NSCLC adenocarcinoma had a significantly higher rate of
FGFR1 amplifications (15 %) than expected from the
prevalence in primary tumors (3 %). These data seem to
imply a role of FGFR1 activation in metastasis formation
and may be of relevance for targeted therapy or prevention
of CNS metastases in NSCLC. As such, FGFR1 inhibitors
are under clinical investigation.

One of the most promising novel therapeutic strategies
for NSCLC (and other tumors such as melanoma, renal cell
cancer, and others) is immunomodulation using immune-
checkpoint inhibitors of molecules such as CTLA-4, PD-1,
and PD-L1 [85]. These agents inhibit tumor-associated
immunosuppression generated by co-inhibitory T cell
receptors. A growing number of immune-checkpoint
inhibitors are found in various stages of clinical develop-
ment and initial results demonstrate tolerable toxicity
profiles and prolonged and significant clinical responses.
Many of these studies are investigating reliable molecular
biomarkers of response such as expression of PD-L1 or the
density of tumor-infiltrating lymphocytes. Investigation of
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the inflammatory microenvironment and its therapeutic
value in NSCLC CNS metastases is highly promising given
the paucity of treatment options and potential synergistic or
‘abscopal’ effects seen in conjunction with radiotherapy.
The abscopal effect refers to the regression of non-irradi-
ated metastatic lesions distant from the primary tumor site
directly subjected to irradiation.

Small-cell lung cancer (SCLC)

Although SCLC frequently metastasizes to the brain, there
are no predictive molecular markers or any candidate
biomarkers and promising therapeutic targets [30]. More
research on the pathobiology and potential molecular
alterations in SCLC is needed.

Breast cancer
Subtypes

Breast cancer is a heterogeneous disease not only with
regard to its histopathological presentation but also on a
molecular level. There are several disease subtypes with
significant variability in biology, clinical behavior, treat-
ment response, and prognosis [62]. In the clinical setting,
breast cancer is classified as belonging to one of the fol-
lowing four different subtypes [33]:

— Luminal A high expression of estrogen receptor (ER)
and progesterone receptor (PR); HER2 negative; low
proliferation rate (Ki67 <20 %).

— Luminal B expression of ER, PR low or negative; high
proliferation rate (Ki67 >20 %) and/or HER2 positive.

— HER2 non-luminal HER2 positive; lack of steroid
receptor expression.

— Triple-negative HER2 negative; lack of steroid receptor
expression.

This classification provides the standard approach for
clinical decision making in the adjuvant and metastatic
setting including in CNS metastases [14]. Therefore, rou-
tine analysis of ER, PR, and HER2 status in CNS
metastases is recommended.

Steroid hormone receptors

Approximately two-thirds of all breast cancers are steroid
receptor positive [1], predicting response to endocrine
treatment in both the adjuvant and palliative settings.
Routine testing of ER and PR expression in primary breast
cancers is performed using immunohistochemistry (Fig. 1);
a re-biopsy should be considered in the setting of meta-
static disease as receptor status may change in 10-17 % of
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all cases [2, 22, 88]. Little is known about the concordance
rate of steroid receptor expression between primary tumors
and CNS metastases, but a loss of hormone receptor
expression in 30-50 % of all patients was reported [4, 24].
Therefore, ER and PR staining should be routinely per-
formed on resected CNS metastases, as tamoxifen, a
selective estrogen receptor modulator, has potential activ-
ity in the CNS [44]. In patients with multiple metastases,
discordance of the hormone receptor expression status
between tumor sites may lead to mixed responses to
endocrine therapies. Prediction and monitoring of such
heterogeneous responses may be achieved by molecular
imaging techniques such as 160-[18F]-fluoro-17p-oestra-
diol (18F-FES) positron emission tomography (PET) [91].
Currently, there is little evidence to demonstrate activity of
other endocrine treatments such as aromatase inhibitors or
fulvestrant in CNS metastases, but novel agents are under
development (e.g. RAD1901).

HER2

HER?2 protein overexpression and/or HER2 gene amplifi-
cation occurs in ~15 % of all breast cancer cases [67].
Several targeted treatment options are currently available
in HER2-positive breast cancer and adjuvant therapy with
trastuzumab has dramatically improved outcomes in
HER2-positive breast cancer [65, 78].

Only patients with strong HER2 overexpression
(immunohistochemistry 34) or HER2 gene amplification
may benefit from anti-HER2 therapy, indicating the need
for standardized high-quality HER?2 testing (Fig. 1). Fur-
thermore, HER?2 discordance between primary tumors and
metastases has been reported in up to 24 % of cases, and
this discordance is associated with decreased survival [2,
56]. Re-testing of CNS metastases is recommended, as a
change of the HER2 receptor status was reported in up to
14 % of patients in either direction, from negative to
positive and from positive to negative [24].

Of note, response to HER2-targeted agents such as
trastuzumab, lapatinib, and T-DM1 has been documented
in patients with brain metastases as well, rendering these
drug-attractive systemic treatment options [3, 6, 7, 43].
Due to the low number of patients (25 % of patients with
HER2-positive breast cancer) presenting with leptomenin-
geal carcinomatosis, very few clinical trials have been
carried out to guide clinical management of such patients.
Thus, treatment strategies should be discussed on a case-to-
case basis in the context of a multidisciplinary tumor
board. Of note, high concordance rates of HER2 status
between primary tumors and tumor cells in the CSF have
been reported [60], although discordance has been
observed in some cases [45]. Intrathecal administration of
trastuzumab may be a feasible treatment approach in
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Fig. 1 a Example of a HER2 3+++ positive breast cancer brain
metastasis with HER2 immunostaining showing complete, intense,
membranous, specific immunohistochemical signal on all tumor cells
(anti-HER?2, original magnification x400). b FISH for HER2 gene
(red signals) and centromere chromosome 17 (CEP17). Note the large
clusters of red signals, indicating amplification of HER2 gene with a

selected patients with leptomeningeal carcinomatosis of
HER2-positive breast cancer presenting with no or limited
extra-CNS disease [99].

To ensure accurate high-quality HER2 testing, strict
adherence to the following algorithm is recommended
according to the American Society of Clinical Oncology
(ASCO)/CAP guidelines (Fig. 2) [95]. It is important to
note that the pre-analytical tissue processing is a major
determinant of the test performance. According to the
ASCO/CAP recommendations, the pathologist should
ensure that any specimen used for HER2 testing (cyto-
logical specimens, needle biopsies, or resection specimens)
begins the fixation process quickly (time to fixative within
1 h) and is fixed in 10 % neutral buffered formalin for
6—72 h, and that routine processing as well as staining or
probing are done according to the standardized analytically
validated protocols.

Ki67 tumor proliferation index
Ki67 is a proliferation marker which is used to differ-

entiate the less aggressive luminal A from the more
aggressive luminal B/HER2-negative subtypes of steroid

HER2/CEP17 ratio >2) (original magnification x1,000). ¢ Prominent
expression of estrogen receptor (ER) in tumor cell nuclei of a breast
cancer brain metastasis (ant-ER, original magnification x400).
d Melanoma brain metastasis with prominent cytoplasmic expression
in all tumor cells of BRAF V600E protein (anti-BRAF V600E
antibody VEI, original magnification x400)

receptor-positive breast cancer [33]. Therefore, Ki67 is
an important decision-making tool in early breast cancer
patients; however, its role in CNS metastases remains
undefined.

Candidate biomarkers

Candidate biomarkers in breast cancer diagnostics that
warrant further clinical validation include the following:
androgen receptor, ER-B, BRCA-1 methylation, EGFR,
HER2 mutations, p95 HER2, HER3, IGF-1, phosphati-
dyl-inositol-3-kinase (PI3K) mutations, PTEN loss, and
TP53 status. More research is needed before we know
how promising some of these biomarkers are in breast
cancer CNS metastases. A major unresolved need is the
identification of drugable targets in the group of patients
with triple-negative breast cancer. CNS metastases are
frequent in these patients and are associated with poor
median overall survival times of ~J5 months [57].
Recent studies have found PD-L1 expression in approx-
imately 20 % of cases, thus introducing specific immune-
checkpoint inhibitors as a potential opportunity for
clinical trials [52].
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Fig. 2 Algorithm for HER2
testing in breast cancer.
Adapted from [95]
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Melanoma
BRAF mutations

BRAF mutations, most commonly V600E, occur in
approximately half of metastatic melanomas and the
prevalence is similar between CNS metastases and other
disease sites [12]. BRAF mutations predict response to
BRAF inhibitors such as vemurafenib and dabrafenib and
these drugs also have activity in patients with brain
metastases [26, 47]. The addition of a MEK inhibitor like
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Test with alternative ISH chromosome 17
probe, or order a new test (new specimen if
available, ISH or IHC)

trametinib improves activity and is currently being inves-
tigated in clinical trials in brain metastases [29].

BRAF testing is recommended in all patients with
metastatic melanoma [25, 64]. Very high concordance of
the BRAF status between primary tumors and different
metastatic sites including brain metastases has been
reported [12, 51]. Thus, testing of specimens from more
than one tumor site is not necessary to determine BRAF
status for treatment planning in metastatic melanoma.

BRATF testing can be performed by genetic sequencing,
immunohistochemistry or using the United Stated Food and
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Drug Administration (FDA)-approved DNA-based CO-
BAS BRAF V600 (Roche) and THxxIDTM-BRAF
(bioMérieux Inc) tests. Immunohistochemistry using the
monoclonal antibody VEI1 has been shown to accurately
distinguish cases with or without the BRAF V600E point
mutation, which constitutes approximately >95 % of all
BRAF mutations (Fig. 1). Compared to most DNA-based
methods, immunohistochemistry using VE1 has the
advantages of working more reliably in formalin-fixed and
paraffin-embedded tissue samples, having a lower false-
negative rate in samples with low tumor cell content, being
easier to implement in standard pathology laboratories, and
being cheaper and taking less time [11, 13, 46]. However,
less frequent mutation types that are also associated with
response to therapeutic BRAF inhibition like BRAF
V600K are not picked up by VEI immunohistochemistry
[50]. Thus, a sequential testing strategy using VEI
immunohistochemistry first and subsequent DNA-based
analysis in VE1-negative cases is a reasonable approach for
treatment stratification of patients with metastatic
melanoma.

Candidate biomarkers

Testing for other important oncogenic mutations such as
NRAS and CKIT are not unequivocally recommended due
to the lack of a direct impact on clinical decision making,
especially in patients with brain metastases [25, 48, 64, 80].
Several immunohistochemical signatures including
expression of immune-checkpoint molecules such as PD-1
and its ligands may emerge as predictive biomarkers for
response to immunomodulatory agents [94]. Frequent
expression of PD-1 and PD-L1 was shown in melanoma
brain metastases [9].

Mutations of GNAQ and GNA11 are typically detected
in primary melanocytic CNS tumors and not in metastatic
lesions and may therefore aid differential diagnosis in some
cases [32, 42, 53]. In addition, mutation-related activation
of the MAPK pathway may influence the response to
specific inhibitors and may therefore emerge as a useful
biomarker.

Renal cell carcinoma

In recent years, considerable insight into the pathobiology
of renal cell cancer has been gained. A wealth of targeted
therapies including TKI (sunitinib, sorafenib), immuno-
modulators (interleukin-2, interferon-alpha), and antian-
giogenic agents (bevacizumab) have shown clinically
meaningful efficacy and are prescribed in standard practice.

However, although some correlation of molecular factors
with response to targeted therapies has been observed, so
far no reliable predictive molecular markers have been
identified [27, 77]. Forthcoming experimental therapies of
particular interest are agents that inhibit the interaction
between PD-1 receptor and its ligand PD-L1 [59]. Several
monoclonal antibodies are in clinical development and
show promising results. Expression of PD-L1 or the density
of tumor-infiltrating lymphocytes may be relevant bio-
markers of response and investigation of these factors in
brain metastases of renal cell carcinoma is certainly of
interest.

Colorectal cancer
KRAS and NRAS

RAS mutations occur in 40 % of metastatic colorectal
cancers and are associated with lack of sensitivity to the
EGFR inhibitors cetuximab or panitumumab [31, 40].
Testing for KRAS and NRAS mutations is recommended
for all cases of colorectal cancer and can be performed by
genetic sequencing [79]. It must be noted that the thera-
peutic activity of anti-EGFR monoclonal antibodies against
brain metastases has not been studied, although cetuximab
may be able to cross the blood-brain/blood—tumor barrier
[76]. However, RAS mutation testing may still be relevant
in selected cases, e.g. in patients with resected CNS lesions
and progressive extra-cerebral disease. No data on the
concordance of RAS mutations between primary tumor and
brain metastases exist.

Candidate biomarkers

In patients with colorectal cancer, BRAF V600 mutations
seem to be associated with unfavorable prognosis. Fur-
thermore, BRAF mutations may influence the efficacy of
EGFR inhibitors, although more data are needed to sub-
stantiate this correlation.

Rare brain metastases and special clinical situations

In brain metastases from cancer types that do not typically
metastasize to the CNS (e.g. gastroesophageal cancer) or
cancers of unknown primary (CUP), testing for specific
molecular alterations with proven predictive value for
response to specific inhibitors in metastatic disease may be
considered.
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Gastroesophageal cancer

In patients with CNS metastases of gastroesophageal can-
cers, HER?2 testing by immunohistochemistry and/or FISH
may be considered irrespective of histological subtype
[90]. HER2 overexpression/amplifications occur in ~ 15 %
of gastroesophageal adenocarcinomas (but only very rarely
in squamous cell carcinomas) and are predictive for
response to therapy with trastuzumab [5, 83, 92]. HER2
overexpression is also found in a fraction of CNS metas-
tases of gastroesophageal cancers in concordance with the
HER? status of the matched primary tumor [69]. However,
therapeutic efficacy of HER2 antagonists in patients with
brain metastases of gastroesophageal cancers has not been
studied. Of note, HER?2 testing algorithms differ between
breast cancer and gastroesophageal cancers [95].

Cancer of unknown primary (CUP)

In patients with CNS metastases without a detectable pri-
mary tumor, molecular testing for characteristic molecular
aberrations such as EGFR mutations, ALK rearrangements,
HER?2 overexpression/amplifications, or BRAF mutations
may be reasonable, both for information about the possible
origin of the tumor and for possible therapeutic targets.
However, it must be noted that the administration of tar-
geted therapies in such cases remains purely experimental
and should be reserved for situations in which no other
options are deemed appropriate. Another point of concern
is the significant costs of multiple molecular tests.
Molecular profiling using novel multiplex assays may
become a cost-effective and clinically useful alternative to
determine the tissue of origin and allow rational treatment
planning in the future. This notion is corroborated by the
results of a recent large prospective clinical trial showing
that molecular tumor profiling identified the primary tumor
site in most patients with CUP and allowed assay-directed
site-specific therapy [35, 36].

Advanced molecular testing methods on the horizon

The portfolio of targetable molecular alterations in cancer is
rapidly expanding and recent technical advances may offer
the opportunity to apply comprehensive high-throughput
assays that cover a multitude of therapy-relevant (epi-
)genetic aberrations within one analytical step to clinical
biomarker investigations. Indeed, emerging technologies
such as next-generation sequencing or genome-wide meth-
ylation assays may allow the quick and costeffective
screening for known predictive factors in a way that is
compatible with clinical practice. Furthermore, such
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approaches may support clinical drug development by
allowing efficient screening of patients for inclusion into
clinical trials. Collaborative research groups are setting up
centralized platforms that enable prospective molecular
profiling of biologic patient materials for selection and
allocation of patients to studies with specific targeted agents;
for example, the European Organization for Research and
Treatment of Cancer (EORTC) recently launched the
Screening Patients for Efficient Clinical Trial Access
(SPECTA) program that applies multiplex molecular testing
to tumor tissue samples of patients with lung cancer, colo-
rectal cancer and brain tumors to enroll them into
appropriate clinical trials based on the individual molecular
tumor profile.

In some patients, no or only insufficient amounts of
tumor tissue are available for comprehensive molecular
analyses. In such cases, biomarker testing from circulating
tumor cells, cell-free DNA, or membranous extracellular
vesicles in the blood may be useful for non-invasive bio-
marker screening (“liquid biopsy”). Several recent studies
established multiplex assays covering hotspot mutation
regions of relevant genes that are able to detect tumor-
associated mutations in the blood of cancer patients with
high sensitivity and specificity [21, 37, 87, 98]. Impor-
tantly, molecular alterations detected in the blood may be
amenable to sequential monitoring during therapy and may
thus allow effective treatment modulation during follow-
up. The liquid biopsy approach may be of particular
interest for treatment planning of brain metastases, as
biopsy or resection of brain metastases is indicated only
under specific circumstances (e.g. <2 to 3 metastases,
accessible location in non-eloquent CNS areas) and is
associated with relatively high procedural risks (e.g.
bleeding, neurological complications).

In sum, novel technologies show promising utility for
biomarker testing in the clinical setting and for patient
stratification for clinical trials, and may be of particular
interest for patients with brain metastases. Ongoing studies
need to carefully validate the multitude of emerging
methods to provide sufficiently reliable and accurate
techniques.

Summary

Systemic therapy of patients with CNS metastases with
novel targeted agents is increasingly being considered and
has been shown to be effective in selected patient popu-
lations [58]. Patient selection for most targeted agents
requires adequate clinical biomarker analysis. At present,
small numbers of biomarkers are potentially clinically
meaningful in brain metastases and should be considered
on a case-to-case basis in the clinical setting to optimize
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Table 1 Overview of biomarker tests that should be considered for therapy planning in patients with brain metastases
Cancer type Biomarker Test method Discordance rate Approved targeted drugs
between primary
tumor and brain
metastasis
NSCLC EGFR mutation Gene sequencing 0-32 % Gefitinib, Erolitinib
ALK rearrangement FISH 0-12.5 % Crizotinib
Breast cancer HER?2 amplification THC, FISH 0-14 % Lapatinib, Trastuzumab,
Pertuzumab,T-DM 1
ER and PR expression IHC 30-50 % Tamoxifen
Melanoma BRAF mutations Gene sequencing, IHC, 0 % Vemurafenib, Dabrafenib,
COBAS V600 test Trametinib
Colorectal cancer RAS mutations Gene sequencing Unknown Cetuximab, Panitumumab
Gastroesophageal cancer HER?2 amlification IHC, FISH 0 % Trastuzumab

ALK anaplastic lymphoma kinase gene, BRAF v-RAF murine sarcoma viral oncogene homolog B1 gene, EGFR epidermal growth factor receptor
gene, ER estrogen receptor, FISH fluorescent in situ hybridization, HER2 human epidermal growth factor receptor 2, /HC immunohisto-
chemistry, NSCLC non-small-cell lung cancer, PR progesterone receptor, RAS rat sarcoma gene

individual patient outcome (Table 1). A large number of
promising candidate biomarkers is being evaluated in
current studies and may soon become relevant for clinical
practice.
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