Brain Metastases
Last updatedSeptember 5, 2017
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- tumors that originate outside CNS and spread secondarily to CNi@mi@ogenousoute
(metastasis) or bgtirect invasion from adjacent tissues@t considered metastasesirict sense
because they remain in continuity wghimary neoplasm).

Metastaes from systemic cancer can affect
a) brain(high blood flow- common site for metastases!)

b) spinal cord see ,
c) peripheral nerves see
d) meninges see
e) skull seg
f) vertebrae seg
EPIDEMIOLOGY

Metastatic tumors am@ost common mass lesions in btgi50% of total brain tumorlsut only 6% of
pediatric brain tumors)
1 metastatiadumors aremost common CNS neoplasnmid* / 100 000 population / ye@probably
underestimatdue to underdiagnosis and inaccurate repoyting
*< 1 atage < 25> 30 atage > 60
60% patients are 500 yrs.
genderlackssignificantindependenéffect onoccurrencef CNS metastasisralea f e)mal e
autopsy
brain metastases occur ir5-33% of patients who die afystemiccancer(30% adultsgi 10%
children)- only 1/3 of these are diagnosed during life
leptomeningealmetastasedi 15% of solid tumors
dural metastases i@ 9%
direct intracranial extension from localprimary tumors* rare
spinal epidural metastasés in 51 10%
*of head and neck (e.g. squamous cell carcinoma,
esthesioneuroblastoma)
** much more frequent than spinal leptomeningeal or
intramedullary metastases
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20% of cancedeaths
15% systemic cancers present with neurolsgimptoms (esp. lung cancers)
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ETIO PATHOPHYSIO LOGY

To establish metastatic colony, tumor cells must
1) grow within primary site
2) escape from primary tumor
3) penetraté circulatory system (either as single cells or small tumor emboli)
4) survive while circulating
5) arrest in microvasculature of other organ
6) extravasateinto organ parenchyma
1 most systemic treatments (e.g. chemotherapeutic agents, which may penetrate br
poorly) can transiently weaken BBRllow systemic disease to be seeded in CNS.
7) efficiently grov and compresfr invadé tissue at secondary site
71 tumor cells modulate expression of fibronectin, collagen, laminin, and change type
of integrin receptor on their surfac:t
desegregation of stromal cells Y per:

*by produdng proteolytic enzymes (metalloproteinases, cathepsins)
8) onceincontacwi t h CSF, cell s may disseminate (fise

1 different tumors metastasize peedntially to different organscells with similarembryologic
origins have similar growth constints and express similar sets of adhesitecules, such as
vascularaddressingxpression on endothelial ce{lsg.melanoma cells arclosely related to CNS
cells- melanoma commonly metastasizes to hrain

T tumor cells can survive in eneinments ofow oxygen tension; fien tumor increases in volume
by > 2-3 times, it induceangiogenesige.g. angiopoietin 2yascular endothelial growth facjor

SOURCESIN ADULTS

- mainly hematogenous spread fraystemic cancer®nly few primary highgrade brairtumors
metastasize to other parts of neuraxis)
Virtually all systemic cancers have capacity for brain metastasis!

1. Lung (3550%)
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T smalkcell carcinomag20% lung cancers) account for 50% brain metastases from lung
cancer.

T in patients with newly diagnosednsmall cell lung cancer (NSCLC), &D% will
develop brain metastases

T 80% lung cancer patients who survive > 2 yrs have brain metastases.

i interval between diagnosis of primary lung cancer and brain metastasésnsnths.

T prophylactic cranial irradteon reduces ¥ear cumulative incidence of brain metastases in
patients with smaltell carcinoma from 47 to 10%.

2. Breast(13-20%) - main source of metastatic disease in women!
i interval between diagnosis of primary breast cancer and brain metasta3igdars.

3. Melanoma (9-11%)

4. GU tract 7-11%) (21%kidney, 46% testes, 5% cervix, 5% ovary)
T prostate carcinoma rarefgetastasizet® brain!(but frequently to spine)

Sarcoma 8-10%)

Gl tract (39%) (3%colon, 2% pancreatic)
Head and neck cancer (6%)
Neuroblastoma (5%)

© 0 N o o

Lymphoma, mainly nofHodgkin (1%)

1 10% cases haveo identifiable primary sourc€mostoften adenocarcinomas or squamous cell
carcinomas).

11% mass lesions in patients with cancematemetastases

dural metastasesfrom prostate, breast, lungematologidumors.
leptomeningealmetastasis from lung and breast cancer, melanomamnatopoieticumors.
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Propensity to spread to brain
Cumulative incidence of brain metastasis with interval after diagnosis of priomoy:

Primary tumor site < 1 month <1 year <5 years
Lung 7.8% 14.8% 16.3%
Renal 1.7% 5.2% 9.8%
Melanoma 0.7% 4.0% 7.4%
Breast 0.4% 1.0% 5.0%
Colorectal 0.1% 0.6% 1.2%

SOURCESIN CHILDREN

leukemia > lymphomas > osteogesarcomas > rhabdomyosarcorraSwing sarcoma
1 GERMCELL TUMORSAare common in adolescents and young adults aged igars.

PATHOLOGY

1 number of tumors
1 tumori single tumor (25-50% cases)
N.B. upto 50% of patients have only 1 metastasis (but only 50% of
those are surgical candidates in terms of extracranial disease)
2-3 tumorsi oligometastases
4-8 tumorsi diffuse multifocal disease
O 9 tiuniiary disease
very few aresolitary (i.e. only metastasis detected lrody)
bronchogenic carcinomasnd to outgrow their blood supply and becameerotic breast
carcinomadeposits may also cavitate but are more frequeioliy.
1 in majority casesdemais substantial (for unclear reasons, some metastases eralduast no
edema).
calcification is unusual in untreated tumors (except for metastases from primary osseous tumors
some metastas@éemorrhagespontaneously (esp. melanoma, renal cell carcinoma,
choriocarcinoma).
proliferation- variable and oftehigherthanin primary neoplasm
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LOCATION

85% incerebrum (metastasegrefer anatomical arterial "watershed aresmsd gray matter
white matter junctioh)
*where end arteries penetrate into braimarrow and branch into arterioles
15-18% in cerebellum(esp. colorectal, rengbelvic tumors)
3-5% inbrainstem
1 occasionally, metastatic CNBmors seedhilong walls of ventriclesr are located ipituitary
gland choroid plexusor pre-existing lesiorlike meningioma

71 cancercell trafficking may not be entirely randonfactors produced by stromal cells may guide
final destination (e.getroperitoneal angelvic cancers tend to metastasiz@asterior fossa
breast cancemvorspituitary gland.

1 metastatic cancers invade brain regions in proportion totlsstie volumandblood flow- highly
vascularized areas (leptomeninges, ventricles, pituitary gland) receive disproportionately large
number of cancers.

MACROSCOPY

- grossly circumscribed anmdunded, grey white or tan masses with variable central necrosis and
peritumoral edema.

1 adenocarcinomasmnay contaircollections of mucoid material.

1 haemorrhageis relatively frequent in metasts ofchoriocarcinomamelanomarenal cell
carcinoma

melanama - brown to black colour.

leptomeningealmetastasis diffuse opacification omembranesnultiple nodules

dural metastaseslocalized plague& nodulesor diffuse lesions

locally extendingprimary neoplasms ihead and necksignificant destruction askull bones (in
some cases, skull is penetrated by relatively subtle perivascular or perineural invasioh withou
major bone destruction)
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HISTOPATHOLOGY

- diverse as iprimarytumors from which they arise.

Parenchymal metastges
1 most are histologically relatively well demarcategkpand by growth of groups afmorcells in
Virchow-Robin space§ather than by infiltration of single cells meuropi)  déstruction of
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neuroglial tissue andariety of reactive changégliosis, inflammation and florid microvascular
proliferation).
small cell carcinomas dingmay show rel atively diffus
infiltration in neuropil
1 necrosis may be extensive, leaving recognizabitertissue only aperiphery oflesion and
araund blood vessels.

Leptomeningeal metastasis tumorcells dispersed isubarachnoid and VircheRobin spaces and

may invadeadjacent CNS panchyma and nerve roots

Source of picture: AWHO Cl assification of T10m2832243020/$BN8:h e Cc¢
9789283224303 >>

C, D Extensive spread of small cell lung carcinoma cells along the walls of both lateral ventricles and the third
ventricle. D Higher magnification of ventricular wall.

Source of picture: AWHO Cl assi ficmdi®dtnh od d TLO20@BEBF2R3020IBEBIB: M e C¢
9789283224303 >>

E,F Intraventricular/choroid plexus metastasis of lung adenocarcinoma. Note the TTF1 staining of tumor cell
nuclei (F).
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A Leptomeningeal metastasis of non-Hodgkin lymphoma. B Dural metastasis of breast carcinoma.
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Leptomeningeal metastasis of colon carcinoma (A,B). Note the perivascular infiltration of the cerebral cortex

(B).
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Intraspinal dural metastasis of lung adenocarcinoma (C,D).
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Metastasis from lung carcinoma:
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IMMUNOHISTOCHEMISTRY

- similar tooriginal tumos

Immunohistochemical analysis for indication of origin of common metastatic tumors of CNS:
CDX2, caudal type homeobox transcription factor 2; GCDFP, gross cystic disease fluid protein;
RCCMa, renal cell carcinoma marker; TTF, thyroid transcription factor.

CKT pos, CK20 neg —» Non-Small Cell Lung Carcinoma

CAMS5.2 pos — TTF pos

CKT neg, CK20 neg, CD56 pos ——# Small Cell Lung Carcinoma

CK20 pos, COX2 pos — » Colorectal Carcinoma

TTF neg CK7 neg

CD10 pos, Vim pos, RCCMa pos 4.{ Renal Cell Carcinoma

CK20 neg

CKS/CKE pos ——#» Squamous Cell Carcinoma

—m CKT pos, CK20neg [ ® GCDFP pos, ER pos, CA125neg [ Breast Carcinoma

» GCDFP neg, ER posineg, CA125 pos ——®» Endometrial Carcinoma

CAMS.2 neg » TTF pos, CKT neg, CK20 neg, CD56 pos ——® Small Cell Lung Carcinoma
—l —»  Melan-A pos, S100 pos, HMB-45 pos ——» Melanoma
TTF neg, CKT neg, CK20 neg p  CD10 pos, Vim pos, RCCMa pos ——» Renal Cell Carcinoma

—» Hematopoetic markers {CD3, CD20) —— Lymphoma

Source of pictidrie:atiWHO o€l &l amours of the Celd:0282224308,d3BMD Uus S
9789283224303 >>

CLINICAL FEATURES

1. Increased intracranial pressuneadache, altered mental stanmusea
2. Local effect:paresis, ataxia, visual complansensory disturbances.

Headache(42-50%) andseizures* (15-40%) are most common presenting symptoms!
*new onset of seizures in patient > 35 years is highly suggesgtive!
metastatic tumors are less likely to induce seizures than primary tumor:
10% presenacutelywith hemorrhag€most of are intramurddemorrhages)keizure, infarct

behavioral &cognitive dysfunctior{35-75%); miliary metastases can produce progressive
confusional state.

motor dysfunction(30-60%).
hydrocephalugs uncommon (in Most Cas&}RCINOMATOSIS MENIBITIS IS cause).

leptomeningealmetastasis multiple, varied neurological symptontseadache, mental alteration,
ataxia,cranial nerve dysfunction and radiculopathy

= =
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Brain metastasis clinically presentstime frame related to primary tumor
precociougundetected primary);
syrchronoug(simultaneous primary);
metachronougantecedent primary) most common!

DIAGNOSIS

CBC
Electrolyte panel
Coagulation screen
Liver function panel
Specificmarkers:
I CEA, PSA, CA125, CA153, AFP, HCG, LDH.
I anti-Yo antibodyin cerebellar degeneratipn
i anti-Hu antibodyin limbic encephalopathy
I anti-Ri antibodyin opsoclonus and ataxia.

e.g. if no primary malignancy is found but aib is present in womaprophylactic
total abdominal hysterectomy/bilateral salpingophorectomy is recommended

SEARCH FOR SYSTEMIC CANCER

agrwbdE

1. Stool guaiac

2. Gynecologic / pelvic examinatior(incl. testicles)

3. Skin and thyroid examination.

4. Chest radiography- for any mass lesion in &in, specifically in patients withotistory of
systemic cancohestCTi fi fn enge2ftai tbidemelpdivis

5. Mammogram

6. Bone scan


http://library.med.utah.edu/WebPath/webpath.html
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http://www.amazon.com/gp/product/9283224302
http://www.amazon.com/gp/product/9283224302

9 if primary tumor is not quickly revealed by careful evaluation, pathologic diagnosis of single brai
tumorneeds to be disclosed by resection or, if unresectable owing to its position, by biopsy.

I MAGING OF NEURAXIS

Neither methods are useful for differentiating metastasis from primary brain tumors!

Contrast CT - many are invisibléisodense) underestimatio.
i some deposits are spontaneously dense (esp. malignant melanoma).

MRI with gadolinium - gold standard
circumscribed
mild T1-hypointensity, T2hyperintensity
T1-MRI has highest sensitivitflT2 may miss some lesiohy
well-demarcated, approximatedpherical lesions.
may not always produceasogenic edema
hypointense or isointense on T1, bright on T2.
enhancemens variable some enhandarightly and solidly(esp. small lesionspthers are iming
configuration (esp. large lesionscore of necrsis).
N.B. administration othree times usual dose of gadoliniisrmore
sensitive than standard protocol for detection of brain metastases
T i f MRI is nor ma tdos¥ gadotnue mt momth.t h tri pl e

E ]

Haemorrhagic metastas@selanomas hyperinteasity on noncontrast MRI or CT.

Leptomeningeal metastasifocal or diffuse leptomeningetiickening andenhancement
(sometimes with dispersedmor nodulesin subarachnoid space); in addition, enhancement and
enlargement ofranial nerveandcommuni@ting hydrocephalus

Dural metastasesnodular masses or dural thickening altmoge structures

Metastasi®f lung adenocarcinoma (three tumors, one in pineal gland):

Adenocarcinomin right frontal lobe:

Miliary brain metastasesf breast cancer
A) nonenhaned MRIscanappears almost normal,


mailto:vpalys@vcu.edu
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B) contrastenhancedRI shows> 20 separate metastatic lesions withsigmificant surrounding edema;
patient was neurologically normaltiaine of this scan
16110

A. T2-MRI reveals twdsodense masse®ne in subependymal region and one near coaegws).
B. ContrasfT1-MRI reveals enhancement of two masses sedr2@s well as third mass in left frontal lobe
(arrows).
C. Contrast TIMRI through pons reveals at least four oteehancing metastatic lesions.
Note absence of edema!

MRI shows multiple metastatic tumors: Fourmetastases on THRI - round and regular;
one isirregular and exhibitcentral necrosis

(arrow):

Compressed JPEG_100

CSF

- cytological examinatiomn leptomeningealmetastaseseveals malignant cells initial CSF sample
in 50%,90% when CSF sampling is repedtn adequate volumes (10 mL).

Tissue diagnosis should be performed in cases of uncertain etiology!
N.B. alwaysinsist on biopsy of extracranial tumor (if knowinbrain lesion may be radiosensitive!

1 histologicalevaluation of specimens makes use of antibodies that are tumor / organ :specific

Histologic Stain Tumor Specificity
Keratin Carcinomas
Mucicarmine(chromogranin) Neuroendocrine tumors
HMB-45 Melanoma
S-100 Melanoma, sarcoma
CEA Adenocarcinomagcolon, stomach, lung, breast,

pancreas, uterus, ovayyhyroid medullary
carcinoma, squamous carcinoma

Estrogen and progesterone recept( Breast anditerus
Musclespecific actin Rhabdomyosarcomas

Alpha-fetoprotein, human chorionic GU tumor
gonadotropin

Placental alkaline phosphatase Germ cell tumors

Prostatic acid phosphatase or Prostate carcinomas
prostatespecific antigen

Leukocytic commorantigen, Lymphoma
immunoglobulins, L26, UCHL 1,
Leu-MI, and CD30

TREATMENT

MEDICAL MANAGEMENT




1) vasogeniccerebral edema & headache DEXAMETHASONE is treatment of choicoading dose of
10 mg mgQ6 hrs tapered after-28 days) symptoms improvén 70-80% patients within 48
hours.

2) seizureprophylaxis(not necessary no history of seizurd.e. anticonvulsants must be
administered only to patients at risk for seijure
1 anticonvulsants should be star{edutinely) before radiation therapy / surgery.

1 most commonly used drugs ame/ETIRACETAM, PHENY TOIN, CARBAMAZEPINE, VALPROIC
ACID.

Forincidentallydiscovered brain metastasithout significant mass effect or edemaéthholding
steroids & antiepileptics is approate.

ANTICOAGULATION

Intracranial hemorrhage is frequently observed in patients with brain metastases but therapeutic

anticoagulation does not increase the risk of intracranial hemotrhage
Donato J Alntracrani al h e mases treategl avith itharappuéict i e
enoxaparin: a maBlooh20tbMayol&8ort study. o

I matched, retrospective cohort study of 293 cancer patients with brain metastasis (104 with
therapeutic enoxaparin and 189 controls)

i no differences in the cumulative ineitlce of intracranial hemorrhage at 1 year in the
enoxaparin and control cohorts for measurable (19% vs 21%, Gray test P=0.97, HR 1.02
[909%CI1 0.661.59]), significant (21% vs 22%, P=0.87), and total (44% vs 37%,13F
intracranial hemorrhages.

i risk of intracranial hemorrhage was fourfold higher (adjusted HR 3.98, 90% Gb6541
P<0.001) in melanoma or renal cell carcinoma (N=60) than lung cancer (N=153), but risk wa
not influenced bynoxaparin

SURGERY

- metastatectomy

Indications for surgicalesection

a) solitary* metastasis 3 cm

b) life-threatening strategically located metastdsiespite other multiple cerebral metastases
(symptomatic | esion is resected, for rem
*.e. no other sites of metastasis exist in body
**e.g. cerebellar lesion with ventricular obstruction
Requirements
1) lesion in noneloquent area
2) limited and/or controlled systemic disease
N.B. extracranial metastasésimportantindependenpredictor of mortality (relative
risk 2.3), i.e. most patientsiscumb to systemic cancer rather than intracrdesini
may mask benefit of surgery!
3) Karnofsky score > 7(able to function independently)
4) life expectancy > 6 months

Contraindications to surgery
1) radiosensitive tnor (e.g. smakHcell lung tumor, geratell tumor, lymphoma / leukemia /
multiple myeloma)

N.B. nonsmall cell lung metastases are mostly radioresistaaty benefit from
surgery!

2) life expectancy < 3 monti(8BRT indicated)

3) multiplelesions.

4) leptomeningeadlisease.

1 metastaseare often sharply demarcated from surrounding normal bian be removed with
minimal damage to functional nervous tissue.
1 surgery is followedy radiationi eitherSRSor whole-brain radiation therapy (WBRT) .

WBRT alonevs.SURGERY + WBRT for solitary metastasis

Three class 1 evidence RTCs:

Study
Patchell et al. (1990) Vecht et al. (1993) Mintz et al. (1996)

Treatment Surgery WBRT Statistical  Surgery WBRT  Statistical Surgery WBRT  Statistical
+ WBRT alone significance + WBRT alone  significance + WBRT alone  significance

Median 40 15 p < 0.01 10 6 p = 0.04 5.6 6.3 None
survival weeks weeks months months months months

Roy A. P a t Acrlindoimized &ial of aurgery ifii the treatment of single metastases to the
braind N Engl JMed 1990; 322:49400.
Prospective randomized trial:
a) surgicalremoval followed by radiotherapy (surgical groii®5 patients
b) needle biopsy and radiotherapy (radiation graup3 patients
Results:
1 recurrence at the site of the original metastasis was less frequent in the surgical group (20% vs. 52%)
1 survival was sigificantly longer in the surgical group (40 vs. 15 weeks)
9 surgical group remainddnctionally independentlonger (38 vs. 8 weeks)
1 with death from neurological causes used as an endpoint, median survival was greater in the surgery gre
compared to the whe brain radiotherapy (WBRT) group (62 weeks versus 26 weeks, p < 0.0009).

Vecht CJet al.iiTreatment of single brain metastasis: radiotherapy alone or combined with
neurosurgery®Ann Neurol 1993;33:5830
1 prospectively randomized triakxcision plugadiotherapy vs. radiotherapy alon@3 patients with single
brain metastasis.
1 combined treatment led to a longer survival (p = 0.04) and a longer functionally independent survival [FIS
(p = 0.06) in patients with stable extracranial disease.
N.B. patients with progressive extracranial cancer had a median overall survival of 5 months and a FIS of 2.
months irrespective of given treatment.

Arlan H. Mintze t AaRandoniized Trial to Assess the Efficacy of Surgery in Addition to
Radiotherapy in Pgents with a Single Cerebral Metastasi€ancer 1996; 7#8.4706.
Randomized multicenter controlled trial (84 patients with single brain metastasis)
a) surgery (gross resection o8 |l obectomy) Y ra
weeks; start no later than 4 weeks after surgery)
b) radiation alone
Results the addition of surgery to radiation therapy did not improve the outcome
1. No difference in survival (6.3 months in R; 5.6 months in S+R)
1 most patients died within the first year
9 risk ratio for mortality in S+R arm compared with R alone arm is 1.55.



No differences in 3@ay mortality (9.8% in S+R; 7% in R)

No differences in morbidity

No differences in causes of death

No differences in quality of life (mean proportion of days withkmo f s ky per f or manc

akrown

RADIOTHERAPY

Radiotherapy always after resecti@mymodalityis good lut justify use of it)!

A. Whole-brain radiation therapy (WBRT) i current mainstay of palliation 30 Gy delivered in 10
fractions over 2 weeks.Also see p. Rx11 >>

i indicated forirregular resection cavity, multiple lesions older patients, low
Karnofsky score, life expectancy < 3 monthgalternative opinion patients with
widespread systemic metastasis who are unlikely to survive morétlianonths are
best treated with dexamethasone alone).

i risk of neurocognitive declingvs. SRS).

i role of adjunctive WBRTfter surgery for solitary lesioms controversialgrowing
trend is to postpone WBRT until recurrence and to use fractionated stépeota
radiotherapy with radiosensitizers (e.g. gadolinium texaphyrin, RSR13).

i smalkcell lung tumoygermcell tumors lymphoma leukemia andmultiple myeloma
are highly susceptibj®ther types of lung cancer and breasicers are less sensitive;
melanomasarcomandrenaltcell carcinomare not sensitive at all.

B. Stereotactic radiosurgery(SRS)- anotherstandard of cartor limited number of lesions (number
is undefined but up to 8)
a) alternativeto surgery (esp. forl lesiors with diameters <8m)+Y WBRT
(for up to 3 lesions SRS alone givexguivalent survival compared SRSwith
concurrent WBRT
b) adjuvantto surgeryafter gross total resecti@to surgicalbedwith nice
regular marging any othex 3 cmlesiong instead of WBRT

i indicated for younger patients,

i for radioresistant tumoysecrotizing single fractions of radiosurgevgrk better than
conventionally fractionated radiotherapy.

i radiosurgery is highly suited for brain metastases because lesions are not infiltrative &
are usually well demarcated.

i provides excellent local contrgffailure usually occurs outside treatment voluthes,
inclusion of judicious 2B-mm margin beyond area of postoperative enhancement may
be prudent.

I majority of treated brain metastases respwitld volume reduction significant volume
reductiongat either 6 or 12 weeks peSRS arestrongly associatewith prolonged
local control,less corticosteroid use and stable neurological symptoms.

American Society for Radiath Oncology (ASTRO) recomemdsnot routinely add adjuvant
WBRT to SR#or limited brain metastas€ssp. from solid tumord)ecause for most of these
patients SRS alone is sufficient and WBRTassociated with diminished cognitive function and
worse patienteported fatigue anguality of life

C. Fractionated stereotacticradiotherapy (fSRT) - equally effective to radiosurgery.

SRSvs. WBRT

Among surveyed radiation oncologi¢ts= 711)who were given hypothetical scenarios, responses for
the number of lesions requiring a swifcbm SRS to WBRT deperd on physician characteristics:

i CNS specialistsvere consistently more likely toeat more metastases with SRieir

"cutoff number” for making a switch from SRS to WBRT was significantly higher than
that of noRCNS specialistsg.1 vs 5.1 among higtolume providers).

I patient volumealso played a role. CNS specialists who treated higher numbers of
patients with brain metastases also reported a significantly higher cutoff number
compared with those treating a lower volume of pasi€8.1 in highvolume providers
vs 5.6 in lowvolumevs 4.1 in minimalvolume providers).

Dr. Lee(vice chair of education for the Department of Radiation Oncology at UC\W¥9:have
evidence to support SRS f8brain metastases, but what abéwatr 5? There is no clear evidence
either way .

SRS vs WBRT for Brain Metastasek!107C - randomized triatonducted at 48 North American
centerg194 patients with 4 brain mts59% from lungs
i SRS was as effective as WBRT in terms of overall sur¢ivhbvs 11.8 months)
I SRSprovided better cognitive outcomasd better quality of life
o median cognitive declindree survival was 3.2 months for SRS and 2.8
months for WBRT (hazard ratio, 290< 0.0001)i effect of SRS on
cognition is fAmoRMlesto compared t
o at 3 months following treatment, declines in QOL and physical-well
being were significantly less pronounced after SRS than after WBRT
(mean QOL change from baseling:5 vs-7.0, P = 0.03; mean well
being change from baseling.4 vs-20.2, P=.002) a 6 months,
physical wellbeing remained significantly better for SRS patients than
for WBRT patients (decline 68B.2 vs-15.1; P = .016).
I WBRT was superior for the local coall (WBRT provided higher overall intracranial
tumor control than SRS at 6amths (90.0% vs 74%nd 12 months (78.6% and 54.7%)
(p <0.0001).
Acontr ol Vseither&@Sor WBRO aré superior; both are optidns

Dr. Brown (radiation oncologist at the Mayo Clinic in RocheskN): "There is no significant
difference in survival whether a patient receives postoper@a®R&or WBRT, andSRSavoids the
well-known toxicities of WBRT. Furthermore, due to less time commitment and a quicker recovery
after SRS, patients can restart systetherapies more rapidl§fRSto the surgical cavity after

resection of brain metastases shoul@¢desidered a standard of care”

CHEMOTHERAPY

- depends on systemic disease, tumor type, and stage.
Most tumors that metastasize to brain are not chemoseh¢ihost sensitive
small cell lung canceandseminomals
1 in most cases,-3 agents are used in combination and in conjunction with wirale radiation
therapy (WBRT).
1 TEMOZOLOMIDE has recently been used as single agent to treat brain metastasis from breast can

PROGNOSIS

Local recurrence rate of brain metastasis is relatively: high
85% after surgery without WBRT.
67% after radiation therapy + stereotactic radiosurgery.

Unknown primary cancersubgroup with widely divergent prognoses.



v

Factors associated with improved prognosis
1. High Karnofsky score (> 70)
2. Age <60 yrs
3. Numberand location of CNS metastases€ brain metastasismproved quality of life,
survival benetifrom surgical resection or radiosurgery
Sensitivity oftumor to therapy
No systemic disease or systemic disease controlled
No systemic metastases within 1 year of diagnosis of primary lesion
Female patients

No ok

Median survival
Surgical resection and WBR136 months
Surgical resection22 months
Stereotactic radiosurgery and WBRT6 months
Stereotactic radiosurgeryll months
WBRT - 6 months
Untreated 1 month(can be doubled by corticosteroid€gairncross et al. 1980

RPA/RTOG CLASSIFICATION

RADIATION THERAPY ONCOLOGY GROUP(RTOG) classefor predicting outcome in brain metastases

(i.e.recursive partitioning analysis (RPA) classificationon the basis of a retrospective study of
1200 patients):

Class Karnofsky score Systemic Disease Median Survival (mo)*
1 O 70 Controlled primary disease| 7.1(13.5 for single metastasig
(age O no extracranial metastases| 6.0 for multiple metastases
2 O 70 Not group 1 or 3 4.2 (8.1 for single metastasis,
(age > 65 yrs 4.1 for multiple metastases
3 <70 2.3

*after wholebrain radiotherapy

Gaspar L et al. Recursive partitioning analysis (RPA) of prognostic factors in three radiation
therapy oncology group (RTOG) brain metastases triis). Radiat Oncol Biol Phy$997 ;37
: 7457 751 .

SPECIFIC METASTASES

CNS MELANOMA

1 66-75% melanomagive brain metastasigelanocytes are derivetb neural crest)

\ Melanoma is tumor type most prone to spread to bﬂain!

most oftermultifocal .
unique tendency tbemorrhagk
particularly prone to giveial implants

= =4 A

NEUROCUTANEOUS MELANO SIS - congenital giant hairy melanocytic newith
associateteptomeningeal melanocytogiavolving brain and/or spinal cord);
leptomeningeal invasion can cause severe neurological compromise or death!

I PRIMARYINTRACRANIAIMELANOMACanN arise from meninges.

Cerebral metastases: malignant melanoma
The darkly pigmented metastases from a malignant melanoma
are present at several sites within the brain, mostly at junctions
between grey and white matter. This is a characteristic pattern
for metastases within the CNS.

DIAGNOSIS

1 CT 1 tends to beésodense ohyperdensgperilesional edema is usually presgn#l implants

appear (on contrast CT) as areas of nodular high density or as generalized enhancement along
subarachnoid cisterns, fissures, and sulci.

may appeahyperintenseon T1-MRI andhypointenseon T2-MRI (due b melanin).

stereotactitrain biopsy is usually not necessary if primary is known and if imaging is compatible
with melanoma.

E

T2-MRI - at least three foci of signal hypointensity in right hemisphere, largest in right posterior frontal cortex and other:
deeper in subcortical parietal region:



http://www.neurosurgeryresident.net/USMLE%202/Skin%20(2931-3030)/3005.%20Melanocytic%20Tumors%20(Nevi,%20Melanoma).pdf
http://www.amazon.com/gp/product/0443068887
http://www.amazon.com/gp/product/0443068887

Noncontrast TAMRI - high signal (melanin or hemorrhage); note extensive surrounding edema:

TREATMENT & PROGNOSIS

Poorly responsive to all treatmentafter melanoma is detected in brain, median survivais 3
months!

| Melanoma that metastasizes to CNS is incurdble

1-3lesions
a) surgical removal + whole brain radiation
b) radiosurgery: whole brain radiation

Multiple metastases
a) whole brain radiation
b) chemotherapy
DACARBAZINE T FDA approvedor melanoma
FOTEMUSTINE (marked myelosuppressive properties)
TEMOZOLOMIDE
IPILIMUMAB (Yervoy®)i 3-10mg/kgl V. once eV eongterf swwivad k s
similar to patients with advanced tmeoma without brain metastases.
- fully human antibody that blocks CTL-A (cytotoxic T lymphocyteassociated
antigen 4) Y sustained active i mmun
- steroidsact antagonistically (bguppressingmmune response)
DABRAFENIB - invesigationalagent- targets tumors and melamas that harbor BRAF
mutations- reduced size dfrain metastases in 9 of 10 patients with advanced
melanoma and asymptomatic brain lesions, and led to complete resolution in 4 of the:
patients

LUNG CANCER

SMALL CELL

Treatmenis whole brain radiation (even for single symptomatic* metastasis)

*e.gover el oquent cortex; i f symptomatic due t
debulking before radiation
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