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Background

Brain metastases in 20-40% of cancer patients, symp  tomatic in 60-75%

annual incidence: In the US 170,000 (10% of all cancer patients)

versus 17,000 primary brain tumors

most common primaries:
lung (~50%), breast (15-20%), CUP (10-15%), melanom a (10-15%)

location: 80-85% hemispheres, up to 15% cerebellum, 1-5% brai n stem

prognosis: untreated ~4 weeks; dexamethasone alone ~6 weeks




Surgery or Radiotherapy ?

Multiple ? Single ?
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Surgery: Technologic advances

Computer-assisted image-guided surgery:
surgeon can easily define tumor and normal

structures and select the safest route

Intraoperative MRI and intraop. ultrasound:

real-time imaging, increases accuracy

Functional MRI, intraoperative
electrocorticography:
intraoperative functional mapping

of motor or sensory cortex

New technology reduces surgical mortality
to 1.6%, and surgical morbidity to 7.7%

[Muacevic, J Neurosurg 1999]




Surgery: Pros and Cons

until 10 years ago: palliative approach forlessra  diosensitive tumors

recent studies suggested survival benefit for selec ted patients

advantages:
1. Immediate mass reduction, better CSF flow, less  edema
(in particular for lesions >3 cm not suitable for S RS)

2. Confirmation of diagnosis (~5% primary brain tum ors cancer patients)

disadvantages:

1. Surgery (in particular in the posterior fossa) m  ay cause leptomeningeal
spread [van der Ree, JNNP 1999]; => en bloc removal

2. Craniotomy is invasive and entails significant r Isks

3. Not suitable for all locations (brain stem etc.)




Surgery: Multiple Metastases

already early (retrospective) studies from the 70ie s suggested that patients
with multiple brain metastases do not benefit from surgery

1 study (matched pair analysis, [Bindal, @ J Neurosurg 1993])

suggested:

If all metastases are resected, improvement in median OSf rom 6 to 14 ms.
(P=0.003)

In patients with muiltiple (>4) brain metastases:

surgery = only for Very selected cases,

l.e. for patients with an extraordinarily good surv ival prognosis (RPA)




RPA classes (RTOG, Gaspar et al., IJROBP, 1997)

(Recursive Partitioning Analysis)

RPA I

Karnofsky PS <70
Age every

PT controlled yes/no

extracranial mets yes/no

median OS (ms.) . . 2.3




Multiple Metastases (poor Survival !)

M.N. Tsao et al.: Cancer Treat Rev, 2005 [meta-analys is incl. 27 studies]

Table 3 Randomized studies of altered whole brain dose-fractionation radiotherapy schedules for metastatic ca o the brain (overall survival)

St Ref.] Study arms® No. of pts randomized (eval) Overall median survival Overall survival at
6 m (no. of pts)

Borgelt et al. 1980 [17] Study 1°: tudy 1: NR

4000 cGy/20 fr (227) 4.2 m (range 3.7-4.6
4000 cGy (233)
88 (217)

000 cGy/10 fr (233)

Study 2: Study 2% Study 2:
4000 cGy/15 fr (227) 3.5m (range 3.2-3.5 @
000 ! (228)
(7

Borgelt et al. 1981 [18] et Study 1°: Study 1:
1000 cGy/1 fr 26 (26) 3.5m
VOU—4000CGy/10—-20 fr 129 (112) 4.8 M

. Study 2" : Study 2}

1200 cGy/2 fr (33) 3.0m
000 cGy/5 1r (31) 2.8m @
Chatani et al. 1985 [19] 34 3m 5 (15%)
3000 cGy/10 fr 35 4 15 (43%)

Chatani et al. 1994 [20] Normal LDH: Normal LDH: 19 (41%)
5000 cGy/20 fr 46 . 22 (48%)
3000 cGy/10 fr 46
Elevated LDH: Elevated LDH: N
3000 cGy/10 fr 35 . 7 (20%)
2000 cGy/5 fr 35 . 7 (20%)




Multiple Metastases: Survival

Randomized studies of altered whole brain dose-fractionation radiotherapy sched in (overall survival)

Study [Ref.] Study arms® No. of pts randomized (eval) Overall survival at
6 m (no. of pts)

|

Two courses of RT: 1800 cGy/3 fr/3d Two courses of RT: 109 (106) Two courses of RT: 5.3 1y (38%)
followed 1 m later by another

1800 cGy/3 fr/3 d or 1800 cGy/3 fr/3 d

followed 1 m later by another

2500 cGy/10fr/14d

Harwood et al. 1977 [21]° m 5
3000 cGy/10 fr (50)¢

Kurtz et al. 1981 [22] 5000 cGy/20 fr 153 (125)

000 cGy/10Tr 156 (130) 4.2 m p-value not stated

Murray et al. 1997 [23]° (over 17 d) (216) 451 84 (39%)
ORIV 10 d) (213) 4.5 @ 88 (41%)
Priestman et al. 1996 [24]° 274 (270) 2.5m 46 (17%)
OUUCaY U 270 (263) 2.8(n p= 0.04 66 (24%}
Notes: BID — twice daily, cGy — centigray, d — day(s), fr—fraction(s), LDH — lactate dehydrogenase, m — month(s), no. — number, NR — &8 Cpurted, pts — patients, Ref — reference,
RT — radiotherapy.
# Number of fractions given daily Monday through Friday unless otherwise stated.
b Overall survival at 6 months based on number of patients evaluable.
¢ Total randomized = 993.
9 Total randomized = 1001.
€ Total randomized = 155.
f Total randomized = 78.

¢ Total randomized = 108.
" Total randomized = 445.

Haie-Meder et al. 1993 [16]° One course of RT: 1800 cGy/3 fr/3d One course of RT: 111 (110) One course of RT: 4.2 m @ 53 (48%)
1




Multiple Metastases: Mortality at 6 months
10x3 Gy vs. Lower/Higher Doses

| | Higher Doses

Lower Doses




< N Higher Doses

——

Lower Doses






MGd (motexafin gadolinium):

initial phase Il trial suggested benefit in LC for
NSCLC patients; confirmatory study failed

RSR 13 (efaproxiral) = small molecule:

initial phase Il trial suggested improvement in OS
(median 4.6 => 8.7 ms.) in breast cancer patients;
confirmatory study ongoing







Results of GK-RS = Results of Linac-based RS  [Sneed IJROBP. 2002 ]

RS-Dose = important:
Vogelbaum, J Neurosurg 2006 (N=202, RS alone, retrosp., 1-3 lesions)
1-year-LC 85% after 24 Gy vs. 49% after 18 Gy (P<0. 001), OS = idem

Rationale for SRS vs. WBRT:

1. Steep dose gradient: high dose to lesions and/or sparing of normal tissues
2. Single high-dose fraction => higher killing pote ntial => effective against less
radiosensitive tumors (Melanoma, Renal Cell Ca, Sar coma)

3. Control rates mostly 85-100% [Schoggl 2000, Chang 2000, Brown 2002, Muacevic 2004],

acute tox.: 7-10% (edema); late tox.: 1-17% (necrosis median 5%) ; OP~8%

[Joseph 1996, Pirzkall 1998, Chang 2000, Gutt 2006, Mu acevic 2004, Narayama 2006]



Rationale for SRS vs. Surgery:

1. Treatment of multiple lesions in one session

2. Treatment of surgically inaccessible lesions (e.  g. brain stem);

Fuentes, Neurosurgery 2006: 92% LC of brain stem me tastases, only 2/16

patients died due to brain stem problems

“argument pro OP”: rapid relief of symptoms, but Hoshi [J Urol 2002]

demonstrated rapid relief in 80% of 42 RCC patients  treated with GK-RS



SRS significantly improved OS in RPA-class 1 patient s (p <0.001)
and in patients with 1 met. (6.5vs. 4.9 ms.,p=0 .039)

Rades retrosp. N=81 l-year-0S l-year-LC l-year-BC
Unpublished WBRT alone: 61 28% 26% 22%
WBRT+RS: 20 69% 90 % 80%

[1-2 lesions] (P=0.015) (P=0.002) (P=0.001)




Reference Design Patients Survival Control Control
(treated met) (whole brain)
Aoyama, RCT N=132 1l-year-OS l-year-LC 1l-year-BC
JAMA, RS alone: 67 28% 70% 24%
2006 RS+WBRT: 65 39% 86% 53%
[1-4 lesions £3cm] (P=0.42) (P=0.019) (P<0.001)
Sneed, retrosp. N=105 Median l-year-LC 1l-year-BC
IJROBP, RS alone: 25 11.3 ms. 71% 28%
1999 RS+WBRT: 23 11.1 ms. 79% 69%
[1-4 lesions] (n.s.) (n.s.) (P=0.03)
Pizkall, retrosp. N=236 Median Median OS
JCO, RS alone: 158 5.5 ms. 8.3 ms.
1998 RS+WBRT: 78 (n.s.) 15.4 ms.
[1-3 lesions] (P=0.08)
*controlled ED
Chidel, retrosp. N=135 Median 2-year-LC 2-year-BC
IJROBP, RS alone*: 78 10.5 ms. 52% 34%
2000 RS+WBRT: 57 6.4 ms. 80% 60%
[1-3 lesions, N=127] (P=0.07) (P=0.03) (P=0.03)
*salvage WBRT
Varlotto, retrosp N=110 Median l-year-LC
IJROBP, (0s=12 RS alone: 40 ~20 ms. 84%
2005 ms.) RS+WBRT: 70 ~20 ms. 93%
[1-5 lesions] (n.s.) (P=0.023)
Rades retrosp. N=78 1l-year-OS l-year-LC 1l-year-BC
Unpublished RS alone: 58 51% 69% 45%
RS+WBRT: 20 69% 90% 80%
[1-2 lesions] (P=0.45) (P=0.33) (P=0.09)




Reference Design Patients Survival Control Control Functional
(treated met) | (whole brain) |independence
Patchell, RCT N=48 Median 1-year-LC Median
NEJM, OP+36 Gy: 25 9.5 ms. 80% 8.5 ms.
1990 36 Gy alone: 23 3.5 ms. 48% 1.8 ms.
(P<0.001) (P<0.02) (P<0.005)
Vecht, RCT N=63 Median Median
Ann Neurol, OP+40 Gy 10 ms. 7.5 ms.
1993 40 Gy alone 6 ms. 3.5 ms.
(P=0.04) (P=0.06)
Mintz, RCT N=84 Median
Cancer, OP+30 Gy 5.6 ms.
1996 30 Gy alone 6.3 ms.
(P=0.24)
Rades retrosp. N=160 1-year-OS 1l-year-LC 1-year-BC
Unpublished OP+30/40 Gy:99 42% 54% 43%
(1-2 mets) WBRT alone: 61 28% 26% 22%
(P=0.029) (P=0.012) (P=0.29)







Reference Design Patients Survival Control Control
(treated met) | (whole brain)
Patchell, RCT N=95 Median 1-year-LC l-year-BC
JAMA, OP alone*: 46 ~11 ms. 54% 30%
1998 OP+WBRT: 49 ~11 ms. 90% 82%
(GTR) *61% received (n.s.) (P<0.001) (P<0.001)
delayed WBRT
Smalley, retrosp. N=85 Median 1-year-LC
[JROBP, OP alone: 51 11.5 ms. 15%
1987 OP+WBRT: 34 23 ms. 79%
(P<0.05) (P<0.05)
Smalley, retrosp. N=121 2-year-OS
J Neurosurg, GTR alone: 75 19%
1992 GTR+WBRT: 46 41%
(controlled N=28 2-year-OS
extracranial disease) STR alone: 8 0%
no difference in OS, if
STR+WBRT: 20 30%

ED = uncontrolled




Acute effects (= due to edema): headache, nausea/vomiting, worsening of

neurological deficits => well treated with dexamethasone

Subacute effects (1-6 ms., = due to demyelination ): headache, fatigue,

somnolence => resolve within months

Late effects (>6 ms, white matter damage due to nec  rosis, vascular injury,
demyelination): range from mild lassitude to memory loss, severe de mentia, or

hydrocephalus-like syndrome => progressive, irreversible

Late effects depend on dose per fraction  (de Angelis, 1989: no significant

cognitive deficits <3 Gy; van der Kogel, 1986: hippo  campus toxicity rises 22 Gy)



Impact of WBRT on cognition = difficult to assess
and to separate from the impact of underlying disease, other therap les, age,

paraneoplastic effects, comorbidity, steroids, antic onvulsants, etc.
[Khuntia, JCO 2006; Meyers, JCO 2004; Mehta, [IJROBP  2005]

major reason for neurocognitice decline = recurrence of brain metastasis

Meyers 2004 (JCO): only significant predictor for decline in QoL and
neurological/neurocognitive function = recurrence
Regine 2001(IJROBP): only factor associated with poor Mini-Mental-State-

Examination = recurrence
Regine 2002 (IJROBP): recurrence = associated with neurological symptoms
71% and with neurological deficits in 59%

cave: omitting WBRT after surgry is not supported by any prospective data
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Reference Design Patients Survival Control Control Morbidity
(treated met.) | (whole brain) [(e.g.necrosis)
Bindal, retrosp. N=75 Median
J Neurosurg, OP:62 16.4 ms.
1996 RS: 13 7.5 ms. Worse Similar n.s.
(12-22 Gy) (P=0.002) (P<0.001) (P=0.75)
Schoggl retrosp. N=133 Median
Acta Neurochir, CCS OP+WBRT: 66 9 ms. n.s.
2000 RS+WBRT: 67 12 ms. Better 1.5%
(median 17 Gy) (P=0.19) (P<0.05)
Muacevic, retrosp. N=108 l-year-OS l-year-LC l-year-DFS
J Neurosurg, OP+50 Gy: 52 53% 75% 63% 7.7%
1999 RS alone: 56 43% 83% 61% 8.9%
(median 22 Gy) (P=0.19) (P=0.49) (P=0.80)
O’'Neill retrosp. N=97 l-year-OS l-year-LC
IJROBP, OP+WBRT: 74 62% 42% 17.6%
2003 RS+WBRT: 23 56% 100% 17.4%
(not stated) (P=0.15) (P=0.020)
Rades retrosp. N=157 l-year-OS l-year-LC l-year-BC
Unpublished OP+30/40 Gy:99 42% 54% 43% 5.0%
(1-2 mets) RS alone: 58 51% 69% 45% 7.0%
(median 23.5 Gy) (P=0.29) (P=0.001) (P=0.61)




Entire cohort: N = 201 (104=RPA 1; 97=RPA 2)
OP + 30-40 Gy WBRT (N=99)
OP+ 30-40 Gy WBRT + 10-15 Gy boost (N=102); EQD2 49-5 0 Gy

Endpoints: Survival, Brain Control, Local Control (resected me  ts)

Investigated potential prognostic factors:
Groups balanced for: Extent of Resection, Interval from FD to RT, Age,

Gender, RPA, Tumor, N lesions, ECOG, Controlled Ext racranial Disease
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Advantages: non-invasive fixation, not limited to lesions <3-3. 5cm,

well tolerated, radiobiology (repair, redistributio n)

Reference Patients Fractionation Survival Control Toxicity
(treated met)
Aoyama, N=87 median 35 Gy Median 1-year-LC | Early: 5% (nausea)
IJROBP, [1-4 lesions] in 4 fraction 8.7 ms. 81%
2003 Late: 2% (paresis,
hypomnesia)
Lindvall, N=47 40 Gy Median ~4-ms.-LC | Early: 3% (neurol.
IJROBP, (HSRT alone) in 5 fractions 5ms. 84% deterioration)
2005
N=14 30 Gy WBRT + 5ms. 100% Late: 3% (necrosis)
(WBRT+boost) 17 Gyin
[1-3 lesions] 1-3 fractions
Aoki, N=44 median 24 Gy Median 1-year-LC | Early: none
IJROBP, [1-3 lesions] in 3-5 fractions 5.8 ms. 72%
2006 Late: none




Multiple Metastases: WBRT !

®surgery only in very selected cases (very good survival prognosis:
RPA class 1/2, controlled extracranial disease, KPS  #70)

*no benefit from alternative fractionations when compared to 10x3 Gy
regarding OS, neurological outcome, acute toxicity (late toxicity ?)

*no clear benefit from radiosensitizers and chemother apy (new
approaches, but immature data) regarding OS and PFS

®if KPS = extremely poor and multiple extracranial metastasis, steroids
and best supportive care may be considered



Oligo-Metastases: SRS

*Surgery only, if all metastases can be resected
*Hypofractionated SRT = promising approach

*WBRT after SRS (or OP) improves QoL, LC, and BC , but studies failed
to show OS benefit (most patients die due to extrac  ranial disease)

®patient selection (RPAL, controlled extracr. disease, KPS 370), to
identify pts. who benefit from aggressive regimens SRS/(OP) + WBRT

®Brain relapse = important regarding neurological/co gnitive decline ;
late WBRT-toxicity: no prospective data, difficult to assess and to
separate from other causes

*WBRT = standard post-OP; WBRT = considered post-SR S



Single Metastasis

*Surgery or SRS: remains controversial (no prospective trials)
*petter OS after OP/SRS+WBRT vs. WBRT alone => WBRT alone = out!
*WBRT following SRS improves QoL, LC, and BC, butno tOS

however: brain relapse = important reg. neurological/cogniti ve decline

=> WBRT following SRS = appears reasonable (as for oligo-mets)
*WBRT following OP improves Qol, LC, BC, and also su  rvival

=> WBRT following OP (controlled ED) = standard
®outcome after OP further improved by a  boost in addition to WBRT

THUS, for patients with single and 1-2 (resectable) metastases:
RADIO FiepmimuiemiS RGERY (+WBRT?)



