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BRAIN METASTASES
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http://speakingofresearch.files.wordpress.com/2009/06/brain_metastasis_from_lung_cancer.jpg

PALLIATIVE/SYMPHTOMATIC WHOLE BRAIN RADIOTHERAPY

— WBRT (WHOLE BRAIN RADIOTHERAPY) is considered the standard
treatment for patients with multiple brain metastasis.

— Important role in postoperative management of patients who have undergone
surgical excision.

— It may prevent or delay the progression of neurological deficit, restore funtion and
decrease steroid dependency.

— A dose of 30 Gy in 10 fractions or 20 Gy in 5 fractions is recommended.

— However ... the survival is poor.

Biswas et al. ] Cancer Res Ther. 2006
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Contents lists available at ScienceDirect

Lung Cancer

journal homepage: www.elsevier.com/locate/lungcan

Is there an oligometastatic state in non-small cell lung cancer? A
systemlatic review of the literature

@ CrossMark

Allison Ashworth, George Rodrigues, Gabriel Boldt, David Palma*

Department of Radiation Oncology, London Regional Cancer Program, London, Canada

*Surgical metastatectomy was the most common ablative technique for oligometastases (55% of
studies).

*Stereotactic radiosurgery (SRS) for brain metastases and SABR were used in 35% and 10% of
studies, respectively
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RADIOSURGERY : CAN WE IMPROVE RESULTS?

*In terms of Radiobiology, RADIOSURGERY may add
a novel mechanism of radiation-induced damage.

At higher doses per fraction (ablative doses),
emerging data suggest that, in addition to direct
cytotoxicity, a different mechanism involving
microvascular damage begins to have a substantial
effect on the tumor cell Kill.

Garcia - Barros M., et al. Science, 2003

Targeting the tumor vasculature for obliteration with
high-dose radiation may be beneficial for tumor control.

Fuks and Kolesnick, Cancer Cell 2005
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STEREOTACTIC RADIOSURGERY

Non-Invasive

Invasive
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RADIOSURGERY FOR SINGLE/FEW BRAIN

*NO randomized trials comparing surgical metastasectomy with SRS

°9Retrospective reports support comparable outcomes.

*The SELECTION of treatment should depend on patient- and disease-related
factors(SIR/RPA).

Radiosurgery is intended to provide:
* > Jocal tumor control,

* improve clinical symptomatology,
*enhance survival.

All of these radiosurgical goals are generally achieved with:
* low morbidity,

* low cost,

* essentially zero mortality

Noyes et al, Radiosurgery 1996,
Rutigliano et al, Neurosurgery 1995




Patient with 2

brain metastases.

RADIOSURGERY:

Dose prescription:

25 Gy in single
fraction.

RADIOSURGERY FOR SINGLE/FEW BRAIN METASTASES
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FRACTIONATED STEREOTACTIC RADIOSURGERY

, _ / 3 FRACTIONS (>8 Gy per fraction)
Lesion diameter >3 cm —
2 FRACTIONS (> 11.5 Gy per fraction)

Wiggenraad R, et al. A systematic review. Radiother Oncol 2011
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Brain metastases:

SRS vs SRS + WBRT
randomized clinical trials

Courtesy of Dr. E. Maranzano, Terni



Randomized phase lll trials in brain metastases
SRS vs SRS + WBRT:

# of patients

Intracranial
progression free
survival (months)

Overall survival
(months)

Aoyama 2006 132
(67 SRS vs 65
SRS+WBRT)
Chang 2009 58
(30 SRS vs 28
SRS+ WBRT)
Kocher & Soffietti 359
2010 (179 SRS/Surg. vs
180 SRS/Surg +
WBRT)
Mondschein 2010 74
(Abst ASTRO) 45 SRS vs 29 2.1vs 3




Lancet Oncol 2009; 10: 1037-44

Neurocognition in patients with brain metastases treated

with radiosurgery or radiosurgery plus whole-brain
irradiation: a randomised controlled trial

Eric L Chang, Jeffrey S Wefel, Kenneth R Hess, Pamela K Allen, Frederick F Lang, David G Kornguth, Rebecca B Arbuckle, | Michael Swint,
Almon S Shiu, Moshe H Maor, Christina A Meyers

1. WBRT causes a decline in learning and memory function by 4 months
compared with the group that received SRS alone.

2. In patients 1-3 brain metastases initial treatment should be SRS

3. clinical close monitoring is recommended for early diagnosis of relapse

4. WBRT should be reserved only as a salvage therapy

Courtesy of Dr. E. Maranzano, Terni



CAN TECHNOLOGY HELP US? May be,,,

: CLINICAL INVESTIGATION Brain

Raial Omology
e WHOLE BRAIN RADIOTHERAPY WITH HIPPOCAMPAL AVOIDANCE AND
SIMULTANEOUS INTEGRATED BOOST FOR 1-3 BRAIN METASTASES: A

FEASIBILITY STUDY USING VOLUMETRIC MODULATED ARC THERAPY

Frep Hsu, M.D..* HANNAH CAROLAN, M.D.’f ALAN NICHOL, M.D.ﬁ.* Frep Cao, Pu.D..} .
NmMET NURANEY, R.T.T..," RICHARD ]:EE. Pu.D..» ErmiAs GETE, PH.D..° FRANCES WONg. M.D.]
MOIRA SCHMULAND, M.Sc.. ManrAs HErRAN, M.D..Y aAnD KARL OO, PH.D.®

hippocampal avoidance

VMAT for 1-3 brain metastases @ F. Hsu er al. 14

Fig. 1. Expmples of isodose distributions for whole brain radiotherapy with hippocampal avoidance and simultaneous in-
tegrated boost for three brain metastases using volumetric modulated arc therapy. The whole brain clinical target volume
was prescribed to 32.25 Gy in 15 fractions. Three metastases were prescribed 70.8 Gy in 15 fractions. (a) Axial image with
three metastases. (b) Coronal image with one metastasis and the hippocampi. (c) Axial image with the hippocampi and eyes.




CAN TECHNOLOGY HELP US?
May be,,, for multiple metastases(from 3 to 5) when WBRT alone could

be too poor

PHYSICS CONTRIBUTION

WHOLE-BRAIN RADIOTHERAPY WITH SIMULTANEOUS INTEGRATED BOOST TO
MULTIPLE BRAIN METASTASES USING VOLUMETRIC MODULATED ARC THERAPY

FrANK J. LAGERWAARD, M.D., PH.D., E11Es A. P. vaN pDEr HoorN, WiLKO F. A. R. VERBAKEL, PH.D.,
Cornelis J. A. Haasseek, M.D., BEn J. SLotman, MLD., PH.D., AND SURESH SENAN, MLR.C.P.,FR.CR., Pu.D.

Delivery of integrated plans of WBRT and boosts to multiple brain metastases




Brain Metastases and Simultaneous boost




Brain Metastases and Simultaneous boost




BONE METASTASES
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PALLIATIVE/ISYMPHTOMATIC BONE RADIOTHERAPY

Cancer

Primary Outcomes in Studies of RT and Metastatic RCC

Dose Dose

Study® Objectives No. in (Gy) Response rate TESpONse

Retrospective institutional studies

Fossa et al,, 1982 Subjective/objective response 7 3040 4% subjective NA
3% objective

Seitz et al, 1988° Subjective/objective response 45 20-50 58% subjective NA
18% objective

Studies of dose vs. response relation

Halperin and Harisiadis, 193" Symptom relief vs. TOF 35 20-60 7% bone No
30% neuro

Omufrey and Mohiuddin, 19857 Symptom relief vs. TDF 125 20-60 25% TDF < 70 Yes
65% TDF = 70

DiBiase et al,, 1997 Palliative response and BED,, 107 864 6% overall Yes
49% complete

Wilson et al, 2003° BED, ;vs. time to disease progression, T8 455 T3% overall Mo

Tesponse 6% complate

Prospective studies

Brinkmann et al., 1999" Combined RT and chemo-immunotherapy 12 40-55 3% CR NA
a% PR

Redman et al., 1098" Combined RT and IL-2 16 16 13% PR NA

Huguenin et al., 1998 Palliative end points in RCC and a0 &40 56% pain NA

melanoma J8% peurg

RT: radtotherapy; RCC: remal cell carcinom; Gy gray; NA: not applicable; TOF: tme dose fractionation; newro: neurologhc response; BED, - blologic effective dose; CR: complete response; PR: parttal respanse; IL-2:
Interleukin-2.
8 Studies of braln metastases from renal cdll carcinoma not Incleded.

*In a prospective phase Il study using validated quality of life questionnaires, Lee et al. from the Princess
Margaret Hospital demonstrated that 83% of patients treated for pain had experienced significant pain relief
with 30 Gy radiation delivered in 10 fractions. (Lee, Cancer 2005).
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Sacral bone metastasis

Dose prescription:
30 Gy in 10 fractions

Technique:
3DCRT
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STEREOTACTIC BODY RADIATION(ABLATIVE) THERAPY

(SBRT)
Oticologist K0
*The primary end point of SBRT is to achieve local nCO OgISt LIS
control of targeted tumor deposits with ablative
doses. Review and Uses of Stereotactic Body Radiation Therapy for
Oligometastases
.In general SBRT for OligometaStases ShOUId fOHOW FILIPPO ALONGL,® STEFANO ARCANGELL® ANDREA RiccarDO FiLipp,” UmBErTO RicarpL,”

MARTA SCORSETTI®

the same philosophy relating to indications for
surgical metastasectomy.

*As smaller foci of metastases are found, high
conformal radiation may well prove less invasive and
more/equal effective than surgery, decreasing
morbidity and delivering ablative treatment more
economically on an outpatient basis.

Alongi F et al. Critical Rev Oncol Hematol, 2012
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Table 5. Summary of published trials of stereotactic body radiation therapy for spinal metastases

nof Median dose/ Median
Study patients n of fractions follow-up, mos Local control rate Pain response
Yamada et al. [73] 03 24 Gy/l 15 15-mo, 90% (imaging) NS
Ryuetal. [T4] 49 10-16 Gy/l 64 93% (imaging and pain) 85%
Sahgal et al. [56] 14 4 Gy3 9 78% (imaging and/or pain) NS

25 24 Gyl3 7 02% (imaging and/or pain) NS
Neguyen et al. [T5] 48 30 Gyl3 13.1 78% (imaging) 2%

24 Gyl3
Tsai et al. [76] 69 15.5Gyf2 10 10-mo, 96.8% (imaging) Improved pain
control, 88%
Chang et al. [58] 63 30 Gy/3 213 T7% (imaging) Narcotic use declined
60% to 36%
27 Gy/3

Gibbs et al. [T7] 7 14-25 Gy/1-5 9 NS Clinical benefit, 84%
Gerstzen et al. [T8] 303 20 Gyl 3 8R% (imaging) Clinical benefit, 865
Abbreviation: NS, not significant.

eLocal control based on imaging and/or pain control is achieved in 80% of presentations

eThere are several dose prescription schedules and total doses or doses per fraction, making direct comparison
difficult, with a follow-up time globally of a few months.

*The predominant pattern of failure after SBRT for spinal metastases is characteristic of the procedure because
the principle of SBRT is to treat only the target region, and areas close to the spinal cord are frequently
underdosed.
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Alongi, Arcangeli, Filippi et al.

(SBRT):

LUNG METASTASES

STEREOTACTIC BODY RADIATION(ABLATIVE) THERAPY

Table 1. Outcomes of stereotactic body radiation therapy for lung metastases from selected trials

n of Median dose/n of  Median (range) Overall
Study patients  fractions follow-up, mos  Loeal control rate survival Toxicity
Onimaru et al. [5] 45 48 Gy/8: 60 Gy/8 18 (244) 3-yr, 69.6% for 48 Gy, 100% 2y, 47.1% Grade 5, 1 (2.2%)
for 60 Gy
Woulf et al. [32] 27 30 Gy/3: 36 Gy/3 13-17 2-yr. T1% l-yr, 48%  Grade 3, 1 (3.7%)
2yr,21%  Grade 5. 1(3.7%)
Yoon et al. [71] 53 30 Gy/3: 40 Gyld: 14(4-56) T0% for 30 Gy, 77% for 40 Gy,  1-yr, 89%;  Grade =2, 0%
48 Gy/4 100% for 48 Gy 2-yr, 51%
Okunieffet al. [18] 50 S0 Gy/10: 48 Gyfe: 18,7 (3.7-609)  3-yr. 91% 2oyr, 50%  Grade 2. 6.1%
31 Gyl Grade 3, 2%
Norihisa et al. [6] 34 48 Gy/4: 60 Gyi5 27 (10-80) 2-yr, 90% 2yr, B4%  Grade 2, 4 (12%)
Grade 3, 1 (3%)
Brown etal. [72] 35 Gy 1060 Gy/d 18241 Crude, 7T7% 2yr, 72.5%  Grade 3-4. 1 (2.8%)
Rusthoven etal. [14] 38 60 Gy/3 15.4 (6-48) 2oyr, 96T Z-yr, 395, No prade 4
Grade 3, 3 (8%)
Ricardi et al. [17] 61 45 Gy/3: 26 Gy/l 204 (3-77) 2-yr, B9% 2yr, 66.5 Grade 3, 1 (1.6%)

....the high local control rates and potential survival benefits- without significant side effects-
justify the use of SBRT as an alternative to surgery.




STEREOTACTIC BODY RADIATION(ABLATIVE) THERAPY
(SBRT):
LUNG METASTASES

TRUEBEAM treatment for melanoma
isolated lung metastasis

Pre SBRT

CR @ PET after 48 Gy in 4
fractions with FFF beams

Post SBRT



STEREOTACTIC BODY RADIATION(ABLATIVE) THERAPY
(SBRT):
LUNG METASTASES

TRUEBEAM treatment for rectum bilateral lung
metastases

CR @ PET/TC after 48 Gy in 4 fr. with FFF beams




STEREOTACTIC BODY RADIATION(ABLATIVE) THERAPY
(SBRT):
ADRENAL GLAND METASTASES

O%E:ologist“

Table 4. Summary of published trials of stereotactic body radiation therapy for adrenal metastases
n of Median dose/n of  Median (range)
Study patients  fractions follow-up, mos  Local control rate  Overall survival Toxicity
Casamassima et al. [26] 48 36 Gy/3 16.2 (3-63) 1-2 yrs, W% L-yr, 39.7%:; 2-yr, | case of grade 11
14.5% adrenal
insufficiency
Chawla et al. [24] 30 40 Gy/10 0.8 (3.2-28.3) I-yr, 55% I-yr, 44%; 2-yr, 25%  Mild grade | fatigue
and nauses,
“common™
Oshiro et al. [25] 19 45 Gy/10 11.5(5.4-87.8)  Objective response  l-yr, 56%; 2-yr, 33%; | grade 2 duodenal
rate, 68%: 3-yr, 22% ulcer
Holy et al. [54] 13 20Gy/50rd0 Gy 21 Objective response  Median, 23 mos -
rate, TT%
Torok et al. [55] 7 16 Gy/l or 2713 14 (1-60) l-yr, 63% Median, § mos -

eFew studies have been published regarding the role of SBRT in adrenal glands metastases, and several

criticisms could arise regarding the lack of clear data on local control and on dose fractionation.

eNevertheless, the good tolerability and the promising clinical results should stimulate the scientific
community to further design clinical studies with the aim of optimizing local control and evaluating a

potential PFS benefit.




STEREOTACTIC BODY RADIATION(ABLATIVE) THERAPY

(SBRT):
ADRENAL GLAND METASTASES

SBRT:40Gy/4fr

TrueBeam FFF




CONCLUSIONS

* Hence, based on these and other encouraging reports, high-dose
fraction in the management of NSCLC metastases both intra- and
extracranially are increasing in interest.

Garcia - Barros M., et al. Science, 2003
Fuks and Kolesnick, Cancer Cell 2005




