Universitatsklinikum I

Hamburg-Eppendorf

Augmenting Surgical Control of
Brain Metastases

Manfred Westphal

Department of Neurological Surgery, University
Hospital Eppendorf, Hamburg, Germany



ket Augmentation

In this context augmentation means
additional measures taken during
surgery, not adjuvant treatments at any

time after sugery



e Key Issues |

. SURGICAL ISSUES

. Technique of Resection
- In toto Resection
- Complete Resection
- |GS, Flourescence
- Protection/Prevention of Seeding

. Safety
-IOM
-lIOUS
—Tractograpy, fMRI
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. AUGMENTATION ISSUES

. Intracavitary Treatments
- Radiation
- Chemotherapy
- “Gene Therapy“
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The Translational Gap in Modelling



Resection
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4 Weeks post-partum, one seizure

possibly angiofibroma ??7?
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In toto vs piecemeal : Complications

\‘.

Impact of surgical methodology on the complication rate
and functional outcome of patients with a single brain
metastasis

‘Akash J. Patel MD ' Dima Suki, PhD. Mustafa Aziz Hatibogiu, MD' Vikas Y. Rao, MD*
Benjamin D. Fox. MD? and Raymond Sawaya, MD*?

TABLE 4. Overall 30-day complications and complications according to surgical method in patients who underwent surgery for a single
previously untreated brain metastasis*

Complication All Patients (n = 1033) Piecemeal Resecthion (n = 395) En Bloc Resection (n = 638) p Value
Overall complications 154 (15) 74 (19) 80 (13) 0.007
Major comphcations 84 (8 41(10) 43(7) 0.04

All neurological complications 104 (10) 20 (13) M (8) 0.03
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In toto vs piecemeal : Seeding
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0 . 20 40 60 Charactenstics Total (n = 242) En Bloc (n = 87) Piecemeal (n = 155)
Time from surgical resection (mont
Sex
male 144 (60) 44 (51) 100 (65)
female 98 (40) 43 (49) 55 (395)
age
median 60.5 62 60
range 19-88 26-88 19-77
primary cancer
breast 25(10) 13 (15) 12(8)
lung 164 (68) 58 (67) 106 (68)
other 53 (22 16 (18) 37 (24)
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How about cystic
metastases
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Technigue
Surgical technique for a cystic-type metastatic brain tumor:

transformation to a solid-type tumor using hydrofiber dressing

lakesht Okuda, MD™, Yoshifumi Teramoto, MD, Haruki Yugami, MD",
Kazuo Kataoka, MD". Amami Kato, MD"”
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Novel surgical technique to solidify cyst-type metastatic brain

!

tumors using autologous fibrin glue for complete resection

[akeshi Okuda, Mitsugu Funta®, Hiromasa Yoshioka, Takavuki Tasaki. Amam Kat

Figure 3:Intraoperative ultrasound photographs.(a) Before drainage
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Cotton-Dam Wash Cytology * A Technique for Diagnosis and Prevention of Dissemination
during Resection of Metastatic Brain Tumors

Koichi Mirsuva®, Yoko Naxasu®, Sachiyo Oxo™, Nakamasa Havastn®', Reiko Wartanase™, and Ichiro Iro
Key words : The management of brain metastases has been important in neurosurgical oncology.
cytology, Resection of a brain metastasis carries an increased risk of leptomeningeal dissemination than
dissemination, other treatment modalities such as iradiation or pharmacotherapy. We have utilized
metastatic brain tumor, intracperative wash cytology of cotton patties covering the brain surface. The cytology
resection information contributes to making a decision of postoperative whole brain radiation. We named

the method as “cotton dam’, that serves as a check and catch of neoplastic cells on the brain

surface during resection surgery.
(Received : June 23, 2016, Accepted : September 28, 2016)

No Shinkei Geka 45(1) : 29-32, 2017
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A Hematogenous Route for Medulloblastoma
Leptomeningeal Metastases

Livia Garzia, Noriyuki Kima, ' A. Sorana Momissy,' “* Pasqualino De Antonellis,” * Ana Guermeiro-Studklin,
Borja L. Holgado, '~ Xaochong Wu,' < Xin Wang," “* Michad Parsons,' Kory Zayne, '~ Alex Manno, '~

Chwudia Kuzan-Fischer,'~ Carolina Nor,”~ Laura K. Donovan,’ “ Jessica Liu,"~ Lei Qn,"~ Alexandra Garancher,’
Kun-Wei Liu,” Sheda Mansour,* Betty Luu,”~ Yuan Yao Thompson, Viiay Ramaswamy,” " John Peacock,
Hamza Farooq,' #~ Patryk Skowron,' 2 David JH Shih," %2 Angela LL* Sherine Ensan,* Cliinton S. Robbirs * ¥
Myron Cybulsky,” ' Siddhartha Mitra," " Yussanne Ma,"* Richard Moore,'” Andy Mungall ** Yoon-Jae Cho,
Willam A. Wess, " Jennifer A. Chan,"* Cynthia E Hawkinsg, “'* Maura Massimino, " Nada Jabado,

Michal Zapotocky, David Sumeraver,” " Enc Bouffet,” " Peter Dirks, Uri Taborl* Poul ML B. Sorensen,
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Dissemination

Leptomeningeal Mets

@
_ Cell line Meningeal metastasis
MMB 2 of 4 (50%)
& MMS 1 of 4 (25%)
= Med-411FH 3 of 6 (50°%)

MMS
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Priority Report

COX-2Drives Metastatic Breast Cells from Brain Lesions into
the Cerebrospinal Fluid and Systemic Circulation

JoshuaE.Allen’, Akshal S. Patel' %, Varun V. Prabhu’, David T. Dicker’, Jonas M. Sheehan?, Michael J. GlantZ®,
and Wafik S. El-Deiry’




Overall survival
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Cochrane Database of Systematic Reviews

Image guided surgery for the resection of brain tumours

(Review)

Barone DG, Lawrie TA, Hart MG

The majority of the tnals only enrolled participants with prob-
able HGG. A single trial also included LGG (Wu 2007). There
were no identified trials for any of the other pre-specified tumour
subgroups we sought to include (specifically prtuitary tumours
and skull base tumours). The benefit of intra-operative imaging in
these groups therefore remains undefined and our results cannot
be generalised to these other tumour groups.
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Histological subtype

Primary site

others

malignant melanoma

squamous cell CA
clear cell CA
small cell CA

adenocarcinoma

CUP

uro-genital cancer
GIS cancer

breast cancer

renal cancer
malignant melanoma
SCLC

NSCLC

www.impactjournals.com/oncotarget/ Oncotarget, Vol. 7, No. 41

Research Paper
5-ALA fluorescence of cerebral metastases and its impact for
the local-in-brain progression

Marcel A. Kamp', Igor Fischer?, Julia Biihner', Bernd Turowski’, Jan Frederick
Cornelius’, Hans-Jakob Steiger’, Marion Rapp’, Philipp J. Slotty’, Michael Sabel’




Resection

Fluorescence
guidance

*5-ALA

*Fluorescine
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J Neurosurg 126:698-707, 2017

Functional approach using intraoperative brain mapping
and neurophysiological monitoring for the surgical
treatment of brain metastases in the central region

Jose L. Sanmillan, MD,' Alejandro Fernandez-Coello, MD,' Isabel Fernandez-Conejero, MD,?
Gerard Plans, MD,' and Andreu Gabarroés, MD, PhD’
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. AUGMENTATION ISSUES

. Intracavitary Treatments
- Radiation
- Chemotherapy
- “Gene Therapy”
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Intraoperative Radiotherapy
With INTRABEAM: Technical
and Dosimetric Considerations

Anil Sethi*, Bahman Emami, William Small Jr. and Tarita O. Thomas
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Spherical Applicator

icm
spherical \
shell

FIGURE 4 | Dose distnbution produced by a 4 cm diameter spherical
applicator. Doses are shown at the applicator surface and at 5, 10, and
20 mm distance from it. Dose homogene as evaluated in a 1 cm thick
spherical shell surrounding the applicator. Applicator shown in inset.
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Hamburg-E
CLINICAL STUDY

Feasibility of dose escalation using intraoperative radiotherapy
following resection of large brain metastases compared to post-
operative stereotactic radiosurgery

John A.Vargo'® . Kristie M. Sparks' - Rahul Singh? - Geraldine M. Jacobson' - Joshua D. Hack' -
Christopher P. Cifarelli’

Coronal
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Intraoperative radiotherapy to treat newly diagnosed
solitary brain metastasis: initial experience and
long-term outcomes CLINICAL ARTICLE

J Neurosurg 122:825-832, 2015

Robert J. Weil, MD.'2¢ Gaurav G. Mavinkurve, MD,2 Samuel .. _..__
Michael A. Vogelbaum, MD, PhD,"2# John H. Suh, MD‘“Matthew Kolar MS,’
and Steven A. Toms, MD, MPH3

TABLE 2. Patient characteristics and outcomes* (continued)

Patient KPS Score PFS 0OS CNS Survival
No. Preop 1Mo* 3 Mosit (mos) (mos) (mos)t
23 70 70 90 5 13 5

Mean NA NA NA 219 741 296

SD NA NA NA 328 635 315

Median 80 90 90 4 36 18

Mode 80 90 90 35 10




Oper Neurosurg (Hagerstown). 2016 March ; 12(1): 49-60. do1:10.1227/NEU.0000000000000986
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EIRo Rl 5 rgical Technique and Clinically Relevant Resection Cavity
Dynamics Following Implantation of Cesium-131 (Cs-131)
Brachytherapy in Patients With Brain Metastases

A. Gabriella Wernicke, M.D., M.Sc.".'.2, Stefanie P. Lazow, B.A.">, Shoshana Taube, B.A',
Menachem Z. Yondorf, B.A.", llhami Kovanlikaya, M.D.%, Dattatreyudu Nori, M.D.", Paul
Christos, Dr.P.H., M.S.%, John A. Boockvar, M.D.2, Susan Pannullo, M.D.2, Philip E. Stieg,
Ph.D.. M.D.2. and Theodore H. Schwartz, M.D.257
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Intracavitary Polymer Placement Pericavitary Reagent Injections

Gliadel =] Cerepro
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DELIVERY CONCEPTS
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SURGICAL NEUROLOGY INTERNATIONAL

na S. Barklev. Jason K. B:
Table 3: Survival data

n (%) Meantimeto P Meantime P

progression to death
(years) (years)
Age
Mean+SD 12.6
<53 0) 0.52 0.02 1.8 0.062
53+ b0) 4.29 3.79
Sex
Male 6 (43) 248 0.579 292 0.46
Female 8 (57) 1 3.15
Presenting KPS
Mean+=SD 77.1+18.2
<90 7 (50) 3.81 0.259 3.59 0.67
90+ 7 (50) 0.76 251

Brain mets
Mean+SD 1.4+06
1 10 (71) 0.86 0.816 1.17 0.357
24 4(28) 2.69 471

Tumor volume
Mean+SD 185+170
<100 6 (43) 0
100+ 8 (57) 3

0.537 2.35 0.664

o o



Tumor resection with carmustine wafer placement as salvage therapy
after local failure of radiosurgery for brain metastasis

Frank Mu“”*, John T. Lucas Jr.“, Jonathan M. Watts “, Annette J. Johnson*, J. Daniel Bourland “,
Adrian W. Laxton”, Michael D. Chan*, Stephen B. Tatter”




Tumor resection with carmustine wafer placement as salvage therapy (
after local failure of radiosurgery for brain metastasis

Frank
Adriar

A

o
§ 063 . "

Fadure Free Survwal (

Falure Free Sunvival (Probabiity) (@)

31 L I | P=0017
= -] 24 30 38
Months

Owverall Sunival

1

2 B 24 30 36

Morths
5 5
Overall Survival

= Srge Coursa Peor AT
—— Mg Conswe ™ T

Local erol -
B S and ?,
s 0
=
?
£ oeh‘_‘—‘_
a .
E, 0.8
A 04
1
'; 0.2
5
200 ]
0 & 12 18 > 30 35
Months
x | |
D C‘Jnl s(’"-“‘a
S 10f —-
g ==
g 08 __________ :‘:v"
g0 N L ___
;. 04 : ]
I_
£ o2 ]
s 0.073
s 00 p= 73
- 0 E 2 18 24 30 36
Morths
- © [
B 2 3 3
gy



ambore Erpendort | Intracavitary Carmustine

*** This could mean that one needs total
resection

» That post RS there could also be
local radiation necrosis

 That within the complex
heterogeneous group of metastases
there is limited activity of BCNU



Gliadel® Wafer Use in
Patients With Metastatic
Brain Cancer



I Universitatsklinikum I

Hamburg-Eppendorf Study Summaries

AUTHOR/ N TYPE OF ENDPOINT RESULT COMMENT
YEAR METASTASIS
Ewend 2001 25 Lung, Toxicity Median survival 434 days; Phase I-ll in
melanoma, Tumor recurrence No local recurrence; initial surgery
renal cell, Survival Seven treatment-related

breast, other adverse events

Brem 29 Lung, Toxicity No local recurrence; Consecutive
2003 melanoma, Tumor recurrence Mean survival 18.2 months ~ Patient series;
breast, colon Survives 23 initial and 6
recurrent
surgery
PROLONG 10 Lung, breast, Toxicity No local recurrence in initial PROLONG:
2003 esophageal, T- Tumor recurrence and recurrent surgery observational
(interim cell lymphoma, patients; patient
report) unknown No adverse events reported registry; 9
initial and 1
recurrent

surgery
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Study Summaries (Cont'd)

AUTHOR/ N
YEAR

Hobbs, 6
Ewend
2004

Brem 2004 42

PROLONG 36
2004

TYPE OF
METASTASIS

NSCLC,
melanoma

NSCLC,
melanoma,
renal, breast,
sarcoma,
colon, ovarian

Lung, breast,
other,
unknown

ENDPOINT

Tumor recurrence

Survival
Tumor recurrence
Hospitalization

Toxicity
Tumor recurrence

RESULT

No local recurrence in 4/6
patients

Mean survival 16.8 months;
No local recurrence

No local recurrence in initial
surgery patients;

55% survival and
progression-free survival at
48 weeks

COMMENT

Retrospective
chart review in
recurrent

surgery

Prospective
controlled trial;
34 initial and 8
recurrent

surgery

PROLONG:
observational
patient
registry; 31
initial and 5
recurrent

surgery
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Methods

* Multi-centered, phase I-Il trial
« Surgery + GLIADEL® Wafer + WBRT (44Gy)

« Patients assessed for
— Neurotoxicity
— CNS recurrence
— Survival
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Hamburg-Eppendorf Characteristics

 N=25
Initial surgery for CNS metastasis

ECOG status 0 and 1 (2 if potentially reversible
following surgery)

Malignancy type
— 13 —lung

— 3 —renal cell

— 4 — melanoma

— 2 — breast
— 3 — other



et ]  Ewend 2001: Results

* Median survival in 16 patients was 14.2 months

* No local recurrence
— 4/25 (16%) distant recurrence

« Adverse events
— No infection related to resection or implantation noted

— Seven were possible or probably related to treatment
« Seizures (2), nausea/vomiting (2), fever (1), constipation (2),
alopecia (2), respiratory distress (1), eye pain (1)
— One re-operation was needed for brain edema and
mental status decline
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Hamburg-Eppendorf Methods

+ Surgery + GLIADEL® Wafer +/- WBRT (44Gy)*

e Patients assessed for
— Neurotoxicity
— CNS recurrence
— Survival

*WBRT (3000-3400 Gy administered to newly diagnosed patients
only)
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Hamburg-Eppendorf Characteristics

« 29 consecutive patients enrolled (9 from multicenter trial)*
— Single brain metastasis
— Stable systemic disease and life expectancy of = 12
months
— 23 initial and 6 recurrent surgery for CNS metastasis

« Malignancy type

— 18 — lung
— 8 —melanoma
— 2 — breast

— 1 — colon
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* No local recurrences in newly diagnosed patients

» Early deaths (< 3 mo) generally due to systemic
(non-neurological) medical iliness

* Mean survival 18.2 mo for 21 patients with f/u > 12
mo
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Hamburg-Eppendorf Methods

* Prospective clinical trial

« 42 initial and recurrent surgery patients with brain

metastases
— 34 were initial surgery and 8 were recurrent surgery patients

* Treatment
— Surgical resection
— Gliadel Wafer
— WBRT 3044 Gy for newly diagnosed patients

« Follow-up visits every 2-3 months
— MRI
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e Survival
— Median survival was 16.8 months (n=41)
— 56% (23/41) patients died due to systemic disease
— g.patients were still alive with no evidence of recurrent CNS
isease

* Recurrence
— No local recurrence in any initial surgery patient (0/34)
— Distant recurrence occurred in 3 patients

* Hospitalization
— Median length of stay after surgery was 1 day
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< We see a constantly evolving field of

surgical augmentation as for safety
and efficacy.

* There is slow adaptation of local
radiotherapy and local chemotherapy
but with no background of
starndardized clinical trials
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The Translational Gap in Modelling new
therapeutic concepts such as oncolytic
virus or local immunotherapy

*Prevention of meningeal disease ?? The last
mechanistic study is from 2014

Many studies to improve local control in
mouse models in a broad spectrum of
histologies but NO translation and no
unifying theme

- if there is one .....
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The neurosurgeon has many
opportunities to augment local control
but that is not biology driven

Augmentation of resection will only set
the stage for better adjuvant entity
targeted approaches getting at residual
disease, - with BBB completely left out
of this discussion



Oncologist

Dermatology Ob/Gyn Gastroenterology Urology
Melanoma Breast Cancer Colon Cancer Pulmonology
Ovarian Cancer others .....

Gmdance by Entity and molecular deflned trials

N1/

Brain Metastasis Neurosurgery
Brain Metastasis Radiation Oncologist

Neuro - Oncologist



