somaars GASL AT
Problematiche emergenti ner

RO ey raltaments integrat

~ Radioterapia e Temozolomide
neil tumori gliali maligni

Asti 18 ottobre 2008

Hotel Salera
Via Monsignor Marello 19

Cristina Mantovani




¥ Practice Guidelines Anaplastic AstrocytomalAnaplastic NS Tabie of Conlents
NCCN in Oncology - v.1.2008 | Oligodendroglioma/Glioblastoma Multiforme?® MS. Refemnces

PATHOLOGY ADJUVANT FOLLOW-UPR
TREATMENT

Treated with

CE LSt ne
:::Emﬂﬁ“ [BCHU} wafer Fractionated Observe
(AA) external beam RT3 or

|t chemotherapy™ |__ |Post RT chemothera py™) —
Anaplastic (category 2B for + Good performance status
aligoden- AA and category 1 « 1p 19q deleted, if
drogilcmsa far AQ) analysis avallable
M"::F Mo carmustine
AC) (BCNU) wafer
( Fractionated R 26 vk \
external beam RTI 6w
Lﬁﬂgﬂh * concurrent and —, |after RT, then | _, See Recumence
BCNU —* |adjuwvant every 2-3ma (GLIO-3)
La'ra-r ) temozolomide for 2-3 y
(category 2B

Gliablastoma
"&lgﬂ“ me Fractionated external
! ! beam RTY (category 1) +

Mo carmusting concument and sdjuvant

(BCNU) wafer temozolomide, ul™

for age < 70y [categary 1)7-=0
\ for age >70 y (category ZA)"* J
+ Good performance status

IThis palway aeo indudes fie dassiicalion of mixed anaplastic aigaastrocdona.
ESaa Princpas of Brain Tumor Iraging (BRAIN-A)
#5aa Prindcphes of Bain Tumar Radiafon Therapy (BRAIN-C)

[ 5 o ks i . . i Vs

iCambiraion of agenis may ead o ineased loxicly or radiographic dhanges.

IFar A0, rardarmized sludies show Bal adguvan] POV (lemusing + procarbasing + vincrisina) chematherapy praonged PFS jsategary 1) (Caimeness G, Barkey B,
Shaw E, elal. Phasea [l idal of charmfampy pus radafherapy companed wilh mdiohampy dona for pure and mised anaplasic aligadendraglioma: Imengroup
Radiafon Thempy Oncology Group Tria 9402 J Cin Oncol 2008 24182 707-2714 and van den Benl M), Carpenier AF, Brandes A8, el a. Aduvan procarbasine,
lamisling, and vincrising impoves pogressan-faes ardval bul noloversl sursival in nealy dagnosed arapiasic digodendrogiomas and digoasirocylomas: a
randarmized Burapaan Organization for Ressanch and Tresimen! of Canoesr phase Il isal. J Clin Oneal 2008.24{18)27152722 )

kSlupp R, Mason WP van den Banl MJ @lal Radinfempy plus eoncamitan] and adjuvan lemaralamide fr gioblasioma. M Engl J Med 2005352 987 -998.

I Dhurafon of ismakmeni far giablas fornas bayond 8 maons is unknosn. Duralon of hiempy for snaplasic askhoadoma is unenaan.

Mot Al pesartirirelitocd e cineory JA odleis Sfriie el aned
il Timh. MO TH el S S B f s s o o By SarSar pamE e 18 e clicical wal. Parseipaton o dicde sl s i amens il o oo sl

Yol ooy 1 ST, TIOR8 SO0 Foadlored © i i e e AN Aighis. mosrsd. T P gl el v s thim | iUmersd on vy re bes v asprcschu e [y serwy s vt o i sccpreas e e pend i of RIOCRL GLIO-2




GBM: benefit from Radiotherapy and
Temozolomide

RT TMZ/RT
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Median OS 12.1 14.6
(mo)

2-yr survival |11.2% |27.3%

o~
T T

Radiotherapy plus temozolomide

3-yr survival |4.3% 16.7%

Radiotherapy

Probability of Overall Survival (%)
3
1

4-yr survival |3.8% | 12.9%

Months

5-yr survival | 1.9% 9%

Mirimanoff, 2007



Radiotherapy and Temozolomide for newly diagnosed
Glioblastoma: Recursive Partitioning Analysis of the EORTC
26981/22981-NCIC CE3 Phase 111 Randomized trial

In RPA class 1V, the survival advantage remained significant, with median survival
times of 16 vs 13 months, respectively, and 2-year survival rates of 28% vs119%5o,

respectively (p<0.0001).

In RPA class V the survival advantage of RT/TMZ was of borderline significance

(p<0.054).
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Overall survival according to the treatment in
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MGMT and resistance to alkylating agents

O6-methylguanine methyltransferase (MGMT, AGAT), a
DNA repair enzyme, reverses DNA lesions induced by
alkylating agents:




Activity of Temozolomide

Decreased response to
treatment

MGMT Promoter Region

M Increased response to

treatment

A - Methylated
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MGMT Gene Silencing and benefit
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= 0' | | | glioblastoma specimens; MGMT
0 30 3 42 promoter methylation was

Months detected in 92 patients

= Unmethylated,
radiotherapy

= Unmethylated,

radiotherapy plus - _ The OS curves for TMZ and RT
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Methylated, and for RT alone remain similar
radisterapy for the first nine months of follow-
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Survival (%)

Probability of Progression-free

Hegi et al, 2005



Overall survival for patients with a
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Treatment RT meth RT+TMZ meth
2-yr 0S(%) 23.9 48.9

3-yr 0S(%) 7.8 27.7

4-yr OS(%) 5.2 22.1
Hazard ratio 0.51 (0.33-0.81); p=0.04




Overall survival for patients with an
unmethylated MGMT promoter

Treatment RT unmeth RT+TMZ
unmeth
2-yr OS(%) 1.9 14.4
3-yr OS(%) 0.0 11.1
4-yr OS(%) 0.0 11.1
Hazard ratio 0.66 (0.45-0.97); p=0.035




Strategies to modulate MGMT activity

Deplete MGMT by higher doses of real substrates such as TMZ?

Deplete MGMT by dose-dense scheduling of TMZ or other real
substrates?

Combine TMZ and other alkylators such as nitrosoureas?

Deplete MGMT activity by pseudosubstrate inhibitors?

Deplete MGMT by RNA interference?



Alternative TMZ dosing regimens result in
marked decrease in MGMT activity

A B
Mo W A.MGMT activity in PBMC after treatment with
%m ol gm . temozolomide 7 days on/7days off schedule
lg “—:é B.MGMT activity in PBMC after treatment with
= 10 = 10 temozolomide 21/28 day schedule
k= 2
s °] s °7
= =
Average decrease in MGMT activity

Dose and schedule Day 7 Day 14-15 Day 21

50 to 175 mg/m?/day x 7 72% 55%*

days every other week

50 to 150 mg/m?/day x 21 63% 73%

days with 1 week rest
*After 7-day treatment free period Tolcher et al. Br J Cancer 2003



Dose-intensity modulation: Temozolomide
regimens in recurrent glioblastoma

Ref. Treatment RR PFS PFS 6 mo
Schedule
Yung, 2000 Standard 5% 124w | 21%
Brandes,2006 3W on/1W off 9% 16.1w |30.3%
(75 mg/m?, 21 days) (no difference for
unmeth)
Wick, 2007 1W on/1W off 15% |24 w 43.8%
(150mg/m?, 7 days) (26% for unmeth)
Balmaceda, 2008 | Twice daily 31% |17 w
(100mg/m?2, 9 days)
Wong, 1999 Other drugs 8% 10 w 15%
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Correlation Between O°-Methylguanine-DNA
Methyltransferase and Survival in Inoperable Newly
Diagnosed Glioblastoma Patients Treated With

Neoadjuvant Temozolomide

Olivier L. Chinot, Maryline Barrié, Stephane Fuentes, Nathalie Eudes, Sophie Lancelot, Philippe Metellus,
Xavier Muracciole, Diane Braguer, L'Houcine Ouafik, Pierre-Marie Martin, Henry Dufour, and
Dominique Figarella-Branger

- Phase Il study; 30 pts (17 class V, 3 class VI) enrolled; 28 pts assessable for
response

- Temozolomide 150 mg/m?/d on days 1 to 7 and on days 15 to 21 of every 28-day
cycle> 7 days on/7 days off

- 25 tumor biopsy sample available for MGMT analysis: low MGMT expression was
detected in 11 pts, high MGMT expression in 14 pts

Effect of MGMT Expression Status on Response

PR sD PD
Mo. of No. of Mo. of No. of
MGMT Expression Patients Fatients Fatients Ya Fatients G
MGMT = 35% 11 6* 6h 4 36 | g
MGMT = 35% 14 I ¥l 3 21 10° il

NOTE. Median expression of MGMT = 35%.
Abbreviations: MGMT, O%methylguanine-DNA methyltransferase; PR, partial response; SD, stable disease; PD, progressive disease.
P =004
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A 10 e Low MGMT expression

.‘g 0.8

: =0.009 .

£ o8] P - 45% of pts with a low percentage of
% oal c s MGMT positive tumor cells did not
< 5m .

o respond, suggesting that these tumors
2 021 . .

s may have other mechanisms of resistance

o 3 3 i 5 w = w tTMZ

R Time (months)
. p=0.003 - RT was completed in 91% of pts with low
| i MGMT expression, only 64% of pts with

g 0% high MGMT started RT and 43% completed
. 16 mo RT = neoadjuvant CT may be feasible for
E inoperable Gbl expressing low levels of
3 " MGMT without compromising RT, whereas
§ o pts with high MGMT expression are more
_ likely to experience PD before or during RT

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Time {months)
No. of patients at risk
LowMGMT 11 11 11 8 8 8 6 6 6 4
HighMGMT 14 11 10 6 § 4 2 1

Chinot, et al, 2007
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Treatment in Relation to MGMT Status

Temozolomide

200 mg/m2
days 1-5 of 28 days
Center (6 or 12 months)
chooses Standard RT
= 60r12=> | concurrent
months TMZ
therapy

Temozolomide

150 mg/m2
days 1-7,15-22 of 28 days
(6 or 12 months)

Stratification:
- MGMT Methylation status

Z0——1A>»N—-—XZ200Z22>»72

N = ~840pts

M. Mehta (RTOG)

Roger Stupp (EORTC BTG) Availability of tissue mandatory!
Sara Erridge (EORTC ROG)



The Temozolomide RESCUE Study: a phase 11 trial of
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progression on conventional 5/28 day Temozolomide
IN patients with recurrent malignant glioma

- Continuous dosing and dose intensification could deplete MGMT and have
an antiangiogenic activity

- Continuous dose-intense TMZ 50 mg/m2 for 28 days out of 28 for up to
one year

- Phase 11 trial, interim analysis on 60 (out of 120) patients

- GBM pts failing during the first 3-6 mo of adjuvant therapy—> PFS at 6 mo
23%

- GBM pts failing after more than 6 mo of therapy—> PFS at 6 mo 7%
- GBM pts who recurred after stopping treatment—-> PFS at 6 mo 35%
- Anaplastic Glioma pts—> PFS at 6 mo 53%

Perry, ASCO 2008



Issues to resolve ... before we put all our efforts
(and money) on MGMT

e How often will MGMT testing be successful in tissue from surgery for
recurrent GBM?

e How often will MGMT testing be successful in tissue from surgery for
recurrent GBM obtained by stereotactic biopsy?

e What is the MGMT status of glioblastomas failing TMZ?

e What is the correlation between MGMT depletion in peripheral blood cells
and in tumor tissue?

e Which dose dense regimen is safer?

e Which dose-dense regimen is more effective? For nonmethylated or for
methylated patients?



Cost-Effectiveness of Temozolomide for the Treatment
of Newly Diagnosed Glioblastoma Multiforme
A Report From the EORTC 26981/22981 NCI-C CE3 Intergroup Study

Mean Costs Before and After Proaression and Difference Between Treatment Arms

Group RT only n = 108

Group RT + TMZ n = 110

Difference RT + TMZ-RT

Mean (SE) Mean (SE) Mean (SE)

I Costs before progression* I 5419 (2731 18,555 (615) 13,136 (677)
Discounted costs 5414 (273) 18,545 (614) 13,131 (676)

Type of costs before progression
Radiotherapy 3670 (66) 3663 (55) ~7 (85)
TMZ concomitant + adjuvant not applicable 11755 (521) —
Concomitant medication 31 (3) 378 (23) 347 (24)
Imaging 497 (39) 830 (57) 333" (69)
Visits protocol-induced 465 (15) 647 (24) 182! (28)
Hospitalizations for SAE 592 (254) 746 (177) 154 (308)
Laboratory tests 163 (11) 536 (28) 373! (31)

12563 (1711) 8810 (1058) —3753 (2004)
[Jiscounted costs 12395 [1680) 8637 (1030 —3758 (1962)

Type of costs after progression
Chemotherapy 5000 (814) 2153 (648) —2847' (1039)
Imaging 566 (b1} 568 (60] 2 (86)
Visits 273 [44) 248 (37) =25 157}
Hospitalizations 6255 (1278) 5333 (728) 922 (1464)
Surgery 469 (98) 508 (110} 39 (148)
Total costs* 17,982 (1735) 27,365 (1293) 9383' (2159)
Discounted costs 17,8049 (1704 27,182 (1263) - 9373/ (2116)

Lamers, 2008




Cost-Effectiveness of Temozolomide for the Treatment
of Newly Diagnosed Glioblastoma Multiforme
A Report From the EORTC 26981/22981 NCI-C CE3 Intergroup Study

ICER and 95% Confidence Interval (Parametric Approach)

ICER 95% CI Fieller Method
Additional costs per life-year gained (not discounted) 37,361 (37,911) 19,544-12,3616 (19,928-12,6871)
Additional costs per progression-free life-year gained (not discounted) 34,870 (35,082) 16,839-85,633 (17,123-85,691)

ICER indicates incremental cost-effectiveness ratio; CI, confidence interval.

The presented ICER of 37.000,00 € per life-year gained are
comparable to accepted first line treatment with chemotherapy

..adespite the high TMZ acquisition costs concomitant and adjuvant
TMZ provided also significant benefits in GBM

Lamers, 2008




Health-related quality of life in patients with glioblastoma:
a randomised controlled trial

Martin J B Taphoorn, Roger Stupp, Corneel Coens, David Osoba, Rolf Kortmann, Martin J van den Bent, Warren Mason, René O Mirimanoff,
Brigitta G Baumert, Elizabeth Eisenhauer, Peter Forsyth, Andrew Bottomley, for the European Organisation for Research and Treatment of
Cancer (EORTC) Brain Tumour Group, EORTC Radiotherapy Group, and the National Cancer Institute of Canada Clinical Trials Group
(NACCTG)

- Assessment of HRQOL at baseline,
during RT at week 4, four weeks after

completion of RT, at the end of the third Radiotherapy  Radiotherapyand ~ —p  Controls
and sixth cycle of adjuvant TMZ and () temanchomide 0242 Men  Women
every three months thereafter until PD Overall HRQOL 628(14)  619(15) 042 781(213)  747(22)
: . . Fatigue 353(16) 35-2(16) 0-04 187 (207) 23:4(224)
using the_ EORTC quality of life e 519 674019 e M ], Mt
guestionnaire core-30 (QLQ-C30) and Emotionalfunction ~ 693(15)  693(15) 098 840(198)  783(2L9)
the EORTC brain cancer module (EORTC ~ Fuureuncetainty  401(18)  330(15) 066 NA NA
BN 20 Insomnia 264 (19) 27.4(21) 070 14-0(24.9) 20.3(27.5)
- ) Communication deficit 186 (1.8) 17.9(18) 079 NA NA

- Selection of 7 scales for primary Data are mean (SD). NA=not available, *Reference population ™
analyses (fatigue, overall HRQOL, social
function, emotional function, future
uncertainty, Insomnia and
communication deficit)

Table 3: Mean baseline HRQOL scores by treatment group
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Progression or “Radiation
Necrosis”?

Early Treatment-Related Neuroradiologic
Findings Following Concomitant

Darl hnran\l anrl Tamnznlonmidao
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Early post-RT changes may mimic tumor progression

De Wit, et al, Neurology, 2004



Studies on psPD in GBM patients treated
with concurrent chemoradiation

Study No.of % of psPD | MGMT promoter
pts status

Chamberlain, 65 46.7* Not reported

2006

Jefferies, 2007 15 20 Not reported

Taal, 2007 85 21 Not reported

Brandes, 2008 103 31 Reported

* Calculated in pts undergoing resection for images of lesion enlargment
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MGMT Promoter Methylation Status Can Predict the LGl
Incidence and Outcome of Pseudoprogression After
Concomitant Radiochemotherapy in Newly Diagnosed Bl oD 8 of

Glioblastoma Patients

Alba A. Brandes, Enrico Franceschi, Alicia Tosoni, Valeria Blatt, Annalisa Pession, Giovanni Tallini,
Roberta Bertorelle, Stefania Bartolini, Fabio Calbucci, Alvaro Andreoli, Giampiero Frezza, Marco Leonardi,
Federica Spagnolli, and Mario Erinani

(53 pts)
Non PD

(50 pts)

Continue
T™MZ

/

- 208 pts with GBM treated with concurrent 2 NI anarlg mointe)

concomitant treatment in

RT-TMZ followed by 12 cycles of maintenance enla{ggc;tlg;sion

chemotherapy

Stable or
reduced

- An analysis was made of 103 pts for whom
MGMT promoter methylation status was

Further
progression

assessable
Continue Stop
TMZ TMZ
Methylated 21 (66%) 2 (11%) 13 {25%
MGMT
Unmethylated 11 (34%]) 16 (89%) 40 (75%)
MGMT
P=.0002
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N GNANLT Promoter Methylation Status Can Predict the
Incidence and Outcome of Pseudoprogression After
Concomitant Radiochemotherapy in WNWewly Diagnosed
Glioblastoma Patients

Aiba A. Brandes, Enrico Franceschi., Alicia Tosori, Valeria Blatt. Annalisa Pession., Giovanri Tallini.
Roberta Bertareile, Stefania Bartolini, Fabio Calbiucci, Alvaro Andreoli, CGiamipiero Frezza, Marco Feomnardi.
Federica Spagralli, and Mario Lririani

Effects of MGMT Promoter Methylation Status and
First MRl Findings

D
Characteristic TTP {months) OS (months) E
MGMT promoter status g
Median 1.7 20.7 &
Methylated P<0.0001 21.9* P<0.0001 43.6* =
Unmethylated 92 16.8 §
MRI findings <
psPD 20.7* ag* . . . . . . ‘
ePD P=0.001 5.7 P<0.0001 1p>2 0 10 20 30 40 50 60 70
No PD images 11.4 20.2 Time {(months)

— Patients with pseudoprogression

== Patients with early disease progression

Patients with LC



New Studies in GBM
More questions



Associazione Italiana

Radioterapia Oncologica
/  Gruppo di Lavoro Neoplasie Cere

Combining Hypofractionation with Dose escalation
INn High Grade Gliomas (RPA classes |11 and 1V):
Simultaneous Integrated Boost.

AlIM
- Primary aims: safety, patterns of failure

- Secondary aims: OS, PFS



Associazione Italiana

Radioterapia Oncologica

Gruppo di Lavoro Neoplasie Cerebi

Simultaneous Integrated Boost (SIB) in HGG

- BED
Total Dose per Equiv D _
Volume dose fraction Fr. @ 2 Gy (a/B=
10)
Contrast
CTV,p enhanced 67,5 4,5 15 81,6 97,8
lesion
CTV,, Perilesional 52,5 |3,5 15 59,1 70,8
edema
Standard 3dCRT 60 2 30 60 72

Contrast enhanced lesion on preoperative T1 weighted

Higher dose Volume= CTV,, images

Lower dose Volume=CTV,, Perilesional edema on preoperative T2 weighted images




New Studies in GBM — more questions
What to do with poor prognosis patients?

e Elderly
e Poor performance status

— Hypofractionated RT (40Gy/15fr) as effective as standard
schedule of 60 Gy

— Increasing role for temozolomide in this population
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The Treatment of Anaplastic Glioma after EORTC
26981/NCI-C CE3, EORTC 26951 & RTOG 94-02

RT with concurrent and adjuvant temozolomide is standard of care
for GBM

What do the trial results imply for the treatment of anaplastic
glioma?

— Should these patients also receive concurrent & adjuvant TMZ?
How did trials on anaplastic oligodendroglioma affect standard of
care?

— Neither trial showed

~u » - ~n

Arall ciiminial ko
veldll suirvivdl ue



Question To Be Answered

Does RT/TMZ provide a superior outcome
In anaplastic glioma?

— |Is it the concomitant part?
— Is it the adjuvant part?



EORTC/NCI-C/RTOG study on naplastlc Gliomas

VVILI IUUL J_IJI 1LIY IUSS. £ A £ Ig
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R RT 59.4 Gy + _ .

A | Adjuvant temozolomide —
N concurrent temozolomide ——

D

@)

M v
| Follow-up «——
Z

A

T RT 59.4 Gy . No Adjuvant therapy

I

@)

N

* Primary endpoint: overall survival
« Secondary endpoints:
- Progression-free survival
- Quiality of life
- Neurological deterioration free survival

* Pre-study 1p/19q testing
o Stratification:
- Methylation status



NCCTG N0577 Phas 11 Anaplastlc Oligo
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| P Jq L\JI

Newly Diagnosed
AO/AO 1p/19q |
co-deletion

TMZ x 12 cycles

Traslational correlates Primary endpoint:
e 1p/19 traslocation 0S

« MGMT promoter methylation
* QolL/neurocognition




Mechanisms of chemoresistance in HGGs
Future challenges

The identification of patients candidated to
respond to CT by means of molecular markers
(LOH1p and 19q, MGMT promoter methylation),
basing on the results In anaplastic
oligodendroglial tumors and glioblastomas



