
09.05.2008 1

The association of Temozolomide to 
radiation therapy and a prospect on

other drug-radiation combinations for 
CNS Tumors

Prof. Dr. F. Lohr
Klinik für Strahlentherapie 

und Radioonkologie
Direktor: Prof. Dr. med. F. Wenz
Universitätsklinikum Mannheim

Universität Heidelberg



09.05.2008 2

(no, not the Dotcom Nonsense...)
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Glioblastoma:
Prime example of the 

Bedside-to-Bench-to-Bedside
paradigm...

...with some considerable success!
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Let‘s put things into perspective:
What‘s the problem?

Patients die of
-Local recurrence around resection site

-Diffuse/Distant in-brain recurrence
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malignant gliomas: conventional view
conventional results

Überleben der Glioblastoma multiforme

der Stichprobe
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Only five things to do to improve 
Glioblastoma therapy......
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First Task:
Improvement of Therapy Precision



09.05.2008 11

targeted therapy works only when the target is there
radiation works only when it reaches the target

targeting is the key
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… wait for reconstruction
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 Table 1. Results with the example of automatic bony registration 

  Translation (MV±SD, cm) Rotation (degrees) 
 x  y  z Vector (cm) x  y  z  
Delta-CastTM 
(Intracranial) 0.039±0.175 0.083±0.232 0.005±0.174 0.312±0.152 0.073±1.018 0.13±1.653 -0.25±0.0881 
Thermoplastic 
masks 
(intracranial)  -0.02±0.227 0.23±0.233 -0.154±0.277 0.472±0.174 -1.47±1.75 -0.13±1.921 -0.06±2.18 
Delta-CastTM 
(neck) -0.158±0.207 0.225±0.241 0.179±0.479 0.586±0.294 1.027±3.527 1.013±2.556 1.257±3.008 
Thermoplastic 
masks (neck) 0.205±0.298 0.407±0.516 0.142±0.393 0.726±0.445 -0.2±2.31 -1.3±2.69 -1.09±2.02 

J. Boda-Heggemann, IJROBP, 2006
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Done !!
Not much room for improvement left
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Second Problem:
Improvement of Therapy Conformality
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> Leaf Sequencers

+ Software converts fluence maps

to MLC leaf positions vs. MU
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Done !!
Not much room for improvement left
beyond IMRT and Particle Therapy
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Third Problem:
Knowing WHAT to hit.....



09.05.2008 24



09.05.2008 25Pirzkall et al., 2004



09.05.2008 26

Still a long way to go !!
-PET

-Diffusion weighted MRI
-New Contrast Agents

-....
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Fourth Problem:
Knowing WHEN to hit.....

(and this is where B2B starts....)
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Beauchesne, Int J Cancer, 2003

Zellen

Tierversuch
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Beauchesne, Int J Cancer, 2003
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Tomé et al., Br. J. Radio, 2007
Cannon/Tomé et al., J Neuroonc 2007
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2069 Pulsed Reduced Dose-Rate Radiotherapy: A Novel Re-Treatment Strategy in the Management of

Large Volume Recurrent Glioma

W. A. Tome, J. Atkinson, H. I. Robins, K. Rassmussen, J. S. Welsh, P. Mahler, S. P. Howard

University of Wisconsin, Department of Human Oncology, Madison, WI
Background and Purpose: Radiotherapy delivered below standard dose-rates reduces normal tissue toxicity and can induce significant

tumor regression in some tumor types. Early clinical studies suggested that fractionated reduced dose-rate external beam

radiotherapy could achieve an improved therapeutic ratio. The factors and mechanisms that determine the response of normal cells

and tumors to reduced dose-rate irradiation remain largely unknown. In conventional radiotherapy a dose of 2 Gy is 
delivered at a dose rate of 4–6 Gy/min, which means that the delivery of this dose 
requires only a few minutes. By reducing the effective doserate
and increasing the treatment time, it becomes possible for repair processes to be active during irradiation. A reduced dose-rate

can either be obtained by using a continuous reduced dose-rate irradiator, or by dividing the standard 2 Gy fractions into a number

of equal sub-fractions that are delivered in a pulsed manner separated by a fixed time interval, allowing for repair during each subfraction.

This is done by delivering treatment in a series of 0.2 Gy pulses separated by 3-minute time
intervals, creating an apparent
dose rate of 0.0667 Gy/min. We have termed this re-irradiation technique pulsed reduced dose-rate radiotherapy (PRDR). This

pulsed approach will preferentially protect normal tissue and have almost the same effect in terms of tumor cell kill because repair

capacity is greater in late responding normal tissues than tumors.

Materials/Methods: Between January 1999 and March 2007, 99 patients with recurrent gliomas were re-irradiated using PRDR
(mean dose 50 Gy) delivered in 1.8–2.0 Gy fractions. Prior to the initiation of PRDR, all patients had received conventional

radiotherapy, 68 had multiple surgeries, 14 radiosurgery, 4 GliaSite brachytherapy and 78 received conventional chemotherapy

and/or one or more experimental therapies. MRI-CT fusion with 3-dimensional planning was used for all patients. The treatment

volume was the volume of the contrast-enhancing lesion and surrounding edema on pre-treatment MRI plus a 2 cm margin. Due to

the complexities of MRI interpretation; overall survival at six months was used as the study end point.

Results: Thirty-one (31.3%) of these 99 heavily pretreated patients had an overall survival
of six months or greater. 
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A PHASE II TRIAL OF RE-IRRADIATION USING PULSED REDUCED DOSE-RATE EXTERNAL BEAM RADIOTHERAPY 
FOR THE TREATMENT OF RECURRENT SUPRATENTORIAL HIGH GRADE GLIOMAS. 

Study Chairmen
Radiation Oncology: 

Steven Howard, M.D., Ph.D.
Phone: (608) 263-8500
Fax: (608) 262-8430

E-Mail: howard@humonc.wisc.edu

Study Co-Chairmen
Radiation Oncology: 
Jarrod Adkison, M.D.

Phone: (608) 263-8500
Fax: (608) 262-8430

E-Mail: adkison@humonc.wisc.edu

Co-Investigators
Statistics: 

Rick Chappell, PhD

Radiation Oncology:
Peter Mahler MD, PhD

Medical Oncology: 
H. Ian Robins, MD

Neuro-Radiology: 
Howard Rowley MD

Medical Physics and Bio-mathematical Modeling:
Wolfgang Tomé, PhD

Radiation Oncology:
James S. Welsh, MS, MD

Current Edition: 03/07/07
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Fifth and last (and biggest) Problem:
Knowing WHAT else to do.....
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clinical-radiologic and biologic characterization of 
malignant gliomas: a help to define prognosis and treatment

dense cellularity, cell proliferation,
microvascular proliferation, focal necrosis

second prim
40% 60%

<50yrs >50yrs
p53mut 65% 10%
EGFR +++
MDM2 ++
PDGF 60%
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a) Thank God there‘s Temodal!
(and I really mean it)
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Rationale for Combination of TEM and RT:

The simple:
TEM worked in Glioblastoma !!

The more elaborate:
TEM silences MGMT which repairs DNA-Damage
and may be induced by RT
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Stupp et al.
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b) What else really works?
And how well?
Glivec(/CCNU)

Tarceva
Temodal again, but differently....

Avastin(/Topotecan)
Erbitux (?)
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Glivec
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Overexpression of PDGF/PDGFRs in malignant Glioma

Tumor cell compartment

PDGF
Y

PDGFR-α

Y

Antiproliferative

PDGFR Blockade
(z.B. Imatinib, SU6668)
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STI571 selectively inhibits …
the growth of cells that express tumor formation from cells that
PDGF receptor autocrine loops express PDGF receptor autocrine loops

NCr nude mice
50mg/kg/d@d5



09.05.2008 44OP 5/03, RT 54 Gy 5-6/03, recurrence 8/03, SRS 16 Gy 08/03,
recurrence 2 x BCNU 11-12/03, 1-/04 STI

Open label Phase II evaluation of hypofractionated stereotactic radiotherapy 
combined with antiproliferative chemotherapy with imatinib mesylate for 

inoperable or macroscopically incompletely resected Glioblastoma multiforme

01/04

03/04



09.05.2008 45

Open label Phase II evaluation of hypofractionated stereotactic radiotherapy 
combined with antiproliferative chemotherapy with imatinib mesylate for 

inoperable or macroscopically incompletely resected Glioblastoma multiforme
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1.12.2004 29.12.2004 14.04.2005 9.6.2005

9.6.20051.12.2004
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30% initial Responses based on imaging 
(not necessarily correlating with a clinical response)

10 % Clinically Useful Responses
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Glivec plus.....
well, Temodal of course....
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Safety and pharmacokinetics of dose-intensive 
imatinib mesylate plus temozolomide: Phase 1 trial 
in adults with malignant glioma  
David A. Reardon 1*, Annick Desjardins 2, James J. Vredenburgh 2, Sith 
Sathornsumetee 2, Jeremy N. Rich 3, Jennifer A. Quinn 3, Theodore F. Lagattuta 
4, Merrill J. Egorin 4, Sridharan Gururangan 1, Roger McLendon 5, James E. 
Herndon II 6, Allan H. Friedman 7, August J. Salvado 8, Henry S. Friedman 1  

Imatinib doses up to 1,000 mg/day for 8 consecutive 
days are well tolerated when combined with standard 
TMZ dosing for MG patients
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Tarceva
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The greatest likelihood of a clinical response
to EGFR kinase inhibitors was associated
with coexpression of EGFRvIII and PTEN
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10-15 % Clinically Useful Responses in 
unselected patients
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Temodal again.......
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Angiogenesis:

Tasks:

• Oxygen Supply

• Nutrient Supply

• Removal of „Waste“

• (Metastases)

Marmé, 1998
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Tumor Growth and Angiogenesis
(Folkman, NEJM 1973)

Anti-Angiogenese
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unbehandelt behandelt

untreated treated
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Glioblastom – Prototype of an angiogenic tumor

Neovaskularisierung

Eberhard et al., 2000

Leon et al., 1996Prognosis
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Concept

• every cytostatic drug has antiangiogenic properties
• Endothelial cells more susceptible than tumor cells
• Blood-Brain-Barrier no problem
• Endothelial cell not prone to development of resistance

Anti-angiogenic Chemotherapy:
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Continuous low dose chemotherapy with temozolomide as 
an anti-angiogenic approach in patients with primary 

glioblastoma multiforme
Tuettenberg J, Grobholz R, Korn T, Wenz F, Erber R, Vajkoczy P, submitted

COX2 Inhibitors:
downregulate VEGF
block endothel cell proliferation
induce endothel cell apoptosis
widely expressed in GBM
well tolerated
orally available

TMZ:
antiangiogenic scheduling
continuous low dose

effective in GBM
well tolerated
orally available

Dannenberg ASCO 2002
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konventionelle Dosierung

kontinuierliche niedrige Dosierung
(Temozolomid)

(+)
anti-angiogene Kombination

(COX-II Inhibitor)

nach Hanahan et al., JCI 2000
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temozolomide (µg/ml)
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Continuous low dose chemotherapy with temozolomide as 
an anti-angiogenic approach in patients with primary 

glioblastoma multiforme
Tuettenberg J, Grobholz R, Korn T, Wenz F, Erber R, Vajkoczy P, submitted

TMZ for 5d, MTT assay

IC50
C6           200 ug/ml
HUVEC     20 ug/ml

1/10 MTD
for clinical study
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Continuous low dose chemotherapy with temozolomide as 
an anti-angiogenic approach in patients with primary 

glioblastoma multiforme
Tuettenberg J, Grobholz R, Korn T, Wenz F, Erber R, Vajkoczy P, submitted

Immunohistochemistry: COX2, VEGF, VEGFR +++ in all GBMs
Vessel density: >3.5% vs. < 3.5% (PFS 11.7 ± 4.6 vs. 5.6 ± 1.5 months; p<0.05)
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Months
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J Cancer Res Clin Oncol, 2005

Results (updated) (n = 32)

Progression Free Survival
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Overexpression of PDGF/PDGFRs in malignant Glioma

Tumor cell compartment

PDGF
Y

PDGFR-α

Y

Antiproliferative

Vascular compartment

PDGF PDGF
Y Y

PDGFR-β PDGFR-β

„Vessel Stabilization“

PDGFR Blockade
(z.B. Imatinib, SU6668)
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Improving BBB permeability by Radiotherapy
vor RT 1 Tag nach RT

experimental C6 Glioma

Kollaboration Radiotherapie, Neurochirurgie, Medizinische Onkologie; UK Mannheim
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Avastin
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Adapted from Dvorak H. J Clin Oncol. 2002;20(21):4368-4380
Hsei V, et al. Pharm Res. 2002;19(11):1753-1756

vor RT 1 Tag nach RT

Angiogenesis Lymphangiogenesis
Metastasis

VEGF-C
VEGF-D
VEGF-E

VEGF-B
VEGF-C
VEGF-D

VEGFR-1/Flt-1 VEGFR-2/KDR VEGFR-3/Flt-4

Angiogenesis

VEGF-B

VEGF-A 

Extrazellulär

Intrazellulär

VEGF-A BEVACIZUMAB
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Adapted from Dvorak H. J Clin Oncol. 2002;20(21):4368-4380
Hsei V, et al. Pharm Res. 2002;19(11):1753-1756

vor RT 1 Tag nach RT

Angiogenesis Lymphangiogenesis
Metastases

VEGF-C
VEGF-D
VEGF-E

VEGF-B
VEGF-C
VEGF-D

VEGFR-1/Flt-1 VEGFR-2/KDR VEGFR-3/Flt-4

Angiogenesis

VEGF-B

VEGF-A 

Extrazellulär

Intrazellulär

VEGF-A 

Sunitinib
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vor RT 1 Tag nach RTBevacizumab + Irinotecan Phase II+III Studies:
Vredenburgh JJ et al. Clin Cancer Res 2007 
Vredenburgh JJ et al. J Clin Oncol 2007

35 Patienten with relapsed Glioblastoma

24 wks mean PFS (6 Mo. PFS 46%)
42 wks mean OS
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PFS

OS

Vredenburgh JJ et al. J Clin Oncol 2007
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Sunitinib (Sutent®) for relapsed Glioblastoma

Sunitinib:

•Blocks all VEGF- and PDGF-Receptors

•Therefore blocks Angiogenesis and autocrine boosted 
proliferation
•oral formulation



09.05.2008 75

TEM + Avastin
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Feasible
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Erbitux ??

......well,......mixed results in early clinical 
studies as single agent

Phase I/II Study of TEM/Erbitux under
way in Heidelberg.
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c) What else is on the horizon?

-Multiple Combinations
-Immune Therapy (again!?!)
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Response seems to be inducible
- > Boost through High-Dose RT and Agonistic Antibodies???
EGFRvIII Peptide Vaccine???
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Conclusion
1. Radiotherapy is still the mainstay of adjuvant treatment for 

malignant glioma, is technically fully developed and can be 
applied with minimal strain on the patient.

2. Temodal has for the first time substantially improved 
survival at least for a subset of patients, at tolerable toxicity

3. Temodal has convincingly made the case for 
individualization of Glioma Therapy based on biological 
characteristics of the tumor.

4. Based on the notion the new drugs also work on subsets of 
patients, tailoring of therapy has to be done to substantially 
improve results (which will happen!).

5. Aggressive treatmetn of patients with relapse seems to be 
beneficial, at least for a subset of patients

6. While multiple attempts at optimizing fractionation failed,
„pulsed“ RT might open new roads, also in combination 
with drugs


