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Strukturen

Multimodale Biomodulation von 
zellulären Funktionen und zellulärem 

Informationsaustausch

Systemgerichtete Tumortherapie

Therapeutische Modulation von aggregierten Funktion seefekten:
Beeinflussung der Robustheit des Systems

Führt zu objektivem Tumoransprechen oder zur Chroni fizierung  

Funktionen

Tumorsystem



Multimodale Biomodulation von 
zellulären Funktionen und zellulärem 

Informationsaustausch

Systemgerichtete Tumortherapie

Therapeutische Modulation von aggregierten Funktion seefekten:
Beeinflussung der Robustheit des Systems

Führt zu objektivem Tumoransprechen oder zur Chroni fizierung  

Therapeut:
Co-subjekt des

Systems

Aufdeckung von
Systemeigenschaften,

System-Targets,
der ‚Achilles-Ferse‘

Hermeneutisches
Systemverständnis:

Angiogenese, Inflammation
Immunmodulation



Systembiologie: Wie kann man die Barriere der Komplexiz ität
durchbrechen? Signalwege unterbrechen? An pathophysiolo gischen

Prozessen angreifen?

- Eine konzeptionelle Entscheidung: Ein Paradigmenwechsel

VEGF

Die Systembiologie beeinflussenDie Systembiologie beeinflussen

Blockade von SignalwegenBlockade von Signalwegen



Modulation von Krankheitsbildern,
Tumor-Subsystemen

Organspecifizifische Umgebung
Genom-Transcriptome-Proteom

Tumor-
assoziierte

Inflammation

Thrombose,
Hämorrhagie

Extra-
zelluläre
Matrix

Metabolismus,
Warburg

Effekt

Angio-
genes

Zell-
proliferations-

rate

Immun-
antwort

Autoimmun-
phänomene

Akute,
chronische 
Erkrankung

Metastasen
Azidose,
Kachexie

Metastasen
Thrombose,

DIC

ECOG
Status,

Kachexie

Apoptose,
Necrosis

Defekte
neoplastische

‚Organ‘-
entwicklung

Bestimmte Pathophänotypen
Krankheitsbilder

Klinische Syndrome

Organspezifisches Therapieansprechen?

Krankheitschronifikation?Verbesserung des ECOG Status?

Vermindertes metastatisches Potential?

Tumorassoziierte Akivitäten erscheinen operational induziert durch Arbeitsteilung,
präsentieren sich jedoch aus Systemperspektive als Zunahme der Komplexizität,

bzw. in der Topologie aggregierter Funktionseffekte. 

Modulation von Transkriptionsfaktoren



Stromagerichtete Therapien sind  
etabliert: Antiangiogenetische Therapie

Substanzen: 

Bevacizumab

Tyrosinkinase Inhibitoren: Sunitinib, Sorafenib

Metronome Chemotherapie

Pleiotropismus

Selektivität



Nieder-dosierte kontinuierliche 
(metronome) Chemotherapie: 

Angiostatische und immunregulative Aktivität
(Hafner Ch., Reichle A., Vogt T: Current Cancer Drug Targets,  2005)



Nieder-dosierte kontinuierliche 
(metronome) Chemotherapie:

Wirkmechanismen

Angiostatisch

- Hochregulation von Thrombospondin 1

- Reduktion von zirkulierenden  Endothelzellen
- Verminderte Rekrutierung von endothelialen Vorläufe rzellen

- Blockiert Reboundphänomene durch die Tumorgefäße

Immunregulativ

- Reduktion der Tumor-induzierten Immuntoleranz
- Verstärkte Immunität gegenüber verschiedenen Tumor antigenen
- Beschränkt stark die immunosuppressive Wirkung 

regulatorischer T-Zellen

Pleiotrope Aktivität



Metronomic trofosfamide (50 mg twice to thrice daily) 

Trial Metronomic 
chemotherapy 

plus...

Surrogate 
marker

Best response

NHL, Phase II
Acta Oncol1991
Wist E

Trofosfamide no CR 22%
PR 39%

NHL, Oncology 1997
Salminen E et al

Trofosfamide no CR plus PR 58%

Soft tissue sarcoma
Anti Cancer Drugs 1999
Kollmannsberger C

Trofosfamide no PR 18%,
SD 53%

Various cancers
Cancer Invest 2001
Gunsilius E et al

1/34 CR
4/34 PR
Activity in ovarian cancer

Soft tissue sarcoma, phase II
Oncologie 2002
Reichardt P et al

Trofosfamide no Adjuvant

Metastatic melanoma
Hautarzt 2000
Enk AH et al

Trofosfamide no PR 1/40
SD 25/40

Trofosfamide no

Metronomic chemotherapy 
with trofosfamide (1)



Combination partners of metronomic chemotherapy
Practical and emancipatory interest-guided 

therapy approaches

Bevacizumab (specific)

Cyclooxygenase II inhibitors (pleiotropic)

Glitazones (pleiotropic)

Thalidomide, lenalidomide (pleiotropic)

Letrazole

(Radiotherapy)

Presently on study: Sorafenib, imatinib

‚Classic‘ combination partner for bevacizumab: Polychemotherapy



Metronomic chemotherapy combined with further angiostatic agents or
anti-inflammatory drugs or radiation

Trial Metronomic 
chemotherapy 

plus...

Surrogate 
marker

Best response

Rectal carcinoma
Acta Oncol 2007
Loven D

Capecitabine,
plus pelvic radiation

Decreased VEGF,
PDGF

Combined chemo-radiation
affects levels of pro-
angiogenic factors

Multiple myeloma, phase II
Oncologist 2007, Suvannasankha  A

cyclophospamide
plus thalidomide 

no 20% complete response,
37% partial response

Metastatic breast cancer
BMC Cancer  2006
Orlando L

Metronomic 
cyclophospamide
plus trastuzumab

no Clinical response, response
In trastuzumab resistant
tumors

Metastatic breast cancer, 
randomized phase II
J Clin Oncol 2006, Bottini A et al

Predominant activity in 
ductal carcinomas

Breast cancer, phase II
Cancer Chemother Pharmacol  2007
Fabi A et al

Capecitabine plus
celecoxib

no Toxicity lower than expected

Hormone-refractory prostate
cancer, Cancer 2003
Glode LM et al

Cyclophospamide
plus low dose 

dexamethasone

no PSA response >50%
68%

Cyclophospamide
plus/ minus letrazole

Combined Therapy:
Decreased VEGF,Ki67

Metronome Chemotherapie als 
Kombinationstherapie 



Metronomic chemotherapy combined with further angiostatic agents or
anti-inflammatory drugs

Trial Metronomic 
chemotherapy 

plus...

Surrogate 
marker

Best response

Various solid tumors, Phase I
Cancer Invest 2008
Twardowski PW

Cyclophosphamide,
celecoxib

Circulating endothelial
cells didnot change

Stable disease up to 15 
months

Breast cancer, random.  phase II
Ann Oncol 2006, Colleoni M

Cyclo., MTX +/-
thalidomide

VEGF decline 3 CR in each arm, no 
benefit by thalidomide

Various tumors
Onkologie 2007
Mross K

Metronomic 
capecitabine 

plus celecoxib

Dynamic contrast-
enhanced magnetic

resonance: angiostatic

Stable disease

Ovarian cancer, phase II
J Clin Oncol 2008
Garcia AA et al

Partial response 24%
High rate of severe
complications

Metastatic breast cancer, phase III
J Clin Oncol 2005
Miller KD et al

Capecitabine +/-
bevacizumab

no Response rate 19.8 vs 9.1% 
No survival benefit - NEJM:
(36.9 vs 21.2: Pac +/- beva.)

Aggressive Lymphomas
Clin Cancer Res 2006
Buckstein R et al

Cyclophospamide
Plus

celecoxib

Decrease of circulating
endothelial
precursors

Response rate 37%, 2 CR
3/32 deep vein thrombosis

Cyclophosphamide,
bevacizumab

VEGF, thrombospondin 1
E-selectinnot related

to outcome

Metronomic chemotherapy as combination therapy: 
Practical and emancipatory interest-guided

therapy approaches (2)

Preclinically, Clin Cancer Res 2008, Blansfield; metronomic chemotherapy plus lenalidomide or sunitinib: Decreased tubule formation and tumor  volume



Systembiologie: 
Wie kann man die Barriere der Komplexizität durchbrechen?  
Kombinierte anti-inflammatorische / angiostatische /

immunmodulatorische Therapie

Ein neuer therapeutischer Gestaltungsraum

Biomodulatorische Therapie:
-Kombinierte Medikamentenaktivität
- Monoaktivität nicht notwendig
- Gestaltung der Homöostase, 

Stabilität und Robustheit des  
Tumorsystems

Vielfältige therapie-
induzierbare
Polarisationen möglich 
wegen der dichotomen 
Aktivität von Stromazellen

Stimulatorische Therapieansätze: Dexamethason, Piog litazone, Interferon-alpha



Combined targeting of inflammatory tumor microenvironment
and tumor-associated angiogenesis:

A biomodulatory systems-targeting approach

Anti                     Angiogenesis                     Pro

Stimulatory genomic therapy approaches: Dexamethasone, pioglitazone, interferon-alpha

MDSC (VEGF, MMP9, TGFbeta,      

vasculogenesis)

MPC 
(Myeloid progenitor cells)

Differentiation

aaDC(IL-8, TNFalpha, VEGF,

TGFbeta, vasculogenesis)

DendriticcaDCIL-12, TSP1. CXCL9, 

CXCL10)

‚d‘NK (VEGF,PGF, IL-8)Natural killeraNK (IFNgamma, endothelial and 

tumor cell cytolysis

PMN2 (IL-10, VEGF, MMP9,    

IL-8, HGF, PAF)

NeutrophilsPMN1(IL-12, TSP1, CXCL10, 

TNFalpha, TRAIL, angiostatin generation

M2 (VEGF,MMP1,7,9,12, PIGF,

FGF2, PDGF, HGF, Ang 1, COX-2, 
TNFalpha, IL-10, Arginase

MacrophagesMI (IL-12, IFN gamma, IL-1, CXCL9, 

CXCL10, CXCL11)



Tumorneoangiogenese: Pro-angiogener ‚Switch‘ 

während der Tumor ‚Dormancy‘



Angeborene Immunität durch Angiogenese
gesteuert: Inflammation and Angiogenese

(DM Noonan, 2008)

Endothelial cells
Switching in angiogenesis:

Macrophages
Neutrophils

Natural killer cells
Dendritic cells

Myeloid-derived progenitor cells
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Prostatakarzinom: COX-2 Expression während der
malignen Progression (P.Wild; 2006)

Gleason score (n=257)

Wachstumsfraktion: (Ki67 labeling index >10%; 
n=374

Histologische Subgruppe



Results

Number of patients                            224

Study centers 11

Departments of Urology,
Hematology/Oncology,
Dermatology,
and Gastroenterology



Less chemosensitive tumors as model systems:
Antiangiogenetic / anti-inflammatory trials

� Tumors with high vascular density

Angiosarcoma
Renal clear cell carcinoma

� Tumors with extensive inflammation

Refractory multivisceral  Langerhans' cell histiocytosis

� Tumors with inflammation in advanced stage

Sarcoma
Melanoma

Cholangiocellular carcinoma
Hormone-refractory prostate cancer



Combined targeting of nuclear receptors (n= 224 patients, 11 centres)

Kaposi sarcoma          Trofosfamide
Angiosarcomas           Trofosfamide
Sarcomas I                   Trofosfamide

Melanoma I                   Trofosfamide
Melanoma II Arm A

Arm B

Langerhans'
cell histiocytosis Trofosfamide 

Renal clear cell
carcinoma I Capecitabine

Renal clear cell 
carinoma II Capecitabine

Hormone-refractory 
prostate cancer Capecitabine

Cholangiocellular 
carcinoma Capecitabine

1
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Tumor type No. of
patients

PPARgggg
agonist ��� �

PPARdddd
antagonist DDDD

Gluco-
corticoid ��� � IFN-a a a a **** Publications

Arch Dermatol, 2004
Cancer, 2003
Cancer, 2004

Cancer, 2004
Melanoma Research, 2007,

Br. J.Haematol, 2005

Biomarker Insights, 2006

Biomarker Insights, 2006

Lancet Oncology, 2006
ASCO abstract, 2007

Tumor Microenvironment
Prague, 2004

��� � pioglitazone, D D D D selective COX-2 inhibitor, ��� � dexamethasone, **** interferon-a, PPAR= peroxisome proliferator-activated receptor
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Wirkmechanismen von 
Peroxisome proliferator-activated receptor

(PPAR)-alpha/gamma Agonisten

C. Hafner, T. Vogt, A. Reichle. Conventional therapeutics with antiangiogenetic activit y.
Chapter 13,  in ‚Antiangiogenic Cancer Therapy‘,  D.W.Davis, R.S.Herbst, J.L.Abbruzzese, eds. 

CRC Press, 2007, 301-327

PPAR-alpha/gamma
agonists

Liganden von 
Nukleären 
Rezeptoren



PPAR Expression 
in normalem und im 
Tumorgewebe 
(Prostatakarzinom)
(Matsuyama M, 2008)



PPAR Expression in Stroma- und Tumorgewebe
(Matsuyama M, 2008)



Effects of thrombospondin-1 on endothelial
cells: Synergism metronomic chemotherapy

plus PPAR alpha/gamma agonists

PPAR-alpha/gamma agonist

(Mai Yamauchi, 2007)

CD36

Thrombospondin 1

Endothelial cells  lacking CD36

Apoptosis

Endothelial cells  with CD36



Systembiologie: 
Wie kann man die Barriere der Komplexizität durchbrechen?  Systems 

Kombinierte anti-inflammatorische / angiostatische /
immunmodulatorische Therapie

Ein neuer therapeutischer Gestaltungsraum

Biomodulatorische Therapie:
- Kombinierte Medikamentenaktivität
- Monoaktivität nicht notwendig
- Gestaltung der Homöostase, 

Stabilität und Robustheit des  
Tumorsystems

Vielfältige therapie-
induzierbare
Polarisationen möglich 
wegen der dichotomen 
Aktivität von Immunzellen

Stimulatorische Therapieansätze: Dexamethason, Piogl itazone, Interferon-alpha



Study design of the seven phase II studies:
Anti-inflammation   – Antiangiogenesis

� Randomized phase II trial :

Angiostatic plus anti-inflammatory versus angiostatic therapy
Metastatic melanoma

� Add-on:

Intensification of anti-inflammatory therapy

Pioglitazone / etoricoxib plus/minus low-dose interferon-a

Renal clear cell carcinoma

� Combination of multiple transcriptional modulators:

Combined genomic / non-genomic activity

Pioglitazone / etoricoxib / interferon- aaaa (Renal clear cell carcinoma)
Pioglitazone / etoricoxib / dexamethasone (Hormone-refractory prostate

cancer)



Modulation of tumor-associated disease traits
Angiosarcoma before (a) and after (b) a 14 days treatment w ith

pioglitazone and rofecoxib (Vogt T, Reichle A., Cancer 2003)

Anti-inflammatory

Angiostatic

CD31 = Factor VIII



Arcoxia ® 1 x tgl. 60 mg

Actos ® 1 x tgl. 60 mg

0 1 2 ° 3 4 ° 5 6 ° 7  8 ° usw.
Woche

Fortführung der Androgenablation

Xeloda für 2 Wochen ab Woche 3
Dexamethason parallel zu Xeloda (1mg Dexamethason t äglich)

Xeloda ®2x1g/m 2 tgl.

Fortecortin ® 1mg tgl. Fortecortin® 1mg tgl.

Xeloda ® 2x1g/m 2 tgl.

Behandlungsplan und Dosierungsvorschriften 

Hormonrefraktäres Prostatakarzinom:
Genomische/ nicht-genomische Aktivität derTherapie 



Paraneoplastischer Lupus erythematodes beim hormonrefraktären Prostatakarzinom
(Vogt T., Reichle A, Lancet Oncol, 2006)

Erhabene erythematöse Maculae and Plaques mit pityrasiformen Schuppen vor (A)
und nach Behandlung (B)

Angiostatische und anti-inflammatorische Therapie
und tumor-assoziierte Autoimmunphänomene



Kombinierte anti-angiogenetische und anti-
inflammatorische Therapie: (41% pre-treated patients):

Ansprechen

Sarcomas I
Angiosarcomas

Melanoma I
Melanoma II Arm B

Langerhans' cell histiocytosis

Renal clear cell carcinoma I (no IFN-a)

Renal clear cell carinoma II (plus IFN-a)

Hormone-refractory prostate cancer

Cholangiocellular carcinoma

21
6

19
35

2

18

33

36

21

Tumor type
No. of

patients

partial 
response

%

complete 
response

%
cCR
%

19%
17%

10%
9%

-

0%

35%

28%

24%

16%
33%

5%
3%

100%

0%

13%

6%

5%

5%
17%

0%
3%

100%

0%

6%

6%

5%

Response 



Pio = pioglitazone, Rofe = rofecoxib, Eto = etoricoxib , RCCC = Renal clear  cell carcinoma, 
HRPC = Hormone refractory prostate cancer, n.a.= not a vailable

Progressionsfreies/Gesamt- Überleben mit kombinierte r 
angiostatischer plus anti-inflammatorischer Therapie

Treatment
Median

progression-free/overall survival
(months)

Trial Angiostatic Anti-
inflammatory

% pretreated
patients Trial Historical control

(first-line)

RCCCI Capecitabine Pio/Rofe 39% 4.7 / 16.2

RCCC II Capecitabine Pio/Eto/IFN- a 21% 11.5 / 25.6 11.0 / n.a./ (for sunitinib)

HRPC Capecitabine Pio/Eto/Dexa 39% 3.6 / 14.4 n. a. / 17.5 (for taxotere)

Melanoma II
Arm A Trofosfamide -- 63% 1.2 / 8.2 n.a. / 5.6  (for DTIC)
Arm B Trofosfamide Pio/Rofe 60% 2.0 / 18.8

Cholangiocellular
carcinoma Capecitabine Pio/Rofe 10% 2.0 / 8.0 PR plus stable disease

20 -73 %



Tumorassoziierte Inflammation bei metastasierten
Tumoren

* Resolution of paraneoplastic syndromes: lupus ery thematodes, hypoglycaemia

Trial
Frequency of
CRP elevation

> 10 mg/L
response

(% patients)

Significance of CRP
response during

2 to 6 weeks on treatment

Improvement
of

ECOG status
% patients

Progression-free survival
and

overall survival

RenaI clear
cell carcinoma I

72% 69 p=0.32 22 significant improvement
of

Renal clear
cell carcinoma II 

100% 100 p=0.0005 24
PFS and OS in RCCC II

(non randomized)

Hormone -refractory
prostate cancer*

28% 11 p=0.67 30

Melanoma I       81% 88 p=0.004 19

Melanoma II
Arm A 87% 6 p=0.52 0
Arm B       

(randomized)  
100% 69 p=0.0007 27

Sarcoma        79% 74 p=0.006 28

Angiosarcoma * 100% 100 -

Langerhans' cell 
histiocytosis 100% 100 - 100

-

CRP >30%

Significant
improvement of overall 

survival
(CRP responder)



Inflammation und Akutphasereaktion  

C-reaktives 
Protein



Tailored modeling of a tumor-associated disease trait
Renal clear cell carcinoma (Study I/II): Intensified anti- inflammatory therapy

Capecitabine,
pioglitazone,

etoricoxib

Capecitabine
pioglitazone,
etoricoxib,

interferon-alpha  

RCCC  I

RCCC  II



Advanced renal clear cell carcinoma:
Progression-free survival

(A. Reichle, Biomarker Insights 2006)

Capecitabine,
pioglitazone,
etoricoxib,
interferon-alpha

Capecitabine,
pioglitazone, etoricoxib
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Metastatic melanoma (randomized phase II trial): 
Overall survival  by C-reactive protein response

(A. Reichle et al, Melanoma Res 2007)

No difference in

response rate

between arm A and B

Trofosfamide,
pioglitazone,

rofecoxib

Trofosfamide



Tumor-associated inflammation in metastatic cancer

* Resolution of paraneoplastic syndromes: lupus ery thematodes, hypoglycaemia

Trial
Frequency of
CRP elevation

> 10 mg/L
response

(% patients)

Significance of CRP
response during

2 to 6 weeks on treatment

Improvement
of

ECOG status
% patients

Progression-free survival
and

overall survival

RenaI clear
cell carcinoma I

72% 69 p=0.32 22 significant improvement
of

Renal clear
cell carcinoma II 

100% 100 p=0.0005 24
PFS and OS in RCCC II

(non randomized)

Hormone-refractory
prostate cancer*

28% 11 p=0.67 30

Melanoma I       81% 88 p=0.004 19

Melanoma II
Arm A 87% 6 p=0.52 0
Arm B       

(randomized)  
100% 69 p=0.0007 27

Sarcoma        79% 74 p=0.006 28

Angiosarcoma * 100% 100 -

Langerhans' cell 
histiocytosis 100% 100 - 100

-

CRP >30%

Significant
improvement of overall 

survival
(CRP responder)



Moderate toxicity : Toxicities WHO Grade 3 
within all trials (no Grade 4 toxicities) 

Toxicity No. of patients

(%)
Trial

Toxicity related to
the following drug

Cushing syndrome 1 ( 0.4 ) HRPC Dexamethasone

Depression 1 ( 0.4 ) RCCC Interferon-alpha

Hand-Foot-Syndrome 5 ( 2.2 ) CCC, HRPC Capecitabine

Hematotoxicity 14 ( 6.2 ) all trials Metronomic chemotherapy

Edema 5 ( 2.2 ) all trials COX-2 inhibitor 

Nausea/Vomiting 3 ( 1.3 ) all trials -

CCC = cholangiocellular carcinoma,  RCCC = renal clear cell carcinoma, 
HRPC = hormone refractory prostate cancer



Substanzen als ‚Team player‘: Keine Monoaktivität der 
Einzelsubstanz, aber kombinierte Aktivität 

(Hormonrefraktäres Prostatakarzinom )

Capecitabine

Pioglitazon

Dexamethason

COX-2 Inhibitor

In Kombination

Kaum Monoaktivität

Verlängert nicht 
progressionsfreies Überleben

Schmerzkontrolle, 10% PSA-
Ansprechen

Schmerzkontrolle

Induction von objektivem 
Ansprechen,  cCR

Genomische / nicht-genomische Therapie



Shaping the tumor's organization by targeting the
tumor‘s system biology (‘Wound-healing‘ mechanisms)

Observations                                              Conclusions

- No or poor single agent activity
of each administered drug

- Very moderate toxicity profile
during long-term drug administration

- Very delayed objective response

- Improved overall survival 
without increased response rate (melanoma)

- Significant modulation of tumor-associated 
- disease traits  (inflammation, ECOG-status,    
- paraneoplastic syndromes)

- Activity depending on the metastatic organ site

- Predominantly progression at the original site

- Combined regulatory activity

- No dose response relationship

- Shaping and fucosing the tumor's
organization

- Biomodulatory activity

- Biomodulation-derived
biomarkers

- Tumor-stroma specifity

- Alteration of the metastatic
process



Umformung und Fukosierung der Tumororganisation:
Dynamischer Charakter, therapeutische Implikationen
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Organspezifisches Therapieansprechen

Lokalisation von Metastasen 
In einem Organ 
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Krankheitsstabilisierung – verzögertes Ansprechen

Stabilität, Homöostase, 
Robustheit



Design der Tumor-Systembiologie: Kombinierte 
anti-inflammatorische/ angiostatische Therapie  

Metastatic soft tissue sarcoma (on-going)
(Randomized phase II trial: Trofosfamide +/- pioglita zone/etoricoxib)
Trofosfamide 250 mg twice daily, 
Pioglitazone 60 mg daily, Etoricoxib 60 mg daily

Relapsed or progressive multiple myeloma
Dexamethasone 0.5 to 1 mg daily, Pioglitazone 60 mg  daily,
Lenalidomide 5 to 15 mg daily , Treosulfan 250 mg twice daily

Hormonrefraktären Prostatakarzinom (laufende Studie)
Dexamethason 0.5 to 1 mg täglich, Pioglitazone 60 m g täglich, Etoricoxib 
60 mg täglich, Imatinib 400 mg täglich, Treosulfan 250 mg zweimal täglich

Renal clear cell carcinoma (on-going)
Sorafenib 400 mg twice daily ,
Pioglitazone 60 mg daily, Interferon-alpha 3 MU thre e times a week
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Optimal dosing?

• Pharmacokinetic parameters? CYP3A4?

Monitoring? (Methods not standardized, not ubiquiously available!)

• Circulating endothelial cells
• VEGF
• Dynamic magnetic resonance
• Microvascular density
• C-reactive protein during anti-inflammatory/angiostatic therapies!

Which patients mostly benefit?

• Adjuvant?
• Palliative?
• Multimodal stroma-targeted therapy?
• Curative intention?
• Which tumors, less chemosensitive tumors?

Selection of the drug?

• Chosing tumor-specific established drugs for metronomic scheduling
• or generally alkylating agents?

Low-dose chemotherapy without prolonged breaks:
Unsolved questions



Therapeutischer Informations-Input:
Multimodale Biomodulation von 

zellulären Funktionen und zellulärem 
Informationsaustausch

Systemgerichtete Tumortherapie

Therapeutische Modulation von aggregierten Funktion seefekten:
Beeinflussung der Robustheit des Systems

Führt zu objektivem Tumoransprechen oder zur Chroni fizierung  

Therapeut:
Co-subjekt des

systems


