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tumor may have resulted from the known induction by cyclophosph-
amide of its own metabolism (19). Similar results were obtained with
drug-resistant EMT-6/CTX (7) breast carcinomas in a different mouse
strain (Fig. 5a). We therefore sought to determine whether cyclophos-
phamide on this schedule was in fact antiangiogenic and, in particular,
whether antiangiogenesis explains the improved control of tumor
growth in drug-resistant Lewis lung carcinoma.

Evidence that Cyclophosphamide Controls Drug-resistant Lewis
Lung Carcinoma through Endothelial Cell Inhibition

Endothelial Cell Inhibition in Vitro . Cyclophosphamide is a pro-
drug that requires in vivo activation by hepatic mixed function oxi-
dases to 4-HC (4). Capillary endothelial cells (12) were exposed for
16 h to 4-HC in vitro at concentrations similar to those obtained in
vivo (20). 4-HC induced a concentration-dependent cell cycle arrest
and apoptosis of bFGF-stimulated capillary endothelial cells (Fig. 2a).
The majority of endothelial cells at high concentrations of 4-HC (10
g/ml) arrested in G1 and showed increased apoptosis. Lower con-
centrations (0.1 g/ml 4-HC) were cytostatic and were associated
with a prolongation of S phase. Importantly, when endothelial cell
migration is stimulated in vitro by bFGF, even these lower concen-
trations (0.1 g/ml 4HC) caused a 45% decrease in migration (Fig.
2a) without affecting the protein levels of three integrins (data not
shown).
Angiogenesis Inhibition in Vivo . To determine the extent of an-

giogenesis inhibition caused by either schedule of cyclophosphamide

in vivo , mouse corneas were implanted with bFGF pellets that stim-
ulated corneal neovascularization over 6 days (8). Therapy with
cyclophosphamide was initiated 24 h after pellet implantation, when
limbal dilation and vascular sprouts first appear. Cyclophosphamide
administration equivalent to one cycle of the antiangiogenic schedule
(170 mg/kg 1 at 24 h) inhibited the area of new vessel growth by
66 5% (Fig. 2b). Treatment with the entire conventional schedule
of cyclophosphamide, i.e., three doses of 150 mg/kg at 24, 72, and
120 h, resulted in 73 5% inhibition (Fig. 2c). Whereas inhibition of
corneal angiogenesis did not differ statistically between the two
schedules, valid comparison of the level of inhibition is limited to 6
days because the bFGF stimulus fades. However, in a tumor-bearing
mouse, this antiangiogenic effect would occur 3.5 times on the 6-day
antiangiogenic schedule in contrast to 1 time on the 21-day conven-
tional schedule.
In Vivo Apoptosis of Endothelial Cells followed by Apoptosis of

Drug-resistant Tumor Cells. To determine whether cyclophospha-
mide induced endothelial cell apoptosis in the tumor bed, we analyzed
cell turnover in drug-resistant tumors. Whereas BrdUrd incorporation
of tumor cells was similar in control and cyclophosphamide-treated
mice, endothelial cell and tumor cell apoptosis revealed marked
differences between treatment groups (Fig. 3). Untreated drug-resis-
tant Lewis lung carcinomas showed a tumor cell labeling index of
37%, a low tumor cell apoptotic rate of 1.9%, and minimal detectable
(0.2%) endothelial cell apoptosis. The conventional schedule of cy-
clophosphamide generated one broad peak of tumor cell apoptosis that

Fig. 1. a, antiangiogenic versus conventional scheduling of
cyclophosphamide for drug-resistant Lewis lung carcinoma. ‚ ,
control saline; E , conventional schedule [150 mg/kg every other
day for three doses (white arrows , total 450 mg/kg) every 21
days]; F , antiangiogenic schedule (170 mg/kg every 6 days, CTX,
thin black arrows ); f , antiangiogenic schedule of cyclophosph-
amide and TNP-470 (170 mg/kg cyclophosphamide and 12.5
mg/kg TNP-470 administered on the same day of the 6-day cycle
for seven cycles, CTX TNP , thick black arrows ). The inset (top
right ) has magnified axes for the first 21 days of therapy (n 6
mice/group). All control and conventional schedule-treated mice
died with large tumor burdens. Therapy was discontinued on the
antiangiogenic schedule of cyclophosphamide alone after two of
six mice died with pulmonary inflammation, accompanied by
high peripheral leukocyte counts. No mouse on either schedule
had visibly detectable pulmonary metastases at time of death.
Therapy was discontinued on the antiangiogenic schedule of
cyclophosphamide plus TNP-470 after seven cycles, three cycles
beyond the point at which tumors were no longer visible. This
graph depicts the long-term survival of five of six mice treated
with the antiangiogenic schedule of cyclophosphamide and TNP-
470 in one of five separate experiments. The arrow and Note on
the graph reflect the recurrence of one of six drug-resistant tumors
at 18 days off therapy in this experiment. b, antiangiogenic versus
conventional scheduling of cyclophosphamide for drug-sensitive
Lewis lung carcinoma. ‚ , control saline; E , conventional sched-
ule [150 mg/kg every other day for 3 doses (white arrows , total
450 mg/kg) every 21 days]; F , antiangiogenic schedule (170
mg/kg every 6 days, thin black arrows ). The inset (top right )
reveals magnified axes for the first 21 days of therapy (n 6
mice/group). Therapy on the antiangiogenic schedule was discon-
tinued after seven cycles, three cycles beyond the point at which
tumors were no longer visible. Three separate experiments pro-
duced similar results. Two mice from two separate experiments
were reinoculated with Lewis lung carcinoma 500 days after the
eradication of the original tumor. The growth of these second
Lewis lung carcinomas was similar to that of tumors in untreated
mice, an outcome not consistent with immune-mediated regres-
sion of the primary Lewis lung tumor by cyclophosphamide.
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« Low dose :  anti-angiogenic 
scheduling  »

- activity in S&R cell lines
- Cyclophosphamide, 5FU,        
purinethol

- Good tolerance

- Lung cancer
- Breast cancer
- Leukemias

--- Target the endothelium 
 AND NOT CANCER CELLS





• Metronomic Chemotherapy
• Frequent administration & low dose chemotherapy

       without long breaks   (Kerbel Nat Rev Cancer 2004 )

• « Less is more, regularly »
• Overcomes resistance, CHANGES THE TARGET !!!

• The minimum biologically effective dose of a 
chemotherapeutic agent, which, when given at a 
continuous dosing regimen with no prolonged drug-free 
breaks leads to anti-tumor activity.’’

   (Klement & Kamen JPHO 2011)
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-   puts the endothelium to rest: 
 - decreases its activation and mobilization of EPC 
-  associated with an increase in TSP-1
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The Multi-target nature of 
Metronomic Chemotherapy
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MC tilts the immune system from immuno-suppression to immuno-
stimulation.

1) Induces immunogenic cell death

2) Increases  immunogenicity of cancer cells

3) Increases Ag presentation via Dendritic cells activation 

3) Induces Treg Depletion

4) Modulates myeloidderived suppressor cells (MDSC)

  5) Increaess the  cytotoxic activity of T cells







Metronomic temozolomide (cyclophosphamide)

Metronomic Treg Depletor ????
Antiangiogenic treatment ????

TMZ TMZ TMZ TMZ TMZ TMZ TMZ TMZ
TMZ TMZ TMZ TMZ TMZ TMZ TMZ TMZ

[Shevchenko IJC 2013], [Rozados Oncol Res 2010]  [Ghirighelli CCI 2007] [Vincent CR 2010].



(Metronomic low) dose vinblastine

Dendritic Cell Activator ????

VBL VBL VBL VBL VBL VBL

Zitvogel Nat Rev Immunol 2008, [Mainetti Ann Oncol 210], [Fioravanti Eur J P 2009], [Vincent CR 2010], 
[Moes EJBP 2013], [Hodge IJC 2013], [Cerullo Mol Ther 2012], [Tongu CII 2013]



Vincent and al. 5FU selectively kills tumor-associated myeloid-derived suppressor cells 
resulting in enhanced T cell-dependent antitumor immunity Cancer Research 2010
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Metronomics: towards personalized 
chemotherap y?
Nicolas Andr é,  Manon Car ré and Ed dy Pasquier

Abstract  | Since its inception in 2000, metronomic chemotherapy has undergone major advances as an 
antiangiogenic therap y. The disco ver y of the pro -immune properties of chemotherapy and its direct effects on 
cancer cells has established the intrinsic multitargeted nature of this therapeutic approach. The past 10 years 
have seen a marked rise in clinical trials of metronomic chemotherapy, and it is increasingly combined in the 
clinic with con ventional treatments,  such as maximum -tolerated dose chemotherapy and radiotherapy, as well 
as with novel therapeutic strategies, such as drug repositioning, targeted agents and immunotherapy. We 
re vie w the latest advances in under standing the complex mechanisms of action of metronomic chemotherap y, 
and the recently identified factors associated with disease resistance. We comprehensively discuss the 
latest clinical data obtained from studies performed in both adult and paediatric populations, and highlight 
ongoing clinical trials. In this Review, we foresee the future developments of metronomic chemotherapy and 
specifically its potential role in the era of per sonalized medicine.

André,  N. et al.  Nat.  Re v. Clin.  Oncol.  11 , 413–431 (2014); published online 10 June 2014; doi:10.10 38/nrclinonc.2014.89

Introduction
In  1971, Judah Folkman introduced the concept of target-
in g tum our angiogenesis as an anticancer treatment,1 
wh ich 30 years later led to the approval of ‘pure’ antiangio-
genic agents for th e trea tment of brea st cancer and colon 
ca ncer.2,3  Importantly, many conventional cytotoxic drugs 
al so display potent anti angi ogenic properti es,4 espec iall y 
when given as a low dose frequent schedule and wi thout 
pr olon ged drug-fr ee breaks.5 These  modalities of admin-
istration define the concept of metronomic chemotherapy 
that was first reported in 2000 in two sem inal contribu-
ti ons.6,7  Conventional chemotherapy is administered at or 
close to the maximal tolerated dose (MTD), usually every 
3 weeks. This ext ended dr ug -free period allows the patient 
to  recover from ch emo th erapy-induced adverse effects, 
bu t also enables tumou r cells to reinitiate growth8 through 
th e mobilization of circu lating endothelial progenitor cells 
and resulting in tumour neovasc ularization.9,10  By relying 
on  lower doses and mor e frequent administration , metro-
nomic chemotherapy can reduce toxic effects and prevent 
vasc u lar rebound, a rapid vasc ular regrowth that can lead 
to  tumours  growth during therapy breaks.6,9 ,11

The introduction of metronomic chemotherapy paved 
the way for the development of oral, inexpensiv e, well- 
tolerated treatment that might prevent tumour progression 
for an extended peri od of time.12– 14  Initially, metronomic 
chemoth erapy was th ought to exert its antitumour activ-
it y exclu sively through antiangiogenic mechanisms.5 
Ho wever, additional mechanisms of action include anti-
tumour imm une res ponse and direct anticancer effects, 

so metronomic chemotherapy is now considered to be 
a form of multi-ta rgeted chemo th erapy.15  We describe 
th e antitumour mechanisms of action of metro nomic 
ch emo therapy and its impact on dru g resistance. We then 
rev iew  the clinical experience gained and disc uss the role 
of  m etron om ic c  hemotherapy in the era of personalized 
an tican cer treatments.

An evolving ter minolog y
The term ‘metronomic’ was originally coined by Hanahan 
et  al.16  to describe  the concept of anti-an giogenic chemo-
therapy introdu ced by the two leading teams of  Judah 
Fo lkman and Robert Kerbel.6,7  Metronomic chemotherapy 
wa s then defin ed as the frequent adm in istra tion of chemo-
thera peu tic drug s at doses sig nif icantly below the MTD 
wi th no prolonged drug-free breaks or, more recently, as the 
mi ni mum biologically effective dose of a chemo therapeutic 
ag ent given as a continuous dosing regimen with no pro-
lo nged drug-free breaks that leads to antitumo ur activ-
it y.17  Despite variations between studies, the similarities in 
these two definitions clearly highlight three key features of 
metronomic chemotherapy: frequent administration, low 
dos e, and minimal drug-free breaks. Other terminologies 
have also been  used, includ ing lo w-dos e antiangiog en ic 
ch emotherapy,18  l ow-dos e mainten ance chem other apy19  
and metronomic scheduling of antica ncer treatment.20,21  
Importantly, although metronomic chemotherapy relies 
on the administr ati on of chemotherapeuti cs at low dose, 
the cumulative doses administered over the course of 
lo ng-term metronomic treatments can be similar or even 
hi gher than those ad mi ni stered in conventional MTD regi-
mens, mak ing the t erminology ‘low dose chemotherapy’ 
s om ewhat misleading.
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as  expected with the us e of metronomic cyclophos-
phamide. In patients with breast cancer, the addition 
of  an anti- id io type vaccinatio n to metronomic  cyclo -
ph osph amide and methotrexate led to surprisingly  low 
re sponse rates 14%, but impressive event-fre e survival 
(EFS) and overa ll sur viva l (10 and 13  months, respec-
ti vely).154  In patients with metastatic breast cancer, 
th ose given an oncolytic virus alone fared worse com-
pared to patients receiving the virus with either MTD 
cyclophosphamide, metronomic cyclophosphamide 
or  both.150  I nterestingly, t he c hemo-switch schedule 
seemed to be the best regimen in this heterogeneous 
population of patients with high a clinical benefit rate 
of 77% bserved at 1 year. Nevertheless, the mech anisms 
underlying these effects are still unclear, and might be 
in part related to the decr ease in TREG  that was obtained 
wi thout compromising cytotoxic T-cell responses in 
the groups receiving metronomic cyclophosphamide, 
bu t not  in the high-dose cycloph osph amide group. The 
‘c hemo-switch’ group may also have benefited from the 
direct anticance r effect of high-dos e cyclo phos phamide .

Wa lter et  al.155  reported durable high response rates 
and clinical benefit (36% and 76%, respectively) in 
pat ient s with relap sing and/or progressing metastat ic 
renal cel l carcino ma whe n the  peroxisome  proliferator- 
ac tivated receptor ga mm a agoni st (pioglita zo ne), an anti-
inflammatory agen t (etoric oxib), an immuno modulator 
(IFN -α) and met ronomic capeci ta bine co mbi nation was 
used, despite all agents show ing limited activity when 
us ed alone.

Th e available  clinic al data, although sparse, indi-
cate that combining metronomic chemotherapy and 
im mun o therapy is a promising approach that can 
in cr ease the activity of im mun othera py whi le pro-
longing t he e ffect o f m etronomic c hemot herapy. M ore 

pre clinical data are  re quire d to better understand how 
to  develop synergistic c ombinations and successfully 
impl ement them into the clinic.

Metronomics
As mentioned above, metronomic chemotherapy 
has very often been combined in the clinic with drug 
re po si t ioni ng (Table 4).156– 169  Among repositioned 
dr ug s, celecoxi b is very frequently used in combin a-
tion with metronomic chemotherapy. In patients with 
ad vanced-stage refractory gastrointestinal cancer, 
Al legrini et  al.164  reported that the combination of 
UF T– cy clophosphamide and celecoxib was well toler-
ated and led to disease stabilization in 45% of patients. 
In creased ov erall and event-free survival correlated 
with tegafur–uracil pha rma co kinetics, VEGF levels  and 
CD133 gene expression, further confirming the role of 
angiogenesis inhibition and endothelial progenitor cell 
blockade in the mechanism of action of metronomic 
ch emotherapy. Celecoxib was also used in combination 
wi th metronomic chemotherapy in a low- a nd m iddle-
inc ome  country (LMIC) setting. Patil et  al.163  at the  Tata 
Memorial Hospital of Mumbai reported a 16% res ponse 
rate and 88% clinical benefit in patients with recurrent, 
metastatic or locally advanced head and neck cancers 
tr eated  with a combinati on of metr onomic methotr ex-
ate and celecoxib, further i llustrating the potential of 
me trono mics in resource-lim ited c ou ntries.25  Kha n and 
co  authors evaluated the addition of celecoxib to the 
classic cyclophosphamide–methotrexat e metronomic 
ba ckbone in pa ti ents with advanced -stage cancer of 
va rious tum our typ es. 156  Although the clinical benefit 
rate was comparable with previous experience, no 
respon se was observed. Similarly, Perroud et  al.157  also 
reported limited response rates in patients with breast 

Ta ble 3 |  M etronomic c hemotherapy a nd i mmunotherapy s tudies i n a dults

Pa tient population/
disease setting

Type of 
study

n Tr eatment regimen Efficacy Best 
response

Refractor y 
tumour s149

Retrospective 17 Oncolytic vir us  + temozolomide RR: 6%; CB: 76% PR: 1/17

Refractor y 
tumour s150

Pilot 8
21
7
7

Oncolytic vir us
Oncolytic vir us  + MC cyclophosphamide
Oncolytic vir us  + MTD cyclophosphamide
Oncolytic vir usoncolytic vir us  + MTD 
and  MC cyclophosphamide

RR: NA; CB: 22%
RR: NA; CB: 61%
RR: NA; CB: 55%
RR: NA; CB: 77%

NA
NA
NA
NA

Recur rent o varian 
cancer 151

Pilot 6 Vaccine*  + be vacizumab  +  
cyclophosphamide 

RR: 33%; CB:  66% PR: 2/6

Unresectable 
pancreas/lung/
prostate cancer 152

Randomized 
phase  I/II

Ar m G1: 30
Ar m G2: 30

Standard chemotherap y
Standard chemotherap y +  
cyclophosphamide  + celecoxib  + G-CSF  +  
n-acetylcystein  + tumour antigens

NA
NA

NA
NA

Metastatic 
melanoma 153

Phase  II 28 DC vaccine  + IL2  + cyclophosphamide +  
celecoxib

RR: 0%; CB: 57% SD: 16/28

Metastatic breast 
cancer 154

Pilot 21 Vaccine ‡ + cyclophosphamide +  
methotrexate 

RR: 24%; CB: 62% CR: 2/21–  
PR: 3/21

Metastatic renal cell 
carcinoma 155

Phase  II 45 Pioglitazone  + etoricoxib  + IFN  +  
capecitabine

RR: 36%; CB: 76% CR: 4/45–  
PR: 12/45

*Autologous lysate -pulsed dendritic cell vaccination and adoptive transfer of vaccine -primed ex  vivo  c o-stimulated T cells. ‡1E10 anti -idiotype. Abbreviations: 
CB,  clinical benefit; CR,  complete response; DC,  dendritic -cell; G-CSF , granulocyte colon y-stimulating factor; IFN, interferon; IL, interleukin; MC, metronomic 
chemotherap y; MTD , maximum tolerated dose; NA,  not available; PD , progressive disease; PR,  par tial response; RR,  response rate; SD , stable disease.
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MC : 
-decreases “Treg” 
- decreases immunosuppressive cytokines (TGF-β, IL-10 and IL-2)
- triggers T cell and INF-γ producing NK cell effector functions 
- induces maturation of dendritic cells 

MC : synergy anti- PD1 antibody in a pre-clinical model 

Well tolerated broad spectrum activity combination (immunity, angiogenesis, ect…)



Combination with modern therapies
- drug repositioning

- target therapies
- intrinsic activity
- well tolerated
- potential synergies
- limits monoclonal R emergence

- immunotherapies
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Could β-blockers be used in 
cancer treatment ?
Could β-blockers be used in 
cancer treatment ?

HYPOTHESIS
β-blockers may be able to increase the efficacy of 
chemotherapy through direct effects on cancer cells or 
via anti-angiogenic mechanisms 



J Clin Oncol, July 2011, 29 (19): 2635-62

Oncotarget, Nov 2010, 1 (7): 628-68



Anti-proliferative properties of 
propranolol

Anti-proliferative properties of 
propranolol

Growth inhibition assay, 72h drug incubation
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STUDY DESIGNSTUDY DESIGN
7 β-blockers with different selectivity for 
the β-adrenergic receptors
7 β-blockers with different selectivity for 
the β-adrenergic receptors

Anti-proliferative & anti-angiogenic properties

Combination with 7 chemotherapy agents in vitroCombination with 7 chemotherapy agents in vitro

Most effective combination(s)Most effective combination(s)

In vivo validation



Propranolol
(50 mg/kg – 5 d/w)

Carvedilol or Nebivolol
(10 mg/kg – 5 d/w)

Vincristine
   0.5 mg/kg – 1 d/w

MYCN +/+

Start of treatment
(4-5 mm tumour)

Study endpoint
(1 cm3 tumour)

In vivo drug combination studies
TH-MYCN model of neuroblastoma
In vivo drug combination studies
TH-MYCN model of neuroblastoma
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In vivo drug combination studies
TH-MYCN model of neuroblastoma
In vivo drug combination studies
TH-MYCN model of neuroblastoma

β-blockers in combination with vincristine prolong 
median survival in TH-MYCN mice

p=0.0009

p=0.0061



Neuroblastoma studyNeuroblastoma study
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no ted in 63% of patients and  premature discontinu-
ation of temozolomide in 20% of patients mostly 
related to temozolom ide-indu ced immunodepr ession . 
Low ering the dose of temozolomide might help redu-
cin g adverse effects while main tain in g an antiangio-
genic and immune effect. An ongoing phase III study 
is comparing the efficacy of a standard  MTD cisplatin 
and etoposide with the same regimen in combination 
with metronomic cyclophosphamide in patients with 
sq uamous-ce ll lung carcinoma.122

Ov erall the combination of metronomic chemo therapy 
wi th MTD chemotherapy administered concomi tantly 
has not proven to be an effective strategy because of 
increased toxicit y,123  alt hough com bi ning metron om ic 
ch emotherapy with pegylate d lipo somal doxorubicin 
demonstrated some clinical activity and a favourable 
sa fety profile in brea st cancer.124,125  A lternatively, m etro-
nomic chemotherap y and MTD chemotherap y might 
be sequentially com bi ned in a so-ca lled chemo-swit ch 
re gimen.62  This approach was tested in a phase II trial 
in patients with metastatic renal cell car cinoma.126  The 
combination of MTD gemcitabine with metronomic 
capecitabine and sorafenib led to a median PFS of 
11 months, a response rate of 50% and a clinical benefit 
of  92.5%. Elsewhere, the use of metron om ic chemo-
therapy  in combination with radiotherapy  can reduce 

the delivered radiotherapy dose to decrease lon g-term 
to xi ci ty and main tain a systemic effect dur in g ra di o-
th erapy.127  T his a pproach h as p roduced s ome e ncour -
aging results that deserve to be explored further in 
prospective comparative studies .

Metronomic chemotherapy and targeted therapy 
As  noted earlier, the combination of metronomic chemo-
th erapy with  antiangiogenic agents can increa se anti-
tu mour efficacy.6,7  A number of recent clinical studies 
have so ught to confirm this finding and further extended 
the use of metronomic chemotherapy  in combination 
with other types  of targeted therapy (Table 2).128– 142

Metro nomic chemotherapy is most commonly used 
in combinat ion with bevacizumab. Two retro spective 
studies have assessed the efficacy of bevacizumab in 
combination with metronomic cyclophosphamide for 
th e trea tment of drug-refractory recurrent ovarian 
ca ncer.131,132  I n t his h eavily p retreated p atient p opula-
tion, both studies reported a response rate of 40–42% 
(including 8–10% of complete responses), an overall 
clinic al ben ef it of 49–65% and a median over all survival 
of 10–12 months, with a si gni ficant PFS and overall sur-
vival improvement for responders (the median survival 
was 20 months compared with 9 months for res ponders 
and nonr es ponders, res pectively; P = 0.004).

Ta ble 2 |  M etronomic c hemotherapy a nd t argeted t herapies i n a dults

Patient population/ disease 
setting

Ty pe of study n Tr eatment regimen Efficacy Best 
response

Relapsed glioblastoma 128 Phase  II 43 Sorafenib  + temozolomide RR: 12%; CB: 53% PR: 5/43

Recur rent glioblastoma 129 Phase  II 23 Be vacizumab  + etoposide 
or  temozolomide

RR: 0%; CB: 52% SD: 12/23

Advanced refractor y 
adrenocor tical carcinoma 130

Phase  II 10 Sorafenib  + paclitaxel RR: 0%; CB: 0% PD: 9/9

Platinum -resistant recur rent 
ovarian cancer 131

Retrospective 66 Be vacizumab  + cyclophosphamide RR: 42%; CB: 65% CR: 7/66–  
PR: 21/66

Recur rent o varian cancer 132 Retrospective 38 Be vacizumab  + cyclophosphamide RR: 40%; CB: 49% CR: 3/37–  
PR: 12/37

Metastatic breast cancer 133 Phase  I 23 Vandetanib  + cyclophosphamide  +  
methotrexate

RR: 10%; CB: 25% PR: 2/20

Metastatic HER2 breast 
cancer 134

Phase  I/II 24 Er lotinib  + be vacizumab  +  
capecitabine

RR: 62%; CB: 83% CR: 1/24–  
PR: 14/24

Metastatic breast cancer 135 Phase  II 13 Be vacizumab  + cyclophosphamide RR: 8%; CB: 54% PR: 1/13

Advanced colorectal 
cancer 136

Phase  I 35 Be vacizumab  + imatinib  +  
cyclophosphamide

RR: 0%; CB: 20% SD: 7/35

Advanced NSCLC 137 Phase  II 45 Be vacizumab  + cisplatin  +  
etoposide

RR: 69%; CB: 87% PR: 31/45

Refractory/ relapsing 
pulmonar y adenocarcinoma 138

Randomized 
phase  II

Ar m G: 58
Ar m GU: 57

Ge Otinib vs ge Otinib  +  
tegafur/uracil

RR: 34%; CB: 66%
RR: 37%; CB: 75%

PR: 20/58
PR: 21/57

Advanced hepatocellular 
carcinoma 139

Phase  II 53 Sorafenib  + tegafur/uracil RR: 8%; CB: 57% PR: 4/53

Refractor y solid tumour 
and  lymphoma 140

Phase  I 35 Veliparib  + cyclophosphamide RR: 20%; CB: 40% PR: 7/35

Advanced neuroendocrine 
tumour 141

Pilot study 15 Be vacizumab  + temozolomide  +  
octreotide

RR: 60%; CB: 80% CR: 1/15–  
PR: 8/15

Gynaecological cancer 142 PK study 21 Pazopanib  + topotecan NA NA

Abbre viations: CB,  clinical benefit; NA,  not available; NSCLC; non -small -cell lung cancer; PD, progressive disease; PR, partial response; RR, response rate; 
SD , stable disease.
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Computational metronomics
- use of  modelisation to optimize

- Dose & Schedule
- Sequence of treatments
- Biological effect
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Urzula Ledzewicz 
Modelling and Optimization
Of Metronomic chemotherapy : More 
questions than answers

Aurelie Lombard: Revisiting 
metronomics: model-driven gemcitabine 
in mice with resistant neuroblastoma.
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RESUL TATS  

 MA TERIAL  & METHODS  

COMPUT ATIONAL -DRIVEN METRONOMICS:  
APPLICA TION T O GEMCIT ABINE IN NEUROBLASTOMA -BEARING MICE 

Joseph Ciccolini 1,2 ,  Eddy Pasquier 1,2 , Aurélie Lombard 1, Cr istina G onzales 1, Sarah Giacom etti 1, Raphaelle Fanciullino 1, Cindy Serdjebi 1, 
 Christophe Meille 1, Dominiqu e Barbolosi 1, Nicolas André 1,2 ,3   

1: Pharmaco kineti cs  Unit  SMART c,  S_91 1 CRO2   AMU, 2:MGHI  and  3: Paediatric O ncolo gy Unit, La  T imon e Unive rsity Hos pital o f Marseille, France . 

BACKGROUND CONCLUSIONS  
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Our  exp erim en tal  da ta  in  nude  mice  
be arin g re sista nt  ne ur ob lasto ma  su gge st  
tha t me tron om ic  sche du lin g can  achie ve   
>60 % red uctio n in  tum or  ma ss , where as  
stand ard ge mcita bin e was  ine ffective . 
Me tron omic  ge mcita bin e was  given  at  
do se s 14  and  28  tim es  sm all er  tha n 
stand ard  do sing . 
 
Conseq ue ntl y, pla sma  conce ntra tio ns  in  
ge mcita bin e we re  fou nd to  be  500  ti me s 
lowe r tha n with  stand ard  do sing . 
 
Data  re ga rdin g tum or  blo od  flo w and  
vascula r de nsi ty  su gge st  tha t an ti -
an gio ge nic  ef fec t could  expla in  the  ga in  in  
ef ficac y achie ve d with  with  gemcitab ine  
me tron om ics . 
 
Surp risi ng ly , contro le d dise ase  wa s 
ob ser ve d and  ma int ain ed  up  to  40 -da ys  
aft er  sto pp ing  trea tm en ts,  unti l stu dy  
conclusio n.  
 
Alth ou gh  furt he r confi rma tory  studi es  on  
mo re  ag gre ssi ve  mo de ls  mu st  be  
pe rform ed , the  pre sen t da ta  su gg est  th at  
dru g re sista nce  in  ne uro bla stom a can  be  
circ um vente d by  me tron om ic  strateg ies . 
 
In  thi s conte xt,  ma the ma tical  mo de lling  
could  he lp  to  op timi ze  metro no mics  by  th e 
in  silico  ide nti fic ati on  of  op tim al  de signs  
(do se,  sche du lin g,  du rati on ) to  be  teste d 
in  prio rity . 
 

Drug  re sistant , human  ne uro bl astom a GI -ME -N (DsMz , Ge rm an y)  wa s ectot opical ly  xe no gra ft ed  (lef t 
fla nk ) in  40  swiss  nude   mice  (Ja nvier , Fran ce)  . GI -ME -N cells  were  pr eviou sly  stabl y inf ected  with  
lucife rase  gene  (Redi Fect  RedL uc  len tivirus,  Perkin  Elme r Fran ce)  fol lowe d by  pu romycin  selectio n.   
 
Ma the mati cal  mod el  use d to  select  in  silico  the  be st  me tro no mic  reg ime n was  deri ved  fro m [3]. Br ief ly ,  
the  model  was  de sc ribe d by  7 dif fere nti al  eq ua tio ns : 
 
 
 
 
 
 
 
 
 
 
 
 
 
with : 

 y1, y2 : ph ar mac ok in eti c mod el in g (PK)  of  ge mcit ab in e. 
 y3, y4 : ef fec t of  ge mcit ab in e  on  cancer  ce lls  (y 3 ) and  on  en do the lia l ce lls  (y 4 ). 
 y5 : tumo r gr owth . 
 y6 : an ti -an gi og en ic  ef fec t of  ge mcit ab in e. The  ba se lin e va lu e 1 is  for  no  an ti -an gi og en ic  ef fec t. An  an ti -   

         an gi og en ic   ef fec t is  present  when  y6(t)  < 1. 
 y7 : area  under  the  cu rv e of  pl as ma  co nc en tra tio n y2 with  a thr es ho ld  (AUC) . 

 
 
 
 
 
 

Ma in  en dp oin t was  co mp aris on  in  primary  tum or  gr owth .  Vascular  de nsity  
(Ang ioS en se  im ag ing  + tim e-to -pla tea u mo nit orin g aft er  lucife rine  inj ectio n),  dru g 
mo nit orin g in  plasma,   tum or  inf lam ma tio n (cath ep sine  ima gin g)  and   toleran ce  
were  second ary  en dp oin ts .  

 RESUL TS  

Me tron omics  (i .e., rep ea ted  ad min istrati on of  low  do se  cytot oxics  over  lon g pe ri od  of  tim e)  is  a 
pro misin g alt ern ati ve  to  stand ard MTD  reg ime n. Beyon d red uce d toxi cities,  no ve l me ch an isms  
of  actio n (i .e., an ti -an gio ge nic  an d/o r imm un os tim ula ting  pro pe rtie s)  can  be  trigg ere d, thu s 
achie ving  be tte r ef ficacy  [1]. 

In  thi s study , we  test ed  the  ef ficac y of  a model -driven  
me tron omic  reg ime n with  ge mci tab ine  in  a dru g-re sista nt  
model  of  ne uro bla stoma  in  mice .    
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A tren d t oward s mil de r in fla mm ati on  is 
ob served with Me troGem -1.  

Impa ct on Tumor Growth  

Whe rea s 100  mg/kg  we ekly  sh ows  
no  ef ficac y, bo th  Me tro Ge m 
reg ime ns ac hie ve  signi fican t 
red uctio n (i .e., -60 %)  in  tu mo r 
gro wth  (p< 0.05 , Ano va) .  
Cont role d disea se  wa s ob se rve d 
up  to  40  days  aft er  trea tme nt  
stopp ed .  

To  da te,  me tron om ic  sc he du lin g has  be en  de vel op ed  an d teste d upon  em piri cal  de signs,  and  litt le  rati on ale  
is  fou nd  reg ardin g the  choice  of  the  dosing , sche du lin g and  tr ea tme nt  du rati on.  Ma the ma tic al  mo de lin g 
could  he lp  to  ide nti fy  the  op tim al  me tron om ic  pro tocol  among  a variet y of  po ss ibi liti es  [2]. 

Stabl e GI -ME -N-Luc+ cha racte rization  

Gemc itabi ne  Drug Moni toring  

Gemcita bin e concen trat ion s in pla sma we re  
fou nd  to be  50 0 l ower with Me troGem -1.  
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N o m b r e  d e  C e l l u l e s

T r a n s f e c t i o n G I - M E - N  
S é l e c t i o n  d e s  t r a n s f e c t a n t s r é s i s t a n t s  à  
p u r o m y c i n e :  c e l l u l e s  L U C + .

C a l c u l  n o m b r e  p h o t o n s / c e l l u l e

C h a q u e  c e l l u l e  G I - M E - N - L u c +   é m e t  4 2 0 5  p h o t o s / s e c

Gem citab ine   wa s given  eit he r I.P. (100  mg /kg  QW  for  4 week s = Stan da rd)  or  usi ng  an  osmoti c pum p  
(Alzet,  USA)  imp lan ted  s.c. (0.5 and  1 mg /kg/d  for  4 we ek s =   Me tro Gem -0.5  and     Me tro Gem -1,  
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Once bu ilt,  the m od el ha s b ee n customi zed with pa rame ters ide nti ficati on  pe rform ed  with da ta from  [4] . 

Based  upon  in  silico  
simul ati on s,  1 and  0.5 
mg /kg/d   over  28  days  
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In sil ico  ide ntific ation  of the bes t regim en  

With  respe ct  to  tot al  ad min istere d amo un t of  
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tha t me tron om ic  sche du lin g can  achie ve   
>60 % red uctio n in  tum or  ma ss , where as  
stand ard ge mcita bin e was  ine ffective . 
Me tron omic  ge mcita bin e was  given  at  
do se s 14  and  28  tim es  sm all er  tha n 
stand ard  do sing . 
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ge mcita bin e we re  fou nd to  be  500  ti me s 
lowe r tha n with  stand ard  do sing . 
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an gio ge nic  ef fec t could  expla in  the  ga in  in  
ef ficac y achie ve d with  with  gemcitab ine  
me tron om ics . 
 
Surp risi ng ly , contro le d dise ase  wa s 
ob ser ve d and  ma int ain ed  up  to  40 -da ys  
aft er  sto pp ing  trea tm en ts,  unti l stu dy  
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could  he lp  to  op timi ze  metro no mics  by  th e 
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fla nk ) in  40  swiss  nude   mice  (Ja nvier , Fran ce)  . GI -ME -N cells  were  pr eviou sly  stabl y inf ected  with  
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Ma the mati cal  mod el  use d to  select  in  silico  the  be st  me tro no mic  reg ime n was  deri ved  fro m [3]. Br ief ly ,  
the  model  was  de sc ribe d by  7 dif fere nti al  eq ua tio ns : 
 
 
 
 
 
 
 
 
 
 
 
 
 
with : 
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Our  exp erim en tal  da ta  in  nude  mice  
be arin g re sista nt  ne ur ob lasto ma  su gge st  
tha t me tron om ic  sche du lin g can  achie ve   
>60 % red uctio n in  tum or  ma ss , where as  
stand ard ge mcita bin e was  ine ffective . 
Me tron omic  ge mcita bin e was  given  at  
do se s 14  and  28  tim es  sm all er  tha n 
stand ard  do sing . 
 
Conseq ue ntl y, pla sma  conce ntra tio ns  in  
ge mcita bin e we re  fou nd to  be  500  ti me s 
lowe r tha n with  stand ard  do sing . 
 
Data  re ga rdin g tum or  blo od  flo w and  
vascula r de nsi ty  su gge st  tha t an ti -
an gio ge nic  ef fec t could  expla in  the  ga in  in  
ef ficac y achie ve d with  with  gemcitab ine  
me tron om ics . 
 
Surp risi ng ly , contro le d dise ase  wa s 
ob ser ve d and  ma int ain ed  up  to  40 -da ys  
aft er  sto pp ing  trea tm en ts,  unti l stu dy  
conclusio n.  
 
Alth ou gh  furt he r confi rma tory  studi es  on  
mo re  ag gre ssi ve  mo de ls  mu st  be  
pe rform ed , the  pre sen t da ta  su gg est  th at  
dru g re sista nce  in  ne uro bla stom a can  be  
circ um vente d by  me tron om ic  strateg ies . 
 
In  thi s conte xt,  ma the ma tical  mo de lling  
could  he lp  to  op timi ze  metro no mics  by  th e 
in  silico  ide nti fic ati on  of  op tim al  de signs  
(do se,  sche du lin g,  du rati on ) to  be  teste d 
in  prio rity . 
 

Drug  re sistant , human  ne uro bl astom a GI -ME -N (DsMz , Ge rm an y)  wa s ectot opical ly  xe no gra ft ed  (lef t 
fla nk ) in  40  swiss  nude   mice  (Ja nvier , Fran ce)  . GI -ME -N cells  were  pr eviou sly  stabl y inf ected  with  
lucife rase  gene  (Redi Fect  RedL uc  len tivirus,  Perkin  Elme r Fran ce)  fol lowe d by  pu romycin  selectio n.   
 
Ma the mati cal  mod el  use d to  select  in  silico  the  be st  me tro no mic  reg ime n was  deri ved  fro m [3]. Br ief ly ,  
the  model  was  de sc ribe d by  7 dif fere nti al  eq ua tio ns : 
 
 
 
 
 
 
 
 
 
 
 
 
 
with : 

 y1, y2 : ph ar mac ok in eti c mod el in g (PK)  of  ge mcit ab in e. 
 y3, y4 : ef fec t of  ge mcit ab in e  on  cancer  ce lls  (y 3 ) and  on  en do the lia l ce lls  (y 4 ). 
 y5 : tumo r gr owth . 
 y6 : an ti -an gi og en ic  ef fec t of  ge mcit ab in e. The  ba se lin e va lu e 1 is  for  no  an ti -an gi og en ic  ef fec t. An  an ti -   

         an gi og en ic   ef fec t is  present  when  y6(t)  < 1. 
 y7 : area  under  the  cu rv e of  pl as ma  co nc en tra tio n y2 with  a thr es ho ld  (AUC) . 

 
 
 
 
 
 

Ma in  en dp oin t was  co mp aris on  in  primary  tum or  gr owth .  Vascular  de nsity  
(Ang ioS en se  im ag ing  + tim e-to -pla tea u mo nit orin g aft er  lucife rine  inj ectio n),  dru g 
mo nit orin g in  plasma,   tum or  inf lam ma tio n (cath ep sine  ima gin g)  and   toleran ce  
were  second ary  en dp oin ts .  

 RESUL TS  

Me tron omics  (i .e., rep ea ted  ad min istrati on of  low  do se  cytot oxics  over  lon g pe ri od  of  tim e)  is  a 
pro misin g alt ern ati ve  to  stand ard MTD  reg ime n. Beyon d red uce d toxi cities,  no ve l me ch an isms  
of  actio n (i .e., an ti -an gio ge nic  an d/o r imm un os tim ula ting  pro pe rtie s)  can  be  trigg ere d, thu s 
achie ving  be tte r ef ficacy  [1]. 

In  thi s study , we  test ed  the  ef ficac y of  a model -driven  
me tron omic  reg ime n with  ge mci tab ine  in  a dru g-re sista nt  
model  of  ne uro bla stoma  in  mice .    
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Our  exp erim en tal  da ta  in  nude  mice  
be arin g re sista nt  ne ur ob lasto ma  su gge st  
tha t me tron om ic  sche du lin g can  achie ve   
>60 % red uctio n in  tum or  ma ss , where as  
stand ard ge mcita bin e was  ine ffective . 
Me tron omic  ge mcita bin e was  given  at  
do se s 14  and  28  tim es  sm all er  tha n 
stand ard  do sing . 
 
Conseq ue ntl y, pla sma  conce ntra tio ns  in  
ge mcita bin e we re  fou nd to  be  500  ti me s 
lowe r tha n with  stand ard  do sing . 
 
Data  re ga rdin g tum or  blo od  flo w and  
vascula r de nsi ty  su gge st  tha t an ti -
an gio ge nic  ef fec t could  expla in  the  ga in  in  
ef ficac y achie ve d with  with  gemcitab ine  
me tron om ics . 
 
Surp risi ng ly , contro le d dise ase  wa s 
ob ser ve d and  ma int ain ed  up  to  40 -da ys  
aft er  sto pp ing  trea tm en ts,  unti l stu dy  
conclusio n.  
 
Alth ou gh  furt he r confi rma tory  studi es  on  
mo re  ag gre ssi ve  mo de ls  mu st  be  
pe rform ed , the  pre sen t da ta  su gg est  th at  
dru g re sista nce  in  ne uro bla stom a can  be  
circ um vente d by  me tron om ic  strateg ies . 
 
In  thi s conte xt,  ma the ma tical  mo de lling  
could  he lp  to  op timi ze  metro no mics  by  th e 
in  silico  ide nti fic ati on  of  op tim al  de signs  
(do se,  sche du lin g,  du rati on ) to  be  teste d 
in  prio rity . 
 

Drug  re sistant , human  ne uro bl astom a GI -ME -N (DsMz , Ge rm an y)  wa s ectot opical ly  xe no gra ft ed  (lef t 
fla nk ) in  40  swiss  nude   mice  (Ja nvier , Fran ce)  . GI -ME -N cells  were  pr eviou sly  stabl y inf ected  with  
lucife rase  gene  (Redi Fect  RedL uc  len tivirus,  Perkin  Elme r Fran ce)  fol lowe d by  pu romycin  selectio n.   
 
Ma the mati cal  mod el  use d to  select  in  silico  the  be st  me tro no mic  reg ime n was  deri ved  fro m [3]. Br ief ly ,  
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to  28 -tim es  (M etro Ge m-0.5) lower  dose s tha n 
100  mg /kg  Gemcita bin e I.P. used  as  a stand ard .  

Severa l reg ime n (i .e., int ermi tte nt 240 , 120 , 100 , 
15  mg /kg  + 2, 1 and  0.5 mg/kg/ d co nti nu ou s 
do sing)  ha ve  be en  teste d by  PK /PD  sim ula tio ns 
with  red uctio n of  tum or  gro wth  as  ma in  en dp oin t. 

1 cel l = 4204 phot ons /s ec  

Injection 100 mg/kg 

0 , 0 0 E + 0 0

1 , 0 0 E + 0 2

2 , 0 0 E + 0 2

3 , 0 0 E + 0 2

4 , 0 0 E + 0 2

5 , 0 0 E + 0 2

6 , 0 0 E + 0 2

7 , 0 0 E + 0 2

8 , 0 0 E + 0 2

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 1 0 0

Tu
m

o
r 

gr
o

w
th

 (1
0

6
 p

/s
e

c)

T i m e  ( d a y s )

Metro 1 mg/kg/d  dosing 

Metro 0.5 mg/kg/d  dosing 

* 
* 

* 
* 

* : p<0.05, One  Way Anova 
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Metronomic Chemotherapy

Drug Repositioning

• Cancer cells• Tumour 
Vasculature
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Immune   
system

André et al. Lancet Oncol 2013



• LOW COST, ORAL, NON TOXIC, 
• CLINICAL ACTIVITY
• MULTITARGET

•  Angiogenesis
•  Immune system
•  Stroma
•  Cancer cells & stems cells

• COMBINATION (sequential / associated)
• drug repositioning
• Chemotherapy
• Immunotherapy +++
• Target therapy

• COMPUTATIONAL METRONOMIC
PK, biomarkers, molecular biology

METRONOMICS 3.0



Orion 4 1/2 years old boy
Retroparotid mass + lymph nodes
Myoepithelial carcinoma
- Ifosphamide-vcr-actD- doxo x 2: SD
- Gemcitabine-docetaxel  x2: SD
- 5FU-cisplatinum x2: SD
- Surgery
- Radiotherapy

--> CR



One year later…



METRO-SFCE01

1. Metronomic regimen for children with refractory disease

2. Multi-drug

3. Low toxicities 
(no temo- no eto )

4. Mainly Oral

5. Pro-immune and antiangiogenic
Treg

Activate Dendritic cells
Pasquier, André NRCO 2010





 CR : 3 months of treatment
 SD : 6 months of on going treatment



Have the courage to follow 
your heart and intuition.

They somehow already know
 what you truly want to become



Scientific & Medical Innovation

Must be shared
 

Low and Middle Income Ccountries

Social innovation Mandatory



Each year ~250,000 children are affected 
by cancer worldwide

CHILDHOOD CANCERCHILDHOOD CANCER

~ 200,000 in low- & middle-
income countries

~ 50,000 in high-income 
countries

>75% survival 
rate

<25%  survival 
rate

Advantages of Metronomics in LMICsAdvantages of Metronomics in LMICs
- Off-patent drugs = low cost
- Oral formulations = no hospitalization required
- Low toxicity = less IIR infections

Cheap, non-toxic and easy to administer



METRONOMICS 3.0



METRONOMICS GLOBAL HEALTH 
INITIATIVE

Metronomics.newethicalbusiness.org

Network
Website
Meetings

Preclinical work
Clinical studies

Publications

Przyłącz się



METRONOMICS 
GLOBAL HEALTH 

INITIATIVE

Math & Cancer
 Workshop

CIRM 7-11 dec 2015
Marseille, France

http://math-cancer-cirm2015.math.cnrs.fr/
http://math-cancer-cirm2015.math.cnrs.fr/
http://math-cancer-cirm2015.math.cnrs.fr/
http://math-cancer-cirm2015.math.cnrs.fr/
http://math-cancer-cirm2015.math.cnrs.fr/
http://math-cancer-cirm2015.math.cnrs.fr/
http://math-cancer-cirm2015.math.cnrs.fr/


 - Pediatric Hematology & Oncology, Children Hospital of La Timone, AP-HM, Marseille, France

Dr Gentet, Dr Verschuur, Dr Rome, Dr Coze, Pr Michel
-  Vascular Biology Department, Hôpital de La Conception, AP-HM, Marseille, France

Pr Dignat Georges, Dr Arnauld, Pr Sabatier 
- CRO2, UFR Pharmacy, Marseille, France
-Dr Carre, Dr Ciccoloni, Pr Barbolosi  

CRO2, UFR Pharmacy, Marseille, France

-Pr Hubert

Institut de Mathématiques de Marseille

Dr Pasquier, Pr Kavallaris UICC, Sydney, Australia
Pr Le Menestrel, University Pompeu Fabra, Barcelona, Spain

Dr Stihur (Toulouse, France)
Pr Sterba (Brno, Cek Rzepublic)

Dr Traore  (Bamako, Mali), 
Pr Heisseisen, Pr El Kababri (Maroc)

Pr Banavali  (Mumbai, India), Pr Raina, Dr Malhik (New Dehli)
Dr Epelman (Brazil)

Pr G Sharowsky (Rosario, Argentina)
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