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Nanomedicine  
 

 
 

 

AGuIX nanoparticles 
Activation and Guiding of Irradiation by X-Rays 
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Size  
~ 3 nm 

Good monodispersity 

Composition  
polysiloxane and DOTA(Gd) 

 high doping in gadolinium: ~ 15 w% 

Weight  
~ 10 kDa 

Relaxivity 
 MRI-T1 

r1(Gd) ~ 10 s-1.mmol-1 (60 MHz) 

Conservation 
Freeze-Drying 

Complexation constant 
of DOTAGA on the Np 

ln β ~ 24.78 

Reconstitution 
Colloïdal solution 

(+) 100 g/l 

4 AGuIX  
Nano Hybrid Gd-particles 
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Theranostic nanoparticles 

Targeting – Imaging - Treatment 
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1 - Theranostic 
 

 

Tumors targeting and Imaging 
 

Intravenous injection of AGuIX to target (and see) all 
solid tumors 



Tumour 

Healthy area 

6 EPR effect 
Leaky tumor - Passive diffusion 

Orthotopic Gliosarcoma 9L Fisher Rat 
G. Le Duc team – ESRF – Grenoble 

Preclinical results of Passive targeting after IV injection 

Efficient MRI T1 contrast agent 

TUMOUR IMAGING 
MRI T1 

 
 

EPR 
PASSIVE DIFFUSION 
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Target the tumours ? 

Nanomedicine & EPR Targeting 
Tumour vessels contain large fenestrations between the endothelial cells 

Well known passive	targeting of	the	tumor
by	Enhanced Permeability Retention effect – 5	nm	(EPR	effect)

M a ed a 	et	a l,		M icrovasc,	2 0 1 6
M a ed a 	et	a l,	J	Co n tro lled 	Relea se,	2 0 0 0

Passive	
targeting

Tumor cell

Leaky vasculature of	tumor

Normal	cell

TumorHealthy tissue

Small	molecules larger molecules,	nanoparticles

D iffusio n	in	tum o r	- No	extra vasation	in	h ea lth y	area

Selective	distribution
<1% 	ID	but	very	specific	and	stable
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Nanomedicine & EPR Targeting
« Enhanced Permeability and Retention effect - 5 nm ! »

Nanoparticles 2-5 nm

Diffusion in tumor

&

No extravasation in healthy area

Selective distribution
<1% ID but very specific and stable

Tumor vessels

Healthy tissue
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In Functional Nanoparticles for Bioanalysis, Nanomedicine, and Bioelectronic Devices Volume 2; Hepel, M., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2012. 



Figure 3
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4 3 2 Nude Mice-bearing U87MG  Nude Mice-bearing U87MG  Nude rat bearing U87MG 

Wistar rats bearing 9LGS 

T1-weighted images of Glioma after Intra Venous AGuIX Injection 
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Remanence 24	h	after injection	in	tumors tissues
allowing delayed irradiation	and	fractionation

15 161822

A.

B.

[G
d
] in

 m
M

• 24	h	after,	ratio	between normal	tissue	and	tumor tissue	=	16

Tumour Specificity 
& 

Persistence in tumours tissues 24h after IV 

Ratio between normal tissue and tumor tissue >10 
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2 – Theranostic 
 

In Vivo and in Vitro preclinical Proof 
of Concept 

 

Enhanced Radiation Therapy 
Booster of radiotherapy 

Efficient therapeutic effect 



In Vitro 
Cell survival – Clonogenic assay 

Nanoparticles Incubation  
&  

Irradiation  
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High radiosensitizing effect: SER2Gy ≈ 2 

C. Rodriguez et al. J. of Nanomedicine 2014 

0.4 mg/ml 

 0.6 mg/ml 

Dose (Gy) 

0             1             2           3          4  

100 
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Irradiation  250 kV  
Small animal Iradiator facility, Lyon 

In Vitro 
SQ20B Radioresistant Head & Neck Carcinoma 

(without particles) 

Clonogenic death 



Pre-clinical irradiation set-up Clinical irradiation set-up 

DEF = 1.34 DEF = 1.31 (FFF) 

220 kVp 6 MV 

MV and kV Radiation Dose-enhancing effects of AGuIX® 
Panc1 tumor Cells  

200 kVp SARRP & 6 MV linear accelerator (Boston) 
 

Alex Detappe et al., Cancer Nano 2015 
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L. Sancey et al., Br. J. Radiol. 2014 

Clear evidences of radiosensitizing effects  
Sensiting Enhancement Ration: +20% 

In Vitro radiosensitizing experiments with AGuIX 

Teams 10 - Cells 20 - Radiations 10  
Experimental conditions 50 14 

In	vitro:	radiosensitizing effect	

Using	X	rays,	neutrons,	protons,	hadrons

Demonstrated	by	collaboration	with	10+	international	teams	on	10+	cell	lines	and	

various	irradiation	conditions

Sancey,	Br.	J.	Radio logy,	2014

Photons

SER	1,2	- 2,5



Why radiosensitizing effects ? 
Röntgen  

Albert Von Kölliker’s hand 

Simple dose increase ? 
 

High Z element, Gadolinium: Z=64 

Possible dose effect (Z3-5)… 
Anyway only at high Gd-content (0.001 w% ?)… and nothing in the MeV range! 

1-10 w%  
 ≈2 doses 



Local Nano-Dose effects 
Propagation of Auger shower around the nanoparticles 16 

High Z element Physical effects 
Photoelectric effect - Auger electrons 

Biochemical effects 
Reactive oxygen species 

Without Nanoparticles With Nanoparticles 

Simulations – Stephen  McMahon More biological effects of the dose ! 

X-Ray 
Photo-electron 

Auger-electrons 



In Vivo 
Preclinical animal radiosensitizing studies 
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Intravenous Injection (0.1-1 % ID/g) 
&  

Irradiation 



Without treatment (black, n=5), only treated by radiotherapy (red, n=7) and treated by Radiotherapy 1 
h (green, n=8) and 24 h (blue, n=6) after AGuIX IV injection 

Without treatment (black, n=4), only treated by radiotherapy (blue n=7) and treated by Radiotherapy 5 
min. (curve, n=8) and 20 min. (green, n=8) after AGuIX IV Injection  

Without treatment (black, n=9), only treated by radiotherapy (red n=15) and treated by Radiotherapy 20 
min. after injection of DOTAREM (blue, n=8 and green, n=8) and 20 min. (pink, n=8) after AGuIX IV 

injection. 

20 min. 

5 min. 

24 h. 

1 h. 

Radiotherapy – no particle 

Radiotherapy – no particle 

Radiotherapy – no particle 

Radiotherapy 
&  
DOTAREM molecule 

Radiothérapy  
&  
IV Injection AGuIX 

AGuIX NANO vs DOTAREM molecule AGuIX & Radiotherapy & Chemotherapy Témodal 

AGuIX NANO effet temps et concentration 

Survival curves of orthotopic gliosarcoma bearing rats (9LGS)  



Without treatment (black, n=5), only treated by radiotherapy (red, n=7) and treated by Radiotherapy 1 
h (green, n=8) and 24 h (blue, n=6) after AGuIX IV injection 

Without treatment (black, n=4), only treated by radiotherapy (blue n=7) and treated by Radiotherapy 5 
min. (curve, n=8) and 20 min. (green, n=8) after AGuIX IV Injection  

Without treatment (black, n=9), only treated by radiotherapy (red n=15) and treated by Radiotherapy 20 
min. after injection of DOTAREM (blue, n=8 and green, n=8) and 20 min. (pink, n=8) after AGuIX IV 

injection. 

20 min. 

5 min. 

24 h. 

1 h. 

Radiotherapy – no particle 

Radiotherapy – no particle 

Radiotherapy – no particle 

Radiotherapy 
&  
DOTAREM molecule 

Radiothérapy  
&  
IV Injection AGuIX 

AGuIX NANO vs DOTAREM molecule AGuIX & Radiotherapy & Chemotherapy Temodal 

AGuIX NANO effet temps et concentration 

Survival curves of orthotopic gliosarcoma bearing rats (9LGS)  

Preclinical Proof Of Concept 
 

Increase radiotherapy efficacy (often >*2)  

 
Efficient at low particle content (+10 ppm), easy reached with simple EPR targeting 

No evidence of adverse effect in association with chemiotherapy, temodal 

Nanoparticles effects, compared with DOTA(Gd) molecules 



Alex Detappe et al., J. Control Release, 2016, 238, 103-113 

Proof of Concept for MRI-Guided radiosensitization in Pancreas adenocarcinoma 

Control 

1. MRI - Biodistribution 

2. Dosimetry 

3. Therapeutical effect (10 Gy) 

4. Ex-vivo 

220 kV 

6 MV 



Cancer In vitro
Animal	studies

Clinical	trial
Imaging Therapy

Glioblastoma ü

F9 8 , U8 7 ,	T9 8 G

ü

M RI	– PET	- SPECT
ü

BI preparation
NANOGLIO	(IGR,	Guillaume	Louvel, MD)

Brain	metastases ü

B1 6 F1 0

ü

M RI
ü

ü

NANORAD	- Phase	I in	progress	(CHU	Grenoble,	Camille	Verry,	MD)

Cervical	cancer ü

H e La
NE NE ü

NANOCOL	- Authorization	ANSM	(IGR,	Cyrus	Chargari,	MD)

Lung	cancer ü

A5 4 9

ü

M RI	- Fluo
ü

NE
Discussion	and	development device	with	Vectura

Prostate	cancer ü

D U1 4 5 , PC3

ü

X	(post IT)
NE NE

Discussions	Queen’s	university	Belfast	(Suneil Jain,	MD)

Head	and	neck	cancer ü

SQ2 0 B,	FaD u,	CAL3 3

ü

Fluo (post IT)
ü

FUI Project	submitted
Discussions	CHU	Lyon	(Philippe	Ceruse,	MD)

Pancreatic	cancer ü

Capan-1

ü

M RI	- SPECT
ü NE

Chondrosarcoma ü

SW1353

ü

SPECT
ü NE

Liver	HCC ü

H e pG 2

ü

M RI	– PET
ü NE

Melanoma ü

B1 6 F1 0

ü

SPECT	
ü NE

Breast	cancer NE ü

M RI	- PET
NE NE

Colorectal	cancer ü

H CT1 1 6

ü

M RI
NE NE

Preclinical PoCs 
Positive results in 12 different kinds of cancers  

Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P a tien t # 2

P a tien t # 3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial upt ake of  AGuI X® nanopart icles in BM compared t o normal brain t issue,

and it s abilit y t o select ively accumulate in t umor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing t herapeut ic ef f ect s of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX ®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This st udy already conf irms t hat  t his schedule of  AGuI X® plus WBRT was well t olerat ed by pat ient s with MBM.
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Linear regression analysis for the size progression of Brain Metastases 
versus initial MRI enhancement (AGuIX uptake) 

all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T

Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after
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3 – First In Man 

Phase 1b – NANORAD Radiosensitization of 

multiple brain metastases using Gadolinium based 
Nanoparticles (AGuIX) 

Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P a tie n t #2

P a tie n t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial upt ake of  AGuI X® nanopart icles in BM compared t o normal brain t issue,

and it s abilit y t o select ively accumulate in t umor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing t herapeut ic ef f ect s of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX ®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This st udy already conf irms t hat  t his schedule of  AGuI X® plus WBRT was well t olerat ed by pat ient s wit h MBM.
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Linear regression analysis for the size progression of Brain Metastases 

versus initial MRI enhancement (AGuIX uptake) 
all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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After initial diagnosis

Median survival: 34.9 weeks

After initiation of WBR T
Median survival: 15.6 weeks
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After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T

Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after

Principal investigator: Dr C. Verry – (J. Balosso)     University hospital: CHU Grenoble 



Pharmaceutical	form:	sterile lyophilized powder

Reconstitution	with water	for	injection
1	hour before injection
Concentration	100	g/L

Intravenous injection
Syringe	pump - injection	rate:		1	mL /	min
Duration	of	injection:	15	min	/	first	dose	à 90	min	/	last	dose

The	« First	in	M an »	injection
July	2016



SAFETY	&	PK	results

NH	TherAguix –All	rights reserved



Good tolerance of the 4 first dose levels (12p/15p)  
 

MTD ≥ 75 mg/kg 

Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P atien t #2

P atien t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France

0 20 40 60 80

0

20

40

60

80

100

AGuIX Injected Dose (mg/kg)

M
R

I 
e
n

h
a
n
c
e
m

e
n
t 
o
f 
ta

rg
e
t 
le

s
io

n
s
 2

h
 p

o
s
t 
In

je
c
t
io

n
 (
%

)

MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 

1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19

Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial upt ake of  AGuI X® nanopart icles in BM compared to normal brain t issue,

and its abilit y t o select ively accumulat e in t umor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing t herapeut ic ef f ect s of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX ®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This st udy already conf irms t hat  t his schedule of  AGuI X® plus WBRT was well t olerat ed by pat ient s with MBM.
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Linear regression analysis for the size progression of Brain Metastases 

versus initial MRI enhancement (AGuIX uptake) 
all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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Median survival: 34.9 weeks

After initiation of WBR T

Median survival: 15.6 weeks
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Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after

Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

Patient #2

Patient #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2⌁1 hour - 50% of urinary excretion during the first day.

Theranosticnano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19

Slope significantly non zero: P = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)

**
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms preferential uptake of  AGuI X® nanoparticles in BM compared to normal brain tissue,

and its ability to selectively accumulate in tumor t issue while sparing normal t issue.

First clinical evidences of  radio- enhancing therapeutic ef fects of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanomametastases
• Overall Survival curves at these first steps seem encouraging

This study already conf irms that this schedule of AGuI X® plus WBRT was well tolerated by patients with MBM.
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Linear regression analysis for the size progression of Brain Metastases 

versus initial MRI enhancement (AGuIX uptake) 
all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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After initial diagnosis

Median survival: 34.9 weeks

After initiation of WBR T

Median survival: 15.6 weeks
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After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T
Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after
8

Pharmacokinetic results

F irst	9	patients F irst	dose	level (15	mg/kg) Second	dose	level (30	mg/kg) Third dose	level (50	mg/kg)

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

Pharm acokinetic

plasm a

T1/2: 2h

Vd:	0.369 L/kg
CL: 0.1	L/h/kg

T1/2:	45min

Vd:	0.241	L/kg
CL: 0.15	L/h/kg

T1/2:	1h20

Vd:	0.250	L/kg
CL: 0.13	L/h/kg

T1/2:  50 min

Vd:  0.297 L/kg
CL: 0.20	L/h/kg

T1/2: 1h18

Vd:		0.335 L/kg
CL: 0.18	L/h/kg

T1/2:  57 min

Vd:  0.349 L/kg
CL: 0.17	L/h/kg

T1/2: 56	min

Vd:		0.209 L/kg
CL: 0.13	L/h/kg

T1/2: 1h06

Vd:		0.209 L/kg
CL: 0.09	L/h/kg

T1/2: 48	min

Vd:		0.246 L/kg
CL: 0.17	L/h/kg

Urinary

excretion

≈	25%	(0-4h)
≈	20%	(4-24h)

≈	45%	over 24h

≈	25%	(0-4h)
≈	20%	(4-24h)

≈	45%	over 24h

≈	44%	(0-4h)
≈	11%	(4-24h)

≈	55%	over 24h

≈	31%	(0-4h)
≈	16%	(4-16h)

≈	48%	over 16h

not	collected (0-4h)
≈	10%	(4-20h)

/

≈	31%	(0-4h)
≈	18%	(4-24h)

≈	49%	over 24h

≈	50%	(0-4h)
≈	20%	(4-24h)

≈	70%	over 24h

≈	16%	(0-4h)
≈	34%	(4-24h)

≈	50%	over 24h

0-4h	urines	

partially

collected

/

Short	half	life	
T1/2 :	1-2	h

Urinary	excretion
50%	first	Day	
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AGuIX cumulative urinary excretion over 24h

AGuIX injected dose (mg) 1 080

C0 (m g/L) 59.9 ± 7.77

T1/2 (h) 1h20

AUC (mg/L/h) 114.41

Vd (L) 18.03

Vd (L/kg) 0.250

Cl (L/h) 9.44

Cl (L/h/kg) 0.13

Residual plasmatic rate at J8 
(µg/L)

32.8

Plasmatic data

Nanorad - Patient 3
AGuIX 15 mg/kg

Plasmatic T1/2 ≈  1h2 0

Urinary data

4 - 19h30 : 13.31%

19h30 - 24h : 0.69%

0 - 4h : 44.69%

44% of the injected
dose excreted over 4h

54 % over 20h

0.06% in J8 sam ple

Nanorad - patient 03
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AGuIX cumulative urinary excretion over 24h

AGuIX injected dose (mg) 1 080

C0 (mg/L) 59.9 ± 7.77

T1/2 (h) 1h20

AUC (mg/L/h) 114.41

Vd (L) 18.03

Vd (L/kg) 0.250

Cl (L/h) 9.44

Cl (L/h/kg) 0.13

Residual plasmatic rate at J8 
(µg/L)

32.8

Plasmatic data

Nanorad - Patient 3
AGuIX 15 mg/kg

Plasmatic T1/2 ≈  1h2 0

Urinary data

4 - 19h30 : 13.31%

19h30 - 24h : 0.69%

0 - 4h : 44.69%

44% of the injected
dose excreted over 4h

54 % over 20h

0.06% in J8 sample

Nanorad - patient 03
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Pharmacokinetic results

F irst	9	patients F irst	dose	level (15	mg/kg) Second	dose	level (30	mg/kg) Third dose	level (50	mg/kg)

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

Pharm acokinetic
plasm a

T1/2: 2h
Vd:	0.369 L/kg
CL: 0.1	L/h/kg

T1/2:	45min
Vd:	0.241	L/kg
CL: 0.15	L/h/kg

T1/2:	1h20
Vd:	0.250	L/kg
CL: 0.13	L/h/kg

T1/2:  50 min
Vd:  0.297 L/kg
CL: 0.20	L/h/kg

T1/2: 1h18
Vd:		0.335 L/kg
CL: 0.18	L/h/kg

T1/2:  57 min
Vd:  0.349 L/kg
CL: 0.17	L/h/kg

T1/2: 56	min
Vd:		0.209 L/kg
CL: 0.13	L/h/kg

T1/2: 1h06
Vd:		0.209 L/kg
CL: 0.09	L/h/kg

T1/2: 48	min
Vd:		0.246 L/kg
CL: 0.17	L/h/kg

Urinary

excretion

≈	25%	(0-4h)

≈	20%	(4-24h)

≈	45%	over 24h

≈	25%	(0-4h)

≈	20%	(4-24h)

≈	45%	over 24h

≈	44%	(0-4h)

≈	11%	(4-24h)

≈	55%	over 24h

≈	31%	(0-4h)

≈	16%	(4-16h)

≈	48%	over 16h

not	collected (0-4h)

≈	10%	(4-20h)

/

≈	31%	(0-4h)

≈	18%	(4-24h)

≈	49%	over 24h

≈	50%	(0-4h)

≈	20%	(4-24h)

≈	70%	over 24h

≈	16%	(0-4h)

≈	34%	(4-24h)

≈	50%	over 24h

0-4h	urines	
partially

collected

/

Short	half	life	
T1/2 :	1-2	h

Urinary	excretion
50%	first	Day	
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AGuIX cum ulative urinary excretion over 24h

AGuIX injected dose (mg) 1 080

C0 (mg/L) 59.9 ± 7.77

T1/2 (h) 1h20

AUC (m g/L/h) 114.41

Vd (L) 18.03

Vd (L/kg) 0.250

Cl (L/h) 9.44

Cl (L/h/kg) 0.13

Residual plasmatic rate at J8 
(µg/L)

32.8

Plasmatic data

Nanorad - Patient 3
AGuIX 15 mg/kg

Plasmatic T1/2 ≈  1h2 0

Urinary data

4 - 19h30 : 13.31%

19h30 - 24h : 0.69%

0 - 4h : 44.69%

44% of the injected
dose excreted over 4h

54 % over 20h

0.06% in J8 sam ple
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AGuIX cumulative urinary excretion over 24h

AGuIX injected dose (mg) 1 080

C0 (mg/L) 59.9 ± 7.77

T1/2 (h) 1h20

AUC (mg/L/h) 114.41

Vd (L) 18.03

Vd (L/kg) 0.250

Cl (L/h) 9.44

Cl (L/h/kg) 0.13

Residual plasmatic rate at J8 
(µg/L)

32.8

Plasmatic data

Nanorad - Patient 3
AGuIX 15 mg/kg

Plasmatic T1/2 ≈  1h2 0

Urinary data

4 - 19h30 : 13.31%

19h30 - 24h : 0.69%

0 - 4h : 44.69%

44% of the injected
dose excreted over 4h

54 % over 20h

0.06% in J8 sample

Nanorad - patient 03
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Tumour	AGuIX targeting	&	MRI
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Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P atien t #2

P atien t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 

1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms preferent ial uptake of  AGuI X® nanopart icles in BM compared to normal brain t issue,

and its ability to select ively accumulate in tumor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing therapeut ic ef f ects of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This study already conf irms that  this schedule of  AGuI X® plus WBRT was well tolerated by pat ients with MBM.
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Linear regression analysis for the size progression of Brain Metastases 
versus initial MRI enhancement (AGuIX uptake) 

all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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Median survival: 34.9 weeks
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After initial diagnosis
Median survival: 33.4 weeks

After initiation of WBR T

Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after



27 
S. Mériaux et al. - Neurospin 

 AGuIX Uptake in tumours after 
nano-Drug IV injection 

 

 MRI Enhancements of the 
metastases 

 

 Some Persistence +1 week  

M7M6

J8 post AGuIX
Inclusion MRI 

(24h before)
J1 –2h post AG

uIX

Nanorad-Pati
ent 3

AGuIX 15 mg/k
g

MRI T1 3D

M4 M5

Realigned& no
rmalizedimag

es

MRIT1contra
stenhanceme

ntinALLbrain
mets2hafter

AGuIXinjectio
n(contrastpe

rsistance8day
safterinM6?

)

Nice MRI evide
nces of enhan

cement due to
 AGuIX in tumo

urs

MRI	T1	enhancement of	metastases

M7

M6

M13

M15

M19

M18

Inclusion MRI (D0) Post Injection 2h MRI (D1) Post First week treatment MRI (D8)

Patient	#2

Patient	#3

AGuIX targeting	and	tumour	uptake
MRI	T1	enhancement	of	metastases	(2 h .	after	IV 	in jection 		and	still	after	1 	w eek	(D 8 ))

D0 D1 2h post AGuiX D8 1 week post AGuiX 



Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr
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Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P atien t #2

P atien t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19

Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)

**
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial upt ake of  AGuI X® nanopart icles in BM compared t o normal brain t issue,

and its abilit y t o select ively accumulat e in t umor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing t herapeut ic ef f ect s of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX ®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This st udy already conf irms t hat  t his schedule of  AGuI X® plus WBRT was well t olerated by pat ient s wit h MBM.
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Linear regression analysis for the size progression of Brain Metastases 

versus initial MRI enhancement (AGuIX uptake) 
all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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After initial diagnosis

Median survival: 34.9 weeks

After initiation of WBR T

Median survival: 15.6 weeks
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After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T

Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
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Breast Cancer 
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Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2
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Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P atien t #2

P atien t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 

1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)

**
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial uptake of  AGuI X® nanopart icles in BM compared to normal brain t issue,

and its ability to select ively accumulate in tumor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing therapeut ic ef fects of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This study already conf irms that  this schedule of  AGuI X® plus WBRT was well tolerated by pat ients with MBM.
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Linear regression analysis for the size progression of Brain Metastases 

versus initial MRI enhancement (AGuIX uptake) 
all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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After initiation of WBR T

Median survival: 15.6 weeks
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Median survival: 33.4 weeks

After initiation of WBR T

Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after



Multiple brain metastases (MBM)
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Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P a tien t #2

P a tien t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial upt ake of  AGuI X® nanopart icles in BM compared t o normal brain t issue,

and its abilit y t o select ively accumulate in t umor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing t herapeut ic ef f ect s of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX ®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This st udy already conf irms t hat  t his schedule of  AGuI X® plus WBRT was well t olerat ed by pat ient s wit h MBM.
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Linear regression analysis for the size progression of Brain Metastases 
versus initial MRI enhancement (AGuIX uptake) 

all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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Median survival: 15.6 weeks
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Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after

Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P atien t #2

P atien t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)

**
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial upt ake of  AGuI X® nanopart icles in BM compared t o normal brain t issue,

and its ability to select ively accumulate in tumor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing therapeut ic ef f ects of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX ®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This study already conf irms that  this schedule of  AGuI X® plus WBRT was well tolerated by pat ients with MBM.
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Linear regression analysis for the size progression of Brain Metastases 
versus initial MRI enhancement (AGuIX uptake) 

all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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After initiation of WBR T

Median survival: 15.6 weeks
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After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T

Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after

Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P atien t #2

P atien t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 

1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial uptake of  AGuI X® nanopart icles in BM compared to normal brain t issue,

and its abilit y t o select ively accumulate in t umor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing therapeut ic ef f ect s of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX ®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This study already conf irms t hat  this schedule of  AGuI X® plus WBRT was well t olerated by pat ients wit h MBM.
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Linear regression analysis for the size progression of Brain Metastases 

versus initial MRI enhancement (AGuIX uptake) 
all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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Median survival: 34.9 weeks
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Median survival: 15.6 weeks

0 10 20 30 40 50

0

50

100

6 melanoma patients Nano-Rad  (09-05-2017)

Time (weeks)

O
v

e
ra

ll
 s

u
rv

iv
a

l 
(%

)

After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T
Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after

Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P a tien t # 2

P a tien t # 3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial upt ake of  AGuI X® nanopart icles in BM compared t o normal brain t issue,

and it s abilit y t o select ively accumulate in t umor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing t herapeut ic ef f ect s of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX ®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This st udy already conf irms t hat  t his schedule of  AGuI X® plus WBRT was well t olerat ed by pat ient s with MBM.
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Linear regression analysis for the size progression of Brain Metastases 
versus initial MRI enhancement (AGuIX uptake) 

all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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After initial diagnosis
Median survival: 34.9 weeks

After initiation of WBR T

Median survival: 15.6 weeks
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After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T

Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after
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Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P atien t #2

P atien t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)

**

ns
ns

Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms preferent ial uptake of  AGuI X® nanopart icles in BM compared to normal brain t issue,

and its ability to select ively accumulate in tumor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing therapeut ic ef f ects of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This study already conf irms that  this schedule of  AGuI X® plus WBRT was well tolerated by pat ients with MBM.
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Linear regression analysis for the size progression of Brain Metastases 

versus initial MRI enhancement (AGuIX uptake) 
all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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After initial diagnosis

Median survival: 34.9 weeks

After initiation of WBR T

Median survival: 15.6 weeks
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After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T
Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
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Multiple brain metastases (MBM)
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Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P a tie n t #2

P a tie n t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19

Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)

**
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial uptake of  AGuI X® nanopart icles in BM compared to normal brain t issue,

and its abilit y to select ively accumulat e in tumor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing therapeut ic ef f ects of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX ®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This study already conf irms that  this schedule of  AGuI X® plus WBRT was well tolerated by pat ient s with MBM.
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Linear regression analysis for the size progression of Brain Metastases 

versus initial MRI enhancement (AGuIX uptake) 
all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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Median survival: 34.9 weeks

After initiation of WBR T
Median survival: 15.6 weeks
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After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T

Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after

Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2
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Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P atien t #2

P atien t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial uptake of  AGuI X® nanopart icles in BM compared to normal brain t issue,

and its ability to select ively accumulate in tumor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing therapeut ic ef f ects of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This study already conf irms that  this schedule of  AGuI X® plus WBRT was well tolerated by pat ients with MBM.
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Linear regression analysis for the size progression of Brain Metastases 

versus initial MRI enhancement (AGuIX uptake) 
all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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After initial diagnosis

Median survival: 34.9 weeks

After initiation of WBR T

Median survival: 15.6 weeks
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After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T

Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after

Clinical benefits in +90% patients (10p/11p)  
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Reduction of the tumour volume by a factor 3 

Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P a tien t # 2

P a tien t # 3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054

0 50 100

-20

0

20

40

60

MRI enhancement 2 hoursk after AGuIX administration (%)

M
R

I 
e

n
h

a
n

c
e

m
e
n

t 
1

 w
e

e
k

 a
ft

e
r 

A
G

u
IX

 a
d

m
in

is
tr

a
ti

o
n

 (
%

)

Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)

**
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial upt ake of  AGuI X® nanopart icles in BM compared t o normal brain t issue,

and it s abilit y t o select ively accumulate in t umor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing t herapeut ic ef f ect s of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX ®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This st udy already conf irms t hat  t his schedule of  AGuI X® plus WBRT was well t olerat ed by pat ient s with MBM.
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Linear regression analysis for the size progression of Brain Metastases 
versus initial MRI enhancement (AGuIX uptake) 

all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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Median survival: 34.9 weeks

After initiation of WBR T
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6 melanoma patients Nano-Rad  (09-05-2017)
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After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T

Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after
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Clinical responses

NH	TherAguix –All	rights reserved

Inclusion	M RI	(D0) 3	months	post	treatment	M RI	(D100)1 months	post	treatment	M RI	(D28)

Exa m p le p a tient	#2 	- N SCLC

Tumour	responses
D ecrease	o f	tum o ur	vo lum e:	V D 1 0 0/V D2 8 :	5 8 %

2 0 	CR	Com plete	Respo n ses
8 	PR/SD 	Pa rtia l	Resp o nse	o r	Stab le	d isease

2 	PD 	Pro g ressive	d isea se

16

AGuIX uptake	(MRI	enhancement)	and	tumour	responses
Com parison	of	tum our	responses	in	patient	#2	- 30	m elanom a	m etastases

NH	TherAguix –All	rights reserved

The	two	Progressive	tumours	(PD)	have	a	very	low	AGuIX uptakeNH TherAguix –All rights reserved

Tumour evolution and MRI enhancement
Evolution of the tumour volumes (D0 – D28 – D100) as a function of 

the initial AGuIX uptake (MTI enhancement 2h)
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Tumour evolution and MRI enhancement
Evolution of the tumour volumes (D0 – D28 – D100) as a function of 

the initial AGuIX uptake (MTI enhancement 2h)
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Tumour evolution and MRI enhancement
Evolution of the tumour volumes (D0 – D28 – D100) as a function of 

the initial AGuIX uptake (MTI enhancement 2h)
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Tumour response and AGuIX MRI enhancement D1
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Tumour response and AGuIX MRI enhancement D8
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Patient #2 - melanoma 



Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P a tie n t #2

P a tie n t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial upt ake of  AGuI X® nanopart icles in BM compared t o normal brain t issue,

and it s abilit y t o select ively accumulat e in t umor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing t herapeut ic ef f ect s of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX ®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This st udy already conf irms t hat  t his schedule of  AGuI X® plus WBRT was well t olerat ed by pat ient s wit h MBM.
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Linear regression analysis for the size progression of Brain Metastases 
versus initial MRI enhancement (AGuIX uptake) 

all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
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Breast Cancer 
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Colon Cancer 
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1 week after

Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P atien t #2

P atien t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial uptake of  AGuI X® nanopart icles in BM compared to normal brain t issue,

and its ability to select ively accumulate in tumor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing therapeut ic ef f ects of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This study already conf irms that  this schedule of  AGuI X® plus WBRT was well tolerated by pat ients with MBM.
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Linear regression analysis for the size progression of Brain Metastases 
versus initial MRI enhancement (AGuIX uptake) 

all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017
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Multiple brain metastases (MBM)

Primary and secondary objectives
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Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P atien t #2

P atien t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)

**

ns
ns

Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial uptake of  AGuI X® nanopart icles in BM compared to normal brain t issue,

and its ability to select ively accumulate in tumor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing therapeut ic ef f ects of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This study already conf irms that  this schedule of  AGuI X® plus WBRT was well tolerated by pat ients with MBM.
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Linear regression analysis for the size progression of Brain Metastases 
versus initial MRI enhancement (AGuIX uptake) 

all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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Median survival: 34.9 weeks

After initiation of WBR T

Median survival: 15.6 weeks
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After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T

Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7
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Kaplan	M eir	Survival curves (partial	results 24–10	–2017)	

Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P a tien t #2

P a tien t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial upt ake of  AGuI X® nanopart icles in BM compared t o normal brain t issue,

and it s abilit y t o select ively accumulat e in t umor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing t herapeut ic ef f ect s of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX ®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This st udy already conf irms t hat  t his schedule of  AGuI X® plus WBRT was well t olerat ed by pat ient s wit h MBM.
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Linear regression analysis for the size progression of Brain Metastases 

versus initial MRI enhancement (AGuIX uptake) 
all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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After initial diagnosis
Median survival: 34.9 weeks

After initiation of WBR T
Median survival: 15.6 weeks
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After initial diagnosis
Median survival: 33.4 weeks

After initiation of WBR T

Median survival: 12.7 weeks

NANORAD Phase 1b 15 m g AGuIX®/kg 30 m g AGuIX®/kg 50 m g AGuIX®/kg 75 m g AGuIX®/kg

Resu lts Au gu st 2017                                                     
AGu IX® IV  (15 to  100 m g/k g) + W BRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 pa tient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient  #12

NSCLC M elanom a NSCLC NSCLC M elanom a M elanom a M elanom a NSCLC Colon cancer M elanom a M elanom a Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharm acokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tum or uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 m m  40.9 m m  60.5 m m  25.9 m m  36.5 m m  26.5 m m  56.1 m m  43.9 m m  58.5 m m  31.6 m m  23.5 m m  27.5 m m  

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in  pro gress in p ro gress 

Best O bjective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in p ro gress SD -in p rogress SD  SD-in pro gress SD-in  pro gress 

OS from  M BM  diagnosis  / from  onset of W BRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

C lin ical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

N E: N on e va luable .   SD : S table  dise ase .   PR: Par taila  R e sponse .    PD : Progre ss ive  D ise ase .

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after
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After initial diagnosis
Median survival: 35 weeks

After initiation of WBR T
Median survival: 20 weeks

0 10 20 30 40 50
0

50

100

6 melanoma patients Nano-Rad  (24-10-2017)

Time (weeks)

O
v
e
ra

ll
 s

u
rv

iv
a
l 
(%

)

After initial diagnosis
Median survival: 33.4 weeks

After initiation of WBR T
Median survival: 14.1 weeks
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H. Hauswald et al. 2012

J. Bates et al. 2015

C. Ostheimer et al. 2015

M. Broadbent et al. 2004

Kaplan	M eir	Survival curves (partial	results 24–10	–2017)	

Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P a tien t #2

P a tien t #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001
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comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)

pat
ie

n
t #

2 
(1

5 m
g

/k
g

)

pat
ie

n
t #

6 (
30

 m
g

/k
g

)

pat
ie

nt #
10

 (7
5m

g
/k

g
)

-10

-5

0

5

s
iz

e
 e

v
o

lu
ti

o
n

s
 o

f 
m

e
ta

s
ta

s
e

s
 b

e
tw

e
e

n
 D

2
8

 a
n

d
 D

1
(m

m
)

comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)

**
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial upt ake of  AGuI X® nanopart icles in BM compared t o normal brain t issue,

and it s abilit y t o select ively accumulat e in t umor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing t herapeut ic ef f ect s of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX ®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This st udy already conf irms t hat  t his schedule of  AGuI X® plus WBRT was well t olerat ed by pat ient s wit h MBM.
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Linear regression analysis for the size progression of Brain Metastases 

versus initial MRI enhancement (AGuIX uptake) 
all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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After initial diagnosis
Median survival: 34.9 weeks

After initiation of WBR T
Median survival: 15.6 weeks
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After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T
Median survival: 12.7 weeks

NANORAD Phase 1b 15 m g AGuIX®/kg 30 m g AGuIX®/kg 50 m g AGuIX®/kg 75 m g AGuIX®/kg

Resu lts Au gu st 2017                                                     
AGu IX® IV  (15 to  100 m g/kg) + W BRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC M elanom a NSC LC NSCLC M elanom a M elanom a M elanom a NSCLC Colon cancer M elanom a M elanom a Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharm acokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tum or uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution  of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 m m  40.9 m m  60.5 m m  25.9 m m  36.5 m m  26.5 m m  56.1 m m  43.9 m m  58.5 m m  31.6 m m  23.5 m m  27.5 m m  

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in  pro gress in  progress 

Best Objective CNS Response (RECIST V1.1) SD  SD  PR NE PD SD SD SD-in progress SD -in progress SD SD-in pro gress SD -in  pro gress 

OS from  M BM  diagnosis / from  onset of W BRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

N E: Non e va luable .   SD : S table  dise ase .   PR: Par taila  R e sponse .    PD : Progre ss ive  D is e ase .

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after
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Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, GéraldineLe Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodoseeffect

Composition

polysiloxane- gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

Patient #2

Patient #3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2⌁1 hour - 50% of urinary excretion during the first day.

Theranosticnano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX®uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19

Slope significantly non zero: P  = 0.0001

p
at

ie
nt

 #
5 
(3
0 
m
g/

kg
)

pa
tie

nt
 #
11

 (
75

 m
g/

kg
)

-10

0

10

20

s
iz

e
 e

v
o

lu
ti

o
n

 o
f 

B
M

 m
e

ta
s

ta
s

e
s

 b
e

tw
e

e
n

 D
2

8
 a

n
d

 D
1

(m
m

)

comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)

**
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  confirms preferential uptake of  AGuI X® nanoparticles in BM compared to normal brain tissue,

and its ability to selectively accumulate in tumor tissue while sparing normal tissue.

First clinical evidences of  radio- enhancing therapeutic effects of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX®.
• Dose effect response observed betweenAGuIX® uptake and tumor responses in a multi-

metastasesanalysis over 96 measurablemelanomametastases
• Overall Survival curves at these first steps seem encouraging

This study already confirms that this schedule of  AGuI X® plus WBRT was well tolerated by patients with MBM.
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Linear regression analysis for the size progression of Brain Metastases 

versus initial MRI enhancement (AGuIX uptake) 
all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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After initial diagnosis

Median survival: 34.9 weeks

After initiation of WBRT
Median survival: 15.6 weeks
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After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T

Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO –San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after



NANORAD 

Intermediate results after 12 patients 
Safety excellent  

no side effect, MTD +75 mg/kg and 100 mg/kg in progress 

Tumour targeting and AGuIX uptakes  

melanoma, NSCLC, Colon carcinoma, breast cancer 

AGuIX persistence in tumor  
+1week 

MRI T1 contrast agent 
high efficiency even 2h post injection 

Clinical response 
 

First evidences of AGuIX radiosensitive effects in human 

Multiple brain metastases (MBM)

Primary and secondary objectives

Camille Verry1,2, François Lux3,4, Sandrine Dufort4, Olivier Tillement3,4, Géraldine Le Duc4, Jacques Balosso1,2

Contact: olivier.tillement@univ-lyon1.fr

http://nhtheraguix.com

Ultrasmall theranostic nanoparticles for the treatment of multiple brain metastases by radiotherapy:

a first in man

Context of the clinical trial

AGuIX® specific uptake in metastases: proofs of tumor targeting with MR imaging

Clinical responses: first evidences of AGuIX® therapeutic effects

AGuIX®: a theranostic Nano-Drug
To increase local effects of ionizing radiation therapies with a tumor targeting 

MRI detectable nanoparticle.

Size

Ultra small <5 nm nanoparticles
Simple intravenous administration 

Precise tumor targeting

Renal clearance

Local radio-enhancing nanodose effect

Composition

polysiloxane - gadolinium cyclic (stable) chelates
Inert, safe and biocompatible products

High Z compounds

Magnetic properties

Radio-sensitizing/radio-enhancing effects

MRI positive contrast agent

Intracranial seeding accounts for the most common brain tumor in adults and

represents a significant cause of morbidity and mortality. There are 150–300,000

new cases of brain metastases tumors diagnosed annually in the US. Its frequency

is thought to be rising due to longer survival after primary diagnosis as a result of

earlier detection and more effective treatment strategies. The total incidence of BM

from the most common primaries is 9.6%. Up to two thirds of all brain metastases

are symptomatic at some time during life.

Eradication of disease within the brain remained quite a challenge, as the safe delivery of

tumoricidal doses of radiation to the brain was limited by normal tissue toxicity and the BBB limited

the intracranial penetration of most chemotherapeutic agent. Whole Brain Radiation Therapy

(WBRT) has been a mainstay of brain metastasis management for approximately 50 years. WBRT

is the standard of care in cases of multiple brain metastases. Typical doses of WBRT of 30 Gy in 10

fractions prolong median survival by few months.

The prognosis for patients with multiple brain metastases has remained poor over the last three

decades. As result of the poor outcome realized in this disease a novel radiation sensitizer

nanomedicine approach is explored: AGuIX® hybrid nanoparticles.

Beside its strong local radio-enhancing effect, one of the main properties of AGuIX® nano-drug

that makes it such strong candidate as a radiosensitizer is its ability to pass through the BBB

selectively in brain metastases leading to the possibility of a differential response between

the tumor and dose-limiting normal tissue.

NANO-RAD Phase Ib: CHU Grenoble; PI Dr C. Verry

NCT02820454

NANORAD phase Ib: NCT0282054
Radiosensitization of Multiple BM Using AGuIX® Gadolinium Based Nanoparticles

First clinical results

Rationale: Radiation therapy uses high-energy x-rays to damage tumor cells. AGuIX®

particles may increase the effectiveness of radiation therapy by making tumor cells more

sensitive to radiation

Purpose: This first-in-man Phase I trial will study the side effects and best dose of AGuIX®

when injected together with whole brain radiation therapy in treating patients with multiple

brain metastases. The effectiveness of the combination of AGuIX® and radiation therapy will

be also assessed.

Inclusion criteria: Patients ineligible for local treatment by surgery or stereotactic radiation

Primary objective: Determination of the Maximal Tolerated Dose (MTD)

Evaluation of the incidence of dose limiting toxicity (DLT)

graded using the NCI CTCAE version 4.03

Grade 3 toxicity ouccrence, persistent during 15 days after end of RX

All Grade 4 toxicities

Secondary objective 1: Pharmacokinetic characteristics of AGuIX

Blood samples at T0, 15min, 30min, 1h, 2h, 4h, 6h, 10h (or 12h), 24h and D8

Urine samples over 24h (3 fractions of 4h and 1 fraction of 12h) and at D8

Secondary objective 2: MRI & AGuIX tumor targeting

Evaluation of distribution and elimination of AGuIX in brain metastases and surrounding 

healthy tissue 

Secondary objective 3: Therapeutic response 

Evaluation of intracranial progression free survival (MRI)

Evaluation of overall survival

C. Verry et al., Nanomedicine, 2016; S. Dufort et al., Sci. Rep., 2016; S. Kotb, Theranostics, 2016; L. Sancey

et al., ACS Nano, 2015; S. Dufort et al., SmalL, 2015; A. Bianchi et al., PNAS, 2014; A. Mignot et al., Chem. 

Eur. J., 2013; G. Le Duc et al., ACS Nano, 2011; F. Lux et al., Angew. Chem. Int. Ed., 2011

P a tien t # 2

P a tien t # 3

Dose effect response between patients: 
individual studies comparison in melanoma MBM

Safe compound: MTD > 75 mg/kg - No grade 1/2/3 adverse event related to AGuIX® - Plasma half time: T1/2 ⌁1 hour - 50% of urinary excretion during the first day.

Theranostic nano-drug: MRI enhancement with tumor selectivity - Clinical benefit Observed in 90% of the patients.

T1 MRI enhancement 

2h after AGuIX® intravenous administration

Dose effect response between metastases:
Correlation with individual metastasis progression and AGuIX® uptake

Intermediary Kaplan Meier survival curves

Metastases present better responses to treatment 

when associated with higher AGuIX® uptakes

Uptake in the tumor is related to the administrated dose.

Specific AGuIX® accumulation in the brain tumors 

Proof of efficacy of Enhanced Permeability and Retention 

(EPR) effect in brain metastases

(1) Department of Radiotherapy, Grenoble Alpes University Hospital, BP217, F38043 Grenoble, Cedex 9, France

(2) Equipe d'accueil Rayonnement Synchrotron et Recherche Médicale, Grenoble Alpes University, European Synchrotron Radiation Facility - ID17, Grenoble 38043

(3) Institute Light & Mater, UMR5306, Lyon1 University, F69622 Villeurbanne, France

(4) NH TherAguix, L’Atrium, 43 Boulevard du 11 Novembre 1918, F69100 Villeurbanne, France
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MRI enhancement of target lesions versus AGuIX injection doses

(patients #1 to #12)

R2=0.9914
Slope 1.004 ±0.054
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Linear regression analysis for the MRI enhancements of Brain metastases 
1 week after AGuIX administration versus 2h after injection 

Slope = 0.3456 ± 0.0856

n=73 - R2 = 0.19
Slope significantly non zero: P  = 0.0001

pat
ie
nt #

5 
(3

0 
m

g
/k

g)

pat
ie

n
t #

11
 (
75

 m
g
/k

g)
-10

0

10

20

s
iz

e
 e

v
o

lu
ti

o
n

 o
f 

B
M

 m
e

ta
s

ta
s

e
s

 b
e

tw
e

e
n

 D
2

8
 a

n
d

 D
1

(m
m

)

comparison of patient BM size evolutions after 1 month
all measurable metastases LD > 5 mm 

****

Mean#5 +8.42±1.18 mm (n=46)

Mean#11 +0.10±0.13 mm  (n=64)
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comparison of patient BM size evolutions after 1 month
all metastases (LD+Lper) > 10 mm

Mean#2 +0.38±0.40 mm (n=18)

Mean#6 -1.10±0.80 mm  (n=19)

Mean#10 -2.30±0.89 mm  (n=15)

**
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Tumor detection by MRI 

even at the lowest 

administrated dose

Tumor selectivity observed for all patients; passage through the BBB only at the tumor sites

Evidenced by MRI, up to 30% of the targeted dose is maintained in the tumor after 1 week

AGuIX® persistence in tumors 

Particles are present in the metastases and can interact with ionizing radiation for several 

days after intravenous administration

Good radiation sensitizers must be specific to tumor cells to maximize effects on the tumor and reduce damage to normal healthy cells. 
MRI  conf irms pref erent ial upt ake of  AGuI X® nanopart icles in BM compared t o normal brain t issue,

and it s abilit y t o select ively accumulate in t umor t issue while sparing normal t issue.

First  clinical evidences of  radio- enhancing t herapeut ic ef f ect s of  AGuI X® nano- drug:

• Dose effect response observed for patients treated with different dose levels of AGuIX ®.
• Dose effect response observed between AGuIX® uptake and tumor responses in a multi-

metastases analysis over 96 measurable melanoma metastases
• Overall Survival curves at these first steps seem encouraging

This st udy already conf irms t hat  t his schedule of  AGuI X® plus WBRT was well t olerat ed by pat ient s with MBM.
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Linear regression analysis for the size progression of Brain Metastases 
versus initial MRI enhancement (AGuIX uptake) 

all measurable melanoma metastases - 6 dif ferent patients

Slope = -0.167 ±0.033 mm

n=96 - R2=0.219
Slope significantly non zero: P<0.0001

Patients present better tumor responses to treatment

when associated with higher administrated doses of AGuIX®
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After initial diagnosis
Median survival: 34.9 weeks

After initiation of WBR T

Median survival: 15.6 weeks
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6 melanoma patients Nano-Rad  (09-05-2017)
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After initial diagnosis

Median survival: 33.4 weeks

After initiation of WBR T

Median survival: 12.7 weeks

NANORAD Phase 1b 15 mg AGuIX®/kg 30 mg AGuIX®/kg 50 mg AGuIX®/kg 75 mg AGuIX®/kg

Results August 2017                                                     
AGuIX® IV (15 to 100 mg/kg) + WBRT (10*3 Gy)

patient #1 patient #2 patient #3 patient #4 patient #5 patient #6 patient #7 patient #8 patient #9 patient #10 patient #11 patient #12

NSCLC Melanoma NSCLC NSCLC Melanoma Melanoma Melanoma NSCLC Colon cancer Melanoma Melanoma Breast cancer

Patient Description

Age (Years)  70    64    60    79    37    60    39    69    68    73    53    64   

Number of evaluable brain metastases  5    30    8   4    65    24    12    13   4    31    64    19   

DS-GPA score 0 0 1 0 0,5 0 0,5 2 0 0,5 1 2,5

Extra-Cranial metastases yes yes yes yes yes yes no yes yes yes no yes

Safety and Tolerance
Complication at injection site No No No No No No No No No No No No 

Impact on Systemic response No No No No No No No No No No No No 

Pharmacokinetic
Plasma half time 2h00 0h45 1h20 0h50 1h18 0h57 0h56 1h06 0h48 1h10 0h56 0h58 

Urinary excretion during firt day (%) 45% 45% 55% 48% NE 49% 70% 50% 50% NE 88% 56%

Tumor uptake of 
Target Lesions 

MRI enhancement 2 hours post injection 5% 29% 22% 43% 28% 26% 70% 50% 50% 57% NE 93%

MRI enhancement 1 week post injection NE 21% NE 20% NE NE 26% -8% 16% 5% NE 27%

Evolution of Target 
Lesions 

Sum of the longuest diameter at D0 12.0 mm 40.9 mm 60.5 mm 25.9 mm 36.5 mm 26.5 mm 56.1 mm 43.9 mm 58.5 mm 31.6 mm 23.5 mm 27.5 mm 

Shrinkage at D28 (%) -25% -1% -26%  / 46% 13% -6% -3% -17% -8% -8% -22%

Shrinkage at D100 (%)  / -67% -33%  /  /  / NE NE -28%  / in progress in progress 

Best Objective CNS Response (RECIST V1.1) SD SD PR NE PD SD SD SD-in progress SD-in progress SD SD-in progress SD-in progress 

OS from MBM diagnosis / from onset of WBRT (weeks)  19.7/10.6  33.4/24.0  36.1/20  7.0/1.3  34.9/4.7  45.0/15.6  20.7/12.7  46.1/16.6  23.4/18.6  15.7/7.1  14.0/8.4  78.7/7.0 

Clinical benefits Yes Yes Yes NE No Yes Yes Yes Yes Yes Yes Yes

NE: Non evaluable.   SD: Stable disease.   PR: Partaila Response.    PD: Progressive Disease.

ASTRO – San Diego 2017

Lung cancer 
patient #8

Melanoma 
patient #7

Breast Cancer 
patient #12

Colon Cancer 
patient #9

2 h post IV

1 week after



 

• Multiple Brain Metastases (WBRT) 

• Oligometastases (SRT) 

• Spine Metastases (SRT) 

• Glioma (3DCRT or IMRT) 

CNS 
Resistant tumors in 

healthy sensitive 
brain 

• Cervical (IMRT and IGBRT) 

• Pancreas (SBRT) 

• Lung (SBRT) 

• Head and Neck (IMRT) 

• Prostate (IMRT or SBRT) 

Body 
Radioresistant tumors 

in sensitive OAR 
environment 

Clinical strategy : two parallel clinical approaches 
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