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Nanoparticles

The importance of being small
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Some commercial applications of nanoparticles.

Immunoassays : Pregnancy test

Iron oxide : imaging agent/MRI

Organic-based Nanomaterials: 

Drug Delivery Systems



Nanoparticles for drug delivery system



Radioenhancer nanoparticles

Gold NPs other High Z 

Nanomaterial  

HfO2

crystalline NPs

Tested Not tested

Phase III Preclinical model NA

TOX

• Radio-enhancer

• Inert material

• Local administration

• Single injection

• e- density slightly 

lower than gold

• Radio-enhancer

• e- density slightly 

higher than HfO2+

-

• Metallic material, 

Intrinsic activity 

Red/Ox (Safety)

• Systemic injection / 

exposure

• Leakage from tumor 

over time?

• Multiple injections?

• Radio-enhancer

Selection of the right nanoparticle should be done in regard to benefit risk ratio



NanoXray is a radioenhancer with a physical mode of action

6 patent families protect concept and products until 2029 minimum

NanoXray Technology / key features

50 nm 

HfO2 nanoparticles; electron microscopy picture

Designed to 

strongly 

absorb Xrays

Designed to 

be non-toxic

50 nanometer HfO2* particles were chosen

because they have the best ratio for X-ray

absorption and non-toxicity

Nano sized to 

enter cell
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Localized accumulation inside HCT116 cell by TEM

NBTXR3 penetrate cells via non specific endocytosis type mechanism   



Clusters of 

Nanoparticles

NanoXray/NBTXR3 has a purely physical mode of action 

Same as RTx but amplified

Interaction of Xray with water generates 

electrons

Radiotherapy alone

Radiotherapy with NanoXray

Interaction with Hafnium is higher and 

generates much more electrons

NanoXray is a true radioenhancer with a physical mode of action

Increasing the dose absorbed by 9x and delivering more damage regardless of cell

Dose

2 µm

9X Dose* 

around 

nanoparticles

Usual dose 

delivered in the cell

Radiotherapy with NANOXRAY



Antitumor efficacy in animal models

Overview of proof of performance

In vivo (xenografted model, intratumoral injection)

Human Cancer Model
(16 studies)

200 KV Xrays 192 Ir 60Co

HT1080,  Fibrosarcoma cell line OS / TC OS / TC OS / TC

A673, Ewing sarcoma cell line - OS / TC

LPS80T3,  Liposarcoma patient’s fragment OS / TC

HCT116, Colon cancer cell line OS / TC

NCI H460, Lung adenocarcinoma cell line OS / TC

FADU, Hypopharyngeal carcinoma cell line OS / TC

CAL33, Tongue squamous carcinoma cell line OS / TC

RTx alone

RTx + NBTXR3



Complete response and prolongation of survival

Radiotherapy

alone

Radiotherapy

+NBTXR3

Antitumor activity of NBTXR3 activated by 

high energy (Cobalt-60) in Ewing Sarcoma 

family (A673 model)



RT in locally advanced soft tissue sarcoma

Radiotherapy is a standard of care in  high risk limbs sarcomas

*reference

Current radiation treatment has less than 8% Pathological Complete 
Response, without significant tumor shrinking

* Reference: D. Roberge et al. 

Radiotherapy and Oncology 97 (2010) 

404–407

D. Roberge et. al. Radiotherapy and 

Oncology 97 (2010) 404–7

Average tumor shrinkage (RR) +15%

Average pR 50%



Phase 1/2 Soft Tissue Sarcoma trial flowchart

Main objectives: feasibilty and safety for escalade of volume of NBTXR3 at fixed 

concentration (53.3 g/L)

CT Scan CT Scan

Safety evaluation

NBTXR3 dispersion and persistence

NBTXR3 injection feasibility 

http://clinicaltrials.gov/ct2/show/NCT01433068?term=nanobiotix&rank=2



Safety & feasibility of the injection procedure

2 grd 3 pain



Fibromyxoid

sarcoma

pR 50% 

Myxoid

Liposarcoma

pR 10%

Chondrosarcoma

pR 30% 

Dispersion and persistency of NBTXR3 in the tumor

Persistence of NBTXR3 during all sessions of RTx: optimal bioavailability over time



leakage



Percentage change in maximum diameter



NBTXR3 tumor volume evolution



% residual cells



NBTXR3 (level) 2,5% 5% 10% 20%

Median tumor shrinkage -13% -40% -41% 41%

Median pR (% malignant viable cells) 37% 85% 26% 1%

Complete tumorectomy (large margin) 6/6 6/6 8/8 2/2

NBTXR3 Pathological response and tumor volume evolution

Radiotherapy with NBTXR3

Recommended

volume



Phase II/III registration study in Soft Tissue Sarcoma

Population: Patients with locally advanced soft tissue sarcoma of the 

extremity and trunk wall

* Two-arms, randomized, active-controlled, multi-center, and open-label trialStudy DesignEnd points

1) Complete path response 

rate pCR

2) Tumor shrinking rate and 

operability

Progression free survival

Amputation rate

QoL

Number of patients

Sites and countries

156 patients

30 sites

12 countries

EU, CAN, ASIA

TEST ARM  

NBTXR3 with RTX 50Gy

Stratification Population: 

myxoid Lps vs others1:1

RTX 50Gy 

COMPARATOR ARM
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Implementation of guidelines for pathological response evaluation with:

International board including leaders from USA and EU

Central assessment reading of the treatment response

pCR

Primary endpoint

evaluation



22 1st December 2017Institut Curie – S. Bonvalot – Audition HCERES

Patient tumor infiltration: 14 pts (RT + NBTXR3) /12 pts (RT)

Pre and post treatment comparison

RTx + NBTXR3 NBTXR3 allows higher

infiltration in STS tumor

Transforming cold to hot

RTx alone

Significant increase

No change

CD103 CD8 CD3

No change No change

*

* *

Significant increase Significant increase

REF: ASCO Annual
meeting 2017 #e14615 



23 1st December 2017Institut Curie – S. Bonvalot – Audition HCERES

Genes Up-Regulation of adaptative Immune Response

RTx + NBTXR3 RTx alone

• Asymmetrical volcano plot showing a trend to up-regulation of 

PanImmune genes in post-treatment NBTXR3 arm

REF: ASCO Annual
meeting 2017 #e14615 



24

NBTXR3 single agent combined with RTx

Preclinical IND PI/II PII/IIIIndication

Neo 

adjuvant 

and 

definitive 

treatment

NTBXR3 

water 

formulation 

for IT and IA

Post 

surgery

NBTXR3 gel 

formulation

Soft tissue 

sarcoma

Head and neck 

cancer

Liver metastasis

HCC

Rectum cancer

Prostate cancer

Other solid 

tumors and 

indications (i.e. 

GBM, breast 

cancer)

Other solid 

tumors and 

indications (i.e. 

GBM, breast 

cancer, NSCLC)

EU, CAN, ASIA

EU

EU

ASIA

USA

EU

ESMO 2018



Conclusions

• A new mode of action: radio enhancement: the nanoparticle 

becomes the active principle / No drug

• Initial development with NBTXR3 in sarcomas showed

promising results

• Results of the randomized study ESMO 2018

• Development included phases 1/2 in various tumors types 

(prostate, rectum, head and neck) 


