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Abstract 

 Purpose: Hepatic Arterial Infusion (HAI) of oxaliplatin allows greater liver 

tumours drug exposure compared to systemic infusion. However, the therapeutic 

index of HAI oxaliplatin remains poor. Using Pickering emulsion technology, we 

developed a platform able to provide sustained releases of oxaliplatin. The goal of 

this study was to evaluate the pharmacokinetic advantages of sustained-HAI 

oxaliplatin over HAI using a preclinical animal tumour model. 

 

Material and Methods: Injections of 0.6 mg oxaliplatin in 20 minutes were 

selectively done in left hepatic arteries of 20 rabbits bearing a VX2 liver tumour in the 

middle left-lobe, using HAI (n=10) or sustained-HAI (n=10). In each group, half of the 

rabbits were sacrificed at 24h and half at 72h. Mass-spectrometry was used to 

quantify drug pharmacokinetics in blood and oxaliplatin concentrations in tumour 

tissues, right- and middle left- liver lobes, spleen and lung.  

 

Results: Compared to HAI, sustained-HAI of oxaliplatin resulted in lower 

plasmatic peak (Cmax: 277 ±42 vs. 420 ±121 ng/mL, p<0.0001) and higher 

concentration in the tumour at 24h (2118 ±2107 vs. 210 ±93 ng/g, p=0.008). After 

HAI, oxaliplatin concentration in tumours was significantly higher than in lung at 24h 

(p=0.03) but no other difference was found between oxaliplatin concentrations in 

tumours and in liver lobes, spleen or lung, neither at 24h nor at 72h. On the opposite, 

sustained-HAI resulted in higher concentrations of oxaliplatin in tumour compared to 

oxaliplatin concentrations in the middle left lobe (163 ±86 ng/g at 24h, p=0.01 and 90 

±15 ng/g at 72h, p=0.04), right lobe (174 ±112 ng/g at 24h, p=0.01 and 112 ±35 ng/g, 



p=0.05 at 72h), spleen (142 ± 21 ng/g at 24h, p= 0.01 and 98 ±12 ng/g at 72h, 

p=0.04) and lung (85 ±11 ng/g and 24h, p=0.01 and 52 ±4 ng/g at 72h, p=0.03).  

 

Conclusion: sustained-HAI improves the therapeutic index of HAI oxaliplatin 

and offers a great potential for patients suffering from unresectable colorectal liver 

metastases or hepatocellular carcinoma. 
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Introduction 

Treatment of unresectable liver tumours, both primary and metastases from 

other organs, remains a difficult challenge. Along with the development of new drugs, 

delivery of chemotherapy to the liver via Hepatic Arterial Infusion (HAI) has been 

developed to ensure greater local concentration of chemotherapy. HAI allows 

minimization of chemotherapy dilution, metabolism and elimination before reaching 

the liver tumours, increases local chemotherapy concentration, and decreases 

systemic exposure due to hepatic clearance [1] [2] [3].  

In colorectal metastatic disease, oxaliplatin is a pillar of many systemic 

regimens. Oxaliplatin is also of interest for the treatment of advanced hepatocellular 

carcinoma (HCC) since a recent phase III trial evaluating treatment with systemic 

FOLFOX regimen for advanced HCC has provided better outcomes compared to 

doxorubicin [4]. Nowadays, oxaliplatin is used as HAI administration since 

combination with systemic fluorouracil and leucovorin, according to the LV5FU2 

protocol, has been demonstrated feasible and effective in patients presenting with 

isolated hepatic metastases of colorectal cancer [5]. Interestingly, HAI oxaliplatin have 

demonstrated pharmacokinetic advantages, with lower systemic toxicity compared to 

systemic administration [6] [7].  

However, oxaliplatin demonstrates a liver extraction ratio of 0.47 only [8], 

meaning that approximately half of the oxaliplatin administrated via HAI reaches the 

systemic circulation resulting in systemic toxicities, including cumulative peripheral 

neuropathy, which often imposes to stop oxaliplatin before disease progression. In 

addition, HAI has never demonstrated a significant increase of oxaliplatin 

concentration in the tumour compared to systemic injection and as far as overall 



response rate and overall survival are concerned, benefit of HAI of oxaliplatin over 

systemic remains not clear even if randomized trials are on-going [9]. 

To further improve the therapeutic index of HAI of oxaliplatin, we developed 

the concept of sustained-HAI, which uses a platform that provides extended release 

of oxaliplatin. The goal of the platform is to act as a transient reservoir of oxaliplatin, 

allowing slow release of the chemotherapy into the liver arterial supply thus 

prolonging exposure of the tumour cells while minimizing systemic exposures.  

The goal of this study was to evaluate the pharmacokinetic advantages of sustained-

HAI over HAI for oxaliplatin using a preclinical animal tumour model. 

 

Materials/ methods 

The platform that we have developed for sustained-HAI of oxaliplatin is a 

“Pickering-emulsion” made of ethiodized oil (Lipiodol®) and polylactic-co-glycolic acid 

(PLGA) biodegradable nanoparticles [10] [11]. Emulsions of ethiodized oil are currently 

used for the local delivery of chemotherapy to unresectable hepatocellular carcinoma 

during liver trans-arterial chemo-embolization. Emulsion allows the release of 

hydrophilic anticancer drugs dissolved in the oily phase (water-in-oil emulsion) and 

radio-opacity of ethiodized oil ensures monitoring of the injection into the tumour 

feeder arteries under X-ray guidance. High stability of emulsion represents a major 

challenge. Pickering technology uses solid particles to stabilize the interfaces 

between an oily phase and an aqueous phase in emulsions [12] [13]. Compared with 

classical emulsions, Pickering-emulsions display outstanding stability. Biodegradable 

nanoparticles made of PLGA offer the advantage of being biocompatible and 

eliminated from the body, potentially reducing inflammatory reaction by their 

accumulation [14] [15] [16]. 



 

Materials 

Poly(lactide-co-glycolide) (PLGA, 75:25) was provided by Evonik (Germany). 

Nanoparticles of PLGA were prepared by a nanoprecipitation process as previously 

described [10]. Lipiodol® was purchased from Guerbet (France). Oxaliplatin (ELPLAT 

I.V. Infusion solution 50 mg, 10 mL/vial) was provided by xxx. 

 

Emulsion formulation 

Pickering-emulsion of oxaliplatin was obtained by mixing 2 volumes of 

aqueous-phase (composed of oxaliplatin mixed with 15 mg/mL PLGA-NPs) with 3 

volumes of oily-phase (composed of Lipiodol®). PLGA-NPs used have an average 

diameter of 170 ± 20 nm, a PdI of 0.08 and a negative zeta potential of -4 ± 1 mV. 

Repetitive pumping through a three-way stopcock with two 10 mL syringes and slow 

addition of the aqueous phase into the oily phase were performed in order to obtain 

stable water-in-oil emulsion [17]. Average droplet size after emulsification were 37 ± 

12 µm.  

 

Characterization 

The hydrodynamic diameter (dH) and polydispersity index (PDI) of the 

nanoparticles were measured by quasi elastic light scattering, using a Zetasizer 

Nano ZS instrument (Malvern, France). Suspensions were diluted in water to a 

concentration of 1 mg/mL. Measurements were performed at 20 °C, at an angle of 

173° to avoid multiple scattering. Zeta potential measurements were carried out with 

the same instrument, at 25 °C, in 1 mM NaCI. Measurements were performed in 

triplicate. 



The droplet size of emulsion was determined by flow imaging microscopy on a 

Flowcell FC200S+HR (Occhio, Belgium). Thanks to image analysis, the Flowcell 

apparatus measures the size and the morphology of droplets. The emulsion was first 

diluted 20 times in oil. Then 0.5 mL of the diluted emulsion was passed through a 

300 µm spacer to get a size range between 5 and 300 µm. From images, the size 

expressed as the volume median diameter (d50) of five measurements were 

determined. 

 

In vitro release test 

Oxaliplatin release: 0.8 mL of a freshly prepared emulsion (equivalent to an 

amount of 1.6 mg of oxaliplatin) was placed into GeBAflex dialyse tube with pores of 

14 kDa (GeBa, Israel). The tubes were immersed into 40 mL of 25 mM acetate buffer 

(pH =6.8). Then, the whole release system was placed in an orbital shaker at 37°C 

for the entire duration of the experiment. Before each aliquot withdrawing, the tubes 

were vortexed and the medium was entirely collected and replaced by fresh acetate 

buffer solution. The released amounts of platin in the buffer solution were assessed 

by means of flameless atomic absorption spectrophotometry at 265.9 nm with a 

Perkin Elmer PINAACLE 900Z. Platinum levels were quantified after preparing 

calibration curves with atomic platinum.  

 

In vivo test 

This study was performed in accordance with local institutional Animal Care 

and Use Committee guidelines. Twenty New Zealand White rabbits (21 weeks old, 

3.46 ± 0.13 kg), bearing a VX2 tumour implanted in the middle left liver lobe, received 

selective arterial infusion of oxaliplatin (ELPLAT I.V. Infusion solution 50 mg, 10 



mL/vial) in the left hepatic artery. Intra-arterial delivery of oxaliplatin was performed 

under general anesthesia and fluoroscopic guidance (Infinix-Celeve-I,Toshiba 

Medical Systems). First, the femoral artery was surgically exposed and canulated 

with a 4F vascular sheath using a Seldinger approach. Then, a microcatheter 

(Progreat Lambda 1.7F, Terumo, Tokyo, Japan) was inserted into the hepatic artery 

(Figure 1) and used for the infusion of oxaliplatin into the left hepatic artery under the 

following conditions: infusion volume, 0.3 mL; infusion time, 20 min. Oxaliplatin was 

administrated either diluted with 5% glucose solution, in a 2/3 ratio (HAI group, n= 10 

rabbits) or “loaded” into Pickering-emulsion in a 2/3 ratio (sustained-HAI group, n= 10 

rabbits). For each group the total amount of oxaliplatin delivered in the left liver lobe 

was 0.6 mg.  

After completion of arterial delivery of oxaliplatin in the left liver lobes, plasma 

samples (1 mL) were taken from the femoral vein at baseline and at 5, 10, 20, 30, 60 

minutes and 24 hours in order to compare the pharmacokinetic (PK) profiles of the 2 

groups. For both groups, 5 rabbits were sacrificed 24 hours after the procedure and 5 

rabbits were sacrificed 72 hours after the procedure. After sacrificed, fresh tissue 

samples were taken from liver tumour, from non-tumoural liver (right lobe and middle 

lobe) and from other organs (spleen and lungs) for oxaliplatin quantification.  

 

Oxaliplatin quantification 

Aliquot of each plasma sample (0.1 mL) and aliquot of each tissue sample 

homogenate (0.1 ML) were mixed with nitric acid (1 mL) and hydrochloric acid (0.2 

mL). The samples were heated using a microwave digestion system (ETHOS 1, 

Milestone) at 180℃ for 20 min. After cooling, the solutions were transferred to 

centrifuge tubes and brought to a fixed volume using ultrapure water. The resulting 



solutions were submitted for ICP-MS analysis (ELAN DRC, PerkinElmer). Platinum 

(195Pt) was analyzed using calibration standard solutions. 

The calibration standard solutions (0, 1, 2, 5, and 10 ng/mL) were formulated by 

diluting 1000 mg/L platinum standard solution (Kanto Chemical) with the blank 

solution (10% nitric acid and 2% hydrochloric acid). Finally, the concentration data for 

195Pt analyzed via ICP-MS were converted into oxaliplatin concentration data. 

 

Data analysis and statistical analysis 

PK parameters were calculated using Phoenix WinNonlin version 6.3. build 

0.395 (Certara). A data sampling period from 0 to 72 hours using the non-

compartment model was used for PK parameter analysis which included the 

maximum plasma concentration (Cmax), the area under the plasma concentration 

curve from 0 to 24 h (AUC0-24h), the elimination half-life (t1/2), the volume of 

distribution (Vd) and the clearance (CL) of oxaliplatin. 

Data were presented as the mean value ± standard deviation (SD). The mean 

and SD were calculated for administration time, body weights, plasma 

concentrations, PK parameters, and tissue concentrations in each group using 

Microsoft Excel 2016 MSO (16.0.4549.1000). Statistical analysis for these data was 

conducted using Prism 8 (GraphPad Software). Mann-Whitney U test was used to 

compare data between HAI group and sustained-HAI group. Dunnett's multiple 

comparisons test was used to compare oxaliplatin in tumour with other tissues in 

both groups. P<0.05 was considered statistically significant. 

 

Results 

 



In vitro release test 

The oxaliplatin release profiles of Pickering-emulsion and oxaliplatin solution 

are shown in Figure 2. Oxaliplatin was rapidly released with the solution compared to 

the Pickering-emulsion (84 ± 21% vs 21 ± 4% respectively in 24h). 

 

In vivo test 

The tumour dimensions were similar between rabbits in sustained-HAI group 

and in HAI group: mean tumour volume of 0.42 +/- 0.2 vs. 0.47 +/- 0.17 cm3 and 

mean long axis diameter of 1.02 +/- 0.15 vs. 1.25 +/- 0.16 cm.  

The oxaliplatin concentration in plasma is shown in Figure 3 and PK 

parameters in Table 1. The oxaliplatin concentrations in plasma were significantly 

lower in the sustained-HAI group than in the HAI-group 0, 5 10, 15 and 20 minutes 

after completion of arterial delivery. The Cmax of oxaliplatin was significantly lower in 

in the sustained-HAI group compared to the HAI group (277 ±42 vs. 420 ±121 ng/mL, 

p<0.0001). The other PK parameters were not significantly different between the 

sustained-HAI group and the HAI group (AUC0-24h, Vd, CL). 

Oxaliplatin concentrations in tissues are shown in Table 2. The concentration 

of oxaliplatin in the tumour was statistically higher in the sustained-HAI group than in 

the HAI at 24h (2118 ± 2107 vs. 210 ± 93 ng/g, p=0.008), no difference was 

observed at 72h (745 ± 841 vs. 119 ± 54 ng/g). No other difference were observed 

between the 2 groups in other tissues except for lung where oxaliplatin concentration 

was significantly lower in sustained-HAI compared to HAI group at 72h (52 ± 4 ng/g 

vs. 73 ±19 ng/g, p=0.02). 

In the sustained-HAI group, oxaliplatin concentrations in the tumour at 24h 

was significantly higher than in the middle left lobe (163 ± 86 ng/g, p=0.01), right lobe 



(174 ± 112 ng/g, p=0.01), spleen (142 ± 21 ng/g, p= 0.01) and lung (85 ± 11 ng/g, 

p=0.01). At 72h, the concentration of oxaliplatin in the tumour was significantly higher 

than in the middle left lobe (90 ± 15 ng/g, p=0.04), spleen (98 ± 12 ng/g, p=0.04) and 

lung (52 ± 4 ng/g, p=0.03). 

In the HAI group, oxaliplatin concentrations in the tumour at 24h and at 72h 

were not statistically higher than in other tissues except in lung at 24h (210 ± 93 ng/g 

vs. 95 ± 5 ng/g p=0.03). 

 

Discussion 

HAI of oxaliplatin is a valid option for the treatment of unresectable colorectal 

liver metastases with 90% overall response rate (ORR) in first-line treatment when 

combined with systemic 5-FU + cetuximab allowing surgical resection of initially 

unresectable metastases in 48% of the patients [18]. Moreover, the ORR was 54% in 

patients who are not any more responders to systemic oxaliplatin, demonstrating that 

high local concentration of oxaliplatin results in higher response rate [19]. Despite high 

ORR, HAI of oxaliplatin has never demonstrated improvement in OS compared to 

systemic treatment, except for patients who benefit of surgical resection after high 

response rate [20]. In addition, HAI oxaliplatin has a first-pass extraction rate that is 

47%, and a plasma half- life of 15-19 hours [21], resulting in oxaliplatin-related 

systemic toxicity even if oxaliplatin is infused in the hepatic arteries with reported 

grade 3-4 neutropenia (43%) and grade 2-3 neuropathy (43%) [22]. 

For patients with advanced HCC, several studies have explored HAI of 

oxaliplatin and demonstrated that it is effective, well tolerated [23] [24] [25] and improved 

overall survival compared to sorafenib (respectively 14.5 vs. 7.0 months; p<0.001) 

[26]. Optimizing HAI of oxaliplatin can help to further improve outcomes. 



Our experimental study demonstrates that the use of pickering-emulsion by 

allowing a sustained release of oxaliplatin is responsible for higher therapeutic index 

when compared to HAI. The pickering-emulsion herein reported is an emulsion 

stabilized by PLGA NPs. The addition of these biodegradable and biocompatible NPs 

into the oxaliplatin improves stability of the emulsion by modification of the 

emulsification process with ethiodized-oil [10]. The sustained release of oxaliplatin 

from Pickering-emulsion have been demonstrated in-vitro and in preliminary animal 

study [11].  

In this study, we demonstrate that sustained-HAI of oxaliplatin in the left liver 

artery improves tumour drug exposure while concentrations of oxaliplatin in the 

healthy liver (right and left lobe) remains similar to HAI. Tumour drug exposure is 10-

times higher at 24h using sustained-HAI versus HAI. In addition, sustained-HAI 

allows a significant increase of the oxaliplatin concentration in the tumour compared 

to liver, spleen and lung, at least for 72h after the arterial infusion. Such 

pharmacokinetic benefit offers great opportunities to further increase the overall 

response rate to oxaliplatin in liver tumours and decreases systemic toxicities.  

 

Conclusion 

We demonstrate that sustained-HAI of oxaliplatin results in lower plasmatic 

peak and greater tumour drug exposure at 24h compared to HAI. In addition, 

sustained-HAI allows a significant increase of the oxaliplatin concentration in the 

tumour compared to liver, spleen and lung, at least for 72h after the arterial infusion. 

Major improvement in the therapeutic index of sustained-HAI with oxaliplatin may 

offer a great potential for patients suffering from unresectable colorectal liver 

metastases or hepatocarcinoma.  
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Table 1: Oxaliplatin concentration in plasma (ng/mL) 
 

Time 

 

HAI   sustained-HAI p value 

0 min  377 ± 110 
 

244 ± 58 0.002 

5 min  379 ± 94 
 

247 ± 38 <0.0001 

10 min  308 ± 91 
 

214 ± 35 0.001 

15 min  248 ± 84 
 

184 ± 26 0.005 

20 min  216 ± 74 
 

163 ± 20 0.009 

30 min  172 ± 61 
 

142 ± 21 NS 

60 min  146 ± 48 
 

131 ± 22 NS 

24 h  52 ± 13 
 

60 ± 11 NS 

Cmax (ng/mL)  399 ± 90 
 

268 ± 46 <0.0001 

t1/2 (min)  900 ± 133 
 

1231 ± 321 NS 

AUC0-24h (ng∙min/mL)  149901 ± 45616 
 

141105 ± 18628 NS 

Vd (mL)  3786 ± 1016 
 

4258 ± 653 NS 

CL (mL/min)  2.91 ± 0.67 
 

2.0 ± 0.54 NS 

Mean value  ± SD  
        

NS : not significant, P > 0.05  
       

HAI: Hepatic Arterial Infusion 
       

 
  



Table 2: Oxaliplatin concentration in tissues (ng/g) 
 

Time 

 

HAI   sustained-HAI 

 

p value 

At 24h  
       

 

 

Tumour  210 ± 93 
 

2118 ± 2107 
 

0.008 

Liver (middle-left lobe)  143 ± 77 
 

163 ± 86 
 

NS 

Liver (Right-lobe)  160 ± 94 
 

174 ± 112 
 

NS 

Spleen  118 ± 22 
 

142 ± 21 
 

NS 

Lung  95 ± 5 
 

85 ± 11 
 

NS 

At 72h  
       

 

 

Tumour  119 ± 54 
 

745 ± 841 
 

NS 

Liver (middle-left lobe)  201 ± 174 
 

90 ± 15 
 

NS 

Liver (Right-lobe)  139 ± 55 
 

112 ± 35 
 

NS 

Spleen  125 ± 55  98 ± 12 
 

NS 

Lung  73 ± 19 
 

52 ± 4 
 

0.02 

Mean value  ± SD  
     

 
   

NS : not significant, P > 0.05  
    

 
   

HAI: Hepatic Arterial Infusion 
    

 
   

 
 
  



Figure 1: Intra-arterial deliveru of oxaliplatin in the left liver lobes 

A/ Aortography 

B/ Selective catheterization of the left hepatic branch (White arrow) 

C/ Left liver lobes infused with oxaliplatin (area included in white dots points) 

 
 

 
 
 
 
  



Figure 2: Oxaliplatin release profiles from the oxaliplatin solution alone and the 2/3 

oxaliplatin Pickering-emulsion. each point indicates mean+/- standard deviation 

(n=5) 
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Figure 3: Concentration of oxaliplatin in plasma after completion of arterial delivery 

in the left hepatic branch. 

 

 
 


