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INTRODUCTION

Nowadays the colorectal cancer (CRC) is one of  
the most frequent malignant diseases.1 In Romania, a 
recent study reported an increase in the CRC incidence 
by 74.5%.2 About 26-44% of  these patients have 
lymphatic metastases when diagnosed and about 50% 
of  them will recur, mostly with liver metastases.3 
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REZUMAT
Introducere: Cancerul colorectal (CCR) a devenit în ultimele două decenii una dintre tumorile cele  mai   frecvente. Distrucţia locală a metastazelor hepatice  
nerezecabile de CCR, cu ajutorul radiofrecvenţei, reprezintă o alternativă terapeutică grevată însă de o rată crescută de recidivă. Scop: Prezentul proiect 
urmăreşte creşterea eficienţei tratamentului metastazelor hepatice nerezecabile ale CCR, prin asocierea radiofrecvenţei cu chimioterapice administrate 
intratumoral ca soluţii hipertermice lipozomale. Un scop secundar este aprecierea rolului diferiţilor factori de creştere în apariţia recidivei locale şi în 
raport cu tipul tratamentului. Material şi metode: Lipozomii încărcaţi cu doxorubicină, oxaliplatină sau irinotecan vor fi preparaţi pe baza fosfolipidelor 
naturale. Vor fi utlizaţi 70 șobolani rasa Wag/Rij împărţiţi în 4 loturi, la care se vor inocula în ficat celule de CCR (cultura CC531). La primul grup se va 
evalua ritmul de creştere a metastazelor. In ultimele trei grupuri, metastazele vor fi distruse prin aplicarea radiofrecvenţei, singură sau în  asociere cu 
chimioterapia (hiper- sau normotermică). Eficienţa terapeutică  va fi evaluată  prin frecvenţa recidivei locale şi prin concentraţia plasmatică  şi tisulară a 
factorilor de creştere. Rezultate estimate: Se va urmări ameliorarea proprietăţilor farmacologice ale citostaticelor. Din punct de vedere terapeutic se 
urmăreşte ameliorarea controlului tumoral local asociind chimioterapia  în formă lipozomală, cu radiofrecvenţa. 
Cuvinte cheie: CC531, metastaze hepatice, lipozomi, chimioterapie intratumorală, factori de creştere, model experimental

ABSTRACT
Background: Colorectal cancer (CRC) has become one of the most frequent malignant diseases of the past two decades. Liver metastases which 
cannot be resected might be destroyed in situ by  radiofrequency although the local recurrence is still very important. Aim: The present project 
aims to increase the efficiency of the unresectable CRC hepatic metastases treatment by associating radiofrequency with hyperthermic intratumoral 
liposomal chemotherapy. The second aim is to appreciate the role of different growth factors in local tumoral recurrence in correlation with the type of 
treatment. Material and methods: Liposomes with doxorubicin, oxaliplatin and irinotecan will be prepared from natural phospholipids. CC531 cells 
will be inoculated in liver in 70 Wag/Rij rats divided in 4 groups. First group will evaluate the natural tumor growth rate. In the last three groups the liver 
metastasis will be destroyed by radiofrequency alone or in association with chemotherapy (with and without local hyperthermia). The treatment efficiency 
will be evaluated by the local recurrence rate and the plasmatic and tissular concentration of growth factors. Expected results: From a pharmacological 
point of view, the aim will be to improve the pharmacokinetic and pharmacodynamic properties of cytostatics. Therapeutically, the association between 
radiofrequency and liposomal chemotherapy might ameliorate the local control in the metastatic colorectal cancer. 
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Surgical resection is considered to be the most 
efficient treatment for colorectal liver metastases. 
However, surgery has several limitations: bilobare 
metastases and the need to leave enough hepatic 
parenchyma in order to ensure an efficient hepatic 
function.4 Therefore, radiofrequency has become a 
widely used method for in situ destruction of  the CRC 
hepatic metastases.5 However, up to 40% of  patients 
display local recurrences and 12% of  these recur on 
the spot of  the treatment within the first year after 
radiofrequency.6 This high local recurrence rate might 
be due to the local release of  tissue growth factors, 
such as the vascular endothelial growth factor (VEGF) 
or the platelet derived growth factor (PDGF) which 
favors the development of  micro-metastases in the 
proximity of  the destructed tumor.7 Some authors 
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consider VEGF a predictive element for the CCR 
tumor evolution but its direct relationship with the 
tumor proliferation and neoangiogenesis  is still not 
defined.8,9 

One of  the chemotherapy adverse effects is the 
high toxicity for the healthy cells. Therefore, several 
concepts such as „vectored therapy” or „target therapy” 
were developed in order to improve chemotherapy 
efficiency and to reduce its toxicity. 

According to their specificity for a certain 
target, these vectors may be grouped on three levels: 
vectors with target specificity on organs, larger 
than a micrometer; vectors that can target tissues, 
characterized by dimensions smaller than a micrometer 
(liposomes and nanoparticles) and vectors including 
an  element of  recognition of  the desired cellular or 
intracellular target.10

Liposomes are artificial vesicles of  micron and 
submicron dimensions, made up of  one or more 
phospholipids bi-layers, alternating with watery 
compartments. Liposome proved to be efficient 
carriers for chemotherapeutic drugs like doxorubicin 
and epirubicin. Oxaliplatin, the election drug for 
CCR therapy, has been recently incorporated in 
liposomes but its administration is only in the phase 
of  trials.11 The main feature of  the liposomes is the 
important decrease of  the transported medication 
toxicity.12,13 

Liposomes can be administered in various ways: 
intravenously, orally, or directly in the affected tissue. 
However, the specificity of  the tumor vascularization 
(variable diameters of  vessels, chaotic ramification, 
intermittent and erratic flux) may determine a 
chemotherapy diffusion.14 When liposomes were 
administered straight into the tumor, a decrease of  the 
drug efficiency has been noted, due to the liposome 
fixation in the vicinity of  the administration area.15

The association between radiofrequency and 
doxorubicin, administered as liposomes, shown 
an increase of  the intratumoral chemotherapic 
concentration with subsequently increase in tumor 
necrosis.16,17 Experimental studies have shown that 
mild hyperthermia increases the cytotoxic effects of  the 
chemotherapy.18  Until now, there were a few numbers 
of  studies dealing with chemotherapic intratumoral 
administration in association with radiofrequency and 
the reported results are contradictory.

The present project aims to increase the treatment 
efficiency for the unresectable CCR hepatic metastases 
by associating radiofrequency with hyperthermic 
intratumoral chemotherapy, to increase chemotherapic 
local efficiency and to study the influence of  the 
different growth factors on the tumor recurrence. 

MATERIAL AND METHODS

Cells
The colon adenocarcinoma cell line CC531 will be 

used for tumor inoculation. Tumor cells will be cultured 
in RPMI 1640 supplemented with L Glutamine 2mM 
(Gibco, Grand Island, NY USA) 8% heat inactivated 
fetal calf  serum, penicillin 100Uml and streptomycin 
0.1 mg/ml. 

Animals
Male Wag/Rij rats weighing 250-300 g will be 

used. All animals will be maintained in the animal 
facility of  the University of  Medicine and Pharmacy 
Iuliu Hatieganu Cluj-Napoca. The University Ethic 
Committee approved the study design.

Liposome/nanoparticle-packing of  the cytostatics
Doxorubicin, oxaliplatin and irinotecan will be 

used. Liposomes will be prepared from synthetic 
or natural phospholipids (lecitin), according to 
the Bangham method in order to achieve small 
unilammelar liposomes (SUV). 

The “in vivo” study
In the first group 10 Waj/Rij rats will be used to test 

the “in vivo” behaviour of  the tumor. 0.1 ml suspension 
of  tumor cells (concentration of  2 x106 cells/ml) will 
be injected under the liver capsule. The tumoral growth 
will be assessed by ultrasound examination until the 
mass reaches at least 1cm in diameter.

In the second group 20 rats will be used. Tumor 
cells will be injected into the liver in two lobes and when 
the tumor will reach 1 cm diameter, the one tumor will 
be destroyed by radiofrequency (RITA generator and 
Starbust SDE electrode, AngioDynamics® USA). The 
radiofrequency will be applied for 5 minutes at 60°C. 
The second tumor will be left in place as a negative 
control.

The third group will contain 20 rats with tumors 
obtained in the same manner as already described. 
Intratumoral chemotherapy preconditioned as 
liposomes associated with local moderate hyperthermia 
(41-43° C) will be used. The chemotherapy will be 
administrated using instillation with Starbust SDE 
electrode placed in the tumor centre. The unfolding of  
the electrode antennas will allow cytostatic diffusion 
till the tumor borders. Hyperthermia will be achieved 
with the electrode connected at the radiofrequency 
generator with a temperature set-up at 41°C, the power 
at 0 for 20 minutes.

In the fourth group of  20 animals with hepatic 
tumour implants, the tumour destruction will be made 
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by association of  radiofrequency and hyperthermic 
intratumoral chemotherapy. The intratumoral chemo-
therapy will be administered in the same manner as in 
the third group. Subsequently, radiofrequency will be 
applied as described for the second group. 

Data analysis
The radiofrequency efficiency  with or without 

chemotherapy and hyperthermia will be evaluated 
by the rate of  local recurrence (euthanasia at 4 
days after ablation and following this at 1 day time 
point or any condition of  animal suffering). Tumor 
neovascularization will be assessed using microvascular 
laser Doppler (Periflux System 5000®, Perimed AB, 
Sweden). The plasmatic concentration of  growth 
factors, especial those which are considered to be 
linked to neoangiogenesis: VEGF, PDGF, TNF will 
be measured using Luminex 200 system (Luminex 
Corp. USA). Histological probes will be obtained 
for histological analysis of  neoangiogenesis and local 
recurrence. The results, especially complications and 
tumor recurrence will be compared according to the 
type of  the treatment.

EXPECTED RESULTS

The main aim of the project is to increase the 
efficiency of  the un-resectable CCR liver metastases 
treatment through the association of  radiofrequency 
with hyperthermic intratumoral chemotherapy. 

From a pharmacological point of  view, the aim 
will be the improvement of  the pharmacokinetic and 
pharmacodynamic properties of  cytostatics in order 
to increase their efficiency at the level of  the tumor 
cells. Cytostatics, mainly oxaliplatine and irinotecan, 
will be conditioned as liposomes, in order to obtain 
medication that is specific to CRC therapy with 
increased tumoral toxicity, but with less collateral 
effects. 

From an oncological point of  view, the aim 
will be to obtain CRC tumoral cell lines maintained 
afterwards in cultures in order to further carry out 
in vitro studies on the efficiency of  the cytostatic 
medication. Meantime, factors that are supposed to 
have a favorable effect on post radiofrequency local 
recurrence, especially those that stimulate angiogenesis 
(PDGF- growth factors derived from platelets, VEGF-
endothelial growth factor and TNF-tumoural necrosis 
factor) will be assessed in the plasma and in the scar. 

The aim will be to establish a statistic correlation 
between the revascularization rhythm at the level of  
the post-radiofrequency scar monitored through 
microvascular laser Doppler, the rate of  local 

recurrence and the plasmatic and tissue levels of  the 
above mentioned growth factors. 

From a surgical point of  view, the aim will be to 
obtain an experimental model of  hepatic metastases 
in rats. On the experimental model thus achieved, 
the tumoral behavior will be observed in order to 
determine the intra-hepatic tumor growth rhythm. 

Eventually, the therapeutical efficiency of  radio-
frequency, intra-tumoral chemotherapy associated with 
hyperthermia will be studied, so as to determine the 
therapeutical efficiency of  each and every method, as 
well as the therapeutically results of  the two associated 
treatments. 

DISCUSSIONS

The colorectal cancer is one of  the most frequent 
malignant diseases in the modern era and a majority of  
these tumors have already metastases when diagnosed, 
most of  these being located in the liver.20 Nowadays, 
radiofrequency is the most widely used method for in 
situ destruction for CRC liver metastases, but the local 
recurrence rate remains very high.5  

It was shown that the local destruction of  the 
tumor release tissue growth factors, especially 
the vascular endothelial growth factor (VEGF-
vascular endothelial growth factor) which favors the 
development of  micro-metastases in the immediate 
neighborhood of  the destructed tumor.6 However, 
the VEGF role as well as of  other growth factors is 
still not well defined, the results of  the clinical studies 
being rather contradictory.9,21 The present study will 
try to establish if  there is any correlation between 
the rate of  local recurrence and the plasmatic and 
tissue levels of  the above mentioned growth factors 
by evaluating the revascularization rhythm at the 
level of  the post-radiofrequency scar through a 
microvascular laser Doppler. No data on this topic 
has been reported until now, even though the 
microcirculation monitoring has been described in 
experimental bowel transplantation studies. 

Chemotherapy already proved to be an important 
factor in the management of  the CRC liver metastases 
with significant improvement in patients’ survival.22 In 
order to improve local control and reduce recurrence 
rate it has been suggested to associate local destruction 
of  the tumors with hepatic arterial chemotherapy.23 
However, the results were not significantly different 
when compared to systemic chemotherapy.24 This 
leads to an attempt to improve the cytostatic delivery at 
the tumor site and in meantime to reduce its systemic 
toxicity.

Liposomes are structures of  micron and sub-
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micron dimensions, which proved to be very useful 
for drug delivery.25 Oxaliplatin, which is actually the 
main cytostatic used for CRC chemotherapy, has been 
only recently conditioned as liposomes and there are 
no data on the drug efficiency, nor for its toxicity.11  
Regarding the irinotecan, the second cytostatic drug 
as importance in the CRC treatment, it only begins 
to be considered for being included in liposomes.26 
Therefore our attempt to include these cytostatics 
in liposomes might provide supplementary useful 
information on their pharmacological behavior and 
effects.

The particularities of  the tumor vascularization 
cause a diffusion of  the cytostatic medication 
and subsequently reduce its local efficiency.14 The 
association of  radiofrequency with the administration 
of  doxorubicin liposomes has shown an increase of  
the cytostatic in the tumour, while the volume of  the 
destroyed tumoral tissue increased by 25%.16,17 When 
liposomes are administered directly into the tumor they 
concentrate in the neighborhood of  the administration 
area. If  moderate hyperthermia is associated, this 
increases the microvascular permeability of  the 
tumoral vessels for liposomes and also the cytotoxic 
effects of  the drugs liposomes are carrying on.27 Using 
this kind of  approach, the general toxicity of  the 
cytostatic is practically nil. 

Until now, there have been an extremely small 
number of  studies on the cytostatic intratumoral 
administration in association with radiofrequency. 
Weinberg et al are the only group studying this 
therapeutic association, but they administered the 
cytostatic after the thermal ablation of  the tumour 
using microtubular implants.19 In the present study the 
cytostatic will be introduced into the tumor using the 
radiofrequency probe which makes the drug delivery 
less fastidious.

Although numerous research studies have 
been carried out in the field of  nanotechnologically 
conditioned chemotherapy associated with radio-
frequency, the results of  the studies are partly 
contradictory, partly incomplete, and therefore, until 
now, there has been no evidence on the usage and 
association of  these therapeutical means, let alone in 
the case of  the CRC hepatic metastases. This, together 
with the increase in the occurrence of  the CRC, is why 
we believe this research subject to be an extremely up-
to-date one. 

REFERENCES

1. Edwards BK, Brown ML, Wingo PA, et al.  Annual report to the nation 
on the status of  cancer, 1975-2002, featuring population-based trends 
in cancer treatment. J Natl Cancer Inst 2005;97:1407-27.

2. Trifan A, Cojocariu C, Sfarti C, et al. Cancerul colorectal in Romania: 
tendinte epidemiologice. Rev Med Chir Soc Med Nat Iasi 
2006;110:533-9.

3. Povoski SP, Fong Y, Sgouros SC, et al. Role of  chest CT in patients with 
negative chest x-rays referred for hepatic colorectal metastases. Ann 
Surg Oncol 1998;5:9-15.

4. Abdalla EK, Vauthey JN, Ellis LM, et al. Recurrence and outcomes 
following hepatic resection, radiofrequency ablation, and combined 
resection/ablation for colorectal liver metastases. Ann Surg 
2004;239:818-25.

5. Curley SA. Radiofrequency ablation of  malignant liver tumours. Ann 
Surg Oncol 2003;10:338-47.

6. Scaife CL, Curley SA. Complication, local recurrence, and survival rates 
after radiofrequency ablation for hepatic malignancies. Surg Oncol 
Clin N Am 2003;12:243-55.

7. Nikfarjam M, Muralidharan V, Christophi C. Altered growth patterns 
of  colorectal liver metastases after thermal ablation. Surgery 
2006;139:73-81.

8. De Vita F, Orditura M, Lieto E, et al. Elevated per operative serum 
vascular endothelial growth factor levels in patients with colon 
carcinoma. Cancer 2004;100:270-8.

9. Gonzalez FJ, Quesada AR, Sevilla I, et al. Prognostic value of  serum 
angiogenic activity in colorectal cancer patients. J Cell Mol Med 
2007;11:120-8.

10. Sahoo SK, Parveen S, Panda JJ. The present and future of  
nanotechnology in human health care. Nanomedicine 2007;3:20-31.

11. Stathopoulos GP, Boulikas T, Kourvetaris A, et al. Liposomal oxaliplatin 
in the treatment of  advanced cancer: a phase I study. Anticancer Res. 
2006;26:1489-93.

12. Massing U. Cancer therapy with liposomal formulation of  anticancer 
drugs. Int J Clin Pharm Ther 1997;35:87-90.

13. Kong G, Anyarambhatla G, Petros WP, et al. Efficacy of  liposomes and 
hyperthermia in a human tumour xenograft model: importance of  
triggered drug release. Cancer Res 2000;60:6950-7.

14. Kim YK. Nanotechnology platforms and physiological challenges for 
cancer therapeutics. Nanomed Nanotech Biol Med 2007;3:103-10.

15. van Etten B, ten Hagen TL, de Vries MR, et al. Prerequisites for effective 
adenovirus mediated gene therapy of  colorectal liver metastases in 
the rat using an intracellular neutralizing antibody fragment to p21-
Ras. Br J Cancer 2002;86:436-42.

16. Ahmed M, Monsky WE, Girnun G, et al. Radiofrequency 
thermal ablation sharply increases intratumoral liposomal 
doxorubicin accumulation and tumour coagulation. Cancer Res 
2003;63:6327-33.

17. Ahmed M, Liu Z, Lukyanov AN, et al. Combination radiofrequency 
ablation with intratumoral liposomal doxorubicin: effect on drug 
accumulation and coagulation in multiple tissues and tumour types in 
animals. Radiology 2005;235:469-77.

18. Fiegl M, Schlemmer M, Wendtner CM, et al. Ifosfamide, carboplatin 
and etoposide (ICE) as second-line regimen alone and in combination 
with regional hyperthermia is active in chemo-pre-treated advanced 
soft tissue sarcoma of  adults. Int J Hyperthermia 2004;20:661-70.

19. Weinberg BD, Blanco E, Lempka SF, et al. Combined radiofrequency 
ablation and doxorubicin-eluting polymer implants for liver cancer 
treatment. J Biomed Mater Res A 2007;81:205-13.

20. Ruers T, Bleichrodt RP. Treatment of  liver metastases, an update on the 
possibilities and results. Eur J Cancer 2002;38:1023-33.

21. Ferroni P, Spila A, Martini F, et al. Prognostic value of  vascular 
endothelial growth factor tumor tissue content of  colorectal cancer. 
Oncology 2005;69:145-53.

22. Pozzo C, Barone C, Kemeny NE. Advances in neodajuvant therapy 
for colorectal cancer with liver metastases. Cancer Treat Rev 
2008;34:293-301.

23. Yan TD, Padang R, Morris DL.  Longterm results and prognostic 
indicators after cryotherapy and hepatic arterial chemotherapy with 
or without resection for colorectal liver metastases in 224 patients: 
longterm survival can be achieved in patients with multiple bilateral 
liver metastases. J Am Coll Surg 2006;202:100-11.



_____________________________

48     TMJ 2009, Vol. 59, No. 1   

24. Khatri VP, Chee KG, Petrelli NJ. Modern multimodality approach 
to hepatic colorectal metastases: solutions and controversies. Clin 
Cancer Res 2007;4:3815-22.

25. De Jong WH, Borm PJ. Drug delivery and nanoparticles: applications 
and hazards. Int J Nanomedicine 2008;3:133-49.

26. Ramsay EC, Anantha M, Zastre J, et al.  Irinophore C: a liposome 

formulation of  irinotecan with substantially improved therapeutic 
efficacy against a panel of  human xenograft tumors. Clin Cancer Res 
2008;1:1208-17.

27. Chen Q, Krol A, Wright A, et al. Tumor microvascular permeability is a 
key determinant for antivascular effects of  doxorubicin encapsulated in 
a temperature sensitive liposome. Int J Hyperthermia 2008;24:475-82.


