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Abstract
Novel therapies for lung cancer are being explored nowadays with local therapies being the tip of
the arrow. Intratumoral chemotherapy administration and local microwave ablation have been
investigated in several studies. It has been previously proposed that lipiodol has the ability to
modify the microenvironment matrix. In our current study we investigated this theory in BALBC
mice. In total 160 BALBC mice were divided in eight groups: a) control, b) cisplatin, c) microwave,
d) microwave and lipiodol, e) cisplatin and lipiodol, f) microwave and cisplatin, g) lipiodol and h)
lipiodol, cisplatin and microwave. Lewis lung carcinoma cell lines (106) were injected into the right
back leg of each mouse. After the 8th day, when the tumor volume was about 100mm3 the therapy
application was initiated, once per week for four weeks. Magnetic resonance imaging was performed for each tumor when a mouse died or when sacrificed if they were still alive by the end of
the experiment (8-Canal multifunctional spool; NORAS MRI products, Gmbh, Germany). Imaging
and survival revealed efficient tumor apoptosis for the groups b,c,d,e and f. However; severe
toxicity was observed in group h and no follow up was available for this group after the second
week of therapy administration. Lipiodol in its current form does assist in a more efficient way the
distribution of cisplatin, as the microwave apoptotic effect. Future modification of lipiodol might
provide a more efficient method of therapy enhancement. Combination of drug and microwave
ablation is possible and has an efficient apoptotic effect.
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Introduction
Currently lung cancer treatment is based either
on non-specific cytotoxic agents or targeted therapies.[1-5] Several molecular pathways are being investigated in order to identify novel targeted agents.
[6] Targeted treatments for lung cancer have provided
not only a treatment for lung cancer patients, but also
an alternative treatment for the elder patients where
non-specific cytotoxic agents cannot be applied due to
adverse effects.[1] At the same time novel routes of
administrating current targeted and non-specific cytotoxic agents are being investigated.[7-12] Local administration has the advantage of delivering a minimum drug dosage to the target site with less adverse
effects.[9, 11] However; safety concerns still remain to
be elicited.[9] Previous studies with non-specific cytotoxic agents being delivered intratumorally in lung
cancer patients have provided positive results.[7, 13]
Pulmonary physicians have the equipment to deliver
local treatment within a lesion either with the bronchoscope or the endobronchial ultrasound.[7, 14]
However; the tumor consistency still remains an obstacle for efficient drug diffusion. The extracellular
matrix, tumor density and drug formulation interact
as outcome parameters. Different tumors have different density and there are currently two methods of
drug transportation the active and the passive transportation.[15] Based on the tumor type drug design
must be the first factor considered. Extracellular
modification is a strategy that has to be considered in
order to enhance the diffusion of a drug within the
tumor.[16] [17] It has been previously suggested that
liposomal compounds have the ability to alter the
extracellular matrix and enhance the antitumoral activity of several agents by enhancing the oxidative
and nitrative stress.[18] In the study by Solazzo et. al.
[18] radiofrequency ablation was combined with liposomal cytotoxic agents and increased antitumor efficiency was observed. Radiofrequency (RF) ablation is
used for several solid tumors including lung
cancer.[19] The major limitation of this treatment application is tumor size. RF ablation is not efficient for
tumors greater than 5cm [20], therefore combination
therapies have been investigated. Combination therapies have focused on chemotherapeutic agents and
agents which increase electrical and heat conductivity.[21, 22] Another method of enhancing the RF efficiency was to apply a chemotherapeutic agent (liposomal doxorubicin) which prolonged the apoptosis
results of RF locally in the tumor site.[18] Blank liposomes have been also applied in combination with RF
ablation and the same efficiency with liposomal
chemotherapeutic agents was observed.[22, 23] It is
therefore hypothesized that indeed liposomal compounds have the ability to prolong locally the effect of
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RF ablation. In our current study we aimed to investigate whether we could enhance the antitumor activity of RF ablation with or without cisplatin with the
additional administration of lipiodol. Lipiodol is a
poppyseed oil used by injection as a radio-opaque
contrast agent that is used to outline structures in radiological investigations. It is used in chemoembolization applications as a contrast agent in follow-up
imaging.[24, 25] There is also an important safety issue with lipiodol intravasation (leakage) of the fluid
into the venous system which has caused complications in the past. However; this adverse effect can be
used as an advantage for solid tumors enhancing the
penetration and diffusion of locally administered
drug within a tumor. In the study by Sato et. al. [25]
Lipiodol
was
combined
with
granulocytemacrophage colony-stimulating factor (GM-CSF) in
order to produce a prolonged local immunotherapeutic effect in hepatocellular carcinoma.

Methods
Mice
One hundred sixty BALBC mice age 7-8 weeks
old were purchased from the experimental laboratory
of “Theiageneio“ Anticancer Hospital, and were divided in eight groups. The Institute has the following
authorization for production and experimentation on
mice EL 25 BIO 011 and EL 25 BIO 013. The mice included were isolated (1 per cage) in a temperature-controlled room on 12-hour light-dark cycle and
were allowed free access to food and water. The Lewis
lung carcinoma cell line was obtained by ATCC
(CRL-1642™). The cells were routinely cultured in
25-cm2 tissue culture flasks containing RPMI (ATCC,
30-2002) supplemented with 10% fetal bovine serum
(Biochrom) according to the supplier’s instruction.
The cell line was incubated at 37ο C in 5% CO2. The
doubling time of the cell line was 21 hours.[26] At
confluence, cells were harvested with 0.25% trypsin
and then were re-suspended at 1,5×106 cells in 0.15 ml
PBS (Phosphate Buffered Saline, Dulbecco, Biochrom)
which was used to inject the mice. The suspension
was inoculated subcutaneously (27-guage needle,
1,5×106 cells) in the back of the mice. The tumor
volume was measured once weekly using bidimensional diameters (caliper) with the equation V=1/2ab2,
where the a represents the length and b the width
(mm3). The tumor was grown on the back of the mice.
The animals were randomly divided into eight groups
of 20, when the tumor volume of ~100mm3 was
reached. a) control, b) cisplatin, c) microwave, d) microwave and lipiodol, e) cisplatin and lipiodol, f) microwave and cisplatin, g) lipiodol and h) lipiodol,
cisplatin and microwave.
http://www.jcancer.org
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Chemotherapy agent and Lipiodol
The non-specific cytotoxic agent cisplatin/hospira 100mg/100ml, ONCO-TAIN™, HOSPIRA
UK, LIMITED was obtained from our pulmonary
oncology
department
(Pulmonary
Department-Oncology Unit, “G. Papanikolaou” General
Hospital, Aristotle University of Thessaloniki, Thessaloniki, Greece). (Figure 1.) Lipiodol was kindly
provided from the Department of Diagnostic and Interventional Radiology, Goethe University of Frankfurt, Frankfurt, Germany by Professor Thomas Vogl.

Μicrowave Ablation System
The system Valleylab™ MW Ablation Generator
manufactured for Valleylab, a division of Tyco
Healthcare Group LP Boulder, Boulder, CO, USA was
kindly provided by Joshua Stopek. (Figure 2.)
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many). All MRIs were performed in the Department
of Diagnostic and Interventional Radiology, Goethe
University of Frankfurt, Frankfurt, Germany under
the personal supervision of Professor Thomas Vogl.

Figure 1. Non-specific cytotoxic agent cisplatin/hospira 100mg/100ml,
ONCO-TAIN™, HOSPIRA UK, LIMITED

MRI
Magnetic resonance imaging was performed to
the tumor on mouse when a specimen was sacrificed
or died. The tumor was surgically removed from the
body and stored in formalin. At the end of the experiment an MRI was performed for every tumor
specimen of each group. We did not perform MRIs in
specimens immediately after a therapeutic administration; no animal was sacrificed after one
drug/therapy application. (Figure 3.) In order for the
MRIs to be properly performed we used an 8-Canal
multifunctional coil kindly provided by Professor
Thomas Vogl (NORAS MRI products, GmbH, Ger-

Figure 2. System Valleylab™ MW Ablation Generator manufactured for
Valleylab, a division of Tyco Healthcare Group LP Boulder, Boulder, CO, USA.

Figure 3. 8-Canal multifunctional coil (NORAS MRI products, GmbH, Germany)
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Administration
Cisplatin, and lipiodol were administered with
an insulin syringe not in one spot, but in three different spots as indicated in Figure 4. The reason for
this methodology was the concept of enhancing the
therapy or lipiodol effect by distributing the drug in
different parts of the tumor. On the other hand the
microwave ablation spike was inserted in the center of
the tumor, since the tumor was not larger than one cm
in diameter. As it is indicated by the manufacturer
(http://surgical.covidien.com/products/ablation-sys
tems/microwave-ablation/evident-mwa-antennas)
there is no need to insert an additional spike. The application was performed with 45 watts over 10
minutes. We used a 17cm spike as this was available
to us. Each spike was only 0.5-1 cm inserted in the
center of the tumor. Cisplatin dosage was 1ml divided
in three sites, and the same was applied for lipiodol.

Figure 4. Letters A,B and C indicate the site of drug administration (Cisplatin
and lipidilol) while in the center of the tumor the microwave ablation spike was
inserted. We used a 17cm spike as this was available to us and only 0.5-1 cm was
inserted in the center of the tumor.

Figure 5. Lipiodol group; T1 sequence: Heterogeneous appearance in the
central part of the tumor, low intensity indicates necrosis. T2 sequence: High
signal intensity indicates necrosis. White and black arrows indicate lipiodol
solution within the tumor. Necrosis is not extensive as presented in the current
figures.

Figure 6. Control group; T1 sequence: Heterogeneous appearance in the
central part of the tumor, low intensity indicates necrosis. T2 sequence: High
signal intensity indicates necrosis. The necrosis observed in the center of the
tumor is attributed to the necrosis that is normally observed within tumors.

Results
Tumor necrosis and apoptosis were the major
purposes of our study. Survival was also recorded.
Our records and MRI findings indicate that a major
toxicity was observed in the group where cisplatin,
lipiodol and microwave were applied. None of the
animals survived more than a week. Moreover; hemorrhage apart from necrosis was observed inside the
tumors. Survival was the following for the groups:
microwave (25days) ≥ cisplatin (22 days) > control (20
days) > lipiodol (16 days)> microwave plus lipiodol
(16 days) > cisplatin plus lipiodol (12) > cisplatin plus
microwave (12 days) > lipiodol plus cisplatin plus
microwave (5 days). (Figure 5-12.)

Figure 7. Cisplatin group; T1 sequence: Heterogeneous appearance in the
central part of the tumor, low intensity indicates necrosis. T2 sequence: High
signal intensity indicates necrosis.
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Figure 8. Lipidiolol and cisplatin; T1 sequence: Heterogeneous appearance in
the central part of the tumor, low intensity indicates necrosis. T2 sequence:
High signal intensity indicates necrosis. White formations are lipiodol molecules
entrapped within the tumor tissue (white arrows).

Figure 9. Microwave group; T1 sequence: Heterogeneous appearance with
hypodensity sites indicating possible necrosis mostly in the periphery and in
around the area where the spike was inserted. T2 sequence: Heterogeneous
appearance with hyperdensity sites indicating possible necrosis mostly in the
periphery and around the area where the spike was inserted. White arrow
indicates area where the microwave spike was inserted.
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Figure 11. Lipiodol and microwave group; T1 sequence: Heterogeneous
appearance with hypodensity sites indicating necrosis. T2 sequence: Heterogeneous appearance with hyperdensity sites indicating necrosis. White formations are lipiodol molecules entrapped within the tumor tissue.

Figure 12. Cisplatin and Microwave; T1 sequence: Heterogeneous appearance
in the central part of the tumor, low intensity indicates necrosis. T2 sequence:
High signal intensity indicates necrosis. White arrow indicates area where the
microwave spike was inserted.

Figure 10. Lipiodol, cisplatin and microwave group; T1 sequence: Heterogeneous appearance with hypodensity sites indicating necrosis. T2 sequence:
Heterogeneous appearance with hyperdensity sites indicating necrosis with
hemorrhage around the spike wound. White formations are lipiodol molecules
entrapped within the tumor tissue (white arrows).
Figure 13. Cisplatin plus lipiodol group with HE X 100
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Figure 14. Cisplatin plus microwave group; a) HE X 100, b) HE X 200

Figure 17. Lipiodol plus cisplatin plus microwave; a) HE X 200, b) HE X 200, c)
HE X 200. (White arrows possibly indicate lipiodol)

Figure 15. Lipiodol plus microwave group; a) HE x 100, b) HE x 100

Figure 18. Microwave group; a) HE X 200, b) HE X 400

Figure 16. Lipiodol group; a) HE x 40 (central necrosis is observed), b) HE x
200, white arrows indicate possibly lipiodol particles.

Figure 19. Control group; HE X 400
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Figure 20. Cisplatin group; HE X 200. All pathology specimens were acquired
1 day after treatment administration (where applied).

Discussion
The application of microwave energy with
spikes has proven to be an efficient method of local
therapy for cancer and lung cancer in specific.[27-29]
A recent study has presented data where this method
is efficient and safer for the elderly >75 years old, or
for patients not able to undergo chemotherapy.[27]
The major drawback of this method is the short range
of the thermal effect around the tip of each spike,
therefore in many cases more than two spikes are
inserted in the tumor with 1cm distance from one and
another in order to enhance the effect
(http://surgical.covidien.com/products/ablation-sys
tems/microwave-ablation/evident-mwa-antennas).
[29] Currently the guidance of the spike to the tumor
lesion for lung cancer is possible with the assistance of
Computed Tomography (CT) or Cone Beam CT,
however; novel techniques are currently investigated
with that of ultrasound being the newest.[30]
Furthermore; a three dimensional magnetic guidance
system is currently being developed.[31] Microwave
ablation therapy has proven efficient for lesions <3cm,
distant to vessels and recurrence is rare in these
situations.[32] It has been observed that when the
microwave energy is applied for at least three minutes
the tissue where the spike/s are inserted expands
initially up to 25% and then the contraction takes
place.[33] Moreover; in a recent study the novel
treatment of cryoablation provided superior results
when it was compared to radiofrequency ablation or
microwave ablation, for hepatocellular carcinoma.[34]
Possibly this methodology could be persued for lung
cancer as well in the future. In another study by Sheng
S. et. al. [35] microwave ablation was applied for
hepatocellular carcinoma with the addition of recombinant adenovirus p53 gene (rAd-p53) and interleu-
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kin-2 intravenously. Complete remission of metastatic
lesions to the lung was observed. The concept was to
simultaneously stimulate the immune system and
target the circulating cancer cells. However; this
methodology is extremely costly. Microwave ablation
is not without any adverse effects, in the case by
Huang G. et. al. [36] invasive aspergillosis occurred
after microwave ablation. Our current study was
based on the concept that a lipophilic substance, such
as lipiodol can enhance the thermal effect of microwave ablation. In the previous study by Solazzo SA et.
al. [18] liposomal doxorubicin increased the effect of
radiofrequency ablation by inducing tumor destruction by increasing cellular oxidative stress and accelerating apoptotic pathways. In the study by Vogl TJ.
et. al. [37] it was observed that the thermal effect of
laser-induced thermotherapy increases the activation
of tumor-specific T lymphocytes. We therefore chose
lipiodol as a lipid solution to investigate and observe
whether this compound could enhance the chemotherapy effect of cisplatin or thermal effect of microwave ablation. Our results indicate the toxicity of 45W
and 10 minutes application for small tumors (group g;
lipiodol, cisplatin and microwave), in a future study
we will focus on developing an appropriate model for
small animals and tumor volumes. It was observed
that lipiodol is a very difficult solution to handle and
as observed in the MRI figures 5-12, it is not distributed homogeneously. Based on this observation we
conclude that it does not assist at all in the thermal
effect of microwave ablation. Moreover; it does not
assist in the homogeneous distribution of cisplatin,
nor adds a sustained release effect to cisplatin absorption. We used the smallest doses possible for cisplatin and lipiodol, since the tumor model that we
chose was very small. One of the major limitations of
our study was that we did not have a dose escalation
for cisplatin, lipiodol and microwave. Furthermore, it
was observed that lipiodol, does not have an effect on
its own. It has been proposed that nanoparticles could
stimulate the dendritic cells (DC) and activate the
immune system locally, because when nanoparticles/solutions of small molecules are inserted locally
to the tumor they are recognized as foreign material
and the T-cells are stimulated.[38] In conclusion;
combination of cisplatin and microwave ablation
could be applied as a method to enhance local therapy, however; more studies are needed to investigate
proper dosage in comparison to tumor size. Additionally, we need a drug that can distribute homogeneously within the tumor after administration. Current chemotherapy drugs are not designed for this
purpose.
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