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Combination therapy involving 
radiofrequency ablation and targeted 
chemotherapy with bevacizumab plus paclitaxel 
and cisplatin in a rabbit VX2 lung tumor model
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Abstract 

Objective: Radiofrequency ablation (RFA) is less effective for large tumors > 3 cm in diameter. Various studies of 
combination therapy using RFA and other treatments have been conducted to improve the results of RFA treatment 
of lung tumors, survival was extended in a tumor model when RFA was followed by concomitant use of systemic 
chemotherapy. Bevacizumab (BCM) is a one of molecular target drugs. Numerous clinical trials and reports have 
shown BCM’s effect when used in combination with cisplatin (CDDP) in lung tumor. Our objective is to evaluate the 
survival of concurrent, combined use of radiofrequency ablation and BCM, and platinum-doublet chemotherapy 
[CDDP/paclitaxel (PTX)] in a rabbit VX2 lung tumor.

Results: Survival times of the RFA alone, CDDP/PTX, CDDP/PTX/BCM, RFA/CDDP/PTX, and RFA/CDDP/PTX/BCM 
groups were significantly prolonged compared to that of the control group (P = 0.0055, P = 0.0055, P = 0.0004, 
P = 0.0002, P = 0.0019, respectively). Survival of the RFA/CDDP/PTX/BCM group was not significantly prolonged com-
pared to the RFA alone (P = 0.53) and CDDP/PTX/BCM group (P = 0.68), while showing a significantly shorter survival 
time than that of the RFA/CDDP/PTX group (P = 0.017). The addition to BCM with combination RFA and systemic 
therapy with CDDP/PTX did not have a positive effect on survival.
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Introduction
Radiofrequency ablation (RFA) is a well-established pro-
cedure achieving local tumor control for small tumors. 
However, it is less effective for large tumors > 3  cm in 
diameter [1–3]. Various studies of combination therapy 
using radiofrequency ablation and other treatments have 
been conducted to improve the results of RFA treatment 
of lung tumors [4–12]. A limited number of combination 
therapies have been reported in experimental models 
[13–16].

Molecular target drugs are widely used in the field of 
chemotherapy for malignant tumors. One of such drugs 

is bevacizumab (BCM), a humanized monoclonal anti-
body that targets vascular endothelial growth factor 
(VEGF). Numerous clinical trials and reports have shown 
BCM’s effect when used in combination with cisplatin. 
Chemotherapy combining BCM with carboplatin/pacli-
taxel has been reported to be useful for non-small-cell 
lung cancer, and this combination is widely used in clini-
cal practice [17–19].

One experimental study on RFA + BCM combina-
tion therapy found only a single study of nude mice with 
human hepatocellular carcinoma, and evaluated the 
blood flow distribution [20]. There appear to be no stud-
ies using RFA + systemic chemotherapy added to BCM to 
treat lung tumors. In an earlier study, a rabbit VX2 lung 
tumor model was subjected to RFA, followed by chemo-
therapy using cisplatin (CDDP)/paclitaxel (PTX), and 
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survival was extended [15]. A combination of RFA with 
chemotherapy may increase intratumoral drug accumu-
lation by increasing blood flow and membrane perme-
ability and provide survival benefit. We hypothesized 
that the addition of an antiangiogenic drug to RFA with 
chemotherapy may inhibit VEGF signaling after ablation 
and reduce the healing response, which could prevent 
remaining tumor cells from re-establishing the tumor 
and prolong the survival period. Therefore, the purpose 
of this present study was to investigate the efficacy of 
adding BCM to combination RFA and chemotherapy in 
the rabbit VX2 lung tumor model.

Main text
Methods
All experiments were approved by the animal care and 
use committee. All procedures performed in studies 
involving animals were in accordance with the ethical 
standards of the institution or practice at which the stud-
ies were conducted. A total of 42 female Japanese white 
rabbits (Japan SLC, Hamamatsu, japan) weighting 2.0–
2.5 kg of 12 weeks of age were used for the study.

The rabbits have free access to standard chow and 
tap water in in our laboratory animal center. General 
anesthesia was induced before all procedures (tumor 
implantation, RFA, anticancer drug administration) 
by intramuscular injection of a 1-mL solution contain-
ing 40  mg (0.8  mL) ketamine (Daiichi-Sankyo, Tokyo, 
Japan) and 4  mg (0.2  mL) xylazine (Bayer, Leverkusen, 
Germany) and was maintained during the procedure by 
injection of 0.1 mL of the same solution via an ear vein as 
necessary.

Experimental models
VX2 carcinoma cells (Japan SLC Inc., Hamamatsu, Japan) 
were used to establish a model of lung tumors. Isolation 
and implantation of the VX2 tumor (the only tumor 
established in rabbits) were performed as previously 
described [15, 16]. In brief, a suspension of single VX2 
tumor cells (2.5 × 106 cell/mL) was prepared, of which 
0.2 mL were injected with a 20-gauge needle into the left 
lower lobes of the lungs of each of 69 rabbits using sin-
gle helical computed tomography (CT) guidance with 
the following parameters: voltage 120 kV; current 60 mA; 
collimation 3  mm; slice thickness 3  mm; pitch 1 and 
field of view (FOV) 20  cm, ReconMatrix size 320 × 320 
(ProSpeed; GE Healthcare, Milwaukee, WI, USA.). 
Establishment of the lung tumor was confirmed on CT 
as a nodule 3–9 mm in diameter (mean 5.8 ± 1.9 mm) at 
1 week after implantation (week 1). Of the remaining 27 
rabbits, which were excluded from the study, 7 showed 
pleural dissemination in the lung but no solid mass or 
distant metastases, and 20 showed no viable tumor cells 

at postmortem examination. Thus, 42 rabbits with estab-
lished tumors were used for the experiments. The surviv-
ing rabbit treated with RFA/CDDP/PTX was euthanized 
via carbon dioxide aspiration after the complete study.

Study groups
A total of 42 experimental animals were randomly 
assigned to six experimental groups based on randomiza-
tion tables (n = 7 each): a control group that was followed 
up without treatment (i.e., supportive care alone); an RFA 
group that underwent RFA of the lung tumor alone; two 
chemotherapy groups that received chemotherapy alone 
(either CDDP/PTX or CDDP/PTX/BCM); and two com-
bination therapy groups (RFA/CDDP/PTX, RFA/CDDP/
PTX/BCM) that received treatment with chemotherapy 
immediately after RFA. All treatment groups received 
treatment only once. All treatment groups were not 
administered antiemetic before receiving chemotherapy.

RFA
Radiofrequency ablation was performed at week 1 by 
using a LeVeen electrode (Boston Scientific, Natick, MA, 
USA) with 8 retractable hooks having a maximum diam-
eter of 2 cm and an RF2000 generator (Boston Scientific). 
The electrode was percutaneously inserted into the lung 
tumor under CT guidance. The retractable hooks were 
fully opened before ablation in all cases. Tumor ablation 
was performed at an output of 20 W and continued until 
the generator stopped automatically upon reaching the 
maximum resistance due to increased impedance (i.e., 
maximum impedance). CT scans were obtained after 
RFA to confirm that ground-glass opacity had appeared 
around the tumor (Fig. 1).

Anticancer drugs
Cisplatin was purchased from Nichi-Iko Pharmaceuti-
cal Co., Ltd. (Tokyo, Japan), PTX was purchased from 
Sawai Pharmaceutical Co., Ltd. (Osaka, Japan), and BCM 
was purchased from Chugai Pharmaceutical Co., Ltd. 
(Tokyo, Japan). Following systemic chemotherapy, cispl-
atin (CDDP) (2.5  mg/kg, 0.5  mg/mL) + paclitaxel (PTX) 
(7.5  mg/kg, 1.5  mg/mL), bevacizumab (BCM) (10  mg/
kg, 1 mg/mL) was given. Anticancer drugs were injected 
slowly (over at least 30 min) into the auricular vein. In the 
combination therapy groups (i.e., RFA/CDDP/PTX, RFA/
CDDP/PTX/BCM), they were given immediately once 
after RFA.

Statistical analysis
GraphPad Prism 6 software (GraphPad Software, Inc., 
La Jolla, CA, USA) was used for the statistical analysis. 
The Kaplan–Meier method with the log-rank test was 
used for end-point survival analysis. The interquartile 



Page 3 of 5Ueki et al. BMC Res Notes  (2018) 11:251 

range (IQR) was calculated to disclose data variance and/
or the data distribution of median survival times. Differ-
ences with P values of less than 0.05 were considered sig-
nificant. Median survival time was defined as the period 
from tumor implantation to death, with a maximum 
observation period of 120 days.

Results
Survival
The median survival time was 26 days (range 21–28 days, 
IQR = 4  days) in the control group, 34  days (range 
26–105 days, IQR = 26.5 days) in the RFA group, 30 days 
(range 26–56  days, IQR = 20  days) in the CDDP/PTX 
group, 38 days (range 28–44 days, IQR = 8.5 days) in the 
CDDP/PTX/BCM group, 120  days (range 36–120  days, 
IQR = 75.5  days) in the RFA/CDDP/PTX group, and 
37  days (range 17–58  days, IQR = 10  days) in the RFA/
CDDP PTX/BCM group. For the RFA/CDDP/PTX 
group, the Kaplan–Meier survival rate at the end of the 
follow-up period was 57.1%. Because survival never 
fell to 50%, the Kaplan–Meier median survival was not 
defined but was greater than the 120 days median follow-
up period (range 36–120 days).

Survival times of the RFA alone, CDDP/PTX, CDDP/
PTX/BCM, RFA/CDDP/PTX, and RFA/CDDP/PTX/
BCM groups were significantly prolonged compared 

to that of the control group (P = 0.0055, P = 0.0055, 
P = 0.0004, P = 0.0002, P = 0.0019, respectively).

The CDDP/PTX/BCM group did not show a signifi-
cant difference in survival compared to the CDDP/PTX 
group (P = 0.38). Survival of the RFA/CDDP/PTX group 
was significantly prolonged compared to that of the 
RFA alone (P = 0.022), and CDDP/PTX (P = 0.014). The 
survival time of the RFA/CDDP/PTX/BCM groups was 
not significantly different from that of the RFA alone 
(P = 0.52), CDDP/PTX (P = 0.81) and CDDP/PTX/BCM 
groups (P = 0.68). Survival of the RFA/CDDP/PTX/BCM 
group was significantly shorter than that of the RFA/
CDDP/PTX group (P = 0.017) (Fig. 2).

Discussion
Bevacizumab is an anti-VEGF antibody: it is a humanized 
monoclonal antibody that targets VEGF. BCM specifi-
cally binds to VEGF, as a result, BCM expresses its anti-
tumor effects by directly inhibiting tumor angiogenesis, 
reducing interstitial pressure, and improving the vascu-
lar permeability that accompanies the normalization of 
tumor blood vessels, thereby improving the transfer of 
combination anticancer drugs to tumors [21, 22]. Various 
reports have shown synergistic effects when combining 
BCM with other antineoplastic drugs to treat non-small-
cell lung cancer, colon cancer, breast cancer, and ovarian 
cancer [23–26].

To the best of our knowledge, two studies have inves-
tigated the effects of BCM on rabbit VX2 tumors. In 
one study [27], BCM was administered to VX2 tumors 
implanted in the back muscles, followed by examina-
tion of the early therapeutic effect, but the long-term 

Fig. 1 a CT image of VX2 tumor before RFA. A round VX2 tumor with 
a well-defined boundary is seen in the left lower lobe. b CT image 
of VX2 tumor during RFA. A LeVeen Needle is puncturing the tumor, 
and the electrode’s tip (arrow) has been expanded. c CT image of VX2 
tumor immediately after RFA. A ground glass opacity (arrowhead) is 
observed around the tumor, confirming its ablation. The electrode’s 
tips are seen

Fig. 2 Survival times of the CDDP/PTX/BCM and RFA/CDDP/PTX/
BCM groups are significantly prolonged compared to that of the 
control group. The CDDP/PTX/BCM group does not show significant 
differences in survival compared to the RFA alone group and the 
CDDP/PTX group. Survival of the RFA/CDDP/PTX group is significantly 
prolonged compared to that of the CDDP/PTX/BCM group. The 
survival time of the RFA/CDDP/PTX/BCM group is not significantly 
different from that of the RFA alone, and CDDP/PTX/BCM groups, but 
it is significantly shorter than that of the RFA/CDDP/PTX group
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course was not observed, which differs from the present 
study of post-treatment survival. In another study [28] 
on BCM administration in a VX2 carcinomatous men-
ingitis model, the BCM treatment group showed signifi-
cant prolongation of survival compared with the control 
group. In the present study, survival in the CDDP/PTX/
BCM group (38  days) was significantly longer than in 
the control group (26 days), but there was no significant 
difference in survival between the CDDP/PTX/BCM 
(38 days) and CDDP/PTX (30 days) groups. Pascale et al. 
[29] evaluated the cytotoxic effect of various anticancer 
agents including BCM. They demonstrated that BCM’s 
drug sensitivity for the VX2 tumor cell line was poor, and 
even high concentrations of BCM had little effect [29]. 
The authors showed that BCM binds to VEGF, prevent-
ing the interaction of VEGF with its receptors, which are 
mostly distributed on endothelial cells, but has no direct 
cytotoxic effect on the VX2 tumor cells. While the end-
point is different between their cytotoxic effects after 
72  h between our survival times, their results may be 
consistent with the present experimental finding that the 
addition of BCM was not effective.

The addition of an antiangiogenic drug to thermal abla-
tion with chemotherapy may have three benefits: (1) the 
reduction in vascularity could reduce perfusion, thereby 
making thermal ablation more uniform [20]. (2) Vascular 
normalization could enhance drug delivery to the periph-
ery of the ablated zone, thereby enhancing cell killing of 
any residual cells outside the ablated area. (3) Inhibition 
of VEGF signaling after ablation would reduce the wound 
healing response, which could prevent any other remain-
ing tumor cells from re-establishing the tumor.

To the best of our knowledge, no study has investigated 
the effect of adding BCM to combination RFA and chem-
otherapy therapy on rabbit VX2 tumors. The only study 
that added RFA to BCM administration was performed 
by implanting hepatocellular carcinoma in nude mice and 
evaluating the treatment by power Doppler US after BCM 
administration [20]. They found that the tumor blood flow 
decreased after BCM administration, and they showed 
the usefulness of power Doppler US for evaluating effi-
cacy. However, in that study, as well, long-term follow-up 
was not performed. The findings of this study were con-
sistent with earlier study findings that the administration 
of CDDP/PTX after lung RFA was most effective against 
rabbit VX2 tumors [15], but the survival of adding BCM 
to combination RFA and CDDP/PTX was significantly 
shorter than that in the without BCM group [i.e., RFA/
CDDP/PTX/BCM vs RFA/CDDP/PTX (37 vs 120 days)]. 
Thus, adding BCM to combination therapy involving 
lung RFA and systemic chemotherapy with CDDP/PTX 
may produce a negative effect. The anti-VEGF action of 
BCM causes decreased endothelial cell repair function, 

decreases in platelet aggregation and coagulation fac-
tors are thought to result in incomplete wound healing. 
BCM is also believed to cause central tumor necrosis and 
to enlarge the tumor cavity with immature blood vessels, 
those events may lead to complications. Studies on non-
small cell lung carcinoma, renal cancer, colorectal cancer 
reported cases of high-grade bleeding associated with 
BCM-combined chemotherapy, and the risk with that 
therapy was said to be high [30–32].

Conclusions
The addition of BCM to combination RFA and systemic 
chemotherapy with CDDP/PTX did not have a posi-
tive effect on survival compared to RFA/CDDP/PTX for 
treatment in a rabbit lung cancer model with VX2 tumor.

Limitations
The present study has several limitations. Firstly, the 
study was conducted in a rabbit model. Although simul-
taneous lung RFA and chemotherapy with BCM may be 
considered feasible in human patients, the VX2 tumor 
may exhibit different treatment responses and is consid-
ered more malignant than human lung tumors. Secondly, 
the schedule of chemotherapy: we followed earlier stud-
ies of chemotherapy performed immediately after RFA 
for VX2 lung model [15], but it may be clinically relevant 
to give anticancer drugs prior to RFA. Thirdly, tumor 
response was not evaluated longitudinally by CT, because 
general anesthesia is necessary in animals during CT 
scanning, and it may affect survival. In addition, it is diffi-
cult to evaluate the treatment response by CT at the early 
stages after RFA. For these reasons, survival was the pri-
mary endpoint. Lastly, the present study did not include 
a histopathological examination, since histopathological 
changes of lung VX2 tumors after RFA have been previ-
ously studied [14, 15]. But, further study will be necessary 
to confirm the histological changes when adding to BCM 
with combination RFA and chemotherapy.

Abbreviations
RFA: radiofrequency ablation; BCM: bevacizumab; VEGF: vascular endothelial 
growth factor; CDDP: cisplatin; PTX: paclitaxel; CT: computed tomography; 
FOV: field of view; IQR: interquartile range.

Authors’ contributions
TO designed the experiment. AU, TO, SH, KK, and KM performed the experi-
ment. AU and TO analyzed the data and wrote the manuscript. YM edited the 
manuscript. All authors have agreed to the submission of this manuscript for 
publication. All authors read and approved the final manuscript.

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.



Page 5 of 5Ueki et al. BMC Res Notes  (2018) 11:251 

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate
All experiments were approved by the animal care and use committee of 
Osaka City University. All procedures performed in studies involving animals 
were in accordance with the ethical standards of the institution or practice at 
which the studies were conducted (No. 12009).

Funding
This study was partially supported by a grant from the Japan Society for the 
Promotion of Science (25461887).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 29 January 2018   Accepted: 18 April 2018

References
 1. Okuma T, Matsuoka T, Yamamoto A, Oyama Y, Hamamoto S, Toyoshima 

M, et al. Determinants of local progression after computed tomography-
guided percutaneous radiofrequency ablation for unresectable lung 
tumors: 9-year experience in a single institution. Cardiovasc Interv Radiol. 
2010;33:787–93.

 2. Bargellini I, Bozzi E, Cioni R, Parentini B, Bartolozzi C. Radiofrequency ablation 
of lung tumours. Insights Imaging. 2011;2:567–76.

 3. Hiraki T, Sakurai J, Tsuda T, Gobara H, Sano Y, Mukai T, et al. Risk factors for 
local progression after percutaneous radiofrequency ablation of lung 
tumors: evaluation based on a preliminary review of 342 tumors. Cancer. 
2006;107:2873–80.

 4. Dupuy DE, DiPetrillo T, Gandhi S, Ready N, Ng T, Donat W, et al. Radiof-
requency ablation followed by conventional radiotherapy for medically 
inoperable stage I non-small cell lung cancer. Chest. 2006;129:738–45.

 5. Grieco CA, Simon CJ, Mayo-Smith WW, DiPetrillo TA, Ready NE, Dupuy 
DE. Percutaneous image-guided thermal ablation and radiation therapy: 
outcomes of combined treatment for 41 patients with inoperable stage I/II 
non-small-cell lung cancer. J Vasc Interv Radiol. 2006;17:1117–24.

 6. Jain SK, Dupuy DE, Cardarelli GA, Zheng Z, DiPetrillo TA. Percutaneous radi-
ofrequency ablation of pulmonary malignancies: combined treatment with 
brachytherapy. AJR Am J Roentgenol. 2003;181:711–5.

 7. Chan MD, Dupuy DE, Mayo-Smith WW, Ng T, DiPetrillo TA. Combined 
radiofrequency ablation and high-dose rate brachytherapy for early-stage 
non-small-cell lung cancer. Brachytherapy. 2011;10:253–9.

 8. Gadaleta CD, Solbiati L, Mattioli V, Rubini G, Fazio V, Goffredo V, et al. Unre-
sectable lung malignancy: combination therapy with segmental pulmonary 
arterial chemoembolization with drug-eluting microspheres and radiofre-
quency ablation in 17 patients. Radiology. 2013;267:627–37.

 9. Lee H, Jin GY, Han YM, Chung GH, Lee YC, Kwon KS, et al. Comparison of 
survival rate in primary non-small-cell lung cancer among elderly patients 
treated with radiofrequency ablation, surgery, or chemotherapy. Cardiovasc 
Interv Radiol. 2012;35(2):343–50.

 10. Li X, Zhao M, Wang J, Fan W, Li W, Pan T, et al. Percutaneous CT-guided radi-
ofrequency ablation as supplemental therapy after systemic chemotherapy 
for selected advanced non-small cell lung cancers. AJR Am J Roentgenol. 
2013;201:1362–7.

 11. Chua TC, Thornbury K, Saxena A, Liauw W, Glenn D, Zhao J, et al. Radiofre-
quency ablation as an adjunct to systemic chemotherapy for colorectal 
pulmonary metastases. Cancer. 2010;116:2106–14.

 12. Yu S, Wu ZZ, Si HT, Yang S, Liu GM, Zhao XD. Short-term effect analysis of 
radiofrequency ablation combined chemotherapy on middle and late 
period non-small cell lung cancer. Oncol Lett. 2016;12:4399–402.

 13. Oshima F, Yamakado K, Akeboshi M, Takaki H, Nakatsuka A, Makita M, et al. 
Lung radiofrequency ablation with and without bronchial occlusion: experi-
mental study in porcine lungs. J Vasc Interv Radiol. 2004;15:1451–6.

 14. Anai H, Uchida BT, Pavcnik D, Seong CK, Baker P, Correa LO, et al. Effects of 
blood flow and/or ventilation restriction on radiofrequency coagulation 
size in the lung: an experimental study in swine. Cardiovasc Interv Radiol. 
2006;29:838–45.

 15. Ueki A, Okuma T, Hamamoto S, Miki Y. Therapeutic effects of CT-guided radi-
ofrequency ablation with concurrent platinum-doublet chemotherapy in a 
rabbit VX2 lung tumor model. Radiology. 2017;283:391–8.

 16. Hamamoto S, Okuma T, Yamamoto A, Kageyama K, Takeshita T, Sakai Y, 
et al. Radiofrequency ablation and immunostimulant OK-432: combination 
therapy enhances systemic antitumor immunity for treatment of VX2 lung 
tumors in rabbits. Radiology. 2013;267:405–13.

 17. Sandler A, Gray R, Perry MC, Brahmer J, Schiller JH, Dowlati A, et al. Pacli-
taxel–carboplatin alone or with bevacizumab for non-small-cell lung cancer. 
N Engl J Med. 2006;355:2542–50.

 18. Johnson DH, Fehrenbacher L, Novotny WF, Herbst RS, Nemunaitis JJ, Jablons 
DM, et al. Randomized phase II trial comparing bevacizumab plus carbo-
platin and paclitaxel with carboplatin and paclitaxel alone in previously 
untreated locally advanced or metastatic non-small-cell lung cancer. J Clin 
Oncol. 2004;22:2184–91.

 19. Behera M, Pillai RN, Owonikoko TK, Kim S, Steuer C, Chen Z, et al. Bevaci-
zumab in combination with taxane versus non-taxane containing regimens 
for advanced/metastatic nonsquamous non-small-cell lung cancer: a 
systematic review. J Thorac Oncol. 2015;10:1142–7.

 20. Thaker AA, Razjouyan F, Woods DL, Haemmerich D, Sekhar K, Wood BJ, et al. 
Combination therapy of radiofrequency ablation and bevacizumab moni-
tored with power Doppler ultrasound in a murine model of hepatocellular 
carcinoma. Int J Hyperthermia. 2012;28:766–75.

 21. Jain RK, Duda DG, Clark JW, Loeffler JS. Lessons from phase III clinical trials 
on anti-VEGF therapy for cancer. Nat Clin Pract Oncol. 2006;3:24–40.

 22. Gerber HP, Ferrara N. Pharmacology and pharmacodynamics of beva-
cizumab as monotherapy or in combination with cytotoxic therapy in 
preclinical studies. Cancer Res. 2005;65:671–80.

 23. Soria JC, Mauguen A, Reck M, Sandler AB, Saijo N, Johnson DH, et al. System-
atic review and meta-analysis of randomised, phase II/III trials adding beva-
cizumab to platinum-based chemotherapy as first-line treatment in patients 
with advanced non-small-cell lung cancer. Ann Oncol. 2013;24:20–30.

 24. Kabbinavar FF, Schulz J, McCleod M, Patel T, Hamm JT, Hecht JR, et al. 
Addition of bevacizumab to bolus fluorouracil and leucovorin in first-line 
metastatic colorectal cancer: results of a randomized phase II trial. J Clin 
Oncol. 2005;23:3697–705.

 25. Miller K, Wang M, Gralow J, Dickler M, Cobleigh M, Perez EA, et al. Paclitaxel 
plus bevacizumab versus paclitaxel alone for metastatic breast cancer. N 
Engl J Med. 2007;357:2666–76.

 26. Garcia AA, Hirte H, Fleming G, Yang D, Tsao-Wei DD, Roman L, et al. Phase 
II clinical trial of bevacizumab and low-dose metronomic oral cyclophos-
phamide in recurrent ovarian cancer: a trial of the California, Chicago, and 
princess Margaret hospital phase II consortia. J Clin Oncol. 2008;26:76–82.

 27. Kim JI, Lee HJ, Kim YJ, Kim KG, Lee KW, Lee JH, et al. Multiparametric 
monitoring of early response to antiangiogenic therapy: a sequential 
perfusion CT and PET/CT study in a rabbit VX2 tumor model. Sci World J. 
2014;2014:701954.

 28. Brastianos PK, Brastianos HC, Hsu W, Sciubba DM, Kosztowski T, Tyler BM, 
et al. The toxicity of intrathecal bevacizumab in a rabbit model of leptome-
ningeal carcinomatosis. J Neurooncol. 2012;106:81–8.

 29. Pascale F, Bedouet L, Baylatry M, Namur J, Laurent A. Comparative chemo-
sensitivity of VX2 and HCC cell lines to drugs used in TACE. Anticancer Res. 
2015;35:6497–503.

 30. Hang XF, Xu WS, Wang JX, Wang L, Xin HG, Zhang RQ, et al. Risk of 
high-grade bleeding in patients with cancer treated with bevacizumab: 
a meta-analysis of randomized controlled trials. Eur J Clin Pharmacol. 
2011;67:613–23.

 31. Ling JS, Senan S, Smit EF. Pulmonary toxicity after bevacizumab and concur-
rent thoracic radiotherapy observed in a phase I study for inoperable stage 
III non-small-cell lung cancer. J Clin Oncol. 2012;30:e104–8.

 32. Hapani S, Sher A, Chu D, Wu S. Increased risk of serious hemorrhage 
with bevacizumab in cancer patients: a meta-analysis. Oncology. 
2010;79:27–38.


	Combination therapy involving radiofrequency ablation and targeted chemotherapy with bevacizumab plus paclitaxel and cisplatin in a rabbit VX2 lung tumor model
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Methods
	Experimental models
	Study groups
	RFA
	Anticancer drugs
	Statistical analysis

	Results
	Survival

	Discussion
	Conclusions

	Limitations
	Authors’ contributions
	References




