Chapter 12
Minimally Invasive Intraluminal Tumor Ablation
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Abstract Surgery is the standard modality for the removal of tumors, either alone or in combination
with other therapies such as radiotherapy and chemotherapy. These treatment adjuncts can be
associated with significant toxicity, may not be appropriate at the time of diagnosis, and do not
necessarily reduce the risk of metastasis. Consequently, a considerable volume of research has
focused on the identification, validation, and refinement of alternative approaches and therapies.
Here we outline a novel treatment for intraluminal tumors via an endoscopic device that delivers
an electroporating pulse, resulting in enhanced tumor-targeted therapeutic absorption. This device
has been demonstrated to be highly effective in the curative treatment of canine intraluminal tumors
and has also been demonstrated to successfully deliver DNA in a targeted manner to intraluminal
porcine tissues.
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Background

Removal of the primary tumor mass remains a critically important element in the treatment of solid
malignant tumors, as it has the potential to significantly relieve symptoms, forestall complications,
and facilitate responsiveness to multimodal systemic therapies [1-4]. However, many cancers are
resistant to current multimodal treatment regimens, creating a need for therapeutic innovations and
discovery. The causes of this intractability may include advanced stage disease at presentation,
which limits the application or effectiveness of treatments, resistance of tumor cells to chemo-
therapy or radiation therapy, anatomical locations of the cancer which preclude either complete
excision or ablation by radiotherapy, and the presence of inter-current illnesses, which may limit
therapeutic options or adversely affect the risks and benefits of treatment [1, 5-7]. Poor quality of
life and the intrusion on their valuable remaining time resulting from invasive or toxic therapies
are a major problem for many patients with incurable tumors [8—10]. In this context, an ideal can-
cer treatment should effectively control local disease, be applicable to a diversity of tumor types
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and anatomical locations, be effective against locally recurrent disease, facilitate multimodal and
systemic therapies, be minimally intrusive, and improve patient well-being and life expectancy by
tumor control or cure.

Electroporation

Electroporation makes use of an externally applied electric field to increase the permeability of
plasma membranes, thus achieving highly efficient gene and/or drug transfer [11-15]. Through a
variety of processes, electroporation temporarily disrupts membrane stability, causing pores to form
within the membrane. With careful control of the electric field strength and the duration of the cell’s
exposure to it, these pores reseal after a short period of time [11]. Many chemotherapeutic drugs,
including bleomycin and cisplatin, are poorly permeant at the cell membrane under physiologic
conditions. Electropermeabilization therefore offers a novel means of increasing delivery of these
drugs into cancer cells, with a consequent improvement in antitumor effect [13, 15-17]. This
approach is known as electrochemotherapy. Now that the efficacy, safety, and clinical utility of
electrochemotherapy have been established for skin-based tumors, there is continued impetus to
modify and further develop the clinical potential of this technology.

Endoscopic Electroporation with the EndoVe Device

Minimally Invasive Procedures

There are many advantages to the use of minimally invasive surgical options, including reduced
pain, a frequently reduced hospital stay, a more rapid return to normal activity, and, in the case of
gastrointestinal surgery, reduced ileus [18-21]. Used appropriately, minimally invasive techniques
therefore have the potential to lead to an overall improved standard of patient care.

In the context of malignant disease, several minimally invasive techniques have been developed,
employing a range of energy-based methods for in situ tumor destruction. These include targeted
radiofrequency ablation, laser ablation, cryoablation, photodynamic therapy, high-intensity focused
ultrasound (HIFU), and techniques that allow for enhanced targeting of radiotherapy [22-31].
Oncologic surgical principles require that neoplastic tissue is excised with a margin sufficient to
ensure tumor clearance. If a minimally invasive technique employing an energy-based treatment can
destroy equivalent neoplastic tissue volumes with an equivalent margin of normal tissue, then the
outcome in terms of disease-free survival should be at least equal to that following conventional
open surgery. However, the benefits associated with the use of minimally invasive techniques set
them apart, as there is the potential to achieve similar outcomes of patient survival but with reduced
treatment-associated morbidity.

The Endoscopic Electrode: EndoVe

The ability to localize and treat internal cancerous tissue with electrochemotherapy, without dis-
rupting nontarget tissues or their physiological function, presents a number of challenges.
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Overcoming these requires both a means of delivering chemotherapeutic agents specifically to the
diseased tissue and the development of minimally invasive options to facilitate targeted pulse
delivery.

The available technology for delivery of electrochemotherapy has to date been reliant on macro-
electrodes, such as calipers and needles, thus limiting its application to surface tumors. Efficient and
safe electroporation of internal cancers, especially luminal tumors, have therefore not been possible
thus far. However, electrode modification raises the potential for endoscopic, laparoscopic, or
image-guided delivery of electric current to more deep-seated internal tumors [17]. For example,
were it possible to deliver permeabilizing electric pulses to intra-abdominal, intra-thoracic, or geni-
tourinary tumors, many lesions that have previously been deemed inoperable would be amenable to
treatment with electrochemotherapy. It is also likely that electrode modification would allow elec-
trochemotherapy to treat many, currently inoperable or incurable, primary cancers with curative
intent. In particular, cancers of the foregut and bladder, which are often either incurable at presenta-
tion or unsuitable for conventional therapies due to a lack of patient fitness, are often readily acces-
sible to endoscopes, making them ideal targets for electrochemotherapy delivered via an endoscopic
device. Electrochemotherapy could also be added to many current systemic multidrug chemother-
apy regimens to improve their efficacy. Similarly, electrochemotherapy could also be applied to
sensitize recalcitrant cancers to radiation therapy, thus allowing a more targeted tumoricidal therapy
with less collateral tissue injury. The EndoVe device has been developed to deliver electroporation
endoluminally.

The EndoVe was designed using principles common to all electroporation devices; however, it
fits on the end of a conventional endoscope, thereby allowing both direct tumor visualization and
targeting. It has a flexible end, which attaches to the endoscope but also sits apart from it, in order
to maximize luminal visualization (Fig. 12.1). The creation of a vacuum effect draws tissue into a
chamber within the EndoVe, thus bringing the tumor into contact with plate electrodes contained
within this chamber, allowing for electric field application. This chamber, which has a transparent

Fig. 12.1 EndoVe device which attaches
to the end of an endoscope
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roof that allows for tissue capture to be confirmed visually, also facilitates targeted drug delivery.
The design and size of the chamber can be altered based on tumor size and location to allow for
optimum tumor accessibility and tumor-electrode contact.

The EndoVe has already been applied to the treatment of tumors in small and large animals, and
has been approved for a phase 1 clinical trial. It also has the potential to deliver gene therapy to
nonskin-based tumors and to deliver both anticancer drugs and genes in either the adjuvant or neo-
adjuvant setting.

Preclinical Case Study

A 14-year-old Scottie terrier was brought to a local veterinary surgeon with per rectum bleed-
ing and loss of condition, including significant recent weight loss. Colonoscopy revealed a
nonobstructing, 5 cm long, circumferential rectal tumor, situated approximately 3 cm from the
anal margin (Fig. 12.2a). Histopathological analysis determined that this lesion was a moder-
ately differentiated rectal adenocarcinoma. The tumor was deemed unsuitable for surgical
resection and the dog was referred for electrochemotherapy. Bleomycin was delivered intrave-
nously. Using successive EndoVe applications, the entire lesion was treated with electrochemo-
therapy. Follow-up colonoscopy 5 weeks following treatment demonstrated significant
regression of the tumor, in association with a marked improvement in the dog’s clinical condi-
tion (Fig. 12.2b).

Conclusion

Electrochemotherapy is an effective drug delivery system, which acts by greatly enhancing the local
cytotoxicity of the chemotherapeutic drug. The advantages of this therapy are its simplicity, the
short duration of treatment sessions, with an associated reduction in anesthetic requirements,
reduced chemotherapeutic dosages, the comparatively low costs, its minimal side effects, as well as
the potential for a significantly reduced in-hospital stay, both before and after treatment. With the
development of endoscopic delivery systems, such as the EndoVe, electrochemotherapy could
increasingly be applied to a diversity of internal cancers as a minimally invasive tumor ablation
procedure.

-

Fig. 12.2 Preclinical electrochemotherapy of a rectal adenocarcinoma. (a) Before treatment. (b) Five weeks after
treatment
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