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Objectives: Upon completion of this article, the reader will be
able to discuss the advantages and disadvantages of techni-
ques providing regional chemotherapy to the lungs.
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Standard treatment options in patients with lung cancer and pulmonary metastases are
surgery, radiotherapy, chemotherapy, and immunotherapy. For reducing clinical com-
plications of surgery and achieving a better local response, transpulmonary chemo-
embolization of the lungs is a possible interventional technique in which anticancer
drugs are administered directly into a tumor through its feeding vessels followed by
occlusive agents that are injected through the delivery catheter for blocking the vessel.
This allows a longer contact period in the tumor with a higher cytostatic drug
concentration. The technique is safe and results present promising local response
rates, but the influence on survival is still questionable. This article describes the current
role of intravascular therapies in the treatment of pulmonary malignancies.

Lung cancer is the main cause of death among all kinds of
cancers.' It is responsible for ~23% of total cancer deaths. The
main types of lung cancer are small cell lung cancer and non-
small cell lung cancer. Long-term exposure to tobacco smoke
causes 80 to 90% of lung cancers.” Nonsmokers account for 10
to 15% of lung cancer cases, and these cases are often
attributed to a combination of genetic factors or other ex-
posures such as radon gas, asbestos, and pollution including
secondhand smoke. Common treatments depend on the
cancer’s specific cell type (pathology), staging, and the pa-
tient’s performance status. Traditional treatment options are
surgery, chemotherapy, immunotherapy, radiation therapy,
and palliative care. In patients with lung metastases from a
nonpulmonary source, prognosis and outcome depend on the
primary cancer, number of metastatic lesions, and degree of
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pulmonary involvement. Different treatment protocols are
available, mainly for lung metastases from colorectal cancer.

Pulmonary Circulatory System

Pulmonary Artery

The lungs receive the entire cardiac output for the pulmonary
circulation, with a volume of 5000 mL/min. The lungs repre-
sent a high-flow/low-pressure vascular system. Character-
istics unique to the pulmonary arterial system include
systolic, diastolic, and mean pressures of 25, 10, and
15 mm Hg, respectively, and thin vessel walls secondary to
limited smooth muscle in the media. Rich capillary networks
supplying this system hold ~45% of the total pulmonary
blood volume.? This system also has a very high compliance
(30 mL/mm Hg), with decreases in the pulmonary vascular
resistance with increasing intravascular pressure due to
distension of capillaries and recruitment of unused ones.*

Bronchial Artery

Similar to other vascular distributions in the body, there are
significant variations in the anatomy of the bronchial artery. A
single artery on one side and two on the other is the most
common, seen in >50% of people. Anastomosis between
bronchial artery and pulmonary circulation occurs at the
capillary level.

Regional Lung Chemotherapy

Only a minority of patients with pulmonary malignancies are
eligible for curative surgical treatment. Systemic chemother-
apy, immunotherapy, and radiotherapy are established treat-
ment options in palliative settings. Because drug
concentration at the tumor site has been shown to be low
after systemic chemotherapy, the concept of local drug
delivery of such drugs is directed to transport high drug
concentrations to the target site; a secondary benefit of such
directed therapy is that side effects are reduced in compari-
son with systemic therapy.®’ In pulmonary chemoemboliza-
tion (TPCE), chemotherapeutic agents (such as mitomycin C,
cisplatin, gemcitabine, and doxorubicin) as well as emboliza-
tion agents (such as lipiodol or temporary embolization
agents such as degradable microspheres) are used in combi-
nation and delivered directly to the lung vasculature.

Intravascular Techniques for Localized
Delivery of Chemotherapeutic Agents

The main techniques of regional delivery of drugs for lung
cancer therapy are arterial chemoembolization, bronchial
artery infusion (BAI), isolated lung perfusion (ILP), and lung
suffusion. Each method has specific advantages, disadvan-
tages, and side effects. Contraindications for these procedures
are generic, such as pregnancy, breast-feeding, and allergy to
iodinated contrast media. Typical main side effects can be
fever, chest pain, cough, vomiting, hemoptysis, mild and
transient hemodynamic changes, and hematoma at the site
of percutaneous puncture.
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Transpulmonary Chemoembolization

Transarterial chemoembolization has been used successfully
for many years as a method for treating primary and second-
ary hepatic malignancies,® and it is now under evaluation as a
less invasive choice for the treatment of lung cancer.’

On this basis TPCE was introduced, which does not require
thoracotomy and can be repeatedly performed percutane-
ously through an endovascular catheter under fluoroscopic
guidance. As a routine approach, a 5F catheter and 7F sheath
are placed transfemorally into the pulmonary artery and
advanced fluoroscopically over a guidewire into a segmental
pulmonary artery. Commonly, a 7-mm balloon catheter is
placed10 and chemotherapeutic agents are infused following
balloon inflation. This selective catheterization results in
obstruction of the arterial supply, with resultant regional
ischemic necrosis of tumor while minimizing damage to the
normal lung parenchyma (=Fig. 1). Simultaneous blockage of
the inflow and perfusion by embolization allows the use of
higher chemotherapeutic doses for therapy. Permanent oc-
clusion can be achieved by using material such as steel coils,
polyvinyl alcohol, or agents like lipiodol. Degradable starch
microspheres and gelatin sponges are temporary agents that
may be used. New approaches using drug-eluting beads for
controlled release of the therapeutic agent are currently
under investigation.”

In 2005, our group reported treatment of 23 patients
treated with TPCE. The study protocol was approved by the
institutional review board, and patient consent was obtained.
In these patients, 26 lung metastases of different origins were
treated locally by a transpulmonary approach. Tumor-supply-
ing pulmonary arteries were selectively identified, and 5 to
10 mg of mitomycin C and 5 to 10 mL of iodized oil and
microsphere particles were delivered with balloon protection
and flow arrest. Patients were followed at 3-month intervals by
unenhanced and contrast-enhanced computed tomography.
Treatment was well tolerated in all patients, with no major side
effects or complications. By using morphological criteria,
volume regression of embolized areas was obtained in eight
patients (34.8%), stable disease was revealed at follow-up in six
patients (26.1%), and progression of treated intrapulmonary
metastases was detected in nine patients (39.1%) (=Fig. 2) and
(=Fig. 3). TPCE was considered a well-tolerated palliative
treatment option in patients with pulmonary metastases.'?

Bronchial Artery Infusion

The method of localized chemotherapy by using BAI first
appeared in the medical literature in 1951. This transarterial
method of drug delivery has shown good response rates,
particularly in tumors in organs with dual blood supply such
as liver tumor metastases (hepatic artery) and lung metasta-
ses (bronchial arteries).’® Kahn et al first demonstrated BAI
chemotherapy in 1965 by inserting a transfemoral 5F catheter
into the bronchial artery under angiographic guidance'*
The use of coaxial microcatheters is essential for super-
selective arterial catheterization; by these means single or
more anticancer agents can be delivered. This approach can
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Figure 1 A 60-year-old woman with primary non-small cell lung carcinoma in the right lung, segment 6, undergoing treatment with
transpulmonary chemoembolization. (A) Nonenhanced computed tomography (CT) image of lung before chemoembolization, demonstrating a
41 x 35 mm right lobe lesion (arrow). (B) T2-weighted nonenhanced magnetic resonance imaging (MRI) (2300/90 [TR/TE]) demonstrating the
pretreatment tumor extension in the lung (arrow). (C) Angiographic verification of the catheter position in the main right pulmonary artery during
the treatment. (D) CT image of the same patient during follow-up at 9 months, demonstrating significant downsizing of the tumor volume
(36 x 25 mm) (arrow). (E) T2-weighted nonenhanced MRI of lung on 9-month follow-up, again demonstrating significant shrinkage of the tumor

(arrow).

be repeated for several weeks and used as a primary and
palliative treatment option. Some groups have used a combi-
nation of this technique with radiotherapy.'” In the presence
of several feeding arteries, multiarterial infusion chemother-
apy can be performed.'® Here angiographic structures are
needed for exact identification of tumor and feeding arter-
ies.!” Although most complications are not significant, bron-
chial or esophageal ulceration, spinal cord injury, and
formation of a bronchoesophageal fistula may rarely occur
as very serious side effects of the technique.'®

Isolated Lung Perfusion

ILP is performed by cannulation of the ipsilateral pulmonary
artery and veins; the system is connected with an extracorpo-
real flow system, allowing an enclosed perfusion circuit. In
some cases bilateral ILP has been used; in these instances,
cardiopulmonary bypass by staged unilateral ILPs or by total
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lung perfusion with cannulation of the right atrium and the
ascending aorta is performed. Selective delivery of agents to
the lungs via the pulmonary artery combined with localized
hyperthermia provides a better condition for more tissue
absorption and the cytotoxicity effect of the delivered drugs.'®

In this method, systemic anticoagulation therapy is neces-
sary. Pulmonary ventilation should remain intact for spreading
the agents. Perfusion techniques takes ~30 to 90 minutes. ILP is
a complex method because safe cannulation of these vessels
requires thoracotomy. Complications such as adverse systemic
inflammatory responses occur frequently due to direct toxic
effect as a consequence of leakage and|or release of cytokines.'®

Lung Suffusion

The term suffusion has been used to provide slow, diffuse
permeation of the tissues by an injection during occlusion of
arteries or veins.?’ This technique requires coordination
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Figure 2 A 71-year-old man with primary non-small cell lung carcinoma in a right perihilar location, with progression following regional
chemoembolization. (A) Nonenhanced computed tomography (CT) image of lung before chemoembolization. The initial lesion measured

39 x 32 mm (arrow). (B) Axial T2-weighted nonenhanced magnetic resonance imaging (2500/90 [TR/TE]) presenting primary lung cancer
spreading before chemoembolization (arrow). (C) Transpulmonary chemoembolization with catheter placement in the right perihilar region
(arrow). (D) Axial CT follow-up study 4 months after transpulmonary chemoembolization (TPCE) demonstrating tumor progression (59 x 58 mm)
(arrow). (E) Axial T2-weighted nonenhanced MRI of the lung, 4 months post-TPCE with further tumor progression (arrow).

between radiologic control of the pulmonary artery and
thorascopic control of the pulmonary veins for isolating
chemotherapy into the lung. It is assumed that distention
of the pulmonary capillary pool as a result of the increase in
pulmonary vascular resistance (a consequence of venous
constriction) facilitates organ permeation by the chemother-
apy agent. Another identical vascular network is in the heart,
and for this reason clinical experience exists for similar
suffusion techniques such as retrograde (coronary vein-per-
fused) cardioplegia.?’ For regional lung chemotherapy tech-
niques, important factors include rapid systemic clearance of
the released drug, high uptake by the target tissue, and
relatively brief exposure times.

It is conceivable to use this method as a debulking tool for
primary or metastatic cancer as a neoadjuvant prior to lung
resection. Micrometastatic disease in the lung or its lymphat-
ic drainage system is another target for nonselective methods
like ILP or suffusion.

Results

In reviewing the current literature for the previously discussed
methods, we identified 20 articles with 422 documented
patients with primary or secondary lung cancers. Ten of these
articles with 318 cases were primary lung cancers; 8 studies
with 96 cases represented secondary lung tumors.
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Figure 3 A 64-year-old woman with breast cancer therapy and resistant lung metastasis. (A) Nonenhanced computed tomography (CT) image of the lung
demonstrating metastatic breast cancer before chemoembolization. Lesion initially measured 27 x 26 mm in diameter (arrow). (B) Axial T2-weighted
nonenhanced magnetic resonance imaging (MRI) of the lung demonstrating metastasis of lung cancer before chemoembolization (arrow). (C)
Transpulmonary chemoembolization (TPCE) with catheter positioned in the middle segment of the left lung (arrow). (D) Axial CT follow-up study 12 months
post-TPCE with significant downsizing of the tumor, now measuring 15 x 10 mm (arrow). (E) Axial T2-weighted nonenhanced MRI of the lung in a follow-up
study 12 months post-TPCE. Again demonstrated is the significant decrease in lesional diameter (arrow).

In three articles with ~100 cases, TPCE was the method of
choice for therapy. In all three articles, tumor response
was reported as “good” and with “no major complications.”

In four articles with 162 cases, BAI was the method of
choice for therapy. In this group, the outcome in one article
was documented as “good” and with “no major complica-
tions.” In another study the outcome was “good” but with
“minor complications.”

In five articles with 58 cases, ILP was the method of choice
for therapy. In this group, three articles with 30 cases
described the outcome as “good,” in one article with 20 cases
the outcome was “relatively good” (with minor complica-
tions), and in one article with 8 cases outcome was “unsatis-
factory” (with major complications).

Seminars in Interventional Radiology ~ Vol. 30 No. 2/2013

In one article with four cases, lung suffusion was the
method of choice for therapy. In this article the outcome
was “good” without any major complication.

In six articles with 168 cases, a combination of regional
and systemic therapies was the method of therapy. In all of
these articles, the outcome was “good” without any major
complications (=Table 1).

Discussion

Because only 46% of treated patients demonstrate long-term
survival, treatment of pulmonary metastases is still a major
challenge.zz‘29 Systemic chemotherapy also demonstrates
marginal results. For this reason, multimodality therapy
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regimes have been postulated.3? A retrospective study com-
paring multimodality therapy (including modified pharma-
cokineticcmodulating chemotherapy, radiation, and RFA)
versus single chemotherapy, published in 2005, showed a
significant increase in survival rates with a multimodality
regime therapy: the 3-year survival rate of patients in the
multimodality group was 87.5% versus 33.3% in the chemo-
therapy group.3 !

In animal studies it has been shown that isolated lung
perfusion was more effective than systemic chemothera-
py,>233 but the former requires thoracotomy, which is stress-
ful for the patient and cannot be repeated extensively.
Moreover, extracorporal circulation is required.>* TPCE of
the lung offers the advantages of ILP over systemic chemo-
therapy,32'33 without the disadvantages just cited. A report
published in 2007 showed TPCE to be even superior to ILP in
terms of lipiodol uptake in a rat model. This showed that TPCE
of the lung is a promising component in a multimodality
therapy concept.

TPCE could be an additional tool for multimodality thera-
py, and in combination with thermal ablation even better
results might be achieved.?®>> The macroscopic parts can be
resected while the residual microscopic components can be
treated by regional and systemic chemotherapy.?® Regional
chemotherapy has potential advantages because it potential-
ly confers a lower side-effect profile. Data show that TPCE
using mitomycin followed by embolization agents such as
lipiodol and microspheres is a well-tolerated treatment
method for patients with unresectable lung metastases. The
results obtained in other anatomical regions with hyper-
vascular cancers such as thyroid, renal cell, or hepatocellular
carcinoma prove the hypothesis of the major impact of the
lipiodol uptake and its tumoricidal influence on the tumor
matrix. With this method even a larger number of lesions can
be treated in combination with other ablating procedures
such as radiofrequency ablation (RFA) or microwave ablation
(MWA). It is still too early to say whether RFA or MWA could
be combined with TPCE in the future. However, the additional
advantage of TPCE over ablating procedures with no risk of
pneumothorax is obvious. Furthermore, healthy lung tissue is
preserved due to the fact that a safety margin for adjacent
structures, necessary for ablation procedures, is not required
for TPCE.

TPCE is a well-tolerated palliative treatment option in
patients with lung metastases and primary lung cancer. Early
use of this method has resulted in a reduction in tumor
volume and patient symptoms, and current data suggest that
this approach is well tolerated.
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