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Background: With the aid of electromagnetic navigation bronchoscopy (ENB), it has become possible to
approach peripheral lung tumors from the airway. Meanwhile, local ablation using photodynamic therapy
(PDT) has shown increasing promise in the realm of lung cancer treatment. The purpose of this study was
to explore an alternative ablation method using PDT with SuperDimension ENB localization in a hybrid
operating theater.

Methods: Our study includes patients with primary or metastatic lung cancer who underwent PDT via
ENB in the hybrid operating room (OR) of National Taiwan University Hospital between January 2016 and
January 2017. ENB with the SuperDimension Navigation System (7th edition) was performed before PDT
ablation to localize the target lesions. PDT ablation was performed with the assistance of intraoperative
Dyna-computed tomography (Dyna-CT). Tumor response was evaluated by CT 3 months after the
procedure.

Results: Three patients underwent lung interstitial PDT via the aid of ENB during the study period. The
mean size of the nodules was 21.3 mm. The mean navigation time was 14.3 minutes. In all cases, the target
pulmonary nodule was ablated by PDT successfully. No major procedure-related complications occurred.
One patient suffered from skin hypersensitivity one month after the procedure. The follow-up CT showed
significant tumor shrinkage for all the patients. They were all discharged without incident a few days after
the procedure as scheduled.

Conclusions: PDT with SuperDimension ENB guidance in the hybrid OR is a novel and feasible

approach to control peripheral lung malignancy.
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Introduction other screening methods and its widespread use has resulted

. . . in r in the number of advanced- ncer
Lung cancer is the major cause of cancer deaths worldwide a decrease in the number of advanced-stage cancers

(1,2). Low-dose computed tomography (CT) lung screening diagnosed and an increase in the number of early-stage lung

is more sensitive in detecting early-stage lung cancers than cancers diagnosed (3). Therefore, surgeons are facing more
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and more early lung cancer patients. Surgical resection is
the treatment of choice for early-staged non-small cell lung
cancer (NSCLC), but it’s not perfect. On the one hand, it
is difficult to localize small lung tumors intra-operatively.
On the other hand, some patients present with multi-focal
lesions that cannot be completely eradicated by surgery.
Conventional treatment strategies to handle such conditions
include surgical resection under localization with a hook-wire
system or dye injection, whether by a percutaneous route or
navigator bronchoscopy (4-6). However, there are several
disadvantages of these treatment approaches, including the
risk of general anesthesia, potential complications of bleeding
or air leakage, especially for some patients with poor lung
function or suboptimal medical conditions.

Photodynamic therapy (PDT), which uses a photosensitizer
that is focally retained in the tumor to perform tumor-
specific ablation by irradiating with a certain wave-length of
light, has been used as an effective treatment for centrally-
located lung cancer (7-11). Photofrin, the most frequently
used and commercially available photosensitizer for lung
cancer, works under 630-nm red-light irradiation. Interstitial
PDT aided by CT-guided catheter implantation has been
adopted for peripheral lung cancer (10). Nevertheless, there
are potential disadvantages of such an approach, such as
the risk of hemopneumothorax during CT-guided catheter
insertion, lung collapse causing dislodging of the catheter
during the procedure, and an inability to target other lesions
after lung collapse (10). Recently, electromagnetic navigation
bronchoscopy (ENB) (SuperDimension™ Navigation System,
Super-D ENB, Covidien, Minneapolis, MN, USA) has been
applied in the diagnosis, staging, preoperative localization
and treatment of lung cancer (4,5,12-14). Compared with a
percutaneous route, ENB has the advantages of reduced risk
of pneumothorax and precise localization of lung tumor with
a working channel through which the PDT irradiation probe
can function. In addition, the initial use of hybrid operating
room (OR) for ENB makes it a stronger tool (15). Our aim
is to evaluate the feasibility and safety of tumor ablation via
the newly developed 7th edition of the ENB system. In this
clinical study, we evaluate whether ENB with SuperDimension
(Super-D) combined with interstitial PD'T may be useful in
tumor control.

Methods
Patient demographics and clinical features

A prospectively maintained database of patients who have
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received an ENB was reviewed to identify all patients
who underwent PDT via ENB at our institution from
January 2016 to January 2017. The eligibility criteria for
inclusion in our study was the presence of lung tumors
but not endobronchial tumors, and the medical suitability
for undergoing PDT ablation after ENB localization.
Written informed consent to participate was provided
by the participants. The Research Ethics Committee of
National Taiwan University Hospital approved this study
(201407063 DINB) as did clinicaltrial.gov (NCT03211078).
Patients were excluded based on the following criteria:
less than 18 years old; leukopenia (WBC count less than
3,500/mm’), or thrombocytopenia (platelet count less
than 100,000/mm”*); chronic renal insufficiency with
serum creatinine >2.5 mg/dL; grade 3 to 4 elevations in
liver function test, or bilirubin >1.5 mg/dL; pregnancy or
lactation. A team of surgeons performed ENB and PDT
ablation in the hybrid OR.

ENB procedures and Dyna-CT in the bybrid OR

The patients underwent general anesthesia with
intubation. The nodules were localized using the
planning software and the computer console of the 7th
edition SuperDimension Navigation System (Covidien,
Minneapolis, MN, USA). The planning software allowed
us to plan a route to the nodule one day before surgery.
If there was no bronchus leading to the nodule, we used
the best available exit point from the bronchial tree.
Using a locatable electromagnetic guide and an extended
working catheter, each nodule was localized with the
electromagnetic guide and the navigational console. After
the nodule was located, the electromagnetic guide was
removed, and the extended working catheter was left in
place (Figure I). A PDT probe was inserted through the
extended working catheter (Figure 2). The position of
the probe was confirmed by Dyna-CT in the hybrid OR
(Figure 3).

PDT procedures
After Super-D ENB localization, PDT was performed

to ablate the targeted pulmonary lesion. Intravenous
photofrin was given 48 hours before the procedure
at a dose of 2 mg/kg. After successful localization,
630-nm light was given at a dosage of 200 J/cm through
the working channel in LUNG mode (2,000 mW) for
500 seconds using Diomed 630-nm diode laser (Diomed,
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Figure 1 Using a locatable electromagnetic guide and an extended working catheter, the nodule was localized with the SuperDimension 7th

edition electromagnetic guide and the navigational console.

Figure 2 PDT after ENB localization in the hybrid OR. (A) Insertion of the PDT irradiation probe through the working channel to the

targeted lesion; (B) setting up of the Dyna-computed tomography scanner in the hybrid OR to check the position of the working catheter

and probe; (C) the PDT irradiation probe. PDT, photodynamic therapy; OR, operating room.

Cambridge, UK) and optical delivery fiber (Figure 2).
Dyna-CT was performed to confirm the position of the
PDT probe to make sure that the light was accurately
delivered to the tumor. After the operation, patients were
sent to the ward or intensive care unit for post-operative
care. Tumor response was classified into three grades by
CT 3 months later: complete remission (CR), when no
tumor was observable; partial remission (PR) which is
defined as a reduction in tumor volume greater than 50%
but with the cancer still recognizable; and no change (NC)
which is defined as NC in tumor size or a decrease of less
than 50%; and progressive disease (PD) which is defined

as an increase in tumor size.
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Results
Treatments and outcomes

Three patients, one male and two females, underwent
PDT ablation via ENB during the study period (7able 1);
each patient had a single lung tumor, which were found to
be malignant at biopsy before the procedure. The mean
age was 65.7 years (75, 57, 65 years old). The median
nodule size was 21.3 mm (3.6, 2.0, 0.8 mm). Lung tumor
localization was successful in all patients, and all tumors
were successfully ablated by PDT with the targeted dose.
The mean navigation time was 14.3 min (16, 20, 7 min).
There were no adverse events related to the procedure of
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Figure 3 Dyna-computed tomography image showing the position of the ENB-guided PDT irradiation. ENB, electromagnetic navigation

bronchoscopy; PD'T, photodynamic therapy.

Table 1 Characteristics, treatment course and outcome of the patients undergoing PDT via ENB with SuperDimension

Admissi Follow ti P ion-
No Age/sex Diagnosis Location Size (mm) mission ofiow time rogress.lon Complications
day (months) free survival
1 75/M Lung metastasis from RLL 36 5 16 + (PR) -
colon cancer
2 57/F Lung metastasis from RUL 20 4 14 + (PR) -
colon cancer
3 65/F Lung RLL 8 3 12 + (CR) Skin hypersensitivity,

adenocarcinoma

grade |

M, male; F, female; PDT, photodynamic therapy; ENB, electromagnetic navigation bronchoscopy; PR, partial remission; CR, complete

remission; RLL, right lower lobe; RUL, right upper lobe

ENB-guided PDT ablation. The only complication was
mild skin hypersensitivity in one patient one month after
discharge. Neither mortality nor major morbidity were
noted throughout all of the procedures. The follow-up CT
showed tumor shrinkage in the patients. One patient had
CR and two got PR (Figure 4).
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Discussion

Early lung cancer has in recent years become an important
issue in the clinical practice of thoracic oncology due to
the increased incidence of lung cancer and prevalence
of low-dose CT screening (1-3). Thoracic surgeons are
referred more and more patients with peripheral lung
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Figure 4 The pre-PDT axial CT (A) and the post-PDT axial CT 3 months later (B). The tumor volume shrinkage was more than 50% (PR).
PR, partial remission; PD'T, photodynamic therapy; CT, computed tomography.

lesions for consideration of surgical resection, which is
still the gold standard treatment of choice (4-6). However,
some doubts about the significance of invasive procedures
for very early lung cancer have been noted (16). With the
aid of ENB, the PDT probe can reach the lung periphery
where the tumor is located. This novel technique utilizes
the virtual image generated to guide the surgeon through
a route of predetermined points within the bronchial
tree, allowing improved access to peripheral lung lesions
which conventional methods are incapable of reaching.
Using ENB-guided sampling methods, the sensitivity
for the detection of malignancy with bronchoscopic
biopsy, brushing or fine-needle aspiration (FNA) has been
estimated to be about 83% (4,5,12-14). One recent animal
experiment reported that ENB-guided PDT was successful
in dogs (17). We performed a pioneering study of three
patients who underwent localization of pulmonary nodules
via Super-D ENB guidance followed by PDT irradiation
of the lung tumor in a hybrid OR. The aid of hybrid
OR can confirm the localization by 2D or 3D image,
which makes the navigation even more accurate (15).
Our initial experience was successful and there were
no adverse events related to ENB-guided localization.
Localization techniques for lung nodules are typically
reserved for lesions that are small and deep-seated in
the lung parenchyma, or lesions that are ground glass
opacities (GGOs) (4,5,12-14). The outcome obtained by
ENB in our study is in agreement with previous studies
of the safety and efficacy of ENB-guided transbronchial
localization, which used transbronchial marking with
methylene blue before minimally invasive thoracoscopic
or robotic resection to guide the surgeon. These previous
studies found that this technique could be readily
mastered and with less than a year of experience using
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the procedure at their site, there were no adverse events
related to marking with dye, and no conversions from
VATS to thoracotomy (4,5,12,13). Our study shows that,
with the aid of ENB, PDT can be successfully used not
only to ablate central-type lung malignancies but also
peripheral ones.

There are some limitations to this work. First, this was a
pioneering study with only a few cases. Second, the follow-
up time is short. It is very likely that it carried selection
bias. Prospective, multi-institutional randomized controlled
studies are necessary to further demonstrate the real
benefits of PDT with ENB in lung tumor patients.

Conclusions

In conclusion, this study demonstrates that ENB with PDT
can achieve accurate intraoperative identification and ablation
of peripheral pulmonary malignancy with the aid of Dyna-
CT in the hybrid OR. It may be a feasible and alternative
technique to control peripheral pulmonary cancer.
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