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Abstract

Background: The purpose of this study is to investigate the clinical effectiveness of staging radioactive particle
implantation guided by computed tomography (CT) and fiber—optic bronchoscopy in treating cancerous large
airway stenosis.

Methods: A total of 102 patients were included; 57 had undergone staging radioactive particle implantation guided
by CT and fiber bronchoscopy and 45 did not. Patients were evaluated by CT and fiber—optic bronchoscopy to
determine the feasibility of the implantation of radioactive seeds for the treatment of cancerous large airway stenosis.
The treatment planning system (TPS) was used to plan the doses. Radioactive seeds were implanted using fiber—optic

group as compared with the control group (P < 0.001).

bronchoscopy. One week later, CT-guided implantation of radioactive seeds was performed.

Results: The clinical evaluation showed complete, partial, slight, and non-response in 38, 14, 5, and 0 patients,
respectively. None of the patients were found with serious complications. The diameter of the affected airway,
Karnofsky score, dyspnea index, survival, and quality of life of the patients in both groups was significantly higher
and significantly different after the treatment (P < 0.05). The dyspnea index was significantly lower in the treatment

Conclusion: CT- and fiber bronchoscopy-guided staging radioactive particle implantation has definite treatment
effectiveness in treating cancerous large airway stenosis. It should be widely used in clinical practices.
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Background

Radioactive particles are being more and more commonly
used to treat lung cancer in China. These particles are
generally implanted percutaneously or by surgery [1, 2],
but the implantation can be very difficult in some patients
due to the location of the tumor, especially for cancerous
large airway stenosis. In such patients, the radioactive par-
ticles could be implanted permanently under the guidance
of fiber bronchoscopy. The radioactive particles kill the
tumor cells continuously, and hence achieve the treatment
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effects that external irradiation could not achieve [3, 4].
Only a few studies have reported this method to date.
Since the beginning of the twenty-first century, permanent
radioactive particle implantation guided by fiber bron-
choscopy has been conducted in European countries to
treat cancerous large airway stenosis [1, 2]; nevertheless,
anecdotal cases were treated using this method in China
since 2007 and they achieved satisfactory treatment effect-
iveness. For tumors distant from the airway, CT-guided
percutaneous radioactive particle implantation can be
performed to ensure that the tumors are irradiated con-
tinuously from all directions [5-7].
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From March 2011 to December 2015, 57 patients with
cancerous large airway stenosis were successfully treated
at our department using computed tomography (CT) and
fiber bronchoscopy-guided staging radioactive particle im-
plantation. The effectiveness of treatment in these patients
was satisfactory. The treatments and outcomes were re-
ported in this retrospective study.

Methods

Clinical characteristics

From March 2011 to December 2015, 102 patients with
moderately to advanced non-small cell lung cancer
(NSCLC) were selected for this retrospective study and ran-
domly divided into two groups: the treatment and control
groups. Clinical characteristics are presented in Table 1.
Sex, age, and stages of the patients in both groups were all
comparable.

CT- and fiber bronchoscopy-guided staging radioactive
particle implantation were performed to treat the cancer-
ous large airway stenosis. The patients in both groups met
the following criteria: (1) with cancerous large airway sten-
osis; (2) the lung cancer was confirmed by pathological or
histological examinations; (3) could not receive radical op-
eration due to various reasons (e.g., serious heart, liver, or

Table 1 Characteristics of the patients

Treatment Controls P
(n=57) (n = 45)
Sex >0.05

Male 37 27

Female 20 18
Age >0.05

Mean 64 64

Range 52-75 47-79
Implanted seeds by bronchoscopy -

Total 399 -

Mean 7 -

Range 5-10 -

Implanted seeds using CT -

Total 399 -

Mean 33 -

Range 20-46 -
Chemotherapy, n (%) 57 (100.0) 45 (1000) -
Serious complications, n (%) 0 0 -
Mild complications, n (%) - -

Slight hemoptysis 3(5.3)

Decreased WBC 4(7.0)

Pneumothorax, low fever, particle 2 (35

shifting, and mild pulmonary fibrosis

Pneumothorax, bleeding, and mild 1(1.8)

adverse radiation reaction
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kidney diseases; serious infection, bleeding, or tendency
to bleed; contraindication to general anesthesia; or the
patient had already been operated for lung cancer and
further reoperation is impossible); and (4) without ab-
solute contraindication to fiber bronchoscopy treatments.
For the patients in the treatment group, sealed '**iodine
(*?°I) radioactive sources with a surface activity of 0.7 mCi
were implanted inside the airway lumen and outside the
airway wall under the guidance of fiber bronchoscopy.
After 1 week, sealed '*°I radioactive sources with a sur-
face activity of 0.7 mCi were percutaneously implanted
under CT guidance. Chemotherapy was performed 8 months
after the operation (chemotherapy strategy: vinorelbine +
carboplatin). The patients in the control group had re-
ceived chemotherapy only.

Equipment

An Olympus fiber bronchoscope was used in this study.
Sealed '*°I sources were obtained from the HTA Co., Ltd.
(Beijing, China). The particles were with titanium en-
closure, 0.8 mm in diameter and 4.8 mm in length. The
radioactivity of these cylindrical particles was 0.7 mCi,
half-life was 59.6 days, and available irradiation range
was 17 mm [8, 9].

Operation procedures

The clinical presentations and CT images were analyzed
comprehensively to assess the feasibility of using CT-
and fiber bronchoscopy-guided staging radioactive particle
implantation to treat cancerous large airway stenosis.
Then, the anatomical relationships between the tumors
and blood vessels inside the airway lumen, at the airway
wall, and outside the airway lumen as well as the positions
and number for the radioactive particle implantation were
clarified using the treatment planning system (TPS). After
single-lumen endotracheal tube (size 8) anesthesia, inter-
ventional implantation device was used to punctuate the
lesions under the guidance of fiber bronchoscopy, and
radioactive particles were implanted, with the distance be-
tween each particles of about 0.5-1 cm. For the tumors
distant from the airway, re-examination with CT scanning
was performed 1 week after the bronchoscopy-guided
radioactive particle implantation. The TPS was used to
clarify the number and positions of the radioactive particle
implantation again, and CT scanning was used to guide
the radioactive particle implantation. The patients were
observed routinely for 48 h after the operation, and
hemostatic and anti-inflammation treatments were used.

Criteria for effectiveness evaluation

For the evaluation of treatment effectiveness, the overall
quality of life, Chinese version of EORQLQ-LCI3, indica-
tors of airway stenosis, and difference in survival were
compared to comprehensively evaluate the changes in
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6 months after operation

Fig. 1 Contrast-enhanced computed tomography (CT) showing the lesion of one typical patient at different time points: pre-operation (a), intra-
operation (b), and 1 (c), 3 (d), and 6 (e) months post-operation. The 125| particles gathered slowly after implantation and the lesion fully resolved

the quality of life from the physiological and psychological
aspects. The dyspnea index was classified as follows: 0 in-
dicates no dyspnea when climbing stairs, 1 indicates
dyspnea when climbing stairs, 2 indicates dyspnea when
walking, 3 indicates dyspnea when moving, and 4 indi-
cates dyspnea when lying quietly in bed [10, 11].

Statistical analysis

SPSS 13.0 was used for the statistical analysis. The data
were presented using mean + standard deviation and
compared with the Student ¢ test. P < 0.05 was consid-
ered as statistically significant.

Results

Clinical outcomes

No serious complication was found during this study. The
complications observed in the course of the study period
were as follows: slight hemoptysis (3/57, 5.26%); decreased
white blood cell count (4/57, 7.01%); pneumothorax, low-
grade fever, particle shifting, and mild pulmonary fibrosis
(2/57, 3.51%); and pneumothorax, bleeding, and adverse
radiotherapy reaction (1/57, 1.75%). All these complica-
tions were relatively mild and quickly recovered after
symptomatic treatments.

Re-examinations with enhanced CT scanning after the
operation were performed to determine the effectiveness
of the treatment. The enhancement of the lesions de-
creased gradually at 1 week and 1, 3, 6, and 12 months
after the operation, and the '*I particles gathered slowly
(Fig. 1). The obstructed airways were restored obviously,

and the obstructive pneumonia and pulmonary atelec-
tasis were improved.

Survival

The patients were followed up for 6-18 months. Only
four patients died of systemic failure, whereas all the
other patients survived. The mean survival time was
4.57 + 2.05 months for the 45 patients in the control
group and 11.13 + 2.08 months for the 57 patients in
the treatment group (¢ = 6.152, P < 0.05), suggesting that
the survival time was significantly longer in the treatment
group than that in the control group (Table 2).

The results showed that the indicators of airway stenosis
in the treatment group were decreased significantly after
treatment. In addition, the rate of cross-section of airway
stenosis was significantly different between both groups after
treatment (¢ = 5.714, P < 0.05). The dyspnea index was also
significantly different between both groups (¢t = 4.691,
P < 0.05). These findings suggest that the indicators of
airway stenosis were significantly better in the treat-
ment group than that in the control group (Table 3).

Table 2 Comparisons of the survival between the treatment
and control groups

Groups Patients (n) Survival time (months)
Treatment 57 11.13 + 2.08*
Controls 45 457 £ 205

*P < 0.05 vs. controls
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Table 3 Comparisons of the airway stenosis indicators

Groups Patients (n) Rate of airway cross- Dyspnea index
section stenosis
Treatment 57
Before treatment 6.86 + 1.68 1273 £ 2.14
After treatment 257 + 443% 525 + 3.44%
Controls 45
Before treatment 557 207 11.84 + 2.65
After treatment 6.29 + 443 1571 £ 4.02

*P < 0.05 vs. controls after treatment

Quality of life

The overall quality-of-life assessment and Chinese version
of EORQLQ-LCI3 scale were used to evaluate the
changes in the quality of life of the patients (Table 4).
EORQLQ-LCI3 and overall quality of life before treat-
ment were not significantly different between both groups
(¢ = -0.273 and 1.139, respectively, P > 0.05), suggesting
that the preoperative data were comparable between both
groups. The paired ¢ test showed that the EORQLQ-LCI3
and overall quality of life improved significantly in both
groups after treatment (¢t = 3.591 and 25.257, respect-
ively, P < 0.05). The independent ¢ test showed that the
EORQLQ-LCI3 and overall quality of life in the treatment
group were significantly better than those in the control
group after the treatment (¢ = -3.672, P < 0.05).

Discussion

Advanced central type lung cancer could easily cause
cancerous large airway stenosis, which severely affect the
ventilation functions of the patients and reduce their
quality of life; the evident dyspnea is the most common
reason of non-cancer death of these patients [12-14].
Radioactive '*°I particles are widely used for the treat-
ment of various tumors. These particles could release
low-power y-rays continuously, with the available irradi-
ation range of 17 mm and half-life of 59.6 days, continu-
ously killing the tumor cells and achieve ideal treatment
effectiveness. Minimally invasive treatment in the airway
is the most effective methods for the treatment of
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cancerous large airway stenosis or obstruction, which
could substantially improve the quality of life of the pa-
tients [15]. For tumors inside the airway lumen, the
most commonly used methods include freezing, micro-
wave, high-frequency electrotome, and laser therapies.
Nevertheless, the effective time of these treatments is
limited, and the tumors can recur very quickly; hence,
the time to re-stenosis of the airway lumen is very short.
For tumors outside the airway lumen or at the airway wall,
the effectiveness of these methods is even poorer [16-19].
In the present study, CT- and fiber bronchoscopy-guided
staging radioactive particle implantation was performed to
treat cancerous large airway stenosis. The radioactive par-
ticles were implanted permanently under the guidance of
fiber bronchoscopy to treat the tumors that caused airway
stenosis, which kill the tumor cells continuously [3] and
provide continuous high-dose irradiation to irradiate the
tumors inside the airway lumen [4, 20], at the airway wall,
and around the airway lumen to decrease the size of tu-
mors and enlarge the airway lumen [21]. As the irradiation
is continuous, the recurrence of the tumors inside the
airway lumen could be delayed and the airway is not
obstructed. Therefore, the respiratory functions of the
patients are effectively increased, and their quality of
life is improved, facilitating eventual further treatments.
For the tumors distant from the airway, CT-guided per-
cutaneous *°I particle implantation was performed
1 week after the fiber bronchoscopy-guided implantation
to ensure that the tumors were irradiated continuously
from all directions, hence achieving optimal treatment
effects that could not be achieved using external irradi-
ation [5-7].

This treatment method has several advantages: (1) fiber
bronchoscopy is minimally invasive, (2) could directionally
kill the target cells, (3) only affects the tumors locally,
whereas the effects on the normal tissues are limited, (4) ef-
fectively solves the issues of high recurrence of the tumors
inside the lumen and restores the ventilation functions
quickly, (5) kills the tumor cells from all directions, and (6)
provides favorable conditions for further treatments, hence
improving the quality of life and increasing survival.

Table 4 Comparisons of the overall quality of life and the Chinese version of EORQLQ-LCI3

Groups Patients (n)  EORQLQ-LCI3  Physiological functions  Clinicians and disease ~ Emotions and social ~ Overall quality of life
and family situations

Treatment

Before treatment 57 21.18 £ 263 1541 + 2.28 19.15 + 239 2413 + 391 9887 + 537

After treatment 57 2539 £376* 1789 +301* 2564 + 3.12* 39.26 + 3.42* 12538 + 637
Controls

Before treatment 45 20.67 £ 297 15.68 + 2.37 19.86 + 2.54 2342 + 387 98.18 + 6.89

After treatment 45 1432 £ 396 1129 + 257 1341 +£232 2012 + 287 8713 £ 452

*P < 0.05 vs. before treatment
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Conclusion

In conclusion, CT- and fiber bronchoscopy-guided staging
radioactive particle implantation has definite treatment
effectiveness for cancerous large airway stenosis. Indeed,
compared with chemotherapy alone, this approach im-
proved the indexes of airway patency, survival, and quality
of life. In addition, this method has few minor complica-
tions and is easy to perform. Hence, this approach should
be widely used in clinical practices.
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