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Abstract

Background: Therapeutic bronchoscopy is one of the effective meth
malignant central airway stenosis (MCAS). However, restenosis after ther
severe restenosis (SR) can be life-threatening. Therefore, this s aimed
therapeutic bronchoscopy.

Methods: The data of 233 consecutive cases with M

eatment and management of
eutic bronchoscopy frequently occurs and
investigating the risk factors for SR after

2015 and 2020 at a tertiary hospital were collected @ati divided into SR group and non-SR during 6 months
after therapeutic bronchoscopy. Multiple logisti alysis was performed to determine the risk factors for
SR.

Results: SR during 6 months after thera oscopy occurred in 39.5% (92/233) of patients. The location

R, as assessed by multiple logistic regression analysis (P<0.05).
The risk of SR after therapeutic bronchitscopy igfthe left main bronchus, right main bronchus, and right intermediate

bronchus increased, compared to the ri of MCAS was located in the trachea (OR (95% Cl) of 8.821 (1.850-
25.148),6.583 (1.791-24.189), anu 0(0,831-13.511), respectively). In addition, the initial degree of MCAS was
positively associated with an incre k of SR (OR 1.020; 95% CI 1.006-1.035).

Conclusions: MCAS Ig &ft main bronchus, right main bronchus and right intermediate bronchus, as
well as the higher ipi Jrec of MCAS were independent risk factors for SR during 6 months after therapeutic
bronchoscopy.

Keywords:A ign tral airway stenosis, Restenosis, Bronchoscopy, Lung cancer

and right intermediate bronchus (RIB) caused by primary
or metastatic malignancies. MCAS commonly leads
to different levels of dyspnea and even asphyxia in the
patients, which could be frequent outcomes if MCAS is
left untreated [1, 2]. The treatment and management of
MCAS were very difficult until the time in which spe-
*Correspondence: saibinwang@hotmail.com cific airway interventions were available, such as electro-
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in most patients using therapeutic bronchoscopy [2, 6].
However, airway restenosis commonly occurs after ther-
apeutic bronchoscopy with the progress of the tumor.
Therefore, it is important that interventionists know the
risk factors and timing of the restenosis in the manage-
ment and treatment of MCAS. Unfortunately, few reports
are available regarding this important aspect.

Hence, a retrospective study was performed to assess
severe restenosis (SR) during 6 months after therapeutic
bronchoscopy, to identify the independent risk factors for
SR in these patients.

Methods
Study design and data collection

This was a retrospective study using data collected
from consecutive patients who were diagnosed with
MCAS and were subjected to therapeutic bronchoscopy
at a large-scale tertiary hospital in China between May
2015 and August 2020. The criteria used to decide the
first intervention in this study were when central airway
obstruction exceeded 50% and the patients consented
to therapeutic bronchoscopy regardless of symptopfe
Patients with 100% central airway obstruction in jfaom
it was not possible to open the obstruction aftat thef-
peutic bronchoscopy, or those without pg€ mperative
computed tomography (CT) scan during,tile 6<ponths
follow-up were excluded. The study wagapproved Ljy the
ethics committee of the Jinhua Munici al Centjlal Hospi-
tal (Jinhua, China) (No. 2020-LLSC-35 Ad! analyzed
data were anonymous, and ther¢ (gpthe informed con-
sent was waived [7].

The following variable§ < ere cpllected: age, gender,
smoking, co-morbiditic ) indgding hypertension, dia-
betes, and chronicgbstruc e, pulmonary disease, loca-
tions of the lesign“he traciiea, LMB, RMB, and RIB),
histological tyPe of mcignancies (lung adenocarcinoma,
lung squapfaus M=l cardinoma, small cell lung cancer and
other), dyspia ingéx (DI) [8], initial degree of MCAS
(calgdlac d by v ¢ formula: largest area occupied by the
lesic hin"Smgdmen/total area of the lumenx100%, based
on the' xoss-sectional CT imaging), degree of residual
stenosis ¢ after therapeutic bronchoscopy, and post-
bronchoscopy therapies (radiotherapy, chemotherapy,
molecule-targeted therapy, and immunotherapy). In this
study, SR was defined as the degree of restenosis that
exceeds half of the residual stenosis after interventional
treatment, otherwise classified as non-SR.

Bronchoscopy procedures

All patients were subjected to bronchoscopy under gen-
eral anesthesia and the procedure was performed as pre-
viously described [9]. In this study, all the interventional
procedure was performed using fiberoptic bronchoscope
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(BF-1T60, Olympus Corp., Tokyo, Japan) via a laryngeal
mask (Well Lead Medical Co., Ltd., Guangzhou, China).
The modalities of the interventional bronchoscopx in this
study included electrocautery, argon plasma cgagulation,
cryotherapy, and airway stent implantation {NW€I-Tity-
nium shape-memory alloy net-like stent (Nanjing 2 ini-
mally Invasive Medical Technology €< Ltd., Wénjing,
China) or Membrane-covered mgtaiic stuyt #3SC Int’l
Medical Trade (Shanghai) Co., Lt'l., Shanghai, China).

Statistical analysis

Continuous data are pygdiented as péan £ standard devia-
tion and categorical{yariijles as’ number and percent-
age. Unpaired t-te@y or Ma; fi-Whitney U test, Pearson
chi-squared tef)s o} Fisher’s exact test was applied as
appropriate to coyare the SR with the non-SR group.
Variables(What yielasd a P value<0.05 in the univari-
ate analysis bed Wen the two groups were included in
the multipl{ logistic regression. In addition, the general
& Qive molel was performed after adjusting for poten-
tial c¢ \founding factors [9] R software (version 3.5.1; R
toundation for Statistical Computing, Vienna, Austria)
wa used for statistical analysis and a P value<0.05 was
~onsidered statistically significant.

Results

The data of 233 MCAS cases treated with interventional
bronchoscopy were collected and analyzed in this study.
A total of 91.8% were males and 71.2% of the popula-
tion was represented by smokers as shown in Table 1.
The lesions located in the trachea, LMB, RMB, and RIB
represented 14.6%, 32.2%, 33.5% and 19.7%, respectively.
More than half of the patients (53.6%) had a DI of grade
4. The proportion of patients with DI of grade 4 in the SR
group (57.6%) was higher than that in the non-SR group
(51.1%), but the difference was not statistically significant
(Table 2, P>0.05). During 6 months after therapeutic
bronchoscopy, 92 patients (39.5%) developed SR (Fig. 1).
Patients with SR in this study received an average of 2.1
interventions. In these lesions, the rate of developing SR
at 1-month, 2-month, and 3-month after bronchoscopy
intervention was 26.1%, 65.2%, and 79.3%, respectively.
The rate of the different pathological types of tumors
such as lung adenocarcinoma, lung squamous cell car-
cinoma, and lung small cell carcinoma was 2.1%, 79.8%
and 7.3%, respectively. In this study, 90% of patients with
primary lung cancer were stage IIIB-IV based on the
8th edition of the TNM classification for lung cancer. A
total of 43.8% of patients received more than two differ-
ent treatments (chemotherapy, radiotherapy, molecule-
targeted therapy, and immunotherapy) after therapeutic
bronchoscopy. The overall median survival of the popula-
tion in this study was 26.3 months.
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Table 1 Baseline characteristics of the study participants

Characteristics Value
Age (y), (mean 4 SD) 666482
Male, n (%) 214(91.8)
Smoking, n (%) 166 (71.2)
Coexisting disease, n (%)

COPD 21(9.0)

Hypertension 58 (24.9)

Diabetes 114.7)
Dyspnea index, n (%) 13(2.5)

0 42 (18.0)

1 9339

2 27 (11.6)

3 30(12.9)

4 125 (53.6)
Location of the lesion, n (%)

Trachea 34 (14.6)

Left main bronchus 75(32.2)

Right main bronchus 78 (33.5)

Right intermediate bronchus 46 (19.7)
Initial degree of MCAS, (mean = SD, %) 7694230
Post-intervention residual stenosis, (mean = SD, %) 2844173
Histological types, n (%)

Lung adenocarcinoma 5(2.1)

Lung squamous cell carcinoma “1.(79.8)

SCLC 1700

Other* 25(10.7)
Stent implantation, n (%) 56 (24.0)
Other treatments after intervention,** n (%)

0 50 (21.5)

1 81 (34.8)

>2 102 (43.8)
Severe restenosis, n (%) 92 (39.5)

COPD chronic obstructife pu
stenosis, SCLC small@glltung ca

onary dis€ase, MCAS malignant central airway
aoma

*Other histologifal typps including adenoid cystic carcinoma, lymphoma,
large cell neufoe’ Yogfin€ calcinoma, mesenchymal tumor, soft tissue sarcoma,
and metastatic mai._hancigh (esophageal cancer, gastric cancer, colorectal
adenogfircii. na, ana’ Yroid papillary carcinoma)

**OUN litea atsincluding radiotherapy, chemotherapy, molecule-targeted
therapy, < ilimmunotherapy. 0, patients didn’t receive any other treatment
after therap' BIC bronchoscopy; 1, patients received one other treatment after
therapeutic Sronchoscopy; >2, patients received at least two other treatments
after therapeutic bronchoscopy

A total of 56 patients received stent implantation (21
with Nickel-Titanium shape-memory alloy net-like stent
and 35 with membrane-covered metallic stent). Among
patients with lung squamous cell carcinoma, 30.1%
(43/143) of the cases received stent implantation. There
was no statistically significant difference (P>0.05) in the
incidence of SR between the stent implantation group
(37.2%) and the non-stent implantation group (43.4%)
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within 6 months after the intervention. However, the
mean residual degree of post-intervention stenosis was
lower in the stent implantation group (22.7%) than in
the non-stent implantation group (30.1%) £ <0.05).
Among these cases, the fracture of the impiated stént
was observed in one case, its migration ywas obsc jeg’in
two cases, and the intervention-related” leeding exceed-
ing 100 ml was observed in two cagsthNo ¢ ath/ccurred
due to bronchoscopy.

The initial degree of MCAS, ti )\ degre® of post-inter-
vention residual stenosis, anihthe“:Clation of MCAS
were correlated with S& during 8smonths after thera-
peutic bronchoscopyf as“isessed by univariate analysis
(Table 2). Howeveggonly the Witial degree of MCAS and
its location wegfiind] pendent risk factors associated with
SR, as assessed v )fmuiciple logistic regression analysis
(P<0.05, @ahle 3). Ft ¥hermore, the lesions located in the
LMB, RMR, 4. 03B were more prone to SR after thera-
peutic broriChoscopy compared to those located in the
tliea, with’an odds ratio [OR] (95% confidence interval
[CI]) (5 8.821 (1.850-25.148), 6.583 (1.791-24.189), and
350 /0.831-13.511), respectively. However, no signifi-
cal Vdifference in the incidence of SR was found among
MB, RMB, and RIB (P>0.05, Fig. 2). The initial degree
of MCAS was positively associated with the risk of SR
during 6 months after therapeutic bronchoscopy (P for
trend =0.025, Table 3; Fig. 3).

Discussion

The present study revealed that the location of the MCAS
and its initial degree were associated with SR during 6
months after therapeutic bronchoscopy. Specifically,
MCAS located in the LMB, RMB, and RIB was more
prone to SR after therapeutic bronchoscopy compared
to those found in the trachea. In addition, the higher the
initial degree of MCAS, the greater the risk of SR after
therapeutic bronchoscopy.

Central airway stenosis or obstruction is a common
clinical chest disorder, and it is also a difficult clinical
problem for clinicians. MCAS has become increasingly
frequent due to the high incidence of malignancies, espe-
cially lung cancer [2, 10]. Indeed, 20-30% of lung cancer
patients develop complications related to airway obstruc-
tion [2]. Patients commonly die of asphyxiation resulting
from severe airway stenosis. Fortunately, the rapid devel-
opment of interventional bronchoscopy (e.g., electrocau-
tery, cryotherapy, balloon bronchoplasty and airway stent
implantation) provides an efficient solution for airway
stenosis [1, 2, 4, 11, 12]. Most of the MCAS can be ame-
liorated using therapeutic bronchoscopy, thus patients
can be quickly relieved [2, 13]. Interventional bronchos-
copy has a significant effect on symptom relief and qual-
ity of life improvement, and it is generally considered as
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Table 2 Univariable analysis of potential risk factors for severe restenosis after therapeutic bronchoscopy
Variables Severe restenosis P value
No (n=141) Yes (n=92)
Age (y), (mean£SD) 659487 676473 V@
Gender, n (%)
Male 126 (89.4) 88(95.7) 0.086
Female 15(10.6) 4(4.3)
Diabetes, n (%)
Yes 7 (5.0) 4 (4. 0.828
No 134 (95.0) 7
Hypertension, n (%)
Yes 39(27.7) 1 ) 0227
No 102 (72.3) 73 (7
COPD, n (%)
Yes 13(9.2) 8(8.7) 0.891
No 128 (90.8) 84 (91.3)
Dyspnea index, n (%) 0618
0 26 (18. 16 (17.4)
1 5 4 (4.3)
2 11 (12.0)
3 215 8(87)
4 (5%.1 53(57.6)
Initial degree of MCAS, (mean =+ SD, %) 2 250 8394204 <0.001
Post-intervention residual stenosis, (mean 4= SD, %) 14178 3184159 0.012
Location of the lesion, n (%) <0.001
Trachea 31(22.0) 3(3.3)
Left main bronchus 39(27.7) 36 (39.1)
Right main bronchus 41(29.1) 37 (40.2)
Right intermediate bronchus 30(21.3) 16 (17.4)
Histological types, n (%) 0463
Lung adenocarcinoma 4(2.8) 10.1)
Lung squamous cell ca 108 (76.6) 78 (84.8)
SCLC 12 (85) 5(54)
Other* 17.(12.1) 8(8.7)
Other treatmenaf after interventyon,** n (%) 0.366
0 34(24.1) 16(17.4)
45(31.9) 36 (39.1)
62 (44.0) 40 (43.5)

ic obstructive pulmonary disease, MCAS malignant central airway stenosis, SCLC small-cell lung carcinoma
gical types including adenoid cystic carcinoma, lymphoma, large cell neuroendocrine carcinoma, mesenchymal tumor, soft tissue sarcoma, and
metastatic malignancies (esophageal cancer, gastric cancer, colorectal adenocarcinoma, and thyroid papillary carcinoma)

**QOther treatments including radiotherapy, chemotherapy, molecule-targeted therapy, and immunotherapy. 0, patients didn't receive any other treatment after
therapeutic bronchoscopy; 1, patients received one other treatment after therapeutic bronchoscopy; > 2, patients received at least two other treatments after
therapeutic bronchoscopy

a palliative treatment [14—16]. However, importantly, a
recent study (EVERMORE trial) showed that interven-
tional bronchoscopy, as a part of an integrated treat-
ment, improved 1-year survival in patients with locally
advanced non-small cell lung cancer (stage IIIB) and
associated central airways obstruction [17]. Moreover,

genetic and anatomic phenotyping showed the potential
to identify patients who may gain life expectancy from
interventional bronchoscopy [17]. Actually, airway ste-
nosis or obstruction reoccurs frequently with the pro-
gress of the tumor. Therefore, most of the patients are
inevitably subjected to bronchoscopy treatment again or
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Fig. 1 Severe restenosis of MCAS after therapeutic bronchoscopy. a The right main bronchus was completelyggbst
cross-sectional CT scan (black arrow). b Airway stent implantation improved the stenosis of the right maingttonchus or
restenosis of the right main bronchus was observed 3 months after stent implantation on CT scan (arrq). M S maligrant central airway stenosis

= |
ted by the lesion on the
Slsscan (arrow). € Severe

Table 3 Multivariable analysis of risk factors for severe restenosis
after therapeutic bronchoscopy

Variables Odds ratio  95% CI p value
Initial degree of MCAS 1.020 1.006-1.035  0.005
Initial degree of MCAS tertile

Low 1.0 1.0

Middle 2.637 1.179-5897 Q@18

High 2.568 1.178-5.596 4" 0.¢ &
P for trend 0.025
Post-intervention residual stenosis  1.003 0.9854.02205,0.748
Location of the lesion

Trachea 1.0 0

Left main bronchus 8.821 50-25 18 0.004

Right main bronchus 6.583 1.791=24.189 0.005

Right intermediate bronchus 3.350 51-13.511  0.089

MCAS malignant central airway step@si<

ey
!

The trache: .
4

) WA
*

> restenasis Non-severe restenosis

RMb P
RIB
0 50 100

%
Fig. 2 The incidence of severe restenosis of lesions located in
the trachea, LMB, RMB, and RIB during 6 months after therapeutic
bronchoscopy. The incidences of severe restenosis were higher in the
lesions located in the LMB, RMB, and RIB compared to those lesions
located in the trachea. However, there were not statistically significant
in the incidence of severe restenosis among these three locations.
**P<0.01,n.s, P>0.05. LMB left main bronchus, RMB right main
bronchus, RIB right intermediate bronchus, n.s. not significant

bronchoscopy
0.6

(nerapeu’

0.3
|

0.1

0.0
1

The risk of severe restenosis af

The initial degree of MCAS (%)
Fig. 3 The relationship between the initial degree of MCAS and the
risk of severe restenosis of MCAS during 6 months after therapeutic
bronchoscopy. Adjusted variables: age, the location of the lesion,
histological type of the lesion, stent implantation and other
treatments after intervention. MCAS malignant central airway stenosis

even more times. Thus, clinicians need to know how long
it takes for severe, life-threatening airway restenosis to
occur after the first bronchoscopic treatment, and what
the risk factors for SR are. However, as far as we know,
few reports are available focusing on this issue.

The cause of MCAS included primary and metastatic
malignant tumors [18]. In our study, 79.8% of the patients
with MCAS were affected by lung squamous cell carci-
noma, in agreement with a previous report [19]. Meta-
static tumors in the central airway mainly derive from
digestive tract tumors, blood tumors and thyroid tumors
[1]. As regards the incidence of restenosis of the central
airway during 6 months after interventional bronchos-
copy, Luo et al. reported that its rate was 10.9-30.7%
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after anti-tuberculosis therapy combined with interven-
tional bronchoscopy in 152 patients with endobronchial
tuberculosis [20]. However, few reports on malignant
airway restenosis are available to date. In the present
study, severe dyspnea (DI of grade 4) due to MCAS was
observed in more than half of the patients, with this phe-
nomenon appearing to be higher in the SR group, but it
is notable that more than half of the patients in the non-
SR group still had severe dyspnea. The reason why the DI
did not reach a statistically significant difference between
the two groups might be related to the small sample
size and the large degree of post-intervention residual
stenosis (Table 2). This suggests that initial treatment
with adequate airway opening is crucial for the relief
of the patient’s symptoms. Our study revealed that the
6-month incidence of SR reached 39.5%. Among these
SR patients, SR occurred at 1-month in more than one-
quarter (26.1%) of patient, at 2-month in more than one-
half (65.2%), and at 3-month in more than three-quarters
(79.3%). This result might provide the answer regarding
the more appropriate timing for the next interventional
therapy to cure MCAS.

As regards the risk factors for SR, our study shéwed
that the location of the lesion was associated withathe ")k
of SR after therapeutic bronchoscopy. The lesigis locatec
in the trachea were less frequent occurrencéof p(ytoper-
ative SR than those in the mainstem broychi{LMB, | MB,
and RIB), indicating that the severity o \airway gestenosis
might be related with the diameter of tiigirwsfty. Moreo-
ver, our results revealed that thé Wisial degree of MCAS
was an independent risk factor fol posc. perative SR. The
more severe the initial s#€. \sis, the, greater the risk of
restenosis occurrence# he/glatignship between them
was strong with bo#iiho aistment and adjustment for
potential confouslac s (age, the location of the lesion, his-
tological typesf the l& hon, stent implantation and other
postoperafize izeatmeiits). Although the underlying
mechanism S\ ¥eds t7 be further elucidated, our hypoth-

esis gfas dhat tis Y might be related to the rate of tumor
prég hss In addition, granulation tissue hyperpla-
sia is . second frequent complication 6 months after

stent plalement [21]. Our analysis revealed that both in
the overall study population and patients with lung squa-
mous cell carcinoma, the implantation of the airway stent
contributed to a lower degree of restenosis, but failed to
reduce the incidence of SR as compared to those patients
without stent implantation within 6 months after thera-
peutic bronchoscopy.

This study presents several limitations. Firstly, since
this study was a single-center retrospective analysis,
it suffered from potential unmeasured confounders
and bias despite stringent statistical adjustments were
performed to minimize residual confounding factors;
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therefore prospective investigations are needed to verify
our results. Secondly, all interventions in the collected
cases were performed by two bronchoscopists with more
than 10-year experience, and the interventionsi modali-
ties were relatively the same, but it was nol { js#ible J50
perform the same intervention method for all“Jsigns,
and different intervention methods mig: jresultfindiffer-
ent effects on the formation of airwe Areste Josig. Thirdly,
a certain delay might be present/between, th’ time when
the patient was diagnosed with &3 by pgstoperative CT
scan and the time when SK acyally ccCurred. Therefore,
the time to SR occurrgfice migihbe underestimated in
our study; in other Wora(ythe tifne of SR was probably
earlier than the tinggthat wat Wbserved. Fourthly, because
the proceduredif M CAS in this study was carried out
with fiberoptic L incnuscope via laryngeal mask, the
results of@ie study ¢ inot be extrapolated to other inter-
ventions, {uc“Wrigid bronchoscopy, which could be
more effective in removing central airway cancer tissues.
/0 sionally) considering the different timing of interven-
tion 11 \the course of the disease, and the different stage,
“Ustolggical type and biology of the cancers analyzed in
the 'present study, it was not appropriate to carry out
urvival analysis for this study population. Nevertheless,
despite the aforementioned potential limitations, our
study was the first revealing independent risk factors and
the time of formation of postoperative SR in the popula-
tion affected by MCAS.

Conclusions

Patients with MCAS located in the LMB, RMB, and RIB
had a high risk of SR during 6 months after therapeutic
bronchoscopy. In addition, patients with a higher initial
degree of MCAS showed an increased risk of postop-
erative SR. The results of our research might help clini-
cians in the assessment and management of patients with
MCAS. The knowledge of the risk factors of restenosis
and the choice of the appropriate time for airway inter-
ventional therapy could improve patient’s quality of life
and survival.

Abbreviations
MCAS: malignant central airway stenosis; SR: Severe restenosis; OR: Odds ratio;
Cl: Confidence interval.
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