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Key messages

 ► We audited the prevalence and outcomes of central 
airway obstruction (CAO) in patients at presentation 
with a new diagnosis of lung cancer and over a 
4-year follow-up period.

 ► We found CAO is present in one in eight patients with 
a new diagnosis of lung cancer, with a further 5% 
developing CAO during follow-up.

 ► CAO is associated with poor survival when adjusted 
for age, gender and stage of cancer, and defining 
optimal care for these patients needs addressing.

AbstrAct
Introduction Central airway obstruction (CAO) is a life-
threatening complication of lung cancer. The prevalence of 
CAO in lung cancer patients is unknown. We audited CAO 
burden to inform our local cancer service.
Methods This is a cohort review of all new lung cancer 
diagnoses between 1 November 2014 and 30 November 
2015. CAO was defined by CT appearance. CT scans and 
routine patient records were followed up to 30 November 
2018 to determine the prevalence of CAO at diagnosis; the 
characteristics of patients with prevalent CAO; mortality 
(using survival analysis); and incident CAO over follow-up.
results Of 342 new lung cancer diagnoses, CAO 
prevalence was 13% (95% CI 10% to 17%; n=45/342). 
Dedicated CT scan review identified missed CAO in 
14/45 (31%) cases. In patients with prevalent CAO, 27/44 
(61%) had a performance status of ≤2, 23/45 (51%) were 
diagnosed during an acute admission and 36/44 (82%) 
reported symptoms. Treatments were offered to 32/45 
(71%); therapeutic bronchoscopy was performed in only 
8/31 (26%) eligible patients. Median survival of patients 
with prevalent CAO was 94 (IQR 33–274) days. Multivariate 
analysis, adjusting for age, gender and disease stage, 
found CAO on index CT scan was independently associated 
with an increased hazard of death (adjusted HR 1.78 (95% 
CI 1.27 to 2.48); p=0.001). In total, 15/297 (5%) developed 
CAO during follow-up (median onset 340 (IQR 114–551) 
days). Over the audit period, 60/342 (18%; 95% CI 14% to 
22%) had or developed CAO.
Discussions This is the first description of CAO prevalence 
in 40 years. Patients with prevalent CAO had a higher 
mortality. Our data provide a benchmark for service planning.

bAckgrounD
Lung cancer is the leading cause of cancer 
mortality and the second most common 
cancer diagnosed in the UK, with >40 000 new 
cases per year.1 Of these, nearly 80% of 
patients present with advanced stage disease 
where treatment options are limited, perfor-
mance status may rapidly decline and pallia-
tion becomes the focus of care.

Central airway obstruction (CAO) is defined 
as any disease process affecting the trachea, 
right and left main bronchus, or bronchus 

intermedius on imaging or by direct visual-
isation at bronchoscopy. It is estimated that 
20%–30% of patients with lung cancer have 
CAO, and 40% of deaths are attributed to 
progressive loco-regional disease.2 3 These esti-
mates date back >40 years, and therefore may 
not reflect contemporary lung cancer epide-
miology.3–7 Further, in the UK, national audits 
of CAO treatment are not performed and 
therefore the burden of disease and quality 
of services is largely unknown. Therefore, we 
undertook an audit to determine the burden 
of CAO caused by primary lung cancer at a 
tertiary referral centre to guide service devel-
opment within our cancer network.

MethoDs
Audit site and population
This cohort review of primary lung cancer 
patients, using routinely collected clinical, 
radiological and histological information, was 
conducted at a large teaching hospital that 
serves a secondary care population of 450 000 
people. In addition, this centre serves as a 
tertiary referral centre for thoracic surgery.

Inclusion/exclusion criteria
All patients directly referred to the hospital 
lung cancer service and diagnosed with 
primary lung cancer between 1 November 
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Figure 1 Patient cohort flow chart. CAO, central airway 
obstruction.

2014 and 30 November 2015 were included. Patients 
referred from secondary centres were excluded. Patient 
follow-up was censored on 30 November 2018.

Audit procedures
All data (clinical, radiology and histology information 
from patient records) were collected on standardised 
forms. Information on baseline demographics, disease 
stage defined by the multidisciplinary team (MDT; 
Tumour Node Metastases classification seventh edition) 
and tumour histology were collected. Date of death 
(from all causes), where applicable, was recorded from 
hospital record systems.

All index staging thoracic CT scan reports were 
reviewed to record the presence or absence of endo-
bronchial disease or CAO. Following this, all CT scans 
(both index and follow-up) underwent a focused review 
of the central airways. This was conducted by an inter-
ventional pulmonologist to identify unreported CAO 
at diagnosis and any new CAO that subsequently devel-
oped during patient follow-up. A thoracic radiologist 
verified all unreported CAO identified on index CT 
scans. Any discordance was agreed through discussion 
and consensus.

In patients with CAO, clinic letters, discharge summa-
ries and MDT notes were used to determine symptoms, 
WHO performance status and to identify interventions 
performed. In addition, in patients with CAO, flexible 
bronchoscopy records were reviewed if available.

Definitions
CAO was defined as an identifiable narrowing of the 
central airways due to lung cancer, on cross-sectional 
imaging. The degree of CAO was estimated using CT 
scans and defined as the ratio of the diameter of the 
narrowest section of obstructed airway to the nearest 
proximal normal segment of the tracheobronchial tree. 
Severe CAO obstruction was defined as an obstruction 
of >50%. Disease was further defined as being predom-
inantly intrinsic (evidence of endobronchial disease), 
extrinsic (external compression), or mixed in origin. 
Viable distal lung was defined as the presence of aerated 
distal lung on imaging. Cases suitable for therapeutic 
bronchoscopy were defined as having severe CAO and 
viable distal lung.

statistical analysis
Data were analysed using SPSS (V.24). Continuous data 
are presented as median and IQR and categorical data 
as frequencies and proportions. Medians were compared 
using the Wilcoxon rank sum and Kruskall Wallis test. 
Proportions were compared using the Fisher’s exact test. 
The prevalence of CAO was determined as the propor-
tion with CAO on the index CT scan. The incidence risk 
of CAO was determined as the proportion without CAO 
on the index CT scan, who developed CAO over the 
follow-up period of the cohort.

To explore the mortality rate in the cohort, for each 
patient the total follow-up time was calculated from the 
date of lung cancer diagnosis to the earliest of (1) the 
date of death (2) the date of transferring out of the lung 
cancer service (for any reason other than death) or (3) 
30th of November 2018. Kaplan-Meier curves were used 
to summarise time to death, by CAO status (on index CT 
scan). Univariate and multivariate Cox regression was 
used to explore the association between CAO on index 
CT scan and time to death. HR and adjusted HR (aHR) 
with 95% CI were estimated, with p values from the like-
lihood ratio test.

ethics
This was part of a service evaluation of the local burden 
of disease and outcomes, to inform on service struc-
turing, management pathways, performance and the 
development of standards for auditing. Therefore ethical 
approval was not required.

Patient and Public Involvement
Patients and public were not involved in this audit of 
practice.

results
In total, 434 patients were coded as having a thoracic 
malignancy between 1 November 2014 and 30 November 
2015; of these 342 (79%) were locally referred index 
primary lung cancer patients (figure 1). The median age of 
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Table 1 Demographic, histology and follow-up data for n=342 patients admitted between 1 November 2014 and 30 
November 2015 with primary lung cancer, by index CT scan findings

All
No endobronchial 
disease

Endobronchial 
disease (no CAO) CAO

N 342 (100%) 212 (62%) 85 (25%) 45 (13%)

Age (years) 71.9 (64.7–78.2) 72.3 (64.9–78.6) 70.8 963.8–78.8) 71.5 (65.2–76.7)

Gender (female) 163 (48%) 102 (48%) 38 (45%) 23 (51%)

Cell type*

  Adenocarcinoma 132 (54%) 90 (64%) 30 (45%) 11 (31%)

  Squamous 61 (25%) 28 (20%) 20 (30%) 13 (37%)

  NSCLC other 10 (4%) 4 (3%) 2 (3%) 4 (12%)

  SCLC 31 (13%) 14 (10%) 11 (16%) 6 (17%)

  Mixed SCLC/NSCLC 4 (2%) 4 (3%) 1 (2%) 0 (0%)

  Carcinoid 4 (2%) 0 (0%) 3 (4%) 1 (3%)

Stage (TNM 7)

  Stage I 82 (24%) 76 (36%) 5 (6%) 1 (2%)

  Stage II 23 (7%) 19 (9%) 2 (2%) 2 (4%)

  Stage III 84 (24%) 37 (17%) 30 (35%) 15 (33%)

  Stage IV 153 (45%) 80 (38%) 43 (51%) 27 (60%)

Radiological follow-up (days) 185.5 (34.8–703.8) 349 (81–1067) 120 (32–324) 43 (8–162)

Patients dead at final follow-up 273 (80%) 152 (72%) 77 (91%) 44 (98%)

  Time to death (days) 203 (62–436) 246 (80–590) 141 (51–335) 96 (36–271)

Follow-up CAO 15 (5%) 8 (4%) 7 (8%)

Data show N (%) and median (IQR).
*Cell type total N=242–100 patients did not histology results (no endobronchial disease N=140; endobronchial disease with no CAO N=67; 
CAO N=35).
CAO, central airway obstruction; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; TNM, Tumour Node Metastases.

patients was 72 (IQR 65–78) years and females accounted 
for 163/342 (48%) of cases (table 1). A histological diag-
nosis was obtained in 242/342 (71%); non-small cell lung 
cancer adenocarcinoma (NSCLC-ad) was the the most 
common, accounting for 132/242 (55%) of cases. Stage I 
or II disease was present in 105/342 (31%) of cases.

endobronchial disease
A total of 130/342 (38%; 95% CI 33% to 43%) patients 
had radiological endobronchial disease (including 
central airways disease). Men and women were equally 
affected and 115/130 (88%) had stage III or IV disease. 
The most common cell type was NSCLC-ad (41/130 
(32%)).

However, by histological type a higher proportion of 
endobronchial disease was seen in non-small cell lung 
cancer squamous cell (NSCLC-sq) (33/61 (54%)) and 
small cell lung cancer (SCLC) (17/31 (55%)) compared 
with adenocarcinoma 41/132 (31%)) (p<0.01). The 
most common site of lobar endobronchial disease was 
the upper lobes (49/85 (58%)).

Prevalence of cAo
The prevalence of CAO on index CT scans was 45/342 
(13%; 95% CI 10% to 17%). Radiological reports 

identified 31/45 (69%) of cases, while the remainder 
were identified on focused review of the large airways of 
index CT scans (table 2).

The most common site of disease was the bronchus 
intermedius (20/45 (44%)), with right-sided lesions 
accounting for 33/45 (73%) of cases. Severe CAO was 
seen in 34/45 (76%). The median degree of obstruction 
was 63 (IQR 50–100). Only 3/45 (7%) did not have distal 
viable lung.

Bronchoscopy was performed in 28/45 (62%) of 
patients; 20/28 (71%) had flexible bronchoscopy, 3/28 
(11%) had rigid bronchoscopy and 5/28 (18%) had both. 
Histology was unavailable for 10/45 (22%) of patients. 
Of the 35 patients with available histology, NSCLC-sq 
was the most frequent 13/35 (37%); 11/35 (31%) 
had NSCLC-ad and 6/35 (17%) had SCLC (table 1). 
Intrinsic disease was observed in 28/45 (62%) of patients 
(table 2). Among 13/17 (76%) of patients with extrinsic 
compression and known histology, most were caused by 
NSCLC (9/13 (69%)). However, 4/6 (67%) of all SCLCs 
with CAO caused extrinsic compression.

clinical features of patients with cAo
Among 44/45 (98%) of patients with CAO and available 
clinical information, 30/44 (68%) had a cough, 27/44 
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Table 2 Clinical features of n=45 patient with central 
airway obstruction at diagnosis

Clinical features n=45*

Radiologically reported 31 (69%)

Identified by interventionalist and thoracic 
radiologist

14 (31%)

Symptoms (n=44)

  Cough 30 (68%)

  Breathlessness 27 (61%)

  Haemoptysis 7 (16%)

  No respiratory symptoms 8 (18%)

Performance status (n=44)

  0 4 (9%)

  1 11 (25%)

  2 12 (27%)

  3 8 (18%)

  4 9 (20%)

Degree of obstruction

  Median (IQR) 63 (50–100)

>50% obstruction

  Yes 34 (76%)

Distal viable lung

  Yes 42 (93%)

Site

  Trachea 1 (2%)

  Right main bronchus 13 (29%)

  Bronchus intermedius 20 (44%)

  Left main bronchus 10 (22%)

  Bilateral main bronchus 1 (2%)

Type of obstruction

  Intrinsic 28 (62%)

  Extrinsic 13 (29%)

  Mixed 4 (9%)

Therapeutic bronchoscopy in eligible 
patients (n=31)

  Yes 8 (26%)

*N=45 unless otherwise indicated

Figure 2 Treatment modalities in patients with central 
airway obstruction.

(61%) had breathlessness and 7/44 (16%) reported 
haemoptysis (table 2). No symptoms were reported by 
8/44 (18%). The WHO performance status was obtained 
for 44/45 (98%) of patients. Of these 27/44 (61%) had a 
performance status of ≤2. In 23/45 (51%) of patients, the 
new diagnosis of lung cancer with CAO was made during 
or following a hospital admission, and 9/23 (39%) of 
these patients had a performance status ≤2.

treatment
Treatment was offered to 32/45 (71%). Of these, 
six patients declined or were deemed unsuitable for 

treatment on referral. Therefore, a total of 26/45 (58%) 
patients received treatment (figure 2). In all, 10/31 (32%) 
eligible for therapeutic bronchoscopy were referred. 
Therapeutic bronchoscopy was performed in 8/31 
(26%) of patients; of the two patients referred in whom 
the treatment did not occur, one was considered unlikely 
to benefit, and the other was too unwell on the day of 
the procedure. Procedures were performed by a combi-
nation of thoracic surgeons with or without an interven-
tional pulmonologist. Of those undergoing de-bulking, 
four patients also received radiotherapy and one patient 
received chemotherapy and radiotherapy. An additional 
20 patients were referred to oncology (figure 2); of whom 
two declined any further treatment.

survival
The median follow-up time of all 342 patients was 303.5 
(IQR 76–938) days. There were 273 deaths during 179 151 
person days of follow-up giving an overall mortality rate 
of 1.52 (95% CI 1.35 to 1.71) per 1000 person days. Over 
the audit period overall survival was 44% at 1 year, 29% at 
2 years, 23% at 3 years and 20% at 4 years, respectively. 
The overall median survival time was 193 (IQR 57–436) 
days.

Mortality rates among patients with and without CAO 
on index CT scan were 4.67 (95% CI 3.48 to 6.28) per 
1000 person days and 1.35 (95% CI 1.19 to 1.53) per 1000 
person days, respectively (p<0.001; table 3). In patients 
with CAO on index CT scans, survival was 18% at 1 year, 
4% at 2 years, 2% at 3 years and 2% at 4 years, respec-
tively, with a median survival time of 94 (IQR 33–274) 
days (figure 3).

On univariate analysis CAO on index CT scan, age 
and high disease stage were associated with an increased 
hazard of death (table 3). On multivariate analysis, after 
adjusting for age, gender and disease stage, CAO on 
index CT scan remained independently associated with 
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Table 3 Univariate and multivariate analysis of factors associated with death among n=342 with primary lung cancer; using 
Cox proportional hazards regression

Factors†
Total‡ 
(n=342)

Died§ 
(n=273)

pdays† 
(179 151)

Rate (95% CI)/1000 
pdays

Univariate analysis Mulitivariate analysis

HR (95% CI) P value* aHR (95% CI) P value*

CAO

  No 297 229 169 737 1.35 (1.19 to 1.53) 1 <0.001 1 0.001

  Yes 45 44 9414 4.67 (3.48 to 6.28) 2.52 (1.81 to 3.50) 1.78 (1.27 to 2.48)   

Age-group/years

  ≤60 52 44 24 437 1.80 (1.34 to 2.42) 1 0.02 1 0.003

  61–70 108 77 69 891 1.10 (0.88 to 1.38) 0.72 (0.50 to 1.04) 0.70 (0.48 to 1.02)

  71–80 120 93 60 201 1.54 (1.26 to 1.89) 0.93 (0.65 to 1.34) 0.96 (0.66 to 1.38)

  ≥81 62 59 24 622 2.40 (1.86 to 3.09) 1.25 (0.85 to 1.85) 1.34 (0.90 to 1.99)

Gender

  Female 163 126 93 465 1.35 (1.13 to 1.60) 1 0.14 1 0.48

  Male 179 147 85 686 1.71 (1.46 to 2.02) 1.19 (0.94 to 1.52) 1.09 (0.86 to 1.39)

Stage ≥IIIB

  No 154 96 128 698 0.75 (0.61 to 0.91) 1 <0.001 1 <0.001

  Yes 188 177 50 453 3.51 (3.03 to 4.07) 3.69 (2.85 to 4.78) 3.52 (2.70 to 4.60)

*P values from the likelihood ratio test.
†Total person days=179 151 unless otherwise indicated.
‡Denominator=342 unless otherwise indicated.
§Number that died=273 unless otherwise indicated.
aHR, adjusted hazard ratio; CAO, central airway obstruction on index CT scan; pdays, person days.

Figure 3 Kaplan-Meier survival curve for patients with and 
without central airway obstruction (CAO).

an increased hazard of death (aHR 1.78 (95% CI 1.27 to 
2.48); p=0.001). Stage ≥IIIB disease was also associated 
with an increased hazard of death, on multivariate anal-
ysis (aHR 3.52 (95% CI 2.70 to 4.60); p<0.001).

Incidence risk of cAo
The median period of radiological follow-up for 297 
patients without CAO on index CT scan was 225 (IQR 
42–549) days. Over this period, a further 15/297 (5%) 
developed CAO in a median of 340 (IQR 114–551) days 

and 10/15 (75%) died within 30 days of the follow-up CT 
scan showing new CAO.

Patients with endobronchial disease on index CT scan 
developed incident CAO more frequently (7/85 (8%) 
with compared with 8/212 (4%) without index endo-
bronchial disease; table 1), but this was not significant 
(p=0.14). The median time to disease recognition for the 
two groups also showed a difference, but again this did 
not reach statistical significance (median time to CAO 
189 (IQR 93–275) days vs 619 (IQR 182–819) days for 
those with and without endobronchial disease, respec-
tively (p=0.09)). Overall during the audit period, 60/342 
(18%; 95% CI 14% to 22%) had or developed CAO.

DIscussIon
In our audit of new primary lung cancers between 1 
November 2014 and 30 November 2015, the prevalence 
of CAO at the time of diagnosis was 13%, and of these, 
three quarters had severe CAO. During the follow-up 
period a further 5% developed CAO. As far as the authors 
are aware, this is the first description of CAO prevalence 
in the past 40 years and provides a benchmark for UK 
lung cancer services.

The prevalence of CAO in our audit was lower than 
the 20%–30% prevalence previously reported in the liter-
ature.2 The differences are likely due to different diag-
nostic methods and changes in lung cancer epidemiology 
over time, with NSCLC-ad being the most common histo-
logical type in recent years.8 Despite this, CAO remained 
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a common finding among patients with primary lung 
cancer in our audit.

Descriptions by Brewer dating back more than 50 years, 
of patients undergoing exploratory thoracotomy, found 
that 24% had disease in the main bronchi, and a further 
54% in the lobar bronchus.3 A case series of chest radio-
graph findings from the 1970s, found 20% had disease in 
the main bronchus and a further 49% had disease in the 
lobar bronchus.4 Postmortem studies in the 1970s found 
that 21% of patients had disease of their main bronchus,9 
with NSCLC-sq accounting for 38% of cases and only 8% 
of cases being NSCLC-ad. Tracheal involvement at post-
mortem was found in 32/472 (7%) of SCLC cases, and 
in 1/35 (3%) of NSCLC-ad cases.10 11 Both study groups 
had undergone treatment prior to death. We found 
NSCLC-ad accounted for most endobronchial disease 
(32%) in our audit. However, patients with NSCLC-sq and 
SCLC were more likely to have endobronchial disease 
(including CAO), than patients with NSCLC-ad (~50% of 
NSCLC-sq and SCLC compared with 30% of NSCLC-ad). 
But, NSCLC-ad remained equally represented, due to 
the larger absolute numbers. Only 70% of patients in our 
audit had histological confirmation; but the histological 
subtype of cancers was similar to that seen in UK National 
Lung Cancer Audit data.1

A dedicated review of the central airways on CT 
scans increased the proportion with CAO detected by 
over 30%. This is consistent with previous reports and 
supports an argument that dedicated thoracic radiol-
ogists and interventional pulmonologists will improve 
disease recognition.12 Not all patients underwent bron-
choscopy to confirm disease site; therefore, our CAO 
prevalence is likely to be an underestimate. Despite this, 
CT scans have a high sensitivity for CAO detection, while 
being the key investigation to drive subsequent investiga-
tions.13 14 We found the most common sites of CAO were 
the right main bronchus and bronchus intermedius. We 
found only one (2%) patient with CAO had tracheal 
disease. This is similar to previous postmortem studies 
but differs from therapeutic bronchoscopy case series 
where 20%–25% of patients were treated for tracheal 
disease.10 11 15–17 The latter is, however, likely to reflect 
patient selection for interventions.

The focus of any intervention is symptom relief.17 
Most patients selected for therapeutic bronchoscopy will 
benefit, with over 50% experiencing a measurable change 
in their quality of life and potentially, performance 
status.17–19 This could also enable other treatment options. 
Endobronchial palliative treatments are more effective in 
those with poorer performance status.17 20 In our audit, 
>80% of patients with CAO had symptoms, 76% had 
severe obstruction and only 9% had a performance status 
of 0. In addition, ~50% of patients were diagnosed during 
an acute hospital admission which may represent an acute 
change in symptom burden or severity. Therefore, most 
patients in our audit are likely to have benefited from 
symptom control, with nearly 70% eligible for therapeutic 
bronchoscopy based on CT findings. Yet, only a third of 

those eligible were referred. With 38% of patients having 
had a poor performance status and possibly not consid-
ered for considered for further investigation or systemic 
treatments, combined with our finding that nearly a third 
of CAO cases were not identified on index CT scans high-
lights the need for timely CAO diagnosis and referral for 
care. Most patients with CAO in our audit had advanced 
disease; but, ~15% had ≤stage IIIA disease, indicating 
potentially curable disease. In patients in whom surgery 
is not an immediate option, aggressive endobronchial 
treatment should be considered to ensure early symptom 
relief while diagnosis and staging are completed.

We found CAO and high disease stage were inde-
pendently associated with an increased mortality rate. 
The median survival of patients with CAO in our audit 
was 3 months; but 25% of patients lived >8 months. A 
recent study of patients with and without CAO, found 
no difference in the proportion that died or median 
survival time in the two groups.21 However, this study 
only included patients with advanced stage cancer 
(stage ≥IIIa), who had treatment, and ~80% of those 
without CAO had stage IV disease, with this proportion 
being lower (~60%) in those with CAO; this is likely to 
explain these results.21 Chhajed et al, found retrospec-
tively that patients with NSCLC with CAO treated with 
therapeutic bronchoscopy and chemotherapy do as well 
as those without CAO treated with chemotherapy.22 The 
high mortality we found among patients with CAO on 
lung cancer diagnosis in our audit, again highlights the 
need for early disease recognition and prompt linkage to 
appropriate care and treatment services in this patient 
group.

Our audit was only conducted at a single site; however, 
the gender, age, stage, histological confirmation and 
histology distribution of our patients was similar to UK 
National Lung Cancer Audit data which suggests our 
results are generalisable.1 Further limitations included a 
single interventionalist review of CT scans to define CAO, 
with the absence a blinded second reader of all scans, to 
understand inter observer reliability. Further the absence 
of bronchoscopy combined with some missing data could 
result in the prevalence of disease being underestimated. 
However, this methodology for audit purposes, reflects 
the true-life approach often experienced in lung cancer 
services. Nonetheless, our findings, the first to report on 
CAO prevalence in over 40 years, support an urgent call 
for wider national audits to understand current practice 
in patients with CAO, benchmark best practice and iden-
tify methods to improve the outcomes of this vulnerable 
patient population. Further, tracking the epidemiology 
of CAO will be important to ensure adequate resources 
are in place, as molecular and immunological targeted 
therapies increase the number of patients living with 
advanced lung cancer.

conclusIons
We found a CAO prevalence of 13% at lung cancer diag-
nosis, with a further 5% of patients developing CAO 
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during follow-up. Patients with prevalent CAO at lung 
cancer diagnosis had a higher mortality rate than those 
without CAO. Our data provide a benchmark for service 
planning, highlights the poor outcome associated with 
this disease phenotype and the need to urgently address 
this with well conducted interventional treatment studies.
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