
Diagnostic Yield of Bronchoscopic Techniques in 
Evaluating Primary Lung Cancer: The Philippine 

General Hospital (PGH) Experience
Michelle Anne M. Encinas-Latoy, MD,1 Marvin C. Masalunga, MD,2 
Roland Reuben B. Angeles, MD3 and Anna Katrina G. Tojino, MD3

1Department of Pathology, College of Medicine, University of the Philippines Manila
2Department of Laboratories, Philippine General Hospital, University of the Philippines Manila

3Section of Pulmonary Medicine, Department of Medicine, Philippine General Hospital, University of the Philippines Manila

ABSTRACT

Objectives. To determine the overall diagnostic yield of bronchoscopy-guided sampling methods in detecting 
lung cancer at the University of the Philippines, Philippine General Hospital. The diagnostic yield, equivalent 
to sensitivity, is defined as the number of bronchoscopic sampling or biopsy procedures with a diagnosis of 
malignancy divided by the total number of confirmed malignant cases.

Methods. This is a cross-sectional, retrospective sensitivity study involving bronchoscopy procedures from January 
2014 to December 2018. Surgical Pathology and Cytology Reports of eligible cases were accessed through the 
institutional Laboratory Information System. Sensitive patient information was omitted, and each case was 
assigned a unique code. The overall diagnostic yield/sensitivity of bronchoscopy and the diagnostic yield/sensitivity 
of each technique were calculated.

Results. A total of 100 patients satisfied the inclusion and exclusion criteria. Primary lung malignancies are more 
common in males and the elderly. The most common primary lung cancer is adenocarcinoma (33%). Bronchoscopy, 
regardless of whether single or multiple techniques were used, has a diagnostic yield of 86% (CI: 77.6-92.1%). 
Of the individual techniques, those that obtain solid tissues (endobronchial and transbronchial biopsies; 88.2% 
[CI: 78.1-94.8%] and 80.0% [CI: 28.4-99.5%], respectively) have higher yields compared to techniques that obtain 
cytologic samples (bronchial washing and brushing; 54.2% [43.7-64.4%] and 70.1% [58.6-80%], respectively).

Conclusion. Bronchoscopy, as a diagnostic procedure for pulmonary malignancies, has relatively high sensitivity 
and may be used for lesions located centrally and can be inspected visually. A multidisciplinary approach to 
patient selection for bronchoscopy helps improve the utility of the various bronchoscopic techniques. 
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InTRoDuCTIon
 
Fiberoptic bronchoscopy (FOB) is an endoscopic 

procedure that allows visualization of the airways for 
diagnostic and therapeutic purposes.1 It is safe, convenient 
to perform, and well tolerated by patients, even as an 
outpatient procedure. Sampling procedures that make use 
of a fiberoptic bronchoscope include bronchial washings 
(BW), bronchial brushings (BB), endobronchial biopsies 
(EBB), transbronchial needle aspiration (TBNA), and 
bronchoalveolar lavage (BAL).

The diagnostic yield of FOB depends on several factors, 
including the location of the lesion (higher yield in central 
than peripheral lesions), the expertise, and the facilities 
available in a medical center.1 In a study by Ghazarian et 
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al., the diagnostic yield of EBB in patients with a peripheral 
endobronchial lesion visualized on FOB was 81.1%.2 The 
study by Labbe et al. showed that the overall sensitivity of 
non-guided bronchoscopy was 25.6%, while sensitivities for 
bronchial aspiration, BAL, and BB were 14.2%, 11.6%, and 
16.5%, respectively.3 Ost et al. reported a diagnostic yield 
of 53.7% (312 of 581 patients). The same study reported 
that transbronchial biopsy (TBB) was diagnostic in 43.2%, 
TBNA in 47.4%, BB in 37.8%, and BAL in 19.3%.4 In 
another study, the diagnostic yields of BW, EBB, and BB 
are 28.3%, 77.5%, and 53.7% of patients with visible lesions, 
respectively.5 In all studies, the yield is higher for techniques 
that obtain solid tissue samples, e.g., TBB and EBB, 
compared to other techniques.

FOB has been in use for many years at the University 
of the Philippines – Philippine General Hospital (UP-
PGH) to evaluate pulmonary masses. However, PubMed 
database searches reveal very few local studies that have 
discussed the yield of bronchoscopic techniques in the 
pathologic diagnosis of lung cancer.6,7 An unpublished 
local study by Palma and Jorge (2018) reported that of 32 
outpatient diagnostic procedures in 2016-2017, 26 employed 
bronchoscopy techniques to evaluate pulmonary masses.8 For 
inpatients, 108 of 270 underwent bronchoscopy for the same 
purpose. However, the study did not mention the diagnostic 
yield of bronchoscopy and instead focused on other factors 
associated with the diagnosis of pulmonary malignancies.

In this study, the diagnostic yield of bronchoscopic 
techniques in evaluating lung cancer, defined as the number 
of bronchoscopic sampling or biopsy procedures with a 
diagnosis of malignancy divided by the total number of 
malignant cases confirmed on biopsy or cytology, was 
investigated.1 Specifically, the study aimed to determine the 
individual and overall diagnostic yield of bronchoscopy-
guided sampling methods in detecting primary lung cancer, 
irrespective of the sampling method that established the 
final diagnosis.

MATERIALS AnD METHoDS

This is a cross-sectional, retrospective, diagnostic 
sensitivity study involving all patients who underwent 
bronchoscopy at the Philippine General Hospital, from 
January 2014 to December 2018, with a final histopathologic 
diagnosis of primary lung cancer. The definitive 
histopathologic diagnosis should have been established either 
by bronchoscopy or other procedures, such as CT-guided 
aspiration biopsy, resection, open thoracotomy, excision 
biopsy, and thoracoscopic biopsy. Before the conduct of the 
study, ethical clearance was secured from the University of the 
Philippines – Manila Research Ethics Board (UPMREB).

Sample Size and Inclusion/Exclusion Criteria
The method by Buderer (1996) was used to get the target 

sample size.9 To estimate an expected diagnostic sensitivity 

of at least 80%, with a 95% confidence interval width of 
10%, and prevalence of at least 90%, at least 70 cases needed 
to be included.

The criteria for inclusion were 1) presence of a pulmonary 
mass; 2) FOB performed with biopsy or sampling of the 
pulmonary mass using any bronchoscopic technique (BB, 
BW, EBB, TBB, TBNA, and BAL); 3) a final pathologic 
diagnosis of lung cancer established by bronchoscopy or 
another diagnostic procedure, including non-bronchoscopic 
procedures and definitive surgical management; and 4) the 
bronchoscopy procedure should have been done anytime 
from January 2014 to December 2018 at the Philippine 
General Hospital. Cases with unconfirmed cytology or 
surgical pathology results (e.g., “atypical cells suspicious 
for malignancy” with no follow-up studies) and cases of 
metastatic lung disease were excluded from the study.

Data Collection, Processing, and Analyses
Surgical Pathology and Cytology Reports accessible 

through the Laboratory Information System of PGH were 
reviewed. All patient identifiers and sensitive data were 
omitted during data processing. Individual patient records 
were assigned their unique code identifiers in the data 
collection forms.

All bronchoscopic results that show lung cancer were 
considered as true positives (TP). If bronchoscopy failed 
to reveal a specific diagnosis, but other methods, including 
resection procedures, eventually diagnosed lung cancer, the 
subject was considered a false negative (FN). 

Diagnostic yield or sensitivity of bronchoscopy for 
primary lung cancer is defined as TP/ (TP + FN). For the 
overall diagnostic yield/sensitivity of bronchoscopy, all cases 
fulfilling the inclusion criteria were used, irrespective of 
the sampling method or specific bronchoscopy technique. 
For the study's secondary objective, the diagnostic yield/
sensitivity of each technique was calculated separately.

RESuLTS

Patient Demographics
Four hundred twenty-eight (428) bronchoscopy 

procedure records from 2014 to 2018 were reviewed. 
Of these, 100 patients fulfilled the inclusion/exclusion 
criteria and were thus included in the study. The patients’ 
characteristics are summarized in Table 1, which shows that 
primary lung malignancies are more common in males than 
in females, and in the elderly.

Of the 428 cases, 21 had an unresolved or unconfirmed 
diagnosis of pulmonary malignancy and were thus excluded. 
Twelve were females, and nine were males, with ages of 45 
to 81. In 12 of the 21 cases, immunohistochemistry studies 
to confirm malignancy diagnosis were requested by the 
Pathologist. In comparison, in nine cases, the specimens 
submitted for cytology or surgical pathology were inadequate. 
In all 21 cases, no records of immunohistochemistry studies 
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or a repeat biopsy to confirm malignancy diagnosis were 
found. The rest of the bronchoscopy cases had diagnoses of 
a benign or non-neoplastic etiology.

The diagnoses and number of patients for each diagnosis 
are presented in Table 2. The most common diagnosis is 
adenocarcinoma, with 33%. Representative images of some 
of these malignancies are shown in Figure 1.

Diagnostic Yield of Bronchoscopic Procedures
Although there are only 100 unique individuals 

included in this study, most of them underwent more than 
one technique per bronchoscopic procedure; for instance, 
patients who underwent BW also underwent BB. Therefore, 
the overall diagnostic yield of bronchoscopy was calculated 
on a per-patient basis, i.e., for any bronchoscopy procedure 
that utilizes at least two techniques, such as a combination 
of BB and BW, even if only one technique yielded a positive 
result, the entire procedure was considered diagnostic. On 
the other hand, each specific technique's diagnostic yield 
was evaluated individually, vis-à-vis the final diagnostic 
method that yielded a malignancy diagnosis, which may be 
the bronchoscopic technique itself.

Of the 100 patients, 96 underwent bronchial washing 
(BW), 77 underwent bronchial brushing (BB), 68 underwent 
endobronchial biopsy (EBB), five underwent transbronchial 
biopsy (TBB), and one underwent bronchoalveolar lavage 
(BAL). Taken as a sum of the individual techniques, 
the overall diagnostic yield of bronchoscopy is 69.23% 
(171/247); however, the diagnostic yield of bronchoscopy 
for malignancy increases to 86% (Table 3), when each 
bronchoscopy procedure is considered as one case, even if 
more than one technique was employed.

Of the five bronchoscopic techniques, three were 
performed in at least sixty patients, either singly or in 
combination with other techniques: BW, BB, and EBB. 
Of these three techniques, EBB has the highest diagnostic 
yield at 88.2% (Table 4). The diagnostic yields of TBB and 
BAL are 80% and 100%, respectively; however, the sample 
sizes for the latter two techniques are small (five and 
one, respectively).

DISCuSSIon

The advent of new techniques such as navigational 
bronchoscopy and endobronchial ultrasound has improved 

Table 1. Patient characteristics of the 100 cases included in 
the study

Sex
Male
Female

70 (70%)
30 (30%)

Age
35 – 44
45 – 54
55 – 64
65 – 74
75 – 84
85 and above

4 (4%)
12 (12%)
32 (32%)
39 (39%)
11 (11%)

2 (2%)

Table 2. Pathologic diagnoses of patients who underwent 
bronchoscopic procedures from January 2014 to 
December 2018

Diagnosis N %
Adenocarcinoma/non-small cell carcinoma, 
favor adenocarcinoma

33 33%

Non-small cell carcinoma, not otherwise 
specified/unclassified

29 29%

Squamous cell carcinoma/non-small cell 
carcinoma, favor squamous cell carcinoma

26 26%

Small cell carcinoma/malignant round cell 
neoplasm, favor small cell carcinoma

11 11%

Mucoepidermoid carcinoma 1 1%

Table 3. Methods used to establish a final diagnosis of primary 
pulmonary malignancy

Final Diagnostic Method n %
Bronchoscopy
CT-GAB* of lung mass
US-GAB** of lung mass
Regional lymph nodes biopsy 
Cervical LN biopsy
VATS *** with lung biopsy
Thoracentesis of malignant effusion

86
8
1
1
2
1
1

86%
8%
1%
1%
2%
1%
1%

* CT-GAB – CT-guided aspiration biopsy
** US-GAB – Ultrasound-guided aspiration biopsy
*** VATS – Video-assisted thoracoscopic surgery

Table 4. Bronchoscopic techniques and diagnostic yield for primary lung cancer

Diagnosis
Bronchoscopy Technique+

BW BB EBB TBB BAL Any Technique*

Benign 11 6 3 0 0 7
Malignant 52 54 60 4 1 86

Non-Diagnostic 33 17 5 1 0 7
Total 96 77 68 5 1 100

Diagnostic yield 
(%)

54.2 
(CI: 43.7-64.4%)

70.1 
(CI: 58.6-80%)

88.2 
(CI: 78.1-94.8%)

80.0 
(CI: 28.4-99.5%)

100 
(CI: 2.5-100%)

86 
(CI: 77.6-92.1%)

+BW – bronchial washing; BB – bronchial brushing; EBB – endobronchial biopsy; TBB – transbronchial biopsy; BAL – bronchoalveolar lavage
*This represents the over-all diagnostic yield of bronchoscopy; i.e., a diagnosis of malignancy was obtained regardless of the number of techniques 
done per bronchoscopic procedure.
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the success rate of bronchoscopy in diagnosing even 
small peripheral lung lesions.10 In the University of the 
Philippines – Philippine General Hospital (UP-PGH), 
clinicians have access to fluoroscopic-guided bronchoscopy. 
This technique uses an ultra-thin scope, allowing access to 
more than just endobronchial lesions. The current practice 
in the Section of Pulmonary Medicine is that for patients 
presenting with suspicious nodules or masses, they are initially 
evaluated by a multidisciplinary team composed of specialists 
from the Pulmonary Medicine and Thoracic Surgery services 

to determine the best diagnostic approach, whether surgical, 
bronchoscopic, or image-guided.

In this study, the overall diagnostic yield of broncho-
scopic techniques in evaluating primary lung cancer is 
86%. This includes all bronchoscopic techniques, regardless 
of whether the lesion is central or peripheral, or if an 
endobronchial lesion is visible or not. This diagnostic yield 
is high, comparable to published studies, particularly by 
Ghazarian et al., wherein the bronchoscopy diagnostic yield 
was 81.1%.2

Figure 1. Lung malignancy specimens obtained via bronchoscopy. (A) Photomicrograph from a bronchial washing which yielded 
clusters of malignant cells, compatible with adenocarcinoma (DiffQuik stain, 400x). (B) Adenocarcinoma on tissue 
biopsy. Atypical and pleomorphic cells with hyperchromatic nuclei, interspersed within a fibrocollagenous stroma, 
appear to form vague, acinar structures with occasional globules of mucin (Hematoxylin and eosin stain, 400x). 
(C) Squamous cell carcinoma on tissue biopsy. Sheets of highly atypical and pleomorphic cells with irregular nuclei, 
prominent nucleoli, abundant cytoplasm, and foci of keratinization are seen (Hematoxylin and eosin stain, 400x). 
(D) For difficult cases, immunostains may be used, such as p40, which presents with strong, nuclear staining. p40 is 
used to confirm squamous cell carcinoma (immunohistochemistry with horseradish peroxidase, 400x).

A

C

B

D
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A possible explanation for this relatively high 
sensitivity is the excellent system of patient selection for 
a bronchoscopy. Institutional practices in PGH include 
a preliminary evaluation with CT scan-based imaging, 
in which lesions are deemed accessible by bronchoscopy 
techniques if they have the following features: a more central 
location, at least 1 to 2 cm in size, and located near an airway, 
i.e., the CT-bronchus sign. Lesions that are more peripheral 
and without clear access via the airways are referred to the 
Section of Interventional Radiology for possible image-
guided biopsy. BW, BAL, and BB are considered if the lesion 
appears diffuse or infiltrative. The fluoroscopy-guided biopsy 
is employed for the diagnosis of peripheral lung lesions 
with no visible endobronchial lesions.11

For lung lesions inaccessible by these techniques 
and highly suspected to be malignant, surgical biopsy 
via lobectomy or segmentectomy is considered. Other 
diagnostic methods aside from bronchoscopy, including 
CT scan and ultrasound, may be employed if bronchoscopy 
cannot establish the diagnosis. In this study, these imaging-
guided aspiration biopsy techniques demonstrated the 
final diagnosis in 9% of the cases. Other techniques used 
to confirm a malignancy are lymph node biopsies, video-
assisted thoracoscopic surgery with biopsy, and thoracentesis 
of malignant effusion.

In terms of each bronchoscopic technique's diagnostic 
yield, EBB has the highest yield among the procedures 
done in at least 60 patients, at 88.2% (60/68). Previous 
international studies report the same finding of EBB giving 
a high yield. BW has the lowest yield at 54.2% (52/96); 
nevertheless, this value is relatively higher than the study by 
Girard et al., wherein bronchial cytology techniques (e.g., 
aspiration or washing) reported a sensitivity of only 14.7%.12 
The reason for this is in our setting, bronchial cytology is 
often still performed, even if the lesion is visible, contributing 
to its relatively high yield. In low resource settings without 
access to advanced bronchoscopic technology, such 
as endobronchial ultrasound guidance and ultra-thin 
bronchoscopes, bronchial cytology may still be employed. 
In an unpublished retrospective review by King et al., the 
diagnostic yield for malignancy was found to be adequate in 
5 out of 20 specimens obtained via either technique washing 
or brushing. 13 There were even samples wherein the result 
was positive for malignancy in the cytology samples, and yet 
was negative for the biopsy sample obtained during a single 
procedure. Therefore, despite their relatively low sensitivity, 
there remains some degree of utility for BW and BB, as 
they are relatively safe, easy to accomplish, and may be a 
valuable adjunct to endobronchial biopsy.

While this study aimed to give insight into the 
diagnostic yield of the various bronchoscopic techniques, 
certain limitations must be emphasized. The study included 
only malignant lesions confirmed by surgical pathology 
or cytology. Since this is a retrospective study, patients 
who were lost to follow-up before a definitive pathologic 

diagnosis of malignancy was made might have reduced 
the numbers that could have been diagnosed with each 
technique. The relationship between diagnostic yield and 
practice pattern variations among physicians (i.e., choice 
of specific bronchoscopy techniques used) was also not 
analyzed in this study.

No stringent criteria are being utilized in our institution 
to determine the best approach in a patient with a pulmonary 
mass. In a multidisciplinary setting composed primarily 
of pulmonologists, surgeons, oncologists, radiologists, 
and pathologists, clinical judgment, patient factors, and 
availability of resources all play a crucial role in determining 
the best diagnostic approach for any patient.

ConCLuSIon

Bronchoscopy is a relatively sensitive method in 
detecting primary lung malignancies, especially when 
multiple techniques are employed in a given case. Of the 
various techniques available, those that obtain solid tissue 
samples, such as EBB, result in higher yields. An institutional 
patient selection criteria and a multidisciplinary approach 
also result in a higher diagnostic yield for a bronchoscopy.

Recommendations
The investigators of this study recommend the following 

as related future studies:
1. Relationship between clinical practice variations among 

physicians, i.e., case selection and specific broncho-
scopy technique, and diagnostic yield in evaluating 
pulmonary malignancies.

2. Diagnostic yield of bronchoscopy in evaluating all 
pulmonary lesions, whether benign or malignant.

3. A similar study but with a prospective design and 
possibly involving multiple centers. Such studies may 
be designed to include a more thorough assessment 
of a lesion's clinical features, such as its exact location 
and size.
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