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ABSTRACT
Background: Due to new therapeutic options in thoracic oncology, the pathological diagnosis of bronchial carcinoma
has become more challenging. The majority of bronchial cancer is diagnosed from small biopsy specimens and the diagnosis often based on cytological methods. Aims: In this study, we reevaluated cytologic specimens in order to determine the diagnostic reliability of pulmonary cytopathologic techniques performed in our department. Material and
methods: In our center bronchial lavage/bronchoalveolar lavage (BL/BAL) specimens are obtained both before and
after forceps biopsy (FB) and subsequently processed. Retrospective data from a period of 60 months were retrieved
from the institutional files. Sensitivity, specificity, as well as accuracy of cytological tumor typing were determined
using histopathology of FB as gold standard. Also, the diagnostic yield of BL/BAL before and after FB was determined.
Results: 678 cases were retrieved from the institutional files. The sensitivity and specificity of cytology were 83.0%
and 83.4%, respectively. By FB in 3.9% of cytologically diagnosed non-small cell lung carcinomas (NSCLC) a histological assignment to a NSCLC entity was not possible. Conclusions: Cytology is a reliable diagnostic tool in the diagnosis of lung malignancies. High diagnostic accuracy is achieved by a combination of BL/BAL before and after FB.
The diagnostic yield of BL/BAL after FB was significantly higher than BL/BAL before FB. Subsequent tumor typing of
cytologically diagnosed NSCLC was feasible in more than 95% of cases.
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1. Introduction
Lung cancer is the most common cancer in the world and
one of the leading causes of death due to cancer in both
men and women [1]. Nearly all primary malignant neoplasms of the lung are of epithelial origin. The majority
of them are diagnosed as small cell lung cancer (SCLC),
adenocarcinoma (AC), squamous cell carcinoma (SCC)
and large cell carcinoma (LC). The minority of cases
consist of carcinoid tumors [1]. According to recent data
the most common subtype of lung carcinoma is AC [2].
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Recently, new studies have focused on the problem of
diagnosing and subtyping non-small cell lung carcinoma
(NSCLC) in cytology- and particularly in small biopsy
specimens, and have highlighted the problem of providing a new classification system of adenocarcinomas
[3,4]. About 70% of lung cancers are diagnosed in small
biopsies or cytologic samples [4]. Especially in patients
with advanced-stage disease the subtyping of NSCLC in
small biopsies or cytologic samples is of increasing importance due to new therapeutic options and strategies
[4-7]. Diagnostic exclusion of SCC assists in identifying
patients who may benefit from pemetrexed or bevacizumab therapy [7,8]. Particularly AC histology is a strong
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predictor for a better outcome with pemetrexed therapy
as compared to SCC [4,9]. AC and NSCLC not otherwise
specified (NOS) should be tested for epidermal growth
factor receptor (EGFR) mutations to predict response to
EGFR tyrosine kinase inhibitor therapy [5,6].
Difficulties in subtyping NSCLC in small biopsies or
cytologic samples arise especially in poorly differentiated SCC and AC, whereas well to moderately-differentiated SCC and AC are more easily identified. Thus,
10% - 30% of diagnoses in small biopsies and cytology
samples are NSCLC, NOS [7,10,11].
Nowadays, fiberoptic bronchoscopy is an excellent
tool utilized for the diagnosis and staging of lung tumors,
and the recovery of cells and tissues by transbronchial
needle aspiration, bronchial/bronchoalveolar lavage (BL/
BAL), bronchial brushing or endobronchial/transbronchial (forceps) biopsy [Schreiber]. Often, BL/BAL, brushings, and forceps biopsies (FB) are combined to increase
the sensitivity and a cytohistological diagnosis can be
obtained in most cases [12,13]. The usefulness of obtaining washings is still a matter of controversy because
the reported sensitivities are quite low [12,14].
The aim of our retrospective study was to determine
the diagnostic reliability of lavage cytopathology performed in our department. The question was whether the
combined cytohistological analysis done in our institution would help to reduce the percentage of NSCLC,
NOS diagnoses to less than 10%.

specimens were sedimented each with 1 ml to 2 to 4
slides and stained with May-Grunwald-Giemsa. Additionally Grocott- and Ziehl-Neelsen-stains were only prepared when clinically specific questions were stated. The
slides were evaluated by different pathologists separately from the biopsy material. Simultaneously obtained
biopsy (FB) material was sent in formalin (4%), and a set
of histopathology slides were prepared for histological
and immunohistochemical examination. The tumors were
classified according to the World Health Organisation’s
classification [1]. For cytology, cases with unequivocal
malignant features and cases with suspected or atypical
cells (“require further evaluation”) were considered to be
positive. Slightly modified Bethesda diagnostic categories were adopted for cytological classification (nondiagnostic or unsatisfactory, benign, atypia of unknown
significance or suspicious, suspicious for malignancy and
malignant cells). Sensitivity, specificity, positive predictive value and negative predictive value of bronchial cytology were determined using histopathology of FB as
gold standard. Also, performance data of lavage cytology
and FB using final histopathological diagnosis as gold
standard was determined. The diagnostic yield of positive cytology cases before and after FB was determined.
False positive cases were reviewed. Additionally, the
concordance between cytological and histological tumor
classification was assessed.

Statistical Analysis

2. Material and Methods
Retrospective bronchoscopy data from a period of 60
months (from 01/01/2007 to 12/31/2011) of a total of 678
diagnostic cases were retrieved from the institutional
files and included in the analyses: These consisted of
either combined (i.e. pre-and post FB) bronchial lavage/
bronchoalveolar lavage (BL/BAL) and forceps biopsy
(FB) specimens, or single BL/BAL pre or post FB. Only
clinically suspicious cases were included in this study.
Histological diagnosis of FB was additionally compared
with subsequent histological diagnosis, especially with
results of computer-tomography (CT-) guided trans-thoracic fine-needle biopsies (TT-FNB) mostly in peripheral
lesions.
BL/BAL specimens were obtained by instilling isotonic saline into the conspicuous segment and reaspirating. In 509 cases a biopsy was obtained between two
washing/lavage procedures. In 169 cases only one BL or
BAL procedure was performed either pre or post FB. All
BL/BAL samples were sent to the cytopathology laboratory with clinical and bronchoscopic information. Lavage
specimens were centrifuged (2500 rpm, 10 min). Two to
4 slides were prepared from the cell concentrate and
stained according to Papanicolaou (Merck). The BAL
Copyright © 2013 SciRes.

All data were analyzed using the Statistical Program for
the Social Science version 17.0 (SPSS Inc., Chicago, Illinois). Computed statistics included medians and ranges
for continuous variables, and frequencies and percentage
frequencies for categorical variables. Sensitivity, specificity, positive predictive value and negative predictive
value of bronchial cytology were calculated according to
the literature [15]. To calculate the statistical significance
of the diagnostic yields between BL/BAL before FB and
BL/BAL after FB the χ2-Test or Fisher’s exact test was
performed. All p values resulted from two-sided statistical tests and values of p < 0.05 were considered to be
statistically significant.

3. Results
3.1. Patient Data
A total of 678 diagnostic cases from 619 patients were
included in this study. 420 (62%) patients were male
(range 16 - 89 years, arithmetic mean 66.2 years) and
199 (28%) patients were female (range 27 - 89 years,
arithmetic mean 63.5 years). According to the endoscopist’s reports, in 204/678 (30.1%) cases an endobronchial tumor was visible. 252/678 (37.2%) and 106/678
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(15.6%) of cases could be assigned to a central or peripheral lesion, respectively (see Table 1).

3.2. Statistical Evaluation of BL/BAL Cytology
and FB
Diagnosis of malignancy or suspected cancer via BL/
BAL plus FB was established in 413/678 cases (61.9%).
By histology, the majority of tumors consisted of 76
SCLC, 125 SCC and 70 AC (see Figures 1(A) and (B)).
14, 30 and 18 cases were classified as NSCLC, LC or
sarcomatoid/pleomorphic carcinoma, and “other” tumors
(i.e. rare lung tumor entities or metastases, see Figures
1(C) and (D)). 27 cases were classified as “suspicious for
malignant cells” or “dysplasia” or “carcinoma in situ”.
Table 1. Basic patients and endoscopic data.
No of cases (%)
Number of diagnostic
cases
Number of patients
included in this study
Gender/Age
range/arithmetic mean
Central lesions
Peripheral lesions
Endobronchial
tumor stated

678
617
Male: 420 (62%)/16 - 89 years/66.2 years
Female: 199 (28%)/27 - 89 years/63.5 years
252 (37.2%)
106 (15.6%)
204 (30.1%)
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By comparison with FB, sensitivity and specifity of
lavage cytology were calculated to be 83.0% and 83.4%,
respectively. The positive and negative predictive values
were 85.6% and 80.9%, respectively. There were 51/678
(7.5%) false positive results. 29 (56.9%) of these 51 false
positive cases were cytologically classified as “suspicious, require further evaluation”. In 22/51 (43.1%) false
positive cases a peripheral mass lesion was stated clinically. After evaluation of these 51 cases using additionally histopathological data in 44/51 cases a malignant
diagnosis was established. In the remaining 7 false positive cases, 3 inflammatory lesions (one Wegner’s granulomatosis, one chronic organizing pneumonia and one
granulomatous bronchitis) had been cytologically misjudged as malignant lesions. In the remaining 4 cases, no
further diagnostic work-up was done.
By comparison with final histological diagnosis (after
integrating histological diagnosis from CT-guided TTFNB-material, available surgical material, biopsies from
metastatic sites or autopsy material), sensitivity and specifity of lavage cytology plus FB were calculated to be
88.7% and 96.5%, respectively. The positive and negative predictive values were 98.3% and 81.1%, respectively.

3.3. Diagnostic Yield of BL/BAL before and after
FB
The diagnostic yield of BL/BAL before and after FB was
277/509 (54.4%) and 310/509 (60.9%), respectively (p =
0.023).

3.4. Assessment of Accuracy of Cytologic Tumor
Typing

Figure 1. (A), (B) Lavage cytology after peripheral FB (B1
and 2c) of the lung revealed single atypical adenoid cell
formations, consistent with cells of an adenocarcinoma (Papanicolaou, 100×, (A)); By FB tumor infiltrations of a solid
high grade adenocarcinoma with superficially lepidic adenocarcinoma formations (adenocarcinoma in situ) was
found and immunohistochemically confirmed (H&E, 20×,
(B)); (C), (D) Lavage cytology revealed atypical epitheloid
and spindle cells (Papanicolaou, 100×, (C)); Forceps biopsy
material contained no tumor cells. In consecutive performed CT-guided TT-FNB lung infiltration of a malignant
spindle cell tumor was seen. After additional immunohistochemical studies a malignant solitary fibrous tumor was diagnosed (H&E, 20×, (D)).
Copyright © 2013 SciRes.

The diagnostic accuracy of cytologic tumor classification
varied with cell type and location of tumor. Cytologic
typing of SCLC, SCC and AC was confirmed by histology in 97.9% (47/48), 95.6% (86/90) and 90.2% (55/61),
respectively (see Table 2).
In 54/678 (8.0%) cases FB was negative. In 23/54
(42.6%) of these cases a radiological peripheral lesion
was stated. Further diagnostic work-up by means of CTguided TT-FNB showed in 13 cases a benign result and
in 67 cases a malignant diagnosis. In 61/678 (9.0%) cases
only histology was positive whereas cytology was negative.
60/678 cases (8.8%) were cytologically diagnosed as
NSCLC. By histology, these cases were subclassified as
SCC (22 cases), AC (11 cases), LC (19 cases), suspicious
cases (5 cases) and 1 SCLC (see Table 2). In relation to
the 446 histologically malignant diagnoses the frequency
of NSCLC was 0.9% (4/446). Related to 360 malignant
und suspicious diagnoses in FB 14 (3.9%) NSCLC could
OJPathology
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Table 2. Cytological diagnosis in relation to histological diagnosis after complete histological work-up.
Histology (complete histological work-up)

SCLC

SCLC

NSCLC

SCC

AC

LC

Other

No of cases

47

0

0

1

0

0

48

NSCLC

2

4

22

11

19

2

60

SCC

1

0

86

0

1

2

90

AC

1

2

2

55

1

0

61

Other

0

0

0

0

0

5

5

51

6

110

67

21

9

264

Cytological diagnosis

No of cases

Suspicious and benign cases are not considered. Abbrevations: AC, adenocarcinoma; LC, large cell carcinoma; NSCLC, Non-small-cell lung carcinoma; Other,
included are metastasis, neuroendocrine tumors, rare lung carcinoma entities; SCC, squamous cell carcinoma.

not be further subclassified.
Most diagnoses of the 30 LC were established by histology, and in only 5 cases the cytological and histological diagnoses were identical (see Table 2).

4. Discussion
Due to new developments in the field of oncology, the
pathological diagnosis of bronchial carcinoma has become more challenging [3,4,16]. According to Travis et
al. in daily practice more than 70% of clinically suspected lung cancers are diagnosed by means of small
biopsies or cytology [4]. In our department the rate of primary lung cancer diagnosed by lavage specimens in combination with small biopsies, such as FB and CT-guided
TT-FNB is even higher (>95%).
BL and bronchial biopsy (FB) are valuable tools in the
diagnostic process of lung cancer, but in the literature
low sensitivities of washing procedures are reported. With
flexible bronchoscopy and BL for central bronchogenic
carcinoma the sensitivities range from 31% to 78%, reviewed in [12]. Rennard SI found malignant cells in 69%
of bronchoalveolar lavage specimens [17]. Troung et al.
reported an overall sensitivity of bronchial washing of
66% [18]. Sensitivity of flexible bronchoscopy combined with BAL in peripheral lesion has been reported to
range from 12% to 65%, reviewed in [12]. In our study
an overall sensitivity of 83.0% was calculated for both
centrally and peripherally located lung tumors and thus
rank in the upper range of reported sensitivities. This
might probably be due to the specific procedure performed in our departments, since two BL/BAL specimens are obtained and evaluated in association with FB.
In contrast to previous studies [14,19-21], the diagnostic
yield of BL/BAL before and after FB was statistically
significantly higher in the second cytological specimen.
The biopsy procedure has probably led to detachment of
tumor cells which were then detected in the second
BL/BAL. This confirms the importance of frequency of
cytologic specimen retrieval and combination of methods
Copyright © 2013 SciRes.

[21,22].
Some studies have shown that definitive diagnosis of
malignancy was possible by cytology alone. Naryshkin et
al., who examined the reliability of bronchoscopic cytology in relation to biopsy, found a rate of 10.7% of
nondiagnostic biopsies [23]. Some other studies have demonstrated diagnostic rates of 9.5% and 2.1% for bronchial washing (without histological confirmation), respectively [24,25]. We identified 54/678 (8.0%) cases in
which only cytology was diagnostic or generated an abnormal result leading to further investigation. In about
42% of these cases a peripheral located tumor not visible
by bronchoscopy and not accessible by FB was present.
As compared with FB, lavage cytology led to a very
high rate of 51 false positive diagnoses in our study. Reevaluation showed that in follow-up histological examinations a pulmonary malignancy was proven in 44/51
cases. In 7 remaining cases, inflammatory lesions were
found in 3 cases and in 4 cases a diagnostic follow-up
was not performed. Taking all of this into consideration,
false positivity by cytology occurred in 3/678 (0.4%). In
none of these cases unnecessary treatment was administered as the cytology reports were cautiously formulated,
and the negative results of the histological examination
were adjusted by interdisciplinary review with consideration of additional investigations (e.g. microbiology tests).
Assessment of accuracy of cytological tumor typing
was highest in SCLC (97.9%), followed by 95.6% and
90.2% for SCC and AC, respectively. As in the literature,
the cytological typing of SCC and SCLC was highly accurate but was less satisfactory for the other types of primary lung carcinomas except AC [18]. Difficulties in
cytological tumor typing arose especially in poorly differentiated carcinomas. Other reasons were a low cell
number (often seen in BAL/BL samples); bad material
preservation and inflammatory background were also
problems [26-28]. Another rare problem was the occurrence of small atypical cells presenting difficulties in
differentiation of lymphocytes from small cell carcinoma
OJPathology
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cells or SCLC from small cellular NSCLC, e.g. small
cellular SCC. Classification of LC was achieved by histology in the majority of cases. In 5 cases, LC was diagnosed by cytology followed by histology. Most cases of
LC had previously been classified as NSCLC by cytology. In fact, it is recommended that LC should not be
diagnosed on cytology specimens or small biopsies, in
order not to miss an AC for prognostic relevant mutation
analysis [29]. Nevertheless, mutation analysis e.g. EGFRgene is also performed on biopsy material of LC diagnosed in our center.
By cytology 60 cases were classified as NSCLC. Respectively, by FB and further histological investigations
14 and 4 NSCLC cases could not be further subclassified.
Therefore, our method of lavage cytology before and
after FB appears to reduce the diagnostic grey zone of
NSCLC significantly to less than 5%. Travis et al. reported 10% - 30% NSCLC, NOS diagnosed by small
biopsy and cytology samples [4].
Pulmonary cytopathological methods have excellent
sensitivity and specifity in the diagnosis of primary lung
carcinomas. Our study shows that the combination of
BL/BAL before and after FB can establish the diagnosis
of bronchial carcinoma in most cases and allows the subclassification of NSCLC in more than 95% of cases. Additionally, this method is able to establish the diagnosis
of pulmonary carcinomas when endoscopic biopsies fail.
The performance of double cytological specimen retrival and analysis is particularly helpful in cases in which
histopathological diagnosis is hampered by a low tissue
yield [18].
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