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Establishing the Diagnosis of Lung Cancer

DIAGNOSIS AND MANAGEMENT OF LUNG CANCER, 3RD ED: ACCP GUIDELINES

  Background:    Lung cancer is usually suspected in individuals who have an abnormal chest radio-
graph or have symptoms caused by either local or systemic effects of the tumor. The method of 
diagnosis of lung cancer depends on the type of lung cancer (small cell lung cancer or non-small 
cell lung cancer [NSCLC]), the size and location of the primary tumor, the presence of metastasis, 
and the overall clinical status of the patient. The objective of this study was to determine the test 
performance characteristics of various modalities for the diagnosis of suspected lung cancer. 
  Methods:    To update previous recommendations on techniques available for the initial diagnosis 
of lung cancer, a systematic search of the MEDLINE, Healthstar, and Cochrane Library data-
bases covering material to July 2011 and print bibliographies was performed to identify studies 
comparing the results of sputum cytology, conventional bronchoscopy, fl exible bronchoscopy 
(FB), electromagnetic navigation (EMN) bronchoscopy, radial endobronchial ultrasound (R-EBUS)-
guided lung biopsy, transthoracic needle aspiration (TTNA) or biopsy, pleural fl uid cytology, and 
pleural biopsy with histologic reference standard diagnoses among at least 50 patients with sus-
pected lung cancer. Recommendations were developed by the writing committee, graded by a 
standardized method (see the article “Methodology for Development of Guidelines for Lung 
Cancer” in this guideline), and reviewed by all members of the Lung Cancer Guideline Panel 
prior to approval by the Thoracic Oncology NetWork, the Guidelines Oversight Committee, and 
the Board of Regents of the American College of Chest Physicians. 
  Results:    Sputum cytology is an acceptable method of establishing the diagnosis of lung cancer, 
with a pooled sensitivity rate of 66% and a specifi city rate of 99%. However, the sensitivity of 
sputum cytology varies according to the location of the lung cancer. For central, endobronchial 
lesions, the overall sensitivity of FB for diagnosing lung cancer is 88%. The diagnostic yield of 
bronchoscopy decreases for peripheral lesions. Peripheral lesions  ,  2 or  .  2 cm in diameter 
showed a sensitivity of 34% and 63%, respectively. R-EBUS and EMN are emerging technologies 
for the diagnosis of peripheral lung cancer, with diagnostic yields of 73% and 71%, respectively. 
The pooled sensitivity of TTNA for the diagnosis of lung cancer was 90%. A trend toward lower 
sensitivity was noted for lesions  ,  2 cm in diameter. TTNA is associated with a higher rate of 
pneumothorax compared with bronchoscopic procedures. In a patient with a malignant pleural 
effusion, pleural fl uid cytology is reported to have a mean sensitivity of about 72%. A defi nitive 
diagnosis of metastatic disease to the pleural space can be estalished with a pleural biopsy. The 
diagnostic yield for closed pleural biopsy ranges from 38% to 47% and from 75% to 88% for 
image-guided closed biopsy. Thoracoscopic biopsy of the pleura carries the highest diagnostic 
yield, 95% to 97%. The accuracy in differentiating between small cell and non-small cell cytology 
for the various diagnostic modalities was 98%, with individual studies ranging from 94% to 100%. 
The average false-positive and false-negative rates were 9% and 2%, respectively. Although 
the distinction between small cell and NSCLC by cytology appears to be accurate, NSCLCs are 
clinically, pathologically, and molecularly heterogeneous tumors. In the past decade, clinical 
trials have shown us that NSCLCs respond to different therapeutic agents based on histologic 
phenotypes and molecular characteristics. The physician performing diagnostic procedures on a 
patient suspected of having lung cancer must ensure that adequate tissue is acquired to perform 
accurate histologic and molecular characterization of NSCLCs. 
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  2.3.2. In patients suspected of having lung 
cancer, who have extensive infi ltration of the 
mediastinum based on radiographic studies and 
no evidence of extrathoracic metastatic disease 
(negative PET scan), it is recommended that the 
diagnosis of lung cancer be established by the 
least invasive and safest method (bronchos-
copy with TBNA, endobronchial ultrasound-
guided needle aspiration [EBUS-NA], endoscopic 
ultrasound-guided needle aspiration [EUS-NA], 
transthoracic needle aspiration  [ TTNA], or medi-
astinoscopy)  (Grade 1C) .  

  2.3.3. In patients suspected of having lung cancer 
who have a solitary extrathoracic site suspicious 
of a metastasis, it is recommended that tissue 
confirmation of the metastatic site be obtained 
if a FNA or biopsy of the site is feasible  (Grade 1C) .  

  2.3.4. In patients suspected of having lung can-
cer, who have lesions in multiple distant sites 
suspected of metastases but in whom biopsy of 
a metastatic site would be technically diffi cult, 
it is recommended that diagnosis of the primary 
lung lesion be obtained by the least invasive 
method  (Grade 1C) .  

  2.3.5. In patients suspected of having lung cancer 
who have an accessible pleural effusion, thora-
centesis is recommended to diagnose the cause 
of the pleural effusion  (Grade 1C) .  

  Remark:  Ultrasound-guided thoracentesis improves 
the success rate and decreases the rate of pneumo-
thorax and therefore ultrasound is recommended for 
performing diagnostic thoracentesis. 

  2.3.6. In patients suspected of having lung can-
cer who have an accessible pleural effusion, if 
pleural fl uid cytology is negative, pleural biopsy 

 Manuscript received September 24, 2012; revision accepted 
November 30, 2012. 
  Affi liations:  From the Department of Medicine (Dr Rivera), 
University of North Carolina at Chapel Hill, Chapel Hill, NC; the 
Department of Medicine (Dr Wahidi), Duke University Medical 
Center, Durham, NC; and the Respiratory Institute Cleveland 
Clinic (Dr Mehta), Cleveland, OH  . 
  Funding/Sponsors:  The overall process for the development of 
these guidelines, including matters pertaining to funding and 
confl icts of interest, are described in the methodology article.  1   
The development of this guideline was supported primarily by the 
American College of Chest Physicians. The lung cancer guidelines 
conference was supported in part by a grant from the Lung Cancer 
Research Foundation. The publication and dissemination of the 
guidelines was supported in part by a 2009 independent educa-
tional grant from Boehringer Ingelheim Pharmaceuticals, Inc. 
 COI Grids refl ecting the confl icts of interest that were current as 
of the date of the conference and voting are posted in the online 
supplementary materials. 
  Disclaimer:  American College of Chest Physician guidelines are 
intended for general information only, are not medical advice, 
and do not replace professional medical care and physician advice, 
which always should be sought for any medical condition. The 
complete disclaimer for this guideline can be accessed at http://
dx.doi.org/10.1378/chest.1435S1. 
  Correspondence to:  M. Patricia Rivera, MD, FCCP, Depart-
ment of Medicine, University of North Carolina at Chapel Hill, 
4133 Bioinformatics Bldg, CB No. 7020, Chapel Hill, NC 27599; 
e-mail: mprivera@med.unc.edu   
  © 2013 American College of Chest Physicians . Reproduction 
of this article is prohibited without written permission from the 
American College of Chest Physicians. See online for more details. 
 DOI: 10.1378/chest.12-2353 

  Conclusions:    The sensitivity of bronchoscopy is high for endobronchial disease and poor for 
peripheral lesions  ,  2 cm in diameter. The sensitivity of TTNA is excellent for malignant disease, 
but TTNA has a higher rate of pneumothorax than do bronchoscopic modalities. R-EBUS and 
EMN bronchoscopy show potential for increasing the diagnostic yield of FB for peripheral lung 
cancers. Thoracoscopic   biopsy of the pleura has the highest diagnostic yield for diagnosis of meta-
static pleural effusion in a patient with lung cancer. Adequate tissue acquisition for histologic and 
molecular characterization of NSCLCs is paramount.    CHEST 2013; 143(5)(Suppl):e142S–e165S  

  Abbreviations:  ACCP  5  American College of Chest Physicians; ALK  5  anaplastic lymphoma kinase; CT-ANPB  5  CT scan-
guided Abrams needle pleural biopsy; EBUS  5  endobronchial ultrasound; EBUS-NA  5  endobronchial ultrasound-guided 
needle aspiration; EGFR  5  epidermal growth factor receptor; EMN  5  electromagnetic navigation; EUS-NA  5  endo-
scopic ultrasound-guided needle aspiration; FB  5  fl exible bronchoscopy; FN  5  false-negative; FNA  5  fi ne needle aspiration; 
NSCLC  5  non-small cell lung cancer; PICO  5  patient, inter vention, comparison, outcomes; PLL  5  peripheral lung lesion; 
R-EBUS  5  radial endobronchial ultrasound; SCLC  5  small cell lung cancer; TBNA  5  transbronchial needle aspiration; 
TTNA  5  transthoracic needle aspiration; TUS  5  thoracic ultrasound 

      Summary of Recommendations 

 General Approach to Diagnosis 

  2.3.1. In patients suspected of having small 
cell lung cancer (SCLC) based on the radio-
graphic and clinical fi ndings, it is recommended 
that the diagnosis be confi rmed by the least 
invasive method (sputum cytology, thoracen-
tesis, fi ne needle aspiration [FNA], bronchos-
copy including transbronchial needle aspiration 
[TBNA]), as dictated by the patient’s presenta-
tion  (Grade 1C) .  
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copy, electromagnetic navigation guidance is 
recommended if the equipment and the exper-
tise are available  (Grade 1C) .  

  Remark : The procedure can be performed with or 
without fl uoroscopic guidance and it has been found 
complementary to radial probe ultrasound. 

  Remark:  If electromagnetic navigation is not avail-
able, TTNA is recommended. 

  3.5.2.1. In patients suspected of having lung 
cancer who have a peripheral lesion, and who 
require tissue diagnosis before further man-
agement can be planned, TTNA is a diagnostic 
option. However, it is recommended that further 
testing be performed if TTNA results are non-
diagnostic and suspicion of lung cancer remains  
(Grade 1B) .  

  3.6.2.1. In patients suspected of having lung can-
cer, the diagnosis of non-small cell lung cancer 
made on cytology (sputum, TTNA, bronchoscopic 
specimens, or pleural fl uid) is reliable. How-
ever, it is recommended that adequate tissue be 
obtained to accurately defi ne the histologic type 
and to perform molecular analysis when appli-
cable  (Grade 1B) .  

  Remark:  It is critical to obtain adequate tissue to charac-
terize a lung cancer. Within an institution, effective 
communication between those obtaining the biopsies, 
those interpreting them, and those delivering the treat-
ment must be in place so that collectively, the mem-
bers of various subspecialties involved in the care of 
the lung cancer patient can decide how best to obtain 
and optimally use the tissue. If specimens are not ade-
quate for histologic and molecular characterization 
then obtaining a second biopsy is acceptable given 
the importance of accurate tumor characterization. 

  3.6.2.2. The possibility of an erroneous diag-
nosis of SCLC on a cytology specimen must be 
kept in mind if the clinical presentation or clin-
ical course is not consistent with that of SCLC. 
In such a case, it is recommended that further 
testing be performed to establish a defi nitive 
cell type  (Grade 1B) .  

 Approximately 75% to 80% of newly diagnosed lung 
cancers are non-small cell lung cancers (NSCLCs) 

(adenocarcinoma, large cell carcinoma, or squamous 
cell carcinoma). The clinical presentation and the 
fi ndings on CT scan and/or fl uoro 18 -2deoxyglucose-
PET scan of the chest usually allow the physician 
evaluating a patient with suspected lung cancer to 
presumptively make a diagnosis of lung cancer and 

(via image-guided pleural biopsy, medical or 
surgical thoracoscopy) is recommended as the 
next step  (Grade 1C) .  

  Remark:  If the CT scan of the chest shows pleural 
thickening or pleural nodules/masses, image-guided 
needle biopsy may be considered as the fi rst step to 
obtain a biopsy of the pleura. 

  Remark:  If pleural cytology is negative after the fi rst 
thoracentesis, a second thoracentesis has been shown 
to increase the diagnostic yield of pleural fl uid cytology. 
Depending on preferences and values (a simpler and 
less invasive test vs a more defi nitive test) a second 
thoracentesis may be considered before proceeding 
to biopsy of the pleura. 

 Diagnosis of the Primary Tumor 

  3.1.2.1. In patients suspected of having lung can-
cer, if sputum cytology is done but is negative 
for carcinoma, it is recommended that further 
testing be performed  (Grade 1C) .  

  Remark:  Sputum cytology is an acceptable method of 
establishing the diagnosis. However, the sensitivity or 
sputum cytology varies by location of the lung cancer, 
and with the frequency and processing of the sputum 
at the center. 

  3.2.2.1. In patients suspected of having lung 
cancer, who have a central lesion, bronchoscopy 
is recommended to confi rm the diagnosis. How-
ever, it is recommended that further testing 
be performed if bronchoscopy results are non-
diagnostic and suspicion of lung cancer remains  
(Grade 1B) .  

  Remark:  In recent years a number of complementary 
tools including radial endobronchial ultrasound and 
electromagnetic navigation have been added to fl ex-
ible bronchoscopy to aid in the diagnosis of peripheral 
lung lesions. 

  3.3.2.1. In patients suspected of having lung 
cancer, who have a peripheral lung nodule, and 
a tissue diagnosis is required due to uncertainty 
of diagnosis or poor surgical candidacy, radial 
EBUS is recommended as an adjunct imaging 
modality  (Grade 1C) .  

  Remark : Radial EBUS can confi rm in real time the 
ideal location of bronchoscopic sampling and increase 
the diagnostic yield over conventional bronchoscopy 
for peripheral nodules. 

  3.4.2.1. In patients with peripheral lung lesions 
diffi cult to reach with conventional bronchos-
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lymph nodes can no longer be discerned) is usually to 
confi rm SCLC; in patients with NSCLC, its role is 
to determine those who are not surgical candidates 
because of the extent of their mediastinal disease. 

 Patients with metastatic NSCLC (stage IV disease) 
usually present with constitutional symptoms (fatigue, 
weight loss) or with organ-specifi c symptoms (bone 
pain, neurologic symptoms). In many of these patients, 
FNA or needle biopsy of a site of metastasis repre-
sents the most effi cient way to both make a diagnosis 
and confi rm the stage. In some cases, however, the 
metastatic site may be in a location in which it is dif-
fi cult to perform a biopsy. If metastatic disease can be 
predicted with a high degree of accuracy on the basis 
of radiographic fi ndings (ie, multiple brain, liver, or 
bone lesions), it may be more effi cient to establish 
a diagnosis of the primary lung lesion by whatever 
method is easiest for the patient (sputum cytology, 
bronchoscopy, or TTNA). This decision must be made 
by weighing the technical considerations involved 
in each approach and the reliability of diagnosing 
an extrathoracic lesion as a site of metastasis based on 
radiographic appearances alone (see Silvestri et al  16   
in the ACCP Lung Cancer Guidelines).  16   A joint deci-
sion among a radiologist, a pulmonologist, and a med-
ical or radiation oncologist is the desirable approach. 

 In the case of a small ( ,  3 cm), solitary, peripheral 
lung lesion (PLL) that is suspicious for lung cancer in 
a patient who appears to have early-stage disease and 
is a surgical candidate, the diagnostic dilemma gener-
ally centers around whether to obtain a biopsy specimen 
to confi rm the diagnosis of cancer before surgical 
resection is carried out. When the lesion is moder-
ately to highly suspicious for lung cancer, surgical exci-
sion performed via thoracoscopy is the most defi nitive 
method of establishing a diagnosis and determining 
treatment. In nodules with an indeterminate likelihood 
of malignancy, sampling via TTNA or bronchoscopy 
with or without guidance technology (radial EBUS 
[R-EBUS] or electromagnetic navigation [EMN]) may 
be considered. (For a more detailed review on the 
diagnostic approach to the solitary pulmonary nodule, 
the reader is referred to Gould et al  18   in the ACCP 
Lung Cancer Guidelines.) 

 1.0 Methods 

 This article updates previous ACCP Lung Cancer Guidelines.  19,20   
The data from these previous editions were included and updated 
as described later. Where new technology or procedures became 
available, new data summaries were developed. In addition, because 
of the increasing importance of distinguishing the cell type of 
NSCLC in the identifi cation of genetic mutations, a discussion of 
how this impacts diagnostic procedures has been included. 

 In collaboration with an ACCP methodologist, the writing 
committee carried out a systematic search of the MEDLINE, 
Healthstar, and Cochrane Library databases, covering July 2004 (to 

differentiate between NSCLC and small cell lung 
cancer (SCLC). Massive lymphadenopathy and direct 
mediastinal invasion, or masses in or adjacent to the 
hilum, are particular radiographic characteristics of 
SCLC  , reported in about 78% of cases.  2,3   Not infre-
quently, SCLC presents with paraneoplastic syn-
dromes,  4   which include the syndrome of inappropriate 
antidiuretic hormone, ectopic adrenocorticotropic 
hormone   production, and the Lambert-Eaton syn-
drome. If SCLC is suspected, the diagnosis should be 
established by whatever means is easiest (ie, sputum 
cytology, thoracentesis if an accessible pleural effusion 
is present, fi ne-needle aspiration [FNA] of a supra-
clavicular node or metastatic site, bronchoscopy with 
or without transbronchial needle aspiration [TBNA] 
of mediastinal nodes, or submucosal process). If the 
diagnosis of SCLC is established based on a biopsy of 
the primary lesion, the distinction between limited 
or extensive disease is then made radiographically. 

 In patients suspected of having NSCLC, the 
method of achieving a diagnosis is usually dictated by 
the presumed stage of the disease. NSCLC can pre-
sent with extensive infi ltration of the mediastinum, 
defi ned as a mass that infi ltrates and encases the 
mediastinal structures and where no discrete medias-
tinal lymph nodes are visible. In such patients, the 
diagnosis should be established by the method that 
has the most favorable risk-benefi t ratio. Bronchos-
copy with TBNA for cytologic or histologic examina-
tion of mediastinal lymph nodes has been shown to 
be a safe procedure.  5-8   Technical aspects that are fre-
quently emphasized as important in achieving a high 
success rate include accurate preparation of the spec-
imen; rapid on-site evaluation by a cytopathologist; 
and using the larger, 19-gauge needles, which provide 
better tissue samples for histologic evaluation.  9-11   The 
overall sensitivity of TBNA is 76%, and the specifi city is 
96%.  5-8,11-14   Endobronchial ultrasound (EBUS)-guided 
needle aspiration (EBUS-NA) has emerged as a min-
imally invasive procedure for sampling mediastinal 
lymph nodes or masses, with a diagnostic yield of 93% 
(95% CI, 91%-94%) and a specifi city of 100% (95% CI, 
99%-1%).  15   (The reader is referred to Silvestri et al  16   
in the American College of Chest Physicians (ACCP) 
Lung Cancer Guidelines for a more detailed review 
of the performance characteristics of TBNA and 
EBUS-NA for staging the mediastinum). The negative 
predictive value of TBNA (71%) is not high enough 
to obviate the need for further confi rmation of nega-
tive results. Mediastinoscopy is warranted in patients 
with nondiagnostic results. 

 Transthoracic (CT scan-guided) needle aspiration 
(TTNA) of mediastinal masses or nodes (nodes  .  1.5 cm) 
can be performed safely.  17   The role of TTNA in 
patients with extensive mediastinal disease (defi ned 
as such extensive mediastinal tumor that discrete 
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and reduces the incidence of iatrogenic pneumo-
thorax, independent of the size of the effusion.  21-29   
In one study,  28   the incidence of pneumothorax 
following thoracic ultrasound (TUS)-guided thora-
centesis was 0% compared with 29% following con-
ventional thoracentesis. Ultrasound features can 
distinguish malignant from benign effusions. In a 
study of 52 patients with suspected malignant pleural 
effusion who underwent TUS and contrast-enhanced 
CT scanning, TUS correctly diagnosed malignancy in 
26 of 33 patients. Pleural thickening  .  1 cm, pleural 
nodularity, and diaphragmatic thickening  .  7 mm 
were highly suggestive of malignant disease.  29   The 
overall sensitivity of TUS in the differentiation of 
malignant from benign effusions was 79% (95% CI, 
61%-91%) and the specificity was 100% (95% CI, 
82%-100%). TUS compared favorably with CT scan-
ning and is an important adjunct in the diagnostic 
pathway of a patient with an undiagnosed pleural 
effusion.  29   In addition, TUS-guided thoracentesis has 
been shown to signifi cantly decrease the incidence 
of iatrogenic pneumothorax following thoracentesis, 
independent of the size of the effusion.  22-24   

 Because pleural metastases are more common in 
the visceral pleura  30   and tend to be focal when there 
is involvement of the parietal pleura, pleural fl uid 
cytology is a more sensitive diagnostic test than percuta-
neous pleural biopsy. Studies examining the diag-
nostic yield for malignancy of pleural cytology have 
reported a mean sensitivity rate of about 72% (range, 
49%-91%)  31-37   when at least two pleural fl uid speci-
mens are submitted ( Fig 1).   When the fi rst pleural 
fl uid analysis is nondiagnostic, a second specimen is 
reported to yield a diagnosis of cancer in about 25% 
to 28% of cases.  34,35   The yield from examining more 
than two specimens of pleural fl uid taken on different 
occasions is low. In one study, pleural fl uid cytology 
had a diagnostic yield of 65% from the fi rst specimen, 
a further 27% yield from a second specimen, but 
only a 5% yield from the third.  34   

 Opinion on the volume of fl uid needed for cyto-
logic evaluation varies among facilities and opera-
tors. In a prospective study to defi ne the volume of 
pleural fl uid adequate for maximal yield of cyto-
logic diagnosis, large-volume (range, 250-1,800 mL) 
specimens were compared with 50-mL specimens in 
44 patients. The authors reported that pleural fl uid 
cytology was positive in 55% of cases and the sub-
mission of more than 50 mL of pleural fl uid did not 
increase the diagnostic yield.  38   The diagnostic yield 
for malignancy depends on sample preparation (there 
is a higher yield when both a cell block and a smear 
are prepared from the collected sample), the experi-
ence of the cytologist, and the tumor type, with the 
highest diagnostic yields retrieved in patients with 
adenocar cinoma.  35   

overlap with the search for the second edition of the guidelines) 
to July 2011. The searches were limited to English-language and 
human studies of at least 50 patients with suspected lung cancer, 
and only studies that provided information on test parameters 
with an adequate defi nition of fi nal true results were included 
(ie, histologic confi rmation or radiographic follow-up of at least 
1 year). Both prospective and retrospective studies were included; 
because of the nature of the subject (diagnostic test), random-
ized studies were generally not appropriate or were unavailable. 
Details of the searches for the specifi c topics are described in the 
particular section; full details of the searches are available from 
the ACCP upon request. 

 To structure the literature search, the following patient, inter-
vention, comparison, outcomes (PICO) questions were selected 
as the most relevant (see  Table S1 ): 

 1.  How do the test performances of closed, image-guided pleural 
biopsy and thoracoscopic pleural biopsy compare for evalu-
ating pleural effusions for malignancy in patients with known 
or suspected lung cancer? 

 2.  What are the performance characteristics of sputum cytology 
for the diagnosis of lung cancer, with special consideration 
for the location of the tumor? 

 3.  What are the performance characteristics of fl exible bron-
choscopy (FB) and its ancillary procedures for the diagnosis 
of central (endobronchial) as opposed to peripheral tumors 
and peripheral tumors  ,  2 and  .  2 cm in size? 

 4.  What are the performance characteristics of R-EBUS as a 
diagnostic modality for peripheral lung cancer? 

 5.  What are the performance characteristics of EMN in the diag-
nosis of a PLL? 

 6.  What are the performance characteristics of TTNA as a diag-
nostic modality, with particular emphasis on the size and 
location of the suspected cancer? 

 7.  What is the diagnostic error when differentiating between 
NSCLC and SCLC generated by various diagnostic tech-
niques (bronchoscopy, TTNA, and sputum cytology)? 

 Data were abstracted and combined with data from previous 
guideline editions. From the assembled literature and data tables, 
recommendations were developed. The manuscript and recommen-
dations underwent iterative revisions, and were then discussed, 
revised, and approved by the entire ACCP Lung Cancer Guide-
lines Panel, as outlined in Lewis et al  1   The manuscript then under-
went a multilevel internal and external review process, similar to 
that for all the lung cancer guidelines articles.  1   

 2.0 Diagnosis of Pleural Abnormalities 

 2.1 Thoracentesis 

 Patients with suspected lung cancer who present 
with a pleural effusion should undergo thoracentesis. 
Cytologic examination of the pleural fl uid is a quick 
and minimally invasive way to differentiate between 
a malignant effusion (due to malignant involvement 
of the pleura) and a paramalignant effusion (due to 
other factors such as lymphatic blockade, atelectasis, 
or hypoproteinemia). Distinction between the two has 
particular clinical relevance because the fi nding of 
malignant cells in the pleural fl uid alters the stage of the 
cancer and the treatment of the particular patient. 

 Performing thoracentesis under ultrasound guid-
ance improves the rate of successful pleural aspiration 
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tinal pleural involvement (sensitivity 56%, speci-
fi city 88%). Twenty-eight of the 39 malignant cases 
(sensitiv ity 72%, specifi city, 83%) were identifi ed 
correctly by the presence of one or more of these 
criteria.  40   Clinical and radiographic predictors of 
malignancy, includ ing chronic symptoms (dyspnea, 
weight loss, and anorexia), chest pain, blood-tinged 
pleural fl uid, and CT scan fi ndings suggestive of can-
cer, have also been reported to better indicate the 
need for pleural biopsy in patients with undiagnosed 
pleural effusions.  41   

 Because a percutaneous image-guided cutting needle 
allows the biopsy of a focal area of abnormality under 
direct visualization, it has been shown to be superior 
to the percutaneous blind Abrams needle biopsy 
approach in the diagnosis of malignant pleural dis-
ease. In four studies involving 215 patients with pleural 
effusions and diffuse pleural thickening, percuta-
neous image-guided pleural biopsy had a sensitivity 
of 84% (76%-88%) and a negative predictive value 
of 75% to 80%.  41-44   Two of these were randomized 
studies, in which image-guided pleural biopsy per-
formed better than blind Abrams needle pleural biopsy 
(sensitivity of Abrams biopsy, 47%; negative predic-
tive value, 44%).  42,44   The rate of pneumothorax fol-
lowing image-guided pleural biopsy has been reported 
to be about 5%.  42   

 Thoracoscopic biopsy of the pleura, which can be 
performed with a semirigid instrument under local 
anesthesia (medical thoracoscopy) or by video-assisted 
thoracoscopic surgery, is safe and can provide a defi ni-
tive diagnosis with a high degree of accuracy and 
minimal risk to the patient. The reported sensitivity 
rate ranges from 80% to 99%, the specifi city rate 
ranges from 93% to 100% and the negative predictive 
value ranges from 93% to 96%.  45-51   False-negative (FN) 
results are more common in cases of mesothelioma 

 When a patient with known or suspected lung can-
cer has a pleural effusion and has undergone thoracen-
tesis without a defi nitive diagnosis, the physician caring 
for the patient must decide on the next diagnostic 
test to confi rm malignant pleural disease. Diagnostic 
options include closed pleural biopsy, image-guided 
biopsy, and thoracoscopic biopsy. 

 2.2 Pleural Biopsy 

 2.2.1 Key Question 1: How Do the Test Perfor-
mances of Closed, Image-Guided Pleural Biopsy and 
Thoracoscopic Pleural Biopsy Compare for Evaluating 
Pleural Effusions for Malignancy in Patients with 
Known or Suspected Lung Cancer?   A biopsy spec-
imen of the pleura can be obtained via blind or closed 
percutaneous needle biopsy, image-guided needle 
biopsy, medical thoracoscopy, or video-assisted tho-
racoscopic biopsy. A review of 2,893 closed pleural 
biopsies performed using the Abrams needle reported 
a diagnostic yield for malignancy of only 57%.  39   The 
diagnostic yield for malignancy increased by only 
7% to 27% over the yield from pleural fl uid cytol-
ogy.  32,33   When evaluating a patient with known or 
suspected lung cancer, a contrast CT scan of the chest 
often provides information that helps differentiate 
between benign and malignant pleural diseases. With-
out knowledge of the clinical history or pathologic 
results, Leung and colleagues  40   reviewed the CT scan 
fi ndings in 74 consecutive patients with proven dif-
fuse pleural disease (39 malignant and 35 benign). 
Features that were helpful in distinguishing malignant 
from benign pleural disease were (1) circumferential 
pleural thickening (sensitivity 41%, specifi city 100%), 
(2) nodular pleural thickening (sensitivity 51%, spec-
ifi city 94%), (3) parietal pleural thickening  .  1 cm 
(sensitivity 36%, specifi city 94%), and (4) medias-

  Figure  1. [Section 2.1] Sensitivity of pleural fl uid cytology.   

Inclusion criteria: studies of cytologic yield of malignant pleural effusion in  .  50 patients with lung cancer 
up to December 2011.

Downloaded From: http://journal.publications.chestnet.org/ by David Kinnison on 05/15/2013



e148S Establishing the Diagnosis of Lung Cancer

is recommended that diagnosis of the primary 
lung lesion be obtained by the least invasive 
method  (Grade 1C) .  

  2.3.5. In patients suspected of having lung cancer 
who have an accessible pleural effusion, thora-
centesis is recommended to diagnose the cause 
of the pleural effusion  (Grade 1C) .  

  Remark:  Ultrasound-guided thoracentesis improves 
the success rate and decreases the rate of pneumo-
thorax and therefore ultrasound is recommended for 
performing diagnostic thoracentesis. 

  2.3.6. In patients suspected of having lung can-
cer who have an accessible pleural effusion, if 
pleural fl uid cytology is negative, pleural biopsy 
(via image-guided pleural biopsy, medical or 
surgical thoracoscopy) is recommended as the 
next step  (Grade 1C) .  

  Remark : If the CT scan of the chest shows pleural 
thickening or pleural nodules/masses, image-guided 
needle biopsy may be considered as the fi rst step to 
obtain a biopsy of the pleura. 

  Remark:  If pleural cytology is negative after the fi rst 
thoracentesis, a second thoracentesis has been shown 
to increase the diagnostic yield of pleural fl uid cytol-
ogy. Depending on preferences and values (a simpler 
and less invasive test vs a more defi nitive test) a sec-
ond thoracentesis may be considered before proceed-
ing to biopsy of the pleura. 

 3.0 Diagnosis of Primary Tumor 

 A variety of techniques (sputum cytology, FB, 
EMN bronchoscopy, R-EBUS, TTNA) are available 
as methods to establish a defi nitive diagnosis. The 
main goals in selecting a specifi c diagnostic modality 
are (1) to maximize the yield of the selected proce-
dure for both diagnosis and staging and (2) to avoid 
unnecessary invasive tests for the patient, with spe-
cial attention to the projected treatment plan. For the 
fi rst edition of the ACCP Lung Cancer Guidelines, 
key questions were formulated to determine the test 
performance characteristics of various modalities for 
the diagnosis of lung cancer. The following diag-
nostic modalities were considered: sputum cytologic 
examination (expectorated or aspirated, spontaneous 
or induced), fl exible bronchoscopy (including biopsy, 
brushing, washing, TBNA, or BAL), and TTNA. 
A systematic search of the MEDLINE, Healthstar, 
and Cochrane Library databases to covering data 
to July 2001   and print bibliographies was performed 

than in cases of primary lung carcinoma.  47   A system-
atic review of fi ve randomized studies to determine the 
accuracy of medical thoracoscopy in the diagnostic 
workup of 154 patients with undiagnosed pleural effu-
sions revealed that medical thoracoscopy resulted in 
a pooled sensitivity of 97% (95% CI, 92% to 99%) and 
a pooled specifi city of 100% (95% CI, 69%-100%), 
without major complications reported.  45   In a prospec-
tive randomized study of 124 patients with cytology-
negative exudative pleural effusions and CT scan 
evidence of pleural thickening or pleural nodules, no 
statistically signifi cant difference in the diagnostic 
yield between CT scan-guided Abrams needle pleu-
ral biopsy (CT-ANPB) and medical thoracoscopy was 
identifi ed.  46   The overall diagnostic yield and the diag-
nostic yield of malignant pleural effusion due to lung 
cancer for CT-ANPB were 88% and 93%, respec-
tively, compared with 94% and 100%, respectively, 
for medical thoracoscopy. The authors concluded 
that CT-ANPB should be used as the primary method 
of diagnosis in patients with pleural thickening on the 
CT scan, whereas thoracoscopy should be the pri-
mary diagnostic method in patients with pleural fl uid 
only on the CT scan.  46   

 2.3 Recommendations 

  2.3.1. In patients suspected of having SCLC 
based on the radiographic and clinical fi ndings, 
it is recommended that the diagnosis be con-
fi rmed by the least invasive method (sputum 
cytology, thoracentesis, FNA, bronchoscopy includ-
ing TBNA), as dictated by the patient’s presenta-
tion  (Grade 1C) .  

  2.3.2. In patients suspected of having lung can-
cer, who have extensive infi ltration of the medi-
astinum based on radiographic studies and no 
evidence of extrathoracic metastatic disease 
(negative PET scan), it is recommended that the 
diagnosis of lung cancer be established by the 
least invasive and safest method (bronchoscopy 
with TBNA, EBUS-NA, EUS-NA, TTNA, or medi-
astinoscopy)  (Grade 1C) .  

  2.3.3. In patients suspected of having lung can-
cer who have a solitary extrathoracic site sus-
picious of a metastasis, it is recommended that 
tissue confi rmation of the metastatic site be 
obtained if a FNA or biopsy of the site is feasible  
(Grade 1C) .  

  2.3.4. In patients suspected of having lung can-
cer, who have lesions in multiple distant sites 
suspected of metastases but in whom biopsy of a 
metastatic site would be technically diffi cult, it 
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and therefore their data have a much lower sensitivity 
than the data presented here (which come from insti-
tutions with well-established sputum analysis pro-
grams). Patient characteristics associated with positive 
cytologic diagnosis on sputum include bloody spu-
tum, low FEV 1  values, large lung tumors ( .  2.4 cm), 
centrally located tumors, and squamous cell cancers.  52   

 Sputum cytology is particularly useful in patients 
who present with centrally located tumors (ie, SCLC 
or squamous call carcinoma) and in those who pre-
sent with hemoptysis. Sampling of sputum specimens 
should certainly be the fi rst step in a patient who pre-
sents with a central lesion  �  radiographic evidence 
of metastatic disease, in whom a semi-invasive pro-
cedure such as bronchoscopy or TTNA might pose 
a higher risk. The previously published systematic 
reviews  19,20   provided summary data on the performance 
characteristics of sputum cytology for the diagnosis of 
suspected lung cancer ( Fig 2  ).  53-69   Sensitivity ranges 
from 42% to 97%; specifi city ranges from 68% to 100%. 
The pooled sensitivity is 66%, and the pooled speci-
fi city is 99%. The single study conducted in patients 
evaluated for suspected lung cancer  54   had a sensi-
tivity of 87% and a specifi city of 90%. When all stud-
ies were pooled, regardless of indication for sputum 
testing, the false-positive rate was 8% and the FN 
rate was 10%. 

 Some of the bronchoscopy studies included under 
key question 3 describe the sensitivity of prebron-
choscopy sputum examination. These studies have an 
advantage in that all patients were suspected of having 
lung cancer, and thus more closely approximated the 
population of interest.  19   Eight studies  70-77   provided 
data on the sensitivity of prebronchoscopy sputum 
and revealed a sensitivity ranging from 10% to 74%, 
with an average sensitivity of 22%. 

 The effect of location (central vs peripheral) of lung 
nodules or masses on the sensitivity of sputum cytol-
ogy has been described in 17 studies.  53,54,59-61,67,73,78-87   
Most studies showed decreased sensitivity for periph-
erally located masses, but a few showed no such dif-
ference. On average, sensitivity was 71% for central 
lesions and 49% for peripheral lesions. Böcking et al  53   
showed that the sensitivity of sputum cytology for 
detecting lung cancer is highly dependent on the 
number of sputum specimens collected per patient, 
ranging from approximately 68% for a single spec-
imen, to 78% for two specimens, to 85% to 86% for 
three or more specimens. 

 Studies of the accuracy of sputum cytology in diag-
nosing lung cancer are diffi cult to summarize because 
of a variety of methodologic problems.  19   The stud-
ies show highly variable estimates of sensitivity but 
no clear reasons for the variation. There is evidence 
to suggest that the number of sputum samples and 
the specimen adequacy are strongly related to the 

by the Duke University Center for Clinical Health 
Policy Research. Studies of at least 50 patients with 
suspected lung cancer or radiographic follow-up of 
at least 1 year were selected. Studies were required 
to report suffi cient data to permit completion of a 
2-by-2 table comparing test results with a reference 
standard diagnosis. If too few studies met this cri-
terion, studies that described the diagnostic yield 
(sensitivity) among patients with lung cancer were 
considered. When possible, diagnostic performance 
was estimated separately for patients with central 
(endobronchial) lesions, peripheral lesions  .  2 cm 
in diameter, and peripheral lesions  ,  2 cm in diam-
eter. The systematic search was published in the 
first edition of the ACCP Lung Cancer Guidelines 
in 2003.  19   An updated literature review from July 
2001 to July 2004   that compared the results of spu-
tum cytology, bronchoscopy, and TTNA with his-
tologic reference standard diagnoses among at least 
50 patients with suspected lung cancer was per-
formed and the data were compiled to generate 
updated tables. Recommendations based on a crit-
ical review of the updated evidence were published 
in the second edition of the ACCP Lung Cancer 
Guidelines in 2007.  20   

 A literature review from July 2004 to July 2011 that 
compared the results of sputum cytology, fl exible bron-
choscopy, and TTNA was performed for this third 
edition of the guidelines. Where applicable, the exist-
ing evidence-based tables and recommendations were 
updated. Key questions were formulated to deter-
mine the test performance characteristics of pleu-
ral biopsy and newer diagnostic modalities, such as 
R-EBUS and EMN, that can be added to conven-
tional fl exible bronchoscopy . The ACCP performed 
a systematic search of the MEDLINE, Healthstar, 
and Cochrane Library databases to July 2011. Studies 
of at least 50 patients with suspected lung cancer, 
or radiographic follow-up of at least 1 year, were 
selected and results were reported in this third edi-
tion of the guidelines. 

 3.1. Sputum Cytology 

 3.1.1 Key Question 2: What Are the Performance 
Characteristics of Sputum Cytology for the Diagnosis 
of Lung Cancer, with Special Consideration for the 
Location of the Tumor?   Sputum cytology is the least 
invasive means of obtaining a diagnosis in a patient 
who is suspected of having lung cancer. The diag-
nostic accuracy of sputum cytology depends on rig-
orous specimen sampling (at least three specimens) 
and preservation techniques, as well as on the loca-
tion and size of the tumor (central vs peripheral). 
Unfortunately, many institutions do not have an estab-
lished program for sputum collection and processing, 
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the Diagnosis of Central (Endobronchial) as Opposed 
to Peripheral Tumors and Peripheral Tumors  ,  2 
and  .  2 cm in Size?   FB, with its attendant proce-
dures, is a valuable diagnostic procedure in the workup 
of a patient suspected of having lung cancer. A com-
prehensive literature search on studies published 
from 1970 to 2001 was performed  19   to determine the 
sensitivity of FB for the diagnosis of bronchogenic 
carcinoma. Studies with  ,  50 patients and those that 
reported exclusively on interoperator performance 
variability or that focused on technical aspects (eg, 
needle size, cytology preparation, and so forth) were 
excluded. Forty-four studies  5,70-77,88-122     met   the inclusion 
criteria. Nine additional studies  123-131   using the same 
inclusion criteria were found during the updated 
literature review.  20   Most of the studies identifi ed 
were limited to patients with pathologically con-
fi rmed bronchogenic carcinoma and provided data 
only on the diagnostic yield (test sensitivity). The 
data were further analyzed with respect to the diag-
nosis of central disease with an endobronchial 

sensitivity of the technique, but there is insuffi cient 
detail about these features to determine whether these 
factors explain the heterogeneity of the test accuracy 
results. 

 3.1.2 Recommendation 

  3.1.2.1. In patients suspected of having lung can-
cer, if sputum cytology is done but is negative 
for carcinoma, it is recommended that further 
testing be performed  (Grade 1C) .  

  Remark : Sputum cytology is an acceptable method of 
establishing the diagnosis. However, the sensitivity or 
sputum cytology varies by location of the lung cancer, 
and with the frequency and processing of the sputum 
at each individual center. 

 3.2 Flexible Bronchoscopy 

 3.2.1. Key Question 3: What Are the Performance 
Characteristics of FB and its Ancillary Procedures for 

  Figure  2. [Section 3.1.1] Test performance characteristics of sputum cytology for diagnosis of broncho-
genic carcinoma.   

Inclusion criteria: studies reporting the performance characteristics of sputum cytology for  .  100 patients with 
suspected lung cancer, up to December 2011. Studies not having a true gold standard (ie, histologic confi rmation 
or follow-up of  �  1 y) were excluded.
FN  5  false negative, FP  5  false positive.
aFalse-positive rate is 1 minus the positive predictive value of the test; false-negative rate is 1 minus the negative 
predictive value of the test. These parameters are affected by the prevalence of disease, especially at high of 
low prevalence.
bFalse-negative rate excluded from calculations if prevalence is  .  80% and false-positive rate excluded if 
prevalence is  ,  20% because these results become increasingly affected by the prevalence.
cExcluding values in parentheses.

Downloaded From: http://journal.publications.chestnet.org/ by David Kinnison on 05/15/2013



journal.publications.chestnet.org CHEST / 143 / 5 / MAY 2013 SUPPLEMENT  e151S

a total of 4,507 patients, the overall sensitivity of FB 
was 88%. Direct forceps biopsy of visible central 
lesions is the technique used most frequently, and 
the sensitivity of this test by itself was 74%. At least 
three forceps biopsies of the visible lesion are recom-
mended. The sensitivities from washings and brush-
ings are somewhat lower (48% and 59%, respectively), 
but these tests are often combined with forceps 
biopsies. The addition of endobronchial needle aspi-
ration to obtain cytology or histology samples when 

component and peripheral disease beyond the seg-
mental level. 

 The decision as to whether to pursue a diagnostic 
bronchoscopy for a lesion that is suspicious for lung 
cancer largely depends on the location of the lesion 
(central or peripheral). A central lesion can present as 
an exophytic endobronchial mass, submucosal spread, 
or a peribronchial tumor causing extrinsic com-
pression. Thirty-fi ve studies of patients with central 
disease were identifi ed ( Fig 3 ) .  5,70-75,77,88-109,123-127   Among 

  Figure  3. [Section 3.2.1] Sensitivity of fl exible bronchoscopic diagnostic procedures for central bron-
chogenic carcinoma.   

Inclusion criteria: studies reporting results of bronchoscopy in patients suspected of having lung cancer with central 
lesions, up to December 2011. EBNA  5  endobronchial needle aspiration; TBNA  5  transbron chial needle 
aspiration.
aMaximal number included in sensitivity calculations for any one method.
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  Figure  4. [Section 3.2.1] Sensitivity of fl exible bronchoscopic diagnostic procedures for peripheral 
bronchogenic carcinoma.   

Inclusion criteria: studies of patients suspected of having lung cancer with peripheral lesions on CT scan 
undergoing bronchoscopy, up to December 2011. See Table 4 for expansion of abbreviations.
aMaximal number included in sensitivity calculations for any one method.

there is submucosal tumor spread or peribronchial 
tumor causing extrinsic compression increases the 
sensitivity of bronchoscopy.  132,133   

 Peripheral lesions are defi ned in most studies as 
lesions that are not visible beyond the visual segmen-
tal bronchi; thus, it is not surprising that the sensi-
tivity of FB for diagnosing peripheral lung cancers is 
lower than is the case for central lesions. Thirty-four 
studies reported on the sensitivity of FB for periph-
eral lesions ( Fig 4 ).   70,73,76,77,88,95-99,101,102,105-122,128-131   Trans-
bronchial biopsies provided the highest sensitivity 
(57%, 21 studies), followed by transbronchial brushes 
(54%, 18 studies) and lavage/washings (43%, 14 studies). 

Although TBNA showed a high sensitivity (65%, seven 
studies), the data deserve cautious interpretation 
because of the limited number of studies and large 
differences in sample size.  19   The overall sensitivity for 
all modalities in the diagnosis of peripheral disease 
was 78% (16 studies). 

 A few points must be made to interpret the results 
of bronchoscopy in the diagnosis of peripheral lung 
cancers. First, most of the studies used fl uoroscopy 
routinely for peripheral lesions, which increased the 
reported sensitivity of bronchoscopy.  101   Second, the 
number of transbronchial biopsy specimens taken was 
important, with a sensitivity of 45% for one sample 
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diagnostic and suspicion of lung cancer remains  
(Grade 1B) .  

  Remark:  In recent years a number of complementary 
tools including radial endobronchial ultrasound and 
electromagnetic navigation have been added to fl ex-
ible bronchoscopy to aid in the diagnosis of periph-
eral lung lesions. 

 3.3 Radial EBUS 

 3.3.1 Key Question 4: What Are the Performance 
Characteristics of R-EBUS as a Diagnostic Modality 
for Peripheral Lung Cancer?   R-EBUS is a probe that 
houses an ultrasound transducer that provides a 360° 
radial image of the surrounding structures. The probe 
is inserted through the working channel of the bron-
choscope and is advanced to different segments of 
the target lobe until a characteristic image of the lung 
nodule tissue is obtained confi rming the exact location 
for sampling the target nodule. Most data on R-EBUS 
come from small retrospective or prospective studies 
and a handful of randomized controlled trials that 
suffer from either small size or selection bias.  136,138-140   
A   recently performed meta-analysis was of good quality 
and found R-EBUS to have a pooled sensitivity and 
specifi city for the detection of lung cancer in periph-
eral lesions of 73% (95% CI, 70%-76%) and 100% 
(95% CI, 99%-100%), respectively.  141   Additionally, 
the diagnostic yield of R-EBUS was found to be lower 
in lesions  �  20 mm in size (56%) compared with 
lesions  .  20 mm in size (78%) and appears to be 
positively infl uenced by the prevalence of malig-
nancy in the studied patients. R-EBUS was noted to 

and 70% for six samples reported in one study.  134,135   
And   last, the sensitivity of bronchoscopy was reported 
to be higher if CT scanning showed a bronchus extend-
ing to the peripheral lesion (60% vs 25%)  121,136     

 The sensitivity of bronchoscopy for peripheral 
lesions is most affected by the size of the lesion. Ten 
studies were identified that reported on the sen-
sitivity of bronchoscopy (brush and/or biopsy) for 
peripheral lesions with a size  ,  2 or  .  2 cm in diam-
eter ( Fig 5    76,88,105-107,110,121,122,129,130   The sensitivity for 
peripheral lesions  ,  2 cm in diameter was 34%. 
Peripheral tumors with a diameter  .  2 cm resulted in 
a sensitivity of 63%. The sensitivity of postbronchoscopy 
sputa as an adjunct to the above-mentioned broncho-
scopic techniques is reported to be 35%.  74,75,98,112,114,120   

 The FN rate of bronchoscopy has not yet been 
defi ned. In the case of a nondiagnostic bronchoscopy 
of a visible endobronchial abnormality, most physi-
cians would pursue the diagnosis further. The FN rate 
can be estimated to be fairly high in the case of periph-
eral lesions, especially smaller ones, because of the rel-
atively low sensitivity in this setting. Bronchoscopy 
plays an important role in the diagnosis of benign 
conditions, but the possibility of fi nding a benign con-
dition in a patient who is clinically suspected of having 
lung cancer is only 1%.  137   

 3.2.2 Recommendation 

  3.2.2.1. In patients suspected of having lung 
cancer, who have a central lesion, bronchoscopy 
is recommended to confi rm the diagnosis. How-
ever, it is recommended that further testing 
be performed if bronchoscopy results are non-

  Figure  5. [Section 3.2.1] Sensitivity of fl exible bronchoscopy for the diagnosis of bronchogenic carci-
noma by lesion size.   

Inclusion criteria: studies reporting sensitivity rates of bronchoscopy for peripheral lesions according to size in 
patients suspected of having lung cancer, up to December 2011.
Sens 5 sensitivity (%)
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be safe, with a pooled rate of pneumothorax of 1%. 
There remains a need for well-designed studies of 
suffi cient size to quantify the diagnostic accuracy of 
EBUS in clinical practice and to characterize the 
patients likely to benefi t from its use. 

 3.3.2 Recommendation 

  3.3.2.1. In patients suspected of having lung 
cancer, who have a peripheral lung nodule, and 
a tissue diagnosis is required due to uncertainty 
of diagnosis or poor surgical candidacy, radial 
EBUS is recommended as an adjunct imaging 
modality  (Grade 1C) .  

  Remark : Radial EBUS can confi rm in real time the 
ideal location of bronchoscopic sampling and increase 
the diagnostic yield over conventional bronchoscopy 
for peripheral nodules. 

 3.4 Electromagnetic Navigation 

 3.4.1 Key Question 5: What Are the Performance 
Characteristics of EMN in the Diagnosis of a PLL?  
 EMN is an image-guided localization device that 
assists in placing endobronchial accessories in the 
peripheral target areas of the lung  142-159   ( Fig 6  ). A pro-
spective, single-center pilot study involving 60 indi-
viduals with PLLs showed that EMN had a diagnostic 
yield for PLL of 74%. The overall yield was 80%, irre-
spective of the size and location of the lesion.  146   Prospec-
tive studies by Makris et al  147   and Eberhardt et al  148   
confi rmed a diagnostic yield of EMN of 67% and 63%, 
respectively, independent of the size of the PLL and 
without using fl uoroscopic guidance. Thus, EMN can 
be used as a stand-alone procedure without compro-
mising diagnostic yield or increasing the risk of pneu-
mothorax. A prospective, randomized trial established 
that the combination of EBUS and EMN improves 
the diagnostic yield of FB for PLL without compro-
mising safety.  136   In this study, 72% of all 118 patients 
recruited had a positive diagnostic yield via FB. 
Combined EBUS/EMN had a signifi cantly higher 
diagnostic yield of 88% compared with that of EBUS 
(69%) and EMN (59%) alone. In another study of 
42 patients, combining EBUS and EMN resulted in 
a diagnostic rate of 90%. The use of EMN/EBUS 
averted 32 surgical biopsies at the expense of only one 
pneumothorax. Emerging data also suggest that the 
combination of EMN, PET-CT scanning, and rapid 
on-site cytologic evaluation can further augment the 
diagnostic yield of FB for PLL.  153   In a study involving 
51 patients with PLLs, a positive CT scan bronchus 
sign was also shown to improve the overall yield of 
EMN from 67% (34 of 51) to 79% (30 of 38) by both 
univariate and multivariate analysis.  154   A prospective 
study involving 53 patients reported that the sam-

pling method of “catheter aspiration” was superior 
to the traditional forceps biopsy of PLL while using 
EMN ( P   5  .035).  155   When EBUS verifi ed the lesion 
location after EMN, the diagnostic yield was 93%, 
compared with 48% when EBUS was not used.  155   

 3.4.2 Recommendation 

  3.4.2.1. In patients with peripheral lung lesions 
diffi cult to reach with conventional bronchos-
copy, electromagnetic navigation guidance is 
recommended if the equipment and the exper-
tise are available  (Grade 1C) .  

  Remark : The procedure can be performed with or 
without fl uoroscopic guidance and it has been found 
complementary to radial probe ultrasound 

  Remark:  If electromagnetic navigation is not avail-
able, TTNA is recommended. 

 3.5 Transthoracic Needle Aspiration 

 3.5.1 Key Question 6: What Are the Performance 
Characteristics of TTNA as a Diagnostic Modality, 
with Particular Emphasis on the Size and Location of 
the Suspected Cancer?   In the fi rst edition of the pub-
lished lung cancer guidelines, Schreiber and McCory  19   
analyzed data from a meta-analysis  159   of 46 studies 
and an additional 19 studies  160-178   that focused on 
the performance characteristics of TBNA or biopsy 
for the diagnosis of localized pulmonary lesions. The 
meta-analysis by Lacasse et al  159   encompassed a 
comprehensive search (up to 1995) of English-language 
reports on the use of needle aspiration or biopsy 
for the evaluation of solitary or multiple pulmonary 
lesions. At least 90% of the study populations had 
to have parenchymal pulmonary lesions as opposed 
to mediastinal, hilar, or pleural lesions. All diagnoses 
were verifi ed by surgical biopsy, biopsy of an adjacent 
site with tumor involvement, culture results, or clin-
ical follow-up for at least 1 year. At least 90% of the 
patients in each study had a histologic reference 
standard diagnosis. Cytology alone, even when con-
fi rmed by another site, was not accepted as a refer-
ence standard. In the reanalysis of the data, Schreiber 
and McCrory used 41  178-219   of the 46 studies in the 
Lacasse meta-analysis; fi ve studies with  ,  50 patients 
were excluded.  19   They considered only one cut-point: 
defi nite malignancy or suspicious for malignancy as 
test positive, and all other test results (including non-
diagnostic, benign, nonspecifi c, and specifi c benign 
diagnoses) as test negative (this corresponded to cut-
point “b” in the published meta-analysis).  19   In 2007, 
fi ve additional studies  219-223   published from 2001 to 
2004 were identifi ed and incorporated into a reanaly-
sis of the data and results were reported previously  20   
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guidance. Using a random-effects model, pooled sen-
sitivities were 92% (95% CI, 90% to 94%) and 88% 
(95% CI, 85% to 90%) for studies of CT scan-guided 
and fl uoroscopy-guided TTNA, respectively. Two stud-
ies  161,178   reported direct comparisons between aspiration 
cytology and cutting needle biopsy histologic diagno-
sis. Both studies found that transthoracic needle core 
biopsy compared with FNA showed similar sensitivity 
for malignancy (86% vs 92%  161   and 98% vs 98%  178  ) but 
a better ability to determine a specifi c diagnosis for non-
malignant lesions (100% vs 44%  161   and 100% vs 50%)  178   
and that transthoracic needle core biopsies are more 
likely to yield enough tissue for mutation analysis. 

 In summary, for PLLs, the sensitivity of TTNA is 
greater than that of bronchoscopy. In patients who 
have lung cancer, TTNA has an approximately 90% 
chance of providing confi rmation of the diagnosis. 
Furthermore, given the false-positive rate of 1% to 2%, 
a positive TTNA for cancer is reliable. On the other 
hand, the FN rate of TTNA is high (in the range of 
20%-30%)  224  ; thus, TTNA is generally not useful 

( Fig 7  ). Since then, no new studies have been identi-
fi ed by our current search. The pooled sensitivity of 
TTNA for the diagnosis of peripheral bronchogenic 
carcinoma was 90% (95% CI, 88%-91%). Individual 
study estimates ranged from 62% to 99%. There was 
little difference in specifi city for any group of stud-
ies analyzed. 

 Overall, only a few studies described the test per-
formance data (ie, sensitivity and specifi city) accord-
ing to the location of the lesion; thus, there were 
limited data with which to address the question of 
differences in test performance based on lesion loca-
tion.  19   TTNA of a PLL can be performed under either 
fl uoroscopic or CT scan guidance. Lacasse et al  159   did 
not fi nd any differences in test operating characteris-
tics between CT scanning and fl uoroscopic guidance 
of TTNA in their original meta-analysis. However, 
using substantially more data from CT scan-guided 
TTNA studies, the analysis by Schreiber and McCrory  19   
found that studies using CT scan guidance showed 
greater sensitivity than did those using fl uoroscopy 

  Figure  6. [Section 3.4] Diagnostic yield of electromagnetic navigation for peripheral pulmonary 
nodules. 

Inclusion criteria: studies reporting the yield of electromagnetic navigation bronchoscopy in patients with 
peripheral lung lesions, up to December 2011. ROSE 5 rapid on-site cytologic evaluation.
aMean or median.
b88% yield when combined with endobronchial ultrasound.
cHigher yield with positive bronchus sign.
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  Figure  7. [Section 3.5.1] Test performance characteristics of trans-
thoracic needle aspiration and/or biopsy for diagnosis of peripheral 
bronchogenic carcinoma.   

Inclusion criteria: studies reporting performance characteristics of 
transthoracic needle biopsy in . 50 patients with suspected lung can-
cer, up to December 2011. Studies not having a true gold standard 
(ie, histologic confi rmation or follow-up of � 1 y) are excluded. 
A 5 aspiration needle; B 5 aspiration biopsy needle; C 5 cutting biopsy 
needle; Fluoro 5 fl uoroscopy; FN 5 false-negative; FP 5 false-positive; 
US 5 ultrasound.
aFP rate is 1 minus the positive predictive value of the test; FN rate is 
1 minus the negative predictive value of the test. These parameters 
are affected by the prevalence of disease, especially at high of low 
prevalence.

bFN rate excluded from calculations if Prevalence is . 80% and FP rate 
excluded if Prev is , 20% because these results become increasingly 
affected by the prevalence.
cExcluding values in parentheses.

in ruling out cancer. In patients with lesions that are 
even moderately suspicious for lung cancer, who 
appear to have early-stage disease, and are candi-
dates for surgical resection, the high FN rate of TTNA 
makes reliance on a negative result untenable, and 
therefore, further testing to establish a defi nitive diag-
nosis is necessary. 

 Establishing a specifi c benign diagnosis such as 
tuberculosis, fungal infection, or hamartoma on TTNA 
is quite valuable, particularly in patients in whom 
the clinical and radiologic fi ndings strongly suggest 
a benign diagnosis. In such cases, a specifi c benign 
diagnosis on TTNA further decreases the risk of miss-
ing a cancer. 

 Data on complications after transthoracic needle 
lung biopsy are limited to case series from selected 
institutions. A cross-sectional analysis of 15,865 adults 
who had undergone TTNA was performed to deter-
mine the risks of complication after TTNA of a pul-
monary nodule.  225   Hemorrhage complicated only 1% 
(95% CI, 0.9%-1.2%) of biopsies, but of these, 18% 
(95% CI, 12%-24%) required a blood transfusion. In 
contrast, the risk of any pneumothorax was 15% 
(95% CI, 14%-16%), and 7% ( 95% CI, 6%-7.2%) of all 
biopsies resulted in pneumothorax requiring a chest 
tube. Compared with patients without complications, 
those who experienced hemorrhage or pneumothorax 
requiring a chest tube had longer lengths of stay 
( P   ,  .001) and were more likely to develop respiratory 
failure requiring mechanical ventilation ( P   5  .020). 
Patients aged 60 to 69 years (as opposed to younger 
or older patients), smokers, and those with COPD 
had a higher risk of complications. The results of this 
population-based study should help patients and phy-
sicians make more informed choices about whether 
to perform a biopsy of a pulmonary nodule.  225   

 3.5.2 Recommendation 

  3.5.2.1. In patients suspected of having lung 
cancer who have a peripheral lesion, and who 
require tissue diagnosis before further man-
agement can be planned, TTNA is diagnostic 
option. However, it is recommended that fur-
ther testing be performed if TTNA results are 
non-diagnostic and suspicion of lung cancer 
remains  (Grade 1B) .  

 3.6 Cell Type Accuracy 

 3.6.1 Key Question 7: What Is the Diagnostic 
Error When Differentiating Between NSCLC and 
SCLC Generated by Various Diagnostic Techniques 
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 The physician evaluating the patient with suspected 
lung cancer must understand that obtaining adequate 
amounts of tissue at the time of diagnosis is essential 
if accurate histologic differentiation (squamous cell 
vs adenocarcinoma) is to be achieved and, when appli-
cable, the tissue can then be evaluated for driver muta-
tions ( K- ras, EGFR, EML4-ALK, and c-ros oncogene 1 
[ROS1]   translocations). Ideally, one would like to obtain 
core or surgical biopsy specimens in patients with 
lung cancer to accurately defi ne histology and obtain 
molecular analysis; however, the majority of patients 
with NSCLC present with unresectable advanced dis-
ease, which means that small biopsy specimens or cyto-
logic specimens are the primary means of diagnosis. 

 Obtaining adequate amounts of tissue can be chal-
lenging, especially in clinical practice when minimally 
invasive procedures such as EBUS-NA are commonly 
used. Several studies  235-245   have reported high feasi-
bility (range, 67%-100%) of performing immuno-
histochemical and molecular analysis on specimens 
obtained via EBUS-NA. One study reported that 
immunohistochemical analysis was feasible in all stud-
ied specimens obtained by EBUS-NA from medias-
tinal lymph nodes.  237   Schuurbiers et al  239   found that 
molecular testing of EGFR and  K -ras on cytologic 
material obtained by EBUS-NA could be performed 
on 77% of their specimens. Smouse et al  240   showed 
that 67% of cytology specimens were adequate for 
molecular testing. Arcila et al  241   noted that 79% of 
cytology specimens and 89% of small biopsy specimens 
submitted for molecular testing were suffi ciently cel-
lular. The rate of EGFR and  K -ras mutations detected 
in cytologic specimens in the study was comparable to 
the rate detected on surgical specimens. In a recently 
published trial, EGFR gene analysis of EBUS-NA 
samples was technically feasible in 72% of patients 
(26 of 36) with lymph node metastasis.  243   Specimen 
insuffi ciency rates for DNA sequencing for EGFR 
and  K -ras mutations were low (6%) in a study involv-
ing 203 cytologic   specimens (99 EBUS, 67 TTNA, 
27 body fl uid, and 10 image-guided FNA specimens) 
from patients with lung cancer.  244   EBUS and bodily 
fl uid specimens showed lower insuffi ciency rates 
(4% for each) than in other cases.  244   EGFR muta-
tions were detected in 19% of specimens of NSCLC 
(34 of 175), with a signifi cantly higher frequency in 
adenocarcinoma (29%). The results support the clin-
ical use of routinely prepared cytology specimens.  227   
ALK fusion genes were detected in 6% (a rate sim-
ilar to that found in other studies) of 109 samples of 
lymph node metastases obtained by EBUS-NA, with 
consistency between immunohistochemical, fl uores-
cence in-situ hybridization, and polymerase chain 
reaction   analyses.  245   

 The amount of tissue needed to accurately diagnose 
the lung cancer histologic type and assess molecular 

(Bronchoscopy, TTNA, and Sputum Cytology)?   In a 
patient with lung cancer, distinguishing between SCLC 
and NSCLC is of paramount importance because each 
of these cancers is treated in a radically different 
manner. The distinction between SCLC and NSCLC 
on sputum cytology, TTNA cytology, and broncho-
scopic washings, brushings, and BAL cytology is quite 
reliable. Multiple studies  52,71,73,77,87,189,197,201,210,216,219,224   
have shown that the overall accuracy of distinguishing 
between SCLC and NSCLC is 98%, with individual 
studies showing results ranging from 94% to 100%. 
Indeed, the chance that a preoperative diagnosis of 
NSCLC is in error (the tumor is actually SCLC) is 
2% (range, 1%-7%). On the other hand, the error 
rate of a diagnosis of SCLC (the tumor is actually 
NSCLC) is, on average, 9%, with individual study 
results ranging from 0% to 33%. 

 Although it is reassuring that the accuracy of dif-
ferentiating between SCLC and NSCLC by various 
diagnostic techniques is excellent, reporting a diag-
nosis of NSCLC is simply not enough. NSCLCs are 
clinically, pathologically, and molecularly heteroge-
neous tumors (see “Molecular Biology of Lung Can-
cer” by Nana-Sinkam and Powell  226   and “Diagnostic 
Surgical Pathology in Lung Cancer” by Schwartz and 
Rezzaei  227   in the ACCP Lung Cancer Guidelines for 
a more comprehensive review). In the past decade, 
paradigm shifts in the treatment of NSCLCs have 
emerged as the result of clinical trials that have shown 
us that NSCLCs respond to different therapeutic 
agents based on histologic phenotypes and molec-
ular characteristics  228-230   (see “Treatment of Stage IV 
Non-small Cell Lung Cancer” by Socinski et al  231   in 
the ACCP Lung Cancer Guidelines for a more com-
prehensive review). Histology is recognized as a poten-
tial predictive factor in advanced NSCLC treated 
with chemotherapy,  232   with signifi cant positive inter-
actions reported between histology and survival in 
nonsquamous NSCLC treated with select chemo-
therapy and targeted agents,  228,229   as well as increased 
toxicity with select agents (bevacizumab) in patients 
with squamous cell histology.  233   The ability to detect 
driver mutations, such as the epidermal growth factor 
receptor (EGFR) and EML4 and anaplastic lymphoma 
kinase inhibition (EML4-ALK), in patients with lung 
cancer and to administer agents targeting those molec-
ular lesions has revolutionized the treatment of ade-
nocarcinoma of the lung.  230,234,235   On the basis of the 
results of fi ve phase 3 trials, the American Society of 
Clinical Oncology provisional clinical opinion on EGFR 
mutation testing states that “patients with advanced 
NSCLC who are being considered for fi rst-line ther-
apy with an EGFR TKI should have their tumor 
tested for EGFR mutations to determine whether 
an EGFR TKI or chemotherapy is the appropriate 
fi rst-line therapy.”  236   
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ular characterization then obtaining a second biopsy 
is acceptable given the importance of accurate tumor 
characterization. 

  3.6.2.2. The possibility of an erroneous diagno-
sis of SCLC on a cytology specimen must be 
kept in mind if the clinical presentation or clin-
ical course is not consistent with that of SCLC. 
In such a case, it is recommended that further 
testing be performed to establish a defi nitive 
cell type  (Grade 1B) .  

 4.0 Conclusion 

 A variety of techniques are available to assist the 
physician in achieving a defi nitive diagnosis of lung 
cancer. Selection of the most appropriate test is best 
done in a multidisciplinary fashion with input from a 
pulmonologist, a chest radiologist, a thoracic surgeon, 
and a pathologist. Furthermore, the most appropriate 
test is usually determined by the type of lung cancer 
(SCLC or NSCLC), the size and location of the tumor, 
and the presumed stage of the cancer. 

 A diagnosis should be obtained by whatever method 
is easiest in patients who are presumed to have SCLC 
or who have very clear evidence of advanced NSCLC 
(large pleural effusion or metastatic disease). Sputum 
cytology is a reasonable fi rst step in patients with cen-
tral lesions, but its diagnostic accuracy depends on the 
rigorous acquisition, handling, and interpretation of 
samples. FB is the most useful test for central lesions, 
whereas in the case of peripheral lesions, the sensitivity 
of navigational bronchoscopy, R-EBUS, and TTNA is 
greater than that of conventional bronchoscopy. 

 We have at our hands an array of diagnostic tools, 
and we must make every effort to work in a multi-
disciplinary way to ensure that the right test and the 
right studies are performed on the patient suspected 
of having lung cancer. We have newer, less invasive 
procedures such as EBUS-TBNA, which means that 
FNAs for cytologic specimens are usually the primary 
means of diagnosis. There is ample evidence, how-
ever, that even with needle aspirates of lung lesions 
or lymph nodes, accurate molecular and histologic 
subtyping can be achieved. 
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markers has not been studied formally. Lee et al  246   
found that to establish a cancer diagnosis, three aspi-
rations per lymph node station during EBUS-TBNA 
without rapid on-site cytologic evaluation was best; 
sample adequacy was 90% for one aspiration, com-
pared with 100% for three aspirations in 163 node sta-
tions in 102 potentially operable patients with NSCLC. 
Therefore, we suggest that physicians obtain at least 
three TBNA samples to establish the diagnosis of 
NSCLC; once the diagnosis has been made, addi-
tional samples should be collected and sent for cell 
block. In the case of TTNA, it is recommended that 
core needle biopsies be performed when feasible. 
Furthermore, it is likely that the ability to fully char-
acterize lung cancers from limited specimens depends 
not only on the amount of tissue but also on the sys-
tems in place to handle and prepare the specimen. 
The reported results in the preceding paragraph likely 
come from institutions with a focused interest and 
effi cient systems in place. Currently, to care adequately 
for patients with lung cancer, institutions should assess 
their own ability to obtain adequate specimens and 
refi ne their process as needed. 

 The physician evaluating the patient with suspected 
lung cancer must remember that limited tissue acquisi-
tion contributes to the diffi culty of accurate molecular 
and histologic subtyping. For this reason, multidis-
ciplinary thoracic oncology teams, which include 
pulmonologists, thoracic surgeons, chest radiologists, 
medical and radiation oncologists, and pathologists, 
must decide collectively how best to obtain tissue and 
then use the available tissue optimally by performing 
the minimal immunohistochemical stains needed to 
diagnose the likely NSCLC subtype (squamous cell 
vs adenocarcinoma) so that more tissue is available 
for molecular diagnosis.  247   

 3.6.2 Recommendations 

  3.6.2.1. In patients suspected of having lung can-
cer, the diagnosis of non-small cell lung cancer 
made on cytology (sputum, TTNA, bronchoscopic 
specimens, or pleural fl uid) is reliable. How-
ever, it is recommended that adequate tissue be 
obtained to accurately defi ne the histologic type 
and to perform molecular analysis when appli-
cable  (Grade 1B) .  

  Remark:  It is critical to obtain adequate tissue to 
characterize a lung cancer. Within an institution, effec-
tive communication between those obtaining the 
biopsies, those interpreting them, and those deliv-
ering the treatment must be in place so that collec-
tively, the members of varying subspecialties involved 
in the care of the lung cancer patient can decide how 
best to obtain and optimally use the tissue. If spec-
imens are not adequate for histologic and molec-
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