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Context: Small tissue biopsies obtained through minimally invasive methods have 
become the primary diagnostic tools for the pathologic characterization and test-
ing of lung masses. In view of recent advances in targeted therapy for non–small 
cell lung carcinoma, and lung adenocarcinoma in particular, pathologists are now 
expected to thoroughly characterize lung lesions microscopically while making 
certain that enough tissue remains for potential molecular analysis if indicated. 

Objective: To report our experience with computed tomography (CT)–guided 
lung needle biopsies with particular concentration on diagnostic yield, diagnostic 
accuracy, and adequacy of tissue for molecular testing if indicated.

Methods: A retrospective observational study analyzed 224 biopsies in 222  
patients undergoing CT-guided lung needle biopsies. Accuracy of diagnosis and 
adequacy of tissue for molecular testing, if applicable, was evaluated. A standard-
ized protocol for specimen evaluation, triage, and processing was used. This proto-
col included intraprocedural real-time microscopic specimen evaluation and triage 
by a pathologist and use of a histologic protocol specifically designed to conserve 
tissue for ancillary testing. The initial biopsy was considered successful if the 
specimen was malignant, had specific benign features, or had nonspecific benign 
features with follow-up supporting benign lesion. Initial biopsy failure cases were 
those with inadequate tissue or a nonspecific result with highly suspicious imaging 
or clinical findings. 

Results: Of the 224 biopsies, 8 cases with benign but nonspecific findings lacked 
follow-up and were excluded from the study. The biopsy was diagnostically suc-
cessful in 189 of 216 (88%) cases. Of these 189 cases, 154 (81%) were malignant, 
and 35 (19%) were benign. There were 28 diagnostic failures. Subsequent tissue 
sampling of 13 of 28 diagnostic failures found 9 (69%) to be malignant. Molecu-
lar studies were requested on 25 cases: 24 had sufficient material for some of the 
requested tests, and 20 had enough tissue for all requested testing. 

Conclusion: A standardized protocol and team approach for CT-guided lung 
needle biopsy optimizes the ability to achieve a high accurate diagnostic yield with 
adequate tissue for molecular testing.
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opsy specimen. Harvesting adequate material for all 
anticipated studies, careful sample preparation, and ju-
dicious use of immunostains to subcategorize tumors 
requires forethought and necessitates a team approach 
with good communication between the procuring inter-
ventional radiologist, pathologist, laboratory staff, and 
other clinicians.4

	 Many CT-guided biopsies for the diagnosis of lung 
lesions occur in the community hospital setting. How-
ever, limited reports have evaluated the success of this 
procedure outside large tertiary medical centers. Our aim 
is to report our overall experience with the use of a stan-
dardized team-based protocol for procuring, processing, 
and diagnosing CT-guided lung biopsies with particular 
concentration on NSCLC. In this retrospective observa-
tional study of CT-guided lung biopsies at a single com-
munity hospital, we evaluated diagnostic yield, 
diagnostic accuracy, and adequacy of tissue samples for 
requested molecular testing.

Methods
The present study was conducted in a general 229-acute 
bed community hospital located in southeast Florida. 
The radiology department has 1 full-time interventional 
radiologist and 2 full-time pathologists. Many of the pa-
tients were outpatient referrals from community physi-
cians, and the remainder were inpatients usually admitted 
for other reasons. This study was exempt from institu-
tional review board approval.
	 All consecutive CT-guided percutaneous lung biop-
sies performed in our hospital from January 2012 
through May 2014 were evaluated. We retrospectively 
reviewed the patients’ electronic health records to deter-
mine demographic information, clinical history, clinical 
course, biopsy diagnosis, molecular testing results  
(if requested), imaging result and follow-up. Final diag-
nosis of each lung lesion was confirmed by either tissue 
pathology result alone, or tissue pathology result with 
supporting clinical or radiographic results.

Lung cancer is one of the most prevalent cancers 
in the United States today.1 Of the different mo-
dalities used to diagnose lung cancer, computed 

tomography (CT)–guided percutaneous lung needle bi-
opsy is a well-established procedure often used to obtain 
a diagnosis. Surgical pulmonary resections offer abun-
dant tissue for testing; however many patients present 
with advanced disease and are not surgical candidates. 
Therefore, minimally invasive small tissue biopsies, 
such as CT-guided biopsies or endobronchial cytologic 
or surgical biopsies, are the primary diagnostic tools for 
the pathologic characterization and testing of malignant 
lesions in the lung and are also used to triage patients 
with a nonmalignant diagnosis for conservative manage-
ment or excision.
	 Using limited tissue afforded by these minimally 
invasive biopsy methods, pathologists are now ex-
pected to thoroughly characterize lung lesions micro-
scopically and, in the case of a malignant lesion, make 
certain that enough tissue remains for potential molec-
ular analysis, particularly in primary lung adenocarci-
noma. This represents a major paradigm shift from the 
past, when, in the case of primary lung carcinoma, pa-
thologists only had to discriminate small cell carcinoma 
from non–small cell lung carcinoma (NSCLC). Today, 
the most common subtypes of NSCLC are subclassified 
into adenocarcinoma, squamous cell carcinoma, or car-
cinoma with an adenocarcinoma component, which are 
of utmost importance, because molecular tests (eg, 
epidermal growth factor receptor [EGFR], anaplastic 
lymphoma kinase [ALK]) performed on these speci-
mens commonly guide treatment.2,3 Immunohistochem-
ical and mucin stains can aid in subclassifying NSCLC 
when the histomorphology is not definitive; however, 
injudicious use of such panels may exhaust tissue that 
might be needed for molecular studies.3,4 The risks of 
the sampling procedure must be tempered with the need 
for obtaining adequate tissue. At the same time, the 
triage and processing of tissue requires more care than 
in the past when fewer tests were performed on the bi-
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Adequacy of Tissue for Molecular Testing

Molecular studies were performed at the request of the 
treating physician at a regional or national commercial 
reference laboratory of the clinician’s choice. The cases 
in which molecular testing was requested were divided 
into 3 groups: sufficient tissue for all requested studies, 
sufficient tissue for some studies, and insufficient tissue 
for any studies.

Biopsy Procedures

The majority of the procedures (75%) were performed 
by a single interventional radiologist. Most patients un-
derwent a core needle biopsy (CNB); in a few cases, fine 
needle aspiration (FNA) biopsy was used. A pathologist 
attended all but 1 procedure to review the history and 
imaging findings with the radiologist, confirm adequacy 
of tissue and proper triage of the samples, and render a 
preliminary diagnosis.

Core Needle Biopsy

Semiautomatic coaxial core needles were used, with a 
20-gauge needle used most often. Select CNB specimens 
were lightly and carefully touched or rolled onto a glass 
slide prior to immersing the biopsy specimen into for-
malin. The touch prep (TP) cytology slide was then 
stained with a Romanowksy stain variant for onsite mi-
croscopic evaluation of the cells. If the pathologist re-
ported that the diagnosis would be challenging and would 
require an expanded panel of immunostains or if a pri-
mary lung adenocarcinoma was likely, additional cores 
were obtained to assure adequate tissue for all required 
ancillary studies. If an infectious agent was suspected, a 
separate fresh CNB specimen was sent in a small amount 
of saline to the microbiology laboratory. All CNB sam-
ples were then placed in buffered formalin and submitted 
for paraffin embedding and tissue sections. 
	 The histology laboratory processed the CNB samples 
using a special tissue protocol specifically designed to 
conserve tissue for ancillary testing. Ten sections were 
initially cut in every case, with 1 section placed on each of 

Diagnostic Categories

Results from each initial CT-guided biopsy procedure 
were categorized into 4 diagnostic groups: malignant, 
benign specific, benign nonspecific, and nondiag-
nostic. Benign specific cases included a specific eti-
ology (ie, benign neoplasms, lipoid pneumonia, 
granulomatous inflammation). All biopsies catego-
rized as malignant and benign specific were consid-
ered true-positives. Biopsies categorized as benign 
nonspecific included cases in which biopsy specimens 
showed nonspecific tissue changes, such as chronic 
inflammation, fibrosis, or suppurative pneumonia, and 
the clinical presentation or radiologic images at the 
time of the procedure were noncontributory. Suppura-
tive pneumonia was included in the benign nonspe-
cific category because the differential diagnosis for 
this finding may include postobstructive pneumonia 
secondary to a nearby but unsampled neoplasm. A 
case was considered nondiagnostic if the biopsy 
specimen was entirely necrotic, entirely normal, had 
insufficient tissue for diagnosis, or the radiologic or 
clinical features at the time of the procedure were ei-
ther highly suspicious for a malignant lesion or for a 
benign specific process, but the sample yielded only 
benign nonspecific results.

Diagnostic Accuracy

Diagnostic accuracy was determined by further di-
viding the initial biopsies into 2 groups: diagnostic suc-
cess and diagnostic failure. The diagnostic success 
group included all malignant and true benign cases. 
True benign cases were defined as all cases in the be-
nign specific category and benign nonspecific cases 
with radiologic or clinical follow-up supportive of a 
nonspecific benign process in keeping with the biopsy 
findings. The diagnostic failure group included all non-
diagnostic cases and cases categorized as benign non-
specific but found on subsequent tissue sampling to 
either have a benign specific pathologic diagnosis or 
were missed cancers.
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10 slides. Hematoxylin-eosin stain was used on slides  
1 and 10, and the intervening sections remained unstained 
for immunostaining and any other ancillary studies.

Fine-Needle Aspiration

A portion of each FNA biopsy sample was expressed onto 
glass slides. One or 2 were stained with a Romanowksy 
stain variant, and the remainder fixed in 95% alcohol for 
later Papanicolaou staining. The FNA material not used 
for smears was rinsed in 95% alcohol and processed into a 
cell block, which was embedded in paraffin and cut into 
tissue sections, using the same method as for the CNBs. A 
pathologist performed an onsite preliminary diagnosis and 
material triage. If the pathologist reported the diagnosis 
would require an expanded panel of immunostains or if a 
primary lung adenocarcinoma was likely, additional 
passes for cell block were obtained to assure adequate 
tissue for all required ancillary studies. When the lesion 
was suspected of being infective, additional aspirates were 
procured and rinsed into a small amount of normal saline 
before sending for culture.

Postprocedure Processing of NSCLC Cases

After each NSCLC case was processed, the pathologist 
attempted to definitively subclassify each case into squa-
mous, adenocarcinoma, carcinoma with an adenocarci-
noma component, or other. First, the cytomorphology 
from the TP/FNA cytology slide and histopathology 
from the paraffin block slide were studied morphologi-
cally using routine stains. In cases where the morphology 
was indeterminate, immunostains and occasionally a 
mucin stain were used. The immunostain used to confirm 
primary adenocarcinoma was a positive thyroid tran-
scription factor-1 (TTF-1) with or without a positive 
napsin-A. A positive p63 stain or CK5/6 stain, or p40 
stain with negative TTF-1 was used to confirm squamous 
cell carcinoma. If a definitive subtype could not be given, 
the pathologist attempted to favor 1 subtype over an-
other. Favored subtype cases as defined in the present 
study are cases in which the pathologist favored 1 sub-

type over the other but felt that there was not enough evi-
dence to render a definitive NSCLC subtype. When the 
morphology or immunostains were nondiscriminatory or 
there was insufficient tissue to subclassify the NSCLC 
further, NSCLC, not otherwise specified, was rendered. 

Statistical Analysis

Data were summarized using descriptive statistics.  
The calculations used the formulas below.

(1)	Sensitivity of the overall procedure (Sop, benign and 
malignant) was calculated as:
	 Sop=DSfb/PM+TBS+TBNS
	 where DSfb is the number of all diagnostic success 
cases from first biopsy; PM is the number of all positive 
malignant cases; TBS is the number of all true benign 
specific cases; and TBNS is the number of all true be-
nign nonspecific cases.

(2)	Diagnostic accuracy of the overall procedure (DAop) 
was determined by:
	 D A o p= T B S + T B N S + P M / T B S + T B N S + P M 
+TBF+TMF 
	 where TBF is the number of true benign failure cases 
and TMF is the number of all true malignant failure cases.

(3)	Sensitivity for the diagnosis of malignant lesion (Sdm) 
was calculated using the following equation:
	 Sdm = PMfb/ATM 
	 where PMfb is the number of all cases diagnosed as 
malignant on the first biopsy and ATM is the number of 
all true malignant cases. 

(4)	Diagnostic accuracy for malignant lesion (Dam) was 
calculated using the following equation:
	 Dam= TMN+TMP/(TMN+TMP+FMN+FMP) 
	 where TMN is true malignant negative; TMP is true 
malignant positive; FMN is false malignant negative; FMP 
is false malignant positive. (In this study all malignant 
tissue biopsy results were assumed to be true-positives.)
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nant, 20 (11%) were benign specific, and 15 (8%) 
were true benign nonspecific cases. Table 2 details the 
supportive radiologic and clinical follow-up of the  
15 true benign nonspecific diagnostic successful 
cases. Table 3 details the 28 diagnostic failure cases. 
Subsequent biopsy tissue sampling was performed in 
13 of the 28 cases. Of these 9 (69%) were found to be 
malignant. The 4 other cases were specific benign 
diseases in which diagnostic material was not ade-
quately represented at the primary procedure. Follow-
up CT scan of a patient 1 year later showed nodule 
growth, although repeated tissue sampling was not 
done. No additional analysis could be performed in 
the remaining 14 nondiagnostic cases because these 
patients were either lost to follow-up or no follow-up 
procedure was done. Thus, the initial CT biopsy 
specimen was inadequate in 28 of 216 (13%) cases 
because of sampling error.
	 In the present study, the diagnostic accuracy, negative 
predictive value, and sensitivity of CT-guided lung biop-
sies for malignant lesion was 95%, 80%, and 94%, re-
spectively (Table 4). The sensitivity and diagnostic 
accuracy of the overall procedure (benign and malignant) 
was 95% and 94%, respectively. 

Molecular Studies

In 25 cases, molecular studies were requested and 
CNB paraffin-embedded tissue was used in all cases. 
The 25 cases comprised 22 primary lung NSCLCs and 
3 metastatic tumors. The variety of tests requested is 
shown in Table 5. The 3 metastatic tumors had suffi-
cient material for all requested molecular studies. In 
21 of the 22 (95%) primary lung cancer cases, enough 
tissue was available to do some of the requested 
studies, and in 17 of 22 (77%), enough tissue was 
available to successfully perform all of the requested 
molecular testing. One case (5%) had insufficient ma-
terial for any of the requested studies. In 17 of the 22 
(77%) cases, ALK and EGFR testing were requested 
and successfully performed.

(5)	Negative predictive value for malignant lesion was 
calculated using the following equation:
	  (NPVm)= TMN/TMN+FMN 

Results
In total, 224 cases in 222 patients who underwent  
CT-guided percutaneous needle lung biopsies were 
evaluated for inclusion. Two patients had 2 CT-
guided biopsies at different times. Eight patients in 
the benign nonspecific category lacked follow-up and 
were excluded. In total, 216 cases were included the 
study. Of these patients, 112 (52%) were women and 
104 (48%) were men. The mean age was 70 years. 
Follow-up varied from 8 to 29 months. Lesion size 
was measured radiographically and ranged from 0.6 
cm to 14.6 cm, with a mean of 3.5 cm. Of 216 pa-
tients, 208 (96%) initially underwent a CNB, and 8 
(4%) underwent an FNA.

Initial CT-Guided Biopsy Results

The breakdown of the 216 initial biopsy cases by  
diagnostic category and sex is detailed in Table 1.  
A pathologic diagnosis of malignant lesion was made 
in 154 of 216 (71%) cases; of these, 16 (10%) were 
metastatic from other sites. Of all primary lung carci-
nomas, 119 were NSCLCs, and 13 were SCLCs.  
A definitive subtyping of NSCLC was made in 102 of 
119 (86%) cases and a favored subtype in 10 of 119 
(8%). In 7 of 119 (6%) cases, we were unable to sub-
type the NSCLC further, so it was classified as 
NSCLC, not otherwise specified. Twenty benign spe-
cific and 19 benign nonspecific cases were diagnosed, 
leaving 23 nondiagnostic cases. 

Diagnostic Success and Failure

The 216 initial biopsies were further divided into a 
diagnostic success group and a failure group. The bi-
opsy was diagnostically successful in 189 of 216 
(88%) cases. Of these cases, 154 (81%) were malig-
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Discussion
The present study evaluated diagnostic yield, diagnostic 
accuracy, and adequacy of tissue samples for requested 
molecular testing of a team-based protocol for procuring, 
processing, and diagnosing CT-guided lung biopsies, 
with particular concentration on NSCLC.

Diagnostic Yield

The overall accuracy (benign and malignant) of 94%, 
and diagnostic sensitivity, accuracy, and negative pre-
dictive value for malignant lesion of 94%, 96%, and 
80%, respectively, are within the range reported in the 
literature.5-8 In a study of 226 CT-guided lung CNBs, 
Quint et al5 reported a diagnostic sensitivity, accuracy, 
and negative predictive value in the diagnosis of ma-
lignancy of 91%, 92%, and 68%, respectively. Loh et 
al7 reported a diagnostic sensitivity, accuracy, and 
negative predictive value of CT-guided thoracic biop-
sies for malignant lesion of 96%, 97%, and 88%, re-
spectively, in 384 patients who underwent 399 
CT-guided thoracic biopsies in Singapore. In the same 
study,7 the authors concluded that their high rate of 
success was partly due to onsite evaluation of FNA 
specimens, as well as the use of combined FNA and 
CNBs in some of their patients. Quint et al5 did not 
evaluate their specimens onsite, and we believe our 
higher diagnostic sensitivity, accuracy, and negative 
predictive value for malignant lesions are at least 
partly attributable to having a pathologist onsite to 
evaluate the specimens in real time. Previous studies 
have reported that immediate onsite evaluation by a 
trained cytology professional increases the diagnostic 
ability of image-guided needle biopsies.7-10

	 The results of the present study are in keeping with 
those of previous studies,5-8,11 indicating that CT-guided 
biopsies have a relatively high false-negative rate for the 
diagnosis of malignant lesion. In the present study, 9 of 
13 (69%) unsuccessful cases that had subsequent biopsy 
sampling represented missed cancers. Gelbman et al11 
reported 170 patients who underwent a CT-guided FNA 

Table 1. 
Initial CT-Guided Lung Biopsy Cases  
by Diagnostic Category and Sex

	 Patients, No.

Diagnostic Category	 Female	 Male	 Total

Benign 	

  Benign nonspecifica	 6	 13	 19

  Benign specific	

    Granulomatous inflammation	 10	 3	 13

    Lipoid pneumonia	 1	 0	 1

    Miscellaneousb	 6	 0	 6

Malignant	

  Metastatic malignant tumorc	 9	 7	 16

  Miscellaneousd	 1	 1	 2

  Neuroendocrine carcinoma 	

    Small cell lung cancer	 9	 4	 13

    Well differentiated neuroendocrine carcinoma, 
       carcinoid, and atypical carcinoide	 2	 2	 4

  NSCLC	

    Adenocarcinoid	 1	 0	 1

    Adenocarcinoma	 31	 28	 59

    Adenosquamous	 1	 0	 1

    NSCLC, favor adenocarcinoma	 4	 1	 5

    NSCLC, favor adenosquamous cell carcinoma	 1	 1	 2

    NSCLC, favor squamous cell carcinoma	 2	 1	 3

    NSCLC, not otherwise specified	 3	 4	 7

    Squamous	 15	 26	 41

Nondiagnosticf	 11	 12	 23

Total	 113	 103	 216

a	� Out of 27 benign nonspecific cases, 8 were excluded from the study  
because of lack of follow-up, which left a total of 19 evaluable cases. 

b	� Miscellaneous benign specific includes 5 patients with hamartoma/chondroma  
and 1 patient with neurofibroma. 

c	� Metastatic malignant tumor includes the numbers of patients with the following 
cancers: breast, 3; gastrointestinal, 2; melanoma, 3; hepatocellular, 1; prostate, 1; 
female genital tract, 1; renal cell, 2; sarcoma, 2; and uncertain primary origin, 1. 

d	� Miscellaneous cancers include 1 patient with malignant tumor  
not otherwise specified and 1 patient with lymphoma.

e	� Well differentiated neuroendocrine carcinomas are categorized  
separately from the NSCLC group.

f	� Nondiagnostic cases include 8 patients with normal lung, 7 patients  
with radiological features highly suspicious for malignant tumor or for  
a benign specific process, 5 patients with necrotic tissue, and 3 patients  
with insufficient tissue for diagnosis. 

Abbreviations: CT, computed tomography; NSCLC, nonsmall cell lung cancer.
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Table 2. 
Follow-up Findings Supporting the True Benign Nature  
of 15 CT-Guided Lung Biopsy Cases in the Benign Nonspecific Groupa

 Patient  

   No.	 Pertinent CT Findings at the Time of the Procedure	 Comment/Follow-up

9	 Mass in the anterior left lower lobe (16 mm) 	 CT scan 6 mo later revealed nodule no longer visible 
	 worrisome for malignant neoplasm

33	 Large consolidative mass-like density extending from the	 CT scan 3 wk later showed decrease in size of the right lateral  
	 right hilum to the right anterior and lateral chest walls involving	 lung mass and clearing of the diffuse infiltrates that were present 
	 the right middle and upper lobes, measuring approximately	 in the right upper and right middle lobe previously; patient was 
	 14.6×9.0 cm with diffuse mediastinal, hilar, and subcarinal	 discharged from hospital with a diagnosis of pneumonia 
	 adenopathy, large areas of air bronchograms, thickening of  
	 the interlobular septa, and crazy paving appearance; these  
	 findings, sometimes seen with severe pneumonia, are  
	 worrisome for malignancy with lymphangitic carcinomatosis

39	 Right upper lobe nodular density (12 mm), 	 CT scan 1 mo later showed  the previous right lung nodule  
	 indeterminate for malignancy	 regressing in size and much less apparent

44	 Patchy bilateral ill-defined interstitial opacities thought to 	 Patient treated for bilateral pneumonia with improvement 
	 represent infiltrates superimposed on chronic interstitial changes

51	 Middle lobe thick walled cavitary mass (6.1×4.2×4.0 cm) with	 Discharged from hospital 3 wk after with diagnosis of  
	 adjacent fluffy airspace disease and micronodules felt to	 ventilator-dependent respiratory failure and empyema 
	 represent infectious or neoplastic process

64	 Large soft tissue attenuating spiculated mass in the posterior	 Conservative follow-up only; CT scan 2 y later showed  
	 right upper lobe measuring approximately 5.3 cm in transverse	 lesional regression with a 1.0×1.5 cm slightly lobular 
	 dimension with air bronchograms; increased in size compared	 noncalcified intraparenchymal pulmonary nodule 
	 with previous examination and worrisome for malignancy	 in  the right lateral perihilar region

93	 Wedge-shaped soft tissue attenuating mass involving the 	 CT scan 5 mo later revealed lesional regression 
	 medial aspect of the left upper lobe/lingual	

97	 Multifocal bilateral airspace opacities, including a small cavitary	 Patient’s symptoms improved after being treated for pneumonia 
	 lesion in the left upper lobe with a small right pleural effusion

105	 Masslike area consolidation in the left mid lung field	 CT scan 1 mo later showed marked reduction in size of the mass 
	 worrisome for malignancy

151	 Left upper lobe 7-mm cavitary lesion	 CT scan 1 mo later showed the cavitary lesion previously seen 		
		  being less cavitary on the current study and slightly smaller or 		
		  stable in size; bronchoscopy 5 mo later negative for malignancy

159	 Left lower lung nodule	 CT scan 1 mo later showed partial involution of the lesion in the 		
		  posterior aspect of the left lower lobe when compared with the 		
		  previous study 

160	 Multiple bilateral cavitary lung nodules with the largest	 CT scan 2 wk later showed improving peripheral cavitary 		
	 up to 4 cm 	 nodules bilaterally

162	 Patchy ill-defined bilateral infiltrates 	 Patient discharged with diagnosis of pneumonia; CT scan  
	 worrisome for pneumonia/fluid overload	 1 y later showed bilateral lower lobe patchy opacity

185	 1.3-cm pulmonary nodule within the left lingula with 	 CT scan 3 y later revealed stable findings 
	 additional scattered smaller subcentimeter pulmonary  
	 nodules	

222	 Right lower lobe spiculated nodule, highly suspicious	 CT scan 1 y later showed no findings other than a wedge shaped 		
                  for malignancyb 	 subsegmental atelectasis at the right base; patient received 		
		  conservative treatment

a	� The benign nonspecific group included cases in which the initial CT-guided biopsy results showed nonspecific tissue changes, such as chronic  
inflammation, fibrosis, or acute pneumonia, and the clinical presentation or radiological images at the time of the procedure were non-contributory. 

b	� Although the imaging for case 222 was reported highly suspicious for malignancy, follow-up confirmed that this represented an overcall by radiology,  
and the case was therefore classified with the benign nonspecific group.

Abbreviation: CT, computed tomography.
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of the recent clinical need for this distinction. Similar to 
other reports,12-14 the current study found that ancillary 
immunostains were helpful in cases where the cytologic 
and histomorphologic findings were ambiguous on rou-
tine hematoxylin-eosin staining because of poor tumor 
differentiation or scanty tissue. Several useful immuno-
histochemical algorithms using various combinations of 
TTF-1, napsin A, p63, p40, and CK5/6 have been pub-
lished, which allow for accurate subclassification of most 
ambiguous NSCLC cases while conserving tissue for 
potential molecular marker testing.3,15,16 Use of special 
stains as a component of NSCLC subtyping is also rec-
ommended by the International Association for the Study 
of Lung Cancer, the American Thoracic Society, and the 
European Respiratory Society.17

lung biopsy yielding an initial benign result, with ade-
quate follow-up, and found that 18 proved to be false-
negatives. Tsukada et al6 reported that out of 91 true 
malignant tumors, 21 were diagnosed as benign (false- 
negative) on initial CT-guided needle biopsy. Thus, a 
benign nonspecific result cannot be relied on for the ex-
clusion of malignant lesions.3,5,11 Therefore, it is espe-
cially important to have close clinical and imaging 
follow-up in patients with noncorrelating clinical or im-
aging and biopsy results with a low threshold for a re-
peated biopsy.
	 A limited number of prior studies discuss the ability 
to subclassify NSCLCs into adenocarcinoma, squamous 
cell carcinoma, or a mixed carcinoma with an adenocar-
cinoma component using small biopsies, partly because 

Table 3. 
Initial CT-Guided Diagnosis, Follow-up, and Final Diagnosis  
of Lung Biopsy Specimens in the Diagnostic Failure Group

Patient No.	 Initial Diagnosis	 Follow-up Procedure	 Final Pathologic Diagnosis

1, 4, 6, 7, 8,150, 	 Nondiagnostic	 Patient lost to follow-up or	 NA 
176, 179, 180, 		  no follow-up procedure done 
182, 183, 187,  
193, 225

17	 Nondiagnostic	 Lung wedge resection	 Granulomas

25	 Benign nonspecific	 Repeat CT-guided lung biopsy	 Squamous cell carcinoma

28	 Benign nonspecific	 Lymph node biopsy	 Adenocarcinoma of primary lung origin

31	 Nondiagnostic	 Repeat CT-guided lung biopsy	 Pneumonia-abscess

52	 Nondiagnostic	 Lung lobectomy	 Granulomatous

70	 Nondiagnostic	 Brain biopsy	 Metastatic malignant melanoma

111	 Nondiagnostic	 Lung wedge resection 	 Adenocarcinoma

122	 Nondiagnostic	 Lung wedge resection	 Squamous cell carcinoma

135	 Nondiagnostic	 Lobectomy	 NSCLC, not otherwise  
			   specified

152	 Benign nonspecific	 Lung wedge resection	 Granulomatous

175	 Nondiagnostic	 Lung wedge resection	 NSCLC, favor squamous cell 

181a	 Nondiagnostic	 Mediastinal lymph node	 Lymphoma

213	 Benign nonspecific	 Repeat CT scan 1-year 	 NA 
		  later showed nodule growth   
		  from 0.6 cm to 1.4 cm	

221	 Nondiagnostic	 Bronchial biopsy	 Small cell carcinoma

a	� Although the initial CT biopsy was suspicious for lymphoma, this case was classified  
in the nondiagnostic category because the tissue was insufficient for definitive diagnosis.

Abbreviations: NA, not applicable; CT, computed tomography; NSCLC, nonsmall cell lung cancer.
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CNB cases, even though we did not specifically assess 
these parameters in this study. 

Adequacy of Tissue for Molecular Studies

Although it can be challenging to acquire adequate 
amounts of tissue for NSCLC molecular testing, the 
present study demonstrated that sufficient material 
can be provided in most cases. Twenty-one of 22 
NSCLC cases (95%) contained enough tissue to do 
some of the requested studies, and 17 of 22 (77%) 
cases contained enough tissue for us to successfully 
perform all of the requested molecular testing. The 
most commonly ordered tests were ALK and EGFR. 
Both of these tests were successfully performed in 17 
of 22 (77%) cases; in 21 of 22 (95%) cases either test 
was successfully performed. Several studies18-20 have 
addressed the adequacy of small lung biopsy speci-
mens for molecular testing. Although our results fall 
within the range reported by others, it is difficult to 
compare results and draw conclusions because of the 
great variability in the way individual institutions 
procure and process tissue, what test menus and test 
platforms they use, and whether they reflex test all 
cases.18-20 Solomon et al18 reported that 16 of 18 
(89%) patients had adequate CNB specimens for 
EGFR and KRAS mutational analysis. Hsiao et al19 
reported on 132 successful (80%) results for EGFR 
testing on 164 CNB specimens. Schneider et al20 re-
ported a success rate of 67% for EGFR, KRAS, and 
ALK testing on 52 CNB specimens with an even 
lower success rate (46%) for FNA. They concluded 
that when paraffin-embedded tissue is used for mo-
lecular testing, CNB specimens are more likely than 
FNA specimens to provide adequate tissue.20 It cannot 
be confirmed, but part of our success with the mo-
lecular studies might have been due the use of CNB 
paraffin-embedded tissue rather than FNA cell block. 
Our use of a standard protocol in the present study 
also likely contributed to preserving adequate mate-
rial for molecular studies. 

	 Sigel et al12 compared small tissue biopsy and cy-
tologic specimens in the subtyping of 101 NSCLC 
cases. These authors reported tissue biopsy categories 
of definitive vs favored vs unclassified at 71%, 23%, 
and 6%, respectively.12 However, when both cytology 
and biopsy paired specimens were combined, the rate 
of definitive diagnoses by at least 1 method was in-
creased to 84%, and the unclassified rate decreased to 
4%.12 The authors concluded that optimal results are 
attained when the 2 modalities are considered jointly.12 
Similar to Sigel et al,12 we successfully subclassified 
86% of the NSCLC cases in the present study and fa-
vored a subtype in an additional 8% of cases. In addi-
tion, 6% of our NSCLC cases were unclassifiable 
(NSCLC, not otherwise specified). We believe the use 
of immunostains along with the combined use of cy-
tology on the TP slides and histomorphology substan-
tially increased our ability to subtype our NSCLC 

Table 4. 
Diagnostic Accuracy of Computed  
Tomography–Guided Lung Biopsy  
Specimens for Malignant Lesions

			 

	 Patient Cases 

Diagnostic Accuracy	 No. (%)

Diagnostic accuracy  	 189 (95) 
for malignant lesiona	

False-negative rate  
for malignant lesion	 9 (6)

Negative predictive value  
for malignant lesionb	 35 (80)

Sensitivity for malignant lesionc	 154 (94)

a	� Diagnostic accuracy for malignant lesions was calculated  
as the number of true-negative malignant cases plus  
the number of true-positive malignant cases divided  
by the sum of the number of true-negative malignant  
cases plus the number of true-positive malignant cases  
plus the number of false-negative cases and the number  
of false-positive cases. 

b	� Negative predictive value for malignancy was calculated  
as the number of true malignant cases divided by sum  
of the number of true-negative malignant cases and  
the number of false-negative malignant cases. 

c	� Sensitivity for diagnosis of malignancy is calculated  
as the number of cases diagnosed as malignant on first  
biopsy divided by the number of true malignant lesions. 
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Table 5. 
Adequacy of Computed Tomography–Guided Needle Lung Biopsy  
Specimens for Molecular Studies

	 Molecular Test(s) 	 Material Sufficient for 	  

Patient No.	 Requested by Physician	 All Requested Studies	 Comment 

23	 ALK, EGFR, KRAS	 Yes	 …

34	 ALK, EGFR		  Yes	 …

47 (metastatic)	 HER-2, 		  Yes	 …

48	 ALK, EGFR, ERCC1, KRAS	 Yes	 …

49	 ALK, EGFR, KRAS	 Yes	 …

54 (metastatic)	 BRAF		  Yes	 …

57	 ALK, EGFR, ROS1	 Yes	 …

59	 ALK, EGFR		  Yes	 …

63	 ALK, EGFR		  Yes	 …

68	 ALK, EGFR, ERCC1, KRAS	 Yes	 …

69	 ALK, EGFR, KRAS, ROS1	 Yes	 …

79	 ALK, cMET, EGFR, ERCC1, 	 No 	 Sufficient material only for ALK 
	 KRAS, PBK, RRM1, Ts		

82	 ALK, EGFR		  Yes	 …

131 (metastatic)	 BRAF		  Yes	 …

134	 ALK, EGFR, KRAS	 No	 Sufficient material only for ALK

138	 ALK, EGFR, ERCC1, KRAS	 No	 Sufficient material for EGFR, KRAS, ALK

139	 ALK, EGFR, ERCC1, KRAS	 Yes	 …

143	 ALK, EGFR, KRAS, ROS1	 Yes	 …

155	 ALK, cMET, EGFR, FGFR1, 	 Yes	 … 
	 KRAS, RET, ROS1,			 

157	 ALK, EGFR, ERCC1, KRAS,	 No	 Sufficient material for EGFR, ERCC1, KRAS

163	 ALK, EGFR, ROS1	 No	 Sufficient material for EGFR, ROS1

166	 ALK, cMET, EGFR, ERCC1, 	 No 	 Insufficient material for all studies 
	 KRAS, PBK, ROS1, RRM1		

186	 ALK, EGFR, KRAS	 Yes	 …

202	 ALK, EGFR, ROS1	 Yes	 …

226	 ALK, EGFR, KRAS	 Yes	 …

Abbreviations: ALK, anaplastic lymphoma kinase; BRAF, B-Raf proto-oncogene, serine/threonine kinase; c-MET,  
mesenchymal-epidermal transition; EGFR, epidermal growth factor receptor; ERCC1, excision repair cross-complementation  
group 1; FGFR1, fibroblast growth factor receptor 1; HER-2, human epidermal growth factor receptor 2; KRAS,  
Kirsten rat sarcoma viral oncogene homolog; PBK, PDZ binding kinase; RET, rearranged during transfection; ROS1,  
ROS proto-oncogene 1, receptor tyrosine kinase; RRM1, ribonucleotide reductase M1; Ts, thymidylate synthase.
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