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CT-guided transthoracic core needle biopsy for small pulmonary
lesions: diagnostic performance and adequacy for molecular testing
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Background: Computed tomography (CT)-guided transthoracic needle biopsy is a well-established,
minimally invasive diagnostic tool for pulmonary lesions. Few large studies have been conducted on the
diagnostic performance and adequacy for molecular testing of transthoracic core needle biopsy (TCNB) for
small pulmonary lesions.

Methods: This study included CT-guided TCNB with 18-gauge cutting needles in 560 consecutive
patients with small (<3 cm) pulmonary lesions from January 2012 to January 2015. There were 323 males
and 237 females, aged 51.8+12.7 years. The size of the pulmonary lesions was 1.8+0.6 cm. The sensitivity,
specificity, accuracy and complications of the biopsies were investigated. The risk factors of diagnostic failure
were assessed using univariate and multivariate analyses. The sample’s adequacy for molecular testing of
non-small cell lung cancer (NSCLC) was analyzed.

Results: The overall sensitivity, specificity, and accuracy for diagnosis of malignancy were 92.0% (311/338),
98.6% (219/222), and 94.6% (530/560), respectively. The incidence of bleeding complications was 22.9%
(128/560), and the incidence of pneumothorax was 10.4% (58/560). Logistic multivariate regression analysis
showed that the independent risk factors for diagnostic failure were a lesion size <1 ¢cm [odds ratio (OR), 3.95;
P=0.007], lower lobe lesions (OR, 2.83; P=0.001), and pneumothorax (OR, 1.98; P=0.004). Genetic analysis
was successfully performed on 95.45% (168/176) of specimens diagnosed as NSCLC. At least 96.8% of
samples with two or more passes from a lesion were sufficient for molecular testing.

Conclusions: The diagnostic yield of small pulmonary lesions by CT-guided TCNB is high, and the
procedure is relatively safe. A lesion size <1 cm, lower lobe lesions, and pneumothorax are independent risk

factors for biopsy diagnostic failure. TCNB specimens could provide adequate tissues for molecular testing.
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Introduction guided fine needle aspiration biopsy (FNAB), and
Making a histological diagnosis for potential malignant CT-guided transthoracic needle biopsy (1,2). FNAB can
pulmonary lesions relies on invasive procedures, only yield the cytological features of lesions rather than the
including bronchoscopy, computed tomography (CT)- histopathological results of lesions. It has been reported
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Figure 1 Flow of the eligible patients through the study. TCNB, transthoracic core needle biopsy.

that the diagnostic accuracy of FNAB is decreased for small
lesions (3,4). CT-guided transthoracic needle biopsy is a
safe technology that is easy to operate, with a diagnostic
accuracy for pulmonary lesions that reaches 64-97% (5-8).
Therefore, this procedure has become one of the major
methods for determining the nature of pulmonary lesions.

In previous studies, 20- to 22-gauge needles were
commonly used for transthoracic needle biopsy because of
their good diagnostic yield and low complication rate (9-17).
However, in the era of precision medicine, relying only
histopathological diagnosis and subtyping of lung tumors
by immunohistochemistry analysis is insufficient for making
optimal treatment decisions. Molecular analysis of driver
mutations is strongly recommended for the precise treatment
of advanced non-small cell lung cancer (NSCLC) (18).
Until now, few large studies have evaluated the diagnostic
performance and complications of transthoracic core needle
biopsy ('CNB) using an 18-gauge cutting needle, which is
favorable to acquire samples in larger volume than 20- or
22-gauge needle. The suitability of specimens obtained by
TCNB for driver mutation testing is uncertain. Furthermore,
the recommended number of samples to take from a lesion
for molecular analysis was not reported previously.

To determine the clinical value of TCNB for small
pulmonary lesions, we conducted a study on the diagnostic
outcomes and complication rates of CT-guided TCNB using
an 18-gauge cutting needle for small (<3 cm) pulmonary
lesions in 560 consecutive patients. We assessed the risk
factors of diagnostic failure using univariate and multivariate
analyses. Additionally, we reported the adequacy of TCNB
for obtaining material sufficient for molecular testing.
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Methods

This retrospective study was approved by the institutional
review board of the hospital (Approval number: 2016-85).
The study outcomes will not affect future patients
management.

Study population

Patients were enrolled if they underwent CT-guided TCNB
in the department of respiratory and critical care medicine
at our tertiary referral center between January 2012 and
January 2015. During this period, 1,864 consecutive cases
underwent CT-guided TCNB due to a clinical suspicion
of pulmonary malignancy. All biopsies were performed
for the diagnostic results of transbronchial examination
were negative. The patients expected to obtain a definite
diagnosis. The procedure was performed after informed
consent was obtained, although the lesions less than 1 cm
especially in basal regions of the lung are very difficult to
biopsy.

Among them, 1,240 cases had lung masses >3 cm, and
624 cases had lung lesions <3 cm (Figure I). Excluding
64 cases with incomplete data or for whom it was impossible
to obtain follow-up information, 560 total biopsy cases
of small pulmonary lesions were included in the analysis.
Among the pulmonary lesion cases, 61 were <1 cm, 214 were
1.1-2.0 cm, and 285 were 2.1-3.0 cm. The patient ages were
51.8+12.7 (range, 11-83) years, among which 323 were male
(aged 11-83 years), and 237 were female (aged 15-82 years).
There were 453 cases of solid pulmonary lesions, 34 cases of
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Figure 2 CT-guided percutaneous transthoracic needle biopsy of small pulmonary lesions for three different patients. (A) A 57-year-old
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man with a 0.7-cm nodule in right lower lung lobe; (B) a 69-year-old man with a 1.6 cm nodule in right upper lung lobe; (C) a 60-year-old

man with a 2.8-cm nodule in right lower lung lobe. The pathologic results of needle biopsy were lung adenocarcinoma for all of them.

ground-glass nodules, and 73 cases of mixed nodules. The
mean size of the 560 pulmonary lesions was 1.8£0.6 cm in
diameter (range, 0.6-3.0 cm).

Biopsy procedures

All biopsies were performed by two experienced physicians
(PWT and YW, with 9 years of experience in respiratory
medicine and 4 years of experience with CT-guided needle
biopsy, respectively). The procedure was conducted under
CT guidance (SOMATOM Definition AS+ 64, Siemens,
Germany). The biopsy system consisted of a 17-gauge
coaxial introducer and an 18-gauge automated cutting
needle (BARD, New Jersey, US). To design the shortest
route, the patients underwent CT scans in a supine, prone,
or lateral position. Images were obtained from the region of
interest using a 4-mm section thickness. The chosen entry
site was prepared in a sterile fashion. After local anesthesia
with 2% lidocaine, the coaxial introducer was inserted
along the designed path. A CT scan was conducted again to
confirm that the coaxial introducer was placed at the target
lesion. The cutting biopsy needle was inserted into the
target lesion through the coaxial introducer, and the biopsy
was then performed (Figure 2). Specimens were repeatedly
obtained until adequate material had been collected for
pathological examination. Two or three passes were taken
from each lesion for most cases. Because of objective
conditions, we did not use care vision during biopsy.

The specimens were fixed in 10% formalin and were
then immediately transported to the pathology department.
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After the procedure, the patient underwent CT scan to
exclude pneumothorax or bleeding due to considerations of
safety, although it was not obligatory. For the next 24 hours,
the patients were monitored for potential complications in
a ward. The patients were observed for cough, hemoptysis,
shortness of breath, chest tightness, and other symptoms,
and records were taken.

Diagnostic criteria

The final diagnosis was confirmed in one of three ways:
(I) if a patient underwent surgical resection, the final
diagnosis was determined based on the pathology reports
of the resected specimens; (II) if the TCNB or other
biopsy methods revealed malignancies or specific benign
abnormalities (e.g., mycosis or tuberculosis), the diagnosis
was determined based on a combination of pathology
reports, laboratory findings, and the clinical course; (III)
if non-specific benign abnormality was indicated in a
pathology report, the lesion was considered benign if it
regressed with conservative medical treatment or remained
stable. The mean duration of follow-up was 1 year.
Pathologic results were considered inconclusive if malignancies
were suspected but not confirmed.

Positive biopsy results were further categorized as true
positive or false positive if the final diagnosis was malignant
or benign abnormalities, respectively. Likewise, negative
biopsy results were further categorized as true negative or
false negative if the final diagnosis was benign or malignant
abnormalities, respectively. We divided all biopsy cases
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into three groups, a <l-cm group, 1.1-2.0-cm group, and
2.1-3.0-cm group, and calculated the above data and
diagnostic accuracy of each group. We also calculated the
overall sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy of diagnosis
of malignant diseases by TCNB.

Adequacy for molecular testing of TCNB specimens

The molecular testing data for driver gene mutations of
lung cancer were collected. The molecular testing protocol
for lung cancer varied over time as new testing targets
and methods became available (19). Molecular testing was
prompted on cases with lung adenocarcinoma or NSCLC.
Initially, the reflexive testing was epidermal growth factor
receptor (EGFR) mutation analysis and it was then expanded
to include anaplastic lymphoma kinase (4LK) translocation
by fluorescence in siru hybridization (FISH). EGFR
mutation analysis was performed with polymerase chain
reaction using the amplification-refractory mutation system
(ARMS). For ARMS-based EGFR testing, at least 200 tumor
cells on formalin-fixed, paraffin-embedded (FFPE)
specimens were accepted for analysis. ALK detection was
done on tumor tissues using an LST ALK Dual Color Break
Apart Rearrangement Probe (Abbott-Vysis, Downers
Grove, Ill) per the manufacturer’s instructions. A minimum
of 100 tumor cells should be counted for the interpretation
of each case. Successful molecular analysis was defined
as the capacity to yield the presence or absence of EGFR
mutation and ALK rearrangement.

Statistical analysis

The characteristics of the patients, lung lesions, and biopsy
procedures were collected for statistical analysis. All patients
were divided into two groups: the diagnostic success group
(true positive, true negative) and the diagnostic failure
group (false positive, false negative, inconclusive). Different
characteristics between the two groups were analyzed
using Student’s #-test for numeric values and Pearson’s
Chi-squared test or Fisher’s exact test for categorical values.
The characteristics with P<0.05 at univariate analysis were
used as input variables for multivariate logistic regression
analysis to determine independent factors. An odds ratio (OR)
>1 was considered an independent risk factor for diagnosis
failure. If the P value was less than 0.05, it was considered a
statistically significant difference. All analyses were performed
using SPSS 19.0 (IBM, Chicago, IL, USA).
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Results
Diagnostic performance

Of the 560 total pathology reports, eight (1.4%) were
judged to be inconclusive and 552 (98.6%) were judged to
have a definite diagnosis. In total, 311 cases were diagnosed
from biopsy as malignant diseases, and they were all finally
demonstrated to be true positive. Two hundred forty-one
cases were diagnosed from biopsy as benign diseases; 22 of
them were finally demonstrated to be malignant diseases
(false negative), and the other 219 were true negatives. Eight
cases were inconclusive, among which two cases (0.4%)
were due to failures of technology. In the other six cases,
the preliminary biopsy results revealed atypical cells, but
the immunohistochemistry could not determine whether
the cells were tumor cells. Three of those eight cases were
finally diagnosed as benign diseases, and five were finally
diagnosed as malignant diseases. In total, 338 cases were
finally confirmed as malignant diseases (Table 1); 261 of
them were NSCLC, including lung adenocarcinomas,
adenosquamous carcinoma, squamous cell carcinoma and
large cell carcinoma, and 77 were other lung neoplasms
(20 small cell lung cancer, 4 lymphomas, 14 undifferentiated
lung carcinoma and 39 metastatic tumors). Although the
lesions were suspicious malignancy from CT, 222 cases
were finally confirmed as benign diseases (tuberculosis
114 cases, non-specific inflammation 85 cases, mycosis
16 cases, Wegener’s granulomatosis 4 cases, and sclerosing
hemangioma 3 cases).

The overall sensitivity, specificity, PPV, and NPV
for the diagnosis of malignancy were 92.0% (311/338),
98.6% (219/222), 100 (311/311), and 90.9% (219/241),
respectively. The overall diagnostic accuracy was 94.6%
(530/560). For pulmonary lesions <1 cm, the diagnostic
accuracy was 86.9% (53/61). The diagnostic yields of
CT-guided TCNB are listed in Tible 2.

Complications

The most common complications were bleeding and
pneumothorax; none of the patients died due to severe
complications. The incidence of bleeding was 22.9%
(128/560), with 117 cases of hemoptysis, including 109 cases
with a small amount of hemoptysis (<10 mL), five cases with
a medium amount of hemoptysis (10-100 mL), and three
cases with a large amount of hemoptysis (>100 mL). Mild
hemothorax occurred in 11 cases.

The incidence of pneumothorax was 10.4% (58/560), of
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Table 1 Final diagnosis of malignant disease

Types of malignant diseases Number (%)
Primary lung neoplasms 299 (88.5)
Adenocarcinoma 213 (63.0)
Adenosquamous carcinoma 7 (2.1)
Squamous cell carcinoma 35(10.4)
Large cell neuroendocrine carcinoma 6 (1.8)
Small cell lung cancer 20 (5.9
Lymphoma 4(1.2)
Undifferentiated lung carcinoma 14 (4.1)
Metastatic tumors 39 (11.5)
Total 338 (100.0)

Table 2 Diagnostic yield of CT-guided percutaneous transthoracic

needle biopsy
Lesion size

Overall

Parameters <tem 1.1-20cm 21-830cm  (n_s60)
(n=61) (n=214) (n=285)

True positive 30 118 163 311
True negative 23 85 111 219
False positive 0 0 0 0
False negative 4 8 10 22
Inconclusive 4 3 1 8
Diagnostic 86.9 94.9 96.1 94.6

accuracy (%)

*, final diagnosis of the 8 lesions is benign disease for 3 lesions
and malignant disease for the other 5 lesions.

which 39 cases had mild pneumothorax (lung compression
<20%), 15 cases had moderate pneumothorax (20%< lung
compression <50%), and four cases had severe
pneumothorax (lung compression >50%). These four
patients recovered after thoracotomy tube placement. The
patients with moderate pneumothorax improved after
thoracic puncture and air aspiration, while those with mild
pneumothorax recovered after self-absorption.

Risk factors for diagnostic failure

There were 530 cases of diagnostic success and 30 cases of
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diagnostic failure. The data from the univariate analysis
for diagnostic failure are shown in 7able 3. The risk factors
demonstrating statistically significant differences between
the two groups included lesion size (<1 c¢m, 1.1-2.0 cm, or
2.1-3.0 cm) (P=0.02), lesion location (upper lobe, middle
lobe, or lower lobe) (P=0.04), and pneumothorax (P=0.03).
The independent risk factors of logistic regression
analysis in determining diagnostic failure are listed in Table 4.
The independent risk factors for diagnostic failure were
lesion size <1 cm (OR, 3.95; 95% CI, 1.67-13.96; P=0.007),
lower lobe lesion (OR, 2.83; 95% CI, 1.46-5.91; P=0.001),
and pneumothorax (OR, 1.98; 95% CI, 1.11-3.36; P=0.004).

Malignant diseases and molecular testing

Of 261 specimens diagnosed as NSCLC, 176 were
submitted for molecular testing, while the other 85 were
not because of the patients’ refusal (Figure 3). For primary
NSCLC including lung adenocarcinoma, adenosquamous
carcinoma, squamous cell carcinoma and large cell
carcinoma, sufficient tissues remained to perform molecular
analysis in 95.45% of cases (168/176) (Figure 4). Only EGFR
testing was performed in 102 cases, while both EGFR and
ALK testing were performed in the other 66 cases. Of the
168 evaluable specimens, EGFR mutations were detected in
72 specimens (42.86%). ALK rearrangement was detected in
7.58% of cases (5/66). Eight primary lung carcinoma cases
(4.55%) had insufficient tissue for molecular testing due
to the exhaustion of tissue after the immunohistochemical
analysis for six specimens and the presence of necrosis in
two specimens. In four subgroups, in which the numbers
of samples taken from one lesion were 1, 2, 3 and 4,
respectively, the ratios of sufficient material for molecular
analysis were 75.0% (15/20), 96.8% (61/63), 98.6% (73/74)
and 100.0% (19/19), respectively (Figure 5).

Discussion

Our study showed that the overall sensitivity, specificity,
and accuracy of CT-guided TCNB using an 18-gauge
cutting needle were 92.0%, 98.6%, and 94.6%, respectively.
The results of our study were comparable with the overall
diagnostic accuracy of CT-guided biopsy with 20- to
22-gauge needles or CT fluoroscopy-guided needle biopsy
(9-17). The detailed results of recent clinical studies for the
diagnosis of small pulmonary lesions by CT-guided needle
biopsy are shown in Table 5.

CT fluoroscopy-guided needle biopsy could be used for
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Table 3 Results of univariate analysis for risk factors of diagnostic failure

Factors Diagnostic success (n=530) Diagnostic failure (n=30) P value
Age (years) 50.3+12.8 52.8+14.3 0.46
Gender 0.62
Male 307 16
Female 223 14
Emphysema 0.29
Yes 48 5
No 482 25
Lesion size 0.02
<lcm 53 8
1.1-2.0cm 203 11
2.1-8.0cm 274 11
Lesion location 0.04
Upper lobe 262
Middle lobe 62 4
Lower lobe 206 18
Lesion type 0.65
Solid 427 26
Ground-glass 32
Mixed 71 2
Cavities formed 0.45
Yes 41 4
No 489 26
Patient position 0.39
Supine 219 12
Prone 261 13
Decubitus 50 5
Intrapulmonary length of needle path 0.84
0 40 3
0.1-1.0cm 79 5
1.1-2.0cm 162 7
2.1-8.0cm 101 7
>3.0 cm 148 8
No. of tissue samplings 0.28
1-2 248 11
3-4 282 19
Pneumothorax 0.03
Yes 51 7
No 479 23
Bleeding 0.34
Yes 119 9
No 411 21
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Table 4 Results of logistic regression analysis of risk factors of diagnostic failure

Variables Reference value P value OR value 95% ClI
Lesion size

<1cm 2.1-3.0cm 0.007 3.95 1.67-13.96

1.1-2.0cm 2.1-3.0cm 0.18 1.23 0.72-4.75
Lesion location

Lower lobe Upper and middle lobes 0.001 2.83 1.46-5.91
Pneumothorax

Yes No 0.004 1.98 1.11-3.36

OR, odds ratio; Cl, confidence interval.
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Table 5 Diagnostic accuracy of CT guided transthoracic needle biopsy for small pulmonary lesions in previous studies

Studies Country No. of patients  Type of biopsy needles Scanning machine si;::i:;) ag;i?gg;t(i;)
Laurent 2000 (17) France 66 20 gauge CT <2 91
Ng 2008 (3) Canada 47 22 gauge CT <1 79
Hur 2009 (9) South Korea 28 20 or 22 gauge CT fluoroscopy <2.8 82
Hiraki 2009 (16) Japan 1,000 20 gauge CT fluoroscopy 2.3+1.5 95
Kim 2011 (15) South Korea 72 20 or 22 gauge CT fluoroscopy <5 98
Lu 2012 (10) Taiwan 52 20 gauge Spiral CT <2 94
Inoue 2012 (14) Japan 83 20 gauge CT fluoroscopy <3.5 95
De Filippo 2013 (11) Italy 78 20 gauge Spiral CT <3 86
Choi 2013 (12) Korea 290 20 gauge Spiral CT <1 95
Li 2013 (13) China 169 20 gauge Spiral CT <2 94

the diagnosis of small pulmonary lesions in basal locations,
especially for uncooperative patients. Inoue et al analyzed 83
cases of lung lesions under CT fluoroscopy-guided needle
biopsy using a 20-gauge cutting needle and found that
the overall sensitivity, specificity, and accuracy were 95%
(56/81), 100% (5/5), and 95% (63/66), respectively (14).
The study of Hiraki ez /. showed that for 1,000 pulmonary
lesions, the sensitivity, specificity, and accuracy of CT
fluoroscopy-guided needle biopsy using a 20-gauge
cutting needle were 94.2% (741/787), 99.1% (211/213),
and 95.2% (952/1,000), respectively (16). CT fluoroscopy
allows the operating physician to continuously monitor
the position of the biopsy needle during the procedure and
to perform a timely adjustment based on the influences
of respiratory motion (20). However, CT fluoroscopy
exposes the operating physicians and patients to a large
amount of radiation (21,22). Research has shown that the
radiation exposure of the physicians and patients with CT
fluoroscopy-guided needle biopsy is significantly greater
than that with conventional CT guidance (15).

Bleeding and pneumothorax are the common
complications of needle biopsy. In this study, the incidence
of bleeding was 22.9%, and the incidence of pneumothorax
was 10.4%. Two previous studies of needle biopsy using a
20-gauge cutting needle reported that the rates of bleeding
were 17.8% and 19.3%, respectively (13,17), which are
lower than the results of our study. Previous studies have
shown that the biopsy-induced pneumothorax rate ranged
from 15.0% to 35.0% (23-26). Compared with the above
studies, the incidence of pneumothorax in our study was
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lower. The pneumothorax incidence in this study was
confirmed by precise imaging findings. The patients who
experienced shortness of breath after the procedure were
excluded from the statistics if the imaging examination was
not completed.

A lesion diameter <1 cm is an independent risk factor for
biopsy diagnostic failure. This result of the present study
is consistent with the results reported by Hiraki ez /. (16).
Typically, the placement of a needle coaxially in pulmonary
lesions with diameters <1 cm presents greater technical
difficulties.

A lower lobe lesion is another independent risk factor for
biopsy diagnostic failure, as also shown by Lee et al. (27).
Lesions in basal regions of the lung are very difficult to
biopsy because of the influence of respiratory motion. The
coaxial needle must be adjusted to achieve the target site,
which will increase the damage to normal lung tissue. The
impact of respiratory motion on the upper and middle lobes
is mild; therefore, the coaxial needle can be more accurately
placed in those lesions.

In this study, pneumothorax was an independent risk
factor for biopsy failure. Pneumothorax increased the
difficulty of the coaxial needle reaching the target lesion,
which led to difficulties in tissue sampling and to reductions
in the number of biopsy specimens. The studies conducted
by Gelbman ez /. (28) and Takeshita et /. (29) confirmed
these findings.

Molecular testing is important to identify driver gene
mutations of lung cancer in this era of personalized
medicine, as patients with EGFR, ALK, or other activating

F Thorac Dis 2017;9(2):333-343
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mutations could be treated with corresponding targeted
drugs. Our study demonstrated that gene mutation testing
could be successfully performed on 95.45% (168/176) of
TCNB specimens. At least 96.8% of samples with two,
three, or four passes from a lesion were sufficient for
molecular analysis, while only 75.0% of TCNB samples
with one pass were sufficient for molecular analysis.
Therefore, the recommended number of samples taken
from one lesion for molecular analysis was two or more.

Several studies have assessed the adequacy of needle
biopsy specimens for molecular testing, but the results varied
with the different study strategies and sample sizes. Solomon
et al. (30) reported that 89% of needle biopsy specimens
acquired using 18- to 20-gauge needles were adequate for
EGFR and KRAS sequencing. However, only 18 patients
were enrolled in the study. Coley et 4. (31) reported that
100% of needle biopsy tissues remained adequate to perform
molecular studies. Similarly, only 19 cases underwent needle
biopsy in this study. Schneider et 4/. (32) found that 35 (67%)
of 52 needle biopsy specimens contained sufficient tumor
cells for molecular testing, including EGFR, KRAS,
and ALK testing. However, previous studies have rarely
reported the adequacy of needle biopsy specimens from
small pulmonary lesions. In our study, we examined a large
number of TCNB samples diagnosed as NSCLC and found
that the vast majority was sufficient for molecular analysis,
although all pulmonary lesions were no more than 3 cm in
diameter.

There are certain limitations in this investigation.
First, this study was retrospective, and unknown bias
existed. In addition, the follow-up observation period of
this study was not long enough, which might have had an
impact on the final diagnosis. Additionally, there was no
control group in this study, and no direct comparison was
made against needle biopsy using 20- to 22-gauge cutting
needles or CT fluoroscopy-guided lung biopsy; therefore,
we cannot evaluate the differences in diagnostic accuracy,
complications, and adequacy for molecular testing of those
biopsy techniques. Therefore, future prospective studies
would be very meaningful.

Conclusions

In sum, for small pulmonary lesions, CT-guided TCNB
with an 18-gauge cutting needle has high diagnostic
accuracy, and the procedure is safe. A lesion size <1 cm,
lower lobe lesions, and pneumothorax are independent risk
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factors for diagnostic failure. Molecular testing for driver
gene mutations can be successfully performed on TCNB
specimens diagnosed as NSCLC with diameters <3 cm.
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