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Abstract
Objectives To determine the negative predictive value (NPV)
of non-specific benign results from cone-beam CT (CBCT)-
guided transthoracic core-needle biopsy (TTNB) and identify
predicting factors for false-negative for malignancies.
Methods From January 2009–December 2011, 1,108 consec-
utive patients with 1,116 lung lesions underwent CBCT-
guided TTNB using an 18-gauge coaxial cutting needle.
Among them, 226 patients with 226 TTNBs, initially diag-
nosed as non-specific benign, were included in this study. The
medical charts, radiological or pathological follow-ups were
reviewed to classify false-negative and true-negative results
and to identify which variables were associated with false-
negatives.
Results Of 226 lesions, 24 (10.6%) were finally confirmed as
malignancies and 202 (89.4%) as benign, of which the NPV
was 89.4% (202/226).Multivariate analysis revealed that part-
solid nodule (PSN) (odds ratio (OR), 3.95; P = 0.022), a biop-
sy result of ‘granulomatous inflammation’ (OR, 0.04; P =
0.022), and exact location of needle tip within targets (OR,

0.37; P = 0.045) were significantly associated with false-
negatives among initial non-specific benign biopsy results.
Conclusion The NPV of the non-specific benign biopsy was
89.4%. PSN was a significant positive indicator, but a biopsy
result of ‘granulomatous inflammation’ and exact location of
needle tip within targets were significant negative indicators
for false-negatives.
Key Points
• The negative predictive value of the non-specific benign
biopsy was 89.4%.

• A part-solid nodule is a significant predictor for false-
negative biopsy (OR = 3.95).

• Pathological diagnosis of granulomatous inflammation is a
robust indicator for ‘true-negatives’.

• Identifying needle tip within target lesions is a significant
predictor for ‘true-negatives’.
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Abbreviations
CBCT Cone-beam computed tomography
FDG-PET Fluorodeoxyglucose (18F-FDG) positron

emission tomography
NPV Negative predictive value
PSN Part-solid nodule
TTNB Transthoracic core-needle biopsy

Introduction

Transthoracic core-needle biopsy (TTNB) has been prov-
en to be a safe, highly accurate and minimally invasive
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approach to determining the benign or malignant nature of
pulmonary lesions, and is considered to be the standard
tissue sampling method for peripheral lung lesions [1–3].
Indeed, for lung cancer, TTNB has an approximately 90%
chance of providing an accurate confirmation of the diag-
nosis [4]. Therefore, taken together with its extremely low
false-positive rate (0.0–0.02%) [5], these positive biopsy
results for malignancies using TTNB can have a direct
impact on clinical decision making.

Establishing a specific benign diagnosis such as tuber-
culosis, fungal infection, or hamartoma via TTNB is also
quite valuable as it enables patients with suspicious pul-
monary lesions to avoid unnecessary surgery [4]. In this
regard, core-needle biopsy greatly improved the ability to
provide a specific diagnosis for benign lesions, whereas
the specific diagnoses of benign conditions made through
fine needle aspiration (FNA) has varied between 12% and
50% [6–8].

Despite excellent diagnostic accuracy for malignan-
cies with TTNB and use of the core-needle biopsy tech-
nique, non-specific benign results for malignancies from
lung biopsies still remain a diagnostic challenge, and
have led to a key clinical dilemma. Whether or not a
lesion is adequately sampled, if it is adequately sampled,
can we be certain that the lesion is truly negative; what
should be the next best diagnostic work-up without ‘spe-
cific’ results [9]? Due to the substantial false-negative
rate of TTNBs, ranging from 5% to 12% [10–13], non-
specific benign biopsy results cannot necessarily guaran-
tee a lesion’s benignity and, therefore, cannot preclude
further work-ups, including more invasive diagnostic
procedures (such as surgery). In fact, there is no
established consensus at present as to which diagnostic
work-up should be included when initial lung biopsies
show non-specific benign results, although there have
been several differing options including repeated TTNB
(on the same target), a biopsy at another site (if avail-
able), follow-ups or other imaging examinations (such as
18F-FDG PET) [4].

Therefore, the purpose of this study was to determine the
negative predictive value (NPV) of non-specific benign results
from cone-beam CT (CBCT)-guided TTNB and to identify
the predicting factors of false-negatives among these non-
specific benign biopsy results.

Materials and methods

This re t rospec t ive s tudy was approved by the
Institutional Review Board of Seoul National University
Hospital with a waiver of the requirement for patient
informed consent.

Subjects

From January 2009 to December 2011, 1,153 consecutive
CBCT-guided TTNBs were performed on 1,116 lung lesions
(mean (± SD) size, 2.7 ± 1.7 cm) in 1,108 patients (633 male,
475 female; mean (± SD) age, 62.4 ± 12.3 years) at our hos-
pital. Out of 1,108 patients, eight underwent TTNBs twice for
different pulmonary lesions. Thirty-seven repeat TTNB pro-
cedures were excluded in this study (as this study dealt solely
with the initial TTNBs).

Pathological results of TTNBs in this study were clas-
sified into one of the following four groups: (1) diagnosis
or suspicion of malignancy; (2) specific benign; (3) non-
specific benign; or (4) non-diagnostic. ‘Specific benign’
results were defined as benign tumours (e.g. hamartoma
and leiomyoma) or infectious diseases with identified
pathogens, including fungal, bacterial or mycobacterial
infections that could explain the radiological findings
[14]. ‘Non-specific benign’ results were defined as the
presence of benign pathological features, such as inflam-
matory cells or fibrosis, but not enough to render a spe-
cific diagnosis. Non-diagnostic biopsies were defined
when adequate specimens were not obtained through bi-
opsy or when the obtained specimens were not patholog-
ically adequate for diagnosis.

Based on the clinical suspicion for malignancy, underlying
co-morbidity of the patients and patient preferences, the at-
tending physician comprehensively decided the protocol for
the follow-up (e.g. surgical resection, repeat biopsy, imaging
follow-up) of non-specific benign results from TTNB.

The final diagnosis of cases with non-specific benign biop-
sy results was determined to be true negative when: (1) a
specific benign diagnosis was established from a subsequent
surgical resection or repeat biopsy, (2) the lesion regressed
with medical (or conservative) treatment, or (3) the lesion
remained stable in size for at least 2 years [15]. False-
negative biopsies were defined as those in which the diagnosis
of malignancy was established from a subsequent surgical or
repeat biopsy [14].

In this study, 720 and 102 lesions were confirmed as ma-
lignant or specific benign lesions, respectively. Nine biopsies
were non-diagnostic. A total of 285 biopsies were classified as
non-specific benign. However, 59 of these cases were lost to
follow-up or had insufficient data for follow-up imaging sur-
veillance. Therefore, we excluded 59 non-specific benign le-
sions for which a final diagnosis was not established. Finally,
226 initial non-specific benign biopsies in 226 patients (mean
(± SD) age, 59.5 ± 12.2 years; age range, 21–86) were includ-
ed in this study. There were 119 male patients (mean (± SD)
age, 61.6 ± 11.8 years; age range, 21–86) and 107 female pa-
tients (mean (± SD) age, 57.1 ± 12.2 years; age range, 22–83
years). The mean (± SD) size of the lesions was 2.4 cm ± 1.5
(range, 0.6–9.4 cm).
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CBCT-guided TTNB technique

All 1,116 consecutive TTNBs were performed by, or under
the supervision of, a primary attending operator (C.M.P., with
7 years of experience in image-guided TTNB). TTNBs were
performed by using two different CBCTs (Axiom Artis dTA/
VB30 flat-panel detector with a 2,048 × 1,538 element,
Siemens, Erlangen, Germany; Allura Xper FD20 flat-panel
detector with a 2,480 × 1,920 element, Philips Healthcare,
Best, The Netherlands). On pre-procedural CBCT images,
operators determined the most effective, and safest, needle
pathways to their targets. After a 17-gauge coaxial introducer
was inserted into the target, procedural CBCTwas performed
to identify the proper location of the coaxial needle tip.
Subsequently, an 18-gauge cutting needle (Stericut®, TSK
Laboratory, Tochigi-Ken, Japan) was advanced into the target
through a coaxial introducer and biopsies were performed
until sufficient specimens were obtained.

After the removal of the coaxial introducer, post-procedural
CBCTwas performed to identify immediate procedure-related
complications. An erect chest radiograph was routinely ob-
tained 3 h after biopsy to evaluate the presence of pneumotho-
rax. If patients developed substantial chest pain, dyspnoea or
hypoxaemia, an erect or supine chest radiograph was imme-
diately obtained.

Data collection: Procedure and clinical information

After each TTNB, patient demographics (age and sex), target
lesion characteristics (size, location, nodule type) and proce-
dural information (patient position, pleura-to-target distance
(PTD), number of pleural passages, number of tissue sam-
plings) were routinely recorded at our institution. Lesion size,
defined as the longest diameter of the lesion, was measured on
diagnostic chest CT images and the target lesion type was
categorized into either solid or part-solid nodules (PSNs) ac-
cording to their CT morphologies. The presence of procedure-
related complications (pneumothorax, haemoptysis, air-
embolism or procedure-related mortality) was also recorded.
A retrospective chart review was performed for relevant as-
sessment of clinical information, which included smoking sta-
tus, number of pack years, history of previous malignancy or
tuberculosis, and the patient’s immune status.

One board-certificated radiologist (H.K., with 3 years of
experience in chest radiology), reviewed procedural CBCT
images retrospectively to determine the location of a coaxial
needle tip within various targets. It was designated as ‘nee-
dle tip within target’ when a coaxial needle tip was present
within the target lesions on procedural CBCT images. The
reviewer also collected information about the maximum
standardized uptake values (SUVmax) of the target lesions
(where available).

Statistical analysis

Among cases with non-specific benign results on TTNBs,
comparison of false-negative cases versus true-negative cases
was performed using the independent-samples t-test,
Pearson’s chi-square test, Fisher’s exact test (in terms of pa-
tient or lesion characteristics) and biopsy procedural variables,
as appropriate. For normality of distribution and equality of
variances, continuous data were tested using Levene’s test. A
p-value of less than 0.05 indicated a significant difference.

Subsequently, multivariate logistic regression analysis was
performed to determine the distinguishing features of false-
negative malignancies from those of true benign. Variables
with a p-value of less than 0.10 in univariate analyses were
used as input variables for multivariate analysis. Due to the
complete separation phenomenon, the penalized maximum
likelihood estimation method was used instead of classic lo-
gistic regression analysis to determine the individual
distinguishing features of false-negative cases from true-
negative TTNB cases [16].

All statistical analyses were conducted using SPSS (ver-
sion 18.0 for Windows, SPSS, Chicago, IL, USA) and
STATA software (version 10, Stata Corp, College Station,
TX, USA).

Results

Of the 226 cases, 24 (10.6%) were ultimately determined to be
malignant and 202 (89.4%) to be benign. The negative pre-
dictive value (NPV) of non-specific benign pathologies upon
initial TTNB was 89.4% (202/226; confidence interval (CI),
84.4– 92.9).

Final diagnosis of non-specific benign biopsies

The final diagnoses of the 24 false-negatives included 20 pri-
mary lung cancers (14 adenocarcinomas, one large cell lung
carcinoma, three squamous cell carcinomas, one non-small
cell lung cancer and one mucoepidermoid carcinoma) and
four metastases (three from colon cancer and one from thyroid
cancer). The final diagnoses of these 24 false-negatives were
made through surgical resection (n = 13), repeat TTNBs (n =
9) and bronchoscopic biopsies (n = 2). The median diagnostic
delay in these 24 malignancies was 0.7 months, ranging from
1 day to 32.3 months.

The final diagnoses of 202 true negatives were rendered on
the basis of surgical resection (n = 19), repeat TTNBs (n = 6),
positive acid-fast bacilli (AFB) sputum smear with anti-
tuberculosis treatment response (n = 2) and shrinkage upon
follow-up or stability in size for at least 2 years (n = 175). Of
the 19 surgical cases, non-specific inflammation without
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identifiable organisms (n = 9), organized pneumonia (n = 2),
pulmonary tuberculosis (n = 2), cryptococcosis (n = 2), asper-
gillosis (n = 3) or hamartoma (n = 1) were their final diagno-
ses. Of the six repeat TTNBs, five pulmonary tuberculosis and
one sclerosing hemangioma were finally diagnosed.

False-negatives versus true-negatives: Predictors
of final false-negatives

Table 1 summarizes the demographic, clinical and biopsy
procedural features of ‘false-negatives’ and ‘true nega-
tives’. On univariate analyses, there were significant dif-
ferences between the two groups in terms of patient age
50 years or older (95.8% vs. 79.2%, p = 0.022), part-solid
nodule (25% vs. 5.4%, p = 0.001), needle tip within tar-
gets (62.5% vs. 84.7%, p = 0.007) and biopsy results of
‘granulomatous inflammation’ (0% vs. 40.1%, p = 0.000).
There were no significant differences between the two
groups in terms of biopsy-related complications and clin-
ical features of patients such as history of malignancy or
immune status (compromised vs. competent).

Multiple logistic regression analyses revealed that PSN
(adjusted odds ratio [OR] = 3.95, p = 0.022) was a signifi-
cant independent positive indicator for false-negatives
(Fig. 1). A biopsy result of ‘granulomatous inflammation’
(OR = 0.04, p = 0.022) and needle tip within target (OR =
0.37, p = 0.045) were significant independent indicators for
true-negatives (Table 2) (Fig. 2).

True negatives: Chronic granulomatous
inflammation

The most common pathological result from non-specific be-
nign biopsy was granulomatous inflammation (n = 81). The
final diagnosis was determined for eight chronic granuloma-
tous inflammatory lesions on the basis of surgical resection
(n = 6) and repeat biopsy (n = 2) revealing four cases of pul-
monary tuberculosis, two of granulomatous inflammation
without identifiable organisms, one unexplained vasculitis
and one case of cryptococcosis. The majority of remaining
cases with a diagnosis of granulomatous inflammation
(n = 52) had shrunk (or resolved) on subsequent chest

Table 1 Univariate analysis to
determine distinguishing features
of false-negative malignancies
from true-negative lesions among
non-specific benign biopsy results

Characteristics False-negatives
(n = 24)

True-negatives
(n = 202)

P-value

Patients
Age (y)† 64.5 ± 9.8 58.9 ± 12.3 0.034 a

< 50 y : ≥ 50 y 1 : 23 46 : 156 0.033 c

< 55 y : ≥ 55 y 4 : 20 70 : 132 0.106 c

Sex (male : female) 12 : 12 107 : 95 0.783 b

Target lesions
Size (cm)† 2.5 ± 2.1 2.4 ± 1.4 0.894 a

Size (≤1 cm) 5 (20.8%) 16 (7.9%) 0.055 c

Lesion location (upper and middle : lower) 14 : 10 107 : 95 0.618 b

Nodule type (part-solid : solid) 6 : 18 11 : 191 0.001 b

SUVmax†‡ 5.9 ± 3.9 (n = 16) 6.7 ± 4.9 (n = 56) 0.585 a

Biopsy variables
Biopsy position (supine : prone) 13 : 11 81 : 121 0.186 b

Pleura-to-target distance (cm)† 2.5 ± 2.4 2.2 ± 2.1 0.492 a

Needle tip within target 15 (62.5%) 171 (84.7%) 0.007 b

No. of tissue sampling† 3.3 ± 0.8 3.1 ± 0.9 0.389 a

Pneumothorax 3 (12.5%) 23 (11.4%) 0.745 c

Haemoptysis 4 (16.7%) 14 (6.9%) 0.108 c

Granulomatous inflammation 0 (0%) 81 (40.1%) 0.000 c

Clinical features
Smoker : Non-smoker 11 : 13 71 : 131 0.303 b

Previous tuberculosis 5 (20.8%) 38 (18.8%) 0.786 c

Previous malignancy 4 (16.7%) 42 (20.8%) 0.792 c

Immunocompromised status 5 (20.8%) 61 (30.2%) 0.477 c

Note: Unless otherwise indicated, data are the numbers of patients
† Data are mean ± standard deviation
‡ The mean time interval from FDG-PET scan to biopsy was 1.7 ± 8.9 days
a Independent sample t-test
b Pearson’s chi-squared test
c Fisher’s exact test
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radiograph or chest CT scans, and 21 lesions remained stable
in size for more than 2 years. It should be noted that there were
no false-negatives out of the 81 cases of granulomatous
inflammations.

Discussion

We found that 10.6% (24 out of 224) of non-specific benign
biopsy results from CBCT-guided TTNBs were falsely nega-
tive for malignancies. Surprisingly, there were no false-
negatives in the 81 cases of granulomatous inflammations
after TTNBs. Granulomatous inflammation is pathologically
characterized by the recruitment and organization of activated
macrophages and lymphocytes in discrete lesions [17].

Granuloma formation is a type of protective response to
chronic infection, but it can also be elicited by non-
infectious agents [17, 18]. The causes of granulomatous lung
disease include infection, sarcoidosis, autoimmune disease,
hypersensitivity pneumonitis, aspiration pneumonia, talc
granulomatosis, etc. [19]. However, a majority of granulomas
in the lung are caused by mycobacterial or fungal infection,
although organisms were identified by special stains in only
one-third [20].

Few granulomas have been observed in association with
carcinomas, carcinoid tumours and various forms of
Hodgkin’s and non-Hodgkin’s lymphoma [21]. However,
there were actually no false-negative cases among the 81 gran-
ulomatous inflammations in this study. Furthermore, in a
study by Mukhopadhyay et al.[22], only two cases (lympho-
ma or lymphoid interstitial pneumonia) were identified among
500 cases of granulomatous lung disease. If anything, granu-
lomatous inflammation is one of the most common sources of
false-positive diagnoses in fine-needle lung aspirates rather
than false-negatives [23]. Therefore, a granulomatous inflam-
mation from a benign biopsy result can assure the patient and
physician that it is indicative of a benign process and can
preempt the need for more invasive diagnostic procedures in
order to avoid false-negative results.

Comparison of the biopsy-related parameters showed that
false-negatives occurred in more biopsies in which the needle
tip was not verified to be within the established targets (37.5%
vs. 15.3%, p = 0.007). Confirmation of the final needle loca-
tion within targets can guarantee that the tissue sampling
would be successful and reduce sampling error or technical
failure of TTNBs. The main explanation for false-negatives
can be that they are mostly a result of tissue sampling errors or
failure to sample sufficient biological specimen for patholog-
ical diagnosis [9]. Hence, it may be important for operators
performing TTNBs to confirm the exact position of the needle
tip within targets.

Previous studies reported that target size, lower lobe loca-
tion, fewer adjustments of the needle, lack of positive cultures
and the occurrence of a pneumothorax were associated with
false-negatives (or inconclusive results) of CT-guided TTNBs
[14, 15, 24, 25]. In this study, there were no significant corre-
lations between false-negative results of benign non-specific

Fig. 1 A false-negative part-solid nodule for which the biopsy result was
benign non-specific pathology. (a) A diagnostic chest CT image in a 66-
year-old man shows a 2.4-cm part-solid nodule (arrow) in the right lower
lobe and lung cancer was highly suspected. (b) On the transverse proce-
dural CBCT image, the coaxial needle tip abutted the mass. After the
biopsy, the lesion was diagnosed as intra-alveolar macrophages and fi-
brins. Taking into consideration the discrepancy between the biopsy re-
sults and the CT findings, he performed a wedge resection through video-
assisted thoracic surgery (VATS). Finally, the lesion was confirmed as
adenocarcinoma

Table 2 Results of multivariate logistic regression analysis to
determine distinguishing false-negative malignancies from true-negative
lesions among non-specific benign biopsy results

Variables Adjusted
odds ratio

95% CI P-value

Needle tip within target 0.37 0.14–0.98 0.045

Granulomatous inflammation 0.04 0.00–0.62 0.022

Part-solid nodule 3.95 1.21–12.85 0.022
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biopsies and any of the following factors: patient sex, lesion
size, location or procedure-related features such as patient’s
position, pleura-to-target distance, number of pleural passages
or number of tissue samples. However, the proportion of part-
solid nodules was significantly higher in the false-negative
group than in the true-positive group (25% vs. 5.4%,
p = 0.001). Importantly, the malignancy rate for persistent
PSNs was 63% and, actually, their malignancy probability
was significantly higher than that for solid lung nodules
(p = 0.03) [26]. Lu et al. [27] revealed that stromal invasion
of subsolid nodule was underestimated in 43.5% of CT-guided
core biopsy specimens compared to the surgical pathology,
and Kim et al. [28] also reported an underestimation of the
pathological grade of subsolid nodules on biopsy. Given the
substantially higher probability of malignancy and some lim-
itations for the pathological confirmation of PSNs on biopsy

specimens, a non-specific benign result from a PSN biopsy
should prompt immediate additional evaluation (or surgical
resection) in order to exclude false-negative malignancy.

Our study is limited by its retrospective design. The final
confirmation of their benignity could not always be recorded
unless patients were referred for re-evaluation to our depart-
ment by their attending physicians. Furthermore, as a relative-
ly large proportion of our initial population did not undergo
follow-up (59 cases), there may have been selection bias of the
study population. Thus, the negative predictive value of non-
specific benign results of TTNBs may not have been exactly
estimated. Second, we did not review pathological specimens
to determine whether false-negative cases resulted from sam-
pling or interpretive errors (or both). However, since ‘the con-
firmation of needle tip’ position within targets was thought to
reduce sampling errors and ‘the non-visualization of needle

Fig. 2 A mass for which the
biopsy result was a chronic
granulomatous inflammation. (a)
A diagnostic chest CT image in a
71-year-oldwoman showed a 4.7-
cm irregular mass (arrow) in the
right upper lobe. (b) The maxi-
mum standardized uptake value
(SUV) of the mass was 8.1 on
FDG-PET/CT scan. (c) On the
transverse procedural CBCT im-
age, the exact location of the nee-
dle tip in the mass was noted.
There was a minimal amount of
pneumothorax. A chronic granu-
lomatous inflammation with neg-
ative polymerase chain reaction
for Mycobacterium tuberculosis
(TB-PCR) was reported on the
biopsy specimen. (D) After
6 months with conservative man-
agement, the lesion was almost
completely resolved on follow-up
CT scan

Eur Radiol (2017) 27:3888–3895 3893



tip’within targets could reasonably be considered a significant
predictive factor for false-negative biopsies [29], sampling
errors might be a major contributor to false-negative biopsies.

In our study of 226 initial non-specific benign TTNBs, we
found that a cancer diagnosis was missed in 10.6% of the non-
specific benign biopsy results. PSN was a significant associ-
ated factor of a false-negativemalignancies and a biopsy result
of ‘granulomatous inflammation’ and needle tip within targets
were significant predictors of true-benign lesions.
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