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Background: Computed tomography (CT)-guided transthoracic needle biopsy (TINB) could damage lung
structures and may disseminate tumor cells into the airway, blood vessels, and pleural cavity, affecting post-
operative outcomes. Several studies have investigated the effects of TNB on the prognosis of patients, but
the effects remain unclear. This study aimed to investigate whether TINB increases the risk of recurrence of
resected stage IA non-small cell lung cancer NSCLC).

Methods: In this retrospective study, we enrolled 1,077 patients with stage IA NSCLC who underwent
curative resection from 2010 to 2020. Recurrence risk factors were evaluated using Cox regression analyses.
A multiple logistic regression model, including age, sex, smoking history, total tumor size, invasive tumor
size, histology, histologic differentiation, lymphatic invasion, vascular invasion, perineural invasion, and the
number of harvested lymph nodes (LNs), was used to calculate the propensity score.

Results: According to the pre-operative TNB, patients were classified into the no-TNB (n=823) and TNB
(n=190) groups. After propensity score matching analysis, 380 patients were included in the no-TNB group
(1:2 matching). Multivariable Cox analysis revealed that pre-operative TNB was a negative prognostic factor
in patients with surgically resected stage IA NSCLC [hazard ratio (HR), 3.15; 95% confidence interval
(CI): 1.49-6.67; P=0.003]. The 5-year locoregional and overall recurrence-free survival (RFS) rates were
significantly lower in the TNB group than in the no-TNB group (88.3% vs. 96.8%, P=0.001; and 84.2% vs.
93.7%, P=0.02, respectively).

Conclusions: For patients with stage IA NSCLC, pre-operative TNB was a negative prognostic factor for
recurrence. Surgical diagnosis and treatment without pre-operative tissue diagnosis may be considered first

in patients with clinically early lung cancer.
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Introduction
Background

Lung cancer reigns as the world’s most common cancer,
striking both men and women, and it remains the leading
cause of cancer death (1,2). Recently, advances in medical
technology, such as computed tomography (CT), have
led to an increased detection of small pulmonary nodules.
The National Comprehensive Cancer Network (NCCN)
guidelines recommend that follow-up strategies for
the incidental finding of nodules should be established
depending on the characteristics of the nodules, such as
the size of the nodule and the solid part as well as the
patient’s risk factors. Further, the NCCN recommends that
interventional radiologists, thoracic surgery experts, and
interventional pulmonologists should discuss the safest and
most effective method for biopsy if a biopsy is necessary (3).
Unlike surgical biopsy that requires general anesthesia,
CT-guided transthoracic needle biopsy (I'NB) that requires
local anesthesia has been the first choice for conventional
histologic diagnosis (4). However, TNB could cause
severe complications (i.e., pneumothorax, hemorrhage,
hemothorax, and air embolism), leading to neurologic
sequelae or death (5,6). In theory, TNB could damage the
lung structures and may disseminate tumor cells into the
airway, blood vessels, and pleural cavity. Consequently,
these methods may influence post-operative outcomes.

Highlight box

Key findings
* For patients with stage IA non-small cell lung cancer, pre-operative
transthoracic needle biopsy (TINB) was a negative prognostic factor

for recurrence.

What is known and what is new?

¢ Computed tomography-guided TNB could damage lung structures
and may disseminate tumor cells into the airway, blood vessels, and
pleural cavity, affecting post-operative outcomes.

® This study makes a novel contribution to the body of literature
through the assessment of the effect of TNB on cancer recurrence.

What is the implication, and what should change now?

e Surgical diagnosis and treatment without pre-operative tissue
diagnosis may be considered first in patients with clinically early
lung cancer.
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Rationale and knowledge gap

In terms of oncological outcomes, several studies have been
conducted to investigate the effects of TNB procedures on
the prognosis of patients, but the effects remain unclear
(7-12). The degree of visceral pleural invasion was an
important factor mentioned numerous times in previous
studies that compared oncologic outcomes due to TNB
(10-12). According to the modified Hammar classification
of visceral pleural invasion, a PLO tumor is one within the
subpleural lung parenchyma or invading superficially into
the pleural connective tissue beneath the elastic layer. PL1,
PL2, and PL3 indicate invasion beyond the elastic layer, to
the pleural surface, and into any component of the parietal
pleura, respectively (13).

Objective

This retrospective study aimed to analyze the effects of TNB
on the prognosis of patients with stage IA non-small cell lung
cancer (NSCLC) with confirmed PLO that excluded visceral
pleural invasion. This study makes a novel contribution to
the body of literature through the assessment of the effect
of TNB on cancer recurrence. We present this article in
accordance with the STROBE reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-24-
419/rc).

Methods
Patients

In this retrospective study, we enrolled 1,077 patients with
pathologic stage IA NSCLC who underwent surgery at a
single tertiary hospital from 2010 to 2020. The pathologic
stage was decided based on the guidelines of the 8" edition
of the International Association for the Study of Lung
Cancer and the American Joint Committee on Cancer Stage
Classification of NSCLC (14,15). Follow-up data were
collected by additionally reviewing the thoracic surgery
department’s database in September 2022.

Patients who received neoadjuvant therapy, underwent
bilateral lung surgery for other reasons, or those without
mediastinal lymph node (LN) dissection were excluded.

Post-operative follow-ups varied according to the
surgeons. The first post-operation follow-up CT was
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performed at 1-3 months post-operatively, and regular
follow-ups were performed every 3-6 months thereafter
until the fifth year after surgery. Then, after the fifth year,
CT follow-ups were performed at 1-year intervals. If a
recurrent tumor was suspected on CT, a follow-up was
performed more frequently to confirm tumor recurrence
through additional CT workup or another modality, such as
biopsy or positron emission tomography (PET)/CT.

The primary outcomes of this study were the locoregional
recurrence and the overall recurrence, and the secondary
outcome was TINB procedure-related complications.

TNB protocol

In our institution, TNB is considered for small peripheral
nodules with a solid portion of less than 8 mm after
consultation with the thoracic radiologist if there is no
significant risk of pneumothorax and access is available.
TNB is also performed when the patient wants tissue
confirmation prior to surgical treatment.

For all TNBs, a multi-detector CT scanner (Siemens
Definition AS Plus, Siemens Healthcare, Erlangen,
Germany) with no CT fluoroscopy mode was used. All
procedures with the coaxial technique were performed by
the thoracic radiologist. Pre-procedural CT was performed
before the biopsy to determine the most appropriate needle
path. Then, the 18-gauge coaxial introducer was inserted
under intermittent CT guidance. After checking that the
needle tip was appropriately inserted into the target lesion,
tissue biopsy was performed using a 20-gauge cutting
needle (Stericut, TSK Laboratory, Tochigi, Japan). After
an outer cannula of the coaxial needle was fixed in the
lesion, multiple tissue samples were obtained from different
locations of the tumor by rotating the angle of the biopsy
needle as much as possible. After removing the coaxial
introducer, immediate procedure-related complications
were confirmed by performing post-procedural CT. Further,
erect chest radiography was performed after approximately
2 h to check for the development of pneumothorax (16,17).

Definition of variables

Locoregional recurrence was defined as recurrence at
the ipsilateral lung, ipsilateral pleural seeding, malignant
pleural effusion, or regional and mediastinal LN on the
same side as the surgical site. Overall recurrence included
distant recurrence, which was defined as the recurrence
in the contralateral lung and outside the thoracic cavity,
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and locoregional recurrence. Recurrence was confirmed
by cytological examination of pleural fluid or histological
examination of biopsy material and when malignancy was
suspected based on the readings of at least two radiologists
owing to the increased number and size on the follow-up
CT scan. Patients who did not experience a recurrence at
the most recent workup were considered to be recurrence-
free. Recurrence-free survival (RFS) was defined as
the period between the date of surgery and the date of
recurrence.

Statistical analysis

The baseline characteristics of each group were analyzed
using the independent #-test for continuous variables and
the Chi-squared and Fisher’s exact test for categorical
variables. Continuous variables are presented as means
and standard deviations, and categorical variables are
presented as frequencies and percentages. The normality
of individual parameter distributions was assessed using
the Shapiro-Wilk test. The propensity scores, which were
calculated from the logistic regression models, included the
following variables: age, sex, history of smoking, total tumor
size, invasive tumor size, histology, extent of resection,
histologic differentiation, microscopic lymphatic invasion,
and microscopic vascular invasion. Through the matching
procedure for propensity scores, the no-TNB and TNB
groups showed similar distributions of propensity scores,
indicating that the differences in covariates between the
two groups were minimized. We matched the scores using
optimal methods. For comparison between the matched
groups, Student’s 7-test or the Wilcoxon rank-sum test was
used to compare continuous variables, depending on the
normality of distribution. The Kaplan-Meier method was
used to estimate the locoregional RFS, overall RFS, and
distant RFS, and the log-rank test was used to evaluate
them. For the visualization of the locoregional recurrence
distribution, a kernel smoothing method was used to
estimate recurrence hazard rate. In both the univariable and
multivariable analyses, the Cox proportional hazards model
was used to evaluate the prognostic factors for recurrence
in matched patients. Following elimination of correlated
factors, independent variables with P<0.20 in univariable
analysis were included in the initial multivariate Cox model.
The final multivariable model (Model 1) was chosen using a
backward stepwise selection procedure (P<0.10 for entering
and P<0.05 for staying in the model).

All statistical analyses were performed using R Statistical
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¢ Neoadjuvant therapy (n=32)
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® Previous pulmonary resection history (n=13)
e Improper lymph node dissection (n=19)

Study cohort (n=1,013)
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invasion, microscopic vascular invasion

v v

TNB No-TNB
(n=190) (n=380)

Figure 1 Flow diagram of patient inclusion in the study. NSCLC, non-small cell lung cancer; TNB, transthoracic needle biopsy.

Software (v4.2.2; R Core Team 2022, Vienna, Austria)
using the Matchlt (v4.5.0; Ho ez al. 2011), ggplot2 (v.3.4.0;
Wickham 2016), and moonBook (v.0.3.1; Moon 2015)
packages. Statistical significance was set at P<0.05.

Ethical statement

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Institutional Review Board of the Catholic
University College of Medicine (No. KC22RISI0761), and
individual consent for this retrospective analysis was waived.

Results
Patient characteristics

According to our exclusion criteria, patients who received
neoadjuvant treatment (n=32); patients who underwent
bilateral lung surgery due to previous lung double primary
lung cancer (n=13); and patients who did not undergo node
dissection (n=19) were excluded from the study. A total of
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1,013 patients were included; they were assigned to the
group that underwent TNB (n=190) (TNB group) or the
group that did not undergo TNB (n=823) (no-TNB group)
in a 1:2 ratio using the propensity score matching (PSM)
method (Figure I).

Table 1 shows the baseline demographics of the two
groups before matching. In the TNB group, the mean
tumor size was significantly larger (P<0.001), and more
patients underwent lobectomy than those who underwent
sublobar resection (P<0.001). The two groups that were
matched showed good matches (7able 2). The mean follow-
up durations in the no-TNB and TNB groups were
51.1£27.4 and 61.5+36.3 months, respectively.

Recurrence pattern

Locoregional recurrence was compared, and the 5-year
locoregional RFS rates were 96.8% and 88.3% in the no-
TNB and TNB groups, respectively (P=0.001) (Figure 2A).
In addition, the 5-year overall RFS rates were 93.7% and
84.2% in the no-TNB and TNB groups, respectively
(P=0.02) (Figure 2B). However, no significant difference was
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Table 1 Characteristics of patients with stage IA NSCLC in the no-TNB and TNB groups

Characteristics No-TNB (N=823) TNB (N=190) P value
Age, years 64.0+9.9 64.0+10.8 0.92
Sex, male 365 (44.3) 88 (46.3) 0.68
Non-smoker 525 (63.8) 112 (58.9) 0.25
Extent of resection <0.001
Sublobar resection 261 (31.7) 22 (11.6)
Lobectomy 562 (68.3) 168 (88.4)
Cell type 0.01
Adenocarcinoma 746 (90.6) 160 (84.2)
Non-adenocarcinoma 77 (9.4) 30 (15.8)
Number of harvested LNs 11.7+6.9 13.7+£7.5 0.001
Total tumor size, mm 17.7+6.7 20.7£5.7 <0.001
Invasive tumor size, mm 15.4+6.7 20.4+£5.5 <0.001
Histologic differentiation 0.003
Well or moderately 779 (94.7) 168 (88.4)
Poorly 44 (5.3) 22 (11.6)
Microscopic vascular invasion 37 (4.5) 19 (10.0) 0.005
Microscopic lymphatic invasion 187 (22.7) 54 (28.4) 0.12

Values are presented as numbers (%) or means + standard deviations. NSCLC, non-small cell lung cancer; TNB, transthoracic needle
biopsy; LN, lymph node.

Table 2 Characteristics of patients with stage IA NSCLC in the no-TNB and TNB groups after PSM

Characteristics No-TNB (N=380) TNB (N=190) P value SMD
Age, years 63.7+9.7 64.0+10.8 0.72 0.030
Sex, male 175 (46.1) 88 (46.3) >0.99 0.005
Non-smoker 230 (60.5) 112 (58.9) 0.79 0.032
Extent of resection 0.74 0.041
Sublobar resection 39 (10.3) 22 (11.6)
Lobectomy 341 (89.7) 168 (88.4)
Cell type 0.64 0.050
Adenocarcinoma 327 (86.1) 160 (84.2)
Non-adenocarcinoma 53 (13.9) 30 (15.8)
Total tumor size, mm 20.3+5.2 20.7+£5.7 0.40 0.070
Invasive tumor size, mm 19.9+5.1 20.4+£5.5 0.31 0.086
Histologic differentiation 0.46 0.050
Well or moderately 345 (90.8) 168 (88.4)
Poorly 35(9.2) 22 (11.6)
Microscopic vascular invasion 28 (7.4) 19 (10.0) 0.36 0.088
Microscopic lymphatic invasion 101 (26.6) 54 (28.4) 0.71 0.041
Follow-up (months) 51.1x27.4 61.5+36.3 0.001 -

Values are presented as numbers (%) or means + standard deviations. NSCLC, non-small cell lung cancer; TNB, transthoracic needle
biopsy; PSM, propensity score matching; SMD, standardized mean difference.
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Figure 2 Locoregional recurrence-free survival (A), recurrence-free survival (B), and distant recurrence-free survival (C) stratified pre-

operative TINB after propensity score matching analysis. TNB, transthoracic needle biopsy.

noted in the distant RFS between the two groups (P=0.15)
(Figure 2C).

In addition, based on the multivariable analysis, history of
TNB [hazard ratio (HR), 3.15; 95% confidence interval (CI):
1.49-6.67; P=0.003] and cell types (HR, 3.62; 95% CI: 1.68-
7.76; P<0.001) were risk factors for locoregional recurrence
(Table 3). Multivariable analysis of overall RES demonstrated
that the history of TNB was a risk factor (Table 4).

Regarding the time of locoregional recurrence, the mean
peak points were 6.9 and 11.6 months in the no-TNB and
TNB groups, respectively, showing a significant difference
(Figure 3).

TNB-related complications

The proportion of patients who developed pneumothorax
in the TNB group was 21.6% (41/190), of which 22% (9/41)
required air drainage and others required conservative care,
such as oxygen supplementation. Hemoptysis was observed in
3.2% (6/190) of patients, and hemothorax that did not require
any further intervention was observed in 1.6% of patients
(3/190). The overall incidence of complications observed
during the study period was 26.3% (50/190) (Tuble 5).

© Journal of Thoracic Disease. All rights reserved.

Discussion
Key findings

This study demonstrated that pre-operative TNB increased
the risk of locoregional recurrence, leading to an increased
overall recurrence in patients with stage IA NSCLC. Unlike
previous studies that included patients with stage I, this
study is significant in that the clinical effects of TNB were
investigated by including patients with stage IJA NSCLC
with no visceral pleural invasion. Furthermore, this
study compared the oncological outcomes by minimizing
heterogeneity between the TNB and no-TNB groups
through PSM and demonstrated different frequencies and
onsets of recurrence between the groups.

Strengths and limitations

This study has some limitations. First, this was a
retrospective study that was conducted at a single center,
which might have introduced a bias within the groups,
although it was minimized using PSM. Second, there might
have been heterogeneity (number of tissue samples and

needle passage method) within the TNB group that could
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Table 3 Cox proportional hazards for locoregional recurrence incidence in patients treated surgically for stage IA NSCLC after PSM

Yoon et al. CT-guided TNB

Characteristics

Locoregional recurrence-free survival

Univariable analysis

Multivariable analysis

HR (95% Cl)

Age, years
Sex
Female
Male
History of smoking
Total tumor size, mm
Invasive tumor size, mm
Extent of resection
Lobectomy
Sublobar resection
Cell type
Adenocarcinoma
Non-adenocarcinoma
Histologic differentiation
Well or moderately

Poorly

Microscopic lymphatic invasion
Microscopic vascular invasion

Number of harvested LNs

Pre-operative TNB

1.01 (0.97-1.04)

]
1.73 (0.83-3.62)
1.47 (0.71-3.05)
1.01 (0.94-1.08)
1.02 (0.95-1.09)

;
1.84 (0.70-4.83)

]
4.16 (1.96-8.80)

]
2.23 (0.85-5.85)
1.55 (0.72-3.33)
3.13 (1.27-7.69)
1.03 (0.99-1.08)
3.26 (1.54-6.90)

P value HR (95% ClI) P value
0.73
Ref. 1 Ref.
0.15 1.03 (0.42-2.54) 0.96
0.30
0.77
0.62
Ref.
0.22
Ref. 1 Ref.
<0.001 3.62 (1.68-7.76) <0.001
Ref. 1 Ref.
0.10 0.87 (0.29-2.55) 0.79
0.27
0.01 2.27 (0.91-5.69) 0.08
0.14 1.04 (0.99-1.08) 0.12
0.002 3.15 (1.49-6.67) 0.003

NSCLC, non-small cell lung cancer; PSM, propensity score matching; HR, hazard ratio; Cl, confidence interval; Ref., reference; LN, lymph

node; TNB, transthoracic needle biopsy.

have occurred in connection with the TNB procedures.
However, we believe that this bias has been minimized,
given that only a limited number of radiologists at a single
center performed the protocol. Third, this study lacks a
controlled comparison of postoperative complication rates
for pulmonary resection surgery and TNB procedures.
We believe follow-up studies are necessary to address this.
Finally, it is difficult to determine the time to recurrence
since the number of events was limited. However, the
present study showed that the incidence of recurrence
was different between the TNB and no-TNB groups,
suggesting that the time to recurrence differs between the
two groups.

© Journal of Thoracic Disease. All rights reserved.

Explanation of findings and comparison with similar
research

Many studies that investigated the association between
TNB and oncological outcomes have reported different
results (7-12). Compared to the present study, previous
studies have demonstrated that TINB is not related to the
prognosis of patients, in which adverse effects of TNB
might have been masked because the heterogeneity was not
properly considered, even in a relatively large-scale study (8).
Moreover, although pleural invasion is a variable that must
be controlled when considering tumor seeding of the biopsy
tract and structure disruption owing to external force, it was
not appropriately controlled in previous studies (7-9).
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Journal of Thoracic Disease, Vol 16, No 7 July 2024

4093

Table 4 Cox proportional hazards for the incidence of recurrence in patients surgically treated for stage IA NSCLC after PSM

Recurrence-free survival

Characteristics

Multivariable analysis

Univariable analysis

HR (95% CI) P value HR (95% Cl) P value

Age, years 1.02 (0.99-1.05) 0.27
Sex

Female 1 Ref. 1 Ref.

Male 1.95 (1.10-3.46) 0.02 1.22 (0.48-3.11) 0.67
History of smoking 1.96 (1.12-3.45) 0.02 1.60 (0.86-2.99) 0.14
Total tumor size, mm 1.04 (0.98-1.10) 0.16
Invasive tumor size, mm 1.05 (0.99-1.11) 0.10
Extent of resection

Lobectomy 1 Ref.

Sublobar resection 1.32 (0.56-3.11) 0.53
Cell type

Adenocarcinoma 1 Ref. 1 Ref.

Non-adenocarcinoma 2.75 (1.48-5.12) <0.001 1.91 (0.96-3.82) 0.07
Histologic differentiation

Well or moderately 1 Ref. 1 Ref.

Poorly 1.52 (0.65-3.57) 0.34
Microscopic lymphatic invasion 2.09 (1.18-3.70) 0.01 1.54 (0.83-2.88) 0.17
Microscopic vascular invasion 3.12 (1.56-6.26) 0.001 2.70 (1.34-5.48) 0.006
Number of harvested LNs 1.03 (0.99-1.06) 0.10 1.03 (1.00-1.07) 0.08
Pre-operative TNB 1.98 (1.02-3.48) 0.02 1.93 (1.10-3.39) 0.02

NSCLC, non-small cell lung cancer; PSM, propensity score matching; HR, hazard ratio; Cl, confidence interval; Ref., reference; LN, lymph

node; TNB, transthoracic needle biopsy.

Kashiwabara et al. suggested pre-operative TNB as an
oncologic negative risk factor, but it was confined to the
sub-pleural pure solid nodules (11). In addition, this study
had a limitation in that it used a relatively small sample size
that was unmatched (11). Inoue ez al. also compared patients
by matching, using a method similar to the one used in the
present study, to reduce selection bias, even though they
included patients with pathologic stage IB with visceral
pleural invasion (10). A recent patient-level meta-analysis of
2,394 patients also revealed that TNB in patients with stage
I early lung cancer was a risk factor for isolated ipsilateral
recurrence and concomitant ipsilateral recurrence. A sub-
group analysis that was conducted in that study also revealed
that TNB in stage IA is a negative prognostic factor,

© Journal of Thoracic Disease. All rights reserved.

similar to the results of our study. This was not the primary
endpoint of the study but was the result of the sub-group
analysis, and it resulted from a bias within groups that was
not fully controlled, which is a significant limitation (12).
According to a recent meta-analysis encompassing 32
studies, the incidence of complications in 8,133 patients who
underwent cutting needle biopsy was 38.8%, of which the
incidence of severe complications (pneumothorax requiring
intervention, hemothorax, air embolism, needle tract seeding,
and death) was 5.7% (18). A Japanese multicenter study used
data from 9,783 biopsies and reported that the incidence of
pneumothorax, the most common complication, was 35%
(N=2,412) among 6,881 patients. Further, it reported that
the incidence of needle tract seeding, one of the severe
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Figure 3 Recurrence dynamics in the matched patients presented
as (A) the cumulative incidence plot of locoregional recurrence
and (B) the hazard rate of locoregional recurrence stratified pre-
operative TNB. TNB, transthoracic needle biopsy.

Table 5 TNB procedure-related complications

Complications Number Rate (%)
Pneumothorax [requiring drainage] 41 [9] 21.6 [4.7]
Hemoptysis 6 3.2
Hemothorax 3 1.6
Air embolism 0 0
Respiratory arrest 0 0
Death 0 0
Total 50 26.3

TNB, transthoracic needle biopsy.

complications, was 0.06% (IN=6) (6). Most complication
events in this study were relatively less frequent than those
of previous studies. These findings suggest that surgical
and TNB complication rates might be comparable, based

on existing studies (19-21). Moreover, according to a

© Journal of Thoracic Disease. All rights reserved.
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meta-analysis that included 12 studies, the sensitivity and
specificity of TNB were 90% (95% CIL: 85-94%) and 99%
(95% CI: 92-100%), respectively. TNB has a limitation
in that it is not a surgical biopsy that identifies malignancy
by removing the whole tumor. Accordingly, owing to this
limitation, TNB cannot assist clinicians in regard to future
management when a negative TINB result is observed in
patients with a clinically high suspicion of malignancy (22).
Additional limitations, such as an increased medical cost,
shed additional light on the necessity of TNB in patients
with stage IA NSCLC (23).

Implications and actions needed

Future studies with a large sample size are warranted to
derive clinically significant results in the post-operative

follow-up protocol of the TNB and no-TNB groups.

Conclusions

For patients with stage IA NSCLC, the pre-operative TNB
was a negative prognostic factor for recurrence. Surgical
diagnosis and treatment without pre-operative tissue
diagnosis may be considered first in patients with clinically
early lung cancer.
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