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Abstract

OBJECTIVES: The present study aimed to clarify the association between preoperative biopsy and surgical outcomes in clinical stage I
non-small-cell lung cancer (NSCLC) with different proportions of ground-glass opacity (GGO).

METHODS: Data on patients who underwent pulmonary resection for NSCLC from 2006 to 2016 were drawn from a prospective
registered database and analysed retrospectively. Patient characteristics collected included tumour size, location and staging, surgical
approach, consolidation–tumour ratio, histopathology and the presence or absence of preoperative biopsy to identify the indepen-
dent prognostic factors of disease-free survival (DFS) and cancer-specific survival. A 1:1 propensity score matching was conducted
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between the preoperative biopsy and reference groups based on their baseline characteristics measured before the decision for pre-
operative biopsy.

RESULTS: A total of 1427 patients were collected to achieve an overall 5-year DFS as 84.5% (median follow-up: 67.3 months), stratified to
be 99.5% in the GGO-dominant group (n = 430) and 78.2% in the solid-dominant group (n = 997). Only 2 patients (0.5%) in the GGO-
dominant group experienced tumour recurrence. For solid-dominant tumours matched with propensity scores (279 in preoperative bi-
opsy vs 279 in reference group), the independent predictors of DFS included preoperative biopsy, sublobar resection, pathological staging
and angiolymphatic invasion. Preoperative biopsy was a predictor of cancer-specific survival in univariable analysis but was not in multi-
variable analysis. Significant differences were also found between matched groups in those with late-delay surgery, but not in patients re-
ceiving preoperative biopsy with early-delay surgery (<_21 days).

CONCLUSION: Preoperative biopsy may worsen surgical outcomes in patients with clinical stage I, solid-dominant NSCLC.
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ABBREVIATIONS

CI Confidence interval
CSS Cancer-specific survival
CT Computed tomography
CTR Consolidation–tumour ratio
DFS Disease-free survival
GGO Ground-glass opacity
HR Hazard ratio
NSCLC Non-small-cell lung cancer
PET Positron emission tomography
PSM Propensity score matching

INTRODUCTION

A prospective, multi-institutional study conducted by Japan
Clinical Oncology Group 0201 has demonstrated the effective-
ness of using radiological criteria to distinguish non-invasive
from invasive lung adenocarcinoma—a consolidation–tumour ra-
tio (CTR) <_ 0.5 in cT1a-b on thin-section computed tomography
(CT), referred as an excellent prognosis for ‘radiological’ non-
invasive adenocarcinomas [1]. A phase III non-randomized con-
firmatory study of wedge resection for lung cancer <_2 cm with a
CTR <_ 0.25 has further demonstrated an excellent result of 5-year
recurrence-free survival, 99.7%, with no local relapse [2]. Other
studies have also reported no cases of recurrence in patients pre-
senting higher proportion of ground-glass opacity (GGO; >50%),
regardless of the solid are diameter [3, 4]. In contrast, radiological
solid lung cancers without GGO component (CTR = 1) have been
found to exhibit a more malignant nature compared with non-
solid or part-solid lung cancers based on both pathological and
oncological outcomes [5], even with a higher percentage of nodal
involvement or staging migration [6]. This accumulated evidence
is all directed to indicate that the degree of pathological invasion
and growth in lung cancer can be quantified according to CTR,
can heavily affect oncological outcomes and can act as a strong
prognostic factor of survival [7].

Although preoperative biopsy is essential for the accurate diag-
nosis and treatment of lung cancer, especially at advanced stage,
the possibilities of inducing tumour recurrence and worsening
survival therefore caused have already been suggested by several
studies on stage I non-small-cell lung cancer (NSCLC) [8–11]. On
the other hand, the association between preoperative biopsy and
the degree of malignancy at early-stage NSCLC, determined ra-
diologically by the proportion of GGO, has not been well

explored. The purpose of the present study was therefore to tes-
tify the hypothesis that surgical outcome was associated with
preoperative biopsy and could be further stratified based on the
proportions of GGO in clinical stage I NSCLC.

MATERIALS AND METHODS

Ethical statement

The study protocol was approved by the Institutional Review
Board of Taipei Veterans General Hospital, and the signed in-
formed consent from patients was waived (Approval No. 2019-
01-012BC).

Patient selection

Data of patients who underwent pulmonary resection for lung
cancer from January 2006 to December 2016 at Taipei Veterans
General Hospital were extracted from the hospital’s prospective
registered database and analysed retrospectively. During the
study period, surgical resection was performed in 425 patients di-
agnosed as having a benign pulmonary lesion (23.8%) without
preoperative definitive diagnosis and 1427 patients diagnosed as
having clinical stage I NSCLC (Fig. 1).

Surgery

Mediastinal evaluation included mediastinoscopy, intraoperative
lymphadenectomy or preoperative positron emission tomogra-
phy (PET)/CT scan. Six surgeons were involved in operating on
these patients. Patients underwent either radical mediastinal lym-
phadenectomy (the majority) or mediastinal node sampling,
according to the surgeon’s preference. The pathological stage
was diagnosed using the 8th tumor, node, and metastasis (TNM)
system for lung cancer [12]. Visceral pleural invasion, angiolym-
phatic invasion and comprehensive histological subtyping were
defined as previously described [8, 13]. Sublobar resection in-
cluded anatomic segmentectomy and wedge resection.

Preoperative radiological evaluation

The extent of GGO of all tumours was estimated radiologically
using the same thin-section CT scan with a 2-mm collimation
(GE Healthcare, Chicago, IL, USA) as previously described [13].
Briefly, CTR was defined as the ratio of the maximum size of
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consolidation to the maximum tumour size on thin-section CT
scan. Based on CTR, a part-solid tumour was defined as a tumour
with both focal nodular opacity and GGO (0 <_ CTR <_1.0), classified
into 2 groups: GGO dominant (0 <_ CTR <_ 0.5) and solid dominant
(0.5 < CTR <_1.0) in appearance [7].

Preoperative biopsy versus reference

The majority of patients in the preoperative biopsy group re-
ceived CT-guided percutaneous core needle biopsy (n = 524,
82.8%), including 18 patients who failed transbronchial biopsy
and 2 patients who repeated CT-guided biopsy after the first fail-
ure. The other patients had transbronchial biopsy (n = 109,
17.2%). The patients without preoperative biopsy, failing the bi-
opsy or undergoing to surgical intervention directly (n = 27), were
classified into reference group, and the majority of them received
intraoperative wedge resection for frozen section to verify malig-
nancy before lobectomy or sublobar resection. Eight patients un-
dergoing direct lobectomy with only sputum cytology
confirmation were stratified into the reference group (n = 8). The
choices of preoperative biopsy or intraoperative wedge resection
were made after thoracic and oncological judgement on the
probability of malignancy and discussion with the patients the
pros and cons of different approaches. In general, preoperative
biopsy was performed trans-bronchially for the centrally located
tumours by medical pulmonologists, and was CT-guided for the
peripherally located lesions by radiologists. ‘Time-lag’ was de-
fined as the interval from malignant tissue verification to surgical
intervention and was defined as zero in the reference group.

Follow-up

Postoperative follow-up was scheduled every 3 months for the
first 2 years, every 6 months for the third to fifth year, and then
annually thereafter. Chest CT scan was performed every 6 months
for 2 years and then annually. Recurrences were confirmed by tis-
sue biopsy or clinically determined by the multidisciplinary lung

cancer committee. Patients with synchronous un-resected GGOs
and metachronous tumours were excluded to distinguish be-
tween ipsilateral and contralateral recurrence at the beginning of
the study [14]. DFS was defined as the interval between the date
of surgical resection and the date of first recurrence or death.
Patients without an event were censored at the time of last date
of follow-up. Cancer-specific survival (CSS) was defined as the in-
terval between the date of surgical resection and the date of
death from lung cancer. Patients still alive were censored at the
time of last date of follow-up. Observations were censored at the
last follow-up session at which the patients were still alive with
recurrence-free status, or in the patients who died afterward
without recurrence. As of 30 November 2019, all patients had
been followed with the exception of 97 patients lost to follow-up
(follow-up rate 93.2%).

Statistical analysis

All continuous data are expressed as means and standard devia-
tions. Continuous variables were analysed by the 2-sample t-test.
Categorical variables (counts and % frequencies) were analysed
by using Pearson’s chi-square test where appropriate (expected
frequency >5), otherwise by Fisher’s exact test. Survival curves
were calculated by the Kaplan–Meier method. Since non-
random assignment can lead to selection bias and invalid esti-
mates of survival, a 1:1 propensity score matching (PSM) was
conducted based on the following baseline characteristics mea-
sured prior to the determination of preoperative biopsy: age,
gender, smoking history, Carlson comorbidity score, tumour solid
size, received sublobar resection, and received preoperative PET/
CT scan. A multivariable logistic regression model was used to
calculate the propensity score for each patient receiving preoper-
ative biopsy. Among the independent variables first analysed
with univariable analysis, those showing significant associated
with survival were entered into a Cox proportional hazards re-
gression model for multivariable analysis. Statistically significant
level was defined as P� 0.05. Results are presented as hazard ra-
tios and 95% confidence intervals (CI). Statistical analysis was per-
formed using the Statistical Package for the Social Sciences,
version 17.0 (SPSS, Chicago, IL, USA) and SAS statistical software
(version 9.4, SAS Inc., NC, USA).

RESULTS

Clinicopathological demographics

As shown in Table 1, totally 630 males (44.1%) and 797 females
(55.9%) were included. The mean patient age was 62.1 (standard
deviation = 11.3) years. The majority of patients were non-
smokers (70.4%), had preoperative whole-body PET/CT scan to
rule out mediastinal and distant metastasis (53.8%), underwent
lobectomy (or above) as surgical intervention (68.3%) and under-
went pulmonary resection by video-assisted thoracic surgery ap-
proach (79.5%).

The majority of patients underwent sublobar resection via
wedge resection (n = 380) and only 72 patients underwent ana-
tomic segmentectomy (5% in overall cohort). A total of 107
patients (7.5%) had stage migration determined pathologically
(55 upstaged to stage IIB, 32 to stage IIIA, 1 to stage IIIB and 19
to stage IVA). A total of 430 patients (30.1%) and 997 patients

Figure 1: Flow diagram for patient selection. NSCLC: non-small-cell lung can-
cer; PSM: propensity score matching.
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(69.9%) were classified into GGO-dominant and solid-dominant
groups, respectively. Adjuvant chemotherapy was prescribed for
327 patients (22.9%). The average ‘time-lag’ in the preoperative
biopsy group was 24.0 days (2–267; median 20).

The median follow-up period was 67.3 months: death within
30 postoperative days occurred in 4 (0.3%) patients, death from
lung cancer occurred in 136 (9.5%) and tumour recurrence oc-
curred in 227 (15.9%). Loco-regional recurrences, distant recur-
rences and distant plus local recurrences occurred in 96 (6.7%),
56 (3.9%) and 75 (5.3%) patients, respectively.

Disease-free survival (preoperative biopsy versus
reference group)

The overall 5-year DFS was 84.5%. Five-year DFS and CSS for
preoperative biopsy versus reference groups in the overall co-
hort was 78.3% vs 89.4% and 88.5% vs 95.6%, respectively
(P < 0.001; Supplementary Material, Fig. S1). Among patients
with GGO-dominant tumours, 5-year DFS for preoperative bi-
opsy and reference groups was 99.7% and 99.3%, respectively
(P = 0.592); among patients with solid-dominant tumours, 5-

year DFS for preoperative biopsy and reference groups was
72.6% and 83.6%, respectively (P < 0.001, Fig. 2). The differences
in DFS between preoperative biopsy and reference groups were
significant for solid-dominant tumours but not for GGO-
dominant tumours.

Preoperative biopsy, abnormal preoperative serum carcinoem-
bryonic antigen (CEA) level, tumour solid size, tumour located at
subpleural area, tumour located at central area and sublobar re-
section were identified by multivariable Cox analyses as the inde-
pendent prognostic factors of DFS after surgical resection in
clinical stage I solid-dominant NSCLC (Table 2). Table 3 shows
that 279 patients in each group (preoperative biopsy versus refer-
ence) were identified by PSM for further comparison in solid-
dominant appearance. No statistically significant differences were
found in any variable between groups except for CTR results
(P = 0.009; higher CTR in reference group). Cox regression model-
ling (Table 4) identified preoperative biopsy (hazard ratio [HR],
1.42; 95% CI, 1.01–2.00), sublobar resection (HR, 2.57; 95% CI,
1.65–3.99), pathological stages (HR, 1.60; 95% CI, 1.41–1.83) and
angiolymphatic invasion (HR 2.50; 95% CI, 1.65–3.77) as indepen-
dent prognostic factors for DFS. Figure 3 depicts DFS and CSS af-
ter PSM.

Table 1: Demographic, clinical and pathological characteristics of 1427 patients

Characteristic All patients, n (%);
mean ± SD

GGO dominant (n = 430),
n (%); mean ± SD

Solid dominant (n = 997),
n (%); mean ± SD

Demographic
Age (y/o) 62.1 ± 11.3 58.9 ± 10.8 63.5 ± 11.3
Gender (male) 630 (44.1) 147 (34.2) 483 (48.4)
Smoking history (smoker) 426 (29.6) 76 (17.7) 350 (35.1)

Clinical
Charlson comorbidity score 2.49 ± 1.80 2.0 ± 1.6 2.7 ± 1.8
Preoperative serum CEA level (abnormal) 145 (10.2) 23 (5.3) 122 (12.2)
Maximum tumour solid size (cm) 1.28 ± 0.87 0.28 ± 0.33 1.72 ± 0.64
Tumour location (subpleural lesion) 725 (50.8) 177 (41.2) 548 (55.0)
Tumour location (centrally located) 164 (11.5) 15 (3.5) 149 (14.9)
Surgical approaches (lobectomy or above) 975 (68.3) 192 (44.7) 783 (78.5)
Consolidation/tumour ratio 0.67 ± 0.36 0.18 ± 0.17 0.89 ± 0.13
Preoperative PET scan (yes) 768 (53.8) 164 (38.1) 604 (60.6)
Surgical method (VATS) 1135 (79.5) 405 (94.2) 730 (73.2)
Preoperative biopsy 633 (44.4) 140 (32.6) 493 (49.4)
Time-laga (day; biopsy group only) 24.0 ± 18.2 23.5 ± 15.1 24.2 ± 19.0

Pathological
Adenocarcinoma 1305 (91.5) 428 (99.5) 877 (88.0)
Squamous cell carcinoma 66 (4.6) 0 66 (6.6)
Carcinoid tumour 21 (1.5) 0 21 (2.1)
Large cell carcinoma 16 (1.1) 0 16 (1.6)
Adenosquamous cell carcinoma 10 (0.7) 0 10 (1.0)
Mucoepidermoid carcinoma 5 (0.4) 0 5 (0.5)
Lymphoepithelioma-like carcinoma 4 (0.3) 0 4 (0.4)
Pathological stages (8th edition)

Tis 138 (9.7) 138 (30.1) 0
IA1 321 (22.5) 197 (45.8) 124 (12.4)
IA2 185 (13.0) 6 (1.4) 179 (18.0)
IA3 96 (6.7) 0 96 (9.6)
IB 580 (40.6) 86 (20) 494 (45.5)
IIB 55 (3.9) 2 (0.4) 53 (5.3)
IIIA 32 (2.2) 0 32 (3.2)
IIIB 1 (0.1) 0 1 (0.1)
IV 19 (1.3) 1 (0.2) 18 (18.0)

Stage migration 107 (7.5) 3 (0.7) 104 (10.4)
Adjuvant chemotherapy (yes) 327 (22.9) 29 (6.7) 298 (29.9)

aTissue diagnosis to surgery.
GGO: ground-glass opacity; PET: positron emission tomography; SD: standard deviation; VATS: video-assisted thoracic surgery.
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Cancer-specific survival (preoperative biopsy
versus reference group)

In CSS analysis, although significant differences were observed in
the overall cohort and after PSM in solid-dominant patients be-
tween preoperative biopsy and reference groups (Supplementary
Material, Fig. S1 and Fig. 3), the Cox regression modelling did not
identify preoperative biopsy as an independent predictor for CSS
before and after PSM in patients with radiologically solid-
dominant, clinical stage I NSCLC (Supplementary Material, Table
S1 and Table 2).

Considering the potential mechanisms underlying the influ-
ence of preoperative biopsy to worsen DFS and CSS, we further
divided the patients who underwent preoperative biopsy into
early- and late-delayed surgery subgroups (early-delay versus
late-delay surgeries) to compare with the reference group using a
median delay of 21 days as a cut-off (Fig. 4). Significantly different
outcomes were found between reference and preoperative bi-
opsy groups in patients with late delay surgery (DFS, P = 0.016;
CSS, P = 0.011), but not in those with early-delay surgery
(<21 days).

DISCUSSION

The present study was performed to evaluate the correlations be-
tween preoperative biopsy and proportions of GGO in lung can-
cer tumours based on preoperative thin-section CT scans.
Overall, in patients undergoing surgical resection for lung cancer,
the prognostic adverse impact of preoperative biopsy was signifi-
cant in clinical stage I NSCLC presenting in radiologically solid-
dominant tumours, but not in those with GGO-dominant
tumours. Only 2 patients (0.5%) in the present study with GGO-
dominant tumours experienced tumour recurrence, 1 in the pre-
operative biopsy group and the other 1 in the reference group.

Other studies on GGO-dominant and solid-dominant lung
cancers have yielded similar results. As revealed in Matsuguma

et al.’s [3] report, the proportion of GGO was a significant prog-
nostic factor for DFS and, regardless of the solid area diameter,
no patient with a higher proportion of GGO (>50%) experienced
recurrence. Conversely, all the recurrent tumours occurred in
patients with solid-dominant tumours [3]. Similarly, Kashiwabara
et al. [15] have also reported no pleural recurrence in part-solid
nodules. Briefly, although 140 (32.6%) patients in the present
study with GGO-dominant tumours underwent preoperative bi-
opsy, the manipulation of preoperative biopsy itself rarely af-
fected the clinical outcomes. The less-invasive characteristics and
natural course in this group of patients with NSCLC might possi-
bly count for favourable outcomes.

The incidence of needle-tract seeding and dissemination of tu-
mour cells into the pleural cavity following percutaneous biopsy
of NSCLC has been reported as being extremely low [16].
However, as the pleural cavity is a lymphatic space, tumour re-
currence can occur not only when the tumour is exposed onto
the pleural surface but also when subpleural lymphatics are in-
vaded by the tumour [17]. Not surprisingly, the presentation of
visceral pleural invasion has been reported as a significant prog-
nostic factor associated with pleural seeding after complete re-
section in pathological stage I lung adenocarcinoma [18].

Theoretically, transthoracic biopsy must puncture through the
visceral pleura before targeting the tumour, and lymphatic ves-
sels enrich pleura with an intercommunicating network arranged
over the lung surface that penetrates into the lung parenchyma,
joining the bronchial lymph vessels with drainage to various hilar
lymph nodes. In other words, tumour recurrence does not pre-
sent with rare needle-tract seeding or pleural seeding through
the exfoliation of cancer cells into the pleural cavity during bi-
opsy, which may possibly increase the risk of loco-regional recur-
rence and systemic metastases through lymphatic or
haematogenous dissemination in damaged pleura [19]. Similarly,
the neoplastic tissue is torn bluntly or brushed away from the
main tumour via trans-bronchoscopic biopsy, just as in incisional
biopsy, to cause tumour cells to seed and/or disseminate vascular

Figure 2: Disease-free survival in ground-glass opacity-dominant group (A) and solid-dominant group (B) of patients; preoperative biopsy versus reference group.
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Table 2: Risk analysis of disease-free survival in patients with 997 radiologically solid-dominant, clinical stage I non-small-cell lung
cancer

Variables Univariable Multivariable

HR 95% CI P-value aHR 95% CI P-value

Preoperative biopsy 1.74 1.33–2.27 <0.001 1.36 1.02–1.80 0.034
Demographic characteristics

Age (y/o) 1.02 1.01–1.03 0.002 0.99 0.99–1.04 0.800
Gender (male) 1.51 1.16–1.96 0.002 1.16 0.81–1.65 0.421
Smoking history (smoker) 1.63 1.26–2.13 <0.001 1.04 0.72–1.49 0.834

Clinical characteristics
Charlson comorbidity score 1.13 1.06–1.20 <0.001 1.04 0.96–1.13 0.299
Preoperative serum CEA level (abnormal) 2.99 2.20–4.07 <0.001 2.24 1.64–3.06 <0.001
Maximum tumour dimension (cm; solid) 2.21 1.79–2.74 <0.001 1.86 1.43–2.40 <0.001
Tumour location (subpleural lesion) 1.94 1.46–2.57 <0.001 1.67 1.25–2.22 0.001
Tumour location (centrally located) 2.01 1.48–2.74 <0.001 1.87 1.34–2.60 <0.001
Consolidation/tumour ratio 7.18 2.32–22.24 0.001 1.55 0.41–5.91 0.518
Sublobar resection 1.62 1.21–2.18 0.001 2.13 1.51–3.00 <0.001
Preoperative PET/CT (nil) 0.91 0.69–1.19 0.486 – – –
Surgical method (VATS) 1.25 0.93–1.70 0.145 – – –

Calculated by Cox regression method; only variables with P� 0.05 after univariable analyses were entered into the multivariable model.
aHR: adjusted hazard ratio; CI: confidence interval; CT: computed tomography; HR: hazard ratio; PET: positron emission tomography; VATS: video-assisted tho-
racic surgery.

Table 3: Descriptive statistics of patients with radiologically solid-dominant, clinical stage I non-small-cell lung cancer, stratified by
the presence of preoperative biopsy after matching

With PSM matching Preoperative biopsy Reference P-value
(n = 279) (n = 279)
n (%); mean ± SD n (%); mean ± SD

Pre-exposure variables
Age (y/o) 63.7 ± 12.0 63.6 ± 10.7 0.914
Gender (male) 138 (49.5) 134 (48.0) 0.735
Smoking history (smoker) 107 (38.4) 103 (36.9) 0.727

Clinical characteristics
Charlson comorbidity score 2.71 ± 1.90 2.67 ± 1.78 0.800
Preoperative CEA level (abnormal) 34 (12.2) 39 (14.0) 0.530
Maximum tumour dimension (solid size) 1.74 ± 0.58 1.73 ± 0.61 0.775
Tumour location (subpleural lesion) 165 (59.1) 159 (57.0) 0.607
Tumour location (central lesion) 44 (15.8) 43 (15.4) 0.907
Surgical approaches (sublobar) 50 (17.9) 58 (20.8) 0.391
Consolidation/tumour ratio 0.87 ± 0.14 0.90 ± 0.12 0.009
Preoperative PET scan (yes) 195 (69.9) 199 (71.3) 0.710
Surgical method (VATS) 213 (76.3) 196 (70.3) 0.104
Histopathology (invasive adenocarcinoma) 248 (88.9) 244 (87.5) 0.600
Stage migration 36 (12.9) 33 (11.8) 0.700
Pathological stages 0.299

IA1 17 (6.1) 24 (8.6)
IA2 55 (19.7) 54 (19.4)
IA3 21 (7.5) 34 (12.8)
IB 150 (53.8) 134 (48.0)
IIB 17 (6.1) 21 (7.5)
IIIA 11 (3.9) 9 (3.2)
IIB 1 (0.4) 0
IV 7 (2.5) 3 (1.1)

Pleural invasion (PL1, PL2) 174 (62.4) 157 (56.2) 0.143
Angiolymphatic invasion (yes) 63 (22.6) 61 (21.9) 0.839
Histology grade (high-grade predominant) 47 (16.8) 52 (19.6) 0.580
Adequate lymph node sampling (>_15) 161 (57.7) 169 (60.6) 0.491
Adjuvant chemotherapy (yes) 91 (32.6) 96 (34.4) 0.654
Patterns of recurrence 0.870

Local only 36 (12.9) 26 (9.3)
Distal only 21 (7.5) 13 (4.7)
Local + distal 24 (8.6) 19 (6.8)

PET: positron emission tomography; PSM: propensity score matching; VATS: video-assisted thoracic surgery.
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and lymphatic structures of the bronchi, alveoli and even pleura
[11].

Another interesting hypothesis of recurrence advocated that
tumour cells could dislodge from the tumour into the pulmonary
vein even during intraoperative manipulation in lobectomy [20],
and consequently affected survival [21]. The general concept of
‘no touch isolation’ or minimal manipulation technique therefore
becomes a golden rule in surgical oncological fields. However,
applying this principle to preoperative diagnosis of NSCLC is still
controversial due to conflicting results.

In the present study, time-lag was significantly different be-
tween patients with preoperative biopsy and those without, con-
sistent with the findings that timeline of lung cancer treatment is
an important factor in quality of care and may possibly affect the
clinical outcomes [13, 22]. From the initial suspicion of malig-
nancy, patients have to spend lots of time waiting for sequential
of tissue proof, pathology report, referral to the right specialists
and the results of tumour staging determined by whole-body
PET, brain magnetic resonance, etc. Our study indicated different
outcomes between patients in the reference group and those

Table 4: Risk analysis of disease-free survival in 558 matched patients

Variables Univariable Multivariable

HR 95% CI P-value HR 95% CI P-value

Preoperative biopsy 1.44 1.02–2.01 0.036 1.42 1.01–2.00 0.049
Demographic characteristics

Age (y/o) 1.03 1.01–1.05 <0.001 1.02 0.99–1.04 0.129
Gender (male) 1.27 0.91–1.78 0.154 – – –
Smoking history (smoker) 1.28 0.92–1.80 0.148 – – –

Clinical characteristics
Charlson comorbidity score 1.17 1.08–1.27 <0.001 1.02 0.90–1.16 0.733
Preoperative serum CEA level (abnormal) 3.04 2.07–4.47 <0.001 1.22 0.80–1.86 0.354
Maximum tumour dimension (cm; solid) 1.91 1.43–2.54 <0.001 1.15 0.83–1.60 0.404
Tumour location (subpleural lesion) 1.77 1.23–2.53 0.002 1.03 0.67–1.52 0.885
Tumour location (centrally located) 1.59 1.06–2.40 0.026 1.34 0.87–2.06 0.185
Consolidation/tumour ratio 3.77 0.97–3.77 0.056 – – –
Sublobar resection 2.05 1.41–2.98 <0.001 2.57 1.65–3.99 <0.001
Preoperative PET/CT (nil) 1.65 1.17–2.32 0.004 1.02 0.67–1.48 0.933
Surgical method (VATS) 1.31 0.89–1.93 0.182 – – –

Pathological characteristics
Pleural invasion (PL1, PL2) 1.69 1.18–2.43 0.004 1.02 0.67–1.50 0.914
Pathological stage 1.89 1.69–2.11 <0.001 1.60 1.41–1.83 <0.001
Angiolymphatic invasion 4.52 3.69–7.20 <0.001 2.50 1.65–3.77 <0.001
Predominate pattern group (high grade) 2.44 1.69–3.51 <0.001 1.42 0.96–2.11 0.083
Adequate lymph node sampling (nil) 1.14 0.82–1.60 0.440 – – –

Calculated by Cox regression method; only variables with P� 0.05 after univariable analyses were entered into the multivariable model.
CI: confidence interval; CT: computed tomography; HR: hazard ratio; PET: positron emission tomography; VATS: video-assisted thoracic surgery.

Figure 3: Disease-free survival (A) and cancer-specific survival (B) after propensity score matching.
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undergoing preoperative biopsy with late-delay surgery (DFS,
P = 0.016; CSS, P = 0.011), but not in those undergoing preopera-
tive biopsy with early-delay surgery (<21 days). These results hint
that longer delay in surgical intervention after preoperative bi-
opsy might in part associated with poorer clinical outcomes for
patients with clinical stage I NSCLC. In other words, intense
follow-up, instead of preoperative biopsy for histological diagno-
sis, may shorten the delays for patients hesitant about surgical
intervention.

Obtaining the most representative portion of stromal invasion
from preoperative biopsy is important for nonsurgical candidates
or patients with high comorbidities who will receive chemother-
apy or other treatment modalities [23]. It almost goes without say-
ing that the potential benefits of preoperative biopsy are to
reduce unnecessary thoracotomy/video-assisted thoracic surgery
or over diagnosis and to avoid non-randomization before entering
a clinical trial [24]. Furthermore, preoperative biopsy should be
considered as a way to rule out metastatic disease when patients
have an underlying malignancy. We believe, along with other
authors, that preoperative biopsy has a crucial role in lung cancer
treatment and is an appropriate diagnostic procedure with high
accuracy and safety [25]. In clinical practice, certain factors lead
clinicians to request a biopsy for 1 patient but not another, but it
is difficult to know all the factors that contribute to these decisions.
As a result, thoracic surgeons must properly weigh the benefits
and risks for individual patients about the preoperative diagnosis
and should not engage in all or none thinking.

This study had a few limitations associated with interpretation
of results. First, it used retrospective design from a single institu-
tion. The performance of preoperative biopsy or not for patients
with lung cancer with different tumour characteristics would po-
tentially affect the likelihood of recurrence patterns. Second, DFS
was affected by confirmation of true recurrence, but this remains
difficult in clinical practice. Although stronger evidence was pro-
vided for identifying the factors of CSS, the possible bias could
limit the interpretation of results. Further prospective randomized,

controlled study is needed to confirm the effects of preoperative
biopsy on surgical outcomes in patients with NSCLC.

CONCLUSION

Preoperative biopsy has the potential to worsen the survival in ra-
diologically solid-dominant, clinical stage I NSCLC. Further pro-
spective, in depth study is needed before clinicians can consider
adopting new practice patterns into this issue. We suggest that fu-
ture studies on the association between preoperative biopsy and
recurrence patterns in clinical stage I NSCLC should exclude GGO-
dominant tumours and focus exclusively on solid-dominant ones.
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