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Background: We aimed to validate the tumor (T) descriptors of visceral pleural invasion (VPI) for T1
tumors (<3 c¢m) in the 8th edition of the tumor-node-metastasis (TNM) classification system and the
prognostic value of VPI for resected T'1a tumors.

Methods: The external cohort consisted of 23,501 patients with resected pNO non-small cell lung cancer
(NSCLC) selected from the Surveillance, Epidemiology, and End Results (SEER) database (2010 to 2013).
The classification of T1 tumors with VPI was investigated using survival curves. The internal cohort
consisted of patients diagnosed with pNO NSCLC between 2011 and 2013 at Guangdong Lung Cancer
Institute. The prognostic value of VPI for T1a tumors (<1 cm) was further assessed in these two cohorts.
Results: The overall survival (OS) and lung cancer-specific survival (LCSS) of the T1-VPI group and
groups of each T stage (size only) were compared in the external (SEER) cohort. There were no significant
survival differences between the T1-VPI and T2a groups (OS: P=0.706; LCSS: P=0.792) and T1-VPI and
T2b groups, although the latter showed a trend toward lower P-values (OS: P=0.117; LCSS: P=0.094). In the
internal cohort, a significant difference in OS was observed between patients with T1-VPI and those with
T2b (P=0.049). Among patients with T1a tumors and VPI in the SEER database, the prognosis of the non-
sub-lobectomy group was superior to that of the sub-lobectomy group, with intrathoracic recurrence as the
predominant relapse pattern of T'1 tumors with VPI (69.2%).

Conclusions: T1 tumors (<3 cm) with VPI can be staged as T2a in the 8th TNM staging system and

surgical resection of T1a tumors is a concern when VPI is present.

Keywords: Non-small cell lung cancer (NSCLC); TNM classification; visceral pleural invasion (VPI);
Surveillance, Epidemiology, and End Results database (SEER database)

Submitted Aug 29, 2018. Accepted for publication Feb 26, 2019.
doi: 10.21037/jtd.2019.06.32
View this article at: http://dx.doi.org/10.21037/jtd.2019.06.32

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2019;11(7):2754-2762 | http://dx.doi.org/10.21037/jtd.2019.06.32


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd.2019.06.32

Journal of Thoracic Disease, Vol 11, No 7 July 2019

Introduction

Visceral pleural invasion (VPI) comprises PL1 and PL2,
which are defined as tumor invasion beyond the elastic layer
and tumor invasion to the pleural surface, respectively (1).
The presence of VPI reflects a poor prognosis in resected
patients with lung cancer (2-4). Hence, primary tumor
stage 1 (T'1, measuring <3 cm) with VPI was upgraded to
stage T2a (3-5 cm) in the 7th edition of the American Joint
Committee on Cancer (AJCC) tumor-node-metastasis
(ITNM) classification system for patients with lung cancer (5).

In the 8th edition of the TNM classification system,
further differentiation for patients with lung cancer was
achieved on the basis of the results of the Lung Cancer
Staging Project (6). In this new edition, T1 tumor stage
was further divided into Tla, T1b, and T1c according
to the measurement in centimeters of the primary tumor
growth; additionally, T2 tumor stage was also divided into
T2a (3-4 c¢cm) and T2b (4-5 cm) (7). The supplementary
table of T stage descriptors in the 8th edition of the TNM
system indicates that T1b (1-2 ecm) and T1lc (2-3 cm)
tumors presenting with VPI were well characterized as T2a
based on their survival curves. However, this finding lacks
detailed data required for direct comparisons. Therefore,
we first attempted to validate the descriptors of T'1 tumors
presenting with VPL

Lobectomy has been considered the standard surgery
for early-stage non-small cell lung cancer (NSCLC).
Considering the relatively good prognosis of ground-glass
opacity (GGO) in radiological findings and the results of
several studies highlighting the use of sub-lobectomy for
small pulmonary nodules (<1 cm), lobectomy for patients
with small pulmonary nodules remains controversial (8-14).
Therefore, the second part of this study evaluated the effect
of VPI on the surgical resection of Tla-stage tumors.

Methods
Patient coborts

The training cohort included data obtained from a set of
patients selected from the Surveillance, Epidemiology, and
End Results (SEER) database (www.seer.cancer.gov). SEER
has been continuously collecting data from 18 different
registries since 1973. Patients diagnosed with lung cancer
between 2010 and 2013 were identified using the SEER
database (YEAR_DX codes 2010-2013 and CS Schema
v0204+ code 063). Patients meeting the following inclusion
criteria were included in the analysis: (I) pathological diagnosis
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of NSCLC (HISTO3V codes excluding 8041-8045); (II)
pulmonary surgery procedure (NO_SURG code 0); (1II)
pathological staging of NOMO (DAJCC7N code 000 and
DAJCC7M code 000); and (IV) VPI limited to PLO or PL1
or PL2 (CS2SITE codes 000-020). The patient selection
algorithm used in this study is described in Figure 1A4.

In addition, the validation cohort comprised data from
patients with NSCLC meeting the inclusion criteria
described above who underwent pulmonary surgery
between 2011 and 2013 at Guangdong Lung Cancer
Institute (GLCI) of China. Ethical approval was obtained
from the Institutional Review Board of Guangdong
Provincial People’s Hospital (No. 20171009).

Statistical analysis

Statistical analyses were performed using the IBM SPSS
Statistics for Windows, version 22.0 (IBM Corp., Armonk,
NY, USA). Differences in qualitative data were analyzed
using i’ tests. Survival curves according to the periods of
diagnosis were plotted using the Kaplan-Meier method.
Log-rank tests were used to assess significant differences in
lung cancer-specific survival (LCSS), disease-free survival
(DFS), and overall survival (OS). Two-sided P values <0.05
were considered statistically significant.

Results
Patient characteristics

Among 204,357 patients with lung cancer registered in the
SEER database between 2010 and 2013, 30,595 (15.0%)
presented a pathological diagnosis of NSCLC with nodal
involvement and metastasis-negative status. Of these, 23,501
patients (76.8%) met the inclusion criteria (Figure 1A4).
According to the 8th edition of the AJCC TNM system,
15,655 patients (66.6%) with tumor size 0-3 cm (T'1) and
pleural invasion (PL)-negative were categorized as the T1-
PLO group, 2,392 patients (10.2%) with tumor size 3—4 cm
(T2a) and PL-negative were classified as the 1T2a-PL0
group, 1,142 patients (4.9%) with tumor size 4-5 cm (12b)
and PL-negative were classified as the T2b-PL0 group, and
1,610 patients (6.9%) with tumor size 0-3 cm (T'1) but PL-
positive were classified as the T1-PL+ group. Among the
patients in the T'1-PL+ group, 106 were categorized as the
T1a-PL+ group. The characteristics of all patients included
in this study are described in 7uble 1.

The GLCI cohort comprised 558 patients with surgically
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Table 1 Baseline characteristics of patients from the SEER database

SEER (2010-2013)
primary lung tumor
(n=204,357)

Variable Number

Remove SCLG (n=24,107) Age (years), median (range) 69 (5 to 99)

NSCLC Sex

(n=180,250)

Remove no-surgery cases Male 10,609

(n=137.601) Female 12,892

( )
( )
[ Remove N+ or M+ j Ethnicity
( )

Surgery performed
(n=42,649)

or unknown tumor size

(1-12.054) White 19,960

Pathological stage
TxNOMO
(n=30,595)

Black 1,990

Remove unknown VP! or Other and unknown 1,551

PL>2 (n=7,094) Year of diagnosis

VPI PLO-PL2

(n=23,501) 2010 6,132
B Overall survival 2011 5,944
100, 2012 5,673
95 4 2013 5,752
2 904 —— T1a-PLO Tumor size (cm)
= —— Tib-PLO
e 85 —— T1c-PLO 0-1 2,427
S T2a-PLO
° —— T2b-PLO 1-2 8,793
o 801 — T1-VPI
2-3 6,042
75-
4 1 3-4 2,862
i
0 10 20 30 40 50 4-5 1,384
Months after surgery
5-7 1,280
Lung cancer specific survival
C oo >7 713
o= VPI
95 1 =
_ PLO 20,812
§ 904 — T1a-PLO
s —— T1b-PLO PL1 1,494
3 85 == T1c-PLO
£ T2a-PLO PL2 1195
8 —— T2b-PLO
$ 804 —= T1-VPI Grade
75+ Well-differentiated 5,371
gﬁ 1 - . - - ) Moderately-differentiated 9,744
0 10 20 30 40 50
Months after surgery Poorly-differentiated 6,300
Figure 1 Patient selection algorithm and survival result. (A) Undifferentiated 307
Patient selection algorithm for the SEER database; (B) OS Unknown 1,779
stratified by T stage and VPI status from the SEER database; (C)
Total 23,501

LCSS curves stratified by T stage and VPI status from the SEER

database. SEER, Surveillance, Epidemiology, and End Results; VPI, visceral pleural invasion. SEER, Surveillance, Epidemiology,

and End Results database.
NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer;

N+, node-positive; M+, metastasis-positive; PLO, pleural invasion-
negative; VPI, visceral pleural invasion; OS, overall survival; LCSS,

lung cancer-specific survival.
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Table 2 Baseline characteristics of patients from the Guangdong Lung Cancer Institute

Variable T2a-PLO T2b-PLO T1-PL+ P
Age (years), median (range) 62 (37 to 84) 59 (37 to 78) 64 (41 to 80) 0.564
Sex, n (%) 0.287
Male 49 (75.4) 26 (72.2) 33 (62.3)
Female 16 (24.6) 10 (27.8) 20 (37.7)
Smoking, n (%) 0.053
Never 35 (53.8) 19 (52.8) 39 (73.6)
Former/current 30 (46.2) 17 (47.2) 14 (26.4)
Histology, n (%) 0.007
Adenocarcinoma 40 (61.5) 23 (63.9) 47 (88.7)
Squamous cell carcinoma 18 (27.7) 11 (30.6) 5(9.4)
Others 7 (10.8) 2 (5.6) 1(1.9)
Surgery, n (%) 0.048
Sub-lobectomy 3 (4.6) 3(8.3) 10 (18.9)
Lobectomy 61 (93.9) 30 (83.4) 42 (79.2)
Pneumonectomy 1(1.5) 3(8.3) 1(1.9
Lymph node dissection, n (%) 0.051
Systemic dissection 64 (98.5) 35(97.2) 47 (88.7)
Sampling 0 (0.0 0 (0.0) 4 (7.5)
No 1(1.5) 1(2.8) 2 (3.8)
Total 65 36 53

resected NSCLC. All patients were pathologically
diagnosed as node-negative with a PL of 0-2. Using the
same criteria as that applied to the SEER cohort 65, 36, and
53 of the 558 patients were categorized into the T2a-PLO,
T2b-PLO0, and T1-PL+ groups, respectively. The clinical
characteristics of these patients are summarized in Table
2. The median follow-up period was 36.1 months (range,
0.1-66.4 months). A statistical difference in histology and
surgery extension was observed between these groups, with
a smaller surgical extension identified in the T1 group
and a higher incidence of squamous cell carcinoma in the
T2 group. Additionally, Kaplan-Meier and Cox survival
analyses revealed that the pathological subtype and surgery
extension had no significant effect on survival.

Validation of the stage of T1 tumors presenting with VPI

In the SEER (external) cohort, the overall 3-year survival
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rates for the T1a-PLO, T1b-PLO, T1c-PLO, T2a-PLO,
T2b-PL0, and T1-PL+ groups were 80.6%, 82.4%, 76.7%,
73.5%, 70.0%, and 71.7%, respectively (Figure 1B). There
were no significant differences in survival between the T1-
PL+ and T2a-PL0 (P=0.706) or the T2b-PL0 (P=0.117)
groups. Moreover, there was no significant difference in
LCSS between the T2a-PL0 and T1-PL+ groups (P=0.792);
however, a trend toward a significant difference (P=0.094)
was observed between the T2b-PL0 and T1-PL+ groups
(Figure 1C).

To further assess the differences in survival, we compared
the DES and OS among the T2a-PL0, T2b-PL0, and T'1-
PL+ groups in the GLCI cohort, in addition to various
features classified using a heatmap, as shown in Figure
2A. There were no significant survival differences in DFS
between the T1a-PL+ and T2a-PLO (P=0.982) and T2b-
PLO (P=0.213) groups (Figure 2B). However, the T1-PL+
group had a significantly better OS than the T2b-PL0
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T2b-PLO

70 Gender
Male Female
Survival (m) 35 Age
37 83
Gender Smoking
Age |I I | ‘ [ | Never smoker
Smoking [ Light smoker
Operation
H ki
Lymphadenectomy B Heavy smoker
Pathology [{ {11 IR T TR DRI TEEALERCN RN LT ] I[] Operation
Recurrence I l I Sub-lobectomy
Statue I I I Il I Lobectomy
Disease-free survival Overall survival M Pneumonectomy
by size only pT1a-T2b NOMO NSCLC by size only pT1a-T2b NOMO NSCLC Lymphadenectomy
B 100 C 100 No
95 951 Sample
—_ — T1a-PLO = ) :
S o — Tib-PLO 2 90- — T1a-PLO I Dissection
g — Tic-PLO g — T1b-PLO
> 2 — Tic-PLO Pathology
@ 85 T2a-PLO 2 g5 ToapLo
g — T2b-PLO S — T2b-PLO AD [ SCC M Others
3 5 — T1-VPI O g T — TPl
© - o Recurrence
2 a
75 754 No [ Yes
40 40
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Months after surgery Months after surgery

Figure 2 Feature analysis and the result of DFS and OS in the GLCI cohort. (A) Heatmap visualization of the distribution of features including
prognosis; (B) DFS curves stratified by T stage and VPI status of cases at GLCI; (C) OS curves stratified by T stage and VPI status of cases from

GLCI. VP, visceral pleural invasion; OS, overall survival; DFS, disease-free survival; GLCI, Guangdong Lung Cancer Institute.

group (P=0.047) (Figure 2C).

These results suggest that T1 tumors presenting with
VPI were appropriately staged as T2a, consistent with the
AJCC 8th edition TNM system.

Surgery for T1a tumors presenting with VPI

The SEER cohort included 1,352 T1-PL+ patients who
had undergone a specific type of surgery; of these, 89
patients had T1a-PL+. Among T1-PL+ patients, there was
a significant difference in OS between the sub-lobectomy
and non-sub-lobectomy groups (P=0.025, HR 0.75; 95%
CI: 0.56-0.96; Figure 34). However, a clear benefit of non-
sub-lobectomy for T1-PL+ patients could not be identified
with respect to LCSS (Figure 3B). Among Tla-PL+
patients, there were no significant differences in survival
between the sub-lobectomy and non-sub-lobectomy groups
(Figure 3C,D).

In our internal cohort, there was also a trend for
superior DFS in the non-sub-lobectomy group (P=0.108,
Figure 44). In addition, the majority of patients who relapsed
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after surgery presented intrathoracic recurrences (69.2%,
Figure 4B).

Overall, the results indicated a trend toward a superior
prognosis for the non-sub-lobectomy group classified as
having T'1 tumors presenting with VPI, including T1a
stages.

Discussion

The 8th edition of the AJCC TNM staging system for lung
cancer further subdivided the T stage based on evidence
that each centimeter increase in tumor size separates
tumors with significantly different prognoses. For instance,
the previous T2a stage was divided into T2a (3-4 cm)
and T2b (4-5 cm). In the proposal for T stage descriptors
in the 8th TNM edition, a T'1 tumor presenting with
VPI was categorized as a T2a tumor (7). However, the
supplementary table of the T stage descriptors of this new
edition did not show survival differences between T1-PL+
and T2a (size only) and T2b (size only) stages. The vague

conclusion gives rise to two reasonable concerns. First, the
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Lung cancer specific survival
— Non sub-lobectomy
— Sub-lobectomy

50 P=0.146
HR =0.75 (95% Cl: 0.48-1.11)
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Figure 3 Survival comparison of non sub-lobectomy and sub-lobectomy. (A) OS of patients with T1 tumors according to surgery types
reported in the SEER database; (B) LCSS of patients with T'1 tumors according to surgery types reported in the SEER database; (C) OS
curves of patients with T1a tumors according to surgery types reported in the SEER database; (D) LCSS of patients with T1a tumors

according to surgery types reported in the SEER database. OS, overall survival; LCSS, lung cancer-specific survival.

survival of patients with T1 tumors (0-3 cm) presenting
with VPI did not differ significantly from that of patients
with T2b tumors (size only). The second concern is the
use of VPI as a main pathological descriptor rather than as
a reliable clinical assessment, which was the focus of this
new adjustment. However, from the final stage perspective,
T2aNOMO is staged as IB, which is different from stage IIA
of T2bNOMO (15). Hence, whether T'1 tumors (0-3 cm)
presenting with VPI should be instead designated as stage
T2a or T2b requires validation.

Several studies have discussed the detrimental prognostic
effect of the presence of VPL. Since the publication of the 7th
edition of the TNM staging proposal for VPI status in lung
cancer, a number of studies have investigated the staging
complexity due to the presence of VPL. To incorporate VPI
status into the 7th edition AJCC TNM classification of
lung cancer, Yoshida ez a/. (16) first evaluated the effects of
VPI on patient survival by analysis of a Japanese nationwide
database, concluding that tumors <7 cm presenting with
VPI should be upgraded to the next T level. Subsequently,
several other publications reached similar conclusions
(17-20). However, in 2013, two retrospective studies
reported that the presence of VPI in small tumors in
lung cancer was not strongly associated with OS or

© Journal of Thoracic Disease. All rights reserved.

DFS, especially tumors >2 cm in size (21,22). Our study,
combining data from the SEER database and our own
GLCI experience, provided the largest population-based
analysis of T'1 staged tumors, concluding that patients with
T1 tumors presenting with VPI had worse survival rates
than those among patients with T1 tumors without VPL.
Moreover, we validated that stage T1 tumors presenting
with VPI should be upgraded to stage T2a in the 8th
edition of the TNM staging system.

Considering the relatively good prognosis of GGO
in radiological findings and the results of several studies
highlighting the sub-lobectomy procedure, the controversy
regarding the lack of scientific evidence for sub-lobectomy
procedures for small pulmonary nodules (<1 cm) has
increased in recent years (10,11,14,23). Hence, the present
study was designed to determine the effect of different
surgical resections for small pulmonary nodules presenting
with VPI. However, these data must be interpreted with
caution given the rough baseline characteristics of the
SEER database and limited sample size of the T1a-PL+
group. The preliminary differences between lobar and
sub-lobar resection observed in this study require further
validation.

More elaborate staging adjustments in the AJCC staging
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Figure 4 Prognostic outcomes of patients. (A) DFS curves of patients with T1 tumors according to surgery type performed at GLCL (B)

Relapse patterns of patients treated at GLCI with T1 tumors presenting VPI. VPI, visceral pleural invasion; DFS, disease-free survival;

GLCI, Guangdong Lung Cancer Institute.

system also mean more work is needed to better characterize
these findings. There remain limitations for the application
of the 8th edition of the lung cancer TNM staging system
in clinical practice. First, for sub-solid nodules, a solid
component diameter for T stage was first included in the T
staging system (24); however, irregular nodular morphology
and inconclusive computed tomography cutoff values are
major obstacles. Second, there is no change in N staging
but the AJCC recommends a sub-classification method for
N1 and N2, which emphasizes the metastatic lymph node
location and number (25); however, this method might not
be practical in the clinic, with its demand for high accuracy.
Third, previous studies have confirmed the efficacy of local
therapy for oligometastasis. In addition, the definition of
M1b as a single metastasis site was intended to screen for
these patients (26). However, this sub-classification could
provide an erroneous message for surgeons, considering
that there is no evidence showing that local therapy is the
most effective choice for patients with stage T1b tumors.
However, overall, the 8th edition of the TNM system is
improved compared to previous versions.

A major limitation of the current study was the lack of
statistically significant differences in OS and LCSS rates
between the T1-PL+ and T2b-PLO groups in the SEER
cohort owing to their favorable prognosis and limited
follow-up period. The follow-up period was also limited in
our internal cohort. However, we observed a differential
trend.

© Journal of Thoracic Disease. All rights reserved.

Conclusions

Our analyses of the SEER database and our institute’s
experiences validated that stage T1 tumors (0-3 cm)
presenting with VPI should be characterized as stage T2a
tumors. In addition, surgical resection of stage T'la tumors
should be considered with caution given the potential for
the development of VPI. Although our work validates the
new AJCC TNM staging system, the work presented here
also provides evidence of the need for a future revision of
the lung cancer TNM staging system based on the presence
or risk of VPI development.
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