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Introduction

The lung cancer staging system was changed in 2017, and 
the biggest change was how the tumor size is measured. In 
the 8th edition TNM classification, the tumor (T) stage is 
determined by the size of invasive component of primary 
tumor (1,2). Previously, the T stage was determined by the 
maximum size of the tumor including the lepidic component 

(total tumor size). In the latest (8th) edition, the T stage is 
determined according to the maximum size of the invasive 
component, without the lepidic component (invasive 
component size) (3). This difference in classification is an 
important change for staging early lung adenocarcinoma, 
which often contains large amounts of lepidic components.

Lung adenocarcinoma is the most common histologic 
type of primary lung cancer (4). According to the 2015 
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World Health Organization (WHO) classification of lung 
tumors, most lung adenocarcinomas are composed of five 
major components (acinar, papillary, micropapillary, solid, 
and lepidic) combined in various proportions (5). Of these, 
the lepidic component is regarded as a component without 
invasiveness. Adenocarcinoma that contains high levels 
of the lepidic component has a low malignant potential, 
and is known to have a good prognosis (6,7). Stage I lung 
adenocarcinoma often contains a lepidic component. 
Therefore, in the case of adenocarcinoma containing a 
large amount of lepidic component, the total tumor size 
and the invasive component size differ significantly. Even if 
the total tumor size is very large, if the invasive component 
size is small, it is classified as T1a. Therefore, it is possible 
that the lepidic component size can be completely ignored 
when staging is determined. However, there has been little 
research done on whether the lepidic component size can 
be ignored. 

The aim of this study was to compare the effects of 
invasive component size and total tumor size on the 
prognosis of early lung adenocarcinoma. Thus, when 
determining the stage of lung cancer, we considered 
whether the size of the lepidic component can be ignored, 
while using only the invasive component size as the T 
descriptor. In addition, we tried to evaluate the prognosis 
of a large-sized (>3 cm) lung adenocarcinoma previously 
classified as T2a (stage IB) when it was reclassified as stage 
IA because of the small invasive component size.

Most of the retrospective studies on lung cancer have 
used the 8th edition of the TNM staging system without 
distinguishing the tumor size from the total tumor size and 
the invasive component size. In order to apply the patients’ 
data before 2017 to the 8th edition of the TNM staging 
system, the tumor size of the pathologic specimens had to 
be re-measured, taking into account the invasive component 
size. In this study, pathologic specimens of stage I lung 
adenocarcinoma were re-evaluated from 2010, and the 
invasive component size was re-measured. We present the 
following article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/jtd-20-
2963).

Methods

Patients

From 2010 to 2018, 1994 patients underwent curative 
surgery at a tertiary hospital in Korea. Among those 

patients, 914 patients who had undergone complete 
resections were diagnosed as having stage 0 or stage IA lung 
adenocarcinoma. A total of 301 patients who had undergone 
sublobar resection were excluded, to eliminate the bias of 
surgical procedure. To reduce the selection bias, all data 
were obtained from consecutive patient data. Patients 
who had received neoadjuvant or adjuvant chemotherapy 
were not included. Finally, 613 consecutive patients were 
evaluated retrospectively. The recurrence-free survival 
(RFS) rate and disease specific survival (DSS) rate were 
analyzed according to the stage (stage 0, stage IA1 to IA3). 
Statistical analysis was conducted to find out whether the 
recurrence of stage IA lung adenocarcinoma was more 
affected by total tumor size (including lepidic component 
size) or invasive component size. We also compared the 
prognosis of large adenocarcinoma (total tumor size >3 cm) 
with others (total tumor size ≤3 cm) in tumors with the 
same invasive component size. 

Histopathology and re-staging

All surgical specimens were prepared and re-evaluated 
by board certified pathologists. Tumors were restaged 
according to the 8th edition of TNM classification (8) 
by measuring the greatest dimension of the invasive 
component on the pathology specimen (1). Total tumor 
size was defined as the greatest dimension of the tumor 
including the lepidic component. The invasive component 
size, instead, was defined as the greatest dimension of the 
invasive component excluding the lepidic component of 
the tumor. Pathology reports were reviewed for tumor 
location, lymph node status, visceral pleural invasion, and 
lymphovascular invasion.

Statistical analysis

The Kaplan-Meier method was used to analyze data 
collected from the interval between the time of operation 
and the time of the last follow-up visit. RFS rates and DSS 
rates according to the TNM stages were estimated by the 
Kaplan-Meier method. A Cox proportional hazards model 
was used in a multivariate analysis to identify risk factors for 
recurrence after surgery in stage IA lung adenocarcinoma. 
All variables with P<0.10 on univariate analysis were 
entered into the multivariate analysis. P values of less than 
0.05 were considered statistically significant.

Clinicopathological factors were compared between large 
adenocarcinomas (total tumor size >3 cm) and others (total 
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tumor size ≤3 cm) in the same stage using the Student’s t 
test or the Wilcoxon rank sum test for continuous variables, 
and chi-squared or Fisher exact test for categorical 
variables. The RFS and DSS in both groups were compared 
using the log-rank test. Statistical analyses were performed 
using SPSS version 24.0 software (IBM Corp, Armonk, NY, 
United States).

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was approved by the institutional review board of Seoul 
St. Mary’s Hospital at the Catholic University of Korea 
and individual consent was waived (Referral number: 
KC20RISI0430).

Results

Total tumor size versus invasive component size as a risk 
factor for recurrence

Table 1 shows the clinicopathological characteristics of 
patients with stage 0 and stage IA lung adenocarcinoma 
who have undergone anatomical lobectomy. The number 
of patients with stage 0, stage IA1, stage IA2, and stage IA3 
were 13 (2.1%), 222 (36.2%), 262 (42.7%), and 116 (18.9%), 
respectively. The mean total tumor size (including lepidic 
component) was 2.0 cm, and the mean invasive component 
size was 1.3 cm. 

The median follow-up time of the study patients was 
1,456 days (34–3,652 days). Recurrence was identified in 
40 patients (Table 2). The 5-year RFS rates of stage 0, stage 
IA1, stage IA2, and stage IA3 were 100%, 98.4%, 89.1%, 
and 81.7%, respectively (Figure 1A). The 5-year DSS rate 
of stage 0, stage IA1, stage IA2, and stage IA3 were 100%, 

Table 1 Clinicopathological characteristics of patients with stage IA 
lung adenocarcinoma who have undergone anatomical lobectomy 
(n=613)

Variables Mean (±SD) or N (%)

Age 63.1 (±9.9)

Sex

Male 227 (37.0)

Female 386 (63.0)

Current or former smoker 163 (26.6)

Serum CEA level (ng/mL) 2.1 (±2.9)

SUVmax 3.2 (±2.9)

Pulmonary function

FEV1 (%) 96.8 (±15.7)

DLCO (%) 90.1 (±16.4)

TNM stage

Stage 0 13 (2.1)

Stage IA1 222 (36.2)

Stage IA2 262 (42.7)

Stage IA3 116 (18.9)

Involved lobe

Right upper 236 (38.5)

Right middle 61 (10.0)

Right lower 119 (19.4)

Left upper 111 (18.1)

Left lower 86 (14.0)

Operation

Lobectomy 605 (98.7)

Bilobectomy 8 (1.3)

Extent of Lymph node dissection

No mediastinal node dissection 33 (5.4)

Systematic nodal dissection 459 (74.9)

Lobe-specific nodal dissection 121 (19.7)

VATS 558 (91.0)

Open thoracotomy 55 (9.0)

Postoperative complications 93 (15.2)

Operative mortality 0

Total tumor size (cm) 2.0 (±0.8)

Invasive component size (cm) 1.3 (±0.8)

Number of dissected lymph nodes 13.2 (±7.2)

Lymphovascular invasion 156 (25.4)

SD, standard deviation; CEA, carcinoembryonic antigen; 
SUVmax, maximum standardized uptake value; FEV1, forced 
expiratory volume in 1 second; DLCO, diffusing capacity for 
carbon monoxide; VATS, video-assisted thoracoscopic surgery.

Table 2 Summary of recurrence

Variables All patients (n=613)

Sites of recurrence, n (%)

Locoregional recurrence 21 (3.4)

Distant recurrence 11 (1.8)

Both 8 (1.3)

Locoregional: recurrence within ipsilateral hemithorax including 
pleura and mediastinal lymph nodes. Both: Locoregional 
recurrence + Distant recurrence.
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99.3%, 96.9%, and 95.7%, respectively (Figure 1B). 
Univariate and multivariate analyses were conducted 

to identify the risk factors for recurrence (Table 3). The 
specific variables identified as significant (P<0.1) by 
univariate analysis included sex, smoking status, serum 
carcinoembryonic antigen (CEA) level,  maximum 
standardized uptake value (SUVmax) on positron emission 
tomography, total tumor size, invasive component size, and 
lymphovascular invasion (Table 3). These variables were 
entered into the multivariate model, and two multivariate 
analyses were conducted according to the method of 
measuring tumor size: multivariate analysis T, which 
adopted total tumor size (Table 3); and multivariate analysis 
I, which adopted invasive component size (Table 3). In 
multivariate analysis T, total tumor size was not a significant 
risk factor for recurrence. Conversely, invasive component 
size was a significant risk factor for recurrence (Hazard ratio 
=1.658, P=0.043) in multivariate analysis I. 

Comparing tumors with a total tumor size >3 cm and a 
total tumor size ≤3 cm in stage IA2

Comparisons were not performed in stage 0 and stage IA1 
due to the small sample size of tumors with total tumor size 
≥3 cm (0 patients of stage 0, 6 patients of stage IA1). Thus, 
the analysis was performed on tumor samples of stage IA2 
and stage IA3. 

The clinicopathological characteristics were not 
significantly different between tumors with a total tumor 

size >3 cm and a total tumor size ≤3 cm in stage IA2 
adenocarcinoma (Table 4). The mean total tumor sizes 
were different in both groups (3.6 and 1.9 cm, P<0.001), 
but the invasive component size was not statistically 
different (1.6 and 1.5 cm, P=0.059). The median follow-up 
time of stage IA2 patients was 1,428 days (173–3,652 days).  
The 5-year RFS rates of tumors with total tumor size 
>3 cm and total tumor size ≤3 cm in stage IA2 lung 
adenocarcinoma were 90.9% and 89.0%, respectively 
(P=0.686; Figure 2A). The 5-year DSS rates of these 
groups were 100% and 96.7%, respectively (P=0.577; 
Figure 2B). There were no statistical differences in the 
RFS and DSS between these groups. 

Comparing tumors with a total tumor size >3 cm and a 
total tumor size ≤3 cm in stage IA3

The clinicopathological characteristics were not significantly 
different between tumors with a total tumor size >3 cm 
and a total tumor size <3 cm in stage IA3 adenocarcinoma 
(Table 5). The mean total tumor sizes were 3.6 and  
2.6 cm, respectively (P<0.001). The mean invasive 
component sizes were 2.6 and 2.4 cm, respectively 
(P<0.001). The median follow-up time of stage IA3 patients 
was 1,113 days (34–3,407 days). The 5-year RFS rates of 
tumors with total tumor size >3 cm and total tumor size 
≤3 cm in stage IA3 lung adenocarcinoma were 79.7% and 
82.8%, respectively (P=0.818; Figure 3A). The 5-year DSS 
rates of these groups were 96.6% and 95.4%, respectively 

Figure 1 Graphs displaying (A) recurrence-free survival and (B) disease-specific survival for each stage of stage IA lung adenocarcinoma.
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Table 3 Univariate and multivariate analysis of risk factors for recurrence in patients with stage IA lung adenocarcinoma who have undergone 
anatomical lobectomy

Variables HR 95% CI P value

Univariate analysis

Age 1.007 0.974–1.041 0.683

Sex (male) 1.798 0.959–3.369 0.067

Smoker 2.226 1.182–4.192 0.013

CEA 1.107 1.061–1.155 <0.001

SUVmax 1.209 1.133–1.290 <0.001

FEV1 (%) 0.999 0.980–1.019 0.939

DLCO (%) 0.988 0.969–1.007 0.208

Lobe 0.800

Right upper (reference) 1

Right middle 1.819 0.691–4.788 0.226

Right lower 1.358 0.562–3.278 0.497

Left upper 1.132 0.452–2.838 0.791

Left lower 1.100 0.392–3.086 0.856

Extent of lymph node dissection 0.559

No mediastinal node dissection (reference) 1

Systematic nodal dissection 0.562 0.196–1.612 0.283

Lobe-specific nodal dissection 0.578 0.174–1.921 0.371

VATS 0.887 0.345–2.281 0.803

Total tumor size 1.537 1.115–2.120 0.009

Invasive component size 2.742 1.814–4.143 <0.001

Number of dissected lymph nodes 1.015 0.973–1.059 0.490

Lymphovascular invasion 5.105 2.676–9.742 <0.001

Multivariate analysis T

Sex (male) 1.690 0.676–4.224 0.261

Smoker 1.511 0.620–3.681 0.363

CEA 1.062 1.009–1.119 0.023

SUVmax 1.111 1.018–1.212 0.018

Total tumor size (including lepidic component) 1.127 0.749–1.695 0.566

Lymphovascular invasion 3.342 1.592–7.017 0.001

Multivariate analysis I

Sex (male) 1.765 0.735–4.240 0.204

Smoker 1.461 0.620–3.444 0.386

CEA 1.066 1.009–1.127 0.023

SUVmax 1.074 0.974–1.186 0.152

Invasive component size 1.658 1.015–2.707 0.043

Lymphovascular invasion 3.200 1.528–6.700 0.002

HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; SUVmax, maximum standardized uptake value; FEV1, forced 
expiratory volume in 1 second; DLCO, diffusing capacity for carbon monoxide; VATS, video-assisted thoracoscopic surgery.
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Table 4 Comparison of clinicopathological characteristics between total tumor size >3 cm and total tumor size ≤3 cm in stage IA2 lung 
adenocarcinoma

Variables
Total tumor size >3 cm  

(n=16)
Total tumor size ≤3 cm  

(n=246)
P value

Age (±SD) 65.7 (±7.7) 63.9 (±9.8) 0.464

Sex, n (%) 0.305

Male 4 (25.0) 95 (38.6)

Female 12 (75.0) 151 (61.4)

Current or former smoker, n (%) 4 (25.0) 71 (28.9) 1.000

Serum CEA level (ng/mL) (±SD) 3.4 (±2.3) 2.3 (±3.6) 0.231

SUVmax (±SD) 3.3 (±2.8) 3.3 (±2.6) 0.994

Pulmonary function, (%)

FEV1 100.9 (±16.9) 96.3 (±16.5) 0.291

DLCO 94.8 (±16.5) 89.3 (±16.4) 0.207

Involved lobe, n (%) 0.085

Right upper 8 (50.0) 98 (39.8)

Right middle 3 (18.8) 20 (8.1)

Right lower 1 (6.3) 54 (22.0)

Left upper 4 (25.0) 38 (15.4)

Left lower 0 (0.0) 36 (14.6))

Operation, n (%) 1.000

Lobectomy 16 (100.0) 241 (98.0)

Bilobectomy 0 (0.0) 5 (2.0)

Extent of Lymph node dissection, n (%) 0.642

No mediastinal node dissection 1 (6.3) 9 (3.7)

Systematic nodal dissection 12 (75.0) 192 (78.0)

Lobe-specific nodal dissection 3 (18.8) 45 (18.3)

VATS 14 (87.5) 222 (90.2) 0.665

Open thoracotomy 2 (12.5) 24 (9.8)

Total tumor size (cm) (±SD) 3.6 (±0.6) 1.9 (±0.4) <0.001

Invasive component size (cm) (±SD) 1.6 (±0.3) 1.5 (±0.3) 0.059

Number of dissected lymph nodes (±SD) 15.3 (±8.9) 13.9 (±7.3) 0.478

Lymphovascular invasion 3 (18.8) 71 (28.9) 0.568

SD, standard deviation; CEA, carcinoembryonic antigen; SUVmax, maximum standardized uptake value; FEV1, forced expiratory volume 
in 1 second; DLCO, diffusing capacity for carbon monoxide; VATS, video-assisted thoracoscopic surgery. 
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(P=0.653; Figure 3B). There were no statistical differences 
in the RFS and DSS between these groups. 

Discussion

The most important characteristic of lung adenocarcinoma 
is histologic heterogeneity (9). Among the histologic 
components of adenocarcinoma, the lepidic component 
is regarded as a non-invasive component of tumors. 
Therefore, referring to the 8th edition of the TNM staging 
system, the size of the lepidic component was ignored 
and only the invasive component size was used as the T 
descriptor (2,10). However, if the total tumor size including 
the lepidic component is large, it is debatable whether the 
total tumor size can be completely ignored. In particular, 
the prognosis of tumors with a total tumor size greater than 
3 cm in those classified as T1a due to the small invasive 
component size was an important concern of this study. 
Previously, these tumors were all classified as T2a and 
diagnosed as stage IB (11). Few studies have addressed this 
change in classification and the impact on diagnosis and 
prognosis.

Survival rates were clearly distinguished from Stage 0 to 
Stage 1A3 in this study when staging was performed using 
the invasive component size as the T descriptor. Moreover, 
in multivariate analysis to find risk factors for recurrence, 
total tumor size was not a risk factor for recurrence, whereas 
invasive component size was a statistically significant 
risk factor for recurrence. This confirms that staging by 

referring only to the invasive component size better reflects 
prognosis. Moreover, the prognosis did not differ even 
when the total tumor size was greater than 3 cm in stages 
IA2 and IA3. This also supports staging by only using 
the invasive component size, while the size of the lepidic 
component does not need to be considered at all. 

In this study, when performing multivariate analysis to 
find risk factors for recurrence, two multivariate analyses 
were performed according to the method of measuring 
tumor size. In the multivariate analysis T using total tumor 
size as a variable, CEA, SUVmax, and lymphovascular 
invasion were risk factors for recurrence. Furthermore, 
CEA, invasive component size, and lymphovascular 
invasion were risk factors for recurrence in the multivariate 
analysis I using invasive component size as a variable. 
As multivariate analysis was performed using invasive 
component size as a variable instead of total tumor size, 
CEA and lymphovascular invasion were still risk factors 
for recurrence, but SUVmax was not a risk factor for 
recurrence. This is because tumors with a large total tumor 
size, containing large amount of lepidic components, usually 
have low values of SUVmax. Therefore, the relevance of 
SUVmax is reduced when using the invasive component 
size as a variable. Although studies have mentioned 
SUVmax as a predictor of lung cancer prognosis or lymph 
node metastasis (12-15), the role of SUVmax is estimated 
to decrease after staging using invasive component  
size (16). It is well-established from previous studies that 
CEA and lymphovascular invasion are risk factors for early 
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Table 5 Comparison clinicopathological characteristics between total tumor size >3 cm and total tumor size ≤3 cm in stage IA3 lung 
adenocarcinoma

Variables
Total tumor size >3 cm  

(n=34)
Total tumor size ≤3 cm  

(n=82)
P value

Age (±SD) 65.8 (±9.8) 64.9 (±10.3) 0.659

Sex, n (%) 0.058

Male 8 (23.5) 36 (43.9)

Female 26 (76.5) 46 (56.1)

Current or former smoker, n (%) 5 (14.7) 26 (31.7) 0.068

Serum CEA level (ng/mL) (±SD) 3.3 (±4.5) 2.2 (±2.5) 0.185

SUVmax 4.7 (±2.9) 5.7 (±3.6) 0.200

Pulmonary function, (%)

FEV1 99.3 (±16.6) 94.7 (±16.5) 0.176

DLCO 91.3 (±16.9) 89.8 (±16.1) 0.664

Involved lobe, n (%) 0.809

Right upper 13 (38.2) 23 (28.0)

Right middle 3 (8.8) 7 (8.5)

Right lower 7 (20.6) 16 (19.5)

Left upper 7 (20.6) 23 (28.0)

Left lower 4 (11.8) 13 (15.9))

Operation, n (%) 1.000

Lobectomy 34 (100.0) 81 (98.8)

Bilobectomy 0 (0.0) 1 (1.2)

Extent of lymph node dissection, n (%) 0.367

No mediastinal node dissection 1 (2.9) 2 (2.4)

Systematic nodal dissection 29 (85.3) 61 (74.4)

Lobe-specific nodal dissection 4 (11.8) 19 (23.2)

VATS, n (%) 32 (94.1) 71 (86.6) 0.340

Open thoracotomy, n (%) 2 (5.9) 11 (13.4)

Total tumor size (cm) (±SD) 3.6 (±0.7) 2.6 (±0.2) <0.001

Invasive component size (cm) (±SD) 2.6 (±0.2) 2.4 (±0.2) <0.001

Number of dissected lymph nodes (±SD) 12.9 (±5.9) 14.2 (±8.8) 0.363

Lymphovascular invasion, n (%) 21 (61.8) 34 (41.5) 0.066

SD, standard deviation; CEA, carcinoembryonic antigen; SUVmax, maximum standardized uptake value; FEV1, forced expiratory volume 
in 1 second; DLCO, diffusing capacity for carbon monoxide; VATS, video-assisted thoracoscopic surgery.
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lung cancer (17-21), and these were also identified as risk 
factors in this study.

This study only included stage 0 to stage IA3 tumors. 
The reason for not including stage IB is that it was not 
sufficient to evaluate the effect of tumor size, as stage IB 
tumors are affected by visceral pleural invasion as well as 
by invasive component size. In order to evaluate the effect 
of the invasive component size and lepidic component 
size, it was considered appropriate to target only stage 0 to 
stage IA3.

When selecting a surgical method for stage I lung 
cancer, sublobar resection can only be considered when the 
total tumor size is 2 cm or less. In most studies of sublobar 
resection, total tumor size is used as the determining 
factor for surgery (22-24). In addition, two randomized 
trials (CALGB 140503 and JCOG 0802) are ongoing 
to investigate the hypothesis that sublobar resection is 
comparable to lobectomy for small-sized (≤2 cm) non-
small-cell lung carcinoma (25,26), where tumor size was 
based on total tumor size. However, in these studies, it was 
found that the invasive component size better reflects the 
prognosis than the total tumor size. Another study also 
showed that T-stage with an invasive component size could 
better predict the prognosis than T-stage with total tumor 
size (10). Therefore, for predicting outcome, it is better 
to conduct a study on sublobar resection with invasive 
component size, not total tumor size (27). Our previous 
study reported that prognoses following wedge resection 
and lobectomy of tumors with an invasive component size 

smaller than 1 cm were comparable, regardless of the total 
tumor size (28). Therefore, studies on lung cancer prognosis 
or sublobar resection should be performed using invasive 
component size only. 

This investigation has some limitations. Firstly, it was 
a retrospective study. Secondly, we obtained data from a 
single institution and the sample size was relatively small, so 
it is difficult to generalize our results. However, this study 
is meaningful in that the invasive component size was re-
measured using the stored pathological specimens. This 
has not been carried out by previous studies and in doing so 
we have tried to gain more accurate results. Furthermore, 
this study examined data from surgical patients treated 
by a relatively standardized protocol at our institution, 
a tertiary hospital in Korea. A detailed analysis was also 
possible because of the information stored in the electronic 
medical records; we believe that our data can be used as 
the basis for future investigations. However, a larger study 
should be performed to validate our results. Finally, this 
study was based on pathologic findings and did not analyze 
the relationship with preoperative radiologic discoveries. 
Therefore, it is not known whether the results of this study 
can be applied to the size observed by radiologic findings. 
It would thus be valid to compare the total nodule size and 
the solid component size by conducting research using 
radiologic findings in the future.

In conclusion, invasive component size was a risk factor 
for recurrence of stage IA lung adenocarcinoma, while total 
tumor size was not a risk factor. Even when the total tumor 
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size was large, there was no difference in prognosis if the 
size of the invasive component was the same. Therefore, it 
seems to be appropriate to disregard the size of the lepidic 
component, and T staging can be assessed by means of the 
size of the invasive component only. It is expected that more 
accurate results can be obtained if more data is gathered in 
the future.
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