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Background: Histologic subtypes were considered prognostic factors in early-stage lung adenocarcinoma
in the 7" edition of the tumor node metastasis (TNM) staging system (TNM-7). However, the T-staging
system has changed and now measures only the size of the invasive component to determine tumor size. The
aim of this study was to determine whether the histologic subtype is still a prognostic factor in the 8" edition
of the TNM staging system (TNM-8).

Methods: From 2010 to 2017, 788 patients who underwent curative surgery for stage I lung
adenocarcinoma according to TNM-8 were analyzed retrospectively. Survival rates were compared among
predominant patterns of adenocarcinoma. Prognostic factors were analyzed according to risk factors for
recurrence in stage I lung adenocarcinoma.

Results: The 5-year recurrence-free survival rates among predominant histologic subtypes were statistically
different, especially between the lepidic/acinar/papillary group and the micropapillary/solid group. Total
tumor size was not significantly different between the two groups, but invasive component size was different
(1.5 vs. 2.3 cm, P<0.001). In the multivariate analysis that adopted total tumor size as a variable, visceral
pleural invasion (VPI), lymphovascular invasion (LVI), and micropapillary-predominant adenocarcinoma
were significant predictors for recurrence. Conversely, adenocarcinoma subtypes were not significant risk
factors for recurrence in the multivariate analysis that adopted invasive component size as a variable.
Conclusions: The importance of adenocarcinoma subtype for prognosis may be reduced when only the

invasive component of a tumor is used to determine tumor size, as described in the TNM-8 staging system.
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Introduction

Lung adenocarcinoma is the most common histologic type
of primary lung cancer (1). According to the 2015 World
Health Organization (WHO) classification of lung tumors,
adenocarcinoma is classified into several subtypes (2). In
the histologic classification system, the components of
adenocarcinoma are classified into 5 major histopathologic
categories on the basis of the growth pattern of the tumor
cell: lepidic, acinar, papillary, micropapillary, and solid (3).
Many studies adopting the 7™ edition of the tumor node
metastasis (TINM) staging system (TNM-7) reported
correlations between subtypes (histopathologic components
of adenocarcinoma) and disease prognosis in early-stage
lung cancer (4-9). However, it is not well studied whether
histologic subtypes also impact prognosis in early-stage
lung cancer according to the 8" edition of the TNM staging
system (TINM-8).

In TNM-8, tumor size measurement, which applies
to the “T” description, has changed from TNM-7
(10-12). Previously, in TNM-7, total tumor size was
measured and T-stage was determined by the maximum
size of the total tumor. However, in TNM-8, T-stage is
determined by the maximum size of the invasive component
without the lepidic component. Therefore, since only
the size of the invasive component (acinar, papillary,
micropapillary, and solid components) reflects the T-stage
in TNM-8, the prognostic effect of subtypes may not be
the same as previously considered. We wanted to know if
the effect of subtypes of adenocarcinoma on prognosis is
still valid in the same stage of lung adenocarcinoma when
adopting the criteria of TNM-8.

The purpose of this study was to evaluate the effects
of adenocarcinoma subtypes on prognosis of stage I lung
adenocarcinoma (according to TNM-8) after curative
surgical treatment. Simply, we attempted to confirm
whether the subtype of adenocarcinoma is still a significant
prognostic factor in TNM-8, which adopted the invasive
component size as the descriptor of the “T™” category.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3509).

Methods
Patients

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). This study was approved by
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the institutional review board of Seoul St. Mary’s Hospital
at the Catholic University of Korea and individual consent
was waived (Referral number: KC19RNSI0103). From 2010
to 2017, 1,630 consecutive patients at a tertiary hospital
in Korea were diagnosed with non-small cell lung cancer
(NSCLC) and underwent curative resection. Of those
patients, 1,196 were diagnosed with lung adenocarcinoma.
In none of the patients studied was resection incomplete
or was preoperative chemotherapy or radiotherapy
administered. Patients who had synchronous lung cancer
were excluded from the study. We retrospectively enrolled
788 patients who were judged, according to the pathologic
criteria listed in TNM-8 (pTNM), to have stage I lung
adenocarcinoma including adenocarcinoma in situ (AIS),
minimally invasive adenocarcinoma (MIA), and 5 major
subtypes (lepidic, acinar, papillary, micropapillary, and
solid-predominant) (2). We compared the recurrence-
free survival (RFS) and disease-specific survival (DSS)
rates among predominant subtypes of adenocarcinoma.
We analyzed the risk factors for recurrence in stage I lung
adenocarcinoma (according to TINM-8) after curative
resection.

Surgical procedures

The standard surgical procedure for stage I lung cancer
was anatomic resection (lobectomy or bilobectomy) with
dissection of 3 or more mediastinal lymph node stations.
The technique used for lymph node dissection was en-
bloc resection of the lymph nodes, including adjacent fat
tissue. Sublobar resection was performed in the high-
risk subgroup of patients who had a comorbid disease. In
patients with a ground glass opacity (GGO) nodule located
near the visceral pleura, intentional sublobar resection was
considered with the patient’s consent. In all patients who
underwent sublobar resection, we obtained a sufficient
resection margin in which the length was larger than the
tumor diameter.

Histological evaluation and re-staging according to TNM-8

All pathological specimens were re-examined by
pathologists and their observations were recorded. Each
case was reviewed for tumor size, location, lymph node
status, pleural invasion, and lymphovascular invasion (LVI).
"To describe the histologic patterns of tumors, the occupancy
ratio of each histologic component (lepidic, acinar,
papillary, micropapillary, and solid) in the total tumor area
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was measured and recorded semi-quantitatively in 5%
increments according to the 2015 WHO classification of
lung tumors (2). We used the TNM staging system (p TINM)
to establish the pathologic stage for each patient (13). To
classify the “T™” category using TNM-8, the tumor size was
re-measured by the pathologist and the greatest dimension
of the invasive component on pathologic study was
recorded (10).

Statistical analysis

The Kaplan-Meier method was used to calculate the
interval from surgery until the final follow-up visit, and the
RFES and the DSS rates were calculated using confirmed
recurrences and cancer-related deaths. We compared the
clinicopathological characteristics of subtype groups. The
student’s #-test or Wilcoxon rank-sum test was used for
continuous variables and Fisher’s exact test or the ¥’ test
was applied for categorical variables. The RFS and DSS
between both groups were compared using the log-rank
test. In a multivariate analysis, the Cox proportional hazard
model was used to determine the risk of recurrence for all
patients. A P value less than 0.05 was considered statistically
significant. Statistical analyses were performed using SPSS
24.0 software IBM Corp., Armonk, NY, USA).

Results

The clinicopathological characteristics of all 788 study
patients are shown in 7ible 1. The mean age was 63.4 (x10.1)
years, and there were more female (59.5%) than male
patients. Sublobar resection was conducted in 206 patients
(26.1%) and lobectomy (or bilobectomy) was conducted
in 582 patients (73.9%). Most surgery was performed
using video-assisted thoracoscopic surgery (91.0%).
The postoperative complication rate was 12.8%. The
postoperative mortality rate was 0.1%.

The numbers of patients with stage 0, IA1, IA2, IA3,
and IB according to TNM-8 were 38 (4.8%), 319 (40.5%),
207 (26.3%), 69 (8.8%), and 155 (19.7%), respectively. AIS,
MIA, and invasive adenocarcinoma were diagnosed in 38
(4.8%), 141 (17.9%), and 609 (77.3%) patients, respectively.
Among those with invasive adenocarcinoma, the numbers
of patients with lepidic-, acinar-, papillary-, micropapillary-,
and solid-predominant adenocarcinoma were 144 (18.3%),
345 (43.8%), 67 (8.5%), 38 (4.8%), and 15 (1.9%),
respectively. The mean tumor size, including the lepidic
component, was 2.0 cm and the mean invasive component
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size was 1.2 cm.

There were 49 cases of stage migration from TNM-
7 to TNM-8 (Table 2). Each of the stage migrations was a
down-stage of the “T” category. The changes were due to
reductions in tumor size from total tumor size (including
lepidic component) to invasive component size.

Survival analysis of adenocarcinoma subtypes

The median follow-up time for stage I lung adenocarcinoma
was 1,006 days (range, 45-2,989 days). Recurrence was
identified in 60 patients (7able 3).

We compared survival among adenocarcinoma subtypes.
The 5-year RFS of AIS, MIA, lepidic-, acinar-, papillary-,
micropapillary-, and solid-predominant adenocarcinoma
were 100%, 100%, 87.1%, 82.8%, 91.9%, 64.6%, and
71.2%, respectively (Figure 14). The 5-year DSS of AIS,
MIA, lepidic-, acinar-, papillary-, micropapillary-, and
solid-predominant adenocarcinoma were 100%, 100%,
96.5%, 93.1%, 100%, 90.9%, and 87.2%, respectively
(Figure 1B). The RFS difference was significant between the
two groups [lepidic-, acinar-, and papillary-predominant
adenocarcinoma (LAP group) and micropapillary- and
solid-predominant adenocarcinoma (MS group), P<0.001]
(Figure 24). The DSS was also different between the LAP
and MS groups (P=0.011) (Figure 2B).

We compared the clinicopathological characteristics
of the LAP group and the MS group to evaluate factors
that might influence survival difference in the two groups
(1able 4). In the MS group, more male patients and more
former or current smokers were included; pulmonary
function was poorer in the MS group. More mediastinal
lymph node dissection was performed in the LAP group.
In terms of pathological characteristics, the MS group had
more patients with high T-stages. Total tumor size was not
significantly different between the two groups, but invasive
tumor size was smaller in the LAP group (1.5 vs. 2.3 cm,
P<0.001). The incidences of visceral pleural invasion (VPI)
and LVI were also more frequent in the MS group (P=0.008
and P=0.001, respectively). As a result, the MS group had
more factors that affected poor prognosis.

Risk factors for recurrence in patients with stage I lung
adenocarcinoma after curative lobectomy with mediastinal
lymph node dissection

We analyzed risk factors for recurrence. In order to
reduce the recurrence effect of the surgical procedure,
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Table 1 Clinicopathological characteristics of patients (n=788) with Table 1 (continued)

stage I lung adenocarcinoma after curative resection

Variables N (%) or mean (+ SD) Variables N (%) or mean (x SD)

Age 63.4 (+10.1) Stage (TNM-8)

Sex Stage 0 38 (4.8)
Male 319 (40.5) Stage IA1 319 (40.5)
Female 469 (59.5) Stage 1A2 207 (26.3)

Former or current smokers 231 (29.3) Stage IA3 69(8.8)

FEV1 (%) (+SD) 95.9 (+16.9) Stage 1B 155 (19.7)

DLCO (%) (+SD) 88.7 (+16.9) Histologic subtypes (predominant pattern)

Involved lobes Adenocarcinoma in situ 38 (4.8)
Right upper 271 (34.4) Minimally invasive adenocarcinoma 141 (17.9)
Right middle 76 (9.6) Invasive adenocarcinoma 609 (77.3)
Right lower 153 (19.4) Lepidic adenocarcinoma 144 (18.3)
Left upper 172 (21.8) Acinar adenocarcinoma 345 (43.8)
Left lower 116 (14.7) Papillary adenocarcinoma 67 (8.5)

Operation Solid adenocarcinoma 38 (4.8)
Wedge resection 111 (14.1) Micropapillary adenocarcinoma 15(1.9)
Segmentectomy 95 (12.1) l’ztr]iggjr:r;cr)];)size (including lepidic 2.0 (£0.9)
Lobectomy 576 (73.1) Invasive component size 1.2 (x0.9)
Bllobectomy 608 Number of dissected lymph nodes 11.0 (7.8)

Surgical approach Visceral pleural invasion 131 (16.6)
VATS 710 Lymphovascular invasion 221 (28.0)
Open thoracotomy 71 (9.0

SD, standard deviation; FEV1, forced expiratory volume in 1
Extent of Lymph node dissection second; DLCO, diffusing capacity for carbon monoxide; VATS,
video-assisted thoracoscopic surgery; TNM-7, 7" edition of the

No mediastinal lymph node dissection 128 (16.2) tumor node metastasis staging system; TNM-8, 8" edition of the

Mediastinal lymph node sampling 107 (13.6) tumor node metastasis staging system.

Mediastinal lymph node dissection 553 (70.2)
Postoperative hospital stay (days) 6.5 (+7.8) only patients who underwent lobectomy with mediastinal
Postoperative complications 101 (12.8) lymph node dissection were included in this analysis.
Surgical mortality 10.1) Thus, we attempted to determine whether the subtypes of

st N7 adenocarcinoma affected the prognosis.
age - . . .
oe (T ) A total of 473 patients underwent curative anatomical

Stage 0 38 (4.8) lobectomy with mediastinal lymph node dissection of more
Stage IA 549 (69.7) than 3 stations. The clinicopathological characteristics
Stage 1B 196 (24.9) are shown in 7able 5. Univariate and multivariate analyses
were conducted to identify the prognostic factors using a

Stage lIA 304 Cox proportional hazard model (7able 6). Specific variables
Stage 1IB 2(0.3) identified as significant (P<0.1) by univariate analysis
Table 1 (continued) included sex, smoking status, total tumor size, invasive

component size, VPI, LVI, and adenocarcinoma subtypes.
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Table 2 Incidence of stage migration from TNM-7 to TNM-8

(n=750)

TNM-7 to TNM-8

Number

Stage IB to stage IA
Stage IB to stage IA1
Stage IB to stage IA2
Stage IB to stage IA3

Stage IIA to stage IA2

Stage IlIA to stage IB

Stage IIB to stage IA3

Stage IIB to stage 1B

44

10
9

25
1
2
1
1

TNM-7, 7" edition of the tumor node metastasis staging system;
TNM-8, 8" edition of the tumor node metastasis staging system.

Table 3 Summary of recurrence in stage I lung adenocarcinoma

Overall recurrence

N (%) (n=60)

Locoregional recurrence
Distant recurrence

Both

34 (56.7%)
11 (18.3%)
15 (25.0%)

Locoregional: recurrence within ipsilateral hemithorax including
pleura and mediastinal lymph nodes; Both: locoregional

recurrence + distant recurrence.
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These variables were entered into the multivariate model.
We conducted two multivariate analyses: multivariate
analysis (T), which adopted total tumor size (including
lepidic component) (Table 6, B), and multivariate analysis
(I), which adopted invasive component size (Table 6, C).
In multvariate analysis (T), VPI, LVI, and micropapillary
adenocarcinoma were significant predictors for recurrence;
adenocarcinoma subtypes were not significant risk factors
for recurrence in multivariate analysis (I). In multivariate
analysis (I), VPI [hazard ratio (HR) =2.252, P=0.010] and
LVI (HR =1.958, P=0.029) were significant predictors of
recurrence.

Discussion

The biggest change from TNM-7 to TNM-8 is in the
classification of the “T” category. The T-stage is subdivided
according to the size of the tumor, but the method of
measuring the size of the tumor has not changed until the
recent revision of the staging system. In the newly revised
TNM-8, only the size of the invasive component, excluding
the lepidic component, is measured to determine the
T-stage. Therefore, in lung cancer, with the exception of
adenocarcinoma, there is no change in tumor size with the
new measurement system. However, in adenocarcinoma,

1.04 <+ AIS/MIA, papillary adenoca.
+ L T -t Lepidic adenoca.
Ly Acinar adenoca.
o T N - “Micropapillary adenoca.
B e e )
Solid adenoca.

0 500 1000 1500 2000 2500 3000
Time (days)

Figure 1 Comparison of RFS rate and DSS rate among subtypes of adenocarcinoma in patients with stage I lung adenocarcinoma after

curative resection. (A) The 5-year RFS of AIS, MIA, lepidic-, acinar-, papillary-, micropapillary-, and solid-predominant adenocarcinoma
were 100%, 100%, 87.1%, 82.8%, 91.9%, 64.6%, and 71.2%, respectively; (B) the 5-year DSS of AIS, MIA, lepidic-, acinar-, papillary-,
micropapillary-, and solid-predominant adenocarcinoma were 100%, 100%, 96.5%, 93.1%, 100%, 90.9%, and 87.2%, respectively. AIS,

adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma; RFS, recurrence-free survival; DSS, disease-specific survival.
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0  365days 730 days 1,095 days 1,460 days 1,825 days 2,190 days 0 365days 730 days 1,095 days 1,460 days 1,825 days 2,190 days

LAP group 556 468 348 240 161 75 34 LAP group 556 479 372 265 185 88 40
MS group 53 30 19 14 11 7 4 MS group 53 37 24 16 12 8 4

Figure 2 Comparison of RFS rate and DSS rate between the LAP group and the MS group. (A) The 5-year RFS of LAP group and
MS group were 85.4% and 68.9% (P<0.001); (B) the 5-year DSS of LAP group and MS group were 94.9% and 88.1% (P=0.011). LAP
group, lepidic adenocarcinoma + acinar adenocarcinoma + papillary adenocarcinoma; MS group, micropapillary adenocarcinoma + solid

adenocarcinoma; RFS, recurrence-free survival; DSS, disease-specific survival.

Table 4 Comparison of clinicopathological characteristics between the LAP group and the MS group in patients with stage I lung
adenocarcinoma* after curative resection

Variables LAP group (n=556) MS group (n=53) P value
Age (£SD) 63.9 (+10.2) 66.13 (+9.5) 0.129
Sex 0.001
Male 212 (38.1) 33 (62.3)
Female 344 (61.9) 20 (37.7)
Former or current smokers 154 (27.7) 26 (49.1) 0.002
FEV1 (%) (+SD) 96.5 (+17.0) 91.9 (x18.2) 0.066
DLCO (%) (+SD) 89.6 (+16.6) 81.2 (+16.8) 0.001
Involved lobes 0.146
Right upper 182 (32.7) 24 (45.3)
Right middle 51(9.2) 6 (11.3)
Right lower 116 (20.9) 6 (11.3)
Left upper 122 (21.9) 13 (24.5)
Left lower 85 (15.3) 4 (7.5)
Operation 0.107
Wedge resection 50 (9.0) 8 (15.1)
Segmentectomy 57 (10.3) 1(1.9)
Lobectomy 443 (79.7) 44 (83.0)
Bilobectomy 6 (1.1) 0
Table 4 (continued)
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Table 4 (continued)
Variables LAP group (n=556) MS group (n=53) P value
Surgical approach 0.148
VATS 506 (91.0) 45 (84.9)
Open thoracotomy 50 (9.0) 8 (15.1)
Extent of Lymph node dissection 0.002
No mediastinal lymph node 59 (10.6) 5(9.4)
dissection
Mediastinal lymph node 64 (11.5) 15 (28.3)
sampling
Mediastinal lymph node 433 (77.9) 33 (62.3)
dissection
Postoperative hospital stay (days) 6.7 (8.2) 7.7 (£11.5) 0.410
Postoperative complications 71 (12.8) 7(13.2) 0.927
Surgical mortality 1(0.2) 0 1.000
Stage (TNM-8) <0.001
I1A1 175 (31.5) 3(5.7)
A2 195 (35.1) 12 (22.6)
IA3 56 (10.1) 13 (24.5)
B 130 (23.4) 25 (47.2)

Histologic subtypes (predominant pattern)

Lepidic adenocarcinoma 144 (25.9) 0

Acinar adenocarcinoma 345 (62.1) 0

Papillary adenocarcinoma 67 (12.1) 0

Micropapillary adenocarcinoma 0 15 (28.3)

Solid adenocarcinoma 0 38 (71.7)
Total tumor size (including lepidic 2.2 (x0.9) 2.4 (x0.9) 0.073
component)
Invasive component size 1.5 (x0.8) 2.3 (x0.8) <0.001
Number of dissected lymph 11.9 (7.5) 12.3 (+10.0) 0.796
nodes
Visceral pleural invasion 112 (20.1) 19 (35.8) 0.008
Lymphovascular invasion 191 (34.4) 30 (56.6) 0.001

*, excluding adenocarcinoma in situ and minimally invasive adenocarcinoma. LAP group: lepidic adenocarcinoma, acinar adenocarcinoma,
papillary adenocarcinoma; MS group: micropapillary adenocarcinoma, solid adenocarcinoma. SD, standard deviation; FEV1, forced
expiratory volume in 1 second; DLCO, diffusing capacity for carbon monoxide; VATS, video-assisted thoracoscopic surgery; TNM-7, 7"
edition of the tumor node metastasis staging system; TNM-8, 8" edition of the tumor node metastasis staging system.
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Table 5 Clinicopathological characteristics of patients (n=473)

with stage I lung adenocarcinoma® who underwent anatomical

lobectomy with mediastinal lymph node dissection

Variables N (%) or mean (= SD)
Age 63.8 (£10.1)
Sex
Male 187 (39.5)
Female 286 (60.5)
Former or current smokers 140 (29.6)
FEV1 (%) (+ SD) 96.9 (+16.6)
DLCO (%) (+ SD) 90.0 (+16.7)
Involved lobes
Right upper 174 (36.8)
Right middle 47 (9.9)
Right lower 95 (20.1)
Left upper 97 (20.5)
Left lower 60 (12.7)
Surgical approach
VATS 435 (92.0)
Open thoracotomy 38 (8.0)
Postoperative hospital stay (days) 6.6 (+8.2)
Postoperative complications 64 (13.5)
Surgical mortality 0
Stage (TNM-7)
Stage IA 302 (63.8)
Stage IB 166 (35.1)
Stage IIA 3(0.6)
Stage 1I1B 2(0.4)
Stage (TNM-8)
Stage A1 118 (24.9)
Stage 1A2 161 (34.0)
Stage IA3 65 (13.7)
Stage IB 129 (27.3)
Histologic subtypes (predominant
pattern)
Lepidic adenocarcinoma 112 (23.7)
Acinar adenocarcinoma 267 (56.4)
Papillary adenocarcinoma 52 (11.0)

Table 5 (continued)
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Table 5 (continued)

Variables N (%) or mean (+ SD)
Solid adenocarcinoma 29 (6.1)
Micropapillary adenocarcinoma 13 (2.7)

Total tumor size (including lepidic 2.3 (x0.9)
component)

Invasive component size 1.7 (£0.8)
Number of dissected lymph nodes 14.9 (£6.9)
Visceral pleural invasion 106 (22.4)
Lymphovascular invasion 180 (38.1)

*

, excluding adenocarcinoma in situ and minimally invasive
adenocarcinoma. SD, standard deviation; FEV1, forced expiratory
volume in 1 second; DLCO, diffusing capacity for carbon monoxide.

tumor size is changed with the new criteria. In stage I lung
adenocarcinoma, a lepidic component is relatively common,
so stage migration occurs because of the change in tumor
size. In this study, tumor size was reduced in most stage I
lung adenocarcinomas, and, in 49 patients, down-staging
occurred. This is because only the size of the invasive
component, not the lepidic component, was measured and
the tumor size became smaller.

The lepidic component is considered a non-invasive
component of adenocarcinoma. According to the
2015 WHO classification criteria, acinar, papillary,
micropapillary, and solid components are classified as
invasive components and are, therefore, differentiated from
lepidic components. Hattori et 4/. reported that early-stage
lung cancer with GGO has a better prognosis than early-
stage lung cancer without GGO (14,15). GGO represents a
lepidic component in computed tomography images of the
chest. Our previous studies also support results that confirm
that a tumor that contains a lepidic component has a better
prognosis than a tumor that does not contain a lepidic
component (16,17).

Many studies adopting TNM-7 criteria reported
that adenocarcinoma subtypes were related with
prognosis. In this study, survival rates differed among
adenocarcinoma subtypes in stage I lung adenocarcinoma.
The prognosis of lepidic-, acinar-, and papillary-
predominant adenocarcinomas was better than solid-
and micropapillary-predominant adenocarcinomas. The
survival rate graph shows the difference in the survival rate
of each subtype (Figure 1). However, in the comparison
of clinicopathological characteristics, micropapillary- and
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Table 6 Univariate and multivariate analyses of recurrence of stage I lung adenocarcinoma* after anatomical lobectomy with mediastinal lymph
node dissection (n=473) (cox proportional hazard model)

Variables HR 95% ClI P value

(A) Univariate analysis

Age 1.004 0.975-1.034 0.808
Sex (male) 1.703 0.960-3.021 0.069
Smoker 2.174 1.223-3.866 0.008
FEV1 (%) 0.998 0.981-1.015 0.804
DLCO (%) 0.99 0.972-1.007 0.249
Lobe 0.868
Right upper (reference) 1.000
Right middle 1.654 0.641-4.265 0.298
Right lower 1.209 0.529-2.764 0.653
Left upper 1.352 0.620-2.948 0.448
Left lower 1.203 0.466-3.101 0.703
VATS 0.748 0.332-1.682 0.482
Tumor size (including lepidic 1.397 1.031-1.893 0.031
component)
Tumor size (invasive 1.751 1.276-2.402 0.001
component)
Visceral pleural invasion 2.842 1.593-5.068 <0.001
Lymphovascular invasion 2.445 1.372-4.356 0.002
Histologic subtypes 0.017
(predominant pattern)
Lepidic adenocarcinoma 1.000
(reference)
Acinar adenocarcinoma 1.764 0.770-4.043 0.180
Papillary adenocarcinoma 1.118 0.327-3.821 0.858
Solid adenocarcinoma 4171 1.322-13.165 0.015
Micropapillary adenocarcinoma 6.792 1.749-26.377 0.006

(B) Multivariate analysis (T)

Sex (male) 1.234 0.544-2.803 0.615

Smoker 1.665 0.733-3.782 0.223

Total tumor size (including 1.225 0.875-1.716 0.237

lepidic component)

Visceral pleural invasion 2.324 1.247-4.332 0.008

Lymphovascular invasion 1.958 1.070-3.585 0.029
Table 6 (continued)
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Table 6 (continued)
Variables HR 95% ClI P value
Histologic subtypes (predominant pattern) 0.136
Lepidic adenocarcinoma 1.000
(reference)
Acinar adenocarcinoma 1.782 0.773-4.108 0.175
Papillary adenocarcinoma 0.974 0.278-3.414 0.968
Solid adenocarcinoma 2.882 0.896-9.277 0.076
Micropapillary 4.446 1.096-18.029 0.037
adenocarcinoma
(C) Multivariate analysis (1)
Sex (male) 1.287 0.563-2.941 0.550
Smoker 1.577 0.690-3.604 0.280
Invasive component size 1.489 0.987-2.248 0.058
Visceral pleural invasion 2.252 1.215-4.174 0.010
Lymphovascular invasion 1.958 1.070-3.584 0.029
Histologic subtypes 0.447
(predominant pattern)
Lepidic adenocarcinoma 1.000
(reference)
Acinar adenocarcinoma 1.17 0.454-3.013 0.746
Papillary adenocarcinoma 0.574 0.146-2.251 0.426
Solid adenocarcinoma 1.611 0.435-5.967 0.475
Micropapillary 2.378 0.480-11.777 0.289

adenocarcinoma

*, excluding adenocarcinoma in situ and minimally invasive adenocarcinoma. HR, hazard ratio; FEV1, forced expiratory volume in 1
second; DLCO, diffusing capacity for carbon monoxide; VATS, video-assisted thoracoscopic surgery.

solid-predominant adenocarcinoma had more characteristics
that are considered poor prognostic factors. As shown in the
comparison of the LAP group and the MS group (7able 4),
there was no difference in total tumor size, but the invasive
component size was significantly larger in the MS group.
Thus, according to TNM-8, which further subdivides the
T-stage according to the size of the invasive component, the
frequencies of stage IA3 and stage IB were higher in the MS
group. The frequencies of VPI and LVI were also higher
in the MS group. As a result, the survival rate difference
among the subtypes was derived from the difference in the
invasive tumor size and the invasiveness of the tumor. Since
TNM-8 reflects invasive tumor size, we found that the

© Journal of Thoracic Disease. All rights reserved.

application of the current staging system might replace the
significance of prognosis prediction through differences in
subtypes.

Several studies reported that lymph node metastasis
occurs more frequently in micropapillary and solid
adenocarcinomas than in lepidic, acinar, and papillary
adenocarcinomas (9,18-20). We analyzed prognostic factors
in patients who underwent anatomical lobectomy and
mediastinal lymph dissection to exclude the possibility of
occult lymph node metastasis. In the multivariate analysis,
adenocarcinoma subtype was a significant risk factor for
recurrence when we adopted total tumor size as a variable.
However, adenocarcinoma subtype was not a significant
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risk factor for recurrence when the variable changed from
total tumor size to invasive component size. As a result,
adenocarcinoma subtypes were not significant prognostic
factors when adjusted by invasive component size according
to TNM-8, at least in Stage I lung cancer. VPI and LVI
were significant risk factors for recurrence. VPI is a staging
factor with the “T” category. Although LVI has some
limitations including inter-observer discrepancy, the result
suggests its potential as a prognostic factor in stage I lung
cancer. Invasive component size, as a T-staging factor, also
tends to relate with recurrence, but it did not have statistical
significance in this study (P=0.058). If the number of
samples was larger, we assume that the invasive component
size would be a statistically significant factor.

Although there is currently no established histologic
grading system, proposals have been made for grading
according to predominant histologic patterns; lepidic-
predominant as low grade, acinar- and papillary-
predominant as intermediate grade and micropapillary-
and solid-predominant as high grade, according to the
2015 WHO classification of lung tumors (2). Recently,
difference in genomic characterization among predominant
histologic subtypes of lung adenocarcinoma has been
reported (21), which suggests possible explanation for
prognostic difference. Also, a novel grading system has been
proposed from the International Association for the Study
of Lung Cancer Pathology Committee, based on RFS and
overall survival, validated and tested in stage I to III (22).
However, results of the current study show that when
adjusted by invasive component size, the histologic patterns
might not add any prognostic information to the T stage,
at least in stage I lung adenocarcinoma. One of the possible
explanations is that micropapillary and solid histologic
patterns are relatively more infrequent in the earlier stage.
For example, the percentages of micropapillary- and solid-
predominant adenocarcinoma cases were 0.9% in T1a, 5.8%
in T1b, 18.8% in Tlc¢, 16.1% in T2a.

This study has several limitations. First, we used a
retrospective study design. Second, the data were obtained
from a single institution and the sample size was relatively
small, especially in the MS group, so generalizing our result
is difficult. However, the study patients were treated by
a standardized surgical procedure at a tertiary hospital in
Korea. Furthermore, a detailed analysis was possible because
of the detailed data contained in the electronic medical
records. We also used pathological specimens of all study
patients for analysis. We thought that this study is the only
study that has re-measured invasive component size using
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pathologic specimens of all study patients. We believe that
our data can be used as the basis for future investigations. A
larger study should be performed to validate our results.

In conclusion, predominant histologic subtypes of
lung adenocarcinoma have been considered as prognosis
factors, but their role as independent prognosticators may
be diminished when applying measurement of invasive
component size, at least in stage I according to TNM-
8. These findings might be different when investigating
more advanced lung adenocarcinoma, including stage II, IIT
and IV. In TNM-8, invasive component size and VPI are
included in the “T™” category and those two factors are more
important than histologic subtypes of adenocarcinoma,
which is also consistent with the results of our study. LVI
also has a potential to be reflected in staging system as a
prognostic factor in earlyOstage lung cancer. We expect
further research to validate the current findings that may
help establish a new grading system or staging in the future.
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