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Should minimally invasive lung adenocarcinoma be transferred
from stage IA1 to stage 0 in future updates of the TNM staging
system?
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Background: The 8th International Association Study of Lung Cancer (IASLC) TNM classification
staging project for lung cancer has classified patients with adenocarcinoma in situ (AIS) into stage 0,
while patients with a minimally invasive adenocarcinoma (MIA) were classified into stage IA1. However,
MIA patients, similar to AIS patients, have an approximately a 100% 5-year survival. This study aimed to
investigate if MIA could be transferred from stage IA to stage 0 in the next TNM staging system.

Methods: We retrospectively reviewed 1,524 consecutive patients with a pathologically confirmed AIS,
MIA and an invasive adenocarcinoma (IADC) in stage IAl. Disease-free survival (DFS) and overall survival
(OS) were analyzed to evaluate survival difference between these three groups.

Results: There were 412 AIS, 675 MIA and 437 IADC patients in stage IAl. No statistically significant
differences for DFS and OS (P=0.109) were seen between the AIS and MIA groups. Patients of the IADC
group had significantly worse DFS (P=0.003) but the OS rate (P=0.941) was insignificant when compared
with the MIA patients. Similar survival results were seen when comparisons were made between the IADC
and AIS/MIA groups. The IADC group had a worse DFS (P=0.001) rate but no OS (P=0.380) difference
with the AIS/MIA groups.

Conclusions: Patients with AIS and MIA had similar post-surgical survival rates. We propose that MIA
may potentially be transferred from IAl to stage 0 in the future.
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Introduction the European Respiratory Society (ERS) to provide a
In 2011, the lung adenocarcinoma classification system uniform terminology and diagnostic criteria (1). According
was revised by the International Association Study of Lung to the new revisions, lung adenocarcinomas were classified
Cancer (IASLC), American Thoracic Society (ATS), and into adenocarcinoma in situ (AIS), minimally invasive
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adenocarcinoma (MIA), and invasive adenocarcinoma
(IADC). Lesions formerly known as bronchioloalveolar
(BAC) without an invasive component were redefined as
AIS. Adenocarcinoma <3 cm with a predominantly lepidic
pattern and no more than 5 mm invasive component,
were defined as MIA (2). IADC was always presented
with heterogeneous histologic patterns and divided into
5 major subtypes including lepidic (LEP), acinar (ACN),
papillary (PAP), micropapillary (MIP) and solid (SOL)
predominant patterns (3). The classification system has
been comprehensively validated for its prognostic predictive
value (4-7).

The 8" TASLC TNM classification staging project for
lung cancer divided the category T'1 into T1a, T'1b and T1c
by 1-cm increments of tumor sizes, with each 1-centimeter
increment separating tumors from a significantly different
prognosis (8,9). Cases with AIS were classified as TisNOMO
at stage 0, while MIA cases were classified as T1a (mi)
and stage IA. Recent studies have demonstrated that
both AIS and MIA have excellent survival rates, and that
the recurrence and lymph node metastasis among these
patients is rare, and that the 5-year survival rate is nearly
100% (10,11). On the contrary, even after the curative-
intent surgery, 10-20% IADC patients at stage I will still
relapse (9,12). MIA then, is clearly different from IADC of
stage IA1 in tumor biology and outcomes. In this study, we
aimed to compare patients categorized according to the 8"
IASLC lung cancer staging project, to determine if MIA
could be transferred from stage IAlto stage 0 together with
AIS. Our results may help to better understand the survival
rates of the early stage lung adenocarcinoma patients, and
to improve the management of the affected patients.

Methods
Patients cobort

The ethical committee approval [No. KS(P)1807] of this
retrospective study was obtained from the institutional
review board of Shanghai chest hospital, at Shanghai Jiao
Tong University. Patients who underwent surgical resection
between January 2009 and March 2015 in Shanghai Chest
hospital were retrospectively reviewed. The inclusion
criterion were patients classified, according to the 8th
TASLC TNM staging project, with pathological diagnosis
of AIS, MIA or stage IA1 lung IADC. Patient’s hematoxylin
& eosin stained (HE) slides of surgically resected tumor
specimen were available for pathologic review. The
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exclusion criteria were patients who had multiple nodules,
tumor sizes larger than 3 cm, and lymph nodes metastasis or
history of malignancy. Finally, a total of 1,524 patients were
included in this study.

Clinicopathological evaluation

According to the IASLC/ATS/ERS classification (1), AIS
was defined as a small size (<3 cm) lesion with growth
restricted to neoplastic cells along preexisting alveolar
structures, which had lacked a vascular, stromal or pleural
invasion. MIA was histopathologically defined as a small size
(23 cm), and solitary lesion with a predominantly lepidic
pattern. The invasion depth in greatest dimensions in any
focus were less than 5Smm. IJADCs were specimens which
had showed that the lepidic, acinar, papillary, micropapillary
or solid growth pattern as the predominant component,
and/or the invasion component in at least one focus,
measuring more than 5 mm in greatest dimension.

Pathologic TNM Staging was based on the 8"
edition of the IASLC lung cancer staging manual. The
clinicopathologic features including gender, age, tumor size,
surgical procedure and survival status were collected from
patients’ medical records.

Surveillance protocol

The definition of the disease-free survival (DFS) rate was
specified as from the time of surgery to time of first event
(recurrence or metastasis) detected. The definition of the
overall survival rate (OS) was specified as the length of
the survival time after surgery. Patients with no event(s)
were censored at the end of the follow-up period. DFS and
OS status were obtained from clinical medical records or
telephone follow-ups.

The routine preoperative examinations were conducted
as described in our previous publications (13,14), including
a head and chest CT scan, upper abdomen sonography,
pulmonary function testing, heart sonography and any
other necessary blood tests. Positron emission tomography
(PET) scans were used to help the clinical TNM staging
among patients with suspicious hilum or mediastinal lymph
node enlargement. The postsurgical surveillance including
physical examination, chest CT, neck and upper abdominal
ultrasound examination, and whole-body bone scanning
and magnetic resonance imaging (MRI). All patients were
advised to follow up regularly after surgery. Chest CT scans
and ultrasound examinations of the upper abdomen were
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Tablel Baseline characteristics of patients with AIS, MIA and stage IA1 invasive lung adenocarcinoma
Characteristic Total (n=1,524) (%) AlIS (n=412) (%) MIA (n=675) (%) IA stage IA1 (n=437) (%) p*
Sex 0.405
Male 435 [29] 107 [26] 196 [29] 132 [30]
Female 1,089 [71] 305 [74] 479 [71] 305 [70]
Age, years 0.000
<55 579 [38] 168 [41] 226 [33] 185 [42]
55-77 875 [57] 233 [56] 402 [60] 240 [55]
>75 70 [5] 11[3] 47 [7] 12 [3]
Tumor size (cm) 0.000
<1 1,269 [83] 350 [85] 482 [72] 437 [100]
1.1-2 245 [16] 60 [14] 185 [27] 0
2.1-3 10 [1] 2[1] 8[1] 0
Surgical procedure 0.000
Limit resection 676 [44] 196 [48] 334 [49] 146 [33]
Lobectomy 848 [56] 216 [52] 341 [51] 291 [67]

*, o test was calculated from logistic regression model stratified by trail. P value is for the comparison between. AlS, adenocarcinoma
in situ; MIA, minimally invasive adenocarcinoma; IA, invasive adenocarcinoma

advised to be performed every 3 months for the first year
after surgery and at 6-month intervals thereafter. Whole-
body bone scan and cranial MRIs were performed annually.
Additional imaging studies were performed if patients had
any symptoms which occurred regardless of the follow-
up schedule. For patients who did follow-up in their local
hospital regularly, telephone follow-ups were conducted to
record the survival status.

Statistical methods

x’ tests were used to compare categorical and continuous
variables between AIS/MIA and the IADC stage IA1 group.
Cochran-Mantel-Haenszel test was used to estimate the
correlation between the different surgical procedure groups
and covariates. The log-rank test was used to compare the
differences in DFS and OS between different histologic
subtype groups for univariable analysis. The value of statistical
significance was set to 0.05 (pooled analysis). Statistical
analyses were performed using SPSS software (version 19; SAS
Institute, Cary, NC, USA) and GraphPad (Prism 5).

Results

A total of 1,524 patients were included in our cohort.
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According to the IASLC/ATS/ERS classification, there
were 412 (27%) AIS, 675 (44%) MIA and 437 (29%) stage
IA1 TADC patients. Among them, 435 (29%) patients were
males and 1,089 (71%) patients were females. A total of
579 (38%) patients were less than or equal to 50 years old,
875 (57%) patients were between 51 and 70 years old, while
70 (5%) patients were older than 70 years old. Tumor size of
the majority of AIS patients was <1 cm (350, 85%). There
were 60 (14%) patients with tumor size larger than 1 cm but
no bigger than 2 cm and 10 (1%) patients with tumor size
larger than 2 cm but no bigger than 3 cm. For patients with
MIA, tumor size less than or equal to 1 cm also accounted
for the majority (482, 72%). There were 185 (27%) patients
with tumor size larger than 1 cm but no bigger than 2 cm
and 8 (1%) patients with tumor size larger than 2 cm but
no bigger than 3 c¢m. For all patients, more than half of
the patients (848, 56%) had received lobectomy, while
676 (44%) patients had received limited resection including
411 cases of wedge resection and 265 cases of segmentectomy.
The demographic features of 1,524 patients are summarized

in Table 1.

Survival analysis

At the end of the follow-up, only 8 (0.5%) patients in stage
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Figure 1 Survival curve for DFES (A) and OS (B) among AIS, MIA
and TADC stage IA1 patients. P values from log-rank test. DFS,
disease-free survival; OS, overall survival; AIS, adenocarcinoma
in situ; MIA, minimally invasive adenocarcinoma; IADC, invasive

adenocarcinoma.

IA1 TADC group experienced a tumor recurrence. The
cause of death for the 3 patients in MIA group had no
relation to the lung cancer. Three patients in the stage IA1
IADC group died of lung cancer. The median follow-up
time for all 1,524 patients in our cohort was 30.6 months.
According to the IASLC/ATS/ERS classification, there
were no significant DFS [HR 0.14; 95% confidence interval
(CD): 0.01-2.28, P=0.167] and OS (HR, 0.15; 95% CI:
0.02-1.52, P=0.109) differences between patients with AIS
and MIA. For patients with stage IA1 TADC, significant
worse DFS (HR, 8.27; 95% CI: 2.03-33.64, P=0.003) was
seen compared with MIA. However, there was no significant
OS (HR, 1.06; 95% CI: 0.21-5.37, P=0.941) difference
among these two groups (Figure 1A4,B). In order to further
explore the possibility of MIA being upgraded to stage 0,
together with AIS in the TNM classification system, we
combined AIS and MIA as a group and found that there
was a significant DFS rate (HR, 20.04; 95% CI: 4.59-87.48;
P=0.001) but no OS (HR, 2.14; 95% CI: 0.39-11.78;
P=0.380) differences between the IADC group at stage IA1
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Figure 2 Survival curve for DFS (A) and OS (B) between AIS +
MIA and IADC stage IA1 group. P values from log-rank test. DFS,
disease-free survival; OS, overall survival; AIS, adenocarcinoma
in situ; MIA, minimally invasive adenocarcinoma; IADC, invasive

adenocarcinoma.

and the AIS + MIA group (Figure 2A,B).

Risk factors for DFS and OS

In order to identify the risk factors for recurrence or death,
multivariable analysis was performed using multivariable
Cox models. Multivariable survival analysis which had
been adjusted for gender, age, histologic type and surgical
strategy, showed that IADC patients of stage IA1 had a no
significant DFS (HR, 2.1E5; 95% CI: 0-1.2E100; P=0.912)
and OS (HR, 1.76; 95% CI: 0.36-8.73; P=0.489) survival
when it had been compared with the AIS + MIA group.
Limiting resection (HR, 0.09; 95% CI: 0.02-0.47; P=0.004)
was found as a risk factor for the recurrence (Tuble 2).

Discussion

The new IASLC/ATS/ERS lung adenocarcinoma
classification system helps to define the various types of lung
adenocarcinomas. They have a distinct clinical, radiologic,
and histologic characteristic, which could effectively
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Table 2 Multivariate analysis of DFS and OS
DFS 0os
Characteristic
HR 95% Cl P HR 95% ClI P

Sex (male vs. female) 1.37 0.32-5.78 0.673 5.01 0.91-27.53 0.064
Age (>55 versus <55) 4.55 0.55-37.75 0.161 1.9E5 0-1.2E161 0.947
Histologic type

IA1 vs. AIS + MIA 2.1E5 0-1.2E100 0.912 1.76 0.36-8.73 0.489

Surgery (lobectomy vs. limited resection) 0.09 0.02-0.47 0.004 0.33 0.06-1.79 0.200

DFS, disease-free survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval; AlS, adenocarcinoma in situ; MIA, minimally

invasive adenocarcinoma; IA1, invasive adenocarcinoma stage IA1.

predict the patients’ prognosis, especially among early stage
adenocarcinoma patients. In this study, we collected a large
single center cohort, to compare the survival among patients
with AIS, MIA and stageIAl IADC. Our results showed
that MIA patients have a similar DFS and OS with AIS.
However, compared with MIA, there was significant worse
DFS for patients with stage IA1 IADC. According to our
findings, we suggest that maybe MIA could be moved from
stage IAlto stage 0 with AIS and categorized as TmiNOMO
and stage 0.

Evidence showed that the 5-year DFS of MIA patients
did not reach 100% (15-19). Behera and colleagues
included 19 studies published from 2011 to 2015 to
evaluate the prognostic differences between AIS and MIA.
Pooled analysis indicated that the 5-year DFS survival rate
was 100% for both AIS and MIA, and the 5-year OS rate
was 100% for AIS and 98.5% for MIA. Survival analysis
found that there were no significant survival differences
between the AIS and MIA group. In our cohorts, no
patient in AIS and MIA group experienced tumor
recurrence, while 3 patients in the MIA group died for
reasons beside lung cancer. However, the follow-up time
was not enough to determine the prognostic outcomes in
patients with AIS and MIA.

According to the data of the TASLC 8" lung cancer
TNM staging project (9), the 2-year OS of pathologic stage
IA1, IA2 and IA3 was 97%, 94% and 92%, respectively,
while the 5-year OS of pathologic stage IA1, IA2 andIA3
was 90%, 85% and 80%, respectively. Distinct survival
difference was previously reported between AIS/MIA and
stage A1 patients (20). Consistent with other research, our
results specifically demonstrated that patients with MIA had
a very close survival rate to those with AIS, while there was
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a significant DFS difference between AIS/MIA and stage
TA1 TADC patients according to univariate analysis. As can
be seen, our study posed a critical question of whether MIA
should be transferred from IALl to stage 0 in the next TNM
staging edition. This new classification may better guide
doctors towards the prognosis and effective management of
patients with AIS, MIA and stage IA1 IADC.

Alas, limitations of our study should be declared. First,
this is a retrospective study conducted in a single center, and
so patient selection bias is inevitable. Second, the follow-
up time was not adequate to compare long-term survival for
early stage lung cancer. Third, the final pathologic diagnosis
may be affected by the experience of different pathologists,
even though our hospital is one of the leading thoracic
centers with the highest volume in China.

Conclusions

In summary, our results demonstrate that the prognosis of
the patients with MIA are as good as those with AIS, but
much better than stage IA1 IADC patients. We suggest
that a shift of MIA together with AIS, from IAl to stage 0,
may be more reasonable in the future, with an update of the
"TNM staging system.
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