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Background: A new revision of the tumor, node, metastasis (TINM) classification for lung cancer has been
proposed by the International Association for the Study of Lung Cancer (IASLC), but external validation for
it is required. This study aimed to evaluate stage groupings in the 8th edition of the TNM classification in
an independent Chinese cohort.

Methods: We retrospectively analyzed 3,611 patients who were diagnosed as stage I to IV non-small cell
lung cancer INSCLC) and who received surgical treatment at our institute in China between October 2009
and August 2017. Long-rank tests were used to compare survival between two adjacent stage groups.
Results: Based on the 8th edition of the TNM classification, differences between every 2 adjacent stage
groups were found to be significant except between Ial and Ia2 (P=0.062), and between IIlc and I'Va (P=0.063).
Significant differences were found between every 2 adjacent categories stratified by the T and N descriptors.
Additionally, significant differences were found between M0 and M1a (P<0.001), while no significant
difference was observed between M1a and M1b (P=0.092).

Conclusions: Our study provides an external validation of the stage groupings in the 8th edition of the
TNM staging system in surgically treated Chinese patients with NSCLC.
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Introduction is responsible for identifying stage-specific treatment

. . . strategies and providing an estimation of the patient’s
Lung cancer is the leading cause of cancer death and a major & ) p & P
prognosis (4).

public health problem worldwide (1). Approximately 85%
The 7th edition of the TNM staging system for lung

of lung cancer cases are non-small cell lung cancer (NSCLC)
with a 5-year overall survival (OS) rate of 15% (2).
The tumor, node, metastasis (TNM) staging system has

cancer was released in 2009 (5), and in January 2017, the
8th edition was published by the American Joint Committee

been commonly used in NSCLC to predict prognosis and
make treatment decisions (3). Thus, accurate staging of
the disease is essential in its management since this staging
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on Cancer (AJCC) and the Union for International Cancer
Control (UICC) (6). This edition was based on the new
International Association for the Study of Lung Cancer
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Table 1 Demographics and characteristics of the patients (N=3,611)
Value, N (%)

Characteristics

Gender
Male 2,094 (58.0)
Female 1,517 (42.0)
Median age, y [range] 62+7.2 [24-89]
Surgical approach
Lobectomy 2,175 (60.2)
Wedge resection 813 (22.5)
Segmentectomy 338 (9.4)
Bilobectomy 112 (3.1)
Pneumonectomy 108 (3.0)
Exploratory thoracotomy 65 (1.8)
Perioperative therapy
Neoadjuvant chemotherapy 328 (9.1)
Neoadjuvant targeted therapy 286 (7.9)
Adjuvant chemotherapy 986 (27.3)
Adjuvant targeted therapy 351 (9.7)
Postoperative radiotherapy 483 (13.4)
Histologic diagnosis
Adenocarcinoma 2,796 (77.4)
Squamous carcinoma 602 (16.7)
Adenosguamous carcinoma 81 (2.2)
Large cell carcinoma 73 (2.0
Others 59 (1.6)

(IASLC) database comprising information collected from
94,708 patients diagnosed as lung cancer from 1999 to
2010 (7). Though a large number of patients from Asia were
included, mainly from Japan, less than 1% of patients were
from China (8). This proportion is small given that China
has the highest incidence of lung cancer worldwide and
the clinical characteristics of Chinses patients are different
from those of Japanese patients (9). Moreover, in the past
decade, targeted therapy and immunotherapy have played
an increasingly essential part in changing the prognosis of
patients with lung cancer and clinical treatment modes (10).
Therefore, an external validation of the 8th edition TNM
staging system among Chinese patients is urgently required.

Our study evaluated the effects of the reclassification
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from the 7th to the 8th edition on stage groupings and
survival characteristics of 3611 patients who received
pneumonectomy at a single institution in a given period to
evaluate the clinical significance of the new staging system
and to discuss potential problems in Chinese patients.

Methods
Study design and patients

Our study was approved by the Institutional Review Board
at the Peking University Cancer Hospital. Patient consent
was not required since no human subjects participated in our
study. We collected the medical records of 3,611 patients
who were diagnosed as stage I to IV NSCLC and who
underwent tumor resection or lymph node dissection or
sampling at the Department of Thoracic Surgery II, Peking
University Cancer Hospital, between October 2009 and
August 2017.

Follow-up

Abdominal and supraclavicular ultrasound scanning, bone
scintigraphy, computed tomography (CT), or brain magnetic
resonance imaging (MRI) were performed routinely before
surgery to assess the extent of the disease. C'T scans/
positron emission tomography were not used routinely due
to the expense. Patients were postoperatively examined at
3-month intervals for the first 2 years, every 6 months for
another 3 years and yearly thereafter to check for survival
and recurrence in a median follow-up period of 62 months
(range, 1-128 months).

Statistical analysis

Survival curves were calculated by Kaplan-Meier method.
The significance of survival was determined using log-rank
tests. P<0.05 was considered statistically significant. SPSS
software version 20.0 (IBM, Chicago, IL, USA) was used

for all analyses.

Results
Patient demographics and characteristics

Patient demographics and characteristics are listed in Table 1.
A total of 3,611 subjects (2,094 males and 1,517 females)
with a median age of 62+7.2 years (range, 24-89) years were
enrolled in our study.
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Figure 1 Comparison of distribution in stage subgroups in the 7th (A) and the 8th (B) editions of the TNM classification. TNM, tumor,

node, metastasis.

Among all the patients, lobectomy was the main surgical
procedure (60.2%). The remaining patients underwent
the following surgical treatments: wedge resection in
813 patients (22.5%), segmentectomy in 338 cases (9.4%),
bilobectomy in 112 cases (3.1%), pneumonectomy in 108
cases (3.0%), and exploratory thoracotomy in 65 cases
(1.8%). Meanwhile, neoadjuvant therapy was performed
in 614 (17%) patients, among whom 328 (9.1%) and 286
(7.9%) received neoadjuvant chemotherapy or neoadjuvant
targeted therapy, respectively, with 986 (27.3%) and 351
(9.7%) patients at stage IB or higher stages undergoing
adjuvant chemotherapy or adjuvant targeted therapy,
respectively. In addition, postoperative radiotherapy was
performed in 483 (13.4%) patients.

In total, 2,796 patients were diagnosed with
adenocarcinoma, 602 with squamous cell carcinoma,
81 with adenosquamous carcinoma, 73 with large cell
carcinoma, and 59 with other types of lung cancer. Cardiac
evaluation and pulmonary function testing were performed
before surgery.

Distribution of pathologic stages

Based on the 7th edition, a total of 3,611 subjects were
categorized into the following categories: 1,055 (29.2%) at
pStage IA, 700 (19.4%) at pStage IB, 467 (12.9%) at pStage
IIA, 370 (10.2%) at pStage IIB, 793 (22.0%) at pStage IIIA,
122 (3.4%) at pStage IIIB, and 104 (2.9%) at pStage IV
(Figure 14). Under the 8th edition, all patients included in
this study were divided into the following categories: pStage
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IA1 (n=363, 10.1%), pStage IA2 (n=294, 8.1%), pStage
TIA3 (n=398, 11.0%), pStage IB (n=412, 11.4%), pStage IIA
(n=288, 8.0%), pStage IIB (n=601, 16.6%), pStage IITA
(n=703, 19.5%), pStage IIIB (n=434, 12.0%), pStage IIIC
(n=14, 0.4%), and pStage IVA (n=104, 2.9%) (Figure 1B).
Overall, 1,331 (36.9%) patients were redefined as a new
pStage and shifted to a higher pStage in the 8th edition;
these shifts of stage groupings are shown in Zible 2.

Survival analysis

Figure 2 depicts the survival curves and the 5-year survival
rates according to the 7th and the 8th editions of the
TNM classification. The survival curves show a stepwise
deterioration as the pStage progresses except in pStage
IIIb and pStage IV and significant differences between
every 2 adjacent stage groups can be seen in the 7th edition
(Figure 24). Under the 8th edition, the same results can
observed as the pStage progresses except in pStage IIIC and
IVa, while differences between every 2 adjacent stage groups
except between Ial and Ia2 (P=0.062), and between Illc and
IVa (P=0.063) are significant (Figure 2B).

The survival curves and the 5-year survival rates stratified
by T classification in accordance with the 7th and the 8th
editions are presented in Figure 3. Both the survival curves
and the 5-year survival rates display stepwise deterioration
as the T classification progresses, and significant differences
can be observed between every 2 adjacent categories.

For the N classification summarized in Figure 4, the
survival curves and the 5-year survival rates based on the
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Table 2 Stage shift of the patients when applying the 8th edition of the TNM classification

8th edition of the TNM classification

7th edition of the TNM classification Total
1A1 1A2 1A3 1B A 1B A 1B e IVA
1A 363 294 398 1,055
1B 412 288 700
1A 467 467
1B 134 236 370
1A 467 326 793
1B 108 14 122
\ 104 104
Total 363 294 398 412 288 601 703 434 14 104 3,611
A B
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o ’ —lal 5 p_g ge2
P<0:001 a2 p_g 026
P=0.002 Ia3; P=0.049
0.81 P304 =71 5 p=0/039
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Figure 2 Survival curves of the patients based on the 7th (A) and 8th (B) editions of the TNM staging system for lung cancer. The P values

and the 5-year survival rate between every 2 adjacent subgroups are indicated. TNM, tumor, node, metastasis.

8th edition decrease as the N classification progresses, and a
significant difference can be seen between every 2 adjacent
categories.

For the M classification, the survival curves and the 5-year
survival rates based on the 7th and the 8th editions are
depicted in Figure 5. Significant differences between every
two adjacent groups can be identified in the 7th edition
(P<0.001) (Figure 5A). For the 8th edition, significant
difference between MO and M1la (P<0.001) are evident;
however, no significant difference can be observed between

© Annals of Translational Medicine. All rights reserved.

MTla and M1b (P=0.092) (Figure 5B). Since all patients
included in this study were surgical cases, no data for M1c
patients were available.

Discussion

With the deepening understanding of lung cancer and
the progress of modern medicine, the staging system
has undergone significant revisions which could lead
to changes in therapeutic strategy (11). With the 7th
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Figure 3 Survival curves of the patients stratified by T descriptors according to the 7th (A) and 8th (B) editions. The P values and the 5-year

survival rate between every 2 adjacent subgroups are indicated.
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Figure 4 Survival curves of the patients based on N descriptors in
the 8th edition. The 5-year survival rate and the P values between

every 2 adjacent subgroups are indicated.

edition of the TNM staging system, the controversy has
centered around whether patients at stage IB need adjuvant
chemotherapy (12). Since the 8th edition of the TNM
staging system defined the tumor size as >3 and <4 cm for
T2a and >4 cm for stage IIA (13), stage IB patients in the
7th edition were divided into stage IB and stage IIA in the

© Annals of Translational Medicine. All rights reserved.

8th edition. Research has shown that for stage IB NSCLC
patients classified in the 7th edition, adjuvant chemotherapy
is superior to observation alone (14). By contrast, under the
8th edition, adjuvant chemotherapy had worse OS for stage
IB NSCLC patients, but the opposite results were found
in stage ITA NSCLC patients (15). The same conclusion
was reached in the CALBG 9633 trial which has been the
only randomized trial of adjuvant chemotherapy for lung
cancer patients to focus exclusively on those at stage IB
according to the 7th edition (16,17). The CALBG 9633
study failed to show OS benefits for adjuvant chemotherapy
among stage IB patients (HR =0.83, P=0.12), whereas
subset analysis revealed that chemotherapy improved OS
for those with tumors >4 cm (HR =0.66, P=0.04) (17).
Thus, the 8th edition is more accurate than the 7th edition
in defining whether stage IB patients should take adjuvant
chemotherapy.

It also remains controversial whether lobectomy or
segmentectomy is the best surgical method for ground-glass
opacity (18). Lung Cancer Study Group (LCSG) 082 was
designed to compare the survival outcome of lobectomy with
that of sublobectomy by using the 3 cm diameter of tumors
(T1INO in the 6th edition) as the selection criterion (19).
Although no significant difference in OS between the
2 groups was found, the limited resection group had a
significantly higher 3-year local recurrence rate than the
lobectomy group, suggesting that it was unreasonable to
use 3 cm diameter of the tumor as the criterion (19). In
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accordance with the 7th edition of TINM staging system,
3 studies of sublobectomy including CALGB140503,
JCOGO0802, and EORTC1223 have been carried out (20).
These studies used 2 cm as the criterion for group selection
(T1INO in the 7th edition), but are still not concluded (20).
The 8th edition highlighted the role of tumor size in the
prognosis of patients (21). With 1 cm as the dividing point,
the IA period of the 7th edition was divided into IA1, TA2,
and IA3 in the 8th edition (21). Similarly, the stage IA
in the 7th edition was divided into IA1, IA2, and IA3 in
accordance with the 8th edition. Although no significant
difference between IA1 and IA2 (P=0.062) was found,
the survival curves of IA1, IA2, and TA3 showed stepwise
deterioration as the pStage progressed, providing more
supporting data for the subdivision of stage I lung cancer in
the 8th edition. Under the guidance of the 8th edition, the
discussion with respect to lobectomy or sublobectomy for
ground-glass opacity may enter a new era.

T3N2MO moved from stage IIIA in the 7th edition
to IIIB in the 8th due to the worse outcome (22). This
study revealed that although the OS of T3N2MO patients
was obviously worse than that of TIN2MO IITA patients
(P<0.001), the survival curve of T3N2MO patients remained
close to that of T2N2MO IIIA patients, and T3N2MO0
patients displayed significantly better OSs compared with
T4N2MO IIIB patients (P=0.008). Clearly, these results
are not supportive of the revision on T3N2MO in the 8th
edition.

© Annals of Translational Medicine. All rights reserved.

It has been shown that there is a correlation between
prognosis and tumor size (23). Among the 8th edition
stages, 1" stage had the greatest change; most notably, T
<3 cm was further refined in the following fashion: T1a
was defined as maximum tumor diameter <1 cm, T'1b as
1 cm < maximum tumor diameter <2 cm, and T'lc as 2 cm
< maximum tumor diameter <3 cm (24). In this study, we
observed significant differences in prognosis between T1la
and T1b (P=0.036) and between T1b and Tlc (P=0.047),
providing more evidence supportive of the further
subdivision of T <3 e¢m in the 8th edition.

The accepted N descriptors of the 7th edition continue
to be used in the 8th edition (25). Remarkably, the high
prognostic value of the N subclassification was confirmed in
our study.

In the 8th edition, the M1 category was further
divided into intrathoracic metastasis (Mla), single
extrathoracic metastasis (M1b), and multiple extrathoracic
metastases (M1c) (26). M1a includes pericardial or
pleural dissemination and separate tumor nodules in the
contralateral lobe (27). Since all our patients were surgical
cases, no patients at M1c were included in the study. While
91 patients at M1a underwent only thoracic exploration
without removing the primary tumor due to pleural
dissemination revealed by intraoperative exploration, in
13 patients, M1b oligometastases (such as single brain or
single adrenal metastases) were found before the resection.
There was a significant difference between MO0 and M1la
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(P<0.001), but no significant difference between M1la and
MI1b (P=0.092) was identified. It has been reported that
the oligometastases in this comprehensive treatment mode
prolonged the survival time of patients after primary and
oligodendrocyte resection. Therefore, our study is in favor
of the further division of M1b (thoracic extravasation) in
the 7th edition into M1b and M1c in the 8th edition for
selecting patients eligible for more aggressive topical and
systemic treatment.

In conclusion, our study validated the 8th edition UICC
staging system in 3,611 surgically treated patients at our
institute. Though previous study has evaluated the 8th
edition by comparing the OS between the 7th and 8th
staging systems in general (28), our study explored the
survival rate by T, N, and M descriptors between the 2
systems. We found that compared to the 7th edition of the
TNM classification, the 8th edition provides more accurate
prognostic information, particularly among lung cancer
patients at pathologic stages A1, TA2, and IA3.
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