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Background: To evaluate the efficacy of the nodal descriptors and subgroups proposed by International
Association for the Study of Lung Cancer (IASLC) in the 8th edition of the TNM classification system and
to provide references for future editions.

Methods: A total of 3,177 patients with non-small cell lung cancer at the Beijing Cancer Hospital were
classified based on the following three methods: (I) the N descriptors in the 8th edition of the TNM
classification system: NO, N1, N2, and N3; (II) the IASLC-proposed N subgroups: N1a, N1b, N2al, N2a2,
and N2b; (III) our more extensive division method: N1a, N1b, Nlc, N2al, N2a2, N2bl, N2b2, N2c,
N3a, and N3b. Five-year survival analysis was performed using the Kaplan-Meier method, and differences
between subgroups were evaluated using the log-rank test.

Results: (I) A significant survival difference was found between each adjacent N descriptor; (II) the
difference between each adjacent subgroup N descriptor was significant, but the difference between N1b and
N2al was not; (III) in our proposed method, a significant difference was found between all the subgroups
apart from N2a2 and N2b1, N2bl and N2b2, N2c and N3a, and N3a and N3b.

Conclusions: The N descriptors in the 8th edition of the tumor, node, and metastasis (TNM) classification
system are consistent with our data. Although our more extensive division method could distinguish between
patients at different stages, its implementation is complicated; thus, we recommend the implementation of
the IASLC-proposed subgroups with the addition of the N1b and N2al groups.
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Introduction

Globally, lung cancer is the most common form of
malignant tumor and is also the leading cause of cancer-
related deaths (1). The accurate categorization of tumor
stage, including lymph node status, is therefore crucial for
prognostic assessment, as well as for determining a stage-
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specific therapeutic strategy for lung cancer patients (2). The
internationally accepted standard for cancer staging is the
tumor, node, and metastasis (TNM) classification system,
which has been published by the Union for International
Cancer Control (UICC) for more than 50 years (3,4).
The lung cancer classification method for the TNM staging

Ann Transl Med 2020;8(4):123 | http://dx.doi.org/10.21037/atm.2020.01.129


https://crossmark.crossref.org/dialog/?doi=10.21037/atm.2020.01.129

Page 2 of 9

system was conducted by the International Association for
the Study of Lung Cancer (IASLC) (5-7). Although the
staging of lung cancer must maintain consistency in relation
to nomenclature, revisions are needed as technology, which
extends the ability to define tumor progresses, develops and
improves. Therefore, the classification system is periodically
updated by the UICC, and the latest (8") edition was
implemented in January 2018 (8-10).

The N descriptors described in the 7" edition of TNM
for lung cancer separated patients into different groups
consistently, and these remain unchanged in the 8" edition
(Table 1) (11). The N descriptors are based only on nodal
location, and to give a more accurate prognosis, the IASLC
proposed more refined N subgroups which subdivide N
descriptors according to a combination of the location of
metastatic nodes and the absence versus the presence of
skip metastasis. These subgroups are NO, Nla (N1 single
station), N1b (N1 multiple station), N2al (N2 single with
skip metastasis), N2a2 (N2 single without skip metastasis),
and N2b (N2 multiple station) (Table 1).

This classification system was based on a comprehensive
statistical analysis of an international database comprising
94,708 lung cancer patients diagnosed between 1999 and
2010. Of these, data were available from 38,910 patients with
non-small cell lung carcinoma (NSCLC) for the analysis
of the clinical N status (5). Despite lung cancer being the
most common cause of mortality in China (1,12), less than
one percent (790 of 94,708) of data used in the development
the 8th edition of the TNM classification was from patients
in China (5). Furthermore, studies aimed at validating
the new staging system focusing on the N descriptor
in the Chinese population have been poor (13-15),
and as such, further investigation into the prognostic ability
of this new classification in China is required.

In this study, we performed a single-institution
evaluation of the efficacy and the validity of the 8" edition
N classification for the prognostic assessment of NSCLC
patients who received surgical therapy. Moreover, to explore
if there is a more sophisticated method for describing
the tumor burden in lymph nodes, we further refined the
IASLC N categories into more detailed subgroups. As
shown in Table 1: N1 was divided into N1a, N1b, and Nlc
(all N1 station); N2 was subclassified into N2al, N2a2,
N2bl (multiple N2 stations with skip metastasis, without
N1 metastasis), N2b2 (multiple N2 stations with N1
metastasis, without skip metastasis), and N2c¢ (all N1 and
N2 stations); and N3 was separated into N3a (single N3
station with skip metastasis, without N1 and N2 metastasis)
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and N3b (single or multiple N3 station with N1 and N2
metastasis, without skip metastasis).

In summary, the aims of this study were to evaluate
whether the N descriptors in the 8" edition were effective
in categorizing lung cancer patients in China and to
compare whether our subgroup strategy can offer a more
refined version of the N classification system than the 8"
edition, while providing a point of reference for revisions of
future editions.

Methods
Patients

A total of 3,177 patients who were diagnosed with stages I to
IV of non-small cell lung cancer (NSCLC) at the Thoracic
Surgery Department II (Beijing Cancer Hospital, Beijing,
China) between October 2003 and August 2017 were
included in this study. These patients received resections
for tumors with mediastinal lymph node dissection or
systematic lymph node sampling. This retrospective study
was approved by the Institutional Review Board of Peking
University Cancer Hospital, and the requirement for
patients’ consent was waived.

Collection of clinical data

In our study, all of the subjects had pathologic data of lymph
nodes. Pulmonary function testing and cardiac evaluation
were required as preoperative assessments. To evaluate the
preoperative extent of the disease, brain magnetic resonance
imaging (MRI) or computed tomography (CT), bone
scintigraphy, and abdominal and supraclavicular ultrasound
scanning were routinely performed. Positron emission
tomography (PET)/CT scans were not routinely used due
to concerns surrounding expense. Postoperatively, patients
were examined generally every three months for the first
two years and every six months for the next three years, and
then every year thereafter. Recurrence and survival rates
were examined during each follow up. The median follow-
up period was 72 (ranging from 1 to 190) months. The data
of surviving patients were censored at the date of the last
follow up.

Statistical analysis

All patients were staged using the methods listed in Tables
I and 2. The Kaplan—-Meier method was used to perform
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8th Edition N descriptor

IASLC-proposed N subgroups

Our proposed further divisions

N-descriptor Definition

N-descriptor

Definition

N-descriptor

Definition

NO No regional lymph node NO No regional lymph node NO No regional lymph node
metastasis metastasis metastasis
N1 Metastasis in ipsilateral Nia Single N1 station Nia Single N1 station
peribronchial and/or
ipsilateral hilar | h nod
ipstiateral war lymph nodes ) Multiple N1 station N1b Multiple N1 station
and intrapulmonary nodes,
including involvement by
direct extension Nic All N1 station involvement
N2 Metastasis in ipsilateral N2a1 Single N2 station with skip N2a1 Single N2 station with skip
mediastinal and/or metastasis without n1 metastasis without n1 metastasis
subcarinal lymph nodes metastasis
N2a2 Single N2 station with N1 N2a2 Single N2 station with N1
metastasis metastasis
N2b Multiple N2 stations N2b1 Multiple N2 station with
skip metastasis (without N1
metastasis)
N2b2 Multiple N2 station without skip
metastasis (with N1 metastasis)
N2c All N1 and N2 station involvement
N3 Metastasis in contralateral N3 Metastasis in contralateral N3a Single N3 station with skip
mediastinal, contralateral mediastinal, contralateral metastasis (without n1 and n2
hilar, ipsilateral or hilar, ipsilateral or metastasis)
tralateral | tralateral |
contralateral scalene or contralateral scalene or N3b Single N3 station without skip

supraclavicular lymph
nodes

supraclavicular lymph nodes

metastasis (with N1 and N2
metastasis)

five-year survival analysis, and the log-rank test was used
to evaluate differences between sub-groups. All standard
statistical procedures were performed using SPSS (version
20.0; IBM, Chicago, IL, USA). The difference between
groups was considered significant when P value <0.05.

Results
Patient demographics and characteristics

A total of 3,177 patients were included in this study, and
Table 2 lists their demographics and characteristics. The
median age was 62 (range, 24-84) years. There were
1,760 (55.4%) male and 1,417 (44.6%) female patients.
Of the patients, 2,557 (80.5%) had adenocarcinoma,
416 (13.1%) had squamous cell carcinoma, 89 (2.8%)
had adenosquamous carcinoma, 60 (1.9%) had large-cell
carcinoma, and 55 (1.7%) had other types of lung cancer. Of
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the patients in our study, 2,343 (73.7%) patients underwent
lobectomy, 422 (13.3 %) patients underwent segmentectomy,
128 (4.0%) patients underwent bilobectomy, 113 (3.5%)
patients underwent pneumonectomy, 98 (3.1%) patients
underwent wedge resection, and 65 (2.0%) patients
underwent exploratory thoracotomy. A total of 967 (30.4%)
patients received perioperative therapy, 294 (9.3%) patients
received neo-adjuvant chemotherapy, 277 (8.7%) patients
underwent neo-adjuvant targeted therapy, and 729 (22.9%)
and 312 (9.8%) patients at stage IB or higher underwent
adjuvant chemotherapy or adjuvant target therapy,
respectively. Postoperative radiotherapy was administered

to 467 (14.7%) patients.

Patient stratifications

Table 3 shows patients classified into the N-descriptor stages
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Table 2 Patients’ demographics and characteristics (n=3,177)

Characteristics (N=3,611) Records Percentage (%)
Gender
Male 1,760 55.4
Female 1,417 44.6
Age [range] 62 [24-84]
Surgical procedure
Lobectomy 2,343 73.7
Segmentectomy 422 13.3
Bilobectomy 128 4.0
Pneumonectomy 113 3.5
Wedge resection 98 3.1
Exploratory thoracotomy 65 2.0
Histologic diagnosis
Adenocarcinoma 2,657 80.5
Squamous cell carcinoma 416 13.1
Adenosquamous carcinoma 89 2.8
Large-cell carcinoma 60 1.9
Other types of lung cancer 55 1.7
Perioperative therapy 967 30.4
Neo-adjuvant chemotherapy 294 9.3
Neo-adjuvant targeted therapy 277 8.7
Adjuvant chemotherapy 729 22.9
Adjuvant targeted therapy 312 9.8
Postoperative radiotherapy 467 14.7

in the 8" edition. A total of 1,821 (57.3%) patients were
classified into stage NO (without nodal involvement); 518
(16.3%) patients were in stage N1 (ipsilateral peribronchial
and/or ipsilateral hilar lymph nodes and intrapulmonary
nodes); 814 (25.6%) patients were in stage N2 (with
metastasis in ipsilateral mediastinal and/or subcarinal
lymph nodes); and 24 (0.8%) were in stage N3 (patients
were metastasis in contralateral mediastinal, contralateral
hilar, ipsilateral or contralateral scalene or supraclavicular
lymph nodes). Since our data are all from surgical cases, few
patients were classified in stage N3.

Table 4 lists the data of patients after regrouping
according to the IASLC-proposed N subgroups. It shows
that: 518 (16.3%) patients in stage N1 were divided to
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Nla and N1b with 303 (9.5%) and 215 (6.8%) patients,
respectively; and 814 (25.6%) patients in stage N2 were
separated into N2al, N2a2 and N2b with 240 (7.6%), 279
(8.8%) and 295 (9.3 %) patients, respectively. No regrouping
occurred in NO and N3, and, thus, they stayed same as in
Table 3.

According to our more extensive stratifications: patients
in N1 stage (518) were divided into N1a, N1b and Nlc,
with 303 (9.5%), 180 (5.7%) and 35 (1.1%) patients in each
stage, respectively; patients in N2 stage were separated into
N2al, N2a2, N2b1, N2b2, and N2c, with 240 (7.6%), 279
(8.8%), 40 (1.3%), 213 (6.7%) and 42 (1.3%) patients in
each stage, respectively; and 24 patients in stage N3 were
subdivided into N3a and N3b, with 8 (0.3%) and 16 (0.5%)
patients in each stage, respectively (7able 5).

Survival rates based on the 8" edition of nodal
classification system

The overall survival rate (OS) according to the 8" edition
of the N staging system is summarized in Table 3: stage NO
(75.7%), state N1 (60.6%), stage N2 (33.5%), and stage
N3 (4.2%). Prognostic significance was found between
each adjacent N classification (P<0.001). Survival curves are
visualized in Figure 1A.

The survival rates of subgroups based on the IASLC-
proposed N subgroup system are shown in Figure 1B
and summarized in Table 4. Specifically, the survival rates
of the N1 and N2 subgroups were: Nla (65.5%), N1b
(50.4%), N2al (46.4%), N2a2 (36.6%), and N2b (16.0%).
Prognostic significance was found between each adjacent
N classification (P<0.05), except between N1b and N2al
(P=0.85).

Survival rates based on our proposed further division
method

Survival rates according to our proposed further N subgroup
divisions are shown in Figure 24 and summarized in 7able
5. Specifically, as shown in Figure 2B, the survival curves
decreased as N1 classification progressed: Nla (65.5%),
N1b (58.8%), and Nlc (5.8%). Prognostic significance
was found between each stage (P<0.05). In the N2 group,
the survival rate and the survival curves also decreased as
the N classification progressed (Figure 2C): N2al (46.4%),
N2a2 (36.6%), N2bl (20.4%), N2b2 (18.6%), and N2c
(0.0%). Prognostic significance was found between N2al
and N2a2 (P=0.001), and N2b2 and N2c¢ (P=0.004);
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Table 3 Survival analysis of patients classified by the 8th edition nodal staging system

N-descriptor Number (percentage) Five-year survival rate Median survival (years) HR (95% Cl) P value
NO 1,821 (57.3) 75.7% 4.25 0.538 (0.462-0.627) <0.001
N1 518 (16.3) 60.6% 4.83 0.483 (0.417-0.560) <0.001
N2 814 (25.6) 33.5% 2.75 0.344 (0.226-0.523) <0.001
N3 24 (0.8) 4.2% 1.50 - -

Table 4 Survival analysis of patients classified by the 8th edition nodal subgroups

N- descriptor Number (percentage) Five-year survival rate  Median survival (years) HR (95% ClI) P value
NO 1,821 (57.3) 75.7% 4.25 0.676 (0.560-0.815) <0.001
N1a 303 (9.5) 65.5% 517 0.592 (0.464-0.755) <0.001
N1b 215 (6.8) 50.4% 3.33 1.024 (0.802-1.308) 0.85
N2a1 240 (7.6) 46.4% 4.00 0.692 (0.556-0.863) 0.001
N2a2 279 (8.8) 36.6% 2.83 0.521 (0.428-0.633) <0.001
N2b 295 (9.3) 16.0% 1.92 0.641 (0.417-0.984) 0.042
N3 24 (0.8) 4.2% 1.50 - -
Table 5 Survival analysis of patients classified by our proposed further divisions

N-descriptor Number (percentage) Five-year survival rate Median survival (years) HR (95% ClI) P value
NO 1821 (57.3) 75.7% 4.25 0.676 (0.560-0.815) <0.001
N1a 303 (9.5) 65.5% 5.17 0.731 (0.561-0.953) 0.021
N1b 180 (5.7) 58.8% 3.83 0.202 (0.128-0.317) <0.001
Nic 35(1.1) 5.8% 217 3.948 (2.600-5.995) <0.001
N2a1 240 (7.6) 46.4% 4.00 0.692 (0.556-0.863) 0.001
N2a2 279 (8.8) 36.6% 2.83 0.705 (0.472-1.051) 0.086
N2b1 40 (1.3) 20.4% 2.25 1.338 (0.896-1.996) 0.155
N2b2 213 (6.7) 18.6% 1.83 0.602 (0.427-0.849) 0.004
N2c 42 (1.3) 0.0% 1.67 1.694 (0.748-3.836) 0.206
N3a 8(0.3) 0.0% 1.50 1.815 (0.732-4.497) 0.198
N3b 16 (0.5) 0.0% 1.08 - -

however, there was no significant difference found
between stages N2a2 and N2b1 (P=0.086), nor between
N2bl and N2b2 (P=0.155). In the N3 group (Figure 2D),
the survival rates and survival curves decreased as the N
classification progressed, while the overall survival rate of

each stage was 0.0% and prognostic significance was not
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found between the subgroups (P=0.198).

Discussion

The TNM classification system is the most commonly

used staging criteria for cancer and is implemented
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Figure 1 Survival curves of patients according to the N descriptors in the 8th edition (A) and the N subgroups (B) proposed by IASLC

with a follow-up duration of five years after surgical resection. Data were censored (+) at the date of the last visit for surviving patients. The

survival curves were plotted by Kaplan-Meier method, and a log-rank test was used to for comparisons between curves. IASLC, International

Association for the Study of Lung Cancer.

for patients across different countries and ethnicities.
However, deficiencies remain in the latest (8) edition of
the nodal staging system, notably in relation to the global
distribution of the data on which the system is based (5).
Countries with high populations, such as India and China,
are underrepresented, while others, Japan in particular,
are overrepresented. Our study included more than 3,000
NSCLC patients from China, and we found that a subgroup
stratification method which takes into account location
and the absence versus the presence of skip metastasis is
deserving of further studies in future.

The nodal staging system assesses tumor burden in the
regional hilar and mediastinal nodes (2,16). In relation
to lung cancer, lymph node metastasis is graded in terms
of the location of involved lymph nodes regardless of the
number of lymph nodes involved (7ible 1). The location-
based principle of lung cancer has been widely accepted
due to its prognostic ability, and the ease with which lymph
node locations can be determined via CT. Our study also
confirmed that patients could be prognostically classified to
NO to N3 according to the location of involved lymph node
stations. In short, the higher the number after N, the worse
the prognosis and the lower the survival rate (Figure 14,
Table 3).

However, the tumor burden at regional lymph nodes
is not reflected at all in the location-based categorization,
and an increasing number of studies have shown that

© Annals of Translational Medicine. All rights reserved.

even in the same nodal station, prognosis is different for
many patients (17-20). The possibility of lung cancer
categorization according to the number of affected lymph
nodes as opposed to their location has been studied in
the past. Wei (19) and Saji (20) et 4/. compared the two
categorizations, according to the location and number of
metastatic lymph nodes and showed that the number-based
staging method is a better prognostic determinant than the
location-based classification. Our data demonstrated that
patients with N2 metastasis at a single lymph node station
without hilar involvement (N2al) had a similar survival rate
compared to those with N1 metastasis at multiple stations
(N1b). Asamura er al. (5) also found that the patients with
N2al had better a better survival rate than those with N1b.
Thus, location-based classification could not fully reflect
tumor burden. However, on the other hand, there are
problems with the practical application of number-based
categorization (19). For example, it is quite challenging to
determine the number of nodes before treatment by low-
resolution imaging diagnosis (16,21), and on a positron
emission tomographic image, metastatic nodes are not
separated for accurate counting. This difficulty in counting
the number of metastatic nodes affects the staging of
patients.

In our study, we pioneered a method for distinguishing
lymph nodes. Clinically, we noticed that the prognosis
of patients with all lymph nodes in the same station was
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resection: (A) all groups, (B) N1 subgroup, (C) N2 subgroup, (D) N3 subgroup. Data were censored (+) at the date of the last visit for
surviving patients. The survival curves were plotted by Kaplan-Meier method, and a log-rank test was used to for comparisons between

curves.

different from those with a single node in the same station,
and multiple lymph nodes were invaded . The prognosis
of patients with all lymph nodes in the same station was
significantly worse. Our findings also confirm that our
proposed lymph node staging method is rational (Table 5,
Figure 2), but the staging of this method is too complicated.
The current lymph node staging program is divided into 4
stations: NO, N1, N2, and N3; the JALSC-recommended
staging plan is divided into 7 stations NO, N1a, N1b, N2al,
N2a2, N2b, and N3; and our proposed staging system
is divided into 11 stations: NO, N1a, N1b, Nlc, N2al,

© Annals of Translational Medicine. All rights reserved.

N2a2, N2bl, N2b2, N2¢, N3a, and N3b. We recommend
that the staging scheme recommended by the IALSC
is implemented with the addition of the N1b and N2al
subgroups (which are divided into 6 stations: NO, Nla,
N1b/N2al, N2a2, N2b, and N3). This would allow the
difference in the survival rates of different N stages based
on both location and number of lymph nodes to be reflected
using staging that is not too complicated implement .
Lastly, future revisions should standardize the method
used to evaluate harvested lymph nodes. It has been shown
that the incomplete retrieval of lymph nodes from resected
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specimens significantly affects nodal staging (22). According
to the TNM system, at least six lymph nodes should be
removed, three from N1 and three from N2 stations.
This is the minimum requirement for a diagnosis of NO
station when lymph nodes are negative (23). Future staging
systems should provide guidelines or suggestions regarding
a standardized method for evaluating dissected/removed
lymph nodes, as well as a formula for reporting. In addition,
future revisions should be based on an internationally
extensive data set, and global collaboration for the
collection of well-balanced data from all over the world
must be addressed for future revisions.

Conclusions

Our results showed the location-based N descriptors of lung
cancer in the 8" edition of the TNM classification systems
to have good outcomes and that patients could be classified
in different groups with significantly different survival rates.
The IASLC-proposed N subgroup classifiers, which involve
the combination of location and absence or presence of
skip metastasis could separate the majority patients clearly
apart from those in the N1b and N2al groups. Patients
classified according to our proposed further division
method showed different survival rates; however, our system
is too complicated and would be difficult to implement.
Thus, in conclusion, we recommend the IASLC subgroup
classification method with the inclusion of the N1b and
N2al groups.
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