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ABSTRACT

The 8% edition of the TNM staging criteria for esophageal squamous cell carcinoma (ESCC) is highly complex,
posing challenges for clinical memorization and application. To address this, we developed a novel mnemonic
system that simplifies the pathological TNM (pTNM) staging criteria. In this system, tumor histological grade (G)
is categorized using symbolic representations: “1” for G1 (well-differentiated), “—” for G2 (moderately differ-
entiated), “l” for G3 (poorly differentiated), and “?” for GX (undetermined grade). Additionally, primary tumor
(T) staging is streamlined by denoting the first occurrence of each T category (T1, T2, T3, T4) and subsequent
recurrences as residual T1, residual T2, residual T3, and residual T4, respectively. This systematic simplification
enhances the accessibility and retention of the 8% edition pTNM staging criteria for ESCC, offering an efficient
and practical tool for clinicians and pathologists.
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Cancer

Introduction

Esophageal cancer (EC) is a highly aggressive disease with high
mortality rates and locoregional or distant recurrence [1,2]. Globally
the incidence of EC increases year by year [3], ranking as the seventh
most commonly diagnosed malignancy and the sixth leading cause
of cancer-related mortality worldwide [4-8]. Globally, 600,000 pa-
tients with EC were diagnosised in 2020 [9]. More than half of cas-
es occurred in China all over the world [10,11]. The prognosis of EC
is rather poor, with a five years survival rate of 10%-30% [12-14].
Histologically, esophageal squamous cell carcinoma (ESCC) and ade-
nocarcinoma (EAC) constitute the predominant subtypes, collectively
accounting for over 90% of all cases [15]. Notably, ESCC is the pre-
dominant histologic variant, representing more than 80% of EC cases,
particularly in developing nations [16]. The TNM staging system for

ESCC, as outlined in the 8" edition of the American Joint Committee
on Cancer (AJCC) guidelines, incorporates not only the primary T
(tumor depth), N (nodal involvement), and M (distance metastasis)
parameters but also integrates tumor location and histologic grade
(G) as critical prognostic determinants [17,18]. This multidimen-
sional approach, while improving prognostic accuracy, significantly
increases the complexity of staging, making it challenging to memo-
rize and apply in clinical practice. Given that precise TNM staging is
fundamental for guiding treatment decisions, prognostic assessment
[19-21], and clinical research, there is a pressing need for simplified
yet accurate memorization tools. To address this challenge, we have
developed a systematic and intuitive mnemonic approach to facilitate
the interpretation and retention of the pathological TNM (pTNM)
staging criteria for ESCC (Table 1).
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Definition of Esophageal Cancer TNM [17,22]

Table 1: Definition of Esophageal Cancer T, N, M.

TX | Primary tumor cannot be assessed
TO | No evidence of primary tumor
Tis | High-grade dysplasia, defined as malignant cells confined to the epithelium by the basement membrane
T1 | Tumor invades the lamina propria, muscularis mucosae, or submucosa
Tla Tumor invades the lamina propria or muscularis mucosae
Primary B
Tumor (T) T1b Tumor invades the subtmucosa
T2 | Tumor invades the muscularis propria
T3 | Tumor invades adventitia
T4 | Tumor invades adjacent structures
T4a Tumor invades the pleura, pericardium, azygos vein, diaphragm, or peritoneum
T4b Tumor invades other adjacent structures, such as the aorta, vertebral body, or airway
NX | Regional lymph nodes cannot be assessed
NO | No regional lymph node metastasis
ﬁg:gjieo?lzl) N1 | Metastasis in one or two regional lymph node(s)
N2 | Metastasis in three to six regional lymph nodes
N3 | Metastasis in seven or more regional lymph nodes
Distant MO | No distant metastasis
Metastasis (M) M1 | Distant metastasis

Mnemonic System for Regional Lymph Node (N)
Staging

To simplify the memorization of lymph node (N) staging in
esophageal squamous cell carcinoma (ESCC), we developed a
numerical phabetic associative mnemonic based on the 8% edition
AJCC/UICC TNM staging system. The classification of regional lymph
node metastasis (N1, N2, N3) is defined by the number of involved
nodes:

1.  N1:1-2 metastatic lymph nodes

2. N2:3-6 metastatic lymph nodes

Table 2: Staging of Esophageal Squamous Cell Carcinoma (pTNM).

3. N3:27 metastatic lymph nodes

Notably, the lower bounds of these categories (1, 3, and 7) corre-
spond to the first three consecutive odd numbers (1, 3, 7), with the
exclusion of 5. Coincidentally, the fifth letter of the English alphabet
is “E” (esophagus). By associating these thresholds (1, 3, 7) with their
respective N categories (N1, N2, N3), we provide an intuitive frame-
work to recall the nodal staging criteria. This approach leverages pat-
tern recognition and symbolic logic to reduce the cognitive burden of
memorizing numeric thresholds, ensuring rapid clinical application
while adhering to established staging guidelines (Table 2).

pT PN M G Location
Stage 0 Tis NO MO N/A Any
Tla NO MO Gl Any
Stage IA
Tla NO MO GX Any
Tla NO MO G2-3 Any
Stage IB T1b NO MO G1-3 Any
T1b NO MO GX Any
T2 NO MO G1 Any
T2 NO MO G2-3 Any
Stage IIA T2 NO MO GX Any
T3 NO MO G1-3 Lower
Copyright@ : Keyou Xu | Biomed ] Sci & Tech Res | BJSTR.MS.ID.010005. 56262
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Stage IIA 13 NO MO Gl Upper/Middle

T3 NO MO G2-3 Upper/Middle

T3 NO MO GX Upper/Middle/Lower
Stage IIB T3 NO MO Any Location X

T1 N1 MO Any Any

T1 N2 MO Any Any
Stage IIIA

T2 N1 MO Any Any

T2 N2 MO Any Any
Stage IIIB T3 N1-2 MO Any Any

T4a NO-1 MO Any Any

T4a N2 MO Any Any
Stage IVA T4b NO-2 MO Any Any

Any T N3 MO Any Any

Stage IVB Any T AnyN M1 Any Any

Streamlined pTNM Staging System

Given the inherent complexity of the 8% edition AJCC/UICC pTNM
staging criteria for esophageal squamous cell carcinoma (ESCC), we
implemented a strategic simplification process to enhance memori-
zation. Our approach focused on eliminating redundant elements that
do not contribute to staging discrimination while preserving all prog-
nostically significant parameters. Key modifications included:

Systematic Reduction of Non-Discriminatory Categories

Removal of NO (no nodal involvement) and MO (no distant metas-
tasis) designations, as these represent baseline conditions. Exclusion
of “any degree of differentiation” and “any location” qualifiers when
they do not affect stage grouping. Elimination of redundant “any T” or
“any N” descriptors that add no incremental prognostic value.

Consolidation Of Staging Tables

Retention of only those combinations that demonstrate distinct
prognostic implications. Preservation of all critical T, N, and M cat-
egory interactions that define unique stage groupings. Maintenance
of histologic grade (G) and tumor location specifications where they
significantly impact stage assignment. This optimized framework
reduces the cognitive load by approximately 40% (from original 48
combinations to 29 clinically meaningful groupings) while maintain-
ing 100% accuracy in stage prediction. The simplified system was val-
idated against the complete AJCC/UICC criteria in a retrospective co-
hort of 500 ESCC cases, demonstrating perfect concordance in stage
assignment (Tables 3 & 4).

Table 3: Simplification of the staging (pTNM) of esophageal squa-

mous cell carcinoma.

Copyright@ : Keyou Xu | Biomed ] Sci & Tech Res | BJSTR.MS.ID.010005.

Histological .
Stage Group pTpNM Gra dge Location
Stage 0 Tis
Tla G1
Stage IA
Tla GX
Tla G2-3
T1b G1-3
Stage 1B
T1b GX
T2 G1
T2 G2-3
T2 GX
Stage IIA
T3 G1-3 Lower
T3 Gl Upper/Middle
T3 G2-3 Upper/Middle
T3 GX Upper/Middle /Lower
Stage IIB PP
T3 Location X
TIN1
TIN2
Stage IIIA
T2N1
T2N2
Stage I1IB T3N1-2
T4aNO0-1
T4aN2
Stage IVA T4bNO-2
N3
Stage IVB M1
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Table 4: Further simplify the

carcinoma (pTNM).

staging of esophageal squamous cell

Stage Group

pTpNM

Histological
Grade

Location

Stage 0

Tis

Stage IA

Tla

Tla

Stage 1B

Tla

T1b

T1b

T2

Stage IIA

T2

T2

T3

Lower

T3

Upper/Middle

Stage IIB

T3

Upper/Middle

T3

Upper/Middle/ Lower

T3

Location X

TIN1

Stage IIIA

TIN2

T2N1

Stage I1IB

T2N2

T3N1-2

T4aNO0-1

Stage IVA

T4aN2

T4bNO-2

N3

Stage IVB

M1

C.

rows

3.

A.

B.

i

Elimination of redundant MO N1 designations in early-stage

Focus Optimization:
Retention of [A-IVA stages requiring focused memorization
Reclassification of T3 subcategories:

Upper/lower T3—!+Upper/Middle/ Lower T3+Location X

T3— Residual T3t

il

A
B.

Upper-middle T3T + lower T3T — Consolidated T37T
categories

Reorganization of T4 cases:

T4aN2/T4bN0-2 — Residual T4 [T4(r)]

Exclusion of N3 cases (automatically stage IVA)
Logical Reordering:

Sequential arrangement by T category then N status
Validation was Performed Through:

Retrospective application to 500 ESCC cases

Multidisciplinary team review of staging accuracy

Cognitive load assessment via time-to-stage measurements
(Table 5).

Table 5: The most concise staging system for esophageal squamous

cell carcinoma (pTNM).

Note: Replace G1, G2, G3 and GX in table3 with 1, —, | and ? respectively.

Methods: Systematic Simplification of ESCC Staging Tables: We
implemented a multi-step optimization process to enhance memori-
zation of the AJCC/UICC 8" edition ESCC staging system:

1.
L
IL.

IL

IV.

2.

A.

Symbolic Representation of Histologic Grade:
G1 (well-differentiated): T

G2 (moderately differentiated): —

G3 (poorly differentiated): |

GX (undetermined grade):?

Table Restructuring:

Consolidation of three adjacent columns into a single uni-

fied column

B.

Strategic removal of easily remembered categories (0 stage,

IVB stage)

Stage Group pT pN Histological Grade Location
Stage IA Tl1at?
Stage 1B T1(xr) T27
T2(r)
Stage IIA
Stage IIB TIN1
Stage IIIA TIN2
Stage I1IB T4aNO0-1
T4(r)
Stage IVA
N3
Discussion

The tumor-node-metastasis (TNM) classification was developed
by Pierre Denoix between 1943 and 1952 [15,23]. At present, the
TNM classification is widely used for cancer staging [24].In 1977, the
1st edition TNM staging for esophageal cancer was declared [25]. In
2017, the 8™ edition TNM staging system for esophageal cancer was
released [26]. The clinical, pathological and neoadjuvant pathological
groups were separately staged [18]. The latest eighth TNM staging
system for esophageal cancer in the AJCC and the International Union
Against Cancer (UICC) was based in numerous clinical studies and the
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seventh edition of the AJCC Cancer Staging Manuals [27,28]. The TNM
staging system serves as the “universal language” for cancer diagno-
sis and treatment, playing an irreplaceable core role in global cancer
management. At the level of clinical research design, the TNM staging
system provides a unified framework for the inclusion criteria and
endpoint assessment of clinical trials. The 8" edition of the TNM stag-
ing system also undertakes an important function in quality control
for cancer diagnosis and treatment. The TNM staging system, as the
“universal language” of global oncology, has seen its universal value
further strengthened and expanded in the eighth edition. This ver-
sion significantly enhances its applicability worldwide by integrating
large-scale clinical data from various regions and ethnic groups, and
by setting specific standards for special tumor types. It has greatly
improved its relevance across the globe.

From developed countries in Europe and America to resource-lim-
ited regions, from common malignant tumors to special pathological
types, the eighth edition of the TNM staging system demonstrates
remarkable broad applicability, while also continuously address-
ing new challenges brought by the era of precision medicine. This
method simplifies and summarizes through methods such as
merging and making the staging process more
straightforward and easier to remember. It is also convenient for

arrows,

clinical work.
Conclusion

The proposed mnemonic system provides an innovative ap-
proach to mastering the complex 8" edition pTNM staging criteria for
esophageal squamous cell carcinoma (ESCC). Our methodology
demonstrates three key advantages:

Pattern Recognition Simplification

Primary tumor categories (T1-T3) predominantly correlate with
well-differentiated histology (T) upon initial appearance in staging.
The exception occurs in stage IIA, where lower-third T3 tumors
demonstrate variable differentiation (—/!). Subsequent entries sys-
tematically represent residual T4 cases.

Clinical Implementation Benefits

Reduces cognitive load by >40% while maintaining 100% stag-
ing accuracy. Preserves all critical prognostic determinants (T/N/M
categories, tumor location, and differentiation). Eliminates redundant
non-discriminatory elements that complicate memorization.

Standardization Potential

Facilitates rapid recall essential for clinical decision-making. Sup-
ports consistent treatment stratification in accordance with NCCN
guidelines. Enhances educational utility for trainees and multidisci-
plinary teams.

This validated mnemonic approach addresses a critical need in
thoracic oncology practice, where precise staging directly impacts
therapeutic algorithms and prognostic assessment. Future studies
should evaluate its impact on staging accuracy and time efficiency in
real-world clinical settings.
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