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Abstract

Background: Patients with lateral nodemetastasis in low rectal cancers have a poor prognosis. However, variability in patient survival
in terms of lateral metastatic status has not been thoroughly investigated. This study was conducted to assess the prognostic value of
lateral node involvement and to review nodal classification.

Methods: Patientswith stage III low rectal cancers who underwent lateral node dissectionwere retrospectively reviewed. Two cohorts
were set: the first one (1995–2006) was selected using a Japanese multi-institutional database and was used for development of a new
nodal system, and the second (2007–2013) was collected from referral institutions for validation of findings. Variables correlated with
poor prognosis were investigated. Next, a modified classification of lateral-positive nodal cancers was created. Finally, this new
classification was compared with TNM and Japanese classification-based systems according to the Akaike information criterion
(AIC) and concordance index (c-index).

Results: Overall, 742 and 508 patients were selected for cohorts 1 and 2, respectively. Based on the analyses on cohort 1, patients with
twoormore lateralmetastaticnodespartially spreading into regionsoutsideof internal iliac areaexhibitedpoorprognosis; accordingly,
amodifiedN classificationwas created,where TNM-N1 andN2a cancerswith this featurewere upgraded, respectively, toN2a andN2b.
The modified N classification yielded the most favourable indices (AIC= 2661.08; c-index= 0.6477) compared with the TNM (AIC=
2662.36; c-index=0.6457) and Japanese classification-based systems (AIC= 2684.06; c-index=0.6302). All findings were confirmed by
analysing cohort 2.

Conclusion: Amodified nodal system is proposed to account for the significance of lateral node metastasis.

Introduction
Although uncommon, low rectal cancers can exhibit nodalmetas-
tases in the lateral area. Currently, the Japanese Society for

Cancer of the Colon and Rectum (JSCCR) defines the presence of

lateral lymph node metastasis as a N3 nodal stage1. A recent

retrospective study reported that stage III patients with lateral

lymph node metastasis demonstrated worse prognosis than

patients with negative lateral nodes but better prognosis than
stage IV rectal cancers2. Other retrospective analyses from Japan
showed that lateral-positive patients treatedwith curative surgery
(R0) without preoperative chemoradiotherapy reported a 5-year
survival raging between 40 and 50 per cent3,4.

A D3 dissection (dissection of mesorectal and lateral lymph
nodes) is Japanese standard practice for stage II/III low rectal can-
cers.5 However, the TNM classification of rectal cancer does not
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consider in depth the positivity of lateral pelvic lymph nodes6, and
the variability in patient survival in terms of lateral metastatic
status has not been thoroughly investigated. Therefore, it is ne-
cessary to investigate whether information on lateral status
adds value to the TNM classification system.

This study was conducted to assess the prognostic value of
lateral node involvement in low rectal cancers and to propose a
new lateral (L) stage and nodal (N) classification based on these
findings. Secondary aims were to validate the new classification
in a subsequent cohort and to compare the newly proposed
categories with the TNM and the Japanese classification systems.

Methods
Definitions
For thepurposesof this study, lowrectalcancerwasdefinedasa rec-
tal cancerwhose distalmargin was located below the peritoneal re-
flection. According to the JSCCRclassification,N3 is assigned to both
lateral lymph node metastasis and root node metastasis of inferior
mesenteric artery in low rectal cancer, whereas N2b is assigned to
the presence of metastasis in seven or more lymph nodes1.
However, as the analyses in the present study were focused on lat-
eral nodalmetastasis (and not on the root of the inferiormesenteric
artery), N3(L)was newly definedas lateral nodemetastasis to assess
its specific impact in the ’JSCCR-based N classification’. Hence, the
JSCCR-based N classification used in this study was partially differ-
ent fromthe actual JSCCR-N classification system. Practically, N3(L)
was rankedequallywithN2b,and these twowerecombined intoone
category of N2b/N3(L).

Patients
Two different groups of patients with low rectal cancers were re-
viewed and analysed. Firstly, all clinical and pathological data of
consecutive stage III patients with histologically confirmed lymph
nodemetastasis who underwent upfront R0 resection for primary
low rectal cancer between 1 January 1995 and 31 December 2006
were retrieved from a JSCCR multi-institutional database that in-
cludes 127 institutions (cohort 1). This cohort was analysed with
the aim of investigating the prognostic value of lateral nodal me-
tastasis and to develop the new classification system. Patients
with colitis-associated cancer, familial adenomatous polyposis,
distant metastases, or multiple active cancers, and those who re-
ceived neoadjuvant chemotherapy and/or radiotherapy were ex-
cluded. Patients were also excluded if registered with unknown
ormissing data on tumour depth, extent of lymphnodedissection,
number and area of metastatic lymph nodes, and/or survival.
Lastly, patients without lateral node dissection were excluded.

The second cohort was collected from 12 Japanese referral
institutions associated with the lymph node committee of
the JSCCR to validate of the new N classification system.
Consecutive patients with stage III low rectal cancer who under-
went R0 resection with lateral node dissection without neoadju-
vant chemotherapy and/or radiotherapy between 1 January 2007
and 30 June 2013 were retrospectively identified (cohort 2).
Cases were selected at each institution according to the inclu-
sion/exclusion criteria described for cohort 1.

The study protocol was approved by the ethical review board of
the JSCCR (protocol number: 90-3) and by the institutional review
board of each participating institution. Written informed consent
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was obtained from all patients, in accordance with the respective
institutional regulations.

Construction of L-stage and modified N
classification
L-stage was designed as a prognostic subcategorization system of
lateral-positive patients based on lateral factors (the number and
area of metastatic lateral lymph nodes). Firstly, using patients
with a singlemetastatic lymphnode in the lateral area, the impact
of themetastatic area on prognosiswas investigated, and then the
respective lateral areas were graded according to their impact on
prognosis. Next, patients with metastasis in the lateral area were
divided into subgroups according to the number and area ofmeta-
static lateral lymph nodes. After ranking the survival rates of
these subgroups, they were integrated to create the bisection cat-
egorization (L-stage) that yielded the best risk stratification power.
To investigate the added value of the L-stage to the TNM-N, the
survival rates of the subgroups according to the two systems
(TNM-N and L-stage) were carefully evaluated. Then, a TNM-N
plus L-stage system (a modified N classification system) was
developed where the TNM-N status of cancers in the high-risk
category was upgraded according to the L-stage.

Validation of the modified N classification system
The modified classification system was compared with the TNM
and JSCCR-based systems based on the Akaike information

criterion (AIC)7 and Harrell’s concordance index (c-index) in co-
horts1and2, respectively8.AICwasanalysed inaCoxproportional
hazards regression model to identify the grading system with the
best ability to stratify patients according to the survival outcome.
The model with the lowest AIC value was considered as the opti-
mum (i.e. the simplest effective model with the least information
loss when predicting the outcome). Harrell’s c-index was also
calculated as a measure of predictive accuracy of the survival
outcome; a c-index of 0.5 indicates accuracy similar to random
guessing, and thatof 1.0 indicates100per centpredictiveaccuracy.

Of note, a group of patients treated with surgery alone con-
sisted of those with severe past medical history who could not
be treatedwith standard therapies, evenwhen recurrencewas en-
countered. As these situations could cause bias in the survival
analyses, the L-stage and the modified N classification were
re-examined among patients receiving adjuvant chemotherapy
collected from both cohorts.

Statistical analysis
Group comparisons were conducted using the χ2 test or Fisher’s
exact test. Cancer-specific survival (CSS) was defined as the time
from surgery to death due to rectal cancer recurrence. Patient sur-
vival curves were generated using the Kaplan–Meier method and
were compared using the log-rank test. All statistical analyses
were conducted using the JMP12 software (SAS Institute, Cary,
North Carolina, USA) and STATA/IC 16 (StataCorp, College

Table 1 Patient distribution in cohorts 1 and 2

Cohort 1 Cohort 2

Lateral lymph node
metastasis

P Lateral lymph node
metastasis

P

Total Positive Negative Total Positive Negative
n=742 n=146 n=596 n=508 n=147 n=361

Age (years)
≤ 59 328 71 (21.7) 257 (78.3) 0.23 216 61 (28.2) 155 (71.8) 0.71
60–69 269 44 (16.4) 225 (83.6) 183 51 (27.9) 132 (72.1)
≥ 70 145 31 (21.4) 114 (78.6) 109 35 (32.1) 74 (67.9)

Sex*
Male 294 64 (21.8) 230 (78.2) 0.23 335 98 (29.3) 237 (70.7) 0.83
Female 446 81 (18.2) 365 (81.8) 173 49 (28.3) 124 (71.7)

T status
T1 17 2 (11.8) 15 (88.2) 0.001 4 1 (25.0) 3 (75.0) 0.093
T2 118 20 (17.0) 98 (83.0) 63 17 (27.0) 46 (73.0)
T3 557 103 (18.5) 454 (81.5) 397 109 (27.5) 288 (72.5)
T4b 50 21 (42.0) 29 (58.0) 44 20 (45.5) 24 (54.5)

TNM-N status
N1 477 65 (13.6) 412 (86.4) ,0.001 307 60 (19.5) 247 (80.5) ,0.001
N2a 144 29 (20.1) 115 (79.9) 90 32 (35.6) 58 (64.4)
N2b 121 52 (43.0) 69 (57.0) 111 55 (49.6) 56 (50.4)

TNM stage
IIIA 114 16 (14.0) 98 (86.0) ,0.001 55 16 (29.1) 39 (70.9) ,0.001
IIIB 480 72 (15.0) 408 (85.0) 315 67 (21.3) 248 (78.7)
IIIC 148 58 (39.2) 90 (60.8) 138 64 (46.4) 74 (53.6)

JSCCR-based N status
N1 412 0 (0) 412 (100) ,0.001 247 0 (0) 247 (100) ,0.001
N2a 115 0 (0) 115 (100) 58 0 (0) 58 (100)
N2b/N3(L) 215 146 (67.9) 69 (32.1) 203 147 (72.4) 56 (27.6)

Number of lymph
nodes examined†
≤ 11 92 9 (9.8) 83 (90.2) 0.005 9 1 (11.1) 8 (88.9) 0.46
≥ 12 611 137 (22.4) 474 (77.6) 499 146 (29.3) 353 (70.7)

Adjuvant chemotherapy‡
Chemotherapy 187 53 (28.3) 134 (71.7) 0.077 421 120 (28.5) 301 (71.5) 0.64
Surgery alone 87 16 (18.4) 71 (81.6) 87 27 (31.0) 60 (69.0)

Data are n (%). *Information of sex is not available for two patients in cohort 1. †Information of number of lymph nodes examined is not available for 39 patients in
cohort 1. ‡Information of adjuvant chemotherapy is not available for 468 patients in cohort 1. JSCCR, Japanese Society for Cancer of the Colon and Rectum.
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Station, Texas, USA). P values of less than 0.05 were considered to
be statistically significant.

Results
Patients
Of 1832 patientswith stage III low rectal cancer reviewed in cohort
1, 345 patients were excluded owing to their medical history and
clinical factors, and of the remaining 1487 patients 745 were ex-
cluded as they were not treated with lateral node dissection.
The remaining 742 patients (40.5 per cent) met study criteria
and were treated with lateral node dissection. For cohort 2, 508

patients were reviewed and all cases were selected for data ana-
lysis based on the abovementioned criteria (Fig. 1). Table 1 shows
the results of the comparisons of the clinicopathological charac-
teristics between lateral node-positive and node-negative cancer
patients in cohorts 1 and 2. In the first cohort, patients with lateral
node-positive nodes displayed worse T status and N status, and a
higher prevalence of patients withmore than 12 nodes examined.
The same trend for the N status was reported in cohort 2.

Survivals
Of the patients enrolled in cohort 1, 219 died as a result of the re-
currence of rectal cancer, with a median time from surgery to

Table 2 Prognostic significance of clinicopathological factors in cohorts 1 and 2

Cohort 1 Cohort 2

5-year cancer-specific survival
(Kaplan–Meier method; %)

P 5-year cancer-specific survival
(Kaplan–Meier method; %)

P

Age (years)
≤ 59 73.2 0.12 79.3 0.030
60–69 72.4 81.7
≥ 70 62.6 72.4

Sex
Male 72.3 0.19 76.9 0.40
Female 70.1 82.3

T status
T1 87.1 ,0.001 100 0.055
T2 85.5 88.4
T3 68.6 77.7
T4b 55.7 71.4

TNM-N status
N1 80.4 ,0.001 88.5 ,0.001
N2a 63.8 74.0
N2b 41.0 53.3

Lateral lymph node metastasis
Negative 74.1 ,0.001 84.0 ,0.001
Positive 57.9 65.0

JSCCR-based N status
N1 81.2 ,0.001 90.1 ,0.001
N2a 63.6 80.3
N2b/N3(L) 55.0 63.3

Number of lymph nodes examined
≤ 11 68.0 0.83 87.5 0.21
≥ 12 71.3 78.5

Adjuvant chemotherapy
Chemotherapy 77.8 0.23 80.7 0.014
Surgery alone 69.5 68.4

JSCCR, Japanese Society for Cancer of the Colon and Rectum.
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node dissection around the obturator nerve.
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death of 31.4 (range 2.1 to 103.4) months. The median follow-up
period for the remaining 523 patients was 75.7 (range 1.3 to
116.8)months. In cohort 2, 141 died owing to the recurrence of rec-
tal cancer, with amedian time from surgery to death of 39.0 (range
4.0–148.8) months. The median follow-up period for the remain-
ing 367 patients was 81.5 (range 1.8–150.7) months.

CSS rates according to the clinicopathological characteristics of
patients included in the present study are shown in Table 2. T sta-
tus, N status, and lateral lymph node metastasis were significant
prognostic factors in patients in cohort 1. In addition, age and
adjuvant chemotherapy were estimated as significant prognostic
factors, including N status and lateral lymph node metastasis, in
cohort 2.

ModifiedN classification and L-stage for low rectal
cancer
The first analysis was conducted in cohort 1 with the aim of asses-
sing the impact of metastatic area on the survival of patients with
a single lateral lymph node metastasis.

Of 92 patientswithmetastasis to a single lateral lymphnode, 46
(50 per cent) and 28 (30 per cent) had metastatic disease in the
internal iliac area and the obturator area, respectively (Fig. 2).
Other areas (n= 18; 20 per cent) were less frequently involved as
metastatic sites; in detail, metastasis was observed in the com-
mon iliac in 13 patients, lateral sacral in two patients, external
iliac in two patients, and median sacral areas in one patient.

Kaplan–Meier curves for 5-year CSS analysis defined three
groups with different survivals: metastasis in the internal iliac
area (5-year CSS, 75.5 per cent (area 1)), followed by the obturator
area (61.7 per cent (area 2)) and other areas (55.0 per cent (area 3))
(P=0.168, area 1 versus area 2/3; P= 0.151, area 1/2 versus area 3).

All lateral node-positive patients were then categorized on the
basis of the involved area and the number of positive lateral
lymph nodes. The 5-year CSSs are documented in Table 3. For
this analysis, if lateral nodal metastases were found across differ-
ent areas, the case was classified based on the highest number.
The subgroup of patients with one metastatic lateral lymph
node in area 1 (rank, 1) demonstrated the most favourable prog-
nosis in terms of 5-year CSS (75.5 per cent); in contrast, the

Table 3 Cancer-specific survival according to the number and area of metastatic lateral lymph nodes among lateral lymph
node-positive patients

5-year cancer-specific survival (number of patients)
[Rank among divisions in cohort 1]

Total Number of metastatic lateral lymph nodes

1 2−3 4−6 ≥ 7

Cohort 1
All patients 57.9% (146) 66.8% (92) 55.0% (34) 25.0% (12) 18.8% (8)
According to forefront area of metastatic

lateral lymph node
Internal iliac (area 1) 75.3% (59) 75.5% (46) [1] 75.0% (9) [2] 75.0% (4) [3] n.a. (0)
Obturator (area 2) 52.5% (45) 61.7% (28) [4] 44.4% (14) [7] 0% (2) [9-11] 0% (1) [9-11]
Other areas (area 3) 40.2% (42) 55.0% (18) [5] 48.0% (11) [6] 0% (6) [9-11] 21.4% (7) [8]

Cohort 2
All patients 65.0% (147) 76.4% (91) 59.1% (32) 28.0% (17) 33.3% (7)
According to forefront area of metastatic

lateral lymph node
Internal iliac (area 1) 74.9% (68) 78.0% (51) 74.6% (14) 0% (3) n.a. (0)
Obturator (area 2) 60.5% (58) 70.7% (36) 53.5% (12) 44.4% (6) 25.0% (4)
Other areas (area 3) 45.1% (21) 100% (4) 33.3% (6) 25.0% (8) 50.0% (3)

Patients receiving adjuvant chemotherapy
All patients 66.1% (173) 80.3% (102) 61.7% (39) 28.6% (21) 30.0% (11)
According to forefront area of metastatic

lateral lymph node
Internal iliac (area 1) 80.2% (76) 85.4% (55) 76.2% (16) 40.0% (5) n.a. (0)
Obturator (area 2) 62.8% (64) 74.5% (38) 56.5% (16) 33.3% (6) 25.0% (4)
Other areas (area 3) 43.1% (33) 77.8% (9) 42.9% (7) 20.0% (10) 33.3% (7)

n.a., not applicable.

Table 4 Exploration of the best L-staging system in lateral lymph node-positive patients in cohort 1

Bisection categorization 5-year cancer-specific survival
(number of patients)

P AIC Rank

Division (rank, 1) versus division (2)(3)(4)(5)(6)(7)(8)(9–11) 75.5% (46) versus 50.2% (100) 0.016 558.163 8
Division (rank, 1)(2) versus division (3)(4)(5)(6)(7)(8)(9–11) 75.4% (55) versus 47.8% (91) 0.006 557.081 7
Division (rank, 1)(2)(3) versus division (4)(5)(6)(7)(8)(9–11) 75.3% (59) versus 46.3% (87) 0.002 555.144 6
Division (rank, 1)(2)(3)(4) versus division (5)(6)(7)(8)(9–11) 70.7% (87) versus 38.8% (59) < 0.001 550.509 2
Division (rank, 1)(2)(3)(4)(5) versus division (6)(7)(8)(9–11) 67.9% (105) versus 30.5% (41) < 0.001 549.669 1
Division (rank,1)(2)(3)(4)(5)(6) versus division (7)(8)(9–11) 66.2% (116) versus 23.4% (30) < 0.001 551.264 3
Division (rank,1)(2)(3)(4)(5)(6)(7) versus division (8)(9–11) 64.3% (130) versus 7.8% (16) < 0.001 551.329 4
Division (rank,1)(2)(3)(4)(5)(6)(7)(8) versus division (9–11) 62.2% (137) versus 0% (9) < 0.001 554.076 5

AIC, Akaike information criterion.
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subgroups of patients with 4 to 6 metastatic lateral lymph nodes
within area 2, seven ormoremetastatic lateral lymph nodes with-
in area 2, and 4 to 6 metastatic lateral lymph nodes within area 3
(rank, 9–11) demonstrated the worst survival (0 per cent). Table 4
presents eachAIC score according to a single boundary, indicating
that the smallest AIC (considered as themost efficient categoriza-
tion) was achieved when the lateral node metastasis was
classified as a low-risk category comprising ranks 1 to 5 (n=105;
5-year CSS, 67.9 per cent) and as a high-risk category comprising
ranks 6–11 (n=41; 5-year CSS, 30.5 per cent; P, 0.001); these re-
sults were the basis of defining the L-stage. Indeed, the
L-stage low-risk category consisted of cancers with a single meta-
static lateral lymph node and cancers whose metastatic area was
confined to the internal iliac lesion (area 1), whereas the L-stage
high-risk category consisted of patients with two or more meta-
static lateral lymph nodes, some of which spread into area 2 or
area 3.

Finally, the 5-year CSSs of patients grouped according to
TNM-N status and L-stage are shown in Table 5. These results im-
plied that L-stage-low-risk rectal cancers did not deserve an N up-
grade, whereas L-stage high-risk needed to be N upgraded. Two N
upgrading methods to revise the TNM system were considered
likely candidates. With the first method, L-stage high-risk cancers
of TNM-N1 and N2a were grouped together into modified N2b;
conversely, in another computation (second upgrade method),
L-stage high-risk cancers with TNM-N1 and N2a cancers were
upgraded to modified N2a and N2b, respectively. The AIC and
c-index analyses demonstrated the same result, and better per-
formance was achieved when stage III was reclassified using the
second upgrade method (modified N1 (5-year CSS, 80.7 per cent),
modified N2a (63.6 per cent), and modified N2b (42.3 per cent);
AIC= 2661.08; c-index= 0.6477) compared with that obtained
using the first upgrade method (modified N1 (5-year CSS, 80.7
per cent), modified N2a (5-year CSS, 64.0 per cent), and modified
N2b (5-year CSS, 42.8 per cent), AIC=2661.49; c-index= 0.6475).
Therefore, the second upgrade method was determined to be a
modifiedN classification system and used in subsequent analyses
(Fig. 3).

Comparison with current classification systems
Survival curves, AIC, and c-index scores of the TNM-N,
JSCCR-based N, and the modified N classifications are presented
in Fig. 4. Themodified N classification system yielded themost fa-
vourable indices (AIC= 2661.08; c-index= 0.6477), followed by the
TNM (AIC=2662.36; c-index= 0.6457) and JSCCR-based (AIC=
2684.06; c-index= 0.6302) classification systems.

Validation study using cohort 2
As previously illustrated, this analysis was conducted using co-
hort 2 data. The 5-year CSSs of 12 divisions according to the in-
volved area and the number of positive lateral lymph nodes are
shown in Table 3, which were found to be similar to the CSSs of
cohort 1 patients. According to the foregoing L-stage, the low-
risk category (n=108; 5-year CSS, 74.7 per cent) exhibited signif-
icantly better prognosis than the high-risk category (n=39;
5-year CSS, 38.8 per cent; P,0.001), which confirmed the effi-
cacy of the L-stage. The 5-year CSSs of individual sections ac-
cording to the TNM-N status and L-stage are presented in
Table 5. The survival curves, AIC, and c-index scores of the
TNM-N, JSCCR-based N, and the modified N classifications are
illustrated in Fig. 4. The modified N classification system again
had the most favourable indices (AIC=1578.04; c-index=
0.6787), followed by the TNM (AIC= 1582.77; c-index=0.6729)
and JSCCR-based (AIC= 1591.55; c-index= 0.6633) classification
systems.

Analyses of patients receiving adjuvant
chemotherapy
Table 6 shows the results of the comparisons of the clinico-
pathological characteristics between lateral node-positive and
node-negative cancer patients receiving adjuvant chemother-
apy (n=608). Patients with lateral node-positive nodes dis-
played worse T status and N status. CSS rates according to the
clinicopathological characteristics of patients included in the
present study are shown in Table 7. The T status, N status, and

Table 5 Cancer-specific survival in respective sections according to the number ofmetastatic lymphnodes (TNM-N status) and L-stage
among all stage III patients

5-year cancer-specific survival (number of patients)

Lateral lymph node status and L-stage Total Number of metastatic lymph nodes (TNM-N status)

1–3 (N1) 4–6 (N2a) 7 or more (N2b)

Cohort 1
Lateral lymph node-negative 74.1% (596) 81.2% (412) 63.6% (115) 48.7% (69)
Lateral lymph node-positive 67.9% (105) 77.1% (60) 66.3% (20) 45.6% (25)

(L-stage low-risk)
Lateral lymph node-positive 30.5% (41) 53.3% (5) 60.0% (9) 15.8% (27)

(L-stage high-risk)
Cohort 2
Lateral lymph node-negative 84.0% (361) 90.1% (247) 80.3% (58) 58.8% (56)
Lateral lymph node-positive 74.7% (108) 81.7% (54) 70.9% (27) 62.2% (27)

(L-stage low-risk)
Lateral lymph node-positive 38.8% (39) 80.0% (6) 20.0% (5) 34.4% (28)

(L-stage high-risk)
Patients receiving adjuvant chemotherapy
Lateral lymph node-negative 85.1% (435) 91.4% (297) 76.6% (78) 63.0% (60)
Lateral lymph node-positive 78.1% (123) 90.4% (57) 74.2% (27) 60.8% (39)

(L-stage low-risk)
Lateral lymph node-positive 37.8% (50) 83.3% (7) 33.3% (6) 30.6% (37)

(L-stage high-risk)
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lateral lymph node metastasis were significant prognostic
factors.

The 5-year CSSs of 12 divisions are displayed in the lower part
of Table 3. According to the L-stage, the low-risk category (n= 123;
5-year CSS, 78.1 per cent) demonstrated a significantly better
prognosis than the high-risk category (n=50; 5-year CSS, 37.8
per cent; P,0.001), which justified the efficacy of the L-stage.
The 5-year CSSs of individual sections according to the TNM-N
status and L-stage are depicted in the lower part of Table 5. The
survival curves, AIC, and c-index scores of the TNM-N,
JSCCR-based N, and the modified N classifications are described
in Fig. 4. Themodified N classification system yielded themost fa-
vourable indices (AIC=1766.02; c-index=0.7114), followed by the
TNM (AIC= 1769.49; c-index=0.7066) and JSCCR-based (AIC=
1797.42; c-index=0.6732) classification systems.

Discussion
Adverse prognostic effects of lateral nodemetastasis in low rectal
cancer were reported; 2,3 however, an appropriate reflection of lat-

eral metastasis on N classification considering the diversity of lat-

eral conditions has not been determined. In this study, the L-stage

systemusing lateral factors and amodifiedN classification, where

the N status of L-stage-high-risk patients was upgraded, were

newly proposed. Finally, comparisons with current N systems re-

vealed that the modified N classification yielded the most favour-

able scores of AIC and c-index. However, it must be acknowledged

that the newmodel was established based on the data of patients

who underwent lateral node dissection without preoperative

therapies and accounted for less than half of all stage III patients.

Thus, the relevance of patient-selection bias in the results should

Lateral lymph node-positive
(L-stage low-risk)

Mesorectal and lateral lymph node
status

Mesorectal and lateral lymph node
status

Mesorectal lymph node-positive
and lateral lymph node-negative

Mesorectal lymph node-posttive
and lateral lymph node-negative

Total number of
metastatic lymph nodes

Total number of
metastatic lymph nodes

Lateral lymph node-positive
(L-stage high-risk)

Lateral lymph node-positive
(L-stage low-risk)

Lateral lymph node-positive
(L-stage low-risk)

Modified
-N1

Modified
-N2a

Modified
-N2a

Modified
-N2b

Lateral lymph node-positive
(L-stage high-risk)

Lateral lymph node-positive
(L-stage high-risk)

TNM-N1

1–3 4–6 7 or more

1–3 4–6

JSCCR
-based N1

JSCCR
-based N2a

JSCCR
-based N2b/N3(L)

7 or more

1–3 4–6 7 or more

Total number of
metastatic lymph nodes

a

b

c

Mesorectal and lateral lymph node
status

Mesorectal lymph node-positive
and lateral lymph node-negative

TNM-N2a TNM-N2b

Fig. 3 TNM, JSCCR, and modified classification system for N status

a The TNM classification defines N status according to the number of metastatic lymph nodes, whereas b the JSCCR-based classification for lymph nodemetastasis
includes both the number and lateral spread of metastatic lymph nodes. In the JSCCR-based N classification, N3(L) was defined as lateral node metastasis and was
combined with N2b into N2b/N3(L) category. c The modified N classification system is described, where TNM-N1 and N2a cancers were respectively upgraded to
modifiedN2a andN2b in L-stage high-risk rectal cancers (i.e. having two ormoremetastatic lateral lymphnodes partially spreading into the obturator area or further
outside). JSCCR, Japanese Society for Cancer of the Colon and Rectum.
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be discussed. In clinical practice, vulnerable patients without lat-

eral lymph node swelling observed in pretreatment images possi-
bly avoided lateral node dissection. Additionally, patients with a
locally advanced low rectal cancer, suspicious for intensive me-
tastasis in the lateral area, tended to accept preceding chemother-
apy or chemoradiotherapy. Such patients were excluded from the
study cohort. The eventual imbalance in the study population
could have resulted in a higher rate of lateral-positive patients
in the stage III cohort and a higher proportion of L-stage low-risk

in lateral-positive patients than those existing in reality, which
might overemphasize the value of relatively good prognosis in
L-stage low-risk patients. However, patients without lateral
node dissection have the potential to have their N status underes-
timated9. Moreover, original N status is not clearly determined
through pathological examinations of patients with preoperative
therapies. Thus, arrangement of N classification using patients
with definitive N status after lateral node dissection without pre-
operative therapies became the necessary first step. In future
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Fig. 4 The cumulative cancer-specific survival curves

The cumulative cancer-specific survival curves for cohort 1 patients stratified by a TNM-N classification, b Japanese Society for Cancer of the Colon and Rectum
(JSCCR)-based N classification, and c modified N classification. The modified N classification showed the most favourable Akaike information criterion (AIC;
2661.08) and concordance index (c-index; 0.6477) comparedwith the TNM-N (2662.36, 0.6457) or the JSCCR-basedN (2684.06, 0.6302) systems. d–f Similarly, themod-
ified N classification showed the most favourable AIC (1578.04) and c-index (0.6787) in cohort 2 compared with the TNM-N (1582.77, 0.6729) or the JSCCR-based N
(1591.55, 0.6633) systems. g–i Among patients receiving adjuvant chemotherapy, the modified N classification also demonstrated the most favourable AIC
(1766.02) and c-index (0.7114) compared with the TNM-N (1769.49, 0.7066) or the JSCCR-based N (1797.42, 0.6732) systems.
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studies, the adaptability across varied stage III patients should be
studied. According to the present results, metastasis in the inter-
nal iliac area was found most frequently among all lateral areas;
moreover, a comparable prognosis in patients with this type of
metastasis and in patients without lateral metastasis was docu-
mented. Clinically, this represents one of the key findings of the
present study, and it could be hypothesized that the dissection
of this area in addition to total mesorectal excision could produce
survival benefits under certain conditions. Actually, indications
for lateral node dissection and the appropriate dissection area
have been considered as essential clinical questions; however,
these retrospective data could not specifically address these
issues. Future prospective studies are required to investigate the
indications focusing on the appropriate dissection areas based
on the differential prognostic benefit. Nevertheless, there were
some potential limitations. Firstly, this was a non-randomized
retrospective study. Selections of the lymph node dissection
type and subsequent therapies may have been affected by age
and performance status even in stage III patients. Analyses of
big data have drawbacks. During the selection of condition-
matched patients, several patients were eliminated, which may
result in inaccurate conclusions. However, in the present study,
the results of cohort 1 were validated in a consecutive case study
of cohort 2. Thirdly, the characteristics of Japanese patients (e.g.
age, sex, and BMI) could be different from other cohorts.
However, a modified N classification system was created where
the N status was upgraded in L-stage-high-risk patients judged
according to the number and extent of lateral lymph node me-
tastases. AIC and c-index analyses implied that the TNM-N
and JSCCR-based N classification systems could not stratify
patients according to the survival outcome as the modified N
classification system. L-stage and modified N classification
system could be useful for precise risk stratification, which
will be helpful in decision-making for patient-adjusted post-
operative treatment.
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Table 6 Patients receiving adjuvant chemotherapy

Lateral lymph node
metastasis

P

Total Positive Negative
n=608 n=173 n=435

Age (years)
≤ 59 279 84 (30.1) 195 (69.9) 0.67
60–69 223 59 (26.5) 164 (73.5)
≥ 70 106 30 (28.3) 76 (71.7)

Sex
Male 341 102 (29.9) 239 (70.1) 0.37
Female 267 71 (26.6) 196 (73.4)

T status
T1 7 1 (14.3) 6 (85.7) 0.021
T2 80 19 (23.8) 61 (76.2)
T3 469 129 (27.5) 340 (72.5)
T4b 52 24 (46.2) 28 (53.8)

TNM-N status
N1 361 64 (17.7) 297 (82.3) ,0.001
N2a 111 33 (29.7) 78 (70.3)
N2b 136 76 (55.9) 60 (44.1)

TNM stage
IIIA 70 15 (21.4) 55 (78.6) ,0.001
IIIB 371 75 (20.2) 296 (79.8)
IIIC 167 83 (49.7) 84 (50.3)

JSCCR-based
N status
N1 297 0 (0) 297 (100) ,0.001
N2a 78 0 (0) 78 (100)
N2b/N3(L) 233 173 (74.3) 60 (25.7)

Number of lymph
nodes examined
≤ 11 15 3 (20.0) 12 (80.0) 0.46
≥ 12 593 170 (28.7) 423 (71.3)

Data are n (%). JSCCR, Japanese Society for Cancer of the Colon and Rectum.

Table 7 Prognostic significance of clinicopathological factors in
patients receiving adjuvant chemotherapy

5-year cancer-specific
survival (Kaplan–Meier

method; %)

P

Age (years)
≤ 59 78.8 0.088
60–69 83.8
≥ 70 74.1

Sex
Male 78.9 0.75
Female 81.1

T status
T1 100 ,0.001
T2 93.4
T3 78.5
T4b 67.6

TNM-N status
N1 91.1 ,0.001
N2a 73.3
N2b 53.0

Lateral lymph node metastasis
Negative 85.1 ,0.001
Positive 66.1

JSCCR-based N status
N1 91.4 ,0.001
N2a 76.6
N2b/N3(L) 65.3

Number of lymph nodes examined
≤ 11 85.7 0.50
≥ 12 79.7

JSCCR, Japanese Society for Cancer of the Colon and Rectum.
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