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Background: The tumor-node-metastasis classication of the American dint
Committee on Cancer classi ed tumor deposits (TDs) in patiets with colorectal cancer
(CRC) without lymph node (LN) metastasis as N1c, but the clascation of TDs in patients
with LN metastases remains controversial. This study invéigated the probability of
regarding TDs as positive LNs (pLNs) in pN stage and estimateits prognostic ability
in CRC.

Methods: We used the Surveillance, Epidemiology, and End Results pgoam to analyze
CRC patients who underwent surgical therapy (14,906 traing cohort, 6,384 validation
cohort). A modi ed pN stage (mpN) was identi ed using the nunber of pLNs plus TDs.
Overall survival (OS) was analyzed using the Kaplan—Mei@irgival curves, and signi cant
prognostic factors were identi ed by univariate and multigriate analyses. Prognostic
ability was estimated using the area under the curve (AUC)atbration curve, and the
Akaike's information criterion (AIC). Clinical bene t wameasured by the decision curve
analyses (DCA). The results were validated using the valiitzn cohort.

Results: Both the pN and mpN stages were independent prognostic factos in CRC
according to univariate and multivariate analyses. The AU@nalysis showed that the
mpN stage had better prognostic discrimination for OS thanhe pN stage (0.612 vs.
0.605, P < 0.001). The AIC demonstrated that the mpN stage also showed gperior
model- tting compared with the pN stage (49,756 vs. 49,841) The DCA further revealed
that the mpN stage had better clinical bene ts than the pN stge. The validation cohort
showed similar ndings.

Conclusions: We concluded that counting TDs as pLNs may be superior to the N
stage when assessing the prognosis of CRC patients.
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INTRODUCTION included and randomized into a trainingn(D 14,906) and

validation cohorts i D 6,384), with a randomized ratio of 7:3.
Colorectal cancer (CRC) is a common malignant tumor withtig

mortality (1). The American Joint Committee on Cancer (AJCC)
tumor-node-metastasis (TNM) classi cation is one of the mos
important standards for risk assessme?jténd has been revised

several times, particularly in relation to the pN stagef). The

Categorization

The patient selection process is showrFigure 1 All patients

were categorized according to the AJCC 8th TNM classi cation

TNM classi cation is the most basic and common classi catio we countgd TI.DS aspLNsin the modi ed pN stage. The modi ed
pN classi cation and modied TNM classications were

for evaluating pqst-operanve patient prognosis. recorded as mpN stage and mTNM classi cation, respectively.
Tumor deposits (TDs) are de ned as focal aggregates of cancer . . :
pN stage is de ned as the regional lymph nodes involvement.

cells in the mesentery, subserosa, or pericolic tissjefkécent The details of pN stage are as follows: pN1a: 1 pLN: pN1b: 2-3

studies identied TDs as an important prognostic factor for .
. : . . . : pLNs; pN2a: 4-6 pLNs; pN2b:7 pLNs. The TNM staging system
overall survival (OS) in patients with CR@G<L1), with patients of stage Il CRC is as follows: stages IlIIA (TIN1, T2N1, and

with TDs having a poorer prognosis than those without TDs. TDS]_
) X S 1N2a), llIB (T3N1, T4aN1, T2N2a, T3N2a, T1N2b, T2N2b),
were rstincluded in the 7th AJCC TNM classi cation, and the ch (T4aN2a, T3N2b, T4aN2b, TAbN1, and TAbNE).(

pN1c stage was proposed, and pNO CRCs with TD involvemen The details of mpN stage were as follows: mpN1a, 1 pLN, or

have been reclassi ed into pN1c as a novel substagélje latest ) - . CA .
AJCC 8th TNM classi cation remains unchanged in this regardTD’ MPN1b, 2-3 pLNs plus TDs; mpN2a: 4-6 pLNSs plus TDs;

(6). However, although the 8th AJCC TNM classi cation of CRC?Pad énlﬁ) INélF)z:C ngé':icﬂf;,jﬁ)sgl?§||gn;§I\Qtztigslr.'ﬁ : )(/_T_tlem &fl
suggests that the number of TDs should be recorded, there is 9 gy - stag mp

. . - . nl'2mpN1, and T1mpN2a), IlIB (T3mpN1, T4ampN1, T2mpN2a,
rec_omm_endgtlon on how to categorize ﬁl\paﬂepts with TDs, T3mpN2a, TImpN2b, and T2mpN2b), and IIIC (T4ampN2a,
which might in uence the accuracy of CRC staging.

The possibility of counting TDs as the number of positiveTSmpNZb' T4ampN2b, T4bmpN1, and TAbmpN2).
lymph nodes (pLNs) in the CRC has recently been investigated Lo
and the results indicated that counting TDs as pLNs improves th Statistical Analyses
predictive ability for assessing prognosis and survival ifgpas ~ Continuous variables were presented as medians or means
with CRC (12 ]_3) However, previous studies On|y included aWIth standard deviation. Survival curves were created USing
limited number of Asian patients, with no validation cohorts Kaplan—Meier methods with log-rank tests. Multivariate anadyse
from western countries. The demographic and pathologicaivere conducted using a Cox proportional hazards model. The
characteristics of CRC patients in Asian countries may béredictive discrimination abilities of the models were assel
dierent from those in Western countries; therefore, it is Using the area under the receiver-operating charactemstives
necessary to further investigate it by Western populationstien (AUCs), and the AUCs were compared using the Hanley and
other hand, in the latest AJCC 8th TNM classi cation of gastr McNeil tests. Model- tting performances were assessed usieg t
cancer, pathologic evaluation of LNs requires their remawal ~ Akaike's information criterion (AIC) (5). Higher AUC values
histologic examination to assess the total numbers of LN andemonstrated superior predictive discrimination, and lower
TDs without evidence of remnant LN tissue that were countecd®IC values demonstrated better model- tting performances.
as pLNs ©). The current study therefore investigated the use oflinical benets were estimated by decision curve analyses
counting TDs as pLNSs in the TNM classi cation, and con rmed (DCAs) (16, 17).

the prognostic value of this approach in patients with CRC. All data were analyzed using SPSS 22.0 statistical package
(SPSS Inc., Chicago, IL, USA), MedCalc (Version 15.2, Ostend,

Belgium), and R version 3.5.6 (http://www.r-project.orgh)l

tests were two-sided, arfivalues less than 0.05 were considered
MATERIALS AND METHODS statistically signi cant. A data use agreement with SEER has
Patients been obtained. The approval of the institutional review board

Using the Surveillance, Epidemiology, and End Results (SEEW?S not_requwed as the SEER database holds publicly aeailabl
program, 992,325 CRC patients were screened between 1g#identi ed data.

and 2016 {4). The inclusion criteria were as follows: (1) CRCs;

(2) informative variables; (3) aged between 18 and 75 YealSESULTS

(4) primary and single tumor; (5) no distant metastasis (MO);

(6) patients with LN metastasis (f; (7) received surgical Patient Characteristics

treatment; (8) no pre-operative therapy; and (9) longer than 1The baseline characteristics of stage Ill CRC patients are/ish
month survival. Exclusion criteria were as follows: (1) lagk in Table 1 The training cohort included 1,949 (13.1%) patients
available information; (2) aged 18 or> 75 years; (3) multiple with TDsand 12,957 (86.9%) patients without TDs. Among these,
cancers; (4) with distant metastasis (M1); (5) patients whoewe 12,128 (81.4%) patients had colon cancers and 2,778 (18.6%)
categorized as pN1c or had no pLNs; (6) no surgical treatmenliad rectal cancers. There were no signi cant di erences ia th
(7) with pre-operative therapy; and (8) less than 1-month postdistributions of baseline characteristics between thming and
operative survival. Finally, a total of 21,290 stage Ill CR€se validation cohorts.
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992,325 colorectal cancers enrolled
from SEER

839,171 excluded
no available information

A\ 4

v
153,154 with necessary information

45,072 excluded
v aged < 18 or > 75 years

108,082 aged from 18 to 75 years

\ 4

24,054 excluded multiple or
metastasis colorectal cancer

A 4

v
84,028 primarily single tumor

19,808 excluded
distant metastasis (M1)

\4

A\ 4

64,220 without distant metastasis (M0)

40,226 excluded
without positive lymph nodes

A 4

\4
23,994 with lymph nodes

15 excluded
without surgical treatment

A\ 4

\ 4
23.979 underwent surgical treatment

2,401 excluded
received preoperative treatment

\ 4

\ 4
21,578 without preoperative treatment

288 excluded died
during the first postoperative month

\ 4

\ 4
21,290 with survival time longer 1 month

\ 4
Randomization (training/validation = 7/3)

14,906 in training cohort
6,384 in validation cohort

FIGURE 1 | Flow chart for patient selection and study development.

Univariate and Multivariate Analyses < 0.05). However, because mpN stage can be regarded as an
Univariate analysis identi ed tumor location, sex, raceeag adjusted categorization of pN stage, these stages wereyhighl
size, histologic grade, pT stage, pN stage, mpN stage, andrrelated, and subsequent multivariate analyses werenpesl

TDs as signi cantly correlated with OS (log-rank tests, Rll including either pN or mpN stage. Both the pN and mpN
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TABLE 1 | Baseline characteristics and univariate analysis of traimg and validation cohorts.

Variables Training cohort 2 Validation cohort 2
No. of patients (%) 5-Y OS (%) P- value No. of patients (%) 5-Y OS (%) P-value
Location 0.001 0.045
Colon 12,128 (81.4) 70.8 5,135 (80.4) 71.9
Rectum 2,778 (18.6) 74.5 1,249 (19.6) 75.4
Sex 0.001 0.002
Female 6,990 (46.9) 73.4 3,071 (48.1) 75.1
Male 7,916 (53.1) 69.8 3,313 (51.9) 70.2
Race <0.001 <0.001
White 11,004 (73.8) 72.3 4,757 (74.5) 73.1
Black 2,120 (14.2) 65.2 877 (13.7) 66.2
Other 1,690 (11.3) 72.8 712 (11.2) 75.4
Unknown 92 (0.6) 96.6 38 (0.6) 97.4
Age, year <0.001 <0.001
60 7,676 (51.5) 76.4 3,296 (51.6) 76.7
>60 7,230 (48.5) 66.4 3,088 (48.4) 68.1
Size, cm <0.001 <0.001
4.5 7,934 (53.2) 74.2 3,344 (52.4) 75.6
>45 6,479 (43.5) 67.8 2,835 (44.4) 68.8
Unknown 493 (3.3) 76.1 205 (3.2) 731
Histological grade <0.001 <0.001
Grade | 783 (5.3) 73.7 327 (5.1) 78.7
Grade Il 10,509 (70.5) 74.4 4,499 (70.5) 75.6
Grade Il 2,784 (18.7) 63.4 1,214 (19) 63.5
Grade IV 597 (4.0) 57.4 242 (3.8) 58.0
Unknown 233(1.6) 66.8 102 (1.6) 62.8
T stage <0.001 <0.001
T1 919 (6.2) 86.9 405 (6.3) 86.8
T2 1,664 (11.2) 86.7 712 (11.2) 87.3
T3 9,494 (63.7) 72.7 4,047 (63.4) 73.9
T4a 2,023 (13.6) 55.4 843 (13.2) 53.6
T4b 806 (5.4) 47.1 377 (5.9) 54.1
N stage <0.001 <0.001
pNila 5,113 (34.3) 79.5 2,248 (35.2) 81.6
pN1b 4,775 (32.0) 74.1 2,013 (31.5) 74.5
pN2a 2,884 (19.3) 67.3 1,255 (19.7) 66.4
pN2b 2,134 (14.3) 52.6 868 (13.6) 53.7
mpN stage <0.001 <0.001
mpN1la 4,669 (31.3) 80.5 2,052 (32.1) 83.1
mpN1b 4,702 (31.5) 75.2 1,985 (31.1) 75.1
mpN2a 3,010 (20.2) 68.0 1,291 (20.2) 67.4
mpN2b 2,525 (16.9) 51.9 1,056 (16.5) 53.0
Tumor-node-metastasis (TNM) staging system <0.001 <0.001
A 2,277 (15.3) 87.4 983 (15.4) 87.4
1B 9,473 (63.6) 74.1 4,073 (63.8) 74.7
nc 3,156 (21.2) 52.2 1,328 (20.8) 54.6
mTNM staging system <0.001 <0.001
A 2,247 (15.1) 87.7 964 (15.1) 88.0
1B 9,144 (61.3) 74.9 3,929 (61.5) 75.6
Inc 3,515 (23.6) 51.7 1,491 (23.4) 53.9
TD status <0.001 <0.001
Negative 12,957 (86.9) 735 5,550 (86.9) 74.5
Positive 1,949 (13.1) 54.8 834 (13.1) 56.4

mpN, modi ed pN; mTNM, modi ed TNM; No., number; OS, overall survival;TD, tumor deposit; 5-Y, 5-year.
@Ratio of training and validation cohorts is 7:3 by randomized number irsg R software.
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TABLE 2 | Multivariate analysis of overall survival in colorectal weer patients with pN stage.

Variables Training cohort Validation cohort

HR (95% ClI) P value HR (95% ClI) P value
Location 0.969 (0.877-1.071) 0.539 0.954 (0.820-1.111) ®46
Sex 1.131 (1.049-1.219) 0.001 1.208 (1.075-1.357) 0.001
Race 0.998 (0.946-1.052) 0.938 0.975 (0.898-1.058) 0.546
Age 1.689 (1.565-1.822) <0.001 1.607 (1.429-1.807) <0.001
Size 1.112 (1.039-1.191) 0.002 1.152 (1.036-1.280) 0.009
Grade 1.227 (1.168-1.290) <0.001 1.246 (1.157-1.343) <0.001
T stage 1.538 (1.469-1.611) <0.001 1.428 (1.333-1.531) <0.001
TD status 1.031 (1.023-1.039) <0.001 1.027 (1.014-1.039) <0.001
PN stage 1.204 (1.175-1.235) <0.001 1.225 (1.178-1.273) <0.001

Cl, con dence interval; HR, hazard ratios; TD, tumor deposit.

TABLE 3 | Multivariate analysis of overall survival in colorectal oeer patients with mpN stage.

Variables Training cohort Validation cohort

HR (95% CI) P-value HR (95%Cl ) P-value
Location 0.954 (0.863-1.054) 0.351 0.943 (0.810-1.098) 149
Sex 1.129 (1.048-1.217) 0.001 1.210 (1.077-1.360) 0.001
Race 0.999 (0.947-1.053) 0.961 0.977 (0.900-1.060) 0.569
Age 1.690 (1.566-1.823) <0.001 1.618 (1.439-1.819) <0.001
Size 1.112 (1.039-1.191) 0.002 1.159 (1.042-1.288) 0.006
Grade 1.224 (1.165-1.286) <0.001 1.244 (1.155-1.341) <0.001
T stage 1.524 (1.455-1.597) <0.001 1.409 (1.314-1.511) <0.001
TD status 1.025 (1.016-1.034) <0.001 1.019 (1.006-1.033) 0.006
mpN stage 1.339 (1.292-1.388) <0.001 1.393 (1.318-1.473) <0.001

Cl, con dence interval; HR, hazard ratios; mpN, modi ed pN; mTNM, modied TNM; TD, tumor deposit.

stage were identi ed as independent prognostic factors for O®S According to AJCC TNM and mTNM
by multivariate analyses (af < 0.001) Tables 2 3). Similar  Classi cations

ndings were observed in the validation cohoitdbles 2 3). In the training cohort, the 5-year OS in patients with AJCC

. . TNM classi cation stages IlIA, 11IB, and IlIC were 87.4, 14.
Upstaging After Applying TDs as pLNS . and 52.2%, respectively. According to the mTNM classi cation,
The current study demonstrated that some patients experincgpq equivalent 5-year OS rates for stages IlIA, I11B, an€ Mere
upstaging after applying TDs as number of pLNs. In the trainingg7 7 74,9, and 51.7%, respectively. The di erences between th
cohort, 7.7% of patients experienced upstaging in the pN stage;cc TNM and mTNM classi cations were signi cant (log-rank
(Figure 2A), including 8.7% of patients in pN1a, 8.8% in leb’test, overalP < 0.001) Table 4 Figures 3A,B. Similar ndings

and 10.0% in pN2a stages. _ _ were observed in the validation cohort (log-rank test, olté?a
In the validation cohort, 5.9% of the patients in the pN 0.001) Table 4 Figures 3C,D.

stage experienced upstagirfggure 2B), including 2.7% of the

patients in the pNla, 8.8% in the pN1b, and 11.3% in th%ei hts of TDs and pbLNs in Predicting OS
pN2a stages. 9 L P o . 9 -
To determine if TDs and pLNs had similar weights for predicting

OS According to pN and mpN Stages patient prognosis, we compared the OS of patients with pure
In the training cohort, the 5-year OS of patients with stage?LNS and those with pL'.\IS P'“? TpsF@ure 4. There was
pN1a, pN1b, pN2a, and pN2b were 79.5, 74.1, 67.3, and 52_69)3,_prognost|c heterogeneity, indicating that TDs had the sam
respectively Table 4 Figure 20 (log-rank test, overallP <  W€ightas pLNs (log-rank test, &> 0.05).

0.001). The 5-year OS rates of patients with stages mpN1a, . .

mpN1b, mpN2a, and mpN2b were 80.5, 75.2, 68.0, and 51.9%0Mmparison of Prognostic Performance

respectively Table 4 Figure 2B (log-rank test, overalP < Between pN and mpN Stages

0.001). Similar ndings were observed in the validation ogh Inthe training cohort, the mpN stage showed superior prognostic
(Table 4 Figures 2D,H (log-rankP < 0.001). discrimination [AUC 0.612, 95% condence interval (CI),
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FIGURE 2 | Staging migration and survival curves based on the pN stageral mpN stage. (A) staging migration between the tumor-node-metastases (TNyland
mTNM classi cation in the training cohort;(B) staging migration between the TNM and mTNM classi cation infte validation cohort;(C) survival curve for pN stage in
the training cohort; (D) survival curve for mpN stage in the training cohort(E) survival curve for pN staging in the validation cohor{(F) survival curve for mpN stage in

the validation cohort.
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TABLE 4 | Three- and ve-year OS and 95% CI for pN stage, mpN stage, TNM stging system, and mTNM staging system in training and validen cohorts.

Variables No. of patients (%) HR (95% CI) 3-Y OS (%) 5-Y OS (%) P value

Training cohort

pN stage <0.001
pNla 5,113 (34.3) 1 (Reference) 87.5 79.5
pN1b 4,775 (32.0) 1.247 (1.126-1.381) 84.2 74.1
pN2a 2,884 (19.3) 1.677 (1.504-1.870) 79.1 67.3
pN2b 2,134 (14.3) 2.891 (2.601-3.213) 64.4 52.6
mpN stage <0.001
mpNla 4,669 (31.3) 1 (Reference) 87.9 80.5
mpN1b 4,702 (31.5) 1.234 (1.108-1.374) 85.0 75.2
mpN2a 3,010 (20.2) 1.689 (1.511-1.889) 80.0 68.0
mpN2b 2,525 (16.9) 3.064 (2.758-3.405) 64.8 51.9
TNM staging system <0.001
A 2,277 (15.3) 1 (Reference) 92.9 87.4
1B 9,473 (63.6) 2.143 (1.842-2.493) 84.4 74.1
e 3,156 (21.2) 4.989 (4.270-5.829) 64.5 52.2
mTNM staging system <0.001
A 2,247 (15.1) 1 (Reference) 92.9 87.7
1B 9,144 (61.3) 2.099 (1.799-2.448) 85.0 74.9
Inc 3,515 (23.6) 5.117 (4.375-5.986) 64.9 51.7
Validation cohort
pN stage <0.001
pNla 2,248 (35.2) 1 (Reference) 88.2 81.6
pN1b 2,013 (31.5) 1.348 (1.149-1.582) 85.1 74.5
pN2a 1,255 (19.7) 1.878 (1.588-2.220) 77.9 66.4
pN2b 868 (13.6) 3.184 (2.698-3.758) 64.5 53.7
mpN stage <0.001
mpNla 2,052 (32.1) 1 (Reference) 89.0 83.1
mpN1b 1,985 (31.1) 1.426 (1.205-1.688) 85.6 75.1
mpN2a 1,291 (20.2) 1.956 (1.641-2.331) 79.0 67.4
mpN2b 1,056 (16.5) 3.516 (2.977-4.153) 64.7 53.0
TNM staging system <0.001
HA 983 (15.4) 1 (Reference) 92.2 87.4
1B 4,073 (63.8) 2.02 (1.611-2.533) 84.8 74.7
nc 1,328 (20.8) 4.608 (3.650-5.818) 65.6 54.6
mTNM staging system <0.001
A 964 (15.1) 1 (Reference) 92.2 88.0
1B 3,929 (61.5) 1.994 (1.581-2.514) 85.5 75.6
Inc 1,491 (23.4) 4.805 (3.795-6.085) 65.6 53.9

Cl, con dence interval; HR, hazard ratios; mpN, modi ed pN; mTNM, modied TNM; No., number; OS, overall survival; 5-Y, 5-year.

0.604-0.620] compared with the pN stage (AUC 0.605, 95% aComparison of Prognostic Performance

0.597-0.612) (Hanley and McNeil te&t,< 0.001,Figure 54), Between TNM and mTNM Classi cations

and the mpN stage also showed better model tting than thep, the training cohort, the mTNM classi cation showed superio
PN stage (AIC, 49,756 vs. 49,841). The calibration curves f@rognostic discrimination (AUC 0.629, 95% CI, 0.621-0.637)
probability of survival in the mpN stage at 3 and 5 years alsgompared with the TNM stage (AUC 0.623, 95% CI, 0.615—
showed better consistency between the predicted and oliserve.631) (Hanley and McNeil tes®, D 0.001 Figure 5A), and the
survival than the pN stagd-{gures 5C,D. Similar results were mTNM stage showed better model tting than the TNM stage
found in the validation cohortTable 5 Figures 5B,E, I (AIC, 49,495 vs. 49,563). The calibration curves for prdigbi

Frontiers in Medicine | www.frontiersin.org 7 October 2020 | Volume 7 | Article 571154



Pei et al. Tumor Deposits in Colorectal Cancer

FIGURE 3 | Kaplan—Meier survival curve for 5-year overall survival$Pbased on the TNM and mTNM classi cations(A) Kaplan—Meier survival curves based on TNM
classi cation in training cohort; (B) Kaplan—Meier survival curves based on the mTNM classi catiin the training cohort;(C) Kaplan—Meier survival curves based on
the TNM classi cation in the validation cohorty(D) Kaplan—Meier survival curves based on the mTNM classi catioin the validation cohort.

of survival in the mTNM classi cation at 3 and 5 years alsoln the training and validation cohorts, the mpN stage showed
showed better consistency between the predicted and olibervieigher net benet than the pN stage between threshold
survival than the AJCC TNM classi cationF{gures 5C,D.  probabilities of about 15-25% in predicting 3-year OS, and
Similar results were found in the validation cohorfaple5  between threshold probabilities of about 20-45% in predgctin

Figures 5B,E,F. 5-year OS Figure 6). In the training and validation cohorts,
the mTNM classi cation showed higher net benet than
Clinical Use the AJCC TNM classi cation between threshold probabilities

We used DCAs to evaluate the clinical usefulness of thef about 15-30% in predicting 3-year OS, and between
pN stage, the mpN stage, the TNM classi cation, and theghreshold probabilities of about 25-50% in predicting 5-year
mTNM classi cation in the training and validation cohorts. OS Figure 6).
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FIGURE 4 | Kaplan—Meier survival curves for patients with or withoutimor deposits (TDs) in the same mpN stages(A) mpN1b in the training cohort;(B) mpN2a in
the training cohort; (C) mpN2b in the training cohort; (D) mpN1b in the validation cohort;(E) mpN2a in the validation cohort;(F) mpN2b in the validation cohort.
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FIGURE 5 | The areas under the curves (AUCs) and calibration curves fpredicting patient survival(A) AUCs in the training cohort;(B) AUCs in the validation cohort;
(C) calibration curves of 3-year overall survival (OS) in thaining cohort; (D) Calibration curves of 5-year OS in the training cohor{E) Calibration curves of 3-year OS
in the validation cohort;(F) calibration curves of 5-year OS in the validation cohort.
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DISCUSSION TABLE 5 | Prognostic performances of pN stage, mpN stage, TNM staging
system, and mTNM staging system in training and validationahorts.

The prognosis of patients with CRC has gradually improved in )
recent decades, however, many issues remain to be resolv&d " Area under the _Akakes - P-valuer
. ’ ! . curve (AUC) (95% information

Changes in the de nition of TDs have caused considerable Cl%) criterion (AIC)
confusion among researchers and have had a signi cant impact
on the choices of post-operative treatment and on precis@aining cohort

prognosis (3. Gabriel et al. depicted TDs as a result of vascular pN stage 0.605 (0.597-0.612) 49,841

tumor dissemination in 1935, however, given that TDs were mpN stage 0.612 (0.604-0.620) 49,756 <0.001
located in the pericolic or perirectal fattiness not contigo Training cohort

with the primary tumor and unassociated with nodes, it was TNM staging system 0.623 (0.615-0.631) 49,563

di cult to distinguish between TDs and LNsX(8). The AJCC 5th mTNM staging system  0.629 (0.621-0.637) 49,495 0.001
TNM classi cation of CRC, therefore, proposed a 3-mm rule forvalidation cohort
positive TDs: TDs>3mm were categorized as pLNs, and TDS pn stage 0.615 (0.603-0.627) 18,843

3 mm were categorized as discontinuous stage T3 turipr ( mpN stage 0.625 (0.613-0.637) 18,795 0.004
However, the AJCC 6th TNM classi cation rede ned TDs basedyalidation cohort
on contour: the shape and glossy contour of TDs with histalabi TNM staging system 0.621 (0.609-0.633) 18,773
proof of LNs were categorized as pLNs, while irregular TDS m7num staging system  0.628 (0.616-0.639) 18,740 0.024

were categorized as pT classi cation and venous invasin (
However thiS contour-based ruIe remained unconvincim@)( AUC, Areas under the receiver-operating characteristic curve; A|G\kaike's information
C ' | he AJCC 7th TNM cl . . h _l_lcriterion; Cl, con dence interval; mpN, modi ed pN; mTNM, modi ed TNM.
urrent _y’ the ] t c a_SS| cation SUQQeStS t_ at A higher AUC indicates better discrimination and a lower AIC indicates super model-
and T2 lesions without pLNs, but with TDs, are categorized aing.
N1c, though this is not consistent because pN1c is also anmptigP-value of Hanley & McNeil test.
for pT3 or pT4a tumors in CRC staging). The AJCC 8th TNM

for CRC kept the N1c stage unchangeé)l &nd did not provide

a de nition of TDs, with an impact on repeatability as a result 0 and TNM classi cation in terms of prediction ability. The mpN
individual judgments by di erent pathologists. However, §#8  stage and mTNM classi cation had a lower AIC and higher
several changes in the TNM classi cation, it is still regaitdis  AUC (Hanley and McNeil test, alP < 0.001), indicating that
the most formidable and dependable predictor of prognosis fofn terms of predictive ability, they were more powerful thareth
CRC patients worldwide1(?). One study showed that the 7th other two models. We also analyzed the clinical bene ts of the
TNM classi cation was a good predictor of prognosis in CRCTNM and mTNM classi cations by DCA, and showed that the
patients without LN metastasis and with TD&(J. However, mTNM classi cation had better clinical bene ts than the TNM
the latest TNM classi cation failed to provide further stagi classi cation. In addition, there was no signi cant di eree in
recommendations for patients with both TDs and pLNs, withthe prognosis between CRC patients with and without TDs in the
implications for the accurate categorization of these pasien same mpN stage (log-rank test, BIb 0.05). The results further
The AJCC 8th TNM classi cation of gastric cancer regardedshowed that TDs were of equal importance to pLNs in predicting
TDs as pLNs, and the number of TDs was included forthe prognosis of patients with CRC. We therefore recommend
pathological staging€j. Furthermore, TDs were regarded asregarding TDs as pLNs in the TNM classi cation, with the mpN
PLNs in the Japanese categorization of CRXI).(Based on stage having a stronger ability to predict the prognosis of CRC
the above studies, we therefore regarded TDs as pLNs and figan the pN stage.
identi ed the pN Stage. Univariate analysis showed that the pN Opinions on the Origin of TDs di er. One Study Suggested
and mpN stages were both signi cantly related to prognosighat TDs originated from carcinomas growing inside or along
among patients with CRC, while multivariate analysis ideati  |ymphatic or vascular structures or nervekd, while another
both the pN and mpN stages as independent risk factors fogtudy indicated that TDs were potential pLNs, which were no
the prognosis of these patients. The 5-year OS of patientfiore knew because they were replaced by tumor cé)s (
with and without TDs were 54.8 and 73.5%, respectively (logrrespective of their size, TDs were shown to have a signitcan
rank test,P < 0.001), indicating that patients with TDs had ajmpact on disease-free survival in patients with CRC, suguest
poorer prognosis than those without TDs. Similar ndings werethat TDs of all sizes should be regarded similarif)( The
obtained in the validation cohort and in preViOUS StUdi&g,(ZZ— current results showed that the mpN Category and mTNM
24). Some patients experienced upstaging due to changes in tBRssi cation were superior to the pN category and TNM
de nition of the mpN stage. There was a clear tendency foglassi cation in assessing the prognosis and survival of CRC
CRC patients with TDs in the pN subgroups to be upstagegatients. In light of these results, TDs appear to have a negative
to hlgher StageS in the mTNM classi cation. We determined Ife ecton prognosis and similar e ects on survival as pLNS
the mpN stage and mTNM classi cation were better than the yUsing the SEER databas@&4( makes it possible to draw
PN stage and TNM classi cation in terms of predictive powerreasonable conclusions consistent with general clinical jpect
by AUC and AIC analysis, which showed that the mpN stag®ased on a large sample of CRC patients, which would be
and mTNM classi cation were more powerful than the pN stageimpossible to realize in a single institutional study. Howettds
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FIGURE 6 | Decision curve analysis (DCA) of 3- and 5-years overall suval (OS) of pN phase, mpN stages, TNM classi cation, and mTNMIassi cation. (A) DCAs of
3-year OS in the training cohort(B) DCAs of 5-year OS in the training cohort(C) DCAs of 3-year OS in the validation cohort{D) DCAs of 5-year OS in the validation
cohort.

study had some limitations. First, even though the SEERm@s& CONCLUSIONS

was regularly checked for di erences, the possibility of agdir

data errors remains. Second, although this study was based o In conclusion, the current ndings suggest that TDs shoulel b
large database, it had limitations associated with itosgiective  regarded as pLNs when assessing the prognosis of patients with
nature. In addition, the results may not be applicable in AsiarCRC. The proposed mpN stage and mTNM classi cation may be
populations because it was based on the SEER databaseséperior to the AJCC 8th pN stage and TNM classi cation for
Western population, and there was no exact information of theevaluating the prognosis and survival of patients with CRC.

exact number of Asian patients. Therefore, the current ngkn

still require further validations in the Asian population. Bdss, DATA AVAILABILITY STATEMENT

the demographic and pathological characteristics of CRC ipistie

in Asian and Western countries are di erent; therefore, theThe raw data supporting the conclusions of this article will be
current ndings need to be cautious before applying itin ctiai made available by the authors, without undue reservation.
practice, particularly in Asian populations. Finally, althbutpe

dierence between the two CRC classi cations is statishical ETHICS STATEMENT

signi cant, the absolute values of AUCs are small. Therefore

the results of this study should be cautious before applying it A data use agreement with SEER has been obtained. The
clinical practice and require further veri cation. approval of institutional review board was not required as
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Written informed consent for participation was not requirealrf

this study in accordance with the national legislation ané th This ~ research was  funded in part by the
institutional requirements_ China Scholarship COUnCil, grant number

201908050148.

AUTHOR CONTRIBUTIONS
ACKNOWLEDGMENTS

J-PP and C-DZ wrote the main text and performed data analysis.
J-PP, C-DZ, and D-QD designed the study. J-PP, C-DZ, XRVe acknowledge the e orts of the Surveillance, Epidemiology,
YB, SY, and Z-MZ collected the data. All authors reviewe@nd End Results (SEER) Program tumor registries for creating

the manuscript. the SEER database (https://seer.cancer.gov/).
REFERENCES 16. Vickers AJ, Elkin EB. Decision curve analysis: a novel rdetfuy
evaluating prediction models.Med Decis Mak. (2006) 26:565-74.

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 20A%Cancer J Clir{2019) doi: 10.1177/0272989X06295361
69:7-34. doi: 10.3322/caac.21551 17. Fitzgerald M, Saville BR, Lewis RJ. Decision curve analgsima (2015)

2. Greene FL. Current TNM staging of colorectal cant@ncet Oncol(2007) 313:409-10. doi: 10.1001/jama.2015.37
8:572-3. doi: 10.1016/S1470-2045(07)70185-7 18. Gabriel W, Dukes C, Bussey H. Lymphatic spread in cancer of

3. Sobin L, Wittekind CTNM Classi cation of Malignant Tumor&th ed. New the rectum. Br J Surg. (1935) 23:395-413. doi: 10.1002/bjs.18002
York, NY: John Wiley & Sons (1997). 39017

4. Sobin L, Wittekind CTNM: Classi cation of Malignant Tumouréth ed. New  19. Nagtegaal I, Quirke P. Colorectal tumour deposits in the metarec
York, NY: Wiley (2002). and pericolon; a critical review.Histopathology (2007) 51:141-9.

5. Edge SB, Byrd DR, Carducci MA, Compton CC, Fritz A, GreenAJEC doi: 10.1111/j.1365-2559.2007.02720.x
Cancer Staging Manudllew York, NY: Springer (2010). 20. Tong L-l, Gao P, Wang Z-n, Song Y-X, Xu Y-y, Sun Z, et al. Is ¢hergh

6. Amin MB, Edge S, Greene F, Byrd DR, Brookland RK, Washington Mg, e edition of the UICC/AJCC TNM staging system reasonable for pigie
AJCC Cancer Staging Manu@th ed. New York, NY: Springer (2016). with tumor deposits in colorectal cance®n Surg.(2012) 255:208-13.

7. Belt ET, van Stijn M, Bril H, de Lange-de Klerk E, Meijer G, Me§eet al. doi: 10.1097/SLA.0b013e31821ad8a2
Lymph node negative colorectal cancers with isolated tumor depsbituld ~ 21. Sugihara KJapanese Society for Cancer of the Colon and Rectum: Japanese
be classi ed and treated as stage Wnn Surg Oncol(2010) 17:3203-11. Classi cation of Colorectal Carcinomand ed. Tokyo: Kanehara (2009).
doi: 10.1245/s10434-010-1152-7 p.27-8.

8. Liu F, Zhao J, Li C, Wu Y, Song W, Guo T, et al. The unique prognost 22. Nagtegaal ID, Tot T, Jayne DG, McShane P, Nihlberg A, Ndrsh
characteristics of tumor deposits in colorectal cancer patiefts Trans| HC, et al. Lymph nodes, tumor deposits, and TNM: are we getting
Med.(2019) 7:769. doi: 10.21037/atm.2019.11.69 better? J Clin Oncol. (2011) 29:2487-92. doi: 10.1200/JC0O.2011.

9. Pricolo VE, Steingrimsson J, McDue TJ, McHale JM, McMillen B, 34.6429
Shparber M. Tumor deposits in stage Il colon cancer: correlation23. Ueno H, Hashiguchi Y, Shimazaki H, Shinto E, Kajiwara Y, Nalani
with other histopathologic variables, prognostic value, and risk K, et al. Peritumoral deposits as an adverse prognostic indicator of
strati cation—time to consider “N2c”.Am J Clin Oncol.(2020) 43:133. colorectal cancerAm J Surg(2014) 207:70-7. doi: 10.1016/j.amjsurg.2013.
doi: 10.1097/COC.0000000000000645 04.009

10. BasnetS, Lou Q-f,LiuN, RanaR, Shah A, Khadka M, etal. Tdepmsitisan  24. Jin M, Roth R, Rock JB, Washington MK, Lehman A, Frankel
independent prognostic indicator in patients who underwent radiiesection WL. The impact of tumor deposits on colonic adenocarcinoma
for colorectal canced Cancer(2018) 9:3979. doi: 10.7150/jca.27475 AJCC TNM staging and outcomeAm J Surg Pathol(2015) 39:109.

11. Mayo E, Llanos AA, Yi X, Duan SZ, Zhang L. Prognostic value  doi: 10.1097/PAS.0000000000000320
of tumour deposit and perineural invasion status in colorectal eanc 25. Goldstein NS, Turner JR. Pericolonic tumor deposits in patients
patients: a SEER-based population studistopathology(2016) 69:230-8. with  T3NC MO colon adenocarcinomas: markers of reduced
doi: 10.1111/his.12936 disease intra-abdominal metastases and their implications for
12. Song YX, Gao P, Wang ZN, Liang JW, Sun Z, Wang MX, et al. Can TNM classi cation. Cancer (2000) 88:2228-38. doi: 10.1002/(SICI)
the tumor deposits be counted as metastatic lymph nodes in the UICC  1097-0142(20000515)88:10<2228::AID-CNCR5>3.0.CO;2-1
TNM staging system for colorectal cancéPRoS ONE(2012) 7:€34087.
doi: 10.1371/journal.pone.0034087 Con ict of Interest: The authors declare that the research was conducted in the
13. LiJ, Yang S, Hu J, LiuH, DuF, Yin J, et al. Tumor deposits cowaggositive  absence of any commercial or nancial relationships that coulddestrued as a
lymph nodes in TNM staging for advanced colorectal cancer: a retatisgge  potential con ict of interest.
multicenter studyOncotarget(2016) 7:18269. doi: 10.18632/oncotarget.7756
14. Surveillance Epidemiology and End Results (SEER) Program (@svw.s Copyright © 2020 Pei, Zhang, Fu, Ba, Yue, Zhao and Dai. This iseanamgess
cancer.gov) SEERtat Database: Incidence - SEER 18 Regs Custom Dataticle distributed under the terms of the Creative Commtribution License (CC

(With Additional Treatment Fields). Nov 2017 Sub (1973-2016/iva) - BY). The use, distribution or reproduction in other forumgeisnitted, provided
Linked To County Attributes - Total U.S., 1969-2016 Countidational  the original author(s) and the copyright owner(s) are @ddind that the original
Cancer Institute, DCCPS, Surveillance Research Program (2018) publication in this journal is cited, in accordance withegoted academic practice.

15. Akaike H. A new look at the statistical model identi catidieEEE Transact  No use, distribution or reproduction is permitted whichsdu® comply with these
Automat Control (1974) 19:716-23. doi: 10.1109/TAC.1974.1100705 terms.

Frontiers in Medicine | www.frontiersin.org 13 October 2020 | Volume 7 | Article 571154



