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Abstract
Tumor deposit (TD) was associated with poor survival in colorectal cancer. However, 
its prognostic and staging value in locally advanced rectal cancer (LARC) patients 
following neoadjuvant chemoradiotherapy (neo‐CRT) is controversial. Four hundred 
and ninety‐five LARC patients following neo‐CRT and surgery were retrospectively 
analyzed. Univariate and multivariate analyses were performed using Kaplan‐Meier 
method and Cox proportional hazards regression in all lymph node (LN) ‐negative 
and LN‐positive patients. Next, we used three methods to classify the counts of LNs 
and TDs (oN, only LN counts; n1N, counts according to the N1c standards; n2N, total 
counts of LNs and TDs) to evaluate the impact of TD on N staging. TD‐positive pa-
tients were associated with more aggressive clinicopathological features. In multi-
variate analyses, TD was an independent poor prognostic factor of overall survival 
(OS), disease‐free survival (DFS), and local recurrence‐free survival in all patients. In 
LN‐negative patients, TD was an independent poor prognostic factor of OS, DFS and 
distant metastasis‐free survival (DMFS). In LN‐positive patients, TD has poor prog-
nostic value only in patients with one positive LN. Three multivariate analyses ac-
cording to three N staging methods showed that oN was not an independent prognostic 
factor, whereas n1N and n2N were independently associated with poor survival in 
OS, DFS and DMFS. The n2N method seemed to be better than n1N method. TD is 
an independent poor prognostic factor in LARC patients following neo‐CRT, espe-
cially in patients with no more than one positive LN. TD probably should be consid-
ered as one positive LN when performing N staging.

K E Y W O R D S
locally advanced rectal cancer, neoadjuvant chemoradiotherapy, prognosis, staging, tumor deposit

1  |   INTRODUCTION

Colorectal cancer is the second leading cause of cancer 
deaths in the United States.1 Neoadjuvant chemoradiother-
apy (neo‐CRT) followed by total mesorectal excision is the 

standard care for patients with locally advanced rectal cancer 
(LARC).2-4 The combination of radiation with capecitabine 
significantly improved local control and local recurrence‐free 
survival but did not improve metastasis‐free survival or over-
all survival.5 Tumor deposits (TDs) are found in the perirectal 
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and mesenteric adipose tissue around rectal adenocarcinomas. 
Several editions of the American Joint Committee on Cancer 
(AJCC) staging manual have defined TDs. The current eighth 
edition classifies TD as follows: the deposit should be in the 
pericolorectal fat or adjacent mesocolic fat away from the 
leading edge of the tumor with no evidence of residual lymph 
node tissue and within the lymph drainage area of the pri-
mary carcinoma. Previously, several studies reported that TDs 
were associated with decreased prognosis and may identify 
patients with more aggressive tumors who require aggressive 
treatment.6 According to the eighth edition of AJCC stating 
guidelines, patients with positive TDs but negative lymph 
nodes (LNs) are classified as N1c. However, TD is not in-
cluded in the N category for patients with positive LNs.

However, patients recruited in these studies did not re-
ceive neo‐CRT. Some changes will occur after CRT, such 
as decreased number of TDs, degenerative tumor cells, the 
formation of mucous lakes and tissue fibrosis.7 Thus, the 
prognostic and staging values of TDs in LARC patients who 
received neo‐CRT remain unclear. The present study aimed 
to evaluate the prognostic significance of TDs in LARC pa-
tients after neo‐CRT, verify the applicability of the N1c cate-
gory in those tumors, and explore the appropriate methods of 
N staging for those patients.

2  |   PATIENTS AND METHODS

2.1  |  Study population
Between January 2006 and March 2015, a consecutive cohort 
of 550 patients with locally advanced (cT3‐4 and/or cN1‐2) rec-
tal adenocarcinoma treated with neo‐CRT followed by surgery 
at the Fudan University Shanghai Cancer Center were retro-
spectively analyzed. Patients with any of the following criteria 
were excluded from the present study: (a) patients with multiple 
primary malignancies, (b) patients who died in the immediate 
postoperative period (within 30 days), (c) patients with distant 
metastasis identified preoperatively, (d) patients with incom-
plete pathological data, (e) patients with an interval from the 
completion of radiation to surgery greater than 16 weeks and (f) 
patients who were lost to follow‐up. After considering the above 
criteria, a total of 495 LARC patients were included in our study.

2.2  |  Data collection
Multiple clinicopathological data were obtained, including 
number of TDs, age, gender, depth of invasion (pre‐CRT and 
postoperation), number of metastatic LNs (pre‐CRT and post-
operation), distance from the anus, radiation dose, interval 
chemotherapy (chemotherapy within the interval between the 
neoadjuvant chemoradiotherapy and surgery, usually used dur-
ing 2009‐2015 in our center despite of those with older age, poor 
body condition or other reasons), operation procedure, adjuvant 

chemotherapy, differentiation grade, TRG score, number of LNs 
examined, and invasion status of nerves, vessels and circumfer-
ential resection margins (CRM). TDs were defined and evalu-
ated based on the eighth edition of the AJCC staging manual. 
The four‐point TRG system is graded on a scale of 0 (complete 
response; no viable cancer cells) to 3 (poor response; minimal or 
no regression, extensive residual cancer). Survival data, includ-
ing overall survival (OS), disease‐free survival (DFS), distant 
metastasis‐free survival (DMFS), and local recurrence‐free sur-
vival (LRFS), were recorded after the follow‐up.

2.3  |  N category methods
In this study, we used three methods of N categorization (oN, 
n1N, and n2N) to evaluate the impact of the TD count on tumor 
staging methods. The following three methods were employed 
(Table S1). (a) oN method, N staging by counting the number 
of metastatic LNs without TDs. It was the old method used be-
fore the seventh edition AJCC staging system. (b) n1N method, 
N staging according to the N1c category of the eighth edition 
AJCC staging system. It is the new method used currently in 
CRC patients without neo‐CRT. We would like to verify its 
applicability in LARC patients with neo‐CRT. (c) n2N method, 
N staging by counting the total number of metastatic LNs and 
TDs, considering one TD as one metastatic LN. It is the new 
method that we would like to compare with n1N method and 
explore the overall value of TD count on N staging.

2.4  |  Statistical analysis
Data for all categorical variables were summarized as fre-
quencies, and data for all continuous variables were pre-
sented as medians and ranges. The chi‐square tests were used 
to compare differences in the distributions and proportions of 
the clinicopathological variables based on TD status. Survival 
curves were calculated using the Kaplan‐Meier method, and 
survival functions were compared using the log‐rank test. 
Univariate and multivariate Cox proportional hazards re-
gression analyses were used to estimate the association be-
tween TD status and outcomes (OS, DFS, LRFS, DMFS) in 
all patients including, LN‐negative patients and LN‐positive 
patients. Clinicopathological factors with P‐values < 0.1 in 
univariate analyses were included in the multivariate analy-
ses. Differences were considered statistically significant for 
P‐values < 0.05. All statistical analyses were performed 
using SPSS version 22.0 (SPSS, Inc., Chicago, IL).

3  |   RESULTS

3.1  |  Patient characteristics
A total of 495 LARC patients were included in the study. 
According to the criteria of eighth edition of the AJCC 
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staging manual, 82.2% (407 of 495) of the patients were TD‐
negative, and 17.8% (88 of 495) were TD‐positive. Patient 
characteristics based on TD groups are listed in Table 1. 
Compared with TD‐negative patients, TD‐positive patients 
were more likely to be younger (< 50 years old: 42.0% [37 
of 88] vs 30.2% [123 of 407], P = 0.032) and exhibit higher 
cN categories (cN2: 59.1% [52 of 88] vs 39.6% [161 of 407], 
P = 0.002). Pathological results revealed that TD‐negative 
cases were more likely to exhibit lower degrees of TRG 
scores (TRG = 0: 24.8% [101 of 407] vs 4.5% [4 of 88], 
P < 0.001) and ypT (ypT0: 24.8% [101 of 407] vs 4.5% [4 
of 88], P < 0.001) and ypN (ypN0: 75.4% [307 of 407] vs 
45.5% [40 of 88], P < 0.001) categories. In addition, com-
pared with TD‐negative patients, TD‐positive patients exhib-
ited an increased frequency of vascular invasion (11.4% [10 
of 88] vs 5.4% [22 of 407], P = 0.039) and neural invasion 
(20.5% [18 of 88] vs 8.6% [35 of 407], P = 0.001). The above 
findings indicated that TD‐positive LARC patients tended to 
exhibit worse malignant clinicopathological features despite 
receiving neo‐CRT.

3.2  |  Prognostic value of tumor deposits in 
all patients
All LARC patients were separated into TD‐positive and TD‐
negative groups. Survival analyses using the Kaplan‐Meier 
method (Figure 1A‐D) revealed that TD‐positive patients 
had worse OS, DFS, LRFS, and DMFS compared with TD‐
negative patients (OS, P < 0.001; DFS, P < 0.001; LRFS, 
P = 0.005; DMFS, P < 0.001), indicating that TD was a poor 
prognostic factor in LARC patients with neo‐CRT.

In addition, univariate Cox survival analyses (Table S2) 
revealed that OS was significantly associated with cT, cN, 
interval chemotherapy, operation procedures, differentiation 
grade, ypT, ypN, number of LNs examined, and neural, vas-
cular, and CRM invasion. DFS was significantly associated 
with cT, cN, operation procedures, differentiation grade, 
TRG score, ypN, number of LNs examined, and neural, 
vascular invasion. In addition, cT, cN, differentiation grade, 
TRG score, ypN, vascular, and CRM invasion were related to 
LRFS. Moreover, cN, differentiation grade, ypN, number of 
LNs examined, and neural, vascular invasion were associated 
with DMFS.

After adjusting for other clinicopathological factors, mul-
tivariate analyses (Table 2) revealed that TD was an indepen-
dent poor prognostic factor of OS (HR 1.77, 95% CI 1.12‐2.80, 
P = 0.014), DFS (HR 1.64, 95% CI 1.14‐2.36, P = 0.008) 
and LRFS (HR 2.07, 95% CI 1.04‐4.13, P = 0.038), but not 
DMFS (HR 1.43, 95% CI 0.94‐2.19, P = 0.095). In addition, 
cT, surgical procedures, differentiation grade and number of 
LNs examined were independent prognostic factors of OS. 
And cT, surgical procedures and number of LNs examined 
were independent prognostic factor of DFS. For LRFS, cT, 

TRG score and CRM remained significant. TRG score and 
number of LNs examined were independently related to 
DMFS.

3.3  |  Prognostic value of tumor deposits in 
LN‐negative patients
Tumor deposit may exhibit different prognostic values in 
LN‐negative and LN‐positive patients. Thus, we investigated 
the prognostic value of TDs in the two LN subgroups. For 
LN‐negative patients, survival analyses using the Kaplan‐
Meier method (Figure 2A‐D) revealed poor OS, DFS, and 
DMFS in TD‐positive patients compared with TD‐negative 
patients (OS, P < 0.001; DFS, P < 0.001; LRFS, P = 0.275; 
DMFS, P < 0.001) but not LRFS (P = 0.275). Significant 
clinicopathological factors (P < 0.1) for OS, DFS, LRFS, 
and DMFS in univariate Cox models were included in mul-
tivariate Cox survival analyses. The results are presented 
in Table S3. In LN‐negative patients, TD remained a poor 
prognostic factor of OS (OS, HR 2.52, 95% CI 1.27‐5.02, 
P = 0.008), DFS (HR 2.46, 95% CI 1.47‐4.12, P = 0.001), 
and DMFS (HR 2.34, 95% CI 1.29‐4.25, P = 0.005) inde-
pendent of other variables, not LRFS (HR 2.11, 95% CI 
0.70‐6.34, P = 0.184).

3.4  |  Prognostic value of tumor deposits in 
LN‐positive patients
However, for LN‐positive patients, survival analyses using 
the Kaplan‐Meier method (Figure S1a‐d) revealed no asso-
ciation between TD groups and prognosis (OS, P = 0.382; 
DFS, P = 0.389; LRFS, P = 0.075; DMFS, P = 0.700).

Of note, the number of positive LNs varied from 1 to 15, 
exhibiting great heterogeneity in survival time. Thus, we ex-
amined the prognostic value of TD in patients with a specific 
number of positive LNs, such as 1, 2, 3, and greater than 3. As 
shown in Table S4, significant prognostic differences were 
exclusively identified in patients with one positive LN and 
poor OS and LRFS in TD‐positive patients (OS, P = 0.010; 
LRFS, P = 0.013). However, for patients with greater than 1 
positive LNs, no difference in OS, DFS, LRFS, and DMFS 
was noted between the two TD groups.

What's more, we combined patients with negative LN and 
patients with only one positive LN together, then performed 
multivariate analyses again. We found that TD was associated 
with poor OS (HR 2.53, 95% CI 1.43‐4.47, P = 0.001), DFS 
(HR 2.03, 95% CI 1.29‐3.19, P = 0.002), LRFS (HR 2.77, 
95% CI 1.09‐7.03, P = 0.032) and DMFS (HR 1.81, 95% CI 
1.07‐3.07, P = 0.027) in patients with no more than one pos-
itive LN, independent of other clinicopathological features. It 
indicated that TD was an independent poor prognostic factor 
in LARC patients following neo‐CRT, especially in patients 
with no more than one positive LN.
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T A B L E  1   Distribution of clinicopathological features for all LARC patients stratified by TD subgroups

Characteristics, No. (%) All (N = 495) TD‐negative (N = 407) TD‐positive (N = 88) P‐value

Age (y)       0.032

<50 160 (32.3) 123 (30.2) 37 (42.0)  

≥50 335 (67.7) 284 (69.8) 51 (58.0)  

Gender       0.353

Male 352 (71.1) 293 (72.0) 59 (67.0)  

Female 143 (28.9) 114 (28.0) 29 (33.0)  

cT       0.115

T2 11 (2.2) 11 (2.7) 0 (0.0)  

T3 387 (78.2) 312 (76.7) 75 (85.2)  

T4 97 (19.6) 84 (20.6) 13 (14.8)  

cN       0.002

N0 61 (12.3) 56 (13.8) 5 (5.7)  

N1 221 (44.6) 190 (46.7) 31 (35.2)  

N2 213 (43.0) 161 (39.6) 52 (59.1)  

Distance from anus (cm)       0.560

≤5 290 (58.6) 236 (58.0) 54 (61.4)  

>5 205 (41.4) 171 (42.0) 34 (38.6)  

Radiation dose (Gy)       0.445

≤50 396 (80.0) 323 (79.4) 73 (83)  

>50 99 (20.0) 84 (20.6) 15 (17.0)  

Interval chemotherapy       0.339

No 175 (35.4) 140 (34.4) 35 (39.8)  

Yes 320 (64.6) 267 (65.6) 53 (60.2)  

Surgical procedure       0.828

APR 267 (53.9) 222 (54.5) 45 (51.1)  

AR 194 (39.2) 157 (38.6) 37 (42.0)  

Hartmann 34 (6.9) 28 (6.9) 6 (6.8)  

Adjuvant chemotherapy       0.575

No 35 (7.1) 30 (7.4) 5 (5.7)  

Yes 460 (92.9) 377 (92.6) 83 (94.3)  

Differentiation grade       0.024

Low 65 (13.1) 45 (11.1) 20 (22.8)  

Middle 203 (41.0) 167 (41.1) 36 (40.9)  

High 16 (3.2) 13 (3.2) 3 (3.3)  

Unknown 210 (42.5) 181 (44.6) 29 (33.0)  

TRG       <0.001

0 105 (21.2) 101 (24.8) 4 (4.5)  

1 133 (26.9) 109 (26.8) 24 (27.3)  

2 222 (44.8) 172 (42.3) 50 (56.8)  

3 35 (7.1) 25 (6.1) 10 (11.4)  

ypT       <0.001

T0 105 (21.2) 101 (24.8) 4 (4.5)  

T1 20 (4.0) 20 (4.9) 0 (0.0)  

T2 138 (27.9) 117 (28.7) 21 (23.9)  

(Continues)
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3.5  |  The relevance of tumor deposit 
count and prognosis

The abovementioned findings revealed the poor prognostic 
value of TD in LARC patients with neo‐CRT. However, the 
relevance of the TD count and prognosis was unclear. Thus, 
we defined four grades of TD counts according to the criteria 
presented in Table S5 and classified the patients into four 
groups. After replacing the variable “TD status” by the new 
variable “TD grade”, similar Kaplan‐Meier and multivariate 
Cox survival analyses (Table S6) were performed again to 
examine the prognostic value of TD numbers.

For all patients, although the P‐values in Kaplan‐Meier 
survival analyses were all < 0.05 in OS, DFS, LRFS, and 
DMFS, the HR‐values did not increase successively among 
grade 1 vs 0, grade 2 vs 0, and grade 3 vs 0 in multivar-
iate analyses. For LN‐positive patients, Kaplan‐Meier sur-
vival analyses revealed survival differences only in LRFS 
(P = 0.012), and multivariate analyses did not reveal increas-
ing HR values for LRFS.

However, multivariate analyses in LN‐negative patients 
exhibited successively increasing HR values among grade 1 
vs 0, grade 2 vs 0, and grade 3 vs 0 only in terms of OS and 
DFS. This finding indicated that the increasing TD counts 

were associated with decreasing survival only in LN‐negative 
patients, not in LN‐positive patients.

3.6  |  Staging value of tumor deposits
We used three methods of N categorization (oN, n1N, and 
n2N) to evaluate the impacts of TD count on N staging 
method. The changes in patient distributions among the three 
methods are presented in Table S7. On comparing the n1N 
and oN methods, 40 patients changed from N0 to N1c. These 
40 patients were then transformed into 8 N1a, 10 N1b, 13 
N2a, and 9 N2b patients using the n2N method. Finally, for 
a total of 32 patients, N1 categorization changed to N2 using 
the n2N method.

After replacing the variables “TD status, ypN” by the 
new variables “n1N” or “n2N”, we independently per-
formed similar multivariate Cox survival analyses twice. 
The results of survival analyses using the three methods 
are presented in Table 3. Of note, after adjusting for mul-
tiple relevant variables, n1N and n2N were both inde-
pendent prognostic factors of OS (n1N, P = 0.003; n2N, 
P = 0.003), DFS (n1N, P < 0.001; n2N, P < 0.001), and 
DMFS (n1N, P = 0.001; n2N, P = 0.001) but not LRFS 
(n1N, P = 0.202; n2N, P = 0.079). However, oN was not 

Characteristics, No. (%) All (N = 495) TD‐negative (N = 407) TD‐positive (N = 88) P‐value

T3 203 (41.0) 147 (36.1) 56 (63.6)  

T4 29 (5.9) 22 (5.4) 7 (8.0)  

ypN       <0.001

N0 347 (70.1) 307 (75.4) 40 (45.5)  

N1 100 (20.2) 74 (18.2) 26 (29.5)  

N2 48 (9.7) 26 (6.4) 22 (25.0)  

LNs examined       0.155

≤11 287 (58.0) 230 (56.5) 57 (64.8)  

>11 208 (42.0) 177 (43.5) 31 (35.2)  

Vascular invasion       0.039

Negative 463 (93.5) 385 (94.6) 78 (88.6)  

Positive 32 (6.5) 22 (5.4) 10 (11.4)  

Neural invasion       0.001

Negative 442 (89.3) 372 (91.4) 70 (79.5)  

Positive 53 (10.7) 35 (8.6) 18 (20.5)  

CRM invasion       0.419

Negative 492 (99.4) 404 (99.3) 88 (100.0)  

Positive 3 (0.6) 3 (0.7) 0 (0.0)  

TD, tumor deposit; LN, lymph node; TRG, tumor regression grade; CRM, circumferential resection margin.

T A B L E  1   (Continued)
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independently associated with OS, DFS, LRFS, and DMFS. 
These findings indicated that TD had an important impact 
on prognosis and should be taken into consideration when 
performing N staging.

To compare the efficacy of n1N and n2N methods, we 
performed survival analyses using the Kaplan‐Meier method, 
illustrating the prognostic differences among multiple N sub-
groups. The n1N method could distinguish N0 patients from 
N1a‐2b patients in OS, DFS, DMFS, and LRFS. However, 
as shown in Figure 3A‐D, the n2N method could distinguish 
N0 as well as N1a patients from N1b‐2b patients in OS and 
DFS. Similar trend was also found in DMFS (Figure S2C,D). 
Although no difference in LRFS was noted between N0 and 
N1a patients using the n2N method, the method could distin-
guish N0‐1a patients from N1b‐2b patients (Figure S2a,b). 
Thus, it seemed that the n2N method exhibited better prog-
nostic efficacy compared with the n1N method. Thus, it was 
probably better to consider one TD as one positive LN.

3.7  |  The relevance of one tumor deposit and 
one positive lymph node
To investigate whether one TD was equivalent to one posi-
tive LN, we compared the survival difference between the 
following two groups of patients using the Kaplan‐Meier 
method: LN‐negative patients with TDs (its positive number 

was i) and TD‐negative patients with positive LNs (its posi-
tive number was j). Interestingly, when the positive num-
ber equaled one (i = j = 1) and two (i = j = 2), no survival 
difference was noted between the two groups (all P > 0.1) 
(Table S8). The results indicated that one TD likely had the 
same poor prognostic value as one positive LN.

4  |   DISCUSSION

Tumor deposits are typically found in the perirectal and 
mesenteric adipose tissue around rectal adenocarcino-
mas. Several editions of the American Joint Committee on 
Cancer (AJCC) staging manual have defined TDs. Gabriel 
et al defined TD in 1935 for the first time and considered 
the invasion depth of TD‐positive patients as pT3. In 1997, 
the fifth edition of the AJCC staging manual defined TD 
according to the criterion of maximum diameter. Nodules 
≤3 mm were considered as TDs, and nodules >3 mm were 
considered as positive LNs. In 2002, the sixth edition of the 
AJCC staging manual defined TDs according to criterion 
of their contours. Nodules with irregular contours were 
considered as TDs, and nodules with regular contours were 
considered as positive LNs.9 Furthermore, in 2009, the 
definition of TD changed considerably in the seventh edi-
tion of the AJCC staging manual. TDs should be located in 

F I G U R E  1   Kaplan‐Meier plots of 
overall survival (A), disease‐free survival 
(B), local recurrence‐free survival (C), and 
distant metastasis‐free survival (D) in all 
LARC patients stratified by TD subgroups

0 20 40 60 80 100 120
0.0

0.2

0.4

0.6

0.8

1.0

Time (mo)

O
ve

ra
ll

su
rv

iv
al

(p
ro

ba
bl

ili
ty

)

TD-negative
TD-positive

log-rank P < 0.001

0 20 40 60 80 100 120
0.0

0.2

0.4

0.6

0.8

1.0

Time (mo)

D
is

ea
se

fr
ee

su
rv

iv
al

(p
ro

ba
bl

ili
ty

)

TD-negative
TD-positive

log-rank P < 0.001

0 20 40 60 80 100 120
0.0

0.2

0.4

0.6

0.8

1.0

Time (mo)Lo
ca

lr
ec

ur
re

nc
e

fr
ee

su
rv

iv
al

(p
ro

ba
bl

ili
ty

)

TD-negative
TD-positive

log-rank P = 0.005

0 20 40 60 80 100 120
0.0

0.2

0.4

0.6

0.8

1.0

Time (mo)D
is

ta
nt

m
et

as
ta

si
s

fr
ee

su
rv

iv
al

(p
ro

ba
bl

ili
ty

)

TD-negative
TD-positive

log-rank P < 0.001

A B

C D



1514  |      WANG et al.

T
A

B
L

E
 2

 
M

ul
tiv

ar
ia

te
 su

rv
iv

al
 a

na
ly

se
s o

f p
ro

gn
os

tic
 fa

ct
or

s i
n 

al
l L

A
R

C
 p

at
ie

nt
s

C
ha

ra
ct

er
ist

ic
s

O
S

D
FS

LR
FS

D
M

FS

 
H

R
a  (9

5%
 C

I)
P

H
R

a  (9
5%

 C
I)

P
H

R
a  (9

5%
 C

I)
P

H
R

a  (9
5%

 C
I)

P

cT
 

0.
03

5
 

0.
02

9
 

0.
00

8
 

0.
28

7

T2
1.

00
 

1.
00

 
1.

00
 

1.
00

 

T3
0.

87
 (0

.2
0‐

3.
76

)
0.

84
9

1.
80

 (0
.4

3‐
7.

50
)

0.
42

2
45

24
 (<

 0
.0

1,
 >

 
20

0)
0.

92
0

2.
39

 (0
.3

2‐
17

.5
8)

0.
39

4

T4
1.

61
 (0

.3
5‐

7.
33

)
0.

53
9

2.
83

 (0
.6

6‐
12

.1
2)

0.
16

1
12

40
4 

(<
 0

.0
1,

 
>

 2
00

)
0.

91
0

3.
18

 (0
.4

2‐
24

.0
8)

0.
26

3

cN
 

0.
56

5
 

0.
44

2
 

0.
36

8
.

0.
72

8

N
0

1.
00

 
1.

00
 

1.
00

 
1.

00
 

N
1

1.
45

 (0
.6

9‐
3.

05
)

0.
33

4
1.

35
 (0

.7
8‐

2.
34

)
0.

28
5

1.
32

 (0
.4

3‐
4.

06
)

0.
62

8
1.

08
 (0

.5
8‐

2.
00

)
0.

80
5

N
2

1.
50

 (0
.7

0‐
3.

21
)

0.
29

4
1.

45
 (0

.8
2‐

2.
56

)
0.

20
2

1.
95

 (0
.6

3‐
6.

03
)

0.
24

7
1.

24
 (0

.6
6‐

2.
33

)
0.

50
5

In
te

rv
al

 c
he

m
ot

he
ra

py
 

0.
66

2
 

0.
38

6
 

0.
54

1
.

0.
50

5

N
o

1.
00

 
1.

00
 

1.
00

 
1.

00
 

Y
es

0.
44

 (1
.0

0‐
0.

44
)

 
0.

87
 (0

.6
3‐

1.
19

)
 

1.
21

 (0
.6

6‐
2.

24
)

 
0.

88
 (0

.6
1‐

1.
28

)
 

Su
rg

ic
al

 p
ro

ce
du

re
 

0.
00

7
 

0.
00

1
 

0.
54

3
.

0.
09

1

A
PR

1.
00

 
1.

00
 

1.
00

 
1.

00
 

LA
R

0.
92

 (0
.5

9‐
1.

45
)

0.
72

4
0.

85
 (0

.6
0‐

1.
20

)
0.

35
5

0.
79

 (0
.4

2‐
1.

52
)

0.
48

4
0.

96
 (0

.6
5‐

1.
41

)
0.

83
0

H
ar

tm
an

n
2.

61
 (1

.3
6‐

5.
01

)
0.

00
4

2.
33

 (1
.3

6‐
3.

99
)

0.
00

2
1.

48
 (0

.4
8‐

4.
53

)
0.

49
6

1.
98

 (1
.0

3‐
3.

82
)

0.
04

1

D
iff

er
en

tia
tio

n 
gr

ad
e

 
0.

00
1

 
0.

29
8

 
0.

23
1

.
0.

13
0

Lo
w

1.
00

 
1.

00
 

1.
00

.
1.

00
 

M
id

dl
e

0.
33

 (0
.1

9‐
0.

57
)

<
 0

.0
01

0.
49

 (0
.3

2‐
0.

77
)

0.
00

2
0.

45
 (0

.2
0‐

1.
00

)
0.

05
1

0.
57

 (0
.3

4‐
0.

94
)

0.
02

7

H
ig

h
0.

30
 (0

.0
7‐

1.
35

)
0.

11
7

0.
62

 (0
.2

4‐
1.

57
)

0.
31

3
0.

69
 (0

.1
7‐

2.
78

)
0.

59
8

0.
41

 (0
.1

2‐
1.

43
)

0.
15

9

U
nk

no
w

n
0.

60
 (0

.3
4‐

1.
07

)
0.

08
5

0.
67

 (0
.4

1‐
1.

07
)

0.
09

6
0.

49
 (0

.2
0‐

1.
19

)
0.

11
4

0.
73

 (0
.4

2‐
1.

27
)

0.
26

9

TR
G

 
0.

55
8

 
0.

29
8

 
0.

01
9

.
0.

01
1

0
1.

00
 

1.
00

 
1.

00
 

1.
00

 

1
3.

88
 (0

.4
9‐

30
.7

9)
0.

20
0

6.
58

 (0
.6

8‐
63

.5
2)

0.
10

4
2.

51
 

(0
.1

7‐
37

.5
4)

0.
50

6
21

.4
8 

(3
.0

0‐
15

3.
73

)
0.

00
2

2
3.

22
 (0

.4
0‐

26
.2

3)
0.

27
4

6.
11

 (0
.6

2‐
60

.0
1)

0.
12

0
1.

81
 

(0
.1

1‐
29

.0
5)

0.
67

4
21

.3
1 

(2
.8

5‐
15

9.
29

)
0.

00
3

3
2.

86
 (0

.3
0‐

27
.0

3)
0.

36
0

8.
27

 (0
.7

9‐
86

.3
5)

0.
07

7
6.

80
 

(0
.4

0‐
11

7.
02

)
0.

18
7

33
.5

6 
(4

.1
2‐

27
3.

10
)

0.
00

1 (C
on

tin
ue

s)



      |  1515WANG et al.

C
ha

ra
ct

er
ist

ic
s

O
S

D
FS

LR
FS

D
M

FS

 
H

R
a  (9

5%
 C

I)
P

H
R

a  (9
5%

 C
I)

P
H

R
a  (9

5%
 C

I)
P

H
R

a  (9
5%

 C
I)

P

yp
T

 
0.

56
0

 
0.

69
8

 
0.

55
1

.
0.

06
2

T0
1.

00
 

1.
00

 
1.

00
 

1.
00

 

T1
0.

20
 (0

.0
2‐

2.
46

)
0.

21
1

0.
21

 (0
.0

2‐
2.

36
)

0.
20

8
1.

61
 

(0
.0

9‐
28

.4
8)

0.
74

6
0.

06
 (0

.0
1‐

0.
49

)
0.

00
9

T2
0.

30
 (0

.0
4‐

2.
50

)
0.

26
8

0.
25

 (0
.0

3‐
2.

49
)

0.
23

8
0.

77
 

(0
.0

5‐
12

.5
7)

0.
85

7
0.

06
 (0

.0
1‐

0.
44

)
0.

00
5

T3
0.

40
 (0

.0
5‐

3.
33

)
0.

39
6

0.
22

 (0
.0

2‐
2.

21
)

0.
19

8
0.

57
 (0

.0
3‐

9.
72

)
0.

69
5

0.
06

 (0
.0

1‐
0.

47
)

0.
00

7

T4
0.

50
 (0

.0
5‐

4.
64

)
0.

53
9

0.
19

 (0
.0

2‐
2.

11
)

0.
17

8
0.

33
 (0

.0
1‐

8.
38

)
0.

50
3

0.
04

 (0
.0

04
‐0

.3
4)

0.
00

3

yp
N

 
0.

24
2

 
0.

09
8

 
0.

70
8

.
0.

07
9

N
0

1.
00

 
1.

00
 

1.
00

 
1.

00
 

N
1

1.
45

 (0
.8

6‐
2.

45
)

0.
15

9
1.

52
 (1

.0
1‐

2.
29

)
0.

04
3

1.
25

 (0
.5

7‐
2.

74
)

0.
57

3
0.

03
 (1

.6
5‐

1.
05

)
0.

03
1

N
2

1.
68

 (0
.8

5‐
3.

31
)

0.
13

5
1.

57
 (0

.9
1‐

2.
70

)
0.

10
8

1.
50

 (0
.5

6‐
3.

99
)

0.
41

8
0.

11
 (1

.6
9‐

0.
89

)
0.

10
7

Tu
m

or
 D

ep
os

its
 

0.
01

4
 

0.
00

8
 

0.
03

8
.

0.
09

5

N
eg

at
iv

e
1.

00
 

1.
00

 
1.

00
 

1.
00

 

Po
si

tiv
e

1.
77

 (1
.1

2‐
2.

80
)

 
1.

64
 (1

.1
4‐

2.
36

)
 

2.
07

 (1
.0

4‐
4.

13
)

 
1.

43
 (0

.9
4‐

2.
19

)
 

LN
s e

xa
m

in
ed

 
0.

00
3

 
0.

00
2

 
0.

09
3

.
0.

00
5

≤
11

1.
00

 
1.

00
 

1.
00

 
1.

00
 

>
11

0.
52

 (0
.3

4‐
0.

80
)

 
0.

60
 (0

.4
3‐

0.
82

)
 

0.
60

 (0
.3

3‐
1.

09
)

 
0.

58
 (0

.4
0‐

0.
85

)
 

V
as

cu
la

r i
nv

as
io

n
 

0.
80

7
 

0.
32

0
 

0.
10

4
.

0.
32

5

N
eg

at
iv

e
1.

00
 

1.
00

 
1.

00
 

1.
00

 

Po
si

tiv
e

1.
08

 (0
.5

7‐
2.

06
)

 
1.

32
 (0

.7
7‐

2.
27

)
 

2.
10

 (0
.8

6‐
5.

12
)

 
1.

35
 (0

.7
4‐

2.
47

)
 

N
eu

ra
l i

nv
as

io
n

 
0.

92
5

 
0.

78
1

 
0.

22
1

.
0.

63
7

N
eg

at
iv

e
1.

00
 

1.
00

 
1.

00
 

1.
00

 

Po
si

tiv
e

0.
97

 (0
.5

5‐
1.

74
)

 
1.

07
 (0

.6
7‐

1.
72

)
 

0.
52

 (0
.1

8‐
1.

49
)

 
1.

13
 (0

.6
7‐

1.
91

)
 

C
R

M
 in

va
si

on
 

0.
06

8
 

0.
26

3
 

0.
00

1
.

0.
96

4

N
eg

at
iv

e
1.

00
 

1.
00

 
1.

00
 

1.
00

 

Po
si

tiv
e

4.
21

 (0
.9

0‐
19

.7
8)

 
2.

32
 (0

.5
3‐

10
.1

6)
 

19
.5

0 
(3

.4
6‐

11
0.

02
)

 
<

 0
.0

1 
(<

0.
01

, >
20

0)
 

H
R

, h
az

ar
d 

ra
tio

; T
D

, t
um

or
 d

ep
os

it;
 L

N
, l

ym
ph

 n
od

e;
 T

R
G

, t
um

or
 re

gr
es

si
on

 g
ra

de
; C

R
M

, c
irc

um
fe

re
nt

ia
l r

es
ec

tio
n 

m
ar

gi
n.

a M
ul

tiv
ar

ia
te

 C
ox

 re
gr

es
si

on
 m

od
el

 c
on

tro
lli

ng
 fo

r c
T,

 c
N

, i
nt

er
va

l c
he

m
ot

he
ra

py
, s

ur
gi

ca
l p

ro
ce

du
re

, t
um

or
 g

ra
de

, T
R

G
 sc

or
e,

 y
pT

, y
pN

, N
o.

 o
f L

N
 e

xa
m

in
ed

, v
as

cu
la

r i
nv

as
io

n,
 n

eu
ra

l i
nv

as
io

n,
 a

nd
 C

R
M

. 

T
A

B
L

E
 2

 
(C

on
tin

ue
d)



1516  |      WANG et al.

the pericolorectal fat or adjacent mesocolic fat, away from 
the leading edge of the tumor, with no evidence of residual 
lymph node tissue, and within the lymph drainage area of 
the primary carcinoma.10 The current eighth edition of the 

AJCC staging manual emphasizes the importance of no 
evidence of residual LN, neural, and vascular tissues with 
other details remaining unchanged. According to the sev-
enth and eighth editions of AJCC stating manuals, patients 

F I G U R E  2   Kaplan‐Meier plots of 
overall survival (A), disease‐free survival 
(B), local recurrence‐free survival (C), 
and distant metastasis‐free survival (D) in 
LN‐negative LARC patients stratified by TD 
subgroups
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A B

C D

T A B L E  3   Adjusted HRs and 95% CIs for survival by three N staging methods in all LARC patients

Method

OS DFS LRFS DMFS

HRa (95% CI) P HRa (95% CI) P HRa (95% CI) P HRa (95% CI) P

oN   0.242   0.098   0.708   0.079

N0 1.00   1.00   1.00   1.00  

N1 1.45 (0.86‐2.45) 0.159 1.52 (1.01‐2.29) 0.043 1.25 (0.57‐2.74) 0.573 1.03 (1.65‐1.05) 0.031

N2 1.68 (0.85‐3.31) 0.135 1.57 (0.91‐2.70) 0.108 1.50 (0.56‐3.99) 0.418 1.11 (1.69‐0.89) 0.107

n1N   0.003   <0.001   0.202   0.001

N0 1.00   1.00   1.00   1.00  

N1 2.24 (1.36‐3.69) 0.002 2.18 (1.50‐3.17) <0.001 1.63 (0.79‐3.39) 0.190 2.16 (1.40‐3.33) <0.001

N2 2.81 (1.38‐5.72) 0.004 2.40 (1.39‐4.14) 0.002 2.35 (0.90‐6.19) 0.083 2.40 (1.27‐4.53) 0.007

n2N   0.003   <0.001   0.079   0.001

N0 1.00   1.00   1.00   1.00  

N1 2.14 (1.27‐3.60) 0.004 2.06 (1.39‐3.04) <0.001 1.45 (0.67‐3.12) 0.342 2.10 (1.34‐3.28) 0.001

N2 2.79 (1.50‐5.19) 0.001 2.65 (1.65‐4.26) <0.001 2.72 (1.13‐6.57) 0.026 2.48 (1.42‐4.32) 0.001

HR, hazard ratio; OS, overall survival; DFS, disease‐free survival; LRFS, local recurrence‐free survival; DMFS, distant metastasis‐free survival.
aMultivariate Cox regression model controlling for cT, cN, interval chemotherapy, surgical procedure, tumor grade, TRG score, ypT, ypN (using three N staging meth-
ods), No. of LN examined, vascular invasion, neural invasion, and CRM. 
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with positive TDs but negative LNs are classified as N1c. 
However, TD is not included in the N category for patients 
with positive LNs.

Previously, several studies reported that TDs were associ-
ated with poor prognosis in colorectal cancers. Ueno et al found 
that TD was a poor prognostic factor independent of pT and 
pN.11-13 Tong et al reported that TD‐positive patients had worse 
survival compared with TD‐negative patients among LN‐neg-
ative patients.14 Nagayoshi et al verified the independent prog-
nostic value of TD not only in LN‐negative patients but also 
in patients with less than four positive LNs.15 These findings 
indicated that patients with TDs should probably receive more 
aggressive chemotherapy to control local recurrence and distant 
metastasis.

Song et al studied 513 patients with stage III colorectal 
cancers to evaluate the impact of TD on tumor staging.16 
They classified the patients using the following two staging 
methods: method 1 (pN, pTNM) based on the seventh edi-
tion of AJCC staging manual and method 2 (npN, npTNM), 
which considered one TD as one positive LN. Univariate 
and multivariate survival analyses revealed pN, pTNM, npN, 
and npTNM were all associated with prognosis. However, 
npN and nTNM exhibited improved predictive ability of the 
prognosis compared with pN and nTNM by calculating the 
Harrell's C index. In addition, TD‐negative and TD‐positive 
patients did not exhibit significant survival differences within 
the same subgroup of npN, indicating that one TD may have 
equal prognostic value to one positive LN.

However, patients recruited in these studies did not re-
ceive neo‐CRT. Some changes will occur after CRT, such as 
decreased number of TDs, degenerative tumor cells, the for-
mation of mucous lakes, and tissue fibrosis.7 These changes 
may influence the accuracy of the prognostic and staging val-
ues of TD in patients with neo‐CRT.

Several studies have assessed LARC patients with neo‐
CRT, but the conclusions were controversial. In 2011, Song 
et al retrospectively analyzed 136 pT3N0M0 patients with 
neo‐CRT and did not identify any significant differences 
in OS and DFS between TD‐positive and TD‐negative pa-
tients.17 Thus, in their opinion, the N1c category was not ap-
plicable to patients with neo‐CRT. However, in 2014, Gopal 
et al reported that TD‐positive patients exhibited increased 
frequencies of metastatic LNs (P = 0.035), distant metasta-
sis (P = 0.006), and worse survival (P = 0.027) after ana-
lyzing 110 patients with neo‐CRT.18 In 2015, another study 
with 310 LARC patients was performed by Zhang et al.19 
Survival analyses using the Kaplan‐Meier method revealed 
worse OS, DFS, and DMFS in TD‐positive patients, not 
LRFS. Multivariate survival analyses revealed that TD re-
mained an independent poor prognostic factor of OS and 
DFS (OS, HR 2.44, P = 0.004; DFS, HR 1.99, P = 0.007). 
In TD‐positive patients, patients with chemotherapy after 
operation exhibited significantly better OS (P = 0.045) and 
DMFS (P = 0.026) compared with those without chemo-
therapy. These findings indicated that TD‐positive patients 
likely needed more aggressive chemotherapy to acquire 

F I G U R E  3   Comparison of overall 
survival (A, B), disease‐free survival (C, D) 
in all LARC patients stratified by n1N and 
n2N staging methods
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longer survival despite receiving neo‐CRT. In 2016, Wei 
et al analyzed 4813 LARC patients with neo‐CRT from 
the Surveillance, Epidemiology, and End Results (SEER) 
database and verified the poor independent prognostic 
value of TD in cancer‐specific survival (CSS, HR 2.25, 
P < 0.001).20 In addition, the CSS of N1c patients was sig-
nificantly worse compared with N0 patients, confirming the 
application of the N1c category in LARC patients with neo‐
CRT. Recently, Bouquot et al included 1122 colorectal pa-
tients to evaluate the impact of N1c category in both colon 
and rectal cancers.21 N1c category were identified only in 
57 patients (24 colon cancers and 33 rectal cancers) and 
was associated with rectal cancer, advanced tumor stage 
(~90% T3‐T4), and synchronous metastases (40%). A total 
of 33 N1c nonmetastatic colon (14 patients) and rectal tu-
mors (19 patients, of which 13 patients received neo‐CRT) 
were matched to 161 N0, N1a, and N1b colorectal speci-
mens. There was no difference in terms of 3‐year OS among 
N0, N1a, N1b, and N1c tumors (P = 0.9633). DFS was sig-
nificantly worse for N1c tumors compared to N0 tumors 
(P = 0.017), but not significantly different among N1a, 
N1b, and N1c tumors (P = 0.0363). However, difference in 
DFS between N1c and N0 was significant only for colon 
cancers (P = 0.014), not rectal cancer (P = 0.253), which 
indicate the difficulty of categorizing N1c in rectal cancer 
after neoadjuvant therapy. At present, there is no data to 
classify TD after neoadjuvant therapy in a best way.

In the present study, we retrospectively analyzed 495 
LARC patients after neo‐CRT to evaluate the prognostic sig-
nificance of TDs, verified the applicability of the N1c cate-
gory in those tumors, and explored the appropriate methods 
of N staging for those patients for the first time.

First, the patients were separated into two groups: TD‐
positive group and TD‐negative group. The chi‐square tests 
revealed that TD‐positive LARC patients with neo‐CRT 
tended to exhibit worse malignant clinicopathological fea-
tures, which were similar to those without neo‐CRT. Second, 
survival analyses were performed. In multivariate analysis, 
TD was an independent poor prognostic factor of OS, DFS, 
and LRFS in all patients. In LN‐negative patients, TD was 
also an independent poor prognostic factor of OS, DFS, 
and DMFS. The N1c category described in eighth edition 
of AJCC staging manual is also applicable in LN‐nega-
tive patients, which was in agreement with the findings by 
Wei et al.20 However, it was not consistent with results by 
Bouquot et al, which showed worse survival of N1c category 
compared with N0 category only in colon cancers, not rectal 
cancers.21 The reason may be the small sample size of N1c 
rectal cancers (19 patients), including only 13 rectal cancers 
receiving neo‐CRT.

Interestingly, in LN‐positive patients, we found that TD 
was associated with poor OS and LRFS only in patients with 
one positive LN. Moreover, TD was associated with poor OS, 

DFS, LRFS, and DMFS in patients with no more than one 
positive LN, independent of other clinicopathological fea-
tures. For patients with greater than two positive LNs, no dif-
ferences in OS, DFS, LRFS, and DMFS were noted between 
the two TD groups. In patients with several positive LNs, the 
key factor that has an essential impact on local recurrence and 
distant metastasis is positive LNs, not positive TDs. The pa-
tients in the two TD groups both have relatively bad survival 
regardless of their TD status.

Then, we analyzed the associations between TD count and 
survival. Multivariate analyses revealed that successively in-
creasing HR values among grade 1 vs 0, grade 2 vs 0, and grade 
3 vs 0 exclusively existed in LN‐negative patients in terms of 
OS and DFS. Increasing TD count was associated with de-
creasing survival exclusively in LN‐negative patients but not 
in all patients or LN‐positive patients. These findings indicated 
that the poor prognostic value of TD is more obvious and sig-
nificant in LN‐negative patients. It is the positive LNs that ac-
count more for the bad prognosis in LN‐positive patients.

Finally, three independent multivariate analyses ac-
cording to the three N staging methods were performed. 
Our results demonstrated that oN was not an independent 
prognostic factor, whereas n1N and n2N were independent 
poor prognostic factors of OS, DFS, and DMFS but not 
LRFS. The first multivariate survival analysis including 
the method 1 (oN) showed that oN was not an independent 
prognostic factor. In other words, in LARC patients with 
neo‐CRT, N staging method not including TDs was not 
powerful enough to predict survivals. The second multivar-
iate survival analysis including the method 2 (n1N) showed 
that n1N was an independent poor prognostic factor of OS, 
DFS, and DMFS. It showed that N1c category was nec-
essary for LARC patients with neo‐CRT, which would 
improve the efficacy of N staging. The third multivariate 
survival analysis including the method 3 (n2N) showed that 
n2N was also an independent poor prognostic factor of OS, 
DFS, and DMFS. Considering one TD as one positive LN 
could also improve the efficacy of N staging. Furthermore, 
Kaplan‐Meier plots comparing n1N method with n2N 
method revealed that the prognostic efficacy of the n2N 
method seemed to be better than the n1N method. Thus, it 
was probably better to consider one TD as one positive LN 
and include the total number of metastatic LNs and TDs 
into N staging, not just considering those LN‐negative pa-
tients with TDs as N1c category. In addition, no statistical 
differences in OS, DFS, LRFS, and DMFS were noted be-
tween TD(+)LN(‐) patients and LN(+)TD(‐) patients with 
the same counts of TDs and positive LNs, which verified 
the equal value of one positive TD and one positive LN.

However, the conclusion regarding the TD staging value 
should be interpreted with caution. Only 17.8% (88 of 495) 
patients were TD positive. The number of TD‐positive pa-
tients was relatively small (even only several patients in one 
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subgroup) when they were separated into different LN sub-
groups or N stage subgroups. The sample size was not suffi-
cient to analyze the accurate staging value of TD, which was 
the main limitation of this study. We can only conclude that 
TD should be taken into consideration when performing N 
staging. In addition, although we can advise that the N1c cat-
egory should be included for TD‐positive LARC patients with 
negative LNs, which is the same as those without neo‐CRT, 
however, given the small number of TD‐positive patients, we 
cannot assess whether an extra N category for TD‐positive 
LARC patients with only one positive LN is necessary.

In this study, we only used Kaplan‐Meier analyses to com-
pare the prognostic efficacy between nN1 and nN2 staging 
methods and to compare the prognostic value between one 
positive TD and one positive LN. The statistical methods 
were relatively simple, and advanced methods, such as R lan-
guage, are needed. Thus, further studies with larger samples 
and advanced statistical methods are needed to investigate the 
accurate staging value of TD and whether one positive TD 
should have the same prognostic value as one positive LN. 
Future studies should develop an ideal staging model that in-
cludes not only T, N, and M categories but also extra catego-
ries characterized by positive TDs with different LN statuses.

In summary, TD is an independent poor prognostic factor 
in LARC patients following neo‐CRT, especially in patients 
with no more than one positive LN. The N1c category of 
eighth edition of the AJCC staging manual is also applicable 
in LN‐negative patients. When counting the total number of 
metastatic LNs and TDs, the new N staging method (n2N) 
can achieve a better efficacy than others. Of course, further 
studies with large samples are needed to investigate the accu-
rate staging value of TD and whether one TD could be con-
sidered as one positive LN.
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