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bstract
BACKGROUND
In colorectal cancer, tumor deposits EDS) are considered to be a prognostic factor in the
current staging system, and are only considered in the absence of lymph node
metastases (LNMs). However, this definition and the subsequent prognostic value
based on it is controveaial, with various hypotheses. TDs may play an independent
role when it comes to survival and addition of TDs to LNM count may predict the

prognosis of patients more accurately.

AIM

To assess the prognostic impact of TDs and evaluate the effect of their addition to the

LNM count.

METHODS
The patients i derived from the Surveillance, Epidemiglogy, and End Results

database. A prognostic analysis regarding impact of TDs on overall survival (OS) was




performed using Cox regression model, and other covariates associating with OS were
adjusted. The effect of addition of TDs to LNM count on N restaging was also
evaluated. The subgroup analysis was performed to explore the different profile of risk

factors between patients with and without TDs.

RESULTS

Overall, 103755 patients we& enrolled with 14131 (13.6%) TD-positive and 89624
(86.4%) TD-negative tumors. TD-positive patients had worse prognosis compared with
TD-negative patients, with 3-year OS rates of 47.3% (95%CI, 46.5%-48.1%) and 77.5%
(95%ClI, 77.2%-77.8%, P < 0.0001), respectively. On multivariable analysis, TDs were
associated poorer OS (hazard ratio, 1.35; 95%CI, 1.31-1.38; P < 0.0001). Among TD-
positive patients, the number of TDs had a linear negative effect on disease-free
survival and OS. After reclassifying patieﬁs by adding TDs to the LNM count, 885 of
19965 (4.4%) N1 patients were restaged _as pN2, with worse outcomes than patients
restaged as pN1 (3-year OS rate: 78.5%, 95%Cl, 77.9%-79.1% vs 63.2%, 95%ClI, 60.1%-
66.5%, respectively; P < 0.0001).

CONCLI&SION
TDs are an independent prognostic factor for OS in colorectal cancer. The addition of
TDs to LNM count improved the prognostic accuracy of tumor, node and metastasis

staging.
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Core Tip: Wg_evaluated the predictive value of tumor deposits (TDs) for overall

rvival (OS) in patients with colorectal cancer based on a collection of 103755 patients
derived from Surveillance, Epidemiology, and End Results database, including TD-
negative and TD-positive subpopulations with Cox proportional hazar odel. The
sensitivity analyses were performed to detect outcome robustness. T&was an
independent prognostic factor for OS. We also performed exploratory analysis to
evaluate the effect of TD addition to the lymph node metastases count in tumor, node
and metastasis-stage III subpopulations. The outcomes of subgroup analysis
investigating the different risk factor profiles indicated that TDs may affect survival

through more than one approach.




INTRODUCTION

Colorectal cancer was the third ggost common cancer and second leading cause of death
among all types of cancer with 1.93 million new cases and 0.94 million deaths in 2020[11.
The key point of treatment for colorectal cancer isE determine the stage on which we
depend when carrying out treatment strategies. The American Joint Committee on
Cancer (AJCC) tumor, node and metastasis (TNM) staging system is the standard tool
for staging. Staging systems for colorectal cancer are evolving as more information
regarding predictors of outcome emergesaamong which, tumor deposits (TDs) have
been debated and investigated. Previous studies have shown that TDs are associated
withéoor survival and earlier development of metastasisi>#l. However, the definition
and prognostic value of TDs remains controversial. TDs first appeared in the fifth
edition of TNMgtaging system in 1997 and the definition of TDs has been evolving
since then. The distinction of a TD from involved lymph nodes (LNs) has progressed
from a reliance on size, to contours, to only features of residual LN structurel?®l. The
latest TNM 8t staging system was released in 2016, aiming to exclude any lesion with
identifiable structures pointing towards LN metastasis (LNM), extramural venous
invasion or perineural invasionl®. However, some researchers have proposed that
nodules with evidence of origin should still be categorized as TDs and the exclusion of
lesions of vascular, lymphatic and perineural origin by M 8th has no evidence
basel78l. Another controversial issue is the introd ﬁtion of a new category of Nlc in the
TNM staging system. In the 7th edition, if TDs are observed with lesions that would
otherwise be classified as T1 or T2, then T classification is not changed but nodules are
recorded as Nlc in the absence of LN involvement. The prognostic value of Nlc
remains unclear. Some researchers suggest that TDs should be taken into consideration
for N staging, while others propose that N1c is not by definition worse than N1a or N1b
and the use of Nlc was chosen because the letter ¢ was the subsequent letter in the
alphabetl®l. The pgst hoc analyses of the IDEA France and GALGB/SWOG 80702 studies
have suggested addition of TDs to the LNM count. The results of these studies require

validation, as the potential bias may derive from the post hoc analysis and some




information related to the analysis was not recorded in the primary clinical trial.
Moreover, the outcomes of these study could only represent a part of patients due to the
rigorous inclusion criteria. As a result of these controveﬁes and the fact that the TNM
stage can affect the therapeutic decaion, this analysis aimed to assess the prognostic
impact of TDs in colorectal cancer and to evaluate the effect of their addition to the

LNM count.

MATERIALS AND METHODS

Patients

The patients in the current study are derived from the Surveillance, Epidemiology, and
End Results (SEER) database (November 2020). We enrolled patients diagnosed with
colorectal cancer between 2010 and 2015. SEER used a study cutoff date for data
submission and the study cutoff was 12/31/2018 for the November 2020 data
submission. All deaths up to this point had been recorded, in the data through death
clearance linkages. The survival time was recorded as the interval between the time of
diagnosis and the date of last contact. For cancer registries that did not conduct active
patient follow-up, the presumed-alive method was used by which the survival time was
calculated based on the assumption that the registry has ascertained all available
deaths, and persons not known to be deceased were presumed to be alive on the last
date for which complete death ascertainment was available. The inclusion criteria were:
histological confirmed colorectal cancer, malignant behavior, known age, without other
in situ or malignant tumors. Exclusion criteria were: patients without available TNM
stage, TDs indeterminate or not documented, last contact date was the date of
diagnosis, and survival time not documented.

The histopathological characteristics, including survival months, survival status, race,
tumor site, carcinoembryonic antigen (CEA), perineural invasion, sex, age, TNM stage,
liver metastasis, lung metastasis and TDs, were derived from the SEER database.
Patients were allocated into White, Black and Others according to race. Tumor site was

reclassified as colon and rectum. Age was pooled into three groups of < 45, 45-75 and 2




75 years. Patients were divided into two categories based on the presence or absence of
TDs. The TNM stage for paEnts was derived from the 7th AJCC TNM staging system.
The outcome included OS, defined as the time from diagnosis to any cause of death,
and patients lost to follow-up were treated as censored, which is equivalent to the
record of survival months derived from the SEER database. This study was based on
the public data derived from SEER databasg in which the private information related to
patients was not available. Therefore, this study was exempt from institutional review

board approval and informed consent.

Methods

The primary objective of the current study was to assess the association between the
presence of TDs and OS. As exploratory outcomes, tl-ﬁimpact of number of TDs on OS
was investigated in patients with available record for numper of tumor deposits and the
N stage was reclassified to the novel N category by the addition of TDs to the LNM
count. A score of 2 was assigned for the number of LNMs of cases with stage N1b.
FiElly, survival was estimated according to this reclassification.

Continuous and categorical variables were summarized as median values with
interquartile ran and frequencies with percentages. Proportions were compared
using the y? test. Cox proportional hazards models were performed_to estimate hazard
ratio (HR) and 95%Cls for factors associated with OS. Parameters with P < 0.1 in the
univariable Cox analysis were entered into a final multivariable Cox regression model
including TDs, with stepwise selection for both directions with respect to collinearity
among covariates after excluding variables with > 10% missing data. To assess
robustness of the association between TDs and OS evaluated in the primary Cox
multivariable analysis, multiple imputation was performed to limit the bias as a result
of missing data for sensitivity analysis. With regard to potential heterogeneity between
patients with and without TDs, a propensity score aparoach with inverse probability of
treatment weighting (IPTW) method was applied. Survival curves were constructed

using the Kaplan-Meier method. Curves adjusted for covariates associated with OS in




Cox regression model were also performed. The difference of HRs between subgroups
s testedll. The statistical methods were reviewed by Wen-Quan Niu from the

Institute of Clinical Medical Science of the China-Japan Friendship Hospital.

RESULTS

Using data from 18 SEER registries between 2010 and 2015, 162328 patients were
diagnosed with colorectal cancer and 103655 patients were enrolled in the current
study. Baseline characteristics with respect to the presence or absence of TDs are listed
in Table 1: 14131 patients (13.6%) had TDs and 89624 patients (86.4%) had no TDs.
Patients with TDs were more likely to have advanced-stage tumors (linear-by-linear
association P < 0.0001). Similar trends were also observed as for T-stage and N-stage.
Patients with TDs had more extensive T-stage and higher nodal stage. In the TD-
positive ﬁ)population, patients had more metastatic disease including liver (25.7% vs
7.2% in TD-negative patients; P < 0.001) and lungs (6.3% vs_in 1.7% TD-negative
patients; P < 0.001), more perineural invasion (33.0% vs 8.2% in TD-negative patients; P
< 0.001) and elevated CEA (40.4% vs 23.4% in TD-negative patients; P < 0.001). The
presence of TDs was associated with tumors in the colon and in younger patients (Table
1).

The median overall follow-up was 68 (31.0-74.0) mo. Median Cﬁ was 34.0 (33.0-36.0)
mo for TD-positive patients and &)t reached in the TD-negative patients. According to
the presence or absence of TDs, TD-positive patients had a worse prognosis than TD-
negative patients. The 3-year OS rates were 47.3% (95%Cl, 46.5%-48.1%) and 77.5%
(95%Cl, 77.2%-77.8%, log rank P < 0.0001), respectively. The negativeaffect of TDs on
OS was observed for both N1 and N2 subgroups. Three-year OS rates for Nla/b
patients with_or without TDs were 53.5% (95%CI, 52.0%-55.0%) and 73.6% (95%
73.0%-74.2%, log rank P < 0.0001), respectively. For N2 patients with or without TDs, 3-
year OS rates were 35.5% (95%CI, 34.3%-36.7%) and 54.7% (95%CI, 53.7%-55.6%, log
rank P < 0.0001) (Figure 1A).




In a univariable Co odel, the presence of TDs was associated with poor OS (HR,
2.73; 95%Cl, 2.67-2.80; P <0.0001). Other variables significantly associated with OS were
TNM, T, N, M, race, age, tumor site, CEA, perineural invasion, liver metastasis and lung
metastasis. In multivariable analysis including TNM-stage, T-staged\l-stage, TDs, liver
metastasis, lung metastasis, age, peripeural invasion and race, the negative prognostic
impact of TD remained significant (HR, 1.35; 95%CI, 1.31-1.38; P < 0.0001) (Table 2).
Because of unavailable records, 10291 patients were excluded in a multivariable Cox
model analysis and the factor CEA with 39.6% missing data was excluded. Theg analysis
outcome for the complete dataset was robust with multiple imputation (HR, 1.39;
95%ClI, 1.35-1.42; P < 0,0001) and propensity score approach with IPTW method (HR,
1.29; 95%Cl, 1.19-1.39; P < 0.0001) (Table 3). After adjusti%for other covariates, the HR
value of TDs was lowered. In the subgroup analysis, T-stage, N-stage, M-stage, CEA,
perineural invasion, liver metastasis and lung metastasis were associated with poor OS
both in patients with and without TDs, but these risk factors had less impact on survival
in patients with than those without TDs, which may partly explain the lower HR value
in multivariable analysis (Table 4).

In the exploratory analysis, there were 7860 patients with records of numbers of TDs.
Among these, the number of TDs was subdivided into four groups with 1, 2, 3 and > 4
TDs. The 3-year OS rates were 62.8% (95%CI, 61.2%-64.5%), 55.6% (95%CI, 53.2%-
58.1%), 51.6%, (95%CI, 48.3%-55.1%), and 39.7% (95%CI, 37.6%-42.0%; P < 0.0001),
respectively (Figure 1B). The 3-year OS rates were linearly associated with the number
of TDs (P for trend < 0.0001).

There were 19965 N1-staged patients with records of numbers of TDs, in TNM-
stage III subpopulations. Among these, 885 were restaged as N2 by the addition of TDs
to the LNM count (Table 5). Patients with tumors restaged as N2 had a lower 3-year OS
rate than those with tumors remaining as N1 despite the addition of TDs to the LaM
count (78.5%, 95%Cl, 77.9%-79.1% wvs 63.2%, 95%CI, 60.1%-66.5%, respectively; P <
0.0001). OS was not different between patients restaged as N2 and those initially staged




as N2 (63.2%, 95%CI, 60.1%-66.5% vs 61.7%, 95%CI, 60.8%-62.6%, respectively; P = 0.8)

(Figure 1C).

BISCUSSION

In the current TNM staging system for colorectal cancer, neither the presence nor the
number of TDs is considered in the N staging in case of concomitant LNM, and the Nlc
category is only used if no LNM ig present.

Our study demonstrated that the presence of TDs was associated with significantly
poorer survival outcomes the negative impact of TDs remained significant across

1 N stages, indicating that TDs should be considered when performing N staging. The
number of TDs had a linear effect on OS._Thus, valuable prognostic information is lost
when ignoring the number of TDs. Given the prognostic value of TDs both _gualitatively
and quantitatively, we went further in our analysis by adding the number of TDs to the
LNM count. The current study is, to our knowledge, the largest comparative
effectiveness research to investigate reclassification of the TNM staging system by
incorporation of TDs into the LNM count. We showed that N1-staged patients who
were reclassified as N2 through the integration of the number of TDs into LNM count
had poorer outcomes than those who remained as N1, despite the addition of TDs to the
LNM count and outcomes similar to those of patients initially staged as N2. Therefore,
our results, in agreement with other studiesl>410], suggest that both TDs and their
numbers should be integrated into N staging and that the N1c category in TNM staging
was inappropriate because there were subpopulations with = 4 TDs whose survival was
similar to that in patients with = 4 LNMs. Moreover, the results were similar in
subgroup analysis when considering the different tumor sites. Our study is, to our
knowledge, the first to investigate the outcomes of reclassification in patients with rectal
cancer.

Advanced TNM stage, extensive T-stage, higher nodal stage, metastatic disease,
perineural invasion and elevated CEA were more often present among TD-positive

patients. Although these correlations may partly explain the pejorative prognosis of TD-




positive tumors, the poor prognostic value of TDs remains when the imbalance of these
covariates is taken into account in the propensity score approach analysis. The different
HR values of these covariates between TD-positive and -negative subpopulations
remain to be clarified, which may indicate more than (ﬁe way through which TDs
influence survivall'l In light of these results, we propose that the presence of TDs is an
independent prognostic factor for OS in colorectal cancer and the origin and formation
of TDs need to be further investigated.

Although there were multiple origins reported in previous studies of TDs, including
perineural, perivascular, intravascular and a mixture of them[10-13], the definition of TDs
is still ambiguous with regard to the inclusion of recognized structures of vascular,
lymphatic and perineural TDsl®l. The hypotheses of mechanisms through which the TDs
affect survival are diverse. A previous study demonstrated that TD-positive patients
was more likely to present vascular and perineural invasion!'¥. Certain groups showed
that the prognostic value of TDs and extra nodal extension of which the negative effect
towards survival has been demonstrated previously was similar with regard to HR
values for OS and DFS. Thus, some researchers suggested that TDs could be complete
replacement of an lymph node by metastatic tumor and represent the advanced stage of
extra nodal extension(®*'>18l. Some authors hypothesize that TDs may reflect blood-

rne spread associated with poor prognosis and may be included in M category!'],
while others consider TDs as in-transit metastases, where tumor cells spread through
lymphatic channels and form tumors before reaching LNs/l. In addition, the biological
behavior of TDs is considered to be similar to tumor budding in the leading area of
colorectal cancer, which represents migration over and crossing through histological
boundaries™l. The TDs may migrate and metastasize after undergoing epithelial-to-
mesenchymal transition!2!l,

There were two major 1itati0ns to the current study. First, the results of the
exploratory analysis may reflect potential bias due to the missing data of TDs.
However, it does lend support to the TD-based staging approach. Second, we did not

take into consideration that novel adjuvant therapy has already been the standard




regimen in some settings. Further studies are needed to investigate patients with and
without novel adjuvant therapy, especially when patients achieve substantial
downstaging, to substantiatﬁthe definition and demonstrate the pathogenesis of TDsl22.
In the exploratory analysis, we chose a worse-case scenario by assigning a value of 2 for
the number of LNs involved for cases with N1b stage, by which some patients were
confirmed as who should in fact be restaged as N2. Despite this, the outcome still
indicated the addition of TDs to LNM count. Therefore, we do not believe that this
compromises the accuracy of our results. Our analysis shows that s play an
important role in the survival of patients. The N1c category is not optimal in the current
staging system and adding the number of TDs to LN count may improve the prognostic
accuracy. In addition, more investigations are needed with respect to the origin and
pathophysiological mechanism of development of TDs, by which a more reproducible

and scientific definition can be developed.

CONCLUSION

Addition of TDs to the LNM count improves the prognostic accuracy of current TNM

staging. However, the origin and pathogenesis of TDs remain to be clarified.

ARTICLE HIGHLIGHTS

Research background
Tumor deposits (TDs) plays an important role in The American Joint Committee on
Cancer (AJCC) tumor, node and metastasis (TNM) staging system. However, the
definition of TDs as well as Nlc remains controversial. Just taking the quantitative
information of TDs into consideration may be suboptimal in the current staging system

while adding TDs into lymph node metastases (LNMs) count may improve accuracy

and N1c category may represents patients with heterogeneous survival.

Research motivation




AJCC TNM staging system is the standard tool for tumor staging and the treatment

strategies for patients mostly depend on tumor stage. To guarantee more appropriate
treatment strategies can be received by patients and to predict prognosis of patients
better, developing an optimal staging system is crucial.
Research objectives
e main objective of this study is to assess the association between the presence of TDs
and overall survival (OS). As exploratory outcomes, the impact of number of TDs on OS
as investigated and the N stage was reclassified to the novel N category by the
addition of TDs to the LNM count. The outcome indicated that TDs are an indepepdent
prognostic factor for OS in colorectal cancer and the addition of TDs to LNM count
improved the prognostic accuracy of TNM staging. Therefore, a part of patients staged
as N1 previously would be N2 after the addition of TDs to LNM count and the

prognosis would change subsequently.

Research methods

tients with colorectal cancer including TD-negative and TD-positive subpopulations
were derived from Surveillance, Epidemiology, and End Results database (SEER). Cox
proportional hazard model was used for survival analysis and the sensitivity analyses
were performed to detect outcome robustness. The subgroup analysis was also
performed to explore the different profile of risk factors between patients with and

without TDs. Comparative effectiveness research was used in current study.

ﬁearch results

The presence of TDs is an independent prognostic factor for OS in colorectal cancer and
there may be more than one way through which TDs influence survival. Both TDs and
their numbers should be integrated into N staging and the Nlc category in TNM
staging was inappropriate. Given that novel adjuvant therapy has already been the

standard regimen in some settings and there is no evidence whether TDs in patients




with novel adjuvant therapy should be regarded the same as patients without novel

adjuvant therapy, further investigations need to be conducted.

ﬁsearch conclusions

The presence of TDs is an independent prognostic factor for OS in colorectal cancer and
addition of TDs to the LNM count improves the prognostic accuracy of current TNM
staging.

Research perspectives

The origin as well as formation of TDs remains ambiguous and further studies are
needed to substantiate the definition and demonstrate the pathogenesis of TDs. Patients
with and without novel adjuvant therapy need to be investigated separately, especially

when patients achieve substantial downstaging.
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