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Abstract

Although tumor deposits have been associated with poor prognosis in colorectal carcinoma, the 

prevalence and clinical significance of tumor deposits in rectal adenocarcinoma following 

neoadjuvant chemoradiation are relatively unexplored. The aims of this study are to assess the 

clinical significance of tumor deposits in rectal adenocarcinoma patients, including those receiving 

neoadjuvant therapy. Pathology slides and medical records from 205 consecutive patients who 

underwent resection for rectal adenocarcinoma between 1990 and 2010 at a single tertiary care 

center were reviewed. Patients with tumor deposits had higher tumor grade (P=0.006) and worse 

tumor stage (P<0.001) at presentation than patients without tumor deposits. Among 110 patients 

who underwent neoadjuvant chemoradiation, tumor deposits were associated with higher rates of 

lymph node involvement (P=0.035) and distant metastases (P=0.006), and decreased survival 

(P=0.027). These patients had a trend toward lower treatment response scores (P=0.285) and 

higher local recurrence (P=0.092). Of 52 patients with tumor deposits, those who underwent 

neoadjuvant chemoradiation had significantly worse pretreatment stage by endoscopic ultrasound 

(P=0.001) but interestingly had significantly lower rates of lymphovascular invasion on resection 

(P<0.001) compared with those who had not received neoadjuvant chemoradiation. Despite 

treatment with neoadjuvant chemoradiation, tumor deposits were present in over one-fifth of rectal 

adenocarcinoma patients. Overall, the outcome of patients with tumor deposits in treated and 

untreated patients were similar, however the association of tumor deposits with deeply invasive 

tumors and less tumor regression when comparing with treated patients without tumor deposits 

raises the possibility that these tumors could have a more aggressive biology, possibly explaining 

the association of tumor deposits with higher rates of recurrence and lower survival after 

neoadjuvant chemoradiation. Overall, tumor deposits appear to be a poor prognostic marker 

© 2014 USCAP, Inc. All rights reserved

Correspondence: Dr P Gopal, MD, MS, Department of Pathology, University of Texas Southwestern Medical Center, 5959 Harry 
Hines Blvd POB1, Suite 310, Dallas, TX 75399, USA. 

Disclosure/conflict of interest: The authors declare no conflict of interest.

NIH Public Access
Author Manuscript
Mod Pathol. Author manuscript; available in PMC 2014 November 13.

Published in final edited form as:
Mod Pathol. 2014 September ; 27(9): 1281–1287. doi:10.1038/modpathol.2013.239.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



among rectal adenocarcinoma patients following neoadjuvant chemoradiation and may identify a 

subset of patients who require aggressive adjuvant therapy to prevent recurrence.
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Tumor deposits in the pericolonic and perirectal adipose tissue of patients with colorectal 

adenocarcinoma were first described in 1935. It was believed at this time that these deposits 

of colorectal carcinoma were related to vascular invasion,1 and this relationship remains one 

of the predominant theories today. Tumor deposits in colorectal carcinoma were first 

included in the fifth edition of the Tumor Node Metastasis (TNM)/American Joint 

Committee on Cancer (AJCC) staging manual in 1997, where the deposits were classified 

based on size. Deposits of colorectal carcinoma ≤3mm in size were considered a tumor 

deposit, whereas a deposit >3mm in size was considered a lymph node metastasis.2 In the 

subsequent sixth edition of the AJCC staging manual, tumor deposits were classified based 

on the contour of the deposit. A tumor deposit with a smooth contour was considered a 

lymph node metastasis, whereas a tumor deposit with an irregular contour was considered 

venous invasion.3 Currently, the seventh edition of the AJCC staging manual classifies 

tumor deposits based on the following criteria: the deposit should be in the pericolorectal fat 

or adjacent mesocolic fat, it should be away from the leading edge of the tumor, there should 

be no evidence of residual lymph node tissue, and finally the tumor deposit should be within 

the lymph drainage area of the primary carcinoma.4

The significance of pericolonic tumor deposits in colorectal adenocarcinoma has been 

difficult to assess due to repeated changes in TNM classification over the years; in fact, 

because of the confusion and subjectivity in assessment of tumor deposits, some recent 

studies propose tumor deposits in colorectal carcinoma be classified as lymph nodes to 

decrease the subjectivity in assessment of tumor deposits.5,6 Regardless, studies have shown 

that in general, pericolorectal tumor deposits have been associated with higher stage cancers 

and poor prognosis, including the development of distant metastases, decreased survival, 

and increased rates of local recurrence.7 In patients with rectal adenocarcinoma, tumor 

deposits tend to occur more commonly in the lower and posterior aspect of the rectum8,9 and 

local recurrence is higher in patients with tumor deposits as compared with those without 

tumor deposits.10,11 However, these prior studies either excluded patients who had received 

neoadjuvant chemoradiation, or analyzed them as a group with patients who had not 

received neoadjuvant chemoradiation.8–11 Therefore, the significance of tumor deposits in 

rectal adenocarcinoma, specifically following neoadjuvant chemoradiation, has not been 

extensively explored, and remains an important question given that patients who receive 

neoadjuvant chemoradiation are typically those with more advanced tumors and thus the 

highest risk group for metastatic disease and local recurrence.

The aims of our study were (1) to compare the incidence of tumor deposits between rectal 

adenocarcinoma patients treated and not treated with neoadjuvant chemoradiation and (2) to 

determine whether there is an association between tumor deposits and pretreatment tumor 
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stage, treatment response rates, and overall survival among patients treated with neoadjuvant 

chemoradiation.

Materials and methods

Study Population

We retrospectively reviewed records for consecutive patients diagnosed with rectal 

adenocarcinoma who underwent surgical resection between March 1990 and November 

2010 at Vanderbilt University Medical Center. Patients with rectal adenocarcinoma who did 

not undergo surgical resection were not included in our study. This study was approved by 

the Institutional Review Board at Vanderbilt University Medical Center.

Data Collection

Patient demographics, clinical history, and pathologic data were obtained through review of 

computerized medical records. Age at diagnosis and gender were collected for all patients. 

Clinical history of interest included pre-treatment stage by endoscopic ultrasound, delivery 

of neoadjuvant chemoradiation, development of local recurrence, and date/cause of death. 

Patients were categorized as died of disease, died of other causes, alive with evidence of 

disease, and alive with no evidence of disease. Tumor size, the presence or absence of 

lymphovascular invasion, perineural invasion, lymph node involvement, and distant 

metastases were extracted from initial pathologic reports.

Resection specimens for all patients were reviewed by a single pathologist (PG) to 

determine tumor grade, depth of tumor invasion, and the presence or absence of tumor 

deposits. Tumor deposits were defined as irregular tumor nodules with infiltrative borders in 

the perirectal adipose tissue, discontinuous from the primary tumor (at least one centimeter 

from the advancing edge), and lacking a thick fibrous capsule (Figure 1). Treatment 

response was graded based on College of American Pathologists (CAP) guidelines: 0, no 

viable cancer cells; 1, moderate response; 2, minimal response; 3, poor response.12 Tumors 

were staged using the seventh edition of the AJCC staging system.4

Statistical Methods

Continuous variables were summarized using the median and range and compared among 

patient subgroups using the Wilcoxon rank sum test. Categorical variables were summarized 

as frequencies and percents of total patients in subgroups. Categorical data were compared 

using the Pearson chi-square test or Fisher's exact test, as appropriate. Ordinary logistic 

regression or a robust logistic regression method, as warranted, was used to estimate the 

odds of tumor deposits in the multi-variable setting. Overall survival was defined at the time 

from surgery to death for any reason. Patients alive at the last follow-up were censored. The 

distributions of overall survival were estimated using the method of Kaplan and Meier and 

compared among treatment groups using the log-rank test. In supporting analyses, death due 

to disease and death from other causes were treated as competing risks and the distributions 

of these two outcomes were estimated using the cumulative incidence function and 

compared according to Gray for single variables and Fine and Gray in multi-variable 

(proportional hazards) regression.13,14 As with overall survival, patients alive at the time of 
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last follow-up were censored. Cox (proportional hazards) regression was used to assess the 

impact of tumor deposits on the hazard of overall survival, adjusting for clinically important 

prognostic variables. Statistical significance is declared for tests with P-values <0.05. No 

attempt to control the study-wise type I error rate was made. All analyses were conducted 

using R version 2.15.

Results

Patient Characteristics

Between March 1990 and November 2010, there were 205 patients with rectal 

adenocarcinoma who underwent surgical resection (Table 1). The median age of the entire 

cohort was 59 years old, with 57% being male. The median follow-up after resection was 14 

months (range: 0.25–154 months). Tumor deposits were found on resection in 52 (25%) 

patients. The median tumor size was 2.5 cm, with significantly larger tumors among those 

with tumor deposits (P<0.001). Similarly, patients with tumor deposits had higher tumor 

grade (P=0.006), greater depth of tumor invasion (P<0.001), and higher AJCC stage at 

presentation (P<0.001) compared with those without tumor deposits. On multivariate 

logistic regression, the presence of tumor deposits was associated with depth of tumor 

invasion and AJCC stage. Patients with AJCC stage 3 (OR 12.7, 95% CI 2.1–78.2) and 

AJCC stage 4 (OR 19.7, 95% CI 2.6–147.4) tumors were significantly more likely to have 

tumor deposits than those with AJCC stage 1 tumors. Associations of tumor grade, tumor 

size, and neoadjuvant chemoradiation with tumor deposits did not maintain statistical 

significance in multivariate analysis.

Predictors of Overall Survival

Median overall survival among all patients was 8.2 years (95% CI 6.6–13.5 years) (Figure 

2). On univariate analysis, the cumulative incidence of disease-specific mortality was 

significantly higher among patients with tumor deposits compared with those without tumor 

deposits (P< 0.001) (Figure 3) but not by receipt of neoadjuvant chemoradiation (P= 0.957). 

On multivariate analysis, the only variable significantly associated with disease-specific 

mortality was higher AJCC stage. Patients with AJCC stage 4 tumors had significantly 

increased hazards (HR 4.17, 95% CI 1.60–10.84) of mortality compared with those with 

AJCC stage 1 tumors. On multivariate analysis, tumor deposits were no longer a statistically 

significant independent predictor of disease-specific mortality (HR 0.81, 95% CI 0.44–1.46).

Subgroup Analysis Of Neoadjuvant-Treated Patients With And Without Tumor Deposits 
(Neoadjuvant Chemoradiation + /Tumor Deposit + Patients vs Neoadjuvant 
Chemoradiation + /Tumor Deposit − Patients)

Of the 205 rectal adenocarcinoma patients, 110 (54%) were treated with neoadjuvant 

chemoradiation. Of these 110 patients, 23 (21%) had tumor deposits. Patients who were 

neoadjuvant chemoradiation + /tumor deposit + had a significantly higher rate of lymph 

node involvement (P= 0.035), and perineural invasion (P= 0.002), at time of initial resection 

than neoadjuvant chemoradiation + /tumor deposit − patients. There was a trend toward 

higher rates of lymphovascular invasion (P= 0.069) and higher pre-treatment stage by 

endoscopic ultrasound (P= 0.170) among neoadjuvant chemoradiation + /tumor deposit + 
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patients, but neither reached statistical significance. Neoadjuvant chemoradiation + /tumor 

deposit + patients had a trend toward lower rates of treatment response (grade 0–1) 

(P=0.285) (Table 2).

Five-year local recurrence was 19% among treated patients with tumor deposits compared 

with only 10% among those without tumor deposits (P=0.092). At five years, the incidence 

of metastatic recurrence among treated tumor deposit-positive patients was 51% compared 

with 30% of treated patients without tumor deposits (P=0.006). The median overall survival 

among tumor deposit-positive patients was significantly worse than patients without tumor 

deposits (3.1 vs 11.2 years, P= 0.027). One-year survival rates were 86 and 92% for tumor 

deposit and non-tumor deposit patients, respectively.

Subgroup Analysis of Patients with Tumor Deposits at Resection (Neoadjuvant 
Chemoradiation+/Tumor Deposit+Patients Compared with Neoadjuvant Chemoradiation-/
Tumor Deposit+ Patients)

This subset analysis is among the 52 patients whose tissue samples contained tumor 

deposits. Patients who were neoadjuvant chemoradiation +/tumor deposit + had significantly 

worse pretreatment stage by endoscopic ultrasound (P<0.001) but were subsequently found 

to have significantly lower rates of lymphovascular invasion on resection (P<0.001) (Table 

3). There were lower rates of lymph node involvement (P =0.038) but similar rates of peri-

neural invasion (P = 0.264) and distant metastases at 2 years (P= 0.940).

Two-year local recurrence was 19% among treated patients with tumor deposits and 16% 

among untreated tumor deposit-positive patients (P = 0.617). Likewise, the incidence of 

metastatic recurrence was similar among treated and untreated tumor deposit-positive 

patients (51% vs 46%, respectively, P=0.940). Median overall survival among neoadjuvant 

chemoradiation+/tumor deposit+ patients was 3.1 years compared with 4.1 years in those 

without neoadjuvant chemoradiation (P =0.715). One-year survival rates among the treated 

and untreated patients were 86% and 79%, respectively.

Discussion

There are a number of different theories regarding the source of tumor deposits in colorectal 

carcinoma, however their origin remains uncertain. Tumor deposits were first described in 

1935,1 and at that time it was concluded that they were caused by vascular tumor 

dissemination, and subsequent studies have shown an association between vascular invasion 

of the primary tumor and the presence of TD.8,10,11 Studies suggest tumor deposits could be 

the complete replacement of a lymph node by metastatic tumor. This theory has been 

supported in studies that have shown a correlation with lymph node metastases with 

extracapsular growth,11 and also increased tumor deposits in patients with lymph node 

metastases as compared with patients with lymph nodes negative for metastases.11,15 

Finally, another possibility is that tumor deposits could be ‘in-transit metastases’ as 

described in melanoma, where tumor cells spread through lymphatic channels and form 

tumors before reaching lymph nodes.16,17 Other studies have examined the growth pattern 

of tumor deposits, such as perivascular or endovascular growth, perineural growth, or 

growth within lymphatic channels, however most studies show a mixture of these growth 
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patterns in majority of the cases. Finally, the possibility of tumor deposits that are a short 

distance from the primary tumor could be an extension from the primary tumor should be 

considered. This could be due to the manner in which the tumor was sectioned, or possibly 

discontinuous response to treatment in rectal adenocarcinoma patients who received 

neoadjuvant chemotherapy.15,18,19

Regardless of their origin, tumor deposits in rectal adenocarcinoma have been associated 

with poor prognosis. In 2003, Prabhudesai et al evaluated whether tumor deposits should be 

considered an independent prognostic factor in rectal adenocarcinoma patients. Rectal 

adenocarcinoma patients were divided into two groups, those with tumor deposits (10 who 

had received neoadjuvant chemoradiation, and 19 who did not) and those without tumor 

deposits, and found that patients with tumor deposits had distant metastases discovered 

significantly earlier than the patients without tumor deposits, and patients with tumor 

deposits had higher vascular invasion (intramural and extramural), lymph node involvement, 

and perineural invasion. In their study, although there was no significant difference in 

overall mortality, they observed an association of tumor deposits with other poor prognostic 

indicators in patients with rectal adenocarcinoma. However, patients with tumor deposits 

who had received neoadjuvant chemoradiation and those who did not were placed in the 

same groups with the variable between control groups only being the presence or absence of 

tumor deposits.8,20

Given that tumor deposits in colorectal adenocarcinoma having an association with poor 

prognosis had already been established,5 the goals of our study were to evaluate the 

significance of tumor deposits in rectal adenocarcinoma in our patient population, and to 

determine the significance of tumor deposits specifically in rectal adenocarcinoma patients 

following neoadjuvant chemoradiation. We confirmed that the presence of tumor deposits in 

patients with rectal adenocarcinoma is associated with a poor prognosis as tumor deposit 

patients in our study had larger tumors, higher tumor grade, greater tumor invasion, and 

higher staging at presentation. When comparing patients with tumor deposits following 

neoadjuvant chemoradiation to patients who did not have tumor deposits following 

neoadjuvant treatment, patients with tumor deposits had significantly higher positive lymph 

nodes, perineural invasion, distant metastases, and lower overall survival, similar to the 

findings of Prabhudesai and colleagues.8

Of note, patients in our study who were treated with neoadjuvant chemoradiation and had 

tumor deposits had significantly decreased lymphovascular invasion when compared with 

patients with tumor deposits who were not treated preoperatively. This is likely due to the 

high sensitivity of lymphovascular invasion to chemoradiation that has been described in 

previous studies.21 In addition, patients who were treated preoperatively and had tumor 

deposits had a significantly higher preoperative stage by endoscopic ultrasound, however 

this difference between these two groups was likely due to patient selection, in that patients 

with higher preoperative stage would generally be the candidates for preoperative 

neoadjuvant chemoradiation.

Interestingly, we found that patients with tumor deposits following neoadjuvant 

chemoradiation also had a higher preoperative clinical stage by endoscopic ultrasound when 
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compared with patients who were treated with neoadjuvant chemoradiation but did not have 

tumor deposits. Patients who were treated and had tumor deposits trended toward decreased 

tumor response to neoadjuvant chemoradiation as compared with patients without tumor 

deposits who were treated, however this difference was not statistically significant possibly 

due to the difference in the total number of cases between the two groups. However, the 

majority of the patients in the group with tumor deposits after neoadjuvant chemoradiation 

had a tumor response grade of 2 or 3 (minimal or no response), with no patients in that 

group achieving a tumor response grade of 0 (no viable cancer cells). This finding also 

supports that presence of tumor deposits following neoadjuvant chemoradiation is associated 

with poor prognosis given that other studies have shown that tumor response to neoadjuvant 

chemoradiation is an independent prognostic factor in rectal adenocarcinoma patients,22 and 

that increased response to neoadjuvant chemoradiation is associated with improved 

outcomes.23

Although our findings are interesting, we acknowledge that our analysis has limitations. As 

with any retrospective study, there is the possibility of confounders and issues with missing 

data (eg selection bias). Furthermore, our sample size for subset analyses was only 

moderately sized so we may have been underpowered to detect some differences. However, 

we feel these limitations are outweighed by the strengths of our study including its large 

overall cohort size and that one pathologist reviewed the tumor slides.

Overall, our findings support that the presence of tumor deposits following neoadjuvant 

chemoradiation is associated with poor prognostic indicators similar to patients with tumor 

deposits in colorectal adenocarcinoma patients in general. Our findings that patients with 

tumor deposits who were treated with neoadjuvant chemoradiation trended toward having a 

decreased tumor regression grade in response to treatment and had a higher pre-treatment 

clinical stage by endoscopic ultrasound raises the possibility that patients with tumor 

deposits following neoadjuvant chemoradiation may have more aggressive tumor biology 

than treated patients without tumor deposits. Given that some tumor deposits in our treated 

patients had areas with treatment effect around them could suggest that tumor deposits in 

some patients following neoadjuvant treatment could represent discontinuous eradication of 

the original tumor; however, further studies would be required to define the mechanism of 

development of tumor deposits in patients receiving neoadjuvant treatment and whether it is 

different from tumor deposit development in patients without neoadjuvant treatment. 

Previous theories of tumor deposit development such as lymphovascular invasion or 

complete replacement of lymph nodes could also apply to the development of tumor 

deposits in the setting of neoadjuvant therapy. Regardless of the origin of tumor deposits, in 

our study, there was an association of the presence of tumor deposits following neoadjuvant 

treatment with poor prognostic indicators including positive lymph nodes, perineural 

invasion, distant metastases, and overall survival.
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Figure 1. 
Tumor deposit in rectal adenocarcinoma. Tumor deposits in rectal adenocarcinoma are 

irregular tumor nodules with infiltrative borders in the perirectal adipose tissue, 

discontinuous from the primary tumor (at least one centimeter from the advancing edge), 

and lack a thick fibrous capsule.
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Figure 2. 
Overall survival curve with 95% confidence intervals for all patients with rectal 

adenocarcinoma.
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Figure 3. 
Overall survival curve for all patients with rectal adenocarcinoma stratified by tumor 

deposits.
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Table 1
Patient characteristics and outcomes by tumor deposit status

Variable Tumor deposits, N=52 No tumor deposits, N=153 Test statistic

Age (years) 58.5 (48.5–70.2) 59.0 (52.0–68.0) F1, 203 = 0.46, P=0.501

Gender

 F 42% 43%

χ2
1=0.01, P=0.9172 M 58% 57%

Tumor size (cm) 3.5 (2.0–4.5) 2.0 (0.8–3.5) F 1,194 = 20.28, P<0.0011

Tumor grade 0.006

 1 2% (1) 6% (9)

 2 71% (37) 84% (129)

 3 27% (14) 10% (15)

Depth of tumor invasion <0.001

 1 0% (0) 14% (22)

 2 12% (6) 39% (60)

 3 63% (33) 39% (60)

 4 25% (13) 7% (11)

AJCC tumor stage <0.001

 1 2% (1) 44% (67)

 2 25% (13) 27% (42)

 3 44% (23) 22% (34)

 4 29% (15) 7% (10)

Outcome 0.043

 Died of disease 42% (22) 24% (37)

 Died of other cause s 12% (6) 17% (26)

 Alive 46% (24) 59% (90)

1
Wilcoxon test.

2
Pearson test.
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Table 2
Patients with and without tumor deposits following neoadjuvant chemoradiation

Neoadjuvant chemoradiation +/tumor deposit 
+ patients (n = 23)

Neoadjuvant chemoradiation + /tumor deposit 
− Patients (n = 87) P-value

Lymph node Involvement 13/23 (57%) 28/86 (33%) 0.035

Perineural invasion 6/23 (26%) 4/85 (4%) 0.002

Lymphovascular invasion 6/22 (27%) 10/85 (12%) 0.069

Pretreatment stage T3/T4a 12/12 (100%) 37/43 (86%) 0.170

Treatment response grade 0–1 5/23 (22%) 29/87 (33%) 0.285

5-Year local recurrence rate 19% 10% 0.092

5-Year distant metastases rate 51% 30% 0.006

Overall survival (years)

 Median survival 3.1 11.2 0.027

 1-Year survival 86% 92%

a
Determined by endoscopic ultrasound.
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Table 3
Patients with tumor deposits with or without neoadjuvant chemoradiation

Neoadjuvant chemoradiation +/tumor deposit 
+ patients (n = 23)

Neoadjuvant chemoradiation − /tumor deposit 
+ patients (n = 29) P-value

Lymph node involvement 13/23 (57%) 24/29 (83%) 0.038

Perineural invasion 6/23 (26%) 4/29 (14%) 0.264

Lymphovascular invasion 6/23 (27%) 24/29 (83%) <0.001

Pretreatment stage T3/T4a 12/12 (100%) 1/5 (20%) <0.001

2-Year local recurrence rate 19% 16% 0.617

2-Year distant metastases rate 51% 46% 0.940

Overall survival (years)

 Median survival 3.1 4.1 0.715

 1-Year survival 86% 79%

a
Determined by endoscopic ultrasound.
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