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A B S T R A C T   

Aim: Mesorectal extranodal tumor deposits (TDs) are identified in many rectal cancers. Their radiological fea
tures differ from metastatic lymph nodes, and they can be detected with magnetic resonance imaging (MRI). The 
purpose of this study was to determine the prevalence of rectal cancer TDs detected with MRI and their impact on 
overall (OS), cancer-specific (CSS), and disease-free survival (DFS) and the local recurrence rate. 
Method: In this retrospective cohort study, we screened all 525 consecutive rectal cancer patients who underwent 
surgery during 2017–2018 in a tertiary center. Patients with synchronous metastases or who had not undergone 
MRI were excluded. We analyzed the OS, CSS, and DFS as well as local recurrences. 
Results: Of the 480 included patients, TDs were detected in the images of 81 (16.9 %). Extramural venous in
vasion (EMVI) and TDs were frequently found together (n = 50, 61.7 % of all cases with TDs). The presence of 
TDs alone [hazard ratio (HR) 1.66 (1.03–2.68)] or TDs and/or EMVI [HR 1.63 (1.01–2.62)] were risk factors for 
adverse DFS in multivariate Cox regression analysis. The OS and CSS rates were poorer among patients with TDs 
compared to those without, p = 0.009 and p < 0.001, respectively. TDs were also a risk factor for local recur
rence in the univariate analysis. 
Conclusions: TDs detected with imaging are a risk factor for impaired DFS and associated with impaired CSS and 
OS of rectal cancer patients and should be taken into consideration in clinical decision-making.   

1. Introduction 

Nearly two million new colorectal cancer cases are diagnosed 
annually worldwide and over 900 000 people die from the disease [1]. 
About one-third of all colorectal cancer cases occur in the rectum [2]. 
Many prognostic factors in rectal cancer have been identified, with stage 
of the disease at time of diagnosis remaining the most important [3]. 
Other factors affecting survival are magnetic resonance imaging 
(MRI)-detected threatened circumferential resection margin (CRM) [4], 
microscopically incomplete (R1) resection [5], MRI-detected extramural 
venous invasion (EMVI) [6], and lymph node metastases (LNMs), lym
phovascular and perineural invasion (pLVI/PNI), and mucinous histol
ogy in the surgical specimen [7–9]. 

Tumor deposits (TDs) are clusters of cancer cells that have spread 
beyond the primary tumor into the mesocolonic/mesorectal fat away 

from the invasive margin of the tumor without evidence of residual 
lymphatic tissue [10]. TDs were first introduced in the 5th edition of the 
International Union Against Cancer/American Joint Committee on 
Cancer Tumor, Node, Metastasis (TNM) classification in 1997 as tumor 
nodules under 3 mm in size [10]. Since then, their interpretation has 
changed many times, and in the current TNM classification (8th edition, 
2017) TDs are defined as tumor nodules separated from the primary 
tumor without identifying nodal, vascular, or neural residual tissue and 
within the lymphatic drainage area [11]. They are reported in the his
tological N classification and categorized separately from histologically 
proven LNMs (pLNMs) only when no LNMs are present (N1c). The 
presence of TDs in the surgical specimen has a negative impact on the 
survival of rectal cancer patients, which calls for means of recognizing 
them preoperatively [12]. 

TDs are irregular mesorectal nodules that interrupt the course of a 
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mesorectal vein but are discontinuous from the primary tumor. A meta- 
analysis reported the prevalence of TDs in surgical specimens of rectal 
cancer [13]. International guidelines recommend that radiologists 
report mrTDs when reading rectal cancer staging MRI [14], but this has 
yet to be implemented in practice since TDs detected with MRI (mrTDs) 
are not as widely recognized within the radiological community as, for 
example, EMVI. Their importance needs to be stressed, as they are 
associated with poor patient outcomes [13,15–17]. Recently, efforts 
have been made to distinguish TDs from LNMs on MRI scans [18]. 

The aim of this study was to determine the prevalence of mrTDs in a 
cohort of patients with rectal cancer and the impact of mrTDs on overall 
(OS), cancer-specific (CSS), and disease-free (DFS) survival as well as on 
local recurrence rate. 

2. Method 

2.1. Patient characteristics 

In this retrospective, population-based single-center study, we 
included all patients (n = 525) aged 18–100 years with primary rectal 
cancer, who underwent surgery between January 1, 2017 and December 
31, 2018 at Helsinki University Hospital, Finland. Participation of the 
patients is shown in Fig. 1. Data were collected from medical records and 
included sex, age at diagnosis, histological type of the tumor, radio
logical assessment of the tumor, local and distal metastases, possible 
neoadjuvant or adjuvant treatment, type of surgery, cancer recurrence, 
survival, and causes of death (Table 1). Follow-up time was a median of 
42 months (range 33–56 months) The follow-up time was defined as 
time in months from the date of surgery to the last contact day with 

healthcare providers or death. 
Forty-one patients (7.9 %) presented with metastatic disease at the 

time of diagnosis. These patients were excluded from the analyses. 
Follow-up information concerning the recurrence rates was missing for 8 
patients. These patients were included in OS and CSS analyses but not in 
DFS or local recurrence (LR) rate analyses. Furthermore, information on 
the resection margins or the lymph node status of the surgical specimen 
lacked in 12 patients (total responders) and these patients were omitted 
from the multivariate analyses. 

2.2. Radiological technique 

Patients underwent a computed tomography of the thorax, abdomen, 
and pelvis and MRI of the rectum for disease staging. The histology of 
the tumor was verified by preoperative endoscopic biopsies. The treat
ment decisions were determined at multidisciplinary team (MDT) 
meetings that comprised colorectal surgeons, oncologists, a pathologist, 
and an abdominal radiologist. Patients with locally advanced cancer 
received neoadjuvant (chemo)radiotherapy, and a restaging MRI was 
performed on them before the surgery. 

The mrTDs status was not reported in the primary MRI reports. To 
assess mrTDs, those MRIs with local metastatic lymph nodes or EMVI 
according to the primary report were reanalyzed independently by two Fig. 1. Patient flowchart.  

Table 1 
Patient characteristics (n = 480).   

N (%) 

Male sex 263 (54.8) 
Age (mean ± SD), years 67.0 ± 11.4 
rT classification 
rT1 4 (0.8) 
rT2 90 (18.7) 
rT3 MRF- 165 (34.4) 
rT3 MRF+ 50 (10.4) 
rT4a 70 (14.6) 
rT4b 91 (19.0) 
rTx 10 (2.1) 
rN classification 
rN0 230 (47.9) 
rN1 166 (34.6) 
rN2 84 (17.5) 
EMVI in staging MRI 112 (23.3) 
TD in staging MRI 81 (16.9) 
EMVI + and mrTDs + 50 (10.4) 
EMVI + but mrTDs- 62 (12.9) 
EMVI- but mrTDs + 31 (6.5) 
Neoadjuvant therapy 
None 203 (42.3) 
Chemoradiotherapy 148 (30.8) 
Short-course radiotherapy with delayed surgery 26 (5.4) 
Short-course radiotherapy 103 (21.5) 
Type of surgery 
Anterior resection 340 (70.8) 
Abdominoperineal excision 49 (10.2) 
Extended abdominoperineal excision 67 (14.0) 
Hartman procedure 17 (3.5) 
Proctocolectomy 5 (1.0) 
Local excision 2 (0.4) 
Macroscopically curative surgery 477 (99.4) 
Histology of the cancer 
Adenocarcinoma 441 (91.9) 
Mucinous adenocarcinoma 38 (7.9) 
Severe dysplasiaa 1 (0.2) 
Metastasis during follow-up 96 (20.0) 
Local recurrence alone during follow-up 7 (1.5) 
Local recurrence þ metastasis during follow-up 8 (1.7) 
Follow-up information n/a 8 (1.7) 
Mortality during follow-up 
Overall 63 (13.1) 
Cancer-related 34 (7.1)  

a The tumor was radiologically clearly invasive, rT4a, and the patient received 
neoadjuvant chemoradiotherapy. 
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experienced abdominal radiologists (SM and TL) and those without by 
one abdominal radiologist (SM). Cases with initially differing assess
ments were reassessed by the radiologists together to reach a consensus. 
We did not reanalyze the restaging MRIs as the aim of the study was to 
assess the prognostic value of mrTDs in the primary staging MRI. 

2.3. Statistical analysis 

The interobserver variability between the two radiologists rean
alyzing the mrTDs was measured using the Cohen’s kappa statistic. 
Categorical variables were compared using the Chi-square test, or 
Fisher’s exact test if expected cases in one cell were fewer than five. The 
effect of mrTDs and other risk factors (MRI-determined T stage, MRI- 
detected EMVI, R1 resection, and presence of pLNMs, pLVI/PNI, or 
mucinous histology in the surgical specimen) on OS, CSS and DFS as well 
as on local recurrence rates was analyzed using the Cox regression 
model. As mrTDs and EMVI are frequently detected together, we 
examined their impact on the survival rates together as well as sepa
rately. Cumulative survival and recurrence distributions were analyzed 
by the Kaplan-Meier method and were compared using the log-rank test. 
The statistical analyses were performed using IBM SPSS-Statistics soft
ware version 27 (IBM Corporation, Armonk, NY, USA). P < 0.05 was 
considered statistically significant. 

This study was approved by the Research Administration of Helsinki 
University Hospital (HUS 73/2021). As this was a retrospective registry 
study with no patient intervention, ethics committee approval and 
informed consent were not required by the Finnish national legislation 
in accordance with the Medical Research Act of Finland 488/1999. 

3. Results 

Altogether 480 patients were finally included in the study: 480 in OS 
and CSS analyses and 472 in DFS and LR analyses (Table 1). Of these 
patients, 101 (23.8 %) developed recurrent disease during follow-up; 94 
patients (19.9 %) developed metastatic disease, 8 (1.7 %) of whom also 
presented with a local recurrence. Seven patients (1.5 %) had a local 
recurrence without metastases. Either EMVI or local metastatic lymph 
nodes were initially reported in 278 patients’ MRIs (57.9 %), and these 
were reanalyzed by two radiologists to detect mrTDs. Their interob
server agreement concerning mrTDs was 82.0 %, with Cohen’s kappa 
coefficient at 0.549, indicating moderate agreement. Comparative ana
lyses between the two radiologists were not performed. 

In the initial MRI scans, mrLNMs were identified in 250 (52.1 %) 
cases, and EMVI was observed in 112 (23.3 %) cases. Following re- 
evaluation, nine cases (3.6 % of all patients with reported LNMs) 
initially categorized as mrLNMs were reclassified as having no LNMs but 
rather mrTDs. Additionally, EMVI was reclassified in 16 cases (14.3 % of 
all reported EMVI cases) solely as mrTDs. 

Of the 480 patients, mrTDs were detected in 81 patients’ images 
(16.9 %). Of these, 50 (61.7 %) had been initially reported as EMVI and 
31 (38.3 %) as lymph nodes. EMVI and mrTDs were frequently found 
together (n = 50, 61.7 % of all mrTD cases). EMVI without mrTDs was 
detected in 62 (12.9 %) patients. 

The patient group with mrTDs exhibited a 77.8 % OS and an 82.7 % 
CSS rate, whereas those without mrTDs had an 88.7 % OS and a 95.0 % 
CSS rate. These differences were statistically significant: p = 0.009 for 
OS and p < 0.001 for CSS. The cumulative OS and CSS rates according to 
mrTD status are presented in Fig. 2a and b, respectively. EMVI, mrTDs, 
rT, R1 resection, mucinous histology, and pLVI/PNI were risk factors for 
worsened OS and CSS in univariate regression analyses, but only 
mucinous histology in the surgical specimen and R1 resection were 
significant risk factors also in multivariate models (Tables 2 and 3). 

The patient group with mrTDs exhibited an 83.5 % DFS rate, whereas 
those without mrTDs had a 54.4 % DFS rate. The cumulative DFS ac
cording to mrTD status is presented in Fig. 2c. All studied risk factors had 
a significant negative association with DFS in univariate analyses. Of 

these, either mrTDs or EMVI, mrTDs alone, pLVI/PNI, mucinous his
tology, pLNMs, and R1 resection were significant risk factors also in the 
multivariate analysis (Table 4). 

Risk factors for local recurrences in univariate analyses included 
mrTDs, pLVI/PNI, and a compromised CRM. However, in the multi
variate analysis, only the threatened CRM remained persisted as a sta
tistically significant risk factor for local recurrences. 

Adjuvant therapy was excluded from multivariate analyses since our 
target was to determine the role played by radiological and histological 
factors in patients’ prognoses. As these factors would have guided the 
decision whether to use adjuvant therapy or not, it was logical to omit it 
from the model. To ensure that adjuvant therapy would not have had a 
significant impact on the results, we ran both the univariate and 
multivariate analyses separately with adjuvant therapy as a factor. For 
OS and CSS, the hazard ratios (HRs) were 1.18 [95 % confidence interval 
(CI) 0.72–1.94, p = 0.517] and 1.87 (0.91–3.83, p = 0.089), respec
tively. For DFS, the HR in the univariate analysis was 2.48 (1.58–3.91, p 
<0.001) but in the multivariate analysis 1.23 (0.70–2.15, p = 0.476). 

Fig. 2a. Cumulative overall survival depending on the presence of magnetic 
resonance imaging detected tumor deposits (mrTDs) in Kaplan-Meier analysis. 
p = 0.009. 

Fig. 2b. Cumulative cancer-specific survival depending on the presence of 
magnetic resonance imaging detected tumor deposits (mrTDs) in Kaplan-Meier 
analysis. 
p=<0.001 
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4. Discussion and conclusions 

The prevalence of mrTDs was 16.9 % in our material, which is in line 
with earlier studies [13]. The negative impact of mrTDs on rectal cancer 
patients’ DFS in our large cohort further confirms this result, previously 
published in smaller patient series [12,19]. Lord et al. reported results 
consistent with ours, except that in our analysis, mrTDs did not have a 
statistically significant impact on OS or CSS. This discrepancy could be 
attributed to our shorter follow-up period. In addition to mrTDs, also the 
presence of TD/EMVI, pLVI/PNI, mucinous histology, pLNMs, and R1 
resection were found to be risk factors for diminished DFS, supporting 
previous research [3–9]. 

Statistically significant associations between mrTDs and OS or CSS 
were not detected in multivariate analysis but emerged in univariate and 
Kaplan-Meier analyses. This may be explained by the relatively short 
follow-up period. The configuration of Kaplan-Meier curves with two 

lines diverging more clearly after three years and still retaining rela
tively many patients at follow-up also suggests that with a longer follow- 
up duration mrTDs might also have an impact on CSS and OS. The 
correlation between mrTDs and adverse DFS suggests a heightened risk 
of later mortality, as many patients succumb to their recurrent diseases. 
Due to the advances made in oncological treatment regimens of meta
static disease, the progression can nowadays often be slowed down, 
resulting in longer CSS and OS [20]. 

Diagnosing mrLNMs has been proven to be very difficult, with, at 
best, a moderate accuracy [21]. We found that most of the mrTDs were 
primarily interpreted as EMVI, and 40 % as mrLNMs. Considering that 
both mrTDs and EMVI have a negative impact on survival, while the 
radiological N-stage is not an independent prognostic factor [22], 
especially the differential diagnosis between mrTDs and LNs is clinically 
important. 

The interobserver variability of mrTDs is more reliable than that of 
mrLNMs; our Kappa score for our two radiologists was 0.549, indicating 
moderate agreement, but even stronger Kappa scores of 0.77 and 0.83 
have been reported [19]. Our interobserver variability seems to be in 

Table 2 
Univariate and multivariate Cox regression analyses of variables for association 
with overall survival (n = 468).   

Univariate Multivariate 

HR (95 % CI) p HR (95 % CI) p 

Tumor deposit or EMVI 
on MRI 

1.73 
(1.05–2.86) 

0.032* 1.22 
(0.67–2.21) 

0.519 

Tumor deposit on MRI 
(yes vs. no) 

2.03 
(1.18–3.51) 

0.011* 1.29 
(0.69–2.41)̈

0.429 

EMVI on MRI (yes vs. no) 1.88 
(1.12–3.16) 

0.017* 1.38 
(0.76–2.50)^ 

0.290 

rT (Tx-T3b vs. T3c-T4b) 1.79 
(1.06–3.02) 

0.030* 1.36 
(0.74–2.51) 

0.321 

pLVI/PNI (either or both 
vs. no) 

2.19 
(1.29–3.72) 

0.004* 1.52 
(0.83–2.78) 

0.180 

Mucin present in surgical 
specimen (yes vs. no) 

2.07 
(1.02–4.20) 

0.043* 2.13 
(1.02–4.44) 

0.045* 

pN + vs. pN0 2.08 
(1.26–3.43) 

0.004* 1.57 
(0.89–2.77) 

0.120 

R1 vs. R0 5.66 
(2.56–12.50) 

<0.001* 3.09 
(1.32–7.24) 

0.009* 

Adjuvant chemotherapy 1.18 
(0.72–1.94) 

0.517   

HR = Hazard ratio; CI = Confidence interval; ̈ = EMVI excluded; ^ = mrTDs 
excluded. 

Table 3 
Univariate and multivariate Cox regression analyses of variables for association 
with cancer-specific survival (n = 468).   

Univariate Multivariate 

HR (95 % CI) p HR (95 % CI) p 

Tumor deposit or 
EMVI on MRI 

2.78 
(1.42–5.45) 

0.003* 1.51 
(0.67–3.38) 

0.321 

Tumor deposit on MRI 
(yes vs. no) 

3.55 
(1.80–7.04) 

<0.001* 1.65 
(0.74–3.68)̈

0.224 

EMVI on MRI (yes vs. 
no) 

2.78 
(1.41–5.48) 

0.003* 1.52 
(0.70–3.33)^ 

0.293 

rT (Tx-T3b vs. T3c- 
T4b) 

3.42 
(1.49–7.86) 

0.004* 1.70 
(0.67–4.33) 

0.269 

pLVI/PNI (either or 
both vs. no) 

3.33 
(1.69–6.55) 

<0.001* 1.75 
(0.78–3.94) 

0.174 

Mucin present in 
surgical specimen 
(yes vs. no) 

3.28 
(1.43–7.54) 

0.005* 3.23 
(1.35–7.85) 

0.009* 

pN + vs. pN0 3.15 
(1.58–6.23) 

0.001* 1.80 
(0.80–4.03) 

0.155 

R1 vs. R0 14.4 
(6.43–32.26) 

<0.001* 6.14 
(2.53–14.91) 

<0.001* 

Adjuvant 
chemotherapy 

1.87 
(0.91–3.83) 

0.089   

HR = Hazard ratio; CI = Confidence interval; ̈ = EMVI excluded; ^ = mrTDs 
excluded. 

Fig. 2c. Cumulative risk of disease recurrence depending on the presence of 
magnetic resonance imaging detected tumor deposits (mrTDs) in a Kaplan- 
Meier analysis. 

Table 4 
Univariate and multivariate Cox regression analyses of variables for association 
with disease-free survival (n = 460).   

Univariate Multivariate 

HR (95 % CI) p HR (95 % CI) p 

Tumor deposits or EMVI 
on MRI 

2.56 
(1.72–3.81) 

<0.001* 1.63 
(1.01–2.62) 

0.045* 

Tumor deposit on MRI 
(yes vs. no) 

3.00 
(1.99–4.50) 

<0.001* 1.66 
(1.03–2.68) 

0.038*̈

EMVI on MRI (yes vs. 
no) 

2.47 
(1.63–3.75) 

<0.001* 1.60 
(0.99–2.58) 

0.054^ 

rT (Tx-T3b vs. T3c-T4b) 1.90 
(1.25–2.91) 

0.003* 1.27 
(0.78–2.09) 

0.339 

pLVI/PNI (either or 
both vs. no) 

3.03 
(2.03–4.53) 

<0.001* 1.73 
(1.08–2.74) 

0.021* 

Mucin present in 
surgical specimen 
(yes vs. no) 

2.04 
(1.14–3.66) 

0.016* 2.04 
(1.09–3.80) 

0.025* 

pN + vs. pN0 2.97 
(2.00–4.45) 

<0.001* 1.83 
(1.09–3.05) 

0.022* 

R1 vs. R0 8.51 
(3.03–17.97) 

<0.001* 4.37 
(2.01–9.50) 

<0.001* 

Adjuvant 
chemotherapy 

2.48 
(1.58–3.91) 

<0.001* 1.23 
(0.70–2.15) 

0.476 

HR = Hazard ratio; CI = Confidence interval; ̈ = EMVI excluded; ^ = mrTDs 
excluded. 
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line with other studies. Chaves et al. [23] reported a Kappa score of 
0.428 when interpreting mesorectal invasion depth in rectal cancer and 
Hietikko et al. [24] reported a Kappa score of 0.60 when diagnosing 
clinically significant prostate cancer with MRI. Interobserver variability 
is a natural phenomenon in radiology. Education may moderately 
reduce it but will not eliminate it due to broad biological variation. 
However, we believe that education on mrTDs for radiologists will in
crease diagnostic accuracy and enable us to better detect those patients 
who might benefit from more rigorous treatment, e.g. neoadjuvant 
therapy before surgery or at least postoperative adjuvant therapy. 

When investigating the impact of adjuvant therapy on DFS, the HR in 
univariate analyses was 2.48 (95 % CI 1.58–3.91) with a P-value of 
<0.001. Statistical significance was not detected in multivariate anal
ysis, which can be explained by confounding factors, i.e. known risk 
factors for adverse DFS. As the presence of these risk factors is the reason 
for prescribing adjuvant therapy, the seemingly significant effect of 
adjuvant therapy on DFS is actually a reflection of the impact of the 
known risk factors on DFS and not a true effect in itself. 

The rate of local recurrence in our cohort of unselected rectal cancer 
patients undergoing surgery was 3.8 %, which corresponds well to 
previous research [25]. R1 resection is a logical and obvious risk factor 
for local recurrence, but we found no other significant risk factors, as 
expected with such a small number of recurrences. 

A potential limitation of our study is its retrospective design. We 
tried to minimize this bias by having the radiologists interpret the im
ages independently. The Finnish legislation regulates all rectal cancer 
treatment to be planned in MDT meetings and operated on in a uni
versity hospital, thus, our material was unselected, and evaluated as well 
as treated by the same MDT. Unfortunately, we were unable to compare 
radiological TD findings with reports of the surgical specimens, as TDs 
were only reported in cases where no pLNMs were present, as stated in 
the 7th and 8th editions of the TNM Classification. 

The results of our study, with the largest number of patients pub
lished on the subject to date, correspond with those of Lord et al. [19], 
suggesting that EMVI and mrTDs should be taken into closer consider
ation when planning neoadjuvant therapy for rectal cancer patients. 
Especially mrTDs seem to be at risk factor for DFS, CSS, and OS and 
should therefore be considered an indication for adjuvant treatment. 
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