
European Journal of Cancer 122 (2019) 1e8
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.ejcancer .com
Review
The significance of tumour deposits in rectal cancer after
neoadjuvant therapy: a systematic review and meta-
analysis
A.C. Lord a,*,1, C. Graham Martı́nez b,1, N. D’Souza a, P.H. Pucher c,
G. Brown a, I.D. Nagtegaal b
a Royal Marsden NHS Foundation Trust, London, UK
b Radboud University Medical Centre, Nijmegen, the Netherlands
c Imperial College London, UK
Received 10 June 2019; received in revised form 9 August 2019; accepted 24 August 2019

Available online 5 October 2019
KEYWORDS

Tumour deposits;

Radiotherapy;

Neoadjuvant therapy;

Rectal cancer;

Prognosis
* Corresponding author. Royal Marsd

E-mail address: amylord@nhs.net (A
1 Joint 1st authors e A.C.L. and C.G

https://doi.org/10.1016/j.ejca.2019.08.020

0959-8049/ª 2019 Elsevier Ltd. All righ
Abstract Background: Tumour deposits (TDs) are a poor prognostic marker in colorectal

cancer, but their significance after neoadjuvant chemoradiotherapy is less certain because this

group of patients is excluded in most studies. Post-treatment TD might even be a sign of

tumour response. No previous reviews have assessed outcomes in this group.

Materials and methods: A systematic review and meta-analysis was undertaken according to

Preferred Reporting for Systematic Reviews and Meta-Analyses guidelines to determine the rele-

vance of post-treatment TD. Inclusion criteria were studies assessing TD in patients who had un-

dergone pre-operative treatment with radiotherapy and/or chemotherapy and reporting prevalence

and survival outcomes. Studies that did not include histological review of cases were excluded.

Results: Eight studies and 1283 patients were included in the review. Prevalence of TDs varied

from 11.8% to 44.2% (mean 23.7%), similar to untreated patients. The presence of TDs after che-

moradiotherapy was associated with invasion depth, lymph node involvement, perineural invasion

and synchronous metastases. The pooled hazard ratio for 5-year adverse diseaseefree survival was
2.3 (95% confidence interval [CI]: 1.8e2.9), and that for overall survival was 2.5 (95% CI: 1.9e3.3).

One study showed a survival benefit with adjuvant therapy in the TD-positive group.

Conclusions: In analogy with untreated patients, the presence of TDs in patients with rectal cancer

after neoadjuvant treatment is associated with advanced disease and a poor outcome.

ª 2019 Elsevier Ltd. All rights reserved.
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1. Introduction
Fig. 1. Flow chart of the article search strategy for systematic

review.
Tumour deposits (TDs) in colorectal cancer (CRC) have

been shown to be a marker of poor prognosis [1,2].

However, there is still controversy as to their correct

positioning in the tumour-node-metastasis (TNM) sys-
tem [3,4]. There is evidence that they supersede lymph

node metastasis (LNM) as a poor prognostic indicator,

[1] but this is not recognised in the current staging. The

origin of TDs has been the subject of speculation by

numerous authors, and is still not entirely clear. While

some authors have reported that a significant propor-

tion of TDs cannot be traced back to lymph nodes,

perineural growth or vascular invasion [5e7], Goldstein
et al. [8] reported that after carrying out experiments of

additional deeper sections, the vast majority of TDs (up

to 90%) showed signs of more than one origin. The

nature of TDs after neoadjuvant therapy is even more

unclear. In some cases, TDs may be a result of tumour

fragmentation and regression after treatment, where

islands of tumour cells are present within the mesentery

as the remnants of a previously larger tumour which has
regressed, rather than a primary phenomenon [5].

Accurate diagnosis is necessary to ensure optimal

treatment decisions. The key problem is that we

currently do not know how to classify TDs in this sit-

uation, either as remnants of disease or as a primary

phenomenon. We also do not know its prognostic im-

plications. Recent imaging advances have allowed TD

detection on magnetic resonance imaging (MRI) [9].
Detection of TDs at an early stage could help elucidate

the role they play in tumour regression, thereby clari-

fying their significance. Ultimately, this would aid in

determining the risk profile of a tumour at baseline

and therefore will determine the best pre-operative

treatment.

The majority of studies reporting the prognostic im-

plications of TDs excluded all patients who had under-
gone neoadjuvant therapy. Patients with rectal cancer

with TDs often present with advanced tumours [1],

which have an indication for neoadjuvant therapy.

Determination of the significance of TDs in this group is

very relevant. A small number of studies have included

patients who have undergone neoadjuvant therapy, but

the evidence has not yet been synthesised in a systematic

review. Here, the aim is to critically appraise the existing
evidence surrounding TDs in those patients to elucidate

the possible prognostic implications of TDs after

therapy.

2. Materials and Methods

A systematic review and meta-analysis was conducted in

keeping with the Preferred Reporting for Systematic

Reviews and Meta-Analyses guidelines [10] (Fig. 1). A

literature search was carried out in PubMed using the

search string ‘tumour deposits’ or ‘foci’ or ‘n1c’ or
‘extranodal metastasis’ or ‘extranodal spread’ and
‘radiotherapy’ or ‘neoadjuvant’ or ‘preoperative’ and

‘rectal cancer’ or ‘colorectal cancer’. Reference lists were

manually searched to identify further relevant studies

for full-text review.

Inclusion criteria for the review were studies ana-

lysing TDs in patients with rectal cancer who had un-

dergone neoadjuvant therapy and studies reporting the

primary outcomes of prevalence, overall survival (OS),
disease-free survival (DFS) or recurrence. Studies also

including patients who did not undergo neoadjuvant

therapy were included in the review, provided that the

outcomes in the two groups were reported separately.

Studies were excluded if they did not report any of the

outcomes of interest, if they were not complete articles

or in English or if the number of patients included

was <50. Two studies with a small overlap were
included because this overlap was limited to the



Table 1
Summary of studies including treatment given and quality score.

Ref. No. Author Year Country No.

patients

No. NCRT Prevalence

of TDs (%)

Percentage

reported

Definition of TD Quality

score

[16] Gopal 2014 USA 205 110 20.9 78.9 TD defined as irregular tumour nodules with

infiltrative borders >1 cm from the primary

tumour, and lacking a thick fibrous capsule

78.9%

[15] Hav 2015 Belgium 76 72 13.5 61.1 Assessed first by TNM 5 criteria and

second by recording all discontinuous tumour

nodules separately to the T and N categories

61.1%

[18] Zhang 2016 China 310 310 17.4 84.2 TNM 7 definition: TD defined as any nodule

without evidence of underlying lymph node

architecture and labelled as ‘N1c’

84.2%

[7] Ratto 2002 Italy 77 30 44.2 36.8 Defined as deposits ‘discontinuous from the

primary tumour, with no evidence of nodal

tissue’

36.8%

[17] Song 2011 Korea 135 135 26.2 57.9 TNM 7 definition: TD defined as any nodule

without evidence of underlying LN

architecture and labelled as ‘N1c’

47.9%

[19] Swellengrebel 2014 NL 107 107 11.8 78.9 Defined as ‘tumour nests discontinuous from

the primary tumour, or tumour nest sectioned

as a possible LN with no signs of an LN’

78.9%

[11] Ratto 2007 Italy 68 24 38.2 41.1 Defined as ‘mesorectal deposits of

adenocarcinoma, discontinuous from the

primary tumour, with no evidence of nodal

tissue’

41.1%

[12] Wang 2019 China 495 495 17.8 63.2 TNM 8 definition: TD labelled as ‘N1c’ and

defined as tumour nodules without evidence

of LN architecture, EMVI, PNI or LI

63.2%

Mean 23.75 62.8

Chemo Z chemotherapy, No. Z number, NL Z Netherlands, pre Z pre-operative, Ref Z reference, RTX Z radiotherapy, TD Z tumour

deposit; PNI Z perineural invasion; NCRT Z neoadjuvant chemoradiotherapy; EMVI Z extramural venous invasion; LI Z lymphatic invasion.
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comparison of nodal status [7,11]. Studies without his-

tological review (such as surveillance, epidemiology, and
end results (SEER) data) were excluded (Fig. 1). Data

were extracted independently by three reviewers, and

disagreement was resolved via consensus. Study quality

was assessed using a 20-point scoring system designed

for the evaluation of histopathological studies [12].

Meta-analysis using a random-effects model with

weighing according to inverse variance was performed

using the Stata software (StataCorp. 2015. College
Station, TX) and Review Manager, version 5.3, (The

Cochrane Collaboration, Copenhagen: The Nordic

Cochrane Centre, 2012). From each study, we extracted

the number of patients, TNM stage, risk ratio (RR) or

hazard ratio (HR) for OS and DFS with their corre-

sponding confidence interval (CI). If HR data were not

available, they were extracted from the Kaplan-Meier

curves using Parmar estimation [13]. Heterogeneity was
measured with the I2 statistic to determine the percent-

age of variation between studies due to heterogeneity

and not due to chance. A logistic regression analysis was

also performed to investigate the multivariate relation-

ship of pathological risk factors. These results were re-

ported as RRs using the Mantel-Haenszel method in a

random-effects model [14], providing pooled ratios

across studies with a 95% CI. A p-value < 0.05 was
considered statistically significant.
3. Results

The original search returned 169 articles. After review of

abstracts, 38 articles were retrieved for full-text review.

Twelve studies were found which included the assess-

ment of TDs in patients who had undergone neo-

adjuvant chemoradiotherapy (NCRT). However, six of

these did not analyse the results for patients with NCRT
separately and thus were excluded. Of the remaining six

studies, four included only those who had undergone

NCRT and two included both patients undergoing

NCRT and primary surgery but carried out a subgroup

analysis comparing these and thus, they were all

included. Another two studies [11,15] were found by

manual cross-referencing and were included for the

multivariate relationship analysis of regression, but only
one could be included [12] for the patient outcome

comparison as the reporting was not sufficient in the

other (Fig. 1).

A total of eight studies, with 1283 patients who had

undergone NCRT, were included in the review. All pa-

tients in the NCRT groups were treated with radio-

therapy, and in six of the eight studies, all patients also

underwent pre-operative chemotherapy (Table 1). In the
study by Hav et al. [16], all 76 patients underwent pre-

operative chemotherapy, and in the study by Ratto et al.

[11], 24 of 68 patients underwent pre-operative



Table 2
The association with histological risk factors and the presence of

tumour deposits.

Histological risk factors

Invasion depth

ypT1/T2 vs ypT3/T4 RR (95% CI)

Gopal et al., 2014 1.13 (0.96, 1.33)

Ratto et al., 2002 1.31 (1.01, 1.70)

Wang et al., 2019 1.36 (1.16, 1.59)

Zhang et al., 2015 3.08 (1.69, 5.61)

Total 1.38 (1.10, 1.73)b

Nodal status (ypN þ vs ypN-) RR (95% CI)

Ratto et al., 2002 2.11 (1.05, 4.22)

Ratto et al., 2007 1.62 (0.89, 2.92)

Gopal et al., 2014 1.74 (1.08, 2.78)

Wang et al., 2019 2.22 (1.72, 2.87)

Total 2.04 (1.67, 2.49)c

Lymphatic invasion RR (95% CI)

Gopal et al., 2014 2.32 (0.95, 5.69)

Song et al., 2011 0.84 (0.29, 2.47)

Total 1.46 (0.55, 3.92)

Vascular invasion RR (95% CI)

Song et al., 2011 0.22 (0.01, 3.57)

Wang et al., 2019 2.10 (1.03, 4.28)

Total 1.04 (0.14, 7.98)

Perineural invasion RR (95% CI)

Gopal et al., 2014 5.54 (1.71, 18.01)

Song et al., 2011 1.23 (0.49, 3.09)

Wang et al., 2019 2.38 (1.41, 4.00)

Total 2.35 (1.20, 4.64)a

Metastasis RR (95% CI)

Ratto et al., 2002 1.92 (0.59, 6.24)

Gopal et al., 2014 1.75 (1.05, 2.90)

Total 1.77 (1.11, 2.82)a

Abbreviations: RR: risk ratio, CI: confidence interval, T stage: tumour

stage, N stage: nodal status.
a Statistically significant (<0.05).
b Statistically significant (<0.001).
c Statistically significant (<0.0001).
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chemotherapy. Despite not all cases having had

chemotherapy, for the sake of readability, we refer to all

as NCRT.

3.1. Prevalence of TDs

In total, 279 patients had TDs (mean: 23.75%, range:

11.8%e44.2%). Studies by Gopal et al. [17] and Ratto

et al. [11] compared the prevalence in the NCRT and
surgery groups. Ratto et al. [11] found no significant

difference between the two groups with a prevalence of

43.3% in the NCRT group vs 44.7% in the surgery

group. These values are very high compared with the

reported prevalence of TDs in untreated patients [1,2],

which can be explained by their inclusion of vascular

invasion as TDs. When vascular invasion cases are

excluded, a lower prevalence is seen (32.5%), which falls
closer to the reported range. The study by Gopal et al.

[17] showed a higher prevalence in the surgery group

(30.5% vs 20.9%), although this was not significant

(p Z 0.12).

3.2. Correlation with other histological risk factors

With increased post-treatment invasion depth (ypT),

there was an increase in cases with TDs (RR: 1.38, 95%
CI: 1.10e1.73). The presence of perineural invasion

(RR: 2.35, 95% CI: 1.20e4.64) and LNMs (RR: 2.04,

95% CI: 1.67e2.49) also increased the prevalence of

TDs. In one of the studies [18], only node-negative pa-

tients were selected, and therefore, this study was

excluded for the metastatic lymph node calculations.

There were no significant associations with the presence

of lymphovascular invasion (RR: 1.46, 95% CI:
0.55e3.92) or vascular invasion (RR: 1.04, 95% CI:

0.14e7.98). In the presence of distant metastases, TDs

were more frequently present (RR: 1.77, 95% CI:

1.11e2.82) (Table 2).

3.3. Effect of TDs on prognosis

TD presence was correlated with poor outcome both for

OS (HR: 2.54, 95% CI: 1.95e3.30) and DFS (HR: 2.30,
95% CI: 1.82e2.92) (Fig. 2). Data from 3-year and 5-

year survival available from the studies included were

pooled together as an assumption of proportional haz-

ards regression is that the HR is constant over time.

Heterogeneity measured by the I2 test was low in all

outcome analyses (0.0%, p < 0.00001). Funnel plots

illustrated no risk of publication bias and are available

in Supplementary Figs. 1 and 2.

3.4. Tumour regression

Data regarding tumour regression were obtained from

four different studies [11,15,19,20]. Reporting in these

studies was carried out using three different grading
systems (Mandard’s regression grade [21], Dworak

regression grade [22] and the American Joint Committee

on Cancer (AJCC) tumour regression grade [23]) from

which we extracted two groups: intermediate responders
and non-responders. Pathologically complete re-

sponders (pCRs) were excluded because by definition,

they should not have any tumour remnants, although

some studies reported pCR cases with TDs (2/75 in the

study by Zhang et al. [19], 4/21 in the study by Swel-

lengrebel et al. [20] & 4/105 in the study by Wang et al.

[15]). There was more TD presence in cases with

regression (TRG1/2) (RR: 1.30 [95% CI: 0.88e1.93]),
although this difference was not significant

(Supplementary Fig. 3).

4. Discussion

This systematic review and meta-analysis have shown
that TDs are a poor prognostic marker in patients who

have undergone NCRT, which is similar to the situation

in treatment-naive patients. Similar to untreated pa-

tients [1], the presence of TDs is associated with higher



Fig. 2. Prognostic impact of tumour deposits after NCRT: A. overall survival, B. disease-free survival. NCRT Z neoadjuvant chemo-

radiotherapy; SE Z standard error; CI Z confidence interval; TD Z tumour deposit; HR Z hazard ratio.
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TNM stage, in particular advanced T stage, LNM and
distant metastases. This is also observed in a large

database analysis of SEER data (n Z 5439) [24]; how-

ever, this study was excluded because of the lack of

histological review and limited registration of TDs.

Their low prevalence of TDs (10.7% versus our average

of 21.6%) highlights the problem because only TDs in

the absence of LNM (N1c) were included in the analysis.

The great variation in reported prevalence of TDs is
consistent with previous meta-analyses of untreated

patients [1,2]. This is likely to represent a combination of

differences in pathology techniques and classification,

high inter-observer variation and differences in case-mix

between institutions. The effects of neoadjuvant treat-

ment on the number of TD-positive patients seem

minimal as these numbers are comparable with earlier

studies [1]; direct comparison within one institution did
indeed not show any differences [17]. Very little was

found in previous literature on the prognostic
importance of TDs in NCRT-treated patients as only
two studies [7,17] provided a direct comparison between

treated and untreated groups. These were retrospective,

non-randomised studies, so there are multiple possible

confounding factors. An important confounding factor

is patient selection: Patients with advanced cancers are

likely to have been preferably selected for NCRT.

In contrast to the situation in untreated patients,

there was no correlation of TDs with either lymphatic
invasion or vascular invasion, only for perineural inva-

sion. From multiple studies in the untreated setting, we

know that extensive investigations into the origin of

TDs showed that tumour expansion in these settings can

cause TDs and only deeper levels demonstrate likely

precursors [5,8]. Owing to the lack of these correlations,

we need to examine other explanations. Fragmentation

seems a plausible explanation for the origin of TDs in
this setting because this form of tumour regression is

also associated with poor prognosis [16,25e27]. The



Fig. 3. Origins of tumour deposits and the effects of NCRT. In the untreated setting, the presence of tumour deposits is associated with

lymph node metastasis (LNM), vascular invasion (VI) and perineural invasion (PNI). These associations may be more difficult to

appreciate after NCRT, which might be explained by the destruction of some tumour deposits and the emergence of new tumour deposits,

possibly due to fragmentation as a response mechanism or form of tumour regression. NCRT Z neoadjuvant chemoradiotherapy.
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comparable prevalence of TDs in treated and untreated
patients might be explained by the disappearance of part

of the original TDs, for example, those originating from

vascular invasion [5], in combination with the appear-

ance of TDs due to tumour fragmentation (Fig. 3). A

second explanation is that detection of venous invasion

after NCRT can be very challenging because the effects

of radiation on vessel walls can make them difficult to

recognise on haematoxylin and eosin (H&E) staining. In
this setting, vascular invasion may be missed unless

elastin staining is used. The comprehensive analysis of

Ratto et al. [11] showed that at least half of TDs after

neoadjuvant therapy have multiple possible origins,

although for a significant number of TDs (11.8%), there

is no clear evidence of a precursor.

Definite answers to the origin of TDs and their

relationship to tumour fragmentation might be estab-
lished using pre- and post-treatment analysis by MRI.

TDs have recently been noted to be visible on MRI [9],

and current research is focussing on correlating these

findings with pathology [28]. With the use of imaging,

we can obtain a clear 3D map of the primary tumour

and where TDs were present before the start of neo-

adjuvant therapy, as opposed to pathology where only a

snapshot of the mesorectum, both post-treatment and
ex-vivo, is available. Close collaboration between radi-

ologists and pathologists would allow direct correlation

of pre- and post-treatment findings to establish whether

TDs are a primary or secondary phenomenon in each

individual case. We can then distinguish two groups of

patients and determine the true value of primary and

secondary TDs.

In the study by Zhang et al. [19], it was noted that
patients with TDs had a survival benefit with the use of

adjuvant chemotherapy. This finding is interesting as the

survival benefit from adjuvant chemotherapy in patients

who have already undergone NCRT is contentious and

there is not, as yet, strong evidence defining whether the

efficacy of this treatment is highest in any particular

TNM stage or other subgroup of patients [29e31]. This

requires further assessment with a large randomised
controlled trial. In addition to being a potential
indication for adjuvant therapy when seen on pathol-
ogy, radiologically diagnosed TDs may potentially be a

similar indication for neoadjuvant therapy.

We have shown that in the neoadjuvant setting, the

presence of TDs is associated with a poor outcome,

similar to the untreated setting. Our findings suggest

that a number of TDs might very well be the result of

tumour fragmentation. Tumour fragmentation is a form

of tumour regression associated with a poor outcome
[16,25e27]. The lack of correlation with potential pre-

cursor lesions in the neoadjuvant setting, in contrast to

the untreated situation, suggests that this might be the

case. Definite proof should be gathered using pre-oper-

ative imaging. Until then, our only conclusion can be

that TDs are a poor prognostic marker, likely worse

than nodal involvement, and as such might prompt

consideration of adjuvant therapy.
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