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Tumour deposits are associated with worse survival than extranodal extension; a network
meta-analysis on tumour nodules in colorectal cancer

Lymph node metastases (LNM) play a central role in
the tumour-node-metastasis (TNM) classification for
colorectal cancer (CRC), with extranodal extension
(ENE) as an adverse feature. ENE has never been
directly compared to tumour deposits (TD). The aim of
this study was to perform an up-to-date systematic
review, including a network meta-analysis to compare
their prognostic value. A comprehensive search was
conducted on PubMed, Embase, Web of Science and
Cochrane databases to identify all prognostic studies
on ENE and TD. A total of 20 studies were included,
with 7719 cases. The primary outcome was 5-year
disease-free survival (DFS); secondary outcomes were
overall survival (OS) and disease-specific survival
(DSS). Frequentist paired and network meta-analyses
were performed using the netmeta package in R. For
univariable DFS analysis, LNM + TD+ cases had a

significantly =~ worse = outcome  compared  with
LNM + ENE+ cases [hazard ratio (HR)=1.27, 95%
confidence interval (CI) = 1.06-1.53], which was no
longer significant for multivariable DFS analysis
(HR = 1.13, 95% CI = 0.87-1.46). All OS and multi-
variable DSS analyses showed a significantly worse out-
come for LNM + TD+ cases compared with LNM + ENE
cases. For all outcomes, both LNM + TD+ and
LNM + ENE+ had a significantly increased hazard com-
pared with LNM+ cases. This study shows that there is
a trend towards worse outcome for LNM + TD+ than
LNM + ENE+, not statistically significant in multivari-
able DFS analysis. Both groups perform significantly
worse than cases with LNM only. To improve the accu-
racy of CRC staging, we recommend to put more
emphasis on both ENE and TD in the TNM classifica-
tion, with the most prominent role for TD.
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Introduction

Colorectal cancer (CRC) staging according to the
tumour—node-metastasis (TNM) system aids clinicians
in prognostic stratification and treatment decisions.
Currently, lymph node metastases (LNM) are a cen-
tral prognostic factor in staging, determining the need
for adjuvant treatment." However, other histological
factors, including tumour deposits (TD) and extrano-
dal extension of LNM (ENE), have also shown signifi-
cant prognostic value.” ™

TD are defined as isolated tumour cell nodules in
the mesocolonic fat without evidence of lymph node
tissue, vascular and neural structures.’ Since first
described by Gabriel et al. in 1935,° the prognostic
value of TD has been widely established.?*> However,
TD were only defined as a separate entity in the 7th
edition of the TNM with the introduction of the Nlc
category, deeming them only clinically relevant in
the absence of LNM.” In case of ENE, tumour cells
penetrate the nodal capsule and extend into the peri-
nodal tissue. The current TNM classification for CRC
does not incorporate the presence of ENE, despite
ample evidence of worse survival. *®

It has been suggested that ENE is a necessary step
in the progression from LNM towards TD.> Previous
studies show the additional prognostic value of both
ENE and TD compared with LNM only,>* but it is
unclear how the prognostic value of ENE and TD
compares. Both are indicative of more aggressive
tumour biology. With TD as a possible progression of
ENE, they are expected to have more prognostic effect
than ENE, but evidence for this hypothesis is lacking.

A more comprehensive understanding of the prog-
nostic value of LNM, ENE and TD in CRC is needed to
improve the accuracy of the TNM classification. The
lack of a study comparing LNM, ENE and TD could
be overcome by a network meta-analysis, which
allows for inclusion of multiple studies on different
comparisons in a single analysis.'” This study aims to
analyse the prognostic value of LNM, ENE and TD in
a paired meta-analysis as well as to perform a fre-
quentist network meta-analysis to compare LNM,
ENE and TD in a single analysis.

Methods

All analyses in this study were performed according to
the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) extension statement for
network meta-analysis."' The study protocol was reg-
istered in the Prospective Register of Systematic
Reviews (PROSPERO-ID: CRD42023470433). The

compared groups were cases with only LNM (LNM+),
cases with LNM and ENE (LNM + ENE+), cases with
TD but no LNM (TD+) and cases with LNM and TD
(LNM + TD+).

LITERATURE SEARCH, ELIGIBILITY CRITERIA AND
DATA EXTRACTION

A comprehensive systematic literature search for pub-
lished studies was performed on 19 October 2023 by
using the PubMed, Embase, Web of Science and
Cochrane databases. The detailed search strategy is
shown in Supporting information, Table S1. Two
additional publications were added by manual cross-
referencing.

Only original studies published in English with at least
100 patients were selected. In case of overlapping patient
data, results of the largest study were included in this
meta-analysis. Studies in which histology was not
reviewed were excluded, as it is known that the defini-
tion of TD is complex and high interobserver variation
exists.? Lack of reassessment of the tumour nodules by
an expert pathologist can therefore lead to inaccuracy
and bias. Also, those that included only neoadjuvant
treated cases were excluded. If studies reported different
cohorts based on tumour location (colon or rectum),
nodal stage (N1 or N2), or if they included a test and val-
idation cohort, these were separately analysed. Screening
of publications was performed independently by two
investigators (N.P.M.B. and S.V.) and disagreements
were resolved by a third (I.D.N.).

Baseline characteristics and data on 5-year
disease-free survival (DFS, the time from diagnosis to
recurrence or death), overall survival (OS, the time
from diagnosis to death) and disease-specific survival
(DSS, the time from diagnosis to death caused by the
cancer) were extracted from all studies. Data from
both univariable (i.e. only including the presence of
tumour nodules, without consideration of other char-
acteristics) and multivariable (i.e. also including other
clinicopathological characteristics to correct for their
effect) analyses were extracted. If no hazard ratio
(HR) was reported, it was extracted from the Kaplan—
Meier curves using Parmar estimation.'’

QUALITY ASSESSMENT

The methodological quality of enrolled studies was
assessed by two investigators (N.P.M.B. and S.V.)
independently and disagreements were resolved by a
third (ILD.N.). Study quality was assessed using a
scale designed for the evaluation of histopathological
studies.'*!>
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STATISTICAL ANALYSES

A conventional random-effects meta-analysis was
used to obtain direct estimates between LNM+, TD+,
LNM + ENE+ and LNM + TD+ if two or more studies
were available, using HR as the effect estimate. The
inverse variance method was used, using a restricted
maximum-likelihood estimator for 7> as well as
Hartung—Knapp adjustment. The statistical heteroge-
neity between prognostic effects across studies was
assessed using the I statistics.'®

Paired meta-analyses are limited to two groups
only. Therefore, a frequentist network meta-analysis
was conducted to simultaneously compare the effects
of more than two groups. Due to the inherent
between-study heterogeneity, a random-effects net-
work meta-analysis was performed to estimate the
effects for each pairwise comparison in the network
with their 95% confidence intervals (95% CI), using a
restricted maximum-likelihood estimator for t>. By
combining direct estimates with indirect estimates, a
network meta-analysis yields a mixed effect estimate.
An estimate for the indirect HR of LNM + TD+ versus
LNM + ENE+ cases can be obtained through the
direct comparison of LNM + TD+ versus LNM+ cases
and LNM + ENE+ versus LNM+ cases, by calculating
the difference in the natural logarithms of the HRs
between the two direct comparisons and exponentiat-
ing this difference. A network plot was generated to
visually display the comparative relationships among
the different tumour nodules for the different out-
comes. Forest plots showing the direct and indirect
results of the network meta-analysis were generated
to assess inconsistency and the P-score was analysed
to rank the different types of tumour nodules based
on their prognostic value.!” The P-score is obtained
by estimating the effect sizes of pairwise comparisons
and ranks the compared groups with a value between
0 and 1, where a higher P-score means a stronger
association with worse survival. Funnel plots were
generated to qualitatively evaluate publication bias.

The paired meta-analyses were performed using the
meta package, and the network meta-analyses using
the netmeta package, both of R software (version
4.3.1).1820

Results

STUDY SELECTION, QUALITY ASSESSMENT AND
PUBLICATION BIAS

A total of 2412 studies were retrieved by the litera-
ture search (Figure 1A) and after exclusion of

duplicates, title and abstract screening and full article
assessment, 20 studies were included (Tables 1 and
2). Examples of the different tumour nodules included
in the analyses are shown in Figure 1B. All studies
were subjected to quality assessment based on the
reporting of predefined items important for histologi-
cal studies (Supporting information, Table S2). The
percentage of reported items ranged from 53 to 87%.

For all network meta-analyses, the direct and indi-
rect estimates were calculated, and no indication of
inconsistency was detected (Supporting information,
Figure S1). Publication bias was assessed by generating
network funnel plots based on the different survival
outcomes, which did not reveal marked asymmetry
among the studies, indicating the absence of significant
publication bias (Supporting information, Figure S2).
Sensitivity analyses were performed for subgroups
based on tumour location and geographical origin of
the patients but this had no impact on outcome.

DISEASE-FREE SURVIVAL

The network of comparisons for the frequentist
meta-analysis of univariable DFS is shown in Figure 2;
networks for the other outcome measures are provided
in Supporting information, Figure S3. The network
meta-analysis is based on the direct evidence from the
paired analyses. In these analyses, both LNM + TD+
and LNM + ENE+ cases had a significantly worse DFS
compared with LNM+ cases with a HR of 2.45 (95%
CI =2.01-2.98, Figure 3A) and 1.83 (95%
CI = 1.55-2.17, Figure 3B), respectively. The network
meta-analysis yielded a significantly worse DFS for
LNM + TD+ compared with LNM + ENE+ cases
(HR = 1.28, 95% CI = 1.07-1.54, Table 3). When
ranking tumour nodules by prognostic value based on
the P-score, LNM + TD+ had the largest impact on DFS
(Supporting information, Figure S4).

For the analysis on multivariable DFS, paired ana-
lyses show that both LNM + ENE+ and LNM + TD+
cases had significantly worse DFS compared to LNM+
cases with HR of 1.74 (95% CI = 1.22-2.49) and
1.50 (95% CI = 1.25-1.82; Supporting information,
Figure S5A). The network analysis resulted in a DFS
for LNM + TD+ cases compared to LNM + ENE+
cases, which was not significantly different
(HR =1.13; 95% CI = 0.87-1.46, Supporting infor-
mation, Table S3).

DISEASE-SPECIFIC SURVIVAL

For univariable DSS, the pairwise analyses showed a
worse DSS for LNM + ENE+ and LNM + TD+ cases
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Figure 1. A, Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) flow chart showing selection of articles for
review. B, Haematoxylin and eosin-stained images showing the histology from left to right of a lymph node metastasis (LNM), extranodal
extension (ENE) and tumour deposit (TD). LNM were defined as tumour cells inside a lymph node in the pericolorectal fat. ENE was defined
as the extension of tumour cells through the lymph node capsule. TD were defined as clusters of tumour cells in the pericolorectal fat with-
out recognisable remnants of a lymph node, vascular invasion or perineural invasion, following the definitions in the tumour-node-metasta-

sis (TNM)8.!

when compared to LNM+ cases (Figure S5B). High
heterogeneity based on the I° statistic was found for
the comparison between LNM + ENE+ and LNM+
cases. The network meta-analysis showed that DSS
was not statistically different between for LNM + TD+
cases compared with LNM + ENE+ cases (Table 3).

The multivariable DSS results were in line with the
results for DFS and OS, as the network analysis
showed a significantly worse DSS for LNM + TD+
cases compared with LNM + ENE+ cases (HR = 1.82;
95% CI = 1.08-3.08, Supporting information,
Table S3).

OVERALL SURVIVAL

For univariable OS, the pairwise comparisons yielded
worse OS for LNM + ENE+ and LNM + TD+ cases
compared with LNM+ cases with a HR of 3.97 (95%
CI =2.07-7.65) and 2.21 (95% CI = 1.49-3.28),
respectively (Figure S5B). The network analysis
showed a significantly worse OS for LNM + TD+ com-
pared with LNM + ENE+ (HR =1.83; 95%
CI = 1.22-2.74, Table 2).

For pairwise comparisons of multivariable OS, a
worse OS was found for LNM + ENE+ and
LNM + TD+ cases compared with LNM+ cases with a
HR of 2.56 (95% CI=1.98-3.31) and 1.58 (95%
CI = 1.07-2.34), respectively (Figure S5C). The net-
work meta-analysis of the multivariable OS data
showed a significantly worse OS for LNM + TD+ com-
pared with LNM + ENE+ cases (HR = 1.62; 95%
CI = 1.07-2.44; Supporting information, Table S3).

Discussion

Although the presence of both ENE and TD have a
strong association with worse survival, they have not
been compared or analysed together previously.’*
We confirmed that the presence of both TD and ENE
leads to worse survival in node-positive CRC. Further-
more, using a network meta-analysis, we also showed
that there is a trend towards worse survival for
LNM + TD+ cases compared with LNM + ENE+ cases,
illustrated by a HR of 1.27 (95 CI = 1.06-1.53) and
1.83 (95% CI = 1.22-2.74) for univariable 5-year

DFS and OS, respectively, although this difference
was not statistically significant in the multivariable
meta-analysis for DFS.

The results from this study are in line with previ-
ous systematic reviews that performed paired
meta-analyses showing a worse prognosis for TD and
ENE-positive cases.” *®2! The current study adds to
this by including the most recent publications on ENE
as well as by indirectly comparing LNM + ENE+ and
LNM + TD+ cases. Furthermore, several of the
meta-analyses on TD included studies in which the
tumour nodules were not histologically revised (reas-
sessing all nodules by an expert pathologist to distin-
guish between ENE and TD).??! Histological revision
is crucial to differentiate between ENE and TD, as it is
known that the definition of TD is complex, and the
lack of reassessment by an expert can lead to biased
results.'? Therefore, revision by an expert pathologist
was an inclusion criterion in the current study.

The only study that included data comparing
LNM + TD+ with LNM + ENE+ cases was small and
did not have this comparison as the main objective.
Both groups had significantly worse DFS compared
with LNM only, but between LNM + TD+ and
LNM + ENE+ cases no significant difference in DFS
was found, possibly due to insufficient power.*

The increasingly worse outcome from LNM to ENE
and TD could be explained by more aggressive biol-
ogy and thereby the increased complexity of the
shape of these nodules. When tumour cells in LNM
grow through the lymphatic capsule and develop
ENE, they have acquired characteristics enabling
migration through the extracellular matrix and
across histological borders, relevant for distant metas-
tasis formation.?*> Similarly, TD are characterised by
the destruction of histological boundaries. We have
previously shown by transcriptome profiling that TD
are indeed characterised by a more invasive pheno-
type (including epithelial mesenchymal transition,
invasion and matrix remodelling) compared with
LNM.?* This destruction of histological borders causes
increasingly complex shapes of tumour nodules with
less rounded shapes and more protrusions. Indeed,
the complexity of the shape of tumour nodules
increases from LNM to ENE to TD. Furthermore,
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(3098)

LNM+ENE+ . 8 ‘ D+
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Figure 2. Network comparisons for the frequentist network
meta-analysis for disease-free survival (univariable). The nodes in
the network represent the groups that are compared, including the
number of patients for these groups. The arms show the compari-
sons for which direct evidence is available, the numbers indicating
the number of studies including this comparison. This direct evi-
dence is shown in detail in the conventional paired meta-analyses
in Figure 3, with the comparison LNM + TD+ versus LNM+ in
Figure 3A, LNM + ENE+ versus LNM+ in Figure 3B, LNM+ versus
TD+ in Figure 3C and LNM + TD+ versus TD+ in Figure 3D.

increasingly complex shapes were found to be contin-
uously associated with worse DFS.?> This finding is
confirmed by the current study that ranked
LNM + TD+ cases as having the worse outcomes, fol-
lowed by LNM + ENE+ cases and cases with only
LNM (Supporting information, Figure S4). However,
further research is needed to investigate if this inva-
sive biology, reflected in the more complex shape of
ENE/TD, allows the tumour cells in these nodules to
directly spread to other organs and form distant
metastases, or whether these are merely biomarkers.
The use of a network meta-analysis for histopatho-
logical parameters is novel. It enabled us to compare
the prognostic value of LNM+, TD+, LNM + ENE+
and LNM + TD+ cases in one single analysis, generat-
ing a uniquely comprehensive overview of the prog-
nostic value of different types of tumour nodules in
CRC, which was previously limited to paired compari-
sons. It is important to take some caution when inter-
preting the results in this innovative approach.
Conventionally, network meta-analyses are applied to
randomised clinical trials, which are different from
the cohorts such as those used in the current study,
the most important difference being the more uncon-
trolled nature of the reference group in

histopathological studies. In the current study, LNM+
cases were used as the reference group to link the
outcomes of LNM + ENE+ and LNM + TD+ cases.
However, the studies that compared LNM + ENE+
with LNM+ cases were uncontrolled for TD preva-
lence. Therefore, a bias due to higher prevalence of
TD in the LNM + ENE+ group is possible, which
would enhance its HR. Similarly, the presence of ENE
could have biased the results for the LNM + TD+
group, although if these biases are real, then this
would mean that the true difference is larger than we
estimated. High heterogeneity was found, mainly for
DSS, which can be explained by the low number of
cases in the included studies, as DSS is an infre-
quently reported outcome measure.?® Also, it is not
possible to compare the results from the network
meta-analysis for the comparison of LNM + ENE+
and LNM + TD with a paired meta-analysis, due to
the lack of direct evidence for this comparison in the
literature. However, the comparisons from the net-
work meta-analyses and their paired meta-analyses
in this study were generally in line with each other.
Lastly, there is currently no evidence in the literature
for the prognostic impact of LNM + ENE+TD+ cases,
making it impossible to determine whether the prog-
nostic effects of both ENE and TD are additive. Future
research should address this.

Currently, the presence of ENE is not relevant for
the final TNM stage of CRC cases and TD are
included in the N1c category in the TNM, but only in
the absence of LNM, despite their impact on
prognosis."  The results from the current
meta-analyses show that both ENE and TD are associ-
ated with worse outcomes in the presence of LNM. In
several other solid tumours, ENE is recognised as a
prognostic factor in the TNM staging system, and we
recommend to also include ENE as a prognostic factor
in the nodal stage for CRC." With regard to TD, their
association with poor survival has been widely estab-
lished, and in this meta-analysis we have shown that
LNM + TD+ cases have the worst outcome when
compared to LNM+, and even show a trend towards
worse outcomes when compared to LNM + ENE+
cases.”>?! Therefore, we recommend to provide TD
with a more prominent position in the nodal stage in
the TNM classification and regard them at least as
equal, if not more important, than LNM.

When considering how to give TD a more promi-
nent role in nodal staging, it is crucial to address the
‘counting principle’. The current meta-analysis
focuses upon a present versus not present compari-
son, as we are limited by the available literature data.
However, the addition of the number of TD added to
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(A)
LNM+ LNM+TD+ LNM+ LNM+TD+
Study (n) (n) 5-year  5-year Weight HR 95%-Cl Hazard Ratio
Al Sahaf TD (2011) 81 33 37% 15% 10.5% 1.98 [1.23; 3.17] —
Belt (2010) 169 43 58% 30% 9.5% 218 [1.33; 3.58] —*—
Kim TD (2016) 158 72 NR NR 9.0% 2.21 [1.32; 3.67] ——
Landau (2019) 88 48 74% 55% 6.5% 220 [1.20; 4.01] —'—
Puppa (2007) 128 100 NR NR 221% 322 [2.32; 4.46] e
Qiu (2011) 167 769 77% 53% 253% 240 [1.77; 3.25] -
Shimada (2010) 22 59 95% 44% 0.6% 16.76 [2.29; 122.77] —*—>
Ueno (2014) 232 83 75% 53% 16.5% 2.19 [1.51; 3.20] —'—
Random effects model (HK) 100.0% 2.45 [2.01; 2.98] -
Prediction interval [2.02; 2.96] —
Heterogeneity: /° = 12%, t° < 0.0001, 1% = 7.93 (P = 0.34) f T T T T !
Test for overall effect: t; = 10.77 (P < 0.01) 0.01 0.1 05 1 2 10 100
Favors LNM+TD+  Favors LNM+
(B) LNM+ LNM+ENE+ LNM+ LNM+ENE+
Study (n) (n) 5-year  5-year Weight HR 95%-Cl Hazard Ratio
Al Sahaf (2011) 36 78 61% 18% 3.2% 3.87 [2.06; 7.27] f——
Kim (2016) 122 108 74% 52% 23.2% 1.87 [1.48;2.36] —
Kim (Colon, 2018) 812 551 81% 69% 28.6% 1.72 [1.39;2.12] -
Kim (Rectum, 2018) 504 479 77% 64% 26.1% 1.66 [1.33;2.07] -
Komori (2013) 33 19 45% 11% 2.9% 2.47 [1.27;4.81] ———
Puppa (2007) 129 99 NR NR 12.8% 1.79 [1.31;2.45] —
Wind (2008) 53 58 69% 41% 3.2% 2.64 [1.41;4.94] —~—
Random effects model (HK) 100.0% 1.83 [1.55; 2.17] *
Prediction interval [1.58; 2.13] =
Heterogeneity: /> = 31%, <> < 0.0001, 12 = 8.67 (P = 0.19) f T T T T !
Test for overall effect: tg = 8.81 (P < 0.01) 0.01 0.1 05 1 2 10 100
Favors LNM+ENE+ Favors LNM+
© TD+ LNM+ TD+ LNM+
Study (n) (n) 5-year 5-year Weight HR 95%-Cl Hazard Ratio
Belt (2010) 26 43 58% 54% 30.1% 0.76 [0.38; 1.53] —t—
Landau (2019) 8 67 81% 38% 25.6% 4.55 [1.61; 12.88] —
Shimada (2010) 29 22 95% 69% 14.2% 7.67 [0.97; 60.51]
Ueno (2014) 28 232 75% 79% 30.2% 1.05 [0.53; 2.11] —t
Random effects model (HK) 100.0% 1.84 [0.35; 9.78] ——r———
Prediction interval [0.02; 139.92]
Heterogeneity: /° = 73%, <> = 0.7495, 32 = 11.01 (P = 0.01) I T T J T !
Test for overall effect: t; = 1.16 (P = 0.33) 0.01 0.1 05 1 2 10 100
Favors LNM+  Favors TD+
(D) TD+ LNM+TD+ TD+ LNM+TD+
Study (n) (n) 5-year 5-year Weight HR 95%-Cl Hazard Ratio
Belt (2010) 26 169 54% 30% 51.0% 1.69 [1.08;2.64] .
Landau (2019) 9 48 33% 54% 12.3% 1.79 [0.72; 4.45] —t—
Shimada (2010) 29 59 72% 44% 17.0% 2.70 [1.24; 5.85] —
Ueno (2014) 28 83 79% 53% 19.8% 2.09 [1.02; 4.29] —'—
Random effects model (HK) 100.0% 1.92 [1.40; 2.65] -
Prediction interval [0.95; 3.87]  —
Heterogeneity: 1> = 0%, t* = 0, 32 = 1.14 (P = 0.77) I ! J ‘ J !
Test for overall effect: ;= 6.50 (P < 0.01) 0.01 0.1 05 1 2 10 100
Favors LNM+TD+  Favors TD+

Figure 3. Forest plots showing the direct pairwise comparisons of disease-free survival (univariable). A, Pairwise comparison between

LNM + TD+ and LNM+ cases. B, Pairwise comparison between LNM + ENE+ and LNM+ cases. C, Pairwise comparison between LNM+ and
TD+ cases. D, Pairwise comparison between LNM + TD+ and TD+ cases.
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Table 3. Mixed effect hazard ratio estimates from the frequentist network meta-analyses for the three univariable survival

outcomes
Outcomes Number of cohorts (patients) Comparison LNM+ TD+ LNM + ENE+
Disease-free survival LNM+: 19 (3098)

TD+: 8 (183) TD+ 1.04 [0.79-1.371] - -

LNM + ENE+: 7 (1392) LNM + ENE+ 1.83 [1.64-2.05] 1.77 [1.31-2.38] -

LNM + TD+: 12 (1566) LNM + TD+ 2.35 [2.03-2.73] 2.27 [1.74-2.95] 1.28 [1.07-1.54]
Disease-specific survival LNM+: 8 (656)

TD+: 4 (69) TD+ 1.35 [0.72-2.54] - -

LNM + ENE+: 2 (177) LNM + ENE+ 2.16 [1.10-4.23] 1.60 [0.64-4.02] -

LNM + TD+: 6 (275) LNM + TD+ 1.96 [1.24-3.09] 1.45 [0.79-2.66] 0.91 [0.40-2.04]
Overall survival LNM+: 8 (755)

TD+: 0 (0) TD+ - - -

LNM + ENE+: 6 (536) LNM + ENE+ 2.18 [1.74-2.72] - -

LNM + TD+: 2 (116) LNM + TD+ 3.97 [2.83-5.59] - 1.83 [1.22-2.74]

Statistically significant hazard ratios are coloured blue and non-significant hazard ratios are coloured orange.

the number of LNM (i.e. the counting principle) show
improved prognostic accuracy.”?’ ?° This was con-
firmed in post-hoc analyses of clinical trials.??!
Therefore, to improve prognostic accuracy TD should
be included with LNM count.

In conclusion, this study has found a consistent
trend towards worse survival for LNM + TD+ cases
compared to LNM + ENE+ cases for DFS, DSS and OS,
which was no longer statistically significant in the
multivariable meta-analysis for DFS. Furthermore,
both LNM + ENE+ and LNM + TD+ cases have worse
survival compared with LNM alone. This provides a
more comprehensive understanding of how to view
the different types of tumour nodules in the context
of locoregional spread in CRC. To improve the accu-
racy of the staging of CRC patients, we therefore rec-
ommend to provide a more important role for both
ENE and TD in the nodal stage in the TNM classifica-
tion, with the most prominent role for TD.
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the online version of this article:
Table S1. Literature search criteria.

Table S2. Quality of the reporting of the included
studies.

Table S3. Mixed effect estimates from the network
meta-analyses for the different multivariable survival
outcomes. Significant hazard ratios are coloured
blue and not significant hazard ratios are coloured
orange.

Figure S1. Forest plots showing direct and indirect
evidence for network analyses.

Figure S2. Funnel plots for network meta-analyses.

Figure S3. Network comparisons for the network
meta-analysis.

Figure S4. Bar graph showing the P-scores for the
different groups and for all the different outcome
measures. The P-score ranks all compared groups
where a higher P-score means a stronger association
with worse survival.

Figure S5. Direct comparisons hazard ratios.
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