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MINI-ABSTRACT

A meta-analysis of patients with rectal cancer, assessing the prevalence of MRI detected
extra-mural vascular invasion (mrEMVI), of metastases at presentation and after surgery in
mrEMV1 positive versus negative tumours. mrEMVI positive tumours were prevalent in 34%
of reported studies and were over five more likely to present with metastases and almost four
times more likely to develop metastases after surgery compared with mrEMVI negative

tumours.
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STRUCTURED-ABSTRACT
Background: Pathologic extramural vascular invasion (EMVI) is an independent prognostic
factor in rectal cancer but can also be identified on magnetic resonance imaging (mrEMVI).
We perform a meta-analysis to determine the risk of metastatic disease at presentation and
after surgery in mrEMV1 positive patients compared with negative tumours.
Methods:  Electronic  databases were  searched from January 1980 to
March 2016. Conventional meta-analytical techniques were used to provide a summative
outcome. Quality assessment of the studies was performed.
Results: Six articles reported on mrEMVI in 1262 patients. There were 403 patients in the
mrEMVI positive group and 859 patients in the mrEMVI negative group. The combined
prevalence of mrEMVI positive tumours was 0.346(Range=0.198-0.574). Patients with
mrEMVI positive tumours presented more frequently with metastases compared to mrEMVI
negative tumours [fixed effects model: OR=5.68, 95%CI(3.75,8.61), z=8.21, df=2, p<0.001].
Patients who were mrEMVI positive developed metastases more frequently during follow-up
[random effects model:OR=3.91,95%CI(2.61,5.86),z=6.63,df=5,p<0.001].
Conclusions: mrEMVI is prevalent in one third of patients with rectal cancer. mrEMVI is a
poor prognostic factor as evidenced by the five fold increased rate of synchronous metastases

and almost four fold ongoing risk of developing metastases in follow up after surgery.
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INTRODUCTION:

The link between histopathologic vascular invasion (EMVI) in specimens and metastatic
disease was first reported in 1938 by Brown and Warren (Gibson et al., 2014). Talbot and
colleagues subsequently showed that tumor spread into “thick-walled vessels” was evident in
almost 52% of 703 rectal cancer specimens. Follow-up of their series showed a significantly
worse 5-year survival rate and an almost four fold risk of developing liver metastases (40%)
in patients with EMVI compared to EMVI negative tumours (14%) (Talbot et al.). The
prevalence of EMVI varies greatly and is under-reported on histopathologic specimens
(Messenger et al., 2012, Quasar Collaborative et al., 2007). The reasons for this may include
lack of specific definitions and inconsistent analysis techniques despite efforts to improve
this (Messenger et al., 2011, Kirsch et al., 2013).

MRI is able to demonstrate normal veins within the mesorectum as distinctive low signal
serpiginous structures and when disrupted or expanded by tumour signal this is strongly
linked to the likelihood of pathologic EMVI being detected in the specimen. This led to the
standardization of mrEMVI deifinitions in the preoperative assessment of rectal cancer as
“serpiginous extension of tumour signal within a vascular structure — resulting in contiguous
or discontinuous expansion of a vein by tumour signal” (supplementary figure 1) (Smith et
al., 2008c, Brown et al., 2003, Shihab et al., 2011, Taylor et al., 20144, Taylor et al., 2008,
Nougaret et al., 2013, Chand et al., 2014b). By comparing pre and post treatment scans, MRI
identifies the persistence of EMVI in a greater percentage of patients than histopathology
(mrEMVI)(Chand et al.,, 2015a) and has a high sensitivity even when enhanced
histopathologic techniques are used (Jhaveri et al., 2016). Several studies have reported the
prevalence of mrEMVI and its correlation to the development of metastatic disease (Sohn et
al., 2014, Chand et al., 2015a, Bugg et al., 2014, Smith et al., 2008c, Hunter et al., 2012,

Seehaus et al.,, 2015, Kim et al., 2016). Given the standardised, reproducible and
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prognostically validated methods of describing tumour using MRI; it is considered a
standard for preoperative risk-stratification and treatment decision-making (Network, NICE,
Glimelius et al., Ernst-Stecken et al., 2004, Brown et al., 2003, Chand et al., 2015b, 2006,
Battersby et al., 2015, Yu et al., 2014, Taylor et al., 2014b, Taylor et al., 2011, Smith et al.,
2008a, Shihab et al., 2011). Despite this, patients presenting with the finding of mrEMVI are
treated in different ways with a lack of consensus on the use of adjuvant therapy. In a recent
survey, only 55% of surgeons and 57% of oncologists considered it when deciding on post-
operative treatment; this may lead to under-estimation of the risks of metastatic disease and
the consequent under-treatment of an MRI identified high-risk group (Chand et al., 2014a).
Identifying the true overall prevalence of mrEMVI and the risk of metastatic disease will help
in establishing the need, or lack thereof, for further treatment strategies and would certainly
aid in patient discussions regarding the potential advantages or disadvantages of adjuvant
therapy.

This meta-analyses aims to establish the true overall prevalence of rectal tumours with
mrEMVI, its association with metastatic disease at the time of presentation and development
of distant disease after surgery.

METHODS

Registration & protocol

This meta-analysis was registered on the PROSPERO database a priori with an outline of the
proposed hypotheses and analysis (Siddiqui et al.).

Hypothesis

Tumours that are mrEMVI positive demonstrate a higher incidence of synchronous and
metachronous metastases compared with mrEMV I negative tumours.

Searching and Selection

All studies examining the outcomes in patients with rectal cancer and MRI-detected
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extramural vascular invasion (EMVI) from January 1980 (first human publications regarding
MRI) to July 2016 were identified. The MEDLINE, EMBASE and CINAHL databases
available through the United Kingdom's National Health Service National Library of Health
website, the Cochrane library and PubMed available online. Text words “rectal cancer”,
“vascular invasion”, “extramural”, “tumour in vessels”, “medical imaging”, “magnetic
resonance”, “MRI” were used in combination with the medical subject heading “rectal
cancers”. Irrelevant articles, reviews and meta-analyses evident from the titles and abstracts
were excluded. Relevant articles referenced in these publications were obtained and the
references of identified studies were searched to identify any further studies. No language
restriction was applied. A flow chart of the literature search according to PRISMA guidelines
(Liberati et al., 2009) is shown in supplementary figure 2. 171 articles were screened for
relevance. Of the 171 papers initially detected there were 55 duplicates leaving 116 records.
Of these 116 records that were screened, most were pathology based and were excluded.
Some of the studies were reviews and some studies captured by our search strategy were on
unrelated subjects. On further scrutiny 6 studies comparing outcomes of rectal tumours with
and without mrEMV I were found to have useful data for the summative outcome.

Quality Assessment

The methodological quality of the trials included for meta-analysis is explained
comprehensively in Table 3. Assessment was performed by 2 authors independently
(M.R.S.S. & J.B) (Rangel et al., 2003, Chalmers et al., 1981, Jadad et al., 1996).

Data Extraction

Each included article according to our meta-analysis criteria (Supplemenary table 1) was
reviewed by two researchers. This was performed independently and if any conflict arose
resolution was through discussion prior to analysis. Only papers examining outcomes in

rectal cancer with and without mrEMVI were included. Where more specific data was
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required the authors of manuscripts were contacted. Our main outcome measures were
synchronous and metachronous metastases. For the purposes of this meta-analysis,
synchronous metastases were defined as the presence of metastatic disease prior to surgical
intervention and metachronous disease was defined as the occurrence of metastases after
surgery during the follow-up period.

Data Synthesis

Statistical analyses were performed using Comprehensive Meta-Analysis 2006 for Windows
XP (Borenstein M, 2005). A value of p<0.05 was chosen as the significance level for
outcome measures. Binary data (number of metastases) were summarized as risk ratios (OR)
and combined using the Mantel-Haenszel method (Egger et al., 2006). Heterogeneity of the
studies was assessed according to Q and 12. A random and fixed effects method was used.
Studies were excluded on an individual basis to assess for influence on heterogeneity. In a
sensitivity analysis, 1 was added to each cell frequency for trials in which no event occurred,
according to the method recommended by Deeks et al (Deeks et al., 2001). Forest plots were
used for the graphical display.

RESULTS

Six articles (Sohn et al., 2014, Chand et al., 2015a, Bugg et al., 2014, Smith et al., 2008c,
Hunter et al., 2012, Seehaus et al., 2015) reporting on metastatic disease in patients with
rectal cancer and extramural vascular invasion were retrieved from the electronic databases
met the inclusion criteria (Supplemenary table 1). Two studies were from the same center but
evaluated different time cohorts (Chand et al., 2015a, Smith et al., 2008c). One study
included a combination of synchronous and metachronous metastases (predominately
synchronous) and was included in the analyses for both outcome measures, exclusion of this
study did not alter the significance for both synchronous or metachronous metastases (Sohn

et al., 2014). For one study, the mrEMVI status in a cohort of patients was obtained after
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contacting the authors (Hunter et al., 2012). A further study evaluated persistent ymrEMVI
status after preoperative chemoradiotherapy (Chand et al., 2015a). Characteristics of each
article are given in Table 1 and 2. The methodological quality of the trials included for meta-
analysis is shown in Table 3 (Rangel et al., 2003, Chalmers et al., 1981, Jadad et al., 1996).
Prevalence of MRI defined EMVI positive rectal tumours

The combined prevalence of mrEMVI positive tumours from the six studies (Sohn et al.,
2014, Chand et al., 2015a, Bugg et al., 2014, Smith et al., 2008c, Hunter et al., 2012, Seehaus
et al., 2015) was 0.346 (C1=0.237-0.474) and is graphically portrayed in figure 1.
Synchronous metastases

Three studies incorporating a total of 804 patients (Smith et al., 2008b, Sohn et al., 2014,
Hunter et al., 2012) contributed towards a summative outcome. Seventy patients had
metastases out of 212 patients with mrEMVI (33%). Fifty-two patients presented with
metastases out of 592 patients without mrEMVI (9%).

Patients with mrEMVI positive tumours presented more frequently with metastases at
presentation compared to mrEMVI negative tumours [fixed effects model: OR=5.68,95%
ClI(3.75,8.61),z=8.21,p<0.001; figure 2]. There was no significant heterogeneity among trials
(Q=1.85,df=2,p=0.40,1>=0) and the fixed effects model was used.

In a sensitivity analysis one study was excluded (Sohn et al.,, 2014) due to clinical
heterogeneity (inclusion of synchronous and metachronous metastases) although the
heterogeneity was not reduced and the outcome remained significant [fixed effects model:
OR=4.60, 95% CI (2.34,9.07), z=4.41, p<0.001]. Thus patients with mrEMV1 were over four
times more likely to present with metastases compared to patients without mrEMVI.
Metachronous metastases

Six studies incorporating 1262 patients (Sohn et al., 2014, Chand et al., 2015a, Bugg et al.,

2014, Smith et al., 2008c, Hunter et al., 2012, Stewart et al., 2007) contributed towards a
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summative outcome. 159 out of 403 patients had metastases and were mrEMVI positive
(39%). 125 out of 859 patients had metastases and were mrEMV I negative (15%).

Patients who had mrEMVI positive tumours more often had metastases during follow-up
compared with mrEMVI negative tumours [fixed effects model: OR=4.02, 95%CI
(2.99,5.39), z=9.26, p<0.001; random effects model: OR=3.91, 95%CI (2.61,5.86), z=6.63,
p<0.001; figure 3]. There was no significant heterogeneity among trials
(Q=8.53,df=5,p=0.129,1=41) and the fixed and random effects models were used.

One study was excluded (Sohn et al., 2014) due to clinical heterogeneity (inclusion of
synchronous and metachronous metastases) and heterogeneity was reduced
(Q=4.35,df=5,p=0.36,1>=8) but the outcome remained significant [fixed effects model:
OR=3.26, 95% CI (2.29,4.66), z=4.35, p<0.001]. Therefore patients with mrEMVI over three
times more likely to develop metastases than mrEMVI negative tumours.

DISCUSSION

The present analysis has shown that mrEMVI indicates poorer disease free survival (DFS)
(Chand et al., 2014b). Thus, identifying the burden of disease in the population and its almost
4 fold increased risk of further metastatic disease may in future influence the use of
neoadjuvant and adjuvant treatment strategies and certainly warrants future trial designs that
take into account the presence of mrEMV1 as a risk factor.

Main findings

This analysis of 804 patients has shown that those with mrEMVI are five times more likely to
have metastases at presentation compared to those without. Analysis of 1262 with mrEMVI
positive tumours are almost four times more likely to develop metastases on follow-up. The
meta-analysis has also shown that MRI detected prevalence of EMVI in rectal cancer is
34.6% (CI: 23.7-47.4%) and thus amounts to over a third of all rectal cancers. Although the

link between pathologic EMVI and liver metastases is well established (Talbot et al., 1980),
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its reporting by individual pathologists is highly variable with documented pathologic under-
reporting of pEMVI resulting in rates of only 9-21% in published audits (Kirsch et al.,
Messenger et al., Messenger et al., Betge et al., 2012, Bhangu et al., 2013, Courtney et al.,
2009, Gibson et al., 2014, Stewart et al., 2007). Furthermore pathologic EMVI status is only
available after surgery thus limiting the ability to tailor preoperative therapy. Arguably, MRI
assessment of EMVI can be justified as a gold standard as it has both a higher detection rate
and represents an independent risk factor for recurrence.

Importance and clinical implications

mrEMVI positive tumours represent a large cohort (34.6%) within the rectal cancer
population and carry a significantly high risk of metastatic disease. Its positive identification
could lead to better surveillance of high risk patients as well as future improvements in
therapeutic strategies (Hunter et al., 2012, Slesser et al.). This analysis has quantified the
metastatic risk at presentation and after surgery following analysis of more than 800 patients
who were identified as mrEMVI positive thus enabling important prognostic information
from the preoperative MRI assessment to be shared with patients. This is relevant because
the current TNM classification and treatment policies largely fail to account for this
prognostic group(Bujko et al., 2010). Existing recommendations for patients with pEMVI are
based on historical studies which were limited by the low prevalence and under-reporting of
EMVI or misreporting vascular tumour deposits as “lymph nodes” (Ueno et al., 2007, Ueno
etal., 2012) . Node negative tumours in such studies showed a far greater overall survival and
disease free survival rates than those currently observed in mrEMVI positive node negative
tumours (Quasar Collaborative et al., 2007). The potential benefit of adjuvant chemotherapy
in this previously unidentified group consequently remains uncertain (Quasar Collaborative
et al., 2007). The risk of metastatic disease associated with mrEMVI has implications for

administration of long course chemoradiotherapy (LCRT) with additional preoperative
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chemotherapy given either before or after LCRT and this is currently under investigation in a
number of clinical trials (Nilsson et al., 2013, Slesser et al., 2015, Courtney et al.).

Appraisal of evidence and heterogeneity

The overall incidence of mrEMVI in the individual studies were similar except for two
studies which showed a prevalence of 53% (Chand et al., 2015a) and 57% (Seehaus et al.,
2015). One of these studies evaluated a population limited to advanced rectal tumours
undergoing preoperative chemoradiotherapy which accounts for the higher prevalence
(Chand et al., 2015a). The other studies included both earlier and locally advanced stage
tumours (Smith et al., 2008b, Sohn et al., 2014, Thomson et al., 2015). In this meta-analysis
one study included only mrEMVI positive patients at baseline and compared patients who
were persistently positive with EMVI that regressed. In this paper, those tumours that
regressed to ymrEMVI negative had similar low rates of metastatic disease as those who are
mrEMVI negative on baseline scans (Chand et al., 2015a). The link between mrEMVI in
metastatic disease has been further highlighted by studies showing that about 90% of patients
with hepatic metastases are EMVI positive (Slesser et al., 2015). One limitation of this
analysis is that the cohorts may not be truly comparable due to tumour related factors
however most of our results did not identify significant heterogeneity between studies for the
outcomes of interest, suggesting the cohorts are comparable. In the results where there was
significant heterogeneity (clinical or statistical), it sets the stage for further research to
identify the reasons for variability and inconsistency between studies. This meta-analysis has
more power than individual studies to identify a true difference that exists between two
groups, especially for outcomes that require larger sample sizes. In addition, our meta-
analysis not only has more power to identify statistical difference, but also, increases the
precision in estimating the size of the effects of difference between groups.

Quality assessment & Limitations

Metastases in patients with mrEMVI 9
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Quiality assessment of the studies (retrospective reviews of databases) included in this meta-
analysis is shown in table 3. It is too early to comment on publication bias.

The individual articles in our studies showed clinical heterogeneity when examining
metastatic disease after surgery and this may be due to differing follow-up times. One study
included synchronous and metachronous metastases (Sohn et al., 2014) and when excluded
from our analysis reduced the heterogeneity. Some studies (such as Smith et al) included in
our meta-analysis had small sample sizes that resulted in wide confidence intervals and
caution should be used when drawing conclusions. Despite the lack of statistical
heterogeneity, the clinical differences need to be borne in mind as well as the relatively small
number of patients retrieved from the literature. The small numbers involved also has the
potential for over-estimating the Odds Ratios of our overall outcome results and therefore
although our results are strongly supportive of our conclusions caution should be maintained
and further trials would certainly be warranted. One potential area is that of tumour related
factors which may affect the results however all the pre-operative variables assessed were
comparable in the studies and whilst contributing to heterogeneity and to some extent the
overall odds ratios it is unlikely to affect the direction of the result. The MERCURY |1 study
has also shown that nodal status did not predict for local or distant failure, in addition the
mrEMVI positivity rate was greater than the CRM positive rate therefore making mrEMVI
likely to be a more predictive factor (Battersby et al., 2015). Further studies should
standardise follow up of cases to add further to the literature.

Future studies

Further prospective matched-cohort studies focusing on outcomes will help in risk
stratification of mrEMV1 positive tumours. The clear definitions of EMVI identified on MRI,
and confirmed in this meta-analysis, means that this imaging modality should be adopted as

the gold standard in assessment of this prognostic factor. This analysis has shown that
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mrEMVI is a likely precursor to metastatic disease and will be formally tested in a
prospective study . With its greater detection of patients who are at high risk of developing
metastatic disease than current methods, treatment with systemic chemotherapy may, in
future, reduce the risk of recurrent disease. Further research into the biological processes of
development of metastases and mrEMVI may be facilitated by study into release of tumour
cells and DNA into the circulation (Talbot et al., 1981).

CONCLUSION

EMVI is a poor prognostic factor in rectal cancer. It is now readily identified on MRI as an
independent prognostic factor with a significant prevalence in rectal tumour population. This
meta-analysis has shown that patients with mrEMVI positive tumours are over five times
more likely to have synchronous metastases and over three times as likely to develop

metastases after surgery.

Metastases in patients with mrEMVI 11



12

REFERENCES:

Gabriel WB, Dukes CE, Bussey HJR (1935) Lymphatic spread in cancer of the rectum. Br J
Surg 23: 395-413.

Molecular, Pathologic and MRI Investigation of the Prognostic and Redictive Importance of
Extramural Venous Invasion in Rectal Cancer (MARVEL) Trial Protocol available at

https://clinicaltrials.gov/ct2/show/NCT01995942 [Accessed 17th August 2016].

2006. Mercury Study Group. Diagnostic accuracy of preoperative magnetic resonance
imaging in predicting curative resection of rectal cancer: prospective observational
study. BMJ, 333, 779.

BATTERSBY, N. J., HOW, P.,, MORAN, B., STELZNER, S., WEST, N. P., BRANAGAN,
G., STRASSBURG, J., QUIRKE, P., TEKKIS, P., PEDERSEN, B. G., GUDGEON,
M., HEALD, B., BROWN, G. & GROUP, M. I. S. 2015. Prospective Validation of a
Low Rectal Cancer Magnetic Resonance Imaging Staging System and Development
of a Local Recurrence Risk Stratification Model: The MERCURY |11 Study. Ann Surg.

BETGE, J.,, POLLHEIMER, M. J., LINDTNER, R. A., KORNPRAT, P., SCHLEMMER, A,
REHAK, P., VIETH, M., HOEFLER, G. & LANGNER, C. 2012. Intramural and
extramural vascular invasion in colorectal cancer: prognostic significance and quality
of pathology reporting. Cancer, 118, 628-38.

BHANGU, A., FITZGERALD, J. E., SLESSER, A., NORTHOVER, J. M., FAIZ, O. &
TEKKIS, P. 2013. Prognostic significance of extramural vascular invasion in T4
rectal cancer. Colorectal Dis, 15, e665-71.

BORENSTEIN M, H. L., HIGGINS J, ROTHSTEIN H (ed.) 2005. Comprehensive Meta-

analysis Version 2, NJ: Englewood NJ.

Metastases in patients with mrEMVI 12


https://clinicaltrials.gov/ct2/show/NCT01995942

13

BROWN, G., RADCLIFFE, A. G., NEWCOMBE, R. G., DALLIMORE, N. S., BOURNE,
M. W. & WILLIAMS, G. T. 2003. Preoperative assessment of prognostic factors in
rectal cancer using high-resolution magnetic resonance imaging. Br J Surg, 90, 355-
64.

BUGG, W. G., ANDREOU, A. K., BISWAS, D., TOMS, A. P. & WILLIAMS, S. M. 2014.
The prognostic significance of MRI-detected extramural venous invasion in rectal
carcinoma. Clin Radiol, 69, 619-23.

BUJKO, K., GLYNNE-JONES, R. & BUJKO, M. 2010. Does adjuvant fluoropyrimidine-
based chemotherapy provide a benefit for patients with resected rectal cancer who
have already received neoadjuvant radiochemotherapy? A systematic review of
randomised trials. Ann Oncol, 21, 1743-50.

CHALMERS, T. C., SMITH, H., JR., BLACKBURN, B., SILVERMAN, B., SCHROEDER,
B., REITMAN, D. & AMBROZ, A. 1981. A method for assessing the quality of a
randomized control trial. Control Clin Trials, 2, 31-49.

CHAND, M., EVANS, J., SWIFT, R. I, TEKKIS, P. P., WEST, N. P., STAMP, G., HEALD,
R. J. & BROWN, G. 2015a. The Prognostic Significance of Postchemoradiotherapy
High-resolution MRI and Histopathology Detected Extramural Venous Invasion in
Rectal Cancer. Ann Surg, 261, 473-9.

CHAND, M., EVANS, J., SWIFT, R. I, TEKKIS, P. P., WEST, N. P., STAMP, G., HEALD,
R. J. & BROWN, G. 2015b. The Prognostic Significance of Postchemoradiotherapy
High-resolution MRI and Histopathology Detected Extramural Venous Invasion in
Rectal Cancer. ANNALS OF SURGERY, 261, 473-479.

CHAND, M., SWIFT, R. I, CHAU, |., HEALD, R. J., TEKKIS, P. P. & BROWN, G. 2014a.

Adjuvant therapy decisions based on magnetic resonance imaging of extramural

Metastases in patients with mrEMVI 13



14

venous invasion and other prognostic factors in colorectal cancer. Ann R Coll Surg
Engl, 96, 543-6.

CHAND, M., SWIFT, R. I., TEKKIS, P. P., CHAU, I. & BROWN, G. 2014b. Extramural
venous invasion is a potential imaging predictive biomarker of neoadjuvant treatment
in rectal cancer. Br J Cancer, 110, 19-25.

COURTNEY, E. D., WEST, N. J.,, KAUR, C., HO, J.,, KALBER, B., HAGGER, R,
FINLAYSON, C. & LEICESTER, R. J. 2009. Extramural vascular invasion is an
adverse prognostic indicator of survival in patients with colorectal cancer. Colorectal
Dis, 11, 150-6.

DEEKS, J. J,, ALTMAN, D. G. & BRADBURN, M. J. 2001. Statistical methods for
examining heterogeneity and combining results from several studies in meta-analysis.
In: GROUP, B. P. (ed.) Systematic reviews in health care: meta-analysis in context.
2nd ed. London: BMJ Publication group.

EGGER, M., SMITH, G. D. & ALTMAN, D. G. 2006. Systematic reviews in healthcare.,
London, BMJ Publishing.

ERNST-STECKEN, A., GRABENBAUER, G., IRO, H., PLASSWILM, L. & SAUER, R.
2004. Phase 11 trial of hyperfractionated accelerated split-course radiochemotherapy
with 5-FU and Cis-DDP in advanced head and neck cancer: results and toxicity.
Strahlenther Onkol, 180, 805-10.

GIBSON, K. M., CHAN, C., CHAPUIS, P. H., DENT, O. F. & BOKEY, L. 2014. Mural and
extramural venous invasion and prognosis in colorectal cancer. Dis Colon Rectum, 57,
916-26.

GLIMELIUS, B., TIRET, E., CERVANTES, A., ARNOLD, D. & GROUP, E. G. W. 2013.
Rectal cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and

follow-up. Ann Oncol, 24 Suppl 6, vi81-8.

Metastases in patients with mrEMVI 14



15

HUNTER, C. J.,, GARANT, A., VUONG, T., ARTHO, G., LISBONA, R., TEKKIS, P.,
ABULAFI, M. & BROWN, G. 2012. Adverse features on rectal MRI identify a high-
risk group that may benefit from more intensive preoperative staging and treatment.
Ann Surg Oncol, 19, 1199-205.

JADAD, A. R.,, MOORE, R. A., CARROLL, D., JENKINSON, C., REYNOLDS, D. J.,
GAVAGHAN, D. J. & MCQUAY, H. J. 1996. Assessing the quality of reports of
randomized clinical trials: is blinding necessary? Control Clin Trials, 17, 1-12.

JHAVERI, K. S., HOSSEINI-NIK, H., THIPPHAVONG, S., ASSARZADEGAN, N.,
MENEZES, R. J.,, KENNEDY, E. D. & KIRSCH, R. 2016. MRI Detection of
Extramural Venous Invasion in Rectal Cancer: Correlation With Histopathology
Using Elastin Stain. AJR Am J Roentgenol, 206, 747-55.

KIM, H., MYOUNG, S., KOOM, W. S., KIM, N. K., KIM, M. J., AHN, J. B.,, HUR, H. &
LIM, J. S. 2016. MRI Risk Stratification for Tumor Relapse in Rectal Cancer
Achieving Pathological Complete Remission after Neoadjuvant Chemoradiation
Therapy and Curative Resection. PLoS One, 11, e0146235.

KIRSCH, R., MESSENGER, D. E., RIDDELL, R. H., POLLETT, A., COOK, M., AL-
HADDAD, S., STREUTKER, C. J., DIVARIS, D. X., PANDIT, R., NEWELL, K. J.,
LIU, J., PRICE, R. G., SMITH, S., PARFITT, J. R. & DRIMAN, D. K. 2013. Venous
invasion in colorectal cancer: impact of an elastin stain on detection and interobserver
agreement among gastrointestinal and nongastrointestinal pathologists. Am J Surg
Pathol, 37, 200-10.

LIBERATI, A., ALTMAN, D. G., TETZLAFF, J., MULROW, C., GOTZSCHE, P. C,,
IOANNIDIS, J. P., CLARKE, M., DEVEREAUX, P. J., KLEIJNEN, J. & MOHER,

D. 2009. The PRISMA statement for reporting systematic reviews and meta-analyses

Metastases in patients with mrEMVI 15



16

of studies that evaluate healthcare interventions: explanation and elaboration. BMJ,
339, b2700.

MESSENGER, D. E., DRIMAN, D. K. & KIRSCH, R. 2012. Developments in the
assessment of venous invasion in colorectal cancer: implications for future practice
and patient outcome. Hum Pathol, 43, 965-73.

MESSENGER, D. E., DRIMAN, D. K., MCLEOD, R. S., RIDDELL, R. H. & KIRSCH, R.
2011. Current practice patterns among pathologists in the assessment of venous
invasion in colorectal cancer. J Clin Pathol, 64, 983-9.

NETWORK, N. C. C. 2015. NCCN Clinical Practice Guidelines in Oncology: Rectal
Cancer. V.3.2015. [Online].

www.nccn.org/professionals/physician_gls/pdf/rectal.pdf. [Accessed 27/01/2016

2016].

NICE. 2011. Colorectal cancer: diagnosis and management. NICE Colorectal cancer:
diagnosis and management

National Institute of Clinical Excellence, UK NICE guidelines [Online].

http://www.nice.org.uk/quidance/cg131/chapter/1-recommendations. [Accessed].

NILSSON, P. J., VAN ETTEN, B., HOSPERS, G. A., PAHLMAN, L., VAN DE VELDE, C.
J.,, BEETS-TAN, R. G.,, BLOMQVIST, L., BEUKEMA, J. C., KAPITEUN, E.,
MARIINEN, C. A., NAGTEGAAL, I. D., WIGGERS, T. & GLIMELIUS, B. 2013.
Short-course radiotherapy followed by neo-adjuvant chemotherapy in locally
advanced rectal cancer--the RAPIDO trial. BMC Cancer, 13, 279.

NOUGARET, S., REINHOLD, C., MIKHAEL, H. W., ROUANET, P., BIBEAU, F. &
BROWN, G. 2013. The Use of MR Imaging in Treatment Planning for Patients with

Rectal Carcinoma: Have You Checked the "DISTANCE"? Radiology, 268, 329-343.

Metastases in patients with mrEMVI 16


http://mts-files2.nature.com/bjc_www/bjc_files/2017/02/22/00046048/02/www.nccn.org/professionals/physician_gls/pdf/rectal.pdf
http://www.nice.org.uk/guidance/cg131/chapter/1-recommendations

17

QUASAR COLLABORATIVE, G., GRAY, R., BARNWELL, J.,, MCCONKEY, C., HILLS,
R. K., WILLIAMS, N. S. & KERR, D. J. 2007. Adjuvant chemotherapy versus
observation in patients with colorectal cancer: a randomised study. Lancet, 370, 2020-
9.

RANGEL, S. J.,, KELSEY, J.,, COLBY, C. E.,, ANDERSON, J. & MOSS, R. L. 2003.
Development of a quality assessment scale for retrospective clinical studies in
pediatric surgery. J Pediatr Surg, 38, 390-6; discussion 390-6.

SEEHAUS, A., VACCARO, C., QUADRELLI, M., CALVO, M., ROSSI, G., SAVLUK, L.,
PABLO SANTINO, J., OJEA QUINTANA, G. & GARCIA MONACO, R. 2015.
[Magnetic resonance and extramural vascular invasion in patients with rectal cancer
and liver metastases]. Acta Gastroenterol Latinoam., 45, 31-6.

SHIHAB, O. C., TAYLOR, F., SALERNO, G., HEALD, R. J., QUIRKE, P., MORAN, B. J.
& BROWN, G. 2011. MRI predictive factors for long-term outcomes of low rectal
tumours. Ann Surg Oncol, 18, 3278-84.

SIDDIQUI, M., CHAND, M., BHODAY, J., TEKKIS, P., ABULAFI, A. M. & BROWN, G.
Correlation between MRI detected extra-mural vascular invasion (mrEMVI) in rectal
cancer and metastatic disease: a meta-analysis. PROSPERO 2015:CRD42015027923
Available from

http://www.crd.york.ac.uk/PROSPEROQO/display record.asp?ID=CRD42015027923.

SLESSER, A. A., KHAN, F., CHAU, I, KHAN, A. Z.,, MUDAN, S., TEKKIS, P. P,
BROWN, G. & RAO, S. 2015. The effect of a primary tumour resection on the
progression of synchronous colorectal liver metastases: An exploratory study. Eur J
Surg Oncol, 41, 484-92.

SMITH, N. J.,, BARBACHANQO, Y., NORMAN, A. R., SWIFT, R. I., ABULAFI, A. M. &

BROWN, G. 2008a. Prognostic significance of magnetic resonance imaging-detected

Metastases in patients with mrEMVI 17


http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015027923

18

extramural vascular invasion in rectal cancer. BRITISH JOURNAL OF SURGERY, 95,
229-236.

SMITH, N. J.,, BARBACHANQO, Y., NORMAN, A. R., SWIFT, R. I., ABULAFI, A. M. &
BROWN, G. 2008b. Prognostic significance of magnetic resonance imaging-detected
extramural vascular invasion in rectal cancer. Br J Surg, 95, 229-36.

SMITH, N. J,, SHIHAB, O., ARNAOUT, A., SWIFT, R. I. & BROWN, G. 2008c. MRI for
detection of extramural vascular invasion in rectal cancer. AJR Am J Roentgenol, 191,
1517-22.

SOHN, B., LIM, J. S., KIM, H.,, MYOUNG, S., CHOI, J., KIM, N. K. & KIM, M. J. 2014.
MRI-detected extramural vascular invasion is an independent prognostic factor for
synchronous metastasis in patients with rectal cancer. Eur Radiol.

STEWART, C. J.,, MORRIS, M., DE BOER, B. & IACOPETTA, B. 2007. Identification of
serosal invasion and extramural venous invasion on review of Dukes' stage B colonic
carcinomas and correlation with survival. Histopathology, 51, 372-8.

TALBOT, I. C.,, RITCHIE, S., LEIGHTON, M. H., HUGHES, A. O., BUSSEY, H. J. &
MORSON, B. C. 1980. The clinical significance of invasion of veins by rectal cancer.
The British journal of surgery, 67, 439-42.

TALBOT, I. C,, RITCHIE, S., LEIGHTON, M. H., HUGHES, A. O., BUSSEY, H. J. &
MORSON, B. C. 1981. Spread of rectal cancer within veins. Histologic features and
clinical significance. Am J Surg, 141, 15-7.

TAYLOR, F. G., QUIRKE, P., HEALD, R. J., MORAN, B., BLOMQVIST, L., SWIFT, I.,
SEBAG-MONTEFIORE, D. J., TEKKIS, P., BROWN, G. & GROUP, M. S. 2011.
Preoperative high-resolution magnetic resonance imaging can identify good prognosis
stage I, Il, and Il rectal cancer best managed by surgery alone: a prospective,

multicenter, European study. Ann Surg, 253, 711-719.

Metastases in patients with mrEMVI 18



19

TAYLOR, F. G., QUIRKE, P., HEALD, R. J., MORAN, B. J., BLOMQVIST, L., SWIFT, I.
R., SEBAG-MONTEFIORE, D., TEKKIS, P.,, BROWN, G. & MAGNETIC
RESONANCE IMAGING IN RECTAL CANCER EUROPEAN EQUIVALENCE
STUDY STUDY, G. 2014a. Preoperative magnetic resonance imaging assessment of
circumferential resection margin predicts disease-free survival and local recurrence:
5-year follow-up results of the MERCURY study. J Clin Oncol, 32, 34-43.

TAYLOR, F. G. M., QUIRKE, P., HEALD, R. J.,, MORAN, B. J.,, BLOMQVIST, L.,
SWIFT, I. R.,, SEBAG-MONTEFIORE, D., TEKKIS, P. & BROWN, G. 2014b.
Preoperative Magnetic Resonance Imaging Assessment of Circumferential Resection
Margin Predicts Disease-Free Survival and Local Recurrence: 5-Year Follow-Up
Results of the MERCURY Study. JOURNAL OF CLINICAL ONCOLOGY, 32, 34-
Ull4.

TAYLOR, F. G. M., SWIFT, R. I, BLOMQVIST, L. & BROWN, G. 2008. A Systematic
Approach to the Interpretation of Preoperative Staging MRI for Rectal Cancer.
American Journal of Roentgenology, 191, 1827-1835.

THOMSON, E., SCOTT, N. & TOLAN, D. 2015. Re: the prognostic significance of MRI-
detected extramural venous invasion in rectal carcinoma. Clin Radiol, 70, 111-2.

UENO, H., MOCHIZUKI, H., HASHIGUCHI, Y., ISHIGURO, M., MIYOSHI, M.,
KAJIWARA, Y., SATO, T., SHIMAZAKI, H. & HASE, K. 2007. Extramural cancer
deposits without nodal structure in colorectal cancer: optimal categorization for
prognostic staging. Am J Clin Pathol, 127, 287-94.

UENO, H., MOCHIZUKI, H., SHIROUZU, K., KUSUMI, T., YAMADA, K., IKEGAMI,
M., KAWACHI, H., KAMEOKA, S., OHKURA, Y., MASAKI, T., KUSHIMA, R.,
TAKAHASHI, K., AJIOKA, Y., HASE, K., OCHIAI, A., WADA, R., IWAYA, K.,

NAKAMURA, T., SUGIHARA, K., STUDY GROUP FOR TUMOR DEPOSITS

Metastases in patients with mrEMVI 19



20

WITHOUT LYMPH NODE STRUCTURE IN COLORECTAL CANCER
PROJECTED BY THE JAPANESE SOCIETY FOR CANCER OF THE, C. &
RECTUM 2012. Multicenter study for optimal categorization of extramural tumor
deposits for colorectal cancer staging. Ann Surg, 255, 739-46.

YU, S. K. T.,, CHAND, M., TAIT, D. M. & BROWN, G. J. 2014. Magnetic resonance
imaging defined mucinous rectal carcinoma is an independent imaging biomarker for
poor prognosis and poor response to preoperative chemoradiotherapy. European

Journal of Cancer, 50, 920-927.

Metastases in patients with mrEMVI 20



21

Table Legends

Table 1 — Outcome measures

Table 2 — Characteristics of included studies

Table 3 - Methodological qualities of comparative studies included
Figure legends

Figure 1 — The proportion of patients with rectal cancer who have extramural vascular
invasion identified on MRI at the time of presentation

Figure 2 — The proportion of patients with metastases at the time of presentation who have
mrEMVI positive tumours versus mrEMVI negative tumours

Figure 3 — The proportion of patients who develop metastases after surgery who had
mrEMVI positive tumours before surgery versus mrEMV I negative tumours before surgery

Supplementary Table 1 — Inclusion Criteria
Supplementary Figure 1 — MRI features of EMVI

Supplementary Figure 2 — Search Strategy
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Table 1: Outcome measures

22

Patients (n)
EMVI +
EMVI -

Number with metachronous metastases
EMVI +
EMVI -

Number of local recurrences
EMVI +
EMVI -

Disease/Recurrence Free Survival (3yr)
EMVI +
EMVI -

Number with synchronous metastases
EMVI +
EMVI -

Site of metachronous metastases
EMVI + (Lung/Liver/Multi/Other)
EMVI - (Lung/Liver/Multi/Other)

Site of synchronous metastases
EMVI + (Lung/Liver/Multi/Other)
EMVI - (Lung/Liver/Multi/Other)

Smith et al 2008

Hunter et al 2012

Bugg et al 2014

Sohn et al 2014

Chand et al 2015

Seehaus et al 2015

24
97

18
41

ND
ND

35% (sd=9.75)
74.1% (sd=4.53)

ENENY

ND
ND

ND
ND

90
146

35
18

ND
ND

ND
ND

21
11

4/15/12/4
1/6/11/0

2/12/3/4
4141211

53
149

13
10

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

98
349

42*
37*

ND
ND

ND
ND

42*
37*

ND
ND

ND
ND

99
89

36
14

42.7% (sd=12.95)
79.2 (sd=4.6)

ND
ND

5414123
7111214

ND
ND

39
29

ND
ND

ND
ND

ND
ND

ND/15/ND/ND
ND/5/ND/ND

ND
ND

ND = No Data; *data was combined with synchronous and metachronous (6 months post surgery), most were synchronous but unable to extract breakdown.
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Table 2: Characteristics of studies comparing patients with and without EMVI
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Smith et al 2008

Hunter et al 2012

Bugg et al 2014

Sohn et al 2014

Chand et al 2015

Seehaus et al 2015

Total Number of paients (n) 121 236 202 447 188 68
Age of patients (range) ND 64.5 (sd=13) 66 (32-84) 61.0 (36.6-75.4) ND 64.3 (sd=14)
Gender (m:f) 77:65 161:69 (ND=6) 123:79 291:156 121:67 44:24
Tumour (MRI)
T-stage T3 Overall Stage ND T3 137 (Defined as >3c) T3
. 1H&IV: 89
Node positive ND ND 286 123 ND
ND
CRM positive ND ND 75 81 ND
Height ND Low — 100 ND Below Peritoneal Low — 69 Low — 32
Middle — 54 Reflection — 259 Middle — 62 Middle — 36
High - 76 Above Peritoneal High - 57 High-0
ND - 6 Reflection - 61
Neoadjuvant/Adjuvant Therapy ++ (M) +/- Primary Surgery Only Primary Surgery/+ (M) ++ ND/ND
Follow up 36 months 36 months 12 months 6 months 36 months 12 months
Study n(;?:r?t?;)logy UK cohort — London | Canadian Cohort UK cohort — E.Anglia Korean cohort UK cohort - London South American Cohort
. . 2000-2004 2004-2008 2007-2012 2011-2012 2006-2013 2011-2012
Time period

ND = No Data; M = Mix of cases
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Table 3. Methodological qualities of comparative studies included

(Adapted from the Scottish Intercollegiate Guidelines Network and Rangel et al

24

Quality measures Smith etal | Hunteretal | Buggetal | Sohnetal | Chandetal | Seehaus et al
y 2008 2012 2014 2014 2015 2015
Inclusion Criteria 1 1 1 1 1 0.5
Exclusion Criteria 1 1 1 1 1 1
Can the number of participating 1 1 1 1 1 1
centers be determined
Can the number of radiologists
who participated be determined 0 0 0 0 0 1
Can the reader determine where the authors are on the
: 0 0 0 0 0 1
learning curve for the reported procedure
Are diagnostic criteria clearly
stated for clinical outcomes if required L L ! 0 ! !
Is there any way that they have tried to standardize the
. L - 1 1 1 0 1 1
radiological interpretation
Do authors addr_esg whether 1 1 1 1 1 1
there is any missing data
Were patients in eacr] group 1 1 1 1 1 1
treated along similar timelines
Outcomes clearly defined? 1 1 1 0 1 1
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Figure 1 — The proportion of patients with rectal cancer who have extramural vascular
invasion identified on MRI at the time of presentation

Study name

Event Lower Upper
limit

rate

Smith et al 2008 0.198
Hunter et al 2012 0.381
Bugg et al 2014 0.262
Sohn et al 2014 0.219
Chand et al 2015 0.527
Seehaus et al 2015 0.574

0.346

limit

0.
.322
.206
.183
455
454
237

O 00 00 O

137
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OO0 0 0000

.279
445
327
.260
.597
.685
474

-1.00

Event rate and 95% CI

-0.50

0.00

>

0.50 1.00
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Figure 2 — The proportion of patients with metastases at the time of presentation who have
mrEMVI positive tumours versus mrEMVI negative tumours

Study name Odds ratio and 95% CI
Odds Lower Upper
ratio limit  limit

Smith et al 2008 9.574 2.525 36.300

Hunter et al 2012 3.735 1.704 8.189 ——
Sohn et al 2014 6.324 3.739 10.697
5683 3.753 B8.606 *

0.01 0.1 1 10 100
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Figure 3 — The proportion of patients who develop metastases after surgery who had
mrEMVI positive tumours before surgery versus mrEMV I negative tumours before surgery

Study name

Odds Lower Upper

ratio
Smith et al 2008 4098
Hunter et al 2012 4.525
Bugg et al2014 4518
Sohnetal2014 6.324
Chand et al 2015 1.945

Seehaus etal 2015 3,000
4016

imit  limit

1.49511.227
2.361 8.672
1.84411.070
3.73910.697
1.045 3.622
0.941 9.565
2.992 5.390
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