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Abstract
Tumour deposits (TDs) are an important prognostic marker in colorectal cancer but their classification and inclusion in staging has changed significantly in each TNM Edition since TNM 5, when they first appeared, and remains controversial. Expert discussion and consensus is needed to help guide the future direction of staging.
A modified Delphi consensus process was used. Statements were formulated after a literature review and sent out to participants as an online survey. Participants were asked to rate their agreement with each statement on a 5-point Likert scale and also to suggest additional statements for discussion. These responses were circulated along with anonymised comments and statements were modified prior to carrying out a second online round. Consensus was set at 70%.
32 statements reached consensus as part of the project. Overall, there were concerns that TDs were currently incorrectly placed in TNM and were being underestimated in their prognostic importance. There were concerns about interobserver variation and it was felt that a clearer, more reproducible definition of TDs was needed. 
Current TNM staging is suboptimal in its definition of TDs and also the placement of the “pN1c” category which underestimates the prognostic effect of TDs. A number of suggestions from the experts included within this consensus project could be used to improve future staging.


Introduction
Tumour deposits (TDs) were first mentioned in 1932 by Gabriel et al.1 but not really pursued as an important part of colorectal cancer staging. Interest in them was reignited around the year 2000 when several papers were published showing that they had a significant effect on prognosis2–5. They made their first appearance in the 5th Edition of the AJCC/UICC TNM staging system where small TDs were distinguished from lymph node metastases (LNMs) on the basis of size.  All nodules of more than 3 mm in diameter were classified as LNMs and smaller nodules were included as part of the pT stage6. In the 6th edition they were differentiated from LNMs on the basis of irregular contour , where irregular deposits were again included in the pT stage but also recorded as extramural venous invasion (EMVI)7. This definition was heavily criticised both on the basis of the lack of evidence and biological rationale as well as the poor reproducibility8. In TNM 7 and 8 TDs were given their own sub-category: “pN1c”but other than describing TDs as nodules with no evidence of lymph node architecture, the definition in TNM 7 is not very clear9,10. In a modification from TNM 7, in TNM 8, non-nodal deposits with evidence of associated EMVI, lymphatic invasion (LI) or perineural invasion (PNI) are also excluded from the pN1c category, despite research previously confirming that TDs may originate from a variety of origins and can often be seen to exhibit multiple histological associations11,12.
Recently, a meta-analysis was carried out which showed that TDs have a significantly worse effect on prognosis than LNMs and the presence of both was additive13. Furthermore, this appears to be true even when only considering patients who have undergone neoadjuvant therapy14. Concerns have been raised that the pN1c category in TNM 8 does not adequately reflect the prognostic effect of TDs, firstly because they are only reported in the absence of LNMs (similar to TNM 7) and secondly because the pN1c designation implies that they have a lesser prognostic effect than pN2 which is not in keeping with the available evidence. Given these findings and the controversy surrounding the recent changes in TNM, a survey of expert opinion is needed to assess where we should go from here in better classifying TDs, determining how they should affect staging and utilising this information in making treatment decisions. We aimed to carry out a Delphi Consensus study including experts in the field to develop recommendations which could help shape future staging.


Materials and Methods

Expert selection
Pathologists who were known to be experts in the field and/or had previously published research on TDs were approached and asked to participate by email. 15 pathologists from 8 countries agreed to participate and were therefore included in the Delphi process. Following a detailed literature review, a summary of the latest evidence was compiled by the study organisers and sent out to all participants before starting the process to standardise knowledge and ensure participants were up to date with the latest published papers in the field13,15–21.

Delphi Process
A modified Delphi technique was used. The initial statements were formulated after a literature review and discussion between the primary authors. The statements were sent out as an online survey and participants were asked to rate their level of agreement with each statement on a 5-point Likert scale (ranging from strongly agree to strongly disagree). Participants were also encouraged to provide comments to justify their decision where appropriate. As part of round 1, there was an opportunity for participants to suggest further statements that they felt should be included in the round 2. The results were collated and circulated to all participants along with anonymised comments for each statement which had not reached consensus. Consensus was considered to have been reached if >70% of participants selected strongly agree/agree (positive consensus) or strongly disagree/disagree (negative consensus). A second round was then carried out using the same methodology, including those statements that did not achieve consensus in Round 1 and all new statements proposed by the participants. Some statements were re-worded as a result of feedback during round 1. This process is summarised in figure 1. 


Results
In round 1, 35 statements were sent out to the participants. The statements were separated into the following categories: origin of TDs, classification in TNM and clinical application. 19 statements achieved consensus. The 16 statements which did not achieve consensus were sent out again in the second round along with 4 additional statements suggested during round 1. Of these 20 statements, 9 achieved consensus. 
Figure 2 shows the level of agreement with each of the statements that achieved consensus. Table 1 outlines all of the statements which achieved consensus during the Delphi Process, with statements achieving negative consensus reworded to improve clarity. The rewording was agreed by all of the participants. The statements which did not achieve consensus are listed in table 2. 
 
The origin of TDs
The origin of TDs is a topic of discussion. The panel agreed that TDs are a collection of different entities with different origins, but it is unclear whether the origin of TDs has impact on prognosis (#7). This is probably why the origin is not discussed at multidisciplinary team meetings at participants’ institutions (#24). The panel also thinks that the origin should thus not determine the inclusion in cancer staging at the present time based on current evidence (#12). There is a strong correlation of TDs with for example EMVI (#5), however, the panel thinks that once EMVI has outgrown the vessel to form a large TD, it may represent prognostically something beyond simple vascular invasion (#6). It is likely that outgrowth from the perineurium in PNI has a similar effect. From a scientific point of view, it is important to determine the origin of TDs to generate more refined evidence (#1), however there was no agreement on whether there was any practical benefit to this currently (#30). The panel agreed that it might be informative to register both the presence of TDs and any discernible origin in order to obtain this information in the future (#8). There was consensus that the size of a TD is not associated with its origin (#4), however there was no agreement about whether the shape of a TD is of similar relevance (#31), and it is therefore likely that further research is needed.

Classification of TDs
The expert panel of pathologists taking part in this Delphi process were critical of the current TNM staging system, agreeing that the current definition of TDs was unclear (#14, #16) and did not facilitate good reproducibility (#10, #14). They feel that pN1c is not the correct position for TDs within the TNM system and disagree with the current practice of ignoring TDs if LNMs are also present (#13). They feel that the precise number of TDs should be recorded (#11), as is currently done for LNMs, but that adding the number of TDs to the number of LNMs would not be advisable as this is not currently based on strong evidence (#21). They had concerns about excluding TDs with evidence of an origin from EMVI, LI or PNI from the pN1c category as although these pathological features could be recorded as “additional factors affecting clinical care”, they do not affect the stage grouping of a tumour and would be too easy to overlook in clinical decision making (#20). Overall, they felt that greater standardisation was needed in the definition of TDs (#18), even if this did mean sacrificing some precision about their origin (#19). The panel felt that the size and shape of TDs should not be used to determine their inclusion in TNM (#12, #17) as this is not evidence based and indeed is counterintuitive given that lymph nodes, veins, nerves and lymphatics are of variable size.
Agreement was not reached as to whether any discontinuous tumour nodules in the mesenteric fat should be recorded as a TDs (#32). Some participants felt that clearly discontinuous EMVI and PNI should be recorded a TD, but others felt that discriminatory features such as whether the tumour was fully contained within a vessel were key. The panel did not reach consensus about whether the presence of TDs should lead to a tumour being classified as either AJCC stage II with high risk features (#37, #39) (as with features such as EMVI) or stage III (#38). Comments suggested that both of these categories underestimated prognosis and that a new category may be needed to separate LNMs from TDs to reflect their differing prognostic implications. Similarly, the panel did not agree whether TDs should be included in the pN category (#36). Some pathologists felt that adding a new category to TNM would be impossible and therefore the pN category was the most appropriate place to record TDs but several others argued that using the pN category made no sense due to differing origins and prognostic implications of TDs and LNMs. The panel could not agree on either a cut off for counting TDs (i.e. whether they should only be counted up to 5 or counted beyond this number)(#33) or on whether there should be a size cut off (#34) to aid standardisation. It was felt that these classification criteria should not be implemented until there is better evidence to support them. There was also not consensus about whether different criteria were needed to define TDs in treated and untreated patients, again due to lack of evidence to support this at present. This highlights important areas for future research.

Clinical impact of TDs
In terms of clinical application, participants felt that TDs were a clear marker of poor prognosis in both patients undergoing primary surgery and those who had been previously treated with neoadjuvant therapy (#22, #23), and that they were a strong indication for the use of adjuvant chemotherapy (#28), although they felt that a clinical trial was needed to provide further evidence of the benefits of adjuvant therapy in this population (#29) as well as neoadjuvant therapy if their identification on imaging could be validated (#25). Participants agreed that TDs were a worse prognostic marker than LNMs (#27) but felt that LNMs in the absence of TDs were still important (#26). There was no consensus as to whether TDs resulting from tumour regression in neoadjuvantly treated patients would still confer a poor prognosis (#40) and further research in this area is necessary, which will most likely need to involve correlating imaging and pathology findings.


Discussion
There are inherent problems with the current definition of TDs in the TNM system. The majority of the expert pathologists in this study did not support practices such as excluding nodules with evidence of underlying EMVI, LI or PNI from the pN1c category and thus downstaging a patient from stage III to stage II if reclassifying them according to the TNM 8 rather than the TNM 7 edition. Furthermore, there was strong disagreement with the requirement to only report TDs in the absence of LNMs. Indeed, in the UK, the Royal College of Pathologists modified the 4th Edition of their Colorectal Cancer Reporting Dataset22 to include the recording of both LNMs and TDs in all cases in a deliberate move away from TNM 8. Pathologists did not feel that adding TDs and LNMs together was the appropriate action either but instead recommended that the precise number of TDs should be recorded in the pathology report in order to use this information to better understand their prognostic effect through future research.
The participants felt that there were significant problems with an unclear and poorly reproducible definition of TDs in current staging, and we would strongly recommend that this needs further refinement in the next edition of TNM. It may be that some precision needs to be sacrificed in order to reduce complexity and improve agreement and the pathologists in this study felt that this would be preferable. Currently poor reproducibility is likely to be resulting in patients being placed into a multitude of staging categories and receiving different treatment strategies as a result. It is of paramount importance that staging is reproducible in order to accurately stratify patients in clinical trials and population datasets, and determine the best treatment for each homogenous group. It is essential therefore that clinical trial protocols include additional guidance for pathologists reporting trial specimens to ensure that TDs are reported reproducibly across different trial centres.
The main limitation of this study is the relatively small number of participants. In addition, although 8 different countries were represented, these were all developed countries which may have led to a lack of diversity in the opinions represented in this study. Our approach of predominantly inviting experts who had previously published on this subject was the limiting factor in both the numbers involved and in geography and we would defend this as we feel it has led to a true expert consensus. 
There are difficulties with making any major changes to the TNM system. This method of staging is well accepted due to its simplicity and consistency across multiple tumour types. However, by limiting ourselves to only three categories, T, N and M, we will miss important prognostic information. TDs appear to be more important in predicting prognosis than LNMs, but due to the limitations of only having three categories, there has been an attempt to squeeze them into the pN category where they do not really belong, as an easy solution. This has led to controversy but resolving the problem will not be straightforward. Abandoning the well-established TNM system in favour of a more complex multifactorial model for prediction of prognosis could potentially lead to confusion but keeping a system which is not fit for purpose on the grounds of simplicity and historic importance is also not ideal. The pathology community (and indeed the radiological, oncological and surgical communities by extension) need to carefully consider the future direction of staging in colorectal cancer. 
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