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Abstract (250 Words) 
Background and Objective: Pathological response is a surrogate marker of efficacy of neoadjuvant therapy in various tumour types. There is no consensus on pathological response reporting for renal cell carcinoma (RCC). We aimed to assess the status of pathological response reporting in RCC and develop a recommendation on tissue preparation and response reporting for neoadjuvant treatment. 
Methods: We conducted a systematic review of the PubMed and Web of Science databases to identify manuscripts reporting response to pre-surgical therapy in RCC. Guidelines for tissue preparation and pathological response reporting were reviewed at an international workshop held at the Netherlands Cancer Institute in October 2024 and further developed through expert discussions. 
Key Findings and Limitations: 119 eligible papers were identified. Only 4.2% studies included details of how pathological response had been assessed. Qualitative statements on residual tumour were common (46.2% of studies), but few studies (6.7%) used a quantitative assessment of pathological response. 
To assess neoadjuvant pathological response, nephrectomy specimens should be sampled using a standardised baseline approach with consideration for more extensive sampling. Microscopic assessment should quantify the residual viable tumour in 10% intervals. Clinical details including the neoadjuvant therapy received should accompany the pathological assessment. 
Conclusions and Clinical Implications: Current reporting of pathological response to neoadjuvant therapy in RCC is highly variable, without defined guidelines. We have provided a standardised method for assessment and reporting pathological response, initially for use in clinical trials or research settings. This will allow investigators to assess whether the degree of pathological response is linked to survival outcomes and will inform future standard reporting practices.  











Advancing Practice: 
What does the study add? In 3 to 4 sentences, the authors should summarize the added knowledge produced from this study
· Pathological response is an important marker of efficacy of neoadjuvant therapy in some cancers; however, reporting of pathological response to neoadjuvant therapy in kidney cancer is highly variable.
· We have suggested a standardised methodology for assessment and reporting of pathological response based on practice in other cancers, rare studies that specifically address renal cell carcinoma, and expert opinion in renal cancer.
· This method should initially be used in research studies but will inform future standard care practices.
· Prospective neoadjuvant studies should examine the link between pathological response and oncological outcomes, such as disease free or overall survival. 

Patient Summary: In this report we have looked at how researchers have reported the microscopic response to anti-cancer medication given to patients with kidney cancer before surgery, with the hope of assessing if these treatments are beneficial to patients. We conclude that current reporting of microscopic appearance is highly variable and have provided a suggested standardised method for this to be achieved in the future. 


Introduction
Effective treatment of localised disease by surgery is the primary means of cure in renal cell carcinoma (RCC) (1).  Despite surgery, many patients will unfortunately go on to develop relapse and eventually die of RCC (2).  Systemic therapy or radiotherapy given in the neoadjuvant or adjuvant settings has proved effective in reducing relapse rates and improving overall survival in other cancer types.  In clear cell RCC, adjuvant immunotherapy has recently been shown to improve outcomes both in terms of relapse and overall survival (3,4). However, adjuvant immunotherapy is associated with significant toxicity, and there are concerns that some patients may be overtreated (5). More work is needed in understanding the high-risk groups to assign patients to adjuvant treatment (6). 
Neoadjuvant therapy may offer advantages over adjuvant therapy (7). It allows treatment as early as possible in the cancer journey, with the potential to prevent development of metastases between diagnosis and surgery. Downstaging the tumour may make surgery more straightforward. It also offers the opportunity to assess the biological response of the tumour to treatment, which may guide further therapy. There may also be a biological difference in giving the treatment while the primary tumour is in situ.  Several phase 2 trials have shown that neoadjuvant therapy with VEGFR directed tyrosine kinase inhibitors, either alone or in combination with immunotherapy are effective in downstaging primary renal cancers (8).  However, despite these data, the approach has not been widely adopted, outside of specific clinical scenarios, primarily because of lack of prospective randomised evidence for this approach conferring either a relapse or survival benefit.  There is a need for randomised studies in this setting to advance neoadjuvant therapy in kidney cancer to the next stage of clinical practice. 
If neoadjuvant clinical trials in RCC are to be successful, there needs to be consensus on the appropriate endpoints. In other cancer types, there are established protocols for assessing pathological response to neoadjuvant treatment, such as those developed by the International Neoadjuvant Melanoma Consortium (9,10), or used in breast (11), gastrointestinal (12) or lung cancers (13). In these tumours, correlation between degree of pathological response and survival is observed (13–16) and pathological response is used as an endpoint in clinical trials (12,17). In RCC, there is no clear consensus on assessing pathological response to neoadjuvant treatment, and correlation between pathological response and survival outcomes needs to be established. There are efforts to develop a pan-cancer system for assessment of pathological response to immunotherapy (18); however, RCC has specific features including large tumour size, heterogeneity, and extensive necrosis and haemorrhage in untreated tumours that may mean a tailored approach is needed in RCC. 
We aimed to assess the status of pathological response reporting in RCC and develop a recommendation on tissue preparation and response reporting for neoadjuvant treatment that can be used in clinical trials and could inform future standard clinical practice. 



Methods 
We conducted a systematic review of the online PubMed and Web of Science databases to identify manuscripts reporting response to pre-surgical therapy in RCC.  In addition to papers focusing on response to neoadjuvant therapy, we also included papers on cytoreductive nephrectomy as these could also include relevant information on pathological response reporting in the primary tumour. 
Search terms used were as follows:  
· ("kidney cancer" OR "renal cell carcinoma" OR "renal cell cancer") AND ("pathologic response")
· ("kidney cancer" OR "renal cell carcinoma" OR "renal cell cancer") AND (pathologic complete response)
· ("kidney cancer" OR "renal cell carcinoma" OR "renal cell cancer") AND (pathologic response) AND ("immunotherapy")
· ("kidney cancer" OR "renal cell carcinoma" OR "renal cell cancer") AND (pathologic response) AND ("tyrosine kinase inhibitor")
· ("kidney cancer" OR "renal cell carcinoma" OR "renal cell cancer") AND (pathologic response) AND ("neoadjuvant")
· ("kidney cancer" OR "renal cell carcinoma" OR "renal cell cancer") AND (pathologic response) AND ("cytoreductive nephrectomy")
A date cut-off of July 2024 was used. After removal of duplicates, records were screened by two independent reviewers (JOJ and JPB).  Records identified for inclusion in the synthesis by either reviewer were then assessed again by both reviewers, to generate the final list of 119 included articles (19–137).  Any discrepancies were resolved by discussion between the two reviewers. The review process is summarised in the PRISMA diagram (figure 1) (138).  Papers were assessed according to the criteria listed in table S1. 
Analysis and figures were generated using R Studio, R version 4.4.1, using the dplyr, ggplot2, tidyverse, ggpubr & pheatmap packages. 
Guidelines for tissue preparation and pathological response reporting were discussed at an international workshop of the International Neoadjuvant Kidney Cancer Consortium (INKCC) held at the Netherlands Cancer Institute (NKI) in October 2024, and further developed through expert discussions involving specialist uropathologists, oncologists and urologists (table S2, *to be completed after responses from full author list). 
Example macroscopic and microscopic images of renal cancer specimens were obtained from the NKI, IRB approval Code IRBdm23-135. 
Results 
The results of the systematic review are summarised in figure 2A.  Studies were grouped into neoadjuvant intent (n=46, where the primary aim was removal of the renal tumour after a defined period of systemic therapy) or palliative intent (n=73, where the renal tumour was removed as a secondary measure following systemic therapy for metastatic disease). VEGFR-TKI based therapy was the largest modality (n= 47), followed by immunotherapy (n= 27) and combination immunotherapy + VEGFR-TKI therapy (n=12, figure 2B). Clear cell RCC was the most common histology (n=61), followed by studies including both clear cell RCC and other subtypes (n=34, figure 2C). Most of the prospective studies were phase II clinical trials (n=37, figure 2D).  
As might be expected, almost all studies included a radiological response assessment (96.6%). Of the 70 studies that included >1 patient undergoing surgery, 42.9% used a systematic assessment of pathological response, where consistent criteria were applied across patients within individual studies. The frequency of systematic assessment was high within the prospective neoadjuvant studies (22/27, 81.5%). Where pathological response was included in case reports, this generally consisted of a description of significant findings in the text, without reference to set criteria (42/43 reports). There is a degree of selection bias in these studies for complete pathological response, as the case reports generally selected patients with excellent responses in the primary tumour for subsequent surgery.
In contrast to consistency within single studies, the details of pathological response reported varied widely between the studies (figure 2A). Very few of the studies included the details of how pathological response had been assessed in the methods section, or on the sampling method used (only 4.2% provided specific methodology). Approximately a quarter reported the post treatment macroscopic appearance (24.4%), including findings such as necrosis, haemorrhage or extrarenal involvement. The pathological tumour stage after neoadjuvant therapy (ypT stage) was included in about a third of studies (34.5%) and grade in under a quarter (22.7%). Qualitative statements on residual tumour or necrosis were common (46.2% and 40.3% of studies respectively), but few studies used a quantitative assessment of residual disease (6.7%) or necrosis (9.2%).  Just under a third of studies included some comment on immune response to the tumour, such as the presence or degree of lymphocytic infiltrate (29.4%). 
Several of the prospective neoadjuvant studies provided survival data after surgical treatment, but this was generally single arm survival in phase II studies and not broken down by the degree of pathological response. One large retrospective series reported pathological response outcomes following immunotherapy in 70 patients receiving cytoreductive nephrectomy with metastatic disease and showed a survival benefit in patients with <20% viable residual tumour (136). This study also gave the most detail on the sampling and assessment method for pathological response. Another multicentre retrospective series, reporting outcomes after cytoreductive nephrectomy in a mixed group of treatments, saw no difference in 3-year progression free survival (PFS) comparing patients where the ypT at surgery was down-staged compared to the preoperative T stage (60). A further retrospective study of patients undergoing cytoreductive nephrectomy after combination therapy (either with immunotherapy or TKIs) reported improved PFS for patients who had a pathological complete response (0% residual viable tumour) or near-complete response (≤10% residual viable tumour) (135). 
In summary, we find that pathological response reporting in RCC literature is highly variable. There is a lack of evidence behind reporting approaches, and the threshold criteria for the degree of response observed. A consistent methodology is the first step towards establishing a link between the degree of pathological response and oncological outcomes including disease free and overall survival (DFS and OS), or the concordance between radiological and pathological responses. We therefore developed guidelines on pathological response reporting to be used in clinical trials and as the basis for further research. The guidelines were generated through a workshop at the Netherlands Cancer Institute (NKI) and further expert discussions as part of the International Neoadjuvant Kidney Cancer Consortium (INKCC), including uropathologists, surgeons, oncologists and radiologists (Table S2 to be added, *quote numbers of each once authors confirmed); as well as one paper dedicated to the processing of pre-treated RCCs (136). The guidelines are developed for reporting of neoadjuvant response but could also be applied to cytoreductive nephrectomy. The thorough approach described is intended for use in academic research settings, it is anticipated that a streamlined version may be developed for standard of care use in based on the results of neoadjuvant trial experience. 
INKCC Recommendations for standardized pathological response assessment in RCC neoadjuvant studies
1. Preparation & initial specimen handling
A range of parameters are needed for proper assessment and reporting of pathological response, summarized in Table 1. Prior to receipt of the surgical specimen, a standardized set of pre-surgical clinical details (Table 1.1) comprising pathology, oncology, radiology and surgical data should be made available to the reporting pathologist for optimal assessment of response. 
First, biopsy information from tumour sampling before treatment should be available. It is anticipated that in all cases of neoadjuvant therapy, biopsy confirmation of the tissue diagnosis, from either the primary renal mass or possibly a metastatic site, will have been performed to guide systemic therapy choice. Depending on the design of future neoadjuvant studies, there may be differing evidence for ccRCC or non-ccRCC. Additionally, a proportion of renal tumours resected without prior biopsy turn out to be benign (2), and these patients need to be excluded from neoadjuvant treatment protocols. 
Second, pre-operative radiological images (CT or MRI) and the surgeon’s findings may be informative for the pathologist, such as the tumour size, evidence of necrosis, or locoregional structures involved. In the case of a significant pathological response, reference radiological images may assist in finding the tumour bed (or residual tumour mass, the area where the original pretreatment tumour was considered to be located). Details of the surgical resection, such as the presence of lymph nodes or local invasion, would guide additional sampling and block preparation by the pathologist. 
Third, details of the treatments received are helpful, including the type of therapy and duration of treatment. If an extensive tumour response is expected this might prompt a deeper search for residual tumour. There may also be treatment specific effects, for example from immunotherapy or VEGFR-TKIs, which the pathologist would look for in their assessment. Whilst it is important to document the neoadjuvant treatment received, in the context of some clinical trials it may be necessary to perform the pathological assessment without details of the treatment given or radiological response results to ensure an unbiased review.  
RCC tumours can be highly heterogeneous and frequently contain areas of necrosis, fibrosis and sclerosis, which influences the tissue handling and sampling procedure. Upon specimen arrival, the pathologist should verify that the tumour specimen is complete and intact to perform a comprehensive assessment. Where practical, tumour specimens for pathological response assessment should be initially handled fresh, without immersion into formalin to facilitate good quality fresh tumour sampling for research purposes. It is recommended that neoadjuvant specimens are prioritised for processing and assessment to limit tissue artefacts, though it is recognised that this depends on individual departments’ workload. If a delay is inevitable, refrigeration may minimize the effects of prolonged time to assessment.  Once the initial assessment is complete, tissue should be fixed in formalin in a timely manner to ensure good tissue preservation for microscopic assessment.   
2. Tumour sampling strategies and macroscopic assessment 
Essential reporting of pathological response requires a systematic, thorough sampling method of the primary tumour resection, illustrated in figure 3. Routine protocols, such as those issued by the UK Royal College of Pathologists (139) or College of American Pathologists (140) are in widespread use for handling of nephrectomy specimens; however, the assessment of pathological response for research may be distinct from reporting in standard of care, as more detailed analysis may be needed to be confident that there is no residual tumour and to examine the nature and full extent of the treatment response. Furthermore, due to heterogeneity in renal cell carcinoma, gross and radiological assessment is unreliable. Therefore, the tumour bed should be sampled in a systematic fashion to properly assess the residual viable tumour and to correlate the findings with the gross observations. Use of large (i.e., whole mount) tissue blocks may be considered, but this is not required nor necessary. To identify the residual tumour bed, it is important examine the kidney carefully for residual viable tumour and/or evidence of tumoural regression, including necrosis or fibrosis and inflammatory stroma; however, it should be noted that the latter findings are not entirely specific and can be seen in treatment naïve RCCs as well.  

Prior to tissue sampling, it is crucial to identify the plane that demonstrates maximum tumour dimensions and to assess the relationship of this to surrounding structures, i.e the interfaces with the renal sinus and the perinephric fat as well as potential renal vein thrombi.  Photographs should be taken of the cut surface demonstrating the tumour bed and adjacent structures (Figure 4A). As a minimum, the largest dimension of the tumour bed should be recorded (ideally the three-dimensional size is measured) (Figures 3B). Macroscopic findings should be reported using a standardised method, in line with current practices (table 1.2i) Estimation of the overall percentage of viable tumour, necrosis and fibrosis by macroscopic examination is recommended (Figures 4A & 4B); however, this must be verified by microscopic evaluation. The gross photograph may be used to map the submitted tissue blocks. Fresh tissue samples for research purposes should be taken prior to fixation of the specimen.

The fixed specimen should be sliced at regular intervals of no more than 10mm (Figure 3C & 4B). Tissue slices should include a rim of non-neoplastic surrounding tissue at the edge of tumour to examine the interface with adjacent tissue (Figure 3D). Extra attention should be applied to tumour that may be extending beyond the renal parenchyma for proper TNM staging. In research settings, we recommend using standardized tissue sectioning for all T stages. Whilst this may be time consuming due to the high number of tissue sections, particularly for large tumours, it is important that this systematic approach is taken in academic studies to gather data about the required minimum sampling needed to best evaluate pre-treated RCCs. Thorough assessment for low levels of residual tumour is important to assess the hypothesis that patients with pathological complete (or near-complete) response will have the best long-term outcomes, and to assess the thresholds of major response associated with good outcomes. It is recognised that for very large tumours, this level of sampling may not be possible even in academic settings. Such tumours should be sampled as widely as possible, and blocks should include all areas of suspected residual viable tumour and blocks to confirm grossly suspected necrosis.  It is anticipated that with more data, a less intensive sampling method could be established that would be used in standard of care.

3. Microscopic assessment including measurement of pathological response 
Final assessment of post treatment pathological stage and treatment response should be made by microscopic assessment. For the core pathological assessment, the histological subtype, any special features (eg. sarcomatoid differentiation), grade and ypTN should be documented (table 1.2i). The pathologic staging should use the microscopic evaluation of viable tumour, not the macroscopic location of the tumour bed, as there is frequently a discrepancy between the gross and microscopic evaluation. Review of haematoxylin & eosin (H&E) stained microscopic sections from the extensively sampled tumour bed should be performed to identify areas of viable tumour, fibroinflammatory regression, necrosis, and haemorrhage, which, if entirely evaluated, should total 100% of the tumour bed. The percentage of residual viable tumour should be estimated or calculated (when possible) by dividing the area of viable tumour by the entire tumour bed area (Figure 3). Examples of microscopic findings after response to treatment are shown in figures 4C&D. The potential for very small residual areas underlines the importance of thorough sampling, and the largest viable focus of tumor (in cm or mm) should be documented (Figure 4D). Additional immunohistochemical (IHC) stains are not routinely required to assess pathological response but may be necessary to distinguish residual tumour cells from inflammatory cell infiltrate (e.g. histiocytes). 
As there is currently no specific data (i.e. size or percent criterion) for treatment response ‘cut-offs’ in RCC, we suggest using the initial International Neoadjuvant Melanoma Classification of pathological response as a starting point to define a major pathological response (MPR) by the presence of <10% residual viable tumour, with the complete absence of residual viable tumour being a pathological complete response (pCR). A partial pathological response is <50% residual viable tumour tissue and pathological non-response >50% residual tumour (Figure 3) (9,10). The INMC criteria have been reproducibly applied to other solid tumour types (141) and are currently used in a randomised phase II trial in clear-cell RCC comparing pathological response as primary endpoint for different immune checkpoint inhibitor regimen (142).  The same estimation method should be followed for the area of necrosis and area of fibroinflammatory regression. As the precise cut-off for outcome associations in RCC is uncertain, the pathologist should estimate the percentages and report in 10% increments to improve reproducibility, and future studies should assess this link to survival outcomes. This approach will also provide guidance until more clinical outcome data emerge which may allow RCC specific amendments.  The use of digital pathology analysis may improve the quantification of percentages in future.  The inclusion of risk scores for cancer recurrence, such as the Leibovich score (143), needs careful consideration, as these have not been validated in a post-neoadjuvant therapy setting. 
In addition to the core pathological response assessment, details regarding additional IHC stains used to assist assessment should be recorded, as should any significant molecular findings such as common genetic alterations and/or chromosomal copy number changes (table 1.2ii). Where slides have been scanned for digital pathology, we suggest that digital images are stored for future research use. 

4. Normal tissue, metastases and tumour thrombus
As part of the assessment, we also recommend that samples of the normal (i.e. non-neoplastic) kidney parenchyma are reviewed as this may be valuable for finding background kidney disease or treatment toxicity relevant to future oncological management. The sample needs to be taken at sufficient distance from the primary tumour – at least 5mm – to avoid pressure (i.e. mass) effects which alter the histological findings (Figure 3B). 
We recommend that lymph nodes and/or resected synchronous metastases are assessed using the same systematic sampling method and residual disease quantification described above. For venous tumour thrombus (VTT), where practical, pathological response should also be assessed, similar tissue sampling with transverse sections taken at regular intervals is recommended. If there is very extensive VTT, extending the sampling interval may be sufficient for response assessment.   
5. Preservation of tumour tissue specimens for biomarker research
The benefit of neoadjuvant therapy for RCC remains an open research question. Tumour sampling for research is essential to understand the response to neoadjuvant therapy and to identify patients benefitting from treatment. Given the sampling requirement for neoadjuvant response assessment, this may limit the tissue available for translational scientific research. There are several possible approaches to this, which may be accounted for in clinical trial protocols. Firstly, it is anticipated that punch biopsies taken before fixation will represent a very low fraction of the total area assessed (Figure 3B) and are unlikely to significantly impact (i.e. change) the percentage residual tumour assessment. Alternatively, tissue samples might be taken from the rear face of a tissue slice, that would not normally be assessed by standard tissue sectioning. For large tumours, it may not be practical to assess the entire tissue area for pathological response, in which case research samples might be taken from the areas not used in the assessment. When possible, we recommend that photographs or sketches are made of research sampling locations and kept in the research database for later mapping of samples. Whilst details will depend on the clinical trial protocol, we suggest that tissue samples are divided, with part being preserved in formalin for histological assessment, and the other part being snap frozen in liquid nitrogen for transcriptomic or genomic assessments. With many novel technologies focused on single cell analysis, digestion of dedicated tumour tissue may also provide additional insights in tumour biology (144).

Discussion
The results of the systematic review demonstrate that current reporting of pathological response to neoadjuvant therapy in kidney cancer is highly variable. Many of the studies identified in the above review were cases specifically reported because of response to systemic therapy, while many other studies made only passing reference to pathological response without quantification. 
Due to this lack of an established method for tissue handling and assessment criteria for pathological response we defined the INKCC Criteria to enable consistent pathological response assessment in RCC neoadjuvant research studies. The INKCC Criteria are based on expert opinion and experience in other cancers (9–11). Such a methodology can allow comparison to be made more easily between trials and will provide greater confidence in reported outcomes. It is not known whether the degree of pathological response predicts oncological outcome in RCC. Neoadjuvant clinical trials in RCC should therefore include rigorous incremental assessment of pathological response in the entire tumour specimen as a secondary endpoint and examine whether this is linked to improved oncological outcomes in primary endpoints such as disease free or overall survival. 
RCC has specific features which may cause challenges in pathological response assessment. Unlike tumours such as melanoma, renal tumours treated with neoadjuvant therapy tend to be relatively large in volume, with varying amounts of necrosis, fibrosis and oedema (both at baseline, and following treatment) and a potential area for residual tumour may be present. RCCs are also known to be heterogeneous (architecturally and cytologically), so good response in one area may not mean good response across the entire tumour. These RCC specific issues mean that applying methods or thresholds developed in other tumours, or pan-cancer approaches, may not be the same in RCC. This underlines the importance of standardised prospective data collection in this area to understand the nature of responses in RCC and to link pathological responses to clinical outcomes. We recommend a thorough sampling strategy, to ensure confidence in an assessment of complete pathological response, particularly within clinical trials. It is not known yet what degree of response is significant – and it may be that there is a clinically important difference in outcomes between a major pathological response (<10% residual tumour) and complete pathological response (0% tumour). A limitation of this approach is the workload of this extensive sampling. Further research, built into neoadjuvant studies, could examine what degree of sampling is needed, potentially allowing a scaled-back approach more feasible in routine clinical practice, reducing the workload on pathology departments, as has been demonstrated by another case series (136). The aim would be to maintain clinical utility but improve reporting and sampling time. Quantification of viable tumour and necrosis and improvement in reporting time may also be achieved by digital pathology methods, and we recommend further development of these methods (145). 
The treatments used in RCC differ from other tumour types, in particular the use of immunotherapy and VEGFR directed TKIs. Neoadjuvant trials should assess if there are any significant features unique to these RCC therapies that may predict outcome – for example lymphocyte infiltration or change in vessel densities. This underlines the importance of built in translational sampling strategies, to understand the molecular features of response or non-response, which may include molecular residual disease (ctDNA)(146) or circulating biomarkers (e.g. KIM-1)(147).
In addition to disease free survival, neoadjuvant studies should also report details of any subsequent adjuvant therapy received. This is particularly important as an aim of neoadjuvant therapy studies should be selection of patients who may benefit from further adjuvant treatment. An uncertainty created by neoadjuvant therapy is how to apply existing rules developed on treatment naïve patients, for example risk scores for relapse in determining follow up strategy, or the criteria for adjuvant pembrolizumab. Trials should include these assessments so that comparisons to historical data can be made. 

Conclusions
Current reporting of pathological response to neoadjuvant therapy in kidney cancer is highly variable. We have suggested a more standardised method for assessment and reporting pathological response for use in research studies and to inform future standard clinical care. The topic remains an unmet need in the investigation of neoadjuvant treatment of RCC, and greater attention is needed to this area in future studies. 
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