
Journal Pre-proof

A Worldwide Survey on Pathological Measurement of Residual Breast Cancer After
Neoadjuvant Therapy: Different Interpretations of the ypTNM Classification

Koen Kwakkenbos, Mieke R. Van Bockstal, Abeer M. Shaaban, Edi Brogi, Gabor
Cserni, Ian O. Ellis, Maria Pia Foschini, Stephen B. Fox, Zsuzsanna Bago-Horvath,
Shabnam Jaffer, Agnes Jager, Sarah E. Pinder, Elena Provenzano, Cecily M. Quinn,
Emad A. Rakha, Wendy A. Raymond, Puay Hoon Tan, Gary M. Tse, Zsuzsanna
Varga, Hannah Y. Wen, Carolien H.M. van Deurzen

PII: S0893-3952(26)00006-2

DOI: https://doi.org/10.1016/j.modpat.2026.100963

Reference: MODPAT 100963

To appear in: Modern Pathology

Received Date: 4 December 2025

Revised Date: 9 January 2026

Accepted Date: 13 January 2026

Please cite this article as: Kwakkenbos K, Van Bockstal MR, Shaaban AM, Brogi E, Cserni G, Ellis
IO, Foschini MP, Fox SB, Bago-Horvath Z, Jaffer S, Jager A, Pinder SE, Provenzano E, Quinn CM,
Rakha EA, Raymond WA, Tan PH, Tse GM, Varga Z, Wen HY, van Deurzen CH, A Worldwide
Survey on Pathological Measurement of Residual Breast Cancer After Neoadjuvant Therapy: Different
Interpretations of the ypTNM Classification, Modern Pathology (2026), doi: https://doi.org/10.1016/
j.modpat.2026.100963.

This is a PDF of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability. This version will undergo additional
copyediting, typesetting and review before it is published in its final form. As such, this version is no
longer the Accepted Manuscript, but it is not yet the definitive Version of Record; we are providing
this early version to give early visibility of the article. Please note that Elsevier’s sharing policy for the
Published Journal Article applies to this version, see: https://www.elsevier.com/about/policies-and-
standards/sharing#4-published-journal-article. Please also note that, during the production process,
errors may be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

https://doi.org/10.1016/j.modpat.2026.100963
https://doi.org/10.1016/j.modpat.2026.100963
https://doi.org/10.1016/j.modpat.2026.100963
https://www.elsevier.com/about/policies-and-standards/sharing#4-published-journal-article
https://www.elsevier.com/about/policies-and-standards/sharing#4-published-journal-article


© 2026 United States & Canadian Academy of Pathology. Published by Elsevier Inc. All rights are
reserved, including those for text and data mining, AI training, and similar technologies.



 

1 
 

A Worldwide Survey on Pathological Measurement of Residual Breast Cancer 

After Neoadjuvant Therapy: Different Interpretations of the ypTNM Classification 

 

Koen Kwakkenbos1*, Mieke R Van Bockstal2,3, Abeer M Shaaban4, Edi Brogi5, Gabor 

Cserni6,7, Ian O Ellis8, Maria Pia Foschini9, Stephen B Fox10, Zsuzsanna Bago-

Horvath11, Shabnam Jaffer12, Agnes Jager13, Sarah E Pinder14, Elena Provenzano15, 

Cecily M Quinn16, Emad A Rakha17,18, Wendy A Raymond19, Puay Hoon Tan20, Gary M 

Tse21, Zsuzsanna Varga22, Hannah Y Wen23, Carolien HM van Deurzen1 

1Department of Pathology and Clinical Bioinformatics, Erasmus MC Cancer Institute, Erasmus 

University Medical Centre, 3015 GD Rotterdam, The Netherlands 

2Department of Pathology, Cliniques universitaires Saint-Luc, Avenue Hippocrate, 10, 1200 

Brussels, Belgium 

3MORF, Institute de Recherche Expérimentale et Clinique, UCLouvain, Avenue E. Mounier, 51, 

1200 Brussels, Belgium 

4Cellular Pathology, Queen Elizabeth Hospital Birmingham and Cancer and Genomic 

Sciences, University of Birmingham, Birmingham B15 2GW, UK 

5Department of Pathology, Memorial Sloan Kettering Cancer Center, New York, NY, USA 

6Department of Pathology, University of Szeged, Albert Szent-Györgyi Faculty of Medicine, 

Szeged, Állomás u. 1., Hungary 

7Department of Pathology, Bács-Kiskun County Teaching Hospital, Kecskemét, Nyíri út 38., 

Hungary 

8Department of Histopathology, City Hospital Campus, Nottingham University Hospitals, 

Nottingham, United Kingdom 

Jo
urn

al 
Pre-

pro
of



 

2 
 

9Department of Biomedical and Neuromotor Sciences Unit of Anatomic Pathology at Bellaria 

Hospital, 40139 Bologna, Italy 

10Pathology, Peter MacCallum Cancer Centre and Collaborative Centre for Genomic Cancer 

Medicine, University of Melbourne, Victoria, Australia 

11Department of Pathology and Comprehensive Cancer Center, Medical University of Vienna, 

Vienna, Austria 

12Northwell Health Lenox Hill Hospital, Dept. of Pathology. 

13Department of Medical Oncology, Erasmus MC Cancer Institute, Erasmus University Medical 

Centre, 3015 GD Rotterdam, The Netherlands 

14School of Cancer & Pharmaceutical Sciences, King's College, London, United Kingdom; 

Guy's and St Thomas' Hospitals, London, United Kingdom 

15Department of Histopathology, Addenbrookes Hospital, NIH Cambridge Biomedical 

Research Centre, Cambridge, United Kingdom 

16Department of Histopathology, St. Vincent’s University hospital, Dublin and University 

College Dublin, Ireland. 

17Academic Unit for Translational Medical Sciences, School of Medicine, University of 

Nottingham, Nottingham, United Kingdom 

18Department of Pathology, Hamad Medical Corporation, Doha, Qatar 

19Flinders Medical Centre, Flinders University and Clinpath Pathology, Adelaide, Australia 

20Luma Medical Centre, Royal Square Medical Centre, Singapore, Singapore 

21Department of Anatomical and Cellular Pathology, The Chinese University of Hong Kong, 

Hong Kong, China 

22Department of Pathology and Molecular Pathology, University Hospital Zurich, Switzerland 

Jo
urn

al 
Pre-

pro
of



 

3 
 

23Department of Pathology and Laboratory Medicine, Memorial Sloan Kettering Cancer Center, 

New York, NY 10065 

 

*Corresponding author:  

Koen Kwakkenbos 

k.kwakkenbos@erasmusmc.nl 

+31 6 12361512 

 

 

 

  

Jo
urn

al 
Pre-

pro
of

mailto:k.kwakkenbos@erasmusmc.nl


 

4 
 

Abstract 

The extent of residual disease after neoadjuvant chemotherapy (NAC) in breast cancer 

(BC) patients holds prognostic value. However, current practices for reporting post-

NAC BC specimens according to the ypTNM classification vary. This study aimed to 

map these practices and provide recommendations for standardization. A survey was 

developed and globally circulated to pathologists with a special interest in BC through 

personal networks and working group mailing lists. The survey included general 

questions about tumor diameter assessment, as well as graphical scenarios presenting 

different distributions of tumor cells. We did not provide definitions mentioned in 

reporting guidelines to capture unbiased current real-world practices. A total of 208 

pathologists from 35 countries completed the survey. Almost all responding 

pathologists (97.1%) report the ypTNM in daily practice. Despite self-reported strict 

adherence to the 8th edition of the international ypTNM classification, we found 

substantial variation in practice concerning the application of this staging system, 

particularly in cases with an uneven distribution of scattered residual disease. Notably, 

57.2% of respondents reported measuring the largest ‘continuous cluster of tumor 

cells’, but the interpretation of this definition varied widely. This international survey 

identifies the challenges and the practice heterogeneity in the current application of the 

ypTNM staging system, which hampers the value of ypTNM reporting in daily practice. 

To enhance reproducibility and to provide more reliable post-NAC risk stratification, we 

recommend adopting standardized reporting with clearer pattern-based definitions of 

the ypTNM guidelines, supplemented with the elements of the Residual Cancer Burden 

system. 

Keywords: breast cancer; neoadjuvant chemotherapy; pathology; pTNM 

classification; residual disease; residual cancer burden 
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Introduction 

Neoadjuvant chemotherapy (NAC) allows monitoring of treatment response in breast 

cancer (BC) patients as well as the potential for breast conserving surgery in some 

patients. Residual disease is often considered a dichotomous outcome, distinguishing 

between pathological complete response (pCR) or no pCR. Achieving a pCR is a 

strong predictor of improved survival outcomes,1-4 and guides post-NAC therapy 

approaches.5, 6 Furthermore, several studies have also reported that the extent of 

residual disease after NAC significantly correlates with prognosis, which highlights the 

relevance of quantifying residual disease.7-9 The KEYNOTE-522 trial revealed that the 

benefit from adjuvant pembrolizumab in triple-negative BC varied significantly with the 

amount of residual disease.10 These findings emphasize that moving beyond the 

distinction between pCR and no pCR is necessary for refining risk-stratification and 

enabling more personalized treatment strategies.  

Currently, several systems exist to quantify residual disease post-NAC, with the tumor-

node-metastasis (ypTNM) staging system, adapted from the pretreatment clinical 

(c)TNM staging framework, and the Residual Cancer Burden (RCB) index being 

commonly employed. The pathologist plays a central role in quantifying the amount of 

residual tumor in the breast (ypT) and lymph nodes (ypN), while the M stage is usually 

determined clinically and on imaging. The ypTNM is recommended by both the Union 

for International Cancer Control (UICC)11 and the American Joint Committee on Cancer 

(AJCC)12. The post-NAC diameter of the residual primary tumor (ypT), in both the 8th 

edition of the ypTNM of the AJCC and the UICC, requires measurement of the largest 

contiguous focus of residual tumor as post-NAC diameter (Figure 1A).11, 12 The AJCC 

definition further specifies a cluster as a group of tumor cells without intervening 

fibrosis.  
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In contrast, the RCB determines residual tumor size based on the two greatest 

dimensions of the residual invasive tumor area, including intervening stroma (Figure 

1B). The RCB score combines these tumor dimensions with the cellularity across the 

entire tumor area, the number of positive lymph nodes and the size of the largest 

regional lymph node metastasis.7  

The International Collaboration on Cancer Reporting (ICCR) recommends reporting 

both the ypTNM and the RCB.13 However, the ICCR recommends taking the growth 

pattern of the BC into account when determining what to consider the largest 

continuous focus for ypTNM staging and further distinguishes between even and 

uneven tumor distribution. If residual invasive carcinoma cells are evenly distributed 

over a fibrotic area, the ICCR prefers to consider this as a single focus.13 If the 

distribution of residual invasive carcinoma cells is more uneven, the ICCR considers 

these as separate foci and recommends measuring the largest.  

In tumors showing a scattered response pattern to NAC, the measurement of the 

largest contiguous focus of residual invasive carcinoma according to the ypTNM 

becomes challenging. Such scattered response patterns are frequently observed in 

luminal BC subtypes, whereas concentric shrinkage patterns are more common in 

triple-negative breast cancer (TNBC).14, 15 Scattered versus concentric patterns were 

shown to carry prognostic significance in TNBC.16 The variability in ypTNM assessment 

can compromise the reliability of risk stratification and response monitoring in the post-

NAC setting, potentially leading to inconsistent and suboptimal adjuvant therapy 

decisions.  

The aim of this study is therefore to map the current practices of post-NAC BC 

specimen reporting according to the ypTNM and provide recommendations for the 

standardization of post-NAC breast resection specimen assessment. 
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Materials and methods 

Survey development and circulation 

The study design is outlined in Figure 2. The survey was implemented in CastorEDC 

and pilot-tested by its developers and the central pathologist group. Subsequently, the 

questionnaire was globally distributed to pathologists with a special interest in BC 

through personal networks and working group mailing lists from February 4, 2025, until 

April 27, 2025. Participation was voluntary and anonymous. Respondents could 

optionally provide an email address to receive the study results after publication. 

The questionnaire (Supplementary File 1) included general questions regarding the 

processing and staging of primary tumor resection specimens and resected lymph 

nodes, as well as graphical scenarios. In these schematic scenarios, participants 

indicated how they would measure residual disease diameter in different distributions 

of tumor cells or clusters. We did not provide information about any of the reporting 

guidelines, to capture personal definitions in daily practice. The questions concerning 

the intervening stroma used the values of 1 mm (an empirical value based on a 

previous report by Harter et al.17) and 5 mm (based on the College of American 

Pathologists (CAP) guideline, UK standards and ICCR for reporting of primary breast 

cancer18-20). 

Data analysis 

We screened the list of collected email-addresses for duplicates and analyzed the 

similarity of the given answers to identify duplicate responses. The data were analyzed 

using the Pandas package (Python 3.12). As all continuous variables showed non-

parametrical distribution (through the Shapiro-Wilk test), results are reported as 
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median and interquartile range (IQR). Categorical variables are reported as absolute 

frequencies and their corresponding percentages. 

Results 

Characteristics of respondents 

We received a total of 208 unique fully completed responses from 35 different 

countries, including those from the central pathologist group (n=19). Based on the 

number of times that the Castor link was used, and the approximate number of emails 

circulated, we estimate the response rate to be around 20%. Most responses were 

received from the United Kingdom (19.2%), followed by the United States of America 

(13.9%) and The Netherlands (12.0%). The geographical distribution of the received 

responses is provided in Supplementary Table S1. Of the respondents, 59.6% worked 

in academic hospitals. Respondents had a median of 15 years of professional 

experience (IQR: 9-25). The median number of annually examined breast specimens 

was 200 (IQR: 100-400) with a median of 50 post-NAC specimens (IQR: 25-100).  

Post-NAC specimen handling  

While markers are used in 78.8% of surgical specimens, only 28.4% of respondents 

use x-ray imaging to perform targeted sampling.  

Pathological assessment of lymph nodes varies by node type: sentinel lymph nodes 

(SLNs), nodes marked with radioactive iodine (MARI, a potential SLN, that is marked 

with a radioactive iodine seed before neoadjuvant chemotherapy), and non-sentinel 

nodes (NSLNs).  
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For SLNs, sectioning practices are diverse. Most responding pathologists (59.1%) 

prepare multiple H&E sections whilst 36.6% assess only a single H&E section. 43.3% 

of respondents routinely include cytokeratin immunostaining in their panel. 

MARI nodes are processed similarly: nearly half (49.1%) undergo multiple sectioning 

and one-third (33.7%) are processed with a single H&E section. Among responding 

pathologists, 40.4% routinely include cytokeratin staining on MARI nodes. 

NSLNs receive the most conservative approach, with most respondents (69.2%) using 

a single H&E section and 25.5% using multiple H&E sections. Only 16.3% use 

immunohistochemistry (IHC) routinely, in addition to either a single or multiple H&E 

sections. IHC represented at least one slide for immunohistochemical analysis, as it 

was not specified whether respondents used IHC on multiple levels. 

Application and reproducibility of ypTNM staging 

Almost all respondents (202/208, 97.1%) report the ypTNM in daily practice (Figure 

3A) and 72.6% also report the RCB. All respondents who report the RCB also report 

the ypTNM. 48.3% follow the AJCC version, 39.4% the UICC version and 12.3% were 

unsure (Figure 3B). Respondents from North America almost exclusively adhered to 

the AJCC version (97.1%), while 30.7% of European respondents adhere to UICC, and 

53.6% to AJCC.  

Respondents found lymph node assessment (ypN) to be more reproducible than 

breast tumor assessment (ypT); 53.8% reported reproducible measurements in lymph 

nodes versus 46.6% in breast tissue. This was further reflected in the difficulty scores 

(scale 1-10, where a score of 1 indicates ‘not difficult at all’ and a score of 10 ‘very 

difficult’), which were 5 (IQR: 3-7) for ypT, and 3 (1.25-6) for ypN (Figure 3C). Those 

who did not find the ypT reproducible indicated the need for a clear definition of a tumor 
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cluster (80.2%) or provided a free-text answer. Recommendations centered on: 1) 

clarifying the handling of multiple tumor clusters within a single tumor bed, including 

the role of intervening stroma/fibrosis; 2) harmonizing the measurement approach with 

the RCB methodology, which incorporates tumor cellularity across the full tumor bed, 

rather than solely relying on maximum diameter; and 3) providing standardized 

guidelines and schematic examples to improve variation in individual practices. In the 

lymph node, these recommendations focused on: 1) harmonizing ypN assessment with 

RCB methodology, specifically regarding the inclusion of intervening fibrosis when 

measuring residual tumor extent within lymph nodes; 2) clarifying the definition of tumor 

clusters and incorporating cellularity into the assessment.  

The use of the ‘m’ (multiple) modifier for the ypT was inconsistent: 42.3% apply it when 

multiple residual tumor foci are observed after NAC, regardless of the pre-NAC 

imaging, 34.6% if there are multiple tumors on imaging pre-NAC, 21.2% never use the 

‘m’ modifier and 1.9% use it when there is one tumor before NAC with multiple residual 

tumor foci identified post-NAC. 

Finally, most participants reported that they commented on tumor bed and marker clip 

reactions in their pathology reports (82.2%) and almost all participants (93.3%) 

requested the formulation of a standardized post-NAC reporting template. 

Definitions of the extent of residual disease used in daily practice 

Most respondents reported strict adherence to the 8th edition of the ypT in breast 

specimens and ypN in lymph nodes (both 84.6%) in daily practice. Responders who 

do not strictly adhere to the ypTNM reported that this was mainly because of both an 

unclear definition of a tumor cell cluster, as well as the concern of underestimating the 

extent of residual tumor. While the substantial majority reported strict adherence to the 
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ypTNM, inconsistencies became apparent in the follow-up questions. For instance, 

although the 8th edition of the TNM emphasizes measuring the ‘largest contiguous 

focus’, a significant percentage (35.1%) of pathologists measure the post-NAC 

diameter in breast specimens as the complete tumor area, including all intervening 

stroma. Moreover, while 57.2% stated that they use the largest continuous cluster of 

tumor cells, the definitions of a cluster varied (Table 1). For both breast and lymph 

nodes, most respondents define a continuous cluster as ‘Tumor cell clusters with a 

limited amount of intervening stroma, irrespective of signs of regression (52.4% and 

44.2%, respectively). When specifying limited stroma, 51.4% used two criteria, 

depending on the distribution of the tumor cells: 1) in tumors with an even distribution 

of tumor cells in a fibrotic area, measure this as one focus and 2) in tumors with an 

uneven distribution of tumor cells, measure these as separate continuous foci and use 

the largest focus for ypTNM staging system.  

Assessment of residual disease in graphical scenarios 

After the questions about definitions and practices, pathologists were asked to define 

the diameter of residual disease in scenarios with an even distribution or with an 

uneven distributions of tumor cells or tumor cell clusters on both a background of 

normal breast tissue and reactive stroma. 

Even distribution of residual disease 

In graphical scenarios with an even distribution of tumor cells, respondents 

predominantly chose to define the full diameter of the residual disease as the ypT, 

irrespective of the background (89.9%; Figure 4A versus 89.4%; Figure 4B). In the 

case of an even distribution of tumor cell clusters, again, the maximum extent was 

predominantly used to determine the diameter (76.0% and 75.5% in normal breast 

Jo
urn

al 
Pre-

pro
of



 

12 
 

(Figure 4C) and reactive stroma (Figure 4D), respectively). The diameter of the largest 

cluster of touching cells was used by 24.0% and 21.2% of respondents (for normal 

breast tissue and reactive stroma, respectively).  

Uneven distribution of residual disease 

In scenarios with an uneven distribution, the measurement preference shifted from the 

diameter of the largest focus to the overall maximum tumor extent as the tumor density 

increased (Figure 5). This pattern was present regardless of the background. For 

example, with tumor cell clusters in normal breast tissue, preference for measuring 

maximum extent increased from 30.3% in the sparsely distributed scenario to 77.9% 

in the densest configuration (Figure 5C).  

Discussion 

This large world-wide survey aimed to map current practices and challenges in 

reporting post-NAC breast and lymph node specimens using the ypTNM staging 

system. Based on input from 208 pathologists across 35 countries, we confirm that 

while the ypTNM system is widely used (97.1% of respondents), reproducibility is 

limited, particularly for primary tumor (ypT) assessment, due to the lack of clear, 

standardized definitions, especially regarding the handling of cases with an uneven 

distribution of scattered tumor cells or clusters. 

Systematic sampling is crucial for accurate post-NAC pathological assessment. 

However, only 28.4% of the responding pathologists use radiological imaging to guide 

targeted sampling, and 21.2% report that no marker is used by their clinical team to 

identify the tumor bed, potentially risking missing residual disease in near complete or 

complete responders to NAC.  
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Assessment of ypN was considered more reproducible than ypT, likely reflecting 

pathologists’ familiarity with the measurement of scattered nodal metastases in the 

non-NAC setting, already defined as isolated tumor cells, micro- and 

macrometastases. The processing of lymph nodes varies widely. While the AJCC 

acknowledges that multiple sectioning with H&E levels in combination with IHC will 

identify additional tumor deposits,12 the clinical significance of such occult metastases 

remains unclear.21, 22 The UK Royal College of Pathologists Reporting and the CAP 

guidelines recommend bread-slicing lymph nodes at 1-2mm intervals and examining a 

single H&E section.18, 19 Further levels and cytokeratin IHC are performed on selected 

cases at the discretion of the reporting pathologist. The guidelines support that ITCs 

following NAC represent chemotherapy-resistant residual disease and are therefore 

more significant than in the non-NAC setting.23 The variability in both breast and lymph 

node processing may contribute to inconsistent detection of minimal residual disease, 

however, standardized protocols should balance diagnostic yield and clinical 

relevance.  

Measurement approaches varied considerably: 35.1% of pathologist respondents 

measure the complete area including intervening stroma, while 57.2% measure the 

'largest continuous cluster' of tumor cells. Furthermore, the definition of 'continuous 

cluster' lacks consensus. Graphical scenarios revealed additional complexity: 

responding pathologists consistently measured maximum spread for evenly distributed 

residual disease but showed substantial inter-observer variation for uneven 

distributions. This variation highlights the need for clearer definitions. The definition of 

‘continuous cluster’ with the least interobserver variation is likely “cells that are touching 

one another”, in line with the definition used to distinguish between isolated tumor cells 

and micrometastatic disease in the non-NAC setting. However, since most untreated 
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invasive cancers already have some stroma between the tumor cells, this definition is 

unlikely to accurately reflect the prognosis. The current AJCC version and the 

upcoming 9th edition of the UICC ypTNM also defines the largest continuous focus of 

residual cancer without treatment-related fibrosis. It should be highlighted that the 

distinction between normal stroma and treatment-related fibrosis is often not well 

defined and varies between tumors.  

To determine the largest tumor diameter according to ypTNM, we suggest a pattern-

based approach. An even distribution should be defined as relatively uniform scattering 

of tumor cells with consistent spacing, while uneven distribution shows clustering in 

certain areas with variable spacing. For the evenly scattered patterns, measure the full 

extent of the tumor encompassing all tumor clusters. For uneven patterns, define the 

largest concentration of residual cancer that includes intervening stroma, in line with 

the ICCR approach.13 Finally, when presented with multiple residual tumor foci 

following NAC, we recommend using the ‘m’ modifier, regardless of whether pre-

treatment findings showed multiple tumor foci or a single tumor. This is in line with the 

current ypTNM guideline.24 The variety in the use of the ‘m’ post-NAC, as shown in this 

survey, suggest that this point should be further clarified in the next version of the 

ypTNM.  

Pathologists recognize that measuring only the largest contiguous focus in scattered 

disease patterns may underestimate total residual burden.25 Harter et al. confirmed 

this concern, showing that strict adherence to the 8th edition of the AJCC guidelines 

resulted in smaller tumor sizes and lower ypT categories compared to routine 

practice.17 

Most (93.3%) respondents indicated the need for a standardized reporting template, 

suggesting that current templates need to be improved. We therefore recommend the 
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standardized dual reporting of both the ypTNM and the RCB, including the separate 

elements of the RCB system: full tumor size in two dimensions, estimated overall 

residual cancer cellularity, number of positive lymph nodes and size of largest 

metastasis.7 This approach is increasingly supported by international guidelines (ICCR 

and the 9th edition of the TNM classification13, 24) and The Breast International Group-

North American Breast Cancer Group (BIG-NABCG).26, 27 This standardized data 

collection would also facilitate research into subtype-specific element weighting, 

validation of the RCB components for neoadjuvant treatments other than 

chemotherapy (e.g. endocrine or immunotherapy) and integration with other 

biomarkers, such as Ki-67 and the number of tumor-infiltrating lymphocytes to further 

refine risk-stratification for BC patients with residual disease.28-30 In future versions of 

the ypTNM, clearer definitions, potentially using a pattern-based approach with 

illustrated examples are required to decrease the current degree of inter-observer 

variability. We expect good correlation between the ypTNM values and the RCB values 

in tumors with a concentric shrinkage response pattern. In cases with a fragmented 

shrinkage (scatter) pattern, the values are likely to show greater variation. We believe 

that standardized reporting of both systems will be complementary in determining 

prognosis. The full set of values may be used in a prognostic model. 

Our large international survey-based study provides a valuable overview of real-world 

practice. Inherent to all survey-based research, this study also has some limitations. 

Firstly, the findings may be influenced by non-response bias. Secondly, a response 

bias may be present, as respondents might provide desirable answers, rather than 

reflecting their actual practice. Furthermore, more than half of the respondents work in 

academic hospitals, where practices might be different to non-academic hospitals. 

While achieving broad international reach, countries in Asia, Africa and South America 
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were underrepresented. Finally, we chose to avoid an overly lengthy questionnaire by 

including the even and uneven distributions separately, in order to establish an 

understanding of how pathologists interpret these distinct scenarios. This may not have 

fully captured the real-world complexity of assessing resection specimens. Future 

research should focus on the clinical implications of the different interpretations of the 

ypTNM classification. We acknowledge that even with the proposed definitions, some 

interobserver variation will remain, although illustrated examples of even and uneven 

distributions will likely enhance the reproducibility. Further, the use of digital pathology 

supported by image processing or artificial intelligence algorithms, may support the 

pathologist by objectively delineating the extent of the tumor area, identifying tumor 

clusters and determining cellularity. 

In conclusion, this international survey highlights substantial practice heterogeneity in 

the application of the 8th edition of the ypTNM staging system, which limits its value, 

particularly in cases with an uneven distribution of scattered residual disease. To 

enhance reproducibility and to provide more reliable post-NAC risk stratification, we 

recommend the adoption of standardized dual reporting of the complete ypTNM and 

RCB system. This approach leverages the strengths of both methods and should be 

accompanied by clearer pattern-based definitions within the ypTNM guidelines.  
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Figure 1: Definitions of residual tumor as used by the Union for International Cancer 

Control (UICC), the American Joint Committee on Cancer (AJCC) and the residual 

cancer burden (RCB). Both the AJCC and UICC use the largest contiguous cluster of 

residual tumor, in one dimension (diameter A). The RCB uses two dimensions of the 

total extent, including intervening stroma (B).  
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Figure 2: Study overview showing survey development involving feedback from a 

central panel of 19 pathologists. After finalization, both the personal networks of the 

central pathologists, as well as national working group mailing lists were used to 

facilitate worldwide distribution. 

 

Figure 3: Pathologists responses on post- neoadjuvant chemotherapy (post-NAC) 

staging systems and measurement reproducibility. A: Post-NAC reporting systems 

used in clinical practice; B: TNM version used by respondents. Within the bars, the 

geographic region of the respondents are given; C: Difficulty scores for primary tumor 

and lymph node assessment, with scores ranging from 1 (least difficult) to 10 (most 

difficult). 

 

Figure 4: Respondents determination of the residual tumor diameter with an even 

distribution of single tumor cells (A and B) and tumor cell clusters (C and D), in a 

background of normal breast (A and C) and reactive stroma (B and D). The scenarios 

in this figure relate to items 4.1 – 4.8 of the questionnaire (Supplementary File 1). 

 

Figure 5: Respondents determination of the residual tumor diameter with an uneven 

distribution of single tumor cells (A and B) and tumor cell clusters (C and D), in a 

background of normal breast (A and C) and reactive stroma (B and D). Each case 

started with several separated tumor foci, with the second and third variation adding 

two quantities of intervening tumor. The flow charts show how individual respondents 
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changed their preferred diameter throughout the three scenarios. The percentages 

show the proportion of respondents selecting diameter D1, D2, D3 or D4. The scenarios 

depicted in this figure relate to items 4.9 – 4.32 of the questionnaire (Supplementary 

File S1). 

 

Table 1: Definitions used regarding the ypTNM. The first rows present the method of 

measuring the diameter for the ypT. The question regarding continuous tumor cluster 

definition is then presented, followed by specifications for respondents who selected 

options involving ‘limited amount of intervening stroma’. For those who defined limited 

stroma based on cell distribution, additional criteria specifications are shown. 

Percentages represent the proportion of respondents selecting each option for breast 

and lymph node assessments. 

Definition/specification Breast Lymph node 

Definition of diameter used for ypT 

Complete area, including all intervening stroma 35.1% - 

Largest continuous cluster of tumor cells 57.2% - 

Other 7.7% - 

Definition of a continuous tumor cluster   

Tumor cells that are touching each other 13.0% 17.8% 

Tumor cell clusters with a limited amount of intervening 

stroma showing evidence of regression 

12.0% 14.9% 

Tumor cell clusters with a limited amount of intervening 

stroma, irrespective of signs of regression 

52.4% 44.2% 

Tumor cell clusters with all intervening stroma showing 

evidence of regression 

9.1% 10.1% 

Tumor cell clusters with all intervening stroma, irrespective of 

signs of regression 

13.5% 13.0% 

Specification of "Limited amount of intervening stroma" 
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< 1 mm 22.4% 35.6% 

< 5 mm 26.2% 8.9% 

Depends on the distribution of cells 51.4% 55.6% 

Specification of cell distribution 

In an uneven distribution, measure separate foci and use the 

largest 

9.1% 16.0% 

In an even distribution in a fibrotic area, measure this as one 

focus 

10.9% 8.0% 

Both options 80.0% 76.0% 
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