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1. Introduction
This document contains a brief description of the labels used to annotate the breast cancer subsets of the Temple University Hospital Digital Pathology Corpus (TUBR) and the Fox Chase Cancer Center Digital Pathology Corpus (FCBR). An excellent overview of these corpora can be found in Hackel et al. (2026),  Shalamzari et al. (2023) and Shawki et al. (2020), including a description of how the data is organized. Mnemonic
Description
breast
breast
cardio
cardiovascular system, aorta
gastro
gastrointestinal system, small and large intestine, colon, appendix, esophagus, liver, pancreas
gyneco
gynecology, cervical, endocervical, uterus
hdneck
head and neck, vocal cord, thyroid, parathyroid gland, mouth
hernia
hernia sac
lymphn
lymph nodes, lymphatic system
miscel
miscellaneous
nervsy
nervous system, brain, nerves
pulmon
pulmonary, lungs, diaphragm, thorax
skints
skin tissue
skelel
skeletal system, bone
softts
soft tissue of organs (that which are not already listed)
spinal
spinal cord, vertebrae (cervical, thoracic, lumbar) sacrum, iliac, coccyx
tonsil
tonsils
urinpr
urinary prostate, kidneys, bladder, urethra
[bookmark: _Ref7251741][bookmark: _Ref11017602]Table 1. A summary of the tissue types included in our digital pathology corpora


2. Labels
An overview of the tissue types included in the corpora is show below in Table 1. The labels we are currently using for our annotations are summarized here:
1. Normal (norm): Normal is represented by groupings of circular lobules or an ovular duct. Within their cell wall (epithelium), lobules and ducts include a generally empty space called the lumen. The lining of the lumen of the healthiest lobules and ducts is held together; nothing is falling apart nor falling inside the lumen.
2. Background (bckg): Background is made up of stroma or pink stained tissue. Blood cells and fatty tissue are included within background. Blood cells are extremely pink and ovoid-shaped. Fat is represented by a large, web-like network of tissue, usually on the outer lining of the tissue sample. Keep in mind that the edges of the tissue sample were cut in a way that damaged the stroma. This is represented by a crust-like shape and darker colors ranging from brown, blue, and purple.
3. Null (null): Null or indistinguishable tissue is often a result of cutting the sample, resulting in noticeable tissue damage of a normal lobule or duct, not just background. This is often noticed along the edges of a sample from where the tissue was cut. However, it can sometimes also be noticed within the tissue either as a result of a poor cut of the slide sample, or it was done in a way that pathologists had micro-sampled that given lobule or duct of interest before the slide was made. (All null cases should be classified by machine learning as background. But null should remain its own label similar to normal cell regions (norm) due to their higher similarity to cancer-like regions. In doing so, the classification system will work more precisely by measuring normal and null cases respectively both with stronger correlation to cancer than a background region.) 
4. Artifact (artf): Artifact regions consist of grease pen marks, stitches, or unfocused scratches on the slide. Sometimes an unfocused, small black particle, likely dust, is on the slide. Due to being so small, just ignore it.
5. Inflammation (infl): Inflammation is represented by a high concentration of small dots spread across a small area. The concentration of dots reduces through space, instead of due to a wall of a container. These dots can be moving freely through the stroma (pink tissue) or reside along the edges (cell wall) of a container (lobule or duct).
6. Non-neoplastic (nneo): Non-neoplastic label consists of two features, fibrosis and hyperplasia, often also accompanied by inflammation. Some of these may develop into cancer while others are simply benign. The specifics would be better answered by pathologists.
6.1. Fibrocystic changes occur when the lumen within the cell expands substantially, creating a cyst.
· It maintains a circular shape while causing the cell wall lining of the lobule to thin.
· It can include calcifications represented as a small, somewhat circular, dense, very dark, and purple-colored area of cells.
6.2. Hyperplastic changes occur when the cell wall lining grows and takes up the lumen, so that there is little or no white space within.
· An additional feature of hyperplasia is represented by mushroom-like, irregular expansions of the cell.
· It can be classified with elongated, ovoid-shaped nuclei (dot-like particles) within the cell wall lining.
· The presence of two cell layer linings, rather than a single layer, within the epithelial wall of a lobule or duct may serve as an additional indicator.
· It includes intraductal papilloma, which is made up of well-kept, vein-like structures. Their inner walls remain unbroken and there is little to no inflammation surrounding the region.
7. Suspicious (susp): These regions are suspected of being or showing early onset of DCIS, IDC, non-neoplastic, other harmful, uncategorized, or non-normal tissue. They should have inflammation in and around the region. Therefore, these regions are unknown and can be relabeled at a later date with the help of pathologists. However, sometimes pathologists are also unsure of these regions (sometimes marked by a grease pen) and may contact a Tumor Board.
8. Ductal Carcinoma in Situ (dcis): This is classified as cancer. It is a large, enclosed, dense, purple, and usually more darkly contrasted region filled with many nuclei (dots). The cancerous nuclei are duplicating, further expanding the tumorous lobules (similar to hyperplasia). Inflammatory cells (look just like nuclei) should be very evident within and residing outside the cancerous region. Refer first to the patient report if available before annotating for cancer.
9. Invasive Ductal Carcinoma in Situ (indc): This is also classified as cancer. Instead of originating in the lobules and ducts, it "invades" the stroma, background tissue, so it is not bound by a container. Its defining structure normally appears to be made up of a free-formed, interconnected network of small, spherical, thinly walled, and translucent cells with a nucleus in each, often with inflammation spread through it as well. Refer first to the patient report if available before annotating for cancer.
10. Crystallization specific to invasive ductal carcinoma (cinc): Pathological crystallization in breast tissue that is fond alongside and as a result of invasive ductal carcinoma. This crystallization is primarily composed of calcium phosphate, Ca10(PO4)6(OH)2 and appears grey-white, opaque, or glass-like in traditional H&E immunochemical stains. Calcifications are non-cellular in nature and are significantly different in appearance than both normal and malignant tissue architectures. 
11. Crystallization specific to non-neoplastic tissue (cnno): Pathological crystallization in breast tissue that is found alongside non-neoplastic (nneo) structures like cysts, atypical hyperplasia, benign structures, etc. This calcification can be both Type I or Type II calcifications, composed either of calcium oxalate or calcium phosphate. Both types of calcifications look non-cellular or glass-like in nature which can be found in the surrounding stroma or within the non-neoplastic structures. 
12. Crystallization specific to ductal carcinoma (cdcs): Pathological crystallization in breast tissue that is found alongside and as a result of ductal carcinoma in situ. This crystallization is primarily composed of calcium phosphate found within the ducts where ductal carcinoma proliferates. This is due to the dysregulation of calcium ducts within the carcinogenic cells contained within the TUDL of the breast. These calcifications are similar in appearance as CINC calcification (opaque, glass-like, non-cellular) but differ due to their location and associated structures.
3. File Formats 
The images and annotation data are stored in two separate file types. The slides themselves are kept in SVS format, a file type primed for the viewing and annotating using the Aperio ImageScope software. The annotation data is kept in a corresponding eXtensible Markup Language (XML) file (which is also converted to a CSV spreadsheet format). While the XML format is less straightforward than a raw text file format, with a basic knowledge of the Python language, the parsing of these files is not too difficult. In this section we elaborate on both these formats. Both file types are easily managed using most scripting languages like Python. 

3.1. The SVS File Format 
The SVS file format is the native format for digital slides created by scanning glass slides with the ScanScope Digital Scanner. The first image in this format is always the full resolution baseline image. This baseline image is usually tiled with a tile size of 240x240 pixels. Next, the second image is a thumbnail with the approximate dimensions of 1024x768 pixels. Additionally, there may be intermediate images that are compressed with the same compression type as the baseline image and have the same type of tile organization. Finally, the SVS file may include an image of the slide label. This image is usually a low-resolution picture and is taken of the slide’s label. This label image is always stripped. An example of an SVS file type being viewed in Aperio ImageScope can be seen in Figure 1.
3.2. The eXtensible Markup Language (XML) File Format 
XML files are a collection of annotations created using Aperio ImageScope and describe the exact vertices and area of each annotation region in addition to the annotation labels. that are described in section 2. An example of an XML file can be seen in Figure 2. The structure of the XML files is as follows: [image: ]
[bookmark: _Ref207624650]Figure 1. Example of a scanned slide displayed in ImageScope


· Annotation Heading: This starts each file and defines the Microns per Pixel found in the file. An example of this is highlighted in Blue in Figure 2.[image: ]
Figure 2. Example of a section of an XML file demonstrating how annotated regions are represented


· Region: The line of the file that describes the general attributes of the location of the annotation such as the zoom used when making the annotation, as well as the exact length and area of each annotation. An example of this is highlighted in green in Figure 2. 
· Text: Where the annotation label is placed within the XML file the full list and description of the labels can be found in section 2 of this guide. An example of this is highlighted in orange in Figure 2. 
· Vertices: The x and y coordinates of a large sample of points that lie on the boundaries of the annotation region. The format of this data is: 
<Vertex X="39603" Y="19935" Z="0"/>
As the digitized slide image is only present in two dimensions (x,y) the value for Z for all of our vertices within the XML files is 0. An example of this is highlighted in yellow in Figure 2.
3.3. The CSV File Format 
Spreadsheet formats have been very popular in the machine learning community. This has been the preferred format for many researchers using our data. We have developed an internal tool, nedc_dpath_convert_ann, that converts an XML file to a CSV file. An example of the csv file is shown in Figure 3. The first portion of the file contains comments (the lines preceded by a hashtag character – “#”) that describe some basic information about the image including the basename of the original file used to generate this file. The first line beyond the comments is a header (recognized by tools such as Microsoft Excel) that describes the content of each column in the spreadsheet.
While we won’t elaborate on the details of this format here, there are a few important things to note. First, each annotated region is assigned a unique ID that is represented by the integers in the first two columns. This indexing was done to maintain compatibility with the XML format, which we don’t control. The next field is the type of tissue whose possible values are enumerated in Table 1. The next field, perhaps the most important, is the label assigned to the annotated region, which we will refer to as a patch. 
The next five fields describe a polygon in terms of its vertices. These are written in terms of the coordinates of each vertex, one vertex per line, where the coordinate (0,0) is the upper left of the image (following a standard image processing convention). The remaining fields relate to some information that the XML format requires. These are not essential to deciphering the annotated region. 
The confidence value is arbitrarily set to 1.0. We use this same file format for hypothesis output from our machine learning systems. In this case, the confidence value is set by the deep learning system.
A file can contain one or more patches (annotated regions). Each region is described by a list of vertices. The field named coord_index enumerates all vertices for one patch. The fields index_region and id uniquely identify each patch in the file.# version = csv_v1.0.0
# MicronsPerPixel = 0.502200
# bname = 00330838_aaaaaaeq_s000_0hne_rcut_a001_lvl001_t000
# width = 27888 pixels, height = 42472 pixels
# tissue = breast
#
index,region_id,tissue,label,coord_index,row,column,depth,confidence,Length,Area
,LengthMicrons,AreaMicrons
0,3,breast,bckg,0,8289,33002,0,1.0,13940.5,5498372.5,7000.9,1386716.2
0,3,breast,bckg,1,8291,33008,0,1.0,13940.5,5498372.5,7000.9,1386716.2
0,3,breast,bckg,2,8297,33019,0,1.0,13940.5,5498372.5,7000.9,1386716.2
0,3,breast,bckg,3,8300,33021,0,1.0,13940.5,5498372.5,7000.9,1386716.2
0,3,breast,bckg,4,8302,33028,0,1.0,13940.5,5498372.5,7000.9,1386716.2
0,3,breast,bckg,5,8308,33037,0,1.0,13940.5,5498372.5,7000.9,1386716.2
0,3,breast,bckg,6,8310,33041,0,1.0,13940.5,5498372.5,7000.9,1386716.2
0,3,breast,bckg,7,8313,33047,0,1.0,13940.5,5498372.5,7000.9,1386716.2
0,3,breast,bckg,8,8317,33054,0,1.0,13940.5,5498372.5,7000.9,1386716.2
0,3,breast,bckg,9,8319,33060,0,1.0,13940.5,5498372.5,7000.9,1386716.2
[bookmark: _Ref207625118]Figure 3. Example of a CSV file containing annotated regions


4. Annotation Conventions
NEDC annotation standards continue to evolve to improve the quality of data. The standards and conventions listed are those that have been in practice since 2017. The major difference in this document compared to previous versions (Simons et al., 2021) is that we have added new labels to describe crystallization.
4.1. The Process of Annotation
The goals for our machine learning system were articulated by the needs of pathologists in Temple Hospital. Building an annotation team of undergraduates capable of accurately handling cancer annotations requires expert mentorship and group accountability. Once cell slides were deidentified, annotations were completed by a team specifically trained in identifying tissue specific cancerous markers. This team was composed of students with STEM backgrounds and related coursework, such as pre health and bioengineering, that aligns with the principles of this research. The team underwent training from Temple Hospital pathologists that addressed tissue specific characteristics of various sample types. 
The needs of the pathologists were translated into annotation labels that would enable the machine learning system to be relevant in clinical settings. The annotation process was tailored to consistently distinguish cancerous and precancerous markers with precision amidst normal tissue and artifacts. Annotations labels, detailed below, fell within three categories: cancerous, carcinogenic signs, and non-cancerous. Each category was further differentiated into the type of carcinogenic activity or artifact. Differentiation of carcinogenic signs versus cancerous activity proved a source of error as the staging of samples is not always homogeneous within a sample area. For this reason, our annotation procedure would only label clear examples of categories for the machine learning system. A label, “susp”, was also included for areas of question that required further attention or review. 
With continued guidance from doctors, the team annotated deidentified patient slides. Annotators worked separately and brought completed slides to team reviews. Areas of question in cell slides were first brought to a senior team member for identification assistance. If an annotation had still not been confirmed, it became a talking point during team reviews, was brought to the attention of an MD mentor, or omitted from the data uploaded to the machine learning system. At annotation reviews, a consensus had to be established by the team for a label to be valid. These efforts were aided by a reference compilation of clear label examples screenshotted from training or approved annotations.
Additionally, when in a safe environment to view HIPAA protected information, patient files that correspond to the cell slide may be used to see pathologist interpretation or diagnosis of the sample. Some slides contained grease pen markings from physical pathologist’s annotations that called areas of concern to the attention of annotators. These reviews ensure the precision of data being uploaded for the machine learning system was as consistent and precise as possible. If errors were to arise down the road with the machine learning system’s annotations, that label could be revisited and reviewed throughout uploaded files. Revisions were then completed where needed.[image: ]     [image: ]
[bookmark: _Ref207635418]Figure 4. Hematoxylin and eosin stain (left) and immunohistochemical stain (right)
    



Annotations are created using ImageScope, a multiplatform, free proprietary software provided by Leica Biosystems. The scanned cell slides are in .svs file format which can be opened in ImageScope. As the annotator encircles areas of interest, a .xml file of pixel configurations is created that informs the machine learning system.
TUBR has undergone five revisions including the addition of annotations, expansion of the dataset and meticulous review of the quality of annotations. FCBR has undergone three similar revisions and a new dataset that identifies calcifications as biomarkers for cancer prediction has been curated from the FCCC dataset. 
4.2. Addressing Variations in Stains
In pathology, stains are used to enhance the contrast of tissue on glass slides. Basic stains such as hematoxylin and eosin (H&E) color cell nuclei blue and cytoplasm pink, making it easier to distinguish tissue architecture. Examples of this are shown in Figure 4. Other special stains, like immunohistochemical stains, are used to highlight specific molecules, fibers, or microorganisms. By choosing the right stain, pathologists can identify abnormalities, infections, or tumor markers. Dyes such as hematoxylin and eosin (H&E) or special stains are applied to highlight nuclei, cytoplasm, and extracellular components. The stains used to identify features on slides vary in pigmentation of markers.
Most slides in TUBR and FCBR are histochemical stains and have an overall pink/purple appearance. The specific stain used that causes this pigmentation is H&E stain. Hematoxylin stains organelles and nuclei a blue hue. Eosin stains the cytoplasm a red or pink. Because cells are benign viewed from further away, the combination of these two hues creates the purple appearance for many cell bodies. Different cell types within tissue can be differentiated by their color within the blue to pink gradient as the differing cell components will change the pigmentation. Specifically, within the breast cell slides, the stroma or connective tissue is a smooth pink stain, the duct walls are a purple with dark, circular nuclei visible.
Immunohistochemistry (IHC) staining uses a primary antibody to bind to the target antigen for identification. It is not clear whether polyclonal or monoclonal antibodies were used. In IHC staining, the resulting slides often display a brown or red coloration due to the deposition of chromogenic substrates, such as DAB (brown) or AP Red, which form a visible precipitate at the site of antibody binding. Where these precipitates form, indicates the presence of the target antigen. Immunostaining has been found to be more accurate in diagnosing carcinogenic areas in human tissue. However, for our purposes either stain identifies key features for annotation. Including multiple staining techniques informs the machine learning system on how each may identify carcinogenic regions.
We begin the discussion of our specific conventions by describing a normal breast cell slide. We then discuss cancerous markers, carcinogenic signs and areas of disregard.
4.3. The Non-Cancerous Breast Slide
The breast slides that we use for annotating are usually depicting Terminal Duct Lobular Units (TDLU) that are surrounded by stroma. The lobules around the duct are composed of small glands that are called acini, which are formed during puberty. The acini and the ducts are lined by two different cell layers. The outer layer is made up of Myoepithelial cells that are mostly just clear cytoplasm that pushes milk through the breasts. The inner layer is made up of Epithelial cells that produce breast milk and are usually where cancer is found. The ducts, lobules and the two types of lining cells are labeled in Figure 5.[image: A close - up of a circuit board  Description automatically generated with medium confidence]
[bookmark: _Ref207636212]Figure 5. Example of a normal duct and lobules



Surrounding the TDLU is the stroma. Depending on the person, the stroma can have different makeup, being either fibrous or fatty. Examples of fatty stroma and fibrous stroma can be seen in Figure 6. Non-cancerous regions of slides can be classified with four different labels: normal, background, null, and artifact.
The normal label (norm) for breast tissue is applied to regions where lobules remain circular with no instances of hyperplasia and the ducts are clearly defined with both layers of lining intact. The normal TDLU has one or two ducts surrounded by at least a couple lobules. Examples of normal lobules and ducts can be seen above in Figure 5.[image: ]
[bookmark: _Ref207636336]Figure 6. Examples of fatty stroma (left) and fibrous stroma (right)


The background label (bckg) is applied to regions that solely consist of stroma and no ducts or lobules. Stroma is the pink-stained tissue found throughout the slide and functions as supportive tissue around the ducts and lobules. The stroma consists of connective tissue and blood vessels. Blood cells and fatty tissue are also included in bckg. The blood cells are pink and oval shaped, and the fatty tissue has a web-like makeup that can be seen in Figure 6. 
The indistinguishable label (null) is applied to indistinguishable tissue that was once a duct or a lobule. The tissue is indistinguishable because it was damaged during the cutting of the sample. For tissue to be considered null it must be a duct or a lobule and not just stroma. This tissue is usually found around the edges of the sample but can sometimes appear in the middle of a slide. The null tissue can be considered as background, but for the sake of machine learning, the indistinguishable tissue can have similar characteristics as the cancerous or non-neoplastic tissue, so a separate label is required. An example of null is shown in Figure 7. [image: A picture containing vegetable  Description automatically generated]
[bookmark: _Ref207636595]Figure 7. Example of indistinguishable tissue
[image: A picture containing worm  Description automatically generated]
[bookmark: _Ref207636744]Figure 8. Examples of artifacts


The artifact label (artf) is the only label used that does not inherently refer to tissue. The label refers to human-made marks such as grease pen marks, unfocused parts of the sample, or stitches. The pen marks are usually created by pathologists to denote an area of interest on the slide. Additionally, there are sometimes small black marks on the slides that are most likely dust. These marks are usually insignificant and do not need to be given the artifact label. Figure 8 shows a typical artifact.
4.4. Cancerous Signs
Carcinogenic signs category is the second broad annotation classifier that suggests that the tissue is not normal. Such signs like non-neoplasm or inflammation can indicate that something is wrong, though not necessarily due to cancer. Yet, the most atypical or suspected features are noted as the closest tier toward cancer. These features may refer to early onset or low-grade cancer, though such classification is not definite. Pathologists need to respond to such abnormalities in either scenario to provide the care patients need. Below we describe three types of carcinogenic labels.
The non-neoplastic label (nneo) consists of a broad range of structures that are non-cancerous in nature such as fibrosis, atypical hyperplasia, adenosis, apocrine metaplasia or cysts often also accompanied by inflammation. Some of these may develop into cancer while others are simply benign.
Cysts, shown in Figure 9, are fluid-filled sacs that from within the duct lobular units and can be associated with both cancerous and benign structures. Cysts themselves are benign formations that present themselves as large ovals filled with pale non-cellular structures surrounded by a single layer of epithelial cells.
Fibrosis is a non-neoplastic change, occurs when the lumen within the cell expands substantially, often associated with cysts and the surrounding tissue. Fibrocystic changes include features represented by micro-calcifications. This darker purple, dense region can be found within the epithelium and can form clusters within. Examples are shown in Figure 10 and Figure 11.[image: ]
[bookmark: _Ref207637564]Figure 9. An example of fibrosis
[image: A pink and green map  AI-generated content may be incorrect.]
[bookmark: _Ref207637941]Figure 10. Clusters of micro-calcifications
[image: A pink and green circle with a green outline  AI-generated content may be incorrect.]
[bookmark: _Ref207637946]Figure 11. Micro-calcifications

Hyperplastic changes, shown in Figure 12, occur when the cell wall lining grows and takes up the lumen, so that there is little or no white space within. An additional feature of hyperplasia is represented by mushroom-like, irregular expansions of the cell. It can be classified with elongated, ovoid-shaped nuclei (dot-like particles) within the cell wall lining.
Gynecomastoid hyperplasia or gynecomastia is another feature characterized by two cell layer linings instead of one within the epithelial cell wall of the lobule or duct. The cell can appear mushroom-like if the bi-layer juts into the lumen where it can become narrower toward the center of the lumen. An example is show in Figure 13.
Lastly, it includes intraductal papilloma, shown in Figure 14, which is made up of well-kept, vein-like structures that are contained with minimal inflammation surrounding the region. Their inner epithelial walls and surrounding myoepithelial tissue are highly proliferated and unbroken. There is little to no inflammation surrounding the region. This region may include atypical benign tumors within. Abnormalities can hide within, for example on the right side where there may be a forming cluster barren of ducts.
Non-neoplastic structure are generally benign, their presence is important to note and would be of interest to pathologist because they provide context for benign, pre-cancerous, and possible malignant lesions. 
The inflammation label (infl) is represented by a high concentration of small dots spread across a small area. The concentration of dots reduces through space, instead of due to a wall of a container. These dots can be moving freely through the stroma (pink tissue) or reside along the edges (cell wall) of a container (lobule or duct). Inflammation is an immune response for abnormal structures, cancerous structures, or tissue trauma. The presentation and quantity of inflammation is directly correlated to the associated structures which the body is responding too. Smaller non-neoplastic structures are associated with small clusters of inflammation as seen in Figure 15. Inflammation associated with cancer can present itself as small inflammation areas near the malignant cells but be large in area, in some cases encompassing the cancer making it difficult to differentiate where cancerous cells begin and inflammation stops. In both cases, annotators usually annotate small areas due to the nature of the immune response. [image: A close-up of a cell  AI-generated content may be incorrect.]   [image: A pink and green cell  AI-generated content may be incorrect.]
[bookmark: _Ref207652945][bookmark: _Ref207639133]	Figure 12. An example of hyperplasia	Figure 13. Example of gynecomastia
[image: A pink and green section of a human body  AI-generated content may be incorrect.]
[bookmark: _Ref207639806]   Figure 14. An example of intraductal papilloma


The suspected label (susp) marks regions are suspected of including or showing early onset of cancer or atypical benign tumors. These regions may not be precisely classifiable but pose greater risk due to their unconventional formation especially if highly inflamed with lymphocytes in or around the region or if appearing similar to features common within cancerous cells. The susp label is used primarily for extremely rare or unknown abnormalities found within the corpora. [image: A pink and green background with a green line  AI-generated content may be incorrect.]   [image: A pink and green image of a human body  AI-generated content may be incorrect.]
	(a) surrounding the left side of a hyperplastic duct	(b) engulfing the right side of a hyperplastic lobule
[bookmark: _Ref207653676]Figure 15. Examples of inflammation gynecomastia
[image: A pink and green image of a human body  AI-generated content may be incorrect.]   [image: A pink and green circle with a green line  AI-generated content may be incorrect.]
Figure 16. Examples of susp

An easily mistaken though benign region is called adenosis. It is marked suspected since it contains similarly matching features to invasive ductal carcinoma (IDC), while inherently possessing a slightly higher risk of developing cancer. Examples are shown in figure 16. Suspected tumor cells are arranged haphazardly and consist of small tubular. They make up small tubular structures and their glands are lined by cells with low-grade nuclei with signs of calcifications.
As the dataset has undergone multiple revisions the number of susp labels has decreased due to increased annotator knowledge of breast pathological structures. Most current susp labels are possible carcinogenic cells that are in rare tissue architecture. These biopsies are usually taken from the nipple, subareolar lymphatic plexus, axillary lymphatic tissue, or tissue samples that have undergone significant trauma. 

4.5. Crystallization Signs
[image: A screenshot of a pink and green map

AI-generated content may be incorrect.][image: A pink and green circle with a green line

AI-generated content may be incorrect.]Figure. Suspected region that is forming attributes of invasive ductal carcinoma through the irregular free-floating, boundaryless clusters of cells. These clusters of small, circular cells might to be expanding and infiltrating surround cells and the stroma. The order within its given structure while surrounded by a clear stroma suggests that it is not clear-cut cancerous. It is more likely an atypical cluster of lobules as a formation of adenosis. As such, the features are well marked as suspicious. 
Calcifications or Crystallization are well documented biomarkers that coincide with breast cancer, often identified in mammograms prior to pathological biopsy. These calcifications result from a variety biochemical process by which calcium salts structures are deposited in soft tissue and can be classified as Type I or Type II calcifications. Type I calcifications, calcium oxalate, are not directly related to any cancerous structure. Type II calcifications, calcium phosphate/hydroxyapatite, are microcalcifications that are not exclusively linked to cancer; however, can often be found with indc and dcis. Microcalcifications in breast pathology are after small, pleomorphic, linear, or branching are often one of the strongest indicators of breast cancer. These calcifications arise through active processes. Cancer cells undergo osteogenic-like programming, upregulating transcription factors producing bone-associated proteins and resulting in mineral deposits throughout the tissue architecture. When developing annotations, crystallization annotations labels are broken based on the associated structures within the pathology slide. 

Crystallization specific to invasive ductal carcinoma (cinc) are often small and fragmented, scattered throughout tissue alongside the indc. These calcifications are much smaller than other calcifications and, depending on the stain, will present as dark purple or pink as seen in Figure 20. Due to cancer not being confined within the lumen or duct it is less likely for microcalcification to form.

Crystallization specific to non-neoplastic tissue (cnno) are found in slides that do not contain any cancerous tissue. These calcifications are usually not as dark as their cancerous counterparts. They are usually associated with cysts, stromal fibrosis, or apocrine metaplasia due to these non-neoplastic structures “containing” the calcifications. Fluid-filled structures are a perfect environment for the formation of benign microcalcifications as seen in figure 19. 

Crystallization specific to ductal carcinoma (cdcs) is often found within the duct alongside carcinogenic cells that have yet to invade the surrounding tissue. These are the most common form of crystallization because the presence of both the carcinogenic cells contained withing the terminal ductal units creates an environment conducive for calcification formation greater than the cnno and cinc counterparts. These calcifications are basophil, darker and seem “dense”, under standard H&E immunostaining. They are common in cribriform dcis due to necrotic debris accumulation within the lumen. These calcifications tend to be the largest microcalcification due to its location as seen in figure 18. [image: A pink and green section of a human body  AI-generated content may be incorrect.]   [image: A pink and green image of a human body  AI-generated content may be incorrect.]
	(a) Suspected ..	(b) Atypical, suspected... 
Figure 17. Examples of susp label



All calcifications present themselves slightly differently when it comes to color, shape and location. However, they all appear glass light in nature and non-cellular when compared to the surrounding tissue. Calcifications do not have any nuclei, membrane, or growth pattern. When pathology slides are prepared the samples are cut very thin, resulting in some solid calcification to fracture. It is not uncommon for fractured calcifications to appear in abnormal locations throughout the slide.        [image: A close-up of a microscope  AI-generated content may be incorrect.][image: A close-up of a cell  AI-generated content may be incorrect.][image: A close-up of a microscope  AI-generated content may be incorrect.]
Figure 19.  Samples of calcification associated with nneo (cnno)
       [image: A microscope view of a cell  AI-generated content may be incorrect.][image: A close-up of a microscope  AI-generated content may be incorrect.][image: A green outline on a pink surface  AI-generated content may be incorrect.]
Figure 20. Samples of calcifications associated with indc (cinc)
       [image: A close-up of a cell  AI-generated content may be incorrect.][image: A close-up of a cell  AI-generated content may be incorrect.][image: A close-up of a cell  AI-generated content may be incorrect.]
Figure 18. Samples of calcification associated with dcis (cdcs)




4.4. THE CANCEROUS BREAST SLIDE
There are two main categories of carcinoma which appear in the TUH DPATH Corpus database, ductal carcinoma in situ and invasive ductal carcinoma.       [image: A screenshot of a computer  AI-generated content may be incorrect.]
Figure 20. Papillary ductal carcinoma in situ

The ductal carcinoma in situ (DCIS) label (dcis) is a common form of noninvasive carcinoma occurring within the TDLUs. Diagnosis is based on nuclear abnormalities and architecture. Ductal carcinoma in situ is characterized by the abnormal growth of the epithelial cell layer inside the mammary duct that remains within the duct and does not invade the surrounding tissue. Common architectural features that can be observed across all types of ductal carcinoma include equal spacing of cells, which leads to the characteristic “cookie-cutter” look of DCIS, and cells lining up along the luminary and glandular space to form “Roman bridges”.					                                         
There are several subtypes of DCIS classified based on architectural differences: Solid ductal carcinoma in situ is characterized by dense sheets of cells that fill the space of the duct with no space between the cells; Papillary ductal carcinoma in situ is characterized by papillae with fibrovascular cores, lacking any myoepithelial layer and lined with abnormal cells, these papillae are contained within a duct lined with myoepithelial cells; and Micropapillary ductal carcinoma in situ characterized by similar papillae with fibrovascular cores, but smaller and with a “drumstick”-like shape.        [image: A pink and green cell  AI-generated content may be incorrect.]
Figure 21. Clysters of solid and papillary ductal carcinoma in situ surrounded by inflammation



















The invasive ductal carcinoma (IDC) label (indc) represents the most common type of invasive or infiltrating breast cancer, often developing from ductal carcinoma in situ. Invasive ductal carcinoma develops when atypical cells within the TLDU invade the surrounding stroma. Diagnosis is based on histological features. IDC is characterized by an “infiltrative” pattern of small glands of variable size invading the stroma lined by a single layer of cells. 
Another form of cancer under the invasive category includes mucinous carcinoma. Due to its extreme rarity as found in 2% of invasive breast cancer while due to its infiltrative nature, it is labeled the same as IDC. Though, there are slight differences in its shade and structural formation. This region forms a free-floating, less intact, and mucus-like exterior depicted by a paler complexion surrounding free-formed interior structure. The extracellular mucin is made of a key component in mucus. Here the cancer is contained and spreads typically from the milk ducts. [image: A pink and green map  AI-generated content may be incorrect.][image: A close-up of a microscope  AI-generated content may be incorrect.][image: A pink and green section of a human body  AI-generated content may be incorrect.]
Figure 22. Clysters of solid and papillary ductal carcinoma in situ surrounded by inflammation



5. THE DATASETS
NEDC currently has three corpora to support machine learning applications in digital pathology images of breast tissue.  
· Fox Chace Cancer Center (FCCC): This corpus is primarily composed of cancerous slides with a variety of different tissue architectures of both INDC, NNEO, and DCIS. 
· The Temple University Hospital (TUH): This corpus has a wide range of structures that are both normal, cancerous, and non-neoplastic. 
· FCCC Crystallization subset: The crystallization subset is a composition of all slides in the FCCC corpora that contain crystallization. 

All corpora have undergone multiple reviews to ensure accuracy, fair annotation margins, and polygonal annotations.

6. SUMMARY 
Corpora like the one presented here are the basis for modern machine learning development. Collections of manually and consistently annotated data are instrumental in the accuracy and efficient performance of machine learning systems. In this document, we have described the file formats used to store our annotations. Two formats have been presented: a label file (*.xml) that represents an annotation as an extensible markup language file, and an Aperio ScanScope virtual slide (*.svs) that represents the cell slide paired with the annotation. We have also described the annotation and revision procedure our team follows.
In annotations, the three categories necessary to machine learning are noted:
(1) Non-cancerous, artifacts, background, and null areas for machine learning to disregard as significant;
(2) Carcinogenic signs, cues like inflammation or abnormal cell growth that may indicate cancer formation;
(3) Cancerous, areas of advanced cell growth abnormality in ducts or connective tissue.  
The format of files is described in detail with the hopes that programmers can understand and manipulate them when developing software. NEDC has released numerous annotated corpora in addition to our team’s work that could be integral to machine learning development. 
It is our team’s goal to release at least 100,000 annotated images for the TUH DPATH Corpus. We have currently scanned over 60,000 slides. The next category of slides we are annotating are slides involving urinary prostate cancer. Information about the project can be found at our project web site:
https://www.isip.piconepress.com/projects/nsf_dpath/
and a related web site used to manage our community collaborations on DPATH research:
https://www.isip.piconepress.com/projects/nsf_ccri_dpath/
We encourage you to join our project listserv:
https://www.isip.piconepress.com/projects/nsf_ccri_dpath/html/request_access.shtml
to follow the latest developments in this project. The registration process is completely automated.
This document is not meant to replace more comprehensive resources on the subject but rather is intended to be a guide for those who wish to understand how scanned cell slides are annotated in the context of training a machine learning system. Textbooks such as Diagnostic Problems in Breast Pathology by Frederick Koerner MD are excellent resources for those who want to better understand cell slide morphology and annotation interpretations.

Acknowledgements
Research reported in this publication was originally supported by two grants: (1) National Science Foundation Major Research Instrumentation award number 1726188, and (2) National Science Foundation CISE Community Research Infrastructure (CCRI) award number 1925494. Several other important grants have subsequently funded this work in including the Temple University Catalytic Collaborative Funding Initiative and most recently by the Pennsylvania Breast Cancer Coalition Breast and Cervical Cancer Research Initiative. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of these organizations.
We are also grateful to the Department of Pathology at Temple University Hospital and the Fox Chase Cancer Center for providing access to their data and expertise. We specifically want to thank two people who were instrumental in the creation of these corpora: (1) Dr. Nirag C. Jhala, Director of Anatomic Pathology and Cytology at Temple University Hospital, who trained our original annotation team and provided valuable insights into the challenges in digital pathology; and (2) Dr. Denise Connolly, Associate Professor and Director of the Biosample Repository Facility at Fox Chase Cancer Center, who provided access to the Fox Chase data and assisted us with understanding how it was organized and annotated.
References
Hackel, D., Bagritsevich, M., Dumitrescu, C., Al Mamun, Md. A., Purba, S. A., Heathcote, D., Obeid, I., & Picone, J. (2026). Enabling Microsegmentation: Digital Pathology Corpora for Advanced Model Development. In Signal Processing in Medicine and Biology: Applications of Artificial Intelligence in Medicine and Biology (vol. 1, p. 50). Springer. url: https://isip.piconepress.com/publications/book_sections/2026/springer/dpath/.
Shalamzari, S. S., Bagritsevich, M., Melles, Anne-Mai, Obeid, I., Picone, J., Connolly, D., Wu, C., Brown, B., James, J., Gong, Y., & Wu, H. (2023). Big Data Resources for Digital Pathology. Proceedings of the IEEE Signal Processing in Medicine and Biology Symposium, 1‑19. doi: 10.1109/SPMB59478.2023.10372721.
Shawki, N., Shadhin, M. G. M., Elseify, T., Jakielaszek, L., Farkas, T., Persidsky, Y., Jhala, N., Obeid, I., & Picone, J. (2020). The Temple University Digital Pathology Corpus. In I. Obeid, I. Selesnick, & J. Picone (Eds.), Signal Processing in Medicine and Biology: Emerging Trends in Research and Applications (1st ed., pp. 67‑104). Springer. doi: 10.1007/978-3-030-36844-9.
Simons, J., Wevodau, Z., Doshna, B., Obeid, I., & Picone, J. (2021). The Temple University Hospital DPATH Corpus: Annotation Guidelines (p. 18). Temple University. url: https://isip.piconepress.com/publications/reports/2021/tuh_dpath/annotations/.
Houser, D., Shadhin, M. G. M., Anstotz, R., Campbell, C., Obeid, I., Picone, J., Farkas, T., Persidsky, Y., & Jhala, N. (2018). The Temple University Hospital Digital Pathology Corpus. In I. Obeid & J. Picone (Eds.), Proceedings of the IEEE Signal Processing in Medicine and Biology Symposium (pp. 1–7). IEEE. https://doi.org/https://ieeexplore.ieee.org/document/8615619
Jhala, N. (2017). Digital Pathology: Advancing Frontiers. Presented at the IEEE Signal Processing in Medicine and Biology Symposium (SPMB). https://ieeexplore.ieee.org/document/8257013/.
Koerner, F. C., MD. (2008). Diagnostic Problems in Breast Pathology (1st ed.). Philadelphia, PA: Saunders/Elsevier.
Marques, M. E., Coelho, K. I., Sotto, M. N., & Bacchi, C. E. (1992). Comparison between histochemical and immunohistochemical methods for diagnosis of sporotrichosis. Journal of clinical pathology, 45(12), 1089–1093. https://doi.org/10.1136/jcp.45.12.1089
[bookmark: end_of_document]
		

		[image: ]September 1, 2025
image2.jpeg
B\ Fe fdt dmage View Took Window Hep

FEeRO@FrO0 00==[-HFRABE H3¥rs @ERGt Gedo#EX8E Wi -0

-
i .

s | EEIE

Loy egions = ]
e ettt
e

=y





image5.wmf

image6.png
ment1 - Word £ Search Benjamin Doshi

file  Home Insert Design  Llayout  References  Mailings  Review  View  Help  Acrobat & Share I Comments
T . S
[_E]F CalibriBody)  ~j9  ~|AT A Aav Ao AaBbCcDe| AaBbCcDe AaBbCc £ [E & &l
B
Paste. 2 TN Editing  Create and Share Request Dictate = Sensitivity Editor
BIU- VO A TNormal | TNo Spac... Heading 1 '3 q y
e Uve x, X Av 2« A 5w« & - AdobePDF  Signatures | v v
Clipboard 19 Font 5 Paragraph ] siyles ) Adobe Acrobat voice | sensitvity | _gdior ~
<Annotation Id="1" Name="" ReadOnly="0" NameReadOnly~"0" LineColorReadOnly-"0" Incremental-"0" Type="4" LineColor-"65280" Visible="1" Selected-"1" MarkuplmagePath-""

MagroName="">
<Autributes/>

<Regions>

<RegionAtibuteHeaders/>

et 175 R e a0 o D L e SO s

<Attributes/>
<Vertices>
<Vertex X="39622" Y="19913" 2="0"/>

<Vertex X="39629" Y="19910"

<Vertex X="39651"

"19893" 7-"

<Vertex X-"39664" Y-"19884" 7-"0"/>

<Vertex X-"39674" Y="19877" 2-"0"/>

Page10f5  G24words [R Engiish (United States B Focus 1 109

i §) ENG  401PM




image7.png




image8.png




image9.PNG




image10.png
Fatty vs Fibrous Stroma




image11.PNG




image12.png




image13.png




image14.png
300um





image15.png
400um





image16.png




image17.png




image18.png




image19.png




image20.png




image21.png




image22.png
400um




image23.png




image24.png




image25.png




image26.png




image27.png




image28.png




image29.png




image30.png




image31.png




image32.png




image33.png




image34.png




image35.png
,m A
uuuuuuuu





image36.png




image37.png




image38.jpeg




image39.jpeg




image3.png
NEURAL ENGINEERING
DATA CONSORTIUM





image4.png
NS
NEURAL ENGINEERING
DATA CONSORTIUM




