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Abstract

Background—Case specific characteristics associated with interobserver diagnostic agreement 

in atypical ductal hyperplasia (ADH) of the breast are poorly understood.

Methods—Seventy-two test set cases with a consensus diagnosis of ADH from the B-Path study 

were evaluated. Cases were scored for 17 histologic features which were then correlated with the 

participant agreement with the consensus ADH diagnosis.

Participating pathologists’ perceptions of case difficulty, borderline features, or if they would 

obtain a second opinion were also examined for associations with agreement.

Results—Of the 2,070 participant interpretations on the 72 consensus ADH cases, 48% were 

scored by participants as difficult and 45% as borderline between two diagnoses; the presence of 

both of these features was significantly associated with increased agreement (p < 0.001). A second 

opinion would have been obtained in 80% of interpretations, and this was associated with 

increased agreement (p < 0.001). Diagnostic agreement ranged from 10–89% on a case-by-case 

basis. Cases with papillary lesions, cribriform architecture and obvious cytologic monotony were 

associated with higher agreement. Lower agreement rates were associated with solid or micro-

papillary architecture, borderline cytologic monotony or cases without a diagnostic area that was 

obvious on low power.

Conclusions—The results of this study suggest that pathologists frequently recognize the 

challenge of ADH cases with some cases more prone to diagnostic variability. In addition, there 

are specific histologic features associated with diagnostic agreement on ADH cases. Multiple 

example images from cases in this test set are provided to serve as educational illustrations of 

these challenges.
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Introduction

In most areas of pathology, diagnostic agreement is high. However, significant interobserver 

diagnostic disagreement exists in areas that are considered subtle biologic “grey zones.” 1–15 

In breast pathology, a particularly problematic area is the distinction between atypical ductal 

hyperplasia (ADH) and limited extent low-grade ductal carcinoma in situ (DCIS); lesions 

that exist in a biologic continuum but that have been separated artefactual on the basis of 

often subtle histologic differences and extent. 16–28 Because major clinical treatment 

thresholds exist between a diagnosis of ADH and DCIS, the high diagnostic variability for 

these two entities has been a focus of negative media attention suggesting that pathologists 

are “prone to error,” and that pathologists “frequently misdiagnose breast 

tissue.” 18,21,25,26,29–32 However, the reasons underlying diagnostic variability in this area 

are complex and can vary from subtle differences of professional opinion on borderline 

cases, to missing focal findings that may have marginal clinical significance. 33 An improved 

understanding, by pathologists and the community at large, of the reasons underlying 

diagnostic variability may help shed light on ways to improve concordance and improve 

communication regarding the borderline character of certain cases.

The B-Path study examined diagnostic variability for breast tissue test set samples evaluated 

by a panel of specialized breast pathologists and 115 participating pathologists. 34 This study 

reported very high (96%) agreement with the expert consensus diagnoses for invasive 

carcinoma, and somewhat higher diagnostic variability for DCIS (84%) and benign cases 

without atypia (87%). However, agreement was 48% for the ADH category, which included 

both ADH and intraductal papilloma with ADH (IPA). There were statistically significant 

associations between lower concordance with the expert consensus diagnosis and 

pathologists who reported lower weekly breast case volumes or who practice in 

nonacademic settings. These associations suggest that educational interventions or training 

sets may improve diagnostic agreement in this challenging area.

The 240 test set cases from the B-Path study are a uniquely well-characterized set of slides 

that can be used to examine features associated with diagnostic agreement and disagreement 

in breast pathology. By focusing on the most problematic cases, the 72 categorized as ADH 

by the expert consensus panel, a detailed evaluation of the specific histologic features 

present may highlight the most diagnostic and problematic features. In this study, we 

reviewed the 72 consensus ADH slides, scored a set of features ranging from low 

magnification to high magnification findings and evaluated associations with low verses 

high diagnostic agreement on a case by case basis. We also present a series of images from 

these B-Path test set cases to help illustrate the histologic features associated with diagnostic 

agreement on ADH.
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Methods

Case Selection and Participant Analysis of Cases

The B-Path study case selection methodology and establishment of consensus diagnoses is 

detailed elsewhere. 35,34 The 72 cases from the B-Path study with an expert consensus 

diagnosis of ADH or ADH involving a papilloma were selected for review and additional 

analysis for this study. Participants reviewed a single glass slide per case from one of four 

test sets each comprised of 60 cases; digital whole slide image analysis results were not 

included in this study. Each test set contained a range of cases from benign without atypia to 

invasive carcinoma and were matched for difficulty and categorical diagnosis. There were 

2,070 independent participant diagnoses for the 72 ADH cases.34,36 For each case, 

participants also scored the level of diagnostic difficulty (on a Likert scale from 1–6 with 1 

being very easy and 6 as very challenging), how confident they were in their diagnosis (on a 

Likert scale from 1–6 with 1 being very confident and 6 not at all confident), if they would 

desire a second opinion on the case (either because it was their practice’s policy to obtain or 

because they desired one or both) and if it was borderline between two diagnoses. For the 

cases considered borderline, participants indicated the two diagnoses they considered in 

addition to their final selection.

Analysis of Histologic Features on Atypia Cases

All 72 consensus atypia cases used in the B-Path study were reviewed by three breast 

pathologists (KHA, MHR, DLW) in the archived digital whole slide image (WSI) format to 

further analyze the characteristics present. After discussion of potentially relevant features, a 

set of 17 histologic features was included to be scored. These features are shown in the 

Figure 1 example of the histologic features score sheet).

Scored features typically associated with initial screening of a case included the following: 

1) Number of regions of potential interest to screen (When the slide is viewed on low power, 

how many areas are you interested in seeing on higher power?) 2) Was the diagnostic area 

obvious on low power? (Was the area diagnostic of ADH considered easily recognizable on 

low power?) 3) Were distracting diagnoses present in other areas? (Were other diagnoses 

present that could have potentially distracted a reviewing pathologist from the diagnosis of 

ADH and if so what were they?) 4) Were other diagnoses in the differential or present within 

the same lesion that contained ADH, and if so what were they?

Scored features that are more apparent on low power or related to extent were as follows: 1) 

Is the lesion of interest (ADH-containing lesion) a papillary lesion? 2) What are the number 

of separate areas with atypia/lesion containing atypia? (“Area” was defined as a 

contiguously involved region of the slide by the intraductal lesion containing ADH–but the 

area could include other associated diagnoses, such as FEA, as well.) 3) Largest single area 

with atypia/lesion containing atypia in centimeters. For example, a slide with a 3 mm area of 

predominantly FEA with 2–3 scattered membrane-bound spaces containing ADH, would be 

sized based on the size of the entire lesion as 3 mm. 4) Number of foci (defined as 

membrane-bound spaces/glands) involved by ADH. 5) Largest single discrete focus 

(membrane bound space) involved by ADH (≤2 mm or > 2 mm).
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Scored features that typically require more detailed higher, power examination included 

analysis of the cytology and the architecture of the lesions containing ADH. The following 

cytologic features were scored: 1) Cytologic monotony of lesion classified as ADH (very 

monotonous with uniformly rounded nuclei vs questionably monotonous) 2) Apocrine 

cytology, 3) Nuclear hyperchromasia, 4) Prominence of nucleoli and 5) Presence of 

calcifications. The following architectural features were scored: 1) Predominant type of 

architecture present in the lesion containing ADH (Cribriform = Growth into structures that 

form spaces that are often polarized around the lumens. Micropapillary = Club or finger-

shaped projections of epithelium. Solid = Filling a duct or acinus in a uniform architectural 

pattern without formation of obvious cribriform lumens/spaces. Papillary = Epithelial 

growth around intra-ductal fibrovascular cores. Flat = Predominantly flat, dilated duct spaces 

with only subtle early arches and bridges. ) The development of the architecture was scored 

as one of the following categories: 1) Well-developed atypical architecture (polarized 

cribriform spaces/microacini, club shaped structures, etc typical of low grade DCIS) 2) 

Partially developed architecture (incomplete cribriforming, arches, bridges, limited 

micropapillae), 3) Solid architecture, and 4) No or subtle architectural atypia (limited 

architecture or architecture streaming/more typical of usual hyperplasia). Lastly, the 

uniformity of the combined cytologic and architectural features diagnostic of ADH within 

the lesion of interest was scored as either uniformly involved or mixed.

The algorithm to determine the final score for each feature for each case used a conditional 

method. First, a score was considered final if two of the experts (KA and MR) agreed on the 

histologic feature for a particular case. Overall, this occurred in 97% of all histologic 

features reviewed across all cases. If there was disagreement, then the score of a third 

pathologist (DW) was used and the final score selected was the score where two of the three 

pathologists agreed. For a small number of features in rare cases (8/1224 feature 

assessments, <1%), there was no agreement among the three reference pathologists and the 

case was not included in the overall scoring for that particular histologic feature.

Data Analysis

For comparisons between the participant diagnosis and the consensus reference diagnosis on 

each case, the highest order diagnosis was used to assign a final case diagnosis within the 

following categories: 1) Benign (including proliferative lesions like columnar cell 

hyperplasia and usual ductal hyperplasia as well as non-proliferative breast tissue), 2) flat 

epithelial atypia (FEA) and lobular neoplasia (LN; atypical lobular hyperplasia and lobular 

carcinoma in situ), 2) ADH (including both ADH and intraductal papilloma with ADH), 3) 

DCIS, and 4) Invasive carcinoma.

The participant diagnoses on all 72 cases were dichotomized based on agreement with the 

consensus reference diagnosis of ADH. Associations were assessed between participant 

agreement with the consensus ADH diagnosis and participant assessments of the case’s 

challenges (level of difficulty, case borderline between two diagnoses, would request a 

second opinion, and confidence in their diagnosis). Summary statistics including frequencies 

and percents were produced. P-values were computed using generalized estimating equation 

(GEE) models accounting for repeated measures.

Allison et al. Page 4

Histopathology. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Comparisons were made to determine whether the 17 histologic features varied across 

agreement using generalized estimating equation (GEE) models accounting for repeated 

measures with a binomial distribution for the dependent variable. The histologic features 

were also examined for associations by the specific participant diagnosis. Features found to 

be independently significant at P<0.05 with agreement were further analyzed by multivariate 

regression analysis again using GEE accounting for repeated measures with a binomial 

distribution. All analyses were performed using SAS software, version 9.4.

Results

Participant ratings of case challenges in ADH test set cases and associations with 
agreement

Table 1 summarizes data on participants’ ratings of the case difficulty level, if they 

considered the case borderline between two diagnoses, if they would have requested a 

second opinion and their confidence level in their interpretation. The 72 consensus ADH 

cases had a high frequency of interpretations of the cases as difficult (48% of interpretations) 

or borderline (45% of interpretations) by participants. For 80% of case interpretations, 

participants indicated they would have requested a second opinion. Interestingly, case 

interpretations considered difficult, borderline or needing a second opinion by participants 

had a significantly higher percent agreement with the consensus ADH diagnosis than cases 

not considered to have these challenges (p< 0.001). Case interpretations not scored as 

difficult or borderline and those where a second opinion would not have been obtained were 

significantly more likely to have been called Benign/FEA/LN by participants (p < 0.001). 

Most participants recorded high confidence levels in their interpretations (72%), despite the 

high frequency of interpretations considered difficult, borderline or needing a second 

opinion.

Range of diagnostic agreement and alternative diagnoses on consensus ADH cases

The diagnostic agreement on the 72 cases with a consensus diagnosis of atypia ranged by 

case from 10–89% (Figure 2). Agreement with the consensus diagnosis of ADH occurred 

for 48% of case interpretations with the remainder of interpretations quantified as follows: 

25% benign, 10%FEA/LN, 17% DCIS and <0.10% invasive carcinoma.

On a case-by-case basis for these consensus ADH cases, the frequency of a diagnosis other 

than ADH ranged as follows: DCIS diagnosis ranged from 0–57% 0–70% for benign 

diagnoses, and 0–62% for FEA/LN diagnoses. Of the non-ADH FEA/LN diagnoses, 43% 

(90/207 interpretations) had a primary (and highest order) diagnosis of FEA and 57% LN 

(117/207 interpretations).

Association of histologic features scored with agreement on ADH and alternative 
diagnoses

Of the 17 histologic features evaluated, only 6 features were statistically significantly 

associated with agreement with the consensus ADH diagnosis. These features, and the 

others evaluated, are listed in Table 2 in order of most significant associations with 

diagnostic agreement that the case was ADH in univariate analysis. Multivariate regression 
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analysis was performed including all features found significantly associated with agreement 

with the expert consensus individually. Architectural pattern present in the lesion was the 

was most significant feature in predicting agreement with the consensus ADH diagnosis (P < 

0.001), followed by cytologic monotony presence/absence (p =0.032). Table 3 shows the 

distribution of the participant diagnoses for each histologic feature.

Example images from the two cases with the highest agreement (83% and 89% of 

participants agreed it was ADH) are shown in Figure 3. These two cases both had a single 

area of involvement that was < 2 mm, the area of interest was obvious on low power, had 

obvious cytologic monotony and cribriform architecture.

Papillary lesions (N= 14) had the highest agreement rates (56%) vs non-papillary lesions 

(46%, N=58) (p=< 0.001). However, in multivariate regression analysis it no longer 

maintained a significant association with agreement (p =0.11). Papillary lesions were less 

frequently called Benign (23%) than non-papillary lesions (25%) and there was less 

confusion with FEA/LN (only 1% of papillary lesion were called FEA/LN versus 12% of 

non-papillary lesions). The most common benign diagnosis on these cases was intraductal 

papilloma without atypia. Figure 4 shows images from two of the papillary cases with higher 

agreement on the diagnosis of ADH/IPA.

The vast majority of cases had cribriform architecture and this pattern was also associated 

with higher agreement (51%). Figure 5 shows images from a case with cribriform 

architecture that the majority of participants called ADH.

Cases with solid or micropapillary architecture had very poor agreement with the consensus 

diagnosis of ADH (27% and 40% respectively, p = < 0.001).

Cases with solid architecture were frequently (37%) diagnosed as FEA/LN or DCIS (26%). 

Figure 6 shows images from a case with solid architecture that only 17% called ADH, 28% 

called DCIS and the majority (55%) called LN (either ALH or LCIS). Subtle microacinar 

structures were present in this case supporting a ductal phenotype. This differential is often 

resolved with E-cadherin immunohistochemistry which was not available to participants.

Cases with micropapillary pattern architecture were also frequently diagnosed as Benign 

(21%), FEA/LN (13%) or DCIS (26%). Cases frequently diagnosed as FEA or columnar cell 

changes tended to have very focal micropapillary findings. Figure 7 shows two examples of 

cases with micropapillary architecture that were most frequently called Benign or FEA/LN 

by participants. The most frequent specific diagnosis in this category was FEA or columnar 

cell hyperplasia (100%) for the case in Panel B. The case in Panel A had a large adjacent 

area of LCIS so the majority of participants whose diagnoses were in the FEA/LN category 

had called the case LN, perhaps not noting the area pictured. 26% of micropapillary pattern 

cases were diagnosed as DCIS. These cases tended to have more areas/foci with the lesion of 

interest. Only three cases were classified as “flat pattern” ADH, with predominantly flat 

architecture and subtle arches, bridges or early micropapillae. FEA was often in the 

differential diagnosis, with ADH architecture present only focally. Examples of this pattern 

are shown in Figure 10.
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Of the cytologic features scored, cytologic monotony was significantly associated with 

agreement that a case was ADH. Cases that were scored as “very monotonous” had an 

overall agreement of 50%, versus 43% for cases scored as “not monotonous or borderline 

monotonous” (p = 0.013). Examples of cases with borderline monotony are shown in 

Figures 6, 8 and 9. Examples of cases scored as very monotonous are shown in Figures 3 

and 5.

The specimen type was also significantly associated with agreement on ADH. Slides with a 

core biopsy sample had higher agreement than slides of an excision (50% for core biopsies, 

44% for excisional biopsies; p =0.009). Whether this was due to the larger volume of tissue 

to examine in an excision or due to differences in the clinical impact of an ADH diagnosis 

on a core vs excisional sample was not evaluated. However, this feature was less significant 

on multivariate regression analysis (p=0.18) Agreement was also significantly higher for 

cases where the diagnostic area was considered obvious on low power (50% when obvious, 

45% when not obvious; p = 0.020; p = 0.31 on multivariate regression analysis). The two 

cases with the highest agreement on an ADH diagnosis both had the area of interest obvious 

on low power (Figure 3).

The number of foci (defined as number of membrane bound spaces) involved by ADH 

(frequently this was partial/incomplete involvement of a membrane bound space by the 

proliferation) was significantly associated with agreement as well (p=0.041), but not on 

multivariate regression analysis (p = 0.21). Increasing numbers of foci was most 

prominently associated with frequency of making a DCIS diagnosis on these cases with 7% 

of cases with 1–2 foci called DCIS compared with 28% of cases with 6+ foci called DCIS.

Discussion

This study provides an in depth look at the diagnostic challenges of ADH in breast 

pathology. Using a well-characterized test set of 72 cases that were classified as ADH by an 

expert panel consensus diagnosis and the detailed diagnostic scoring data from 115 

participating pathologists evaluating these cases, the specific case-based factors associated 

with agreement that a case was ADH were evaluated. The results of this study suggest that; 

1) pathologists frequently recognize the inherent challenge of ADH cases, 2) the diagnostic 

agreement varies dramatically by specific case, and 3) there are specific histologic features 

that are associated with diagnostic agreement on ADH cases. Using this information and 

illustrative case examples, the complexity of these cases can be better understood and 

potentially serve as consensus-building tools to improve diagnosis and management of these 

challenging lesions.

Participants recognized that the majority of cases were difficult or borderline with other 

diagnoses, and very frequently indicated that they would want a second opinion on a case 

(80% of interpretations). Interestingly, when these features were indicated, there was higher 

agreement with the expert consensus diagnosis of ADH. When they were not indicated, 

these cases were more frequently diagnosed as Benign. These data suggest that pathologists 

do recognize the diagnostic challenges and diagnostic variability of intra-ductal proliferative 

lesions like ADH, and would frequently utilize colleagues to help build diagnostic consensus 
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on these lesions. However, some of the more subtle features considered diagnostic for ADH 

by the consensus panel were less frequently recognized or considered ADH by participants. 

In addition, because the cases were screened independently by the three consensus panelists 

and then reviewed in consensus, there may have been a detection bias for rare or 

inconspicuous findings.

Other qualitative analysis from the B-Path expert consensus review meetings suggests that 

specialist breast pathologist’s diagnostic variability is often due to subtle differences in 

professional opinion, most frequently in cases where the diagnosis of ADH is being 

considered. 33 The expert panel had an initial independent agreement of 80% on cases 

eventually classified as ADH following meetings to establish consensus diagnosis of the 

ADH cases.34 Required second opinions on ADH cases are currently not common as 

pathology practice policy (only 36% of pathologists surveyed in the B-Path study indicated 

required review of ADH was policy at their institution), but in practice, second opinions may 

occur much more frequently (83.9% of those surveyed indicated they obtain second opinions 

in at least some of their ADH cases and 28.0% obtain one in all ADH cases in the absence of 

a policy requiring it). 37

Diagnostic variability for the ADH test set cases appeared to be case-based, with 

concordance ranging from as low at 10% to as high as 89% (overall agreement of 48%). As 

illustrated by Figure 2, some cases had high frequencies of Benign interpretations vs ADH, 

while others had high frequencies of other atypias (FEA/FEA) or DCIS interpretations vs 

ADH. However, in our study there were also cases that had high proportions of 

interpretations in all 4 of the most common categories (Benign, FEA/LN, ADH and DCIS), 

as the case featured in Figure 9.

Because these cases were not pre-selected for their challenging or illustrative features, they 

likely serve as a reasonable representation of the spectrum of cases seen in clinical practice 

in the ADH category. Given the wide spectrum of case-by-case variability in diagnostic 

agreement, evaluating the features of the cases with the lowest or highest agreement may be 

more illuminating than evaluating overall agreement rates for all cases. Some cases may 

have features that are not easily classified into a single category, but are considered 

borderline with another diagnosis. In practice the differential of these lesions often falls into 

one of these three categories: 1) ADH vs benign proliferations like UDH, 2) ADH from 

other atypias like FEA or LN, and 3) ADH vs low grade, limited extent DCIS.

By examining the histologic features present on a particular case in this test set and the 

frequency of agreement with the consensus ADH diagnosis of the cases, the specific 

challenges of this diagnosis can be analyzed in more depth. Higher agreement with an ADH 

diagnosis was observed for “classic” examples that were cribriform pattern with obvious 

cytologic monotony, but were limited in extent and focality. Papillary lesions with ADH 

were more also frequently identified as ADH by participants than non-papillary lesions. This 

may be due to several factors, such as papillary lesions generally being larger, and more 

obvious on low power. However, this study did not examine the frequency of non-atypical 

papillomas being called atypical, which would be necessary to draw significant conclusions 

about papillary lesions and diagnostic agreement. Papillary lesions have been noted to make 
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up a significant proportion of cases sent by pathologists for consultation by specialized 

breast pathologists.38,39

The biggest challenge in the ADH spectrum was the low agreement for cases with borderline 

cytologic monotony, solid or micropapillary growth patterns. For cases with borderline 

cytologic monotony, the differential diagnosis can be either with a polyclonal process such 

as usual ductal hyperplasia (UDH), ADH or, on the other end of the spectrum, an 

intermediate grade DCIS. This differential diagnosis can often be addressed by additional 

immunohistochemical studies, which were not available to participants in this study. A 

CK5/6 antibody stain should stain a polyclonal in-situ process such as UDH in a mixed or 

“mosaic” pattern, while a neoplastic low/intermediate grade process should be uniformly 

CK5/6 negative (with the exception of the surrounding myoepithelial cells). 40,41 Estrogen 

receptor (ER) should also stain a polyclonal, hyperplastic process like UDH in a mixed 

pattern, while a low/intermediate grade neoplasia should be uniformly and strongly ER 

positive (although lesions such as columnar cell lesions will also have this “neoplastic” 

pattern). 42 However, because most columnar cell lesions are also CK5/6 negative and ER 

uniformly positive, these stains are not useful to distinguish between columnar cell lesions 

from ADH or DCIS. In addition, since both ADH and DCIS have identical staining patterns, 

IHC is also not useful in distinguishing between ADH and DCIS. However, some studies 

have demonstrated increases in diagnostic agreement when cocktail stains such as ADH-5 

are used on intraductal proliferative lesions (ADH-5 stains includes CK5, 14, 7 18 and p63), 

with more cases clearly classified as UDH.43 Because of the ability to resolve some of these 

cases with borderline cytologic monotony with IHC stains, agreement may be higher in 

practice for these lesions. However, pathologists should be aware of the differential and tools 

available to resolve this particular diagnostic dilemma.

For cases with a solid intra-ductal proliferative pattern, the alternative diagnosis to ADH was 

frequently a lobular in situ lesion (ALH or LCIS). This differential can also often be 

resolved with IHC stains. A lobular process will typically be E-cadherin negative while a 

ductal process will have membranous E-cadherin expression.44 Although E-cadherin stains 

were not available to participants in this study, subtle features were considered diagnostic of 

ADH on H&E by the expert pathologist panel on these cases, such as the micro-acini or 

small polarized lumens formed by cells in cases such as those pictured in Figure 6. However, 

it is notable that currently there is little difference in the clinical management of ADH and 

ALH/LCIS lesions on excision biopsy (both of which are typically managed as risk lesions).

In this study, cases with a micropapillary growth pattern ranged from cases with 

predominantly FEA or columnar cell hyperplasia and focal formation of micropapilla to 

cases with multiple foci of a micropapillary process that bordered on micropapillary DCIS. 

For micropapillary processes, particularly on core biopsy, multiple levels or mounting 

ribbons can help clarify the extent of the process. Similar to non-papillary cases, the extent 

of the process can be critical in determining the diagnosis with certainty. If the changes are 

considered borderline between two of these diagnoses, or the process is not uniform or is 

close to a 2mm threshold, a conservative approach with the lesser diagnosis in the 

differential is recommended until more complete evaluation of the lesion can be performed 

on a surgical excision specimen. Sometimes CK5/6 staining can also help distinguish 
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micropapillary UDH from micropapillary ADH or DCIS, although staining patterns are 

often not as robust as in florid examples of UDH with a non-micropapillary pattern.

When examining data on diagnostic agreement in a test-set setting, it is important to 

emphasize the differences from actual clinical practice. In contrast to clinical practice, where 

many slides, levels or extra stains may be examined, participants in this study only reviewed 

a single H&E stained slide. This was considered the most practically feasible way to conduct 

this study which involved sending glass test set slides to be circulated between multiple 

participants. However, in an effort to mimic clinical practice and in contrast to several 

studies on diagnostic agreement of intraductal proliferative lesions, the areas of interest were 

not pre-selected/indicated on the slides. 25,26,29 Participants were also not able to request 

second opinions, which, as discussed above, are an important component of real-world 

clinical practice (and were something participants could note they would have requested on 

each case). Lastly, in our study clinical information was not available to participants other 

than the patient’s age and specimen type (core vs excisional biopsy). In clinical practice, 

additional information about the imaging findings, risk factors, prior relevant pathology, etc 

is frequently available either from medical records or discussions with clinicians and can 

help inform pathologist decision-making.

Perfect agreement for the spectrum of ADH lesions is unlikely to be achievable, even with 

well-established criteria. Many factors are influential when making a diagnosis in this 

biologic “grey zone.” This is inherently challenging because of the lack of clear biologic 

distinction between lesions that exist in a continuum. The clinical context is likely taken into 

consideration when making these diagnoses, a factor that was not possible beyond the type 

of specimen being analyzed in this test-set based study. 33 The fact that diagnostic agreement 

was higher in core biopsies than in excisions in this study may reflect that pathologists were 

considering the larger clinical impact of an ADH diagnosis on a core biopsy (which would 

be followed by an excisional biopsy in the operating room) than on an excisional biopsy (no 

additional surgical management required) and more carefully considering the diagnosis. As 

physicians, pathologists should be able to use their clinical judgment when making 

diagnoses in grey zones (while using diagnostic criteria), to best serve patients in difficult 

clinical management decisions.

How should the pathologist approach intraductal proliferative lesions where the diagnosis of 

ADH is being considered? The cases from the B-Path study serve as well characterized 

examples of cases that highlight common issues in diagnostic agreement on these lesions. 

Based on these findings, a diagnostic approach that includes careful evaluation of the 

cytology, architectural patterns and extent of the lesion should be made in every case, with 

exclusion of other lesions in the differential when possible by ancillary studies. When 

features are borderline with another diagnosis in this spectrum (such as UDH or DCIS), this 

should be indicated in the report to communicate the borderline nature of the process to the 

clinical team and the patient. The clinical context should be considered and a conservative 

approach applied to core biopsy specimens. Second opinions can be sought to help ensure 

that diagnostic thresholds are uniform within a particular practice and with specialists in 

breast pathology. However, some cases will remain in the “grey zone,” and the diagnosis of 

ADH should be understood by clinicians as a diagnosis with high inter-observer variability 
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for reasons that are not necessarily due to a higher frequency of “misdiagnoses,” but 

frequently due to the complexity and overlapping features preset in this spectrum of lesions.
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Figure 1. 
Scoring Form for Histologic Features Evaluated in 72 Expert Consensus ADH Cases
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Figure 2. 
Spectrum of Diagnoses Recorded by Participating Pathologists in the 72 Cases with an 

Expert Consensus Diagnosis of ADH
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Figure 3. 
Photos of the diagnostic areas from the two cases with the highest participant agreement 

with the consensus diagnosis of ADH. Both cases had focal lesions, less than 2 mm (and < 2 

membrane bound spaces), that were obvious on low power, had obvious cytologic monotony 

and a cribriform architectural pattern. A–B) A case with 83% of participant agreement with 

the expert consensus diagnosis of ADH; 7% recorded a Benign diagnosis (UDH), and 10% 

recorded a DCIS diagnosis for the case (30 total interpretations). C–D) 89% agreed with the 

consensus diagnosis of ADH; 4% recorded a Benign diagnosis (UDH) and 7% recorded a 

DCIS diagnosis on the case (27 total interpretations). Lesions with these features should be 

reproducibly classified as ADH as serve as good examples of this diagnosis.
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Figure 4. 
Papillary lesions with ADH were associated with higher diagnostic agreement than ADH not 

in a papillary lesion. A–B) 67% of participants recorded a diagnosis of ADH for this 

papillary lesion; 28% recorded a DCIS diagnosis and 3% a Benign diagnosis (mostly 

papilloma without atypia) (29 interpretations). C–D) 59% of participants recorded a 

diagnosis of ADH for this papillary lesion; 31% recorded a Benign diagnosis (mostly 

papilloma without atypia), and 10% recorded a DCIS diagnosis for the case (29 total 

interpretations). The first case (A–B) had less discrete areas of atypia in more than one area 

of the papilloma, making it borderline with DCIS. However, each focus was considered < 

2mm and the consensus diagnosis was ADH on this core needle biopsy sample. The second 

case has a single, more discrete area of cribriform architecture with cytologic monotony 

within the papillary proliferation measuring < 2 mm. These areas appear distinct from the 

background normal papillary epithelium or UDH but due to their limited in extent (< 2 mm), 

they fall short of most pathologists’ threshold for DCIS.
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Figure 5. 
Example of a case with obvious cytologic monotony and cribriform architecture that was 

close to the 2 mm threshold distinguishing between a diagnosis of ADH versus limited 

extent low grade DCIS. 60% of participants recorded a diagnosis of ADH, 20% recorded a 

DCIS, 17% recorded a Benign diagnosis, and 3% an FEA diagnosis for the case (30 total 

interpretations). When a lesion with these features is close to the extent threshold, diagnostic 

disagreement is predictable. The lesion involves more than two membrane bound spaces but 

is close to 2 mm in extent. The expert consensus panel (and majority of participants) applied 

a more conservative approach with this borderline lesion, classifying it as ADH rather than 

low grade DCIS. A comment can be included in the report that the lesion is borderline with 

low grade DCIS.
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Figure 6. 
Example images of the diagnostic area from a case with solid architecture and subtle 

cytologic monotony. Only 17% of participating pathologists recorded a diagnosis of ADH, 

with 55% recording the case as LN and 28% as DCIS (29 total interpretations). While the 

differential diagnosis includes a lobular in situ lesion (ALH/LCIS) that may be resolved with 

an E-cadherin stain, subtle micro-acini supporting a ductal process are evident on the H&E 

at high power (panel B).
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Figure 7. 
Examples images from two cases with micropapillary architecture, which was associated 

with worse diagnostic agreement with the expert consensus diagnosis of ADH. A) Only 28% 

of participants recorded a diagnosis of ADH on this case, 45% recorded a LN (there was LN 

also present in multiple foci elsewhere on the slide), 28% recorded a DCIS diagnosis and 0% 

recorded a Benign diagnosis (29 interpretations). B) Only 24% of participants recorded this 

case as ADH, with 31% as Benign (mostly columnar cell hyperplasia and UDH), 21% 

recording the case as FEA and 24% as DCIS (29 total interpretations). Both lesions have 

scattered micropapillary, club-shaped structures that are only partially involving dilated 

spaces involved by FEA. Micropapillary patterns can be subtle and easily missed if focal. In 

the first case (A), the concurrent diagnosis of lobular neoplasia in multiple areas of the same 

slide may have been a distractor.
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Figure 8. 
Example images from a case with a single region of potential interest to screen but 

borderline cytologic monotony (ADH vs UDH) and architectural changes that appear 

cribriform but lack polarized spaces. 31% of participants recorded an ADH diagnosis for the 

case, 59% recorded a Benign diagnosis (94% UDH) and 7% recorded a LN diagnosis, and 

3% recorded a DCIS diagnosis (29 total interpretations). When the both the architectural and 

the cytologic features are borderline between UDH and ADH, diagnostic disagreement is 

more likely. Additional levels, immunohistochemistry (CK5/6, ER or the ADH5 stain) and 

additional opinions can be helpful in this differential if these findings are present on a core 

needle biopsy where it would be most clinically relevant. Given the findings on the single 

H&E slide available in this test set, the expert panel classified this lesion as ADH based on 

the architectural atypia present and subtle monotony. However, the findings are borderline 

with UDH, which can be mentioned in the report.
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Figure 9. 
Example images from a case with a single region of potential interest to screen but 

borderline monotony (UDH vs ADH) and solid/subtle architecture. On higher power (panels 

C and D) subtle microacini are apparent with polarization of cells towards the lumen. This 

case had an almost even distribution between three diagnostic categories with 31% of 

participants recording an ADH diagnosis, 34% recording a Benign diagnosis (100% 

recorded UDH), and 34% recording a DCIS for the case (29 total interpretations). The 

differential in this case includes UDH due to the nuclear crowding and slit like spaces but 

also ADH because of the subtle polarized spaces being formed. The subtly hyperchromatic 

nuclear cytology also raises the differential of a low-intermediate grade DCIS. Additional 

levels, immunohistochemistry (CK5/6, ER or the ADH5 stain) and additional opinions can 

be helpful in this differential. Based on the presence of a single lesion measuring < 2 mm 

and involving only two membrane bound spaces on this H&E alone, classification as ADH 

was considered the best diagnosis by the expert consensus panel.
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Figure 10. 
Example images from two cases that had a predominantly flat pattern of architecture with 

only subtle early arches, bridges or micropapillations that the expert consensus panel 

classified as ADH. A) The cytology is monotonous, with rounded nuclei, and a 

predominantly flat growth pattern. 33% of participants recorded a highest order diagnosis of 

FEA in this case, 40% as ADH, 20% as benign, and 7% as DCIS. B) Similarly, the cytology 

of the second case is monotonous with predominantly a flat growth pattern but very focal, 

early micropapillae and bridges being formed, consistent with ADH. 23% of participants 

recorded a highest order diagnosis of FEA in this case, 50% as ADH, 17% as Benign, and 

10% as DCIS. When FEA is present, the case should be closely examined for subtle 

architectural patterns consistent with an ADH diagnosis.

Allison et al. Page 23

Histopathology. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Allison et al. Page 24

Ta
b

le
 1

Pa
rt

ic
ip

an
t r

at
in

gs
 o

f 
di

ag
no

st
ic

 c
ha

lle
ng

es
 p

re
se

nt
 in

 c
on

se
ns

us
 a

ty
pi

a 
ca

se
s 

an
d 

as
so

ci
at

io
n 

w
ith

 a
gr

ee
m

en
t w

ith
 r

ef
er

en
ce

 d
ia

gn
os

is

P
ar

ti
ci

pa
nt

 R
at

in
g

To
ta

l
A

gr
ee

 w
it

h 
re

fe
re

nc
e 

di
ag

no
si

s 
of

 A
D

H
 b

 N
 

(c
ol

um
n 

%
) 

(r
ow

 %
)

P
-v

al
ue

a
C

al
le

d 
D

C
IS

 b
 N

 %
C

al
le

d 
F

E
A

 o
r 

L
N

 b
 N

 
%

C
al

le
d 

B
en

ig
n 

N
 %

C
al

le
d 

In
va

si
ve

 N
 %

A
ll 

in
te

rp
re

ta
ti

on
s

20
70

99
0 

(4
8%

)
35

3 
(1

7%
)

20
7 

(1
0%

)
51

2 
(2

5%
)

8 
(0

%
)

 
D

if
fi

cu
lt

y 
ra

ti
ng

 
 

L
ow

 d
if

fi
cu

lty
 (

L
ik

er
t 1

–3
)

10
73

 (
52

%
)

42
6 

(4
3%

) 
(4

0%
)

<
.0

01
15

3 
(4

3%
) 

(1
4%

)
11

5 
(5

6%
) 

(1
1%

)
37

4 
(7

3%
) 

(3
5%

)
5 

(6
3%

) 
(0

%
)

 
 

H
ig

h 
di

ff
ic

ul
ty

 (
L

ik
er

t 4
–6

)
99

7 
(4

8%
)

56
4 

(5
7%

) 
(5

7%
)

20
0 

(5
7%

) 
(2

0%
)

92
 (

44
%

) 
(9

%
)

13
8 

(2
7%

) 
(1

4%
)

3 
(3

8%
) 

(0
%

)

 
B

or
de

rl
in

e 
w

it
h 

an
ot

he
r 

di
ag

no
si

s

 
 

Y
es

93
7 

(4
5%

)
54

5 
(5

5%
) 

(5
8%

)
<

.0
01

18
0 

(5
1%

) 
(1

9%
)

71
 (

34
%

) 
(8

%
)

13
8 

(2
7%

) 
(1

5%
)

3 
(3

8%
) 

(0
%

)

 
 

N
o

11
33

 (
55

%
)

44
5 

(4
5%

) 
(3

9%
)

17
3 

(4
9%

) 
(1

5%
)

13
6 

(6
6%

) 
(1

2%
)

37
4 

(7
3%

) 
(3

3%
)

5 
(6

3%
) 

(0
%

)

 
Se

co
nd

 o
pi

ni
on

 d
es

ir
ed

 (
or

 p
ol

ic
y)

 
 

Y
es

16
64

 (
80

%
)

86
4 

(8
7%

) 
(5

2%
)

<
.0

01
32

0 
(9

1%
) 

(1
9%

)
17

7 
(8

6%
) 

(1
1%

)
29

5 
(5

8%
) 

(1
8%

)
8 

(1
00

%
) 

(0
%

)

 
 

N
o

40
6 

(2
0%

)
12

6 
(1

3%
) 

(3
1%

)
33

 (
9%

) 
(8

%
)

30
 (

14
%

) 
(7

%
)

21
7 

(4
2%

) 
(5

3%
)

0 
(0

%
) 

(0
%

)

 
C

on
fi

de
nc

e 
ra

ti
ng

 
 

H
ig

h 
co

nf
id

en
ce

 (
L

ik
er

t 1
–

3)
14

83
 (

72
%

)
66

8 
(6

7%
) 

(4
5%

)
<

.0
01

23
6 

(6
7%

) 
(1

6%
)

15
3 

(7
4%

) 
(1

0%
)

42
1 

(8
2%

) 
(2

8%
)

5 
(6

3%
) 

(0
%

)

 
 

L
ow

 c
on

fi
de

nc
e 

(L
ik

er
t 4

–
6)

58
7 

(2
8%

)
32

2 
(3

3%
) 

(5
5%

)
11

7 
(3

3%
) 

(2
0%

)
54

 (
26

%
) 

(9
%

)
91

 (
18

%
) 

(1
6%

)
3 

(3
8%

) 
(1

%
)

a M
ul

tin
om

ia
l r

eg
re

ss
io

n 
fr

om
 g

en
er

al
iz

ed
 e

st
im

at
in

g 
eq

ua
tio

ns
 (

G
E

E
) 

m
od

el
 a

cc
ou

nt
in

g 
fo

r 
re

pe
at

ed
 m

ea
su

re
s 

w
ith

 b
in

om
ia

l d
is

tr
ib

ut
io

n 
fo

r 
th

e 
de

pe
nd

en
t v

ar
ia

bl
e.

 T
hi

s 
P-

va
lu

e 
co

m
pa

re
s 

di
ag

no
si

s 
of

 
A

D
H

 to
 d

ia
gn

os
is

 o
f 

B
en

ig
n

b A
D

H
=

A
ty

pi
ca

l d
uc

ta
l h

yp
er

pl
as

ia
 a

nd
 in

tr
ad

uc
ta

l p
ap

ill
om

a 
w

ith
 a

ty
pi

ca
l d

uc
ta

l h
yp

er
pl

as
ia

; F
E

A
=

 F
la

t e
pi

th
el

ia
l a

ty
pi

a;
 L

N
=

L
ob

ul
ar

 n
eo

pl
as

ia
; D

C
IS

=
 D

uc
ta

l c
ar

ci
no

m
a 

in
 s

itu

c N
ot

e:
 d

at
e 

18
m

ay
16

 -
 s

as
 r

el
ea

se
: 9

.4
 -

 a
02

3_
ta

bl
e1

_r
ev

is
e_

ag
ai

n.
sa

s 
- 

su
e 

pe
ac

oc
k 

(2
06

) 
74

4–
99

12
 p

ea
co

ck
s@

uw
.e

du
 G

IM

Histopathology. Author manuscript; available in PMC 2017 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Allison et al. Page 25

Ta
b

le
 2

A
ss

oc
ia

tio
n 

of
 H

is
to

lo
gi

c 
Fe

at
ur

es
 P

re
se

nt
 w

ith
 P

ar
tic

ip
an

t A
gr

ee
m

en
t w

ith
 E

xp
er

t C
on

se
ns

us
 D

ia
gn

os
is

 o
f 

A
D

H
 in

 7
2 

C
as

es

P
ar

ti
ci

pa
nt

 d
ia

gn
os

is
 o

f 
A

D
H

 in
 a

gr
ee

m
en

t 
w

it
h 

ex
pe

rt
 

co
ns

en
su

s 
di

ag
no

si
s 

of
 A

D
H

?

L
es

io
n 

F
ea

tu
re

s
N

um
be

r 
of

 c
as

es
N

um
be

r 
of

 a
ss

es
sm

en
ts

A
gr

ee
 N

 %
D

is
ag

re
e 

N
 %

O
R

 (
C

I)
P

-v
al

ue
a

 
To

ta
l

72
20

70
 (

10
0%

)
99

0 
(4

8%
)

10
80

 (
52

%
)

P
ap

ill
ar

y 
le

si
on

?
<

.0
01

 
N

o
58

16
67

 (
10

0%
)

76
5 

(4
6%

)
90

2 
(5

4%
)

1.
0

 
Y

es
14

40
3 

(1
00

%
)

22
5 

(5
6%

)
17

8 
(4

4%
)

1.
49

 (
1.

19
, 1

.8
7)

A
rc

hi
te

ct
ur

e 
pa

tt
er

n 
pr

es
en

t 
in

 le
si

on
:

<
.0

01

 
C

ri
br

if
or

m
55

15
79

 (
10

0%
)

80
1 

(5
1%

)
77

8 
(4

9%
)

1.
0

 
Fl

at
3

89
 (

10
0%

)
47

 (
53

%
)

42
 (

47
%

)
1.

09
 (

0.
69

, 1
.7

1)

 
M

ic
ro

-p
ap

ill
ar

y
9

25
9 

(1
00

%
)

10
3 

(4
0%

)
15

6 
(6

0%
)

0.
64

 (
0.

50
, 0

.8
3)

 
So

lid
5

14
3 

(1
00

%
)

39
 (

27
%

)
10

4 
(7

3%
)

0.
36

 (
0.

25
, 0

.5
4)

Sp
ec

im
en

 T
yp

e:
0.

00
9

 
C

or
e

48
13

81
 (

10
0%

)
68

5 
(5

0%
)

69
6 

(5
0%

)
1.

0

 
E

xc
is

io
n

24
68

9 
(1

00
%

)
30

5 
(4

4%
)

38
4 

(5
6%

)
0.

81
 (

0.
69

, 0
.9

5)

C
yt

ol
og

ic
 m

on
ot

on
y 

in
 le

si
on

:
0.

01
3

 
V

er
y 

m
on

ot
on

ou
s

52
14

95
 (

10
0%

)
74

2 
(5

0%
)

75
3 

(5
0%

)
1.

0

 
N

ot
 m

on
ot

on
ou

s 
or

 B
or

de
rl

in
e

20
57

5 
(1

00
%

)
24

8 
(4

3%
)

32
7 

(5
7%

)
0.

77
 (

0.
63

, 0
.9

5)

D
ia

gn
os

ti
c 

ar
ea

 o
bv

io
us

 o
n 

lo
w

 p
ow

er
?b

:
0.

02
0

 
N

o
15

43
1 

(1
00

%
)

19
3 

(4
5%

)
23

8 
(5

5%
)

1.
0

 
Y

es
48

13
81

 (
10

0%
)

68
7 

(5
0%

)
69

4 
(5

0%
)

1.
22

 (
1.

00
, 1

.4
9)

 
B

or
de

rl
in

e
8

22
9 

(1
00

%
)

96
 (

42
%

)
13

3 
(5

8%
)

0.
89

 (
0.

65
, 1

.2
2)

N
um

be
r 

of
 fo

ci
 w

it
h 

at
yp

ia
:

0.
04

1

 
1–

2 
fo

ci
21

60
1 

(1
00

%
)

26
4 

(4
4%

)
33

7 
(5

6%
)

1.
0

 
3–

5 
fo

ci
29

83
4 

(1
00

%
)

42
0 

(5
0%

)
41

4 
(5

0%
)

1.
30

 (
1.

06
, 1

.5
8)

 
6+

 f
oc

i
22

63
5 

(1
00

%
)

30
6 

(4
8%

)
32

9 
(5

2%
)

1.
19

 (
0.

94
, 1

.4
9)

N
um

be
r 

re
gi

on
s 

of
 in

te
re

st
 (

R
O

I)
 t

o 
sc

re
en

b :
0.

26

 
1–

2 
fo

ci
30

85
9 

(1
00

%
)

42
0 

(4
9%

)
43

9 
(5

1%
)

1.
0

Histopathology. Author manuscript; available in PMC 2017 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Allison et al. Page 26

P
ar

ti
ci

pa
nt

 d
ia

gn
os

is
 o

f 
A

D
H

 in
 a

gr
ee

m
en

t 
w

it
h 

ex
pe

rt
 

co
ns

en
su

s 
di

ag
no

si
s 

of
 A

D
H

?

L
es

io
n 

F
ea

tu
re

s
N

um
be

r 
of

 c
as

es
N

um
be

r 
of

 a
ss

es
sm

en
ts

A
gr

ee
 N

 %
D

is
ag

re
e 

N
 %

O
R

 (
C

I)
P

-v
al

ue
a

 
3–

5 
fo

ci
30

86
9 

(1
00

%
)

41
7 

(4
8%

)
45

2 
(5

2%
)

0.
96

 (
0.

82
, 1

.1
4)

 
>

5 
fo

ci
11

31
3 

(1
00

%
)

13
8 

(4
4%

)
17

5 
(5

6%
)

0.
82

 (
0.

65
, 1

.0
4)

D
is

tr
ac

ti
ng

 A
re

as
?

0.
19

 
N

o
53

15
28

 (
10

0%
)

74
3 

(4
9%

)
78

5 
(5

1%
)

1.
0

 
Y

es
19

54
2 

(1
00

%
)

24
7 

(4
6%

)
29

5 
(5

4%
)

0.
88

 (
0.

74
, 1

.0
6)

O
th

er
 d

ia
gn

os
is

 in
 D

dx
 o

r 
w

it
hi

n 
th

e 
le

si
on

b ?
0.

20

 
N

o
23

66
2 

(1
00

%
)

32
9 

(5
0%

)
33

3 
(5

0%
)

1.
0

 
Y

es
48

13
79

 (
10

0%
)

64
7 

(4
7%

)
73

2 
(5

3%
)

0.
89

 (
0.

75
, 1

.0
6)

N
um

be
r 

of
 a

re
as

 w
it

h 
at

yp
ia

b :
0.

52

 
1

46
13

24
 (

10
0%

)
62

0 
(4

7%
)

70
4 

(5
3%

)
1.

0

 
2

17
49

3 
(1

00
%

)
24

6 
(5

0%
)

24
7 

(5
0%

)
1.

13
 (

0.
90

, 1
.4

1)

 
3+

7
19

9 
(1

00
%

)
99

 (
50

%
)

10
0 

(5
0%

)
1.

12
 (

0.
82

, 1
.5

5)

L
ar

ge
st

 a
re

a 
w

it
h 

at
yp

ia
b :

0.
26

 
<

2.
5

34
97

9 
(1

00
%

)
46

0 
(4

7%
)

51
9 

(5
3%

)
1.

0

 
≥2

.5
37

10
62

 (
10

0%
)

52
4 

(4
9%

)
53

8 
(5

1%
)

1.
10

 (
0.

93
, 1

.2
9)

L
ar

ge
st

 s
in

gl
e 

di
sc

re
te

 fo
cu

s:
0.

52

 
≤2

m
m

58
16

65
 (

10
0%

)
79

1 
(4

8%
)

87
4 

(5
2%

)
1.

0

 
>

 2
m

m
14

40
5 

(1
00

%
)

19
9 

(4
9%

)
20

6 
(5

1%
)

1.
07

 (
0.

87
, 1

.3
0)

A
po

cr
in

e 
cy

to
lo

gy
?

0.
14

 
N

o
67

19
27

 (
10

0%
)

91
4 

(4
7%

)
10

13
 (

53
%

)
1.

0

 
Y

es
5

14
3 

(1
00

%
)

76
 (

53
%

)
67

 (
47

%
)

1.
26

 (
0.

93
, 1

.7
0)

H
yp

er
ch

ro
m

at
ic

 n
uc

le
i?

0.
19

 
N

o
57

16
31

 (
10

0%
)

79
3 

(4
9%

)
83

8 
(5

1%
)

1.
0

 
Y

es
15

43
9 

(1
00

%
)

19
7 

(4
5%

)
24

2 
(5

5%
)

0.
86

 (
0.

69
, 1

.0
8)

N
uc

le
ol

i p
re

se
nt

?
0.

84

 
N

o
59

16
95

 (
10

0%
)

80
9 

(4
8%

)
88

6 
(5

2%
)

1.
0

 
Y

es
13

37
5 

(1
00

%
)

18
1 

(4
8%

)
19

4 
(5

2%
)

1.
02

 (
0.

83
, 1

.2
5)

Histopathology. Author manuscript; available in PMC 2017 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Allison et al. Page 27

P
ar

ti
ci

pa
nt

 d
ia

gn
os

is
 o

f 
A

D
H

 in
 a

gr
ee

m
en

t 
w

it
h 

ex
pe

rt
 

co
ns

en
su

s 
di

ag
no

si
s 

of
 A

D
H

?

L
es

io
n 

F
ea

tu
re

s
N

um
be

r 
of

 c
as

es
N

um
be

r 
of

 a
ss

es
sm

en
ts

A
gr

ee
 N

 %
D

is
ag

re
e 

N
 %

O
R

 (
C

I)
P

-v
al

ue
a

C
al

ci
fi

ca
ti

on
s 

pr
es

en
t 

in
 le

si
on

?
0.

35

 
N

o
43

12
35

 (
10

0%
)

60
1 

(4
9%

)
63

4 
(5

1%
)

1.
0

 
Y

es
29

83
5 

(1
00

%
)

38
9 

(4
7%

)
44

6 
(5

3%
)

0.
92

 (
0.

77
, 1

.1
0)

D
ev

el
op

m
en

t 
of

 a
rc

hi
te

ct
ur

e 
in

 le
si

on
:

0.
59

 
W

el
l d

ev
el

op
ed

14
40

9 
(1

00
%

)
18

9 
(4

6%
)

22
0 

(5
4%

)
1.

0

 
Pa

rt
ia

l o
r 

So
lid

/S
ub

tle
56

16
04

 (
10

0%
)

76
8 

(4
8%

)
83

6 
(5

2%
)

1.
07

 (
0.

84
, 1

.3
7)

U
ni

fo
rm

it
y 

of
 p

ro
ce

ss
 in

 le
si

on
:

0.
79

 
U

ni
fo

rm
53

15
19

 (
10

0%
)

72
9 

(4
8%

)
79

0 
(5

2%
)

1.
0

 
Pa

rt
ia

l
18

52
2 

(1
00

%
)

24
7 

(4
7%

)
27

5 
(5

3%
)

0.
97

 (
0.

80
, 1

.1
9)

a O
dd

s 
ra

tio
s 

an
d 

p-
va

lu
es

 p
ro

du
ce

d 
us

in
g 

G
E

E
.

b Fo
r 

th
es

e 
fe

at
ur

es
, t

he
re

 w
er

e 
ra

re
 c

as
es

 in
 w

hi
ch

 th
er

e 
w

as
 n

o 
ag

re
em

en
t o

n 
th

e 
sc

or
in

g 
(u

si
ng

 th
e 

3 
re

vi
ew

in
g 

pa
th

ol
og

is
t s

co
re

s)
. T

hi
s 

oc
cu

rr
ed

 in
 <

 1
%

 o
f 

al
l a

ss
es

sm
en

ts
 (

8/
12

24
) 

an
d 

th
ey

 w
er

e 
no

t 
in

cl
ud

ed
 in

 th
e 

ov
er

al
l s

co
ri

ng
 f

or
 th

at
 h

is
to

lo
gi

c 
fe

at
ur

e.

Histopathology. Author manuscript; available in PMC 2017 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Allison et al. Page 28

Ta
b

le
 3

H
is

to
lo

gi
c 

Fe
at

ur
es

 P
re

se
nt

 in
 C

as
es

 I
de

nt
if

ie
d 

as
 A

D
H

 b
y 

C
on

se
ns

us
 E

xp
er

ts
 (

N
=

72
) 

St
ra

tif
ie

d 
by

 P
ar

tic
ip

an
t D

ia
gn

os
is

St
ud

y 
P

ar
ti

ci
pa

nt
 D

ia
gn

os
is

L
es

io
n 

F
ea

tu
re

s
N

um
be

r 
of

 c
as

es
N

um
be

r 
of

 a
ss

es
sm

en
ts

 N
 (

R
ow

 %
)

B
en

ig
n

F
E

A
 o

r 
L

N
A

D
H

D
C

IS
In

va
si

ve

 
To

ta
l

72
20

70
 (

10
0%

)
51

2 
(2

5%
)

20
7 

(1
0%

)
99

0 
(4

8%
)

35
3 

(1
7%

)
8 

(<
0.

1%
)

P
ap

ill
ar

y 
le

si
on

?

 
N

o
58

16
67

 (
10

0%
)

42
1 

(2
5%

)
20

4 
(1

2%
)

76
5 

(4
6%

)
27

5 
(1

6%
)

2 
(<

0.
1%

)

 
Y

es
14

40
3 

(1
00

%
)

91
 (

23
%

)
3 

(1
%

)
22

5 
(5

6%
)

78
 (

19
%

)
6 

(1
%

)

A
rc

hi
te

ct
ur

e 
pa

tt
er

n 
pr

es
en

t 
in

 le
si

on
:

 
C

ri
bi

fo
rm

55
15

79
 (

10
0%

)
42

9 
(2

7%
)

10
7 

(7
%

)
80

1 
(5

1%
)

23
5 

(1
5%

)
7 

(<
0.

1%
)

 
Fl

at
3

89
 (

10
0%

)
16

 (
18

%
)

13
 (

15
%

)
47

 (
53

%
)

13
 (

15
%

)
0 

(<
0.

1%
)

 
M

ic
ro

pa
pi

lla
ry

9
25

9 
(1

00
%

)
54

 (
21

%
)

34
 (

13
%

)
10

3 
(4

0%
)

68
 (

26
%

)
0 

(<
0.

1%
)

 
So

lid
5

14
3 

(1
00

%
)

13
 (

9%
)

53
 (

37
%

)
39

 (
27

%
)

37
 (

26
%

)
1 

(1
%

)

Sp
ec

im
en

 T
yp

e:

 
C

or
e

48
13

81
 (

10
0%

)
32

8 
(2

4%
)

10
8 

(8
%

)
68

5 
(5

0%
)

25
3 

(1
8%

)
7 

(1
%

)

 
E

xc
is

io
n

24
68

9 
(1

00
%

)
18

4 
(2

7%
)

99
 (

14
%

)
30

5 
(4

4%
)

10
0 

(1
5%

)
1 

(<
0.

1%
)

C
yt

ol
og

ic
 m

on
ot

on
y 

in
 le

si
on

:

 
V

er
y

52
14

95
 (

10
0%

)
32

2 
(2

2%
)

15
2 

(1
0%

)
74

2 
(5

0%
)

27
2 

(1
8%

)
7 

(<
0.

1%
)

 
B

or
de

rl
in

e 
w

ith
 U

D
H

20
57

5 
(1

00
%

)
19

0 
(3

3%
)

55
 (

10
%

)
24

8 
(4

3%
)

81
 (

14
%

)
1 

(<
0.

1%
)

D
ia

gn
os

ti
c 

ar
ea

 o
bv

io
us

 o
n 

lo
w

 p
ow

er
?a

 
N

o
15

43
1 

(1
00

%
)

13
0 

(3
0%

)
61

 (
14

%
)

19
3 

(4
5%

)
46

 (
11

%
)

1 
(<

0.
1%

)

 
Y

es
48

13
81

 (
10

0%
)

32
1 

(2
3%

)
88

 (
6%

)
68

7 
(5

0%
)

27
9 

(2
0%

)
6 

(<
0.

1%
)

 
B

or
de

rl
in

e
8

22
9 

(1
00

%
)

61
 (

27
%

)
43

 (
19

%
)

96
 (

42
%

)
28

 (
12

%
)

1 
(<

0.
1%

)

N
um

be
r 

of
 fo

ci
 w

it
h 

at
yp

ia
:

 
1–

2 
fo

ci
21

60
1 

(1
00

%
)

21
5 

(3
6%

)
76

 (
13

%
)

26
4 

(4
4%

)
45

 (
7%

)
1 

(<
0.

1%
)

 
3–

5 
fo

ci
29

83
4 

(1
00

%
)

21
3 

(2
6%

)
67

 (
8%

)
42

0 
(5

0%
)

13
3 

(1
6%

)
1 

(<
0.

1%
)

 
6+

 f
oc

i
22

63
5 

(1
00

%
)

84
 (

13
%

)
64

 (
10

%
)

30
6 

(4
8%

)
17

5 
(2

8%
)

6 
(1

%
)

N
um

be
r 

re
gi

on
s 

of
 in

te
re

st
 (

R
O

I)
 t

o 
sc

re
en

 a
:

 
1–

2 
fo

ci
30

85
9 

(1
00

%
)

22
2 

(2
6%

)
85

 (
10

%
)

42
0 

(4
9%

)
12

6 
(1

5%
)

6 
(1

%
)

Histopathology. Author manuscript; available in PMC 2017 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Allison et al. Page 29

St
ud

y 
P

ar
ti

ci
pa

nt
 D

ia
gn

os
is

L
es

io
n 

F
ea

tu
re

s
N

um
be

r 
of

 c
as

es
N

um
be

r 
of

 a
ss

es
sm

en
ts

 N
 (

R
ow

 %
)

B
en

ig
n

F
E

A
 o

r 
L

N
A

D
H

D
C

IS
In

va
si

ve

 
3–

5 
fo

ci
30

86
9 

(1
00

%
)

19
6 

(2
3%

)
79

 (
9%

)
41

7 
(4

8%
)

17
5 

(2
0%

)
2 

(<
0.

1%
)

 
>

5 
fo

ci
11

31
3 

(1
00

%
)

91
 (

29
%

)
34

 (
11

%
)

13
8 

(4
4%

)
50

 (
16

%
)

0 
(<

0.
1%

)

D
is

tr
ac

ti
ng

 A
re

as
?

 
N

o
53

15
28

 (
10

0%
)

37
9 

(2
5%

)
13

7 
(9

%
)

74
3 

(4
9%

)
26

7 
(1

7%
)

2 
(<

0.
1%

)

 
Y

es
19

54
2 

(1
00

%
)

13
3 

(2
5%

)
70

 (
13

%
)

24
7 

(4
6%

)
86

 (
16

%
)

6 
(1

%
)

O
th

er
 d

ia
gn

os
is

 in
 D

dx
 o

r 
w

it
hi

n 
th

e 
le

si
on

 a
:

 
N

o
23

66
2 

(1
00

%
)

19
8 

(3
0%

)
34

 (
5%

)
32

9 
(5

0%
)

10
1 

(1
5%

)
0 

(<
0.

1%
)

 
Y

es
48

13
79

 (
10

0%
)

30
8 

(2
2%

)
17

3 
(1

3%
)

64
7 

(4
7%

)
24

9 
(1

8%
)

2 
(<

0.
1%

)

N
um

be
r 

of
 a

re
as

 w
it

h 
at

yp
ia

a :

 
1

46
13

24
 (

10
0%

)
34

3 
(2

6%
)

16
4 

(1
2%

)
62

0 
(4

7%
)

19
6 

(1
5%

)
1 

(<
0.

1%
)

 
2

17
49

3 
(1

00
%

)
11

3 
(2

3%
)

36
 (

7%
)

24
6 

(5
0%

)
91

 (
18

%
)

7 
(1

%
)

 
3+

7
19

9 
(1

00
%

)
34

 (
17

%
)

7 
(4

%
)

99
 (

50
%

)
59

 (
30

%
)

0 
(<

0.
1%

)

L
ar

ge
st

 a
re

a 
w

it
h 

at
yp

ia
a :

 
<

2.
5

34
97

9 
(1

00
%

)
26

4 
(2

7%
)

11
9 

(1
2%

)
46

0 
(4

7%
)

13
4 

(1
4%

)
2 

(<
0.

1%
)

 
≥2

.5
37

10
62

 (
10

0%
)

23
4 

(2
2%

)
79

 (
7%

)
52

4 
(4

9%
)

21
9 

(2
1%

)
6 

(1
%

)

L
ar

ge
st

 s
in

gl
e 

di
sc

re
te

 fo
cu

s:

 
≤2

m
m

58
16

65
 (

10
0%

)
43

3 
(2

6%
)

18
0 

(1
1%

)
79

1 
(4

8%
)

25
9 

(1
6%

)
2 

(<
0.

1%
)

 
>

 2
m

m
14

40
5 

(1
00

%
)

79
 (

20
%

)
27

 (
7%

)
19

9 
(4

9%
)

94
 (

23
%

)
6 

(1
%

)

A
po

cr
in

e 
cy

to
lo

gy
?

 
N

o
67

19
27

 (
10

0%
)

48
5 

(2
5%

)
19

8 
(1

0%
)

91
4 

(4
7%

)
32

2 
(1

7%
)

8 
(<

0.
1%

)

 
Y

es
5

14
3 

(1
00

%
)

27
 (

19
%

)
9 

(6
%

)
76

 (
53

%
)

31
 (

22
%

)
0 

(<
0.

1%
)

H
yp

er
ch

ro
m

at
ic

 n
uc

le
i?

 
N

o
57

16
31

 (
10

0%
)

42
8 

(2
6%

)
15

8 
(1

0%
)

79
3 

(4
9%

)
24

5 
(1

5%
)

7 
(<

0.
1%

)

 
Y

es
15

43
9 

(1
00

%
)

84
 (

19
%

)
49

 (
11

%
)

19
7 

(4
5%

)
10

8 
(2

5%
)

1 
(<

0.
1%

)

N
uc

le
ol

i p
re

se
nt

?

 
N

o
59

16
95

 (
10

0%
)

43
6 

(2
6%

)
16

2 
(1

0%
)

80
9 

(4
8%

)
28

7 
(1

7%
)

1 
(<

0.
1%

)

 
Y

es
13

37
5 

(1
00

%
)

76
 (

20
%

)
45

 (
12

%
)

18
1 

(4
8%

)
66

 (
18

%
)

7 
(2

%
)

C
al

ci
fi

ca
ti

on
s 

pr
es

en
t 

in
 le

si
on

?

Histopathology. Author manuscript; available in PMC 2017 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Allison et al. Page 30

St
ud

y 
P

ar
ti

ci
pa

nt
 D

ia
gn

os
is

L
es

io
n 

F
ea

tu
re

s
N

um
be

r 
of

 c
as

es
N

um
be

r 
of

 a
ss

es
sm

en
ts

 N
 (

R
ow

 %
)

B
en

ig
n

F
E

A
 o

r 
L

N
A

D
H

D
C

IS
In

va
si

ve

 
N

o
43

12
35

 (
10

0%
)

34
5 

(2
8%

)
10

6 
(9

%
)

60
1 

(4
9%

)
17

5 
(1

4%
)

8 
(1

%
)

 
Y

es
29

83
5 

(1
00

%
)

16
7 

(2
0%

)
10

1 
(1

2%
)

38
9 

(4
7%

)
17

8 
(2

1%
)

0 
(<

0.
1%

)

D
ev

el
op

m
en

t 
of

 a
rc

hi
te

ct
ur

e 
in

 le
si

on
:

 
W

el
l/S

ol
id

14
40

9 
(1

00
%

)
59

 (
14

%
)

51
 (

12
%

)
18

9 
(4

6%
)

10
3 

(2
5%

)
7 

(2
%

)

 
Pa

rt
ia

l/N
o 

or
 S

ub
tle

56
16

04
 (

10
0%

)
44

3 
(2

8%
)

15
1 

(9
%

)
76

8 
(4

8%
)

24
1 

(1
5%

)
1 

(<
0.

1%
)

U
ni

fo
rm

it
y 

of
 p

ro
ce

ss
 in

 le
si

on
:

 
U

ni
fo

rm
53

15
19

 (
10

0%
)

39
3 

(2
6%

)
14

8 
(1

0%
)

72
9 

(4
8%

)
24

2 
(1

6%
)

7 
(<

0.
1%

)

 
Pa

rt
ia

l
18

52
2 

(1
00

%
)

11
9 

(2
3%

)
44

 (
8%

)
24

7 
(4

7%
)

11
1 

(2
1%

)
1 

(<
0.

1%
)

FE
A

 =
 f

la
t e

pi
th

el
ia

l a
ty

pi
a,

 L
N

 =
 lo

bu
la

r 
ne

op
la

si
a 

(a
ty

pi
ca

l l
ob

ul
ar

 h
yp

er
pl

as
ia

 o
r 

lo
bu

la
r 

ca
rc

in
om

a 
in

 s
itu

),
 A

D
H

=
 a

ty
pi

ca
l d

uc
ta

l h
yp

er
pl

as
ia

 a
nd

 in
tr

ad
uc

ta
l p

ap
ill

om
a 

w
ith

 a
ty

pi
ca

l d
uc

ta
l h

yp
er

pl
as

ia
, 

D
C

IS
 =

 d
uc

ta
l c

ar
ci

no
m

a 
in

 s
itu

.

a Fo
r 

th
es

e 
fe

at
ur

es
, t

he
re

 w
er

e 
ra

re
 c

as
es

 in
 w

hi
ch

 th
er

e 
w

as
 n

o 
ag

re
em

en
t o

n 
th

e 
sc

or
in

g 
(u

si
ng

 th
e 

3 
re

vi
ew

in
g 

pa
th

ol
og

is
t s

co
re

s)
. T

hi
s 

oc
cu

rr
ed

 in
 <

 1
%

 o
f 

al
l a

ss
es

sm
en

ts
 (

8/
12

24
) 

an
d 

th
ey

 w
er

e 
no

t 
in

cl
ud

ed
 in

 th
e 

ov
er

al
l s

co
ri

ng
 f

or
 th

at
 h

is
to

lo
gi

c 
fe

at
ur

e.

Histopathology. Author manuscript; available in PMC 2017 December 01.


	Abstract
	Introduction
	Methods
	Case Selection and Participant Analysis of Cases
	Analysis of Histologic Features on Atypia Cases
	Data Analysis

	Results
	Participant ratings of case challenges in ADH test set cases and associations with agreement
	Range of diagnostic agreement and alternative diagnoses on consensus ADH cases
	Association of histologic features scored with agreement on ADH and alternative diagnoses

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Table 1
	Table 2
	Table 3

