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IMPORTANCE A breast pathology diagnosis provides the basis for clinical treatment and JAMA Report Video and
management decisions; however, its accuracy is inadequately understood. Author Video Interview at
jama.com

OBJECTIVES To quantify the magnitude of diagnostic disagreement among pathologists
compared with a consensus panel reference diagnosis and to evaluate associated patient and
pathologist characteristics.

Supplemental content at
jama.com

DESIGN, SETTING, AND PARTICIPANTS Study of pathologists who interpret breast biopsies in
clinical practices in 8 US states.

EXPOSURES Participants independently interpreted slides between November 2011 and May
2014 from test sets of 60 breast biopsies (240 total cases, 1slide per case), including 23 cases
of invasive breast cancer, 73 ductal carcinoma in situ (DCIS), 72 with atypical hyperplasia
(atypia), and 72 benign cases without atypia. Participants were blinded to the interpretations
of other study pathologists and consensus panel members. Among the 3 consensus panel
members, unanimous agreement of their independent diagnoses was 75%, and concordance
with the consensus-derived reference diagnoses was 90.3%.

MAIN OUTCOMES AND MEASURES The proportions of diagnoses overinterpreted and
underinterpreted relative to the consensus-derived reference diagnoses were assessed.

RESULTS Sixty-five percent of invited, responding pathologists were eligible and consented
to participate. Of these, 91% (N = 115) completed the study, providing 6900 individual case
diagnoses. Compared with the consensus-derived reference diagnosis, the overall
concordance rate of diagnostic interpretations of participating pathologists was 75.3% (95%
Cl, 73.4%-77.0%; 5194 of 6900 interpretations).

Pathologist Interpretation vs Consensus-Derived Reference Diagnosis, % (95% Cl)

Consensus Reference No. of Overall Concordance  Overinterpretation  Underinterpretation
Diagnosis Interpretations  Rate Rate Rate

Benign without atypia 2070 87 (85-89) 13 (11-15)

Atypia 2070 48 (44-52) 17 (15-21) 35 (31-39)

DCIS 2097 84 (82-86) 3 (2-4) 13 (12-15)
Invasive carcinoma 663 96 (94-97) 4 (3-6)

Disagreement with the reference diagnosis was statistically significantly higher among biopsies
from women with higher (n = 122) vs lower (n = 118) breast density on prior mammograms
(overall concordance rate, 73% [95% Cl, 71%-75%] for higher vs 77% [95% Cl, 75%-80%] for
lower, P < .001), and among pathologists who interpreted lower weekly case volumes (P < .001)
or worked in smaller practices (P = .034) or nonacademic settings (P = .007).

CONCLUSIONS AND RELEVANCE In this study of pathologists, in which diagnostic

interpretation was based on a single breast biopsy slide, overall agreement between the Author Affiliations: Author

individual pathologists’ interpretations and the expert consensus-derived reference affiliations are listed at the end of this
diagnoses was 75.3%, with the highest level of concordance for invasive carcinoma and lower article.
levels of concordance for DCIS and atypia. Further research is needed to understand the Corresponding Author: Joann G.

Elmore, MD, MPH, Department of
Medicine, University of Washington,
325 Ninth Ave, PO Box 359780,
Seattle, WA 98104 (jelmore@u
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relationship of these findings with patient management.
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Diagnostic Concordance in Interpreting Breast Biopsies

pproximately 1.6 million women in the United States

have breast biopsies each year.'»? The accuracy of pa-

thologists’ diagnoses is an important and inad-
equately studied area. Although nearly one-quarter of biop-
sies demonstrate invasive breast cancer,® the majority are
categorized by pathologists according to a diagnostic spec-
trum ranging from benign to preinvasive disease. Breast le-
sions with atypia or ductal carcinoma in situ (DCIS) are asso-
ciated with significantly higher risks of subsequent invasive
carcinoma, and women with these findings may require ad-
ditional surveillance, prevention, or treatment to reduce their
risks.* The incidence of atypical ductal hyperplasia (atypia) and
DCIS breast lesions has increased over the past 3 decades as a
result of widespread mammography screening.>® Misclassi-
fication of breast lesions may contribute to either overtreat-
ment or undertreatment of lesions identified during breast
screening.

The pathological diagnosis of a breast biopsy is usually
considered the gold standard for patient management and
research outcomes. However, a continuum of histologic fea-
tures exists from benign to atypical to malignant on which
diagnostic boundaries are imposed. Although criteria for
these diagnostic categories are established,”® whether they
are uniformly applied is unclear. Nonetheless, patients and
their clinicians need a specific diagnostic classification of
biopsy specimens to understand whether increased risk for
breast cancer exists and how best to manage identified
lesions. Although studies from the 1990s demonstrated
challenges encountered by pathologists in agreeing on the
diagnoses of atypia and DCIS,°*? the extent to which these
challenges persist is unclear. These issues are particularly
important in the 21st century because millions of breast
biopsies are performed annually.

For these reasons, we investigated the magnitude of over-
interpretation and underinterpretation of breast biopsies
among a national sample of practicing US pathologists in the
Breast Pathology (B-Path) study. We also evaluated whether
patient and pathologist characteristics were associated with
a higher prevalence of inaccurate interpretations.

Methods

Human Research Participants Protection

The institutional review boards at Dartmouth College, Fred
Hutchinson Cancer Research Center, Providence Health and
Services Oregon, University of Vermont, and University of
Washington approved all study activities. Informed consent
was obtained electronically from pathologists. Informed con-
sent was not required of the women whose biopsy specimens
were included.

Test Set Development

Study methods and test set development have been
described.'*"*> Briefly, 240 breast biopsy specimens (exci-
sional or core needle) were randomly identified from a cohort
of 19 498 cases obtained from pathology registries in New
Hampshire and Vermont that are affiliated with the Breast
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Cancer Surveillance Consortium.'® Random, stratified sam-
pling was used to select cases based on the original patholo-
gists’ diagnoses. Data on women’s age, breast density, and
biopsy type were available for each case. One or 2 new slides
from candidate cases were prepared in a single laboratory for
consistency. A single slide for each case best representing the
reference diagnosis in the opinion of the panel members was
selected during the consensus review meetings.'3

We oversampled cases with atypia and DCIS to gain sta-
tistical precision in estimates of interpretive concordance for
these diagnoses. We also oversampled cases from women aged
40 to 49 years and women with mammographically dense
breast tissue because age and breast density are important risk
factors for both benign breast disease and breast cancer.'” We
hypothesized that discordance would be higher for these bi-
opsy cases and that discordance would be higher when pa-
thologists reported cases as “borderline” between 2 diagnos-
tic categories.

A panel of 3 experienced pathologists, internationally
recognized for research and continuing medical education on
diagnostic breast pathology, independently reviewed all 240
cases and recorded their rating of case difficulty and diagno-
ses using a Breast Pathology Assessment Tool and Hierarchy
for Diagnosis form, which was designed and rigorously tested
for this study (eFigure 1 in the Supplement).'> Panel members
were blinded to previous interpretations of each specimen
and to each other’s interpretations. Cases without unani-
mous independent agreement were resolved with consensus
discussion. Four full-day in-person meetings were held fol-
lowing the panel members’ independent reviews to establish
a consensus reference diagnosis for each case using a modi-
fied Delphi approach,'® to create case teaching points, and to
discuss study design.

The 14 assessment terms were grouped into 4 diagnostic
categories (eTable 1 in the Supplement). The categories and
corresponding target distribution for the final sample of 240
cases were benign without atypia (30%, including 10% non-
proliferative and 20% proliferative without atypia), atypia
(30%), DCIS (30%), and invasive carcinoma (10%). The non-
proliferative and proliferative without atypia cases were
merged into 1 category (benign without atypia) because clini-
cal management usually does not differ between the 2 cat-
egories. When pathologists noted multiple diagnoses on a
case, the most severe diagnostic category was assigned.

The 3 reference pathologists agreed unanimously on the
diagnosis for 75% (180 of 240) of the cases after the initial
independent evaluation. Compared with the final consensus-
derived reference diagnoses, overall concordance of the ini-
tial independent diagnoses of the expert panel members was
90.3% (650 of 720 interpretations; Figure 1). Concordance
and rates of overinterpretation and underinterpretation of
initial diagnoses by the panel members compared with
consensus-derived reference diagnoses are presented in
Table 1.

The 240 cases were randomly assigned to 1 of 4 test sets
each including 60 cases with randomization stratified on the
woman’s age, breast density, reference diagnosis, and the ex-
perts’ difficulty rating of the case.
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Figure 1. Comparison of the 3 Reference Panel Members' Independent Preconsensus Diagnoses vs the Consensus-Derived Reference Diagnosis for

240 Breast Biopsy Cases®
Reference Panel Members’ Individual Diagnoses (Preconsensus)
Benign Invasive
without atypia Atypia DCIS carcinoma Total
[
§ Benign without atypia 197 15 3 1b 216
S N
E g Atypia 18 173 25 0 216
oL o
g Z| pas 2 2 213 2 219
§ Invasive carcinoma 0 0 2d 67 69
Total 217 190 243 70 720

DCIS indicates ductal carcinoma in situ.

 The differential diagnosis was focal microinvasion vs DCIS (with a

124

2 Concordance noted for 650 of 720 diagnoses or 90.3%.

bThe differential diagnosis was radial scar vs focal invasion (with a
consensus-derived reference diagnosis of radial scar).

consensus-derived reference diagnosis of DCIS).

dThe differential diagnosis was DCIS vs focal microinvasion (with a
consensus-derived reference diagnosis of microinvasion).

Table 1. Rates of Overinterpretation, Underinterpretation, and Concordance for the Reference Pathologists'
Independent Preconsensus Interpretations vs the Consensus-Derived Reference Diagnosis®

Rate, % (Range)®

Rate of Overinterpretation or Underinterpretation

Overall Concordance
Rate vs Consensus

gz;];fennsg: vs Consensus Diagnosis Diagnosis Abbreviation: DCIS, ductal carcinoma
Diagnosis Total, No. Overinterpretation Underinterpretation Concordance insitu.

a )
Benign without 72 9 (3-13) 91 (87-97) Three reference pathologists, 240
atypia breast biopsy cases.
Atypia 72 12 (7-17) 8 (1-15) 80 (75-87) ®Range values shown are the

minimum and maximum of
DCIS 73 1(0-1 2 (0-4 97 (95-100
- ©-1) ©-4 ( ) pathologist level rates for the 3

Invasive 23 3(0-4) 97 (96-100) consensus panel reference
carcinoma

pathologists.

Pathologist Identification, Recruitment,

and Baseline Characteristics

We used publicly available information from 8 US states
(Alaska, Maine, Minnesota, New Hampshire, New Mexico,
Oregon, Vermont, and Washington) to invite pathologists to
participate in this study (Figure 2). Pathologists interpreting
breast specimens for at least 1 year with plans to continue for
at least 1 additional year were eligible. Residents and fellows
were ineligible.

Selected pathologists were sent an email invitation and,
if needed, contacted with 2 follow-up emails, mailed invita-
tions, and telephone follow-up. Participants completed a
web-based questionnaire that assessed their demographic
and clinical practice characteristics, and attitudes about
breast pathology interpretation (eFigure 2 in the Supple-
ment). The questionnaire was developed and pilot tested
using cognitive interviewing techniques.'® To compare clini-
cal and demographic characteristics between participants
and nonparticipants, information was obtained on the
entire population of invited pathologists from Direct Medi-
cal Data.”®

Test Set Implementation
Participants interpreted the same slides as the reference
panel members. Participants were randomized with stratifi-
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cation on clinical expertise to ensure equal distribution
among the 4 test sets. Clinical expertise was defined as
breast pathology fellowship completion, self-assessed per-
ception that peers considered them a breast pathology
expert, or both. Participants independently reviewed the
60-case test set in random order. No standardized diagnos-
tic definitions were provided. Participants were asked to
interpret the cases as they would in their own clinical prac-
tice and complete the diagnostic assessment form online for
each case (eFigure 1 in the Supplement).

Participants were provided 1 hematoxylin and eosin-
stained slide per case and told the woman’s age and type of
biopsy. They were not limited by interpretation time. As com-
pensation for their effort, pathologists were offered free cat-
egory 1 continuing medical education (CME) credits for the slide
reviews and an educational program that compared their in-
terpretations with both the consensus-derived reference di-
agnosis and the other participants’ diagnoses. At the comple-
tion of the CME, participants were asked questions regarding
how the test cases compared with cases they typically see in
their practice.

Statistical Analysis
Primary outcome measures included rates of overinterpre-

tation, underinterpretation, and overall concordance. Over-
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Figure 2. Pathologist Recruitment and Randomization into Test Sets

‘ 691 Pathologists assessed for eligibility ‘

‘

146 Excluded (ineligible)?

545 Invited to participate ‘

‘

156 Excluded (no response)

389 Responded to invitation ‘

‘

137 Excluded (not interested,

eligibility unknown)

252 Pathologists randomized

126 Randomized to interpret traditional
glass slides (test sets A-D)

126 Randomized to alternate study

of whole slide digital imaging

31 Randomized to test 31 Randomized to test 32 Randomized to test 32 Randomized to test
set A (60 cases) set B (60 cases) set C (60 cases) set D (60 cases)
29 Pathologists completed 27 Pathologists completed 30 Pathologists completed 29 Pathologists completed
test set A test set B test set C test set D
1740 Interpretations 1620 Interpretations 1800 Interpretations 1740 Interpretations
included in primary included in primary included in primary included in primary
analysis analysis analysis analysis

Original Investigation Research

2 Reasons for ineligibility not known.

interpretation was defined as cases classified by the par-
ticipants at a higher diagnostic category relative to the
consensus-derived reference diagnosis; underinterpretation
was defined as cases classified lower than the consensus-
derived reference diagnosis; concordant cases were
those in which the diagnostic category of participants and
reference panel were in agreement. Confidence intervals
accounted for both within- and between-participant
variability by employing variance estimates of the
form {var(rate,) + [avg(rate,) x (1 - avg(rate,))] / n.} / np,
for which avg(rate,) is the average rate among pathologists,
var(rate,) is the sample variance of rates among patholo-
gists, n. is the number of cases interpreted by each
pathologist, and n,, is the number of pathologists. We also
investigated variability across participants and cases by
examining distributions of participant and case-specific
rates.

We investigated the extent to which experience of the
participant and specific patient characteristics (age, breast
density, and biopsy type) were associated with concor-
dance. Logistic regression models of participant misclassifi-
cation that simultaneously incorporated several pathologist
characteristics (academic affiliation, breast-specific case-
load, clinical expertise, and practice size) were modeled,
and coefficients were tested with a bootstrap technique that
resampled participant data.

Sensitivity analyses were performed to determine if the
results were altered by use of a different diagnostic mapping
scheme or by use of an alternate reference standard diagno-

jama.com

sis instead of the expert-derived standard. First, we reana-
lyzed the data using an alternative diagnostic mapping
strategy shown in eTable 1 in the Supplement. Second, we
identified cases for which the 3 reference panel members’
independent assessments did not unanimously agree and
for which the consensus-derived reference diagnosis was
different from the most frequent diagnosis recorded by the
participants (17 of 240 cases). We reanalyzed the data by
substituting the most frequent participant diagnosis as the
reference diagnosis for the 17 cases, or by excluding the 17
cases. Testing was 2-sided using a P value of less than .05 for
significance. Stata statistical software (StataCorp), version
13, was used.

. |
Results

Test Set Cases

Nearly half of the 240 cases were from women aged 40 to 49
years (49%); the remainder were from women aged 50 to 59
years (28%), 60 to 69 years (12%), and 70 years or older (11%).
Breast density categories assessed on previous mammogra-
phy included almost entirely fat (5.4%), scattered fibroglan-
dular densities (43.8%), heterogeneously dense (40.4%), and
extremely dense (10.4%) categories. Cases were from both
core needle (57.5%) and excisional (42.5%) biopsies. Among
the final sample of 240 cases, 72 (30%) were benign without
atypia, 72 (30%) were atypia, 73 (30%) were DCIS, and 23
(10%) were invasive carcinoma.
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Table 2. Characteristics of Participating Pathologists (N=115) Table 2. Characteristics of Participating Pathologists (N=115) (continued)
Demographics No. (%) Demographics No. (%)
Age at survey, y Impressions About Breast Pathology
33-39 16 (13.9) Confidence in assessments of breast cases
40-49 41 (35.7) 1 (Very confident) 14 (12.2)
50-59 42 (36.5) 2 66 (57.4)
260 16 (13.9) 3 27 (23.5)
Sex 4 8 (7.0)
Men 69 (60.0) 5 0
Women 46 (40.0) 6 (Not confident at all) 0
State of clinical practice Challenge of interpreting breast cases
Alaska 4 (3.5) 1 (Very easy) 1(0.9)
Maine 11 (9.6) 2 13 (11.3)
Minnesota 19 (16.5) 3 43 (37.4)
New Hampshire 4 (3.5) 4 44 (38.3)
New Mexico 4 (3.5) 5 14 (12.2)
Oregon 15 (13.0) 6 (Very challenging) 0
Vermont 9(7.8) More nervous interpreting breast pathology
Washington 49 (42.6) than other types of pathology
— - = 1 (Strongly disagree) 13 (11.3)
Clinical Practice and Breast Pathology Expertise
L 2 35(30.4)
Laboratory group practice size
: 3 16 (13.9)
<10 pathologists 68 (59.1)
. 4 28 (24.3)
>10 pathologists 47 (40.9)
5 20(17.4
Fellowship training in breast pathology l ( )
6 (Strongly agree 3(2.6
No 109 (94.8) ( gly agree) (26)
- 6(5.2) Enjoys interpreting breast pathology
1 (St ly di
Affiliated with an academic medical center (Strongly disagree) 0
2 9(7.8)
No 87 (75.7)
. - L 3 13 (11.3)
Yes, adjunct/affiliated clinical faculty 17 (14.8)
: ’ 4 27 (23.5)
Yes, primary appointment 11 (9.6)
; : 5 46 (40.0)
Considered an expert in breast pathology by
colleagues 6 (Strongly agree) 20 (17.4)
No 90 (78.3)
Yes 25 (21.7)

Pathologist Participation and Characteristics

iiesialliiela Gy [ CEE Rl e Rates of pathologist recruitment, which began November 2011,

(not including residency/fellowship training)

0-4 22 (19.1) are shown in Figure 2. Among 691 pathologists invited, 146 were
5.9 23 (20.0) ineligible (21.1%). We were unable to contact or verify eligibil-
10-19 34 (29.6) ity for 156 pathologists (22.6%), despite multiple email, postal
220 36 (31.3) mail, and telephone contact attempts. Among the remaining
Percentage of breast specimen interpretation 389 pathologists, 137 (35%) declined and 252 (65%) agreed to
in caseload participate. There were no statistically significant differ-
0-9 59 (51.3) ences in mean age, sex, level of direct medical care, or pro-
10-24 45(39.1) portion working in a population of 250 000 or more between
25-49 8 (7.0) the participants and those who declined or those we were un-
50-74 2(1.7) able to contact. Among the 252 participants, 126 participants
>75 1(0.9) were randomized to the current study and 91% (115 of 126 par-
No. of breast cases interpreted per week ticipants) completed independent interpretation of all 60 cases
0-4 31 (27.0) and full participation in the study by May 2014. The remain-
5-9 44 (38.3) ing 126 participants were offered participation in a related fu-
10-19 31(27.0) ture study.
o 4(3.5) Participants’ characteristics and clinical experience are
o 3(26) showq in Tablg 2. Although most (93.1%) reported confi-
T 109 dence 1nterpret1ng bre'ast pathology, 50.5% reported that breast
250 08 pathology is challenging and 44.3% reported that breast pa-
thology makes them more nervous than other types of pathol-
(continued)  ogy. The mean CME credits awarded for self-reported time
1126 JAMA March 17,2015 Volume 313, Number 11 jama.com
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Figure 3. Comparison of 115 Participating Pathologists’ Interpretations vs the Consensus-Derived Reference

Diagnosis for 6900 Total Case Interpretations®

Participating Pathologists’ Interpretation
Benign Invasive

without atypia Atypia DCIS carcinoma Total
[
e Benign without atypia 1803 200 46 21 2070
g - g P DCIS indicates ductal carcinoma
E § Atypia 719 990 353 8 2070 insitu.
n £ a .
§ 2| bais 133 146 1764 54 2097 Concordanc'e noted in 5194 of
g8 6900 case interpretations or
S | nvasive carcinoma 3 0 23 637 663 75.3%.

b ' . )
Total 2658 1336 2186 720 6900 Reference diagnosis was optamed
from consensus of 3 experienced

breast pathologists.

spent on this activity was 16 (95% CI, 15-17); 43 participants were
awarded the maximum 20 hours.

Pathologists' Diagnoses Compared With Consensus-Derived
Reference Diagnoses

The 115 participants each interpreted 60 cases, providing 6900
total individual interpretations for comparison with the con-
sensus-derived reference diagnoses (Figure 3). Participants
agreed with the consensus-derived reference diagnosis for
75.3% of the interpretations (95% CI, 73.4%-77.0%). Partici-
pants (n = 94) who completed the CME activity reported that
the test cases were similar to the entire spectrum of breast pa-
thology seen in their own practice (23% reported that they al-
ways saw cases like the study test cases, 51% often saw cases
like these, 22% sometimes saw cases like these, no partici-
pants marked never, and 3% did not respond to this ques-
tion).

In general, overinterpretation and underinterpretation of
breast biopsy cases was not limited to a few cases or a few prac-
ticing pathologists but was widely distributed among patholo-
gists (N = 115) and cases (N = 240) (eFigure 3A and 3B in the
Supplement, respectively). The overall concordance rate for
the invasive breast cancer cases was high, at 96% (95% CI, 94%-
97%; Table 3), although 1 of the invasive test cases contained
predominately DCIS with a focus of microinvasion. This fo-
cus was initially missed by 2 reference panelists, but was con-
firmed to be invasive during a consensus meeting.

The participants agreed with the consensus-derived ref-
erence diagnosis on less than half of the atypia cases, with a
concordance rate of 48% (95% CI, 44%-52%; Figure 3, Figure 4,
Figure 5; and eFigure 4 in the Supplement). Although over-
interpretation of DCIS as invasive carcinoma occurred in only
3% (95% CI, 2%-4%), overinterpretation of atypia was noted
in 17% (95% CI, 15%-21%) and overinterpretation of benign
without atypia was noted in 13% (95% CI, 11%-15%). Under-
interpretation of invasive breast cancer was noted in 4% (95%
CI, 3%-6%), whereas underinterpretation of DCIS was noted
in13% (95% CI, 12%-15%) and underinterpretation of atypia was
noted in 35% (95% CI, 31%-39%).

Diagnostic agreement did not change substantially when
we used an alternate diagnostic mapping schema or an alter-
native participant-based method of defining the reference di-
agnosis (eTable 1 in the Supplement).

jama.com

Patient and Pathologist Characteristics Associated With
Overinterpretation and Underinterpretation
The association of breast density with overall pathologists’
concordance (as well as both overinterpretation and under-
interpretation rates) was statistically significant, as shown
in Table 3 when comparing mammographic density grouped
into 2 categories (low density vs high density). The overall
concordance estimates also decreased consistently with
increasing breast density across all 4 Breast Imaging-
Reporting and Data System (BI-RADS) density categories:
BI-RADS A, 81% (95% CI, 75%-86%); BI-RADS B, 77% (95%
CI, 75%-79%); BI-RADS C, 74% (95% CI, 72%-76%); and
BI-RADS D, 70% (95% CI, 64%-74%); P < .001, trend test.
Overinterpretation rates were also significantly higher for
breast biopsies from women in their 40s (vs 250 years),
although underinterpretation rates were lower for women
in their 40s (vs 250 years) (Table 3). The magnitude of the
overall density association did not change when covariates
for patient age and diagnosis (eg, benign, atypia, DCIS, and
invasive) were included in a multivariable model.

Pathologists from outside of academic settings, those who
interpret lower weekly volumes of breast cases and those from
small-sized practices were statistically significantly less likely
to agree with the consensus-derived reference diagnosis. Each
of these pathologist variables remained statistically signifi-
cant in a multivariable logistic model that accounted for the
simultaneous contribution of all 3 (eTable 3 in the Supple-
ment). Although the differences noted for pathologist char-
acteristics and patient age and breast density are statistically
significant, the absolute effects are small.

Discordance was higher when the pathologists indicated
a case was difficult, borderline, they desired a second opin-
ion, or when they reported low confidence in their assess-
ment (Table 3 and eFigure 5 in the Supplement).

|
Discussion

In this study of US pathologists in which diagnostic interpre-
tation was based on a single breast biopsy slide for each case,
we found an overall diagnostic concordance rate of 75.3%, with
a high level of agreement between the pathologists’ and the
consensus-derived reference diagnosis for invasive breast can-
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cer, and a substantially lower level of agreement for DCISand  breast biopsies were interpreted by pathologists with lower
atypia. Disagreement with the consensus-derived referencedi-  weekly case volume, from nonacademic practices, or smaller
agnosis was statistically significantly more frequent when practices; and from women with dense breast tissue on mam-

Table 3. Patient, Pathologist, and Case Characteristics and Rates of Overinterpretation, Underinterpretation, and Concordance for the Participating
Pathologists’ Interpretations vs the Consensus-Derived Reference Diagnosis

128

% (95%Cl)
Rate of Overinterpretation or Underinterpretation Overall Concordance Rate
No. of . : N :
vs Reference Diagnosis vs Reference Diagnosis
No. of Interpreta-
Characteristics Cases tions Overinterpretation P Value Underinterpretation P Value Concordance P Value
Test Case Patient Characteristics (N = 240 Test Cases)
Consensus Reference
Diagnosis®
Benign without atypia 72 2070 13 (11-15) 87 (85-89)
Atypia 72 2070 17 (15-21) 35(31-39) 48 (44-52)
<.001 <.001 <.001
DCIS 73 2097 3(2-4) 13 (12-15) 84 (82-86)
Invasive Breast Cancer 23 663 4 (3-6) 96 (94-97)
Age at time of biopsy, y
40-49 118 3391 11 (9-13) 14 (12-16) 76 (73-78)
.009 <.001 .45
250 122 3509 9 (8-11) 16 (14-18) 75 (73-77)
Breast density
Low 118 3391 8 (7-10) 14 (12-16) 77 (75-80)
. <.001 .03 <.001°
High 122 3509 11 (10-13) 16 (14-18) 73 (71-75)
Pathologist Characteristics (N = 115 Participants)
Academic affiliation
None 87 5220 11 (9-12) 15 (14-17) 74 (72-76)
Adjunct affiliation 17 1020 8(5-12) .06 14 (10-19) .19 78 (74-82) .007¢
Primary academic 11 660 7 (5-11) 12-(8-16) 81 (76-85)
Estimated No. of breast cases
interpreted/week
<5 31 1860 11 (8-14) 17 (15-21) 72 (68-75)
5-9 44 2640 10 (8-13) 15 (12-18) 75 (72-78)
.17 .006 .001¢
10-19 31 1860 9 (6-11) 13 (11-16) 78 (75-81)
220 9 540 9 (5-15) 12 (7-18) 80 (70-87)
Practice size®
1-9 pathologists 68 4080 10 (8-12) 16 (14-19) 74 (71-76)
. .81 .029 .034
>10 pathologists 47 2820 9(8-12) 13 (11-15) 78 (75-80)
Expertise in breast
pathology’
Nonexpert 88 5280 10 (9-12) 16 (14-17) 74 (72-76)
41 .14 .055
Expert 27 1620 9 (7-12) 12 (9-16) 79 (75-82)
Case Characteristics (N = 6900 Interpretations)
Difficulty rating
Low difficulty (1-3) 4829 6 (5-7) 13 (11-15) 81 (79-83)
— <.001 <.001 <.001
High difficulty (4-6) 2071 19 (17-22) 19 (16-22) 62 (59-64)
Second opinion desired
No 4449 6 (5-7) 12 (11-14) 82 (80-84)
<.001 <.001 <.001
Yes 2451 17 (15-20) 20 (17-23) 63 (60-66)
Confidence in assessment
Low (1-3) 5640 8 (7-9) 13 (12-15) 79 (77-80)
. <.001 <.001 <.001
High (4-6) 1260 19 (15-24) 21 (17-26) 60 (55-65)

2 Values obtained using mapping scheme 1described in eTable 1in the

Supplement.

b A test for trend based on a logistic regression model, which includes a single
4-category ordinal variable for Breast Imaging-Reporting and Data System
density yields a P value of less than .001.

€ P value comparing none vs any academic affiliation (adjunct or primary).

9 Atest for trend based on a logistic regression model, which included a single

4-category ordinal variable for number of cases interpreted per week.

€ Fewer than 10 pathologists vs 10 or more other pathologists in the same
laboratory who also interpret breast tissue.

f Clinical expertise defined as self-reported completion of a fellowship in breast

pathology or their peers considering them an expert in breast pathology.
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Figure 4. Participating Pathologists’ Interpretations of Each of the 240 Breast Biopsy Test Cases
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DCIS indicates ductal carcinoma in situ.

mography (vs low density), although the absolute differ-
ences in rates according to these factors were generally small.

Most of the 1.6 million breast biopsies performed each
year in the United States have benign diagnoses. Our results
suggest that overinterpretation of benign without atypia
breast biopsies (13% among the 2070 interpretations for 72
benign without atypia cases in this study) may be occurring
more often than underinterpretation of invasive breast
cancer (4% among 663 interpretations for 23 cases in this
study). In addition, although the prevalence of atypia is
small (4%-10% of breast biopsies),>*! the large number of

jama.com

breast biopsies each year translates into approximately
64 000 to 160 000 women diagnosed with atypia annually.
Our results show that atypia is a diagnostic classification
with considerable variation among practicing pathologists,
with an overall concordance rate of 48% compared with the
consensus-derived reference diagnosis. Moreover, among
the reference panel members, agreement of their indepen-
dent preconsensus diagnosis of cases with the final
consensus-derived reference diagnosis of atypia was 80%,
suggesting that these cases may have the highest possibility
of disagreement among pathologists.
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Figure 5. Slide Example for Each Diagnostic Category

E Benign without atypia (case 62)

27 Interpretations
19 Benign without atypia
6 Atypia

2DCIS
0 Invasive carcinoma

Atypia (case 107)

27 Interpretations
9 Benign without atypia
13 Atypia

5DCIS
0 Invasive carcinoma

[c] DCIS (case 163)

30 Interpretations
2 Benign without atypia 23 DCIS

2 Atypia 3 Invasive carcinoma 0 Atypia

@ Invasive carcinoma (case 222)

29 Interpretations
0 Benign without atypia

1DCIS
28 Invasive carcinoma

DCIS indicates ductal carcinoma in
situ. Blue indicates concordant
interpretations. Each slideis a
hematoxylin-eosin stain (original
magnification x100).

2 Sclerosing adenosis was present
elsewhere in this slide.

The variability of pathology interpretations is relevant to
concerns about overdiagnosis of atypia and DCIS.>-22-23
When a biopsy is overinterpreted (eg, interpreted as DCIS by
a pathologist when the consensus-derived reference diagno-
sis is atypia), a woman may undergo unnecessary surgery,
radiation, or hormonal therapy.?:1°:24-2 In addition, over-
interpretation of atypia in a biopsy with otherwise benign
findings can result in unnecessary heightened surveillance,
clinical intervention, costs, and anxiety.?”-3° It has been
recently suggested that women with a diagnosis of atypia on
a breast biopsy consider annual screening magnetic reso-
nance imaging examinations and chemoprevention.* Given
our findings, clinicians and patients may want to obtain a
formal second opinion for breast atypia prior to initiating
more intensive surveillance or risk reduction using chemo-
prevention or surgery.

The rates of overinterpretation and underinterpretation we
observed for assessments of atypia and DCIS highlight impor-
tant issues in breast pathology. However, diagnostic variabil-
ity is not confined to this specialty, as reports of observer vari-
ability have been noted in other areas of clinical medicine.3*33
For example, extensive variability among radiologists has been
noted in the interpretation of mammograms.># In addition, re-

JAMA March 17,2015 Volume 313, Number 11

sults of this study document disagreements even among ex-
perienced and expert pathologists.

A unique aspect of our study is that we identified patient
and pathologist characteristics associated with greater dis-
cordance to explore possible approaches to reducing discor-
dance. In this study, biopsies from women with dense breast
tissue on mammography compared with biopsies from
women with less-dense breast tissue were more likely to
have discordant pathology diagnoses (concordance rate, 73%
for dense vs 77% for less-dense). Mammographic density is
primarily attributable to increased fibrous tissue in the
breast, and it is unlikely that this would contribute to diag-
nostic discordance. However, microenvironmental factors in
dense breast tissue may also be associated with epithelial
hyperplasia that may increase diagnostic discordance.
Recently there have been efforts to educate women about the
association of breast density with screening mammography
accuracy and efforts to identify better methods to screen
women with dense breast tissue.3*> Although our findings
related to breast density and the accuracy of pathologists’
interpretations were statistically significant, the absolute dif-
ferences were small and their clinical significance should be
further investigated.
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Pathologists with higher clinical volumes of breast
pathology and who work within larger group practices had
less discordance. Experience and informal learning obtained
within larger group practices may contribute to improving
and maintaining interpretive performance. We also noted
that, to some extent, pathologists could perceive when their
interpretation may deviate from the reference diagnosis. For
example, participants’ diagnoses were more likely to disagree
with the reference diagnosis when they indicated the diagno-
sis was unclear, or when they were less confident in their
interpretation. In clinical practice, these factors may prompt
a second consultative opinion, an option not allowed in our
study environment. Understanding how second opinions
may improve diagnostic accuracy is an area requiring further
investigation.

Although diagnostic disagreement among breast
pathologists has been noted in the past, most previous stud-
ies were published in the 1990s; had small numbers of test
cases; employed cases that were not randomly selected; and
included a smaller number of participants who were special-
ists in breast pathology.®:24:3539 In contrast, our study used
standardized data on 240 randomly selected cases using a
stratified sampling scheme that oversampled cases of atypia
and DCIS to improve confidence in agreement estimates. We
also enrolled 115 practicing pathologists from diverse geo-
graphic locations and clinical settings in 8 US states, provid-
ing 6900 individual case assessments. The high participation
rate and commitment of the practicing pathologists partici-
pating in our study, with most investing 15 hours to 17 hours,
is likely related to a desire to improve their diagnostic skills in
a challenging clinical area.

Our study findings should be interpreted considering sev-
eral important limitations. First, it is unclear how the use of
test sets, weighted with more cases of difficult and problem-
atic lesions, may have influenced interpretive performance.
However, it is not feasible to add such a high number of test
cases into a practicing pathologist’s daily routine in a blinded
fashion. Second, we used only a single slide per case to en-
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hance participation. In clinical practice, pathologists typi-
cally review multiple slides per case and can request addi-
tional levels or ancillary immunohistochemical stains prior to
arriving at a final diagnosis. Third, although no perfect gold
standard exists for defining accuracy in pathology diagnosis,
we used a carefully defined reference diagnosis based on a con-
sensus of experienced breast pathologists. Among the 3 con-
sensus panel members, unanimous agreement of their inde-
pendent diagnoses was noted for 75% of cases. Moreover, there
is no evidence that the classifications of the consensus panel
members are more accurate with respect to predicting clini-
cal outcomes than the classifications of the participating pa-
thologists. However, we noted little change in results after con-
sidering alternative methods of defining the reference
diagnosis. Fourth, diagnoses rendered in this study setting may
not reflect those rendered in actual clinical practice due to
subtle variations in the application of criteria or to different
emphasis placed on the influence of clinical management. No
attempt was made to standardize diagnostic criteriaamong par-
ticipants through either written instructions or training slide
sets. Fifth, no specific instructions were provided to partici-
pants regarding whether their diagnoses should be made purely
on morphologic features, or whether biopsy type or clinical
management should be considered. We have previously de-
scribed some of the possible reasons for observer variability
in the interpretation of research breast biopsies.*

. |
Conclusions

In this study of pathologists, in which diagnostic interpreta-
tion was based on a single breast biopsy slide, overall agree-
ment between the individual pathologists’ interpretations and
the expert consensus-derived reference diagnoses was 75.3%,
with the highest level of concordance for invasive carcinoma
and lower levels of concordance for DCIS and atypia. Further
research is needed to understand the relationship of these find-
ings with patient management.
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