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ABSTRACT

Background. No consensus exists on whether flat

epithelial atypia (FEA) diagnosed percutaneously should

be surgically excised. A systematic review and meta-

analysis of the frequency of upgrade to cancer or an

atypical ductal hyperplasia (ADH) at surgical excision of

FEA was performed.

Methods. Embase, MEDLINE, Scopus, and Web of Sci-

ence databases from January 2003 to November 2015 were

searched. The inclusion criteria required a manuscript in

English with original data on FEA diagnosed percuta-

neously, data including the presence or absence of other

concurrent high-risk lesions, and data including outcome of

cancer at surgical excision. Studies were assessed for

quality, and two reviewers extracted data. Random-effects

meta-analysis was used to pool estimates. The impact of

study-level characteristics was assessed by stratified meta-

analysis and meta-regression.

Results. The inclusion criteria was met by 32 studies. A

total of 1966 core needle biopsies showed pure FEA, and

1517 (77%) showed surgical excision. The proportions of

patients with upgrade to cancer varied from 0 to 42%, with

an overall pooled estimate of 11.1%. Heterogeneity was

observed, with the greatest impact based on whether a

study included cases of FEA diagnosed before 2003. With

restriction of the investigation to 16 higher-quality studies,

the cancer upgrade pooled estimate was 7.5% (95% con-

fidence interval [CI], 5.4–10.4%), and the rate of invasive

cancer was 3% (95% CI 1.9–4.5%). For upgrade to ADH,

data from 22 studies including 937 patients were analyzed.

The proportion of patients upgraded to ADH ranged from 0

to 60%, with a pooled estimate of 17.9% overall and 18.6%

among high-quality studies.

Conclusions. With patient management change potential

for approximately 25% of patients, this analysis supports a

general recommendation for surgical excision of FEA

diagnosed by core biopsy.

Percutaneous breast biopsy is the standard diagnostic

approach for nonpalpable breast lesions. For some lesions,

especially those with atypia, undersampling results in missed

cancers unless complete surgical excision is performed.

Flat epithelial atypia (FEA) is a recently described

breast lesion for which findings to date do not clearly show

whether surgical excision is necessary to sufficiently rule

out cancer.1 However, a growing body of literature

addresses the pathologic and clinical implications of this

lesion to provide guidance on further management.

Historically, FEA has been described variably, but in

2003, FEA was defined by the World Health Organization

(WHO) as a presumably neoplastic intraductal alteration

characterized by replacement of native epithelial cells with

up to five layers of mildly atypical cells that have no

architectural atypia.2,3

Although fairly rare (*1–2% of benign breast biop-

sies),4,5 FEA often co-occurs with other high-risk breast

lesions including atypical ductal hyperplasia (ADH),

atypical lobular hyperplasia (ALH), and lobular carcinoma
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in situ (LCIS), and sometimes is present in the background

of carcinomas.6 Currently, no consensus exists on whether

FEA diagnosed on core needle biopsy (CNB) should be

excised due to the potential of upgrade to either cancer or a

high-risk lesion such as ADH, ALH, or LCIS, which may

warrant the use of risk-reducing medications.

We therefore performed a systematic review and meta-

analysis to assess more reliably the frequency of upgrade after

surgical excision of FEA identified by CNB with no other

high-risk lesions (ADH, ALH, LCIS) present on the core

biopsy. This study aimed to determine the upgrade rate of pure

FEA on core biopsy to malignancy at surgical excision, to

determine the upgrade rate of pure FEA on core biopsy to

ADH at surgical excision, and to provide recommendations

for the management of FEA encountered on CNB.

METHODS

Sources

A retrospective database search was performed by an

experienced reference librarian using MEDLINE, Embase,

Scopus, and Web of Science databases from January 2003

to November 2015 to capture studies that addressed FEA

diagnosed with CNB. The search terms used to perform a

formal literature search were ‘‘breast,’’ ‘‘flat epithelial

atypia (FEA),’’ ‘‘columnar cell,’’ ‘‘CNB,’’ ‘‘DIN1A,’’

‘‘breast diseases,’’ ‘‘upgrade,’’ and ‘‘surgical excision.’’

Study Selection

Studies meeting the aforementioned search criteria were

further assessed to determine whether they met the inclusion

and exclusion criteria. The inclusion criteria required a

manuscript with original data on FEA diagnosed on CNB, data

including the presence or absence of other concurrent high-risk

lesions (ADH, ALH, or LCIS), data including the outcome of

cancer at surgical excision, and data published from 2003 to

2015. The exclusion criteria ruled out abstracts without a

published manuscript and manuscripts not in English.

Data Extraction

Data were extracted by two independent reviewers using

a standardized data extraction sheet (Table 1). Any dis-

agreements were resolved by consensus arbitrated by a

third person if necessary.

Quality Assessment

To assess the quality of the studies, we used the meta-

analysis of observational studies in epidemiology (MOOSE)

Checklist as a guideline.7 We developed a quality checklist

assessing the following criteria: the time frame of the sur-

gical excision from the initial CNB, the percentage of

reported FEA cases surgically excised, follow-up assess-

ment and outcomes reported for those cases without

excision, and description of how the cohort was identified to

confirm adequate ascertainment. These criteria were graded

according to the rules outlined in Table S1. The resulting

quality assessment score (QA score) could range from 0 to 8,

with higher scores indicating better quality. We stratified and

analyzed the studies based on the QA score. In addition, we

further stratified the studies based on reported adherence to

the WHO definition of FEA.2

Statistical Analysis

To determine the upgrade to malignancy or ADH from

pure FEA on CNB, a meta-analysis estimate for the pro-

portion of patients upgraded at excision was determined

using the DerSimonian and Laird random-effects method

to pool results across studies. Sources of heterogeneity

were explored, and sensitivity analyses were performed as

necessary. The potential sources of heterogeneity examined

included study QA score, adherence to WHO criteria, year

of publication, and years of the study sample.

Meta-regression analysis was performed to assess

potential moderators of heterogeneity across studies. Sta-

tistical tests for the presence of significant heterogeneity

were performed using the Mantel–Haenszel Q-statistic and

described using the I2 statistic 8 to quantify the percentage

of variability across studies due to heterogeneity rather

than random chance. The results are presented as summary

proportions with 95% confidence intervals (CIs) and rep-

resented graphically using forest plots. New breast events

during the follow-up period and the duration of follow-up

evaluation among FEA patients not excised were summa-

rized descriptively where reported.

Analyses were performed using R statistical software (R

Foundation for Statistical Computing, Vienna, Austria)

with the metaprop function from the meta package9 for

calculation of pooled meta-analysis estimates and the

metafor (http://www.jstatsoft.org/v36/i03) package for

meta-regression analysis.10

RESULTS

Search Results and Study QA

With the assistance of the research librarian, the study

identified 250 studies from 2003 to 2015, then excluded

218 studies (59 abstracts, 3 not in English, 156 that did not

meet inclusion criteria; Table S2). This yielded 32 eligible
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studies that reported the primary outcome of interest (up-

grade to cancer), with 22 studies reporting upgrade to

cancer and ADH, and only 9 studies reporting on an

upgrade to cancer plus ADH, ALH, and LCIS (see further

detail later). Of the 1966 core needle biopsies showing pure

FEA, 1517 (77%) were surgically excised. The two raters

showed excellent agreement on the QA score (weighted

kappa, 0.83; 95% CI, 0.60–0.95). The median consensus

QA score for all 32 studies was 4, and the 75th percentile

was 6. Whereas 19 studies (59%) adhered to the WHO

criteria, 4 (12.5%) did not, and adherence was unclear in 9

(28%) studies. The key features and the QA scores of the

32 included studies are listed in Table 2.

Meta-Analysis for Upgrade to Cancer

Cases with upgrade to cancer were defined by either

invasive cancer or ductal carcinoma in situ (DCIS) at

surgical excision. The observed proportions of patients

with upgrade varied markedly, from 0 to 42% (Fig. 1a).

The pooled estimate of cancer upgrade was 11.1% (95% CI

8.1–15.0%) from a random-effects model (Table 3), but the

test for heterogeneity was statistically significant

(p\ 0.0001), and the I2 statistic was 65.4%, demonstrating

notable heterogeneity across studies.

According to a meta-regression analysis, the variable

with the greatest impact on heterogeneity for cancer

upgrade was whether a study included cases of FEA

diagnosed before 2003 (Table S3). The 12 studies that

included at least some FEA cases before 2003 (when the

WHO definition was formalized) had a higher upgrade rate

(22.3%; 95% CI 14.9–32.0%) than the studies that included

only FEA diagnosed after 2003 (7.2%; 95% CI 5.3–9.8%;

Fig. 2a; Table 3). Conversely, the 19 studies that included

only FEA on CNB diagnosed during 2003 or later showed

substantially less heterogeneity, with an I2 statistic of 31%

and a p value of 0.10 for test of heterogeneity. The year of

study publication also was significantly associated with the

upgrade rate (lower rate with later publication year,

Fig. 2b; Table S3) even after adjustment for the effect from

inclusion of cases before 2003.

Stratified Estimates of Upgrade to Cancer

To address heterogeneity in the estimated proportion

with upgrade to cancer, we restricted to 16 the studies that

had QA scores of 4 or higher, reported according to WHO

criteria for diagnosis of FEA, and included only cases in

2003 or later. These 16 studies showed an upgrade estimate

of 7.5% (95% CI 5.4–10.4%) for either invasive or in situ

cancer (DCIS), with nonsignificant heterogeneity and an I2

statistic of 37.2% (Table 3). Cancer upgrades were more

commonly DCIS, with an invasive cancer upgrade rate of

3% (95% CI 1.9–4.5%).

Meta-Analysis for Upgrade to ADH

For upgrade to ADH, data were analyzed from 22

studies with 937 patients. The proportion of patients

upgraded to ADH ranged from 0 to 60% (Fig. 1b), with a

significant test of heterogeneity (p\ 0.0001), a large I2

statistic (81.7%), and an overall random-effects pooled

estimate of 17.9% (95% CI 12.2–25.4%; Table 3). Meta-

regression analyses for upgrade to ADH did not identify a

significant effect of publication year or inclusion of cases

before 2003, but the QA score did significantly affect ADH

upgrade frequency, with higher estimates of upgrade to

ADH in higher-quality studies (p = 0.046; Table S3).

The same sensitivity analyses for the upgrade to ADH

outcome were performed as for the upgrade to cancer

outcome (Table 3). Including only studies with disease

diagnosed after 2003 and excluding those with poorer

quality or not using WHO criteria, the estimate of upgrade

to ADH was 18.6% (95% CI 12.7–26.4%), but a substantial

TABLE 1 Data variables extracted from the studies included in the meta-analysis

Variable

Years during which FEA cases occurred

Size of needle used for percutaneous biopsy

Search terms used by the study to identify FEA cases

Total number of core needle biopsies described in the report

Number of specimens containing FEA only

Number of core needle biopsies that underwent surgical excision

Interval from CNB to surgical excision

Number of cases with upgrades and the specific histology findings (including ADH, ALH, LCIS, DCIS, and invasive cancer)

FEA flat epithelial atypia, CNB core needle biopsy, ADH atypical ductal hyperplasia, ALH atypical lobular hyperplasia, LCIS lobular carcinoma

in situ, DCIS ductal carcinoma in situ
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TABLE 2 Characteristics of the 32 eligible studies included in the meta-analysis

Study Followed

WHO

criteria

Quality

score

CNB

device

Years CNB

with pure

FEA (n)

Excised

cases

n (%)

Upgraded to

cancer among

excised cases (n)

Upgraded to DCIS/

invasive among

excised cases (n)

Upgraded to

ADH among

excised cases (n)

Lim et al.

(2006)23
N 1 NR 2002–2005 8 5 (63) 1 1/0 3

Kunju and

Kleer

(2007)3

Y 4 14G 2000–2005 14 12 (86) 3 1/2 5

Martel et al.

(2007)24
Y 5 NR 1992–1999 63 19 (30) 7 – –

Piubello

et al.

(2009)25

Y 3 11G 2003–2008 33 20 (61) 0 0/0 1

Chivukula

et al.

(2009)26

Y 4 14G 2006–2008 39 35 (90) 5 3/2 10

Senneta

et al.

(2009)27

? 6 11G 2004–2006 41 36 (88) 0 0/0 –

Hayes et al.

(2009)28
N 4 NR 2000–2008 8 8 (100) 1 1/0 2

Davashian

et al.

(2009)29

? 6 NR 2003–2006 12 12 (100) 2 2/0 –

Tomasino

et al.

(2009)30

Y 4 NR 1999–2007 54 24 (44) 10 5/5 3

Noske et al.

(2010)31
Y 3 11G 2006–2008 43 30 (70) 2 2/0 1

Lee et al.

(2010)32
Y 2 14G 1999–2007 15 7 (47) 1 1/0 –

Ingegnoli

et al.

(2010)33

Y 4 11G 2005–2007 18 15 (83) 3 1/2 –

Noel et al.

(2010)34
Y 6 11G 2006–2009 62 20 (32) 0 0/0 4

Flegg et al.

(2010)35
N 3 11–16G 1998–2006 5 5 (100) 2 1/1 –

Sohn et al.

(2011)36
Y 7 B11G

in

2000–2009 36 24 (67) 2 0/2 4

Lavoue et al.

(2011)21
Y 4 B11G 2005–2008 60 60 (100) 8 6/2 10

Rakha et al.

(2011)37
N 4 NR 1999–2006 24 24 (100) 5 4/1 –

Soloranzo

et al.

(2011)38

? 6 9–11G 2008–2009 33 28 (85) 4 3/1 6

Verschuur-

Maes

et al.

(2011)39

? 6 11–18G 2001–2008 69 24 (35) 9 5/4 1

Peres et al.

(2012)40
Y 8 8–11G 2003–2010 128 102 (80) 9 5/4 –

Uzoaru et al.

(2012)41
Y 5 8–14G 2004–2009 145 95 (66) 3 1/2 36
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and statistically significant level of heterogeneity

(I2 = 67%; p = 0.001) still existed after control was used

for these potential sources of heterogeneity.

Meta-Analysis for Upgrade to Any High-Risk Lesion

The largest number of studies (22/32) reported ADH as

the high-risk upgrade lesion. Both ALH and LCIS were

reported less frequently, and only nine studies reported on

all three high-risk lesions. These nine studies showed an

upgrade frequency to any high-risk lesion of 27.1% (95%

CI 18.9–37.2%), but again with substantial heterogeneity,

including estimates ranging from 0 to 60%, an I2 statistic of

61%, and a significant test for heterogeneity (p = 0.009).

Outcomes with Surveillance

As shown in Table S4, 10 papers reported follow-up

evaluation (range 6 months to 5 years) for 300 patients

with FEA who did not undergo surgical excision. Seven

patients underwent subsequent excisional biopsy at that site

during the follow-up period (including 5 invasive cancers,

1 ADH, and 1 columnar cell change). The remaining 293

patients underwent regular physical examinations and

mammography with no concern necessitating further tissue

biopsy. Thus 2% of the group without surgery had invasive

cancer at the FEA biopsy site during the course of a few

years.

DISCUSSION

In this meta-analysis of studies evaluating FEA diag-

nosed on CNB, we found that the gross estimates for

upgrade of FEA to cancer (11.1%) and ADH (17.9%) both

showed significant heterogeneity across studies. Restricting

the review to higher-quality studies after 2003 showed a

lower upgrade rate for cancer (7.5%), but a rate similar to

that for ADH (18.6%).

This review and analysis highlighted some variation

across studies while maximizing power to estimate the true

upgrade rate associated with FEA diagnosed on CNB.

These findings are important because they can help inform

TABLE 2 continued

Study Followed

WHO

criteria

Quality

score

CNB

device

Years CNB

with pure

FEA (n)

Excised

cases

n (%)

Upgraded to

cancer among

excised cases (n)

Upgraded to DCIS/

invasive among

excised cases (n)

Upgraded to

ADH among

excised cases (n)

Bianchi

et al.

(2012)42

Y 4 11G NR 190 190

(100)

18 – 99

Biggar et al.

(2012)43
? 4 14G 2006–2010 51 51 (100) 3 1/2 5

Yamaguchi

et al.

(2012)44

Y 6 11G 2006–2010 17 8 (47) 1 1/0 0

Polom et al.

(2012)45
? 3 11G 2000–2006 20 20 (100) 2 0/2 0

Khoumais

et al.

(2013)46

? 6 14G, 2002–2010 104 94 (90) 10 5/5 20

Villa et al.

(2013)20
Y 4 9–11G 2003–2011 142 121 (85) 7 6/1 –

Becker et al.

(2013)1
? 5 6–12G 2007–2011 303 239 (79) 10 8/2 –

Ceugnart

et al.

(2013)47

? 4 8–11G 2005–2010 63 52 (83) 3 3/0 4

Uzan et al.

(2013)48
Y 2 8–16G 2004–2011 35 35 (100) 0 0/0 0

Dialani et al.

(2015)49
Y 6 9–11G 2005–2010 37 29 (78) 1 1/0 4

Calhoun

et al.

(2015)50

Y 4 9–14G 2004–2013 94 73 (78) 2 2/0 14

WHO World Health Organization, CNB core needle biopsy, FEA flat epithelial atypia, DCIS ductal carcinoma in situ, ADH atypical ductal

hyperplasia, NR not recorded
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patient management. Due to the rarity of pure FEA on

CNB, the variance in terminology over the years and the

small size of individual published studies, achieving con-

sensus on management has been difficult. Some studies in

this review support close clinical and radiologic follow-up

evaluation for ‘‘pure’’ FEA found on CNB, whereas others

make no concrete recommendations. The current National

Comprehensive Cancer Center (NCCN) guidelines suggest

that FEA is a lesion that may not require surgical excision,

although the details identifying patients suitable for

observation are unspecified.11

In our analysis, cancer or higher-grade lesions were

identified in a substantial minority of ‘‘pure’’ FEA cases

with surgical excision. In all sensitivity analyses, the meta-

Upgrade to cancer

Upgrade to ADH

Study Events  Total Proportion 95%-CI W(random)

Proportion 95%-CI W(random)Study Events  Total

Lim 2006
Kunju 2007
Martel 2007
Piubello 2009
Chivukula 2009
Senneta 2009
Hayes 2009
Davashian 2009
Tomasino 2009
Noske 2010
Lee 2010
Ingegnoli 2010
Noel 2010
Flegg 2010
Sohn 2011
Lavoue 2011
Soloranzo 2011
Rakha 2011
Verschuur -Maes 2011
Peres 2012
Uzoaru 2012
Bianchi 2012
Biggar 2012
Yamaguchi 2012
Polom 2012
Khoumais 2013
Villa 2013
Becker 2013
Ceugnart 2013
Uzan 2013
Dialani 2015
Calhoun 2015

Lim 2006
Kunju 2007
Piubello 2009
Chivukula 2009
Hayes 2009
Tomasino 2009
Noske 2010
Noel 2010
Sohn 2011
Lavoue 2011
Soloranzo 2011
Verschuur -Maes 2011
Uzoaru 2012
Bianchi 2012
Biggar 2012
Yamaguchi 2012
Polom 2012
Khoumais 2013
Ceugnart 2013
Uzan 2013
Dialani 2015
Calhoun 2015

Random effects model

1
3
7
0
5
0
1
2

10
2
1
3
0
2
2
8
4
5
9
9
3

18
3
1
2

10
7

10
3
0
1
2

5
12
19
20
35
36

8
12
24
30

7
15
20

5
24
60
28
24
24

102
95

190
51

8
20
94

121
239
52
35
29
73

1517 0.11 [0.08; 0.15] 100%

0.18 [0.12; 0.25] 100%Random effects model 937

0 0.2 0.4 0.6 0.8

3
5
1

10
2
3
1
4
4

10
6
1

36
99

5
0
0

20
4
0
4

14

5
12
20
35

8
24
30
20
24
60
28
24
95

190
51

8
20
94
52
35
29
73

0.20  [0.01; 0.72]
0.25  [0.05; 0.57]
0.37  [0.16; 0.62]
0.00  [0.00; 0.17]
0.14  [0.05; 0.30]
0.00  [0.00; 0.10]
0.12  [0.00; 0.53]
0.17  [0.02; 0.48]
0.42  [0.22; 0.63]
0.07  [0.01; 0.22]
0.14  [0.00; 0.58]
0.20  [0.04; 0.48]
0.00  [0.00; 0.17]
0.40  [0.05; 0.85]
0.08  [0.01; 0.27]
0.13  [0.06; 0.25]
0.14  [0.04; 0.33]
0.21  [0.07; 0.42]
0.38  [0.19; 0.59]
0.09  [0.04; 0.16]
0.03  [0.01; 0.09]
0.09  [0.06; 0.15]
0.06  [0.01; 0.16]
0.12  [0.00; 0.53]
0.10  [0.01; 0.32]
0.11  [0.05; 0.19]
0.06  [0.02; 0.12]
0.04  [0.02; 0.08]
0.06  [0.01; 0.16]
0.00  [0.00; 0.10]
0.03  [0.00; 0.18]
0.03  [0.00; 0.10]

1.7%
3.1%
4.0%
1.2%
4.0%
1.2%
1.8%
2.7%
4.3%
2.9%
1.8%
3.2%
1.2%
2.3%
2.9%
4.5%
3.7%
3.9%
4.3%
4.7%
3.5%
5.1%
3.5%
1.8%
2.8%
4.7%
4.5%
4.8%
3.5%
1.2%
2.0%
2.9%

3.3%
4.8%
2.9%
5.9%
3.7%
4.6%
2.9%
4.9%
5.0%
6.0%
5.5%
2.9%
6.6%
6.8%
5.4%
1.8%
1.9%
6.5%
5.1%
1.9%
5.1%
6.3%

0.60  [0.15; 0.95]
0.42  [0.15; 0.72]
0.05  [0.00; 0.25]
0.29  [0.15; 0.46]
0.25  [0.03; 0.65]
0.12  [0.03; 0.32]
0.03  [0.00; 0.17]
0.20  [0.06; 0.44]
0.17  [0.05; 0.37]
0.17  [0.08; 0.29]
0.21  [0.08; 0.41]
0.04  [0.00; 0.21]
0.38  [0.28; 0.48]
0.52  [0.45; 0.59]
0.10  [0.03; 0.21]
0.00  [0.00; 0.37]
0.00  [0.00; 0.17]
0.21  [0.14; 0.31]
0.08  [0.02; 0.19]
0.00  [0.00; 0.10]
0.14  [0.04; 0.32]
0.19  [0.11; 0.30]

A

B

FIG. 1 a Meta-analysis forest plot for the outcome of upgrade from

pure flat epithelial atypia (FEA) to cancer including all 32 studies.

b Meta-analysis forest plot for the outcome of upgrade from pure

FEA to atypical ductal hyperplasia (ADH) among 22 studies that

additionally reported the number of cases with ADH at excision
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analysis estimate for the rate of upgrade to cancer was at

least 7%, and the rate of upgrade to ADH was at least 15%.

Therefore, a reasonable conservative estimate seems to be

that at least 20% of patients with pure FEA on CNB will

upgrade at surgical excision to cancer or a high-risk lesion

that may change patient management, and our best estimate

suggests that about 25% would have clinically pertinent

information in the surgical excision.

On the other hand, the majority of cancer upgrades were

DCIS (*5%) or invasive cancer (*3%). Furthermore,

among women who underwent surveillance without exci-

sion, only 2% experienced invasive cancer at the core

biopsy site, although it is likely that these women had

lower risk features that contributed to the omission of

surgical excision. Thus, the likelihood of invasive cancer

(2–3%) is sufficiently low that some may consider mam-

mographic follow-up assessment to be preferable because

this is in the range of Breast Imaging-Reporting and Data

System (BIRADS) 3 lesions.12 However, this approach

assumes that the finding of DCIS at surgical excision of

FEA (additional 5%) is inconsequential. Although the

clinical importance of DCIS has been questioned increas-

ingly in recent years,13,14 the current standard of care for

DCIS remains surgical excision, with possible radiation,

hormonal therapy, or both.11

Similarly, some may argue that a finding of atypical

hyperplasia (ADH and ALH) or LCIS is not indicative of a

malignant lesion. However, women with atypical hyper-

plasia or LCIS have been shown in recent studies to carry a

substantially increased long-term breast cancer risk

(cumulative absolute risk, *1–2% per year),15–19 and

prevention therapies have a high prevention benefit for

these women.15,18,19 Women who have FEA without ADH

do not have an increased long-term risk according to the

study of Said et al.4 In their study of 282 women with FEA

from a large benign disease cohort with a median follow-up

period of 17 years, the relative risk of FEA was about 2,

notably lower than that for women with atypical hyper-

plasia (relative risk *4). Therefore, if surgical excision

confirms that FEA is the highest-risk lesion present and

concurrent ADH is ruled out, women with FEA who have

no other high-risk lesions can be reassured that they do not

have a substantially increased long-term breast cancer risk4

and do not warrant specialized screening or prevention

therapies.

Because identification of either cancer (estimate, 7.5%)

or high-risk lesions (estimate, 18.6%) may alter treatment,

our general recommendation is to perform surgical exci-

sion of FEA diagnosed by CNB. However, clinical

decisions for individual patients must be made taking into

account their medical comorbidities and preferences.

The strengths of this review and meta-analysis were the

assistance of a research librarian to ensure capture of all

relevant studies, review of studies by two raters, use of a

QA score, use of meta-regression to identify potential

moderators of heterogeneity, and performance of sensitiv-

ity analyses.

The largest source of heterogeneity for the outcome of

upgrade to cancer was whether the study included cases

before 2003, the year FEA was formally defined. It is

TABLE 3 Meta-analysis of proportion of flat epithelial atypia (FEA) core needle biopsies (CNBs) with upgrade to cancer and upgrade to

atypical ductal hyperplasia (ADH) at surgical excision

Studies (n) Subjects (n) Random-effects estimate of

proportion % (95% CI)

I2 % (95% CI) P value from test

of heterogeneity

Outcome: upgrade to cancer

All studies 32 1517 11.1 (8.1–15.0) 65.4 (49.8–76.2) \0.0001

Studies that included cases with diagnosis

before 2003

12 266 22.3 (14.9–32.0) 51.6 (6.4–74.9) 0.02

Studies that included only cases with

diagnosis in 2003 or later

19 1061 7.2 (5.3–9.8) 31.0 (0–60.4) 0.10

Excluding studies with QAS\4 and those

not following WHO criteria

16 976 7.5 (5.4–10.4) 37.2 (0–65.4) 0.07

Outcome: upgrade to ADH

All studies 22 937 17.9 (12.2–25.4) 81.7 (73.2–87.5) \0.0001

Studies that included cases with diagnosis

before 2003

8 211 20.3 (11.9–32.3) 49.0 (0–77.3) 0.06

Studies that included only cases with

diagnosis in 2003 or later

13 536 15.4 (10.1–22.8) 69.0 (45–82.5) 0.0001

Excluding studies with QAS\ 4 & those

not following WHO criteria

10 451 18.6 (12.7–26.4) 67.0 (35.8–83.1) 0.001

CI confidence interval, QAS quality assessment score, WHO World Health Organization
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possible that due to changes in definitions and diagnostic

codes, the ascertainment of cases may have differed before

and after 2003. The substantially higher rate of upgrade in

studies that included cases before 2003 suggests a possible

bias of ascertainment toward cases that upgraded to cancer.

Another likely possibility is that evolving techniques of

CNB, with vacuum assistance and multiple larger cores in

recent years, provide better tissue sampling and therefore a

lower upgrade.

The limitations of this study included potential sources

of heterogeneity that could not be accounted for in our

analysis, especially technical factors of CNB that varied

even within studies, including size of the needle used,

number of cores, vacuum assistance, and timing of surgical

excision. Although two studies found no significant dif-

ference in upgrade rates for FEA diagnosed with 9-versus

11-gauge needles,20,21 other studies have shown lower

upgrade rates for ADH when biopsies were performed with

larger needles.22 If future investigations consistently iden-

tify very low upgrade rates with the use of larger sampling

devices, observation may prove to be the best approach for

FEA diagnosed percutaneously.

In summary, this meta-analysis showed an estimated

risk of upgrade to cancer (7.5%) or ADH (18.6%) with

excision of pure FEA lesions diagnosed by CNB. Given the

potential to change patient management for approximately

25% of patients, we believe the existing data support a

general recommendation to perform surgical excision for

FEA found on CNB. Continued studies investigating

upgrade for FEA lesions, especially those using larger

biopsy devices, may help future patients avoid surgical

excision.
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