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Indeterminate Fine-Needle Aspiration of the Breast
Image Analysis-Assisted Diagnosis

BACKGROUND. Fine-needle aspiration (FNA) of the breast, although effective forMark W. Teague, M.D.1

the diagnosis of breast carcinoma, has a significant drawback. A minority of casesWilliam H. Wolberg, M.D.2

cannot be classified as benign or malignant. These FNAs are assigned an inconclu-W. Nick Street, Ph.D.3

sive diagnosis, often prompting surgical biopsy. Surgery is justified in some ofOlvi L. Mangasarian, Ph.D.3

these cases, but many of these lesions are benign. If these inconclusive FNAs couldSuzanne Lambremont, B.S. (CT)4

be accurately diagnosed as benign or malignant, many of these patients mightDavid L. Page, M.D.4

avoid having to undergo surgical biopsy.

METHODS. An image analysis and an automated learning system that was developed1 Department of Pathology, University of Iowa
at the University of Wisconsin (Xcyt) was used to categorize 56 (37 benign and 19Hospitals and Clinics, Iowa City, Iowa.
malignant) breast FNAs diagnosed as ‘‘indeterminate’’ and the computer diagnosis

2 Departments of Surgery and Human Oncol- compared with the surgical biopsy. For each case, an operator chose a group of
ogy, University of Wisconsin, Madison, Wiscon- cells within a single field on the FNA slide and digitized this image using a video
sin.

camera. The outline of each nucleus was manually outlined, and the exact border
3 Department of Computer Sciences, University was delineated by the computer. Based on the analysis of three nuclear features
of Wisconsin, Madison, Wisconsin. (area, texture, and smoothness), the Xcyt system computed a benign or malignant

diagnosis and a corresponding probability of malignancy for each case.4 Department of Pathology, Vanderbilt Univer-
RESULTS. Probabilities of malignancy for the respective cases ranged from 0.0–sity Hospital, Nashville, Tennessee.
1.0. Benign cases were defined as those having probabilities of malignancy õ 0.3;

those with probabilities above this limit were considered malignant. Using these

criteria, the computer identified 33 cases as benign and 23 cases as malignant.

When compared with the surgical biopsy, 42 of the cases (75%) were correctly

classified with a sensitivity and specificity of 73.7% and 75.7%, respectively. There

were only 5 false-negative cases with a false-negative rate of 13.5% and a predictive

value of a negative test of 84.8%.

CONCLUSIONS. When faced with inconclusive diagnoses on FNAs of breast masses,

the authors believe that image analysis may be used as an aid in the further

classification of such lesions, thereby providing a more appropriate triage for surgi-

cal biopsy. Cancer (Cancer Cytopathol) 1997;81:129–35.
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ine-needle aspiration (FNA) of the breast is an accepted method
used in the evaluation of breast masses with a reproducibility

article. agreement ranging from approximately 85–95% in most series.1–7 De-
spite a majority of cases that are definitively classifiable as benign or

Address for reprints: William W. Wolberg, M.D., malignant, as many as 25% of diagnoses are inconclusive or indeter-
Department of Surgery, 600 Highland Avenue,

minate. At best in these cases, some statement regarding the likeli-Madison, WI 53792.
hood of malignancy is offered such as ‘‘severe atypia’’ or ‘‘suspicious
for malignancy.’’8–12 At Vanderbilt University Hospital, these incon-Received November 21, 1996; revision received

January 30, 1997; accepted February 3, 1997. clusive cases are divided into two categories: 1) ‘‘indeterminate’’ and
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2) ‘‘suspicious for malignancy,’’ in which the latter carcinoma in situ were considered benign for the pur-
pose of this study.23 Grading of invasive carcinomasindicates a higher probability of malignancy.

Computer image analysis has been used success- was performed using a modification of the Bloom-
Richardson method.24fully in the diagnosis of breast FNAs.10,13–19 However,

few studies have focused on the use of image analysis The image analysis system used, called Xcyt, was
developed at the University of Wisconsin and has beenin the diagnosis of inconclusive cases.8,9 The authors

believe that in these cases image analysis has much to used to accurately classify breast FNAs. A detailed de-
scription of this system and its accuracy has been pre-offer, making possible a more definitive classification

than is currently available by traditional light micros- viously reported.25,26 For each case, a single image pro-
jected through a 163 objective was generated using acopy.

To test this hypothesis, the authors evaluated by JVC TK-1070U color video camera and captured by a
Computer Eyes/RT color framegrabber board (Digitalimage analysis 56 breast FNAs diagnosed as ‘‘indeter-

minate’’ and compared the cytometry diagnosis to the Vision, Inc., Dedham, MA). The image chosen was one
representative of the most atypical-appearing nucleisurgical biopsy. This category of patients was chosen

rather than the ‘‘suspicious for malignancy’’ category on the slide. Using a mouse input device and com-
puter monitor, the observer, an operator experiencedbecause patients from the former group are more

likely to have benign lesions. Therefore should image both with the interpretation of breast FNAs and the
image analysis system, manually traced the individualanalysis indicate a benign diagnosis, these patients

might be managed by more conservative care. outlines of 10–20 nuclei within the video-captured im-
age to provide a representative sample. The current
software used is capable of storing data from only oneMATERIALS AND METHODS

Eighty-five breast FNAs, all from female patients, were high-power field per case, which limits the number of
nuclei that can be analyzed.diagnosed as ‘‘indeterminate’’ (approximately 7% of

all breast FNAs) at Vanderbilt University between Jan- Nuclear size, shape, and texture for each nucleus
were represented by ten computer-generated nuclearuary 1992 and April 1994. The criteria for classification

of an FNA as ‘‘indeterminate’’ included increased cel- characteristics, each of which had a corresponding
mean value, worst value (mean of the three largestlularity, decreased cellular cohesion, and the presence

of only a few myoepithelial cells. Of these total cases, values), and standard error. From these 30 nuclear
characteristics, 3 (worst area, mean texture, and worst29 could not be included in the study either because

there was no subsequent surgical biopsy or no FNA smoothness) were then used to classify each case as
either benign or malignant with a corresponding prob-slides were available. This left a total of 56 cases, each

having a corresponding surgical biopsy, that formed ability of malignancy ranging from 0.0–1.0.
the basis of the study.

Palpable breast masses had been aspirated with RESULTS
All cases with their corresponding probabilities of ma-22- to 25-gauge needles. The smears were prepared

using one of two methods. The first, the two-slide pull- lignancy and surgical diagnoses are presented in Table
1. Cases with probabilities of malignancy õ 0.3 wereapart method, involves the approximation of two

slides that are pulled apart horizontally, resulting in a considered benign, and those with probabilities of
¢0.3 were considered malignant. This cutoff value wassmearing of the interposed cellular fluid.20 The second

technique is similar to the first, with the exception determined by a receiver operator characteristic curve
(Fig. 1) as that value that provided the highest com-that the slides are pulled apart in a vertical motion.

Although cells are dispersed by the apposition of the bined sensitivity and specificity (73.7% and 75.7%, re-
spectively). When compared with the surgical biopsy,slides, the latter technique has the disadvantage of

limited smearing of the cells, which may not provide the cytometry diagnosis correctly classified 42 of the
56 cases (75%) as either benign or malignant. The pre-a sufficient monolayer of cells necessary for nuclear

cytometry.21,22 After fixation in 95% ethanol, the slides dictive values of a positive and negative test were
60.9% and 84.8%, respectively (Table 2). All malignantwere stained with hematoxylin and eosin.

For a more accurate comparison with FNAs, ma- surgical biopsy diagnoses were mammary carcinomas.
Five cases were false-negative diagnoses, giving alignant surgical biopsy diagnoses were divided into

two categories: 1) low grade lesions that included duc- false-negative rate of 13.5%. Tumors removed at sur-
gery from three of the false-negative cases were lowtal noncomedocarcinoma in situ and Grade 1 invasive

carcinomas and 2) high grade lesions that included grade carcinomas (Fig. 2). Slides from all five cases
were prepared by vertical smearing, which may notductal comedocarcinoma in situ and Grades 2 and 3

invasive carcinoma. Atypical hyperplasias and lobular yield uniformly monolayer sheets and thus may affect
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TABLE 1
Image Analysis and Surgical Diagnoses by Patient

No. Age (yr) Surgical Bx Image analysis Probabil malig

1 57 Benign Benign 0
2 46 Benign Benign 0.01
3a 43 IDC HG Benign 0.01
4 59 Benign Benign 0.01
5 44 Benign Benign 0.01

FIGURE 1. Receiver operator characteristic curve. Data point labels refer6a 49 ILC Benign 0.01
7 57 LCIS Benign 0.02 to respective probabilities.
8 52 Benign Benign 0.02
9a 51 IDC HG Benign 0.02
10 32 Benign Benign 0.02
11 61 ADH Benign 0.02 TABLE 2
12 78 Benign Benign 0.02 Comparison of Cases by Method of Diagnosis
13 34 Benign Benign 0.02
14 41 Benign Benign 0.03 Surgical biopsy
15 41 Benign Benign 0.03
16 37 ALH Benign 0.03 Image analysis Malignant Benign Total
17 42 Benign Benign 0.03
18a 47 IDC LG Benign 0.03 Malignant 14 9 23
19 22 Benign Benign 0.03 Benign 5 28 33
20 37 Benign Benign 0.03 Total 19 37 56
21 40 Benign Benign 0.04
22 70 ALH Benign 0.04

Sensitivity: 73.7%; specificity: 75.7%, positive predictive value: 60.9%; negative predictive value: 84.8%.
23 64 Benign Benign 0.05
24 44 Benign Benign 0.06
25 34 Benign Benign 0.06
26 26 Benign Benign 0.07
27 42 Benign Benign 0.08 nuclear cytometry. The method of smearing is also
28a 48 IDC LG Benign 0.09 important because the training set on which the diag-
29 36 Benign Benign 0.13

nostic algorithm is based was prepared using the hori-30 34 Benign Benign 0.16
zontally smeared pull-apart slide technique.31 45 Benign Benign 0.17

32 48 Benign Benign 0.19 Nine cases were false-positive diagnoses. Surgical
33 73 Benign Benign 0.26 biopsy of one of these cases revealed lobular units
34 68 DCIS LG Malignant 0.31

containing highly atypical, elongated cells with in-35b 32 Benign Malignant 0.35
creased nuclear:cytoplasmic ratios, irregular nuclear36 45 IDC LG Malignant 0.38

37b 39 Benign Malignant 0.42 borders, and cell overlap reminiscent of cells observed
38b 38 Benign Malignant 0.44 in carcinoma. However, the lobular architecture was
39b 45 Benign Malignant 0.45

unaltered, signifying a benign diagnosis (Fig. 3).40b 51 Benign Malignant 0.48
41b 36 Benign Malignant 0.52
42 67 IDC LG Malignant 0.53 DISCUSSION
43b 46 Benign Malignant 0.54 One limitation of FNA in the evaluation of breast
44b 71 Benign Malignant 0.66

masses is that all cases cannot be definitively classified45 83 IDC LG Malignant 0.9
as benign or malignant. Approximately 50–70% of46 51 ILC Malignant 0.9

47b 52 Benign Malignant 0.95 these inconclusive cases are benign by surgical bi-
48 49 IDC LG Malignant 0.97 opsy.2,7,9,12,27–32 Were an accurate means of diagnosis
49 50 IDC HG Malignant 0.99

available, many of these women might avoid undergo-50 54 IDC HG Malignant 1
ing unnecessary surgery. Given the spectrum of lesions51 39 IDC HG Malignant 1

52 56 DCIS HG Malignant 1 within the breast and their individual natural histories,
53 36 IDC HG Malignant 1 a simplified approach to triaging diagnoses is only an
54 54 IDC HG Malignant 1

initial classification of breast neoplasia. Nevertheless,55 46 IDC HG Malignant 1
when faced with the question of whether to proceed56 47 IDC HG Malignant 1
to surgical biopsy, a degree of diagnostic and manage-

Bx: biopsy; Probabil malig: probability of malignancy; a: false-negative; b: False-positive; ALH: atypical ment stratification is necessary. The results of the cur-
lobular hyperplasia; ADH: atypical ductal hyperplasia; DCIS: ductal carcinoma in situ; HG: high grade; rent study indicate that image analysis can be used
IDC: invasive ductal carcinoma; ILC: invasive lobular carcinoma; LCIS: lobular carcinoma in situ; LG: as an effective adjunct in the classification of such
low grade.

inconclusive breast FNAs.
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FIGURE 2. Invasive carcinoma of no special type. This tumor, diagnosed
as benign by image analysis, has low grade features of small nuclear size,
inconspicuous nucleoli, and uniform chromatin texture that are strikingly
similar in the (A) fine-needle aspiration and (B and C) surgical biopsy
specimens (H&E, magnification A: 1500, B: 1125, and C: 1475).

Applications for image analysis in breast neoplasia The false-negative rate of FNA by traditional light mi-
croscopy ranges from 2–10%.11,28,40–43 The authors doinclude estrogen receptor quantitation, nuclear grad-

ing, prognostication, and ploidy analysis.19,33–38 Re- not suggest that the results of this technology be relied
upon exclusively, but rather used in conjunction withports of computer-aided image analysis for the diag-

nosis of breast FNAs are limited, with a variable cytohi- other clinical data such as physical examination and
mammogram.stologic concurrence of 64–100%.14,16,18,33 Detweiler et

al. were able to correctly classify 16 of 18 breast aspi- The low grade nuclear features in three of the five
false-negative cases in the current study may haverates using high resolution single cell image analysis.

Both of the misclassified cases were inconclusive by contributed to underdiagnosis using cytometry. Small
nuclear size, particularly in lobular carcinoma, hasFNA and malignant by histology.14 A contrast gradient

index was used by Spina et al. to correctly classify been noted by others to be problematic in the diagno-
sis of malignancy.14,44 In addition, some of the false-100% of 35 breast aspirates.39

The current study differs somewhat from most negative cases in this study may have been lesions
inadequately sampled by FNA. The number of misclas-others in that only that category of breast aspirates

diagnosed as ‘‘indeterminate’’ by traditional light mi- sified cases in the current study might be decreased
by stricter exclusion criteria for inadequate smears,croscopy was analyzed. Other series have included

FNAs with benign, atypical, suspicious, and malignant including the use of a uniform smearing technique
and preferably the horizontal pull-apart smearingdiagnoses. Boon et al. analyzed 33 inconclusive breast

FNAs by image analysis and were able to correctly technique.
Given that all patients with inconclusive diagnosesclassify 48% of the malignant and all of the benign

tumors.16 Among the 18 cases analyzed by Detweiler will have some additional follow-up to exclude carci-
noma, the authors believe that the sensitivity of 73.7%et al., there was a false-negative rate of 25% among

the eight ‘‘suspicious’’ diagnoses by FNA.14 Therefore, found in this study does not invalidate the test. Of
greater value is the predictive value of a negative testthe false-negative rate of 13.5% in the current study is

exceptional given the category of patients analyzed. (84.8% in the current study), which is the likelihood
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FIGURE 3. (A) Fine-needle aspiration (FNA) and (B and C) surgical
biopsy specimens from a false-positive case. Nuclear pleomorphism and
hyperchromasia among these small, angular, epithelial clusters in the FNA
may help explain the malignant diagnosis rendered by image analysis.
Although the architecture of the lobular unit indicates it is benign, the
nuclei are deceptively atypical (H&E, original magnification A: 1500, B:
1125, and C: 1475).

that a patient with a negative test does not have malig- ways inconclusive by traditional FNA, one might sug-
gest a similar approach to image analysis diagnosis.nant disease.45 Depending on the clinical impression,

these patients might be followed without immediate Currently, the authors’ image analysis diagnoses
are based on only one high-power field per case (10–surgical biopsy.

The cytology of one of the false-positive cases in 20 nuclei), which is the limitation of the system’s soft-
ware storage capacity. This disadvantage of limitedthe current study contained marked nuclear atypia

that may help to explain the malignant diagnosis ren- sampling is mitigated somewhat by first visually se-
lecting the worst-appearing nuclei that occur within adered by image analysis (Fig. 3). Although the smear

was prepared by a horizontal pull-apart technique, the single field. Other investigators have recommended
evaluation of up to 250 nuclei for morphometric stud-spindled nature of the cells was not wholly artifactual.

Similar-appearing nuclei were noted on the surgical ies.33,46,47 Perhaps by examining multiple fields the per-
centage agreement of the authors’ image analysis-as-biopsy. Based on the combination of clinical suspicion

and FNA diagnosis, these nine patients underwent sur- sisted system could be improved. Currently, the au-
thors are making software revisions to allow for such.gical biopsy. Therefore, biopsy on the basis of a malig-

nant image analysis diagnosis would not have been Not only would this allow for a better sampling repre-
sentation of the tumor, but it might also compensatean additional procedure.

One will notice in Table 1 that between the proba- for image artifacts. In addition, this system uses only
individual nuclear analysis for diagnosis. Althoughbilities of malignancy of 0.3 and 0.9 lie 11 cases that

include most of the false-negative diagnoses. To in- contextual features are used in conjunction with indi-
vidual cell features for visual diagnosis, others havecrease the positive predictive value of the test, one

might consider these cases inconclusive by cytometry found that these add little to image analysis diagno-
sis.14and exclude them from statistical analysis. This would

provide a somewhat lower sensitivity of 68.8%, but the The Xcyt system’s operator learning curve is rela-
tively simple and depends chiefly on the mastery ofpredictive value of a positive test increases to 91.7%.

Realizing that a small percentage of diagnoses are al- two steps: 1) selection of the nuclei that are to be
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