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e Ouraccuracy in diagnosing 464 solid breast masses by fine-
needle aspiration was enhanced by a statistically based algo-
rithm for distinguishing between benign and malignant epithelial
cells. Epithelial cells were obtained from 378 breast masses by
fine-needle aspiration; nonepithelial cells considered diagnostic
of benign conditions were obtained from 66 breast masses, and
19 aspirations were considered unsatisfactory. Excluding one
benign cystosarcoma, the algorithm gave 3 false-negative diag-
noses and 16 false-positive diagnoses with 211 benign and 167
malignant samples. The overall clinical performance measures
for the 444 masses from which diagnostic fine-needle aspira-
tions were obtained and excluding the cystosarcoma were 0.98
sensitivity, 0.94 specificity, and 0.92 positive predictability.
Masses diagnosed as benign by fine-needie aspiration can be
followed up clinically. Intraoperative frozen section is needed
before definitive surgery to determine invasion and confirm the
diagnosis of some cytologically malignant masses.

(Arch Surg. 1989;124:814-818)

ine-needle aspiration biopsy is an expeditious method of

diagnosing breast masses. Although most researchers
have shown enthusiasm for this method, some have voiced
reservations.'? Difficulties range from factors associated with
obtaining the original sample to those associated with sample
interpretation.

Fine-needle aspiration is operator dependent both in re-
gard to obtaining’ and to interpreting the sample. To simplify
and improve sample interpretation, we have developed a sta-
tistically designed method to distinguish benign and malig-
nant breast fine-needle aspirations (Fig 1). We have defined
the optimal sequence for key cytological criteria to be applied
to diagnose fine-needle aspirations. Even with maximum di-
agnostic accuracy, cytological diagnosis is less accurate than
histological diagnosis. Cytological overdiagnosis will result in
performing cancer surgery for benign conditions and cytologi-
cal underdiagnosis will result in the follow up of some cancer-
ous masses. Most researchers have found that all fine-needle
aspirations cannot be diagnosed and contain diagnostically
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“suspicious” and “unsatisfactory” categories for which a biop-
sy is automatically recommended.** Although definitive sur-
gery is usually undertaken on the basis of an unequivoeally
malignant fine-needle aspiration, for masses with suspicious
cytological criteria, a biopsy is performed before definitive
surgery. Most authors will follow up clinically benign masses
with an unequivocally benigh fine-needle aspiration, but oth-
ers recommend biopsy of all masses.”™"" The risks taken for
overdiagnosis and for underdiagnosis by these courses of
management are reflected in test performance measures (Ta-
ble 1). Diagnostic test performance measures include sensi-
tivity (eytologically diagnosed malignancies divided by total
malignancies sampled), specificity (cytologically diagnosed
benign masses divided by total benign masses sampled), and
predictability of a positive (total malighancies divided by total
cytologic malignant diagnoses). Suspicious and unsatisfactory
aspirates should be included in fine-needle aspiration test
performance assessments. Test measurements vary from in-
stitution to institution, and one’s own test measurements
must be determined before fine-needle aspiration can be used
clinically. These performance measurements predict the risks
of overdiagnosis and underdiagnosis.

MATERIALS AND METHODS

A 3.8 em 23-gauge needle was mounted on a 30- or 50-mL plastic
syringe containing about 5 mL of air and was held in the right hand.
The palpable breast mass was fixed between the fingers of the left
hand, and the needle was introduced into the mass with several
rotational passes while suction was maintained by the outward pres-
sure of the right thumb on the underside of the syringe plunger. The
fluid aspirated from cysts was discarded if it was not bloody. The
material aspirated from solid lesions was expressed onto a gelatin-
dipped slide. A similar slide was placed facedown on the aspirate, and
the aspirate was spread as the slides were separated with a horizontal
motion. Preparations were immediately fixed in 95% alcohol and
processed in hematoxylin-eosin as deseribed by Kline™

Eleven cytological features commonly described as distinguishing
between benign and malignant aspirates were assessed on a scale of 1
to 10 with values of 1 representing morphologic features closest to
those described as benign and 10 closest to those described as
malignant.

Initially, a statistical algorithm'™ was developed by recursively
partitioning a consecutive series of 37 benign and 69 malignant fine-
needle aspirates to 2Produce a dichotomous decision tree for diagnos-
ing breast masses.” Optimal separation between benign and malig-
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Fig 1.—The current decision tree—structured scheme with the classification of epithelial cells obtained by fine-needle
aspiration of 378 solid breast masses as either benign or malignant (malig).

nant cytologic data was accomplished by evaluating clump
characteristics when clumps were present and evaluating cell integri-
ty when clumps were absent. The two clump characteristics used in
our original decision tree were the extent to which epithelial cell
aggregates were monolayered or multilayered (clump thickness), and
cohesion of the peripheral cells of the epithelial cell aggregates (mar-
ginal adhesion) (Figs 2 and 3). Our original computer-generated
statistically designed decision tree was modified to deal with errors
that began to occur in the area of diagnostic overlap in specimens with
intermediate clump thickness and intermediate marginal adhesion.”
Analysis indicated that malignant preparations in the diagnostically
ambiguous region had either grossly abnormal nucleoli (>8) and/or an
abundance of single, free epithelial cells with intact cytoplasm (bare
nuclei >6). On the other hand, benign preparations were character-
ized by normal nucleoi (<8) and/or an abundance of single, free
epithelial nuclei devoid of cytoplasm (bare nuclei <6) (Figs 4 and 5).
The present decision tree incorporates these features (Fig 1).

To be considered a satisfactory fine-needle aspiration, epithelial
cells must be obtained from aspirates of the breasts of premenopausal
women but not necessarily from the breasts of postmenopausal wom-
en because epithelial atrophy occurs at menopause. Fine-needle aspi-
rations from postmenopausal breasts are considered satisfactory if
fibroconnective tissue fragments or cells diagnostic of a benign condi-
tion such as fat necrosis are obtained.”* Biopsies are automatically
performed on masses from which unsatisfactory fine-needle aspira-
tions are obtained.

All malignant aspirates were histologically confirmed, but biopsies
were performed on fine-needle aspiration—diagnosed benign masses
at the patient’s request only. The remainder of benign cytological
determinations were confirmed by clinical reexamination 3 and 12
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months after the aspiration. Surgical biopsies were performed on
masses from which suspicious fine-needle aspirations were obtained
and were considered true positives if they were histologically cancer-
ous and false negatives if they were histologically benign.

RESULTS

Epithelial cells were obtained from 378 breast masses by
fine-needle aspiration; nonepithelial cells considered diagnos-
tic of benign conditions were obtained from 66, 19 aspirations
were considered unsatisfactory, and benign epithelial cells
were obtained from 1 benign cystosarcoma. Exeluding the
cystosarcoma, our diagnostic algorithm for epithelial cells
gave 3 false negatives and 16 false positives with 211 benign
and 167 malignant samples (F'ig 1). Two of the false-negative
aspirations were from pure tubular carcinomas. The overall
clinical performance measurements for the 378 masses from
which diagnostic fine-needle aspirations were obtained and
excluding the cystosarcoma were sensitivity of 0.98, specific-
ity of 0.94, and predictability of a positive of 0.92. Of the 20
masses of which biopsies were done because of unsatisfactory
fine-needle aspirations, 14 were benign and 6 were malignant.
Our accuracy diagnosing these 464 solid breast masses by
fine-needle aspiration compared favorably with other reports
(Table 1). We have no suspicious category, so to standardize
the data from various series reviewed in Table 1, suspicious
fine-needle aspirations were considered true positives if they
were histologically cancerous and false negatives if they were
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Table 1.—Fine-Needle Aspiration Series With Clinical Recommendations*
Clinical Use of Fine-Needle
Aspiration
Benign Tumors
Surgery Without With Biopsy
Biopsy Total Benign Predictability of a
Source, y Total Cancers Tumors Sensitivity Specificity Positive Unsatisfactory

Bell et al,* 1983 119/210 174/1021 0.91 0.81 0.59 0.13
Griffith et al,* 1986 79/126 93/204 0.88 0.86 0.89 .
Knight et al,* 1986 97/130 329/501 0.77 0.98 0.93 0.03
Painter et al,” 1988 0/52 101/128 0.98 0.98 0.93 .
Palombini et al,# 1988 446/584 979/1145 0.97 0.90 097 0.03
Rimsten et al,® 1975 76/107 562/877 0.95 0.93 0.60 AN
Somers et al,'® 1985 Not specified 184/236 0.92 0.99 0.98 0.33
Ulanow et al,"! 1984 136/188 104/204 0.90 0.92 0.89 0.08
Wanebo et al,'2 1984 71/100 102/127 0.99 0.97 0.95 0.10
Barrows et al,"? 1986 and

Dixon et al,* 1987 481/569 40/52 0.92 0.86 0.91 0.21
Adye et al," 1988 70/98 0.95 0.55 0.83 S
Frable,'s 1984 269/298 0.89 0.97 0.95 0.05
Smith et al,'” 1988 110/132 - 0.93 0.92 0.88 0.29
Present study 244/291 0.98 0.94 0.92 0.04

*All data were converted so that suspicious fine-needle aspiration results are considered true-positive if histologically positive and false-positive if
histologically negative. Preparations considered unsatisfactory were excluded from the calculations of test performance measurements. Sensitivity was
calculated by the formula true-positive/true-positive + false-negative. Specificity was calculated by the formula true-positive/true-negative + false-positive.
Predictability of a positive was calculated by the formula true-positive/true-positive + false-positive. See the “Results” section for the number of total cancers

in the present study.
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Fig 2.— A graphic representation of the sample distribution for the two
cytological classification parameters (nodes) of the original computer-
generated binary decision tree, clump thickness and marginal adhe-
sion, on 211 benign fine-needle aspirations. Cross-hatching indicates
the area of diagnostic ambiguity based on these two criteria.

histologically benign. The cystosarcoma (a stromal neoplasm)
was the only mass from which benign epithelial cells were
obtained and on which a biopsy was performed solely on
clinical suspicion.

COMMENT

Fine-needle aspiration is a deceptively simple method of
diagnosing palpable breast masses. Like any other test, the
diagnosis made by fine-needle aspiration is not always cor-
rect. There are problems of suspicious and unsatisfactory
preparations, of overdiagnosis, and of underdiagnosis.

Our series contained no diagnostically suspicious category
because our goal was to positively diagnose by the cytological-
ly based decision tree. Obviously, the closer the cytological
criteria are to the diagnostic cut points, the greater the
clinical suspicion that must be placed on the diagnosis. Our
false-positive and false-negative preparations have been re-
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Fig 3.—A graphic representation of the sample distribution for the two
cytological classification parameters (nodes) of the original computer-
generated binary decision tree, clump thickness, and marginal adhe-
sion on 167 cancerous fine-needle aspirations. Cross-hatching indi-
cates the area of diagnostic ambiguity based on these two criteria.

viewed and no basis has been found to change the original
classification grades. The cytological characteristics of the
false-negative preparation were clearly benign: thin and
tightly adherent clumps. In contrast, most of the false-posi-
tive preparations fell close to the diagnostic cut points, al-
though one of the benign preparations was definitely cytologi-
cally malignant.

In most series,*™ clinically benign masses have been fol-
lowed up when the cytological diagnosis is definitely benign.
A biopsy is performed on suspicious aspirates and clinically
suspicious masses. The main problem with underdiagnosis is
that only a small sample is taken and the bulk of the mass is
left in the patient. In contrast, the entire mass is usually
excised for histological diagnosis. Because our sensitivity is
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Fig 4. —A graphic representation of the benign samples in the diagnos-
tically ambiguous zone classified as bare nuclei and nucleoli.
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Fig 5.—A graphic representation of the distribution of cancerous
samples in the diagnostically ambiguous zone classified on bare
nuclei and nucleoli.

0.98, we follow up almost all cytologically benign lesions
unless the patient requests removal. In our study, 29 patients
requested removal of fine-needle aspiration-diagnosed be-
nign masses. The cystosarcoma was the sole cytologically
benign mass on which a biopsy was performed for clinical
suspicion alone.

In the case of the cystosarcoma, our algorithm for epithelial
cells gave a benign interpretation because cystosarcoma is a
stromal neoplasm with benign epithelial elements. With our
sensitivity of 0.98 and since we performed few biopsies ‘on
benign masses, two diagnostic delays occurred. The patients
in whom these delays occurred still did not have positive
nodes when the cancer was diagnosed. Two of the three false-
negative aspirations occurred in pure tubular carcinomas,
which, in addition to being difficult to diagnose cytologically,”
behave in a relatively benign fashion.” In most series, "' an
unequivocally positive cytological diagnosis serves as the
definitive diagnosis before mastectomy. We perform a biopsy
on fine-needle aspiration—positive masses smaller than 3 cm
with the patient under general anesthesia and obtain a frozen
section as the first step of the surgical procedure. Definitive
surgery often is done without preliminary biopsy for most
cytologically diagnosed cancers larger than 3 cm. The prelimi-
nary biopsy and frozen section are done for smaller cancers to
determine whether they are in situ or invasive, a distinction
that cannot be made cytologically. The invasiveness of the
cancer needs to be known to determine whether axillary
lymph nodes are to be dissected. Our data and those of others
indicate that nodes are unlikely to be involved with in situ
cancers smaller than 8 cm in diameter. Lagios et al” found 11
instances of microinvasion among 24 duct carcinomas in situ
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Table 2. —Lymph Node Metastases in Duct
Carcinoma In Situ

No. of Patients No. of
With Axillary Patients With
Tumor Size No. of Patients Nodes Examined  Positive Nodes
<0.6cm 20 3 1
0.6-3.0cm 1 10 0
>3.0cm 8 8 2

(DCIS) that were 2.5 cm or larger but found no microinvasion
among 29 carcinomas smaller than 2.5 em. Silverstein et al®
found no instance of axillary metastases among 100 patients
with DCIS who underwent axillary lymph node dissection.
Our experience with 39 patients with DCIS is listed in Table
2. Eighteen of 19 patients with DCIS larger than 0.5 cm had
axillary lymph nodes histologically examined. Two of these
patients (tumor sizes, 3.5 and 7.0 cm) had positive nodes. Only
3 of 20 patients with tumors smaller than 0.6 cm had axillary
nodes examined histologically, 1 being a patient whose pre-
senting symptom was metastatic breast cancer in an axillary
lymph node. The only breast cancer found in this patient was a
0.1-cm DCIS. Except for this patient, no axillary adenopathy
was found or has developed in a patient with DCIS smaller
than 3 em. Therefore, axillary dissection or sampling is done
only for DCIS larger than 3 cm and for invasive cancers of any
size. For 3-cm and smaller cytologically diagnosed cancers,
histological determination of invasion needs to be obtained by
intraoperative frozen section. Confirmation of the cytological
diagnosis is obtained incidentally. For larger cytologically
diagnosed cancers, mastectomy is usually done without fur-
ther biopsy —although rarely is a core-needle biopsy done.

We wish to emphasize two aspects of this study. First, and
specifically, our statistically based algorithmis a good method
for cytologically diagnosing breast masses. Second, and in
general, the methods used to generate the algorithm are an
example of the application of new statistical techniques to
medical diagnosis.

This study was supported in part by Public Health Service grant CA-35464
from the Department of Health and Human Services, National Cancer Insti-
tute, Bethesda, Md.
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Discussion

JOE BRADLEY Aust, MD, San Antonio, Tex: Essentially, if a
patient has a palpable lesion of the breast, the accuracy of the tech-
nique the authors propose is such that they can plan definitive thera-
py in most patients from just fine-needle aspirates. Dr Wolberg
indicates that if the lesion is 3 em or larger they proceeded to carry out
definitive therapy without further study. If the lesion is 3 em or less,
they performed a surgical biopsy to determine whether the lesion was
in situ and did not require axillary dissection or axillary sampling.
Using their decision tree, accuracy appears sufficient to warrant this
particular approach. I commend them for this and hope that this
approach will be adopted by others if they can maintain this level of
accuracy.

One of the things that they have done that appeals to me as a
surgeon is that they have been able to eliminate all those vague,
suggestive diagnostic terms that pathologists and mammographers
use to hedge, and despite their elimination, they have still been able
to maintain a very impressively high level of accuracy.
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But what disturbs me is the fact that 3 of 40 in situ careinomas had
axillary involvement. Perhaps this is a play on words, but if it is in situ
by definition, it should not have any invasive potential and, therefore,
should not have axillary metastasis. I think we should really reclassi-
fy the 3 in situ carcinomas that had metastasis as false negatives and
accept the fact that the pathologist was mistaken three times because
there must have been some invasive potential in those lesions diag-
nosed as in situ. Fortunately, only one of these occurred in an individ-
ual who had a lesion smaller than 8 em in diameter.

LAWRENCE W. NorTON, MD, Denver, Colo: According to the
abstract, almost one in five patients had nonepithelial cells in their
aspirates. Was the criteria for malignancy used for epithelial cells the
same as for nonepithelial cells?

JAY K. HARNEsS, MD, Ann Arbor, Mich: The false-positive rate or
the number of false positives was 16. That is an extraordinarily high
number. In our experience here in Ann Arbor, at our Breast Care
Center over the last 4 or 5 years we have had two false positives of a
nearly equal number of fine-needle aspirations. Could the authors
elaborate on such a high number?

MELVIN A. BLock, MD, La Jolla, Calif: Please comment on the
role of large-needle or core-needle biopsy. Do you use that as a
supplement or in any fashion to obtain histologic direction as far as
invasiveness in some of these questionable lesions?

Dr WOLBERG: First, I will answer the question concerning the
cells used to diagnose nonepithelial malignancies. One needs to clarify
that, by definition, adenocarcinoma is an epithelial malignancy.
Therefore, malignant epithelial cells will be present in a carcinoma.
Normal epithelial cells will be present in nonepithelial malignancies,
such as in cystosarcoma phylloides. Some cases of eystosarcoma have
been diagnosed by abnormal stromal cells obtained by fine-needle
aspiration. The cystosarcoma that I aspirated in the present series
yielded no stromal cells and was, therefore, cytologically benign.
However, I performed a biopsy on it because it was highly suspicious
clinically.

The false-positive rate of 16 brings up the point of the elinical use of
fine-needle aspiration. I use fine-needle aspiration so I do not have to
perform a biopsy on every lesion seen in the clinic. I don’t want to
have false negatives. I feel that missing a eancer is more detrimental
than performing a biopsy on an additional number of cancers. With 16
false positives, it was necessary for me to perform a biopsy on lesions
before undertaking definitive therapy. I am going to take some
patients to the operating room for supposed definitive surgery with
benign lesions. The general false-positive rate in my series allows me,
as Dr Aust pointed out, to get off of dead center. My series reports no
suspicious lesions. Cytologically suspicious lesions are specifically
classified. In my series and in my literature review, I have classified
as being a true positive any cytologically suspicious or positive mass
on which a biopsy is performed and which is found to be cancerous.
Any cytologically suspicious or positive mass found to be so through a
biopsy and that comes back as benign is considered to be a false
positive. That explains the high number of false positives in my
series. I use a core-needle biopsy frequently to determine whether I
am dealing with an invasive or an in situ lesion.

Concerning the question of the 3 of 89 cases of in situ carcinama
with positive nodes, I agree absolutely with Dr Aust. I think that
indicates a pathologically underdiagnosed invasive cancer.
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