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Opinion

When can stereotactic core biopsy replace excisional biopsy? —
A clinical perspective
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Summary

Stereotactic core biopsy is becoming increasingly popular as a technique which provides a histologic
diagnosis for mammographic abnormalities while avoiding the trauma, deformity, and much of the cost
associated with surgical biopsy. This review evaluates the published literature on the diagnostic accuracy
of core biopsy for ductal carcinoma in situ and invasive breast cancer and the ability of core biopsy to
characterize malignant lesions sufficiently to allow treatment planning. Issues of cost effectiveness are
examined in the context of the degree of suspicion of the mammographic abnormality being sampled by

core technique as well as subsequent breast cancer therapy.

Introduction

Studies of breast cancer screening have demon-
strated that the regular use of mammography can
reduce breast cancer mortality by 20% to 30% in
women older than 50 years [1-4]. The increased
utilization of screening mammography has re-
sulted in a concomitant increase in the number of
breast biopsies which are recommended for clinic-
ally occult lesions. It is estimated that if 45% of
the 48 million women aged 40 years and older
had yearly mammography, more than 4 million of
the studies would initially be interpreted as ab-
normal [5]. Between 60% and 90% of the abnor-
malities identified by screening mammography are
benign [6], and the costs for surgical consultations
and biopsies for benign disease represent the

major induced cost of screening mammography
[7.8].

Stereotactic breast biopsy has been advocated
as an alternative to open surgical biopsy for the
diagnosis of mammographic abnormalities. Po-
tential advantages of the stereotactic technique
include lower cost, less trauma to the patient, and
the absence of cosmetic deformity of the breast
and scarring on follow-up mammograms. This
has led some enthusiasts to conclude that core
biopsy "should supplant surgical biopsy as the
standard in the vast majority of cases" [9].

However, before core biopsy is considered a
standard diagnostic technique, several questions
must be answered. First and foremost, what is
the diagnostic accuracy of the procedure? Does
core biopsy characterize malignant lesions suffi-
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ciently to allow treatment planning? Finally, is
core biopsy cost effective when considered in
relation to the complete surgical management of
breast cancer rather than just diagnostic biopsy?
This article will address these questions from the
perspective of a clinician involved in the therapy
of breast cancer.

Accuracy of core biopsy

A stereotactic instrument allowing percutaneous
sampling of mammographic abnormalities was
described by Bolmgren et al [10] in 1977. The
early stereotactic devices used fine needle
aspiration cytology as a sampling technique, and
although the sensitivity of stereotactically directed
fine needle aspiration was reported to be between
79% and 100% [11-21], several problems kept the
technique from being widely adopted in the Uni-
ted States. These included the need for a trained
cytopathologist, high rates of insufficient samples,
the lack of a specific diagnosis for the majority of
benign abnormalities, the inability to reliably
distinguish in situ from invasive carcinoma, and
the necessity of biopsying all lesions with atypi-
cal cytology. The development of a biopsy gun
which allows the removal of a core of tissue
rather than a cytologic sample has resolved many
of the problems associated with stereotactic
aspiration cytology [22], and has resulted in a
marked increase in the number of centers per-
forming stereotactic biopsies [23].

Seven series comparing stereotactic core

Table 1. Sensitivity of stereotactic core biopsy

biopsy to surgical excision have demonstrated
sensitivities ranging from 71% to 100% for the
core technique [22,24-29] (Table 1). It is
important to recognize that the patients in these
studies were highly selected and may not repre-
sent the majority of women with mammographic
abnormalities. Most of the lesions sampled were
masses or asymmetric densities. Elvecrog [29]
restricted the procedure to women with lesions
larger than 5 mm in diameter, and the mean
diameter of the lesions sampled by Gisvold et al
[28] was 11 mm. The number of cancers present-
ing as microcalcifications without an associated
mass is not stated in the majority of reports.
However, based on the numbers of cases of ductal
carcinoma in situ (DCIS) which were diagnosed
(Table 2), it can be inferred to be fairly small. Of
the 196 cancers with surgical confirmation only
35 (18%) were ductal carcinoma in situ, and only
23 (66%) of these were successfully diagnosed.
These results are considerably worse than those
for mass lesions, and are a cause for concern
since DCIS may account for as many as 50% of
mammographically detected carcinomas [30-32].
The diagnostic sensitivity of 71% reported by
Dowlatshahi et al [24] has been attributed to
flaws in their study design and technical errors
such as the use of a 20 gauge needle and
inadequate sampling [33,34]. However, it is
noteworthy that in this study 43% of the mam-
mographic lesions sampled were microcalcifica-
tions [24], a factor that might have contributed to
the low sensitivity which was noted. Liberman et
al [35] have demonstrated that the removal of 3

% Insufficient Needle
Author n % Sensitivity samples size (gauge)
Dowlatshahi [24] 250 71 17 20
Dronkers [25] 53 95 6 18
Parker [22] 103 94 1 14-20
Parker [26] 103 96 0 14
Mikhail [27] 60 100 2 14
Gisvold [28] 160 85 1 14
Elvecrog [29] 100 97 0 14
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Table 2. Stereotactic biopsy for the diagnosis of ductal carcinoma in situ

Author Total # cancers # DCIS # DCIS diagnosed
Dowlatshahi [24] 76 22 15
Dronkers [25] 45 5 3

Parker [22] 16 2 1

Parker [26] 23 2 1
Elvecrog [29] 36 4 3

Total 196 35(18%) 23(66%)

core specimens resulted in diagnostic material in
98% of mass lesions compared to only 74% of
microcalcifications. Increasing the number of
cores to 6 or more resulted in diagnostic material
in 99% of masses and 92% of calcifications.

Another source of diagnostic inaccuracy in
core biopsy is the histologic finding of atypical
hyperplasia. Jackman et al [36] reported 19 diag-
noses (4%) of atypical ductal hyperplasia in a
series of 450 core biopsies. Excisional biopsy
and histologic correlation were available in 16
cases, and concordance between the excisional
biopsy and the core was present in only 5 cases.
Nine of the 11 discrepancies were due to the find-
ing of DCIS (n=6) or infiltrating carcinoma (n=3)
at excisional biopsy. Other studies [9,28] have
demonstrated a high incidence of malignancy
when atypical hyperplasia is identified on core
biopsy. Although atypical hyperplasia is present
in only 4% of palpable breast lesions when strict
diagnostic criteria are used [37], it is present in
approximately 15% of mammographically detec-
ted abnormalities [30,38], making this a clinically
significant problem.

It is apparent from this information that the
diagnostic accuracy of core biopsy varies with the
type of lesion being targeted and the histologic
diagnosis obtained. The high rates of diagnostic
accuracy reported in selected patient populations
being studied by physicians with special expertise
in core technique may not be representative of the
results obtained by the practicing general radiolo-
gist. In an effort to address the issue of the
reliability and reproducibility of core biopsy,
Parker et al [9] reported data from a consortium

of 20 institutions performing core biopsy in a
standardized fashion. A total of 6,152 lesions
were sampled and 15 cancers (0.2%) were missed,
leading the authors to conclude that core tech-
nique should replace surgical biopsy. However,
a closer examination of these data reveals that
biopsy confirmation of the core diagnosis was
obtained in only 1,363 cases. If only patients
with biopsy confirmation are considered, the
missed cancer rate was 1.1%. Of the 4,702
patients who did not have a confirmatory surgical
biopsy, 2,237 had no follow-up, so the missed
cancer rate for this group is unknown. The
remaining 2,456 patients had a minimal follow-up
of six months, and five additional cancers were
identified in this group. Overall, 280 women with
benign cores had a surgical biopsy and 5.4% were
found to have carcinoma. Of the 6,152 lesions
studied, 1,637 were microcalcifications. The miss
rate for microcalcifications was significantly
higher than for mass lesions (p=0.05). The fact
that 5% of lesions identified as benign by core
biopsy were actually carcinoma raises consider-
able concern about the widespread use of this
technique. In addition, the data in this article
were slanted in favor of core biopsy by the group-
ing of atypical hyperplasia and low grade DCIS
together in a category called "mammary intra-
epithelial neoplasia,” thus avoiding the missed
cancers associated with a diagnosis of atypical
hyperplasia. While such a classification may
prove to be appropriate as the natural history of
DCIS is better defined, it is not standard at the
present time [39]. The multi-institutional study
did confirm the safety of core biopsy, with only
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0.2% of patients experiencing complications from
the procedure.

Proponents of core biopsy point out that surgi-
cal excisional biopsy is not a perfect technique
and lesions are sometimes missed. Reported miss
rates for excisional biopsy of nonpalpable abnor-
malities range from 0.2-20% [22,28,29,40-42],
with the majority of authors reporting miss rates
of 1-5% [22,28,29,41]. In my experience with
355 consecutive needle localizations a single
lesion was missed (0.3%), a figure closely
approximating Kopans [40] report of 2 missed
lesions (0.2%) in 1003 cases. These results
suggest that the best reported rates of localization
and excision are superior to those achieved by the
leaders in core technology. More importantly, the
failure to remove a lesion at open biopsy is
usually readily apparent when the specimen mam-
mogram is reviewed, allowing for prompt devel-
opment of a treatment plan. The detection of
cancers missed by core biopsy is dependent on a
change in their mammographic appearance during
follow-up. Helvie [43] has demonstrated that
patient compliance with follow-up mammography
recommendations for low suspicion abnormalities
which were not biopsied was 88% at 4 months
and fell to 71% at one year. The impact of a
reassuring benign histologic diagnosis from a core
biopsy on compliance is unknown. The slow
growth rates of DCIS and some low grade malig-
nancies mandate several years of follow-up before
concluding that carcinoma has not been missed.

Lesion characterization by core biopsy

In order to be clinically useful and allow treat-
ment planning, core biopsy must provide an accu-
rate characterization of the entire malignant
lesion. Jackman et al [36] examined the concor-
dance between the core biopsy diagnosis and the
results of surgical excision in 116 cancers. Core
sampling was performed with a 14 gauge needle
and a mean of 7.3 cores per lesion were obtained.
Of 43 cases diagnosed as DCIS by core biopsy, 8
(19%) were found to contain invasive carcinoma.

Conversely, 2 of 15 patients diagnosed as in-
vasive carcinoma with an extensive intraductal
component had only DCIS in the surgical speci-
men. However, one of these patients had an
axillary metastasis, suggesting that invasion was
present. In addition, core biopsy failed to identify
an extensive intraductal component in 6 of 50
lesions diagnosed as infiltrating ductal carcinoma.
Parker et al [9] reported incomplete characteriza-
tion of high grade DCIS lesions in 11% of cases,
and one third of the lesions characterized as low
grade DCIS or atypical hyperplasia were incom-
pletely diagnosed. Liberman et al [44] observed
discordant results in 4 of 59 cancers undergoing
stereotactic biopsy followed by surgery. These
included 2 cases of invasion not diagnosed by
core, one case of invasion seen only in the core
specimen, and one case in which DCIS along the
core needle track was misinterpreted as invasive
carcinoma. The impact of these diagnostic dis-
crepancies on therapy has not been analyzed, but
has obvious implications. Decisions regarding the
need for axillary dissection or the extent of
lumpectomy and the risk of local failure after
breast conserving surgery can only be made with
complete knowledge of the character of the
lesion. Frozen section at the time of definitive
surgery will not resolve this problem. Sacchini et
al [45] reported a 12% discordance rate between
frozen section readings and the final histopatho-
logic diagnosis in 403 patients with mammo-
graphic abnormalities. Difficulty in identifying
small areas of invasion and in distinguishing
atypical hyperplasia from DCIS, the same prob-
lems seen with core biopsy, accounted for the
majority of the discrepancies.

In addition to problems of incomplete sam-
pling of malignant lesions, there is also a risk that
core sampling may completely remove the mam-
mographic abnormality, making definitive surgical
therapy with breast conservation difficult.
Mikhail et al [27] reported 34 cancers diagnosed
by core biopsy. In 3 cases of infiltrating car-
cinoma (8.8%), no residual abnormality was
apparent on the mammogram and after mastec-
tomy no further tumor was found in the pathology



specimen. Hernandez et al [46] noted two cases
of DCIS (6.9%) which were completely removed
in a series of 29 cancers identified by core
biopsy. After a re-excision of the presumed
biopsy site did not reveal any further tumor, these
patients were observed. In both series, the
number of core specimens was six or less.
Whether these cases represent false positive
diagnoses or extremely small tumors which were
completely removed is not clear. However,
complete removal of the mammographic target is
a significant problem if breast conserving therapy
is undertaken. The correlation between the size
of the mammographic abnormality and the size of
the tumor has been shown to be poor, particularly
for pure ductal carcinoma in situ or invasive
lesions with an extensive intraductal component
[46-48]. Thus, complete removal of the mammo-
graphic abnormality does not eliminate the need
for a definitive excision (lumpectomy) with
margin evaluation. If surgery is undertaken
promptly after core biopsy, residual hematoma on
the mammogram can be used as a localization
target. However, as many women seek multiple
opinions and consider their therapeutic options
prior to definitive therapy the hematoma may
resolve, leaving no mammographic abnormality to
target. A "blind" lumpectomy in the region of the
mammographic abnormality is an unsatisfactory
approach, as is a mastectomy for a potentially
microscopic cancer. As our ability to identify and
target extremely small mammographic abnormali-
ties increases, and as the number of core speci-
mens obtained increases in an effort to maximize
diagnostic accuracy, this problem is likely to
become more frequent.

Cost of core biopsy

One of the major advantages of core biopsy is
said to be cost savings [9,22], and this is certainly
true if only the costs of the diagnostic biopsy are
considered. Schmidt et al [19] reported that the
cost of a stereotactic fine needle aspiration
cytology, including a 6 month unilateral follow-up
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mammogram, was 28% of the cost of a surgical
needle localization using 1990 charges. However,
the true costs of stereotactic biopsy must be
considered in terms of the degree of suspicion of
the lesion being sampled and the subsequent
cancer therapy undertaken if malignancy is diag-
nosed. Clearly, the use of stereotactic biopsy to
sample very low suspicion abnormalities which
could be safely followed will result in cost
increases rather than cost savings. Sickles [49]
and others [43,50,51] have demonstrated that low
suspicion mammographic abnormalities (less than
2% risk of cancer) can be reliably identified and
safely followed with missed cancer rates of 2% or
less. In our experience [30], only half of 267
women referred for surgical consultation because
of an abnormal mammogram were found to need
a biopsy after a complete radiologic work-up. If
a thorough evaluation is not being performed
prior to a recommendation for surgery, there is no
reason to suspect that such an evaluation will be
done before recommending a less invasive core
biopsy. Mikhail et al [27], reporting their ex-
perience with stereotactic biopsy in 416 patients
in a 6 month time period, noted that 24% of the
mammographic abnormalities were classified as
benign and 49% as likely benign prior to biopsy.
The incidence of malignancy in these groups was
1% and 3% respectively, raising the question of
why any type of biopsy was performed.

The situation when biopsying highly suspi-
cious mammographic lesions is somewhat differ-
ent. In this circumstance, if the core biopsy is
benign, surgical excision is undertaken to exclude
a false negative result. Evans [52] reported that
of 117 core biopsies done for high suspicion
abnormalities, 30% were benign and required
surgical excision, resulting in extra costs. In
addition, if breast preservation is undertaken as
cancer therapy, needle localization and excision
will be required, again making core biopsy an
extra step in the diagnostic and therapeutic pro-
cess. It has been suggested that a preoperative
diagnosis of cancer improves the surgeon’s ability
to perform a lumpectomy. We have reported a
95% negative margin rate after a conservative
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diagnostic lumpectomy [53]. The excision of
large amounts of breast tissue as part of breast
conserving surgery is not warranted in the
majority of patients and worsens the cosmetic
result. In general, wide excisions are reserved for
women with positive margins after a more conser-
vative excision, or those with an extensive
intraductal component [54], a condition not
readily identified by core biopsy [36]. Thus, for
high suspicion mammographic abnormalities a
benign core biopsy does not eliminate the need
for surgical excision. Women with small mam-
mographically detected cancers are usually excel-
lent candidates for breast conserving surgery and
will require localization and excision of their
carcinoma as part of local therapy. In this
circumstance, surgical excision as the initial step
in the diagnostic process provides complete
histologic information and often serves as the
definitive lumpectomy.

It is in the management of mammographic ab-
normalities of low to intermediate suspicion that
core biopsy will result in the greatest cost
savings. Schmidt et al [19] calculated the relative
cost of stereotactic fine needle aspiration cytology
based on the degree of suspicion of the mammo-
graphic abnormality. This calculation included
the cost of surgical biopsy for lesions diagnosed
as atypical or those with insufficient specimens.
For lesions of low malignant potential (10% to
20% risk of cancer), the relative cost of stereo-
tactic aspiration was approximately one half the
cost of surgical biopsy. As the level of suspicion
of the mammographic abnormality increases to
50%, the cost of stereotactic biopsy increased to
84% of the cost of surgical biopsy. Based on
these findings, Schmidt [23] has used stereotactic
aspiration and/or core biopsy to diagnose 276
mammographic abnormalities of low to intermedi-
ate suspicion with a predicted cancer risk of 2%
to 10%. Only 39 (14%) of these cases went on to
surgical biopsy, and 70% of the biopsied cases
proved to be carcinoma. Since approximately
70% of the mammographic abnormalities referred
for biopsy are of relatively low suspicion [23], the
use of stereotactic biopsy in this setting has the

Table 3. Indications for stereotactic biopsy

* Low suspicion, but not clearly benign lesions

* Sample other abnormalities in the ipsilateral breast of
women with cancer who desire breast preservation

« Diagnose mammographic abnormalities seen on only one
view

» Diagnose suspicious lesions in patients who are only
candidates for mastectomy

* Alternative to surgical biopsy in patients with severe co-
morbidities

potential to decrease health care costs while still
allowing the early diagnosis of cancer.

Conclusions

Based on this review, a number of conclusions
may be drawn regarding core biopsy. The proce-
dure is safe and well tolerated. In the hands of
experienced operators, false negative rates are low
and insufficient samples are uncommon. How-
ever, the accuracy of the procedure varies with
the type of lesion (microcalcification or mass)
being targeted. Potential indications for stereo-
tactic biopsy are listed in Table 3. Benign cores
from mammographically suspicious lesions are an
indication for surgical biopsy, as is the finding of
atypical hyperplasia on a core biopsy. When a
program of core diagnosis for nonpalpable abnor-
malities is initiated, a careful audit of results must
be carried out to ensure that surgical biopsy is
performed when the findings of core biopsy do
not adequately explain the mammographic abnor-
mality, and that missed cancer rates are similar to
those reported in the literature.

There are a number of unanswered questions
about core biopsy which must be addressed before
a final decision regarding the utility of the
technique can be made. The reproducibility of
the technique remains uncertain, and this is a
major issue. A careful study of the ability to plan
definitive local therapy on the basis of core
characterization of malignant lesions is needed.
Further work mwust be done to evaluate the cost



effectiveness of core biopsy of high suspicion
mammographic abnormalities. Such a model will
have to consider variations in the amount of
breast conserving surgery performed across the
country, the frequency of re-excision lumpectomy
for mammographic abnormalities, and the use of
frozen sections to improve lesion characterization.
Further information on patient compliance with
follow-up recommendations after a benign core
diagnosis is also needed.

Finally, quality assurance in this field remains
ill defined. The credentialing of physicians to
perform stereotactic biopsy should be more than
the ability to purchase a machine. Audits of
missed cancers, biopsy yields, and complication
rates must be carried out. The performance of an
invasive procedure includes the responsibility for
a meaningful discussion of the results of the
procedure. The ability of the radiologist to
inform a woman that she has cancer and initiate
treatment counseling varies widely. Similarly,
women with benign diagnoses require information
on cancer risk and follow-up procedures.

Stereotactic core biopsy is an exciting develop-
ment in the diagnosis of mammographic abnor-
malities. Clarification of appropriate indications
for its use will require close collaboration be-
tween radiologists and clinicians.

References

1. Shapiro S, Venet W, Strax P, Venet L. Periodic
Screening for Breast Cancer: The Health Insurance Plan
Project and iis Sequelae, 1968-1986. Johns Hopkins
University Press, Baltimore, 1988.

2. Tabar L, Fagerberg G, Duffy S, Day, NE, Gad A,
Grontoft O: Update of the Swedish two-county pro-
gram of mammographic screening for breast cancer.
Radiol Clin North Am 30:187-210, 1992.

3. Verbeek KA, Hendriks J, Holland R, Mravunac M,
Sturmans F, Day NE: Reduction of breast cancer
mortality through mass screening with modern mammo-
graphy. First results of the Nijmegen project 1975-
1981. Lancet i:1222-1224, 1984.

4. Nystrom L, Rutqvist L, Wall S; Breast cancer screen-
ing with mammography: overview of Swedish random-
ized trials. Lancet 341:973-978, 1993.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Stereotactic biopsy — clinical perspective 7

Dawson D, Thompson G: Breast cancer risk factors
and screening: United States, 1987 (DHHS Publication
No. PHS 90-1500). U.S. Government Printing Office,
Washington DC, 1990.

Hall FM, Storella JM, Silverstone DZ, Wyshak G:
Nonpalpable breast lesions. Recommendations for
biopsy based on suspicion of carcinoma at mammo-
graphy. Radiology 167:353-358, 1988.

Crylak D: Induced costs of low-cost screening
mammography. Radiology 168:661-663. 1988.

Eddy D: Screening for breast cancer. Ann Int Med
1111:389-399, 1989.

Parker SH, Burbank F, Jackman RL, Aucreman CJ,
Cardenosa G, Cink TM, Coscia JL, Eklund GW, Evans
WP, Garver PR, Gramm HF, Haas DK, Jacob KM,
Kelly KM, Killebrew LK, Lechner MC, Perlman SJ,
Smid AP, Tabar L, Taber FE, Wynn RT: Percutaneous
large-core breast biopsy: A multi-institutional study.
Radiology 193:359-364, 1994.

Bolmgren J, Jacobsen B, Nordenstrom B: Stereotactic
instrument for needle biopsy of the mamma. Am J
Roentgenol 129:121-125, 1977.

Lofgren M, Andersson I, Bondeson L, Lindholm K: X-
ray guided fine-needle aspiration for the cytologic
diagnosis of nonpalpable breast lesions. Cancer 61:
1032-1037, 1988.

Azavedo E, Svane G, Auer G: Stereotactic fine-needle
biopsy in 2594 mammographically detected non-palpa-
ble lesions. Lancet i:1033-1036, 1989.

Hann L, Ducatman BS, Wang HH, Fein V, Mclntire
JM: Non-palpable breast lesions: Evaluation by means
of fine-needle aspiration cytology. Radiology 171:373-
376, 1989.

Ciatto S, Del Turco MR, Bravetti P: Non-palpable
breast lesions:  Stereotactic fine-needle aspiration
cytology. Radiology 173:57-59, 1989.

Dent DM, Kirkpatrick AE, McGoogan E, Cheity U,
Anderson TJ: Stereotaxic localisation and aspiration
cytology in impalpable breast lesions. Clinical Radiol-
ogy 40:380-382, 1989.

Dowlatshahi K, Gent JY, Schmidt R, Jokich PM, Bibbo
M, Sprenger E: Non-palpable breast tumors: Diagnosis
with stereotaxic localization and fine-needle aspiration.
Radiology 170:427-433, 1989.

Fajardo LL, Davis JR, Wiens JL, Trego DC: Mammo-
graphically-guided stereotactic fine-needle aspiration
cytology of non-palpable breast lesions: Prospective
comparison with surgical biopsy results. Am J Roent-
genol 155:977-981, 1990.

Helvie MA, Baker DE, Adler DD, Andersson I, Naylor
B, Buckwalter KA: Radiographically guided fine-
needle aspiration of non-palpable breast lesions.
Radiology 174:657-661, 1990.

Schmidt R, Morrow M, Bibbo M, Cox S: Benefits of



8

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

M Morrow

stereotactic aspiration cytology. Administrative Radiol-
ogy 9:35-42, 1990.

Lofgren M, Andersson I, Lindholm K: Stereotactic
fine-needle aspiration for cytologic diagnosis of non-
palpable breast lesions. Am J Roentgenol 154:1191-
1195, 1990.

Mitnick JS, Vazquez MF, Roses DF, Harris MN,
Gianutsos R, Waisman J: Stereotaxic localization for
fine-needle aspiration breast biopsy: Initial experience
with 300 patients. Arch Surg 126: 1137-1140, 1991.
Parker SH, Lovin JD, Jobe WE, Luethke JM, Hopper
KD, Yakes WF, Burke BJ: Stereotactic breast biopsy
with a biopsy gun. Radiology 176: 741-747, 1990.
Schmidt RA: Stereotactic breast biopsy. CA 44:172-
191, 199%4.

Dowlatshahi K, Yaremko L, Kluskens LF, Jokich PM:
Nonpalpable breast lesions: Findings of stereotaxic
needle-core biopsy and fine-needle aspiration cytology.
Radiology 181:745-750, 1991.

Dronkers DJ: Stereotaxic core biopsy of breast lesions.
Radiology 183:631-634, 1992.

Parker SH, Lovin JD, Jobe WE, Burke BJ, Hopper KD,
Yakes WF: Nonpalpable breast lesions: Stereotactic
automated large-core biopsies. Radiology 180:403-407,
1991.

Mikhail RA, Nathan RC, Weiss M, Tummala RM,
Mullangi UR, Lawrence L, Mukkamala AR: Stereo-
tactic core needle biopsy of mammographic breast
lesions as a viable alternative to surgical biopsy. Ann
Surg Oncol 18:353-367, 1994,

Gisvold JJ, Goellner JR, Grant CS, Donohue JH, Sykes
MW, Karsell PR, Coffey SL, Jung S: Breast biopsy:
A comparative study of stereotaxically guided core and
excisional techniques. Am J Radiol 162:815-820, 1994.
Elvecrog EL, Lechner MC, Nelson MT: Nonpalpable
breast lesions: Correlation of stereotaxic large-core
needle biopsy and surgical biopsy results. Radiology
188:453-455, 1993.

Morrow M, Schmidt R, Cregger B, Hassett C, Cox S:
Preoperative evaluation of abnormal mammographic
findings to avoid unnecessary breast biopsies. Arch
Surg 129:1091-1096, 1994.

Silverstein M, Gamagani P, Colburn WJ, Gierson ED,
Rosser RJ, Handel N, Waisman JR: Nonpalpable breast
lesions: Diagnosis with slightly overpenetrated screen
film mammography and hook wire-directed biopsy in
1914 cases. Radiotogy 171:633-638, 1989.

Wilhelm MC, Edge S, Cole D, DeParedes E, Frierson
HF: Nonpalpable invasive breast cancer. Ann Surg
213:600-605, 1991.

Burbank F, Belville J: Core breast biopsy, research,
and what not to do. Radiology 185:639-644, 1992.
Jackson VP, Reynolds HE: Stereotaxic needle-core
biopsy and fine-needle aspiration cytologic evaluation

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

of nonpalpable breast lesions. Radiology 181:633-634,
1991.

Liberman L, Dershaw DD, Rosen PP, Abramson AF,
Deutch BM, Hann LE: Stereotaxic 14-gauge breast
biopsy: How many core biopsy specimens are needed?
Radiology 192:793-795, 1994,

Jackman RJ, Nowels KW, Shepard MJ, Finkelstein SI,
Marzoni FA: Stereotaxic large-core needle biopsy of
450 nonpalpable breast lesions with cancer or atypical
hyperplasia. Radiology 193:91-95, 1994.

Dupont W, Page D: Risk factors for breast cancer in
women with proliferative disease. N Engl J Med 312:
146-151, 1985.

Rubin E, Visscher D, Alexander R, Urist M, Maddox
WA: Proliferative disease and atypia in biopsies
performed for nonpalpable lesions directed mammo-
graphically. Cancer 61:2077-2082, 1988.

Morrow M, Schnitt S, Harris JR: Ductal carcinoma in
situ. In: Harris JR, Lippman ME, Morrow M, Hellman
S (eds) Diseases of the Breast. JB Lippincott, Phila-
delphia, 1995 (in press).

Kopans DB: Review of stereotaxic large-core needle
biopsy and surgical biopsy results in nonpalpable breast
lesions. Radiology 189:665-666, 1993.

Homer MJ, Smith TJ, Safaii H: Pre-biopsy needle
localization: methods, problems, and expected results.
Radiol Clin North Am 30:139-153, 1992.

Norton L, Zeligman B, Pearlman N: Accuracy and cost
of needle localization breast biopsy. Arch Surg 123:
947-950, 1988.

Helvie MA, Pennes DR, Rebner M, Adler DD: Mam-
mographic follow-up of low-suspicion lesions: Com-
pliance rate and diagnostic yield. Radiology 178:155-
158, 1991.

Liberman L, Dershaw DD, Rosen PP, Giess CS, Cohen
MA, Abramson AF, Hann LE: Stereotaxic core biopsy
of breast carcinoma: Accuracy at predicting invasion.
Radiology 194:379-381, 1995.

Sacchini V, Luini A, Agresti R, Galimberti V, Rilke F,
Greco M: Nonpalpable breast lesions. Analysis of 952
operated cases. Breast Cancer Res Treat 32:59, 1995
Hernandez LE, Connelly PJ, Strickler SA, Akers MM,
Dunn MM: Are stereotaxic breast biopsies adequate?
Surgery 115:610-615, 1994.

Holland R, Hendriks JHCL:  Microcalcifications
associated with ductal carcinoma in sith: Mammo-
graphic-pathologic correlation. Sem Diag Pathol 11:
181-192, 1994.

Holland R, Connolly JL, Gelman R, Mravunac M,
Hendriks JHCL, Verbeek ALM, Schnitt SJ, Silver B,
Boyages J, Harris JR: The presence of an extensive
intraductal component following a limited excision
correlates with prominent residual disease in the
remainder of the breast. J Clin Oncol 8:113-118, 1990.



49.

50.

5L

Sickles EA: Periodic mammographic follow-up of
probably benign lesions: Results in 3,184 consecutive
cases. Radiology 179:463-468, 1991.

Datoc PD, Hayes CE, Conway WF, Bosch HA, Neal
MP: Mammographic follow-up of nonpalpable low-
suspicion breast abnormalities: One versus two views.
Radiology 180:387-391, 1991.

Varas X, Leborgne F, Leborgne JH: Nonpalpable,
probably benign lesions: Role of follow-up mammo-
graphy. Radiology 184:409-414, 1992.

52.

53.

54.

Stereotactic biopsy — clinical perspective 9

Evans WP: Stereotactic breast biopsy. In: Harris JR,
Lippman ME, Morrow M, Hellman S (eds) Diseases of
the Breast. JB Lippincott, Philadelphia, 1995 (in press).
Kearney T, Morrow M: The need for reexcision does
not adversely affect the success of breast conserving
therapy. Ann Surg Oncol 1995 (in press).

Harris JR, Morrow M: The local therapy of breast can-
cer. In: Harris JR, Lippman ME, Morrow M, Hellman
S (eds) Diseases of the Breast. JB Lippincott, Phila-
delphia, 1995 (in press).



