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Preface to First Edition

Prior to the widespread implementation of breast conser-
vation therapy, the role of the pathologist in breast cancer
care was limited to making the diagnosis from tissue ob-
tained by surgical biopsy and documenting the extent of
the tumor after a mastectomy was performed. These two
events typically centered around a single operative proce-
dure in which the diagnosis made with a frozen section
was followed by a mastectomy and axillary lymph node
dissection. Presently, considerably more information is re-
quired to recommend breast cancer treatment that may
employ more than one of the major existing therapeutic
modalities: surgery, radiation, and chemotherapy. An im-
portant part of the data used for therapeutic decisions is
generated by the pathologist using routine histopathologic
procedures and immunohistochemistry.

The complex multifactorial description of breast patho-
logy now considered to be standard practice has expanded
the diagnostic report from a brief one- or two-line state-
ment, such as “Infiltrating duct carcinoma, grade II; nega-
tive lymph nodes” to a catalogue of data one or more pages
in length, often including many statements indicating the
absence as well as the presence of features regarded as rele-
vant to therapeutic decisions and to prognosis. A partial
list of this information includes classification of the carci-
noma, histologic grade, nuclear grade, tumor size, and
statements about vascular invasion, the proportion of the
in situ component in invasive lesions, subtype of in situ
carcinoma, multifocality, and proximity of carcinoma to
margins of excision. Immunohistochemistry is used to
characterize distribution of estrogen and progesterone re-
ceptors, as well as other biomarkers and oncogene expres-
sion which are part of pathology reports. Proliferative
activity may be estimated by the pathologist using im-
munohistochemistry.

Other advances have added to the complexity of the
pathologist’s role in breast cancer treatment. Primary
among these is the widespread use of needle core biopsy
procedures, especially for the diagnosis of nonpalpable
mammographically detected lesions. Stereotactic needle
core biopsy is an extremely valuable tool in planning
breast conservation therapy because it can establish the
diagnosis of nonpalpable lesions before operative surgi-
cal intervention. Needle core biopsy procedures often
yield diagnostic samples, but in a significant number of
cases the material obtained offers ambiguous findings
that do not provide a specific diagnosis on which to base

(Updated)

therapy. This is a limitation of the procedure and not a
failure on the part of the pathologist or radiologist. When
this situation arises, it is necessary for physicians caring
for the patient to consider the entire clinical situation.
This process of reflection is often referred to as “clinical
correlation.”

Many mammographically detected nonpalpable lesions
present the pathologist with challenging diagnostic prob-
lems when excised intact and viewed in context with sur-
rounding tissues. The appearance of such lesions in the
incomplete and often disrupted form of needle core biopsy
samples can substantially increase the degree of difficulty.
The major differential diagnostic problems encountered in
these specimens include:

m reactive changes vs. recurrent carcinoma after lumpectomy
m benign sclerosing lesions (radial scar ) vs. infiltrating
carcinoma

papilloma vs. papillary carcinoma

fibroadenoma vs. cystosarcoma

atypical duct hyperplasia vs. intraductal carcinoma (DCIS)
DCIS vs. DCIS with (micro)invasion

spindle cell tumors (metaplastic carcinoma vs. sarcoma)
vascular lesions (angioma vs. angiosarcoma)

Although self-evident, it is important to understand that
the diagnosis made with a needle core biopsy specimen
can only be based on the samples available to the patholo-
gist and that these samples are not always representative of
all of the pathologic findings in a given case. Conse-
quently, carcinoma may be found in up to 50% of surgical
biopsies after a needle core biopsy diagnosis of atypical hy-
perplasia, and microinvasion may be present in about 20%
of surgical excisions after a needle core diagnosis of intra-
ductal carcinoma. Three principles offer guidance in the
use of the needle core biopsy procedure for the diagnosis
and treatment of breast lesions:

® Anything can turn up.

m What you see is what you have and it may not be all
there is.

m What you have may be all there is.

The emergence of the needle core biopsy procedure as a
major diagnostic tool epitomizes the growing complexity of
the interaction of radiologists, surgeons, and pathologists in
the diagnosis and management of mammary diseases, espe-
cially in the era of breast conservation therapy. Specialization
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in medicine has created circumstances in which the specialist
physician is increasingly dependent on the assistance of col-
leagues who have acquired complementary expertise. This
evolving situation has contributed to the team approach to
disease management reflected in this volume. The inten-
tional limited scope of this presentation, which focuses on

diagnosis, does not permit inclusion of contributions from
other important members of the team, including surgeons,
radiotherapists, and medical oncologists who depend on
these diagnoses to implement therapy.

Paul Peter Rosen, M.D.



Preface to Third Edition

This third edition of Breast Pathology Diagnosis by Needle
Core Biopsy builds upon the two preceding volumes. A
substantial number of images have been added, and a few
images have been replaced. New and updated information
is provided on laboratory procedures for processing needle
core biopsy samples, the use of immunohistochemistry
and molecular studies in the diagnosis of breast lesions,
and differential diagnosis. The advantages and limitations
of needle core biopsy sampling are emphasized through-
out the text. New topics include basal-like and triple nega-
tive carcinoma.

As new information, references, and illustrations have
been added, it has become necessary to omit selected refer-

ences and text that appeared in the second edition to limit
the book to a manageable size. As a consequence, we are
no longer able to include chapters on the clinical aspects of
imaging and needle core biopsy techniques that appeared
in prior editions.

This edition has been thoroughly reviewed, rewritten,
and subjected to rigorous scrutiny by the publisher’s excel-
lent staff at various stages in the production process. The
choice of illustrations and references, the selection of data
cited, and the conclusions expressed reflect the authors’ ex-
perience and opinions.

Paul Peter Rosen, M.D.
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Noninvasive techniques have been employed to study breast
lesions since the beginning of the 20th century. The useful-

ness of this approach in the clinical setting has been depen-

dent on technical advances that permitted the radiologist to
detect lesions that were inapparent to the patient and physi-
cian, including clinically occult carcinomas. A consequence
of this advance has been the need for a close working rela-
tionship between the practitioners of several medical spe-
cialties. The result is certainly one of the important examples
of “team” management that requires the cooperative efforts
of medical specialists to provide effective patient care.

Two methods of nonsurgical investigation of the breast
were studied in the 1920s and early 1930s, namely, transil-
lumination and radiography. As Cutler (1) reported, the
idea for transillumination as a means of diagnosis “was
first developed among the members of the laboratory staff
of Memorial Hospital during the routine examination of
breast specimens.” Cutler also stated that “at the sugges-
tion of Dr. Ewing, . . . Adair attempted to transilluminate
breasts but encountered technical difficulties, chiefly due
to the excessive heat developed by the transilluminating
lamp.” Although Cutler improved upon the light source, it
is clear that transillumination offered little as a method of
diagnosis except possibly as a way to distinguish between
cystic and solid lesions. With widespread acceptance of
needle aspiration of cysts, transillumination was aban-
doned and has now been replaced by ultrasonography.

The earliest radiologic studies of the breast reported in
the United States in the 1930s by Fray and Warren, by
Seabold, and by Lockwood were contemporaneous with
similar investigations in Europe (2-7). When first em-
ployed clinically, it was apparent that roentgenography
might prove helpful in the diagnosis of so-called early
breast carcinoma. The definition of “early” has changed
appreciably since this concept was introduced. This
change is exemplified in a 1932 report by Fray and Warren
(2) that described a 54-year-old woman who, on clinical
examination, was thought to have chronic cystic mastitis.
Roentgenologic examination revealed “a small area of
dense tissue with irregular margins . . . in the left breast.”
The lesion proved on biopsy to be a carcinoma “the size of
a walnut.” It was concluded by the authors that the early
status (of the tumor) was reflected not only by its small
size but in the absence of macroscopic involvement of
pectoral muscles. Today, the case described by Fray and
Warren would be considered operable and potentially cur-
able but not “early.” Within a relatively short period, the
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term early has come to be used for lesions of microscopic
dimensions, often detectable only by imaging techniques
that include mammography, ultrasonography, and mag-
netic resonance imaging (MRI).

The initial mammography studies were met with skepti-
cism. In 1931, Seabold (5) described the mammographic
findings in a series of cases presented to the Philadelphia
Academy of Surgery. The summary of the discussion that
followed his report included the following comment:

Dr. J. Stewart Rodman said that any attempt to make the di-
agnosis more exact is certainly praiseworthy. Being a sur-
geon, however, he is not sure but that sometimes x-ray men
have somewhat vivid imaginations.... The clinical diagnosis
of carcinoma of the breast and chronic cystic mastitis is not
ordinarily difficult, and therefore until we have x-ray evi-
dence of a more positive value we had best go a little slow in
accepting evidence which is contrary to clinical findings.

Gunsett and Sichel (7) stated in 1934 that their x-ray
images might be useful in some cases, but that radiologic
distinctions between benign and malignant lesions were
not precise enough to form a basis for surgical treatment.
They concluded that mammography would not replace
biopsy as a diagnostic procedure. The warning offered in
these comments is applicable today. The clinician faced
with a palpable abnormality in the breast should not de-
pend only on mammography to decide whether biopsy is
required. On the other hand, advances in clinical mam-
mography and the development of stereotactic biopsy in-
struments have made it possible to detect and perform
biopsies on nonpalpable lesions found by “x-ray men”
who “have vivid imaginations” (5).

The need to relate radiologic findings to the histopatho-
logic examination of breast tissue has been appreciated
since the earliest x-ray images of the breast were obtained. In
1913 Albert Salomon (8), a surgeon at the University of
Berlin, described a method for obtaining roentgenograms of
serial sections of surgical breast specimens in order to corre-
late histologic observations with the specimen x-rays. The
histologic appearance of calcification within a mammary
carcinoma was described in his paper. Salomon may be
credited with the first reported example of breast specimen
radiography, and he deserves recognition for investigations
that anticipated later developments in mammography and
specimen radiography.

Detailed pathologic-radiologic correlations were carried
out in the late 1920s by Dominguez (9-11) in Montevideo,
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Uruguay. Dominguez was especially interested in studying
the properties of calcifications in breast lesions. In addition
to specimen radiography, he undertook biochemical analy-
ses of the calcium content of breast tissue. Conway (12) de-
scribed the clinical radiologic appearance of calcification in
breast cysts and sarcomatous tumors, but failed to appreci-
ate the potential usefulness of calcification as an x-ray
marker for carcinoma. Lockwood (3) stressed the impor-
tance of correlating pathologic and radiologic findings, but
did not obtain x-rays of specimens, and there was no men-
tion of mammary calcification as an indicator of carcinoma
in his report. Warren (6) described two cases thought
roentgenologically to be carcinoma but reported to be be-
nign on pathologic examination that “could not be studied
because the specimens were thrown out before films could
be made to locate the supposed small area of malignancy
seen at the original examination.”

The observations of Salomon, and later Dominguez,
that calcium deposits in mammary carcinoma could be vi-
sualized radiologically remained largely unappreciated for
nearly two decades. They were again brought to attention
by Leborgne (13,14) in Montevideo who developed a tech-
nique for soft tissue roentgenography that made it possibly
to identify small tumors and calcifications in clinical mam-
mograms. He noted that “the roentgenographic study of
the operative specimen also permitted the localization of
the tiny calcifications for histopathologic study, and thus
aided in finding a small cancer that would otherwise have
been overlooked.” As had Gershon-Cohen (15) some years
earlier, Leborgne anticipated the role of mammography for
detecting preclinical cancer:

We firmly believe that the recognition and demonstration
of this roentgenographic sign constitutes one of the easily
observed aspects in which mammary cancer is presented,
especially in its ductal form . . . and (is) therefore suscepti-
ble of detection in prophylactic examinations of women
who do not yet present clinical tumor symptomology. With
a systematic prophylactic roentgenographic examination of
all women with antecedents of cancer in their family, we
enter a new stage in the fight against mammary cancer.

The origin of modern needle core biopsy sampling of
the breast to obtain a tissue specimen for histologic diag-
nosis is entwined with the history of needle aspiration
biopsy and parallels the development of clinical mammog-
raphy. Needles have been used to obtain samples for diag-
nosis from various anatomic sites since the middle of the
19th century (16). Needle aspiration sampling of the lung
(17,18) and lymph nodes (19-21) was described by 1914.
Many of the early biopsy attempts involved aspirating cells
with a needle attached to a syringe. The aspirated blood
and cellular material were expressed onto a slide and
spread thinly to create a cytologic preparation.

The application of the needle aspiration biopsy tech-
nique to the diagnosis of neoplastic conditions attracted at-
tention early in the 20th century. In 1921, Guthrie (22)
reported that needle aspiration could be employed to evalu-

ate the causes of lymph node enlargement. A method for as-
pirating cells from lymph nodes and the preparation of
stained slides from this material was described in detail by
Forkner (23) who also reported his experience using these
samples for the diagnosis of cancer, including three women
with adenocarcinoma in axillary lymph nodes (24).

The first concerted effort to employ the needle aspira-
tion technique to the diagnosis of cancer was undertaken
at Memorial Hospital in New York. In 1922, E.B. Ellis (25),
a technician working under Dr. James Ewing, described
cancer cells in cell block specimens of pleural fluid. Ellis
concluded that “the diagnosis of cancer from direct smears
is hazardous, but when one has made thin paraffin sec-
tions of suspected material and their evidence is fortified
by some confirmatory clinical data, positive diagnosis may
often be obtained.” Four years later, Hayes Martin, a sur-
geon at Memorial Hospital, Fred Stewart, then the junior
associate of Dr. Ewing, and Ellis began to use the aspira-
tion biopsy technique in patients with head and neck can-
cer (26). In succeeding publications, they documented the
applicability of the aspiration biopsy technique to a variety
of tumors and defined the role of this procedure in the
clinical management of cancer patients (27,28).

The Memorial Hospital technique proved to be the
forerunner of what are now two largely separate methods
of diagnosis: fine-needle aspiration (FNA) and needle core
biopsy.

The specimens obtained by Martin and his clinical col-
leagues included disaggregated cells for cytologic examina-
tion, equivalent to FNA today, and fragments of tissue that
they described as the clot, a counterpart of the modern nee-
dle core biopsy specimen. Ewing, Stewart, and their col-
leagues were not prepared to rely entirely on cytologic smears
as evidenced by the importance they attached to the “clot,”
described in following commentary by Godwin (29):

After the material is obtained in the syringe, the negative
pressure is released to obviate splattering of the aspirate in
the syringe. With the rake, the material is placed on several
slides and gently smeared by approximating two slides and
pulling them apart. The remaining material is placed on a
small piece of blotting paper or fibrin foam and put in for-
malin for later paraffin section. This is designated as the clot.

The clot was “helpful in many instances where the
smear is not diagnostic and in making a more definitive di-
agnosis as to the type of tumor” (29).

The system of aspirating tumors for diagnosis imple-
mented at Memorial Hospital in the 1920s and 1930s
evolved as a result of experience gained by the participants
in this effort. In a later review, Godwin (30) observed:

The interpretation of aspirates, as with other pathological
material, is certainly not without pitfalls. It requires experi-
ence. It is necessary that a sufficient number of cases be
available for both clinician and pathologist to maintain
their efficiency. The pathologist must know the clinical set-
ting, the normal cells of the region, and the nature of le-
sions to be anticipated in the area.



Technologic developments in imaging have played a
major role in advancing the use of needles to obtain tissue
samples from lesions in superficial and visceral locations.
The impetus for improving needle biopsy techniques for
breast lesions began with the increasing utilization of
mammography in the 1960s and 1970s. The mammo-
graphic detection of nonpalpable lesions presented a diag-
nostic challenge to the radiologist, surgeon, and
pathologist and led to the development of methods to lo-
calize nonpalpable lesions so that they could be found and
excised by surgeons and sampled in the pathology labora-
tory. Various localizing procedures were introduced, em-
ploying needles, wires, dyes, and other markers placed in
or near the lesion under mammographic or ultrasound
guidance. After localization by the radiologist, the surgeon
was guided by the marker. Radiographic examination of
the specimen (specimen radiography) has been employed
to confirm excision of a nonpalpable abnormality and to
help the pathologist pinpoint the lesion for histologic ex-
amination (31-33). Specimen radiography has been par-
ticularly useful for lesions containing calcifications.

Under optimal conditions where a surgical biopsy was
recommended for mammographic abnormalities with cal-
cifications that were considered to be suspicious for carci-
noma, 25% to 30% of the excised lesions proved to be
carcinoma (32,33). Thus, for each patient with a biopsy
sample that revealed carcinoma, three underwent surgical
excision of a benign lesion. The surgical management of
nonpalpable breast lesions without calcifications was
more difficult because specimen radiography was not very
reliable for confirming the adequacy of excision. The avail-
ability of the modern needle core biopsy procedure to
sample nonpalpable mammographically detected lesions
made it possible to avoid surgical biopsy in a substantial
number of women. Friese et al. (34) analyzed Surveil-
lance, Epidemiology, and End Results (SEER)-Medicare
data for 45,542 patients with intraductal and invasive stage
I-II breast carcinoma diagnosed between 1991 and 1999.
The frequency of needle core biopsy as the first procedure
increased from approximately 20% in 1991 to 30.9% in
1999 (p < 0001), and there was a concomitant decrease in
initial surgical biopsy procedures. Women who had a nee-
dle core biopsy procedure initially tended to have fewer
surgical procedures overall than those whose first biopsy
specimen was obtained surgically.

The introduction of stereotaxic devices in the 1970s re-
sulted in improved needle localization and made it possi-
ble to obtain needle biopsy samples from nonpalpable
lesions more efficiently (35,36). One of the first papers de-
scribed a “stereotaxic instrument” that facilitated “percuta-
neous needle biopsy of the breast for microscopic
diagnosis” (37). The authors reported that “the sampling
site can be located at a precision of = 1 mm. The instru-
ment can also be used for positioning of metal and dye in-
dicators for guiding surgery and for post-operative
identification of excised tumors.” Linkage of this com-
puter-guided localization system with the automated
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biopsy gun introduced in the 1980s (38) led to the devel-
opment of modern stereotaxic core biopsy instruments
(39). Ultrasound-guided core biopsy has proven to be par-
ticularly effective for nonpalpable lesions without calcifica-
tions. Stereotaxic MRI and ultrasound-guided core biopsy
procedures are now widely used for the diagnosis of breast
diseases. These technologies provide efficient methods for
sampling small areas rapidly, with less morbidity and ex-
pense than surgical excision (40-42). Multifocal lesions
are also accessible with this approach (43).

Needle core biopsy procedures provide the pathologist
with tissue specimens that are processed to produce histo-
logic sections. While satisfying the preference of surgical
pathologists for a tissue sample rather than a cytology speci-
men, needle core biopsy samples create new diagnostic
problems and challenges. To some extent, these difficulties
arise from the partial view of a lesion in the core biopsy
specimen. This problem can be compounded by the hetero-
geneous nature of some tumors such as papillary and fi-
broepithelial lesions as well as carcinomas (44). The context
of surrounding tissue afforded by sections of surgical biopsy
specimens, important in some instances, is largely lacking in
needle core biopsy samples. Nonpalpable lesions are fre-
quently small abnormalities that can be difficult to interpret
even in a complete excisional biopsy specimen, and they
should not be submitted for frozen section examination ex-
cept in extraordinary circumstances (45).

False negative results for needle core biopsy samples
are lower when specimens are obtained by using tech-
niques that produce larger samples such as 11-gauge and
vacuum-assisted instruments (46,47). Failure to sample a
carcinoma that is present is more likely to occur in cases
where the target is solely microcalicifications than a mass
lesion (48). Consequently, intraductal carcinoma, espe-
cially the noncomedo type, is more likely to be missed
than is invasive carcinoma. False-negative needle core
biopsy samples can usually be appreciated prospectively
because of discordance between the imaging studies for
which the procedure was performed and the pathology
diagnosis (49).

The accuracy of needle core biopsy sampling is so precise
that imaging evidence of the target may be lost after the pro-
cedure, and in some cases the lesion itself may be entirely
extirpated (50, 51). When all imaging evidence of carcinoma
has been removed, up to nearly 80% of patients have resid-
ual carcinoma in a subsequent excisional biopsy. Lee et al.
(52) reported that the MRI targeted lesion was completely
extirpated in 30% of carcinomas diagnosed by MRI guided
vacuum-assisted needle core biopsy. Nonetheless, 64% of
patients whose MRI-detected lesion had been removed had
residual carcinoma. Liberman et al. (53) found that the
mammographic target was entirely removed in 100 of 214
(47%) carcinomas and that carcinomas remained in 79% of
cases after complete removal of the imaging abnormality.

To assist the surgeon and pathologist in finding the site
of a prior needle core biopsy where part or all of the lesion
may have been removed, a clip may be placed in the biopsy
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cavity at the conclusion of the procedure. Sometimes mul-
tiple clips are used to bracket a lesion or to mark more
than one biopsy site. Clips of differing shapes are available
and various types may be employed with mammographic,
sonographic, or MRI-guided biopsy procedures (52,54,55).
Migration of clips (56), extraction of the clip during a vac-
uum-assisted biopsy procedure (57), and loss of the clip
during surgical excision (54) have been reported.

Relatively common diagnostic problems encountered
in needle core biopsy specimens include the following:
columnar cell lesions and atypical hyperplasia, radial
sclerosing lesions and papillary tumors, lobular atypia,
and lobular carcinoma in situ. Unusual tumors previ-
ously encountered only in surgical biopsy specimens such
as pseudoangiomatous stromal hyperplasia, mucocele-
like lesions, myofibroblastoma, metaplastic carcinoma,
and hemangiomas are now the targets of stereotaxic nee-
dle core biopsy procedures (45,58). Today, virtually any
lesion that occurs in the breast may appear on the pathol-
ogist's microscope in a needle core biopsy sample. The
purpose of this book is to provide guidance in the inter-
pretation of diagnosis of needle core specimens and the
pathologic changes that occur in the breast as a result of
these procedures.

REFERENCES

1. Cutler M. Transillumination as an aid in the diagnosis of breast lesions,
with special reference to its value in cases of bleeding nipple. Surg Gynecol
Obstet. 1929;48:721-729.

2. Fray WW, Warren SL. Stereoscopic roentgenography of breasts. An aid in es-
tablishing the diagnosis of mastitis and carcinoma. Ann Surg. 1932;
95:425-432.

3. Lockwood IH. Roentgen ray evaluation of breast symptoms. Am ] Roentgenol.
1933;29:145-155.

4. Seabold PS. Roentgenographic diagnosis of diseases of the breast. Surg Gy-
necol Obstet. 1931;53:461-468.

5. Seabold PS. Diagnosis of breast disease by x-ray. Ann Surg. 1931;94:443.

6. Warren SL. Roentgenologic study of the breast. Am ] Roentgenol. 1930;
24:113-124.

7. Gunsett A, Sichel G. Sur la valeur praticque de la radiographie du sein.
J de radiol et d électrol. 1934;18:611-614.

8. Salomon A. Beitrige zur Pathologie und Klinik der Mammacarcinome.
Archiv fiir Klin Chirurgie. 1913;101:573-668.

9. Dominguez CM. Estudio sistematizado del cancer del seno. Boll Liga
Uruguay contra el cancer genit gemen. 1929;1:23.

10. Dominguez CM. Estudio radiologico de los descalcifadores. Boll Soc Anato-
mia Patologica. 1930;1:175.

11. Dominiguez CM, Lucas A. Investigacion radiografica y quimica sobre el cal-
cio precipitado en tumores del aparato genital feminio. Boll Soc Anatomia
Patologica. 1930;1:217.

12. Conway JH. Calcified breast tumors. Am J Surg. 1936;31:72-76.

13. Leborgne R. Diagnostico de los tumores de la mamma por la radiografia
simple. Boll Cir Uruguay. 1949;20:407.

14. Leborgne R. Diagnosis of tumors of the breast by simple roentgenography.
Calcifications in carcinomas. Am J Roentgenol. 1951;65:1-11.

15. Gershon-Cohen J, Colcher AE. An evaluation of the roentgen diagnosis of
early carcinoma of the breast. JAMA. 1937;108:867-871.

16. Webb AJ. Through a glass darkly. (The development of needle aspiration
biopsy). Bristol Med Chir J. 1974;89:59-68.

17. Horder TJ. Lung puncture: a new application of clinical pathology. Lancet.
1909;2:1345-1346;1539-1540.

18. Leyden OO. Ueber infectidse Pneumonie. Dtsch Med Wochenschr. 1883;
9:52-54.

19. White WC, Proscher F. Spirochaetes in acute lymphatic leukemia and in
chronic benign lymphomatosis (Hodgkin’s disease). JAMA. 1907;69:1115.

20. Grieg EDW, Gray ACH. Note on the lymphatic glands in sleeping sickness.
Lancet. 1914;1:1570.

21. Chatard JA, Guthrie CG. Human trypanosomiasis: report of a case observed
in Baltimore. Am ] Trop Dis Prev Med. 1914;1:493-505.

22. Guthrie CG. Gland puncture as a diagnostic measure. Bull Johns Hopkins Hosp.
1921;32:266-269.

23.

24.

25.

26.

27.
28.

29:

30.

31

32.

33.

34.

35.

36.
37.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52;

53.

54.

55.

56.

57.

Forkner CE. Material from lymph nodes in man. I. Method to obtain mate-
rial by puncture of lymph nodes for study with supravital and fixed stains.
Arch Intern Med. 1927;40:532-537.

Forkner CE. Material from lymph nodes of man. Studies on living and fixed
cells withdrawn from lymph nodes of man. Arch Intern Med. 1927:40:
647-660.

Ellis EB. Cancer cells in pleural fluid. Bull Int Assoc Med Museums ] Tech
Methods. 1922;8:126-127.

Martin HE, Ellis EB. Biopsy by needle puncture and aspiration. Ann Surg.
1930;92:169-181.

Martin HE, Ellis EB. Aspiration biopsy. Surg Gynecol Obstet. 1934;59:578-589.
Stewart FW. The diagnosis of tumors by aspiration. Am J Pathol.
1933;9:801-812.

Godwin JT. Aspiration biopsy: technique and application. Ann NY Acad Sci.
1956;63:1348-1373.

Godwin JT. Cytologic diagnosis of aspiration biopsies of solid and cystic tu-
mors. Acta Cytol. 1964;8:206-215.

Rosen PP, Snyder PE, Foote Jr., FW, Wallace T. Detection of occult carcinoma
in the apparently benign breast biopsy through specimen radiography. Can-
cer. 1970;26:944-953.

Rosen PP, Snyder RE, Urban J, Robbins G. Correlation of suspicious mam-
mograms and x-rays of breast biopsies during surgery: results of 60 cases.
Cancer. 1973;31:656-660.

Snyder R, Rosen PP. Radiography of breast specimens. Cancer. 1971;28:
1608-1611.

Friese CR, Neville BA, Edge SB, et al. Breast biopsy patterns and outcomes in
Surveillance, Epidemiology, and End Results-Medicare data. Cancer.
2009;115:716-724.

Fox CH. Innovation in medical diagnosis: the Scandinavian curiosity.
Lancet. 1979;1:1387-1388.

Nordenstrom B. New instruments for biopsy. Radiology. 1975;117:474-475.
Bolmgren J, Jacobson B, Nordenstrdm B. Stereotaxic instrument for needle
biopsy of the mamma. Am J Roentgenol. 1977;129:121-125.

. Lindgren PG. Percutaneous needle biopsy: a new technique. Acta Radiol

Diagn. 1982;23:653-656.

Burbank E Stereotactic breast biopsy: its history, its present, and its future.
Am Surg. 1996;2:128-150.

Nields MW. Cost-effectiveness of image-guided core needle biopsy versus
surgery in diagnosing breast cancer. Acad Radiol. 1996;3:5138-S140.
Liberman L, Fahs MC, Dershaw DD, et al. Impact of stereotactic core biopsy
on cost of diagnosis. Radiology. 1995;195:633-637.

Groenewoud JH, Pijnappel RM, vandenAkker-van Marle ME, et al. Cost-
effectiveness of stereotactic large-core needle biopsy for nonpalpable breast
lesions compared to open-breast biopsy. Br ] Cancer. 2004;90:383-392.
Rosenblatt R, Fineberg SA, Sparano JA, Kaleya RN. Stereotactic core needle
biopsy of multiple sites in the breast: efficacy and effect on patient care.
Radiology. 1996;201:67-70.

Morris EA, Lieberman L, Trevisan SG, et al. Histological heterogeneity of
masses at percutaneous breast biopsy. Breast J. 2002;8:187-191.
Association of Directors of Anatomic and Surgical Pathology. Immediate
management of mammographically detected breast lesions. Am | Surg
Pathol. 1993;12:850-851.

Hoorntje LE, Peeter PH, Mali WP, Borel-Rinkes IH. Vacuum-assisted breast
biopsy: a critical review. Eur ] Cancer. 2003;39:1676-6183.

Kettritz V, Rotter K, Schreer I, et al. Stereotactic vacuum-assisted breast
biopsy in 2874 patients: a multicenter study. Cancer. 2004;100:245-251.
Liberman L, Dershaw DD, Glassman JR, et al. Analysis of cancers not diag-
nosed at stereotactic core breast biopsy. Radiology. 1997;203:151-157.
Schueller G, Jaromi S, Ponhold L, et al. US-guided 14-gauge core-needle
breast biopsy: results of a validation study in 1352 cases. Radiology: 2008;
248:406-413.

Brenner RJ. Lesions entirely removed during stereotactic biopsy: pre-operative
localization on the basis of mammographic landmarks and feasibility of free-
hand technique-initial experience. Radiology. 2000;214:585-590.

March DE, Coughlin BE, Barham RB, et al. Breast masses: removal of all US
evidence during biopsy using a hand held vacuum-assisted device-initial
experience. Radiology. 2003;227:549-555.

Lee J-M, Kaplan JB, Murray MP, Liberman L. Complete excision of the MRI
target lesion at MRI-guided vacuum-assisted biopsy of breast cancer. AJR.
2008;191:1198-1202.

Liberman L, Kaplan JB, Morris EA, et al. To excise or to sample the mam-
mographic target: what is the goal of stereotactic 11-gauge vacuum-assisted
breast biopsy? AJR. 2002;179:679-683.

Calhoun K. Giuliano A, Brenner R]. Intraoperative loss of core biopsy clips:
clinical implications. AJR. 2008;190:W196-W200.

Mercado CL, Guth AA, Toth HK, et al. Sonographically guided marker place-
ment for confirmation of removal of mammographically occult lesions
after localization. AJR. 2008;191:1216-1219.

Philpotts LE, Lee CH. Clip migration after 11-gauge vacuum assisted stereo-
tactic biopsy: case report. Radiology. 2002;222:794-796.

Brenner R]. Percutaneous removal of post biopsy marking clip in the breast
using stereotactic technique. AJR. 2001;176:417-419.

- Hoda SA, Rosen PP: Observation on the pathologic diagnosis of selected

unusual lesions in needle core biopsies of breast. Breast J. 2004;6:522-527.



Pathology and the Origin of
Specialization in Medicine

The development of modern medical specialism during the latter part of
the nineteenth century and the early part of the present century . . . would
hardly have taken place had not physicians accustomed themselves to the
idea of distinct disease entities consisting of localized organic lesions con-
nected with certain clinical pictures. . . . The development and application
of a concept of localized pathology laid the groundwork for modern spe-
cialism by providing a number of foci of interest in the field of medicine.
Each such focus of interest, that is, a disease or the diseases of an organ or
region of the body, provided a nucleus around which could gather the re-
sults of clinical and pathological investigation.

On the technological side the influences represented in specialization
manifest themselves in the multiplicity of technical skills, devices, and theo-
ries applied to the achievement of human aims in the field of medicine.

From The Specialization of Medicine by George Rosen, M.D., 1944
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EMBRYOLOGY AND INFANTILE
BREAST DEVELOPMENT

Mammary glands develop from mammary ridges or milk
lines, thickenings of the epidermis that appear on the ven-
tral surface of the 5-week fetus, extending from the axilla to
the upper medial region of the thigh. In the human, much
of the ridge does not grow further and disappears during
fetal development. Persistence of segments of the milk line
is the embryologic anlage for the development of ectopic
mammary glandular tissue, which occurs most often at the
extreme ends of the mammary ridge in the axilla or vulva.
The development of the fetal breast is characterized by the
differential expression of keratins 14, 18, and 19 and of
actin in the breast ducts and lobular buds. Myoepithelial
cells appear to arise from basal cells between weeks 23 and
28 of gestation (1). They contribute to the branching mor-
phogenesis of the mammary gland by influencing the syn-
thesis of basement membrane constitutents and growth
factors (2). Endocrine and paracrine factors involved in
fetal and neonatal mammary development were reviewed
by Sternlicht (3).

In most girls, functional breast development does not
begin until puberty. Premature thelarche is the unilateral or
bilateral appearance of a discoid subareolar thickening be-
fore puberty. The incidence in white female infants and
children up to 7 years old in the United States in 1980 was
20.8 per 100,000 (4). The nodular breast tissue formed in
premature thelarche measuring 1.0 to 6.5 cm tends to
regress slowly over the subsequent 6 months to 6 years (2).
Excision of this tissue is inappropriate because of the resul-
tant amastia after puberty. Premature thelarche has been
associated with precocious puberty (5) but not with a pre-
disposition to develop breast carcinoma (2).

Histologically, the breast tissue in premature thelarche
resembles gynecomastia because it is characterized by ep-
ithelial hyperplasia in the duct system with a solid and mi-
cropapillary configuration. Growth and branching of the

proliferating ducts results in an increased number of duct
cross sections surrounded by moderately cellular stroma.

With the onset of cyclic estrogen and progesterone secre-
tion at puberty, adolescent female breast development com-
mences (Fig. 1.1). Growth of ducts and periductal stroma is
estrogen dependent (6). Lobules are derived from solid
masses of cells that form at the ends of terminal ducts. The
greatest amount of breast glandular differentiation occurs
during puberty, but the process may continue into the 20s
and is enhanced by pregnancy (3). Most lobules in the
mature breast are located in the fibrocollagenous stroma,
but normal lobules may also be found in mammary adipose
tissue (Fig. 1.2).

ANATOMY AND HISTOLOGY

The functional glandular and ductal elements are embed-
ded in fibrofatty tissue that forms the bulk of the mammary
gland. The relative proportions of fat and collagenous
stroma vary greatly among individuals and with age. The
combination of stromal and epithelial components is re-
sponsible for the radiographic appearance of breast struc-
ture in normal and pathologic states. Magnetic resonance
imaging (MRI) provides a relatively precise method for dis-
criminating between fatty and fibroglandular tissue in the
breast. By comparing images obtained with mammogra-
phy and MRI, Lee et al. (7) found a mean fat content of
42.5% (SD = 30.3%) in mammograms and 66.5% (SD =
18%) in MRI images. The ranges of fat content obtained
by mammography and MRI imaging were 7.5% to 90%
and 17% to 89%, respectively. The correlation coefficient
for estimates of fat content obtained by both methods
was 0.63, with the strongest correlation (r = 0.81) in
postmenopausal women.

Each of the major lactiferous ducts terminates in and
exits from the breast at the nipple via a secretory pore
forming the lactiferous duct orifice. The squamocolumnar
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Figure 1.1 Immature breast. Breast tissue at the onset of pu-
berty in an 11-year-old girl showing early lobular differentiation
with glandular secretion and intralobular stroma.

junction, where the squamous epithelium joins the glan-
dular duct epithelium, is normally distal to a dilated seg-
ment of the lactiferous duct, the lactiferous sinus, located
just beneath the nipple surface. Extension of squamous ep-
ithelium into or below the lactiferous sinus is a pathologic
condition termed squamous metaplasia. This may result in
obstruction of the affected duct system.

Lactiferous ducts in the nipple are surrounded by circu-
lar and longitudinal arrays of smooth muscle fibers embed-
ded in fibrocollagenous stroma. The lactiferous ducts
extend distally from the nipple through a series of branches
diminishing in caliber from the nipple to the terminal
ductal-lobular units that are embedded in specialized, hor-
monally responsive stroma. Extralobular ducts are lined by
cuboidal or columnar epithelium that is supported by my-
oepithelial cells, a basement membrane, and surrounding
elastic fibers. In the nonlactating breast, the major ducts cut
in cross section have contours marked by numerous folds
or indentations that create a foliate or serrate border. The
epithelium in the baylike pouches of the duct lumen can
give rise to ductular branches. Fully formed lobules can
originate directly from these pouches in lactiferous ducts
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in the nipple and in more distal segments of the mammary
duct system (8).

The majority of the cells that form the duct epithe-
lium are columnar or cuboidal cells lining the lumen.
Their cytoplasm is endowed with abundant organelles
involved in secretion. Myoepithelial cells lie between the
epithelial layer and the basal lamina. The cytoplasm of
the myoepithelial cells, distributed in a network of slen-
der processes that invest the overlying epithelial cells, is
rich in myofibrils. The histologic appearance and im-
munoreactivity of myoepithelial cells is variable, espe-
cially in pathologic conditions, and depends on the
degree to which the myoid or epithelial phenotype is
accentuated in a particular situation. Myoepithelial cells
display nuclear reactivity for p63 that is the most useful
marker for detecting these cells in normal and lesional
tissue. However, epithelioid myoepithelial cells can have
absent or reduced p63 reactivity.

The normal periductal stroma contains fibroblasts,
elastic fibers, a sparse scattering of lymphocytes, plasma
cells, mast cells, and histiocytes. Ochrocytes are periductal
histiocytes with a cytoplasmic accumulation of lipofuscin
pigment. These pigmented cells become more numerous
in the postmenopausal breast and in association with
inflammatory or proliferative conditions (9).

Mammary secretion originates in the lobules. These
structures are composed of alveolar glands encompassed
by specialized vascularized stroma. The alveoli are con-
nected by intralobular ductules that combine to form a
single terminal lobular duct that drains into the extralobu-
lar duct system. The resting lobular gland is lined by a sin-
gle layer of cuboidal epithelial cells supported by loosely
connected myoepithelial cells. The normal microscopic
anatomy of the lobules is not constant because the struc-
ture and histologic appearance of the lobule in the mature
breast are subject to changes associated with the men-
strual cycle, pregnancy, lactation, exogenous hormone
administration, aging, and the menopause. Furthermore,
there is variation in the functional state of individual lob-
ules regardless of physiologic circumstances, an observation

Figure 1.2 Normal lobules. A: A lobule in fibrocollagenous stroma. B: A lobule in mammary

adipose tissue.



that suggests that individual lobules or regions of the
breast have intrinsic differences in response to hormonal
and other stimuli. This is reflected in the substantial
variability in labeling indices, indicating different prolifer-
ative rates among lobules in a given individual (10). Im-
munoreactivity for hormone receptors is also variably
expressed in lobules.

PHYSIOLOGIC MORPHOLOGY

Histologic cellular and structural alterations occur in the
normal breast during the menstrual cycle (11). According
to some authors, the proliferative phase, days 3 through 7,
features the highest rate of epithelial mitoses and of apo-
ptosis (12,13). Other investigators who defined this phase
as days O to 5 reported that “apoptosis and mitosis were by
and large absent in this phase” (11). Lobular glands at this
time are lined by crowded, poorly oriented epithelial cells
with little or no lumen formation and secretion. Myoep-
ithelial cells are inconspicuous and difficult to distinguish
from epithelial cells. The lobular stroma is relatively dense
and hypovascular, with plump fibroblasts ringing lobular
glands.

Mitoses and apoptic bodies are inconspicuous in the
follicular phase (days 8—14). At this stage, the myoepithelial
cells have a polygonal shape, clear cytoplasm, and become
more apparent. Epithelial cells become columnar, with in-
creasingly basophilic cytoplasm and basally oriented,
darkly stained nuclei. An acinar lumen without secretion is
evident.

During the luteal phase, comprising days 15 through 20,
myoepithelial cells become more prominent following
increased glycogen accumulation that results in cytoplas-
mic clearing. The glandular lumen is clearly defined by ep-
ithelial cells with basophilic cytoplasm. A small amount of
secretion is present in a few glands. Edema and a mixed
inflammatory cell infiltrate appear in the intralobular
stroma. Mitoses and apoptotic bodies are infrequent.

The secretory phase corresponding to days 21 through 27
features heightened secretion with distension of glandular
lumens by accumulated secretory material. The epithelium
consists of columnar epithelial and myoepithelial cells
with progressively clear cytoplasm. It is at this stage that
mitoses and apoptotic bodies are most conspicuous with
maximal intralobular edema and inflammation.

In the menstrual phase, comprising days 28 through 2,
the stroma becomes compact with loss of intralobular
edema. Lymphocytes, macrophages, and plasma cells are
most conspicuous in the lobular stroma at this stage (12).
Some glandular lumens remain and others appear col-
lapsed. Mitotic activity is absent.

Improved ability to recognize menstrual cycle-related
morphologic changes in the breast may become clinically
useful in premenopausal women. At present, evidence sug-
gesting that surgery performed during the luteal phase is
prognostically advantageous (14,15) remains controversial
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(16,17). These observations have been based on retrospec-
tive reviews in which the reporting of menstrual cycle data
was variously reliable. The status of breast tissue morphol-
ogy can serve as a means of corroborating menstrual cycle
information provided by the patients in future prospective
studies. Needle core biopsy sampling might be used to ob-
tain tissue for this purpose.

Estrogen and progesterone receptors are expressed in
the nuclei of epithelial cells in the normal breast. Im-
munohistochemical staining reveals a higher proportion of
positive nuclei in lobular than in ductal cells (18). Consid-
erable heterogeneity exists in nuclear hormone-receptor
activity among lobules with maximal expression in the fol-
licular phase (19). No consistent menstrual cycle-related
pattern has been found in the expression of estrogen and
progesterone receptors in breast carcinomas that arise
in premenopausal women (20,21).

Secretory changes associated with pregnancy occur un-
evenly throughout the breast (Fig. 1.3). There is progres-
sive recruitment of lobules with successive pregnancies.
Early in pregnancy, terminal ducts and lobules grow
rapidly resulting in lobular enlargement with some coinci-
dental depletion of the fibrofatty stroma (22,23). Stromal
vascularity increases, accompanied by infiltration by
mononuclear inflammatory cells. During the second and
third trimesters, lobular growth progresses through the en-
largement of cells as well as by cellular proliferation. The
cytoplasm of lobular epithelial cells becomes vacuolated
and secretion accumulates in lobular glands (Fig. 1.4).
Lactation features markedly distended irregularly shaped
lobular glands formed by cells with hyperchromatic nuclei
(Fig. 1.5).

Hormonal alterations that occur during and after the
menopause are manifested by a decrease in the cellularity
and number of lobules, mainly as a result of epithelial atro-
phy. Coincidental with the loss of glandular epithelium,
there is a tendency toward thickening of lobular basement
membranes and collagenization of intralobular stroma.

specimen from a 31-year-old woman 34 weeks pregnant shows
lactational hyperplasia in one lobule (lower left) and another
unaltered lobule with fibroadenomatoid change.



