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Histologic criteria of low-grade vulvar/vaginal intra-
epithelial neoplasia (VIN1/VAIN1) are well estab-
lished; however, a significant interobserver variabil-
ity in diagnosing VIN1/VAIN1 has been reported.
The goal of this study was to evaluate the utility of
MIB-1 immunostaining as an adjunct test to in-
crease the diagnostic accuracy in equivocal cases of
VIN1/VAIN1. The second goal was to examine the
distribution of low– and high–oncogenic risk hu-
man papillomaviruses (HPVs) in VIN1/VAIN1 le-
sions. Consecutive vulvar/vaginal biopsies origi-
nally diagnosed as VIN1/VAIN1 (n � 43) or benign
(n � 20) were reviewed by two pathologists to ob-
tain a consensus diagnosis. The diagnosis was fur-
ther confirmed with HPV testing using Short PCR
Fragment 10 and Line Probe Assay. MIB-1 immu-
nostaining was performed, and positive staining
was defined as a cluster of two or more stained
nuclei in the upper two thirds of the epithelial thick-
ness. After verification of the diagnosis using the
consensus histologic review and HPV detection as
an objective confirmatory test, 31% of cases origi-
nally diagnosed as VIN1/VAIN1 were identified as
being overdiagnosed. The sensitivity and the speci-
ficity of MIB-1 staining for identifying VIN1/VAIN1
were 0.96 and 0.90, respectively. Seventy percent of
VIN1 cases were associated with low-risk viral types.
In contrast, the majority (84%) of VAIN1 cases were
associated with high-risk HPVs. In conclusion,

MIB-1 staining is sensitive and specific for identify-
ing VIN1/VAIN1, helpful in verifying the diagnosis in
equivocal cases.
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Human papillomavirus (HPV) infection of vulvar
skin and mucosa may clinically present either as
exophytic condyloma (CON-A) or as a flat lesion
currently termed vulvar intraepithelial neoplasia
(VIN). The International Society for the Study of
Vulvar Disease (ISSVD) (1) and the World Health
Organization (2) endorsed the VIN terminology for
noninvasive neoplastic vulvar lesions with subdivi-
sions into VIN1 (mild dysplasia), VIN2 (moderate
dysplasia), and VIN3 (severe dysplasia) depending
on the level of involvement of the epithelium by the
immature dysplastic cells. The ISSVD classification
helped to standardize the terminology between dif-
ferent laboratories and eliminated numerous de-
scriptive clinical diagnoses such as Bowen’s dis-
ease, bowenoid papulosis, erythroplasia of Queyrat,
and dystrophy with atypia, among others. Even
though VIN terminology is useful and has been
quickly adopted, there are still certain diagnostic
problems. First, it is sometimes difficult to distin-
guish VIN2 from VIN3. In many cases the distinc-
tion is so subjective that some laboratories choose
to combine the two grades and render the diagnosis
as “high-grade vulvar intraepithelial neoplasia
(VIN2–3)” or “high-grade squamous intraepithelial
lesion (VIN2–3)” in parallel to the diagnostic
scheme used for cervical lesions. Second, diagnosis
of VIN1 has poor interobserver and intraobserver
reproducibility. The diagnostic difficulty arises
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from subtle features of HPV cytopathic effect (koilo-
cytosis) in the vulvar skin/mucosa, and lesser de-
gree of nuclear atypia, as compared with the case of
cervical low-grade squamous intraepithelial lesions
(LSIL). In cases where nuclear atypia is minimal,
the main differential diagnosis of VIN1 is “normal”
skin/mucosa. In addition, presence of pseudokoilo-
cytes in benign skin/mucosa may cause overdiag-
nosis. These diagnostic problems are clearly illus-
trated by a study of van Beurden et al. (3), in which
44% of vulvar biopsies originally diagnosed as “nor-
mal” received a diagnosis of VIN1 upon review, and
40% of cases originally diagnosed as VIN1 were
reclassified as “normal.” In another study (4), an
audit of cases originally diagnosed as VIN1 was
performed by the dermatopathologist and the sur-
gical pathologists. In only 2 of 21 cases (9.5%) was
the original diagnosis validated; the diagnosis in the
remaining cases was revised to squamous cell hy-
perplasia (28%), psoriasis (24%), lichen planus
(14%), and vesicular/bullous diseases (14%).

The pathobiology of VIN1 has not been well stud-
ied, and association with specific HPV genotypes is
not known. In contrast, other vulvar lesions have
been extensively investigated. Vulvar condyloma
acuminatum is a benign growth that has been
shown to harbor low-risk HPVs, most commonly
HPV6 or HPV 11 (5, 6). VIN3, on the other hand, is
a premalignant lesion associated with high–onco-
genic risk HPVs, specifically HPV 16 (3, 7, 8). It is not
clear, however, whether VIN1 is biologically related
to benign condyloma, or if it is a precursor of
VIN2–3.

Vaginal lesions associated with HPV infection are
similarly challenging, and both underdiagnosis or
overdiagnosis may result from subtle features of
koilocytic atypia or presence of pseudokoilocytes,
respectively. In a study by Nuovo et al. (9), low-
grade vaginal lesions were tested for HPV DNA by
PCR, and only 63% of cases were found to be HPV
positive, suggesting overdiagnosis in the remaining
cases. The investigators observed that perinuclear
haloes and mild nuclear atypia were not predictive
of HPV DNA detection.

The purpose of this study was to evaluate the
utility of MIB-1 immunostaining as an adjunct test
to increase the diagnostic accuracy in equivocal
cases of low-grade vulvar as well as vaginal intra-
epithelial neoplasia (VIN1/VAIN1). Next, we wanted
to determine the distribution of low– and high–
oncogenic risk HPVs in VIN1/VAIN1 to acquire bet-
ter understanding of the pathogenesis of these le-
sions. Finally, we were interested in identifying any
subgroups within VIN1/VAIN1 cases based on ei-
ther histologic or virologic characteristics. In par-
ticular, we wanted to determine whether dividing
low-grade vaginal/vulvar intraepithelial neoplasia

into two separate categories of “mild dysplasia” and
“flat condyloma” has any biological significance.

Because any study of VIN1/VAIN1 potentially
may be flawed by inclusion of non-neoplastic cases
because of subjectivity of histologic diagnosis, our
first objective was to identify the gold standard
VIN1/VAIN1 and benign cases. The archival cases
of VIN/VAIN and benign cases, including squa-
mous cell hyperplasia and lichenoid lesions, were
reviewed, and a consensus histologic diagnosis was
obtained. The consensus diagnosis was further con-
firmed with HPV testing. In such validated gold
standard cases, we determined the sensitivity and
specificity of MIB-1 immunostaining for verifying
the diagnosis. Finally, we performed genotyping of
HPV DNA detected in VIN1/VAIN1 lesions using
VIN3 cases as a positive control.

MATERIALS AND METHODS

Case Selection
The surgical pathology files of the Departments

of Pathology at the Weill Medical College of Cornell
University and Washington University School of
Medicine were searched from 1997 to 2000 to iden-
tify successive vulvar/vaginal biopsies with the di-
agnosis of either benign or low-grade vulvar and
vaginal intraepithelial neoplasia (VIN1 and VAIN1)
and high-grade vulvar intraepithelial neoplasia
(VIN3). The diagnoses were rendered by numerous
faculty members with varying years of diagnostic
experience. The study group consisted of 43 cases
of combined VIN1 (n � 23) and VAIN1 (n � 20). The
negative control group consisted of 20 benign
cases, including squamous cell hyperplasia (n � 9);
lichen planus (n � 4); and benign squamous mu-
cosa (n � 7). The positive control group consisted
of 6 cases of VIN3.

Verification of Histologic Diagnosis
To verify the histologic diagnoses, all cases were

reviewed by two pathologists (SL and ECP) using
standard criteria (10) to obtain a consensus diag-
nosis that was further correlated with the results of
HPV testing. The study included only VIN/VAIN
cases in which the consensus diagnosis was con-
firmed by positive HPV result (considered gold-
standard positive cases) and benign cases in which
the consensus diagnosis was confirmed by negative
HPV result (considered as gold-standard negative
cases). Cases of differentiated VIN were not in-
cluded in the study.

MIB-1 Immunohistochemistry
MIB-1 immunohistochemical staining was per-

formed on 4-�m sections of formalin-fixed,
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paraffin-embedded specimens. The sections were
subjected to heat-induced antigen retrieval and in-
cubated in an automated stainer with MIB-1 anti-
body (Zymed Laboratories, Inc., San Francisco, CA)
at a dilution of 1:300, stained with diaminobenzi-
dine chromogen, and counterstained with hema-
toxylin. Presence of parabasal epithelial staining
was used as a positive control. A presence of a
cluster of two or more stained nuclei in the upper
two thirds of the epithelial thickness was inter-
preted as a positive result (5).

DNA Preparation
Genomic DNA was prepared from two to three

4-�m sections from each case using standard meth-
ods (5). Briefly, the slides were deparaffinized and
stained with hematoxylin, and tissue was scraped
with a sterile needle. The samples were incubated
with 250-�L proteinase K (1 mg/mL) in 50 mM

Tris-HCl, pH 8.0, 1 mM EDTA, and 0.5% Tween 20
for 18 hours at 56° C. After heat inactivation at 95° C
for 10 minutes, 10 �L of the supernatant was used
for PCR. The entire tissue preparation was carried
out in a specially dedicated laboratory to avoid PCR
product carryover. Adequate DNA quality was es-
tablished by PCR amplification of �-globin gene,
resulting in a 96–base pair product (11).

HPV DNA Amplification
Broad-spectrum HPV DNA amplification was

performed using the Short PCR Fragment (SPF 10)
primer set, as described previously (12). SPF 10 PCR
amplifies a 65-base pair fragment from the L1 re-
gion of the HPV genome. Briefly, HPV DNA ampli-
fication was performed in a total volume of 50 �L
containing 10 �L of isolated DNA, 10 mM Tris-HCl
(pH 9.0), 50 mM KCl, 2.0 mM MgCl2, 0.1% Triton
X-100, 0.01% gelatin, 200 �M of each deoxynucleo-
side triphosphate, 15 pmol of each of the forward
and reverse primers (sequence as in Kleter et al.
[12]), and 1.5 U of AmpliTaq Gold (Perkin Elmer).
AmpliTaq Gold was activated by incubation at 94° C
for 9 minutes. HPV DNA was amplified in 40 cycles
of 30 seconds at 94° C, 45 seconds at 52° C, and 45
seconds at 72° C, and a final extension of 5 minutes
at 72° C. Each experiment was performed with sep-
arate positive (plasmid HPV DNA) and negative
(H2O) controls. PCR products were analyzed using
3% agarose gel electrophoresis. All HPV-negative
cases were confirmed by the second PCR assay
using standard DNA concentration as well as 10�
diluted DNA sample to exclude presence of PCR
inhibitors.

HPV DNA Genotyping
Samples identified as positive for HPV DNA were

genotyped with the HPV-Line Probe Assay (Innoge-

netics Inc., Alpharetta, GA). Twenty-five individual
HPV genotypes (high-risk HPV: 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, 66, 68, and 70; low-risk HPV: 6,
11, 34, 40, 42–44, 53, 54, and 74) can be identified
simultaneously in a single assay. The exact assay
conditions were described previously (13). Briefly,
10 �L of denatured HPV PCR product was hybrid-
ized (60 min at 50° C) to genotype-specific probes
immobilized as parallel lines on a nitrocellulose
strip. After the washing step, the products of hy-
bridization were visualized in a color reaction using
alkaline phosphatase-streptavidin conjugate,
5-bromo-4-chloro-3-indolylphosphate, and ni-
troblue tetrazolium, which results in a purple pre-
cipitate. The results were assessed by aligning the
strips with the standard grid (Fig. 1).

RESULTS

Clinical Data
The average age of patients with the diagnosis of

VIN1 and VAIN1 was 45.1 years (range, 18–91) and
43.7 years (range, 18–81), respectively. History of
intraepithelial neoplasia (either vulvar or cervical)
was present in 25% of VIN1 and 19% of VAIN1
cases. A concurrent high-grade vulvar/vaginal in-
traepithelial neoplasia was identified in 28% of

FIGURE 1. HPV genotyping using Line Probe Assay. Lane 1, HPV11;
Lane 2, HPV35 and HPV42; Lane 3, HPV16 and HPV51.
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VIN1 and 10% of VAIN1 cases. The average age of
the patients with VIN3 was 43.3 years (range, 27–
65). History of vulvar or cervical intraepithelial neo-
plasia was present in all cases. The average age of
the patients with benign diagnosis was 61 years
(range, 46–91). History of vulvar or cervical intra-
epithelial neoplasia was not recorded in any of the
cases, and concurrent VIN3 was present in one
case.

Identification of Gold-Standard VIN1/VAIN1
Cases

Thirty of 43 cases (69%) originally diagnosed as
VIN1/VAIN1 were confirmed as VIN1/VAIN1, and
the remaining 13 (31%) were identified as overdi-
agnosis and reclassified as benign based on the
result of consensus review and negative HPV testing
(Table 1). The reclassified cases included 11 origi-
nally diagnosed as VIN1 and 2 originally diagnosed
as VAIN1. The revised diagnoses for these cases
included squamous cell hyperplasia (1 case), lichen
planus (2 cases), and benign squamous mucosa
with reactive changes (10 cases). All cases originally
diagnosed as VIN3 or benign were validated as
such.

MIB-1 Immunostaining in Gold-Standard VIN1/
VAIN1, VIN3, and Benign Cases

MIB-1 positivity was identified in 29 of 30 gold-
standard VIN1/VAIN1 cases (Table 1), 6 of 6 VIN3
cases, and 2 of 33 gold-standard benign cases (Fig.
2). The two MIB-1–positive benign cases had a di-
agnosis of squamous cell hyperplasia. The sensitiv-
ity and the specificity of MIB-1 positivity for iden-
tifying VIN1/VAIN1 lesions was 0.96 and 0.90,
respectively. There was no difference in MIB-1
staining pattern between cases positive for low-risk
and high-risk HPVs.

HPV DNA Genotyping in Gold-Standard VIN1,
VAIN1, and VIN3 Cases

The results of HPV genotyping are presented in
Table 2 and Figure 1. Seventy percent of VIN1 cases

were associated with low-risk HPVs, and 84% of
VAIN1 cases were associated with high-risk HPVs.
All 6 cases of VIN3 were positive for high-risk HPVs.
Mixed HPV type infection was identified in 20% of
VIN1/VAIN1 and 30% of VIN3 cases, respectively.

“Flat Condyloma” Versus “Mild Dysplasia”
All gold-standard VIN1/VAIN1 cases were sub-

classified—using a consensus review—into “flat
condyloma” (a lesion with koilocytic atypia but no
evidence of dysplasia; n � 15) or mild dysplasia (a
lesion with koilocytic atypia in the superficial layers
of the epithelium, loss of maturation with associ-
ated nuclear hyperchromasia, pleomorphism, and
cellular crowding confined to the lower one third of
the epithelium; n � 15). The average age of the
patients in both groups was 45 years. The frequency
of past history of HPV infection was 40% in the flat
condyloma group versus 53% in the mild dysplasia
group (P � .05 by �2). The ratio of low-risk to
high-risk HPVs was 1:2.7 in the flat condyloma
group and 1:2.2 in the mild dysplasia group (P � .05
by �2). The MIB-1 staining pattern in both groups
was identical.

DISCUSSION

The histologic criteria to diagnose VIN1 are elab-
orated in the ISSVD classification of vulvar disor-
ders, but the application of these criteria has con-
siderable interobserver variability, and the
diagnosis of VIN1 and VAIN1 continues to be a
challenge when based on histopathologic criteria
alone. In this study we have audited cases with the
original diagnosis of VIN1/VAIN1 using a consen-
sus histologic review and HPV DNA detection as an
objective confirmatory test. We found that 31% of
cases were overdiagnosed as VIN1/VAIN1. The
medical and social ramifications of this finding are
of great importance. Because VIN1/VAIN1 is related
to the sexual transmission of a potentially onco-
genic virus, women for whom the diagnosis is ren-
dered face significant therapeutic, sexual, and so-
cial consequences. Although verification of the
accuracy of the diagnosis could be performed with
demonstration of HPV DNA by PCR, this technique
requires special expertise and may not be always
available. MIB-1 positivity has been extensively
used as a surrogate marker of dysplasia in cervical
biopsies. Notably, it has been used to differentiate
pseudokoilocytic changes and atrophy from dyspla-
sia (14, 15) and has been used to evaluate cauter-
ized margins in cervical cone biopsies (16). In this
study we evaluated the utility of the stain as an
adjunct test for accurate diagnosis of VIN1/VAIN1.

MIB-1 is a monoclonal antibody recognizing
Ki-67 nuclear nonhistone protein expressed

TABLE 1. Correlation of the Original Histologic

Diagnoses with Gold Standard Diagnoses and Results of

MIB-1 Immunostaining

Original
Diagnosis

n
Gold

Standard
Diagnosis*

MIB-1
Positive**

VIN1/VAIN1 30 VIN1/VAIN1 29
VIN1/VAIN1 13 BENIGN 0
BENIGN 20 BENIGN 2
VIN3 6 VIN3 6

* Gold standard diagnosis was based on the results of consensus re-
view and HPV testing.

** Presence of two or more stained nuclei in the upper two-thirds of
the epithelial thickness was interpreted as a positive result.
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throughout the mitotic cycle, with the exception of
the G0 phase. Immunostaining with MIB-1 or poly-
clonal anti–Ki-67 antibodies yields the same results
(17). In normal vulvar skin and vulvar/cervical mu-
cosa, MIB-1 positivity is found exclusively in the
parabasal nuclei of the squamous epithelium (3, 5,
18–22). HPV infection results in increased prolifer-
ative activity of the squamous cells and extension of
MIB-1–positive cells to the upper layers of the epi-
thelium (5, 21, 22). Presence of MIB-1–positive cells
above the parabasal epithelial layer has been de-
scribed in both VIN1 (3), and VIN2–3 (3, 18, 20, 23);
however, these results were not correlated with
HPV testing. Previous studies of vulvar condylo-
mata and LSIL of the cervix showed a complete
correlation between detection of HPV DNA and
MIB-1 positivity that was defined as presence of
MIB-1–positive cells in the upper two thirds of the
epithelial thickness (5, 14). In the current study, we
used the same definition of MIB-1 positivity and
found an excellent correlation between HPV detec-
tion and MIB-1 positivity. The sensitivity of MIB-1
immunostaining for identification of VIN1/VAIN1
was 0.96.

The differential diagnosis of VIN1 includes normal
skin/mucosa and, among the most common disor-
ders, squamous cell hyperplasia, lichen planus, pso-
riasis, and differentiated VIN. We detected positive
MIB-1 staining in the upper two thirds of the epithe-
lium in 2 of 9 cases of squamous cell hyperplasia.
None of 4 cases of lichen planus were positive for
MIB-1 in our study. The specificity of MIB-1 for de-
tection of VIN1/VAIN1 was 0.90. In addition, previous
reports described only basal/parabasal MIB-1 stain-

ing in psoriasis (19, 24) and differentiated VIN (23).
These results indicate that MIB-1 is a specific marker
of vulvar/vaginal dysplasia; however, in cases where
the differential diagnosis includes squamous cell hy-
perplasia, HPV testing may be preferable for valida-
tion of the diagnosis.

Even though interpretation of MIB-1 positivity is
highly reproducible, regardless of the pathologist
experience, there are few instances that may result
in false-positive interpretation of the staining. Tan-
gential sectioning through the stromal papillae may
result in apparent presence of positive nuclei in
superficial layers of the epithelium. Examination of
the overall tissue architecture may help to evade
this potential interpretative error. In cases of vulvi-
tis/vaginitis or lichenoid lesions, MIB-1–positive
lymphocytes may be present throughout the epi-
thelial thickness. High-power examination helps to
identify these cells as nonepithelial.

The second goal of our study was to determine
the distribution of low– and high–oncogenic risk
HPVs in VIN1/VAIN1 to acquire insight into the
pathobiology of these lesions. We found that VIN1
was most commonly associated with low-risk HPVs
(70%). This result suggests that flat VIN1 lesions are
related to exophytic condylomata acuminata which
are positive for low-risk HPVs in 77–88% of cases
(5–7). For the same reason, it is unlikely that VIN1 is
a precursor of VIN3, which is consistently associ-
ated with high-risk HPVs. Interestingly, 84% of
VAIN1 lesions were found to be positive for high-
risk HPVs, similar to cervical LSILs, which have
been reported to be associated with high-risk HPVs
in 83% of cases (25).

TABLE 2. HPV DNA Genotyping in Gold Standard VIN1, VAIN1, and VIN3 Cases

Gold
Standard
Diagnosis

n
Low:High Risk

HPV Ratio*
HPV Genotypes

Low risk:
VIN1 11 70:30 HPV6 (n � 4) HPV11 (n � 1) HPV44 (n � 1)

HPV74 (n � 1)
High risk:

HPV31 (n � 1) HPV68 (n � 1)
Mixed high/low risk types:
HPV16 � HPV51 (n � 1)
HPV unknown type (n � 1)

Low risk:
VAIN1 19 16:84 HPV42 (n � 1) HPV44 (n � 1) HPV53 (n � 1)

High risk:
HPV16 (n � 2) HPV56 (n � 2), HPV18 (n � 3),
HPV31,59,68 (n � 1 each)

Mixed high/low and high/high risk types:
HPV16 � 66, HPV16 � 53 � 68, HPV35 � 42,
HPV 42 � 56, HPV56 � 66 (n � 1 each)
HPV unknown type (n � 1)

VIN3 6 0:100 High risk:
HPV16 (n � 3), HPV58 (n � 1)

Mixed high/low risk types:
HPV16 � 6, HPV18 � 52 � 56 � 74 (n � 1 each)

* Cases of mixed high/low risk HPV infection were counted as high risk cases.
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Finally, we were interested in identification of
any subgroups within the VIN1/VAIN1 cases based
on histologic, virologic, or clinicopathologic char-
acteristics. The cases were substratified into flat-
condyloma or mild-dysplasia categories. There was
no difference in clinicopathological features of pa-
tients, HPV type distribution, or MIB-1–staining
pattern between the two groups. Our results indi-
cate that the distinction between “flat condyloma”
and “mild dysplasia” may be an artificial one and
has little biological significance.

In conclusion, results of previous studies and our
current study indicate that even stringent morpho-
logical criteria fail to reliably predict the presence of
HPV in vulvar/vaginal lesions (3, 5, 9). Although the
assessment of diagnostic accuracy could be per-
formed with HPV detection by PCR, this technique
has limited clinical use because of labor-intensive
procedures and high cost. MIB-1 positivity corre-

lates with the detection of HPV in both vulvar and
vaginal low-grade squamous intraepithelial lesions
with high sensitivity and specificity. Furthermore,
MIB-1 immunostaining is routinely available, inex-
pensive, and reproducible. Our results clearly dem-
onstrate that MIB-1 immunostaining is a beneficial
adjunctive test that may be an important element
of quality assurance in rendering diagnoses in
equivocal cases.
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Book Review

Pasqualini JR, editor: Breast Cancer: Progno-
sis, Treatment, and Prevention, 656 pp,
New York, Marcel Dekker, Inc., 2002
($165.00).

Pasqualini and colleagues have assembled a sig-
nificantly unique collection of reviews in breast
cancer. In 17 widely ranging chapters, only oc-
casionally overlapping, the authors provide in-
depth reviews of the many-faceted hormonal
and molecular influences on breast tissue, both
normal and malignant.

The authors intend their book to target on-
cologists, gynecologists, general clinicians, biol-
ogists, physiologists, and other advanced stu-
dents. The majority of the chapters are relatively
sophisticated reviews in basic science. Paradox-
ically, this is why the book may be most useful to
clinicians whose available standard texts on
breast cancer tend to emphasize reviews of clin-
ical trials. Contrastingly, this text should gain
readership from clinicians, particularly those
working on the cusp of new patient-focused re-
search, translating new molecular information
into patient clinical trials.

The chapter on “BRCA-1, BRCA-2 and He-
reditary Breast Cancer,” by Bove et al., is par-
ticularly noteworthy; representing one of the
most cogent and readable chapters on this
issue the reviewer has had the good fortune to
read. This chapter, as do many in this text,
pushes the reader into regions of basic science
that are new, and to fully understand may
require some study beyond a cursory reading.

Each of the above-targeted specialists that
the authors have identified can benefit from
this book. But it would seem clinical research-
ers, particularly those doing translational re-
search, will find this text most useful in their
own endeavors. The book is recommended to
those very clinical researchers and should be
available in any academic library where such
clinical researchers reside.

Ronald L. Stephens
Lawrence Memorial Oncology Center
Lawrence, Kansas
University of Kansas Medical Center
Kansas City, Kansas
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