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The authors reviewed 143 cases (87 benign, 37 bor-
derline, and 19 malignant) of mammary phyllodes
tumors (PTs) and used immunohistochemistry to
detect p53 protein product semi-quantitatively as
negative, weak, moderate and strong (scored 0 to 3).
For all PTs, an increasing trend of tumor size and
malignancy was detected with increasing age. For
p53 staining, 60 cases (42%) were negative, 55 (38%)
stained weakly, 28 (13%) stained moderately, and
10 (7%) stained strongly. Of the 87 benign PTs, 41
(47%) were negative, 37 (43%) stained weakly, and 9
(10%) stained moderately. For the 37 borderline
PTs, 16 (43%) were negative, 14 (38%) stained
weakly, 6 (16%) stained moderately, and 1 (3%)
stained strongly. Of the 19 malignant PTs, 3 (16%)
were negative, 4 (21%) stained weakly, 3 (16%)
stained moderately, and 9 (47%) stained strongly.
The mean intensity score for p53 staining increased
progressively from benign to borderline to malig-
nant PT, with established statistical significance (P
< .0001). This is significantly correlatedwithmitotic
count but not stromal cellularity, pleomorphism,
margin, and stromal overgrowth. When considering
strong staining alone (score, 3), 47% of malignant,
3% of borderline, and none of the benign PTs were
positive. The use of strong positive staining for di-
agnosing malignant PT gave positive and negative
predictive values, specificity, and sensitivity of 90%,
92.5%, 99%, and 47%, respectively. Thus diffuse
strong p53 protein staining can be used as a soft
sign in assisting the diagnosis ofmalignant PT. Con-

versely, negative or weak staining of p53 protein in
PT is of little discriminatory value. The role of p53
gene mutation in the malignant transformation of
PT is unclear; but this may not be the sole mecha-
nism as many malignant PT were p53 protein
negative.
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Phyllodes tumor (PT) is an uncommon stromal–
epithelial neoplasm of the breast. The reported in-
cidence is 0.3 to 0.5% of female breast tumors (1–5).
The median and mean age of patients is 45 y, and
the average size is 4–5 cm. Rarely, these lesions can
occur in younger and older women and in men.
Clinically, PT is difficult to distinguish from fibro-
adenoma. The histological grading of PT is based
on a combination of histological features, including
mitotic count, cellularity, and pleomorphism of the
stromal cells, stromal overgrowth, and whether the
border is infiltrative or not (2, 6). By using these
parameters, PT is divided into benign, borderline,
and malignant. Although both borderline and ma-
lignant PT canmetastasize, all PTs can recur locally.
This propensity to recur makes proper and ade-
quate treatment imperative, even in benign cases.
Mutations of the p53 tumor suppressor gene are

among the commonest detected in human malig-
nancies (7). Accumulation of the protein product,
as detected by immunohistochemistry, has been
described in many tumor types as a marker of neo-
plastic progression and of aggressiveness (8, 9). In
the literature, evaluation of p53 protein expression
in PT has been reported in several studies (10–14).
In the studies that correlated the grade of PT to p53
protein expression, it was suggested that malignant
PT have diffuse strong staining that allowed distinc-
tion of malignant from benign and borderline PT
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(10–12). Other studies suggested that p53 protein
expression did not predict outcome (11, 13). In the
current study, we further evaluated the relationship
of p53 protein expression with histologic parame-
ters and the role of p53 protein detection in the
diagnosis of malignancy in PT.

MATERIALS AND METHODS

The histopathology files from the three partici-
pating departments were searched for PT over the
past 14 years, yielding a total of 143 cases. The
paraffin blocks were retrieved and 4-�m slides pre-
pared routinely, stained with hematoxylin and eo-
sin. All the slides were reviewed for the following
histologic parameters: (1) stromal cellularity; (2)
nuclear pleomorphism; (3) stromal overgrowth; (4)
mitotic count; and (5) margin of the tumor, whether
infiltrative or rounded. The stromal cellularity and
nuclear pleomorphism were graded as low/mild,
moderate, or severe; stromal overgrowth was
graded as mild, moderate (scanty epithelial element
within a low-power field), or severe (absence of
epithelial element within a low-power field [40�];
Nikon Labophot; field area, 1.9 mm2); and the mi-
totic count was given as the number of mitotic
figures per 10 high-power fields (400�; Nikon La-
bophot; field area, 0.19 mm2). A diagnosis of benign
PT was made when there was low cellularity, no
stromal overgrowth, mild pleomorphism, a
rounded margin, and a mitotic count of two or less
per 10 high-power fields. Malignant PT was diag-
nosed when the mitotic count was five or more per
10 high-power fields, together with stromal over-
growth and an infiltrative margin. Borderline PT
was diagnosed when the criteria for malignancy
were not totally fulfilled.

For p53 staining, a most-representative slide was
taken from each case and stained for p53 (DO-7
monoclonal, Novocastra, UK) using standard
avidin-biotin method with microwave antigen re-
trieval. The staining of cells was assessed according
to both the intensity and proportion of positive
cells. The staining pattern was graded from 0 to 3,
with 0 being no staining; 1 when �33% of the
stromal cell nuclei stained weakly; 2 when 34–67%
of cell nuclei stained with weak to moderate stain-
ing intensity; and 3 when �67% cells displayed
moderate to strong nuclear staining.

For statistical analysis, PROC LOGISTIC in SAS
was used to study the association between p53 and
diagnosis with the presence of the five histologic
factors and recurrence. Student t test and ANOVA
was used to compare the tumor size and patient age
with diagnosis of PT and also between the recurrent

and nonrecurrent tumors. Statistical significance is
established at P � .05.

RESULTS

One hundred and thirty-seven patients were in-
cluded in this study, including four patients with
both the initial and first recurrent PT, one patient
with the initial and two additional recurrences, six
patients with only the first recurrence, one patient
with only the second recurrence, and the initial PT
of two patients with one recurrence, yielding a total
of 143 PTs. The patient’s age ranged from 15 to 77
years (mean, 43 y), and the tumor size ranged from
1 to 22 cm (mean, 5 cm). Sixty-two percent of the
patients were Chinese, 21% were Caucasian, and
the remainder were Indo-Chinese or Indian. The
tumors occurred on the left side in 51% of cases,
and 48% occurred on the right; in two cases, the
side was not known. Of the total cases, there were
87 (61%) benign, 37 (26%) borderline, and 19 (13%)
malignant PT.

For the 87 benign PT, the patient age range was
17 to 62 years (mean, 40.8 y), and the tumor size
range was 1 to 22 cm (mean, 4.3 cm). For the 37
borderline PT, the patient age range was 15 to 77
years (mean, 44.6 y), and the tumor size range was
1 to 20 cm (mean, 5.8 cm). For the 19 malignant PT,
the patient age range was 30 to 76 years (mean,
49.8 y), and the tumor size range was 2 to 22 cm
(mean, 6.8 cm). The mean age of patients increased
with the degree of malignancy of PT. The difference
between age of patients of the benign and malig-
nant groups was significant (P � .0008), but no
statistical significance was demonstrated between
the benign and borderline groups and between the
borderline and malignant groups. The sizes of the
PTs also increased with increasing degree of malig-
nancy, but the differences were not statistically
significant.

For the p53 protein staining of all cases, 60 cases
(42%) scored 0; 55 cases (38%) scored 1; 18 cases
(13%) scored 2 (Figs. 1 and 2); and 10 cases (7%)
scored 3 (Fig. 3 and 4). In the 60 cases with score 0,
41 (68%) were benign, 16 (27%) were borderline,
and 3 (5%) were malignant. In the 55 cases with
score 1, 37 (67%) were benign, 14 (25%) were bor-
derline, and 4 (8%) were malignant. For the 18 cases
with score 2, 9 (50%) were benign, 6 (33%) were
borderline, and 3 (17%) were malignant. For the 10
cases with score 3, 1 (10%) was borderline and 9
(90%) were malignant.

For the 87 benign PTs, 41 cases (47%) scored 0, 37
cases (43%) scored 1, and 9 cases (10%) scored 2.
The mean score for benign PTs was 0.63. For the 37
borderline PTs, 16 cases (43%) scored 0, 14 cases
(38%) scored 1, 6 cases (16%) scored 2, and 1 case
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(3%) scored 3. The mean score for borderline PTs
was 0.78. For the 19 malignant PTs, 3 cases (16%)
scored 0, 4 cases (21%) scored 1, 3 cases (16%)
scored 2, and 9 cases (47%) scored 3. The mean

score for malignant PTs was 1.95. Using ANOVA,
the scores were significantly different among the
three groups (P � .0001) when considering the di-
agnosis with p53 score.

FIGURE 1. Photomicrograph showing a borderline phyllodes tumor (hematoxylin and eosin, 200�, left panel) with moderate (34–67%) p53
staining of stromal cell nuclei (200�, right panel).

FIGURE 2. Photomicrograph showing a borderline phyllodes tumor (hematoxylin and eosin, 400�, left panel) with moderate (34–67%) p53
staining of stromal cell nuclei (400�, right panel).
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We further analyzed whether the p53 score was
related to any of the histologic parameters or
whether the p53 score was independent of these
parameters. A logistic regression model was used,

taking into consideration the presence of the five
histologic variables that were used for establish-
ment of diagnosis. The correlation of p53 score with
diagnosis now became statistically not significant

FIGURE 3. Photomicrograph showing a malignant phyllodes tumor (hematoxylin and eosin, 200�, left panel) with diffuse strong (�67%) p53
staining of the stromal cell nuclei (200�, right panel).

FIGURE 4. Photomicrograph showing a malignant phyllodes tumor (hematoxylin and eosin, 400�, left panel) with diffuse strong (�67%) p53
staining of the stromal cell nuclei (400�, right panel).
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(P � .187). Of the five histologic parameters ana-
lyzed, four of them (cellularity, nuclear pleomor-
phism, stromal overgrowth, and margin pattern)
were not associated with p53 score; only mitotic
count showed a relationship with p53 score (P �
.0309). In fact, if we remove the mitotic count in the
first logistic regression model, the association be-
tween p53 and diagnosis became significant (P �
.0055), indicating that the information given by p53
and mitotic count were overlapping.

Of the 137 patients, 17 were lost to follow-up. For
the remaining 120 patients, the follow-up period
starting from the occurrence of the initial PT ranged
from 2 to 300 months, with a mean of 68 months.
One hundred patients were well and did not have
any recurrence, 18 had recurrences, and 2 had dis-
tant metastases. For the 18 patients with recur-
rences, 14 had one recurrence, and 4 had two re-
currences. If only the first recurrences were
considered, the recurrence interval after the initial
tumor was 6 to 204 months, with a mean of 36
months. One case had a recurrence interval of 204
months, and for all others, the recurrence occurred
within 72 months. For the second recurrence, the
range was 24 to 240 months (mean, 91.8 mo). All the
second recurrences occurred within 12 to 75
months after the first recurrence. For the disease
outcome, one of the two patients with distant me-
tastases died 2 years after diagnosis. For these two
patients, one did not have histologic assessment as
the metastases were diagnosed radiologically. For
the other case, the metastasis was composed of
epithelioid malignant stromal cells with brisk mito-
ses. All other patients were alive at the end of the
follow-up period.

Among the recurrences, six recurrent tumors (five
first recurrences and one second recurrence from
five patients) together with the initial PT were avail-
able for review. The initial tumor was benign in
one, borderline in two, and malignant in two cases.
The benign PTs recurred as benign, but the recur-
rences from the borderline and malignant groups
recurred as all categories. No definite relationship
could be established between the grade of the ini-
tial and the recurrent tumors. Analysis of the histo-
logic variables and p53 scores using logistic regres-
sion showed that most of these are not predictive of
the occurrence of recurrence. Only the mitotic
count was related to recurrence (P � .0062).

When we compared the histologic parameters,
tumor sizes, and p53 protein expressions of the
recurrences and the nonrecurrent PTs using the t
test, the recurrences had higher degree of nuclear
pleomorphism, cellularity, stromal overgrowth and
mitoses, but these were not statistically significant
(P � .1076–.2305).

DISCUSSION

The division of PTs into benign, borderline, and
malignant is essentially arbitrary because these lie
along a histologic continuum rather than discreet
histologic categories. Classification into benign and
malignant PTs uses a combination of histologic cri-
teria, and for cases that fulfill some but not all
malignant criteria, they are labeled as of borderline
malignancy. This continuum is well illustrated by
the fact that in different large series, the proportion
of borderline PTs differed significantly, ranging
from 11 to 42%, with the malignant PTs ranging
from 5 to 45% (13–18). The findings in the current
series fell within these ranges. This division is nev-
ertheless important because malignant PT has
higher potential to metastasize. Additional factors
that have been studied to assist in the differentia-
tion of different categories of PT included p53,
CD34, bcl-2, Ki-67, endothelin 1, Factor XIIIa, and
microvessel density (19–23).

Studies evaluating p53 protein expression in PT
are few in the literature. Most of the series included
limited number of cases (�20) of PT (10, 12, 14),
whereas two studies were more comprehensive and
included 57 (11) and 118 (13) cases, respectively.
Some of the smaller series also included only be-
nign and malignant but not borderline PT in the
analysis. The results of p53 protein expression from
these studies were variable. In some studies, p53
protein expression was exclusively present in ma-
lignant PT but not in benign PT or fibroadenomas
(10, 12), and some authors further distinguished the
immunostaining patterns of weak and diffuse
strong positivity (12). In other series with more
cases and including borderline PT, the findings
were less clear-cut, showing p53 protein expression
in malignant, borderline (11), and even benign (13,
14) PT. In all these studies, the percentage of PTs
with p53 protein expression differed between dif-
ferent grades of malignancy, ranging from 14 to
86% in malignant PTs, to 18 to 25% in borderline
PTs, and to 0 to 10% in benign PTs (11, 14). In all
individual studies, the percentage of p53 protein
expression increased with ascending degree of
malignancy.

Our results demonstrated several findings. First,
we showed that with increasing degree of malig-
nancy, a concurrent increase in p53 protein expres-
sion was detected, both in terms of the intensity
and the percentage of cells. This observation is in
agreement with the findings in other series (10–14).

We also demonstrated that p53 protein expres-
sion correlated strongly with the mitotic count but
not with the diagnosis in the presence of mitotic
count. This indicated that p53 expression over-
lapped with mitoses and was not an independent
factor in predicting malignancy in PTs. This is ex-
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pected as the mechanism of p53 overexpression is
related to controlled apoptosis in response to DNA
damage. As was previously demonstrated in a
smaller series (11), our results showed that p53
protein expression was statistically significantly re-
lated to the mitotic activity of the phyllodes tumor
but did not predict outcome in terms of recurrence
or mortality. Although other authors have reported
an association of p53 expression with most histo-
logic features (stromal overgrowth, nuclear pleo-
morphism, infiltrative margin), this was not ob-
served in our study.

Immunostaining for p53 protein expression can
be of utility in the diagnosis of the malignant cases.
If only diffuse strong positivity for p53 protein ex-
pression is considered, almost half of the malignant
PTs exhibited this high level of expression, whereas
only 3% of the borderline and none of the benign
PTs showed such strong expression. This finding
echoes those of other authors (10–14), who dem-
onstrated strong positive staining for malignant
PTs. For the larger series that included borderline
cases (11, 13, 14), the percentage of positivity of
borderline tumors ranged from 0 to 25%, compared
with a single case of a total of 37 cases (3%) in the
current series. The specificity of diffuse strong p53
protein staining in malignant PTs in our series is
99%; sensitivity, 47%; positive predictive value,
90%; and negative predictive value, 92.5%. This in-
dicates that strong diffuse p53 staining is useful and
specific in diagnosing malignant PTs with very high
positive and negative predictive values.

In predicting recurrences, we showed that most
histologic criteria and p53 protein expression were
not useful, with only mitotic count correlating with
recurrences. In comparing the recurrences and the
nonrecurrent tumors, the recurrent tumors showed
higher degree of stromal cellularity, pleomorphism,
overgrowth, and mitoses, but these were not statis-
tically significant. We believe that if more cases of
recurrent tumors were available, statistical signifi-
cance may be established for these parameters,
which are at best weak predictors for recurrence.
p53 protein expression is not useful in predicting
outcome.

The underlying molecular mechanism of causa-
tion and progression of PTs remains poorly under-
stood. In the literature, a few cytogenetic studies by
comparative genomic hybridization (CGH) showed
3p loss and 1q gain to be the more common abnor-
malities in PTs (24, 25); however, these changes
were not consistent. The role of p53 mutation in the
malignant transformation of PTs has yet to be elu-
cidated, although point mutation has been found to
be the responsible mechanism in a case of a benign
PT that transformed into a malignant PT (26). It
would appear that with the strong and diffuse stain-
ing for p53 protein expression present in mostly

malignant but not benign or borderline PTs, such
mutations occur as late events in tumor progres-
sion. Furthermore, the presence of p53 protein ex-
pression in only some of the malignant PTs in all
series suggests that changes in other tumor sup-
pressor genes may also play a significant role in the
malignant transformation. This may also partly ex-
plain the lack of power of p53 protein expression in
predicting recurrences and outcome. Although the
use of diffuse strong staining for p53 protein can be
used as a “soft sign” in the diagnosis of malignant
PT, further molecular studies are warranted to elu-
cidate the mechanism, including that of p53 muta-
tions, involved in the pathogenesis and progression
of PT.
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Book Review

Gospodarowicz MK, Henson DE, Hutter RVP,
O’Sullivan B, Sobin LH, Wittekind Ch, edi-
tors: Prognostic Factors in Cancer, 2nd ed,
832 pp, New York, Wiley-Liss, 2001
($99.95).

Sir William Osler, quoted in the preface of this
book, wrote in 1904 that ‘medicine is a science of
uncertainty and an art of probability.‘ This book,
sponsored by the International Union Against
Cancer (UICC), shows how successful we have
been in removing uncertainty from the science
and making probability prediction more science
than art.

The first 150 or so pages are devoted to the-
ory of clinical prognostic factors. Nice, probably
important and laudable, but unfortunately not
my cup of tea. For most clinical oncologists, the
remaining 600 pages will be of greater interest.
Page by page, chapter by chapter (35 in total), the
experts deal with the problems encountered on a
daily basis in the practice of oncology. The fact
that the roster of editors and contributors con-
tains the names of several pathologists is in itself
a sign that it should be of interest to pathologists
as well. And indeed it is. Most chapters (except
the first few) are peppered with pathology data.
‘Our‘ contributions range from classical histopa-
thology to molecular biology; from established,
generally accepted facts to investigational results
that still need to be validated on a broader base.
Clinical-pathologic correlations are a prominent
feature of every chapter and are generally well
done.

The contributors hail from various parts of
the world, reflecting the international nature of
the IUCC. The editing of such contributions
must be a gargantuan job, and although the
overall result is enviably good, there are still sig-
nificant disparities between the various chapters.
Personally I would have appreciated a more
structured and a ‘predictably uniform‘ approach,
which I feel should be mandated for all chapters
in the future editions. Nevertheless, the positive
aspects of the book definitely outweigh the few
negative ones.

I have used the book and found it most use-
ful while preparing for the interdisciplinary on-
cology conferences and meetings with clinicians.
The reason—because it allowed me to review the
relevant clinical prognostic data in the shortest
possible time frame. I found it also authoritative
and dependable. In some aspects it is not exactly
as up to date as one would have wished it to be,
but that is inevitable for a discipline that is ad-
vancing as fast as oncology. It is a work in
progress, which I predict will improve with every
new edition. The contributors and especially the
editors deserve kudos for their concentrated ef-
fort to ‘to provide the framework for the. . .appli-
cation of prognostic factors in clinical decision
making‘ in oncology.

Ivan Damjanov
University of Kansas School of Medicine
Kansas City, Kansas
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