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Grading system for lymph vessel tumor
emboli: significant outcome predictor for

patients with invasive ductal carcinoma of
the breast who received neoadjuvant therapy

Takahiro Hasebe?, Nobuko Tamura?, Motoki Iwasaki?, Nao Okada?, Sadako Akashi-Tanaka?,
Takashi Hojo?, Chikako Shimizu*, Masashi Adachi*, Yasuhiro Fujiwara*,
Tatsuhiro Shibata®, Yuko Sasajima®, Histoshi Tsuda® and Takayuki Kinoshita?
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The purpose of this study was to confirm that the grades of lymph vessel tumor emboli in biopsy specimens
obtained before neoadjuvant therapy and in the surgical specimens obtained after neoadjuvant therapy
according to the grading system we devised are significant histological outcome predictor for invasive ductal
carcinoma (IDC) patients who received neoadjuvant therapy. The subjects of this study were the 318
consecutive IDC patients who had received neoadjuvant therapy in our institution. The lymph vessel tumor
embolus grades in the biopsy specimens and in the surgical specimens were significantly associated with the
increases in mean number of nodal metastases. Multivariate analyses with well-known prognostic factors and
p53 expression in tumor-stromal fibroblasts clearly showed that the Iymph vessel tumor embolus grade based
on the biopsy specimens and based on the surgical specimens significantly increased the hazard rates for
tumor recurrence and tumor-related death in all the IDC patients as a whole, in the IDC patients who did not
have nodal metastasis, and in the IDC patients who had nodal metastasis, and the outcome-predictive power of
the lymph vessel tumor embolus grades based on the surgical specimens was superior to that of the lymph
vessel tumor embolus grades based on the biopsy specimens. The grades in the grading system for lymph
vessel tumor emboli were significantly associated with nodal metastasis, and the histological grading system is
an excellent system for accurately predicting the outcome of patients with IDC of the breast who have received

neoadjuvant therapy.
Modern Pathology (2010) 23, 581-592; doi:10.1038/modpathol.2010.3; published online 29 January 2010
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Lymphatic invasion in breast cancer patients with
invasive ductal carcinoma (IDC) has been reported
to have prognostic significance.’® We have already
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reported that the grading system for lymph vessel
tumor emboli that we devised is a very useful
histological grading system for accurately predicting
the outcome of patients with IDC who did not
receive neoadjuvant therapy, and that the grading
system can be used to classify IDC patients with
lymph vessel invasion into a low-, intermediate-,
and high-risk groups for outcome.® Furthermore, we
have recently reported finding that the lymph vessel
tumor embolus grades based on the biopsy speci-
mens and based on the surgical specimens are also
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an important outcome-predictive factor for IDC
patients who received neoadjuvant chemotherapy
and had nodal metastasis.” ,

The purpose of this study was to confirm that the
grading system for lymph vessel tumor embolus is a
significant outcome predictor for IDC patients who
received neoadjuvant therapy according to nodal
status, by multivariate analysis with well-known
clinicopathological factors and p53 protein expres-
sion in tumor-stromal fibroblasts in IDCs.® p53 protein
expression in tumor-stromal fibroblasts, but not in
tumor cells, in IDCs has been recently demonstrated
to be a very important outcome predictor for IDC
patients who received neoadjuvant therapy.® The

- results of this study clearly showed that the grading

system for lymph vessel tumor emboli is an excellent
histological outcome predictive of the histological
grading system for IDC patients who received neoad-
juvant therapy independent of nodal metastasis.

Materials and methods
Cases

The subjects of this study were the 318 consecutive
patients with IDC of the breast who received
neoadjuvant therapy and were surgically treated at
the National Cancer Center Hospital between Jan-
uary 2000 and December 2005 (the same series of
patients as in an earlier study we conducted® and 88
patients of the 318 patients in this series were
included among the subjects of our previous study?).
Their IDCs were diagnosed preoperatively by needle
biopsy, aspiration cytology, mammography, or ultra-
sonography. Clinical information was obtained from
the patients’ medical records after complete histo-
logical examination of all IDCs. All patients were
Japanese women, and they ranged in age from 23 to
77 years old (median, 55 years). All had a solitary
lesion; 127 patients were premenopausal, and 191
were postmenopausal. Partial mastectomy had been
performed in 152, and modified radical mastectomy
in 166. Level I and Level II axillary lymph node
dissection had been performed in all patients, and
Level III axillary lymph node dissection had been
performed in some of the IDC patients.

Of the 318 subjects, 37 (12%) had shown a
pathological complete response to neoadjuvant
therapy (34, no residual tumor and no nodal
metastasis; 3, residual ductal carcinoma in situ and
no nodal metastasis).

The neoadjuvant therapy consisted of chemother-
apy in 235 patients, endocrine therapy in 43
patients, and chemoendocrine therapy in 3 patients,
and 214 out of the 281 patients who had received
neoadjuvant therapy had also received adjuvant
therapy, which consisted of chemotherapy in
47 patients, endocrine therapy in 116 patients, and
chemoendocrine therapy in 51 patients. The chemo-
therapy regimens used were anthracycline-based
with or without taxane and non-anthracycline-
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based, and the endocrine therapy regimens con-
sisted of tamoxifen with or without a gonadotropin-
releasing-hormone agonist, tamoxifen with or with-
out an aromatase inhibitor, an aromatase inhibitor
alone, or a gonadotropin-releasing-hormone agonist
alone. There were no cases of inflammatory breast
cancer in this series. All tumors were classified
according to the pathological UICC-TNM (pTNM)
classification system.® The protocol of this study
(20-112) was reviewed by the institutional review
board of the National Cancer Center, and all patients
provided written informed consent.

For the pathological examination, biopsy specimens
obtained before neoadjuvant therapy and surgically
resected specimens obtained after neoadjuvant ther-
apy were fixed in 10% formalin and subsequently
examined. The size and gross appearance of the
surgically resected tumor specimens were recorded
as the residual invasive tumor size. The tumor size of
the surgically resected specimens was confirmed by
comparison with the tumor size on histological slides;
if more than one invasive focus was present, the size
of the largest invasive focus was recorded as the
residual invasive tumor size in this study.

Histological Examination

Serial sections of the biopsy specimens obtained
before neoadjuvant chemotherapy and of the tumor

‘area in the surgically resected specimens obtained

after neoadjuvant therapy were cut from paraffin
wax blocks. One section of each biopsy specimen
and surgical specimen was stained with hematoxy-
lin and eosin and examined histologically to con-
firm the diagnosis, and another section was sub-
jected to immunohistochemistry. The following
eight histological features of the primary-invasive
tumors were evaluated in the biopsy specimens
obtained before neoadjuvant therapy and the surgi-
cal specimens obtained after neoadjuvant therapy:
(1) residual tumor size (no residual tumor or
residual ductal carcinoma in situ, residual tumor
<20mm, >20 to <50mm, >50mm), (2) histologi-
cal grade (1, 2, 3),° (3) tumor necrosis (absent,
present),’ (4) fibrotic focus (biopsy specimen:
absent, present; surgical specimen: absent, fibrotic
focus diameter <8mm, fibrotic focus diameter
>8mm),"**? (5) blood vessel invasion (absent,
present), (6) adipose tissue invasion (absent, pre-
sent), (7) skin invasion (absent, present), and (8)
muscle invasion (absent, present). We also evaluated
the outcome-predictive power of Fisher’s neoadju-
vant therapy effect classification for surgical speci-*
mens obtained after neoadjuvant therapy.**

Grading System for Lymph Vessel Tumor Emboli in
IDCs

We have already stated the histological criteria of
the grading system for lymph vessel tumor emboli in



our previous study.®’ Briefly, we first examined all
slides of IDCs that contained both tumor areas and
nontumor areas to identify lymph vessel tumor
emboli. Next, we selected the lymph vessel tumor
emboli, for example, large lymph vessel tumor
emboli far from the stroma-invasive tumor margin
to examine for the presence and number of mitotic
figures and apoptotic figures of lymph vessel tumor
emboli in an IDC (Figures 1a and c). We classified all
IDCs into the following four grades according to the
number of mitotic and apoptotic figures in tumor
cells in lymph vessels in one per high-power field:
grade 0, no lymph vessel invasion; grade 1, absence
of no mitotic and or apoptotic figures, or presence of
any number of mitotic figures and absence of but no
apoptotic figures, or absence of mitotic figure and

Figure 1 (a) Two lymph vessel tumor emboli are observed. (b) Vessel walls positive for D2-40 around two lymph vessel tumor emboli can
be seen (arrows). One small lymph vessel is also positive for D2-40 (arrow), and one artery is negative for D2-40 (arrowhead). (c) Several
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presence of any number of apoptotic figures but no
mitotic figures; grade 2, 1-4 mitotic figures and >1
apoptotic figures, or >1 mitotic figures and 1-6
apoptotic figures; and grade 3, >4 mitotic figures
and >6 apoptotic figures. We selected the lymph
vessel tumor emboli in which to count the mitotic
figures and apoptotic figures and then recorded the
numbers of mitotic figures and apoptotic figures

among the tumor cells making up the lymph vessel

tumor emboli of the IDC in the high-power field that
contained the largest number of mitotic figures, and/
or the largest number of apoptotic figures were
recorded as the number of mitotic figures and
apoptotic figure in the lymph vessel tumor emboli
of the IDC. For the biopsy specimens, we examined
the presence or absence of lymph vessel tumor

-

apoptotic bodies and apoptotic tumor cells are observed (arrowheads), and there are five mitotic tumor cells (arrows) in tumor embolus in
the lymph vessel. Apoptotic bodies are small, variously shaped pyknotic bodies that resemble sesame seeds, and apoptotic tumor cells
were identified as tumor cells that contained eosinophilic or amphophilic cytoplasm and an irregularly shaped pyknotic nucleus. (d)
Three lymph vessel tumor emboli with an Allred score of 8 for P53 can be seen. More than 90% of the tumor cells comprising of the
lymph vessel tumor emboli show an intense nuclear staining for p53. .

»
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embolus or lymph vessel tumor emboli; when
lymph vessel tumor embolus or lymph vessel tumor
emboli were observed in the biopsy specimen, an
assessment similar to that described above was
performed. Some IDCs contained large lymph vessel
tumor emboli, especially in IDCs containing a grade
2 or 3 lymph vessel tumor emboli, and it was
difficult to determine whether they were true lymph
vessel tumor emboli or a non-IDC component by
hematoxylin and eosin staining alone. We therefore
performed immunohistochemical staining with D2-
40 antibody (monoclonal mouse antibody, Signet,
Dedham, MA, USA, 1:200) to confirm that the
lymph vessel tumor emboli identified by hematox-
ylin and eosin staining in some of the IDCs with
grade 2 or 3 lymph vessel tumor emboli were true
tumor emboli (Figure 1b). The D2-40 antibody was
generated against an O-linked sialoglycoprotein
having a molecular weight of 40kDa and had been
shown to be a selective marker of the lymphatic
endothelium.%*’ ‘

Immunohistochemistry

Immunohistochemical staining for estrogen recep-
tors, progesterone receptors, p53, HER2 products,
and D2-40 was performed with an autoimmunostai-
ner (Optimax Plus: BioGenex, San Ramon, CA,
USA). The antigen retrieval device used for the
Optimax Plus was an autoclave, and each specimen
was immersed in citrate buffer and incubated at
121°C for 10 min. Immunoperoxidase staining was
performed by using a labeled streptavidin biotin
staining kit (BioGenex) according to the manufac-
turer’s instructions. The antibodies used were an
anti-estrogen receptor mouse monoclonal antibody
(mAb), ER88 (BioGenex), an anti-progesterone
receptor mAb, PR88 (BioGenex), and an anti-HER2
mAb, CB11 (BioGnex), and a p53 mAb, DO7 (Dako,
Glostrup, Denmark). ER88, PR88, and CB11 were
already diluted, and DO7 was applied at a 1:100
dilution. After immunostaining, the sections were
counterstained with hematoxylin. Sections of IDCs
positive for estrogen receptor, progesterone receptor,
p53, HER2, and D2-40 were used each time as
positive controls. As for a negative control, the
primary antibody was replaced with normal mouse
immunoglobulin.

Slides immunostained for estrogen receptor, pro-
gesterone receptor, and p53 in stroma-invasive
tumor cells, and for p53 in tumor-stromal fibroblasts
were scored by the Allred scoring system as
previously described.®'*** The highest intensity
score, not the average intensity score, for nuclear
expression of p53 was assigned for in tumor-stromal
fibroblasts, and the highest p53 nuclear expression
proportion score and intensity score were then to be
evaluated in one high-power field (x 40 objective
and x 10 ocular).® The Allred scores for estrogen
receptor, progesterone receptor, and p53 expression
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in stroma-invasive tumor cells and tumor-stromal
fibroblasts were classified into the following three
categories: (1) Allred score for estrogen receptor in
stroma-invasive tumor cells, 0 or 2, 3—6, and 7 or 8;
(2) Allred score for progesterone receptor in stroma-
invasive tumor cells, 0 or 2, 3-6, and 7 or 8; (3)
Allred scores for p53 in stroma-invasive tumor cells,
Oor2or 3, 4-6,and 7 or 8; and (4) Allred scores for
P53 in tumor-stromal fibroblasts, 0 or 2, 3, and 4-8.
HER?2 expression in stroma-invasive tumor cells was
classified into the three categories: 0 or 1, 2, and 3.2
We also assigned Allred scores for estrogen receptor,
progesterone receptor, and p53 (Figure 1d), and
HER?2 category in lymph vessel tumor emboli by the
similar manner as in stroma-invasive tumor cells in
26 of the 82 IDCs with lymph vessel invasion. We
were unable to assign Allred scores for estrogen
receptor, progesterone receptor, and p53, and HER2
category in the other IDCs with lymph vessel
invasion, because immunohistochemistry for these
was performed in tumor tissue sections that did not
containing an lymph vessel tumor embolus.

One author (TH) assessed all the immunohisto-
chemical parameters, and one of four other authors
(NT, HT, TS, or YS) reviewed the immunohisto-
chemical parameters to confirm the IDC immuno-
histochemical characteristics recorded by TH.
Discordant results were reevaluated jointly to reach
until a consensus was reached. The histological
examination and immunohistochemical examina-
tion were performed without knowledge of the
patient’s outcome.

Patient Outcome and Statistical Analysis

Survival was evaluated by follow-up for a median
period of 62 months (range: 38—105 months) until
February 2009. As of the end of February 2009, 191
of the 281 patients were alive and well, 90 had
developed tumor recurrence, and 53 had died of
their disease. The measurements of tumor-recur-
rence-free survival, and overall survival started at
the time of surgery. Tumor relapse was considered to
have occurred whenever there was evidence of
metastasis.

Multiple regression analysis was used to perform
the statistical analyses for associations between
lymph vessel tumor embolus grade and number of
lymph node metastases, and the correlation analyses
were performed by the correlation statistics of
Cochran-Mantel-Haenszel statistics. We analyzed
the outcome-predictive power for tumor recurrence
and tumor-related death by the univariate and
multivariate analyses using the Cox proportional
hazard regression model. The factors analyzed were
the mentioned eight factors, age (<39, >39 years),
type of neoadjuvant therapy (endocrine therapy,
chemotherapy and chemoendocrine therapy), adju-
vant therapy (no, yes), and the factors that were
significantly associated with outcome in the uni-
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Figure 2 Graphs showing associations between mean nodal
metastasis values and the grades of lymph vessel tumor emboli
in the biopsy specimens (a) and in the surgical specimens (b). The
mean number of nodal metastases increases significantly with the
grade of lymph vessel tumor emboli in the biopsy specimens and
in the surgical specimens.

variate analyses were then entered together into the
multivariate analyses according to nodal status. As the
eight factors were examined using both biopsy speci-
mens obtained before neoadjuvant therapy and surgical
specimens obtained after neoadjuvant chemotherapy,
to accurately assess the prognostic value of each of
these factors in multivariate analyses, their mutual
influence on outcome was avoided by conducting
separate analyses of the prognostic predictive power of
the findings in the biopsy specimens obtained before
neoadjuvant therapy and the surgical specimens
obtained after neoadjuvant therapy (model 1, factors
examined based on biopsy specimens obtained before
neoadjuvant therapy; model 2, factors examined based
on surgical specimens obtained after neoadjuvant
therapy). The case-wise and step-down method was
applied until all the remaining factors were significant
at a P-value below 0.05. As there were fewer than 10
tumor deaths among the patients who did not have
nodal metastasis, we were unable to perform multi-
variate analyses for tumor death in this groups.

Lymph vessel tumor grade

T Hasebe et al

Table 1 Association between grading system for lymph vessel
tumor emboli and the Allred scores for p53 in stroma-invasive
tumor cells, the Allred scores for p53 in tumor-stromal fibroblasts
and the Allred scores for p53 in lymph vessel tumor emboli

. assessed in the surgical specimens

Grades of lymph vessel tumor emboli

Grade 0 Grade 1 Grade2 Grade3 P-value
Case (n=271) 191 42 22 16

Allred scores for p53 in stroma-invasive tumor cells

Oor2or3 63 (33) 14 (32) 6 (27) 0 0.001
4-6 75 (39) 22 (54) 9(41) . 3(19)
7or8 53 (28) 6 (14) 7 (32) 13 (81)

Allred scores for p53 in tumor-stromal fibroblasts
Oor2 110 (58) 27 (64) 6 (27) 1(6) <0.001

3 26 (13) 6(14) 2(9) 5 (31)
4-8 55 (29) 9(22) 14 (64) 10(63)
Allred scores for p53 in lymph vessel tumor emboli
Oor2or3 6 (55) 2 (50) 1(9) 0.005
4-6 2 (18) 0 0
7or8 3 (27) 2 (50) 10 (91)

Survival curves were drawn by the Kaplan-Meier

method. All analyses were performed with Statistica/ -

Windows software (StatSoft, Tulsa, OK, USA).

Results

Associations Between the Lymph Vessel Tumor
Embolus Grades and Factors

Although the lymph vessel tumor embolus grades
based on the biopsy specimens and based on the
surgical specimens were significantly associated with
the increases in mean number of nodal metastases
(Figure 2), the value of § for the correlation between
lymph vessel tumor embolus grades in the surgical
specimens and mean number of nodal metastases
was higher than between the lymph vessel tumor
embolus grades in the biopsy specimens and the
mean number of nodal metastases.

The results of the univariate analyses showed that
the lymph vessel tumor embolus grades assessed in
the surgical specimens were significantly associated
with the Allred scores for p53 in' stroma-invasive
tumor cells and in tumor-stromal fibroblasts as-
sessed in the surgical specimens (Table 1) and that
they were also significantly inversely associated
with Allred score for estrogen receptor in stroma-
invasive tumor cells assessed in the surgical speci-
mens in the univariate analyses (data not shown).
There was no significant association between lymph
vessel tumor embolus grades in the surgical speci-
mens and progesterone receptor in stroma-invasive
tumor cells in the surgical specimens, and between
lymph vessel tumor embolus grades in the surgical
specimens and HER2 category in tumor cells in the
surgical specimens (data not shown). The Allred
scores for p53 in lymph vessel tumor emboli
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Figure 3 Disease-free survival curves (a and c) and overall survival curves (b and d) of all of the invasive ductal carcinoma (IDC) patients
who received neoadjuvant therapy as a whole. (a and b) The disease-free survival time and the overall survival time of the IDC patients
classified by grade of lymph vessel tumor emboli in the biopsy specimens obtained before neoadjuvant therapy become significantly
shorter as the grades of lymph vessel tumor emboli increased. (c and d) The disease-free survival time and the overall survival time of the
IDC patients classified by the grade of lymph vessel tumor emboli in the surgical specimens become significantly shorter as the grades of
lymph vessel tumor emboli increased. None of the IDC patients had grade 1 lymph vessel tumor emboli show tumor-related death.

assessed in the surgical specimens were signifi-
cantly associated with the grades of the lymph
vessel tumor emboli assessed in the surgical speci-
mens (Table 1), but there were no significant
associations between the Allred scores for estrogen
receptor or progesterone receptor in lymph vessel
tumor emboli, or the HER2 categories in the lymph
vessel tumor emboli and grades of lymph vessel
tumor embolus assessed in the surgical specimens
(data not shown).

In our previous study, although the multivariate
analysis clearly showed that negative nodal status
and HER2 category 3 in tumor cells were signifi-
cantly associated with pathological complete re-
sponse,® the lymph vessel tumor embolus grades
based on the biopsy specimens were not signifi-
cantly associated with pathological complete re-
sponse in the univariate analysis (data not shown).

MODERN PATHOLOGY (2010) 23, 581-592

Factors Significantly Associated with Outcome

The univariate analyses of all of the cases as a whole
showed that the lymph vessel tumor embolus grades
in the biopsy specimens (Figures 3a and b) and the
surgical specimens (Figures 3c and d) were signifi-
cantly associated with tumor recurrence and tumor-
related death (Table 2). In the multivariate analyses
using model 1, UICC pTNM-pN1, N2, and N3 cate-
gories significantly increased the hazard rates for
tumor recurrence, and UICC pTNM-pN2 and N3 also
significantly increased the hazard rates for tumor-
related death (data not shown). The Allred score of 3
for p53 in tumor-stromal fibroblasts and Allred
scores of 4-8 for p53 in tumor-stromal fibroblasts
significantly increased the hazard rates for tumor
recurrence, and lymph vessel tumor embolus grades
2 and 3 also significantly increased the hazard rate
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Table 2 Outcome rates of patients with invasive ductal carcinoma according to grade of lymph vessel tumor emboli, and according to

nodal status

Grade of lymph vessel tumor emboli

Grade Assessed in the biopsy specimens Assessed in the surgical specimens
Cases TRR (%) . MR (%) P-value Cases TRR (%) MR (%) P-value
Invasive ductal carcinoma patients as a whole .
0 260 61 (23) 16 (6) TRR <0.001 199 42 (21) 10 (5) TRR <0.001
1 26 10 (38) 3(12) MR <0.001 43 7 (16) 0 MR <0.001
2 9 5 (56) 3 (33) 23 20 (87) 8 (35)
3 1 1 (100) 1 (100) 16 14 (88) 6 (38)
Total 296 77 23 281 83 24
Invasive ductal carcinoma patients who did not have nodal metastasis
0 113 10 (9) 3(3) TRR 0.003 90 12 (13) 2(2) TTR 0.010
1 12 4 (33) 0 MR 0.130 7 0 o MR 0.006
2 2 1 (50) 1 (50) 3 3 (100) 2 (67)
3 ] 0
Total 127 15 4 100 15 4
Invasive ductal carcinoma patients who had nodal metastasis )
0 147 51 (35) 13 (9) TTR 0.007 109 30 (28) 8 (7) TTR <0.001
1 14 6 (43) 3 (21) MR 0.001 36 7 (19) 0 MR <0.001
2 7 4 (57) 2 (29) 20 17 (85) - 6 (30) .
3 1 1 (100) 1 (100) 16 14 (88) | 6 (38)
Total 169 62 19 181 68 20

MR, mortality rate; TRR, tumor recurrence rate.

for tumor recurrence in the multivariate analyses
(data not shown). Allred scores of 7 or 8 for estrogen
receptors in tumor cells significantly decreased
the hazard rate for tumor-related death, and HER2
category 3 in tumor cells significantly increased the
hazard rate for tumor-related death in the multi-
variate analyses (data not shown). When model 2
was used, lymph vessel tumor embolus grade 2 and
lymph vessel tumor embolus grade 3 significantly
increased the hazard rates for tumor recurrence and
tumor-related death in the multivariate analyses
(data not shown). The Allred score of 3 in tumor-
stromal fibroblasts, Allred scores of 4-8 for p53 in
tumor-stromal fibroblasts, and histological grade 3
significantly increased the hazard rates for tumor
recurrence, and the Allred scores of 4-8 in tumor-
stromal fibroblasts and histological grade 3 also
significantly increased the hazard rate for tumor-
related death in the multivariate analyses (data
not shown). Residual invasive tumor size >50mm
significantly increased the hazard rate for tumor
recurrence and the presence of skin invasion
significantly increased the hazard rate for tumor-
related death in the multivariate analyses (data not
shown).

In the group of IDC patients without nodal
metastasis, the univariate analyses showed that the
lymph vessel tumor embolus grades in the biopsy
specimens were significantly associated with
tumor recurrence, but not with tumor-related death,
and that the lymph vessel tumor embolus grades in

the surgical specimens were significantly associated
with both tumor recurrence and tumor-related
death (Table 2). In the multivariate analyses, lymph
vessel tumor embolus grades 1 and 2 in the biopsy
specimens, Allred scores of 4-8 for p53 in tumor-
stromal fibroblasts in the biopsy specimens, and age
<38 years significantly increased the hazard rates
for tumor recurrence in the multivariate analyses
(Table 3, model 1), and lymph vessel tumor embolus
grade 2 in the surgical specimens, Allred score of 3
for p53 in tumor-stromal fibroblasts in the surgical
specimens, and Allred scores of 4-8 for p53 in
tumor-stromal fibroblasts in the surgical specimens’
significantly increased the hazard rates for tumor
recurrence in the multivariate analysis (Table 3,
model 2).

In the group of IDC patients with nodal metastasis,
the univariate analyses showed that the lymph
vessel tumor embolus grades in the biopsy speci-
mens and the surgical specimens were significantly
associated with tumor recurrence and tumor-related
death (Table 2). In the multivariate analyses of
model 1, lymph vessel tumor embolus grades 2 and
3, an Allred score of 3 for p53 in tumor-stromal
fibroblasts, and Allred scores of 4-8 for p53 in
tumor-stromal fibroblasts significantly increased the
hazard rate for tumor recurrence, and lymph vessel
tumor embolus grade 1 significantly increased the

“hazard rate for tumor-related death (Table 4). The
“Allred scores of 7 or.8 for estrogen receptors in

tumor cells significantly decreased the hazard rate

MODERN PATHOLOGY (2010) 23, 581-592
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Table 3 Multivariate analysis for tumor recurrence in invasive ductal carcinoma patients who did not have nodal metastasis

Factors Cases ' Number of patients (%)
Tumor recurrence
Present " HRs 95% CI P-value
Model 1
Grading system for lymph vessel tumor emboli
Grade 0 113 10 (9) Referent
Grades 1 and 2 12 4 (33) 4.2 1.3-13.0 0.014
The Allred scores for p53 in tumor-stromal fibroblasts
0or2 40 0 Referent
3 27 3 (11) Referent )
4-8 57 12 (21) 3.9 1.1-14.3 0.037
Age (years)
<39 21 7 (33) Referent
>39 114 11 (10) 0.3 0.1-0.9 0.040
Model 2
Grading system for lymph vessel tumor emboli
Grade 0 90 12 (13) Referent
Grade 1 7 0 Referent
Grade 2 : 3 3 (100) 10.2 2.5-40.9 0.001
The Allred scores for p53 in tumor-stromal fibroblasts
0or2 . 64 3 (5) Referent
3 12 4 (33) 6.4 1.4-29.6 0.017
4-8 19 7 (37) 9.8 2.2-34.9 0.002

CI, confidence interval; HR, hazard rate.

Model 1: Tumor recurrence was ad]usted for grading system for lymph vessel tumor emboli and the Allred scores for p53 in tumor-stromal

fibroblasts assessed in biopsy specimen obtained before neoadjuvant therapy,

and age.

Model 2: Tumor recurrence was ad)usted for grading system for lymph vessel tumor emboli and the Allred scores for p53 in tumor-stromal
fibroblasts assessed in surgical specimen obtained after neoadjuvant therapy, and age.

for tumor recurrence, and Allred scores of 3-6 for
estrogen receptors in tumor cells significantly
decreased the hazard rate for tumor death in the
multivariate analyses (Table 4). UICC pN3 category
significantly increased the hazard rate for tumor
recurrence, and HER2 category 3 in tumor cells,
histological grade 3, and absence of adjuvant
therapy significantly increased the hazard rates for
tumor-related death in the multivariate analyses
(Table 4). In model 2, lymph vessel tumor embolus
grade 2, lymph vessel tumor embolus grade 3, Allred
scores of 4-8 for p53 in tumor-stromal fibroblasts,
and histological grade 3 significantly increased the
hazard rates for tumor recurrence and tumor-related
death in the multivariate analyses (Table 4). Resi-
dual invasive tumor size >50mm and Allred scores
of 7 or 8 for p53 in tumor cells significantly
increased the hazard rates for tumor recurrence,
and the presence of skin invasion significantly
increased the hazard rate for tumor-related death
in the multivariate analysis (Table 4).

Discussion

The results of this study clearly showed significant
associations between increases in grade of lymph

MODERN PATHOLOGY (2010) 23, 581-592

vessel tumor embolus assessed in the biopsy speci-
mens and surgical specimens and the number of
nodal metastases. We have also found a significant
association between grade of lymph vessel tumor
embolus and number of nodal metastases in a
different no-neoadjuvant therapy IDC group in
another study.® Thus, the grading system for lymph
vessel tumor embolus can be concluded to be a very
useful histological grading system for accurately
predicting lymph node metastasis by IDCs in the no-
neoadjuvant therapy group and in the neoadjuvant
therapy group.

In a previous study, we found that the grading
system for lymph vessel tumor emboli can be used
to classify IDC patients with lymph vessel invasion
into a low-, intermediate-, and high-risk groups
for outcome, and that IDCs with grade 0 lymph
vessel tumor embolus and IDCs with grade 1 lymph
vessel tumor emboli were almost equally malignant
in a different no-neoadjuvant therapy IDC group.®
Although those findings were clearly confirmed
in this study again, the results of this study clearly
showed that lymph vessel tumor embolus grade 2
in the surgical specimens was an important out-
come-predictive factor for IDC patients independent
of nodal status. It can be therefore concluded
that lymph vessel tumor embolus grade 2 is an
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Table 4 Multivariate analyses for tumor recurrence and tumor-related death in invasive ductal carcinoma patients -who had nodal

metastasis
Factors : Cases Number of patients (%)
Tumor recurrence Tumor-related death
Present HRs (95% CI) P-value Present HRs (95% CI) P-value
Model 1
Grading system for lymph vessel tumor emboli
~ Grade 0 147 51 (35) Referent 13 (9) Referent
Grade 1 13 6 (43) 1.8 (0.7-5.0) 3 (21) 4.3 (1.1-17.7)
0.249 0.044
Grades 2 and 3 8 5 (63) 3.6 (1.4-9.5) 3 (38) 0.5 (0.1-3.3)
0.008 0.458
The Allred scores for p53 in tumor-stromal fibroblasts
Oor2 47 7 (15) Referent 0 Referent
3 38 14 (36) (1.6-9.1) 6 (16) Referent
0.003
4-8 81 39 (48) 2.4 (1.44.1) 11 (14) 1.8 (0.6-5.7)
0.002 0.324
The Allred scores for estrogen receptors in tumor cells
0or2 62 28 (45) Referent 14 (23) Referent
3-6 22 11 (50) 1.4 (0.5-3.7) 3 (14) 0.1°(0.02-0.6)
0.550 0.009
7or8 82 21 (26) 0.4 (0.2-0.6) 0
<0.001
UICC pN category
N1 97 27 (28) Referent 6 (6) Referent
N2 55 25 (45) 1.7 (0.8-3.5) 11 (20) _
0.158
N3 31 17 (55) 2.6 (1.4-4.7) 4(13) pus
. 0.002
HER2 category in tumor cells
Oor1 104 35 (34) Referent 5 (5) Referent
2 28 8 (29) 0.6 (0.3-1.4) 2 (7) 0.6 (0.06—7.1)
. 0.244 0.703
3 . 35 18 (51) 1.5 (0.7-3.4) 11 (31) 14.5 (3.9-53.1)
0.317 <0.001
Histological grade
1 43 7 (16) Referent 0 Referent
2 104 46 (44) 2.3 (0.9-5.9) 13 (13) Referent
0.082
3 22 9 (41) 2.0 (0.6-6.6) 6 (27) 6.2 (1.8-21.0)
. 0.281 0.003
Adjuvant therapy
No 36 16 (44) Referent 7 (19) Referent
Yes 147 53 (36) — 14 (10) 0.2 (0.06-0.7)
—_ 0.014
Model 2 ¥
Grading system for lymph vessel tumor emboli
Grade 0 109 30 (28) Referent 8 (7) Referent
Grade 1 36 7 (19) 0.3 (0.1-0.9) 0 Referent
0.027
Grade 2 20 17 (85) 5.7 (2.9-11.0) 6 (30) 4.2 (1.4-12.6)
<0.001 0.010
Grade 3 16 14 (88) 6.8 (3.1-14.8) 6 (38) 8.1 (2.5-25.7)
<0.001 <0.001
The Allred scores for p53 in tumor-stromal fibroblasts )
0or2 80 16 (20) Referent 4 (5) Referent
3 27 9 (33) 1.4 (0.5-4.0) 0 Referent
0.484
4-8 69 41 (59) 2.5 (1.5—4.3) 16 (23) 5.2 (1.9-14.4)
0.001 0.002
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Table 4 Continued

Factors Cases

Number of patients (%)

Tumor recurrence

Tumor-related death

Present HRs (95% CI) P-value Present HRs (95% CI) P-value
Histological grade -
1 43 5(12) Referent 0 Referent
2 86 32 (37) 1.9 (0.7-5.7) ) 5 (6) Referent
0.232
3 52 31 (60) 2.2 (3.1-14.8) 15 (29) 5.4 (1.9-15.9)
<0.001 0.002
Residual invasive tumor size (mm)
<20 42 8 (19) Referent 3(7) Referent
>20-<50 92 29 (32) 1.0 (0.4-2.4) 8 (9) —_
' 0.943
>50 47 31 (66) 3.0 (1.8-5.3) 9 (19) —_
<0.001
The Allred scores for p53 in tumor cells
Oor2 48 12 (25) Referent 2 (4) Referent
3-6 B 79 25 (32) 1.9 (0.8—4.6) 0.142 6 (8) 3.0 (0.5-17.5)
0.224
7or8 48 29 (60) 2.1 (1.1—4.2) 0.023 12 (25) 1.2 (0.2-8.0)
0.817
Skin invasion
Absent 131 40 (31) Referent 9 (7) Referent
Present 50 28 (56) 1.9 (0.9-3.6) 11 (22) 2.9 (1.1-7.5)
0.068 0.025
CI, confidence interval; HR, hazard rate; —, not significant in univariate analysis.

Model 1: Tumor recurrence was adjusted for grading system for lymph vessel tumor emboli, the Allred scores for p53 in tumor-stromal fibroblasts,
histological grade, the Allred scores for estrogen receptors in tumor cells, HER2 category in tumor cells, the Allred scores for progesterone
receptors, and the Allred scores for p53 in tumor cells assessed in biopsy specimens obtained before neoadjuvant therapy, and UICC pN category
assessed in surgical specimens obtained after neoadjuvant therapy and type of neoadjuvant therapy. Tumor-related death was adjusted for grading
system for lymph vessel tumor emboli, the Allred scores for p53 in tumor-stromal fibroblasts, histological grade, the Allred scores for estrogen
receptors in tumor cells, HER2 category in tumor cells, and the Allred scores for progesterone receptors in tumor cells assessed in biopsy
specimens obtained before neoadjuvant therapy, and adjuvant therapy.

Model 2: Tumor recurrence was adjusted for grading system for lymph vessel tumor emboli, the Allred scores for p53 in tumor-stromal fibroblasts,
histological grade, residual invasive tumor size, the Allred scores for p53 in tumor cells, skin invasion, the Allred scores for estrogen receptors in
tumor cells, HER2 category in tumor cells and UICC pN category assessed in surgical specimens obtained after neoadjuvant therapy, and type of
neoadjuvant therapy. Tumor-related death was adjusted for grading system for lymph vessel tumor emboli, the Allred scores for p53 in tumor-
stromal fibroblasts, histological grade, residual invasive tumor size, the Allred scores for p53 in tumor cells, skin invasion, the Allred scores for
estrogen receptors in tumor cells, and HER2 category in tumor cells assessed in surgical specimens obtained after neoadjuvant therapy, and

adjuvant therapy.

important outcome predictor for IDC patients
who have received, neoadjuvant therapy, the as
same as lymph vessel tumor embolus grade 3 is.
The results of this study also clearly showed that
lymph vessel tumor embolus grades based on
biopsy specimens or surgical specimens are a
very important outcome-predictive factor for IDC
patients who have received neoadjuvant therapy
independent of nodal status, but the outcome-
predictive power of lymph vessel tumor embolus
grade in the surgical specimens was superior
to that of lymph vessel tumor embolus grade in
the biopsy specimens. Thus, we can conclude
that evaluation of lymph vessel tumor embolus
grade in surgical specimens should be used to
predict outcome.
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Although we have already reported that lymph
vessel tumor embolus grade is an important outcome
predictor for IDC patients who have received
neoadjuvant therapy, the outcome-predictive power
of the lymph vessel tumor embolus grade for IDC
patients who received neoadjuvant therapy and did
not have nodal metastasis could not be assessed.”
This study clearly showed that lymph vessel tumor
embolus grades based on biopsy specimens and
surgical specimens are very important outcome
predictors for IDC patients who have received
neoadjuvant therapy and do not have nodal metas-
tasis. Furthermore, the outcome-predictive power of
lymph vessel tumor embolus grade is almost the
same as that of p53 expression in tumor-stromal
fibroblasts, and superior to that of histological grade.



The lymph vessel tumor embolus grading system is
therefore concluded to be an excellent histological
grading system for accurately predicting the out-
come of IDC patients who have received neoadju-
vant therapy that is independent of their nodal
status.

The results of this study clearly showed that lymph
vessel tumor embolus grades are significantly asso-
ciated with both the Allred scores for p53 in lymph
vessel tumor emboli, as well as the Allred scores for
p53 in stroma-invasive tumor cells, and in tumor-
stromal fibroblasts, this strongly suggesting that p53
protein expression in lymph vessel tumor emboli, in
tumor-stromal fibroblasts, and in stroma-invasive
tumor cells is a very important key factor for
evaluating the malignant potential of IDCs with
lymph vessel tumor emboli. Especially, as lymph
vessel tumor embolus grades are based on the
numbers of mitotic figures and apoptotic figures in
tumor cells in lymph vessels, p53 protein expression
in lymph vessel tumor embolus probably accelerates
the turnover rate of tumor cells comprising lymph
vessel tumor emboli, and increases the malignancy of
IDCs as lymph vessel tumor embolus grade rises. As
we did not investigate for the presence of p53 gene
abnormalities, the mechanism that is responsible for
the increase in the malignant potential of IDCs
according to grades of lymph vessel tumor embolus
from the standpoint of p53 gene abnormalities in
lymph vessel tumor emboli, as well as in tumor-
stromal fibroblasts, or in stroma-invasive tumor cells
should be investigated. In addition, as some studies
have reported some identifying genes that closely
regulate the cell cycle of tumors,>2® such genes
should be investigated to determine whether they are
candidates for p53 in regulating tumor cell cycle of
lymph vessel tumor emboli.

In conclusion, the grading system for lymph
vessel tumor emboli is significantly associated with
nodal metastasis, and is an excellent histological
grading system for accurately predicting the out-
come of patients with IDC of the breast who received
" neoadjuvant therapy. Pathologists can most accu-
rately assess the true malignant potential of IDCs by
using this grading system as a histological prognos-
tic classification for IDCs of the breast.
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p53 expression in tumor-stromal fibroblasts
forming and not forming fibrotic foci in
invasive ductal carcinoma of the breast

Takahiro Hasebe’, Motoki Iwasaki?, Sadako Akashi-Tanaka®, Takashi Hojo?,
Tatsuhiro Shibata®, Yuko Sasajima®, Takayuki Kinoshita® and Hitoshi Tsuda®

Pathology Consultation Service, Clinical Trials and Practice Support Division, Center for Cancer Control and
Information Service, National Cancer Center, Chuo-ku, Tokyo, Japan; *Epidemiology and Prevention
Division, Research Center for Cancer Prevention and Screening, National Cancer Center, Chuo-ku, Tokyo,
Japan; *Department of Breast Surgery, National Cancer Center Hospital, Chuo-ku, Tokyo, Japan; *Cancer
Genomics Project, National Cancer Center Research Institute, Chuo-ku, Tokyo, Japan and *Clinical
Laboratory Division, National Cancer Center Hospital, Chuo-ku, Tokyo, Japan

The purpose of this study was to determine whether p53 protein expression in tumor-stromal fibroblasts
forming fibrotic foci is a significant outcome predictor, similar to p53 protein expression in tumor-stromal
fibroblasts not forming fibrotic foci, and whether the combined assessment of p53 expression in tumor-stromal
fibroblasts forming and not forming fibrotic foci served as an important outcome predictor among 1039 patients
with invasive ductal carcinoma of the breast. We analyzed the outcome predictive power of the Alired score risk
classification for p53 in tumor-stromal fibroblasts forming and not forming fibrotic foci using multivariate
analyses with well-known clinicopathological factors. The Alired score risk classifications for p53 in tumor-
stromal fibroblasts forming and not forming fibrotic foci were superior to the Alired scores for p53 in tumor-
stromal fibroblasts not forming fibrotic foci alone for accurately predicting the tumor-related death of patients
with invasive ductal carcinoma when examined using multivariate analyses. The Allred score risk classification
for p53 in tumor-stromal fibroblasts forming and not forming fibrotic foci significantly increased the hazard
rates for tumor recurrence and tumor-related death independent of the UICC pTNM stage in the multivariate
analyses. These results indicated that the Alired score risk classification based on the combined assessment of
p53 expression in tumor-stromal fibroblasts forming and not forming fibrotic foci is a very useful outcome

predictor among patients with invasive ductal carcinoma.
Modern Pathology (2010) 23, 662—672; doi:10.1038/modpathol.2010.47; published online 5 March 2010
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Along with others, we have already reported that a
fibrotic focus, a characteristic histological feature of
tumor stroma, is a very useful histological tumor-
stromal indicator for accurately predicting the out-
come of patients with invasive ductal carcinoma
(IDC),** and the proliferative activity of tumor-
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stromal fibroblasts forming and not forming fibrotic
foci has a very important function in nodal meta-
stasis and distant organ metastasis by IDCs.%”
Because it has recently been reported that the gene
expression profile and protein expression profile
of the tumor stroma have a very important function -
in tumor progression in carcinoma®® and that the
interactions between tumor cells and stromal cells
also are very important in tumor progression in
carcinomas,'®"* these findings strongly suggest that
the tumor stroma has a significant function in tumor
progression in IDCs. Mutations of the p53 tumor
suppressor gene have been described in the stromal
fibroblasts of breast and prostate carcinomas in
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humans and experimental animals,’>’* and p53
mutations in breast cancer stromal cells have been
reported to be closely associated with nodal meta-
stasis.’®> However, some studies have reported that
P53 mutations are not observed in the tumor stroma
of breast cancer,’®?” and the possibility of technical
problem, eg polymerase chain reaction artifacts
for the p53 gene abnormality, has been suggested
by Campbell et al.'® We recently showed that p53
expression in tumor-stromal fibroblasts not forming
fibrotic foci was a very important outcome predictor
for IDC patients who had or had not received
neoadjuvant therapy.’®*® On the basis of the above
findings, the p53 status of tumor-stromal fibro-
blasts not forming fibrotic foci probably has a very
important function in tumor progression in IDCs.

We also previously reported that our newly
devised grading system for lymph vessel tumor
emboli is a very useful histological grading system
for accurately predicting the outcome of patients
with IDC who have not received neoadjuvant
therapy; furthermore, this grading system can be
used to classify the prognosis of IDC patients with
lymph vessel invasion into low-risk, intermediate-
risk, and high-risk groups.?* In addition, we recently
confirmed that this grading system for lymph vessel
tumor emboli was a very important outcome
predictor for patients with IDC in a different patient
group.??

The purpose of this study was to determine
whether the combined assessment of p53 expression
in tumor-stromal fibroblasts forming and not form-
ing fibrotic foci served as an important outcome
predictor among patients with IDC of the breast
using multivariate analyses with well-known prog-
nostic factors and our grading system for lymph
vessel tumor emboli. The results indicated that a
score classification based on the combined assess-
ment of p53 expression in tumor-stromal fibroblasts
forming and not forming fibrotic foci was a very
useful outcome predictor among patients with IDC
of the breast.

Materials and methods
Cases

The subjects of this study were 1039 consecutive
patients with IDC of the breast who did not receive
neoadjuvant therapy and who were surgically
treated at the National Cancer Center Hospital

between January 2000 and December 2005 (almost
~ the same case series as that used in our previous
study).'®** The IDCs were diagnosed preoperatively
using needle biopsy, aspiration cytology, a mammo-
graphy, or ultrasonography. All the patients were
Japanese women, ranging in age from 23 to 72 years
(median, 55 years). All had a solitary lesion; 497
patients were premenopausal and 542 were post-
menopausal. A partial mastectomy had been per-
formed in 455 patients, and a modified radical
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mastectomy had been performed in 584. A level I
and level II axillary lymph node dissection had been
performed in all the patients, and a level III axillary
lymph node dissection had been performed in some
of the patients with IDC.

Of the 1039 patients, 873 received adjuvant
therapy, consisting of chemotherapy in 218 patients,
endocrine therapy in 281 patients, and chemoend-
ocrine therapy in 374 patients. The chemo-
therapy regimens used were anthracycline-based
with or without taxane and non-anthracycline-based,
and the endocrine therapy regimens consisted of
tamoxifen with or without a gonadotropin-releasing
hormone agonist, tamoxifen, with or without an
aromatase inhibitor, an aromatase inhibitor alone, or
a gonadotropin-releasing hormone agonist alone. No
cases of inflammatory breast cancer were included in
this series. All the tumors were classified according to
the pathological UICC-TNM (pTNM) classification.?
The protocol of this study (20-112) was reviewed by
the institutional review board of the National Cancer
Center.

For the pathological examination, we fixed the
surgically resected specimens in 10% formalin, and
the size and gross appearance of the tumors were
recorded. The tumor size was confirmed by compa-
rison with the tumor size on the histological slides;
if more than one invasive focus was present, the
size of the largest invasive focus was recorded as the
invasive tumor size, based on a previously reported

definition for determining the size of microinvasion

in IDC with multiple microinvasive foci*® in this
study.

Histological Examination

Serial sections of each tumor area were cut from
paraffin blocks. One section from each tumor was
stained with hematoxylin and eosin and was
examined histologically to confirm the diagnosis,
and another section was subjected to immunohis-
tochemistry. The following eight histological factors
and the grading system for lymph vessel tumor
emboli**?* were evaluated: (1) invasive tumor size
(<20, >20 to <50, >50mm); (2) histological grade
(1, 2, 3);* (3) tumor necrosis (absent, present);** (4)
fibrotic focus (absent, fibrotic focus diameter <8 mm,
fibrotic focus diameter >8mm) (Figure 1);'? (5)
blood vessel invasion (absent, present); (6) adipose
tissue invasion (absent, present); (7) skin invasion
(absent, present); and (8) muscle invasion (absent,
present).

Immunohistochemistry

Immunohistochemical staining for estrogen recep-
tors, progesterone receptors, p53, and HER2 pro-
ducts was performed using an autoimmunostainer
(Optimax Plus; BioGenex, San Ramon, CA, USA).
The antigen retrieval device for Optimax Plus was
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Figure 1 Invasive ductal carcinomas with fibrotic foci (a—d). (a) A fibrotic focus measuring 6.4 x 3.3 mm is visible within the tumor
(panoramic view, arrows). The fibrotic focus shows a scar-like feature and is surrounded by invasive ductal carcinoma cells. (b) The
fibrotic focus area consists mainly of fibroblasts arranged in a storiform pattern. (c) A fibrotic focus measuring 10.2 x 7.3 mm is visible
within the tumor (panoramic view, arrows). The fibrotic focus has a fibrosclerotic core and is surrounded by invasive ductal carcinoma
cells. Small residual tumor islands are present within the fibrotic focus. (d) The fibrotic focus consists of fibroblasts and hyalinized

collagen fibers in a storiform arrangement.

an autoclave, and each specimen was immersed in
citrate buffer and incubated at 121°C for 10min.
Immunoperoxidase staining was performed using a
labeled streptavidin biotin staining kit (BioGenex)
according to the manufacturer’s instructions. The
antibodies used were the anti-estrogen receptor
mouse monoclonal antibody ER88 (BioGenex), the
anti-progesterone receptor mouse monoclonal anti-
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body PR88 (BioGenex), the anti-HER2 mouse mono-
clonal antibody CB11 (BioGenex), and the p53
mouse monoclonal antibody DO7 (Dako, Glostrup,
Denmark). ER88, PR88, and CB11 were previously
diluted, and DO7 was applied at a dilution of 1:100.
After immunostaining, the sections were counter-
stained with hematoxylin. Sections of the IDCs that
were positive for estrogen receptor, progesterone



receptor, HER2, and p53 were used each time as a
positive control. As a negative control, the primary
antibody was replaced with normal mouse immuno-

globulin.

Assessment of ER, PR, p53, and HER2 Expression

Slides of the tumor cells immunostained for estro-
gen receptor, progesterone receptor, and p53 were
scored using the Allred scoring system, as described
previously,®*?® and the Allred scores for estrogen
receptor, progesterone receptor, and p53 expression
in the tumor cells were classified into the following
three categories’®: (1) Allred score for estrogen
receptor in tumor cells (0 or 2, 3-6, and 7 or 8); (2)
Allred score for progesterone receptor in tumor cells
(0 or 2, 3-6, and 7 or 8); and (3) Allred scores for p53
in tumor cells (0 or 2 or 3, 4-6, and 7 or 8). We
modified the Allred scoring system to assess the
nuclear expression of p53 in the tumor-stromal
fibroblasts forming and not forming fibrotic foci,***°
and the Allred scores for p53 expression in tumor-
stromal fibroblasts forming and not forming fibrotic
foci were classified into the following categories: (1)
Allred scores for p53 in tumor-stromal fibroblasts
forming fibrotic foci (0, 2, 3, and 4-8); and (2) Allred
scores for p53 in tumor-stromal fibroblasts not
forming fibrotic foci (0 or 2, 3, and 4-8) (Figures 2
and 3). Of the 1039 IDCs, 373 IDCs had fibrotic foci;
we could not assess the Allred scores for p53 in
tumor-stromal fibroblasts forming a fibrotic focus in
97 of the 373 IDCs with fibrotic foci because the
immunohistochemistry examinations for these spe-
cimens were performed using tumor tissue sections
that did not contain a fibrotic focus at the time of
routine examination. The HER2 status of the tumor
cells was semiquantitatively scored on a scale of 0-3
according to the level of HER2 protein expression,®®
and it was classified into three categories: 0 or 1, 2,
and 3.

Invasive ductal carcinoma with a fibrotic focus

il : Invasive ductal carcinoma with a fibrotic focus
E : Tumor-stromal fibroblasts forming a fibrotic focus
. : Tumor-stromal fibroblasts not forming a fibrotic focus

Figure 2 Schematic illustration of an invasive ductal carcinoma
with a fibrotic focus.
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Patient Outcome and Statistical Analysis

Survival was evaluated using a median follow-up
period of 52 months (range: 18-102 months) until
February 2009. Of the 1039 IDC patients, 910
patients were alive and well, 129 had developed
tumor recurrences, and 58 had died of their disease.
The tumor recurrence-free survival and overall
survival periods were calculated using the time of
surgery as the starting point. Tumor relapse was
considered to have occurred whenever evidence of
metastasis was found.

The Mann-Whitney test was used to compare
the Allred scores for p53 in tumor-stromal fibro-
blasts forming and not forming fibrotic foci, and the
correlation analyses were performed using Cochran-
Mantel-Haenszel statistics.

We analyzed the outcome predictive power of
the eight histological factors, the grading system for
lymph vessel tumor emboli;*?* the Allred scores
for estrogen receptor; progesterone receptor, and p53
in tumor cells; the category of HER2 expression
in tumor cells; the Allred score risk classification
for p53 in tumor-stromal fibroblasts forming and
not forming fibrotic foci, adjuvant therapy (yes or
no); age (<39 years and > 39 years); and the UICC-
pathological nodal status (N factor, ie, no nodal
metastasis, NO; 1-3 nodal metastases, N1; 4-9 nodal
metastases, N2; and 10 or more nodal metastases,
N3)?3 for tumor recurrence, and tumor-related death
in univariate analyses using the Cox proportional
hazard regression model. The factors significantly
associated with outcome in the univariate analyses
were then entered together into the multivariate
analyses using the Cox proportional hazard regres-
sion model according to the UICC pTNM stage.
The case-wise and step-down method was applied
until all the remaining factors were significant at a
P-value of below 0.05. Because fewer than 10 tumor-
related deaths occurred among the UICC stage I IDC
patients (Table 2), it was impossible to perform
multivariate analyses for tumor-related death in
this group. All the analyses were performed using
Statistica for Windows software (StatSoft, Tulsa, OK,
USA).

Results

Allred Scores for p53 in Tumor-Stromal Fibroblasts
Forming and Not Forming Fibrotic Foci

Although a significant association was observed
between the Allred scores for p53 in tumor-stromal
fibroblasts forming and those not forming fibrotic
foci (P<0.001; Figure 4a), the latter value (mean
value, 2.2; standard deviation, 2.1) was significantly
higher than the former (mean value, 1.6; standard
deviation, 2.0; P=0.001). The Allred scores for p53
in tumor-stromal fibroblasts forming fibrotic foci
were also significantly associated with the fibrotic
focus diameter, and in IDCs with a fibrotic focus
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