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1. Introduction

Many studies have reported the prognostic significance of
nodal metastasis and have emphasized that the number of
nodal metastases is the most significant prognostic parameter
in predicting the outcome of patients with invasive ductal
carcinoma with nodal metastasis [1-5]. Among other
parameters associated with nodal metastasis, the presence
of extranodal invasion or the dimensions of the nodal
metastases have been reported to be important prognostic
parameters [1-10]. We previously examine which factors of
metastatic mammary carcinoma to the lymph nodes were
significantly associated with the outcome of patients with
invasive ductal carcinoma and clearly demonstrated that the
number of mitotic figures in metastatic mammary carcinoma
to the lymph nodes was the most important factor for
accurately predicting the outcome of patients with invasive
ductal carcinoma with nodal metastasis [11].

To confirm these previous findings, the present study
investigated the number of mitotic figures in metastatic
mammary carcinoma to the lymph nodes and other histo-
logic characteristics of metastatic mammary carcinoma to the
lymph nodes known to be significantly associated with
patient outcome according to nodal status in a different
patient series of patients with invasive ductal carcinoma of
the breast. We confirmed that the number of mitotic figures

in metastatic mammary carcinoma to the lymph nodes was -

a very important outcome predictive factor for patients
with invasive ductal carcinoma independent of the nodal
status and the histologic grade of the primary invasive
ductal carcinoma.

2. Materials and methods

2.1. Cases

The subjects of this study were 1039 consecutive
patients with invasive ductal carcinoma of the breast who
did not receive neoadjuvant therapy and were surgically
treated at the National Cancer Center Hospital between
January 2000 and December 2005. The invasive ductal
carcinomas were diagnosed preoperatively using a needle
biopsy, aspiration cytology, mammography; or ultrasono-
graphy. All the patients were Japanese women, ranging
in age from 23 to 72 years (median, 55 years). All the
patients had a solitary lesion; 495 patients were premeno-
pausal, and 544 were postmenopausal. A partial mastecto-
my had been performed in 456 patients, and a modified
radical mastectomy had been performed in 583 patients.
A level T and a level 11 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.

Of the 1039 patients, 870 received adjuvant therapy, o
consisting of chemotherapy in 217 patients, endocrine ¢

therapy in 280 patients, and chemoendocrine therapy in
373 patients. The chemotherapy regimens were either
anthracycline based with or without taxane or non-anthra-
cycline based. The endocrine therapy regimens consisted of
tamoxifen with or without a gonadotropin-releasing hor-
mone 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 present Union Internationale
Contre le Cancer pTNM classification [12]. The protocol for
this study (20-112) was reviewed by the Institutional Review
Board of the National Cancer Center.

For the pathologic examination, the surgically resected
specimens were fixed in 10% formalin; and the size and
gross appearance of the tumors were recorded. The tumor
size was confirmed by comparison with the tumor size on the
histologic slides.

2.2, Histologic examination

Serial sections of each primary 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; the other sections were used for
immunohistochemistry. The following 10 histologic factors
of the primary invasive ductal carcinomas were evaluated:
(1) invasive tumor size (<20 mm, >20 to <50 mm, >50 mm),
(2) histologic grade (1, 2, and 3) [13], (3) number of mitotic
figures in the primary invasive ductal carcinoma (<5 and
>5), (4) tumor necrosis (absent or present) [14], (5) fibrotic
focus (absent, fibrotic focus diameter <8 mm, fibrotic focus
diameter >8 mm) [15,16], (6) grading system for lymph
vessel tumor emboli [17,18], (7) blood vessel invasion
(absent or present), (8) adipose tissue invasion (absent or
present), (9) skin invasion (absent or present), and (10)
muscle invasion (absent or present).

The nodal metastases were evaluated using single sections
of each node or half of each node stained with hematoxylin
and eosin. The nodal metastases were not examined
immunohistochemically in this study. The 9 histologic
parameters of metastatic mammary carcinoma to the lymph
nodes listed in Table 1 were examined [11]. We randomly
searched for mitotic figures in metastatic mammary
carcinoma to the lymph nodes using midpower magnifi-
cation fields (x10 or x20) of the tumor area and selected
1 high-power magnification field (x40) of the tumor area
with the highest number of mitotic figures in metastatic
mammary carcinoma to the lymph nodes to determine
the largest number of metastatic mammary carcinoma to the
lymph nodes exhibiting mitotic figures (Fig. 1) [11]. In the
primary invasive ductal carcinoma, the presence of 6 or
more mitotic figures in 1 high-power magnification field
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Table 1
to the lymph nodes

Histologic factors of metastatic mammary carcinoma

-

Factors

No. of nodal metastases
No nodal metastasis
1-3 nodal metastases
4-9 nodal metastases
=10 nodal metastases
Maximum dimension of metastatic mammary carcinoma to the
lymph nodes (mm)
No nodal metastasis
<20
>20
Histologic grade
No nodal metastasis
Grade 1
Grade 2
Grade 3
No. of mitotic figures in metastatic mammary carcinoma cells
visible in 1 high-power magnification field
No nodal metastasis
<5
>5
Fibrotic focus
No nodal metastasis
Absent
Present
Tumor necrosis
No nodal metastasis
Absent
Present
Grade of stromal fibrosis in metastatic mammary carcinoma to
the lymph nodes
No nodal metastasis
None
Mild
Moderate
Severe
No. of lymph nodes with extranodal invasion
No nodal metastasis
<5
>5
No. of extranodal blood vessel tumor emboli
No nodal metastasis
<9
>9

was assessed in the same manner as for metastatic mammary
carcinoma to the lymph nodes to enable a direct comparison.
The histologic grade and presence of tumor necrosis in
metastatic mammary carcinoma to the lymph nodes were
evaluated in the same manner as for the primary invasive
ductal carcinomas.

Immunohistochemical staining for estrogen receptors,
progesterone receptors, p53, and HER2 products in the
primary invasive ductal carcinoma was performed using an
autoimmunostainer (Optimax Plus; BioGenex, San Ramon,

CA). The antigen retrieval device for the Optimax Plus was
an autoclave, and each specimen was immersed in citrate
buffer and incubated at 121°C for 10 minutes. Immunoper-
oxidase staining was performed using a labeled streptavidin-
biotin staining kit (BioGenex) according to the manufac-
turer’s instructions. The antibodies that were used were
antiestrogen receptor mouse monoclonal antibody ER88
(BioGenex), antiprogesterone receptor mouse monoclonal
antibody PR88 (BioGenex), anti-HER2 mouse monoclonal
antibody CB11! (BioGnex), and p53 mouse monoclonal
antibody DO7 (Dako, Glostrup, Denmark). ER88, PR88, and
CBI11 were previously diluted, and DO7 was applied at a
dilution of 1:100. After immunostaining, the sections were
counterstained with hematoxylin. Sections of the invasive
ductal carcinomas 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 immunoglobulin.

Slides of primary invasive ductal carcinomas immunos-
tained for estrogen receptor, progesterone receptor. and p53
were scored using the Allred scoring system, as described
previously [19-21]. Briefly, each entire slide was evaluated
using light microscopy. First, the proportion of positively
stained tumor cells was estimated (0, none; 1, <1/100; 2,
17100 to <1/10; 3, /10 to <1/3; 4, 13 to 2/3; and 5, >23).
Next, the average intensity of positively stained tumor cells
was estimated (0, none; 1, weak; 2, intermediate; and 3,
strong). The proportion and intensity scores were then added
to obtain the total score, which ranged from 0 or 2 to 8. The
Allred scores for estrogen receptor, progesterone receptor,
and p53 expression in the primary invasive ductal carcino-
mas were then classified into the following 3 categories [22]:
(1) Allred score for estrogen receptor (0 or 2, 3-6, and 7 or 8);
(2) Allred score for progesterone receptor (0 or 2, 3-6, and
7 or 8); and (3) Allred score for p53 (0 or 2 or 3, 4-6, and 7
or 8). The Allred score risk classification for pS3 in primary

Fig. 1

Histologic features of metastatic mammary carcinoma to
the lymph nodes. Six mitotic figures are visible in the tumor cells
(arrows).
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tumor-stromal fibroblasts forming and not forming fibrotic
foci has been described in our previous study [23]. As the
distribution of tumor-stromal fibroblasts expressing p53 is
scattered, even in primary invasive ductal carcinomas with
tumor-stromal fibroblasts with Allred scores of 4 to 8, we
modified the Allred scoring system to assess the expression
of p53 in tumor-stromal fibroblasts as follows. First, we
scanned the entire tumor section stained for p53 at medium
power (objective x10 and ocular x10) to identify the region
with the highest proportion and intensity scores for p53
expression (ie, a “hot spot”), then the highest intensity score
(0, none; 1, weak; 2, intermediate; 3, strong), not the average
intensity score as in the original methodology, and the
highest proportion score (0-5) for the expression of pS3 were
evaluated using 1 high-power field (hot spot, objective x40
and ocular x10). The proportion and intensity scores for the
tumor-stromal fibroblasts were then added to obtain the total
score, which ranged from 0 or 2 to 8. Finally, we devised an
Allred score risk classification for p53 in tumor-stromal
fibroblasts in invasive ductal carcinomas based on the
combined Allred scores for pS3 in tumor-stromal fibroblasts
forming and not forming fibrotic foci (Table 2). The HER2
status of the primary invasive ductal carcinomas was
semiquantitatively scored using a scale of 0 to 3 according

Table 2  Overall Allred score classification of p53 in tumor-
stromal fibroblasts forming and not forming a fibrotic focus in
primary invasive ductal carcinomas

Primary invasive ductal carcinoma with a Score class

fibrotic focus

Allred scores of p53 in tumor-stromal fibroblasts forming a
fibrotic focus
0,2, 083 0
4-8 2
Allred scores of p53 in tumor-stromal fibroblasts not forming a
fibrotic focus

Oor2 0

3 1

4-8 2

Total (A + B) 0-4
Primary invasive ductal carcinoma without a Score class

fibrotic focus

Allred scores of p53 in tumor-stromal fibroblasts not forming a
fibrotic focus

0Qor2 0
3 1
4-8 2
Total 0-2

Allred score risk classes for p53 in tumor-stromal fibroblasts
forming and not forming fibrotic foci in primary invasive
ductal carcinomas

Low-risk class 0and 1
Intermediate-risk class 2 and 3
High-risk class 4

to the level of HER2 protein expression [24] and was
classified into 3 categories: 0 or 1, 2, or 3.

2.3. Patient outcome and statistical analysis

Survival was evaluated using a median follow-up period 2:
of 78 months (range, 32-116 months) until April 2010. Of the ¢
1039 patients with invasive ductal carcinoma, 865 patients :

were alive and well, 174 had developed tumor recurrences,

and 81 had died of their disease at the end of the study period. 22:
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 2:
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Fig. 2 A and B, Disease-free survival curves and overall survival
curves of invasive ductal carcinoma patients according to the
number of mitotic figures in metastatic mammary carcinoma to the
lymph nodes. Both survival curves decreased significantly accord-
ing to the number of mitotic figures in metastatic mammary
carcinoma to the lymph nodes.
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primary invasive ductal carcinomas for tumor recurrence
and tumor-related death using univariate analyses with the
Cox proportional hazards regression model. The factors
significantly associated with outcome in the univariate
analyses were then used in a multivariate analysis using
the Cox proportional hazards regression model. The case-
wise and step-down method was applied until all the
remaining factors were significant at a P value of less than
.05. All the analyses were performed using Statistica/
Windows software (StatSoft, Tulsa, OK).

3. Results

3.1. Factors significantly associated with
patient outcome

Overall, the presence of 6 or more mitotic figures in
metastatic mammary carcinoma to the lymph nodes (Fig. 2A
and B), blood vessel invasion, a fibrotic foci with a diameter
greater than 8 mm in the primary invasive ductal carcinoma,

grade 2 or 3 lymph vessel tumor emboli, histologic grade 3 :

metastatic mammary carcinoma to the lymph nodes,
histologic grade 3 primary invasive ductal carcinoma, and
intermediate- and high-risk classes for p53 in tumor-stromal
fibroblasts forming and not forming a fibrotic focus in the
primary invasive ductal carcinomas significantly increased
the hazard ratios for tumor recurrence and tumor-related
death in the multivariate analyses (Table 3). An Allred score
of 7 or 8 for progesterone receptors in the primary invasive

ductal carcinoma significantly decreased the hazard ratios for 2

tumor recurrence and tumor-related death in the multivariate
analyses (Table 3). Histologic grade 2 metastatic mammary
carcinoma to the lymph nodes significantly increased the
hazard ratio for tumor-related death in the multivariate
analyses (Table 3).

Among the patients with invasive ductal carcinoma with
nodal metastasis, the presence of 6 or more mitotic figures in
metastatic mammary carcinoma to the lymph nodes, blood
vessel invasion, grade 2 or 3 lymph vessel tumor emboli, and
intermediate- and high-risk classes for p53 in tumor-stromal
fibroblasts forming and not forming a fibrotic focus in the
primary invasive ductal carcinomas significantly increased

Table 4 Multivariate analyses for tumor recurrence and tumor-related death in patxents with i invasive ductal carcinoma ‘with nodal

Tumor—related death

metastases
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the hazard ratios for tumor recurrence and tumor-related
death in the multivariate analyses (Table 4). The Allred score
of 7 or 8 for progesterone receptors in the primary invasive
tumor cells significantly decreased the hazard ratios for
tumor recurrence and tumor-related death in the multivariate
analyses (Table 4).

Among the patients with histologic grade 1 primary
invasive ductal carcinoma, the presence of 6 or more
mitotic figures in metastatic mammary carcinoma to the
lymph nodes (P = .006), lymph vessel tumor emboli grades
1 (P = .007) and 2 (P = .009), and a high-risk class for
p53 in tumor-stromal fibroblasts forming and not forming
a fibrotic focus in the primary invasive ductal carcinoma
(P = .015) significantly increased the hazard ratios for
tumor recurrence in the multivariate analyses. Because
only 1 patient died because of her disease in this patient
series, a multivariate analysis for tumor-related death could
not be performed.

Among the patients with histologic grade 2 primary
invasive ductal carcinoma, the presence of 6 or more mitotic
figures in metastatic mammary carcinoma to the lymph
nodes, a fibrotic foci with a diameter greater than 8 mm in

the primary invasive ductal carcinoma, grade 2 or 3 lymph 20x
vessel tumor emboli, and intermediate- and high-risk 299
classes for p53 in tumor-stromal fibroblasts forming and 300
not forming a fibrotic focus in the primary invasive ductal 301
carcinoma significantly increased the hazard ratios for tumor 302
recurrence and tumor-related death in the multivariate ana- 303
lyses (Table 5). An Allred score of 3 or more for estrogen 304
receptors in the primary invasive ductal carcinoma signifi- 305
cantly decreased the hazard ratio for tumor recurrence and 306
tumor-related death in the multivariate analyses (Table 5). 307

Among the patients with histologic grade 3 primary 308
invasive ductal carcinoma, the presence of 6 or more mitotic 309
figures in metastatic mammary carcinoma to the lymph 310
nodes, blood vessel invasion, a fibrotic foci with a diameter 311
greater than 8 mm in the primary invasive ductal carci- 312
noma, grade 2 or 3 lymph vessel tumor emboli, and 313
intermediate- and high-risk classes for p53 in tumor-stromal 314
fibroblasts forming and not forming a fibrotic focus in the 315
primary invasive ductal carcinoma significantly increased 316
the hazard ratios for tumor recurrence and tumor-related 317
death in the multivariate analyses (Table 6). The presence of 31x
9 or more extranodal blood vessel tumor emboli significantly 319

Table 5 Multlvanate analyses for tumor recurrence and tumor-rclated death in pahents w1th hlstologlc grade2i mvaswe ductal carcinoma

Cases Tumor recurrence

Tumor-related death

Cases (%)

HR, 95% CI
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t6.1  .Table 6 . Multivariate analyses for tumor recurrence and tumor-related death in patients with histologic grade 3 invasive ductal carcinoma

t6:3 o o o "FCéses‘_; ~ Tumor recurrence " Tumor-related death = " o
64 . Cases (%) . HR, 95% CI P Cases(%) . HR9S%CI P
6.5 No. of mitotic figures in metastatic mamméry carcinoma to the lymph nodes . - . . - . i SR B e e
6.6 ¢ NOwii w5 167 i sy 31(19) woriva ] gyt e 10 (6)
6.7 . e 16028) Lk ) A, T MY 13T ) Rl
£6.8 5 56(48) . 19 L T 007 . 38(@33) ... ..
6.9 S ey me g B L
6.0 Absent. sen LR gy gy s
t6.11 - Present = PIREE YL B 00319y
16.12  Fibrotic focus, diameter (mm), in' primary invasive ductal carcinomas SN R R
16.13  * Absent w193 s 51 (26) : 1 e L2412 2
D697 0.9 2 :

t6.14 <8

£6.15
16.16

16.17 3 (21,

£6.18 15 (24)

£6.20 18 (75)

16.21
t6.22
16.23

t6.24

Cuey

15(63) -

320 increased the hazard ratio for tumor recurrence (P = .002),
321 and the presence of a nodal metastasis with a maximum
322 dimension greater than 20 mm significantly increased the
323  hazard ratio for tumor-related death in the multivariate
324 analyses (P = .032).

325 4. Discussion

326 This study clearly indicated that the number of mitotic
327 figures in metastatic mammary carcinoma to the lymph
328 nodes was a very important histologic predictor of outcome
329  for patients with invasive ductal carcinoma, independent of
330 the nodal status or the histologic grade of the primary
331 invasive ductal carcinoma, confirming the results of our
332 previous study [11]. Furthermore, the number of mitotic
333 figures in metastatic mammary carcinoma to the lymph
334 nodes had a significantly greater outcome predictive power
335  than the number of nodal metastases or the size of the nodal
33 metastases in multivariate analyses performed in this study.
337 These results strongly suggest that the biologic characteris-

tics of metastatic mammary carcinoma to the lymph nodes s3s
are more important than the quantity of metastatic mammary 339
carcinoma to the lymph nodes when predicting the outcome 340
of patients with invasive ductal carcinoma. ©osa1

This study also clearly demonstrated that the number of 342
mitotic figures in metastatic mammary carcinoma to the 343
lymph nodes is superior to the number of mitotic figures in 344
the primary invasive ductal carcinoma for accurately 345
predicting the outcome of patients with invasive ductal 346
carcinoma, independent of the nodal status or the histologic 347
grade of the primary invasive ductal carcinoma. Although 318
the reason for this observation remains unclear, pathologists 349
should evaluate the number of mitotic figures in metastatic 350
mammary carcinoma to the lymph nodes but not necessarily 351
the number of mitotic figures in the primary invasive ductal 352
carcinoma to assess the true malignant potential of invasive 353
ductal carcinomas accurately. 354

Although the number of mitotic figures is 1 factor that 355
contributes to the histologic grade of the primary invasive 356
ductal carcinoma and metastatic mammary carcinoma to the 357
lymph nodes, the outcome predictive power of the number of 358
mitotic figures in metastatic mammary carcinoma to the 350
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lymph nodes was superior to that of the histologic grade of
the primary invasive ductal carcinoma or metastatic
mammary carcinoma to the lymph nodes. This finding
strongly suggests that pathologists can accurately assess
the true malignant potential of invasive ductal carcinomas
using only the number of mitotic figures in metastatic
mammary carcinoma to the lymph nodes, independent of the
structural atypia or nuclear atypia observed in the tumor
cells. Furthermore, the multivariate analyses in this study
clearly showed the excellent outcome predictive power of
the number of mitotic figures in metastatic mammary
carcinoma to the lymph nodes among patients with invasive
ductal carcinoma regardless of the histologic grade. Thus,
the number of mitotic figures in metastatic mammary car-
cinoma to the lymph nodes may be a very useful histologic
factor for the subclassification of patients within each
histologic grade of invasive ductal carcinoma into a low-
or high-risk category.

This study also clearly showed that the grading system
for lymph vessel tumor emboli and the p53 Allred risk
classes of tumor-stromal fibroblasts forming and not forming
a fibrotic focus are significant predictors of outcome for
patients with invasive ductal carcinoma, independent of the
nodal status or histologic grade of the primary invasive
ductal carcinoma. In addition, the presence of blood vessel
invasion was a significant predictor of outcome for patients
overall, for patients with nodal metastases, and for patients
with histologic grade 2 invasive ductal carcinoma. The
fibrotic focus diameter was also a significant predictor of
outcome for patients overall and for patients with histo-
logic grade 2 or 3 invasive ductal carcinoma. Thus, in
addition to the number of mitotic figures in metastatic
mammary carcinoma to the lymph nodes, the grading
system for lymph vessel tumor emboli and the p53 Allred
risk classes of tumor-stromal fibroblasts forming and not
forming a fibrotic focus are likely to be very important
predictors of outcome, whereas the presence of blood vessel
invasion and the fibrotic focus diameter are likely to be of
secondary importance.

In conclusion, this study clearly demonstrated the
excellent outcome predictive power of the number of mitotic
figures in metastatic mammary carcinoma to the lymph
nodes. In the future, investigations of the factors that acce-
lerate the proliferative activity of metastatic mammary
carcinoma to the lymph nodes are likely to be very important
for devising adjuvant therapies targeting such factors and
for improving the prognosis of patients with invasive
ductal carcinoma.
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Purpose: Pathological assessment of radical prostatectomy specimens has not
been uniform among pathologists. We investigated interobserver variability of
radical prostatectomy specimen reviews between local and central pathologists.
Materials and Methods: We collated data from 50 institutions on 2,015 patients
with ¢T1c¢-3 prostate cancer who underwent radical prostatectomy between 1997
and 2005. All radical prostatectomy specimens were retrospectively reevaluated
by a central uropathologist. Gleason score, extracapsular extension, seminal
vesicle invasion, lymph node involvement, positive surgical margin, year of
diagnosis and pathology volume were recorded.

Results: The exact concordance rate of Gleason score between local and central
review was 54.8%, and under grading and over grading rates at local review were
25.9% and 19.2%, respectively. Spearman’s rank correlation coefficient was 0.61
for local and central radical prostatectomy Gleason score. The exact concordance
rate of Gleason score 810 at local review was significantly lower than that of
Gleason score 5-6, 3 + 4 and 4 + 3 at local review (p = 0.011, <0.001 and 0.006).
Exact concordance rates between local and central review for extracapsular
extension, seminal vesicle invasion, lymph node involvement and positive surgi-
cal margin were 82.5%, 97.6%, 99.6% and 87.5%, respectively. High volume
institutions and recently diagnosed cohorts showed significantly higher exact
concordance rates between local and central review for radical prostatectomy
Gleason score and other pathological features (all p <0.001).

Conclusions: High volume institutions and recent series show higher concor-
dance between local and central review of radical prostatectomy pathology.
However, concordance for high grade Gleason score, extracapsular extension and
surgical margin status remains poor. Radical prostatectomy specimens should be
reevaluated in a multi-institutional study for more accurate pathological data.

Key Words: pathology, prostatic neoplasms, prostatectomy

PaTnoLoGICAL features of radical pros-
tatectomy specimens such as Gleason
score, extracapsular extension, seminal
vesicle invasion, lymph node involve-
ment and positive surgical margin are
crucial observations for physicians to
assess the prognosis of each patient.
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Various nomograms predicting PSA re-
lapse after RP have been constructed
based on these pathological features
combined with preoperative PSA.1-3
Therefore, ideally these features should
be diagnosed uniformly among pathol-
ogists. However, there is concern about
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interobserver variability for pathological features of
RP specimens, which would affect prognostic accuracy.

Interobserver variability for biopsy GS among pa-
thologists is well documented.*-® Biopsy GS as-
signed by pathologists at an academic center has
been reported as better correlated with RP GS than
that by pathologists at community centers.* How-
ever, to our knowledge interobserver variability for
RP GS has not been investigated in a large contem-
porary RP series.

There are only a few studies of interobserver vari-
ability for other pathological features of RP speci-
mens.’®~'2 It was reported that the exact concor-
dance between local and central review of RP
specimens for ECE, SVI and PSM was 57.5%, 94.0%
and 69.4%, respectively, in patients with pT3/
PSM.!! On the other hand, expert uropathologists
indicated good concordance when evaluating ECE
(91.2%, k = 0.63) and PSM (90.4%, « = 0.74).1%

We investigated the interobserver variability be-
tween local and central pathologists for RP patho-
logical features in a large RP series of 2,015 pa-
tients. Central review for GS was based on the 2005
ISUP consensus. In addition, we analyzed the im-
pact of the date of diagnosis and pathology volume
on interobserver variability.

MATERIALS AND METHODS

Patient Population

The CRPC disease registry collates data on clinically lo-
calized prostate cancer accrued from 108 academic and
community practices throughout Japan. Between 1997
and 2005 patients with clinically localized (cT1c-3) pros-
tate cancer who underwent RP were enrolled in the CRPC
registry after obtaining institutional review board ap-
proval from each center.

Of these CRPC patients pathological slides of biopsy
and prostatectomy specimens were available from 50 in-
stitutions in 2,015 patients with no preoperative therapy.
In all patients preoperative diagnosis was made by sys-
temic biopsy (6 or more cores). Preoperative serum PSA
was known for all patients. Clinical stage was determined
by digital rectal examination and was assigned according
to the 2002 American Joint Committee on Cancer staging
system.

Pathological Assessment

Prostatectomy specimens from the patients were pro-
cessed by a whole mount technique after formalin fixation
at each institution.’® All pathological slides of biopsy spec-
imens were reviewed by a uropathologist (TS). All patho-
logical slides of RP specimens were reviewed by 1 uro-
pathologist (KK) who has reviewed more than 5,000 RP
cases. GS was assigned according to the 2005 ISUP con-
sensus, and categorized into 5 groups of 2-4, 5-6, 3 + 4,
4 + 3 and 8-10.' Global GS that considered the entire
tumor within the prostate as 1 lesion was recorded for RP
specimens since the GS of each tumor was not available in
the original reports for most patients. The exact concor-

dance rate for categorized Gleason score between original
(local) and central review was investigated. Tertiary Glea-
son pattern in RP specimens was not reflected as primary
or secondary pattern on the final RP GS.

The presence of ECE, SVI, LNI and PSM was recorded
for all RP specimens. ECE level was further categorized as
focal ECE and established ECE.'® ECE was assigned as
positive when tumor cells existed beyond the confines of
the prostate.l® Direct contact between tumor cells and
adipose tissue was not needed to assign ECE. The pres-
ence of tumor cells at the inked margin of resection was
considered a PSM. For specimens that had not been inked
before formalin fixation the presence of tumor cells at the
noninked margin of resection was considered a PSM. SVI
was assigned as positive when tumor cells had invaded
into the muscular coat of the extraprostatic seminal ves-
icle. The positive to negative rate for ECE, SVI, LNI and
PSM was defined as No. centrally negative cases in locally
positive cases/No. locally positive cases. The negative to
positive rate was defined conversely.

Data from original pathological reports for RP GS,
ECE, SVI, LNI and PSM were available in 1,774, 1,630,
1,639, 1,914 and 1,579 patients, respectively. All data for
ECE, SVI, LNI and PSM were available in 1,526 patients.
For influence of date of diagnosis we compared patients
diagnosed by local pathologists in 1997 to 2003 with those
diagnosed in 2004 to 2005. For pathology volume we de-
fined high volume institutions as those contributing 100 or
more patients to the CRPC registry and low volume insti-
tutions as those contributing less than 100 patients.

Statistical Analysis

Spearman’s rank correlation coefficient (r) on the relation-
ship of RP GS was generated. Simple kappa statistics
were used for concordance between local and central re-
view in ECE, SVI, PNI and PSM. The chi-square test was
used for comparison of the exact concordance rate between
local and central review for each pathological feature. All
p values are 2-sided and p <0.05 considered significant.

RESULTS

Preoperative Characteristics

Median patient age was 66 years (range 42 to 84)
and median PSA was 8.5 ng/ml (range 0.5 t0 85.9). A
total of 1,327 patients (65.9%) had cTlc disease. For
biopsy specimens the distribution of central biopsy
GS 2-4, 5-6,3 + 4, 4 + 3 and 8-10 was 0.1% (2),
33.6% (677), 27.4% (552), 19.0% (382) and 20.0%
(402), respectively (table 1).

Concordance for RP GS

Table 2 shows concordance for RP GS between local
and central review. Spearman’s rank correlation co-
efficient was 0.61 for local and central RP GS. Over-
all exact concordance between central and local re-
view was 54.8%, and the under grading and over
grading rate in local review was 25.9% and 19.2%,
respectively. When GS 3 + 4 and 4 + 3 were com-
bined the exact concordance rate was 66.0%. All 67
cases with local review GS 2—4 were upgraded to GS
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Table 1. Preoperative clinicopathological characteristics

No. tumor stage {%):

T 1,327 (65.9)
T2a 363(18.0)
T2b 163 (8.1)
T2c 132 {6.6)
T3 30 {1.5)
No. ng/ml PSA distribution (%):
4.0 or Less 152 (1.5)
4.1-100 1,135 (56.3)
10.1-20.0 543 (26.9)
20.1 or Greater 185 (9.2)

5—6 or more by central review and 36 (53.7%) were
upgraded to GS greater than 7. At local review the
exact concordance rate of GS 8—-10 was significantly
lower than that of GS 5-6,3 + 4 and 4 + 3 (p = 0.011,
<0.001 and 0.006, respectively), The distribution of
GS 2-4,5-6,3 + 4,4 + 3 and 8-10 changed from
3.8%, 32.0%, 33.0%, 15.7% and 15.6% on local review
to 0.0%, 26.0%, 40.8%, 23.3% and 9.9%, respectively,
on central review.

Concordance for ECE, SVI, LNl and PSM
Concordance for ECE, SVI, LNI and PSM is shown
in table 3. Positive rate for each pathological feature
was similar between local and central review. Exact
concordance rates («x) between local and central re-
view for ECE, SVI, LNI and PSM were 82.5% (0.59),
97.6% (0.82), 99.6% (0.93) and 87.5% (0.73), respec-
tively. Exact concordance for patients with no ECE,
focal ECE and established ECE by central review
was 85.8% (946 of 1,102), 57.9% (121 of 209) and
85.0% (271 of 319), respectively.

Of 528 patients with positive ECE on local review
157 had negative ECE on central review (positive to
negative rate 29.7%), whereas 129 of 1,102 patients
with negative ECE on local review had positive ECE
on central review (negative to positive rate 11.7%).
For SVI, LNI and PSM the positive to negative rate
was 21.5%, 3.9% and 15.6%, and the negative to
positive rate was 0.9%, 0.3% and 10.9%, respec-
tively. Of 1,526 patients the complete concordance
rate for ECE, SVI, LNI and PSM was 73.5% (1,121 of
1,526).

Pathology Volume

For RP GS we identified 1,063 patients from 10 high
volume institutions and 711 from 37 low volume
institutions. As shown in table 4 high volume insti-
tutions had significantly higher exact concordance
between local and central review for RP GS than low
volume institutions (60.9% vs 45.9%, p <0.001). Of
1,526 patients with all data for ECE, SVI, LNI and
PSM available 962 were from 10 high volume insti-
tutions and 564 were from 34 low volume institutions.
High volume institutions also had significantly higher
exact concordance rates for all of these features than
low volume institutions (77.1% vs 67.2%, p <0.001).

Date of Diagnosis

Overall patients originally diagnosed in 2004 to
2005 had a significantly higher exact concordance
rate between local and central review than those
diagnosed in 1997 to 2003 for RP GS (63.1% vs
48.2%, p <0.001) and all other pathological features
(78.6% vs 68.1%, p <0.001, table 4). This improve-
ment in pathological concordance in more recently
diagnosed patients was observed at high and low
volume institutions.

DISCUSSION

Pathological features on RP specimens are impor-
tant for physicians to predict the prognosis of each
patient.’? Adjuvant radiotherapy or hormonal ther-
apy might be selected for patients with adverse
pathological features on RP specimens such as ECE,
SVI, PSM and LNI, although RP may offer long-
term survival even to such patients.!’?° However,
in reality pathological assessment is not performed
uniformly among pathologists and interobserver
variability does exist.

For biopsy specimens of prostate cancer interob-
server variability for biopsy GS has been abundantly
investigated.*® Recent educational efforts by the
pathology community might have improved biopsy
GS concordance between community hospitals and
academic centers.* The ISUP consensus also im-
proved GS correlation between biopsy and RP spec-

Table 2. Concordance for radical prostatectomy Gleason score between local and central review

No. CR RP GS*
AP GS {No. LR) 5-6 I+ 4 4+3 8-10 9% Exact Concordance % Under Grading by LR vs CR % Qver Grading by LR vs CR

2-4(67) 3N 25 8 3 0 100 0.0
5-6 (567) 318 189 48 12 56.1 439 0.0
3+4 {585) 99 363 112 1 62.1 210 16.9
4+31(279) 10 85 163 21 58.4 75 341
8-10 {2786) 3 62 82 129 46.7 0.0 53.3

Overall (1,774) 461 724 413 176 54.8 259 192

* No cases of GS 2-4 on central review.
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Table 3. Concordance between local and central review

LR CR Pos CR Neg % Exact Concordance (k value) % Pos LR at AP % Pos CR at RP p Value % Pos to Neg % Neg to Pos
ECE: 82.5(0.59) 307 0.291 29.7 17
Pos n 157
Neg 129 973
SvI: 97.6 (0.82) 6.6 0.373 215 09
Pos 95 26
Neg 13 1,506
LNI: 99,6 (0.93} 28 0.767 39 0.3
Pos 49 2
Neg 5 1,858
PSM: 87.5(0.73) 364 0.298 15.6 109
Pos 461 85
Neg 113 920

imens.?! On the other hand, there are only a few
reports regarding interobserver variability for patholog—
ical features on RP specimens.!9-12

Significant discordance between general patholo-
gists and uropathologists for RP GS has been re-
ported in limited patients.!® However, 22% of RP
specimens were not processed by whole mount tech-
nique and detailed information for pathological as-
sessment, such as categorization of GS and concor-
dance in each GS, was not mentioned in that study.
In our study using whole mount step sections and
based on central review according to the ISUP con-
sensus, the exact concordance rate between local
and central review was 54.8%, and under grading or
over grading in local pathology was observed in
25.9% and 19.2%, respectively. By central review the
number of patients with RP GS 2-4, 5-6 and 8-10
decreased, and the number of those with RP GS 3 +
4 and 4 + 3 increased. Local pathologists in our
study assigned RP GS 2—-4 in 67 (3.8%) patients,
whereas none did in central review. For biopsy spec-
imens ISUP recommends that GS 2—4 should rarely,
if ever, be diagnosed.'* Because GS 2—4 was rarely

Table 4. Impact of pathology volume and date of diagnosis on
pathological concordance

No. RP No. ECE, SVI,

GS Concordance (%) LNI + PSM Concordance {%)
Pathology vol:
Low 326/711  {45.9) . 379/564 (67.2)
High 647/1,063 (60.9) 742/962 (77.1)
p Value <0.001 <0.001
Date of diagnosis:
1997-2003 473/981 (48.2) 511/750 (68.1)
2004-2005 500/793 (63.1) 610/776 (78.6)
p Value <0.001 <0.001
Low/1997-2003 195/480 (40.6) 209/303 (62.8)
Low/2004-2005 131/231  (56.7) 170/231 (73.6)
p Value <0.001 0.007
High/1997-2003 278/501  {55.5) 302/417 (72.4)

High/2004-2005 369/662 (65.7) 440/545 (80.7)
p Value 0.001 0.002

assigned in contemporary RP series from academic
centers, we would emphasize that GS 2—4 should
seldom be assigned even in RP specimens.*?!

We also found poorer concordance between local
and central review for high grade GS (8-10) compared
with other GS (5-6, 3 + 4, 4 + 3). Of cases assigned as
GS 8-10 by local review 53.3% were downgraded to
5-6, 3 + 4 or 4 + 3 by central review. This poor
concordance in high grade GS may contribute to
lower concordance between local and central review
in our study compared with the previous study on
biopsy GS that included only 32 high grade GS cases
at local review (66.1% vs 76.5%).*

Unlike biopsy specimens with limited sample
size, the discrepancy of GS in RP specimens among
pathologists may reflect differences of interpretation
itself for each Gleason pattern. We believe that this
discrepancy can be effectively improved by educa-
tional effort as has been observed with biopsy spec-
imens.* Indeed recently diagnosed RP specimens in our
study showed higher GS concordance than those di-
agnosed earlier regardless of pathology volume. This
improvement may be due to educational efforts by
the pathology community as well as personal efforts
of each pathologist even before the ISUP consensus.
The ISUP consensus may result in further improve-
ment for RP GS concordance between local and cen-
tral review.

van der Kwast et al studied 552 RP specimens
from multiple institutions, and observed poor con-
cordance between local and central review for ECE
(57.5%) and PSM (69.4%), and good concordance for
SVI (94.0%).1 Conversely good concordance was ob-
served among 12 expert uropathologists for ECE
(91.2%, « = 0.63) and PSM (90.4%, x = 0.74) in a
small selected RP series.*? We found excellent exact
concordance for SVI (97.6%, « = 0.82) and LNI
(99.6%, x = 0.93). The exact concordance rate in our
study between local and central review for ECE
(82.5%, x = 0.59) and PSM (87.5%, « = 0.73) was
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better than that in a previous study comparing local
and central pathologists (x = 0.33 and 0.45).11

Although we should not simply compare « values
between studies because of the difference of data set,
there may be some reasons for this difference. Since
our study included more recently diagnosed pa-
tients, the effect of date of diagnosis as shown in our
study may contribute to this higher concordance.
Another contributing factor might be the fact that
our patients underwent RP for c¢Tl1lc-3 disease
rather than more advanced disease (pT3 or PSM).
The high « values for ECE and PSM in our study as
in a study with expert uropathologists (x = 0.60 and
0.74) do not necessary mean that concordance in
local and central pathologists is equivalent to that
among expert uropathologists, because the study
with expert uropathologists seems to include more
difficult cases than our study.!?

‘We found low concordance in patients with focal
ECE at central review compared with those with
established ECE (57.9% vs 85.0%). Since the pros-
tate lacks a true histological capsule, and the bound-
aries between prostate and surrounding tissue are
sometimes poorly defined especially with apical and
anterior lesions, interobserver variability for ECE
exists even among expert uropathologists.!>?2 ECE
criteria for apical or anterior site remain to be es-
tablished. Most cases in which definite judgment of
ECE is difficult to make may have focal ECE.

We assigned PSM only when tumor cells touched
the margin of resection. Most patients who were
negative for PSM at local review and positive at
central review were considered close to the margin
by the central pathologist.

We also investigated the positive to negative and
negative to positive rates for ECE, SVI, LNI and

PSM. Although there were no differences regarding
overall positive rates between local and central pa-
thologists for each pathological feature, we found
high positive to negative and negative to positive
rates except for LNI. For SVI the positive to nega-
tive rate was 21.5% despite excellent overall concor-
dance (97.6%).

It was previously reported that concordance be-
tween local and central review for ECE, SVI and
PSM was essentially the same regardless of pathol-
ogy volume.'! We found that for GS and other patho-
logical features local review at high volume institu-
tions had higher concordance with central review
than at low volume institutions. In high volume
institutions there may be more communication be-
tween patholegists and urologists regarding patho-
logical specimens, and pathologists may pay more
attention to assessment for RP specimens. As in RP
GS more recently diagnosed RP specimens in our
study showed higher concordance for pathological
features other than GS than those diagnosed at an
earlier date in low and high volume institutions.

CONCLUSIONS

Although concordance between local and central pa-
thologists was excellent for SVI and LNI, that for high
grade GS, ECE and PSM was less satisfactory. This
discrepancy may affect the outcomes of each patholog-
ical feature. High volume institutions showed higher
concordance than low volume institutions. Although
the concordance has recently improved, more educa-
tional and/or personal effort is warranted. For more
precise pathological assessment we recommend cen-
tral review for a study with RP specimens from mul-
tiple institutions.
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Abstract. The aim of this study was to compare the results
of immunohistochemistry (IHC) assays evaluated by human
examiners with the results evaluated by computerized
image analysis, and to compare the computerized image
analysis results among three automated ITHC assays, namely
the BioGenex, Dako and Ventana assays. All slides were
semiquantitatively evaluated according to the Allred score
and J-score by human examiners. The images were analyzed
using MacSCOPE version 2.6 for Macintosh according to
the H-score and the percentage of positive-stained nuclei per
area of carcinoma cells (PP) irrespective of the intensity of
the stained nuclei. The H-score for the estrogen receptor (ER)
was significantly correlated with the Alired score (P<0.0001)
and the PP for the ER was significantly correlated with the
J-score (P<0.0001), suggesting that the image analysis used
in the present study is a wseful method for the evaluation of
ER status. Several discrepancies were identified between the
Allred score and H-score and between the PP and J-score due
to the positive-stained cytoplasm area of carcinoma cells and/
or the positive-stained nuclei area of non-carcinoma cells,
including benign epithelial cells, lymphocytes and stromal
cells. Accordingly, advances in the algorithm of the digitized
analyzing system is necessary.

Introduction

Although a refined assessment of hormone receptors in
breast carcinoma is necessary to select therapeutic agents,
endocrine responsiveness has recently been defined as the
presence of any detectable estrogen receptor (ER) according
to the recommendations and thresholds for the post-operative
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adjuvant systemic therapy of early breast cancer proposed
by the St. Gallen International Expert Consensus meeting
in 2009 (1). In other words, the previous three categories of
endocrine responsiveness using 1 and 10% cut-off values have
been simplified, so that endocrine therapy is considered when
any ER-positive cells are noted in the tumor. For the evalua-
tion of hormone receptor (HR) status, it is recommended that
the percentage of HR-positive cells be indicated on pathology
reports rather than merely using scores. In particular, positivity
for HRs of 50% or more of tumor cells is viewed as indicating
highly endocrine-responsive tumors, suggesting that the HR
must be reliably and accurately measured.

As to the immunohistochemistry (IHC) methods for
the detection and quantification of the ER and progesterone
receptor (PgR), the authors compared evaluations for HRs in
breast carcinoma using two manual and three automated IHC
assays, and showed intermethod variability indicated by multi-
rater k-values for the ER and PgR (ER, k=0.34; PgR, x=0.45)
(2). In addition, to assess low levels of HR expression, the
HR was evaluated by real-time monitoring polymerase chain
reaction (RT-PCR) using complementary DNA produced by
reverse transcription of the messenger RNA of each breast
carcinoma. Although we showed an excellent correlation
between RT-PCR results and those of the IHC method, there
were some discrepancies between the results of RT-PCR and
THC due to the overestimation of HR-positive lymphocytes and
mesenchymal cells in tumor stroma, among other factors (3).

To provide a standardized semi-quantitative measure-
ment of the HR for IHC specimens, computerized image
analysis has been employed since the late 1980s (4). These
attempts were performed using various systems or software,
including Cell Analysis System's CAS 100 (4), BIOCOMS500
(5), CAS 200 (6), Image cytometry (7), Adobe Photoshop
(8,9), computer-supported analysis (10), SpectraCube™ (11),
Chroma Vision Automated Cellular Imaging System (ACIS)
(12-14), WinROOF (15), QCA (16) and VISUAL C+ (17). In
particular, automated image analysis technology, including
AQUA (18), Ariol (14,19) and MatLab7 using digital image
capturing (20), has recently been developed. Although it is
emphasized that computerized image analysis has improved
quantification, reproducibility and interobserver variability
for the HR evaluation of breast carcinoma (4-20), the process
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of image analysis is known to be more time consuming and
labor intensive than assessment by the human eye.

In Japan, there are three automated THC methods approved
by the Japanese Ministry of Health, Labor and Welfare to
assess HR status in order to determine the suitability of
endocrine treatment: automated IHC staining by Dako (Dako
Corp., Glostrup, Denmark), BioGenex Corp. (San Ramon,
CA, USA) and Ventana Medical Systems (Tucson, AZ, USA),
each of which uses a different method for retrieving antigens

.and different types of antibodies or detection reagents. To
date. no studies have directly compared these IHC computer-
ized image analysis methods.

The aim of the present study was to assess the intermethod
variability of these three 1HC assays using image analysis.
An additional aim was to find an optimal condition for image
analysis that may be proposed as a reliable assay for ER deter-
mination.

Materials and methods

Samples. Fifty consecutive cases of invasive ductal carcinoma
of the breast that had been surgically resected in 2004 and 2005
were selected from the files of the Department of Anatomical
Pathology, Hiroshima University Hospital. H&E-stained slides
of each case were reviewed, and the presence of invasive carci-
noma and adjacent non-neoplastic breast tissue was confirmed
in all cases. The histological type of each tumor was invasive
ductal carcinoma. not otherwise specified.

IHC assay for ER. From formalin-fixed, paraffin-embedded
tissues, five 4-um sections were serially cut and mounted on
pre-coated slides. IHC assays were carried out as described in
previous reports (2,3).

For THC by the BioGenex system using an automated
16000 immunostainer (BioGenex Corp.), anti-ER mouse
monoclonal antibody (mAb), ER88 (BioGenex Corp.) was
used. Immunoperoxidase staining was performed according
to the manufacturer's instructions (BioGenex Corp.).

For IHC by the Dako system using the Dako Autostainer™,
anti-ER mAb, 1D5 (Dako Corp.) was used. Immunoperoxidase
staining was performed according to the manufacturer's
instructions (Dako Corp.).

For THC by the Ventana system using the Ventana HX
System BenchMark™ (Ventana Medical Systems), anti-ER
mAb, 6F11 (Ventana Medical Systems) was used. All
procedures were performed automatically in BenchMark™ .
Immunoperoxidase staining was performed according to
the manufacturer's instructions (Ventana Medical Systems).
Diaminobenzidine (DAB) was used as a chronogen substrate
in all specimens. The sections were counterstained with hema-
toxylin.

Scoring system for human examiners. First, the presence
or absence of staining of the nuclei of non-neoplastic ducts
and acini in adjacent tissue was observed and was used as an
internal control. The site for evaluation was not limited to the
invasive area, but incorporated the entire lesion. Two scoring
systems were used to evaluate the IHC findings, the Allred
score (21) and J-score (2,3,22). The J-score comprises propor-
tional values irrespective of the intensity of stained nuclei, and
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the proportion of cells stained in each specimen was recorded
as 0, none; 1, <1%; 2, 1-10%; 3, 210%, as advocated and
employed as the cut-off points in previous reports (23,24).

All study specimens were scored by two different exam-
iners (K.A. and M.O.) niasked to the patient characteristics.

Computer-assisted digital analysis. Ten images were selected
by pathologists and captured from each section at x200
magnification through a Hamamatsu C5810 color chilled
3CCD camera {(Hamamatsu, Japan). The captured images were
saved as JPEG images on the image analysis computer. When
contamination by normal tissue was present, the pathologist
exchanged it manually for another field, including the tumor
area. The images were analyzed using MacSCOPE version
2.6 (Mitani Corp., Tokyo, Japan) for Macintosh. Despite the
area selection, a certain minimum contamination of the auto-
matic measurement by host cells is inevitable when stromal
and normal cells are intimately associated with tumor cells.
To distinguish non-carcinoma cell elements from the non-
immunostained carcinoma cell nuclei on the digitized image,
nuclei with small areas (<25 ym?® gross area) and spindle
features (>0.5 oval rate) were regarded as lymphocyte nuclei
or nucleic debris and stromal cell nuclei, respectively, and were
eliminated. Nuclei that stained brown or blue were extracted
automatically using two distinct macroinstructions composed
chiefly of algorithms for color extraction based on red-green-
blue (RGB) parameters divided into 256 arbitrary units. To
create the digitized image-based procedures for determining
ER status, the threshold value of the RGB parameters of each
intensity score (IS) was established as: 0, negative; 1, weak
nuclear staining, faintly perceptible at high power magnifica-
tion; 2, intermediate stained nuclei; 3, nuclei displaying strong
staining that had the appearance of an ink dot at low power
magnification, according to the Allred score (Fig. 1).

Scoring system. Two scoring systems were used to evaluate
the ER findings using computer-assisted analysis: the H-score
method (15,25) and the percentage of area of stained nuclei of
carcinoma cells (PP) in 10 images, irrespective of the intensity of
stained nuclei. The H-score was calculated by summing 3x the
percentage of total nuclei area showing IS3, 2x the percentage
of total nuclei area showing IS2 and 1x the percentage of total
nuclei area showing IS1, ranging from 0 to 300.

Statistical analysis. The Spearman's rank correlation test was
used for correlation analysis between the H-score and the total
score (TS) of the Allred score and between the PP and J-score.

Results

Relationship between Allred score and H-score for ER. A
comparison of the distribution of the TS of Allred scores
determined by the human examiners and that of H-scores
calculated by image-analysis software for ER by the three
staining methods is shown in Fig. 2. The H-score values for
the same group of tumors increased monotonically as the TS
increased, although there was considerable variability among
tumors with the same TS. The Spearman's rank correlation
coefficient between the two methods ranged from 0.572 to
0.889 (P<0.0001). The cut-off values of H-scores for the ER
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Figure 1. Immunohistochemistry of ER and the images analyzed by MACScope. (a) Nuclei of carcinoma cells show various intensities of the ER. (b)
All positive-stained nuclei of carcinoma cells are shown in light blue: 3,994.4 ym?2. (c) All negative-stained nuclei of carcinoma cells are shown in blue:
5.409.3 pm?. (d) Strongly stained nuclei of carcinoma cells are shown in pink: 92.6 ym>. (e) Intermediately stained nuclei of carcinoma cells are shown in
green; 1.728.9 um”. (f) Weakly stained nuclei of carcinoma cells are shown in red: 2,173 ym?.
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Figure 2. Scattergram of H-score with Allred score for the ER. The H-score was significantly correlated to the Allred total score of IHC using the Dako,
Ventana and BioGenex assays (Spearman's rank correlation test, P<0.0001). The cut-off values in the Dako, Ventana and BioGenex assays were 36, 24 and 34

(red line). respectively.

determined by the Dako, Ventana and BioGenex assays were
regarded as 36, 24 and 34 according to the Allred score,
respectively. The concordance rates at these cut-off values
were the highest of each IHC assay, and 88, 98 and 90%
among the THC results generated by the Dako, Ventana and
BioGenex assays, respectively.

Relationship between J-score and PP for ER. A comparison
of the distribution of J-scores scored by the human exam-
iners and that of the percentage of positive cells calculated

by image-analyzing software for ER by the three staining
methods is shown in Fig. 3. The Spearman's rank correlation
coefficient between the two methods ranged from 0.495 to
0.914. The cut-off values of the PP for ER determined by
the Dako, Ventana and BioGenex assays were regarded as
37, 36 and 38 according to the J-score, respectively. The
concordance rates at these cut-off values were the highest of
each THC assay, and 90, 92 and 84% among the IHC results
generated by the Dako, Ventana and BioGenex assays,
respectively.
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Figure 3. Scattergram of PP with J-score for the ER. The PP is significantly correlated to the J-score for the ER using the Dako, Ventana and BioGenex assays
(Spearman's rank correlation test, P<0.0001). The cutoff values in the Dako, Ventana and BioGenex assays were 37, 36 and 38 (red line), respectively.

Figure 4. Immunohistochemistry of the ER and the images analyzed by MACScope. (a) ER positivity was noted not only in the nuclei, but also in the mem-
brane and/or cytoplasm of carcinoma cells. (b) All positive-stained areas of carcinoma cells are shown in light blue. ER status was overestimated.
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Figure 5. Correlation between numbers examined by computerized image
analysis, H-score and the PP of ER in a representative case. The H-score and
PP show a plateau in more than 20 images examined.

Procedures. Approximately 4 min were required to capture
10 images from each specimen and to process these image
analyses per case. The individual results of 50 cases of breast
carcinoma in the present study were transferred to another
software program for calculation.

Discussion

In the present study, quantification of ER using image-
analyzing software was performed and compared to
semi-quantitative assessment by histopathologists. A high
degree of correlation between the two was revealed. Although

various studies concerning computerized image analysis have
been conducted (4-25), it is difficult to compare the various
systems directly, due to the absence of reliable and universal
gold standards.

With regard to a cut-off value for ER evaluation by
computerized image analysis, 10% of positive cells (9,16,20),
the H-score (15) and AQUA scores calculated by the average
signal intensity divided by compartment area (18) were used
in previous reports. Although in the present study the Allred
score determined by human examiners was compared to the
H-score calculated by the computer and the Allred/H-score
conversion table was shown in a previous report (26), it was
difficult to translate one scoring system to the other system,
precisely since the two systems are not strictly equivalent.
Accordingly, the final assessment of the clinical usefulness of
these various systems, cut-off values and estimation methods
is thought to depend on the correlation with biological
behavior and responsiveness to hormone therapy.

In the present study, there were some discrepancies
between human observation and computerized image analysis
for IHC. For the cases showing negativity on human observa-
tion and positivity on computerized image analysis for ER,
the software used detected ER expression in the lymphocytes
and mesenchymal cells. Since ER expression of infiltrating
lymphocytes and mesenchymal cells in tumor stroma has
been reported previously (3,27), a condition was set to elimi-
nate non-carcinoma cells showing positivity, although it was
not possible to completely eliminate the ER expression of
lymphocytes or mesenchymal cells.
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Additionally, in the present study, ER expression in the
cytoplasm or plasma membrane of carcinoma cells was
noted in 3.5, 2 and 25% of examined cases using the Dako,
Ventana and BioGenex assays, respectively (Fig. 4). In a
previous study, the extranuclear expression of HR in breast
carcinoma cells was reported in 9.5% of examined cases (28).
Accordingly, the software used in the present study may have
overestimated the positivity of ER in carcinoma cells, as it
could not discriminate between ER expression in the nuclei
and that in the cytoplasm or plasma membrane of carcinoma
cells. Accordingly, it is necessary to use softwave with
improved function that derives ER expression only from the
nuclei of carcinoma cells.

Regarding the time required to perform computerized
image analysis, in general, the process of image analysis is
more time consuming and labor intensive than visual scoring
from a glass slide. Although in a previous report the processing
time for 100 images from 20 cases by WinROOF was report-
edly approximately 60 min, excluding the time required to
capture the images (15), there have been few reports discussing
the time necessary to capture and process the images by soft-
ware. In the present study, the capture and processing time for
10 images per case was approximately 4 min. In comparison
to the study using WinROOF, the process of image analysis
in the present study was less time consuming and labour
intensive due to the improved function of the computer and
software.

With regard to the number of images captured for digitized
analysis, there have been various numbers of images used
ranging from the single best field (16,17), three fields (8),
four fields (14), five fields (5,15,29), eight fields (9) and ten
fields (6,10). In the present study, ten fields were selected and
captured for image analysis, similar to previous studies which
used the maximal numbers of images (6,10). Although twenty
fields was regarded as sufficient for digitized image analysis
on the basis of a preliminary study on the relationship between
the number of images digitally analyzed and H-score or the
percentage of stained nuclei area (Fig. 5), the optimal number
of images for digital analysis should be considered, taking
into account the time required for the procedure. Recently, a
fully automatic digitized analyzing system for the total fields
of specimens was developed using -digital images captured
by the Aperio ScanScope XT Slide Scanner and algorithm by
Matlab 7 (20). This system reportedly identifies only tumor
nuclei and automatically excludes non-tumor structures,
including stromal components and lymphocytes. In particular,
it is entirely unsupervised and does not require any a priori
data. Irrespective of the adjustment of various thresholds and
cut-off values to detect various cells exhibiting particular
sizes and shapes, to date, it has been difficult for a digitized
analyzing system to discriminate between benign and malig-
nant cells with complete accuracy. Accordingly, advances in
the algorithm of digitized analyzing systems are necessary.

As for image analysis of the RGB system, in general, a
composite color signal is built up from combinations of basic
color values produced by the mosaic arrangement of three
color filters (red, green and blue) on the surface of the imager.
In this way, each color image is recorded as a superimposi-
tion of 3 images with a photometric resolution of 255 linear
values: a red, a blue and a green one, reflecting the slide trans-
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mission into these three types of wavelengths (5). However,
even when an RGB imaging system functions perfectly, there
are intrinsic limitations to its ability to distinguish between
similar chromogens and to isolate the optical signal from each
chromogen. Thus, each color signal is quantitatively and sepa-
rately measured (30). In the present study, DAB was used as a
chromogen substrate, and the choice of chromogen and coun-
terstain is known to affect both the visual and quantitative
results. Accordingly, the appropriate chromogen substrate and
counterstain dye suitable for image analysis must be selected.
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