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In the clinical diagnosis of breast cancer, immunohistochemistry panels with estrogen receptor (ER), progesterone

receptor (PgR), human epidermal growth factor receptor 2 (HER2) and Ki-67 are routinely used, and they have been

proposed for the classification of breast tumors into distinct subtypes. Gene expression analysis with formalin-fixed

paraffin-embedded material have also become widely available recently, but the prognostic values of corresponding

gene panels compared with these four immunohistochemical panels had never tested. We independently evaluated

the 5-year relapse risk-estimation scores using semiquantitative data of four immunohistochemical panels (Ku-IHC4

score) and compared these with the results of four-gene expression profiling of formalin-fixed paraffin-embedded

specimens (Ku-FFPE4 score) in a consecutive series of 235 primary invasive breast cancer patients. Ku-IHC4 score

was revealed to be an independent predictor of recurrence other than Ku-FFPE4 score in a multivariate model

analyzed by classical clinical parameters (Ku-IHC4 score vs Ku-FFPE4 score; v2: 14.2 vs 2.5, P: 0.0002 vs 0.11). When

patients were trichotomized into high-, intermediate- and low-risk groups using the thresholds determined from the

approximately calculated 5-year relapse rate, Kaplan–Meier analyses showed a significant difference among the

three groups in Ku-IHC4 score (log-rank, Po0.0001), but not in Ku-FFPE4 score. The high-risk group according to

Ku-FFPE4 score showed contradictory low recurrence rates (Ku-IHC4 score vs Ku-FFPE4 score, 53.1 vs 24.8%),

which might be caused by risk-dependently extended error ranges. We show that the Ku-IHC4 score, consisted with

semiquantitative measures of immunohistochemistry, provides better prognostic information than the correspond-

ing quantitative RNA measurements. Prognostication tools such as the Ku-IHC4 score may be potentially useful in

screening which patients had better be assessed by further testing using other genes rather than ER, PgR, HER2

and Ki-67 to determine critical aspects of therapeutic decision making.
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Breast cancer is a heterogeneous and complex
disease, characterized by molecular and genetic

diversity, which has resulted in the recognition of
several fundamentally different subtypes.1,2 In
clinical practice, the use of immunohistochemistry
panels has been proposed for the classification of
breast tumors into distinct subtypes as identified
by gene expression profiling studies. These panels
are described as four protein panels and primarily
use antibodies against estrogen receptor (ER),
progesterone receptor (PgR), human epidermal
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growth factor receptor 2 (HER2) and Ki-67.3–5

Cheang et al6 proposed a simplified classification
in which the subtypes defined by clinicopatho-
logical criteria are supposed to be similar, but not
identical, to intrinsic subtypes, and which
represents a convenient approximation. Cuzick
et al7 have recently presented a scoring system
based on these four assays using detailed semi-
quantitative parameters: this would be known as the
‘IHC4 score’, and is calculated by a proportional
hazards regression using classical clinical variables
and the four immunohistochemistry values using
Trans ATAC datasets for prognostication of ER-
positive patients. Moreover, this IHC4 score
showed statistically similar performance to that of
Oncotype DX (Genomic Health, Redwood City, CA,
USA),8 the most widely used and validated gene-
expression assay. The Oncotype DX employs real-
time quantitative PCR (RT-qPCR) on formalin-fixed
paraffin-embedded specimens, and gene-expression
assays such as these are now being emphasized as
an important tool for clinical decision making and
are recommended by major guidelines.9,10 Additio-
nally, recent reports have increasingly revealed
details about this gene expression profiling tool,
for example, that HER2 assessment by Oncotype
DX leads to a higher number of cases considered
as equivocal,11 whereas its excellent concor-
dance between ER, PgR and HER2 assessments
and immunohistochemical analysis has been
reported.12,13 On the other hand, Oncotype DX also
includes analysis of gene expression levels of the
genes used in the ‘IHC4 score’; nevertheless its
head-to-head comparison with four immunohisto-
chemical panels is not clear.

Recently, we independently developed a gene
expression analysis system based on material and by
using RT-qPCR assays that showed excellent con-
cordance between ER and PgR assessment.14 Gene
expression analysis by RT-qPCR always allows
convenient quantification of target transcripts,
resulting in data generated as objective continuous
variables and more particular reproducibility than
immunohistochemistry assessed by manual count-
ing, which is one of its great potential advantages as
a method of clinical examination. In this study, we
integrated our own scoring models using four panel
immunohistochemistry (Ku-IHC4 score) and the
corresponding expression levels of the four genes
in formalin-fixed paraffin-embedded specimens
(Ku-FFPE4 score), with the results of individual
multivariate modeling, and compared their progno-
stic values.

Patients and methods

Breast Cancer Tissues

Breast tumor specimens from 235 therapy-naive
female patients with primary breast cancer, who

were treated at the Kumamoto University Hospital
between 2000 and 2008, were included in this study.
The median age of the patients was 59 years (range,
27–93). All patients had undergone surgical treat-
ment. The ethics committee of the Kumamoto
University Graduate School of Medical Sciences
approved this study. The study was reported accord-
ing to the Reporting Recommendations for Tumor
Marker Prognostic Studies criteria.15 Neoadjuvant
treatments were administered to 42 patients (29 for
chemotherapy and 13 for hormonal therapy), and the
choice of treatment was decided by risk evaluation
according to tumor biology (ER, PgR and HER2
except Ki-67) and clinical staging, including
preoperative sentinel lymph node biopsy.16 Patients
received either breast-conservation surgery or total
mastectomy and sentinel lymph node biopsy or
axillary lymph node dissection. Neoadjuvant and
adjuvant treatment and radiotherapy were performed
in accordance with the recommendations of the
St Gallen international expert consensus on the
primary therapy of early breast cancer,17–20 and
included 77.9% treated with hormonal therapy,
37.4% with chemotherapy and 6.4% with targeted
therapy using trastuzumab. In addition, breast
radiation was administered to 91.0% of the patients
(details are described in Table 1). Clinical follow-up
included history-taking, physical examinations,
laboratory tests and radiologic imaging every 3–12
months for detection of relapse. The median follow-
up period was 44 months (range, 4–90).

Immunohistochemical Analysis for the Ku-IHC4 Score
and Gene Expression Analysis for the Ku-FFPE4 Score

Histological sections (4 mm) were deparaffinized and
incubated for 10min in methanol containing 0.3%
hydrogen peroxide. Sections were stained with
rabbit monoclonal antibodies against ERa (SP1,
Ventana Japan, Tokyo, Japan) and PgR (1E2, Ventana
Japan), HER2 (4B5, Ventana Japan) and Ki-67 (MIB-1,
Ventana Japan), and all immunohistochemical
procedures were carried out in the NexES IHC
Immunostainer (Ventana Medical Systems, Tucson,
AZ, USA), in accordance with the manufacturer’s
instructions (Ki-67 immunostaining was performed
retrospectively after the decision regarding therapy
had been taken). ER and PgR status was evaluated by
percentage of nuclear staining (0–00%), and con-
sidered positive when there was Z1% nuclear
staining. HER2 immunostaining was evaluated
using the same method as the HercepTest (Dako
Japan, Tokyo, Japan); the membranous staining was
scored on a scale of 0 to 3þ . Accurate number of
IHC judgment was as follows: 0 for 10 patients (4%),
1þ for 118 patients (50%), 2þ for 80 patients (23%)
and 3þ for 27 patients (11%). Tumors with scores of
Z3 or 2þ with a Z2.2-fold increase in HER2 gene
amplification as determined by fluorescence in situ
hybridization (FISH) were considered to be positive
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for HER2 overexpression. Recount was adapted to
FISH equivocal cases (from Z1.8 to o2.2-fold) to
obtain a final judgment of HER2 status. Patients of
IHC 2þ with FISH positive were only 2 out of 80
(3%). Overall, HER2-positive patients were 29 (12%).
Ki-67 was scored for the percentage of cells with
nuclear staining cells out of 1� 103 cancer cells in
the invasive front of the tumor at � 40 high-power
magnification (Ki-67 labeling index). Details of our
gene expression analysis system based on formalin-
fixed paraffin-embedded material analyzed by RT-
qPCR have been described previously.14,21 All the
primers and probes were purchased from Applied
Biosystems (Applied Biosystems Japan, Tokyo, Japan;
Hs01046815_m1 for ESR1, Hs01556702_m1 for PGR,
Hs01001580_m1 for ERBB2, Hs01032443_m1 for
MKI67, Hs01060665_g1 for ACTB, Hs00982775_m1
for PUM1, Hs00359540_m1 for TAF10 and
Hs00910471_m1 for FKBP15).

Computation of Risk Scores and Statistics

We generated a model for the estimation of recur-
rence using gene expression data from our entire
cohort. The Cox proportional regression coefficients
were computed for ER, PgR, HER2 (assessed by
immunohistochemistry/FISH) and Ki-67, and ESR1,
PGR, ERBB2, MKI67 using continuous data. The
contribution of each of four variables and these
scores were also evaluated by likelihood ratio w2
using the Cox proportional regression model along
with univariate and multivariate analyses of prog-
nostic values. A risk score derived from protein assay
and gene expression results were then calculated for
each patient by calculating the total of the powered
products of relative risk by unit for each parameter.
Patients were trichotomized into high-, intermediate-
and low-risk groups using the threshold determined
from their approximately calculated 5-year relapse
rate of over 50%, 10–50%, and 0–10%, respectively.
Relapse-free survival curves were generated using the
Kaplan–Meier method and verified by the log-rank
(Mantel–Cox) test. JMP software version 8.0.1 for

Table 1 Clinicopathological factors

Clinical parameters Number of patients (%)
or median (25%, 75%)

Observation time (months) 44 (0.36, 112.2)
Age (years) 60 (50.0, 70.0)

Menopause
Pre 60 (26)
Post 175 (74)

Tumor size (mm)
r20 114 (29)
420 121 (51)

Nodal status
� 147 (63)
þ 88 (37)

Clinical stage
I 93 (40)
II 121 (51)
III 21 (9)

Histological grade
1 124 (53)
2 50 (21)
3 60 (26)

Lymphovascular invasion
� 160 (68)
þ 59 (25)

ERa
� 48 (20)
þ 187 (80)

PgR
� 72 (31)
þ 163 (69)

HER2
� 205 (87)
þ 30 (13)

Ki-67 Labeling index 24.5 (12.5, 41.1)

Tumor subtypea

HR(þ ), HER2(� ) 178 (75)
HR(þ ), HER2(þ ) 11 (5)
HR(� ), HER2(þ ) 18 (8)
HR(� ), HER2(� ) 28 (12)

Endocrine therapy
No 52 (22)
AI 119 (51)
TAM 17 (7)
TAM-AI 12 (5)
OFSþTAM 35 (15)

Chemotherapy
No 147 (63)
ACRþT 47 (20)
ACR 28 (12)
T 8 (3)
Other 5 (2)

Trastuzumab treatment
No 220 (94)
Yes 15 (6)

Table 1 (Continued)

Clinical parameters Number of patients (%)
or median (25%, 75%)

Breast operation
Partial mastectomy 173 (74)
Total mastectomy 62 (26)

Radiotherapy
No 78 (33)
Yes 157 (67)

Abbreviations: ACR, anthracycline-contained regimens; AI, aromatase
inhibitors; ER, estrogen receptor; HER2, human epidermal growth
factor receptor 2; OFS, ovarian function suppression; PgR, progester-
one receptor; TAM, tamoxifen; T, taxanes.
aHR(þ ): estrogen receptor (þ ) and/or progesterone receptor (þ ).
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Windows (SAS Institute Japan, Tokyo, Japan) was
used for all statistical analysis.

Results

The clinical characteristics of the 235 cases analyzed
in this study are summarized in Table 1. In the
analysis of relapse-free survival, local recurrences
and distant metastases were considered as events. Of
the 21 (9%) recurrent cases among the 235 patients
who were available with their complete protein and
gene expression data, there were 18 cases (86%) of
distant metastases and 3 (14%) cases of local
recurrence. Fourteen (67%) of the 21 recurrent
patients had died as a result of breast cancer.

Contribution of Individual Markers

We performed univariate and multivariate analysis
for relapse-free survival using a Cox proportional
regression model (Table 2). Among the immunohis-
tochemistry variables, ER showed higher prognostic
value both in univariate analysis (w2¼ 28.5,
Po0.0001) and multivariate analysis (w2¼ 8.61,
P¼ 0.008), whereas both Ki-67 and PgR, which were
significant by univariate analysis (w2¼ 20.2,
Po0.0001 for Ki-67, w2¼ 10.4, Po0.0012 for PgR),
had lost their significance in multivariate analysis
(w2¼ 2.11, P¼ 0.15 for Ki-67, w2¼ 0.012, P¼ 0.82 for
PgR). On the other hand, MKI67 showed small but
higher prognostic values (w2¼ 11.2, P¼ 0.0008 in
univariate analysis; w2¼ 7.54, P¼ 0.006 in multi-
variate analysis) among the formalin-fixed paraffin-
embedded variables, whereas ESR1 and PGR showed
almost equal values (w2¼ 7.34, P¼ 0.0069 for ESR1,
w2¼ 9.25, P¼ 0.0022 for PGR in univariate analysis;
w2¼ 3.27, P¼ 0.072 for ESR1, w2¼ 3.79, P¼ 0.050 for
PGR in multivariate analysis). HER2 status diagnosed
by immunohistochemistry/FISH showed reduced
prognostic power in both univariate (w2¼ 2.02,
P¼ 0.13) and multivariate (w2¼ 1.50, P¼ 0.22)

analysis for immunohistochemistry compared with
its gene expression data of from formalin-fixed
paraffin-embedded specimens (w2¼ 5.85, P¼ 0.015
in univariate analysis; w2¼ 4.22, P¼ 0.040 in multi-
variate analysis).

Creation of Ku-IHC4 and Ku-FFPE4 Scores

Next we developed and defined the Ku-IHC4 score
and Ku-FFPE4 score to achieve consistency with
each of the four variables by calculating the
summation of the powered products of multivariate
relative risk by unit for each parameter.

KuIHC4 score¼0:9728ER þ 1:0012PgR þ 0:5269HER2 þ 3:9844Ki67

KuFFPE4 score¼ 0:9525ESR1 þ 0:9497PGR þ 1:0029ERBB2 þ 1:0116MKI67

The distributions of patient scores are shown as
the gray shadowgram in the background of Figure 1.
The Ku-IHC4 score ranges from 2.74 to 6.67; median
of 3.57 (Figure 1a), and was more normally dis-
tributed than the Ku-FFPE4 score (range from 2.25 to
78.5; median of 3.78 (Figure 1b)). The correlation
coefficient between these two scores was 0.49
(Spearman rank correlation, Po0.0001; data not
shown). The approximate likelihood of recurrence at
5 years increased continuously as each score
increased. The approximate 5-year relapse rates of
10% and 50% gave values of 3.8 and 4.4, respec-
tively, for the Ku-IHC4 score (Figure 1a), and 4.4 and
6.1, respectively, for the Ku-FFPE4 score (Figure 1b).
Two-tailed confidence intervals for the likelihood of
recurrence were generally smaller (±5–10%;
Figure 1b) for Ku-IHC4 scores and broader (± more
than 20%; Figure 1b) for Ku-FFPE4 scores, which
seems to reflect their distribution characteristics.

Comparison Between Ku-IHC4 and Ku-FFPE4 Scores

To assess the contribution of different clinicopatho-
logical variables to the prediction of recurrence, the

Table 2 Univariate and multivariate analysis for relapse-free survival using each of four variables (Cox proportional regression model)

Univariate Multivariate

w2 P-value
Relative risk
(95% CI) w2 P-value

Relative risk
(95% CI)

IHC
ERa 28.5 o0.0001 0.97 (0.96, 0.98) 8.61 0.008 0.97 (0.95, 0.99)
PgR 10.4 0.0012 0.98 (0.96, 0.99) 0.012 0.82 1.00 (0.98, 1.02)
HER2 2.02 0.13 2.32 (0.75, 6.00) 1.50 0.22 0.53 (0.16, 1.45)
Ki-67 20.2 o0.0001 38.7 (8.19, 190.26) 2.11 0.15 3.98 (0.62, 30.3)

FFPE
ESR1 7.34 0.0069 0.90 (0.77, 0.99) 3.27 0.072 0.95 (0.84, 1.00)
PGR 9.25 0.0022 0.92 (0.98, 1.08) 3.79 0.050 0.95 (0.87, 1.00)
ERBB2 5.85 0.015 1.00 (1.01, 0.99) 4.22 0.040 1.00 (1.0001, 1.005)
MKI67 11.2 0.0008 1.01 (1.02, 0.98) 7.54 0.006 1.01 (1.004, 1.02)

Abbreviations: CI, confidential interval; ER, estrogen receptor; FFPE, formalin-fixed paraffin-embedded; HER2, human epidermal growth factor
receptor 2; IHC, immunohistochemistry; PgR, progesterone receptor.
All the parameters were continuous variables, with the relative risk for relapse-free survival calculated per units of each score.
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relationship between Ku-IHC4 score, Ku-FFPE4
score and relapse-free survival was analyzed by
Cox proportional regression models for age, meno-
pausal status, tumor size, nodal status, nuclear grade
and lymphovascular invasion (Table 3). In univari-
ate analysis, the w2 value of the Ku-IHC4 score was
about 4.5 times greater than the Ku-FFPE4 score
(Ku-IHC4 score vs Ku-FFPE4 score; 28.0 vs 6.11),
which was identified as an independent predictor
of recurrence (Ku-IHC4 score vs Ku-FFPE4 score;
multivariate w2: 14.2 vs 2.5, P: 0.0002 vs 0.11) by
multivariate analyses.

Patients were trichotomized into high-, intermedi-
ate- and low-risk groups using the thresholds
determined by approximately calculated 5-year
relapse rates of over 50% (45.8 for Ku-IHC4 score,
46.1 for Ku-FFPE4 score: high risk), 10–50% (o3.8
and r5.8 for Ku-IHC4 score, o4.4 and r6.1 for
Ku-FFPE4 score: intermediate risk) and 0–10%
(r3.8 for Ku-IHC4 score, r4.4 for Ku-FFPE4 score:
low risk; Figure 1a and b).

Kaplan–Meier analyses showed a significant
difference in recurrence rates between low-, inter-
mediate- and high-risk groups according to Ku-IHC4
score (log-rank correlation Po0.0001; Figure 2a). In
contrast, there were no risk-dependent differences
in Ku-FFPE4 score especially between intermediate-
and high-risk groups (log-rank correlation P¼ 0.78;
Figure 2b). The approximately calculated 5-year
relapse rates were higher in the low- and inter-
mediate- Ku-FFPE4 score groups (Ku-IHC4 score vs
Ku-FFPE4 score: 1.93 vs 6.13% for low-risk group,
Ku-IHC4 score vs Ku-FFPE4 score, 22.1 vs 31.53%
for intermediate-risk group) than Ku-IHC4 score, but
this finding was inverted in high-risk groups due
to the contradictory low recurrence rate of the
Ku-FFPE4 score (Ku-IHC4 score vs Ku-FFPE4 score,
53.1 vs 24.8%; Supplementary Table S1).

Discussion

Although the use of multigene profiles has attracted
the most attention over recent years for the predic-
tion of clinical outcome, the importance of standar-
dized histopathological analysis of tumors has also
been emphasized. In our study, we compared the
prognostic information provided by two methods of
prognostic scoring composed of ER, PgR, HER2 and
Ki-67 analysis by immunohistochemistry, and their
corresponding quantitative RNA measurements,
and found that semiquantitative measures of
four immunohistochemistry panels provide higher
prognostic information.

In multivariate analysis of the components of the
Ku-IHC4 score, the prognostic value of ER was so
great that the other three components were counter-
balanced; in contrast the Ku-FFPE4 score was
composed of uniform prognostic values. We pre-
viously reported a high concordance rate of 97%
between ESR1 levels in FFPE samples and ER

expression in immunohistochemistry, and moderate
concordance between PGR gene expression and PgR
immunohistochemical expression with a concor-
dance rate of 83%.14 These small inconsistencies
may be one of the causes of the reduced prognostic
value of the Ku-FFPE4 score, due to factors such as
variation in the proportion of tumor cells, as well as
variation in the specific cells around the tumor such
as lymphocytes and mesenchymal cells that may
persist in spite of careful macrodissection. The data
derived from immunohistochemistry analysis were
the result of specific evaluation of the tumor cells. If
the tumor characteristics mostly depend not on the
transcript levels but on the protein expression of
certain molecules, immunohistochemistry is more
suitable for prognostication. With regard to Ki-67,
our previous data demonstrated that the MKI67 gene
expression of formalin-fixed paraffin-embedded
specimens showed similar patterns of significance
in Kaplan–Meier analysis and univariate and multi-
variate RFS results to the Ki-67 labeling index, but
were not superior to the Ki-67 immunohistochem-
ical results.22 With regard to the concordance

Figure 1 Estimated probability of relapse as a continuous
function of the Ku-IHC4 score (a) and the Ku-FFPE4 score (b).
The continuous relationship between the respective score and the
probability of developing a recurrence within the first 5 years
after starting systematic therapies for breast cancer is described by
an independent model for each score. The curves indicate 95%
CI. The gray shadowgram in the background shows the distribu-
tion of scores for the patients.
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between HER2 immunohistochemistry/FISH status
and ERBB2 gene expression status, our data
apparently showed a good correlation between
HER2 immunohistochemistry/FISH score and
ERBB2 gene expression levels (Supplementary
Figure S1a and b). However, when analyzed in
detail, gene expression data ranged from 0.3 to 70.7
in HER2 immunohistochemistry/FISH-negative pa-
tients and from 0.7 to 1073 in HER2 immunohisto-
chemistry/FISH-positive patients (Supplementary
Figure S1b). Consequently the overlapping zone of
gene expression between HER2 immunohistochem-
istry/FISH-positive and -negative patients was too
broad to provide any meaningful results (0.7–70.7,
n¼ 206). We found a moderate concordance rate of
82.1% between ERBB2 gene expression and HER2
immunohistochemistry/FISH positivity judged by a
cut-off value simply defined from the receiver
observer curve (AUC: 0.79). Dubb et al11 reported
discordance between HER2 mRNA assessed by
Oncotype DX and HER2 gene amplification, due to
a high false-negative rate. Although our concordance
rate was reasonable compared with other reports
concerning the correlation between HER2 immuno-
histochemistry/FISH and ERBB2 gene express-
ion,13,23 more detailed analysis and comparison of
our data is required. In addition, it should be borne
in mind that differences in immunohistochemical
values can naturally occur as a result of variability in
several factors including fixation, antigen retrieval,
reagents and interpretation.

As discussed above, the small differences between
ER, PgR, HER2 and Ki-67 immunohistochemistry
and their corresponding gene expression is reflected
in the distribution of the Ku-FFPE4 score and
explains why these Ku-FFPE4 score showed the
risk-dependent broader error ranges (Figure 1b,
Supplementary Table S1). Consequently the larger

number of patients in the low-risk group (n¼ 179,
76.1%; Supplementary Table S1) according to
Ku-FFPE4 score, and the smaller number in the
intermediate-risk group (n¼ 39, 16.6%) compared
with the Ku-IHC4 score may result in failure to
discriminate especially between intermediate- and
high-risk groups, when using the Ku-FFPE4 score to
assess prognosis (Figure 2b).

More interestingly, HER2 status was defined as a
risk reduction factor (relative risk 0.53; Table 2)
according to the Ku-IHC4 score, but not the Ku-
FFPE4 score (relative risk 1.00; Table 2). We speculate
that regular use of trastuzumab for HER2-positive
patients in a neoadjuvant and adjuvant setting may
have caused their prognoses to be dramatically
inverted in the past decade. However, we should
remember that prognostication by Ku-IHC4 score
might be influenced through our standard therapies
on the basis of immunohistochemical methods
(especially in ER, PgR and HER 2), which might
correlate with the superior prognostic values of the
Ku-IHC4 score. In addition immunohistochemistry
assessments of Ki-67, a simple proliferation surro-
gate, were retrospectively added following St Gallen’s
recommendation in 2009,4 and protein expression of
Ki-67 rather than its gene expression has proven to be
a useful prognostic marker. Overall, our Ku-IHC4
score is defined as the risk-estimation tool for
patients who have undergone standard therapies,
thus intermediate-risk and high-risk groups may
need to undergo additional testing to aid therapy
selection, such as use of a multigene assay covering
genes other than these four genes, or use of other new
therapeutic agents currently in development.

An advantage of the Ku-IHC4 score is that
evaluation of all the serial parameters consisting of
ER, PgR, HER2 and Ki-67 are conducted in the
routine workup of our hospital and judged by

Table 3 Univariate and multivariate analysis between clinicopathological characteristics, Ku-IHC4 score and Ku-FFPE4 score for
relapse-free survival (Cox proportional regression model)

Variables Univariate
Multivariate with
Ku-IHC4 score

Multivariate with
Ku-FFPE4 score

w2 Relative risk
(95% CI)

P-value w2 Relative risk
(95% CI)

P-value w2 Relative risk
(95% CI)

P

Age (o/X50) 2.8 0.5 0.095
Menopause 2.9 2.2 0.088
Tumor size (o/420mm) 8.3 4.2 0.0039 3.8 3.2 0.051 4.6 3.5 0.031
Nodal status 10.4 4.3 0.0013 3.2 2.8 0.076 3.4 2.9 0.067
Nuclear grade 12.2 2.5 (1.5–4.5) 0.019 0.5 1.3 (0.6–2.6) 0.501 5.9 4.4 (1.3–16.3) 0.014
Lymphovascular invasion 4.5 2.6 0.033 0.1 1.2 0.73 5.9� 10� 4 1.0 0.98
Ku-IHC4 score 28.0 2.9 (2.0–4.4) o0.001 14.2 2.7 (1.6,4.4) 0.0002
Ku-FFPE4 score 6.1 1.1 (1.0–1.1) 0.013 2.5 16.5 (0.3–218.4) 0.11

Abbreviation: CI, confidential interval.
Age at starting systematic therapy was a binary variable (0 for an age of less than 50 years and 1 for an age of 50 years or more); menopausal status
was a binary variable (0 for menopausal and 1 for premenopausal); tumor size was measured by invasive diameter in histopathological specimens
and treated as a binary variable (0 for a diameter of 20mm or less and 1 for a diameter greater than 20mm); nodal status was a binary variable (0 for
negative and 1 for positive); nuclear grade was a continuous variable, lymphovascular invasion was a binary variable (0 for negative and 1 for
positive); and the Ku-IHC4 score and the Ku-FFPE4 score were continuous variables, with the relative risk for relapse-free survival calculated per
units of each score.
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surgical pathologists who are also in charge of other
general works. The Ku-IHC4 score is also attractive
because it is far less expensive than the multigene
assay and uses assays performed as a part of the
current standard of care. Before widespread imple-
mentation of this kind type of risk-estimation tool,
however, standard guidelines for immunohisto-
chemistry have to be agreed, such as the American
Society of Clinical Oncologists/College of Patholo-
gists guidelines for ER, PgR and HER2 testing,24,25

while accurate guidelines are still required for Ki-
67.26 Moreover, multivariate analysis with Ku-IHC4
score showed a prognostic value relatively
independent of tumor size (w2¼ 3.78, P¼ 0.051;
Table 3) and nodal status (w2¼ 3.15, P¼ 0.076;

Table 3), and thus has great potential to create a
prognostic model that integrates this information
with classical clinical and pathological variables
that have proven to be helpful. Further, an examina-
tion of the impact of interlaboratory variability in
immunohistochemical staining will be required,
and, thus, would benefit from evaluation of the
immunohistochemistry four scores in several inde-
pendent sample/data sets.

In conclusion, although it is well known that
multiple gene expression assays have provided
additive information for breast cancer patients, the
best utilization of existing classical variables are
reconfirmed to be important. Prognostication tools
such as the Ku-IHC4 score may be potentially useful
in screening which patients had better be assessed
by further testing using other genes rather than ER,
PgR, HER2 and Ki-67 to determine critical aspects of
therapeutic decision making.
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