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Magee Equation 3 predicts pathologic
response to neoadjuvant systemic
chemotherapy in estrogen receptor positive,
HER2 negative/equivocal breast tumors
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Magee Equations were derived as an inexpensive, rapid alternative to Oncotype DX. The Magee Equation 3
utilizes immunohistochemical and FISH data for estrogen receptor (ER), progesterone receptor (PR), HER2 and
Ki-67 for its calculation (24.30812+ERIHC× (−0.02177)+PRIHC× (−0.02884)+(0 for HER2 negative, 1.46495 for
equivocal, 12.75525 for HER2 positive)+Ki-67 × 0.18649). We hypothesize that Magee Equation 3 scores from pre-
therapy core biopsy can predict response to neoadjuvant systemic chemotherapy. A prospectively-maintained
database of patients who received neoadjuvant systemic therapy from 2010 to 2014 at a single institution was
retrospectively reviewed. Pathologic complete response was defined as absence of invasive tumor in the breast
and regional lymph nodes. Of the 614 cases, tumors with missing immunohistochemical results and those that
were ER negative or HER2 positive were excluded. This resulted in 237 ER positive, HER2 negative/equivocal
tumors that formed the basis of this study. Magee Equation 3 scores were divided into 3 categories similar to
Oncotype DX, ie, 0 to o18 (low), 18 to o31 (intermediate), and 31 or higher (high) scores. The pathologic
complete response rate for low, intermediate and high Magee Equation 3 scores was 0%, 4%, and 36%,
respectively. Patients with high Magee Equation 3 scores were 13 times more likely to achieve pathologic
complete response compared to those with Magee Equation 3 scores less than 31 (95% CI 5.09–32.87,
Po0.0001). For patients that did not achieve pathologic complete response, high Magee Equation 3 correlated
with higher recurrence rate, with the majority occurring in patients with positive lymph nodes in the resection
specimen. Magee Equation 3 score ≥ 31 predicts pathologic complete response in the neoadjuvant setting and
for tumor recurrence, when pathologic complete response is not achieved. These results show the utility of
Magee Equation 3 in predicting patients who will benefit from chemotherapy but warrant prospective multi-
institutional validation.
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The decision to recommend chemotherapy to
patients with early stage breast cancer that is
estrogen receptor positive (ER+) HER2 negative is
challenging, as many of these tumors respond
favorably to endocrine therapy alone. Clinical para-
meters, such as tumor size and lymph node status,
are strong prognostic factors,1,2 but appear to have
limited predictive value in assessing responsiveness
to chemotherapy. Although tumor grade predicts
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tumor responsiveness to chemotherapy, it is not
commonly used due to the perception of inter-
observer variability in tumor grading.3

Various multigene assays have been developed in
an attempt to more accurately identify patients with
ER+ breast cancer who will benefit from chemother-
apy. Oncotype DX (Genomic Health, Redwood City,
CA, USA), also known as the 21 gene expression
assay, is one such test.4 It is reported as a numerical
recurrence score ranging from 0 to 100 and divided
into low-risk (o18), intermediate risk (18–30), and
high-risk (≥31) categories, and current guidelines,
including National Comprehensive Cancer Network
(NCCN), recommend its use in women with early
stage ER+ disease. Despite the predictive and
prognostic information this and other genomic tests
provide, they have limitations, including cost of over
$4,000 per test, delay in treatment while awaiting
results and restricted availability in settings with
limited resources.

Four of the sixteen genes in the Oncotype DX assay
are routinely measured at the protein level by
immunohistochemistry, including ER, PR, HER2,
and Ki-67. For HER2 equivocal cases on immuno-
histochemistry, the HER2 gene status is assessed by
fluorescence in situ hybridization. Our group has
previously reported that these biomarkers alone, or
when combined with histologic parameters, can be
incorporated into a multivariable model (known as
Magee Equations; http://path.upmc.edu/online
Tools/MageeEquations.html) to predict the recur-
rence score.5,6 This approach to estimate the recur-
rence score has been validated internally and
externally.6–8 However, the Magee Equations have
never been directly tested to predict for chemother-
apy responsiveness.

Since Oncotype DX recurrence score has been
shown to be positively associated with chemother-
apy responsiveness in the neoadjuvant setting,9,10 we
hypothesized that; similarly, the Magee Equation 3
should also predict response to chemotherapy, but in
an inexpensive, rapid manner. In order to have
widespread applicability, we chose to focus on the
Magee Equation 3 test, since this equation requires
only readily available semi-quantitative results for
ER, PR, HER2, and Ki-67.6

Materials and methods

After Institutional Review Board approval, retro-
spective review of a prospectively maintained
database was conducted of 614 patients who
received neoadjuvant therapy from 2010 to 2014 at
Magee-Womens Hospital of the University of Pitts-
burgh Medical Center. Of the 614 cases, pre-therapy
ER and/or HER2 results were unknown on 27 cases,
and 340 cases were ER negative or HER2+. Another
10 cases lacked semi-quantitative results for which
Magee Equation 3 scores could not be calculated.
After excluding these cases, 237 ER+, HER2 negative

or equivocal cases were included in this study.
Patients who received either neoadjuvant systemic
chemotherapy (n=191, 81%) or neoadjuvant endo-
crine therapy (n=46, 19%) were included.

Pathologic complete response was defined as
absence of invasive tumor in the breast resection
specimen and regional lymph nodes. Residual in situ
carcinoma was allowed. In addition to pathologic
complete response, estimated tumor size/volume
reduction in the breast was calculated using the
following equation: Estimated percent tumor size/
volume reduction= ((pre-therapy clinical size
—‘revised’ pathology size)/pre-therapy clinical size)×
100. The ‘revised’ pathology tumor size is calculated
by multiplying the largest dimension of the gross tumor
bed by the invasive tumor cellularity of the tumor bed
in comparison to the pre-therapy core biopsy sample.

Pre-therapy ER, PR, HER2 and Ki-67 results were
available from core biopsy pathology reports and
were used to calculate Magee Equation 3 scores
using the equation: 24.30812+ER H-score ×
(−0.02177)+PR H-score × (−0.02884)+(0 for HER2
negative, 1.46495 for equivocal, 12.75525 for HER2
positive)+Ki-67 labeling index × 0.18649 (ref. 6).
Magee Equation 3 scores were divided into 3
categories similar to Oncotype DX, ie, 0 to o18
(low), 18 to o31 (intermediate), and 31 or higher
scores (high). The pathologic complete response rate
with respect to Magee Equation 3 categories was
analyzed. Estimated tumor size/volume reduction
(450% or ≤ 50%) in the breast was also analyzed
with respect to Magee Equation 3 categories.

Mean follow-up time was 35 months (median 34,
range 6–68 months). Kaplan-Meier survival curves for
disease free survival and overall survival were
analyzed with respect to Magee Equation 3 categories
and P-values were obtained using log rank test.

Statistical analysis was performed using The R
project for Statistical Computing (https://www.r-
project.org/). For continuous variables, P-value was
obtained from two-sided Wilcoxon rank sum test.
For categorical variables, P-value was obtained from
two-sided Fisher exact test. Patients with missing/
unknown information were excluded from the test.
Confidence intervals were obtained from Wald
normal approximation. Multivariable analysis for
prediction of pathologic complete response was
performed after including variables that were sig-
nificant on univariable analysis.

Results

Patient and tumor characteristics with respect to
pathologic complete response for the 237 ER+, HER2
negative/equivocal cases included in this study are
shown in Table 1. Overall, pathologic complete
response was achieved in 25 patients (11%). The
following factors were significantly associated with
pathologic complete response: younger age, preme-
nopausal status, smaller pre-therapy tumor size, and
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pre-therapy nuclear grade 3. These were later
evaluated in multi-variable analysis. Lower ER
H-score (Po0.0001), lower PR H-score (Po0.0001),
and higher Ki-67 labeling index (Po0.0001) were
also significantly associated with pathologic com-
plete response.

Among the 237 patients, the distribution of Magee
Equation 3 scores was low in 65 (27%), intermediate
in 116 (49%), and high in 56 (24%). The pathologic
complete response rate for low, intermediate, and
high Magee Equation 3 scores was 0%, 4%, and 36%
respectively (Table 2). Patients with high Magee
Equation 3 scores were 13 times more likely to
achieve pathologic complete response compared to
those with Magee Equation 3 scores o31 (95% CI
5.09–32.87, Po0.0001). Forty-six patients (19%)
received neoadjuvant endocrine therapy alone. The
Magee Equation 3 scores in this subset of patients

was low in 28 cases (61%), intermediate in 17 cases
(37%), and high in only one (2%) case. None of these
patients achieved pathologic complete response. The
pathologic complete response rate in the low,
intermediate and high Magee Equation 3 categories
changed only slightly to 0%, 5%, and 36% respec-
tively, after excluding the 46 patients who received
neoadjuvant endocrine therapy alone (Po0.0001).
For patients receiving neoadjuvant chemotherapy,
agents were chosen at the discretion of treating
oncologists, resulting in somewhat heterogeneous
treatment regimens. Nevertheless, most patients
(54%) received adriamycin, cyclophosphamide,
and taxane combination chemotherapy. There was
no statistically significant difference in pathologic
complete response with respect to adriamycin,
cyclophosphamide, and taxane chemotherapy
(P=0.5237), non-adriamycin based chemotherapy

Table 1 Patient and tumor characteristics

Total N=237
Pathologic complete response not

achieved N=212; 89%
Pathologic complete response

achieved N=25; 11% P-valuea

Continuous variables: mean (Std. dev.)
Age 54.3 (12.2) 54.8 (12.4) 49.6 (10.2) 0.0328
Age at menarche 12.7 (1.7)

Unknown 38
12.8 (1.8)

Unknown 32
12.3 (1.4)

Unknown 6
0.1212

Body mass index 29.0 (7.4)
Unknown 53

28.9 (7.6)
Unknown 48

29.4 (5.4)
Unknown 5

0.3895

Pre-therapy tumor size 4.2 (2.7)
Unknown 22

4.4 (2.7)
Unknown 19

3.2 (1.9)
Unknown 3

0.0245

Ki-67 labeling index in % 41.8 (28.8) 37.9 (27.4) 75 (15.6) o0.0001
Estrogen receptor H-score 204 (98.5) 217.4 (89.9) 91.8 (100.2) o0.0001
Progesterone receptor
H-score

110.8 (104) 119.3 (103.9) 38.6 (76.8) o0.0001

Categorical variables: N (%)
Menopausal status
Premenopausal 107 (45%) 89 (42%) 18 (72%) 0.0041
Postmenopausal 127 (54%) 121 (57%) 6 (24%)
Unknown 3 (1%) 2 (1%) 1 (4%)

Race
Caucasian 218 (92%) 195 (92%) 23 (92%) 0.7734
Black 16 (7%) 14 (7%) 2 (8%)
Asian 1 (o1%) 1 (o1%) 0
Others 2 (o1%) 2 (o1%) 0

Pre-therapy lymph node status
Core biopsy positive 88 (37%) 77 (36%) 11 (44%) 0.7979
Core biopsy negative 94 (40%) 85 (40%) 9 (36%)
Unknown 55 (23%) 50 (24%) 5 (20%)

Pre-therapy nuclear grade
Nuclear grade 1 or 2 112 (47%) 110 (52%) 2 (8%) o0.0001
Nuclear grade 3 109 (46%) 87 (41%) 22 (88%)
Unknown 16 (7%) 15 (7%) 1 (4%)

Histology
Ductal 199 (84%) 174 (82%) 25 (100%) 0.0862
Lobular 30 (13%) 30 (14%) 0
Others 8 (3%) 8 (4%) 0

Progesterone receptor status
Positive 173 (73%) 164 (77%) 9 (36%) o0.0001
Negative 64 (27%) 48 (23%) 16 (64%)

HER2 status
Negative 201 (85%) 180 (85%) 21 (84%) 1.0000
Equivocal 36 (15%) 32 (15%) 4 (16%)

For categorical variables, P-value is obtained from two-sided Fisher exact test. Patients with missing/unknown information are excluded from test.
aFor continuous variables, P-value is obtained from two-sided Wilcoxon rank sum test.
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(P=1.0), non-taxane based chemotherapy
(P=0.6087), or when exact chemotherapy regimen
was unknown (P=0.1399).

Increasing Magee Equation 3 score also correlated
with an increase in the estimated tumor size/volume
reduction in the breast. Average tumor size/volume
reduction in low, intermediate and high Magee
Equation 3 score categories was 46%, 59%, and
77% respectively. Fifty-six percent of patients in the
low/intermediate Magee Equation 3 score category
showed 450% tumor size/volume reduction, com-
pared to 80% of the patients in the high Magee
Equation 3 score category (P=0.0024).

With median follow up of 34 months, there were 5
loco-regional and 29 distant recurrences. Patients
with high Magee Equation 3 scores had an ~3-fold
increased risk in overall recurrence than those with
Magee Equation 3 scores o31 (95% CI 1.57–5.25,
P=0.0016) (Table 2). There were a total of 16 deaths
in this cohort. Survival rates for low, intermediate
and high Magee Equation 3 scores were 98, 97, and
79%. Patients with high Magee Equation 3 scores
had an ~10-fold increased risk of death compared to
those with Magee Equation 3 scores o31 (95% CI
3.26–28.87, Po0.0001) (Table 2). Kaplan–Meier
survival analysis showed worse disease free survival
and overall survival for the high Magee Equation 3
category (Figure 1). However, none of the patients
that achieved pathologic complete response (n=25)
developed tumor recurrence or died during the
period of follow-up.

Among patient who did not achieve pathologic
complete response (n=212), the majority of tumor
recurrences occurred in patients with pathologically
confirmed positive lymph nodes at resection after
neoadjuvant therapy. The recurrence rate in post-
therapy lymph node positive patients was 20%
(26/127) compared to 10% (8/84) recurrences in
post-therapy lymph node negative patients
(P=0.0367; post-treatment lymph node status was
not available in 1 patient; Table 3). The tumor
recurrence rate was significantly higher with Magee
Equation 3 scores ≥31 in both lymph node negative
(P=0.0100) and positive (Po0.0001) subsets.

Due to significant association of pre-therapy
nuclear grade 3 with pathologic complete response,
we analyzed if nuclear grade provides additional
information beyond that which is provided by Magee
Equation 3 alone and vice versa. When cases were
categorized by Magee Equation 3 categories, then

Table 2 Magee Equation 3 score categories and outcomes

Outcomes

Magee Equation 3 score categories Relative Risk (Magee Equation 3≥31 vs Magee Equation
3 o31) with 95% Confidence Intervalb P-valuea

o 18
N=65

18 – o31
N=116

≥ 31
N=56

Pathologic complete
response

0 (0) 5 (4%) 20 (36%) 12.93 (5.09–32.87) o 0.0001

Loco-regional; 0; 2; 3;
Distant; 4; 12; 13; 2.87 (1.57–5.25) 0.0016
All recurrences 4 (6%) 14 (12%) 16 (29%)
Death 1 (2%) 3 (3%) 12 (21%) 9.70 (3.26–28.87) o 0.0001

aP-value is obtained from two-sided Fisher exact test. bConfidence interval is obtained from Wald normal approximation.

Figure 1 (a) Disease free survival Kaplan–Meier plot by Magee
Equation 3 (ME3) category. (b) Overall survival Kaplan–Meier plot
by Magee Equation 3 (ME3) category.
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further division by nuclear grade did not show
significantly different pathologic complete response
rates (Table 4). However; when cases were categor-
ized according to nuclear grade, further divisions
into Magee Equation 3 categories showed signifi-
cantly different pathologic complete response rates
in high grade tumors (Table 4). This is because
almost all high Magee Equation 3 score cases had
grade 3 nuclei, but cases with grade 3 nuclei were
randomly distributed in different Magee Equation 3
categories.

A multivariable analysis of the factors significantly
associated with pathologic complete response
(as reported in Table 1) showed that high Magee
Equation 3 was the most significant variable asso-
ciated with pathologic complete response (odds ratio
of 16.43, P value of o0.0001). Significance was also
noted for pre-therapy tumor size (odds ratio of 0.73,
P=0.0245) and menopausal status (odds ratio of

0.09, P=0.0131), but not for patient age and
nuclear grade.

Discussion

While there has been tremendous progress in
systemic treatment of breast cancer over the last 15
years, there remains a critical need to better identify
patients with ER+ tumors who will benefit from
systemic chemotherapy. Tumor size is no longer the
defining criterion for using chemotherapy, and even
lymph node status (a highly prognostic variable) is
challenged as a chemo-predictive tool, especially in
post-menopausal women.11–13 Currently, multi-gene
assays are used to aid chemotherapy decisions.14
However, these assays are expensive, subject to
inconsistent reimbursement in the pre-operative
setting, may result in a delay in initiating care, are
not available in resource-poor locations and are
sometimes subject to inaccurate results due to sub-
optimal microdissection.15,16 A readily available
alternative to such multi-gene assays is Magee
Equation 3, which utilizes results available in
standard core-biopsy pathology reports, including
semi-quantitative results for ER and PR hormone
receptors, HER2, and Ki-67, to determine chemother-
apy effectiveness and overall outcome.

We previously demonstrated that Magee Equation
3 can provide a fairly accurate estimate of Oncotype
DX recurrence score.6 However, until now, this
equation has not been systematically evaluated to
determine ability to predict response to neoadjuvant
treatment or outcome. Identifying tumors that will
respond to chemotherapy is important in the
neoadjuvant setting for overall surgical planning.
There is also evidence that pathologic complete
response and residual disease after chemotherapy
has prognostic significance not only in triple
negative and HER2 positive disease but also in ER

Table 3 Recurrence and death rate in patients not achieving
pathologic complete response (n=212), categorized by lymph
node status post-therapy

Magee Equation
3 score N

Recurrence

Death
Local-
regional Distant Total

Lymph node
negative

84 8 (10%) 7 (8%)

o 18 26 0 1 1 (4%) 0 (0%)
18 -o 31 40 0 2 2 (5%) 2 (5%)
≥ 31 18 1 4 5 (28%) 5 (28%)
Lymph node
positive

127 26 (20%) 9 (7%)

o 18 38 0 3 3 (8%) 1 (4%)
18 -o 31 71 2 10 12 (17%) 1 (3%)
≥ 31 18 2 9 11 (61%) 7 (39%)

Lymph node status unknown on 1 case.

Table 4 Relationship between pathologic complete response rate, Magee Equation 3 score categories, and pre-therapy nuclear grade

Categorization by Subdivision by N Pathologic complete response N (%) P valuea

Magee Equation 3 scores Nuclear grade
High (score ≥ 31) 1 or 2 3 1 (33%)

3 50 19 (40%) 1.0000
Intermediate (score 18-o 31) 1 or 2 68 1 (1%)

3 44 3 (7%) 0.2980
Low (score o 18) 1 or 2 41 0 (0%)

3 15 0 (0%) NA
Nuclear grade Magee Equation 3 scores
1 High (score ≥ 31) 0 NA

Intermediate or low ( score o 31) 7 0 (0%) NA
2 High (score ≥ 31) 3 1 (33%)

Intermediate or low (score o 31) 102 1 (1%) 0.0566
3 High (score ≥ 31) 50 19 (38%)

Intermediate or low (score o 31) 59 3 (5%) o 0.0001

NA, not applicable.
Pre-therapy nuclear grade available on 221 cases.
aP-value is obtained from two-sided Fisher exact test.
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+/HER2-negative tumors.17 Herein, we describe the
clinical significance of Magee Equation 3 using our
prospective institutional database of patients treated
with neoadjuvant systemic treatment. We focused on
Magee Equation 3 because it requires only semi-
quantitative results for ER, PR, HER2, and Ki-67,
which are generally available on pre-therapy core
biopsy reports, and may allow widespread utiliza-
tion of this equation to help with decision making
about systemic therapy in ER+ breast cancer.

Using only the ER+, HER2 negative/equivocal
tumors from our institutional neoadjuvant database,
Magee Equation 3 scores clearly identified patients
that have high likelihood of pathologic complete
response. A pathologic complete response rate of
36% in these ER+ patients with high Magee Equation
3 score category is similar to the pathologic complete
response rate observed in triple negative tumors with
first line chemotherapy. Our results using Magee
Equation 3 are consistent with small number of
studies analyzing Oncotype DX recurrence score for
predicting pathologic complete response in ER
+/HER2 negative tumors in the neoadjuvant setting.
In a study of patients with HER2 negative breast
cancer treated neoadjuvantly with ixabepilone and
cyclophosphamide, Yardley et al showed, in a cohort
of 108 patients for whom pre-therapy Oncotype DX
recurrence score was available, an overall pathologic
complete response rate of 26% (ie, 19 of 72 cases) in
patients with high risk score and 0% (ie, 0 of 36
cases) in patients with low/intermediate risk scores.9
As expected, all ER negative patients (n=48) had
high risk recurrence score in this study. Of the 60 ER
+ cases, pathologic complete response was identified
in 17% (ie, 4 of 24 cases) of the patients with high
risk recurrence scores and 0% (ie, 0 of 36 cases) in
patients with low/intermediate risk scores. In an
older study by Gianni et al, recurrence score was
positively associated with likelihood of pathologic
complete response.10 In this study, patients were
treated neoadjuvantly with paclitaxel and doxorubi-
cin, and of the 89 assessable patients, 11 (12%)
achieved pathologic complete response. The patho-
logic complete response rate in ER negative patients
was 23% and in the ER+ patients was 8%. Although
response according to recurrence score categories
was not reported, pathologic complete response was
associated with higher expression of proliferation
related genes, and lower expression of ER related
genes, ie, the genes that determine the likelihood of
high recurrence score. In another small study of 60
ER+/HER2 negative patients treated with neoadju-
vant chemotherapy from our institution, Soran et al
reported lack of correlation between recurrence
score and tumor volume reduction in the breast.18
However, in this study, the mean recurrence score on
pre-therapy core biopsy was 20 and none of the
patients showed pathologic complete response,
which may explain the lack of correlation to
response. Nevertheless, lower ER expression level
correlated with reduction in tumor volume in the

breast. Comparing the studies that utilized Oncotype
DX results to predict pathologic complete response
to our current study using Magee Equation 3,
suggests that Magee Equation 3 can perform
equally well.

Although pathologic complete response after
neoadjuvant therapy often results in improved long
term survival, improving pathologic complete
response rate using novel therapeutic agents may
not always translate into increased survival.19–21
Therefore, studies with long term follow-up are
valuable in understanding the significance of patho-
logic complete response in such circumstances. Our
study did not test the efficacy of a novel therapeutic
agent but rather a predictive tool to assess for
pathologic complete response. Nevertheless, it is
always instructive to look at long term clinical
outcome. The median follow up interval of our study
subjects was 34 months. All 34 recurrences, local
and distant, occurred in patients that failed to
achieve pathologic complete response. Recurrence
and deaths were higher for patients with higher pre-
therapy Magee Equation 3 scores, a phenomenon
similar to what is observed in triple negative
tumors.22 In other words, patients with higher Magee
Equation 3 scores have higher likelihood of patho-
logic complete response, but as group also have
higher recurrence rate. This is explained by higher
rate of relapse in patients that fail to achieve
pathologic complete response.

Another interesting observation was the associa-
tion between pre-therapy Magee Equation 3 score
with post-therapy lymph node status. It is well
established that residual tumor in lymph nodes after
neoadjuvant therapy is a poor prognostic indicator.23
For this reason, various post-therapy prognostic
indices, such as ‘Residual Cancer Burden’ and
‘Residual Disease in Breast and Node’ models,
heavily weigh the amount of residual tumor within
lymph nodes.24,25 Considering patients who failed to
achieve pathologic complete response, a higher
Magee Equation 3 score showed a higher recurrence
rate within both lymph node negative and lymph
node positive groups, underscoring that both biology
and ‘anatomy’ are important in determining tumor
behavior. The recurrence rate was highest (61%) for
patients with high pre-therapy Magee Equation 3
score and residual tumor in post-therapy lymph
nodes (Table 3).

Our group was the first to publish a morphology
and immunohistochemistry based tool to predict for
Oncotype DX.5,6 Subsequently, other decision mak-
ing tools have been described.26–30 These latter
methods also take into account tumor grade, expres-
sion levels of PR and Ki-67 proliferation rate.
However, none of the methods have been previously
examined in the neoadjuvant setting with respect to
pathologic complete response or to patient outcome.

The Immunohistochemistry 4 (IHC4) score
described by Cuzick and colleagues31 is similar to
Magee Equation 3 with some subtle differences in
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their development and use. Magee Equation 3 was
formulated using a database of cases sent for clinical
Oncotype DX testing (and therefore representative of
the routine clinical practice), but in contrast,
Immunohistochemistry 4 was developed using
immunohistochemical stain scores for ER, PR,
HER2, and Ki-67 on tissue blocks from patients
enrolled in the Arimidex, Tamoxifen Alone or in
Combination (ATAC) trial. Magee Equation 3 uses
H-scores for ER and PR, but Immunohistochemistry 4
uses H-score for ER and percentage of positive cells
for PR. In addition, Ki-67 labeling index need to be
modified in Immunohistochemistry 4 score to be
used in the equation. Immunohistochemistry 4 has
been used in research studies and has been found to
be comparable to Oncotype DX in providing infor-
mation beyond routine clinical pathologic factors.
Magee Equation 3 has been primarily used to provide
an estimate of actual Oncotype DX score until now.
The clinical validation provided in the current study
is important and could be used to justify using
Magee Equation 3 in a prospective fashion for any
future neoadjuvant clinical trials.

Despite these encouraging results, our study does
have some limitations. First, it is a retrospective
study based on consecutive cases from routine
practice, rather than from a clinical trial, which is
subject to bias and heterogeneity in treatment.
Nevertheless, most patients received adriamycin,
cyclophosphamide, and taxane regimen, and there
was no difference between the ‘pathologic complete
response’ and ‘lack of pathologic complete response’
groups with respect to this regimen. It is also to be
noted that follow up time in this study was relatively
short, as ER positive tumors tend to recur late.
Additional studies with long term follow up will be
valuable to confirm the findings in the current study.
Second, Magee Equation 3 requires semi-quantitative
immunohistochemical results for ER, PR, HER2 and
Ki-67 for which inter-observer variability can occur.
The slides were not reviewed and results were taken
directly from pathology reports. Some inter-observer
variability is always expected, but our group has
shown good inter-observer agreement with H-scores
for hormone receptors.32 There are also concerns
raised regarding Ki-67 labeling index reported by
pathologists.33,34 Furthermore, pre-analytical factors
can also interfere with accurate immunohistochem-
ical scoring, and therefore it is important to adhere to
the good laboratory practices of tissue handling and
fixation. Despite these limitations, Magee Equation 3
scores were predictive of chemotherapy response
and patient outcome.

In summary, Magee Equation 3 is a simple,
inexpensive, accessible and highly effective tool for
predicting pathologic complete response, tumor
size/volume reduction and clinical outcome in ER
+, HER2 negative/equivocal tumors treated with
neoadjuvant chemotherapy and can be used effi-
ciently in routine clinical practice. These results
warrant prospective multi-institutional validation.
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