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ABSTRACT

Background. Newer multigene molecular profiling assays

for breast carcinoma rely heavily on the quantification of

genes of proliferation, whereas traditional histological

grading reports the mitotic count. The mitotic activity of

invasive breast carcinomas may be undervalued; therefore,

an evaluation of the prognostic significance of mitotic

score in predicting prognosis was performed.

Methods. Retrospective analysis of a single institutional

cohort of newly diagnosed estrogen receptor positive

(ER?), HER2 negative (HER2-) unilateral invasive breast

carcinomas was performed. Mitotic scores from the 3-part

Nottingham combined histological grade were compared

with clinical parameters. Mitoses were counted on Olym-

pus BX50 microscopes and assigned scores of 1–3 based

on observed mitoses.

Results. A total of 1292 ER?, HER2- invasive breast

carcinoma patients were identified, with a median follow-

up time of 2.6 years (range 0–14 years). Higher mitotic

score was significantly associated with younger age, larger

tumor size, angiolymphatic invasion, node-positive dis-

ease, higher stage, and the use of hormonal and cytotoxic

chemotherapy. Mitotic score was significant in modeling

time to local/regional recurrence (p = 0.02), recurrence-

free survival/RFS (p\ 0.001), and overall survival/OS

(p = 0.01) with higher mitotic scores associated with

worse outcomes. Higher mitotic score correlated sig-

nificantly with intermediate/high risk Oncotype Dx

recurrence scores (p = 0.009).

Conclusions. First-generation molecular profiling assays for

estrogen receptor positive invasive breast carcinomas derive

much of their predictive power from quantifying genes of

proliferation into a single score. Sometimes overlooked in the

profusion of molecular data, the time-tested, mitotic count in

the Nottingham combined histological grade is a good single-

parameter predictor of survival.

The term ‘‘breast cancer’’ encompasses a heterogeneous

spectrum of tumors of the breast that vary in their prognosis

and optimal treatment. The treatments of these tumors

comprise the entire current arsenal of surgical, radiation,

endocrine, and chemotherapy. However optimal selection of

these treatments is difficult given the variable efficacy of

treatment modalities dependent on patient and tumor char-

acteristics, as well as the risks associated with treatment.

Historically, tumor staging for prognosis has consisted

of tumor size, lymph node invasion, and histological grade.

The histologic grade typically is assessed according to the

Scarff-Bloom-Richardson grading system with the Elston–

Ellis modification or Nottingham combined histologic

grade or Nottingham grading system (NGS).1–3 The NGS

has been validated for its prognostic significance through

multiple studies and is the recommended grading system

by the WHO, AJCC, American College of Pathologists,

and Royal College of Pathologists (UK RCPath).4–12 The

Nottingham Grading System consists of 3 components:

tubule formation, nuclear pleomorphism, and mitotic

counts.
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Multigene assays, such as Oncotype DX (Genomic

Health Inc., Redwood City, CA), are now commonly used

to help determine adjuvant treatment. These arrays have

shown prognostic significance, yet are they a genetic de-

scription of what was already observed underneath the

microscope or do they truly present clinicians with new

prognostic information?13–16 More aggressive, or high-risk

tumors, likely are more mitotically active in their behavior.

The mitotic count is a potentially undervalued component

of the NGS, often overlooked in an era of advancing ge-

netic testing.

Does the traditional grading system with a focus on

mitosis give us prognostic information we can use to treat

our patients? We performed a retrospective review to

compare outcomes against mitotic counts in patients with

estrogen receptor positive breast cancer. We hypothesized

that mitotic score can be used to stratify high-risk

individuals.

METHODS

Patients

After institutional review board approval, a retrospec-

tive review was performed of a prospectively collected

database of all patients at Mayo Clinic Arizona from 2000

to 2014 with newly diagnosed estrogen receptor positive

(ER?), HER2 negative (HER2-) unilateral invasive breast

carcinomas with known grade and mitotic rate. Mitotic

count was analyzed as the single component of the 3-part

Nottingham combined histological score and compared

with clinical parameters. Mitotic count was graded and

counted on Olympus BX50 microscopes (field diameter

0.55 mm, in 10 high-power [9400] fields) and assigned a

mitotic score of 1 (up to 8 mitoses/10 hpf), 2 (9–16 mi-

toses/10 hpf) or 3 (17 or more mitoses/10 hpf).

Statistical Analysis

Descriptive statistics were used to summarize results

by mitotic score category (1–3). Patient demographics,

pathology, and treatment variables were compared be-

tween categories by analysis of variance (ANOVA) for

continuous variables or Chi square tests for categorical

variables. Time to local/regional recurrence was defined

as the time from primary surgery date to the date of first

local or regional recurrence. A patient was censored at

last follow-up or death if the patient had not previously

experienced a local or regional recurrence. Recurrence-

free survival (RFS) included time from primary surgery

date to the date of first recurrence (local, regional, or

distant) or death from any cause. Overall survival (OS)

was calculated as the time from primary surgery date to

date of death from any cause. Patients without a recur-

rence or death event at last follow-up were considered

censored for RFS and OS analyses. Event curves were

estimated by the Kaplan–Meier method and compared

between mitotic groups by the log-rank test. Cox pro-

portional hazards analysis was used to generate hazard

ratios (HR) and 95 % confidence intervals for mitotic

categories after adjusting for grade and/or progesterone

receptor status. A 2-sided p value\ 0.05 was considered

statistically significant.

RESULTS

During the study period, 1292 ER?, HER2- unilateral

primary breast cancers were identified: 1038 had a mitotic

score of 1 (80 %), 188 a score of 2 (15 %), and 66 a score

of 3 (5 %). Median follow-up for all patients was

2.6 years (range 0–14 years). Patient demographics are

shown in Table 1. Patients whose tumors had a mitotic

score of 3 were significantly younger compared with

those with a mitotic score of 2 or 1 (p = 0.004). The

proportion of premenopausal women similarly was

highest in the group with a mitotic score of 3 versus 2 or 1

(p = 0.004). Race/ethnicity differed by mitotic score

(p\ 0.001) with 93.4 % of the group with a mitotic score

of 1 being white versus 88.8 and 80.3 % of the groups

with mitotic scores of 2 and 3 being white, respectively.

There was no difference in mean BMI across the mitotic

groups (p = 0.19).

Pathological Associations

Patients with mitotic scores of 2 or 3 were significantly

more likely to have invasive ductal carcinoma (p\ 0.001),

whereas invasive lobular carcinoma and the invasive car-

cinoma subtypes were more likely to be associated with a

low mitotic count. As expected, higher mitotic score was

significantly associated with higher grade (p\ 0.001),

angiolymphatic invasion (p\ 0.001), positive lymph

nodes (p = 0.002), larger mean tumor size (p\ .001), and

higher final staging (p\ 0.001). No association was seen

with progesterone receptor status. Only 85 patients had

Oncotype Dx recurrence scores available for evaluation.

Mitotic scores of 2 and 3 were associated with intermedi-

ate- and high-risk recurrence scores (p = 0.009). Among

the 85 patients with Oncotype Dx recurrence scores, no

patients with a mitotic score of 1 had a high-risk score and

only 1 patient with a mitotic score of 3 had a low-risk score

(Table 2).

S510 J. M. Chang et al.



Presentation and Treatment Associations

Patients with higher mitotic scores were more likely to

present on either clinical exam or on self-breast exam

(p\ 0.001) and were less likely to undergo breast con-

serving therapy (p = 0.004), which is in line with the

finding of larger tumors in this subgroup (Table 3). Patients

with higher mitotic scores were also more likely to receive

chemotherapy (p\ 0.001) and hormonal therapy

(p = 0.04). There was no significant difference in use of

radiation therapy (p = 0.26) in regard to mitotic score.

Survival Analysis

Local/regional recurrence was statistically different

among mitotic score categories (Fig. 1a; log-rank

p = 0.02; hazard ratio [HR] mitotic score 2 vs 1, 3.08

[95 % CI 1.05–9.01], HR mitotic score 3 vs 1, 4.63 [95 %

CI 1.01–21.19]). Difference in local/regional recurrence by

grade did not reach statistical significance (log-rank

p = 0.07). Patients with higher mitotic scores also had

significantly decreased RFS (p\ 0.001), as patients with

mitotic scores of 1 had a 5 year RFS of 88 %, compared

with 76 % for mitotic scores of 2 and 68 % for mitotic

scores of 3 (Fig. 1b). Mitotic score of 2 had a HR of 1.86

(95 % CI 1.14–3.03) and mitotic score of 3 had a HR of

2.19 (95 % CI 0.96–4.99) for RFS when compared with the

group with a mitotic score of 1, after adjusting for grade

and progesterone receptor status. Lower rates of overall

survival were found when comparing mitotic scores of 2 or

3 against mitotic scores of 1 (Fig. 1c; p = 0.01). Mitotic

score of 2 had a HR of 1.84 (95 % CI, 1.20–2.81) and

mitotic score of 3 had a HR of 1.61 (95 % CI 0.71–3.69)

for overall survival when compared with the group with a

mitotic score of 1.

DISCUSSION

Breast cancer is a heterogeneous disease that requires

multi-modality treatment. The clinical question remains

how to select patients appropriately for each treatment. A

number of factors contribute, but most clinicians rely on

the AJCC seventh edition TNM staging and pathologic

features to determine risk for recurrence and, thus, treat-

ment recommendations. In order to calculate risk for

recurrence, various tools are available, such as Adjuvant!,

an online calculator based on population studies utilizing

standard patient and pathologic characteristics. More so-

phisticated tools, such as molecular profiling of the tumor

itself, have become more widespread and can provide

valuable information, however, at a higher financial cost. In

our study, we found that the Nottingham Grading System

mitotic count was fairly consistent with the Oncotype DX

scores. We had only one outlier, a high mitotic count and

low-risk Oncotype DX score, but the number of cases is

small and most patients were found to have intermediate-

or low-risk Oncotype DX scores in each category. On the

other hand, lower mitotic count was found to be sig-

nificantly associated with improved recurrence-free

survival and overall survival.

The initial development and use of the Scarf-Bloom-

Richardson system improved clinicians’ insight into indi-

vidual tumor biology; however, the system was hindered

by poor interobserver agreement and score repro-

ducibility.1 Despite these shortcomings, multiple studies

still found prognostic significance of the system. The

TABLE 1 Patient demographics by mitotic score

1 (N = 1038) 2 (N = 188) 3 (N = 66) Total (N = 1292) p value

Age 0.004a

Mean (SD) 64.8 (12.31) 63.0 (13.42) 60.0 (14.70) 64.3 (12.65)

Range (31.0–97.0) (29.0–92.0) (23.0–94.0) (23.0–97.0)

Menopausal status 0.004b

Postmenopausal 863 (83.1 %) 140 (74.5 %) 48 (72.7 %) 1051 (81.3 %)

Premenopausal 175 (16.9 %) 48 (25.5 %) 18 (27.3 %) 241 (18.7 %)

Race/ethnicity \0.001b

White 970 (93.4 %) 167 (88.8 %) 53 (80.3 %) 1190 (92.1 %)

Other/unknown 68 (6.6 %) 21 (11.2 %) 13 (19.7 %) 102 (7.9 %)

BMI 0.19a

Mean (SD) 27.2 (5.59) 27.8 (5.76) 28.3 (7.80) 27.3 (5.75)

Range (15.6–61.2) (17.6–59.5) (17.9–51.2) (15.6–61.2)

a ANOVA F test
b Chi square
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Elston–Ellis modification in 1991 standardized the

histopathological methods, and definitions making up the

components of the NGS improved reproducibility and in-

terobserver agreement. Multiple studies subsequently have

validated the NGS’s prognostic value and its acceptance

among multiple health organizations.2,4,5,7–9 Its continued

use has been a testament to its ease of use, satisfactory

reproducibility, and known prognostic value.17–19 The

mitotic score component of the NGS is an undervalued

prognostic tool, despite strong evidence and low cost.

Our study has demonstrated that patients with a higher

mitotic score present with more aggressive cancers, worse

overall prognosis, and shorter recurrence-free survival. We

found a significant association between high mitotic score

and patients being younger, nonwhite, premenopausal, with

angiolymphatic invasion, higher staging, larger mean tu-

mor size, node-positive disease, adjuvant hormonal

therapy, and adjuvant cytotoxic chemotherapy. The higher

mitotic score was also associated with worse overall sur-

vival. Our findings are in agreement with prior studies

TABLE 2 Pathologic characteristics by mitotic score

1 (N = 1038) 2 (N = 188) 3 (N = 66) Total (N = 1292) p value

Histology \0.001a

IDC 638 (61.5 %) 151 (80.3 %) 58 (87.9 %) 847 (65.6 %)

ILC 198 (19.1 %) 8 (4.3 %) 2 (3 %) 208 (16.1 %)

Mixed IDC/ILC 94 (9.1 %) 20 (10.6 %) 2 (3 %) 116 (9 %)

Other/unknown 108 (10.4 %) 9 (4.8 %) 4 (6.1 %) 121 (9.4 %)

Grade \0.001a

1 Low 480 (46.2 %) 3 (1.6 %) 2 (3 %) 485 (37.5 %)

2 Intermediate 551 (53.1 %) 92 (48.9 %) 7 (10.6 %) 650 (50.3 %)

3 High 7 (0.7 %) 93 (49.5 %) 57 (86.4 %) 157 (12.2 %)

Progesterone receptor status 0.53a

Positive 903 (87 %) 169 (89.9 %) 57 (86.4 %) 1129 (87.4 %)

Negative 135 (13 %) 19 (10.1 %) 9 (13.6 %) 163 (12.6 %)

Oncotype DX recurrence score 0.009a

Missing 976 (.%) 169 (. %) 62 (. %) 1207

Low risk (\18) 42 (67.7 %) 8 (42.1 %) 1 (25 %) 51 (60 %)

Intermediate risk (18–31) 20 (32.3 %) 9 (47.4 %) 2 (50 %) 31 (36.5 %)

High risk ([31) 0 (0 %) 2 (10.5 %) 1 (25 %) 3 (3.5 %)

Angiolymphatic invasion \0.001a

Yes 108 (10.4 %) 57 (30.3 %) 17 (25.8 %) 182 (14.1 %)

No 930 (89.6 %) 131 (69.7 %) 49 (74.2 %) 1110 (85.9 %)

Final stage \0.001a

I 661 (63.7 %) 76 (40.4 %) 25 (37.9 %) 762 (59 %)

II 289 (27.8 %) 82 (43.6 %) 34 (51.5 %) 405 (31.3 %)

III 81 (7.8 %) 28 (14.9 %) 6 (9.1 %) 115 (8.9 %)

IV 7 (0.7 %) 2 (1.1 %) 1 (1.5 %) 10 (0.8 %)

Tumor size (cm) \0.001b

Mean (SD) 1.8 (1.73) 2.4 (1.78) 2.6 (1.57) 1.9 (1.75)

Range (0.0–15.0) (0.3–10.0) (0.4–7.5) (0.0–15.0)

Nodal status \0.001a

Missing 5 (.%) 2 (.%) 1 (.%) 8

Node negative 739 (71.5 %) 104 (55.9 %) 43 (66.2 %) 886 (69 %)

Node positive 294 (28.5 %) 82 (44.1 %) 22 (33.8 %) 398 (31 %)

Path multifocal 0.48a

Yes 175 (16.9 %) 38 (20.2 %) 10 (15.2 %) 223 (17.3 %)

No/unknown 863 (83.1 %) 150 (79.8 %) 56 (84.8 %) 1069 (82.7 %)

a Chi square
b ANOVA F test
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showing greater prognostic significance of the mitotic

score than other components of the NGS.17,20–28 Mirza

et al. performed a retrospective literature review of studies

of node-negative breast cancer with more than 200 par-

ticipants and greater than 5-year follow-up and found that

mitotic index had prognostic significance in regard to

overall survival and disease-free survival.21 In our study,

we did not exclude node-positive patients, but found an

association between higher mitotic score and likelihood of

positive lymph nodes, as expected in more aggressive tu-

mors. A prospective study by Baak et al. of 516 women

younger than 55 years with lymph node negative breast

cancer found a strong prognostic association with observed

mitotic activity index (MAI) less than\3 and greater than

10.27 In their study, the only other component of the NGS

with prognostic significance was nuclear atypia, but only

among patients with a mitotic activity index less than 10.

Interestingly, Baak et al. compared a cutoff of MAI[ 10

to a cohort of women from the Multicenter Mammary

Carcinoma project with 1–3 positive nodes and found

similar survival curves in node-negative women with

MAI[ 10. The studies looking at specific mitotic counts,

however, are impractical as this is not routinely reported. In

our study, we looked at mitotic count as reported by the

NGS, as it is commonly reported and simple to use. As

expected, the mitotic score, a representation of the prolif-

eration of the tumor in question, was found to be

independently significant.

We attempted to determine whether mitotic score would

correlate with Oncotype DX Recurrence Score. Oncotype

DX is a 21-gene RT-PCR assay of ER positive breast

cancer that is used to quantify the risk of distance recur-

rence. Of the genes in question, 16 are grouped into 5

groups: the proliferation group, the HER2 group, the in-

vasion group, the estrogen receptor (including ER and PR)

group, and other.29 The other 5 genes are the reference

group against which RNA levels are normalized. Recur-

rence scores classify patients into 3 groups according to

10-year risk of recurrence: low risk (score 0–17, 6.8 % risk

of recurrence), intermediate (score 18–31, 14.3 % risk of

recurrence), or high risk (score greater than 31, 30.5 % risk

of recurrence).29 Most of the information obtained from the

Oncotype DX is already detailed in a standard pathology

report. The estrogen and progesterone receptor status, the

tumor invasion, and the HER2 status can already be ob-

tained by light microscopy and immunohistochemistry.

The mitotic score describes the proliferation group, though

in a qualitative manner and not quantitative, as the Onco-

type DX reports. In our study, we found a statistical

association between low mitotic score and Oncotype DX

Recurrence Score. Of patients with a known Oncotype DX

recurrence score and a mitotic score of 1, no patients had a

high recurrence score, though our cohort is limited by the

retrospective nature of our study and the selection bias of

our institution’s medical oncologists who decide for which

patients to order the Oncotype DX Recurrence Score.

TABLE 3 Patient clinical characteristics by mitotic score

1 (N = 1038) 2 (N = 188) 3 (N = 66) Total (N = 1292) p value

Surgery 0.004a

BCT 710 (68.4 %) 115 (61.2 %) 32 (48.5 %) 857 (66.3 %)

Mastectomy (no reconstruction) 182 (17.5 %) 35 (18.6 %) 18 (27.3 %) 235 (18.2 %)

Mastectomy ? reconstruction 146 (14.1 %) 38 (20.2 %) 16 (24.2 %) 200 (15.5 %)

Presentation \0.001a

Missing 22 (.%) 2 (.%) 3 (.%) 27

Self breast exam 305 (30 %) 82 (44.1 %) 25 (39.7 %) 412 (32.6 %)

Clinical breast exam 45 (4.4 %) 14 (7.5 %) 6 (9.5 %) 65 (5.1 %)

Imaging 666 (65.6 %) 90 (48.4 %) 32 (50.8 %) 788 (62.3 %)

Adjuvant hormonal treatment 0.04a

Yes 878 (84.6 %) 172 (91.5 %) 58 (87.9 %) 1108 (85.8 %)

No/unknown 160 (15.4 %) 16 (8.5 %) 8 (12.1 %) 184 (14.2 %)

Adjuvant cytotoxic chemo \0.001a

Yes 172 (16.6 %) 70 (37.2 %) 30 (45.5 %) 272 (21.1 %)

No/unknown 866 (83.4 %) 118 (62.8 %) 36 (54.5 %) 1020 (78.9 %)

Radiation therapy 0.26a

Yes 670 (64.5 %) 121 (64.4 %) 36 (54.5 %) 827 (64 %)

No/unknown 368 (35.5 %) 67 (35.6 %) 30 (45.5 %) 465 (36 %)

a Chi square
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Several other studies have found similar correlations of low

recurrence score based on Nottingham Grade, Ki-67, pro-

gesterone receptor positivity, histomorphological

components, and the mitotic score of the NGS.30–34 Our

results are somewhat limited, due to a small sample size

and selection bias, but are suggestive that mitotic score

may help guide our decisions as to who may warrant

further evaluation with the molecular profiling that is

available.

The Nottingham Grading System, particularly the mi-

totic score component, has valuable prognostic information

for providers regarding the tumor characteristics and po-

tential responses to treatment. The individual components

of the combined score, detailing each component (tubules,

nuclear pleomorphism, and mitotic rate), should always be

reported. In an era of genetic testing, where attempts to

properly risk-stratify and determine the benefits of adjuvant

therapies are made against the risks, the mitotic count is a

zero-cost cost marker of cell proliferation. The mitotic

count can be used in situations where advanced molecular

testing is not available or cost prohibitive, or as another

factor that is used to determine which patients may benefit

from further molecular testing. The benefit of the mitotic

count is that it is data we already have in our hands as we

are seeing breast cancer patients, which can help indi-

vidualize their treatment plans.
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