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Incidence of triple-negative breast cancer (TNBC), which is cancer without expression of

ER, PgR, and HER2, and nuclear grade (NG) are closely correlated with malignant

potential of breast cancer. However, criteria to determine aggressiveness of breast cancer

based on these factors have not been elucidated. The aim of this study was to create

criteria using these factors to predict tumor recurrence in invasive ductal carcinoma (IDC)

of the breast. One hundred and seventy-nine patients with IDC of the breast, which had

been treated by surgical resection, were included. One point was added for each factor of

the two categories of TNBC and NG 3. The sum of the scores (TGS 0, 1, or 2) was

calculated. Significant difference was observed between TGS and the incidence of tumor

recurrence (P , 0.0001). Moreover, significant differences were observed regarding

relapse-free survival (RFS) between patients with TGS 0 and TGS 1 (P , 0.0001) and

patients with TGS 1 and TGS 2 (P¼ 0.024). TGS might contain a clinical advantage as a

useful predictor for tumor recurrence of IDC of the breast and could classify prognosis of

the patients with a preferable stratification.
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Triple-negative breast cancer (TNBC), which is

cancer without expression of ER, PgR, and

HER2, has been shown to have tumors with

more aggressive potential.1 Additionally, nuclear

grade (NG) is a parameter quantifying the

cytologic characteristics of cancer cells based

on the atypia and mitosis of the tumor nuclei,

and it has been demonstrated that it predicts the

potential of cellular proliferation of breast can-

cer.2

While patient populations with breast cancer

have been shown to have longer-term survivors

when compared with those having other human

malignant tumors,3 this may be due to the contri-

bution of long-term continuous chemotherapy,

molecular-targeting therapy, or hormone therapy

for patients who had tumor recurrence of breast
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cancers, including TNBC or NG 3 breast cancers,
which have more aggressive potential.

In this study, we attempted to create newly
established criteria to predict tumor recurrence of
invasive ductal carcinoma (IDC) of the breast based
on the two factors TNBC and NG 3.

Patients and Methods

Patients

One hundred and seventy-nine patients with IDC of
the breast, who had been treated by surgical
resection and lymph node dissection in Fukuoka
Higashi Medical Center at some point in the period
from January 2004 to January 2011, were evaluated.

The ages of the patients ranged from 27 to 91
years, with a mean of 62; there were 31 premeno-
pausal and 148 postmenopausal women.

Immunohistochemical expression

ER, PgR, and HER2 were examined using the
usual immunohistochemical methods, and an
additional fluorescence in situ hybridization ex-
amination was performed to determine HER2
expression for cases with an immunohistochemi-
cal expression of HER2 2þ.

Pathologic investigation

Pathologic features were presented according to the
general rules for clinical and pathologic recording of
breast cancer established by the Japanese Breast
Cancer Society,4 and the TNM classification of

malignant tumors prescribed by the International
Union Against Cancer.5

Definition of nuclear grade

NG was determined as an aggregate of nuclear
atypia score and mitotic count score according to the
criteria in previous reports6,7 (Table 1).

TNBC and NG 3 score

Patients who had both pathologic characteristics of
TNBC and NG 3 were allocated a TGS score of TGS
2. Patients who had one of these characteristics were
allocated a TGS 1, and patients who had none were
allocated a TGS 0.

Then, correlation of the TGS values with clinico-
pathologic characteristics, including tumor recur-
rence and relapse-free survival (RFS) of the patients,
was examined.

Neoadjuvant or adjuvant therapy

All of the patients with TGS 1 or TGS 2 and patients
who had breast carcinomas with ER�, PgR�, and
HER 3þ in the TGS 0 group had been treated with
neoadjuvant or adjuvant therapy composed of
cyclophosphamide, endoxane, 5-fluorouracil, and
docetaxel.

Statistical analysis

All statistical analyses were conducted using Stat-
View (SAS Institute Inc, Cary, North Carolina).
Then, a v2 test was used to compare the difference

Table 1 Definition of nuclear grade

Nuclear grade is decided by the sum of the nuclear atypia score and the mitotic counts score, which are
defined following the grade descriptions.

Grade 1: 2 or 3 points
Grade 2: 4 points
Grade 3: 5 or 6 points

Nuclear atypia score

Score 1: Nuclei are relatively uniform in size and shape, and chromatin is inconspicuous.
Score 2: Intermediate between 1 and 3
Score 3: There is considerable variation in size and shape of nuclei and the increase and unevenness of
chromatin, sometimes having giant nucleoli.

Mitotic counts score
After selecting the area in which mitoses are most abundant by small or intermediate magnification, the

mitoses are counted on larger magnification. When using a 20-mm field of view, count 10 high-power
fields (340 objective).

Score 1: 0–4 mitoses
Score 2: 5–10 mitoses
Score 3: 11 or more mitoses
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of proportion values between TGS scores. A Mann-

Whitney test was used to compare the mean age of

patients. Overall survival (OS) curves and RFS

curves were made by the Kaplan-Meier method,

and the Mantel-Cox test was used to analyze the

equality of the survival curves. P , 0.05 was

considered significant.

Results

Correlation of TGS with content of hormonal

expression and nuclear grade is shown in Table 2.

Significant difference was observed regarding all

elements.

Correlation of TGS with clinicopathologic fea-

tures is shown in Table 3. Significant differences

were observed regarding histologic type (P¼ 0.012),

nodal metastasis (P¼ 0.017), stage of the tumor (P¼
0.014), and proportion of tumor recurrence (P ,

0.0001).

OS among enrolled patients in this study was

90.6%. While no patient with TGS 0 is dead and,

accordingly, a significant difference was not detect-

ed between the OS of patients with TGS 0 and those

with TGS 1. OS of patients with TGS 2 was found to

be significantly worse compared with that of

patients with TGS 1 (P ¼ 0.031; Fig. 1).

On the other hand, significant differences were

observed regarding RFS between patients with TGS

0 and TGS 1 (P , 0.0001) and between patients with

TGS 1 and TGS 2 (P ¼ 0.024; Fig. 2).

Discussion

Some histopathologic criteria, such as pathologic
grade and nuclear grade, indicate the biological
aggressiveness of breast cancer.8–11 It has been
reported that the histologic grade could also have
a powerful ability to stratify prognosis of patients
with breast cancer.11 NG, which has been endorsed
in the National Surgical Adjuvant Study of Breast
Cancer (NSAS-BC) protocol, has been shown to be
more convenient and more reliable regarding
reproducibility of the data.6,10 Therefore, this useful
and reliable parameter, NG, was used in this study
to establish a classification system to predict
subsequent tumor recurrence in IDC of the breast.

TNBCs are known to have more aggressive
biological potential and be more likely to recur than
other subtypes of breast cancer12; therefore, clinical
attention has been widely paid to this special
subtype of breast cancer. Histologic investigation
revealed that the majority of cases of TNBC are
associated with the high histologic grade of the
tumor.13 Also, in the current study, the proportion of
cases with higher nuclear grade (NG 3) was found to
be significantly higher in TNBC.

The main purpose of this study was to attempt to
establish criteria to predict tumor recurrence of
breast cancer using the clinicopathologic data that
are routinely acquired in every case of breast cancer,
so that it would be easy to obtain and clinically
useful for all physicians. Then we noted that NG
and TNBC account for representative clinicopatho-
logic factors of breast cancer, and are recognized as

Table 2 Correlation of TGS with hormonal expression and nuclear grade of the tumorsa

TGS 0 (n ¼ 131) TGS 1 (n ¼ 32) TGS 2 (n ¼ 16) P value

ER expression

No 14 (10.7) 22 (68.8) 16 (100) ,0.0001
Yes 117 (89.3) 10 (31.2) 0

PgR expression

No 35 (26.7) 26 (81.2) 16 (100) ,0.0001
Yes 96 (73.3) 6 (18.8) 0

HER2 expression

0, 1þ, 2þ 112 (85.5) 21 (65.6) 16 (100) 0.005
3þ 19 (14.5) 11 (34.4) 0

Nuclear grade

1, 2 131 (100) 15 (46.9) 0 ,0.0001
3 0 17 (53.1) 16 (100)

TGS 0, patient who had no pathologic characteristics of TNBC and NG 3; TGS 1, patient who had one of the pathologic characteristics
of TNBC or NG 3; TGS 2, patient who had pathologic characteristics of both TNBC and NG 3.

aValues in parentheses are the percentages.
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Table 3 Relationship between TGS and clinicopathologic characteristicsa

TGS 0 (n ¼ 131) TGS 1 (n ¼ 32) TGS 2 (n ¼ 16) P value

Age 61.8 6 14.4 62.5 6 11.5 62.4 6 16.4 0.788

Menstruation
Premenopausal 25 (19.1) 3 (9.4) 3 (18.8) 0.424
Postmenopausal 106 (80.9) 29 (90.6) 13 (81.2)

Surgical maneuvers

Preserving 81 (61.8) 23 (71.9) 7 (43.7) 0.166
Mastectomy 50 (38.2) 9 (28.1) 9 (56.3)

Histological type

Papillo-tubular 72 (55.0) 19 (59.3) 3 (18.7) 0.012
Solid-tubular 19 (14.5) 6 (18.8) 9 (56.3)
Scirrhous 27 (20.6) 6 (18.8) 3 (18.7)
Invasive ductal special subtype 13 (9.9) 1 (3.1) 1 (6.3)

TNM T category

T1 91 (69.5) 18 (56.3) 7 (43.7) 0.195
T2 38 (29.0) 13 (40.6) 8 (50.0)
T3 2 (1.5) 1 (3.1) 1 (6.3)

Nodal metastasis

No 105 (80.2) 18 (56.3) 11 (68.8) 0.017
Yes 26 (19.8) 14 (43.7) 5 (31.2)

Tumor stage

I 80 (61.1) 12 (37.5) 6 (37.5) 0.014
II 43 (32.8) 14 (43.7) 6 (37.5)
III 8 (6.1) 6 (18.8) 4 (25.0)

Tumor recurrence

No 124 (94.7) 24 (75.0) 8 (50.0) ,0.0001
Yes 7 (5.3) 8 (25.0) 8 (50.0)

TGS 0, patient who had no pathologic characteristics of TNBC and NG 3; TGS 1, patient who had one of the pathologic characteristics
of TNBC or NG 3; TGS 2, patient who had pathologic characteristics of both TNBC and NG 3; TNM, TNM classification of malignant
tumors.

aValues in parentheses are the percentages.

Fig. 1 Overall survival. A significant difference was not detected

between overall survival (OS) of patients with TGS 0 and TGS 1.

OS of patients with TGS 2 was significantly worse than that of

patients with TGS 1 (P ¼ 0.031).

Fig. 2 Relapse-free survival. A significant difference was observed

regarding relapse-free survival between patients with TGS 0 and

TGS1 (P , 0.0001) and between patients with TGS 1 and TGS 2 (P

¼ 0.024).
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indicators of the malignant potential of the tumor.
Therefore, it would be expected that combined data
from these factors would provide more powerful
and useful information regarding biological charac-
teristics of the tumors, especially related to the
outcome of the patients.

Indeed, the proportion of patients who had
subsequent tumor recurrence was significantly
higher, and RFS was also significantly more unfa-
vorable, in patients with TGS 2, whose tumors
applied to both TNBC and nuclear grade 3, than in
those with TGS 0 or TGS 1.

The discrepancy between RFS and OS might
demonstrate that anti-cancer agents play a strong
role in, and exert a negative influence on, prolong-
ing the survival of patients with IDC of the breast.
While administration of anti-cancer drugs has been
recommended to treat tumors of high grade, and
only some anti-cancer drugs, including anthracy-
clins and taxanes, are option accepted to treat
TNBC, the standard therapeutic options for TNBC
have not been defined. Therefore, development and
investigation regarding some other therapeutic arms
to treat this special and serious breast cancer,
including molecular-targeting therapies, are strong-
ly required.14

Although loco-regional recurrence, in addition to
occurrence of distant metastasis, is known to be
more frequent in patients with TNBC,15,16 the
property in application of sentinel lymph node
dissection has been discussed insufficiently,17 and a
breast-preserving operation has not been considered
as a contraindication for TNBC.15,18

Tumor recurrence of TNBC has been reported to
rapidly increase within 2 years after treatment and
to gradually decrease thereafter, and the risk of
recurrence and/or death in TNBC is generally low 5
years after initial diagnosis. Also, in this study the
period of tumor recurrence of TNBC after initial
treatment was found to be extremely bipolarized.
Moreover, on the other hand, tumor recurrence of
NG 3 tumors has been known to increase 5 years
after the initial surgical treatment. This biological
characteristic of NG 3 tumors might be partially
explained by the knowledge that high-grade breast
cancers, including NG 3 tumors, have shown both a
highly sensitive response to and, on the contrary,
increasing resistance to cytotoxic anti-cancer
agents.19

In conclusion, TGS can be a predictive indicator
for tumor recurrence and can classify RFS of the
patients with IDC of the breast with a strict
stratification. Patients with both tumor characteris-

tics of TNBC and NG 3 would be continuously
threatened by the distress and fear of tumor
recurrence along with long-term administration
and/or intake of anti-cancer drugs. However, this
information, which might be unpleasant for these
patients, could force the physicians to perform a
strict and meticulous follow-up of the patients and
select appropriate anti-cancer therapeutic arms.
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