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Abstract
Background Histological grade (HG) has been used in the MonrachE trial to select patients with hormone receptor (HR)-
positive, human epidermal growth factor receptor 2 (HER2)-negative, node-positive high-risk early breast cancer (EBC). 
Although nuclear grade (NG) is widely used in Japan, it is still unclear whether replacing HG with NG can appropriately 
select high-risk patients.
Methods We retrospectively reviewed 647 patients with HR-positive, HER2-negative, node-positive EBC and classified them 
into the following four groups: group 1: ≥ 4 positive axillary lymph nodes (pALNs) or 1–3 pALNs and either grade 3 of both 
grading systems or tumors ≥ 5 cm; group 2: 1–3 pALNs, grade < 3, tumor < 5 cm, and Ki-67 ≥ 20%; group 3: 1–3 pALNs, 
grade < 3, tumor < 5 cm, and Ki-67 < 20%; and group 4: group 2 or 3 by HG classification but group 1 by NG classification. 
We compared invasive disease-free survival (IDFS) and distant relapse-free survival (DRFS) among the four groups using 
the Kaplan–Meier method with the log-rank test.
Results Group 1 had a significantly worse 5-year IDFS and DRFS than groups 2 and 3 (IDFS 80.8% vs. 89.5%, P = 0.0319, 
80.8% vs. 95.5%, P = 0.002; DRFS 85.2% vs. 95.3%, P = 0.0025, 85.2% vs. 98.4%, P < 0.001, respectively). Group 4 also 
had a significantly worse 5-year IDFS (78.0%) and DRFS (83.6%) than groups 2 and 3.
Conclusions NG was useful for stratifying the risk of recurrence in patients with HR-positive, HER2-negative, node-positive 
EBC and was the appropriate risk assessment for patient groups not considered high-risk by HG classification.

Keywords Breast cancer · Hormone receptor-positive · HER2-negative · Node-positive · High-risk of recurrence · Nuclear 
grade

Introduction

Hormone receptor (HR)-positive, human epidermal growth 
factor receptor 2 (HER2)-negative breast cancer is the most 
common subtype of all breast cancers that accounts for 
approximately 70% [1, 2]. Recently, the efficacy of cyclin-
dependent kinase 4/6 (CDK 4/6) inhibitors as adjuvant 

therapy was demonstrated in patients with HR-positive, 
HER2-negative, node-positive high-risk early breast cancer 
(EBC) in the monarchE trial [3]. In the monarchE trial, the 
criteria for high risk were as follows: patients with ≥ 4 posi-
tive axillary lymph nodes (ALNs) or 1–3 positive ALNs and 
histological grade (HG) 3 or tumor ≥ 5 cm [3]. As indicated 
by this high-risk criterion, HG is one of the strong prog-
nostic factors for patients with breast cancer [4]. The Not-
tingham combined HG, which consists of three components: 
tubule formation (TF) score, nuclear atypia (NA) score, and 
mitotic counts (MC) score, is currently the most commonly 
used grading system internationally. In this system, total 
scores of 3–5, 6 or 7, and 8 or 9 correspond to HG1, HG2, 
and HG3, respectively.
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In Japan, most pathologists have incorporated the nuclear 
grade (NG), which is the sum of the NA and MC scores, 
alongside the HG in their assessment [5]. This grading sys-
tem is a modification of the Black grading system [6] and 
was initially developed to distinguish patients at high risk of 
recurrence within the cohort of node-negative breast cancer 
patients [5]. In the NG system, total scores of 2 or 3, 4, and 
5 or 6 correspond to NG1, NG2, and NG3, respectively [5]. 
Consequently, following the criteria of both grading para-
digms, a patient with HG3 would have either have a score of 
8 (TF score 2, NA score 3, and MC score 3) or 9 (TF score 3, 
NA score 3, and MC score 3), and still be classified as NG3 
(NA score 3, and MC score 3, total score = 6).

The Japanese Breast Cancer Society Clinical Practice 
Guideline for the pathological diagnosis of breast cancer 
recommended “histological/nuclear” grading system in daily 
clinical practice [7]. Several studies have reported that HG3 
and NG3 are significantly associated with a worse progno-
sis than the other grades [5, 8–10]. Particularly, in patients 
with ER-positive, HER2-negative breast cancer, both HG3 
and NG3 had significantly worse outcomes [11–13]. Another 
report showed that the clinical outcomes of patients with 
NG3 tumors have proven to be significantly or near signifi-
cantly worse than those of patients with NG2 tumors [14]. 
Among patients with HG2, there are cases with high TF 
score and low NA and MC scores (e.g., TF score 3, NA score 
2, and MC score 1, total score = 6), and cases with low TF 
score and high NA and MC scores (e.g., TF score 1, NA 
score 3, and MC score 3, total score = 7). Therefore, they 
both receive different NG scores, with the former being clas-
sified as NG1 (NA score 2, MC score 1, total score = 3) and 
the latter as NG3 (NA score 3, MC score 3, total score = 6). 
Thus, by using the NG instead of the HG for grading, we can 
see that some patients with HG2 are classified as NG3 (i.e., 
patients with HG2/NG3). In fact, a report directly comparing 
the HG and NG systems showed that the overall concordance 
rate was more than 70%, unveiling instances where some 
patients with HG2 were classified as NG3, while none with 
NG2 were classified as HG3 [11].

Given the high concordance between the grading systems 
and the usefulness of HG3 and NG3 as prognostic factors, 
replacing the HG with the NG in the selection criteria for 
patients at a high risk of recurrence used in the monarchE 
trial may provide adequate risk stratification. However, such 
a shift might alter risk classification for patients with HG2/
NG3. For example, a patient with HG2/NG3, two involved 
nodes, and a tumor size of 2 cm would not be classified as 
high-risk according to the HG but would be classified as 
high-risk according to the NG. However, these aspects have 
not yet been fully evaluated. Therefore, this study aimed 
to evaluate whether risk stratification by HG used in the 
monarchE study could also be achieved using risk stratifica-
tion by NG. Furthermore, the study also aimed to focus on 

the prognosis of the patients whose risk cohort was altered 
by the NG system.

Patients and methods

Overall, 647 HR-positive, HER2-negative, node-positive 
patients who were diagnosed with primary breast cancer at 
the National Cancer Center Hospital between January 2011 
and December 2019 were identified. The exclusion crite-
ria were as follows: (1) ductal carcinoma in situ at primary 
breast cancer, (2) stage IV disease at initial diagnosis, (3) 
patients without ALN involvement in primary breast cancer, 
and (4) those with unknown receptor status, NG, HG, and 
Ki-67 index. The medical records of the included patients 
were obtained from our prospectively generated database 
to extract the patient age at initial diagnosis, sex, clinical 
and pathological tumor size, clinical and pathological nodal 
status, HG, NG, histological type, menopausal status, estro-
gen receptor (ER) status, progesterone receptor (PR) status, 
HER2 status, Ki-67 index, presence or absence of lympho-
vascular invasion, type of initial surgery, chemotherapy, 
postoperative radiotherapy, and endocrine therapy (ET). 
For the evaluation of HG and NG, patients who underwent 
neoadjuvant chemotherapy (NACT) were evaluated using 
needle biopsy specimens before NACT, and those who did 
not undergo NACT were evaluated using surgical speci-
mens. First, we defined three risk cohorts based on the risk 
classification of the monarchE study [3]. They were cohort 
1: patients with ≥ 4 positive ALNs or 1–3 positive ALNs 
and grade 3 or tumors ≥ 5 cm; cohort 2: patients with 1–3 
positive ALNs, grade < 3, tumor size < 5 cm, and high Ki-67 
index (≥ 20%); and cohort 3: patients with 1–3 positive 
ALNs, grade < 3, tumor size < 5 cm, and low Ki-67 index 
(< 20%). Following this, all eligible patients were divided 
into four groups according to cohort conversion pattern by 
both grading systems; group 1: patients in cohort 1 by HG 
to cohort 1 by NG (i.e., no cohort conversion), group 2: 
patients in cohort 2 by HG to cohort 2 by NG (i.e., no cohort 
conversion), group 3: patients in cohort 3 by HG to cohort 3 
by NG (i.e., no cohort conversion), and group 4: patients in 
cohort 2 or 3 by HG to cohort 1 by NG (i.e., cohort conver-
sion). HR positivity was defined as either ER- or PR-pos-
itive. ER and PR were considered positive if the immuno-
histochemistry (IHC) staining was positive in > 1% of tumor 
cells [15]. A HER2 negative result corresponded to a score 
of 0 or 1+ on IHC or 2+ on IHC without amplification on 
fluorescence in situ hybridization [16–18]. The tumor, node, 
and metastasis staging of breast cancer was based on the 8th 
edition of the American Joint Committee on Cancer staging 
manual [19]. The Ki-67 index was evaluated using the same 
method in the monarchE study. Specifically, the Ki-67 index 
was measured in all untreated breast primary tumor samples 
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using the Ki-67 IHC assay developed by Agilent Technolo-
gies (formerly Dako; Santa Clara, CA, USA) [3].

Statistical analyses

Invasive disease-free survival (IDFS) and distant relapse-
free survival (DRFS) among the four groups were estimated 
using the Kaplan–Meier method, and survival estimates 
were compared using the log-rank test. In addition, we also 
tried to evaluate IDFS and DRFS separately for patients 
who received NACT and those who did not. This differ-
entiation was important as we took into account that HG 
and NG had been assessed in distinct specimens for these 
two patient groups. IDFS was defined as the time from the 
initial surgery date to the date of the first occurrence of 
ipsilateral invasive breast tumor recurrence, local/regional 
invasive breast cancer recurrence, distant recurrence, all-
cause mortality, contralateral invasive breast cancer, or 
second primary non-breast neoplasm. DRFS was defined as 
the time from the initial surgery date to the date of distant 
recurrence or all-cause mortality, whichever occurred first. 
Cox proportional-hazards model with hazard ratios (HRs) 
and 95% confidence intervals (CIs) was used to evaluate the 
independent prognostic effects of each variable on IDFS and 
DRFS. The baseline variables (P < 0.05) in the univariate 
analysis were included in the multivariate analysis. Baseline 
characteristics were evaluated using the Mann–Whitney U 
test or chi-square test, as appropriate. All statistical analyses 
were conducted using the statistical software STATA SE 
version 16 (StataCorp LP, College Station, TX, USA), and 
statistical significance was set at P < 0.05.

Ethical approval

The National Cancer Center Hospital Review Board and 
Ethical Committee approved this study (approval no. 2017-
278), and the requirement for informed consent was waived 
because of the retrospective nature of the study.

Results

Patient demographics and tumor characteristics

According to risk cohort classification by HG, 351 
(54.3%), 107 (16.5%), and 189 (29.2%) patients were clas-
sified as cohorts 1, 2, and 3, respectively, while accord-
ing to risk cohort classification by NG, 371 (57.3%), 
93 (14.4%), and 183 (28.3%) patients were classified as 
cohorts 1, 2, and 3, respectively. Among the 647 patients, 
351 (54.3%), 93 (14.4%), 183 (28.3%), and 20 (3.1%) 
patients were classified as groups 1, 2, 3, and 4, respec-
tively. The relationship between the risk cohorts based on 

each grading system and the defined groups is shown in 
Fig. 1.The overall concordance rate between HG and NG 
was 70.3% (455/647). Particularly, the 193 patients with 
HG3 were classified as NG3, and 103 (92.0%) of the 112 
patients with HG1 were classified as NG1. In contrast, 31 
(9.1%) of the 342 patients with HG2 were classified as 
NG3 (Table 1). Of these 31 patients, 20 were classified as 
group 4 for NG3 (Fig. 1). Table 2 presents the demograph-
ics and tumor characteristics of all patients and each of the 
four groups. No differences were found in age, sex, ER 
status, HER2 status, or ET rates among the four groups. 
The PR-negative status was significantly higher in group 
1 than in group 3, and the total mastectomy rates were sig-
nificantly higher in group 1 than in groups 2 and 3. Addi-
tionally, the axillary lymph node dissection (ALND) rate 
was significantly higher in group 1 than in groups 3 and 4. 

Fig. 1  The relationship between the risk cohorts based on each 
grading system and the defined groups. Group 1: Patients in cohort 
1 by HG to cohort 1 by NG (i.e., no cohort conversion). Group 2: 
Patients in cohort 2 by HG to cohort 2 by NG (i.e., no cohort conver-
sion). Group 3: Patients in cohort 3 by HG to cohort 3 by NG (i.e., 
no cohort conversion). Group 4: Patients in cohort 2 or 3 by HG to 
cohort 1 by NG (i.e., cohort conversion). Cohort 1: Patients with ≥ 4 
positive ALNs or 1–3 positive ALNs and grade 3 or tumors ≥ 5 cm. 
Cohort 2: Patients with 1–3 positive ALNs, grade < 3, tumor 
size < 5  cm, and high Ki-67 index (≥ 20%). Cohort 3: Patients with 
1–3 positive ALNs, grade < 3, tumor size < 5  cm, and low Ki-67 
index (< 20%). HG histological grade, NG nuclear grade, ALNs axil-
lary lymph nodes

Table 1  Histological grades and nuclear grades of all patients

NG nuclear grade, HG histological grade

HG1 HG2 HG3 Total

NG1 103 152 0 255 (39.4%)
NG2 9 159 0 168 (26.0%)
NG3 0 31 193 224 (34.6%)
Total 112 (17.3%) 342 (52.9%) 193 (29.8%) 647
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Table 2  Patients’ characteristics

Category All patients 
(n = 647)

Group 1 
(n = 351)

Group 2 
(n = 93)

Group 3 
(n = 183)

Group 4 
(n = 20)

p value 
Group 1 vs 
Group 2

p value 
Group 1 vs 
Group 3

p value Group 
1 vs Group 4

n (%) n (%) n (%) n (%) n (%)

Age, years
 < 65 500 (77.3) 265 (75.5) 79 (85.0) 140 (77.3) 16 (80.0) 0.052 0.797 0.648
 ≥ 65 147 (22.7) 86 (24.5) 14 (15.1) 43 (23.5) 4 (20.0)

Sex
 Female 642 (99.2) 348 (99.1) 91 (97.8) 183 (100) 20 (100) 0.292 0.210 0.678
 Male 5 (0.8) 3 (0.9) 2 (2.2) 0 (0) 0 (0)

Menopausal status
 Pre 321 (49.6) 165 (47.0) 51 (54.8) 91 (49.7) 14 (70.0) 0.179 0.551 0.045
 Post 326 (50.4) 186 (53.0) 42 (45.2) 92 (50.3) 6 (30.0)

ER status
 Positive 642 (99.2) 346 (98.6) 93 (100) 183 (100) 20 (100) 0.247 0.105 0.591
 Negative 5 (0.8) 5 (1.4) 0 (0) 0 (0) 0 (0)

PR status
 Positive 590 (91.2) 309 (88.0) 86 (92.5) 176 (96.2) 19 (95.0) 0.224 0.002 0.344
 Negative 57 (8.8) 42 (12.0) 7 (7.5) 7 (3.8) 1 (5.0)

HER2 status
 0 228 (35.2) 124 (35.3) 31 (33.3) 70 (38.3) 3 (15.0) 0.720 0.505 0.062
 1+ ,  2+ /

ISH-
419 (64.8) 227 (64.7) 62 (66.7) 113 (61.7) 17 (85.0)

HG
 Grade 1 112 (17.3) 28 (8.0) 11 (11.8) 73 (39.9) 0 (0)  < 0.001  < 0.001  < 0.001
 Grade 2 342 (52.9) 130 (37.0) 82 (88.2) 110 (60.1) 20 (100)
 Grade 3 193 (29.8) 193 (55.0) 0 (0) 0 (0) 0 (0)

NG
 Grade 1 255 (39.4) 85 (24.2) 34 (36.6) 136 (74.3) 0 (0)  < 0.001  < 0.001 0.001
 Grade 2 168 (26.0) 62 (17.7) 59 (63.4) 47 (25.7) 0 (0)
 Grade 3 224 (34.6) 204 (58.1) 0 (0) 0 (0) 20 (100)

Ki-67 index, %
 < 20 295 (45.6) 106 (30.2) 0 (0) 183 (100) 6 (30.0)  < 0.001  < 0.001 0.985
 ≥ 20 352 (54.4) 245 (69.8) 93 (100) 0 (0) 14 (70.0)

Number of positive nodes
 1–3 463 (71.6) 167 (47.6) 93 (100) 183 (100) 20 (100)  < 0.001  < 0.001  < 0.001
 ≥ 4 184 (28.4) 184 (52.4) 0 (0) 0 (0) 0 (0)

Tumor size, cm
 < 2 241 (37.3) 86 (24.5) 42 (45.2) 103 (56.3) 10 (50.0)  < 0.001  < 0.001 0.005
 2–5 305 (47.1) 164 (46.7) 51 (54.8) 80 (43.7) 10 (50.0)
 ≥ 5 101 (15.6) 101 (28.8) 0 (0) 0 (0) 0 (0)

Breast surgery
 BCS 219 (33.9) 94 (26.8) 38 (40.9) 81 (44.3) 6 (30.0) 0.008  < 0.001 0.752
 TM 428 (66.2) 257 (73.2) 55 (59.1) 102 (55.7) 14 (70.0)

Axillary surgery
 SLNB only 65 (10.1) 16 (4.6) 7 (7.5) 38 (20.8) 4 (20.0) 0.251  < 0.001 0.003
 ALND 582 (90.0) 335 (95.4) 86 (92.5) 145 (79.2) 16 (80.0)

CT
 No 179 (27.7) 46 (13.1) 17 (18.3) 107 (58.5) 9 (45.0) 0.022  < 0.001  < 0.001
 Neoadju-

vant
84 (13.0) 72 (20.5) 8 (8.6) 2 (1.1) 2 (5.0)
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However, chemotherapy and irradiation were significantly 
more common in group 1 than in groups 2, 3, and 4.

Recurrence events

During the median follow-up of 71.4 months (interquartile 
range 51.4–98.5 months), 111 IDFS and 79 DRFS events 
occurred in all patients (Table 3). Of the 351 patients in 
group 1, most IDFS events were distant recurrences, and 
common sites of distant recurrence were the bone, liver, 
lung, and distant lymph nodes. Among the patients in group 
2, most IDFS events were locoregional recurrence, distant 
recurrence, and second primary neoplasm, whereas, among 
those in group 3, most IDFS events were second primary 
neoplasms. Among the 20 patients in group 4, most IDFS 
events were distant recurrences. However, a small number 
of DRFS events occurred in groups 2, 3, and 4.

IDFS and DRFS based on the four groups

Regarding IDFS, patients in group 1 had significantly worse 
5-year IDFS than those in groups 2 and 3 (80.8% vs. 89.5%, 
P = 0.0319; 80.8% vs. 95.5%, P = 0.0002, respectively). 
Patients in group 4 also had significantly worse 5-year IDFS 
than those in groups 2 and 3 (78.0% vs. 89.5%, P = 0.0224; 
78.0% vs. 95.5%, P = 0.0051, respectively) (Fig. 2a). Uni-
variate analysis revealed that the significant risk factors 
associated with IDFS events were patients with group 

1 (HR 2.87; 95% CI 1.63–5.08; P < 0.001), group 4 (HR 
3.25; 95% CI 1.05–10.0; P = 0.040), PR-negative status (HR 
1.94; 95% CI 1.08–3.47; P = 0.027), and no ET (HR 2.73; 
95% CI 1.42–5.24; P = 0.003). In the multivariate analysis, 
the significant risk factors for IDFS events were patients 
with group 1 (HR 2.84; 95% CI 1.64–4.92; P < 0.001) and 
no ET (HR 2.71; 95% CI 1.29–5.70; P = 0.009). Patients 
with group 4 were a borderline significant risk factor for 
IDFS (HR 3.08; 95% CI 0.97–9.81; P = 0.057) (Table 4a). 
Regarding DRFS, patients in group 1 had significantly worse 
5-year DRFS than those in groups 2 and 3 (85.2% vs. 95.3%, 
P = 0.0025; 85.2% vs. 98.4%, P < 0.0001, respectively). 
Patients in group 4 also had significantly worse 5-year IDFS 
than those in groups 2 and 3 (83.6% vs. 95.3%, P = 0.0060; 
83.6% vs. 98.4%, P = 0.0006, respectively) (Fig. 2b). Uni-
variate analysis revealed that the significant factors asso-
ciated with DRFS events were patients with group 1 (HR 
10.7; 95% CI 3.37–34.1; P < 0.001), group 4 (HR 11.4; 95% 
CI 2.28–56.7; P = 0.003), PR-negative status (HR 2.31; 
95% CI 1.20–4.44; P = 0.012), no radiotherapy (HR 0.46; 
95% CI 0.26–0.81, P = 0.008), and no ET (HR 2.60; 95% 
CI 1.13–5.92; P = 0.024). In the multivariate analysis, the 
significant risk factors for DRFS events were patients with 
group 1 (HR 9.70; 95% CI 3.23–29.1; P < 0.001), group 4 
(HR 11.0; 95% CI 2.15–56.4; P = 0.004), and no ET (HR 
2.73; 95% CI 1.08–6.93; P = 0.034) (Table 4b).

This study included 84 and 563 patients who underwent 
and did not undergo NACT, respectively. The number of 

Table 2  (continued)

Category All patients 
(n = 647)

Group 1 
(n = 351)

Group 2 
(n = 93)

Group 3 
(n = 183)

Group 4 
(n = 20)

p value 
Group 1 vs 
Group 2

p value 
Group 1 vs 
Group 3

p value Group 
1 vs Group 4

n (%) n (%) n (%) n (%) n (%)

Adjuvant 384 (59.4) 233 (66.4) 68 (73.1) 74 (40.4) 9 (45.0)
RT
 No 238 (36.8) 73 (20.8) 49 (52.7) 103 (56.3) 13 (65.0)  < 0.001  < 0.001  < 0.001
 Yes 409 (63.2) 278 (79.2) 44 (47.3) 80 (43.7) 7 (35.0)

ET
 No 25 (3.9) 13 (3.7) 2 (2.2) 9 (4.9) 1 (5.0) 0.461 0.503 0.767
 Yes 622 (96.1) 338 (96.3) 91 (97.8) 174 (95.1) 19 (95.0)

Group 1: Patients in cohort 1 by HG to cohort 1 by NG (i.e., no cohort conversion)
Group 2: Patients in cohort 2 by HG to cohort 2 by NG (i.e., no cohort conversion)
Group 3: Patients in cohort 3 by HG to cohort 3 by NG (i.e., no cohort conversion)
Group 4: Patients in cohort 2 or 3 by HG to cohort 1 by NG (i.e., cohort conversion)
Cohort 1: Patients with ≥ 4 positive ALNs or 1–3 positive ALNs and grade 3 or tumors ≥ 5 cm
Cohort 2: Patients with 1–3 positive ALNs, grade < 3, tumor size < 5 cm, and high Ki-67 index (≥ 20%)
Cohort 3: Patients with 1–3 positive ALNs, grade < 3, tumor size < 5 cm, and low Ki-67 index (< 20%)
HR hazard ratio, IDFS invasive disease-free survival, DRFS distant relapse-free survival, CI confidence interval, ER estrogen receptor, PR pro-
gesterone receptor, HER2 human epidermal growth factor receptor 2, CT chemotherapy, RT radiotherapy, ET endocrine therapy, BCS breast-
conserving surgery, TM total mastectomy, SLNB sentinel lymph node biopsy, ALNs axillary lymph nodes, ALND axillary lymph node dissection, 
NG nuclear grade, HG histological grade, ISH in situ hybridization
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patients who received NACT was 72, 8, 2, and 2 for groups 
1, 2, 3, and 4, respectively; IDFS events occurred in 24, 0, 
0, and 1 patients, respectively, while DRFS events occurred 
in 20, 0, 0, and 1 patients, respectively (Online Resource 
Table 1). The number of events in groups other than group 
1 was relatively too small to perform an adequate evalua-
tion. In contrast, the numbers of patients who did not receive 
NACT were 279, 85, 181, and 18 for groups 1, 2, 3, and 
4, respectively; IDFS events occurred in 54, 12, 16, and 4 
patients, respectively, and DRFS occurred in 43, 5, 7, and 3 
patients, respectively (Online Resource Table 2). The 5-year 
IDFS rates for groups 1 and 4 were significantly lower than 
that of group 3 (84.2% vs. 95.4%, P = 0.0067; 81.6% vs. 
95.4%, P = 0.0282, respectively). Although the 5-year IDFS 
rate for group 2 was not significantly different from those 
for groups 1 and 4, there was a slightly significant trend 

(84.2% vs. 88.2%, P = 0.2728; 81.6% vs. 88.2%, P = 0.0953, 
respectively) (Online Resource Fig. 1a). Regarding DRFS, 
patients in group 1 had significantly worse 5-year DRFS 
than those in groups 2 and 3 (88.1% vs. 94.8%, P = 0.0269; 
88.1 vs. 98.3%, P = 0.0004, respectively). Patients in group 
4 also had significantly worse 5-year IDFS than those in 
groups 2 and 3 (87.8% vs. 94.8%, P = 0.0424; 87.8% vs. 
98.3%, P = 0.0079, respectively) (Online Resource Fig. 1b).

Discussion

In this study, we investigated whether NG, instead of HG, 
could appropriately stratify the prognosis of patients with 
HR-positive, HER2-negative, node-positive high-risk EBC, 
as defined in the monarchE trial. The results showed that the 

Table 3  Recurrence events

Some patients were counted more than once in the subcategories if they had recurrences at different loca-
tions
Group 1: Patients in cohort 1 by HG to cohort 1 by NG (i.e., no cohort conversion)
Group 2: Patients in cohort 2 by HG to cohort 2 by NG (i.e., no cohort conversion)
Group 3: Patients in cohort 3 by HG to cohort 3 by NG (i.e., no cohort conversion)
Group 4: Patients in cohort 2 or 3 by HG to cohort 1 by NG (i.e., cohort conversion)
Cohort 1: Patients with ≥ 4 positive ALNs or 1–3 positive ALNs and grade 3 or tumors ≥ 5 cm
Cohort 2: Patients with 1–3 positive ALNs, grade < 3, tumor size < 5 cm, and high Ki-67 index (≥ 20%)
Cohort 3: Patients with 1–3 positive ALNs, grade < 3, tumor size < 5 cm, and low Ki-67 index (< 20%)
IDFS invasive disease-free survival, DRFS distant relapse-free survival, CNS central nerve system, IQR 
interquartile range
a Includes stomach (two), Median follow-up 71.4 months (IQR 51.4–98.5)

All patients 
(n = 647)

Group 1 
(n = 351)

Group 2 
(n = 93)

Group 3 
(n = 183)

Group 4 
(n = 20)

IDFS events
 Total IDFS events 111 78 12 16 5
 Patients with invasive disease, first occurrence 108 76 12 15 5
  Local/regional recurrence 26 17 4 4 1
  Distant recurrence 67 57 4 3 3
  Contralateral recurrence 4 2 0 2 0
  Second primary neoplasm 20 8 4 7 1

 All-cause mortality without invasive disease 3 2 0 1 0
DRFS events
 Total DRFS events 79 63 5 7 4
 Patients with distant relapse, any time 69 59 4 3 3
  Bone 40 34 1 3 2
  Liver 16 14 0 1 1
  Lung 15 12 2 1 0
  Brain 3 3 0 0 0
  Lymph node 17 16 0 1 0
  Pleura 1 1 0 0 0
  CNS 2 1 1 0 0
   Othera 2 2 0 0 0

 All-cause mortality without distant recurrence 10 4 1 4 1
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risk cohort classification by NG was highly consistent with 
that by HG, indicating that the risk classification by NG 
could appropriately stratify patients at a high risk of recur-
rence. Furthermore, patients classified as low-risk according 
to the HG classification but high-risk according to the NG 
classification (i.e., group 4) had a poor prognosis similar 
to those classified as high-risk according to both the HG 
and NG classifications (i.e., group 1). We could not fully 
evaluate the utility of NG in patients with NACT because 
of the small number of patients in this population (only 86 
patients). However, among patients who did not undergo 
NACT, patients in group 4 also had poor prognoses similar 
to those in group 1, with respect to IDFS and DRFS. These 
results suggest that, at least for patients not undergoing 
NACT, NG can appropriately stratify prognosis even if it 
replaces HG and that it can also adequately select high-risk 
cases undetectable by HG. To the best of our knowledge, 
these results are the first to be reported.

The patients’ background in this study showed the fol-
lowing characteristics compared with those of the ET-alone 
group in the monarchE study [3]. Patients in the ET-alone 
group in the monarchE study were those in groups 1 and 
2 in our study. However, compared with patients in the 
MonarchE study, our study patients had a higher proportion 
of those with 1–3 lymph nodes (59.8% vs. 40.4%), ≥ 65 years 
(22.7% vs. 14.6%), no chemotherapy (15.1% vs. 4.7%), and 
Ki-67 values of ≥ 20% (76.9% vs. 43.6%), respectively. In 
contrast, the clinicopathological factors, such as menopausal 
status, tumor diameter, HG, and ER/PR status, were similar 

between the monarchE study and this study. Regarding 
the follow-up period of this study, the median follow-up 
was > 70 months, which was sufficiently long to detect the 
occurrence of early recurrence events. The proportion of 
group 1 in the total patient population was > 50%, and we 
believe it a suitable target population to examine whether 
the stratification of recurrence risk could be replicated by 
replacing HG with NG. The overall concordance rate of 
HG and NG in this study was as high as 70.3% (455/647), 
particularly because all patients with HG3 were classified 
as those with NG3. This result is consistent with that of 
a previous report [11]. Although NG was used as a selec-
tion criterion for patients with a high risk of recurrence, 
the risk of underestimating the number of high-risk patients 
based on the monarchE study criteria was low. In contrast, 
31 patients with HG2 were classified as those with NG3 in 
this study, and the risk cohort was changed to 20 of these 
patients (group 4). These patients in group 4 had a poor 
prognosis similar to those in group 1. Multivariate analyses 
showed that patients in group 4 were a significantly poor 
prognostic factor for DRFS and a marginally poor prognostic 
factor for IDFS.

Comparing the clinicopathological characteristics 
between the 31 and 311 patients with HG2/NG3 and HG2/
NG1 or NG2, respectively, in this study showed that patients 
with HG2/NG3 had significantly lower tubule formation 
scores than those with HG2/NG1 or NG2, whereas the 
nuclear atypia score, mitotic count score, and Ki-67 value 
were significantly higher (Online Resource Table 3). Mitotic 

Fig. 2  a Invasive disease-free survival (IDFS) and b distant relapse-
free survival (DRFS) according to the risk group. Group 1: Patients 
in cohort 1 by HG to cohort 1 by NG (i.e., no cohort conversion). 
Group 2: Patients in cohort 2 by HG to cohort 2 by NG (i.e., no 
cohort conversion). Group 3: Patients in cohort 3 by HG to cohort 
3 by NG (i.e., no cohort conversion). Group 4: Patients in cohort 2 
or 3 by HG to cohort 1 by NG (i.e., cohort conversion). Cohort 1: 

Patients with ≥ 4 positive ALNs or 1–3 positive ALNs and grade 3 or 
tumors ≥ 5 cm. Cohort 2: Patients with 1–3 positive ALNs, grade < 3, 
tumor size < 5 cm, and high Ki-67 index (≥ 20%). Cohort 3: Patients 
with 1–3 positive ALNs, grade < 3, tumor size < 5 cm, and low Ki-67 
index (< 20%). IDFS invasive disease-free survival, DRFS distant 
relapse-free survival, GS grading system, HG histological grade, NG 
nuclear grade, ALNs axillary lymph nodes, CI confidence interval
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Table 4  Univariate and 
multivariate analysis results of 
factors associated with invasive 
disease-free survival (IDFS) (a) 
and distant relapse-free survival 
(DRFS) (b)

Factor Category Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

(a) IDFS
 Risk Group Group 3 Reference Reference

Group 1 2.87 (1.63–5.08)  < 0.001 2.84 (1.64–4.92)  < 0.001
Group 2 1.42 (0.67–3.01) 0.363 1.43 (0.70–3.02) 0.345
Group 4 3.25 (1.05–10.0) 0.040 3.08 (0.97–9.81) 0.057

 Age, years  < 65 Reference
 ≥ 65 1.25 (0.79–1.99) 0.335

 Menopausal status Pre Reference
Post 1.42 (0.96–2.09) 0.076

 ER status Positive Reference
Negative 1.37 (0.17–11.0) 0.768

 PR status Positive Reference Reference
Negative 1.94 (1.08–3.47) 0.027 1.58 (0.87–2.85) 0.131

 HER2 status 0 Reference
1+ , 2+ /ISH- 0.71 (0.48–1.05) 0.087

 Breast surgery BCS Reference
TM 1.46 (0.95–2.26) 0.085

 Axillary surgery SLNB only Reference
ALND 0.91 (0.57–1.45) 0.392

 CT Yes Reference
No 1.10 (0.69–1.75) 0.688

 RT Yes Reference
No 0.72 (0.57–1.45) 0.120

 ET Yes Reference Reference
No 2.73 (1.42–5.24) 0.003 2.71 (1.29–5.70) 0.009

(b) DRFS
 Risk Group Group 3 Reference Reference

Group 1 10.7 (3.37–34.1)  < 0.001 9.59 (3.22–28.6)  < 0.001
Group 2 2.45 (0.56–10.6) 0.233 2.46 (0.58–10.4) 0.222
Group 4 11.4 (2.28–56.7) 0.003 11.0 (2.15–56.4) 0.004

 Age, years  < 65 Reference
 ≥ 65 1.10 (0.62–1.96) 0.738

 Menopausal status Pre Reference
Post 1.31 (0.82–2.11) 0.263

 ER status Positive Reference
Negative 2.08 (0.27–16.3) 0.486

 PR status Positive Reference Reference
Negative 2.31 (1.20–4.44) 0.012 1.67 (0.85–3.27) 0.133

 HER2 status 0 Reference
1+ , 2+ /ISH- 0.72 (0.44–1.17) 0.182

 Breast surgery BCS Reference
TM 1.64 (0.95–2.83) 0.078

 Axillary surgery SLNB only Reference
ALND 6.34 (0.88–45.5) 0.066

 CT Yes Reference
No 0.52 (0.26–1.02) 0.058

 RT Yes Reference Reference
No 0.46 (0.26–0.81) 0.008 0.76 (0.43–1.33) 0.335

 ET Yes Reference Reference
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counts and Ki-67 values are commonly used to evaluate the 
proliferative activity of breast cancer, and tumor cell prolif-
erative activity is an important independent prognostic factor 
in patients with breast cancer [20, 21]. Therefore, patients 
with HG2/NG3 have poorer prognostic factors than those 
with HG2/NG1 or NG2. This indicated a certain number 
of patients with NG3 who might be at a high risk of recur-
rence even if they were not determined to be at a high risk 
of recurrence because of HG2. Furthermore, the possibility 
that these patients have a poor prognosis suggests that the 
NG classification can identify a population that the conven-
tional HG classification cannot adequately stratify. Although 
the evaluation of the three-grade classification scale may 
vary among pathologists, several studies have reported on 
the moderate reproducibility of HG with both inter- and 
intra-observer concordance [22–24]. Regarding NG, various 
activities have been conducted to standardize the criteria for 
NG assessment among pathologists, and the interobserver 
agreement level was also satisfactory [25–27].

This study had some limitations. First, this was a ret-
rospective study performed at a single institution. Second, 
although we collected data from consecutive patients with 
HR-positive, HER2-negative, node-positive EBC, we did not 
adjust for a selection bias. Third, patients with unknown 
Ki-67 values were excluded from this study. Third, it is 
unclear whether CDK 4/6 inhibitors may benefit patients at 
a high risk of recurrence according to the NG classification. 
Finally, because of the relatively small sample size of this 
study, the reproducibility of the results needs to be validated 
with a larger sample size in a multicenter setting.

In conclusion, we showed that NG could be used to strat-
ify the risk of recurrence of HR-positive, HER2-negative, 
node-positive EBC. Additionally, we demonstrated that NG 
could be used to select a group of patients who would not 
be considered high-risk if HG were used. Therefore, these 

results may contribute to adequate decision-making regard-
ing adjuvant therapy according to the risk of recurrence.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12282- 023- 01500-2.
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