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Metastatic axillary node ratio predicts recurrence and 
poor long-term prognosis in patients with advanced 
stage IIIC (pN3) breast cancer
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INTRODUCTION
The long-term prognosis for patients with breast cancer 

stage IIIC has been reported to be generally poor compared 
with those in other stages, with 5-year disease-free and overall 
survival rates of about 70% and 85%, respectively [1-6]. Patients 
with stage IIIC disease are considered to have pathologic nodal 
status N3 (pN3; metastases in 10 or more axillary lymph 
nodes; or in infraclavicular [level III axillary] lymph nodes; 
or in clinically detected ipsilateral internal mammary lymph 

nodes in the presence of 1 or more positive level I, II axillary 
lymph nodes; or in more than 3 axillary lymph nodes and 
in internal mammary lymph nodes with micrometastases or 
macrometastases detected by sentinel lymph node biopsy but 
not clinically detected; or in ipsilateral supraclavicular lymph 
nodes), regardless of tumor size (T stage), according to the 6th 
and 7th American Joint Committee on Cancer Tumor Node 
Metastasis (AJCC TNM) staging system [7,8]. However, the nodal 
stage of breast cancer, which classifies disease according to 
the number of metastatic axillary nodes, is further subdivided 
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into prognostic subgroups based on pathologic and molecular 
characteristics [9-11].

The metastatic axillary lymph node ratio (mALNR), defined 
as the number of positive axillary nodes divided by the number 
of dissected axillary nodes, is known to be a significant 
prognostic factor not only in breast cancer, but also in many 
other types of cancer [12]. Generally, patients with a large 
number of metastatic lymph nodes have high mALNR and poor 
prognosis [13,14].

Over the recent decades, the prognosis of advanced breast 
cancer, such as stage IIIC was improved according to develop-
ment of multimodality treatment (including radical surgery, 
chemo therapy, radiotherapy, target therapy) [9,10]. Several 
studies have suggested the presence of heterogeneous sub-
groups with different pathologic and bio-molecular char ac-
teristics that could influence prognosis within the same stage 
[9-11,15]. Thus, patients with certain clinicopathologic features 
could be expected to have a better prognosis despite a high 
number of metastatic axillary nodes. Our study was designed 
to evaluate the prognostic value of mALNR in a group of stage 
IIIC (pN3) advanced breast cancer patients who received multi-
modality treatment including mastectomy with axillary dissec-
tion, and radiotherapy, endocrine therapy, and target therapy.

METHODS
We analyzed medical records from the breast cancer registry 

program of the Department of Surgery, Cheil General Hospital 
and Women's Healthcare Center, Dankook University College of 
Medicine, Seoul, Korea. Two hundred ninety-seven cases were 
collected from 3,787 patients who underwent surgery between 
1990 and 2010 according to this database. Inclusion criteria were 
cases with pN3 nodal status (stage IIIC) breast cancer according 
to AJCC TNM staging system 6th and 7th edition. All patients 
had undergone mastectomy with more than level II or level 
III axillary dissection. Cases were excluded if follow-up data 
were unavailable. The median follow-up period was 60 months 
(range, 10–302 months). All cases received adjuvant treatment 
including standard chemotherapy, radiotherapy, endocrine 
therapy, and target therapy. However, we did not analyze the 
various types of chemotherapy regimens.

We separately examined the mALNR (number of positive 
axil lary nodes/number of dissected axillary nodes) as a pre-
dictor of long-term prognosis. To find a cutoff value of the 
mALNR, we analyzed the prognoses in patients with a variety 
of mALNR values. Using univariate analyses for both disease-
free and overall survival according to mALNR, the survival 
difference was most significant when a cutoff value of 0.65 was 
used. Therefore, patients with a mALNR less than 0.65 were 
grouped as Low65, and the others were grouped as High65.

All statistical analyses were conducted using SPSS ver. 

19,0 (IBM Corp., Armonk, NY, USA). Prognostic parameters 
considered were age (≤35 years vs. >35 years), menopause 
status (premenopause or postmenopause), neoadjuvant 
chemotherapy (not administered vs. administered), operation 
method (partial vs. total), axillary dissection (level II vs. level 
III), tumor size (≤2 cm vs. > 2 cm), histologic grade (1 vs. 2 & 
3), nuclear grade (1 & 2 vs. 3), estrogen receptor (ER) (–: negative 
vs. +: positive), progesterone receptor (PR) (– vs. +), Her2 
(– vs. +), p53 (– vs. +), and mALNR (Low65 vs. High65). To 
evaluate correlations between mALNR and clinical-pathologic 
parameters, data were cross-tabulated (chi-square test/2×2 
table; Pearson or Fisher exact test). Univariate analyses with 
disease-free and overall survival were evaluated using the 
Kaplan-Meier method, and comparisons between groups 
were analyzed by the log-rank test. Multivariate analysis was 
performed on significant prognostic parameters according to 
univariate analysis using the Cox proportional hazard model in 
forward stepwise regression to evaluate the independent power 
of each variable. Statistical significance was set at P-value < 0.05 
(95% level of confidence).

RESULTS

Comparison of clinicopathologic features according 
to mALNR
The mean age (±standard deviation; SD) of the 297 patients 

was 47.3 ± 9.9 years (range, 24–77 years). As shown in Table 
1, with the exception of histologic grade (P = 0.008), p53 (P = 
0.042), and recurrence (P < 0.001), the clinicopathologic features 
were well balanced between the two groups of patients.

The total numbers of metastatic and dissected axillary lymph 
nodes of the 297 patients were 6,148 and 10,113, respectively. 
The overall mALNR (total metastatic axillary nodes/total 
dissected axillary nodes of the 297 patients) was 0.61. The mean 
(±standard deviation) number of metastatic axillary nodes was 
20.7 ± 11.6 per patient (range, 1–72), and the mean number of 
dissected axillary nodes was 34.1 ± 13.2 per patient (range, 
11–87). The mean numbers of metastatic and dissected axillary 
nodes were 14.2 and 34.2 in patients in the Low65 group (n = 
164), respectively, and 28.8 and 33.8 in patients in the High65 
group (n = 1,338) (Table 2).

Recurrence and survival rates according to mALNR
The 10-year overall survival rate of the 297 study patients was 

52.6% (95% CI, 45.9–59.3).
The rates of recurrence (40.3% in Low65 group and 63.0% 

in high65 group) (including locoregional and systemic) were 
significantly different according to the mALNR (Table 1). 

Univariate analysis for recurrence showed that neoadjuvant 
chemo therapy, tumor size, p53, and mALNR were significant 
predictors of disease-free survival (Table 3). The 10-year disease-
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Table 1. Clinicopathologic features and recurrence data according to metastatic axillary lymph node ratio

Value Low65 (n = 164) High65 (n = 133) Total (n = 297) P-value

Age (yr) 0.670 
   ≤35 23 (14.0) 21 (15.8) 44
   >35 141 (86.0) 112 (84.2) 253
Menopause state 0.996 
   Premenopause 95 (57.9) 77 (57.9) 172
   Postmenopause 69 (42.1) 56 (42.1) 125
Neoadjuvant chemotherapy 0.787 
   None 140 (85.4) 115 (86.5) 255
   Done 24 (14.6) 18 (13.5) 42
Operation 0.702 
   Partial 9 (5.5) 6 (4.5) 15
   Total 155 (94.5) 127 (95.5) 282
Axillary dissection 0.072 
   Level II 80 (48.8) 51 (38.3) 131
   Level III 84 (51.2) 82 (61.7) 166
T stage* 0.362 
   T1 38 (23.3) 25 (18.9) 63
   T2 89 (54.6) 69 (52.3) 158
   T3 36 (22.1) 38 (28.8) 74
Tumor size (cm)a) 0.402 
   ≤2 39 (23.9) 26 (19.8) 65
   >2 124 (76.1) 105 (80.2) 229
Histologic gradea) 0.008 
   1 & 2 55 (55.0) 24 (34.3) 79
   3 45 (45.0) 46 (65.7) 91
Nuclear gradea) 0.192 
   1 96 (63.6) 86 (71.1) 182
   2 & 3 55 (36.4) 35 (28.9) 90
Estrogen receptora) 0.899 
   Negative 62 (39.7) 49 (43.9) 111
   Positive 94 (60.3) 72 (56.1) 166
Progesterone receptora) 0.869 
   Negative 66 (42.3) 50 (41.3) 116
   Positive 90 (57.7) 71 (58.7) 161
HER2a) 0.550 
   Negative 56 (50.9) 42 (46.7) 98
   Positive 54 (49.1) 48 (52.3) 102
p53a) 0.042 
   Negative 98 (71.5) 40 (59.0) 160
   Positive 39 (28.5) 21 (41.0) 82
Adjuvant chemotherapya) 0.104 
   None 1 (0.6) 4 (3.2) 5
   Done 158 (99.4) 122 (96.8) 280
Endocrine therapya) 0.652 
   None 46 (28.6) 40 (31.0) 86
   Done 115 (71.4) 89 (69.0) 204
Radiotherapya) 0.536 
   None 48 (30.2) 44 (33.6) 92
   Done 111 (69.8) 87 (66.4) 198
Recurrencea) <0.001
   No 92 (59.7) 44 (37.0) 136
   Recurrence 62 (40.3) 75 (63.0) 137
Locoregionala) 0.005 
   No 142 (92.2) 96 (80.7) 238
   Recurrence 12 (7.8) 23 (19.3) 35
Systemica) 0.001 
   No 98 (63.6) 52 (43.7) 150
   Metastasis 56 (36.4) 67 (56.3) 123

Values are presented as number (%).
mALNR, metastatic axillary lymph node ratio; Low65, patients with mALNR ≤ 0.65; High65, patients with mALNR > 0.65.
a)Missing case was excluded.
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free survival rate was 57.0% for the Low65 group and 35.0% for 
the High65 group (P < 0.001). Univariate analysis for mortality 
showed that operation (P = 0.038), tumor size (P = 0.007), 
histologic grade (P = 0.017), nuclear grade (P = 0.001), ER (P = 
0.007), Her2 (P < 0.001), p53 (P = 0.016), and mALNR (P < 0.001) 
were significant predictors of overall survival (Table 4). The 10-
year overall survival rate was 64.2% for the Low65 group and 
38.3% for the High65 group (P < 0.001).

Multivariate analyses of recurrence and mortality
Multivariate analysis using the Cox proportional hazards 

model included prognostic parameters that were significant on 
the univariate analysis. Tumor size (P = 0.041), p53 (P = 0.015), 
and mALNR (P = 0.008) were independent prognostic factors 
of 10-year disease-free survival on multivariate analysis (Table 
5). Her2 (P = 0.015) and mALNR (P = 0.001) were independent 
prognostic factors of long-term overall survival on multivariate 
analysis (Table 5). mALNR was the most significant and 
independent poor prognostic factor on multivariate analysis. 
Survival curves according to mALNR are shown in Fig. 1.

DISCUSSION
Stage IIIC breast cancer is generally associated with a poor 

prognosis (5-year survival rate of 40%) [3,16-19]. This study 
found long-term, 10-year disease-free and overall survival rates 
of 44.5% and 52.6%, respectively. These high survival rates 
might be due to the aggressive adjuvant treatment, including 
chemotherapy, endocrine therapy, and targeted therapy, 
performed in all eligible patients. For example, patients with 
HER2 positive breast cancer diagnosed before 2009 did not 
re ceive Trastuzumab because it was not covered by Korean 
in surance. Additional optimal targeted therapies, such as 
trastuzumab administration on the basis HER2 status, might be 
needed to improve clinical outcomes in patients with stage IIIC 
breast cancer [1].

In this study, young age (≤35 years) showed a tendency 
related to poor prognosis in both recurrence and mortality. 
Young age might have prognostic significance in advanced 
breast cancer. However, when examining increased age, meno-
pausal status was not shown to be related to prognosis in this 
study.

Recently, many studies have suggested that mALNR can 
predict prognosis more precisely, and that mALNR should 
be incorporated into the next version of the staging system, 
regardless of the number of metastatic axillary nodes (based 
AJCC TNM breast cancer staging system) [12]. Several studies 
have reported that a significant cutoff value of mALNR for 
breast cancer is about 0.5–0.7 [13]. This cutoff value is useful 
for the prediction of recurrence and mortality. In this study, 
the most significant difference in locoregional and systemic 
recurrence was identified when 0.65 was used as a cutoff level. 
Further validation of this cutoff value is required.

When examining the results of our study, it is clear that the 
mALNR is not only the most significant prognostic factor, but 
also a useful tool for risk-stratifying patients with stage IIIC 
cancer. This finding is very important because most patients 
with more than 9 metastatic axillary nodes are categorized as 
pN3 disease. However, in our study, patients classified based 
on this nodal staging system did not have similar prognoses. 
Thus, this classification system might not be ideal for risk 
stratification of patients. In our study, when the cutoff value 
of the mALNR was set at 0.65, 164 patients has mALNR ≤0.65 
and 133 >0.65. The 10-year disease-free survival rate was 57.0% 
and 35.0%, respectively. Among our patients, the recurrence rate 
was significantly different between the two groups: 40.3% vs. 
63.0%, respectively (P < 0.001). This indicates that a substantial 
proportion of patients classified as having the same pN3 
stage will experience recurrence after radical surgery, and that 
mALNR can be a better predictor of recurrence than the current 
TNM stage.

As shown above, high mALNR appeared to be a significant 
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Table 2. Comparison of axillary lymph node status

ALN status Low65 (n = 164) High65 (n = 133) P-valuea)

No. of metastatic ALNs
   Total 2,324 3,824
   Mean ± SD (range) 14.2 ± 5.3 (1–36) 28.8 ± 12.2 (10–72) 0.779
No. of dissected ALNs
   Total 5,616 4,497
   Mean ± SD (range) 34.2 ± 12.9 (16–87) 33.8 ± 13.6 (11–79) <0.001
mALN (%)
   Overall 41.4 85.0
   Mean ± SD 43.8 ± 13.1 85.3 ± 11.1 <0.001

ALN, axillary lymph node; mALNR, metastatic ALN; SD, standard deviation; Low65, patients with mALNR ≤ 0.65; High65, patients 
with mALNR > 0.65.
a)By Student t-test.
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prog nostic factor in both disease-free survival and overall sur-
vival. As reported in previous studies, maximal axillary dissec-
tion is recommended in breast cancer patients with advanced 
axillary nodal metastasis [13,20]. Our study also found that 
mALNR was most significantly related to prognosis including 
recurrence and mortality. The metastatic lymph node ratio in 
other various cancer types is also thought to be an independent 
prognostic factor [21-23]. Similar to previous studies, we found 
that a higher mALNR was associated with poor long-term 

prognosis in breast cancer.
The high rate of recurrence in patients with a high mALNR 

emphasizes the importance of aggressive adjuvant treatment. 
This importance was recently emphasized in several studies 
[15,24,25]. These studies reported reduction in locoregional and 
systemic recurrence and increase in disease-free survival with 
adjuvant regional radiotherapy. This suggests that adjuvant 
radiotherapy is an essential treatment component in advanced 
breast cancer patients with axillary metastasis. The incidence 

Table 3. Univariate analysis of clinicopathologic parameters 
of disease-free survival (DFS) after operation

Variable No. 10-yr  
DFS (%) 95% CI P-value

Age (yr) 0.197 
    ≤35 44 37.1 20.8–53.4
    >35 253 64.2 57.9–70.5
Menopause state 0.977 
    Premenopause 172 51.1 42.7–59.5
    Postmenopause 125 44.8 33.4–56.2
Neoadjuvant 
chemotherapy

0.008 

    None 255 65.5 59.4–71.6
    Done 42 33.7 18.4–49.0
Operation 0.157 
    Partial 15 61.1 32.3–89.9
    Total 282 69.1 63.4–74.8
Axillary dissection 0.517 
    Level II 131 49.0 39.4–58.6
    Level III 166 52.3 43.9–60.7
Tumor size (cm) 0.004 
    ≤2 22 60.1 46.6–73.6
    >2 115 58.4 51.7–65.1
Histologic grade 0.639 
    1 & 2 91 54.8 42.3–67.3
    3 79 51.6 38.5–64.7
Nuclear grade 0.054 
    1 182 50.4 42.6–58.2
    2 & 3 90 42.9 21.7–64.1
Estrogen receptor 0.169 
    Negative 111 44.8 33.8–55.8
    Positive 166 51.1 42.7–59.5
Progesterone receptor 0.914 
    Negative 116 49.5 38.7–60.3
    Positive 161 47.9 39.3–56.5
HER2 0.086 
    Negative 98 40.2 20.0–60.4
    Positive 102 42.2 29.7–54.7
p53 0.010 
    Negative 160 54.9 46.1–63.7
    Positive 82 34.3 20.8–47.8
mALNR <0.001
    ≤65% 164 57.0 48.4–65.6
    >65% 133 35.0 25.6–44.4

CI, confidence interval; mALNR, metastatic axillary lymph node ratio.

Table 4. Univariate analysis of clinicopathologic parameters 
of overall survival (OS) after operation

Variable No. 10-yr 
OS (%) 95% CI P-value

Age (yr)
    ≤35 44 43.1 27.0–59.2 0.148 
    >35 253 66.1 59.8–72.4
Menopause state
    Premenopause 172 54.3 45.9–62.7 0.635 
    Postmenopause 125 52.7 40.6–64.9
Neoadjuvant 
chemotherapy

    None 255 64.6 58.3–70.9 0.467 
    Done 42 48.7 30.5–66.9
Operation
    Partial 15 85.7 67.3–104.1 0.038 
    Total 282 67.3 61.4–73.2
Axillary dissection
    Level II 131 53.5 43.3–63.7 0.761 
    Level III 166 54.8 45.8–63.8
Tumor size (cm)
    ≤2 22 62.9 46.4–79.4 0.007 
    >2 115 59.0 52.1–65.9
Histologic grade
    1 & 2 91 78.3 65.4–91.2 0.017 
    3 79 65.9 54.7–77.1
Nuclear grade
    1 182 53.4 45.6–61.2 0.001 
    2 & 3 90 60.7 43.3–78.1
Estrogen receptor
    Negative 111 48.9 38.1–59.7 0.007 
    Positive 166 60.8 52.4–69.2
Progesterone receptor
    Negative 116 57.1 46.5–67.7 0.600 
    Positive 161 55.8 47.0–64.6
HER2
    Negative 98 62.9 49.2–76.6 <0.001
    Positive 102 44.3 33.1–55.5
p53
    Negative 160 65.9 57.5–74.3 0.016 
    Positive 82 46.8 33.7–59.9
mALNR
    ≤65% 164 64.2 55.6–72.8 <0.001
    >65% 133 38.3 28.5–48.1

CI, confidence interval; mALNR, metastatic axillary lymph node ratio.
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of locoregional recurrence in our study was 12.8% (35 of 273), 
which is comparable with previous reports [2,15,19,26]. Even 
with multimodality treatment, a considerable proportion 
(approximately 5%–13%) of patients still experience locoregional 
recurrence [2,15,19,26]. In our study, high mALNR was the most 
important predictor of locoregional recurrence.

Several inherent limitations of this study should be described. 
First, it is possible that unrecognized biases might influence the 
results because of this retrospective study. Second, the specific 
sub analysis according to variable clinic-pathological parameters 
cannot be considered definitive, especially for the target anti-
HER2 therapy (Trastzumab). Third, recent researches about 
lymph node ratio have been limited because there is no clear 
consensus about the cutoff points and many researchers have 
therefore used their own criteria. Therefore, further studies and 

follow-up are needed.
In conclusion, stage IIIC breast cancer is a disease with signi fi-

cant variation in long-term prognosis. The mALNR might serve as 
a more valuable prognostic indicator for patients with stage IIIC 
breast cancer than the traditional TNM stage. A high mALNR was 
the most significant independent prognostic factor influencing 
long-term prognosis including disease-free and overall survival. 
Furthermore, in patients with a high mALNR, aggressive adjuvant 
treatment and close follow-up might be required.
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Fig. 1. (A) Cumulative survival curves for recurrence according to metastatic axillary lymph node ratio (mALNR). The 10-year 
survival rate was different between the Low65 group (mALNR ≤ 0.65; 57.0%) and the High65 group (mALNR > 0.65; 35.0%), 
P < 0.001. (B) Cumulative survival curves for mortality according to metastatic axillary lymph node ratio. The 10-year survival 
rate was different between the Low65 group (64.2%) and the High65 group (38.3%), P < 0.001. Low65, patients with mALNR 
≤ 0.65; High65, patients with mALNR > 0.65.

Table 5. Independent prognostic factors of disease-free and overall survival by multivariate analysis (Cox regression model)

Recurrence & mortality Coefficient SE RR 95% CI P-value

For recurrence
   Tumor size (≤2 cm vs. >2 cm) 0.521 0.256 1.684 1.020–2.780 0.041
   p53 (– vs. +) 0.491 0.203 1.634 1.098–2.430 0.015
   mALNR (Low65 vs. High65) 0.528 0.199 1.695 1.148–2.502 0.008
For mortality
   Operation (partial vs. total) 0.096 1.121 1.100 0.122–9.892 0.932 
   Tumor size (≤2 cm vs. >2 cm) 0.636 0.509 1.888 0.696–5.124 0.212 
   Histologic grade (1 & 2 vs. 3) 0.446 0.444 1.562 0.655–3.730 0.315 
   Estrogen receptor (– vs. +) –0.733 0.420 0.480 0.211–1.095 0.081 
   HER2 (– vs. +) 1.143 0.471 3.136 1.246–7.897 0.015 
   p53 (– vs. +) 0.109 0.384 1.115 0.525–2.367 0.777 
   mALNR (Low65 vs. High65) 1.411 0.413 4.099 1.825–9.209 0.001 

SE, standard error; RR, relative risk; CI, confidence interval for relative risk (odds ratio); mALNR, metastatic axillary lymph node ratio; 
Low65, patients with mALNR ≤ 0.65; High65, patients with mALNR > 0.65.
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