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chemotherapy usage, the presence of inflammatory breast 
cancer and n ratio were found to be important factors in pre-
dicting DFS. Multivariate analysis indicated that multicen-
tricity, neoadjuvant chemotherapy, trastuzumab usage and 
n ratio were significantly associated with prognosis.  Conclu-

sions:  The n ratio is inexpensive, easily available and a simple 
prognostic factor for breast cancer patients with positive 
ALNs.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Breast cancer is the most common cancer in women 
and the second leading cause of cancer-related mortality 
in postmenopausal women  [1] . Most patients are able to 
undergo surgery and thereafter receive adjuvant chemo-
therapy, radiotherapy and hormone therapy to reduce the 
risk of relapse  [2] . Surgery can be breast-conserving sur-
gery (BCS) or mastectomy with axillary lymph node 
(ALN) resection  [3] . Many study-related prognostic fac-
tors like tumor size, hormone receptor status, c-erbB 
overexpression and metastatic lymph node status have 
been established to predict the relapse risk and to deter-
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 Abstract 

  Background:  Axillary lymph nodes (ALNs) are  the most im-
portant prognostic factor for survival in breast cancer. Path-
ological evaluation can affect the number of involved lymph 
nodes. In the current study, we evaluated whether the meta-
static lymph node ratio (n ratio) is important in predicting 
disease-free survival (DFS) for breast cancer patients.  Mate-

rial and Methods:  From 802 breast cancer cases, 427 pa-
tients with ALN metastasis were analyzed retrospectively. 
The n ratio was categorized as n ratio 1 (1–10%), n ratio 2 
(10.01–50%) and n ratio 3 ( 1 50%). DFS was established ac-
cording to the Kaplan-Meier method. Predicting risk factors 
for relapse were analyzed using the Cox proportional haz-
ards model.  Results:  The n ratio was significantly higher in 
breast cancer patients with advanced pathologic pT, pN and 
clinical stage, undifferentiated histology, lymphovascular 
and extracapsular invasion, more resected ALNs and positive 
progesterone receptor. In the univariate analysis, multicen-
tricity, necrosis, grade, pN stage, estrogen receptor and pro-
gesterone receptor positivity, trastuzumab and neoadjuvant 
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mine the best adjuvant therapy  [2, 3] . Metastatic ALNs 
are the most important prognostic factor and if the num-
ber of positive lymph node increases, the mortality rate 
increases in breast cancer  [3–5] . According to the 6th edi-
tion of the American Joint Committee on Cancer (AJCC) 
staging system, patients with 1–3 positive ALNs have 
been classified as N1, patients with 4–9 positive ALNs 
have been classified as N2, and patients with  6 10 positive 
ALNs have been classified as N3  [6] . Surgical procedure 
or pathological evaluation can affect the number of in-
volved lymph nodes; therefore, if ALN dissection is insuf-
ficiently performed, it is difficult to correctly determine 
the N classification. It may thus add to the confusion in 
the prognostic system, taking into consideration both the 
involved and all the examined lymph nodes  [5] . The ratio 
of the number of metastatic lymph nodes over the total 
number of resected lymph nodes that is called ‘metastat-
ic lymph node ratio’ (n ratio) has been reported as prog-
nostic factor for several malignancies like stomach, pan-
creas and colon cancers  [7–9] . The n ratio has also been 
reported as an important prognostic factor for breast can-
cer and it has been found to improve prognosis compared 
with the pN stage  [2, 4, 10–13] . 

  There have been several studies including a heteroge-
neous group of patients who were operated and treated by 
different surgeons and oncologists  [14]  which may affect 
the results. In this study, we report whether the n ratio is 
important in predicting disease-free survival (DFS) in 
breast cancer patients with ALN metastasis who have 
been operated on in our center. In addition, the relation 
between the n ratio and clinicopathological characteris-
tics was also studied. 

  Material and Methods 

 From May 1999 to March 2009, data of 802 breast cancer pa-
tients who were treated in our oncology department at Dr. Lutfi 
Kirdar Kartal Education and Research Hospital were available. 
We selected 427 breast cancer patients who had ALN metastasis 
and underwent modified radical mastectomy or BCS with ALN 
resection. All pT stages were included. Patients who received neo-
adjuvant chemotherapy were not excluded. Patients with distant 
metastases at diagnosis and patients with secondary malignancies 
except for non-melanoma skin cancer or in situ cervix cancer 
were excluded from the study. Lymph node involvement was clas-
sified according to the AJCC TNM classification (N1, 1–3 meta-
static lymph nodes; N2, 4–9 metastatic lymph nodes; N3,  6 10 
metastatic lymph nodes). This is a retrospective, observational 
and review-based study of medical records of patients in our in-
stitutions. 

  Clinical information about age, operation type, tumor loca-
tion, histopathology, tumor stage, tumor size, histological grade, 
multicentricity, necrosis, extracapsular invasion, lymph node in-
volvement, lymphatic, perineural and vascular invasion, hor-
mone receptor status, c-erbB overexpression, adjuvant chemo-
therapy, radiation therapy, hormone therapy, trastuzumab thera-
py, responses to treatment and survival were obtained from 
patients’ charts. 

  The ratio between the positive and the dissected lymph nodes 
was determined by the best cut-off approach in terms of the log-
rank test. The n ratio was calculated as positive lymph node in-
volvement divided by total lymph nodes dissected multiplied with 
100, and this ratio was categorized as n ratio 1 (1–10%), n ratio 2 
(10.01–50%) or n ratio 3 ( 1 50%). The number of patients in each 
group was similar. 

  Statistical Analysis 
 Statistical analyses were performed using SPSS 17.0 (SPSS Inc., 

Chicago, Ill., USA) software. The analysis was done in 2 steps. 
First, we evaluated the prognostic importance of the n ratio and 
other prognostic factors. Survival analysis and curves were estab-
lished according to the Kaplan-Meier method and compared by 
the log-rank test. DFS was defined as the time from surgery to the 
last follow-up, and the time until relapse was defined as the time 
from surgery to the first evidence of relapse. In addition, overall 
survival (OS) was described as the time from diagnosis to the date 
of the patient’s death or last known contact. In a second step, we 
evaluated the relationship between the n ratio and other prognos-
tic factors. The significance of the differences among the means 
was determined by the Mann-Whitney U test and Kruskal-Wallis 
test. Factors analyzed by univariate analysis were also examined 
with multivariate analysis using the Cox proportional hazards 
model to predict risk factors for relapse. Multivariate p values 
were used to characterize the independence of these factors. The 
95% confidence interval (CI) was used to quantify the relationship 
between survival time and each independent factor. All p values 
were 2-sided in tests, and p values  ̂  0.05 were considered to be 
statistically significant. 

  Results 

 A total of 802 patients with breast cancer were evalu-
ated retrospectively. Patients with distant metastases and 
patients without ALN involvement at the time of diagno-
sis were excluded from the study, and the remaining 427 
patients were analyzed. Eighty-five patients (20%) re-
lapsed after a mean of 35 months (range 4–220). A total 
of 138 patients (32.3%) underwent BCS, and modified 
radical mastectomy was performed in the other 289 pa-
tients (67.7%). All patients had histologically proven 
breast carcinoma: nearly 90% of patients had invasive 
ductal carcinoma, 6.3% invasive lobular carcinoma, 2.6% 
mixed-type carcinoma, and others. More than 90% of pa-
tients received adjuvant chemotherapy, 80% of patients 
received radiotherapy because of ALN involvement or 
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BCS, and 90% of them were treated with adjuvant hor-
mone therapy according to the hormone receptor status. 

  The median age was 50 years, ranging from 27 to 82 
years. While 202 patients were premenopausal (47.3%), 
225 patients were postmenopausal (52.7%). The median 
number of dissected and metastatic ALNs was 15 (range 
1–55) and 6 (range 1–42), respectively. Based on the num-
ber of ALNs, 193 (45.2%) patients classified as pN1, 156 
(36.5%) as pN2 and 78 (18.3%) as pN3. The majority of 
patients were classified as T2 (244 patients, 52.1%). Using 
the n ratio classification, 157 patients (36.9%) were clas-
sified as n ratio 1, 136 (32%) as n ratio 2 and 132 (31.1%) 
as n ratio 3. The mean n ratio continuous value was 36 
(range 1–84). In the 85 relapsed patients, the mean n ratio 
was 46 (range 4–84). The characteristics of ALN dis-
section and n ratio are shown in  table 1 . The n ratio was 
significantly higher in patients with breast cancer with 
advanced pT stage, advanced stage, undifferentiated his-
tology, lymphovascular invasion and extracapsular ex-
tension. In addition, the n ratio was significantly corre-
lated with the number of ALN metastases, the presence 
of inflammatory breast cancer and positive progesterone 
receptor. The correlation between n ratio and clinico-
pathological characteristics is shown in  table 2 .

  At the median follow-up of 35 months (range 4–220), 
5- and 10-year DFS was 68 and 39%, respectively. The 
mean DFS time was 87.3 months (SE 6.1, 95% CI 75.3–

Table 1.  Characteristics of the axillary lymph node dissection and 
n ratio

Patients 5-year DFS rate

Resected lymph nodes 
1–10 91 (21.4) 76

11–20 246 (57.9) 66
21–30 72 (16.9) 61

>30 16 (3.8) NA

Metastatic lymph nodes
1–10 356 (84) 69

11–20 50 (11.8) 59
21–30 13 (13.1) 58

>30 5 (1.2) NA

n ratio
0–20% 157 (36.9) 76

21–50% 136 (32) 63
>50% 132 (31) 59

F igures in parentheses are percentages. NA = Not applicable.

Table 2.  Correlation between the n ratio and clinicopathological 
characteristics

Variables Pa-
tients

Mean n ratio 
8 SD

p
value

Age ≤35 years 33 33.87824.50 0.5
>35 years 380 36.45825.81

T stage T1 98 27.79823.86 <0.0001
T2 242 35.84825.01
T3 53 42.05824.83
T4 26 52.58825.73

N stage N1 192 16.64815.14 <0.0001
N2 155 43.72818.28
N3 78 69.10814.34

Stage II 170 16.34814.86 <0.0001
III 255 49.34822.57

Excised 1–10 91 44.90825.52 <0.0001
lymph nodes 11–20 246 32.69823.65

21–30 72 34.01827.21
>30 16 49.04833.28

Menopausal Premenopausal 202 37.25826.18 0.53
status Postmenopausal 223 35.14825.07
Grade 1 14 29.15821.00 0.05

2 268 34.38825.36
3 143 40.14826.07

Lympho vas- Present 254 39.36826.44 <0.0001
cular invasion Absent 107 27.34820.88
Extracapsular Present 173 43.76824.30 <0.0001
invasion Absent 211 28.89824.45
Multi Present 67 41.05826.73 0.14
centricity Absent 358 35.22825.31
Perineural Present 166 38.39825.62 0.07
invasion Absent 156 33.68826.11
Necrosis Present 136 39.61826.33 0.13

Absent 165 34.93825.31
Estrogen Positive 277 34.71825.14 0.11
receptor Negative 125 39.42826.58
Progesterone Positive 287 34.37825.39 0.01
receptor Absent 117 40.89825.42
Triple Present 33 36.42825.46 0.96
negative Absent 378 36.36825.85
Inflammatory Present 31 52.19826.86 0.001
cancer Absent 394 34.88825.09
Neoadjuvant Present 39 45.53823.05 0.005
chemotherapy Absent 386 35.19825.67

p values were analyzed by the Mann-Whitney U test for 2 vari-
ables, and the Kruskal-Wallis test was used for more than 2 vari-
ables.
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99.2). The 5-year DFS rates were 76% for n ratio 1, 63% for 
n ratio 2 and 59% for n ratio 3, and the 7-year DFS rates 
were 68% for n ratio 1, 53% for n ratio 2 and 37% for n 
ratio 3, respectively, according to the n ratio classification 
( fig. 1 ). The median DFS for n ratios 1, 2 and 3 were 94.6, 
87.3 and 79.9 months, respectively (p = 0.005). 

  In the univariate analysis, the presence of multicen-
tricity (p  !  0.001), histological grade (p = 0.02), necrosis 
(p = 0.04), pN stage (p  !  0.001), clinical stage (p  !  0.001), 
estrogen receptor (p = 0.004) and progesterone receptor 
(p  !  0.001) positivity, trastuzumab usage (p  !  0.001), in-
flammatory breast cancer (p = 0.002), neoadjuvant che-
motherapy (p = 0.001) and n ratio (p = 0.005) were found 
to be important factors in predicting DFS. The results of 
the univariate analysis are shown in  table 3 . We carried 
out a multivariate analysis with the Cox proportional 
hazards model in order to further evaluate the prognostic 
significance of the n ratio. Multivariate analysis indicated 
that the presence of multicentricity (p  !  0.001; hazard ra-
tio, HR, 0.269; 95% CI 0.13–0.53), neoadjuvant chemo-
therapy (p = 0.003; HR 0.20; 95% CI 0.07–0.58), trastu-
zumab usage (p  !  0.001; HR 0.25; 95% CI 0.11–0.52) and 
n ratio (p = 0.02; HR 1.03; 95% CI 1–1.07) were signifi-
cantly associated with prognosis;  table 4  shows the results 
of multivariate analysis. After categorization of the n ra-
tio as n ratio 1 (1–10%), n ratio 2 (10.01–50%) and n ratio 
3 ( 1 50%), the significance of the n ratio in the multivari-
ate analysis missed (p = 0.06; HR 1.03; 95% CI 0.1–1.05). 

Both pN stage and n ratio were analyzed, but pN stage lost 
its significance compared with the n ratio as prognostic 
factor in a multivariate analysis.

  Discussion 

 Lymph node metastasis is one of the most important 
prognostic factors, and it is important in deciding wheth-
er adjuvant therapy is necessary or not  [15] . Although the 
TNM staging classification has not been included in the 
n ratio, it is an alternative to the N stage in indicating 
lymph node status  [15] . 

  The positive nodes in the axilla are dependent on the 
type of axillary dissection performed and on the extent 
of the pathological examination  [16] . In our study, all pa-
tients were operated and followed-up in our institutions 
using the same therapeutic protocols. Also, all surgical 
specimens obtained from the operations were evaluated 
at the pathology department in our institutions. Al-
though the absolute number of metastatic ALNs was de-
fined as important factor to predict relapse  [17] , the n 
ratio outweighed the pN stage by univariate and multi-
variate analysis in our study. Although the pN stage was 
statistically significant by univariate analysis, it was not 
supported by multivariate analysis. Megale Costa et al. 
 [2]  reported that the n ratio was an important prognostic 
factor to predict DFS for 168 breast cancer patients. Voor-
deckers et al.  [3]  also indicated that the n ratio was the 
most important factor, superior to the N stage, in 801 
lymph node-positive breast cancer patients. We catego-
rized the n ratio depending on the previous study of 
Voordeckers et al.  [3] . Van der Wal et al.  [13]  reported 
that an n ratio  6 0.2 was associated with an increase in 
mortality in stage I and II breast cancer patients but they 
did not analyze the effect of the n ratio on DFS. Kuru  [10]  
also analyzed the n ratio in breast cancer with T1–3 tu-
mors and they found 0.25 as the cut-off value for the n 
ratio. In our study, we included all T stages, including 
inflammatory breast cancer. Truong et al.  [11, 12]  report-
ed 2 studies related to the n ratio. In 1 study  [11] , they 
found that the n ratio was important for micrometastat-
ic lymph node involvement. In another study  [12] , they 
evaluated T1–3 breast cancer patients, and the n ratio 
 1 0.25 was a poor prognostic factor both for OS and DFS. 
We analyzed the n ratio only for recurrence not for sur-
vival. Because of the short median follow-up time, we 
could not reach the median OS time. In all of these stud-
ies which evaluated the n ratio for prognostic factors, the 
n ratio had prognostic importance; however, in our 
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  Fig. 1.  Kaplan-Meier DFS curves for breast cancer patients ac-
cording to n ratio groups.   
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Table 3.  Results of the univariate analysis

Characteristics n Median DFS, months 95% CI p

Menopausal status Premenopausal 202 (47.3) 94.6 54.7–134.4
Postmenopausal 225 (52.7) 79.9 NA 0.25

Tumor localization Right 214 (50.5) 94.6 37.9–151.2
Left 200 (47.2) 79.9 69.6–90.1
Bilateral 10 (2.4) 35 NA 0.88

Operation type MRM 289 (67.7) NA NA
BCS 138 (32.3) NA NA 0.24

Multicentric site Present 68 (15.9) 38.9 34.4–43.3
Absent 359 (84.1) 90.1 76.5–103.6 <0.001

Grade 1 14 (3.3) NA NA
2 268 (62.8) 94.6 51.2–137.9
3 145 (34) 70.9 47.3–94.5 0.02

Lymphovascular  invasion Present 255 (59.7) 80.1 60.7–99.5
Absent 107 (25.1) 152.6 58.9–246.2 0.837

Perineural invasion Present 166 (38.9) 87.3 54.9–119.7
Absent 157 (36.8) 90.1 66.1–114 0.938

Necrosis Present 136 (31.7) 79.9 55.8–103.9
Absent 165 (38.5) 152.6 88.2–216.9 0.04

T stages T1 98 (23) 76.1 37.1–115
T2 244 (57.1) 90.3 80.8–99.8
T3 53 (12.4) 63.3 34.7–91.8
T4 26 (6.1) 44 15.6–72.3 0.06

N stages N1 193 (45.2) 90.1 74.4–105.7
N2 156 (36.5) 177.6 NA
N3 78 (18.3) 61.9 27–96.8 <0.001

Extracapsular invasion Present 136 (31.9) 137.3 63.2–211.3
Absent 165 (38.9) 76.1 48–104.1 0.136

Stage II 171 (40.1) 94.6 71.8–117.3
III 256 (59.9) 79.9 62.2–97.5 <0.001

Estrogen receptor Positive 278 (68.3) 90.1 69.4–110.7
Negative 126 (31) 76.1 35.8–116.3 0.04

Progesterone receptor Positive 287 (70.5) 94.6 34.6–154.5
Negative 119 (29.2) 61.9 35.5–88.3 <0.001

c-erbB +++ 94 (24.3) NA NA
– 265 (68.5) NA NA
++ 9 (2.3) NA NA 0.3

Trastuzumab usage Present 58 (16.3) 42.3 23.3–61.4
Absent 298 (83.7) 90.3 36.5–144.1 <0.001

Triple negative Present 33 (8) 87.3 18.2–156.4
Absent 380 (92) 79.9 161.5–98.2 0.6

Inflammatory breast cancer Present 31 (7.3) 70.9 26.6–115.2
Absent 396 (92.7) 90.1 77.1–103 0.002

Adjuvant CT Present 380 (92.2) 80.13 67.16–93.10
Absent 32 (7.8) 60.86 NA 0.88

Adjuvant RT Present 331 (80.3) 80.13 57.6–102.59
Absent 81 (19.7) 87.33 73.19–101.4 0.19

Hormonotherapy Present 306 (91.3) 90.10 75.56–104.6
Absent 29 (8.7) 87.33 26.7–147.96 0.82

Neoadjuvant CT Present 380 (92.2) NA NA
Absent 32 (7.8) 87.3 75.2–99.4 0.014

n ratio 1 157 (36.9) 94.6 45.2–143.9
2 136 (32) 87.3 23.4–151.2
3 132 (31.1) 79.9 58.5–101.2 0.005

F igures in parentheses are percentages. NA = Not applicable; MRM = modified radical mastectomy; CT = chemotherapy; RT = radiotherapy.
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study, we also evaluated the correlation between the n 
ratio and other clinicopathological factors. We found 
that the n ratio was significantly greater in cases with 
undifferentiated tumor, a large tumor or advanced pT 
stage, lymphovascular invasion, extracapsular exten-
sion, progesterone receptor positivity, presence of in-
flammatory breast cancer and advanced clinical stage. In 
addition, the n ratio was significantly correlated with ex-
cised lymph nodes and the number of lymph node me-
tastases. Vinh-Hung et al.  [4]  evaluated 1,827 breast can-
cer patients with all T and N stages which has been the 
largest study using the n ratio, and they reported that 
age, histological grade, tumor size, radiotherapy, chemo-
therapy, endocrine therapy and n ratio were important 
prognostic factors for breast cancer mortality. And also, 
n ratio continuous covariates were the most important 
prognostic factor in multivariate analysis. They used the 
n ratio in continuous variables to determine prognostic 
importance and then categorized the n ratio as low risk 
( ̂  0.20), intermediate risk (0.20–0.65) and high risk 
( 1 0.65). They reported that breast cancer-specific sur-
vivals were 75.2, 63.3 and 39.6%, respectively, for low-, 
intermediate- and high-risk n ratio groups. Categoriza-
tion of continuous variables has been shown to be associ-
ated with several problems like loss of information, loss 
of power and decrease in efficiency of survival analysis 
 [18–20] . Similar to the study of Vinh-Hung et al.  [4] , we 
also used the n ratio as continuous variable in the sur-
vival analysis. After categorizing the n ratio, statistical 
significance was lost in the multivariate analysis. Hatoum 
et al.  [14]  evaluated the n ratio as categorical variable in 
lymph node-positive breast cancer and reported that the 

categorical n ratio was also an important prognostic fac-
tor for survival. Germain et al.  [21]  examined 3,000 
breast cancer patients with all T stages, like in our study, 
and grouped the n ratio as 0.25, 0.25–0.5 and 0.5–0.8, 
reporting that the n ratio was an important prognostic 
factor for metastasis-free survival, compatible with our 
study. Martinez-Ramos et al.  [15]  reported that the n ra-
tio was an important prognostic factor for DFS; in addi-
tion, their study was the first study using the population 
cancer registry in a European country. In another study, 
Katz et al.  [22]  showed that the n ratio was the strongest 
predictor for DFS and OS in 913 locally advanced breast 
cancer patients. Our results could be similar to the rest 
of Turkey because our oncology institute is the second 
high-capacity center in Istanbul and takes a lot of appli-
cations from rural areas. All of these studies similar to 
ours were retrospective. Two other prospective studies 
conducted by the Danish Breast Cancer Cooperative 
Group (the 77c and 82b study) demonstrated that the n 
ratio was significant in multivariate analysis  [23, 24] . In 
the 77c study  [23] , the n ratio, examined continuously, 
was a predictor of DFS in postmenopausal patients with 
hormone receptor-positive status. In the 82b study  [24] , 
including stage II and III breast cancer patients, the n 
ratio was categorized and found to be important both for 
DFS and OS. 

  In the univariate analysis, both pN stage and n ratio 
were statistically significant to predict DFS (p  !  0.001 and 
p = 0.005, respectively), and in the multivariate analysis, 
the n ratio continuous values maintained significant, 
with a hazard ratio of 1.037 (p = 0.02), whereas pN stage 
was not statistically significant (p = 0.43). In the multi-

Characteristics Wald p HR 95% CI

Multicentricity 14.229 <0.001 0.269 0.136–0.532
Grade 0.007 0.933 1.027 0.558–1.889
N stage 0.624 0.430 2.043 0.347–12.018
Stage (II vs. III ) 0.315 0.575 2.717 0.083–89.407
Necrosis (present vs. absent) 1.502 0.220 2.673 0.555–12.886
ER (positive vs. negative) 0.075 0.784 0.904 0.439–1.862
PR (positive vs. negative) 2.384 0.123 1.743 0.861–3.529
Inflammatory breast cancer 0.477 0.490 0.652 0.193–2.197
Neoadjuvant chemotherapy 8.867 0.003 0.207 0.073–0.584
Trastuzumab treatment 13.486 <0.001 0.250 0.119–0.524
n ratio (categorical) 3.509 0.061 0.327 0.102–1.053
n ratio (continuous) 4.77 0.02 1.037 1.004–1.071

P R = Progesterone receptor; ER = estrogen receptor.

Table 4.  Results of the multivariate
analysis
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variate analysis, pN stage was used as categorical variable 
but the n ratio was used as continuous variable. Thus, it 
was compatible with the literature  [15] . This could have 
affected the results, but pN stage has to be used categori-
cally according to TNM staging. After the n ratio was 
used categorically in the multivariate analysis, signifi-
cance was lost (p = 0.06). This was the major limitation 
of our study. On the other hand, 39 patients who received 
neoadjuvant chemotherapy were not excluded from our 
study, which might have modified the nodal status in the 
axillary dissection  [25] .

  Conclusions 

 The n ratio is an inexpensive, easily available and sim-
ple prognostic factor for breast cancer patients with posi-
tive ALNs. However, our study was retrospective, and 
this might lead to bias in the selection of patients. With 
longer follow-up, OS time can be reached in the future. 
We found the n ratio an important factor predicting DFS 
and it is noteworthy that all of our patients were operated 
and evaluated pathologically and treated in the same in-
stitution. In the future, the n ratio may replace the pN 
stage as prognostic factor. 
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