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Can axillary lymph node ratio (LNR) predict local recurrences or deaths in
patients with breast cancer with nodal involvement?
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Abstract

Background: Axillary LNR (Lymph Node Ratio) is increasingly been contended as an important
prognostic factor in breast cancer with varying results. The purpose of this study was to evaluate LNR
with respect to both local recurrences and deaths.

Objective: To examine the value of the Lymph Node Ratio (LNR) in predicting local recurrence and
death in breast cancer patients with lymph nodal involvement.

Methods: This is a retrospective study on 150 patients treated for node-positive breast cancer in the
University health board between 2013 and 2014. The LNR was defined as the number of positive Lymph
Nodes (LNs) over the total number of LNs removed. The LNR-risk groups were defined as low-risk,
0.01-0.2; intermediate-risk, 0.21-0.65 and high- risk LNR>0.65.

Results: The mean follow-up time was 3.6 y and mean age of diagnosis was 57 y. Moderate- and high-
risk LNR was significantly associated with pN2 and pN3 classification, pT3 classification and grade 2
tumours compared to low-risk LNR. There were a total of 9 (6%) breast cancer local recurrences and 17
(11.3%) breast cancer deaths; grouped together as 26 (17.3%) ‘Incidents’ (recurrences/deaths). We
found no significant difference between the incident rate and LNR group, pT classification, pN
classification or age.

Conclusion: Higher LNR-risk groups were associated with higher pN and pT classification; however

LNR was not a good indicator of breast cancer recurrence and death.
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Introduction

Breast cancer is the most common cancer in the UK and one of
the most significant prognostic markers for breast cancer is
axillary lymph node (LN) status, as an increase in the positive
lymph node number is independently associated with poor
clinical outcomes and increased recurrence rate [1]. Clinical
practice has now changed from full dissection of the axilla to
the use of Sentinel Node Biopsy (SNB), which determines the
patients at high risk of nodal involvement who then require
Axillary Lymph Node Dissection (ALND) [2]. The American
Joint Committee on Cancer (AJCC) stages patients based on
number of positive nodes found on dissection (pN); stage pN1
if 1 to 3 nodes are involved, pN2 if 4-9 and pN3 if 10+ nodes
are involved [3]. However, we now know that the number of
positive lymph nodes recorded is partly influenced by the total
number of lymph nodes harvested and examined [4,5] and
previous studies have shown that patients may be under staged
if their ALNDs are inadequate, leading to higher recurrence
rates [6-11]. The current TNM classification system also uses
the absolute number of lymph nodes involved, assuming that
all dissections are the same [12]. In reality, the extent of
axillary dissections varies hugely between countries, centres
and surgeons, and therefore researchers are challenging the
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current classification systems and questioning whether more
information on the number of nodes excised may be useful
prognostically, helping to individualise treatment for patients
more appropriately [13].

Recent studies explore the impact of the Lymph Node Ratio
(LNR), defined as the number of positive LNs over the number
of excised nodes [14-17]. There is evidence that LNR is a
useful predictor of breast cancer recurrence and survival, and
some studies found its prognostic superiority over absolute
number of positive nodes [2,13,14,16,18-20]. This poses the
question whether LNR should be considered in combination
with the pN staging to guide decisions for breast cancer
management.

The current study aims to examine the prognostic value of
LNR, and specifically to evaluate whether LNR stratification
leads to significantly different recurrence and mortality rates.

Methods

Study population

This is a retrospective study using data from the University
Hospital database of breast cancer patients with a 3 to 4 year
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follow-up period. Ethical approval was waived due to the
retrospective nature of the study. The population studied
included 150 patients with invasive breast cancer who had
original diagnosis in the Health board, between January, 2013
and October, 2014. Only patients with positive Sentinel Node
Biopsies (SNBs) and subsequent Axillary Nodal Clearance
(ANC) or direct ANC were included.

Data analysis

Data regarding local recurrence and death of patients was
obtained using the hospital clinical portal system. ‘Incidents’
was defined as local recurrence or death. Local recurrence was
defined as the recurrence of cancer in breast, regional lymph
nodes and chest wall, ipsilateral to the primary tumour. Follow-
up time was calculated from the date of diagnosis to the date of
last follow-up or death (range: 3-4 y).

The LNR was calculated as the total number of positive lymph
nodes divided by the total number of lymph nodes found and
examined. The cohort was then divided into 3 groups based on
established LNR cut-offs [4,12,15,16,21] defined as low risk,
0.01-0.20; intermediate-risk, 0.21-0.65; and high-risk, >0.65.
We examined the prognostic value of Lymph Node Ration
(LNR) for patients with node-positive breast cancer with
varying numbers of minimum nodes removed. We also
examined the impact of minimum number of lymph nodes
removed (all patients, < 10, >10) to compare the performance
of LNR as prognostic indicator.

Comparison of categories within a characteristic was carried
out with the Pearson Chi-square test and, if any of the expected
frequencies was less than five, the Fisher exact test was used.
The effect of LNR on incidents was investigated using
bivariate logistical regression, using p values of <0.05 as
significant. Bivariate logistical regression was also used to
analyse the effect of pT, pN and age on recurrence and
survival.

All statistical analyses were performed using SPSS statistical
software (IBM SPSS statistics version 23).

Results

The mean age of diagnosis in our sample was 57 y (range,
26-90 y). Patients were diagnosed in 2013 and 2014 (n=93
(62%) and 57 (38%) respectively) with follow-up time of 4 or
3 years respectively. Figure 1 shows the percentage of patients
in each pN classification; 105 (70%) in pN1, 26 (18%) in pN2
and 12 (8%) in pN3. Figure 2 shows the percentage of patients
in each pT classification; 1 (1%) in pTO, 33 (22%) in pT1, 77
(51%) in pT2, 26 (17.3%) in pT3 and 4 (3%) in pT4. Figure 3
shows the percentage of patients in each LNR classification; 86
(57%) in low-risk group (LNR < 0.2), 44 (29%) in
intermediate-risk group (LNR>0.2 and < 0.65) and 20 (13%) in
high-risk group (>0.65).
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Figure 1. Distribution of pN categories across the study group.

Figure 2. Distribution of pT categories across the study group.

Figure 3. Distribution of LNR categories across the study group.

The clinical and pathological characteristics of patients
according to LNR are shown in Table 1. Moderate- and high-
risk LNR was significantly associated with pN2 and pN3
disease compared to low-risk LNR (p=0.017). They were also
significantly associated with grade 2 cancer (p=0.000).
Similarly, high-risk LNR, when compared to intermediate-risk
were significantly associated with pN3 disease compared to
pN1 disease (p=0.000). Lastly, high- and intermediate-risk
LNR was significantly associated with pT3 disease (all p=
0.001). The relationship with age or other tumour
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characteristics did not vary significantly by LNR groups

(p>0.05) (Table 1).

Table 1. Clinicopathologic characteristics of 150 women with lymph node-positive breast cancer according to lymph node ratio.

Low risk < 0.20 (n=86) Intermediate risk >0.2 and 0.65 High risk>0.65 All (n=150)
(n=44) (n=20)

N % N % N % N %
Characteristic
Age
<40 13 15 6 14 0 0 19 13
=40 73 85 38 86 20 1 131 87
Tumour size (mm)
0-20 31 36 9 21 5 25 45 30
>20 54 64 34 79 15 75 103 70
Histological grade
1 7 8 1 2 0 0 8 5
2 38 44 26 59 10 50 74 49
3 38 44 16 36 10 50 64 43
Unknown 3 3 1 2 0 0 4 3
ER status
Negative 19 22 4 9 7 35 30 20
Positive 67 78 40 91 13 65 120 80
Unknown 0 0 0 0 0 00 0 0
HER status
Negative 66 77 34 77 15 75 115 77
Positive 20 23 10 23 5 25 35 23
Unknown 0 0 0 0 0 0 0 0
Number nodes examined
0to 10 20 23 14 32 6 30 40 27
11to 15 34 40 13 30 6 30 53 35
>15 32 37 17 39 8 40 57 38
pN
pN1 (1-3) 78 95 21 50 6 32 105 70
pN2 (4-9) 1 1 19 45 6 32 26 17
pN3 (= 10) 0 0 4 10 8 42 12 8
pT
pTO 1 1 0 0 0 0 1 1
pT1 22 27 7 17 4 21 33 23
pT2 47 58 22 54 8 42 7 55
pT3 9 11 1 27 6 32 26 18
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With an average follow-up time of 3.6 y, there were a total of
9/150 (6%) breast cancer local recurrences and 17/150 (11.3%)
deaths; grouped together as 26 incidents (17.3%). Of these, 6/9
(66.6%) recurrences were within low-risk LNRs and 3/9 (33%)
were within the intermediate-risk group; 7/17 (41%) deaths
were within the low-risk LNR group, 6/17 (35%) intermediate-
risk and 4/17 (24%) within the high-risk group. Figure 4
illustrates the percentage of incidents within each LNR group
(incidents/total number in each LNR group).

Bivariate logistical regression found no significant difference
between the incident rate and LNR group, pT classification, pN
classification or age (Table 2).

Table 2. Odds ratio with confidence intervals of four variables (Age,
LNR, pN, pT,) with number of incidents.

P value Odds ratio 95% ClI for OR
Lower Upper
LNR 1.836 1.836 0.318 10.594
pT 0.913 0.913 0.54 1.544
pN 0.779 0.779 0.358 1.695

1 5 4 3
AGE 1.024 1.024 0.992 1.056
High risk LNR
Intermediate risk
Low risk LNR
[ 10 20 30 40 50

Figure 4. Percentages of incidents across the three LNR groups.

Table 3 shows the percentage breast cancer incidents by LNR
and pN stage for varying number of nodes removed for 135
patients with available data. The mean number of nodes
examined was 15 (median=14). There was no association
between the number of LNs removed and incidents in each
group (p>0.05). There were higher incidents of recurrence or
deaths in the high-risk LNR categories, specifically in the pN2
category and <10 nodes removed, but this did not reach
statistical significance.

Table 3. Percent of incidents with respect to LNR and number of nodes dissected.

pN stage LN's removed Low risk (<0.2) Intermediate risk (>0.2 and = High risk (>0.65) (n=19) All (n=135)
(n=74) 0.65) (n=42)
No of Incidents Total No of Incidents Total No of Incidents Total No of Incidents Total
incidents incidents incidents incidents
pN1 <10 0.00 17.00 0.00 0.00 1000 0 1.00 4.00 025 1.00 31.00 0.03
>10 900 56.00 0.16  1.00 1000 0.10 1.00 2.00 0.50 1100 68. 0.16
pN2 <10 0.00 1.00 0.00 200 400 50 1.00 2.00 0.50  3.00 7.00 43
>10 0.00 0.00 0.00 3.00 14.00 0.21 0.00 4.00 0.00 3.00 18.00 17
pN3 <10 0.00 0.00 0.00 0.00 0.00 0.00 3 0.00 0.00  0.00 0.00 0
>10 0.00 0.00 0.00 1.00 140 0.33 100 7.00 0.14  2.00 10.00 20

Discussion

Tumour specific markers, such as ER and HER-2 status, are
important prognostic indicators in breast cancer, but the
presence and extent of axillary Lymph Node (LN) metastases
remains most useful for prognostic assessment. However,
studies show that the optimal method of classifying LN status
remains to be elucidated. Current nodal staging systems solely
use the number of positive axillary LNs, and although this
parameter has been shown to be of value, recent literature
queries whether additional information on the total number of
LNs removed would be of prognostic benefit [13]. This is
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because data has shown that the chance of finding positive
nodes increases with the number of LNs examined, and that
under-staging of the axilla can be a result of inadequate
dissections [2]. The concept of assessing LN status by ratios
was first suggested years ago; a few parameters were
developed but the lymph node ratio (LNR) was deemed the
most clinically suitable [22]. Several studies have shown that
LNR is more valuable than absolute positive LNs (pN) in
determining prognosis in breast cancer [4,12,13,21] and many
other cancers such as lung [23], gastric [24] and colon [25].
LNR has been proposed as a criterion to be incorporated in the
revised breast cancer staging [26]. However, a definite cut-off
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value of LNR to predict long term outcome has not been
established yet, despite multiple studies published on this
subject.

In this study we showed that the higher the LNR the more
likely the patient is to have a high pN classification. Higher
LNR is also associated with high pT classifications and higher
grade disease. However, there was no significant difference
between the number of nodes examined and LNR group,
neither was there an association between the LNR group and
any of the following: HER- or ER-status, tumour size or age.
Contrary to recent data, we found no significant difference
between the incidents (local recurrence or death) and the LNR,
even when each LNR-risk group was divided into two
categories; < 10 and >10 nodes dissected. This suggests that
the LNR is not an accurate indicator of chance of recurrence or
death.

The results in this study are similar to Grassadonia et al. [27] in
which the authors included LNR among the variables as
prognostic factors in a cohort of patients with pN3 breast
cancer. The authors used 0.6 as cut off and found that LNR did
not influence prognosis. Within the limits of a retrospective
study with small sample size, the authors concluded that once
more than 10 lymph nodes are involved, LNR fails to maintain
prognostic value. In a similar study by Schiffman et al. [6]
LNR more than 0.65 was predictive of poor prognosis. This is
similar to the cut off value of high-risk LNR used in our study.
Their cohort included all patients (pN1, pN2 and pN3), but
subgroup analysis on pN3 group revealed no difference in
overall survival.

Another study [28] focussed on patients with stage 3 breast
cancer and suggested 0.6 as the most sensitive LNR cut-off to
detect the greatest difference in overall survival. Woodward et
al. [18] carried out a large systematic review in 2006 that
included over 32,000 patients from 24 studies between 1994
and 2005. This showed that overall LNR was a more accurate
prognostic parameter than the absolute number of involved
lymph nodes (pN) in breast cancer. More recent studies also
support this theory, showing that LNR is a superior predictor of
survival than pN [4,6,12,13,21]. Jayasinghe et al. supports the
above statements when the data is grouped together, however
the study went on to examine the prognostic value of LNR in
breast cancer with patients divided into varying number of
minimum nodes removed (>5, >10 >15). They found that LNR
lost its significance in patients with >10 and >15 nodes
dissected, perhaps suggesting that LNR holds value only when
axillary dissections are inadequate. They concluded that
oncologist can be confident that prognosis and decisions on
adjuvant therapies can be based on pN classification alone
when adequate axillary dissections are performed (>15 nodes)
but suggest that pN and LNR should be used on conjunction
otherwise [2]. In our study, the mean number of axillary lymph
nodes that were examined was [15], which could account for
non-significance of our findings.

Modified LNR (mLNR) is a new parameter being explored in
breast cancer patients. It is defined as (pLN+0.5)/(tLN+0.5),
where pLN is the number of positive LNs and tLN is the total
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number of nodes excised. The modifications to the standard
LNR (adding 0.5 to both the numerator and denominator) were
carried out to avoid results of zero in patients with node-
negative breast cancer. A 2017 study [22] using this parameter
found it was useful in predicting the clinical outcomes of breast
cancer patients independently, and in conjunction with pN
stage. It was also found that the significance of mLNR was
highest when patients had less than 10 LNs dissected or had no
LN metastases [22]. Our study may have benefited from using
mLNR had we included node-negative patients in our sample.

A further classification model proposed in the literature is the
log odds of metastatic lymph nodes (LODDS). This value is
defined as log ((pN+0.5]/(nN+0.5)), where pN is the number of
positive LNs and nN is the number of negative LNs, with the
latter value calculated by subtracting pN from the total number
of retrieved nodes [29]. Indeed a study carried out in 2015
found this parameter was also an independent prognostic
indicator in breast cancer. The authors suggested an inferior
value of LNR when there is limited harvest of lymph nodes, at
which point LODDS is a better prognostic indicator [30].

An advantage of our study was using previously established
LNR risk categories rather than creating categories for our own
sample data like the majority of similar studies. We also had a
high mean number of nodes removed in our sample (mean=15,
median=14). This may suggest fewer patients had inadequate
ALND than other studies. However we found no association
between number of nodes dissected and incidents. Our study
was unique in using incidents as our outcome measure as
opposed to most of the studies using simply overall or breast-
cancer specific survival. An incident encompasses not only
breast-cancer specific deaths and deaths due to other causes,
but also local (ipsilateral) recurrence and so we have measured
both adverse outcomes as a whole. Moreover, we believe that
‘all causes mortality’ is a better measure of prognosis than
breast cancer specific survival in breast cancer studies. Most
previous studies results were based on five-year survival rates,
which are influenced by lead-time bias and over diagnosis [31].
The correlation between survival rate and mortality is zero for
most common solid tumours [32]. This was the reason for
using ‘all cause’ mortality rates in our study, leading to more
reliable results.

One of the main limitation of our study was our sample size
was relatively small (n=150) and follow-up period fairly short
(3-4 y) and thus this may account for the insignificant findings
in our study. However unpublished data from our centre
suggests most recurrences occur within 5 years of diagnosis.
Larger studies with longer follow up could shed further light
on this crucial issue.

In conclusion, our study showed that although LNR was a
predictor of higher pN and pT classification and higher grade
of breast cancer, it was not a good predictor of local recurrence
or breast cancer deaths.
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