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ABSTRACT
Objective: In this study, we aimed to evaluate the prognostic value of axillary lymph node ratio (LNR) for disease-free survival (DFS) in node positive
breast cancer (BC) patients with long term follow-up.

Materials and Methods: A total of 179 stage II to I1I female BC patients, who were followed between December 2001 and January 2019 at the depart-
ment of medical oncology, were included in this study. Patients were classified into 3 groups based on the LNR as follows; LNR<0.21, LNR=0.21-0.65, and
LNR>0.65. SPSS 22 for windows was used for statistical analysis.

Results: The median age was 49 (range, 24-83) years. The numbers of patients with stage II and stage III disease were 81 (45.3%) and 98 (54.7%), re-
spectively. The median number of lymph node (LN) resected and positive LN were 15 (range, 3-48) and 3 (range, 1-29), respectively. There were 90 patients
(50.3%) with LNR <0.21, 62 (34.6%) with LNR=0.21-0.65, and 27 (15.1%) with LNR >0.65. The median disease-free survival (DFS) was not reached in
patients with LNR <0.21, 81 months in patients with LNR=0.21-0.65, and 43 months in patients with LNR>0.65 (p<0.001). Overall survival (OS) was
found to be significantly related to LNR (p=0.042). In patients with LNR<0.21 and LNR=0.21-0.65, the median OS was not reached. In patients with
LNR >0.65, the median OS was 101 months. In multivariate analysis, LNR=0.21-0.65 (Hazard ratio [HR], 6.99), LNR>0.65 (HR, 28.99), and HER-2
negativity (HR, 4.64) were the factors associated with DFS (p<0.05).

Conclusion: LNR is a more useful prognostic factor than the pathological lymph node staging for predicting survival in patients with nod-positive BC.
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Introduction

Globally, breast cancer (BC) is the most commonly diagnosed cancer in women as well as being one of the most common cancer-related
deaths, particularly in patients aged 40-49 years (1,2). Its treatment requires a multidisciplinary team approach which includes surgical
oncology, medical oncology, and radiation oncology. The majority of BC patients are diagnosed at non-metastatic stage. Approximately
5% of patients have metastatic disease at the time of diagnosis (2, 3). For BC patients, the treatment decision depends on some factors
including disease stage, hormone receptor status, and human epidermal growth factor receptor- 2 (HER-2) status at presentation (1-3).

It is well-known that locoregional radiotherapy to axillary lymph nodes (ALN) has decreased local recurrence and improved survival in
node-positive BC. The ALN status has been considered a possible indication for post-surgical adjuvant radiotherapy. However, it may
depend on the degree of ALN resected. Moreover, in some cases, the decision regarding whether radiotherapy is necessary depends on the

physician (4-6).

The lymph node ratio (LNR) is described as the ratio of number of positive ALN to total number of ALN resected. Truong et al. (7)
included 80 BC patients with 1 to 3 ALN positive and reported that LNR was related to an increased locoregional recurrence and also
a stronger prognostic factor than the number of positive ALN. Similarly, Han et al. (8) included 130 BC patients with N1 stage and
reported that LNR was associated with an increased risk of recurrence, especially in younger BC patients.

A study performed by Kuru (9) who analyzed 801 BC patients showed that the number of ALN resected >15 or number of negative ALN
>15 improved survival. ALN status continues to be one of the main prognostic factors guiding the adjuvant radiotherapy decision. pN
stage is based on the number of ALN resected. However, the accuracy of the approach is affected by the number of ALN resected, which
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may cause undesirable results (10, 11). In this retrospective study, we
aimed to evaluate the prognostic value of LNR in ALN-positive BC
patients on long-term outcomes.

Materials and Methods

Study population

A total of 179 stage II to III female BC patients, who were followed
between December 2001 and January 2019 at the department of
medical oncology, Yiiziincii Yil University Faculty of Medicine, were
included in this study. All patients had unilateral BC, with non-met-
astatic disease at initial presentation. ALN dissection was performed
in all patients at the time of diagnosis. Patients were restaged based
on the 8th edition of the American Joint Committee on Cancer stag-
ing system. Patients with any of the following criteria were excluded
from the study; <18 years of age, metastatic stage, unoperated patients,
receiving neoadjuvant treatment, history of a second primary cancer,
histologic subtypes other than invasive ductal carcinoma (IDC) and
invasive lobular carcinoma (ILC), and patients whose data were not
available. The study was performed in accordance with the Helsinki
Declaration and was approved by the Yiiziincii Yil University Faculty
of Medicine Ethics Committee (22/05/2020-2020/03-54).

Data collection

Demographic data including age, menopausal status (perimenopause
vs. postmenopausal), type of surgery (breast-conserving surgery [BCS]
vs. modified radical mastectomy [MRM]), hormone-receptor status,
HER2-status, histology (IDC or ILC), stage, grade, perineural inva-
sion, lymphovascular invasion, pathological tumor stage (pT), number
of ALN resected, number of positive ALN, margin status, adjuvant
chemotherapy, hormonotherapy and radiotherapy, recurrence and site
of recurrence, and final status (exitus or alive) were obtained from the
written archive files. LNR was calculated by the ratio of number of
positive ALN to total number of ALN resected. The classifications of
LNR were based on the previous studies which divided the LNR into
3 categories as follows; LNR <0.21, LNR=0.21-0.65, and LNR >0.65
(12, 13). pT stage was stratified into 2 groups as pT1-2 and pT3-4.
Tumor grade was grouped into 2 categories as grade 1-2 and grade 3.
Disease-free survival (DFS) was calculated as the time from the date
of diagnosis to the date of recurrence or last control. Overall survival
(OS) was estimated from the date of diagnosis to the date of death or
last follow-up.

Key Points

*  Axillary lymph nodes (ALN) status has been considered a possible
indication for post-surgical adjuvant radiotherapy. However, the ac-
curacy of the approach is affected by the number of ALN resected,
which may cause undesirable results.

. The lymph node ratio (LNR) is described as the ratio of the number
positive ALN to the total number of ALN resected. In this study,
we evaluated the prognostic value of LNR in ALN-positive breast
cancer (BC).

. Disease-free survival and overall survival were found to be signifi-
cantly related to LNR.

e The LNR s an independent prognostic factor of disease-free survival
and pN staging lost its significance when LNR was added to the

multivariate analysis.

e LNRis a more useful prognostic factor than the pathological lymph
node staging for predicting survival in operated stage II-IIT BC pa-
tients.
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Statistical analysis

IBM Statistical Package for Social Sciences (IBM SPSS Corp.; Ar-
monk, NY, USA) 22 for windows was used. Chi-square analysis was
carried out to compare the ratios in the groups. Survival analysis was
performed using Kaplan-Meier method, and Log-rank test was used
for comparison of survival time. The independent prognostic factors
for survival were identified by Cox Regression Analysis. Forward step-
wise model was used for the factors with p<0.150, which were deter-
mined in univariate analysis. Statistical significance value was accepted
as p<0.05.

Results

The median age of the patients were 49 years (range, 24-83). Of the
179 patients, 171 (84.4%) were hormone-receptor positive and 30
(17.3%) were HER-2 positive. Nine (5%) patients were triple nega-
tive. Eighty-one patients (45.3%) had stage II disease and 98 patients
(54.7%) had stage III disease. The median number of ALN resected
and positive ALN were 15 (3-48) and 3 (1-29), respectively. There
were 90 (50.3%) patients with LNR <0.21, 62 (34.6%) with LNR
0.21-0.65, and 27 (15.1%) with LNR >0.65 (Table 1).

All patients received adjuvant chemotherapy following surgery. A to-
tal of 137 (76.5%) patients received doxorubicin + taxane-based che-
motherapy regimen, 38 (21.2%) patients received doxorubicin-based
chemotherapy regimen, and 4 (2.2%) patients received taxane-based
chemotherapy regimen. Thirty (16.8%) patients received trastuzumab.
Radiotherapy was given to 171 (95.5%) patients. Hormone receptor-
positive patients received adjuvant endocrine therapy after the comple-
tion of chemotherapy and radiotherapy. During the median follow-
up time of 36 months, 32 (17.9%) patients developed recurrence, 8
(4.5%) of whom died (Table 1).

In Kaplan Meier analysis, the LNR was found to be significantly asso-
ciated with DFS (log rank p<0.001). The median DFS was not reached
in the patients with LNR<0.21, 81 months (95% confidence interval
[CI], 59.0-102.9) in patients with LNR=0.21-0.65 patients, and 43
months (95 % CI, 12.6-74.4) in patients with LNR >0.65 (Figure 1).

OS was significantly associated with LNR (log rank p=0.042). The
median OS was not reached in the patients with LNR<0.21 and
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Figure 1. Disease- free Survival (DFS) according to LNR groups
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Table 1. Patient characteristics

Variable

Age

Menopausal status
Surgical status
Hormone-receptor status
HER2-status

TNCB

Histology

Stage

Grade

Perineural invasion
Lymphovascular invasion
pT-stage

Lymph node removed

Metastatic lymph node
pN- stage

LNR

Margin status
Adjuvant Chemotherapy

Adjuvant trastuzumab
Adjuvant hormonotherapy

Adjuvant Radiotherapy

Recurrence and localization

Final status

BCS: Breast-conserving Surgery; HER2: Human Epidermal Growth Factor Receptor 2; ILC: Invasive Lobular Carcinoma; IDC: Invasive Ductal Carcinoma; LNR:
Lymph Node Ratio; MRM: Modified Radical Mastectomy; pT: Pathologic Tumor Stage; pN: Pathologic Lymph Node Stage; SD: Standard Deviation; TNBC:

Triple-Negative Breast Cancer

Median (Min-Max)
Post-

Pre-

MRM

BCS

Positive

Positive

Yes

IDC

ILC

I

i

1+l

i

Negative

Positive

Negative

Positive

T1-2

T3-4

Median (Min-Max)
Median (Min-Max)
1-3

4-9

210

<0.21

0.21-0.65

>0.65

Positive
Doxorubicin
Doxorubicin +Taxane
Taxane

Yes

Yes

Tamoxifen
Aromatase inhibitors
Yes

Yes

locoregional
Bone

Liver

Lung

Brain

Exitus

Alive

n
49 (24-83)
92
87
114
65
152
30
9
165
14
81
98
125
54
135
44
73
106
134
45
15 (3-48)
3(1-29)
91
60
28
90
62
27
9
38
137
4
30
152
76
76
171
32
3
20
3
4
2
8
171

%

51.4
48.6
63.7
36.3
80.4
17.3
5.0
92.2
7.8
45.3
54.7
69.8
30.2
75.4
24.6
40.8
59.2
74.9
25.1

50.8
33.5
15.6
50.3
34.6
151
5.0
21.2
76.5
2.2
16.8
84.9
50.0
50.0
95.5
17.9
9.4
62.5
9.4
12.5
6.3
4.5
95.5



Table 2. Univariate analysis for DFS
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Variable HR 95% CI for HR P
Age (year) Median 0.991 0.960-1.022 0.556
Menopausal status Pre vs. Post 1.205 0.588-2.468 0.610
Surgical status BCS vs. MRM 0.417 0.178-0.973 0.043
Hormone-Receptor Status Negative vs. Positive 1.246 0.374-4.141 0.720
HER2-Status Negative vs. Positive 2.669 1.049-6.785 0.039
TNBC Yes vs. No 1.944 0.952-13.939 0.131
Histology ILCvs. IDC 1.103 0.260-4.678 0.894
Stage lvs. 1l 4.408 1.685-11.532 0.002
Grade I vs. 1+11 2.106 0.954-4.647 0.065
Perineural invasion Negative vs. Positive 0.535 0.217-1.312 0.172
Lymphovascular invasion Negative vs. Positive 0.854 0.418-1.741 0.664
pT-Stage 3+4 Vs 142 3.166 1.514-6.617 0.002
pN- Stage 1 <0.001
2 2.246 0.686-7.346 0.181
3 11.134 3.723-33.292 <0.001
Lymph Node Removed 1.000 0.955-1.047 0.997
Metastatic Lymph Node 1.089 1.029-1.152 0.003
LNR <0.21 <0.001
0.21-0.65 6.180 1.377-27.734 0.017
>0.65 23.628 5.430-102.806 <0.001
Surgical Margin Negative vs. Positive 0.656 0.088-4.867 0.680
Adjuvant Treatment Doxorubicin 0.916
Doxorubicin +taxane 0.948 0.437-2.055 0.893
taxane 0.647 0.083-5.026 0.677
Adjuvant Trastuzumab Yes vs No 0.364 0.143-0.922 0.033
Adjuvant Hormonotherapy Yes vs No 0.726 0.274-1.920 0.518
Adjuvant Hormonotherapy Aromatase inhibitors vs Tamoxifen 0.528 0.239-1.165 0.114
Adjuvant Radiotherapy No vs Yes 1.350 0.318-5.717 0.683

BCS: Breast-conserving Surgery; HER2: Human Epidermal Growth Factor Receptor 2; ILC: Invasive Lobular Carcinoma; IDC: Invasive Ductal Carcinoma; LNR:
Lymph Node Ratio; MRM: Modified Radical Mastectomy; pT: Pathologic Tumor Stage; pN: Pathologic Lymph Node Stage; SD: Standard Deviation; TNBC:

Triple-Negative Breast Cancer; DFS: Disease- free Survival

Table 3. Multivariate analysis for DFS

Variable HR 95 % CI for HR p

HER2-Status Negative vs. Positive 4.641 1.614-13.340 0.004

LNR <0.21 (Ref.) 1 <0.001
0.21-0.65 6.996 1.545+31.660 0.012
>0.65 28.997 6.512-129.106 <0.001

HER2: Human Epidermal Growth Factor Receptor 2; LNR: Lymph Node Ratio; DFS: Disease- free Survival

LNR=0.21-0.65; however, it was 101 months (95% CI, 41-160.8) in  In univariate analysis; type of surgery (BCS vs. MRM), HER-2 status
the patients with LNR> 0.65 (Figure 2). (negative vs. positive), disease stage (III vs. II), pT stage, pN stage, num- 73
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Figure 2. Overall Survival (OS) according to LNR groups

ber of positive ALN and LNR, and trastuzumab therapy were the pre-
dictive factors associated with DES (p<0.05) (Table 2). The factors with
p<0.150 identified in univariate analysis were then assessed in multivari-
ate analysis with forward stepwise model. LNR and HER-2 status were
found to be independent prognostic factors for DES (p<0.05) (Table 3).

Discussion and Conclusion

In this study, we evaluated the prognostic value of LNR in ALN-positive
BC patients with long term follow-up and real-life data. We demonstrat-
ed that the LNR can better predict tumor recurrence and survival than
nodal staging in operated-stage II-III BC patients. The risk of recurrence

almost increased by 30 folds in BC patients with LNR>0.65.

Danish Breast Cancer Cooperative Group Randomized Trials Sub-
group Analysis evaluated the locoregional recurrence rate and survival
regarding the number of positive ALN. In that analysis, the 15-year
OS rates were observed to be 39% and 29% with and without radio-
therapy, respectively. In the study, radiotherapy reduced the 15-year
locoregional recurrence rate from 51% to 10% in patients with >4
positive ALN and from 27% to 4% in those with 1-3 positive ALN.
They concluded that the survival benefit after adjuvant radiotherapy
was substantial and similar to patients with 1-3 positive ALN and >4
positive ALN. However, in that study few lymph nodes were removed
in most patients (median number of ALN resected was 7) (14). This
situation may have affected the study results.

Nagao et al. (15) included 789 pN1-3 BC patients in whom the me-
dian number of ALN resected was 18.6 and reported that adjuvant
radiotherapy did not significantly improve the outcomes. In another
study, the median number of ALN resected was 23. In this study, the
authors concluded that hormone receptor-positive patients treated by
mastectomy and complete axillary dissection had a low risk of locore-
gional recurrence, even if four or more positive ALN were involved,
thus, giving rise to doubts about the use of adjuvant radiotherapy in
this subset of patients (16). These results suggest that sufficient num-
ber of ALN resected is helpful to reduce recurrence, hence affecting
treatment decision-making in adjuvant radiotherapy.

In our study, the median number of ALN resected and the number of
positive ALN was 15 and 3, respectively. Radiotherapy was given to

171 (95.5%) patients. Recurrence developed in 32 (17.9%) patients,
only 3 (9.4%) of whom were locoregional. The lower rate of locore-
gional recurrence was due to the fact that almost all patients received
adjuvant radiotherapy.

Kim et al. (17) performed a multicenter study with N1-stage BC pa-
tients and reported that high LNR was an independent prognostic
factor for pN1 BC patients treated with BCS followed by adjuvant
radiotherapy. It can also be helpful in deciding whether to irradiate
supraclavicular lymph nodes in order to improve DFS. In a study de-
signed by Wu et al. (13) including stage II-III BC patients who were
not treated with adjuvant radiotherapy, it was reported that LNR was
a better prognostic factor than pN staging in ALN positive BC. LNR
should be used as an indication for adjuvant radiotherapy. Similarly,
Ataseven et al. (18) reported that LNR was a prominent prognostic
factor for survival and can potentially provide more information than
the pN staging in different molecular subtypes of BC patients. In our
study, the LNR is an independent prognostic factor of DFS and pN
staging lost its significance when LNR was added to the multivariate
analysis. These results suggest that LNR has a better prognostic value
than pN staging.

Our study had some limitations. The study had a retrospective nature;
hence, the results might be inherently flawed by selection bias. In ad-
dition, the number of samples was relatively low. Since it was a single-
centered study, the outcomes may not reflect the results of a general
population. However, most of the previous studies regarding this issue
have enrolled only pN1-stage BC patients (8, 13, 17, 18), whereas our
study also included pN1-3 stage BC patients.

In conclusion, our study showed that LNR was a better prognostic fac-
tor than nodal staging to predict recurrence and survival in stage II-III
operated-BC patients. More importantly, the risk of recurrence almost
increased by 30 folds in patients with LNR>0.65. However, there is
no consensus on the optimal cut off value for LNR. Therefore, further
prospective multicenter studies are required to assess the effect of LNR
on prognosis in node-positive BC patients.
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