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Lymph Node Ratio Predicts Recurrence and
Survival After R0 Resection for Non-Small Cell
Lung Cancer
Matthew D. Taylor, MD, Damien J. LaPar, MD, MS, Christopher J. Thomas, MPA,
Matthew Persinger, MPA, Edward B. Stelow, MD, Benjamin D. Kozower, MD, MPH,
Christine L. Lau, MD, and David R. Jones, MD
Division of Thoracic and Cardiovascular Surgery, Department of Surgery, and Department of Pathology, University of Virginia,
Charlottesville, Virginia
Background. Current TNM non-small cell lung can-
cer (NSCLC) staging uses only the anatomic location of
lymph nodes to define N status. Several other cancer
staging systems have found lymph node ratio (LNR)—the
number of positive lymph nodes/total lymph nodes resec-
ted—to be a better predictor of survival after resection.
The purpose of this study is to evaluate LNR as a predictor
of recurrence and survival after R0 resection for NSCLC.

Methods. A total of 1,143 consecutive patients under-
went R0 resection for NSCLC between 1999 and 2008 at
a high-volume single institution with 26% (n [ 302)
having N1 and N2 disease. The primary endpoints of the
study were long-term survival and recurrence as a func-
tion of LNR. Cox proportional hazard models and
Kaplan-Meier survival analyses were utilized to assess
associations between LNR, N status, and pathologic stage
with survival and recurrence after lung cancer resection.

Results. Median follow-up was 44 months and was
complete in 97% of patients. Nodal status of patients
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in this study was as follows: N0 disease, 73.5%; N1
disease, 18.7%; and N2 disease, 7.8%. There were 132
recurrences in patients with nodal disease (43.7%).
The pathologic stage of patients in the study was as
follows: stage IIA, 47%; stage IIB, 17%; stage IIIA, 35%;
and stage IIIB, 1%. Mean total number of lymph
nodes sampled was 11.1 ± 6.0 and mean number of
positive lymph nodes 2.4 ± 2.0. Upon statistical mod-
eling, LNR was found to be independently associated
with decreased survival after resection for NSCLC
(hazard ratio 2.63, confidence interval: 1.41 to 4.91,
p [ 0.002).
Conclusions. In patients undergoing resection for

NSCLC, increasing lymph node ratio is independently
associated with decreased survival and decreased time to
recurrence after R0 resection.

(Ann Thorac Surg 2013;96:1163–70)
� 2013 by The Society of Thoracic Surgeons
urrent TNM non-small cell lung cancer (NSCLC)
Cstaging uses only the anatomic location of lymph
nodes to define N status. There is increasing evidence
that the number of histologically positive lymph nodes
compared to total number of resected lymph nodes may
be prognostically significant in many forms of cancer
including esophageal, thyroid, breast, periampullary,
gastric, colorectal, and cervical cancers [1–7]. Lymph node
ratio (LNR)—the number of positive lymph nodes to total
lymph nodes resected—has been found to be an inde-
pendent predictor of survival after resection in these
types of cancers. Previous studies utilizing LNR as
a predictor of survival in NSCLC have used large,
heterogenous databases such as the Surveillance, Epide-
miology, and End Results (SEER) database to ascertain
the relationship of LNR to survival after resection of
NSCLC [8, 9].
To date, no study has evaluated the relationship of

LNR to survival after NSCLC resection in a homogenous
population of patients who all underwent an R0 resection
by a board-certified thoracic surgeon with complete TNM
staging available. The purpose of this study is to evaluate
LNR as a predictor of survival and recurrence after R0
resection at a single institution, academic, general thoracic
surgery program.
Patients and Methods

Patient Selection
A retrospective analysis of a prospectively maintained
general thoracic surgery database at the University of
Virginia from July 1999 through August 2008 was per-
formed. The University of Virginia general thoracic
surgery database is maintained by the division of thoracic
and cardiovascular surgery and includes all data fields
contained within The Society of Thoracic Surgery’s (STS)
general thoracic surgery database in addition to other
0003-4975/$36.00
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Table 1. Patient Demographics

Variable n %

Sex, male:female 183:119 60.6:39.6
Type of procedure

Lobectomy 233 74.1
Pneumonectomy 69 19.9

Nodal status
N1 214 70.9
N2 88 29.1

Lymph node ratio
0.01–0.11 81 26.8
0.12–0.19 78 25.8
0.20–0.33 72 23.8
>0.34 71 23.6

Pathologic stage
IIA 142 47.0
IIB 51 16.9
IIIA 106 35.1
IIIB 3 1.0

Recurrences 132 43.7
Histology

Adenocarcinoma 138 45.7
Squamous 144 47.7
Other NSCLC 20 6.6

Preoperative induction therapy 64 21.1

NSCLC ¼ non-small cell lung cancer.

1164 TAYLOR ET AL Ann Thorac Surg
LYMPH NODE RATIO AND LUNG CANCER SURVIVAL 2013;96:1163–70

G
E
N
E
R
A
L
T
H
O
R
A
C
IC
important clinicopathologic variables. All standardized
variables analyzed represent STS definitions. The Human
Investigations Committee at the University of Virginia
approved this study.
Table 2. Multivariate Analysis of Clinicopathologic Variables on

Factor n Wald c2

Pathologic tumor stage
IA (reference) 467
IB 220 0.005
IIA 231 6.241
IIB 91 4.221
IIIA 98 2.577

Lymph node ratio (continuous) 7.067
Total number positive LN 1.060
Nodal status

N0 (reference) 832
N1 214 8.672
N2 88 0.290

Age 0.266
Sex, female:male 601:542 4.257
Primary procedure 30.20

Lobectomy (reference) 886
Pneumonectomy 88 0.054

Preoperative induction therapy 64 0.331

CI ¼ confidence interval; HR ¼ hazard ratio; LN ¼ lymph nodes.
A study population of 1,143 patients who underwent
R0 resection for NSCLC was selected for analysis. A
total of 302 patients was found to have nodal disease on
pathologic evaluation. Patients with carcinoid histology,
second lung primary lesions, or sublobar resection, or
patients who died within 30 days of their surgery were
excluded from the study. All pulmonary resections were
performed by thoracic surgeons certified by the
American Board of Thoracic Surgery. Dedicated
surgical pathologists reviewed all lung and lymph node
specimens. Pathology reports were restaged using the
seventh edition of the American Joint Committee on
Cancer (AJCC) and Union Internationale Contre le
Cancer (UICC) criteria. Postoperatively patients were
initially seen at 2 to 3 weeks by the thoracic surgeon,
and then again every 6 months after resection with
contrast-enhanced chest computed tomography (CT) for
5 years. Subsequent to this visit, either a roentgeno-
gram or CT of the chest was reviewed annually. Posi-
tron emission tomography with CT or magnetic
resonance imaging was used as clinically warranted. All
visits were completed in concert with the referring
oncologist when indicated. Two independent investiga-
tors not involved with the data analysis (C.J.T. and
M.P.) abstracted the data from clinical records to ensure
validity and accuracy. The primary outcome of interest
was to determine the relationship of LNR (number of
positive lymph nodes to total number of lymph nodes
removed) to survival and recurrence after R0 resection
for NSCLC.

Statistical Analysis
Statistical analyses were designed to test the null hy-
pothesis that no association exists between LNR and
Non-Small Cell Lung Cancer Recurrence After R0 Resection

p Value HR

95% CI

Lower Upper

1.00 – –

0.942 1.014 0.696 1.477
0.012 2.044 1.167 3.582
0.040 2.101 1.035 4.265
0.009 2.928 1.692 5.374
0.008 3.283 1.367 7.886
0.303 0.950 0.861 1.048

1.00 – –

0.103 1.388 0.606 1.728
0.090 1.656 0.941 3.044
0.606 1.004 1.990 1.018
0.039 1.341 1.015 1.772

1.00 – –

0.816 0.954 0.639 1.423
0.01 1.61 1.11 2.341



Table 3. Multivariate Analysis of Clinicopathologic Variables on Non-Small Cell Lung Cancer–Specific Survival After R0
Resection

Factor n Wald c2 p Value HR

95% CI

Lower Upper

Pathologic tumor stage
IA (reference) 467 1.00 – –

IB 220 0.000 0.987 1.004 0.637 1.582
IIA 231 3.268 0.071 1.795 0.952 3.383
IIB 91 1.482 0.123 1.618 0.746 3.510
IIIA 98 0.452 0.002 2.480 1.872 4.648

Lymph node ratio (continuous) 6.466 0.011 3.308 1.316 8.320
Total number positive LN 0.818 0.366 0.954 0.863 1.056
Nodal status 34.13

N0 (reference) 832 1.00 – –

N1 214 10.183 0.121 1.121 0.860 1.625
N2 88 0.631 0.101 1.421 0.942 2.742

Age 0.266 0.606 1.004 0.990 1.018
Sex, female:male 601:542 4.257 0.039 1.341 1.015 1.772
Primary procedure 30.20

Lobectomy (reference) 886 1.00 – –

Pneumonectomy 88 0.450 1.177 0.772 1.795 0.450
Preoperative induction therapy 64 0.758 0.11 1.43 0.930 2.220

CI ¼ confidence interval; HR ¼ hazard ratio; LN ¼ lymph nodes.

Table 4. Hazard Ratios of Survival by Lymph Node Ratio
Quartiles

Factor HR

95% CI

p ValueLower Upper

Lymph node ratio quartile
Q1 (0.01–0.11) 1.00 – – –

Q2 (0.12–0.19) 1.28 0.80 2.04 0.30
Q3 (0.20–0.33) 1.41 0.90 2.21 0.13
Q4 (>0.34) 2.62 1.67 4.10 0.001

CI ¼ confidence interval; HR ¼ hazard ratio; Q ¼ quartile.

1165Ann Thorac Surg TAYLOR ET AL
2013;96:1163–70 LYMPH NODE RATIO AND LUNG CANCER SURVIVAL

G
E
N
E
R
A
L
T
H
O
R
A
C
IC
patient outcomes. All categorical variables are presented
as a percentage of total population. Continuous variables
are reported as either mean � SD for all variables with
normal distributions or median (interquartile range, 25th
to 75th) for nonnormally distributed data. Parametric and
nonparametric hypothesis testing was utilized to assess
for differences in patient characteristics, risk factors,
operative features, and outcomes. Differences in propor-
tions for categorical variables was tested using either the
Pearson c2 or Fisher’s exact test where appropriate.
Differences in continuous data were assessed using either
single factor analysis of variance or the Mann-Whitney
U test. Unadjusted differences in survival as a function
of LNR status was assessed using Kaplan-Meier analysis
with the log rank test.

To account for the possibility of confounding in our
data, separate Cox’s proportional hazards regression
models were utilized to estimate the relationship be-
tween LNR status and patient survival or freedom from
recurrence. The covariates tested in the models (age,
sex, use of preoperative radiation, use of preoperative
chemotherapy, preoperative ECOG status, pathologic
tumor stage, N stage, T stage, total lymph nodes removed,
and lymph node ratio) were selected a priori based on
established clinical risk for lung cancer resections or were
considered potential confounders for the influence of
LNR on survival and recurrence. The results of all
survival models are presented as adjusted hazards ratios
with 95% confidence intervals. All data analyses were
performed using Predictive Analytics Software, version
20 (IBM, Chicago, IL).
Results

The demographic characteristics of the population are
shown in Table 1. Positive nodal disease was found in 302
patients (26%) of 1,143 patients who underwent resection
for NSCLC. Median follow-up was 43 months and was
complete in 97% of patients; N1 disease was present in
70% of patients with nodal disease. The median number
of lymph nodes assessed was 11, and the average number
of positive lymph nodes per patient was 2.4. Lung cancer
recurrence occurred in 132 patients, or 43.7% of patients
with nodal disease. Furthermore, there were equal
proportions of adenocarcinoma and squamous carci-
noma represented in the population (45.7% and 47.7%,
respectively).
Table 2 shows the Cox proportional hazard ratios

for variables and their association with lung cancer



Fig 1. Kaplan-Meier plot for the unadjusted
relationship between lymph node ratio (LNR)
quartiles and survival after R0 resection for
non-small cell lung cancer. (Heavy black
line ¼ LNR 0; dashed line ¼ LNR 0.01 to
0.11; light black line ¼ LNR 0.12 to 0.19;
broken line ¼ LNR 0.20 to 0.33; gray line ¼
LNR more than 0.34.0.)
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recurrence after resection. Increasing LNR and pathologic
stage, preoperative induction therapy, and female sex
were independently associated with recurrence after
NSCLC resection. Nodal status was not an independent
predictor of recurrence after resection.

Table 3 illustrates the multivariate analysis of
clinicopathologic variables and their association with
cancer-related survival after R0 resection. Lymph node
ratio, female sex, and preoperative radiation therapy were
all independently associated with an increased risk of
cancer-related death after resection. Whereas, the total
number of positive lymph nodes was not an independent
predictor of death after resection for NSCLC. Pathologic
stage III disease was independently associated with
cancer-related death after resection. Although pathologic
stage II disease was not found to be a independent risk
factor for cancer-related death, there was a trend toward
statistical significance.

To provide clinical validity to the evaluation of LNR, we
divided the node positive patients into quartiles as shown
in Table 4. On multivariate analysis, LNR greater than
0.34 was independently associated with an increased
risk of NSCLC-related death after an R0 resection for
NSCLC.
Figure 1 illustrates the Kaplan-Meier survival estimates

on patients undergoing resection based on LNR quartiles.
Median survival incrementally decreased with increasing
LNR. A LNR of 0.01 to 0.11 was associated with a median
survival of 5.4 years compared with a LNR of greater than
0.34, which was associated with a median survival of 1.65
years.
Because a LNR greater than 0.34 was found to be

independently associated with NSCLC-related death, we
next stratified node positive patients (N1 and N2) into
two categories—LNR greater than 0.34 and LNR less
than 0.34—to determine the influence of LNR on sur-
vival. Figure 2 shows the Kaplan-Meier disease-specific
survival based on the LNR threshold. Patients with a LNR
greater than 0.34 had 1-, 3-, and 5-year survival rates of
62%, 41%, and 18%, respectively, compared to patients
with a LNR less than 0.34 with 1-, 3-, and 5-year survival
rates of 85%, 63%, and 51%, respectively.
Figure 3 illustrates the unadjusted Kaplan-Meier

cancer-related survival based upon nodal status. Increase



Fig 2. Kaplan-Meier plot for the unadjusted
relationship stratified by lymph node ratio
(LNR) greater than 0.34 and survival after R0
resection for non-small cell lung cancer.
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in nodal status was associated with an incremental de-
crease in cancer-related survival after resection.

We then stratified patients by both nodal stage and
LNR to determine if there was a difference in survival
within nodal stage based on LNR (Fig 4). In patients with
N1 disease, LNR greater than 0.34 was associated with
a decrease in 3-year and 5-year survival rate of 17%
and 19%, respectively, compared to patients with N1
disease and LNR less than 0.34. Similarly, in patients
with N2 disease, LNR greater than 0.34 was associated
with a decrease in 1-year and 5-year survival of 23%
and 22% compared to patients with N2 with LNR less
than 0.34.
Comment

This study demonstrates that LNR is associated with both
decreased cancer-specific survival and decreased time to
recurrence after resection for NSCLC. Furthermore, the
relative contribution of LNR to predict survival was
greater than nodal stage and the seventh edition of the
AJCC/UICC staging system.

Nwogu and colleagues [8] previously evaluated the
importance of LNR and survival in lung cancer using the
SEER database among patients who underwent resection
from 1988 to 2007 [8]. The conclusions of this study were
that more lymph nodes resected and lower LNR were
associated with improved survival. Jonnalagadda and
associates [9] also used the SEER database from the
same period to demonstrate the importance of LNR and
prognosis in patients who underwent resection for N1
disease; they found that LNR was an independent
predictor of survival for patients who have N1 disease
and undergo resection for NSCLC. However, the SEER
database did not include TNM staging classification
until 2004, preventing analysis of pathologic stage for 16
of the 20 years included in the database. In both studies,
the majority of resections performed on patients within
the SEER database were not performed by thoracic
surgeons and the quality of lymph node assessment and
the completeness of resection is likely quite heterogeneous.
In contrast, all patients in our study underwent an R0
resection and all resections and lymph node assessments
were by board-certified thoracic surgeons.
The importance of adequate lymph node assessment

during pulmonary resection for NSCLC has been
described in the past [10, 11]. Yet, a recent survey by the
American College of Surgeons in 2005 found that only 57%
of patients undergoing NSCLC resection had mediastinal
lymph nodes removed at the time of surgery [12]. Recently,
the American College of Surgeons Oncology Group
Z0030 prospective, randomized trial of 1,111 patients
who underwent mediastinal lymph node sampling or
lymphadenectomy concluded that adequate lymph node
assessment was resection of 12 or more lymph nodes [13].
Our median number of lymph nodes resected was 11,
which approached the recommendation of the Z0030 trial.
Although mediastinal lymph node sampling and

lymph node dissection have similar outcomes with
regard to staging accuracy, there is evidence that
mediastinal lymph node dissection is more accurate in
determining multilevel N2 disease [14–16]. Despite this



Fig 3. Kaplan-Meier plot for the unadjusted
relationship stratified by N status and
survival after R0 resection for non-small cell
lung cancer.

Fig 4. Disease-free survival (DFS) rates at 1,
3, and 5 years when combining N status and
lymph node ratio (LNR) after R0 resection for
non-small cell lung cancer. (Solid black
line ¼ N1 and LNR <0.34; solid gray line ¼
N1 and LNR >0.34; dotted black line ¼ N2
and LNR <0.34; dashed gray line ¼ N2 and
LNR >0.34.)
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benefit in determining multilevel N2 disease, there is
still debate as to whether mediastinal lymph node
dissection offers any survival advantage except in
instances of stage migration. However, the Z0030 trial
recently compared survival of patients with N0 or
N1 disease who were randomly assigned to either
mediastinal lymph node sampling or complete lym-
phadenectomy [13]. The median survival was 8.1 years
for mediastinal lymph node sampling and 8.5 years for
mediastinal lymph node dissection (p ¼ 0.25). The 5-
year disease-free survival was 69% for mediastinal
lymph node sampling and 68% in the mediastinal lymph
node dissection group (p ¼ 0.92). There was no differ-
ence in local, regional, or distant recurrences between
the two groups. Therefore, in patients with N0 and N1
disease, aggressive lymph node dissection is not asso-
ciated with any increased freedom from recurrence or
survival benefit compared to lymph node sampling.

The role of LNR and its association with time to
recurrence has been demonstrated in other types of
cancer [17–20]. However, this study is the first to
specifically demonstrate that LNR is an independent
predictor of recurrence for patients who undergo R0
resection for NSCLC. Furthermore, subgroup analysis in
this study has demonstrated that the combination of
current TNM staging with LNR may allow for further
subclassification of patients who are at higher risk of
recurrence and cancer-related death after resection.
Based on these findings, further investigation in
a multicenter trial investigating the role of LNR in
conjunction with TNM staging may elucidate important
prognostic differences in patients allowing for the
inclusion of LNR as an important factor in future staging
classifications.

The limitations of this study include the retrospective
nature of the analysis and the possibility for selection
bias to compromise the analysis. However, the persons
tasked with entering data were blinded from the
hypothesis of the study. Second, surgeon bias regarding
the role of lymph node sampling versus lymph node
resection limits the ability to standardize the extent of
lymph node assessment across all patients undergoing
resection. Third, there are no standardized pathological
criteria for lymph node counting and evaluation by
pathologists. Therefore, variability between pathologists
at different institutions may lead to a different numbers
of lymph nodes counted. We addressed this potential
limitation by having the same pathologists evaluate the
lymph nodes removed at the time of resection. Another
limitation of the study was that patients were assessed
every 3 to 6 months for recurrence and there is the
potential for error in defining the specific time to
recurrence based on the elapsed time between
assessments.

In conclusion, this study demonstrated that increasing
LNR is independently associated with decreased lung
cancer-related survival and decreased time to recurrence
in patients undergoing R0 resection for NSCLC. Future
multicenter trials are needed to assess the need for
inclusion of LNR in future NSCLC staging systems.
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DISCUSSION
DR DAVID RICE (Houston, TX): I enjoyed the presentation. A
comment and a question. It’s nice to see that this sort of parallels
what the IASLC (International Association for the Study of Lung
Cancer) found showing single-station N1 does better, multi-
station N1 does about the same as single-station N2, and then
obviously, multistation N2 do worse. My question to you is how
do you and your colleagues at the University of Virginia count
lymph nodes? Because unless you’re taking them all out sort of
en bloc, oftentimes they come out piecemeal, and our patholo-
gists, at least at Anderson, will tell us that there are 17 lymph
nodes when I know I’ve only taken out one or two. So is there
consistency now among your group?

DR TAYLOR: Thank you very much for your question. I think
much of it depends on the pathologist, as you mentioned. At the
University of Virginia we have dedicated pathologists that eval-
uate these lymph nodes, and so while there is variation in how
one analyzes lymph nodes, I think the variation is continuous
across all patients examined.

DR SERVET BOLUKBAS (Wiesbaden, Germany): Thank you
very much for your very nice presentation. My question would
be if I remove only three lymph nodes and I have N1 disease, this
patient is in the risk group with inferior survival. If I remove 10
lymph nodes and it’s N1, he’s in the group of the prolonged
survival. Do we need more recommendations for the number of
lymph nodes to get adequate ratios to stratify our patients
adequately?

DR TAYLOR: Thank you for your question. The American
College of Surgery Oncology Group (ACOSOG) Z0030 trial
subgroup analysis of patients undergoing lymphadenectomy
recommended the evaluation of 12 or more lymph nodes. The
mean number of sampled lymph nodes in our study was 11,
which approximated the recommendations by the ACOSOG
Z0030 trial. I agree that evaluating significantly fewer lymph
nodes means that one may not have adequately assessed suffi-
cient lymph node stations. This inadequate evaluation of lymph
nodes could potentially limit the validity of lymph node ratio as
a predictor of survival in such patients.
DR PAUL C. LEE (New York, NY): Within the N1 group, did you
stratify the lymph node ratios into specific nodal stations, for
example, level 10, 11, or 12? I am questioning whether certain
specific N1 stations may be more significant than the others in
predicting survival.

DR TAYLOR: Thank you for the question. We did not specifi-
cally evaluate lymph node ratios and the correlation with
survival in patients within the N1 subgroup. Starting with only
312 patients within the entire cohort of patients, I would be
concerned with underpowering of the statistic method. However,
a multiinstitutional study would allow us to answer this question.

DR AKIF TURNA (Istanbul, Turkey): My question is about
methodology also, like the first question. When there is minimal
N2 disease, it is very easy to discriminate the multiple lymph
nodes in one station, but if there is gross lymph node positivity, if
there’s gross metastasis, sometimes it replaces the old lymph
node anatomy, it becomes one rather than multiple. Didn’t you
feel that you probably count the gross positivity rather than
minimum positivity, and by that it’s a surrogate for gross metas-
tasis? I mean, when the rate is increased, probably you found the
gross lymph node positivity. What would you comment on that?

DR TAYLOR: Thank you for the question. I agree that gross
positivity may significantly alter the architecture of lymph nodes
and may affect the total lymph node count. However, I do not
believe that an increased lymph node ratio is a reflection of gross
disease in all cases. Our pathologists examine the entire lymph
node removed and lymph node positivity is recorded in cases
where there is gross disease or microscopic disease only in
a small portion of the lymph node.

DR TURNA: I think it affects the methodology, the gross posi-
tivity affects the ratio.

DR TAYLOR: I agree. I believe gross positivity can affect lymph
node ratios. In the future, it may be important to document the
extent of disease within lymph nodes examined as this may also
be a key factor in the prognosis of patients with nodal disease.
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