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Abstract: With regard to pathologic stage IIA (pIIA) non-small cell

lung cancer (NSCLC), there is a paucity of literature evaluating the

risk factors for disease-free survival (DFS) and overall survival (OS).

The aim of this study was to identify the prognostic factors of DFS

and OS in patients with NSCLC pIIA.

We performed a retrospective review of 98 stage II patients (7th

edition of the American Joint Committee on Cancer) who underwent

lung resection from January 2005 to February 2011. Of these, 23

patients were rejected for this study because of loss of follow-up or

different substage, and 75 patients with pIIA were included for further

univariate and multivariate analysis. Risk factors for DFS and OS were

analyzed, including age, gender, smoking history, operation method,

histology, differential grade, visceral pleural invasion, angiolymphatic

invasion, and metastatic N1 lymph node ratio (LNR).

Of the 75 patients with pIIA NSCLC who were examined, 29

were female and 46 were male, with a mean age of 61.8 years

(range: 34–83 years). The average tumor size was 3.188 cm (range:

1.10–6.0 cm). Under univariate analysis, angiolymphatic invasion and

metastatic N1 LNR were risk factors for DFS (P¼ 0.011, P¼ 0.007).

Under multivariate analysis, angiolymphatic invasion and metastatic

N1 LNR were all independent risk factors for DFS, while adjuvant

chemotherapy and higher metastatic N1 LNR were independent

prognostic factors for OS.

For patients with pIIA, higher metastatic N1 LNR and angiolym-

phatic invasion were related to poor DFS. In addition to DFS, higher

metastatic N1 LNR was also a poor prognostic factor for OS rates

and adjuvant therapy effectiveness. Clinical physicians should devise

different postsurgical follow-up programs depending on these factors,

especially for patients with high risk.

(Medicine 93(20):e102)

Abbreviations: AJCC = American Joint Committee on Cancer,

CT = computed tomography, DFS = disease-free survival,

LNR = lymph node ratio, NSCLC = non-small cell lung

cancer, Open = open thoracotomy, OS = overall survival,

PET = positron emission tomography, UFT = uracil–tegafur,

VATS = video-assisted thoracoscopic surgery.

INTRODUCTION

Lung cancer is the leading cause of cancer-related mortality
worldwide.1 Surgical resection constitutes the primary

therapeutic option for the management of early-stage non-
small cell lung cancer (NSCLC).2 According to the 7th edition
of the American Joint Committee on Cancer (AJCC), the
present pathologic stage II (pIIA) disease has been divided into
6 subgroups, which include T1aN1M0, T1bN1M0, T2aN1M0,
T2bN0M0, T2bN1M0, and T3N0M0.1 In the 7th edition,
previous stage IB subgroup T2bN0 was downgraded to stage
IIA and pevious stage IIB subgroup T2aN1 was upgraded to
stage IIA. Stage migration indeed happened in the new
classification. A review of the literature reveals that Wang
et al3 found different 5-year overall survival (OS) between
pIIA and pIIB (59.7% vs. 47.2%).3 This means that pIIA and
pIIB were different groups of patients and should be discussed
separately. The special characteristic of stage II is N1 lymph
node (LN) involvement. During the past 2 decades, many
studies have evaluated the validity of the N descriptors and
have suggested refinements that would allow more accurate
prognostic stratification.4,5 These findings have generated
considerable interest in identifying N1 LN involvement in
order to accurately predict survival.6 Patients who are N1-
positive suffer a considerable risk of recurrence; therefore,
such patients may need aggressive postoperative therapy.7–10

Recently, many authors have suggested that within the subset
of patients with pN1 disease, prognosis may differ based on
the metastatic lymphatic ratio.11,12 Several studies have
suggested that the ratio of involved to non-involved nodes may
be an alternative, and possibly better, indicator of tumor
burden and consequently disease prognosis than pN staging.
The aim of this study was to evaluate surgical–pathological
factors that affect prognosis of patients having pIIA NSCLC
with particular emphasis on the prognostic significance of N1
lymph node ratio (LNR) at a single institution.

MATERIAL AND METHODS

Patients
We performed a retrospective review of 98 stage II patients

(7th edition of AJCC1) who underwent lung resection from
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January 2005 to February 2011. Exclusion criteria included an
incomplete medical record and patients becoming lost to follow-
up or patients whose adjuvant chemotherapy was discontinued
because of adverse events. Twenty-three patients were excluded
for this study because of the loss to follow-up or different
substage (5 patients were lost to follow-up, 6 patients were
T3N0, and 12 patients were T2bN1). Among the 75 enrolled
patients, 56 received cisplatin-based chemotherapy after their
operation, 10 received complete 2-year uracil–tegafur (UFT)
treatments, and 9 did not receive any adjuvant chemotherapy
after their operation. The preoperative workup included chest
radiography, bronchoscopy, chest computed tomography (CT),
spirometry, bone scan, and a thorough search for distant
metastases, including positron emission tomography (PET)
imaging. The study was approved by the Institutional Review
Board (IRB), and the IRB number was 99-1586B.

Surgical Technique
Lobectomy, bilobectomy, or pneumonectomy with

systemic lymphadenectomy were performed according to
our institutional policy. All pulmonary resections were
performed by open thoracotomy (Open) or video-assisted
thoracoscopic surgery (VATS). Surgical resections included
2 pneumonectomies, 3 bilobectomies, and 70 lobectomies.
Complete anatomic resection was achieved in all the
patients. Although the number of intrapulmonary and
mediastinal LNs is highly variable from one patient to
another, with no relevant impact on OS,13 we did complete
hilar and mediastinal lymphadenectomy for every case.

Postoperative Adjuvant Therapy
For 10 patients classified as pIB with 6th AJCC, UFT

was given as a postoperative adjuvant therapy, starting from
the 4th week postoperative and continued for 2 years.14 Most
patients received 2 capsules of UFT (200mg of tegafur and
448mg of uracil), twice daily. The dose was rounded to the
nearest 100mg. At each follow-up visit, treatment compli-
ance and drug-related adverse events were evaluated. For the
56 patients classified as pIIA with 6th AJCC, 4 or 6 cycles
of cisplatin-based chemotherapy regimen were given as
postoperative adjuvant therapy; blood count (white blood
cells >3.0� 103; absolute neutrophil count >1500; platelets
>100� 103), liver function (aspartate aminotransferase/ala-
nine aminotransferase and alkaline phosphatase <2 times the
upper limit of normal was accepted), and renal function
(serum creatinine �2mg/dL via biochemistry tests) were
monitored in all the patients prior to adjuvant chemotherapy.

Pathological Evaluation
According to the TMN classification of the 7th AJCC

staging, all patients were staged as final pIIA. The patholog-
ically recorded variables included tumor size, tumor differen-
tial grade, visceral pleural invasion,15,16 angiolymphatic
invasion,17–19 tumor histology, and metastatic N1 LNR.6

Follow-Up
The patients were examined on an outpatient basis at

3-month intervals for the first 5 years and at 6-month intervals
thereafter. Follow-up evaluation included physical examination,
chest radiography or chest CT, brain magnetic resonance imaging,
and 18F-fluorodeoxyglucose PET. Recurrent NSCLC was diag-
nosed on the basis of physical examination and diagnostic

imaging of lesions consistent with recurrent lung cancer. Follow-
up examinations were continued until February 28, 2014.

Statistical Analysis
Statistical analysis was done with SPSS (V17.0,

SPSS, Inc, Chicago, IL). Categorical variables were
compared using the χ2 test, while continuous variables
were compared with the t test. OS was defined as the time
from surgery to death or to the last follow-up visit. OS
curves were estimated using the Kaplan–Meier method.
Significance was assessed using the log rank test. A P value
of <0.05 was considered to indicate statistical significance.

RESULTS
Of the 75 patients with pIIA NSCLC who were

examined, 29 were female and 46 were male, with a mean
age of 61.8 years (range: 34–83 years). The average tumor
size was 3.188 cm (range: 1.10–6.0 cm). Angiolymphatic
invasion was seen in 38 patients (50.7%) and visceral pleural
invasion was noted in 29 patients (38.7%). The mean
survival time was 5.514 years (range: 0.18–8.82 years), and
the median survival time was 5.91 years. The characteristics
of patients’ profiles are shown in Table 1.

TABLE 1. Patient Demographics and Characteristics

Clinical Factors

Age 61.8 (34–81)
Sex

Male 46
Female 29

Cell type
Adenocarcinoma 48 (64%)
Squamous cell carcinoma 21 (28%)
Others 6 (8%)

Surgical approach
VATS 40 (53.3%)
Open 35 (46.7%)

Surgical procedure
Lobectomy 70 (93.3%)
Bilobectomy 3 (4%)
Pneumonectomy 2 (2.7%)

Lymph node sampling numbers
N1 sampling numbers 10.01 (average)
Total sampling numbers 19.60 (average)

Perineural invasion
Yes 4 (5.3%)
No 71 (94.7%)

Angiolymphatic invasion
Yes 38 (50.3%)
No 37 (49.7%)

Visceral pleural invasion
Yes 29 (38.7%)
No 46 (61.3%)

Adjuvant chemotherapy
Cisplatin based 56 (73.7%)
UFT 10 (13.3%)
No 9 (12%)

Open¼ open thoracotomy, UFT¼ uracil–tegafur, VATS¼ video-
assisted thoracoscopic surgery.
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For all the patients, the 5-year survival rate after surgery
was 55%. Smokers had a worse prognosis in OS (P¼ 0.015).
The 5-year survival rates for adenocarcinoma and non-
adenocarcinoma patients were 54% and 50%, respectively,
showing no statistical difference (P¼ 0.299). Adjuvant thera-
py seemed to prolong the patients’ OS (P¼ 0.015). Metastat-
ic N1 LNR was classified into 3 groups, including
LNR� 0.2, 0.2<LNR� 0.65, and LNR> 0.65. We found
that patients with lower metastatic LNR had significantly
better survival rates than those with higher metastatic LNR,
with 5-year survival rates of 64%, 45%, and 20%, respec-
tively (P¼ 0.011; Figure 1). For the 66 patients who
received adjuvant therapy, lower metastatic LNR had a better
survival curve than higher metastatic LNR (P¼ 0.004). No
difference in OS was observed with regard to gender and
age, visceral pleural invasion, tumor differentiation grade,
tumor size, angiolymphatic invasion, or types of operation
method (VATS vs. Open).

In all stage IIA cases, median disease-free survival
(DFS) lasted 3.70 years, and 1-year, 3-year, and 5-year DFS
rates were 70%, 44%, and 34%, respectively. The 5-year
DFS rates of patients with and without angiolymphatic
invasion were 16% and 46%, respectively (P¼ 0.011). DFS
was shown to be significantly longer in patients with lower
metastatic N1 LNR. These patients had an average 5-year
DFS rate of 50%, as opposed to 22% and 20% (P¼ 0.007).
No difference in DFS was detected with regard to patient’s
gender, smokers or nonsmokers, age, visceral pleural
invasion, tumor differentiation grade, and tumor size.

The univariate analyses indicated that the significant
factors, smoking habit and higher LNR, were associated with
OS (Table 2). Patients with angiolymphatic invasion
(P¼ 0.011) and higher LNR (P¼ 0.011) have worse DFS
rates (Figures 2 and 3). In the multivariate analysis, possible
prognostic factors associated with DFS and OS were
considered in a multivariable Cox proportional hazard regres-
sion analysis and are presented in Table 3. Metastatic N1
LNR was the risk factor for DFS and OS. Angiolymphatic
invasion was associated with poor DFS (hazard ratio: 1.9,
95% confidence interval [CI]: 1.01–3.61, P¼ 0.045). In
addition, adjuvant chemotherapy was a good prognostic factor
for OS (hazard ratio: 0.31, 95% CI: 0.10–0.92, P¼ 0.035).

DISCUSSION
According to the International Association for the Study of

Lung Cancer Staging Project,20 patients with pN1 have worse
survival rate than patients with pN0. Although the N descriptors
were not changed in the 7th edition of the AJCC, several studies
have shown that N1 disease affects a heterogeneous group of
patients who have different tumor size or LN-related factors that
can affect prognosis.8 For clinical practice, a single-stage study
is needed for physicians to tailor postoperative management
strategies and identify patients who would benefit most from
aggressive chemotherapy and follow-up strategies. In our study,
5-year survival rate after surgery was 55%, which is similar to a
previous study,8 and postoperative adjuvant chemotherapy
brought a better survival rate (P¼ 0.015).

From literature review, there is increasing evidence that the
involved LNs ratio, that is, number of positive LNs over total
resected LNs, may be related to prognosis in many forms of cancer
including esophageal, thyroid, breast, periampullary, gastric,
colorectal, and cervical cancers.21–27 Wisnivesky et al28 reported
the prognostic impact of the LNR on pN1 NSCLC. They divided
their patients into 3 subgroups according to the LNR (<0.15,
0.15–0.5, and >0.5) and found that the OS became significantly
worse as the LNR increased. In our study, we identified that
patients having stage IIA cancer with lower LNR had longer
overall and DFS rates than patients with higher LNR values
(P¼ 0.008 and 0.011, respectively). Multivariate analysis
found that LNR values were independent predictors of OS and
DFS rates (P¼ 0.019, P¼ 0.028). The ratio of involved LNs
has also been recognized as a significant predictor of survival in
N1-NSCLC. Therefore, the clinical implications of the number
of LN involved in N1 disease need further investigation.

In a previous study,29,30 angiolymphatic invasion has been
shown to be a poor prognostic factor for recurrence-free survival
and OS in NSCLC. Higgins et al31 showed that angiolymphatic
invasion is associated with higher risk of distant metastases and
shorter long-term survival in a population of patients with
predominantly stage IA and IB tumors. In our study, angiolym-
phatic invasion was identified as an independent risk factor for

TABLE 2. Clinicopathological Risk Factors: Univariate Analysis

Patient Characteristics

5-y
Survival
Rate

P
Value

5-y
DFS
Rate

P
Value

Gender 0.099 0.510
Male 49 33
Female 65 42

Smoking status 0.015 0.436
Smoker 43 32
Non-smoker 67 43

Operation approach 0.637 0.142
VATS 62 23
Open 52 38

Histology 0.299 0.392
Adenocarcinoma 54 32
Nonadenocarcinoma 50 46

Tumor size, cm 0.791 0.494
�2 56 34
2–3 59 26
3–5 36 36
5–7 67 67

Tumor differentiation grade 0.671 0.927
Well 38 44
Moderate 61 27
Poor 38 43
Undifferentiated 50 50

Angiolymphatic invasion 0.311 0.011
Yes 45 24
No 58 47

Visceral pleural invasion 0.902 0.674
Yes 60 32
No 53 40

Metastasic lymph node ratio 0.011 0.007
�0.20 64 50
0.16–0.65 45 22
>0.65 20 20

Adjuvant therapy 0.015 0.374
Yes 55 35
No 0 0

DFS¼ disease-free survival, Open¼ open thoracotomy, VATS¼
video-assisted thoracoscopic surgery.
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DFS but not OS. The relapse pattern, that is, distant or
locoregional relapse, was not related to angiolymphatic invasion.
This was probably on account of some complex lymphatic lung
drainage flow. Some lymph was directly drained to the

mediastinum but not to the hilar LN stations.32 However, few
reports have mentioned its role in stage IIA NSCLC. Thus,
further investigation is needed to understand the relationship
between angiolymphatic invasion and relapse pattern.
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FIGURE 1. Overall survival of pathologic stage IIA patients with metastatic lymph node ratio, P¼0.011.
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Our study has some limitations. Despite being a
retrospective analysis with a limited number of cases, we
still were able to identify the risk factors that affect
prognosis. Higher metastatic LNR showed poor DFS and

OS rates and needs a more aggressive postsurgical
follow-up program. Patients with angiolymphatic invasion
showed poor DFS rates and, thus, adjuvant therapy is
recommended.
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FIGURE 3. Disease-free survival of pathologic stage IIA patients with/without angiolymphatic invasion, P¼0.011.

TABLE 3. Multivariate Analysis of Overall Survival

Multivariate Analysis According to Clinical Factors

Disease-Free Survival Overall Survival

Patient Characteristics Hazard Ratio (95% CI) P Value Patient Characteristics Hazard Ratio (95% CI) P Value

Operation approach 0.434 Gender 0.783
Open Reference group Female Reference group
VATS 1.27 (0.69–2.34) Male 0.78 (0.21–2.84)

Histology 0.818 Smoking status 0.088
Adenocarcinoma Reference group Non-smoker Reference group
Nonadenocarcinoma 1.08 (0.55–2.13) Smoker 3.10 (0.84–11.42)

Angiolymphatic invasion 0.045 Metastasic lymph node ratio 0.019
No Reference group �0.20 Reference group
Yes 1.91 (1.01–3.61) 0.16–0.65 1.90 (0.83–4.30)

Adjuvant therapy 0.654 >0.65 5.16 (1.5–17.74)
No Reference group Adjuvant therapy 0.035
Yes 0.79 (0.29–2.16) No Reference group

Metastasic lymph node ratio 0.028 Yes 0.31 (0.10–0.92)
�0.20 Reference group Angiolymphatic invasion 0.180
0.16–0.65 2.01 (1.02–3.92) No Reference group
>0.65 3.74 (1.19–11.71) Yes 1.67 (0.78–3.54)

Histology 0.561
Adenocarcinoma Reference group
Nonadenocarcinoma 1.28 (0.55–2.13)

CI¼ confidence interval, DFS¼ disease-free survival, Open¼ open thoracotomy, VATS¼ video-assisted thoracoscopic surgery.
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CONCLUSION
For patients with pIIA, higher metastatic N1 LNR and

angiolymphatic invasion were related to poor DFS. In addition to
DFS, higher metastatic N1 LNR was also a poor prognostic factor
for OS rates and adjuvant therapy effectiveness. Clinical physi-
cians should devise different postsurgical follow-up programs
depending on these factors, especially for patients with high risk.

REFERENCES

1. AJCC. American Joint Committee on Cancer (AJCC) cancer staging

handbook. In: Edge SB, Byrd DR, Compton CC, et al. eds. Cancer

Staging Manual. 7th ed. Chicago, IL: Springer; 2010. 299–323.

2. NCCN. National Comprehensive Cancer Network Guideline Version

2. 2013 http://www.nccn.org/professionals/physician_gls/

f_guidelines.asp.

3. Wang J, Wu N, Zheng Q, Feng Y. Evaluation of the 7th edition of

the TNM classification for lung cancer at a single institution. J

Cancer Res Clin Oncol. 2014;140:1189–1195.

4. Osaki T, Nagashima A, Yoshimatsu T, et al. Survival and

characteristics of lymph node involvement in patients with N1 non-

small cell lung cancer. Lung Cancer. 2004;43:151–157.

5. Marra A, Hillejan L, Zaboura G, et al. Pathologic N1 non-small cell

lung cancer: correlation between pattern of lymphatic spread and

prognosis. J Thorac Cardiovasc Surg. 2003;125:543–553.

6. Demir A, Turna A, Kocaturk C, et al. Prognostic significance of

surgical-pathologic N1 lymph node involvement in non-small cell

lung cancer. Ann Thorac Surg. 2009;87:1014–1022.

7. Arriagada R, Bergman B, Dunant A, et al; International Adjuvant

Lung Cancer Trial Collaborative Group. Cisplatin-based adjuvant

chemotherapy in patients with completely resected non-small-cell

lung cancer. N Engl J Med. 2004;350:351–360.

8. Winton T, Livingston R, Johnson D, et al; National Cancer Institute

of Canada Clinical Trials Group; National Cancer Institute of the

United States Intergroup JBR. 10 Trial Investigators. Vinorelbine

plus cisplatin vs. observation in resected non-small-cell lung cancer.

N Engl J Med. 2005;352:2589–2597.

9. Arriagada R, Dunant A, Pignon JP, et al. Long-term results of the

international adjuvant lung cancer trial evaluating adjuvant cisplatin-based

chemotherapy in resected lung cancer. J Clin Oncol. 2010;28:35–42.

10. Pignon JP, Tribodet H, Scagliotti GV, et al; LACE Collaborative

Group. Lung adjuvant cisplatin evaluation: a pooled analysis by the

LACE Collaborative Group. J Clin Oncol. 2008;26:3552–3596.

11. Taylor MD, Lapar DJ, Thomas CJ, et al. Lymph node ratio predicts

recurrence and survival after R0 resection for non-small cell. Ann

Thorac Surg. 2013;96:1163–1170.

12. Li ZM, Ding ZP, Luo QQ, et al. Lung cancer prognostic

significance of the extent of lymph node involvement in Stage II-N1

non-small cell lung cancer. Chest. 2013;144:1253–1260.

13. Riquet M, Legras A, Mordant P, et al. Number of mediastinal lymph

nodes in non-small cell lung cancer: a Gaussian curve, not a

prognostic factor. Ann Thorac Surg. 2014;98:224–231.

14. Kato H, Ichinose Y, Ohta M, et al; Japan Lung Cancer Research

Group on Postsurgical Adjuvant Chemotherapy. A randomized trial

of adjuvant chemotherapy with uracil–tegafur for adenocarcinoma of

the lung. N Engl J Med. 2004;350:1713–1721.

15. Travis WD, Brambilla E, Rami-Porta R, et al; International Staging

Committee. Visceral pleural invasion: pathologic criteria and use of

elastic stains. Proposal for the 7th edition of the TNM classification

for lung cancer. J Thorac Oncol. 2008;3:1384–1390.

16. Shimizu K, Yoshida J, Nagai K, et al. Visceral pleural invasion is

an invasive and aggressive indicator of non-small cell lung cancer. J

Thorac Cardiovasc Surg. 2005;130:160–165.

17. Kato T, Ishikawa K, Aragaki M, et al. Angiolymphatic invasion exerts

a strong impact on surgical outcomes for stage I lung adenocarcinoma,

but not non-adenocarcinoma. Lung Cancer. 2012;77:394–400.

18. Arame A, Mordant P, Cazes A, et al. Characteristics and prognostic

value of lymphatic and blood vascular microinvasion in lung cancer.

Ann Thorac Surg. 2012;94:1673–1679.

19. Schuchert MJ, Schumacher L, Kilic A, et al. Impact of angiolymphatic

and pleural invasion on surgical outcomes for stage I non-small cell

lung cancer. Ann Thorac Surg. 2011;91:1059–1065.

20. Groome PA, Bolejack V, Crowley JJ, et al; IASLC International

Staging Committee; Cancer Research and Biostatistics; Observers to

the Committee; Participating Institutions. The IASLC Lung Cancer

Staging Project: Proposals for the Revision of the N Descriptors in

the Forthcoming Seventh Edition of the TNM Classification for

Lung Cancer. J Thorac Oncol. 2007;2:706–714.

21. Schneider DF, Chen H, Sippel RS. Impact of lymph node ratio on

survival in papillary thyroid cancer. Ann Surg Oncol. 2013;20:

1906–1911.

22. Allaix ME, Arezzo A, Cassoni P, et al. Metastatic lymph node

ratio as a prognostic factor after laparoscopic total mesorectal

excision for extraperitoneal rectal cancer. Surg Endosc.

2013;27:1957–1967.

23. Chen S, Zhao BW, Li YF, et al. The prognostic value of harvested

lymph nodes and the metastatic lymph node ratio for gastric cancer

patients: results of a study of 1,101 patients. PLoS One. 2012;7:

e49424.

24. Shamseddine AI, Mukherji D, Melki C, et al. Lymph node ratio is

an independent prognostic factor after resection of periampullary

malignancies: data from a tertiary referral center in the Middle East.

Am J Clin Oncol. 2014;37:13–18.

25. Gohari MR, Khodabakhshi R, Shahidi J, et al. The impact of

multiple recurrences in disease-free survival of breast cancer: an

extended Cox model. Tumori. 2012;98:428–433.

26. Polterauer S, Grimm C, Hofstetter G, et al. Nomogram prediction

for overall survival of patients diagnosed with cervical cancer. Br J

Cancer. 2012;107:918–924.

27. Bhamidipati CM, Stukenborg GJ, Thomas CJ, et al. Pathologic

lymph node ratio is a predictor of survival in esophageal cancer.

Ann Thorac Surg. 2012;94:1643–1651.

28. Wisnivesky JP, Arciniega J, Mhango G, et al. Lymph node ratio as

a prognostic factor in elderly patients with pathological N1 non-

small cell lung cancer. Thorax. 2011;66:287–293.

29. Vinh-Hung V, Verkooijen HM, Fioretta G, et al. Lymph node ratio

as an alternative to pN staging in node-positive breast cancer. J Clin

Oncol. 2009;27:1062–1068.

30. Br�echot JM, Chevret S, Charpentier MC, et al. Blood vessel and

lymphatic vessel invasion in resected nonsmall cell lung carcinoma.

Correlation with TNM stage and disease free and overall survival.

Cancer. 1996;78:2111–2118.

31. Higgins KA, Chino JP, Ready N, et al. Lymphovascular invasion in

non-small-cell lung cancer: implications for staging and adjuvant

therapy. J Thorac Oncol. 2012;7:1141–1147.

32. Imai K, Minamiya Y, Saito H, et al. Detection of pleural lymph

flow using indocyanine green fluorescence imaging in non-small

cell lung cancer surgery: a preliminary study. Surg Today.

2013;43:249–254.

6 | www.md-journal.com ã 2014 Lippincott Williams & Wilkins

Wu et al Medicine • Volume 93, Number 20, October 2014




