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A Model Predicting Lymph Node Status for Patients with
Clinical Stage T1aN0-2M0 Nonsmall Cell Lung Cancer

Ruo-Chuan Zang, Bin Qiu, Shu-Geng Gao, Jie He

Department of Thoracic Surgery, Peking Union Medical College, Cancer Hospital and Chinese Academy of Medical Sciences,
Beijing 100021, China

Background: Lymph node status of patients with early-stage nonsmall cell lung cancer has an influence on the choice of surgery. To assess
the lymph node status more correspondingly and accurately, we evaluated the relationship between the preoperative clinical variables and
lymph node status and developed one model for predicting lymph node involvement.

Methods: We collected clinical and dissected lymph node information of 474 patients with clinical stage T1aN0-2MO nonsmall cell
lung cancer (NSCLC). Logistic regression analysis of clinical characteristics was used to estimate independent predictors of lymph node
metastasis. The prediction model was validated by another group.

Results: Eighty-two patients were diagnosed with positive lymph nodes (17.3%), and four independent predictors of lymph node disease
were identified: larger consolidation size (odds ratio [OR] =2.356, 95% confidence interval [C/]: 1.517-3.658, P <0.001,), central tumor
location (OR =2.810, 95% CI: 1.545-5.109, P=0.001), abnormal status of tumor marker (OR =3.190, 95% CI: 1.797-5.661, P<0.001),
and clinical N1-N2 stage (OR = 6.518, 95% CI: 3.242-11.697, P < 0.001). The model showed good calibration (Hosmer—Lemeshow
goodness-of-fit, P < 0.766) with an area under the receiver operating characteristics curve (AUC) of 0.842 (95% [CI]: 0.797-0.886). For
the validation group, the AUC was 0.810 (95% CI: 0.731-0.889).

Conclusions: The model can assess the lymph node status of patients with clinical stage T1aN0-2M0 NSCLC, enable surgeons perform
an individualized prediction preoperatively, and assist the clinical decision-making procedure.
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mediastinum lymph node metastasis together for selecting
sublobar resection candidates in patients with clinical stage
T1aN0-2M0 NSCLC.

INTRODUCTION

With the prevalent use of low-dose computed
tomography (CT), we can detect much smaller lung nodules
than before. For patients with early-stage nonsmall cell lung
cancer (NSCLC), surgical resection is the primary choice.

MeTtHoDS

According to previous studies, segmentectomy performed
for pathological NO stage NSCLC patients could work as
an alternative of lobectomy.l'! To study the relationship
between preoperative clinical variables and lymph node
involvement and to help surgeons make decisions more
reasonably, we built a model for predicting lymph node
status.

In our study, all the evaluated clinical information could
be obtained preoperatively by noninvasive test, which
enhanced the utility. In addition, a separate cohort was
used for validation. To our knowledge, it is the first model
using preoperative clinical data to predict hilum and
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Patients

The Institutional Review Board of Cancer Hospital, Chinese
Academy of Medical Sciences, approved the study. As it
was a retrospective study, the necessity to obtain written
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informed consent from each patient was waived. Clinical
and dissected lymph node information of patients underwent
surgical treatment from January 2010 to December 2015 at
our institution was collected. The following patients were
excluded from the study: patients with a history of malignant
tumor and patients who had received chemotherapy or
radiation therapy preoperatively. Totally 474 consecutive
patients were enrolled as Group 1. According to the inclusion
criteria, 135 patients who were surgically treated from January
2016 to April 2016 were selected as Group 2 for validation.
All the enrolled patients underwent preoperative examination
including chest and whole abdomen contrast-enhanced CT,
either contrast-enhanced CT or magnetic resonance imaging
of brain, bone scintigraphy, and the serum status of five kinds
of tumor marker (carcinoembryonic antigen, carbohydrate
antigen 125, neuron-specific enolase, squamous cell carcinoma
antigen, and cytokeratin 19 fragment [CYFRA21-1]) was
tested together preoperatively. Preoperative lymph node
status was assessed by contrast-enhanced CT scanning for all
patients, while mediastinoscopy and the integrated positron
emission tomography-CT (PET-CT) were not routinely
performed.

The American Joint Committee on Cancer 7% edition of
lung cancer staging guidelines were adopted.!® Preoperative
clinical variables on age, gender, family history of malignant
tumor, smoking history, tumor location, component of tumor,
consolidation size, tumor size, consolidation size/tumor
size (C/T) ratio, serum status of tumor marker, clinical
lymph node stage, and dissected lymph node information
from pathologic reports were collected.

Assessment of computed tomography scanning

All patients were grouped according to CT scanning: the
pure ground-glass opacity (GGO) tumor group, the mixed
tumor group, and the pure solid tumor group. Pure GGO
tumors were defined as focal areas where the normal lung
parenchymal structures and vascular markings were visually
preserved. Pure solid tumors were abnormal areas which
completely obscured the lung parenchymal structures and
vascular markings. In the pure GGO tumor group, the
diameter of solid component was 0 cm. In the pure solid
tumor group, the consolidation size equals to total tumor
size. In the mixed tumor group, both of the solid and GGO
components could be found, the size of consolidation and total
tumor were measured, respectively. Two experienced thoracic
surgeons (Dr. Bin Qiu and Dr. Shu-Geng Gao) measured the
size of consolidation, total tumor size, and the size of lymph
node for each patient using a lung window level setting
from CT scanning. 0.75 was set as the cutoff point of C/T
ratio (consolidation/total tumor size ratio), and patients were
grouped into two groups according to value of the ratio. Lung
nodule located in the outer third of the lung was defined as
peripheral tumor, while others were located centrally.

Surgical technique

All patients had undergone pulmonary resection with
systematic lymph node dissection by traditional open
thoracotomy or video-assisted thoracic surgery. According

to the European Society of Thoracic Surgeons guidelines,
three or more mediastinal nodal stations were excised, and
the subcarinal station must be included.””” The minimal
number of dissected lymph nodes was 10. The hilar and the
intrapulmonary lymph nodes were dissected as well. Resected
specimens were separately labeled and examined histologically
according to the World Health Organization classification.

Statistical analysis

The statistical analysis was performed using the statistical
software SPSS 22.0 (IBM, Armonk, NY, USA) and R 3.3.1
software (Institute for Statistics and Mathematics, Vienna,
Austria; www.r-project.org). The categorical data were
compared using Pearson’s Chi-square test, and independent
sample #-test was used for continuous variables. Variables
that were significant at the 0.05 level were entered into a
backward stepwise logistic regression analysis. Only these
factors that were significant at the 0.05 level remained in the
final prediction model. Calibration of the predictive model,
defined as concordance between predicted and observed
probabilities, was determined by Hosmer—Lemeshow
goodness-of-fit test (P> 0.05). Area under the curve (AUC)
of the receiver operating characteristic curve was used to
assess the discriminative ability of the model. The value of
AUC ranged from 0.5 to 1.0, with a value of 0.5 indicating
that the model is of no discriminative ability, and a value of
1.0 indicating perfect discrimination. All presented P values
were two sided.

ResuLts

Clinicopathological characteristics of patients

As shown in Table 1, in Group 1, the median age was
58.4 + 8.7 years, and 82 patients (17.3%) were diagnosed
with lymph node involvement. In the pure GGO group, no
patient was found with positive lymph nodes. There was one
patient (1.3%) in the mixed tumor group, and the remaining
81 patients (98.7%) were all in the pure solid tumor group. In
the central tumor group, the incidence of positive nodes was
37.2% (38/102); in the peripheral tumor group, the incidence of
positive nodes was 11.8% (44/372). Other details are described
in Table 1.

Patients with positive lymph nodes were more likely to be
with longer size of consolidation, higher value of C/T ratio,
pure solid tumor, centrally located tumor, abnormal status of
tumor marker, and N1-N2 stage (all with P <0.001). When
categorized by gender, male patients encountered more
lymph node metastasis than female patients (P = 0.005).
Age, tumor size, family malignant tumor history, smoking
history, and tumor location (except the central and peripheral
location) were not associated with positive lymph nodes.

Multivariate analysis

By multivariate logistic regression, four factors could
be used in the model: longer consolidation size (odds
ratio [OR]=2.356,95% confidence interval [C]]: 1.517-3.658,
P < 0.001), the clinical stage NI-N2 (OR = 6.518,
95% CI: 3.242-11.697, P < 0.001), the central tumor
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Table 1: Patient characteristics in accordance to the lymph nodes status of Group I

Characteristics All patients (n = 474)  Patients without positive  Patients with positive Statistic P
LNs (n = 392) LNs (n = 82) values

Age (years) 58.4+8.7 58.4+8.7 58.6+9.0 -0.171F 0.865

Gender, n 8.446* 0.005
Male 243 189 54
Female 231 203 28

Consolidation size (cm) 1.03 £0.80 0.90 +0.82 1.52+0.48 —8.8141 <0.001

Tumor size (cm) 1.55+0.39 1.56 £0.37 1.53 +0.47 0.5237 0.602
<1.0 (n) 61 47 14 1.563%* 0.275
>1.0 and <2.0 (n) 413 345 68

C/T ratio, n 58.477* <0.001
<0.75 183 182 1
>0.75 291 210 81

Family malignant tumor history, 0.815* 0.421
Yes 135 115 20
No 339 277 62

Smoking history, n 0.680* 0.438
Yes 155 125 30
No 319 267 52

Component of tumor, n 58.657* <0.001
Pure GGO tumor 151 151 0
Mixed tumor 32 31
Pure solid tumor 291 210 81

Location, n
Central 102 64 38 36.175* <0.001
Peripheral 372 328 44
Left 173 138 35 1.637* 0.209
Right 301 254 47
Upper 290 240 50 1.569%* 0.466
Middle 32 24 8
Lower 152 128 24

Level of tumor marker, n 36.847* <0.001
Normal 296 269 27
Abnormal 178 123 55

N stage, n 80.521* <0.001
NO 408 363 45
NI1-N2 66 29 37

Data are presented as mean + standard deviation. *)? values; ¢ values. LNs: Lymph nodes; C/T: Consolidation size/tumor size; GGO: Ground-glass opacity.

Table 2: Independent predictors of lymph node metastasis in multivariate logistic regression analysis

Variables Regression coefficient OR 95% CI P

Consolidation size 0.857 2.356 1.517-3.658 <0.001
Central location 1.033 2.810 1.545-5.109 0.001
Clinical stage N1-N2 1.818 6.158 3.242-11.697 <0.001
Abnormal level of tumor marker 1.160 3.190 1.797-5.661 <0.001

OR: Odds ratio; CI: Confidence interval.

location (OR=2.810,95% CI: 1.545-5.109, P=0.001), and
the abnormal serum status of tumor marker (OR = 3.190,
95% CI: 1.797-5.661, P<0.001). C/T ratio and gender were
not identified as significant factors [Table 2].

Predictive model and validation test

Based on the analytic results, we built a formula and a
nomogram to assess the likelihood of positive lymph nodes. The
consolidation size, location of the tumor, the clinical N stage,
and the serum status of tumor marker were used to develop

the formula: e¥/(1 + ), x =—3.917 + 0.857 X consolidation
size + 1.033 x location + 1.160 x status of tumor
marker + 1.818 % clinical N stage. The unit of consolidation
size is centimeter. The corresponding value of each variable
in the formula is listed in Table 3.

The result of Hosmer-Lemeshow goodness-of-fit test
was not statistically significant (P < 0.766), indicating a
high concordance between the predicted and observed
probabilities. The AUC [Figure 1] was good at 0.842 (95%
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Figure 1: The receiver operating characteristic curve of the Group 1.
The area under the curve was 0.842 (95% confidence interval,
0.797-0.886).

Table 3: Value of the three variables in the formula*

Variable Value in the formula
Consolidation size (cm) Numeric value of the size
Peripheral location tumor 0

Central location tumor 1

Clinical stage NO 0

Clinical stage N1-N2 1

Normal serum level of tumor marker 0

Abnormal serum level of tumor marker 1

*e¥/(1 + €¥), x =—3.917 + 0.857 x consolidation size + 1.033 x location
+1.160 x status of tumor marker + 1.818 x clinical N stage.

CI: 0.797-0.886). For Group 2, the accuracy of the prediction
model was reasonable, and the AUC was 0.810 (95% CI:
0.731-0.889) [Figure 2].

Discussion

With the advanced CT, we can detect much more early-stage
lung cancers sized 2 cm or less.® For patients with early-stage
lung cancers, the 10-year survival rate has been estimated to
be 88%, so the incidence of the second primary lung cancer
may be higher. As the larger extent of excision may reduce the
chance of treatment for the second primary lung cancer, we
cannot help thinking that is it uniformly required to perform
the lobectomy for this population of early-stage NSCLC?

The diagnostic technologies used to assess lymph node status
have developed into the invasive and noninvasive methods.
As the gold standard for primary lymph node staging,['®!!
mediastinoscopy was not recommended in patients with
peripheral tumors and negative mediastinal PET images,
because it is not cost effective for patients with clinical stage NO
NSCLC," and direct surgical resection with systematic nodal
dissection is indicated for tumors <3 c¢m located in the outer
third of the lung."] CT has been used to assess lymph node
status and in the lung cancer screening program. Owing to its
disadvantage of differentiating benign enlarged lymph nodes
from normal-sized positive lymph nodes, the sensitivity and
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Figure 2: The receiver operating characteristic curve of the Group 2.
The area under the curve was 0.810 (95% confidence interval,
0.731-0.889).

specificity are 55% and 81%, respectively.!' The PET had been
proved significantly more accurately than CT in demonstrating
and staging of nodal involvement.!'! Nevertheless, presurgical
staging by PET-CT was more reliable with a 26% greater
overall diagnostic accuracy compared with PET alone,!*!”
but its application may be limited by high expense.

There were some published models developed for the
assessment of lymph node disease;'*?°! however, they did
only focus on the outcome of N2 disease, and the pathology
was included. However, the appropriate candidates for
limited resection should be with negative lymph nodes, both
in the hilar and mediastinal areas. On the other hand, the
CT-guided transthoracic needle aspiration biopsy has been
used with accuracy, the complications could still be as high
as 26.5%.2"1 The categorical variable was not analyzed in the
study considering its utility, which made the model works for
patients without pathological diagnosis either. Confirming
that there was no positive lymph node both in mediastinum
and hilum through presection sampling, the randomized trial
ACOSOG Z0030 concluded that systematic mediastinal
lymph node dissection could not improve survival in patients
with early-stage NSCLC.* Moreover, for early-stage NSCLC
patients treated with limited resection, the survival rate was
similar in contrast with those treated with lobectomy.?*2
Therefore, accurate integration of preoperative lymph node
staging in patients with early-stage NSCLC is important in
guiding the choices of surgical treatment.

For patients with lymph node disease, the diameter of
consolidation was longer than those without positive lymph
nodes significantly (1.52 + 0.48 cm vs. 0.90 + 0.82 cm,
P <0.001). Of note, overall tumor size was not a significant
independent factor. We speculated that there was no patient
with positive nodes in the pure GGO group; overall tumor
size may unable to reflect the features of the three groups.
The Union for International Cancer Control suggested that
the invasive component of tumor should be measured as
its T-stage, which could better predict prognosis than the
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overall tumor size.” In addition, the impact of maximal
tumor size should be applied exclusively to solid lung
cancer without any component of GGO.% The statistical
analysis demonstrated that the size of consolidation was an
independent factor predicting the likelihood of lymph node
disease, and Maeyashiki et a/. had the comparable result.*”

Currently, the primary tumor location is not recognized as
an important factor in TNM staging system, but it influences
on the extent of resection for early-stage NSCLC. All the
enrolled patients were grouped by the location of tumor:
the peripheral and central groups. We have found that if the
tumor was located in the outer third of the lung, the incidence
of positive lymph nodes was lower than that of central tumor
significantly (P < 0.001). Owing to the higher potentiality
of regional lymph node metastases in patients with central
tumors,?® we should carefully assess the preoperative lymph
node status for patients with centrally located tumor.

Previous studies demonstrated that the increased serum level
of tumor marker was associated with advanced pathological
lymph node staging and poor prognosis,?*3!] and we also
analyzed the predictive ability of serum tumor marker.
We defined the serum status of tumor marker as abnormal
if one or more kinds elevated abnormally. The statistical
analysis showed that abnormal status of serum tumor marker,
which was an independent predictive factor for lymph node
metastasis (P < 0.001), could be used in the final model.

Candidates for sublobar resection should be with pathology
stage NO, and two experienced thoracic surgeons assessed the
clinical stage of lymph nodes according to the CT scanning in
our study. The mediastinoscopy or PET-CT was not routinely
performed, so patients with lymph nodes larger than 1 cm were
enrolled into the analysis. For the clinical stage NO group, they
have a lower incidence of positive lymph nodes (P < 0.001).
For the clinical stage N1-N2 patients, the possibility for
lymph nodes involvement was ranged from 10.9% to
85.9% calculated by our model indicating that the advanced
assessment of lymph node stage is of great importance.

Based on the four significant independent predictors obtained
preoperatively mentioned above, we built the predictive
formula and nomogram which could be calculated or applied
directly in patients with clinical stage T1aN0-2M0 NSCLC
as diagnostic tools pretesting the probability of lymph node
metastasis, allowing clinicians to make reasonable options
in decision-making process. For example, if one patient
without enlarged lymph node (NO stage) has a peripherally
located pure GGO tumor, the preoperative serum status of
tumor marker is normal, and we can calculate the likelihood
of lymph node involvement which is only 1.9%. For this
patient, there is no need for further advanced invasive or
noninvasive diagnostic tests, and thoracic surgeons shall
suggest the patient undergo limited resection as an alternative
of lobectomy. Nevertheless, if one N1 or N2 lymph node
stage patient was diagnosed with a central tumor (2cm
in size) which was of pure consolidation, and the serum
status of tumor-marker was abnormal, we can get the
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Figure 3: Nomogram predicts the likelihood of lymph node disease
in patients with clinical stage T1aN0-2M0 NSCLC. According to
the location of value on the second to the fifth axis, we can get the
vertically corresponding points on the first axis. Summing up the
four points together, we can get the total points and the vertically
corresponding predicted value on the last axis. NSCLC: Nonsmall
cell lung cancer.

probability with nearly 85.9% from the formula or 0.86 in
the nomogram [Figure 3], which indicates that the patient is
not a candidate for sublobar resection and may need further
staging procedures. The modality of multiple disciplinary
treatments will be adopted for this patient to determine which
is of the biggest necessity: the lobectomy, the neoadjuvant
chemotherapy, or further assessment of lymph nodes by
invasive staging or by PET-CT.

Study limitations

Although we validated the model, it still needs to be
validated by more patients with clinical stage T1aN0-2MO0
NSCLC from comparative centers. The serum status of
multiple tumor markers was a predictive factor in our
model, but the kinds of tumor marker may not be the same
at different hospitals. Moreover, the interval between
blood test of tumor marker and surgery was not uniformly
standardized, which may exert uncertain impact on the
serum status. As we did not study the survival rate, the
relationship between survival rate and predictive value is
unknown. Attitude to the numerical probability of clinical
outcome may vary among surgeons, thus the invasive and
diagnostic staging cannot be waived when necessary. Our
study is not the stand-alone assessment; the application
should be controlled in a reasonable way considering the
actual situation individually.

In conclusion, an accurate and easy-to-use predictive model
for lymph node metastasis was built and validated. Based
on preoperative clinical factors, the predictive model can
be incorporated in the decision-making process of specific
therapeutic strategies for patients with clinical stage
T1aN0-2M0 NSCLC and identifying subgroup patients for
sublobar resection.

Financial support and sponsorship

This work was supported by grants from the Peking
Union Medical College Doctorial Innovation Fund
(No. 2015-1002-02-17) and the Beijing Hope Run Special
Fund of Cancer Foundation of China (No. LC2016B13).

402 Chinese Medical Journal | February 20,2017 | Volume 130 | Issue 4 -




Conflicts of interest
There are no conflicts of interest.

REFERENCES

I.

10.

11.
12.

13.

14.

15.

16.

.Chinese Medical Journal | February 20,2017 | Volume 130 | Issue 4

Koike T, Yamato Y, Yoshiya K, Shimoyama T, Suzuki R. Intentional
limited pulmonary resection for peripheral T1 NO MO small-sized
lung cancer. J Thorac Cardiovasc Surg 2003;125:924-8. doi: 10.1067/
mtc.2003.156.

Okada M, Koike T, Higashiyama M, Yamato Y, Kodama K, Tsubota N.
Radical sublobar resection for small-sized non-small cell lung cancer:
A multicenter study. J Thorac Cardiovasc Surg 2006;132:769-75. doi:
10.1016/].jtcvs.2006.02063.

Tsubota N, Ayabe K, Doi O, Mori T, Namikawa S, Taki T, et al. Ongoing
prospective study of segmentectomy for small lung tumors. Study
group of extended segmentectomy for small lung tumor. Ann Thorac
Surg 1998;66:1787-90. doi: 10.1016/S0003-4975(98)00819-4.
Yamato Y, Tsuchida M, Watanabe T, Aoki T, Koizumi N, Umezu H,
et al. Early results of a prospective study of limited resection for
bronchioloalveolar adenocarcinoma of the lung. Ann Thorac Surg
2001;71:971-4. doi: 10.1016/S0003-4975(00)02507-8.

Keenan RJ, Landreneau RJ, Maley RH Jr., Singh D, Macherey R,
Bartley S, ef al. Segmental resection spares pulmonary function in
patients with stage I lung cancer. Ann Thorac Surg 2004;78:228-33.
doi: 10.1016/j.athoracsur.2004.01.024.

Edge SB, Compton CC. The American Joint Committee on
Cancer: The 7" edition of the AJCC cancer staging manual and the
future of TNM. Ann Surg Oncol 2010;17:1471-4. doi: 10.1245/
$10434-010-0985-4.

Lardinois D, De Leyn P, Van Schil P, Porta RR, Waller D, Passlick B,
et al. ESTS guidelines for intraoperative lymph node staging in
non-small cell lung cancer. Eur J Cardiothorac Surg 2006;30:787-92.
doi: 10.1016/j.ejcts.2006.08.008.

Sobue T, Moriyama N, Kaneko M, Kusumoto M, Kobayashi T,
Tsuchiya R, et al. Screening for lung cancer with low-dose helical
computed tomography: Anti-lung cancer association project. J Clin
Oncol 2002;20:911-20. doi: 10.1200/jc0.2002.20.4.911.
International Early Lung Cancer Action Program Investigators,
Henschke CI, Yankelevitz DF, Libby DM, Pasmantier MW, Smith JP,
et al. Survival of patients with stage I lung cancer detected on
CT screening. N Engl J Med 2006;355:1763-71. doi: 10.1056/
NEJMo0a060476.

Gonzalez-Stawinski GV, Lemaire A, Merchant F, O’Halloran E,
Coleman RE, Harpole DH, et al. A comparative analysis of positron
emission tomography and mediastinoscopy in staging non-small
cell lung cancer. J Thorac Cardiovasc Surg 2003;126:1900-5. doi:
10.1016/S0022.

Kramer H, Groen HJ. Current concepts in the mediastinal lymph node
staging of nonsmall cell lung cancer. Ann Surg 2003;238:180-8. doi:
10.1097/01.SLA.0000081086.37779.1a.

Cerfolio RJ, Bryant AS. Distribution and likelihood of lymph node
metastasis based on the lobar location of nonsmall-cell lung cancer. Ann
Thorac Surg 2006;81:1969-73. doi: 10.1016/j.athoracsur.2005.12.067.
De Leyn P, Dooms C, Kuzdzal J, Lardinois D, Passlick B,
Rami-Porta R, et al. Revised ESTS guidelines for preoperative
mediastinal lymph node staging for non-small-cell lung cancer. Eur J
Cardiothorac Surg 2014;45:787-98. doi: 10.1093/ejcts/ezu028.
Silvestri GA, Gonzalez AV, Jantz MA, Margolis ML, Gould MK,
Tanoue LT, et al. Methods for staging non-small cell lung cancer:
Diagnosis and management of lung cancer, 3™ ed: American College
of Chest Physicians evidence-based clinical practice guidelines.
Chest 2013;143 5 Suppl: e211S-50S. doi: 10.1378/chest.12-2355.
Gupta NC, Graeber GM, Bishop HA. Comparative efficacy of
positron emission tomography with fluorodeoxyglucose in evaluation
of small (<1 cm), intermediate (1 to 3 cm), and large (>3 cm) lymph
node lesions. Chest 2000;117:773-8. doi: 10.1378/chest.117.3.773.
Halpern BS, Schiepers C, Weber WA, Crawford TL, Fueger BJ,
Phelps ME, et al. Presurgical staging of non-small cell lung cancer:
Positron emission tomography, integrated positron emission
tomography/CT, and software image fusion. Chest 2005;128:2289-97.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

doi: 10.1378/chest.128.4.2289.

Lardinois D, Weder W, Hany TF, Kamel EM, Korom S, Seifert B,
et al. Staging of non-small-cell lung cancer with integrated
positron-emission tomography and computed tomography. N Engl J
Med 2003;348:2500-7. doi: 10.1056/NEJM0a022136.

Chen K, Yang F, Jiang G, Li J, Wang J. Development and validation
of a clinical prediction model for N2 lymph node metastasis in
non-small cell lung cancer. Ann Thorac Surg 2013;96:1761-8. doi:
10.1016/j.athoracsur.2013.06.038.

. ZhangY, SunY, Xiang J, Zhang Y, Hu H, Chen H. A prediction model

for N2 disease in T1 non-small cell lung cancer. J Thorac Cardiovasc
Surg 2012;144:1360-4. doi: 10.1016/j.jtcvs.2012.06.050.

Shafazand S, Gould MK. A clinical prediction rule to estimate the
probability of mediastinal metastasis in patients with non-small
cell lung cancer. J Thorac Oncol 2006;1:953-9. doi: 10.1016/
S1556-0864(15)31627-0.

Yaffe D, Koslow M, Haskiya H, Shitrit D. A novel technique for
CT-guided transthoracic biopsy of lung lesions: Improved biopsy
accuracy and safety. Eur Radiol 2015;25:3354-60. doi: 10.1007/
s00330-015-350-z.

Darling GE, Allen MS, Decker PA, Ballman K, Malthaner RA,
Inculet RI, ef al. Randomized trial of mediastinal lymph node
sampling versus complete lymphadenectomy during pulmonary
resection in the patient with NO or N1 (less than hilar) non-small cell
carcinoma: Results of the American College of Surgery Oncology
Group Z0030 Trial. J Thorac Cardiovasc Surg 2011;141:662-70. doi:
10.1016/j.jtcvs.2010.11.008.

Carr SR, Schuchert MJ, Pennathur A, Wilson DO, Siegfried JM,
Luketich JD, et al. Impact of tumor size on outcomes after anatomic
lung resection for stage 1A non-small cell lung cancer based on the
current staging system. J Thorac Cardiovasc Surg 2012;143:390-7.
doi: 10.1016/j.jtcvs.2011.10.023.

El-Sherif A, Gooding WE, Santos R, Pettiford B, Ferson PF,
Fernando HC, et al. Outcomes of sublobar resection versus
lobectomy for stage I non-small cell lung cancer: A 13-year
analysis. Ann Thorac Surg 2006;82:408-15. doi: 10.1016/j.
athoracsur.2006.02.029.

Tsutani Y, Miyata Y, Nakayama H, Okumura S, Adachi S,
Yoshimura M, et al. Prognostic significance of using solid versus
whole tumor size on high-resolution computed tomography for
predicting pathologic malignant grade of tumors in clinical stage IA
lung adenocarcinoma: A multicenter study. J Thorac Cardiovasc Surg
2012;143:607-12. doi: 10.1016/j.jtcvs.2011.10.037.

Hattori A, Matsunaga T, Takamochi K, Oh S, Suzuki K. Neither
maximum tumor size nor solid component size is prognostic in
part-solid lung cancer: Impact of tumor size should be applied
exclusively to solid lung cancer. Ann Thorac Surg 2016;102:407-15.
doi: 10.1016/j.athoracsur.2016.02.074.

Maeyashiki T, Suzuki K, Hattori A, Matsunaga T, Takamochi K, Oh S.
The size of consolidation on thin-section computed tomography is a
better predictor of survival than the maximum tumour dimension in
resectable lung cancer. Eur J Cardiothorac Surg 2013;43:915-8. doi:
10.1093/ejcts/ezs516.

Ketchedjian A, Daly BD, Fernando HC, Florin L, Hunter CJ,
Morelli DM, et al. Location as an important predictor of lymph node
involvement for pulmonary adenocarcinoma. J Thorac Cardiovasc
Surg 2006;132:544-8. doi: 10.1016/j.jtcvs.2006.05.023.

Koike T, Koike T, Yamato Y, Yoshiya K, Toyabe S. Predictive risk
factors for mediastinal lymph node metastasis in clinical stage IA
non-small-cell lung cancer patients. J Thorac Oncol 2012;7:1246-51.
doi: 10.1097/JTO.0b013e31825871de.

Miao JL, Liu RJ, Zhou JH, Meng SH. Fibroblast Growth Factor
Receptor 1 Gene Amplification in Nonsmall Cell Lung Cancer. Chin
Med J 2016;129:2868-72.doi: 10.4103/0366-6999.194649.

Inoue M, Minami M, Shiono H, Sawabata N, Ideguchi K,
Okumura M. Clinicopathologic study of resected, peripheral,
small-sized, non-small cell lung cancer tumors of 2 cm or less in
diameter: Pleural invasion and increase of serum carcinoembryonic
antigen level as predictors of nodal involvement. J Thorac Cardiovasc
Surg 2006;131:988-93. doi: 10.1016/j.jtcvs.2005.12.035.




