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Abstract

Objective: The optimal treatment strategy for pathologic single-station N2 (pN2al) non-small
cell lung cancer (NSCLC)—surgery first followed by adjuvant treatment (SF) or neoadjuvant
therapy followed by surgery (NS)—remains unclear. We compared disease-free survival (DFS)
and overall survival (OS) after NS versus SF for pN2al NSCLC.

Methods: We retrospectively identified patients with pN2al NSCLC resected between 2000 and
2018. Patients in the SF group had cNO disease and were treated with surgery before adjuvant
chemotherapy; patients in the NS group had known preoperative nodal disease, cN2 disease, and
were treated with neoadjuvant therapy before surgery. The matching-weights procedure was
applied to generate a cohort with similar characteristics between groups. DFS and OS were
calculated using the Kaplan-Meier approach and compared between groups using weighted log-
rank test and Cox proportional hazards models.

Results: We identified 227 patients with pN2al disease: 121 treated with SF and 106 with NS.
After the matching-weights procedure, 5- and 10-year DFS were 45% and 27% for SF versus 26%
and 21% for NS (log-rank p=0.056; hazard ratio [HR], 1.61; 95% confidence interval [CI],
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0.98-2.65); 5- and 10-year OS were 49% and 30% for SF versus 43% and 20% for NS (log-rank
p=0.428; HR, 1.24; 95% Cl, 0.67-2.28).

Conclusions: SF and NS for pN2al NSCLC resulted in similar survival. A study comparing SF
for known preresectional pN2al with occult pN2al disease could be a next step. Further
investigation of SF for known N2al versus occult pN2al disease could power a clinical trial
focused on N2a NSCLC.
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INTRODUCTION

In an analysis of 26,000 patients performed for the revised proposal on nodal (N) status
descriptors in the 8t edition of the tumor-node-metastasis (TNM) classification for non-
small cell lung cancer (NSCLC), 5-year overall survival (OS) for pathologic N2 (pN2)
disease was 38%, with a median survival time (MST) of 39 months.1 Compared with N1
disease, N2 disease is associated with worse survival after RO resection (hazard ratio [HR],
1.65; p<0.0001).2-* Additionally, increasing T stage (e.g., T1 to T4 RO) is associated with
shorter 5-year OS and MST, from 50% and 60 months for TIN2 to 24% and 22 months for
T4N2.2 Interestingly, survival data differed substantially according to the region of the world
analyzed, with the highest survival in North America (5-year OS, 42%; MST, 38.6 months)
and the lowest in Europe (5-year OS, 22%; MST, 21.1 months).1:

The revision of N descriptors in the 8! edition also uniquely includes differences in survival
among various subsets of pN2 disease.36.7 In fact, the current proposal separates single-
station from multistation pN2 involvement, renaming these subcategories pN2a and pN2b,
respectively.1:8 The 5-year OS and MST for pN2a disease (49% and 57 months) were not
statistically significantly different from those for pN1b disease (i.e., with multistation pN1
involvement; 50% and 60.9 months; HR, 1.04; p=0.67). Conversely, outcomes for pN2b
(38% and 40 months; HR, 1.47; p<0.0001) were significantly different from those for pN2a.
An important corollary to this analysis was the assessment of the “skip” phenomenon within
the pN2a subset.1:? The absence of concomitant pN1 involvement in patients with pN2a
disease (pN2al; 54% and 70.9 months) was confirmed to be a favorable prognosticator,
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compared with pN2a2 disease (i.e., with N1 involvement; 43% and 46 months; HR, 1.35;
<0.0007).1

Irrespective of the known heterogeneity in survival among patients with pN2 disease across
regions, a significant divergence was reported in the management of N2 disease between
North America and Europe. In North America, induction therapy followed by surgery is
favored, whereas in Europe, primary surgery followed by adjuvant treatment is the preferred
choice.1911 An analysis of a combined Society of Thoracic Surgeons (STS) and European
Society of Thoracic Surgeons (ESTS) database that included >78,000 surgical patients found
a 2-fold higher use of lobectomy and pneumonectomy for N2 disease in the ESTS database,
compared with the STS database.1! This supports the argument that North American
surgeons favor more-aggressive and invasive preoperative assessment of nodes (e.g.,
endobronchial ultrasound [EBUS], mediastinoscopy) along with induction therapy for
biopsy-proven lymph nodes, whereas European surgeons are more inclined to proceed
straight to surgery.

Primary surgical resection followed by adjuvant treatment is the customary approach for
patients with cNO status found to have so-called occult pN2 disease.’ In these patients, pN2
disease is found after resection, even in the setting of radiologic assessment of lymph nodes
and invasive mediastinal staging.12 For this particular subset of patients, 5-year OS has been
reported to be as high as 67%, with MST of 48.5 months.”19

In this study, we investigate the relationship between two treatment approaches and survival
outcomes among patients with pN2al NSCLC. As occult pN2al disease is believed to have
the best survival among N2 subsets, we postulate that survival among patients with occult
pN2al disease who undergo surgery first followed by adjuvant treatment (SF) could be used
as a benchmark to measure outcomes in patients treated with neoadjuvant therapy followed
by surgery (NS) who are found to have pN2a disease.

METHODS

Patient Selection

Following approval from our institutional review board, we performed a retrospective review
of a prospectively maintained database to identify all patients who underwent surgical
resection for lung cancer at our institution between January 2000 and April 2018. Patients
with pathologically diagnosed NSCLC in a single station, without N1 involvement (pN2al),
who had RO resection were included. Patients underwent systematic mediastinal
lymphadenectomy including curative-intent mediastinal node dissection of at least 2
mediastinal stations. Patients with extranodal metastases, recurrent disease, or carcinoid
tumors noted on radiologic imaging or final pathologic analysis were excluded.

Patient Groups

Patients were separated into two groups on the basis of whether they underwent surgery
before or after other treatments. The SF group included patients with true occult disease
initially treated with surgery first followed by adjuvant treatment (cNO-pN2al), and the NS
group included patients treated with neoadjuvant therapy before surgery (cN2-pN2al). All
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treatments were administered at the discretion of the individual treatment team. Neoadjuvant
chemotherapy dosing was left to the discretion of the patient’s primary oncologist and
consisted of a multimodal platinum-based regimen.

Patient demographic and tumor characteristics—including age at surgery; forced expiratory
volume in 1 second; diffusing capacity of the lung for carbon monoxide; sex; smoking
status; pulmonary, cardiac, endocrine, renal, and other comorbidities; computed tomography
(CT) imaging of the tumor; positron emission tomography (PET) scan characteristics of the
tumor; approach (video-assisted thoracic surgery, yes or no); postoperative radiation therapy
(yes or no); type of surgery (wedge/segment, lobectomy/bilobectomy, pneumonectomyy);
pathologic diagnosis (adenocarcinoma, squamous cell carcinoma, other); and clinical and
pathologic stage—were collected. Differences in patient characteristics between the two
groups were compared using the Wilcoxon rank-sum test for continuous variables and
Fisher’s exact test for categorical variables.

Clinical Staging and Radiologic Assessment

Clinical staging and radiologic assessment of tumors were performed for each patient.
Information on CT and PET scans were obtained for patients with available scans.
Maximum standardized uptake value (SUVmax) was obtained for the primary lesion
(n=205) and nodal metastases (n=112). CT and PET scans were used to assess the initial
clinical staging of nodes and potential extranodal metastases.

Invasive mediastinal staging was performed on the basis of any clinical suspicion of nodal
disease from PET and CT findings. The majority of patients in the NS group received
invasive mediastinal staging with either mediastinoscopy or EBUS (64%). The reason for
not receiving invasive mediastinal staging (n=45, 36%) included imaging showing
significant nodal disease (n=18), having started chemotherapy before seeing a surgeon
(n=8), tumor size (n=7), being enrolled in a clinical trial (n=5), separate primaries (n=2),
node location not amenable to invasive staging (n=2), multiple lung nodules (n=2), and
functional status (n=1). Conversely, the majority of SF patients did not receive any invasive
mediastinal staging (83%). All patients were clinically staged according to the 8t edition of
the TNM staging system.

Survival Analysis

The primary outcome of interest was disease-free survival (DFS), which was defined from
the date of surgery until the date of recurrence or death without recurrence. The secondary
outcome of interest was OS, which was defined from the date of surgery until the date of
death. Patients were otherwise censored on the date of the last follow-up.

Matching-Weights Procedure

To address potential covariate imbalance or selection bias between the SF group, comprising
patients with true occult disease initially treated with surgery first followed by adjuvant
treatment (CNO-pN2al), and the NS group, comprising patients treated with neoadjuvant
therapy before surgery (cN2-pN2al), we applied a matching-weights approach to the
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analysis of the primary and secondary endpoints. The matching-weights procedure (which is
analogous to 1:1 pairwise propensity-score matching!3) was used to generate a
pseudopopulation in which the two groups have similar distributions of characteristics (i.e.,
balanced). Unlike the 1:1 propensity-score matching procedure, which excludes all
unmatched patients, the matching-weights approach does not exclude patients; instead, it
applies weights to each patient such that “unmatched” patients are down-weighted in the
analyses. A logistic regression model was used to derive the odds of being in the NS group.
The resulting patient-level matching-weights were based on the smaller of the predicted
probabilities of being in the NS group, divided by the predicted probability of being
assigned to the group the patient was actually in. Each patient contributed a fraction toward
the overall analysis on the basis of the magnitude of the matching-weights.

The variables included in the logistic model were selected a priori on the basis of relevant
clinical factors associated with the likelihood of being in the NS group. They include 20
preoperative, operative, and postoperative variables: sex, age, body mass index, ever smoker,
pulmonary comorbidity, cardiac comorbidity, endocrine comorbidity, renal comorbidity,
other comorbidity, forced expiratory volume in 1 second, diffusing capacity of the lung for
carbon monoxide, SUV primary, surgical type (wedge/segmentectomy vs lobectomy/
bilobectomy vs pneumonectomy), video-assisted thoracic surgery, laterality, preoperative
radiation, postoperative radiation, histologic subtype (adenocarcinoma, squamous, other), pT
stage, and year of surgery. The absolute standardized mean difference (ASMD) for each
variable quantifies the performance of the matching-weights approach between patients in
the SF group or the NS group. An ASMD <0.1 implies adequate covariate balance of the
variable between the two groups.1* The ASMD for each variable, before and after
application of the matching-weights, are included in Supplementary Figure 1. Before
applying the matching-weights, ASMD values were >0.1 for 14 of 20 variables, confirming
lack of balance between the two groups in terms of patient characteristics. After applying the
matching-weights, the ASMD values were <0.1 across all variables considered, indicating
successful balance across all clinically relevant variables between the two groups
(Supplementary Figure 1). The distribution of the propensity scores before and after
application of the matching-weights is presented as a mirror histogram for visual assessment
of the success of the matching-weights approach; the mirror histogram shows good overlap
in propensity scores between SF and NS patients after application of the matching-weights
(Supplementary Figure 2).

For the matching-weights analyses, each patient contributes a fraction reflecting the
matching-weights; therefore, the effective sample size may not be an integer. Survival was
estimated using the Kaplan-Meier approach and compared between groups using a weighted
log-rank test. The associations between survival endpoints and intervention (NS or SF) were
quantified using Cox proportional hazards models. Patient-level matching-weights were
incorporated in all analyses. Only patients with all variables were included in matching-
weights comparisons.

As a secondary analysis, the above analyses were repeated among a larger cohort of all
patients with single-station nodal involvement on final pathologic assessment, regardless of
clinical N status, to not miss any clinically overstaged or understaged patients (CNO-cN2,
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pN2al; Supplementary Table 1). Specifically, the matching-weights procedure and
subsequent Kaplan-Meier analyses of DFS and OS were performed between all patients with
pN2al disease (n=266) who underwent SF (n=141) versus patients with pN2al disease who
underwent NS (n=125) (Supplementary Figure 3 and 4).

All statistical tests were 2-sided, and p<0.05 was considered to indicate statistical
significance. Statistical analyses were conducted using Stata 13.1 (StataCorp, College
Station, TX) and R 3.5.1 (R Development Core Team, Vienna, Austria), including the
survival, rms (Regression Modeling Strategies), and riskRegression R packages. The
matching-weights procedure was performed with the survey and tableone R packages,
downloaded in November 2018.

Sensitivity Analysis

We present, as a sensitivity analysis, the ASMD derived from conventional 1-to-1
propensity-score matching procedures and the resulting Kaplan-Meier curves using the
matched cohort (Supplementary Table 2, Supplementary Figure 5) to demonstrate the
superior balancing performance of the matching-weights procedure used in this study.
Propensity scores were computed as the conditional probability of NS using a logistic
regression model with the same factors as in the matching-weights procedure. Propensity
score-matched pairs were identified without replacement using a 1-to-1 nearest neighbor
greedy matching algorithm with caliper width equal to 0.2 of the standard deviation of the
logit of the propensity score, as recommended by Austin.1> Unlike the matching-weights
procedure, the 1-to-1 propensity score-matching procedure was less successful, as 12 of 20
variables were still unbalanced between the two groups.

RESULTS

Demographic Characteristics and Comorbidities

A total of 227 patients with pN2al disease met the inclusion criteria for the primary
analysis: 121 in the SF group and 106 in the NS group (Figure 1). The distribution between
the two groups before the propensity-score matching-weights procedure is presented in
Table 1. The proportion of males was higher in the NS group than in the SF group (48% vs
38%). Patients were also younger in the NS group than in the SF group (median, 65
[interquartile range {IQR}, 57-73] vs 68 [60-74] years). Patients in the NS group had
slightly higher forced expiratory volume in 1 second (median, 88% [IQR, 77%-102%] vs
82% [73%-96%] in SF) (Table 1).

Tumor Assessment

Before the propensity-score matching weights procedure, the SF group had smaller primary
tumors on radiologic assessment (median, 2.5 cm [IQR, 1.5-3.5] vs 3.1 cm [2.2-5.0] in NS),
with lower fluorodeoxyglucose uptake (median SUV, 6.4 [IQR, 3.3-11.9] vs 9.3 [4.8-14.4] in
NS). Nodal uptake on PET imaging was higher in the NS group than in the SF group
(median SUV, 7.0 [IQR, 4.5-10.0] vs 3.2 [2.7-5.3]). The intraoperatively assessed total
number of nodes was lower in the SF group (median, 10 [IQR, 5-17]) than in the NS group
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(12 [7-19]). The number of nodal stations assessed intraoperatively was also lower in the SF
group (median, 4 [IQR, 3-5]; mean, 3.9) than in the NS group (4 [4-5]; mean, 4.5).

Treatment Characteristics

Before the matching-weights procedure, patients in the SF group were more likely to
undergo minimally invasive surgery (38% vs 13%) and less likely to undergo postoperative
radiotherapy (34% vs 61%) than the NS group. Adjuvant platinum-based multimodal
chemotherapy was given to 60% of patients in the SF group, compared with only 1% of
patients in the NS group. Patients in the NS group were less likely to receive wedge
resection/segmentectomy (16% vs 21%) and more likely to receive lobectomy/bilobectomy
(81% vs 77%), compared with patients in the SF group.

Disease-Free Survival

DFS was not significantly different between groups both before and after application of the
matching-weights procedure (Figure 2). Before the matching-weights procedure, 5- and 10-
year DFS (95% confidence interval [CI]) were 41% (33%-52%) and 20% (13%-32%) for the
SF group versus 32% (23%-43%) and 21% (13%-34%) for the NS group (log-rank p=0.231;
NS vs reference of SF: hazard ratio [HR], 1.22; 95% ClI, 0.88-1.68). After the matching-
weights procedure, 5- and 10-year DFS (95% CI) were 45% (31%-66%) and 27%
(13%-55%) for the SF group versus 26% (14%-48%) and 21% (9%-47%) for the NS group
(log-rank p=0.056; NS vs reference of SF: HR, 1.61; 95% CI, 0.98-2.65). Thirty of the 121
patients in the SF group had a distant recurrence, while 10 had a local recurrence
(mediastinal lymph nodes and ipsilateral lung/thorax). Forty-one of the 106 patients in the
NS group had a distal recurrence, while 10 had a local recurrence (Supplementary Table 3).

Overall Survival

Similarly, OS was not significantly different between groups both before and after the
matching-weights procedure (Figure 3). Before the matching-weights procedure, 5-year and
10-year OS (95% CI) were 52% (43%-63%) and 22% (14%-36%) for the SF group versus
49% (40%-62%) and 23% (14%-40%) for the NS group (log-rank p=0.827; NS vs reference
of SF: HR, 1.04; 95% CI, 0.73-1.47). After the matching-weights procedure, 5- and 10-year
OS (95% CI) were 49% (34%-71%) and 30% (15%-59%) for the SF group versus 43%
(28%-65%) and 20% (7%-58%) for the NS group (log-rank p=0.428; NS vs reference of SF:
HR, 1.24; 95% ClI, 0.67-2.28).

All Patients with pN2al: SF versus NS

A secondary analysis of the expanded cohort among all patients with pN2al disease (n=266)
was performed between SF (n=141) and NS (n=125). There were no statistically significant
differences in DFS or OS between the groups both before and after the matching-weights
procedure (Figure 4). After the matching-weights procedure, 5- and 10-year DFS (95% ClI)
were 44% (31%-63%) and 29% (16%-54%) for the SF group versus 30% (18%-48%) and
18% (8%-41%) for the cN2 NS group (log-rank p=0.056; NS vs reference of SF: HR, 1.52;
95% Cl, 0.99-2.34), and 5- and 10-year OS (95% CI) were 49% (36%-68%) and 33%
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(19%-58%) for the SF group versus 46% (33%-65%) and 22% (10%-49%) for the cN2 NS
group (log-rank p=0.328; NS vs reference of SF: HR, 1.26; 95% Cl, 0.79-1.99).

DISCUSSION

In the absence of conclusive evidence to support a unique and definitive treatment strategy
for N2 disease, a heterogeneity of outcomes must be accepted.> At one extreme, recently
published results from the Pacific Trial—which demonstrated the efficacy of immunotherapy
after chemoradiotherapy for unresectable locally advanced lung cancer—have been
interpreted as a requiem for surgery for stage 111A NSCLC.16:17 Nevertheless, in previous
randomized trials of patients with locally advanced lung cancer, OS was clearly better
among patients managed with multimodality treatment that included surgery than among
patients treated with chemotherapy alone.18 In addition, in the reporting on the Pacific Trial,
the researchers do not acknowledge the prognostic distinction between subsets of N2 disease
—in particular, the difference between single-station and multistation N2 disease is not
noted.’

At the other extreme, survival following SF for unsuspected occult pN2 disease may overlap
survival for pN2a and even pN1 disease, and survival for occult pN2 disease is undisputedly
the best for the entire N2 group.”-1920 One caveat when considering occult pN2 disease is
that we may be focusing on a subset of patients with limited disease and, possibly, a peculiar
biology. In fact, a previous study from our institution has demonstrated that, in 16% of
patients, occult N2 disease follows lymphatic routes beyond the usual drainage pathways.?!

The interrogation of large databases to investigate NS versus SF for cN2 disease has not
answered the question of which strategy is superior.22-24 In fact, results from the
Surveillance, Epidemiology, and End Results and STS databases showed substantial
equipoise between approaches. However, when the National Cancer Database was queried,
survival outcomes were inconclusive, as one study showed survival was better for patients
treated with NS,25 while another showed no statistically significant differences.23 The slight
advantage associated with NS over SF was confirmed in a recently published network study
in which the HR for NS was 1.14.26

The aim of our study was to investigate the relationship between NS and survival among
patients with occult pN2al disease and to compare that with the relationship between SF and
survival, as SF has been shown to be associated with the most-favorable outcomes.2”
Although we observed some evidence of worse DFS among those treated with NS,
compared with SF, differences between groups did not meet the conventional level of
statistical significance. We have demonstrated through this retrospective analysis that,
regardless of preoperative treatment, long-term survival is similar when pN2al disease is
found postoperatively.

Our study has several limitations. The study features a retrospective design and was
performed at a single institution, which may have resulted in selection bias and limited
generalizability. All patients were treated at the discretion of the practicing surgeon and
treatment team. As this is a retrospective study spanning 18 years, not all patients underwent
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the same preoperative workup with PET scans or invasive mediastinal staging. Also, we
were unable to fully gather the number of patients with clinical N2 disease who received
chemotherapy but never underwent a surgical intervention, as well as patients who were
downstaged to NO after resection. Next, while we are diligent regarding intraoperative lymph
node assessment, labeling, and handling of lymph nodes, per institutional standards, there is
always the chance of mislabeling or miscounting lymph nodes. This has the potential to
make unrecognized N1 disease a confounder in this retrospective study. Last, systemic
therapy was not constant over time, and patients received different systemic therapy
depending on the practicing team.

Important factors for producing a reliable analysis include the accuracy of staging and the
completeness of the database.?3 In this setting, we consider it crucial that mediastinal
staging, such as EBUS, performed by a thoracic surgeon is used liberally. In addition, at our
institution, we conduct a weekly review of the individual stage for each patient during an ad
hoc staging conference. To ensure accuracy, the data from all surgical patients are
collectively reviewed by the faculty and amended real-time in the database.

The literature includes countless studies on N2 disease based on either the clinical or the
pathologic N2 subsets (cN2 and pN2).23 These studies, as well as the current one, implicitly
carry the risk of including downstaged patients (i.e., cN2 patients rendered pNO after
treatment) or missing upstaged patients (i.e., cNO patients who become pN2). In this setting,
we performed an analysis of NS versus SF for patients with cN2-pN2al compared with cNO-
pN2al disease and observed no statistically significant difference in OS and DFS.

CONCLUSIONS

While our results lend support to the concept that adequate NS regimens can yield DFS and
OS comparable to the benchmark survival achieved with SF in patients with occult pN2al
disease, they also demonstrate that SF can be an acceptable treatment regimen for patients
with pN2al disease. In addition, we have shown that, regardless of the timing of
chemotherapy (NS or SF), patients found to have pN2al disease have similar long-term
outcomes. Regardless, to truly identify the ideal timing of chemotherapy for patients with
lung cancer with preresectional histologically confirmed N2a disease, a randomized
controlled trial would be necessary. Figure 5 shows a possible outline of future studies in
this area. In the meantime, the SF strategy offers reduced time from diagnosis to definitive
surgical intervention and the ability to perform a more rapid and feasible surgical procedure
by minimally invasive techniques, as the surgeon is less likely to encounter difficult
adhesions and altered anatomical planes, especially in the hilum and the mediastinum, which
are usually found after induction therapy. Conversely, the NS strategy offers the advantages
of reduced micrometastatic disease and an increased likelihood of patients completing
systemic treatment. This is especially true for larger tumors with higher metabolic activity,
as determined by PET scan. In addition, patients with pN2a disease may be further
downstaged, with an attendant benefit in survival.

In conclusion, given the lack of significant survival differences between SF and NS (Figure
6), pN2a seems to be the perfect subset in which to verify the best timing for chemotherapy
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in the context of a randomized trial, preferably in a multicenter setting, given the anticipated
low number of patients in this subset at a single institution. In this setting, an estimate of the
trial power could be determined by taking into account (a) the difference in DFS between
NS for preresectional known pN2al disease and SF for occult pN2al disease in the present
study and (b) the difference in DFS between SF for preresectional known pN2al disease and
SF for occult pN2al disease. The latter data could be generated at international centers,
where SF is considered the standard of care for single-station N2 disease.!!

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Glossary of Abbreviations

ASMD absolute standardized mean difference
Cl confidence interval

CT computed tomography

DFS disease-free survival

EBUS endobronchial ultrasound

ESTS European Society of Thoracic Surgeons
HR hazard ratio

MST median survival time

N nodal

N2a single-station N2

NS neoadjuvant therapy followed by surgery
NSCLC non-small cell lung cancer
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0s overall survival
PET positron emission tomography
pN2 pathologic N2
pN2a pathologic single-station N2
pN2al pathologic single-station N2 (without any N1 involvement)
SF surgery first followed by adjuvant treatment
STS Society of Thoracic Surgeons
SUVmax maximum standardized uptake value
TNM tumor-node-metastasis
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Central Message:

No statistically significant difference has been observed between SF for occult single-
station N2 (pN2al) NSCLC and NS for known pathologic single-station N2.

Semin Thorac Cardiovasc Surg. Author manuscript; available in PMC 2022 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Keshava et al.

Page 14

Perspective Statement:

Surgery first for occult single-station N2 (pN2al) portends the best prognosis among N2
subsets. In our series, no significant difference in DFS was noted between surgery first—
including occult pN2al—and neoadjuvant therapy followed by surgery. Building on our
findings, further investigation of surgery first for known N2al versus occult pN2al
disease could power a clinical trial focused on N2a NSCLC.
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Figure 1.
CONSORT diagram for study inclusion. NSCLC, non-small cell lung cancer.
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Figure 2.

Disease-free survival showed no significant differences both before (A) and after (B)
applying the matching-weights procedure for patients with cNO-pN2al non-small cell lung
cancer who underwent NS versus patients who underwent SF for cN2-pN2al disease. Cox
model after the matching-weights procedure: (NS vs reference of SF) HR, 1.61 (95% ClI,
0.98-2.65). For the matching-weights analyses, each patient contributes a fraction reflecting
the matching-weights; therefore, the effective sample size (numbers at risk) may not be an
integer. The number of patients at risk and 95% CI estimates corresponding to each time
point are presented below the figure for each group. CI, confidence interval; HR, hazard
ratio; NS, neoadjuvant therapy followed by surgery; SF, surgery first.
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Figure 3.
Overall survival was not significantly different between patients with cNO-pN2al non-small

cell lung cancer who underwent NS and patients who underwent SF for cN2-pN2al before
(A) and after (B) applying the matching-weights procedure. Cox model after the matching-
weights procedure: (NS vs reference of SF) HR, 1.24 (95% Cl, 0.67-2.28). For the
matching-weights analyses, each patient contributes a fraction reflecting the matching-
weights; therefore, the effective sample size (numbers at risk) may not be an integer. The
number of patients at risk and 95% CI estimates corresponding to each time point are
presented below the figure for each group. CI, confidence interval; HR, hazard ratio; NS,
neoadjuvant therapy followed by surgery; SF, surgery first.
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Disease-free survival (A, B) and overall survival (C, D) were not significantly different
between patients who underwent NS and patients who underwent SF among all patients with
pathologic N2al non-small cell lung cancer before and after the matching-weights
procedure. Disease-free survival: Cox model after the matching-weights procedure: (NS vs
reference of SF) HR, 1.52 (95% CI, 0.99-2.34). Overall survival: Cox model after the
matching-weights procedure: (NS vs reference of SF) HR, 1.26 (95% Cl, 0.79-1.99). For the
matching-weights analyses, each patient contributes a fraction reflecting the matching-
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weights; therefore, the effective sample size (numbers at risk) may not be an integer. The
number of patients at risk and 95% CI estimates corresponding to each time point are
presented below the figure for each group. CI, confidence interval; HR, hazard ratio; NS,
neoadjuvant therapy followed by surgery; SF, surgery first.
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Current Study
Retrospective

NS* vs SF (Occult Disease)
pN2al

Next Phase Study
Retrospective

SF* vs SF (Occult Disease)

...............................................................

Final Phase —

Randomized Controlled Trial

NS* vs SF*

Figure 5.

Proposal for studies to help answer whether surgery first (SF) or neoadjuvant therapy
followed by surgery (NS) results in better outcomes for single-station N2 disease.

*Histologically confirmed N2 disease.
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Central Picture:
DFS and OS after the matching-weights procedure among patients with pN2al NSCLC.
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Table 1.
Demographic and tumor characteristics before and after the matching-weights procedure
Before matching-weights procedure After matching-weights procedure
Neoadjuvant Neoadjuvant
Surgery First Therapy + Surgery Surgery First Therapy + Surgery

Variable (n=121) (n=106) AS MD (n=37.1) (n=39.2) AS MD
Male 46 (38.0) 51 (48.1) 0.205 17.3 (46.6) 17.3 (44.2) 0.047
Age, years 68.0 (60.0-74.0) 65.0 (57.3-72.8) 0.369 68.0 (64.0-73.4) 70.0 (61.0-74.0) 0.047
BMI 26.3 (23.5-29.9) 28.2 (24.7-32.0) 0.214 27.2 (24.9-30.3) 27.8.0 (24.6-30.5) 0.050
Smoking, yes 98 (81.0) 95 (89.6) 0.246 32.9 (88.5) 33.9 (86.6) 0.060
Pulmonary comorbidity, 42 (34.7) 37 (34.9) 0.004 14.6 (39.4) 15.6 (39.8) 0.007
yes
Cardiac comorbidity, yes 71 (58.7) 59 (55.7) 0.061 22.5 (60.7) 25.0 (63.8) 0.065
Endocrine comorbidity, 17 (14.0) 11 (10.4) 0.112 2.9(7.8) 3.5(9.0) 0.045
yes
Renal comorbidity, yes 4(3.3) 3(2.8) 0.028 0.9(2.4) 1.1(2.8) 0.024
Other comorbidity, yes 7(5.8) 7 (6.6) 0.034 3.1(8.5) 2.9 (7.5) 0.038
FEV1, % 82.0 (72.5-96.0) 88.0 (77.0-102.0) 0.234  86.0(77.2-102.2) 86.0 (75.0-104.2) 0.005
DLCO, % 72.0 (58.0-83.0) 72.0 (61.0-84.0) 0.096 70.0 (56.2-78.0) 70.0 (56.0-78.8) 0.033
SUV primary 6.4 (3.3-11.9) 9.3 (4.8-14.4) 0.322 7.2 (3.3-12.5) 8.1 (4.3-13.5) 0.025
Surgery type 0.120 0.033
Wedge/segmentectomy 25 (20.7) 17 (16.0) 6.2 (16.8) 6.5 (16.5)
Lobectomy/bilobectomy 93 (76.9) 86 (81.1) 29.7 (80.1) 31.7 (80.9)

Pneumonectomy 3(2.5) 3(2.8) 1.2(3.1) 1.0 (2.6)
Video-assisted thoracic 46 (38.0) 14 (13.2) 0.593 8.5(23.0) 8.9 (22.7) 0.007
surgery, yes
Laterality, left 47 (38.8) 19 (17.9) 0.477 7.9 (21.4) 8.4 (21.5) 0.002
Preoperative 0(0) 7 (6.6) 0.376 0(0) 0(0) <0.001
radiotherapy, yes
Pathologic diagnosis 0.397 0.033

Adenocarcinoma 102 (84.3) 72 (67.9) 29.1 (78.3) 30.3 (77.5)

Squamous 12 (9.9) 19 (17.9) 6.2 (16.7) 6.6 (16.8)

Other 7(5.8) 15 (14.2) 1.9 (5.0) 2.2(5.7)
Pathologic T stage 0.592 0.078

0 0(0) 8(7.5) 0(0) 0(0)

1 59 (48.8) 53 (50.0) 18.5 (49.9) 19.7 (50.3)

2 41 (33.9) 24 (22.6) 11.3 (30.4) 12.8 (32.7)

3 10 (8.3) 18 (17.0) 4.9 (13.3) 4.7 (11.9)

4 11 (9.1) 3(2.8) 2.4 (6.4) 2.0 (5.1)
Postoperative 41 (33.9) 65 (61.3) 0.571 22.2 (40.1) 24.0 (38.9) 0.023
radiotherapy, yes
Year of surgery 0.076 0.066

2003-2004 31(25.6) 28 (26.4) 7.5(20.2) 7.1(18.2)

2005-2009 30 (24.8) 24 (22.6) 8.1(21.8) 8.9 (22.6)

2010-2014 39 (32.2) 33 (31.1) 13.6 (36.7) 14.0 (35.9)
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Before matching-weights procedure After matching-weights procedure
Neoadjuvant Neoadjuvant
Surgery First Therapy + Surgery Surgery First Therapy + Surgery
Variable (n=121) (n=106) AS MD (n=37.1) (n=39.2) AS MD
2015 or after 21 (17.4) 21 (19.8) 7.9 (21.3) 9.1(23.3)

Data are no. (%) or median (interquartile range). ASMD, absolute standardized mean difference; BMI, body mass index; CT, computed
tomography; DLCO, diffusing capacity of the lung for carbon monoxide; FEV1, forced expiratory volume in 1 second; SUV, standardized uptake
value. ASMD <0.1 indicates adequate balance between the two groups. After the matching-weights procedure, each patient contributes a fraction
reflecting the matching-weights; therefore, the effective sample size may not be an integer.
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