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ABSTRACT
Purpose: It is essential to evaluate the risk of occult lymph node (LN) disease in early-stage non-small
cell lung cancer (NSCLC), especially because delivering stereotactic ablative radiotherapy (SABR)
assumes no occult spread. This study was designed to assist clinicians in roughly quantifying this risk
for cN0 NSCLC.
Methods: The National Cancer Data Base was queried for cN0 cM0 lung squamous cell or adenocar-
cinoma who underwent surgery and LN dissection without neoadjuvant therapy. Statistics included
multivariable logistic regression to evaluate factors associated with pNþdisease.
Results: 109,964 patients were included. For tumors with size �1.0, 1.1–2.0, 2.1–3.0, 3.1–4.0, 4.1–5.0,
5.1–6.0, 6.1–7.0, and >7.0 cm, the pNþ rate was 4.4, 7.7, 12.9, 18.0, 20.2, 22.5, 24.4, and 26.4%, respect-
ively. When examining patients with more complete LN dissections (defined as removal of at least 10
LNs), the respective values were 6.6, 11.5, 17.6, 25.3, 26.8, 29.7, 30.7, and 31.6%. Moderately-poorly dif-
ferentiated disease and adenocarcinomas were associated with a higher rate of pNþdisease (p< .001
for both). For every cm increase in tumor size, the relative occult nodal risk increased by 10–14%
(p< .001). For every elapsed day from initial diagnosis, the relative risk increased by �1% (p< .001).
Graphs with best-fit lines were created based on tumor size, histology, and differentiation to aid physi-
cians in estimating the pNþ risk.
Conclusions: This nationwide study can allow clinicians to roughly estimate the rate of occult LN dis-
ease in cN0 NSCLC. These data can also assist in guiding enrollment on randomized trials of
SABR± immunotherapy, individualizing follow-up imaging surveillance, and patient counseling to avoid
post-diagnosis delays.
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Introduction

Early-stage, clinically node-negative (cN0) non-small cell lung
cancer (NSCLC) is a relatively common clinical occurrence.
Workup for these patients in the contemporary era includes
positron emission tomography – computed tomography
(PET-CT) with or without invasive mediastinal nodal staging
(e.g., endobronchial ultrasound guided transbronchial needle
aspiration (EBUS-TBNA) or mediastinoscopy) [1]. The primary
goal of this workup is to ascertain the presence of occult
lymph node (LN) disease. This factor is extremely important
because the discovery of occult LN involvement vastly alters
patient management.

However, the existing methods of detecting occult LN dis-
ease in SABR (stereotactic ablative radiation therapy) patients
are not completely satisfactory. Although meta-analyses
show that the negative predictive value and specificity of
PET-CT for staging the mediastinum is around 90%, the

positive predictive value and sensitivity is only 62–72% [2–3].
Additionally, there is a 5–30% false negative rate for
EBUS-TBNA with a sensitivity around 78% [3]. As a result, the
‘gold standard’ for evaluating nodal disease is mediastinal LN
dissection (MLND), though an EBUS is still considered a rea-
sonable option for mediastinal nodal staging.

The standard of care patients with early-stage cN0 NSCLC
is to undergo surgical resection and MLND, but SABR is an
acceptable alternative if patients are medically inoperable or
refuse surgery [1]. Whereas all surgical patients undergo
MLND to fully evaluate the LNs, this is not the case for
patients receiving SABR (the vast majority of whom are med-
ically inoperable, and whose medical comorbidities may pre-
clude the ability to undergo pathologic nodal evaluation).
Thus, before proceeding with SABR and in the absence of
pathologic nodal evaluation, it is useful to accurately gauge
the risk of occult LN involvement.
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One important way to estimate the risk of occult nodal
disease in SABR patients is to utilize data from historical sur-
gical series. Many such investigations have characterized the
rates of occult LN involvement based on tumor size, which is
a strong predictor of LN metastasis. These studies have
shown that the rate of occult nodal positivity is 0–2% for
tumors �1.0 cm, 5–15% for tumors 1.1–2.0 cm, and 13–31%
for tumors 2.1–3.0 cm [4–6]. However, these studies have sev-
eral shortcomings that limit application to current clinical
practice. In addition to the small sample sizes, many studies
were published decades ago when imaging techniques were
less advanced. There are also concerns regarding a lack of
reproducibility, because other data have shown occult nodal
risk at much higher rates [7].

For oncologists managing clinically node-negative NSCLC
patients (especially SABR cases), there is a need to precisely
quantify the risk of occult LN disease before offering therapy.
In light of the shortcomings of existing surgical series, we
sought to use the large, contemporary National Cancer
Database (NCDB) to evaluate the rate and predictors of
occult LN involvement in this population, so that clinicians
can use discrete criteria to quantify the risk of occult LN
metastasis in any given cN0 NSCLC patient.

Material and methods

The NCDB is a joint project of the Commission on Cancer
(CoC) of the American College of Surgeons and the American
Cancer Society, which consists of de-identified information
regarding tumor characteristics, patient demographics, and
patient survival for approximately 70% of the US population
[8]. All pertinent cases are reported regularly from CoC-
accredited centers and compiled into an unified dataset,
which is then validated. The data used in the study were
derived from a de-identified NCDB file (2006–2015). The
American College of Surgeons and the CoC have not verified
and are neither responsible for the analytic or statistical
methodology employed nor the conclusions drawn from
these data by the investigators. As all patient information in
the NCDB database is de-identified, this study was exempt
from institutional review board evaluation.

Prior to designing this study, it was well recognized that
the NCDB does not carry information on the type of pre-
operative workup, including PET-CT or invasive mediastinal
staging. As a result, we chose to examine all-comers using as
broad of a dataset as possible in order to enhance applicabil-
ity to both high-volume quaternary care centers where
workup may be more extensive as well as smaller rural facili-
ties where workup may be more limited.

Inclusion criteria for this study were patients with primary
cT1–4 cN0 cM0 squamous cell or adenocarcinoma of the
lung. Because the ‘gold standard’ for evaluating occult LN
metastasis is MLND, only surgical patients were analyzed
(provided there was a record of at least one LN dissected).
Additionally, because another relevant goal of this investiga-
tion was to specifically quantify the occult LN risk by tumor
size, patients with unrecorded tumor size were excluded.
Lastly, because the impetus for this study was for clinicians

delivering up-front SABR or surgery, subjects who underwent
neoadjuvant therapy were also removed.

In accordance with the variables in NCDB files, informa-
tion collected on each patient broadly included demo-
graphic, clinical, and treatment data. All statistical tests were
two-sided, with a threshold of p< .05 for statistical signifi-
cance, and were performed using STATA (version 14, College
Station, TX). Multivariable logistic regression analysis was uti-
lized to determine variables associated with discovery of
pNþdisease on MLND (all variables were included in the
multivariable model). Given the heterogeneity and agranular-
ity of NCDB data, along with the myriad confounding factors
for survival using such datasets, Kaplan–Meier analysis was
intentionally not performed. Lastly, in order to assist clini-
cians with rough estimation of a given patient’s occult LN
risk, using the three variables readily obtained on imaging
and biopsy (tumor size, histology, and differentiation status),
scatter plots were constructed on Microsoft Excel, with a pro-
gram-generated best-fit line.

Results

A complete flow diagram of patient selection is provided in
Supplementary Figure 1. In total, 109,964 patients met study
criteria (Table 1). The median tumor size was 2.5 cm (inter-
quartile range (IQR), 1.7–3.6 cm); most tumors were moder-
ately or poorly differentiated and underwent lobectomy. The
median number of LNs removed on MLND was 8 (IQR, 5–14).

Table 2 illustrates the proportion of patients with occult
LN involvement by tumor size. The overall rate in all patients
was 13.2% (14,535 pNþ cases in 109,964 patients). Amongst
patients with tumor size �1.0, 1.1–2.0, 2.1–3.0, 3.1–4.0,
4.1–5.0, 5.1–6.0, 6.1–7.0, and >7.0 cm, the proportion of
patients with occult LN disease was 4.4, 7.7, 12.9, 18.0, 20.2,
22.5, 24.4, and 26.4%, respectively.

We surmised that, in a MLND, the detected pNþ rates
could be lower if the dissection was more of a ‘sampling’
rather than a ‘dissection’ and did not remove enough LNs,
which would not allow for a sense of the ‘true’ risk. As a
result, we repeated the quantification based on the number
of LNs removed. There was no specific rationale for the tri-
chotomization (1–5, 6–10, and >10 LNs resected) because
there is no evidence-based ‘optimal’ harvested nodal count
for a MLND to date [1]. In patients with over 10 LNs
removed, which could be more indicative of the ‘true’ risk,
the respective rates for each tumor size were 6.6, 11.5, 17.6,
25.3, 26.8, 29.7, 30.7, and 31.6%.

Noticing the heterogeneity in surgical procedures (Table
1) – including the use of pneumonectomy in some cases
(which is not standard for cN0 NSCLC) – we then sought to
perform a sensitivity analysis by stratifying for the type of
surgical procedure. These results are displayed in Table 3,
showing that patients undergoing pneumonectomy had
unexpectedly high rates of positive nodal disease even for
smaller sized tumors.

Based on this information, we performed multivariable
logistic regression analysis for factors associated with discov-
ering occult LN metastasis (Table 4). Given the concern for
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pneumonectomy patients as potential outliers, we repeated
the analysis in patients who underwent either lobectomy or
sublobar resection (Table 4). In addition to demographic fac-
tors (age, gender, race, comorbidity score), there were sev-
eral important variables significantly associated with
detecting pNþdisease on MLND. These included the num-
ber of LNs removed and the surgery type (p< .001 for both).
Additionally, histology and grade were strongly associated
with occult LN involvement, with moderately-poorly

differentiated tumors and adenocarcinomas being associated
with a higher rate of LN disease (p< .001 for all). The analysis
for tumor size as a continuous variable showed that for every
1 cm increase in tumor size, the risk of occult LN disease
increased by 9.9% (all patients) to 14.2% (lobectomy or sub-
lobar resection only) (p< .001). Additionally, every elapsed
day from initial diagnosis to MLND was associated with a
0.9–1.0% increased rate of discovering
pNþdisease (p< .001).

Lastly, in order to allow clinicians to roughly estimate any
patient’s occult LN risk using only the information obtained
from imaging and biopsy (tumor size, histology, and differen-
tiation status), graphs with best-fit lines were constructed as
shown in Figure 1. Additionally, the proportion of patients
with occult nodal positivity by year is shown in
Supplementary Figure 2.

Discussion

Patients with clinically node negative NSCLC harbor a risk of
occult pathologic LN involvement, and ascertainment of this
risk is essential to management of both SABR and surgical
patients. Whereas the latter receive a relatively accurate
nodal assessment by virtue of a MLND, SABR is often per-
formed in the absence of pathologic nodal evaluation with
the major assumption that there are no occult areas of
metastasis. This study of over 100,000 patients treated
throughout the United States provides a key tool for clini-
cians to estimate the rate of occult nodal disease and man-
age their patients accordingly.

It is important to note that this study is not designed to
accurately determine the nodal risk of any patient; it is
merely for rough ‘ballpark’ estimation and not fine-tuned
assessment. It is clear that an unquantified proportion of
patients herein received various combinations of PET-CT
staging only, invasive mediastinal staging, both, or neither.
This information would have been useful for finer risk assess-
ment, but a major strength of this work is that it can broadly
apply to a variety of patients. It is presumed that the use of
PET-CT staging and some degree of invasive mediastinal
staging in the contemporary era would hint that these num-
bers are overestimations, but it is also critical to be aware
that the lack of both PET-CT and invasive mediastinal staging
are not uncommon in rural centers with few resources, even
in the contemporary era.

This study also has implications on the adjuvant manage-
ment of SABR patients (or, theoretically, status post wedge
resection or lobectomy with limited LN sampling). A few
retrospective studies have suggested that post-SABR chemo-
therapy may offer outcome benefits in patients with larger
tumors expected to have a higher risk of occult nodal and/or
distant metastatic disease [9,10]. For this reason, there are
several randomized investigations underway that are evaluat-
ing the efficacy of post-SABR immunotherapy for high-risk
node-negative NSCLC (e.g., NCT03110978, NCT03446547,
NCT03833154, NCT03924869, NCT04214262). It is expected
that the potential benefit with immunotherapy in those trials
may be correlated with tumor size and other such factors, so

Table 1. Characteristics of the patient population.

Parameter
All patients
(N¼ 109,964)

Age (years)
<65 35653 (32.4%)
65–74 45205 (41.1%)
>74 29106 (26.5%)

Gender
Male 53817 (48.9%)
Female 56147 (51.1%)

Race
White 97850 (89.0%)
Black 8756 (8.0%)
Other 3358 (3.1%)

Comorbidity score
0 53395 (48.6%)
1 39661 (36.1%)
2 13014 (11.8%)
�3 3895 (3.5%)

Facility type
Academic 36234 (33.0%)
Non-academic 73479 (66.8%)
Not recorded 251 (0.2%)

Histology
Adenocarcinoma 65953 (60.0%)
Squamous cell carcinoma 44011 (40.0%)

Clinical T stage
1 68700 (62.5%)
2 33356 (30.3%)
3 5979 (5.4%)
4 1929 (1.8%)

Tumor grade
Well differentiated 13236 (12.0%)
Moderately differentiated 53691 (48.8%)
Poorly differentiated 39094 (35.6%)
Not recorded 3943 (3.6%)

Tumor size
Median (interquartile range) (cm) 2.5 (1.7–3.6)
�1 cm 7079 (6.4%)
1.1–2 cm 36284 (33.0%)
2.1–3 cm 29334 (26.7%)
3.1–4 cm 16525 (15.0%)
4.1–5 cm 8748 (8.0%)
5.1–6 cm 5240 (4.8%)
6.1–7 cm 2793 (2.5%)
> 7 cm 3961 (3.6%)

Surgery
Sublobar 16735 (15.2%)
Lobectomy 89460 (81.4%)
Pneumonectomy 3769 (3.4%)

Number of nodes removed
Median (interquartile range) 8 (5–14)
1–5 34753 (31.6%)
6–10 32999 (30.0%)
>10 34972 (31.8%)
Not reported 7240 (6.6%)

Days from diagnosis to surgery
Median (interquartile range) 29 (3–51)
0–30 56005 (50.9%)
31–60 33430 (30.4%)
61–90 12236 (11.1%)
>90 7407 (6.7%)
Not reported 886 (0.8%)
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Table 2. Proportion of patients with occult pathologic nodal disease as stratified by tumor size and number of lymph nodes resected.

Tumor size

All patients 1–5 LNs resected 6–10 LNs resected >10 LNs resected

pNþ Patients/
Total patients

Occult LN
positivity
rate (%)

pNþ patients/
Total patients

Occult LN
positivity
rate (%)

pNþ patients/
Total patients

Occult LN
positivity
rate (%)

pNþ patients/
Total patients

Occult LN
positivity
rate (%)

�1.0 cm 308/7079 4.4 81/2980 2.7 95/1969 4.8 109/1665 6.6
1.1–2.0 cm 2810/36284 7.7 652/13535 4.8 888/10936 8.1 1096/9539 11.5
2.1–3.0 cm 3769/29334 12.8 752/9320 8.1 1176/9050 13.0 1590/9045 17.6
3.1–4.0 cm 2973/16525 18.0 475/4594 10.3 823/4986 16.5 1482/5856 25.3
4.1–5.0 cm 1768/8748 20.2 254/2057 12.3 483/2652 18.2 909/3387 26.8
5.1–6.0 cm 1180/5240 22.5 123/1086 11.3 305/1506 20.3 677/2282 29.7
6.1–7.0 cm 681/2793 24.4 65/500 13.0 164/806 20.3 397/1294 30.7
>7.0 cm 1046/3961 26.4 110/681 16.2 241/1093 22.0 602/1904 31.6
Total 14535/109964 13.2 2512/32241 7.8 4175/32998 12.7 6862/34972 19.6

LN: lymph node; pNþ: pathologically node-positive.

Table 3. Proportion of patients with occult pathologic nodal disease as stratified by tumor size and surgical approach.

Tumor size

Sublobar resection Lobectomy Pneumonectomy

pNþ patients/
Total patients

Occult LN positivity
rate (%)

pNþ patients/
Total patients

Occult LN positivity
rate (%)

pNþ patients/
Total patients

Occult LN positivity
rate (%)

� 1.0 cm 77/2369 3.3 219/4639 4.7 12/61 19.7
1.1–2.0 cm 345/7980 4.3 2400/27992 8.6 65/312 20.8
2.1–3.0 cm 266/3970 6.7 3293/24869 13.2 210/495 42.4
3.1–4.0 cm 132/1449 9.1 2475/14409 17.2 366/667 54.9
4.1–5.0 cm 60/526 11.4 1398/7624 18.3 310/598 51.8
5.1–6.0 cm 23/225 10.2 899/4488 20.0 258/527 49.0
6.1–7.0 cm 7/98 7.1 517/2342 22.1 157/353 44.5
> 7.0 cm 20/118 17.0 672/3087 21.8 354/756 46.8
Total 930/16735 5.6 11873/89460 13.3 1732/3769 46.0

LN: lymph node; pNþ: pathologically node-positive.

Table 4. Multivariable logistic regression analysis for factors associated with the discovery of pathologic nodal involvement
at surgery.

Parameter

All patients Sublobar & lobectomy only

OR (95% CI) p Value OR (95% CI) p Value

Age (years) 0.995 (0.993–0.997) <.001 0.994 (0.992–0.996) <.001
Gender
Male Ref Ref Ref Ref
Female 0.905 (0.872–0.939) <.001 0.906 (0.872–0.915) <.001

Race
White Ref Ref Ref Ref
Black 0.960 (0.898–1.027) .239 0.975 (0.909–1.045) .475
Other 1.193 (1.079–1.319) .001 1.205 (1.087–1.336) <.001

Charlson Deyo score
0 Ref Ref Ref Ref
1 0.965 (0.927–1.004) .082 0.943 (0.904–0.983) .005
2 0.925 (0.871–0.983) .011 0.910 (0.855–0.969) .003
�3 0.949 (0.856–1.052) .319 0.900 (0.809–1.002) .055

Facility type
Academic Ref Ref Ref Ref
Non-academic 0.995 (0.958–1.035) .819 1.035 (0.994–1.077) .099
Not recorded 0.992 (0.699–1.407) .962 0.843 (0.568–1.253) .399

Histology
Adenocarcinoma Ref Ref Ref Ref
Squamous cell carcinoma 0.656 (0.630–0.682) <.001 0.608 (0.583–0.633) <.001

Tumor grade
Well differentiated Ref Ref Ref Ref
Moderately differentiated 2.414 (2.232–2.611) <.001 2.441 (2.252–2.646) <.001
Poorly differentiated 2.934 (2.708–3.178) <.001 3.003 (2.766–3.260) <.001
Not recorded 2.415 (2.141–2.724) <.001 2.456 (2.172– 2.778) <.001

Tumor size (cm) 1.099 (1.090–1.108) <.001 1.142 (1.132–1.530) <.001
Surgery
Sublobar Ref Ref – –
Lobectomy 2.279 (2.124–2.445) <.001 – –
Pneumonectomy 10.575 (9.585–11.666) <.001 – –

Number of nodes removed 1.004 (1.004–1.005) <.001 1.004 (1.004–1.005) <.001
Days from diagnosis to surgery 1.009 (1.006–1.012) <.001 1.010 (1.006–1.013) <.001
OR: odds ratio; CI: confidence interval.
Bold indicates statistically significant p values.
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this study may assist investigators in selecting patients to
enroll on those trials.

This study is additionally useful for managing clinicians in
order to individualize follow-up schedules after SABR.
Patients with a higher risk of pNþ disease (as determined by
Table 2 and Figure 1) should ideally undergo more aggres-
sive imaging surveillance, especially because early detection
of isolated locoregional recurrences can be effectively sal-
vaged [11,12].

The findings of this study largely corroborate previous
small historical surgical series [4–7]. The findings of Table 2
are comparable to those of most prior surgical series [4–6],
but suggest that those surgical series may have underesti-
mated the LN risk for tumors �1 cm as compared to these
data. Those studies did not have the luxury of high sample
sizes in order to perform stratification based on several other
variables, so these data of over 100,000 patients in the con-
temporary era provides a finer assessment than historical ser-
ies. Emerging methods for even more precise assessment,
such as radiomics, could show promise in the future [13].

Additionally, the finding that every cm increase in tumor
size is associated with a 10–14% increased risk of occult

nodal disease is important for patients who have delays from
initial diagnosis to definitive therapy. It is not uncommon for
these post-diagnosis delays to manifest as 0.5–1.0 cm
increases in tumor size from initial imaging to the time of
SABR simulation, and patients must be counseled appropri-
ately based on these data. Additionally, this investigation
also revealed that each elapsed day from diagnosis was asso-
ciated with a �1% increase in the rate of occult LN involve-
ment, implying that even small delays from diagnosis to
therapy should not be taken lightly, and patients should also
be counseled accordingly.

Although the NCDB provides an unique platform with
which to study this important clinical question, this investiga-
tion is not without additional limitations to those discussed
above. First, as mentioned above, this is a retrospective study
with a heterogeneous population and workup procedures.
As such, this work is not designed to give a more limited
but specific assessment, but rather a broad picture that is
applicable to a variety of settings and circumstances.
Importantly, the NCDB is representative of 70% of the US
population, but may not be representative of segments of
the population who have limited access to care and

Figure 1. Graph of the proportion of patients with occult lymph nodal positivity as a function of tumor size and grade for squamous cell carcinoma with (A) low
grade disease; (B) intermediate grade disease and (C) high grade disease; and for patients with adenocarcinoma with (D) low grade disease; (E) intermediate grade
disease and (F) high grade disease.
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therefore these results may be not generalizable to the
entire population. Second, there was also no standardization
of the MLND for these patients, and the NCDB does not
tabulate the specific nodal stations dissected. Third, the
inclusion of pneumonectomy cases was necessary because a
small proportion of cN0 NSCLC would presumably be in loca-
tions that would not allow for sparing of the ipsilateral lobar
bronchi. Although these cases constituted a very small pro-
portion of patients and could have been outliers, we con-
ducted repeat multivariable analysis removing these cases
for this very reason. Fourth, the NCDB does not keep track of
several other factors that could be correlated with occult
nodal spread, such as tumor location [14], the amount of
PET-CT radiotracer uptake [15], adjacent structure involve-
ment [16], the presence of a ground-glass opacity on imag-
ing [17], and lepidic patterns or other histopathologic
features [18]. Lastly, the best-fit line in the graphs assumes a
linear correlation between tumor size and nodal spread. This
is a relatively safe assumption for most tumor sizes, but for
very large tumor sizes this correlation could theoretically
become more quadratic in nature; thus, the best-fit line
could potentially underestimate the risk at higher tumor
sizes. However, the data herein seemed to plateau at the
largest tumor sizes, implying that the best-fit line could have
overestimated the risk.

Conclusions

This study of over 100,000 cT1–4 cN0 cM0 NSCLC patients
treated throughout the United States allows clinicians to esti-
mate the rate of occult nodal disease for a given patient.
This study demonstrates increased rates of occult LN positiv-
ity with both the size of primary tumor as well as the time
from diagnosis to initiation of treatment. In particular, each
cm increase in tumor size is associated with a 10–14%
increase in the occult LN risk, and each elapsed day from
diagnosis to therapy is associated with a �1% increase in
the occult LN risk. These data may assist in guiding enroll-
ment on randomized trials of SABR± immunotherapy, indi-
vidualizing follow-up imaging surveillance, and patient
counseling to avoid post-diagnosis delays.
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