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Introduction

Lung cancer remains the leading cause of cancer death with 
an incidence, in 2010, of more than 220,000 in the USA (1). 
Despite advances in chemotherapy, radiation therapy, and 
surgery, prognosis remains poor with an overall 5-year 

survival of 14% (2). Correct clinical staging is key to 
successful management. In particular, correctly identifying 
patients with potentially curable non-small cell lung cancer 
(NSCLC) is a vital management goal (3,4). Furthermore, 
recent development of treatment strategies including 
stereotactic body radiation therapy (SBRT), sublobar 
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resection, and radiofrequency ablation, where routine 
assessment of nodal disease may not be done, increases the 
importance of detecting the nodal spread of disease. 

The introduction of modern imaging systems such 
as computed tomography (CT) and positron emission 
tomography-computed tomography (PET-CT) with 
fluorodeoxyglucose (FDG) has improved the detection of 
peripheral lung cancers at earlier stages (5-7). However, the 
performance of PET-CT for both mediastinal and lobar 
nodal staging remains an area of active investigation. A 
recently published meta-analysis of ten studies evaluating the 
ability of PET-CT to detect nodal disease reported a negative 
predictive value (NPV) for N1-N2 metastases of 87%. PET-
CT performed less well for T2 primary tumors (8). 

For early stage, node-negative NSCLCs surgical resection 
is considered the standard of care. In particular, lobectomy with 
lymphadenectomy remains the treatment of choice for early-
stage cancers, regardless of tumor size or metabolic features 
on FDG PET-CT. Over the last decade, there has been a 
reassessment of sublobar resection and other approaches in the 
context of medically inoperable lung cancer. Preliminary results 
and less-invasive approaches have led to an investigation of these 
approaches in medically operable patients. Furthermore, the 
tumor, node, metastasis (TNM) classification system (7th edition) 
released in 2007 is a reflection of a trend suggesting small lung 
cancers may behave less aggressively and result in significantly 
longer survival relative to larger T1 disease (9). This suggests the 
potential for less aggressive surgical approaches to achieve cure 
while reducing morbidity (9-11). PET-CT is widely accepted 
as the best modality for preoperative clinical determination 
of disease stage and is essential for appropriate selection of 
candidates for non-systemic treatment.

The objective of this series is to assess the incidence 
of pN1-pN2 among those clinically staged with PET-
CT as cN0 lung cancer and to identify predictors of nodal 
disease occult to PET-CT. Such predictors of occult nodal 
involvement could help establish criteria for patient selection 
in which radical lymphadenectomy might be necessary. 
Secondly, we sought to evaluate the accuracy of negative 
nodal uptake on PET-CT by comparing the performance of 
FDG PET-CT clinical staging to the true pathologic stage.

Methods

After obtaining IRB approval, the records of all patients who 
underwent surgical resection of pathologically confirmed 
NSCLC at the Norris Cotton Cancer Center/Dartmouth-
Hitchcock Medical Center over a 3-year period were 

retrospectively reviewed. From that cohort, patients with AJCC/
UICC 7th edition clinical stage IA and IB (T2a or less, N0, M0) 
based on pre-treatment integrated PET-CT were included 
in this analysis. Patients who had undergone neo-adjuvant 
therapy or who had staging PET-CT at an outside facility were 
excluded. The clinical stage I patients in this analysis did not 
undergo a separate mediastinal staging procedure. Mediastinal 
staging was done as part of the definitive surgery. 

Patient age,  lobar location,  surgical  pathology 
[adenocarcinoma, squamous cell carcinoma, other (large cell, 
bronchioloalveolar carcinoma)], tumor size at pathologic 
dissection, 7th edition AJCC/UICC TNM pathological stages, 
7th edition AJCC/UICC TNM clinical stage based on PET-
CT, and tumor size on PET-CT were recorded. CT images 
were re-reviewed to define the location of the primary tumor 
as central or peripheral. As in Al-Sarraf et al., a tumor was 
considered to be central if the center of the tumor lay in the 
inner 1/3 of the lung parenchyma on transverse CT images (12). 

CT scans were acquired at one breath-hold at maximum 
inspiration during the injection of a 100 cm3 bolus of 
intravenous iodine contrast from the lung apices to the 
abdomen. CT examination was acquired using a standard 
64-sice multidetector CTE (MDCT) protocol. Non-contrast 
enhanced PET-CT scans (Discovery ST, GE Healthcare) 
were acquired approximately 60 minutes following the 
intravenous administration of a standard dose of 18F-FDG 
(average 296-555 MBq). All positive nodes were localized 
using the American Thoracic Society (ATS) guidelines (13). 

On PET-CT nodal FDG activity was compared to 
mediastinal blood pool activity to assess for increased 
uptake. Scans with activity not above mediastinal blood pool 
are considered negative (clinically N0). 

Therefore nodules should not be compared to 
surrounding aerated lung, but rather to other solid soft tissue 
to assess for relatively increased uptake. Comparison typically 
can be made with mediastinal soft tissues or blood pool. 

Though many institutions report SUV, give the well-
known limitations of SUV, SUV is commonly but not 
routinely reported for FDG PET at our institution. We use 
the “not above mediastinal blood pool activity” as our cut-off 
for a negative scan.

Statistical analyses were conducted with Stata v11.0 
(College Station, TX). The data were summarized using 
descriptive statistics (median and ranges for continuous 
variables, means and standard error for proportions). The 
frequency of agreement between the 7th edition AJCC/UICC 
clinical stage based on pre-treatment PET-CT and true stage 
based on pathologic dissection was calculated. Multivariate 
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analysis was conducted using logistic regression with 
backward elimination. For multivariate logistic regression, 
multicollinearity was assessed with calculation of variance 
inflation factors (VIF, VIF >10 indicating multicollinearity).

Results

Over a three-year period, 144 patients with 7th edition 
AJCC/UICC stage IA and IB based on PET-CT underwent 
surgical resection at our center. Patient characteristics are 
presented in Table 1. Patients had pre-treatment staging 
PET-CT a median of 24 days prior to definitive surgery. 
Based on 7th edition AJCC/UICC staging, 98 patients were 
stage IA and 46 were stage IB as determined by PET-CT 
(Table 2). Of the 144 patients in this series, 91 (63%) were 
precisely correctly staged with PET-CT compared to the 
final pathologic stage: 71% correct for clinical stage IA, 
46% correct for clinical stage IB. The majority of the other 
53 patients not correctly staged by PET-CT (n=28) were 
upstaged to the next higher T category. The complete true 
pathological staging of all patients is presented in Table 3. 

PET-CT NPV and pathological upstaging due to pN1-N2

Of the 144 patients in this series clinically staged as IA or 
IB by PET-CT, 19 patients (9 of 98 clinical stage IAs and 
10 of 46 clinical stage IBs) were upstaged at pathological 
dissection due to the presence of nodal metastases. 
Therefore, the overall NPV for nodal disease in this series 
is 87% (125/144). Of these 19 with nodal disease, 8 had 
N1 disease alone and 11 had N2 positive nodes. Six of 
these 11 patients with occult N2 disease, also had occult 
N1 positive nodes. The NPVs of PET-CT were 92% for 
N2 (mediastinal) disease (133/144) and 90% for N1 disease 
(130/144). The NPVs for mediastinal metastases were 95% 
in T1 disease (93/98) and 87% in T2 disease (40/46). The 
NPVs are displayed by stage and nodal status in Table 4. 

The average numbers of lymph nodes sampled (N1 and 
N2) are presented in Table 5. There was no statistically 
significant difference in the average total number of lymph 
nodes, the average number of N1 nodes, or the average 
number of N2 lymph nodes sampled between patients found 
to have positive lymph nodes on pathological dissection and 
those who were pathologically node negative. 

Predictors of occult nodal disease

Multivariate logistic regression analysis for factors associated 

with occult nodal disease is summarized in Table 6. Backward 
elimination of non-significant factors produced a model 
containing tumor size (cm), central tumor location, and 
age at resection (Table 6). The categories of the tumor size 
variable were defined a priori according to the tumor size 
cutoffs in the 7th edition AJCC/UICC staging system. 
Multivariate logistic regression demonstrated a 3.28-fold 
increase in the risk of occult nodal disease for each higher 
T category (from T1A-2B) in the 7th edition AJCC/UICC 

Table 1 Patient characteristics

Characteristics Number [%]

Median age (range) (years) 67.3 (41.5-82.2)

Sex

Male 80 [56]

Female 64 [44]

Tumor lobe

Right upper lobe (RUL) 58 [40]

Right middle lobe (RML) 9 [6]

Right lower lobe (RLL) 18 [13]

Left upper lobe (LUL) 41 [28]

Left lower lobe (LLL) 18 [13]

Tumor location

Peripheral 120 [83]

Central 24 [17]

Tumor histology

Adenocarcinoma 86 [60]

Squamous cell carcinoma 52 [36]

Other 6 [4]

Tumor grade

Low 19 [13]

Intermediate 69 [48]

High 56 [39]

Median tumor size (range) (cm)

Pathology tumor size 2.6 (0.8-10)

PET/CT tumor size 2.5 (1.0-5)

PET, positron emission tomography; CT, computed tomography.

Table 2 Clinical staging by PET/CT

Clinical stage PET/CT (AJCC 7th edition) Number [%]

IA 98 [68]

IB 46 [32]

PET, positron emission tomography; CT, computed tomography.
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staging system (adjusted OR: 3.28, 95% CI: 1.41-7.57). Of 
the 55 patients in this series with tumor diameter ≤2.0 cm, 
two were found to have occult nodal disease. However, 7 
of 43 patients (16%) with tumor diameters between 2 and 
3 cm and 10 of 46 patients (22%) with tumor diameter 
greater than 3 cm were found to have occult nodal disease 
at pathological dissection. There was an approximately 
7.3-fold increase in the risk of occult nodal disease in 
patients with central tumors (adjusted OR: 7.3, 95% CI: 
2.22-24.3). Nine of 24 patients (38%) with central tumors 
had occult nodal disease whereas only 10 of 120 patients 
(8.3%) with non-central tumors had occult nodal disease. 
Older age at resection demonstrated a slight but significant 
protective effect (adjusted OR: 0.95, 95% CI: 0.92-0.98). 

Discussion

Stage I NSCLC is located entirely within the lung parenchyma 
without regional, nodal, or distant involvement. Lobectomy 
with mediastinal lymphadenectomy is widely accepted as the 
standard approach for patients with stage I lung cancer (14). 
However, with the advancement of SBRT and its increasing 
use in lieu of resection for patients with early stage lung 
cancers, the evaluation of the performance of PET-CT (NPV) 
to detect nodal disease and the identification of predictors of 
the presence of clinically occult nodal disease are vital to the 
selection of optimal therapeutic approach for each patient. 

According to the 7th edition AJCC/UICC TNM staging 
system, the overall 5-year survival rates of pathological stage IA 
and IB NSCLC are 73% and 58%, respectively. Within stage 
IA, 5-year survival rates decline from 77% for T1a to 71% 
for T1b (9,11). The association of increasing tumor size with 
shorter survival has been demonstrated by other investigators 
(15-19). In our series, increasing tumor size was associated with 
a significantly greater risk of having a final pathologic stage 
more advanced than IA/IB. Consistent with prior studies, we 
found a significantly higher risk of occult nodal metastasis as 

Table 3 True stage as determined by pathological dissection

Pathological stage (AJCC 7th edition) Number [%]

IA 75 [52]

IB 36 [25]

IIA 14 [10]

IIB 4 [3]

IIIA 13 [9]

IIIB 0 [0]

IV 2 [1]

Table 4 Negative predictive values for N1 and N2 disease, N1 
disease alone, and N2 disease alone

N1 and N2 

nodes (%)
N2 nodes (%) N1 nodes (%)

All patients  

(N=144)

87 92 90

T1 (n=98) 90 95 98

T2 (n=46) 78 87 83

Table 5 Nodal sampling stratified by pN – (n=125) and pN + 
(n=19)

pN – pN + T score (P value)

Mean No. nodes 

sampled

16.3 16.9 –0.34 (0.7)

Mean No. N1 

nodes sampled

10.0 9.5 0.5 (0.6)

Mean No. N2 

nodes sampled

6.3 7.3 –1.2 (0.2)

Table 6 Results of multivariate analysis of prognostic factors for the 
presence of occult nodal disease for cN0 patients by FDG PET-CT

Variable Odds ratio 95% CI P value

A

Size (cm) 2.58 1.11-6.00 0.027

Central tumor 8.02 2.15-29.8 0.002

Age (years) 0.95 0.92-0.99 0.007

Gender (female) 2.03 0.564-7.30 0.278

Tumor location (lobe) 0.918 0.610-1.38 0.682

Interval PET to 

resection (days)

0.99 0.99-1.01 0.598

Histologya 0.77 0.25-2.32 0.648

Tumor grade 1.75 0.68-4.51 0.246

B

Size (cm) 3.28 1.41-7.57 0.005

Central tumor 7.34 2.22-24.3 0.001

Age (years) 0.95 0.92-0.98 0.002

Complete regression model (A), final regression model 

resulting from backward elimination of non-significant 

variables (B). a, tumor subtypes included: adenocarcinoma, 

squamous cell carcinoma, large cell, and bronchoalveolar 

carcinoma; FDG, fluorodeoxyglucose; PET-CT, positron 

emission tomography-computed tomography.

l 
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primary tumor size increases (8). Other investigators reported 
a high prevalence of occult N1 and N2 disease in clinical T1 
lesions with the risk increasing 2-fold for tumors with diameter 
larger than 2 cm compared to those 1 cm or smaller (20-23). 
Our finding in multivariate analysis of a 1.8-fold increase in 
the risk of occult nodal disease for each higher T category 
in the 7th ed. of the AJCC staging system is similar to the 
relationship reported by Veeramachaneni et al. (19), who used 
final pathologic stage as an index of tumor size in their survival 
analysis, demonstrated significantly shorter survival at higher 
stages (larger tumor size).  

Previous studies have reported the importance of 
anatomic lobectomy for NSCLC, including stage IA disease 
(14,24). However, recently there has been debate regarding 
the role of non-anatomical resection or SBRT for lung 
cancers smaller than 2 cm in diameter and without evidence 
of nodal or distant involvement on PET-CT. All patients 
with primary tumors smaller than 2 cm were found to be 
free of occult nodal disease in our analysis. Furthermore, 
previous retrospective studies have observed no difference in 
survival of patients who had non-anatomic resection of small 
lung cancers compared to those who underwent traditional 
surgical management (25,26). To our knowledge there have 
been no published prospective randomized trials specifically 
addressing this question in patients who were clinically staged 
as stage I by either the AJCC 6th or 7th ed. with PET-CT. 

Prior studies have noted the improved performance of 
integrated PET-CT compared to CT or PET alone to 
evaluate both solitary pulmonary nodules and lymph node 
involvement for the staging of NSCLC (27-31). One objective 
of the present study was to add to previous reports of the NPV 
of FDG PET-CT for nodal disease in patients with stage I 
lung cancer. One analysis of 297 stage IA NSCLC (6th edition) 
patients and another of 197 patients reported NPVs for the 
detection of N1-N2 disease to be 85% and 87% respectively 
(15,19). For N2 disease specifically, the NPVs were 95% and 
93% respectively. Our series, which demonstrates a NPV for 
clinically occult N1-N2 disease of 87% and a NPV for N2 of 
92%, is consistent with these results and closely mirrors the 
NPVs reported earlier this year in the meta-analysis by Wang 
et al. (8). However, two additional series which looked solely at 
mediastinal (N2) lymph node involvement reported a higher 
rate of occult mediastinal disease: Gómez-Caro et al. and Al-
Sarraf et al. documented NPVs of 85.6% (Gómez-Caro) and 
84%, respectively (12,32). While there is some variability in 
these reports, our data and those in the recently published 
meta-analysis, suggest that PET-CT may be appreciably 
poorer at staging patients who appear to have larger primary 

tumors. The appearance of this trend both in our series and 
a meta-analysis of approximately 1,100 patients suggests that 
PET-CT alone may not be appropriate in the staging of 
patients with larger primary tumors (8). If the NPV of PET-
CT for occult nodal metastases is truly 85-87%, then the 
identification and acceptance of predictors of nodal disease 
(tumor size, tumor location) to identify patients for whom 
noninvasive staging procedures and nonsurgical treatment 
options should be offered more cautiously could prove highly 
valuable to avoid under-treatment with radiotherapy. 

Previous series have also shown centrally located tumors to 
be associated with a higher incidence of occult nodal disease 
(N2) than peripherally located tumors (7,12,33). In our 
analyses occult nodal disease (pN1-N2) was the dependent 
variable and the association between central tumor location 
and occult nodal disease was seen even in multivariate analyses 
controlling for primary lesion size (12). Other investigators 
have noted that the basis for this association may be a failure 
of FDG PET-CT to distinguish involved lymph nodes from 
the primary tumor’s activity due to an obscuring effect caused 
by the tumor’s proximity to the mediastinum (12).These 
analyses support the use of invasive mediastinal staging prior 
to resection of centrally located tumors. 

One aspect of our study is the inconsistency of the reporting 
of nodule and nodal SUV uptake in our dataset. As a result, 
we could not include SUV uptake in our regression analysis. 
Previous studies have demonstrated that a SUVmax cutoff of 
2.5 can be used to predict nodule malignancy and to a degree, 
5-year survival (6,34). Furthermore, SUV and SUVmax have 
been predictive of intratumoral lymphatic vessel invasion and 
aggressiveness of T1 NSCLC nodules (35,36). The main 
limitation of this study is that the analysis was retrospective. To 
determine the true incidence of clinically occult nodal disease 
among patients with negative nodal uptake on PET-CT, 
prospective studies are warranted. 

The results of this study demonstrate a satisfactory NPV 
for nodal involvement of NSCLC, especially for IA disease. 
However, overall underestimation of true pathological stage 
by integrated PET-CT is not uncommon, particularly with 
larger and centrally located tumors, risk factors that are 
generally acknowledged for occult nodal disease. When 
considering the utility of endoscopic or surgical mediastinal 
staging in such cases, the likelihood of occult nodal disease 
must be weighed against the false-negative rates for invasive 
staging procedures in clinically node-negative cases, which 
are generally greater than 10%. When contemplating 
nonsurgical treatment of early stage lung cancer, particularly 
SBRT, which affords no histological confirmation of nodal 
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status, appreciation of the risk and consequences of occult 
nodal metastases is important, and should be made clear to 
patients considering nonsurgical treatment options, especially 
in operable patients. Invasive mediastinal staging should 
be considered for patients with larger or centrally located 
tumors with no evidence of nodal disease on PET-CT.
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