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Abstract
Background—Nodal staging of non–small-cell lung cancer (NSCLC) is crucial in evaluation of
prognosis and determination of therapeutic strategy. This study aimed to determine the negative
predictive value (NPV) of combined positron emission tomography and computed tomography
(PET-CT) in patients with stage I (T1-2N0) NSCLC and to investigate the possible risk factors for
occult nodal disease.

Methods—Studies investigating the performance of PET in conjunction with CT in the nodal
staging of stage I NSCLC were identified in the MEDLINE database. The initiative of standards
for reporting of diagnostic accuracy (STARD) was used to ensure study quality. Pathologic
assessments through mediastinoscopy or thoracotomy were required as the reference standard for
evaluation of PET-CT accuracy. Stata-based meta-analysis was applied to calculate the individual
and pooled NPVs.

Results—Ten studies with a total of 1122 patients with stage I (T1-2N0) NSCLC were eligible
for analysis. The NPVs of combined PET and CT for mediastinal metastases were 0.94 in T1
disease and 0.89 in T2 disease. Including both T1 disease and T2 disease, the NPVs were 0.93 for
mediastinal metastases and 0.87 for overall nodal metastases. Adenocarcinoma histology type
(risk ratio [RR], 2.72) and high fluorine-18 (18F) fluorodeoxyglucose (FDG) uptake in the primary
lesion were associated with greater risk of occult nodal metastases.

Conclusions—Although overall occult nodal metastases in clinical stage T1-2N0 NSCLC is not
infrequent, combined PET and CT provide a favorable NPV for mediastinal metastases in T1N0
NSCLC, suggesting a low yield from routine invasive staging procedures for this subgroup of
patients.
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Introduction
Lung cancer is the leading cause of cancer deaths worldwide. In 2008 there were an
estimated 1.61 million new cases and 1.38 million deaths worldwide,1 among which 85%
were non–small-cell lung cancer (NSCLC). Accurate staging, especially nodal staging, is a
crucial factor for evaluation of prognosis and determination of treatment strategy in NSCLC.

Intravenous contrast-enhanced computed tomography (CT) is the most commonly used
imaging modality for clinical staging. The predictive ability of CT for mediastinal lymph
node metastasis has been well documented, with sensitivity and specificity of 57%–68% and
76–82%, respectively.2–6 Using the fluorine-18 (18F) fluorodeoxyglucose (FDG) tracer,
positron emission tomography (PET) has much better performance in identification of nodal
disease because abnormal metabolic uptake generally precedes anatomic change, providing
a sensitivity of 79%–85% and a specificity of 87%–92%.2–6 Combined PET and CT (PET-
CT), in particular integrated PET-CT, could further improve the accuracy of malignant node
detection by combining information on spatial resolution, anatomic localization, and
metabolic activity of the suspicious lesion.7,8

Traditionally, mediastinoscopy and systematic lymph node dissection have been regarded as
the gold standard for the identification of mediastinal lymph node metastasis by offering
pathologic proof of malignancy. The emerging transesophageal ultrasound-guided fine-
needle aspiration (EUS-FNA) and endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) may serve as alternatives to mediastinoscopy but have not yet
been validated.9–11 Nevertheless, all these modalities are invasive and highly dependent on
operator expertise.

In theory, tumors in the early stage behave less aggressively and may have a lower risk of
lymph node involvement. The reported presence of mediastinal lymph node metastasis in
patients with stage I NSCLC determined by CT ranged from 6%–21%; this was verified by
mediastinoscopy-based or thoracotomy-based lymph node sampling or dissection.12–14 The
relatively low rate of nodal involvement calls into question how much benefit can be gained
from routine invasive staging for patients with PET-CT–identified small primary lesions and
negative nodal findings. We performed a meta-analysis to evaluate the negative predictive
value (NPV) of PET-CT in patients with stage I NSCLC (AJCC 6th edition stage
T1-2N0M0) and further investigate the potential risk factors for nodal involvement.

Materials and Methods
Study Eligibility and Identification

We attempted to identify all studies that investigated the diagnostic performance of
combined FDG-PET and CT, either integrated or visually correlated, for nodal staging in
patients with stage I (T1-2N0) NSCLC. Computerized search of the MEDLINE database
was performed using the following keywords: positron emission tomography, non–small-
cell lung cancer, stage I, lymph node. Mediastinoscopy, thoracotomy-based lymph node
dissection, or lymph node sampling was required to verify mediastinal involvement.
Abstracts were ruled out because of insufficient information for the evaluation of
methodologic quality and the calculation of pertinent diagnostic parameters. In addition, we
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also reviewed references listed in the identified articles and included eligible studies for
integrality of the literature search. Authors with more than 1 publication involving the same
study population were included only once, and the one that was most relevant and complete
was selected. Literature retrieval was terminated by February 2011.

Study Quality Control
To ensure that only high-quality studies were included in this analysis, we used
methodology-related quality criteria from the Standards for Reporting of Diagnostic
Accuracy (STARD) checklist15 covering 8 dimensions: (1) Description of study population,
(2) Description of participant recruitment, (3) Cohort assembly, (4) Reference standard and
its rationale, (5) Description of technical specifications of imaging, including how and when
measurements were taken, (6) a clear definition of cutoffs, (7) Description of number and
expertise of professionals reading the pet-ct scans or executing the invasive procedures, (8)
Description of calculation methods for performance parameters. A score between 0 and 2
was assigned to each item: 2 represented the complete description or prospective design, 1
represented the partial depiction or retrospective design, and 0 indicated no matched
description, making the maximum score 16.

Data Extraction
As the patients in this pooled setting carried clinical N-negative diseases (T1-2N0M0), the
primary operating characteristic in this study was negative predictive value [NPV = true
negatives/(true negatives + false negatives)]. The presence of occult nodal metastasis was
defined as the likelihood that a patient with a normal PET-CT finding at nodal regions
actually had pathologically proven nodal involvement (1-NPV). Patients with hilar nodal
metastases alone were classified as having false-negative N1 disease, whereas those with
synchronous mediastinal involvement were classified as having false-negative N2 disease.
Patients with mediastinal metastases (with or without N1 disease) were defined as having
false-negative N2 disease. As far as overall nodal analysis, patients with histologically
proven nodal metastases (at any nodal station) were categorized as having false-negative
disease.

Statistical Analysis
Meta-analysis was performed with the METAN routine in the Stata/SE 11 (StataCorp LP,
College Station, TX). The heterogeneity across different studies was assessed with the
Cochran Q test and also described with I square.16–19 A P value of .05 was elected as the
threshold, < .05 indicating significant heterogeneity across studies. The pooled summary
estimate of NPVs and corresponding 95% confidence intervals (CIs) were obtained using
the fixed effects method of inverse-variance (I-V pooled effect size) if there was
homogeneity among studies.20 In case of heterogeneity across studies, the random effects
model of DerSimonian & Laird (D + L pooled effect size) was applied.21 The risk ratios
(RRs) of occult nodal metastasis for different subgroups were estimated based on a 2 × 2
table using the fixed effects method of Mantel-Haenszel for homogeneous studies or the
random effects model by DerSimonian and Laird for heterogeneous studies.21–23

Results
Study Identification and Quality

Sixty-seven English-language articles were retrieved in our initial literature search. After
reviewing these articles and corresponding references, 10 studies were identified as eligible
for this analysis.24–33 Results of the methodology quality assessment for all studies are
shown in Table 1. Quality scores in the series ranged from 10 to 16, with both mean and
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median values of 13. The worst described item was technical specifications of imaging, with
a total score of only 11 in the 10 studies. Eight of 10 studies provided particular depiction of
CT and PET scanning procedures, 24–27,30–33 whereas only 3 studies specified the timing of
PET and CT imaging acquisition, showing a mean interval of 10 days between PET-CT
scanning and pathologic staging in 1 study27 and less than 1 month in another 2 studies.31,32

No correlation was observed between the publication year and quality score (P = .62).

Study Description
The characteristics of eligible studies are shown in Table 1. The number of patients with
clinical stage I (T1-2N0) NSCLC in each study ranged from 41 to 224, with a median
number of 108. Five studies were prospectively designed26,27,29–32 and 5 applied
retrospective cohort assembly.24,25,28,33 Clinical staging was determined by side-by-side
visual review of PET and CT (PET & CT) in 5 studies24,25,28–30 and by integrated PET-CT
in the other 5 studies.26,27,31–33 Patients with overall stage I disease (T1-2N0) were
evaluated in 6 studies,24–26,28,30,32 and patients with exclusively stage IA (T1N0) disease
were enrolled in 4 studies.27,29,31,33 N2-related information was available in all studies and
N1 disease was analyzable in only 7 studies.24,25,29–33 Eight studies declared no pathologic
N3 disease24,25,27–29,31–33 and 1 study found 1 patient with N3 metastasis.30 N3 data was
not shown in 1 study.26 Regarding a PET-based definition of positive nodal disease, 5
studies used higher FDG uptake on visualization than seen in surrounding normal
tissue,24,25,27,32,33 and 5 studies used certain thresholds of maximum standard uptake value
(SUV) to distinguish between benign and malignant manifestations.26–28,30,31 With 1
exception,27 all studies also took CT-based nodal size into account to identify positive nodal
disease.

Negative Predictive Value for Mediastinal Metastases
A total of 1122 patients from 10 studies with PET-CT– determined stage I (T1-2N0)
NSCLC were eligible for the analysis. Figure 1 displays the stratification diagram, and the
analyzed sub-population is emphasized in the pink boxes. Table 1 shows the NPVs of
combined PET and CT for individual studies, ranging from 0.82–0.97 for hilar metastasis
(N1 alone), 0.86–1.0 for N2 mediastinal metastasis, and 0.68–0.97 for overall nodal
involvement. All studies were eligible for the calculation of the NPV for occult N2
mediastinal metastasis, and the summary estimates for NPVs are shown in Figure 2. Across
all 10 studies, there was marked heterogeneity in NPVs (P = .04). The weighted estimate of
NPV for N2 metastases in the whole population was 0.93 (95% CI, 0.91, 0.95),
corresponding to 7% of occult diseases. Figure 2 also displays the NPVs for subgroup
patients. For 649 patients from 6 studies with specific stage IA (T1N0) NSCLC,27–29,31–33

the NPVs ranged from 0.87–0.95, resulting in the summary estimated NPV of 0.94 (95% CI,
0.92, 0.96). Only 130 patients with stage IB (T2N0) NSCLC from 2 studies were eligible for
N2 analysis,28,32 yielding a summary NPV of 0.89 (95% CI, 0.84, 0.95).

Negative Predictive Value Per Nodal Station
Table 2 shows the pooled NPVs of combined PET and CT per nodal station within the same
population. Based on 7 studies involving 624 patients with T1-2N0M0 disease,24,25,29–33 the
estimated NPVs for N1 alone, N2, and overall nodal involvement were 0.92, 0.95, and 0.87,
respectively. As far as specific T1 disease, 360 patients from 4 studies were eligible for
estimation of NPV per nodal station,29,31–33 resulting in pooled NPVs of 0.92, 0.95, and
0.86 for N1, N2, and overall nodal involvement, respectively. Based on only 1 study, 32 the
corresponding NPVs for each station in T2 diseases were 0.75, 0.85, and 0.61, respectively.
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Potential Risk Factors for Occult Nodal Metastases
As mentioned before, occult nodal metastasis referred to the false-negative rate of combined
PET and CT in detecting nodal diseases and could reflect NPV from another point of view.
Several factors may be associated with the risk of occult nodal disease, such as tumor
location, size, histologic type, and metabolic activity. On the basis of 3 studies,28,32,33 NPVs
for nodal metastasis per primary tumor location (central vs. peripheral) are shown in Table
3. Figure 3 (top) displays the summary RR of central tumors having false-negative disease
compared with peripheral tumors, suggesting no significant difference between locations
(RR = 1.496; P = .64). Four studies examined whether primary tumor size had an impact on
the rate of occult nodal metastasis.28,29,32,33 Two of these studies demonstrated that larger
tumor size significantly predicted a higher presence of unforeseen nodal involvement.28,29

However based on 2 studies available for respective false-negative calculation in both T1
and T2 disease,28,32 no significant difference was found in pooled occult N2 metastases
between T1 and T2 tumors (P = .53). Five studies investigated the effect of tumor histologic
type on the presence of occult nodal metastasis.27,28,30,32,33 Table 4 lists the NPVs
according to histologic type for each study as well as the summary estimation based on the
pooled population. A marginally higher proportion of false-negative disease in
adenocarcinoma was observed in 3 individual studies28,30,32; such a trend turned out to be
statistically significant in the pooled patients, corresponding to an RR of 2.72 (Figure 3,
bottom). In addition, 5 studies evaluated the correlation between maximum SUV and the
presence of unsuspected nodal metastasis.26,28,31–33 Four of these studies reported that
higher SUV in primary tumor was a predictor of nodal involvement, although there was
great heterogeneity in the definition of SUV threshold among studies (range, 2.0–
7.3).26,28,31,33

Discussion
In this meta-analysis of 10 studies including 1122 patients with PET-CT–determined stage I
(T1-2N0) NSCLC, the summary estimated NPV was 0.93 for mediastinal metastasis. The
NPVs for mediastinal metastases in T1 and T2 subgroups were 0.94 and 0.89, respectively.
In terms of the overall nodal metastases, the summary estimated NPV of PET-CT was 0.87
for stage I NSCLC. To our knowledge, this is the first combined study systemically
evaluating the diagnostic performance of combined FDG-PET and CT for nodal staging in
specific stage I NSCLC. All studies included in this meta-analysis were reasonably designed
and presented with acceptable quality scores.

In the present analysis, the presence of N2 metastasis in stage I (T1-2N0) and exclusive
stage IA (T1N0) disease was almost identical, which resulted from the predominance of the
T1 component among the whole study population. Except for 2 studies with 237 patients not
specifying substage distribution (T1 vs. T2),26,30 only 153 of 885 patients from the other 8
studies had stage IB (T2N0) disease. Therefore the general results of the present analysis
were more likely to represent features of stage IA disease. The estimated 6% presence of
occult N2 metastasis is pretty similar to a recent retrospective report, 34 which demonstrated
a 7% N2 involvement in patients with pathologic T1 and clinical N0 NSCLC. Notably, a
substantial number of patients with clinical T1 disease do not truly have pathologic T1
disease. Stiles et al reported that only 72.2% of patients with stage IA disease retained a
pathologic T1 classification after surgical resection and 27.8% had postoperative upstaging
of their T classification; the majority changed to stage stage IB/T2 primarily because of the
visceral pleural invasion.35 Therefore the patients with truly pathologic T1 disease in our
pooled study may have an even lower likelihood of occult mediastinal metastasis.

The low presence of mediastinal metastasis in patients with T1N0 disease that was clinically
staged with PET-CT arouses much controversy on the routine practice of invasive staging
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for this group of patients. The average sensitivity of cervical mediastinoscopy for
mediastinal staging is around 80% in an unselected population9,36 and it is likely to be even
lower in selected patients with previous normal findings on PET-CT. Given the 6% presence
of false-negative findings among patients with T1N0 disease in this study, mediastinal
disease would be discovered in < 5% of patients undergoing additional mediastinoscopy.
This estimation was consistent with a prospective report, which revealed a 6% detection rate
and a 60% sensitivity rate for unsuspected N2 disease by performing both mediastinoscopy
and EUS-FNA in patients with NSCLC who are clinically staged as N2 negative after
integrated PET-CT and CT scanning.37 Therefore at least 16 patients with T1 disease and
normal mediastinal findings on PET and CT would undergo futile invasive staging
procedures to prevent 1 unnecessary thoracotomy, suggesting a low yield from routine
invasive staging for this group of patients. In terms of T2N0 NSCLC in this pooled study,
mediastinal involvement seemed more frequent, showing an NPV of 0.89 and a >10%
incidence of unforeseen N2 metastases based on the limited number of patients. This finding
is partially consistent with the standpoint that nodal metastasis increases with the tumor
size,38,39 suggesting the necessity of further invasive staging procedures for patients with T2
disease despite negative nodal findings on PET & CT.

Conventionally, mediastinal status matters significantly for the determination of treatment
strategy, such as the use of neoadjuvant therapy or immediate thoracotomy. N1 disease
generally has limited influence on this part of decision making. Nevertheless, occult lymph
node involvement regardless of nodal station is one of the main considerations for the
implementation of stereotactic body radiation therapy. In this pooled study, the summary
estimated NPV for overall nodal metastases in stage I NSCLC by PET-CT was 0.87,
indicating up to a 13% false-negative rate. Thereby the invasive procedures should still be
strongly recommended to achieve more accurate staging for those who are medically unfit
for surgery.

In the present analysis, studies using either integrated PET-CT or a visual combination of
PET and CT were all included. Regarding the sensitivity, specificity, and accuracy, a large
number of studies have shown that integrated PET-CT is superior to the manual combination
of PET and CT in detecting nodal disease.7,8 However limited data are available for the
comparison of NPV between these two modalities. One study retrospectively assessed the
diagnostic accuracies of fused PET-CT, PET and CT viewed side by side, PET alone, and
CT alone for nodal staging in 260 patients with various oncologic diseases, corresponding to
the NPVs of 96%, 92%, 91%, and 73%, respectively.40 Another preliminary study including
27 NSCLC patients observed an NPV of 94% for both coregistered PET-CT and dedicated
PET.41 One study reported a slight advantage of integrated PET-CT over PET alone when
assessing the NPV of N2 disease, though the difference was not significant.42 In light of the
similar NPVs of integrated PET-CT and visual correlation of PET and CT for nodal staging,
as well as the limited number of eligible studies, it was reasonable to pool these two
combination patterns together for this analysis.

Multiple factors such as scanning equipment, observer interpretation of tests, and inherent
characteristics of tumors may contribute to false-negative findings on PET-CT. Limited
spatial resolution may be the primary cause for PET-based false-negative findings. Spatial
resolution of current-generation PET scanners is typically 5–7 mm and theoretically it is
difficult to detect lesions <7 mm based on PET imaging. Even so, one report showed that
PET correctly detected 88% of false-negative nodes <10 mm that were missed on CT.43 The
author speculated that the high-contrast resolution may compensate for the limited spatial
resolution and thus enhance the detection of micrometastases. Another study demonstrated
that 38% of false-negative nodes on CT (<10 mm in the short axis) were successfully
detected by integrated PET-CT and the smallest node on CT that showed a true-positive
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uptake on integrated PET-CT was 3.8 mm.27 This evidence suggested that positive FDG
uptake for even very small nodes should not be ignored. Besides the FDG uptake, CT-de-
fined nodal size can still be of great value for the identification of nodal malignancy. A
meta-analysis revealed that the predicted posttest probability of malignancy was 5% for
enlarged nodes measuring 10 to 15 mm with a normal finding on PET and 20% for those
larger than 15 mm.44 This result suggested that nodes larger than 15 mm, although without
abnormal FDG uptake, should not be neglected either. In our analysis, 9 of 10 studies took
both tumor metabolic activity and size into consideration; either showing abnormality would
be considered suspicious for malignancy.

Stage I NSCLC disease is seen in a heterogeneous group of patients with varying tumor size,
location, histologic type, and metabolic activity. Besides the previously mentioned lymph
node features such as size and metabolic activity, characteristics of primary tumor may also
be predictive of nodal involvement. In addition to the aforementioned tumor size and
location,45,46 histologic type 38,47 and FDG uptake of primary tumor 39,48,49 may be
potential predictors of nodal metastases as well. Based on the specific patient pool, we
quantitatively validated that adenocarcinoma carried a much greater risk of nodal
involvement, whereas no significant effect was found for tumor location on nodal
involvement. Abnormal FDG uptake was the most consistently reported risk factor across
studies, although there was dramatic discrepancy in SUV threshold for risk hierarchy.
Prospective studies enrolling larger numbers of patients to explore the optimal SUV
threshold for prediction of nodal metastasis are warranted. A multiinstitutional clinical trial
is ongoing to prospectively investigate the presence of occult N2/3 metastases and the
sensitivity of routine cervical mediastinoscopy in potentially high-risk patients with stage I
NSCLC (PET- and CT-staged T2N0 NSCLC as well as T1N0 with a maximum SUV > 10
of the primary tumor, NCT01146366).50

Conclusions
In summary, combined PET and CT provide a favorable NPV for mediastinal metastases in
clinical T1N0 NSCLC, and the presence of occult mediastinal involvement is around 6%,
inferring a low yield from routine invasive staging procedures for this group of patients.
Patients with T2 disease, adenocarcinoma histology, or high FDG uptake in primary lesions
have a higher risk of nodal metastases, and the invasive staging procedures are
recommended before the initiation of any active treatment.
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Figure 1.
Patient Stratification Diagram
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Figure 2. Individual and Summary Estimated NPVs of Combined PET and CT for Patients With
T1-2N0M0 NSCLC (Top) and Subgroup Patients With Specific T1N0M0 and T2N0M0 NSCLC
(Bottom). Of Note, 1 Study was Excluded (Weighted 0.0) for the Pooled NPV Computation
Regarding N2 Disease Because of Lack of False-Negative Event
Abbreviation: ES = effect size.
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Figure 3. Tumor Location (Top) and Histologic Type (Bottom) for the Risk of Occult Nodal
Metastases. Of Note, 1 Study was Excluded from the Pooled Risk Ratio Computation Regarding
Histologic Subtypes for the Risk of Occult Nodal Metastasis due to Having No False-Negative
Event in Nonadenocarcinoma Subgroup
Abbreviations: ES = effect size; FN = false negative.
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