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Abstract
Background: Cervical lymph nodes are frequently involved 
in patients with lung cancer and indicate inoperability. Some 
guidelines recommend neck ultrasound (NUS) in patients 
with bulky mediastinal lymphadenopathy. Positron emis-
sion tomography (PET) is indicated for patients with poten-
tially curable disease. Objectives: We aimed to assess the di-
agnostic yield of NUS and the diagnostic accuracy of PET for 
cervical lymphadenopathy in this group with a high pre-test 
probability of N3 disease. Methods: Records of all patients 
with lung cancer who underwent an NUS over a consecutive 
5-year period were reviewed. Only patients with mediastinal 
lymphadenopathy on computerised tomography (CT) were 
included. The diagnostic accuracy of PET was assessed with 
NUS-guided fine needle aspiration cytology used as the ref-
erence test. Results: During the study period, 123 patients 
met the inclusion criteria. Malignant cervical lymphadenop-
athy was confirmed in 49/123 (39.8% [95% CI 31.1–49.1]). 
PET-CT had a specificity of 81.1%, sensitivity of 87.5%, nega-
tive predictive value of 96.8% and positive predictive value 
of 50% for the detection of cervical lymphadenopathy, and 

it contributed no additional staging information in the neck 
area. Overall, PET led to a change in management in only 
2.2% of cases. Conclusion: A significant proportion of pa-
tients with lung cancer and mediastinal lymphadenopathy 
have cervical lymphadenopathy detected by NUS. In this 
group of patients, PET offers minimal additional value in 
staging and management. © 2018 S. Karger AG, Basel

Introduction

Patients with lung cancer frequently present at an ad-
vanced stage [1]. Decisions regarding treatment de-
pends on accurate staging that should be performed us-
ing non-invasive investigations followed by selection of 
suitable sites for tissue sampling. Presence of lower  
cervical lymphadenopathy indicates N3 disease corre-
sponding to at least stage IIIB, and upper cervical lymph-
adenopathy represents M1b disease – stage IV lung can-
cer [2]. Neck ultrasound (NUS) routinely performed in 
patients with mediastinal lymphadenopathy has been 
shown to reveal metastases to neck lymph nodes in 40–
50% of cases [3, 4].

Positron emission tomography (PET) is indicated 
when computerised tomography (CT) of the thorax and 
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upper abdomen shows evidence of potentially curable 
disease. For staging of the mediastinum, PET-CT consis-
tently shows a significant rate of false-positive findings. A 
systematic review of 45 studies on the diagnostic accuracy 
of PET for mediastinal lymphadenopathy in lung cancer 
showed significant heterogeneity and evidence of signifi-
cant bias. The summary sensitivity and specificity was 
77.4% (95% confidence interval [CI] 65.3–86.1) and 
90.1% (95% CI 85.3–93.5) when increased uptake against 
background was used to define fluorodeoxyglucose 
(FDG) avidity [5]. Patients with FDG-avid mediastinal 
lymphadenopathy should have lymph node sampling to 
pathologically confirm that the nodes are involved. Cur-
rently, this is most frequently performed by endobron-
chial ultrasound (EBUS) or other procedures depending 
on the site of accessible disease. If samples from EBUS are 
negative for malignancy, the guidelines recommend per-
forming mediastinoscopy before proceeding to surgical 
resection [6].

Only limited literature is available regarding the diag-
nostic yield of PET-CT for cervical lymphadenopathy in 
lung cancer. One study demonstrated that PET-CT was 
associated with false-positive findings in the neck in 19% 
of cases [7]. More studies were performed on the role of 
PET-CT for the detection of neck lymphadenopathy in 
head and neck cancer, and within this patient population, 
PET-CT had a positive predictive value (PPV) of 60–87% 
and a specificity of 65–70% [8, 9].

While some guidelines recommend routine NUS in 
patients with lung cancer and bulky mediastinal lymph-
adenopathy, the evidence level in the literature is poor 
and other guidelines do not endorse such a recommenda-
tion [6, 10]. The aim of this study was to investigate the 
role and diagnostic accuracy of PET-CT compared to 
NUS for the detection of malignant cervical lymphade-
nopathy in patients with lung cancer and mediastinal 
lymphadenopathy on CT.

Materials and Methods

Study Design and Setting
This is a retrospective single centre cohort study, based in Gal-

way University Hospital, where, since 2012, the Interventional Re-
spiratory Unit has routinely performed NUS in patients with sus-
pected lung cancer who have bulky mediastinal lymphadenopathy 
on CT. 

Inclusion Criteria
All patients with confirmed lung cancer and evidence of medi-

astinal lymphadenopathy on CT defined as a short-axis diameter 
> 10 mm who also underwent an NUS in the period between Au-

gust 2012 and August 2017 were included. Medical, laboratory and 
radiology records were reviewed. Procedures performed, pathol-
ogy results and clinical stage were documented.

Procedures
NUS and Lymph Node Sampling
NUS was performed in a standardised systematic way using a 

5- to 12-MHz linear probe with patients in the supine position. 
Abnormal lymph nodes were defined based on a short-axis diam-
eter of ≥5 mm. The fine needle aspiration (FNA) of lymph nodes 
was performed by 1 of 4 respiratory physicians trained in the pro-
cedure. After obtaining informed written consent and using an 
aseptic technique, local anaesthesia was applied (1–3 mL of 1 or 
2% lidocaine). Between 2 and 4 passes using a 22-gauge needle 
were performed under direct US guidance. Air-dried and alcohol-
fixed glass slides were made from the first pass, while the remain-
ing passes were placed in formalin for cell block analysis. If the 
lymph node was suitable, a core needle biopsy was performed us-
ing an 18-gauge SuperCoreTM needle (Aragon Medical Devices, 
TX, USA). Sampling adequacy was routinely recorded by the pa-
thology department as a quality control measure. Rapid on-site 
evaluation was not performed for EBUS or NUS FNA. 

Positron Emission Tomography-Computerised Tomography
Whole-body PET was performed after the injection of 370–406 

MBq FDG with a standard delay time of 90 min. A non-contrast 
CT from groin to skull base was performed for attenuation correc-
tion and diagnostic interpretation. PET-CT was stored and anal-
ysed in the Picture Archiving and Communication System (PACS) 
and reported by 1 of 2 radiologists with more than 10 years’ expe-
rience. A contrast CT of the thorax and upper abdomen was done 
in all patients at baseline and was used for correlation. Findings 
from PET outside the thorax were documented. The maximum 
standardised uptake value (SUVmax) was routinely reported for all 
abnormal findings, and a 2.5-cut-off was used to define FDG avid-
ity for cervical lymph nodes. 

Outcome Measures and Definitions
Malignant cervical lymphadenopathy was defined as the pres-

ence of malignant cells at cytology or histology consistent with a 
diagnosis of lung cancer. Diagnostic accuracy of PET was mea-
sured against results from NUS and lymph node sampling. Lymph 
node sampling was considered adequate if lymphoid material or 
malignant cells were present in the samples.

Statistical Analysis
Minitab-17 (Minitab® Statistical Software, State College, PA, 

USA) was used to conduct the statistical analysis. Normally dis-
tributed data are described as means (standard deviations), while 
all other data are described as medians (interquartile ranges) or 
proportions and 95% CI. Analysis was performed using Mann-
Whitney U test or Fisher’s exact test. A p value of < 0.05 was con-
sidered significant. The sensitivity, specificity, PPV and negative 
predictive value (NPV) of PET-CT for the detection of cervical 
lymphadenopathy were calculated.

Ethical Considerations
This study was approved by the local ethics committee, and 

patient confidentiality was maintained throughout data collection 
and analysis.
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Results

Between August 2012 and August 2017, 223 patients 
were assessed with NUS in the interventional respiratory 
unit and 149 patients were diagnosed with lung cancer. 
Of those, 123 patients had mediastinal lymphadenopa-
thy. Baseline characteristics are shown in Table 1. EBUS 
was performed in 83/123 patients (68%).

NUS and Cervical Lymphadenopathy
The number of patients with enlarged cervical lymph-

adenopathy on NUS was 69/123 (56.1%). The mean (stan-
dard deviation) cervical lymph node short diameter was 
12.8 (5.9) mm. Needle sampling was technically feasible 
and therefore performed in 57/123 patients (46.3%). 
Findings are summarised in Table 2. Overall, 49/123 pa-
tients (39.8% [95% CI 31.1–49.1]) had confirmed malig-
nant cervical lymphadenopathy on pathological evalua-
tion. When FNA was compared to core needle biopsy, 
there was no significant difference in sampling adequacy 
(94.7 vs. 92.8%; p = 0.80). Immunohistochemistry was 
possible in 48/49 (98%) samples. A sample was consid-
ered sufficient for molecular analysis when tumour cells 
represented > 10% of the population. Molecular analysis 
was requested in 17 neck lymph node samples and was 
successfully performed in 14 cases (82.4% [95% CI 56.6–
96.2]). There was no significant association between the 
presence of cervical lymphadenopathy and lung cancer 
subtype. 

PET for Patients with Potentially Curable Disease
In total, 45/123 (36.6%) patients with mediastinal 

lymphadenopathy had potentially curable disease and 
underwent PET/CT and NUS. FDG-avid cervical lymph 
nodes were detected in 14/45 (31%) patients, and follow-
ing NUS, the number of false positives was 7/14 (50%). 
The breakdown of the US findings in this group is shown 
in Table 3. Overall, PET had a specificity of 81.1%, sen-
sitivity of 87.5%, NPV of 96.8% and PPV of 50% for the 
detection of cervical lymphadenopathy in this group 
with potentially curable disease. PET did not add any ad-
ditional staging information in the assessment of the 
neck region when compared to NUS alone. PET provid-
ed additional overall clinical stage information in 4 
(8.9%) patients and led to a change in management in 1 
(2.2%) patient. No relationship was detected between 
SUVmax and true- or false-positive PET findings in the 
neck with a median SUVmax for true-positive cases of 7.0 
(IQR 4–11) versus a median SUVmax for false-positive 
cases of 3.7 (IQR 3–9; p = 0.11; Fig. 1). The highest false-

positive FDG uptake was due to lymphoma which was 
evident on cytology and confirmed later by surgical exci-
sion. 

Discussion

In this cohort, 39.8% of patients with lung cancer and 
mediastinal lymphadenopathy had confirmed malignant 
cervical lymphadenopathy following NUS. These find-
ings are consistent with the results reported by Kumaran 
et al. [4] who investigated the role of routine NUS in 101 
patients with suspected and later confirmed lung cancer 

Table 1. Baseline characteristics of 123 patients with confirmed 
lung cancer and mediastinal lymphadenopathy that underwent a 
neck ultrasound

Gender
Male
Female

70 (56.9)
53 (43.1)

Age, years 67.4±11.2 
Small cell lung cancer 27 (22)
Non-small cell lung cancer 96 (78)

Adenocarcinoma 
Squamous cell carcinoma
Othera 

56 (45.5)
32 (26)

8 (6.5)

Data are shown as n (%) or means ± standard deviations. 
a “Other” includes neuroendocrine and poorly differentiated lung 
cancer. 

Table 2. Results of NUS and needle sampling of 57 patients with 
suspicious cervical lymphadenopathy on NUS

Short diameter, cm 12.8±5.9 
Enlarged lymph nodes 69 (56.1)
Needle sampling 57 (46.3)

FNA alone
FNA and CNB 

43 (35)
14 (11.4)

Sampling adequacy, %
FNA 
CNB 

94.7
92.8

Malignant cervical lymphadenopathy 49 (39.8)
Small cell lung cancer 
Adenocarcinoma 
Squamous cell carcinoma 
Other 

13 (26.5)
20 (40.8)
12 (24.5)

4 (8.2)

Data are reported as n (%) or means ± standard deviations, 
unless otherwise stated. NUS, neck ultrasound; FNA, fine needle 
aspiration; CNB, core needle biopsy.
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that had evidence of mediastinal lymphadenopathy. The 
authors reported that 50% of patients had malignant neck 
lymph nodes. Similarly, a study of 40 patients with non-
palpable neck lymph nodes confirmed that 40% had su-
praclavicular lymph nodes metastases [11].

The presence of supraclavicular lymphadenopathy in 
non-small cell lung cancer indicates N3 disease consistent 

with at least stage IIIB [12]. Such cN3 disease is associ-
ated with a median survival of 7 months in patients with 
non-small cell lung cancer [13]. The National Institute of 
Health and Care Excellence (NICE) guidelines recom-
mend routine NUS in patients with bulky mediastinal 
lymphadenopathy or blind transbronchial needle aspira-
tion mostly based on a cost-effectiveness analysis, al-
though the level of evidence is weak [10]. The findings 
from our study support this recommendation – poten-
tially identifying nodal disease in the neck region in about 
40% of patients. This can significantly streamline investi-
gations and prevent the need for more invasive tests, po-
tentially reducing futile treatments and time to definitive 
diagnosis and clinical stage. If these findings are support-
ed by further well-designed prospective studies of routine 
NUS in patients with mediastinal lymphadenopathy, they 
will have a significant impact on the diagnostic and stag-
ing pathway in lung cancer considering the feasibility and 
safety of performing NUS even in the office.

While PET had a high NPV for the detection of malig-
nant cervical lymphadenopathy, it was associated with a 
high rate of false-positive findings. The diagnostic accu-
racy of PET for malignant neck lymphadenopathy in lung 
cancer has previously been studied; Sung et al. [7] report-
ed on 32 patients with cervical lymphadenopathy detect-
ed on PET and/or CT and found a false-positive rate of 
19%. The authors reported an SUVmax of 2.3 to be the 
optimum cut-off for differentiating true- and false-posi-
tive findings. A smaller study of 12 patients with lung can-
cer and FDG-avid cervical lymphadenopathy showed su-
praclavicular metastases from lung cancer in 10 cases; 1 
case showed evidence of sarcoidosis and another evi-
dence of metastatic breast cancer [14]. Mean SUVmax in 

Table 3. Results of PET, NUS and cytology in all 7 patients that were considered to have false-positive PET find-
ings in the neck

Case SUVmax NUS findings LN short diameter, mma Cytology findings

1 17.7 bilateral cervical LNs 14 lymphoma
2 3 no lymphadenopathy
3 4.2 left cervical LN 10 non-specific lymphadenitis
4 5 no lymphadenopathy
5 4 no lymphadenopathy
6 3 no lymphadenopathy
7 3.4 bilateral enlarged LNs 12 lymphoma

Two cases of lymphoma on cytology were later confirmed on surgical excisional biopsy. PET, positron 
emission tomography; NUS, neck ultrasound; SUVmax, maximum standardised uptake value; LN, lymph node. 
a LN short diameter is reported for the largest LN as measured on US. 
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Fig. 1. Comparison of FDG uptake in patients with true- and false-
positive findings in the neck on PET-CT. SUVmax, maximum stan-
dardised uptake value; FP, false positive; TP, true positive; FDG, 
fluorodeoxyglucose; PET, positron emission tomography; CT, 
computed tomography.
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this study was 6.3 (range 3.7–12.2). In our study, NUS was 
performed by respiratory physicians trained in the proce-
dure and, while it can be argued that there could have 
been a failure to detect some malignant neck lymphade-
nopathy, the high sampling adequacy rate of 94.7% in this 
cohort would be inconsistent with such an argument.

In this paper, we report that PET offered no additional 
staging value in the neck when NUS was also performed in 
this cohort. In addition, it only changed M stage in 8.8% of 
patients from finding disease in other sites, which led to a 
change in management in only 2.2% of cases. Similar results 
were seen in a multicentre retrospective study of 1,059 pa-
tients who underwent PET scanning for suspected lung 
cancer [15]. In this population, additional extra-thoracic 
findings were detected in 15.8%, but management changed 
in only 1.2% of all patients that underwent PET. The results 
from this study and our study suggest that PET/CT has only 
a limited additional staging value once NUS is performed 
and the mediastinum is properly staged. However, a recom-
mendation regarding the benefit of PET when NUS is neg-
ative cannot be made based on this study as the sample size 
of this subgroup was small (38 patients). 

This study is limited by its retrospective design and the 
possibility of selection bias. Only patients that underwent 
an NUS were assessed for inclusion in the study, which 
might have led to confounding by indication bias. Also, 
this is a single centre study, which might affect the gener-
alisability of its findings.

Conclusions

In this cohort of patients with lung cancer and medi-
astinal lymphadenopathy, routine NUS performed by re-
spiratory physicians revealed malignant cervical lymph-
adenopathy in 39.8% of cases. Once NUS was performed, 
PET did not add any staging value in the neck and only 
limited additional staging value elsewhere with change in 
management in just 2.2% of cases. Further prospective 
studies in this subgroup of patients with suspected lung 
cancer is required to further assess the role of PET in the 
staging algorithm once NUS is incorporated as a routine 
investigation.
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