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 Introduction 

 The supraclavicular (SC) areas are common sites of 
metastatic disease. In lung cancer, SC nodes are frequent-
ly involved and define stage IIIB disease. These nodes are 
easily reached and preclude more invasive investigations 
such as bronchoscopy or endoscopic ultrasonography in 
many patients  [1] . Because they are often impalpable, SC 
metastases are primarily detected with imaging modali-
ties such as computed tomography (CT) and positron 
emission tomography (PET). Ultrasound (US) is also 
very appropriate in demonstrating SC nodal disease but 
is particularly useful in guiding biopsies  [2] . Under real-
time guidance and with high resolution, cytologic fine-
needle aspirations (FNA) or histologic tissue core biop-
sies (TCB) can be obtained with high precision  [3] . For 
lung cancer staging, FNA of tumour tissue is accurate. 
Even for advanced elaboration of samples like histologi-
cal subtyping with immunohistochemistry, FNA often 
provides enough material  [4] . For subtyping of certain 
other malignancies, like malignant lymphoma, cytology 
is inaccurate.

  Limited information is available on molecular diag-
nostics in FNA from SC nodes  [5] . How tissue require-
ments for molecular analysis develop in the near future is 
unclear. On the one hand, there is a demand for larger 
amounts of material in order to enable sequential pro-
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 Abstract 

  Background:  Supraclavicular (SC) lymph node metastases 
are important in the analysis of thoracic malignancies for 
staging as well as for diagnosing purposes. Ultrasound (US) 
guidance visualises lesions very precisely, enabling tissue bi-
opsies in real-time mode.  Objectives:  To report on the diag-
nostic qualities of SC tissue core biopsies (TCB).  Methods:  A 
retrospective database analysis was performed in TCB per-
formed under US guidance in SC nodes in patients suspect-
ed of having a thoracic malignancy. Clinical characteristics 
and results of diagnostic evaluations were analysed.  Results:  
Between October 2008 and October 2014, 67 sessions for 
TCB in 65 patients were performed. The diagnostic accuracy 
of TCB for all diagnoses is 90%, with a sensitivity of 89%. For 
malignant diagnoses, the sensitivity of US-guided TCB is 
93%. In 20 patients, molecular analysis for EGFR and KRAS 
was performed, with a diagnostic success rate of 95%. One 
patient suffered a moderate haemorrhage after TCB.  Conclu-

sion:  TCB of SC nodes in the analysis of suspected thoracic 
malignancy is safe and has a high diagnostic accuracy in de-
termining tumour subtype as well as molecular analysis. 
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cesses on different tumour slides. On the other hand, 
modern molecular tests require decreasing amounts of 
tissue to provide information on much more genes. It is 
clear from these considerations that histologic samples 
are not always required during the analysis of a suspected 
malignancy. Despite this and due to their superficial loca-
tion, however, SC node metastases are ideal targets for 
providing large tissue samples. US guidance enables safe 
histologic sampling in even relatively small nodes. In this 
study, the diagnostic quality, regarding diagnosing as well 
as staging the disease, of US-guided TCB is described ret-
rospectively.

  Patients and Methods 

 Patient Selection 
 According to the interventional pulmonology database of the 

Isala Hospital in Zwolle, the Netherlands, a total of 278 FNA and 
TCB were performed. For this study, all patients who were sched-
uled for SC TCB are described. Screening for SC lymphadenopathy 
is not routinely performed in patients with enlarged mediastinal 
nodes, and so these patients are not included in the database. The 
indications for TCB were diagnosing and staging of presumed tho-
racic malignancies detected with PET-CT or CT alone.

  The choice of TCB instead of FNA was determined by the size 
of the nodes, their relation with large blood vessels and the need 
for histology. For staging of lung cancer, FNA was considered ad-
equate. For a diagnosis, especially when malignant lymphoma was 
considered, TCB was preferred. Obviously, the decision to per-
form TCB was influenced in time by the increasing confidence in 
the skills of the investigator.

  The findings at physical examination, the numbers of biopsies 
per patient, the results of the biopsies as well as their size on CT 
scans were recorded. Nodal biopsies for verification of disease 
stage were distinguished from nodal biopsies performed only for 
a diagnosis. Complications of the TCBs were scored in the data-
base and are reported as well. For this retrospective analysis, there 
was no ethical approval required.

  Tumour Measurements 
 Nodal measurements during US-guided biopsies were not per-

formed on a routine base. SC nodes that were biopsied were mea-
sured retrospectively on CT. The largest diameter in the transver-
sal plane was used.

  Sampling Procedures 
 A local physical examination was performed prior to US to de-

termine if lesions were palpable or not. All biopsies were per-
formed under local anaesthesia of the skin with lidocaine 2%. Per-
cutaneous US-guided TCB was performed with a Hitachi probe 
(EUP-C532) with a EZU-PA532 Hitachi Biopsy attachment. TCB 
was obtained under direct vision.

  For histologic biopsies, 14 G × 13 cm Bard tissue core biopsy 
needles were used with a Bard magnum biopsy instrument. The 
disadvantage of this device is that the needle protrudes 15 or 22 
mm (depending on the settings) into the lesion after firing the bi-

opsy instrument. This was the main reason to switch to an alterna-
tive biopsy needle. Therefore, 14 G × 10 cm Vigeo shuttle biopsy 
needles were used since June 2013. This semiautomatic type of 
needle is inserted into the lesion and retracts upon firing. Until 
June 2013, the Bard TCB was used in 45 biopsy sessions in 43 dif-
ferent patients (2 patients with repeated biopsies), and the Vigeo 
shuttle biopsy needle was used thereafter in 22 patients.

  Pathologic and Molecular Assessment 
 The biopsies were transported in formalin 4% to the Pathology 

Department and fixed overnight. Paraffin blocks were prepared; 
slides were cut and stained with hematoxylin and eosin (HE) and 
additional immunohistochemical staining. When non-squamous 
cell carcinoma of the lung was diagnosed, the TCB samples were 
assessed for molecular analysis. Molecular analysis was initially re-
stricted to EGFR and KRAS genes. ALK and ROS translocations 
were determined in EGFR and KRAS wild types later on.

  Results 

 Between October 2008 and October 2014, 67 US-guid-
ed investigations with TCBs were performed in 65 pa-
tients (2 patients underwent repeated TCBs; one after an 
inconclusive first session and the other to obtain addi-
tional material for molecular analysis). The patient and 
node characteristics are described in  table 1 . The diagno-
ses are described in  table 2 .

  In 47/67 (70%) TCB sessions, a primary pulmonary 
malignancy was found. Non-pulmonary malignancies 
were found in 9/67 (13%) patients, and in 1 patient, the 
biopsies showed an undifferentiated malignancy not re-
ducible to any primary organ, and histologic subtyping 
was impossible. In 2/67 (3%) investigations, benign dis-
ease was found, and in 8/67 (12%), the samples were 
non-diagnostic. In 7/8 patients with non-diagnostic 
TCBs, the result was false negative. In 1/8, the biopsies 
could be considered as true negative as there was no SC 
node visible after radiologic review. In 5 patients, a di-
agnosis was obtained with FNA preceding the biopsies 
(3 patients with carcinomas and 2 with sarcoidosis). In 
1 patient, a malignant lymphoma was found in a surgi-
cal biopsy, and in 1 patient, sarcoidosis was diagnosed 
on clinical grounds. Regarding these results, the diag-
nostic accuracy of TCB for all diagnoses is 90%, with a 
sensitivity of 89% and a specificity of 100%. For malig-
nant diagnoses, the sensitivity of US-guided TCB is 
93%.

  Molecular analysis of TCB was performed in 20/24 pa-
tients with a diagnosis of non-squamous cell carcinoma. 
EGFR and KRAS analysis was not successful in 1/20 pa-
tients (diagnostic success rate 95%). ALK analysis was 
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performed in 10/16, and 1 of these analyses was unsuc-
cessful (diagnostic success rate 90%). One patient (blood 
vessel tissue in biopsy specimen) had a haemorrhage 
treated with local compression.

  Discussion 

 This retrospective study demonstrates the good diag-
nostic features of TCB in SC lymphadenopathy. Large bi-
opsies are easily obtained because of the superficial posi-
tion and precise visualization of nodes with US. In many 
patients, this simple test results in a diagnosis and tumour 
stage as well. Due to real-time US guidance in combina-
tion with high-resolution imaging and easy distinction 
with vascular structures, the complication rate is ex-
tremely low. Regarding these features, it is curious that 
false-negative samples contained skin, fat and muscle tis-
sue (5/8 patients).

  The 93% sensitivity to diagnose malignancy with TCB 
in this series equals the sensitivity in a previous report on 
FNA sampling in PET-detected SC nodes (93%)  [1] . The 
contribution of malignant lymphoma in the study groups 
significantly influences the sensitivity rates. Malignant 
lymphoma is generally a diagnosis hard to make on cytol-
ogy, resulting in relatively more false-negative FNA sam-
ples. The above-mentioned FNA series contained only 1 
patient, whereas this TCB population contained 7 pa-
tients with malignant lymphoma. This is also illustrated 
in a previous report showing a major effect of 5 false-neg-
ative malignant lymphomas on the sensitivity rate in 
FNA-detected malignancies, although the sensitivity was 
still 97%  [6] .

  Molecular analysis was adequately performed on TCB 
in this study, with only 1/24 failure for EGFR and KRAS 
and only 1/10 failure for ALK. There are no comparative 
studies looking at differences in diagnostic performance 
of molecular tests in SC TCB versus FNA. Molecular 
analyses on FNA are feasible, although reports on spe-
cific SC material are limited  [5, 7] . Obviously, the results 
are depending on tumour cell content and contamination 
with other cells per aspirate and number of needle passes. 
Regarding the size of biopsies, one might expect more tu-
mour cells in TCB, but it is not clear if this results in su-
perior molecular analysis. This study shows that nodes 

 Table 1.  Patient and node characteristics

Number of biopsies
Range 1 – 4
Median 2

Sex*
Male 38
Female 27

Age
Range 24 – 82 years
Median 68 years

Location
Right side 39
Left side 28

Physical examination*
Positive 29
Negative 34
Unknown 2

Imaging
PET positive 44
CT 22
Biopsies before imaging 1

Size of nodes on CT
Median 27.1 mm
Range 5.9 – 47.4 mm
Mean 26.6 mm

Defined disease stage
Yes 19
No 31
Not applicable 17 * Shown for 65 patients. In 2 men, 2 separate sessions were 

performed.

 Table 2. Diagnoses obtained with tissue core biopsies

Tumours of pulmonary origin
Non-small cell lung cancer
Adenocarcinoma 23
Squamous cell carcinoma 5
Not otherwise specified 1
No further subtyping performed 1
Small cell lung cancer 16
Large-cell neuroendocrine tumour 1

Tumours of non-pulmonary origin
Malignant lymphoma 7
Metastatic renal cell carcinoma 1
Metastatic urothelial cell carcinoma 1

Tumour of unknown origin
Undifferentiated malignancy of unknown origin 1

Benign diagnoses
Sarcoidosis 1
Fibromatosis 1

Non-diagnostic biopsies 8

Total 67

Non-diagnostic biopsies: necrosis, skin, blood vessel, inade-
quate material.
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even smaller than 10 mm are accessible for TCB. Less 
than half of the nodes were found on palpation, conform-
ing to previous reports on the analysis of SC nodes de-
tected with (PET-)CT  [1] . The low sensitivity of palpation 
compared to US or CT was demonstrated before in a 
study showing 8% metastases with US-guided FNA in po-
tentially operable patients with lung cancer  [8] .

  In our experience, patients generally prefer sampling 
of SC nodes over endoscopic tests. For diagnosing and 
staging of lung cancer, US-guided FNA is often appropri-
ate. Although it was never demonstrated that TCB is su-

perior to FNA in diagnosing lung cancer, we prefer TCB 
in our clinical practice unless nodes are closely related to 
large blood vessels or when only staging is required. The-
oretical advantages of TCB are the availability of tissue 
structure and larger volumes of tumour material that 
could enable further analysis in the future when perhaps 
new biomarkers become relevant for new therapies.

  It is concluded that US-guided TCB of SC nodes in the 
analysis of suspected thoracic malignancy has a high di-
agnostic accuracy in determining tumour subtype as well 
as molecular analysis and is very safe to perform.
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