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Abstract 

Background The main cause of voice hoarseness is vocal cord palsy (VCP) that may be induced by many diseases 
that could be due to local laryngeal or extra laryngeal causes, including neoplastic and non-neoplastic entities. Nor-
mal vocal cords 18F-fluorodeoxyglucose (FDG) activity should be symmetric and of low grade higher than the medi-
astinal background uptake. Vocal cords asymmetrical FDG uptake was a well-known finding in patients with VCP. 
When recurrent laryngeal nerve (RLN) palsy is suspected, FDG PET and computed tomography (CT) findings can 
give strong evidence of diagnosis, with ability to diagnose the underlying extra laryngeal neoplastic etiology. Our 
aim was to assess the sensitivity and accuracy of hybrid FDG PET CT scan in diagnosis of VCP secondary to an extra 
laryngeal neoplastic cause.

Methods A retrospective study for 50 patients, presented with hoarseness of voice, referred from Otorhinolaryngol-
ogy department to outpatient clinical oncology units, with clinically suspected extra laryngeal neoplastic causes 
of VCP. Left lung cancer was detected in 52% of patients which was the most frequent cause, 10% had right lung can-
cer, 8% had thyroid cancer, 6% had mediastinal lymphoma, 6% had metastatic mediastinal lymph nodes from breast 
cancer, and 6% had esophageal carcinoma.

Results PET CT scan versus CT scan showed true positive results in (44 vs. 29 patient), true negative results in 5 
patients in both scans, and false negative in (1 vs. 16 patient), with no false positive in either. Thus, the sensitivity, 
specificity, positive predictive value, negative predictive value, and accuracy for PET CT scan versus CT scan were 98% 
vs. 68%, 100% for both scans, 100% for both scans, 83.3% vs. 23.8%, and 86% vs. 56%, respectively.

Conclusions FDG PET CT scan plays an important role in diagnosis of oncology-related extra laryngeal causes of VCP, 
with higher sensitivity, negative predictive value, and accuracy than CT scan. FDG PET CT scan should be included 
in the workup of VCP if extra laryngeal oncological cause is suspected.
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Background
Hoarseness of voice is a general term, describing any 
change in the character of the voice. The main cause 
of hoarseness is vocal cord palsy (VCP) that could be 
induced by several laryngeal and extra laryngeal causes. 
Extra laryngeal causes of VCP include several mediasti-
nal diseases, including neoplastic, inflammatory, postop-
erative sequel and vascular causes [1–3]. In patients with 
no obvious signs of laryngeal pathology, a variety of other 
clinical diseases affecting the innervation to the vocal 
cords may be sought. This obviously includes the identifi-
cation of any extra laryngeal neoplasm [4].

The anatomical course of the vagus nerve and its 
branches is not identical on either side. It passes through 
jugular foramen vertically into the carotid sheath. 
Through its passage, several nerves arise, including the 
superior laryngeal and recurrent laryngeal nerves. The 
right recurrent laryngeal nerve (RLN) turns around the 
subclavian artery, whereas the left recurrent laryngeal 
nerve has longer course turning around the aortic arch 
to the aortopulmonary window and run upwards in the 
tracheoesophageal groove then it enters the larynx [2].

Vocal cord paralysis (VCP) can be caused by a wide 
range of diseases, including either in the larynx itself 
[intra laryngeal causes] or due to causes that can affect 
the vagus and/or recurrent laryngeal nerves [extra laryn-
geal causes]. Due to the familiarity of thoracic causes that 
can result in VCP, inclusion of the mediastinum [down 
to the level of the aortopulmonary window] in computed 
tomography (CT) is mandatory [3].

The normal fluorodeoxyglucose (FDG) uptake of the 
larynx is symmetric and of low-grade activity with mean 
standardized uptake value (SUV) in normal resting vocal 
cords reported as 1.77 [5]. If the patient vocalizes during 
or after FDG injection, this may result in symmetrical 
increased physiological uptake. Decrease [or loss] of the 
physiological FDG uptake in one of the vocal cords can 
be due to underlying VCP [6].

Lack of FDG physiological activity in the paralyzed 
cord and compensatory activation of the non-paralyzed 
vocal cord causes asymmetrical FDG uptake [7]. So, the 
workload of the non-paralyzed cord increases, and glu-
cose consumption increases which is seen as an increased 
metabolic activity in the corresponding PET images [8].

In cases with clinical suspicion of RLN palsy, combin-
ing both FDG PET and CT scans represents strong diag-
nostic imaging procedures to confirm the diagnosis and 
to search for such extra laryngeal causes of RLN palsy, 
particularly, if there is other evidence of malignancy 
along the course of RLN. RLN palsy in the mediastinum 
has been described to occur with a number of neoplasms 
[6].

The length of the left RLN is more than double that of 
the right RLN; this predisposes the left RLN to a higher 
rate of injury from non-traumatic causes, such as neo-
plastic infiltration [6].

In our study, we aimed to study the structural and func-
tional changes in the vocal cord using 18F-FDG PET/CT 
imaging in patients with extra laryngeal and thoracic 
neoplasms presented with hoarseness of voice.

Methods
The study was conducted on 50 patients from March 
2019 till March 2021. All patients were referred to the 
PET CT unit of our Radiology department, from the 
outpatient clinical oncology units, due to hoarseness of 
voice, proven by laryngoscope done for all patients in the 
Otorhinolaryngology department as a vocal cord paraly-
sis due to extra laryngeal cause.

We performed 18F-FDG PET/CT study for all patients 
after obtaining informed written consent from the 
patients, and the study protocol was approved by the 
institutional research ethics committee. Inclusion cri-
teria included adult patients presented with hoarseness 
of voice with clinically suspected extra laryngeal malig-
nancy. Exclusion criteria included patients with previous 
history of vocal cord disease or thyroid surgery, patients 
with laryngeal lesions affecting the glottic, supra- or infra 
glottic regions, patients having higher blood sugar [more 
than 200 mg/dL], and patients having previous neck 
radiation.

Patient preparation
All patients fasted 6–8  h prior to the examination; 
blood glucose level was not exceeding 150 mg/dl at the 
time of the radiotracer injection (tested by  Haemotest® 
check). Patients were instructed not to do any vigorous 
movements for 24 hours before the exam time to avoid 
exaggerated muscular uptake. Patients were instructed 
to keep calm before and during the scan. Patients were 
instructed to remain inactive after receiving FDG 
injection.

Scan protocol
All scans were performed using PET/CT system  (Philips® 
Ingenuity TF128 multi-slice PET/CT; scanner; USA). The 
PET images were acquired (45–60 min) after IV injection 
of 0.1 mCi of 18F-FDG/kg according to patients’ weight 
adjustment.

A diagnostic contrast-enhanced CT scan was done 
first using the following parameters: 350 mA, 120 kV, 
5-mm slice thickness, 0.5-s tube rotation time, and 
8-mm table feed. An iodinated non-ionic contrast agent 
(like Omnipaque® 350) was administered intravenous 
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(100 ml) using an automatic injector, with an injection 
flow of 4 ml/s just before the beginning of the scan.

According to FDG PET/CT: EANM procedure 
guidelines for tumor imaging: version 2.0) [9]: PET/
CT studies performed with the intention of assessing 
FDG uptake quantitatively should follow the following 
recommendations:

CT topogram, followed by deep-inspiration thoracic 
CT scan with a 20-s delay from the beginning of con-
trast agent infusion (this CT scan is used neither for 
attenuation correction nor for PET/CT image fusion), 
followed by whole-body diagnostic CT scan (with 
shallow breathing) with a 45-s delay after the thoracic 
CT scan (equilibrium or venous phase) if the thoracic 
CT scan was performed, or with a 60-s delay after the 
beginning of contrast agent infusion if the thoracic CT 
scan was not performed, followed by PET acquisition.

PET scan was done in supine position on the whole 
body from vertex to feet following CT scan. Several bed 
positions (5–7  in number) were performed and each 
with approximately 15-cm axial field of view per bed 
position with 4-mm in-plane spatial resolution and was 
covering the corresponding field of view of the CT. The 
time of acquisition emission data was about 2 min for 
each bed position and in time range 13–17 min.

Recommendations for FDG dose and administered 
activity (According to FDG PET/CT: EANM procedure 
guidelines for tumor imaging: version 2.0) [9].

The minimum recommended administered FDG 
activity and PET acquisition duration for each bed 
position must be adjusted so that the product of the 
FDG activity and PET acquisition duration is equal to 
or greater than the specifications set out below.

It recommended determining the minimum FDG 
administered dose in adults, by assuming a linear and 
a quadratic [10] relationship, respectively, between PET 
acquisition time per bed position, patient weight and 
recommended FDG activity as follows:

The minimum FDG administered activity calcu-
lated: FDG (MBq)=7 (MBq·min·bed−1·kg−1) × patient 
weight (kg)/emission acquisition duration per bed posi-
tion (min·bed−1) [9].

An advanced PHILIPS workstation [Intelli Space por-
tal] was used in postprocessing to view all CT, PET, and 
fused PET/CT images, and they were reconstructed in 
multi-planar reformation and viewed in different planes 
for all patients guided by “3D maximum intensity pro-
jection (MIP) images” PET image with the fused PET 
CT images being coded in smart color map window on 
PHILIPS portal workstation [better suppression of the 
physiological FDG background activity than thermal 
and rainbow color map].

The collected data were coded, tabulated, and analyzed; 
categorical variables (qualitative data) were presented 
as number and percentage; and descriptive analysis was 
done for numerical (quantitative) data.

Interpretation of PET/CT scans:
Interpretation of PET/CT images was done by two 

consultant radiologists with more than 5 years’ experi-
ence. Initially, they started with neck axial CT and fused 
images passing through the two vocal cords, commenting 
on CT manifestation of VCP and assessing whether the 
vocal cord uptake was physiological uptake or lost. Then, 
they examined the MIP image to detect any pathologi-
cal uptake followed by careful examination of the axial 
CT and axial fused PET images to detect the underlying 
etiology.

There is no single lower limit of the intensity of FDG 
uptake for the detection of abnormal uptake within 
lesions as it depends on the degree of contrast between 
the tumor and physiological high uptake in adjacent 
background in correlation to hepatic and mediastinum 
average FDG uptake.

PET/CT scan was considered positive in a patient with 
a biopsy verified cancer, and FDG avid tumor is identified 
along the expected course of vagal or recurrent laryngeal 
nerve, or close to the brain stem, or as a paraneoplastic 
phenomenon.

Scan reports were reviewed and compared to the 
clinical, diagnostic workup including biopsy and 
histopathology.

Quantitative analysis
To evaluate the FDG uptake pattern in paralyzed and 
non-paralyzed vocal cords seen by laryngoscope, it was 
assessed visually and quantitatively using the maximum 
body weight adjusted standardized uptake value (SUV 
max) which was evaluated by placing a spherical volume 
of interest over the vocal cord. The volume of interest was 
guided by CT and by PET images to avoid errors caused 
by miss registration.

Statistical analyses
Data were analyzed using Stata® version 14.2 (StataCorp 
LLC, College Station, TX, USA) and MedCalc© version 
15.8  (MedCalc© Software bvba, Ostend, Belgium). Quan-
titative variables were described in the form of mean and 
standard deviation. Qualitative variables were described 
as number and percentages. Sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value 
(NPV), and accuracy with regard to malignancy, accom-
panied with Wilson score based 95% confidence intervals 
(CI), were calculated to determine the diagnostic perfor-
mance of FDG PET/CT in detecting malignant lesions. 
Qualitative variables were compared using Chi-square 
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(x 2) test. Fisher’s exact test was applied for testing dif-
ferences in localization of VCP against presence/absence 
of cancer. The significance of the obtained results was 
judged at the (0.05) level.

Results
The study was conducted on 50 patients presented with 
hoarseness of voice, their ages ranged from 40 to 73 
years (mean ± 57.14 years), 36 (72%) were males, and 14 
(28%) were females. The right VCP palsy was detected in 
12 patients (24%), while the left VCP was detected in 38 
patients (76%).

Four patients (8%) had thyroid cancer (Fig. 1). Twenty-
six patients (52%) had left lung cancer (Fig. 2), which was 
the most frequent cause of VCP. Five (10%) had right lung 
cancer. Three patients (6%) had lymphoma (Fig.  3), and 
other three cases (6%) presented with metastatic medias-
tinal lymph nodes from breast cancer. Three patients (6%) 
had esophageal carcinoma. The rest of cases presented 
with aortopulmonary window nodal malignancy, other 
metastatic mediastinal lymph nodes, right para hilar lung 
cancer, metastatic lymph nodes, and infiltrative tracheal 
neoplasm (Fig. 4) (one case for each 2%) (Table 1).

The agreement between hybrid PET CT and CT find-
ings for patients presented with hoarseness of voice. 
There was moderate agreement between hybrid PET CT 
and CT findings (κ = 0.226) and was statistically signifi-
cant (p = 0.029). Most of the patients (56%) had positive 
findings on both hybrid PET CT and CT, while only a few 
(10%) had negative findings on both tests. There was only 
one case where hybrid PET CT was negative, but CT was 

positive, suggesting that hybrid PET CT is more sensitive 
than CT (Table 2).

Hybrid PET CT scan versus CT scan showed true posi-
tive results in (44 vs. 29 patient) and true negative results 
in 5 patients in both scans, with no false positive in both 
scans and false negative in (1 vs. 16 patient). Thus, the 
sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), and accuracy for PET 
CT scan versus CT scan were 98% vs. 68%, 100% for both 
scans, 100% for both scans, 83.3% vs. 23.8%, and 86% vs. 
56%, respectively (Table 3).

Discussion
The main cause of hoarseness of voice is VCP that may 
be induced by many extra laryngeal mediastinal diseases, 
including neoplasia, inflammation, and postoperative 
and vascular conditions [7, 8]. CT of the neck and chest is 
usually performed in most of cases, including the medi-
astinum down to the level of the aorticopulmonary win-
dow (on the left side) or brachiocephalic artery (on the 
opposite side), to detect possible causes the can affect the 
course of the recurrent laryngeal nerves. VCP itself can 
be reliably identified at CT by recognizing key findings at 
the level of the true vocal cords and aryepiglottic folds. 
However, there are a number of VCP mimics and imag-
ing pitfalls [8].

Normal laryngeal FDG activity during speech is sym-
metric and low grade. The lack of FDG activity in the 
paralyzed cord and compensatory activation of the non-
paralyzed vocal cord causes asymmetrical FDG uptake 
seen in vocal cord paralysis [11–13]. The aim of the study 
was to confirm VCP and to assess the specificity and 

Fig. 1 A 54-year-old female patient presented with neck swelling and hoarseness of voice. A Coronal fused PET CT image revealed loss 
of physiological uptake of the right vocal cord [orange arrow] secondary to infiltrating soft tissue mass lesion related to the right lobe of thyroid 
gland extending to the isthmus achieving 18.31 SUV max (Coronal images; A and B). Axial fused PET CT in the lower neck (C) revealed regional 
metastatic avid lymphadenopathies at the supra clavicular and lower deep cervical nodal groups (thin yellow and orange arrows) achieving 
up to 22.33 SUV max
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sensitivity of FDG PET CT scan in the detection of VCP 
secondary to extra laryngeal and thoracic causes among 
patients presented with hoarseness of voice.

Oncology-related patients with clinically suspected 
unilateral vocal cord paralysis have hoarseness of voice 
which is reported in 90% of patients in our study. They 
suffer from change of voice pitch/quality and decrease 
in the loudness of their voice. The adduction inability of 
the affected vocal cord leads to a glottic gap which results 
in rough voice or breathlessness during speech with 
increased levels of voice fatigue with talking. This is also 
confirmed in other studies done by Ivey [14] and Rich-
ardson and Bastian [15].

Vocal cord paralysis leads to difficulty with heaving 
lifting or straining (due to an impaired Valsalva maneu-
ver secondary to weak glottic closure). Some patients 
may suffer from cough, globus sensation, swallowing 

symptoms and/or choking which may be suggestive of 
aspiration [16, 17]. In such cases, high vagal injury with 
affection of both RLN and superior laryngeal nerve 
should be suspected, and this may help to differenti-
ate between isolated RLN palsy and high vagal lesions 
and may also suffers from dysphagia for both solids and 
liquids and nasal regurgitation of oral intake. As time 
passed, some patients acquire compensatory mecha-
nisms to overcome their reduced vocalization and 
choking.

Ivey [14] has reported that the length of the left RLN is 
more than double that of the right RLN, this predisposes 
the left RLN to a higher rate of injury from non-trau-
matic causes, such as neoplastic infiltration [10], and this 
matches with the results of our research which showed 
76% affection of left vocal cord compared to 24% affec-
tion of right side [14].

Fig. 2 A 62-year-old male patient presented with hoarseness of voice. (A) Fused axial PET CT image at the level of the vocal cords reveals loss of left 
vocal cord physiological activity (thin yellow arrows), due to an infiltrating avid nodal metastasis at the aortopulmonary (AP) window, measuring 
33.6x27.9mm, achieving up to 13.59 SUV max (coronal CT image [B] and corresponding fused axial PET CT [C]), secondary to a small primary 
bronchogenic, speculated mass, 25x20 mm (axial CT [D] and corresponding axial fused PET CT [E]; (orange arrow) related to the anterior segment 
of the left upper lung lobe, achieving up to 12.64 SUV max. (F) MIP image revealed the primary lung mass [red arrow], metastatic AP window LN 
[orange thick arrow] and loss of left vocal cord activity [orange thin arrow]
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Unilateral VCP in patients with extra laryngeal malig-
nancies has many causes [15]. The most important 
neoplastic lesion that can cause VCP is bronchogenic 
carcinoma. In a study done by Wang et al. [16], broncho-
genic carcinoma was responsible for about 43% of cases 
of unilateral VCP [62 % of our cases included in the study 
had lung cancer which was the most frequent cause of 
VCP; 52% has left lung cancer and 10 % has right lung 
cancer]. VCP can be the initial reason for suspecting lung 
cancer. Wang et al. [16] reported also that neoplasm was 
the second most common cause of VCP.

Another study done by Knudsen et  al. [17] also con-
cluded that lung cancer was the most common etiology, 
14 of 27 (52%).

A note is made of T-stage of bronchogenic carcinoma 
[TNM staging,  8th edition] depending mainly on the size 
of the lesion. The larger the tumor, the higher grade of 
the neoplasia. When there is unilateral VCP associated 
to lung cancer, the T-stage of the primary neoplasia will 
be upstaged into T4 regardless of the size of primary 
neoplasia [16–19]. We concluded that it is important 
to check the vocal cord activity in all cases scanned for 
bronchogenic carcinoma coming for FDG PET CT stag-
ing, as it can upstage the disease in many cases.

Other causes of VCP are reported in our study which 
includes 8% having thyroid cancer and 6% having other 
cancers [esophageal, lymphoma, and metastatic medias-
tinal nodes from breast cancer].

Clinical history should be taken in detail, as the non-
neoplastic causes of unilateral VCP should be excluded, 
like iatrogenic traumatic injury of RLN palsy, history of 
thyroid surgery, carotid endarterectomy, and anterior 
approach for surgery to the cervical spine. Moreover, 
skull base operations are the most common procedures 
associated with this complication. Prior radiation, 
chemotherapy, or both should also be excluded as they 
can be potential causes of RLN palsy. Radiation therapy 
at high doses could lead to fibrosis with decreased vas-
cularity to nerves in the radiotherapy field. Vagus nerve 
injury could occur in patients treated with radiation 
therapy to head and neck region up to 10 years later 
[20, 21].

Many CT findings must be noted in cases of clinically 
suspected unilateral vocal cord paralysis, as dilatation of 
the ipsilateral laryngeal ventricle, medial position of the 
posterior vocal fold margin, anterior position of the aryt-
enoid cartilage, rotation and thickening of the ipsilateral 
aryepiglottic fold, ipsilateral dilatation of the pyriform 
sinus, and thyroarytenoid muscles atrophy [22].

Bilateral VCP is extremely rare. It has many causes 
like those that can lead to scarring of the vocal cords 
[like neck irradiation, prolonged intubation, caus-
tic inhalation and scleroderma]. Also, central nerv-
ous causes [like strokes and extensive MS] can affect 
the vagal nuclei in the brain stem. Bilateral VCP leads 
to abducted median position of both vocal cords with 

Fig. 3 A 60-year-old male patient presented with right neck swelling and hoarseness of voice. Axial CT [B], axial fused PET CT [C] and coronal fused 
PET CT [D] revealed amalgamated confluent FDG avid nodal mass lesions [levels III, IV, Vb and VII] with loss of physiological uptake of the right vocal 
cord [yellow arrow; C and D] achieving up to 25 SUV max. (A) MIP image revealed the enlarged amalgamated right deep cervical FDG avid nodal 
mass lesions [black thick arrow]. The lymphomatous lesions were pathologically proven to be non-Hodgkin’s lymphoma
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subsequent inspiratory stridor that need urgent fibro-
optic laryngoscopy for diagnosis [23].

Normal laryngeal FDG activity is symmetric and 
low grade. Symmetrical physiological vocal cords FDG 
increased uptake occurs if the patient speaks at or 
soon after injection of FDG due to increased metabolic 
uptake by contracting muscles related to phonation. 
The asymmetry of vocal cords uptake is more pro-
nounced in acute and subacute conditions and becomes 
less observed and even loss of the FDG uptake with 
increasing duration of RLN palsy [7].

In our study, the CT accuracy (56%) and sensitivity 
(68%) were less than those of hybrid PET CT (86% and 
98%, respectively); this matches with Thomassen et  al, 
2011, who also reported accuracy 88% (78–94%) and 
sensitivity 100% (88–100%) for PET CT scan [24].

Fig. 4 A 52-year-old male patient presented with left vocal cord paralysis. A Axial fused PET CT image reveals loss of normal left vocal cord 
physiological uptake, secondary to intensely avid soft tissue mass lesion infiltrating the left lower lateral wall of trachea (axial fused PET CT 
image B and coronal CT; C image; red arrows) encroaching on its lumen achieving up to 7.96 SUV max merging with regional infiltrating left 
tracheobronchial, left hilar [green arrow] and subcarinal [yellow arrow] lymphadenopathies [C (coronal CT image) and D (axial fused PET CT image)]. 
Pathological assessment of the tracheal lesion proven to be adenoid cystic carcinoma

Table 1 The distribution of underlying malignancy for VCP

Diagnosis No. %

Right lung cancer 5 10.0

Left lung cancer 26 52.0

Thyroid cancer 4 8.0

Aortopulmonary cancer 1 2.0

Esophageal carcinoma 3 6.0

Lymphoma 3 6.0

Metastatic mediastinal LNs from breast cancer 3 6.0

Metastatic mediastinal lymphadenopathies 1 2.0

Right lung cancer with Metastatic mediastinal 
lymphadenopathies

1 2.0

Right parahilar lung carcinoma 1 2.0

Infilterative tracheal neoplasm 1 2.0

Metastatic lymph nodes 1 2.0

Total 50 100.0
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Komissarovan et al. [6] had reported that in cases of 
unilateral vocal cord paresis the FDG uptake appears 
asymmetric with increased FDG uptake in the non-
affected vocal cord opposite to the side of injured 
nerve; the mechanism is due to decreased glucose 
utilization in the paralyzed cord and compensatory 
increased workload of the contralateral normal vocal 
cord. It is important that this pattern cannot be misdi-
agnosed as a primary glottic neoplasm or as metastatic 
disease, both of which may present with unilateral 
increase.

Detection of cases with bilateral RLN palsy is diffi-
cult by PET CT alone based on the fact that in these 
cases the finding of asymmetric uptake could not be 
pronounced [6].

Usually, the patient is advised to rest and to withhold 
from speaking during the period of FDG uptake. Talk-
ing, coughing, or chewing after injection of the radi-
otracer element could lead to normal increased FDG 
uptake by tongue, pharyngeal muscles or larynx [6].

When RLN palsy is suspected clinically, the combi-
nation of FDG PET and CT findings can make a strong 
morphological and functional evidence of diagnosis 
of vocal cord paralysis, especially if there is additional 
evidence for etiological neoplasm along the pass of the 
RLN providing a possible mechanism for injury.

Rarity of the cases with VCP in patients treated for 
cancer besides the high cost of PET CT scan leads to 
small sample size of our study and considered as a lim-
itation of the study, so further studies on larger sample 
size would be advised in the future studies.

Conclusions
Integrated morphological and functional diagnostic 
performance of FDG PET CT for patients with extra 
laryngeal causes of vocal fold paralysis gives higher 
accuracy, sensitivity, and negative predictive values 
over CT scan alone. PET CT scan should be included 
in the routine imaging work up of vocal cord palsy in 
all clinically suspected patients to have extra laryngeal 
neoplasia, particularly in cases of bronchogenic cancer 
and other head and neck malignancies occurring along 
the course of RLNs.
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