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Purpose To assess the predictive factors and describe the imaging features of mediastinal
lymph node (MLN) metastases in patients with head and neck cancer.

Materials and Methods We compared the clinical features and disease characteristics (sex,
age, site of primary tumor, histologic type, history of prior treatments, TNM stages, and metas-
tasis in cervical LNs) of patients with head and neck cancers between the MLN metastasis and
no MLN metastasis groups. We also evaluated the chest CT (distribution and maximum dimen-
sion of the largest LN) and PET/CT (maximum standardized uptake value) features of MLN metasta-
ses based on the MLN classification.

Results Of the 470 patients with head and neck cancer, 55 (11.7%) had MLN metastasis, involv-
ing 150 mediastinal stations. Hypopharynx cancer, recurrent tumor, T4 stage, N2/N3 stages,
and M1 stage were found to be significant predicting factors for MLN metastasis. The most com-
mon location of MLN metastasis was ipsilateral station 2 (upper paratracheal LNs, 36.4%), fol-
lowed by ipsilateral station 11 (interlobar LNs, 27.3%) and ipsilateral station 10 (hilar LNs,
25.5%).

Conclusion Metastasis to MLNs should be considered in patients with head and neck cancer,
especially in cases that are associated with a hypopharyngeal cancer, recurrent tumor, and
high TNM stages.

Index terms Head and Neck Neoplasms; Mediastinum; Lymphatic Metastasis;
Positron Emission Tomography Computed Tomography;
Computed tomography, X-Ray
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INTRODUCTION

Tumor metastasis to lymph nodes (LNs) is one of the most important prognostic factors for
patients with head and neck cancers (1). Head and neck cancers usually spread to regional
LNs in the neck. However, although uncommon, they may metastasize to extra-cervical LNs,
such as mediastinal LNs (MLNs) (2-5). Metastasis to MLNs may significantly affect treatment
planning and have profound impact on the prognosis of the head and neck cancer (6-8). The
drainage pathway of neck and mediastinal lymphatic system is divided into superficial or
deep and it has ipsilateral or contralateral pathways. Therefore, the distribution of MLN me-
tastasis is also important in the treatment of metastatic disease (9).

There have been only a limited number of studies on the incidence of MLN metastases
from head and neck (2-5). To our knowledge, however, no previous studies reported the pre-
dictive factors and imaging features of MLN metastasis from head and neck cancer.

Therefore, this study was aimed to assess the predicting factors, and to describe the imag-

ing features of MLN metastases in patients with head and neck cancer.

MATERIALS AND METHODS

PATIENTS

This study was approved by the Institutional Review Board. The requirement to obtain
written informed consent from each patient was waived because of the retrospective nature
of the study.

We retrospectively reviewed the medical records and imaging results of 829 patients with
head and neck cancer, who underwent curative surgical resection in a tertiary head and neck
cancer center, between January 2015 and December 2018. Of these, adequate pathological T-
or N-staging was not available for 25 patients, and PET/CT was not performed for evaluation
of distant metastasis for 334 patients. These patients were excluded from the study. There-
fore, a total of 470 patients were finally selected for the study, including 329 men, and 141
women; their ages ranged from 21 to 91 years, with a mean of 58.9 = 13.0 years.

MLN metastasis was diagnosed with mediastinal dissection/LN biopsy (n = 11) or CT imag-
ing features (n = 44). MLNs were considered to be metastatic based on imaging findings, if
they met at least two of the following criteria: 1) the short-axis diameter = 10 mm or central
necrosis, irrespective of its nodal size in contrast-enhanced chest CT (10); 2) maximum stan-
dardized uptake (SUVmax) = 6.0 in PET/CT (11); 3) = 30% increased in the maximal diameter
in following-up chest CT; and 4) = 30% reduction in the maximal diameter after radiothera-

py/chemotherapy in following-up chest CT.

IMAGING STUDIES

In accordance with our institutional guidelines, all 470 patients underwent head and neck
CT, and torso PET/CT. Additional chest CT scans were performed in 218 patients with sus-
pected MLN metastasis, based on PET/CT findings.

All head and neck CT scans were carried out with a 256-row multidetector CT scanner (Bril-

liance iCT, Philips Medical Systems, Best, the Netherlands). The technical parameters were
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as follows: pitch, 0.61; gantry rotation time, 50 ms; collimation, 6.4 X 0.625 mm; 120 kVp; 200
mAs; and matrix, 512 X 512. The scanning range was from the level of the maxillary sinus to
the tracheal bifurcation (mean coverage, 250 mm). Image acquisition was started 90 seconds
after administration of intravenous injection of 100 mL of lomeprol 350 mg/mL (lomeron 350,
Bracco, Milan, Italy). Axial, coronal, and sagittal images were reconstructed with contiguous
slices of 3-mm thickness.

All PET/CT scans were acquired on a combined whole-body PET/CT system (Discovery
STE; GE Medical Systems, Milwaukee, WI, USA). The protocol of PET was as follows: mini-
mum fasting time, 6 hours; acceptable blood glucose level, 150 mg/dL; 370-555 MBq (10-15
mCi); *F-fluorodeoxyglucose (FDG); uptake period, 60 = 10 min; and intrinsic spatial resolu-
tion, 5.1 mm. Non-contrast-enhanced CT was obtained with following parameters: detector
configuration, 16 X 0.625 mm; table speed, 17.5 mm/rot, 120 kVp; 50-170 mAs; slice thick-
ness, 3.75 mm; and image interval, 3.27 mm. The attenuation-corrected PET and CT images
were reconstructed using iterative reconstruction algorithm in the axial and coronal planes,
with slice thickness of 3.3-3.9 mm.

All chest CT scans were carried out with a 256-row multidetector CT scanner (Brilliance
iCT, Philips Medical Systems). The technical parameters were as follows: pitch, 0.92; gantry
rotation time, 500 ms; collimation, 6.4 X 0.625 mm; 120 kVp; 150-200 mAs; and matrix, 512
X 512. The scanning range was from the level of apex of lung, to the upper pole of kidney.
Image acquisition was started 50 seconds after administration of intravenous injection of 100
mL of Tobitridol 350 mg/mL (Xenetix 350, Guerbet, Villepinte, France). Axial, coronal, and
sagittal images were reconstructed, with contiguous slices of 3-mm thickness.

All image interpretations were performed by reviewers who were blinded to the clinical in-
formation, the final diagnosis, and the results of the other imaging examinations.

ANALYSIS

For each patient, we retrieved the following data: sex, age at the time of diagnosis, site of
primary tumor, histologic type of tumor, history of prior treatments for malignancy (primary
tumor or recurrent tumor after treatment), pT, pN, and pM (or cM) status based on the 8th
edition of American Joint Committee on Cancer staging system, location of metastatic cervi-
cal LNs, and location of MLNs with metastatic involvement (12).

Cervical LNs were classified based on imaging-based nodal classification (13). MLNs were
classified based on the International Association for the Study of Lung Cancer Lymph Node
Map (14). However, when using these two LN classifications, the levels IV, V, VI, and VII of
the cervical LN, and the station I and IT regions of the MLN overlap (from the caudal portion
of the innominate vein to the cricoid cartilage). For the purpose of the study, the boundary
between cervical LNs and MLNs was defined as the upper margin of the manubrium, and bi-
lateral clavicles. The upper border of station I in the MLNs is formed by the lower margin of
the cricoid cartilage, the lower border is formed by the upper margin of the manubrium, and
the lateral border is formed by the bilateral clavicles. The area includes parts of levels IV, V,
and VT of the cervical LN. Therefore, we classified this region (station I of MLN) as cervical
LN levels IV, V, and VI. Meanwhile, the upper border of level VII of the cervical LNs is formed

by the upper margin of the manubrium, the lower border is formed by the upper margin of
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the innominate vein, and the lateral border is formed by the medial margin of the bilateral
common carotid artery. We classified this region (level VII of the cervical LN) as station II of
MLN.

In our study, all cervical LN and MLN metastases were interpreted on level-by-level and
station-by-station bases, respectively. For example, if at least 1 node was confirmed as meta-
static node in a given nodal level or station, this level or station was considered to be positive,
regardless of the number and size of metastatic nodes. All LN groups were recorded as ipsi-
lateral or contralateral to the primary head and neck cancer because laterality of LN metas-
tasis may affect the prognosis in patient (9).

We also evaluated the chest CT for distribution of MLN metastasis, and for the maximum di-
mension of the largest LN in each involved station and PET/CT for the highest value of SUVinax
of LN in each involved station.

We analyzed the association between clinicopathologic features of head and neck cancer,
and MLN metastasis. Statistical analysis was performed using the paired Student t test for
continuous variables and chi-square or Fisher’s exact test for categorical variables. A p-value
of < 0.05 was considered to indicate statistical significance. All statistical analyses were per-
formed using SPSS version 21.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Among 470 patients with head and neck cancer, 55 (11.7%) had MLN metastasis at the time
of diagnosis. Table 1 outlines the clinical features and disease characteristics of patients with
and without MLN metastasis. Hypopharyngeal cancer (p = 0.0031), recurrent tumor (p =
0.0001), T4 stage (p < 0.0001), N2/N3 stages (p = 0.0001), M1 stage (p < 0.0001), cervical LN in-
volvements of Level I (p = 0.0107), Level II (p = 0.0128), IIT (p < 0.0001), IV (p < 0.0001), and VI
(p = 0.0211) were statistically significant predicting factors of MLN metastasis. There was no
significant difference in sex, age, histologic type of tumor, and cervical LN involvements of
level V and miscellaneous locations between the two groups.

Table 2 shows the distribution and incidence of MLN metastasis in each mediastinal re-
gion. Head and neck cancer metastasized to 101 ipsilateral and 49 contralateral MLN sta-
tions. The highest incidence of metastasis was observed in ipsilateral station 2 (upper para-
tracheal LNs, n = 20, 36.4%), followed by ipsilateral station 11 (interlobar LNs, n = 15, 27.3%),
ipsilateral station 10 (hilar LNs, n = 14, 25.5%), ipsilateral station 4 (lower paratracheal LNs),
and contralateral station 10 (hilar LNs, n = 13, 23.5% each). Maximum dimension and SUVinax
of ipsilateral metastatic MLNs were significantly higher than those of contralateral metastat-
ic MLNs (Table 3).

Figs. 1, 2 show representative cases of MLN metastasis from head and neck cancer.

DISCUSSION

MLN metastasis was thought to be an uncommon event in patients with head and neck
cancer. The reported incidence rates of MLN metastasis in head and neck cancer have been

variable. The variation in the reported incidence of MLN metastasis depends on the site,
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Table 1. Association of Clinopathological Factors with MLN Metastasis in Head and Neck Cancers

. MLN Metastasis No MLN Metastasis
Clinical Features p-Value
(n=55, %) (n=415,%)

Sex 0.7542
Male 37(11.2) 292 (88.8)
Female 18(12.8) 123(87.2)

Age (years) 0.0310
Mean =+ standard deviation 62.5+ 104 58.4+ 133

Site of primary tumor
Nasal cavity and paranasal sinus 1(3.4) 8(96.6) 0.2588
Tonsil 4(7.4) 0(92.6) 0.4130
Larynx 8(7.8) 5(92.2) 0.2177
Tongue and oral cavity 8(10.5) 8 (89.5) 0.8781
Salivary gland 4(11.1) 32(88.9) 0.8383
Thyroid 14 (12.7) 6 (87.3) 0.8315
Nasopharynx and oropharynx 6(22.2) 1(77.8) 0.1489
Hypopharynx* 10(28.6) 25(71.4) 0.0031

Histologic type 0.1002
Squamous cell carcinoma 39(13.9) 242 (86.1)
Others 16 (8.5) 173(91.5)

Previous treatment 0.0001
Primary tumor 40 (9.5) 380 (90.5)
Recurrent tumor after treatment 15 (30.0) 35 (70.0)

T stage
T1t 2(1.6) 122 (98.4) 0.0002
™ 11(8.1) 125 (91.9) 0.2694
T3 15 (13.4) 97 (86.6) 0.6388
T4* 27 (27.6) 71(72.4) <0.0001

N stage
NO* 13(5.3) 230 (94.7) <0.0001
N1 15 (14.4) 89 (85.6) 0.4206
N2 and N3* 27 (22.0) 96 (78.0) 0.0001

M stage* <0.0001
MO 40(9.0) 403 (91.0)
M1 15 (55.6) 12 (44.4)

Metastasis in cervical lymph node*
Level I* 1(24.4) 34 (75.6) 0.0107
Level II* 1(16.5) 157 (83.5) 0.0128
Level III* 1(22.3) 108 (77.7) <0.0001
Level IV* 42(37.2) 71(62.8) <0.0001
Level V 8(23.5) 26 (76.5) 0.0511
Level VI* 0(23.8) 32(76.1) 0.0211
Miscellaneous locations 2(10.5) 17 (89.5) 0.8403

TNM stage was based on the 8th edition of the American Joint Committee on Cancer head and neck cancer
staging classification (16). Cervical lymph node classification was based on imaging-based nodal classifica-
tion (17).

*Significantly higher than negative ones.

*Significantly lower than negative ones.

#Percentages do not sum up 100% because some patients had metastatic involvement of more than one
cervical area.

MLN = mediastinal lymph node

1250 jksronline.org



J Korean Soc Radiol 2021;82(5):1246-1257

EHﬁ‘_FOéIAOF2|T5;!'E|X|

Table 2. Distribution of MLN Metastases in 55 Patients with Malignant Head and Neck Cancer

Ipsilateral LN Contralateral LN Total
Location with Head and Neck with Head and Neck (n =150, %)
Tumor (n =101, %) Tumor (n =49, %)

Station 2: upper paratracheal LNs 20 (36.4) 8(14.5) 28 (50.9)
Station 3: prevascular, retrotracheal LNs 9(16.4) 2(3.6) 11 (20.0)
Station 4: lower paratracheal LNs 13(23.6) 7(12.7) 20(36.4)
Station 5: subaortic LNs 4(7.3) 1(1.8) 5(9.1)
Station 6: paraaortic LNs 1(1.8) 4(7.3) 5(9.1)
Station 7: subcarinal LNs 9(16.4) 1(1.8) 10 (18.2)
Station 8: paraoesophageal LNs 2(3.6) 2(3.6) 4(7.3)
Station 9: pulmonary ligament LNs - - -
Station 10: hilar LNs 14 (25.5) 13(23.6) 27 (49.1)
Station 11: interlobar LNs 15 (27.3) 9(16.4) 24 (43.7)

Station 12: lobar LNs - - _
Station 13: segmental LNs - . _
Station 14: subsegmental LNs - - _

MLN classification was based on the International Association for the Study of Lung Cancer LN Map (18). Per-
centages do not sum up to 100% because some patients had metastatic involvement of more than one cervi-
cal area.

LN =lymph node, MLN = mediastinal LN

Table 3. CT and PET/CT Features of Mediastinal LN Metastasis in Patients with Malignant Head and Neck

Cancer
Ipsilateral LN Contralateral LN
Imaging Features with Head and Neck with Head and Neck p-Value
Tumor (n=101) Tumor (n=49)
Maximum dimension (mm) of LN on CT <0.0001
Mean = standard deviation 175176 133£4.0
Range 7-51 7-26
The highest value of SUVimax on PET/CT <0.0001
Mean = standard deviation 63136 46=*19
Range 2.0-16.3 2.1-9.2

Measurements were performed on station-by-station basis.
LN = lymph node, SUVmax = maximum standardized uptake value

stage and phenotype of the primary head and neck cancer, and on screening methods used
for evaluation of metastasis (15).

In 1987, Kotwall et al. (2) reported an autopsy series of 832 patients with squamous cell car-
cinoma of the head and neck, and reported 15.6% incidence of MLN metastasis. In 1977, Me-
rino et al. (3) evaluated 5019 patients with squamous cell carcinoma of the upper respiratory
and digestive tracts, and reported a 2.9% incidence rate of MLN metastasis. In 2000, de Bree
et al. (4) evaluated 101 patients with advanced-stage or recurrent head and neck squamous
cell carcinoma using chest CT, and reported that 4.0% of patients had MLN metastasis. In
2017, Duprez et al. (5) evaluated 1022 patients with whole stage squamous cell carcinoma of
the oral cavity, larynx, oropharynx, and hypopharynx, and reported an incidence of MLN

https://doi.org/10.3348/jksr.2020.0203 1251
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Fig. 1. A55-year-old male with squamous cell carcinoma of the hypopharynx.

A. Contrast-enhanced axial neck CT shows an ill-defined mass in the right pyriform sinus (arrows).

B. Contrast-enhanced coronal neck CT shows multiple metastatic LNs (arrows) in the right levels Il and IV.
Partial pharyngectomy and neck dissection confirmed the hypopharyngeal squamous cell carcinoma and
metastatic cervical LNs.

C. Axial PET/CT image obtained 3 days after neck CT shows fluorodeoxyglucose uptakes in the mediastinal
LNs (arrows) in ipsilateral stations 7 and 10. Note a small uptake (arrowhead) in the subpleural portion of
the right lung, suggesting pleural metastasis.

D. Contrast-enhanced axial chest CT shows enlarged necrotic LNs (arrows) in ipsilateral stations 7 and 10.
Bronchoscopic biopsy confirmed metastatic squamous cell carcinoma.

LN =lymph node

metastasis of 1.1%. Our study involved the use of PET/CT for screening, and showed a MLN
metastasis rate of 11.7% in all patients with head and neck cancer, which is markedly higher
than those of clinical studies and slightly lower than that of autopsy studies.

Neck lymphatics can be divided into the superficial and deep lymphatic pathways. The
deep lymphatic pathways receive lymphatic drainage from all the LNs of head and neck,
whether directly or indirectly through the superficial lymphatic pathway (16). Lymphatic
drainage of head and neck cancer is mainly in the deep lymphatic pathways, especially levels
I1, III, and IV (17-19). The deep lymphatic pathways merge into the right or left jugular lym-
phatic trunk and are drained into each subclavian vein via the thoracic duct and the right

lymphatic duct (16). The efferent upper jugular communicating pathway crosses the midline,
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Fig. 2. A66-year-old male with papillary thyroid cancer.

A. Contrast-enhanced axial neck CT shows ill-defined mass in the left thyroid lobe (white arrow), and muilti-
ple metastatic LNs (black arrows) in the left levels IV, V, and VI. In addition, note a well-defined mass (arrow-
head) in the right thyroid lobe, which was confirmed as a follicular adenoma.

B. Contrast-enhanced coronal neck CT shows multiple conglomerated necrotic metastatic LNs (arrows) in
the left lower neck and upper mediastinum. Total thyroidectomy and neck dissection confirmed papillary
thyroid cancer and metastatic cervical LNs.

C. Axial PET/CT image obtained 5 days after neck CT shows fluorodeoxyglucose uptake in the mediastinal
LNs (arrows) in ipsilateral station 3.

D. Contrast-enhanced axial chest CT shows enlarged necrotic LNs in ipsilateral station 3 (arrows). Mediasti-
nal LN dissection confirmed the metastatic papillary thyroid carcinoma.

LN =lymph node

and drains into the contralateral LNs (20).

Therefore, the pattern of metastasis from head and neck cancer to MLNs is different from
the recognized and usual drainage pathways in the neck. The possible explanation for MLN
metastasis from head and neck cancer is the retrograde dissemination, caused by the block-
age of normal routes of lymphatic drainage due to extensive cervical LN metastasis, or by fi-
brosis following surgery or radiation therapy. In particular, blockage or fibrosis of the jugular
subclavian junction or the surrounding lymphatic system may lead to tumor spread along al-
ternative routes to MLNS (6).

Our study demonstrated that hypopharyngeal cancer, recurrent tumor, T4 stage, N2/N3
stages, M1 stage, and cervical LN involvements of Levels I, II, ITI, IV, and VI, were statistically

https://doi.org/10.3348/jksr.2020.0203 1253
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significant predicting factors for MLN metastasis in patients with head and neck cancer.
These predicting factors for MLN metastasis are similar to those for distant metastasis from
head and neck cancer in previous studies (2, 3, 15, 21-23).

Considering anatomical proximity and the lymphatic drainage system, hypopharyngeal
cancers are at risk of harboring MLN metastasis. Other locations of the primary tumor had
no significant impact on the presence of MLN metastasis. In addition, disruption of lymphat-
ic pathways due to previous surgery or radiotherapy may result in MLN metastasis along al-
ternative routes, in the presence of recurrent tumors. Both surgery and radiotherapy have
been shown to alter normal patterns of cervical lymph flow markedly (24).

In our series, the presence of MLN metastasis was significantly more prevalent in patients
with advanced TNM stages. The incidence of MLN metastasis was extremely low in T1 & NO
stages. Results of the present study showed that cervical LN metastasis plays crucial role in
MLN metastasis. However, the influence of the location of cervical LN metastasis on the
probability of developing MLN metastasis is not clear. Although our data showed the highest
rate of MLN metastasis in cases of cervical level IV LN involvement (37.2%), the metastatic in-
volvement of most cervical LN levels were significant predictable factors for MLN metastasis.

In the present study, MLNs in 150 stations of 55 patients with head and neck cancer were
found to be metastatic. Head and neck cancer frequently metastasized to the upper zone
(stations 2, 3, and 4; 39.3%), and hilar and interlobar zone (stations 10 and 11; 34.0%), while
the lower zone (stations 8 and 9; 2.7%) and peripheral zone (stations 12, 13, and 14; 0%) were
less likely to be involved. These results can be explained by the distribution of MLN and close
anatomical relationship with cervical LNs. In addition, almost one-third of MLN metastases
were found in the contralateral mediastinum, which indicates the communicating pathways
that cross the midline in the neck and mediastinum. Although our study showed that CT and
PET/CT features of MLN metastasis were non-specific, maximum dimension on CT and the
highest value of SUVma of ipsilateral MLN metastasis were significantly greater than those of
contralateral MLN metastasis. Therefore, it was inferred that head and neck cancer initially
metastasize to ipsilateral MLNs, and then to contralateral MLNS.

A variety of screening techniques are employed in routine practice for evaluation of MLN
or lung metastasis, in patients with head and neck cancer. Plain chest radiography is relative-
ly cost-effective and is the most commonly performed test for patients with malignancies. If
there is a high likelihood of thoracic metastasis, a CT scan of the chest may be more informa-
tive than plain chest radiography alone. Nowadays, FDG-PET/CT has generally been consid-
ered a useful diagnostic tool for detecting regional and distant metastases (25). In addition, a
PET/CT scan would be more useful in head and neck cancers for identifying distant metasta-
sis, especially extrathoracic, as compared to CT of the chest (26, 27). In contrast, PET/CT has
also been reported to have low sensitivity for the detection of LN metastasis (28). FDG-PET
may fail to detect metastases with low metabolic activity. The usefulness of PET/CT is also
limited in non-tumorous hypermetabolic conditions, such as inflammation, which can lead
to false positive uptake (29). It is assumed that routine PET/CT scanning for distant metastasis
evaluation for head and neck cancer is not justified, and PET/CT is most effective in cases
with a higher risk of distant metastasis, for evaluation of distant metastasis, for example, hy-

popharynx cancer, recurrent tumor, and advanced TNM stages.
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There were several limitations to our study. First, this was a retrospective and single center
study; therefore, selection bias could exist. Second, pathological confirmation of MLN me-
tastasis was not acquired in all cases, and the data was analyzed on station-by-station basis,
instead of node-by-node basis. Third, our series included only those patients who underwent
PET/CT, so that we could target a more advanced group of patients. Preoperative mediastinal
evaluations by PET/CT should not be performed in small non-advanced head and neck can-
cers because these tumors are associated with a relatively low risk of nodal metastasis.

In conclusion, Although MLN metastasis from head and neck cancer in uncommon, the
knowledge of the predictive factors and distribution of MLNs metastasis is important in the
accurate diagnosis and proper management of patients with head and neck cancer. Metasta-
sis to MLNs should be considered in patients with head and neck cancer, especially in cases
that are associated with hypopharyngeal cancer, recurrent tumor, and high TNM stages.
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