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SUMMARY
The head and neck district represents one of the most frequent sites of cancer, and the 
percentage of metastases is very high in both loco-regional and distant areas. Prognosis 
refers to several factors: a) stage of disease; b) loco-regional relapses; c) distant metasta-
sis. At diagnosis, distant metastases of head and neck cancers are present in about 10% of 
cases with an additional 20-30% developing metastases during the course of their disease. 
Diagnosis of distant metastases is associated with unfavorable prognosis, with a median 
survival of about 10 months. The aim of the present review is to provide an update on dis-
tant metastasis in head and neck oncology. Recent achievements in molecular profiling, 
interaction between neoplastic tissue and the tumor microenvironment, oligometastatic 
disease concepts, and the role of immunotherapy have all deeply changed the therapeutic 
approach and disease control. Firstly, we approach topics such as natural history, epide-
miology of distant metastases and relevant pathological and radiological aspects. Focus 
is then placed on the most relevant clinical aspects; particular attention is reserved to 
tumours with distant metastasis and positive for EBV and HPV, and the oligometastatic 
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concept. A substantial part of the review is dedicated to different therapeutic approaches. We highlight the role of immunotherapy and the 
potential effects of innovative technologies. Lastly, we present ethical and clinical perspectives related to frailty in oncological patients and 
emerging difficulties in sustainable socio-economical governance.

KEY WORDS: head and neck oncology, distant metastasis, radiotherapy, chemotherapy, immunotherapy, nanomedicine

RIASSUNTO
Il distretto testa e collo rappresenta una delle più comuni sedi di insorgenza di malattie oncologiche, con una percentuale di disseminazioni 
metastatiche elevata tanto a livello loco-regionale quanto a distanza. La prognosi di questi tumori è strettamente legata ad alcuni fattori 
principali: a) lo stadio della malattia; b) le recidive loco-regionali; c) le metastasi a distanza. Nei tumori della testa e del collo le metastasi 
a distanza sono presenti in circa il 10% dei casi al momento della prima diagnosi e si rendono evidenti nel corso della malattia in un ulterio-
re 20%-30% dei casi. Quando una metastasi a distanza a partenza da un tumore della testa e del collo si rende evidente, la prognosi viene 
usualmente considerata infausta, con una sopravvivenza media stimabile intorno ai 10 mesi. Scopo del presente lavoro è quello di fornire un 
up-todate aggiornato ed esaustivo in tema di metastasi a distanza in oncologia cervico-cefalica alla luce delle più recenti conoscenze. Concetti 
di recente acquisizione quali l’assetto molecolare dei tumori, le possibili interazioni tra cellule tumorali e tessuti, le peculiarità della malattia 
oligometastatica, il ruolo dell’immunoterapia… stanno profondamente cambiando l’approccio terapeutico in questi pazienti, con interessanti 
ricadute in tema di controllo di malattia. I primi capitoli sono dedicati alla storia naturale ed all’epidemiologia delle metastasi a distanza 
nei tumori della testa e del collo ed al loro inquadramento diagnostico anatomo-patologico e radiologico. Nei capitoli successivi vengono 
focalizzate le più rilevanti peculiarità cliniche con particolare attenzione agli argomenti di recente attualità quali le metastasi a distanza da 
tumori EBV ed HPV positivi ed il concetto di malattia oligometastatica. Ampio spazio viene destinato alle varie opzioni terapeutiche con parti-
colare attenzione al sempre più rilevante ruolo dell’immunoterapia ed allo sviluppo di nuove tecnologie terapeutiche. In conclusione, vengono 
focalizzate le problematiche etico-cliniche legate al concetto di fragilità del paziente oncologico e le crescenti difficoltà di una sostenibile 
governance socio-economica. 

PAROLE CHIAVE: oncologia testa e collo, metastasi a distanza, radioterapia, chemioterapia, immunoterapia, nanomedicina

LIST OF ACRONYMS 
AND ABBREVIATIONS

ACC: Adenoid Cystic Carcinoma
ACHT: Adjuvant ChemoTherapy
ADR: Adriamycin
AiCC: Acinic Cell Carcinoma
AIOCC: Italian Association of Head and Neck Oncology 
AIOM: Italian Association of Medical Oncology 
AJCC: American Joint Committee On Cancer 
ALK: Anaplastic Lymphoma Kinase
APC: Antigen Presenting Cells
APM: Antigen Presenting Machinery Cells
ASCO: American Society of Clinical Oncology 
ATC: Metastatic Anaplastic Thyroid Cancer
AuroLase®: silica-gold nanoshells coated with (poly) 
ethylene glycol (PEG)
BED: Biologically Effective Doses 
BRAF: Human gene that encodes a protein called B-Raf
BSCC: Basaloid Squamous Cell Carcinoma
CAF: Cancer Associated Fibroblasts 
CALAA-01: targeted nanocomplex that contains anti-R2 
siRNA
CBDCA: Carboplatin
CCI: Charlson Comorbidity Index 
CCRT: Concurrent Chemo-RadioTherapy
CCT/hnCT-MRI: chest CT/head and neck CT or MRI
CD44: Cell surface adhesion receptor

CDDP: Cisplatin
cEBRT: conventional External Beam Radiotherapy
CET:Cetuximab
CGA: Comprehensive Geriatric Assessment 
CHT: Chemotherapy
CK: Cytokeratin
CK 7: Cytokeratin 7
CK19: Cytokeratin 19
CK 20: Cytokeratin 20	
c-MET: tyrosine-protein kinase Met CNPs: Carbon 
Nanoparticles
CNS: Central Nervous System 
Combidex®: Ferumoxtran-10
COX: Cyclooxygenase
CPS: Combined Positive Score
cRGDY: cyclo-[Arg-Gly-Asp-Tyr] peptides
CRT: Cancer Research Technology
CRUK: Cancer Research UK
CT: Computed Tomography
CTCs: Circulating Tumour Cells
CTx: Cancer Therapeutics CRC Australia
CXR/hnCT-MRI: chest XRay/head and neck CT or MRI
CYC: Cyclophosphamide
DC: Distant Control
DFI: Disease-Free Interval
DFS: Disease-Free Survival
DM: Distant Metastasis 
DMFS: Distant Metastases-free survival 
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DNA: Deoxyribonucleic Acid
DOX: Doxorubicin
DP: Distant Progression 
DSS: Disease-Specific Survival
DTX: Docetaxel
DWIBS: Diffusion-Weighted Imaging with background 
body signal suppression
DWMRI: diffusion-weighted MRI
EBRT: External Beam Radiotherapy
EBV: Epstein-Barr Virus
EC: Oesophageal Cancer
ECM: ExtraCellular Matrix
EFS: Edmonton Frailty Scale 
EGFR: Epidermal Growth Factor Receptor
EMA: European Medicines Agency 
EMT: Epithelial to Mesenchymal Transition
ENE: ExtraNodal Extension
EPR: Enhanced Permeability and Retention Effect
ER: Oestrogen Receptor
ESCs: Embryonic Stem Cells
ESMO: European Society of Medical Oncology 
FDA: Food and Drug Administration 
FDG PET: 18F-Fluorodeoxyglucose Positron Emission 
Tomography
FET: 18Fluoroethyltyrosine
FLT: 18Fluorothymidine
FLT-3: Fms related Tyrosine Kinase 3
FNAB: Fine Needle Aspiration Biopsy
FNAC: Fine Needle Aspiration Cytology
FU: Follow-Up
GATA-3: G-A-T-A binding protein 3
GEM: Gemcitabine
G- CSF: Granulocyte Colony-Stimulating Factor
GEJ :Gastro-oesophageal junction
GFI: Groningen Frailty Index 
GP: Gemcitabine plus Cisplatin	
GSEA: Gene Set Enrichment Analysis
HA: Hyaluronic acid
HDC: High Dose Cisplatin 
HER 2: Human Epidermal Growth Factor Receptor 2 
HGF: Hepatocyte Growth Factor
HGFR: Hepatocyte Growth Factor Receptor 
HIF: Hypoxia Inducible Factor
HKLA: Human Leucocyte Antigen
HNC: Head and Neck Cancer
HNSCC: Head and Neck Squamous Cell Carcinoma 
HNSTS: Head and Neck Soft Tissue Sarcomas 
HPV: Human Papilloma Virus
HR: Hormone Receptor 
HSA: Human Serum Albumin
ICIs: Immunocheckpoint Inhibitors

ICHT: Induction Chemotherapy 
IDO: Indoleamine 2-3-dyoxigenase 
IFN: Interferon
IGF-1R: Insulin-like Growth Factor-1
IMRT: Intensity-Modulated Radiotherapy 
iPSCs: induced Pluripotent Stem Cells
IRML: International Registry of Lung Metastasis 
ISTAT: Italian Institute of Statistics
IT: Immunotherapy
IV: Intravenously administration
LC: Langherhans Cells
LoC: Local Control
LMP1: Latent Membrane Protein 1
LN: Lymph Nodes 
LPFS: Locoregional Progression Free Survival 
LRF: Locoregional-Free Recurrence
Lu177: Lutetium177
MARCH: Meta-Analysis of Radiotherapy in Carcinomas 
of Head and Neck 
MEC: Mucoepidermoid Carcinoma
mFI: modified Frailty Index 
MHC: Major Histocompatibility Complex
Mid-EBV: Midpoint EBV-DNA 
MMP: Matrix Metalloproteinase - (1-2-3-9)
MNO

2
: Manganese dioxide

MOA: Mechanism of Action
MPS: Mononuclear Phagocytic System
MRI: Magnetic Resonance Imaging
MSGT: Malignant Salivary Glands Tumours
mTID: metastatic Tumor-in-a-Dish 
mTOR: Mammalian Target of Rapamycin 
MTX: Methotrexate
NAB: Nanoparticle Albumin-Bound 
NACHT: NeoadjuvantChemoTherapy
NCCN: National Comprehensive Cancer Network
ND: Neck Dissection
NK: Natural Killer 
NIR: Near-Infrared
NIVO: Nivolumab
NMs: Nano-Materials
NOS: Reactive Nitrogen Species
NPC: Nasopharyngeal Carcinoma 
NPs: Nanoparticles
NSCLC: Non-Small Cell Lung Cancer 
NRTKs: Non-Receptor Protein Tyrosine Kinases
NRTKIs: Nonreceptor Tyrosine Kinase Inhibitors 
NTRK: Neurotrophic Tyrosine Receptor Kinase 
OECD: Organization for Economic Cooperation and 
Development
OM: Oligometastases
ONB: Olfactory Neuroblastoma
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OOC: Organ-On-a-Chip
OPSCC: Oropharyngeal Squamous Cell Carcinoma 
ORR: Observed Response Rate
OS: Overall Survival
OSCC: Oral Cavity Squamous Cell Carcinoma
PCR: Polymerase Chain Reaction
PD: Pharmacodynamic
PD-1: Programmed Death Receptor-1 
PDC: Plasmacytoid Dendritic Cells
PDGFR: Platelet-derived Growth Factor Receptor
PD-L1: Programmed Death Ligand 1 
PD-L2: Programmed Death Ligand 2
PDMS: Polydimethylsiloxane
PDOs: Patient-derived Organoids
PDT: Photosan-based Photodynamic Therapy
PEG: PolyEthylene Glycol
PEG-Si-Cornell Dots: Silica nanoparticles with, NIR 
fluorophore, PEG coating, 124I radiolabeled 
PEMBRO: Pembrolizumab
PET: Positron Emission Tomography
PFS: Progression Free Survival
PIT: Photo-immunotherapy with EGFR Targeting Antibody
PK: Pharmacokinetic
PLGA: Poly(lactic-co-glycolic acid)
PLiD: multi-cellular lung organoid lung-in-a-dish
PM: Pulmonary Metastasis 
PNI:Peri Neural Invasion
PR: Progesterone Receptor
Pre-EBV: pre-treatment plasma EBV-DNA 
PS: Performance Status
PSA: Prostatic-Specific Antigen
PSMA: Prostate Specific Membrane Antigen
PTS: Patients 
PTSD: Post-Traumatic Stress Disorder 
PTSS: Post-Traumatic Stress Symptoms
PTT: Photothermal Therapy 
PTX: Paclitaxel 
QoL: Quality of Life
RNA: RiboNucleic Acid
RANK: Receptor Activator of NF-kB 
RANKL: Receptor Activator of NF-kB ligand
RCC: Renal Cell Carcinoma
RES: Reticuloendothelial System
RFA: Radiofrequency Ablation
RKIP: Raf Kinase Inhibitory Protein 
R/M-HNC: Relapsed/Metastatic Head and Neck Cancer 

RM-NPC: Recurrent/Metastatic Nasopharyngeal Carcinoma 
ROS: Reactive Oxygen Species
ROS-1: proto-oncogene tyrosine-protein kinase-1
RT: Radiotherapy
RTKIs: Receptor Tyrosine Kinase Inhibitors 
RTKs: Receptor Tyrosine Kinases
R0: No Residual Tumour
R1: Microscopic Residual Tumour
R2: Macroscopic Residual Tumour
SABR: Stereotactic Ablative Body Radiotherapy 
SAP: Survival After Progression
SBRT: Stereotactic Body Radiotherapy 
SC: Supraclavicular 
SCC: Squamous Cell Carcinoma
SCLC: Small Cell Lung Cancer 
SLNs: Sentinel Lymph Nodes
SMA: Smooth Muscle Actin
SNEC: Sinonasal Neuroendocrine Carcinoma 
SNUC: Sinonasal Undifferentiated Carcinoma 
SRS: Stereotactic Radio-Surgery 
STIR: Short Time Inversion-Recovery 
SUV: Standardised Uptake Value
TAM: Tumour Associated Macrophages
TAX: Taxol
TBM: Temporal Bone Metastases 
TDDS: Targeted Drug Delivery System
TDM1: Ado-TrastuzumabEmtansine 1
TKI: Tyrosine Kinase Inhibitor
TILS: Tumour Infiltrating Lymphocytes
TLR: Tool-Like Receptor
TME: Tumour Microenvironment 
TM-LC: Treated Metastases Local Control
TN: Triple Negative 
TNF: Tumour Necrosis Factor 
TTF-1: Thyroid Transcriptor Factor-1
TRTP: Time To Progression
US: Ultrasound
VEGFA : Vascular Endothelial Growth Factor A 
VEGFR: Vascular Endothelial Growth Factor Receptor 
VMAT: Volumetric Modulated Arc Therapy
VNB: Vinorelbine
WB: Whole Body
WBRT: Whole Brain Radiation Therapy
5-FU: 5-Fluorouracil
3H1: monoclonal antibody anti-idiotype vaccine



Metastatic disease in head & neck oncology

S5

1. Introduction
Head and neck squamous cell carcinoma (HNSCC) is the 
sixth most common cancer worldwide, with more than 
500,000 new cases each year.
Despite ongoing advances in surgery, radiotherapy and 
chemotherapy, 5-year survival rates still remain under 50%. 
Prognosis is strictly conditioned by three main factors:
•	 stage of disease;
•	 loco-regional recurrence;
•	 distant metastases.
Distant metastases (DM) in HNSCC have an incidence 
around 10% at initial clinical presentation, with an 
additional 20-30% of patients who will develop DM during 
the course of their disease.
When DM occur, prognosis in considered dismal, with 
median overall survival (OS) of around 10 months 1.
In the last decade, renewed knowledge has brought further 
advances in primary tumour biology, molecular basis of 
distant spread, diagnostic tools, therapeutic plans and 
disease control, with palliative intent and, in selected cases, 
even curative 2,3. 
The aim of this review is to provide an updated focus on the 
emerging insights of biology, diagnosis and therapy of DM 
in head and neck cancer.

2. Epidemiology and natural history

Introduction
The study of neoplastic head and neck disease has 
always been the basis of the interpretation of clinical 
phenomenology. It represents the moment when dynamic 
aspects of immuno-biological order appear in their 
definitive state.
Metastatic disease cannot be easily defined because it 
is preceded and followed by phenomena originated by 
unforecastable biological reactions limiting or yielding 
neoplastic aggression.
Clinical diagnostic and therapeutic approaches are 
projected to performing a precision medicine dimension, 
that is increasingly effective.
Despite continuous progress with multimodal treatments 
that have demonstrated genuine improvement in 
metastatic control, OS and disease-specific survival have 
not undergone significant changes. New knowledge in 
neoplastic immune cellular defense and in the pre-clinical 
phase of the metastatic process is strongly expected.
In fact, in recent years, much progress has been achieved 
in understanding how biological metastases take place. 
All these efforts express the intent to identify genetic 
connections between host and tumour, risk factors that 

can lead to neoplastic transformation and attitude to local, 
regional and remote dissemination. Overall, metastatic 
disease represents the main prognostic factor in HNSCC.
HNSCC, assessed for all sites and all grades of T, 
demonstrates an index of lymphatic metastasis ranging 
from 25 to 45% 1. The invasion of the lymphatic network 
occurs with variable frequency depending on the site, 
T-stage and histopathological characteristics of the primary 
lesion (type, degree of differentiation, perineural invasion). 
Diffusion generally occurs progressively, from the lymph 
nodes closest to the primitive tumour to the most distant 
ones. Isolated localisations in lymph nodes distant from the 
primary lesion are not rare.
Only approximately 10% of patients have DM at the 
time of diagnosis  2. However, a substantial proportion 
develops metastases following the first line of treatment for 
locoregional disease. 
It is widely believed that, in the early-stage disease (T1-
2, N0), the main clinical problem is loco-regional control. 
The risk of DM is very low even if, for nasopharyngeal 
neoplasms and undifferentiated carcinomas, this eventuality 
must also be considered in the initial stages of the disease.
In the locally-advanced stages (stage III-IV, cM0) the 
problem becomes more relevant, especially following 
the therapeutic progress in the last few years on the loco-
regional control of the disease.
In 1906, George Crile 3 supported a philosophy on cervical 
regional lymph nodes as ‘‘an extraordinary barrier 
through which cancer rarely penetrates.’’ This was a 
logical conclusion at the time based on the extant clinical 
data which suggested a rate of less than 1% of DM in over 
4,000  autopsies in patients with HNSCC. The concept 
was simple: cancer cells, which were continuously shed 
from the primary tumour into draining regional lymphatic 
vessels, would become lodged in regional lymph nodes and 
grow just as they did at the primary tumour site. Supported 
by analogous conclusions about mechanisms of tumour 
spread in the melanoma and breast cancer literature at the 
time, the concept that cervical regional lymph nodes act as 
a filter to trap cancer cells trying to escape the confines of 
the head and neck was unchallenged for many decades and 
was also propagated by pioneers in head and neck surgery.
According to several reviews on these topics, we can state 
that the natural history of HNSCC is essentially influenced 
by the following factors: primary lesion, lymphatic 
diffusion and DM.

2.1. Primary lesion
The size of the primary lesion and the potential spread 
of disease are closely related. The motto, “the larger 
the tumour, the worse the prognosis” is still valid. The 
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thickness and depth of invasion of the primary tumour are 
the most important indications of the aggressive nature of 
the disease.
This is particularly true for cancers of the oral cavity, for 
laryngeal tumours and for those of the rhinosinusal district. 
However, carcinomas with a large superficial component 
appear to be only the superficial invasion of the lamina propria 
and are less likely to spread to the regional lymph nodes with 
a better prognosis than those that tend to be invasive.
On the other hand, nasopharyngeal, hypopharyngeal, 
laryngeal, oropharyngeal and supraglottic tumours show 
a tendency to lymphovascular invasion due to the rich 
presence of this system in these areas, leading to early 
and marked nodal involvement and early DM compared to 
other subsites (Fig. 2.1).
Although every anatomical subsite has its own unique 
neoplastic diffusion model, most cervical-cephalic 
malignancies begin as a superficial mucosal lesion, within 
which muscle invasion is the rule as is the tendency to 
spread along with the plane muscles at a considerable 
distance from the palpable to the visible lesion. A tumour 
can attach itself to the periosteum or perichondrium very 
early in the course of the disease, but the actual invasion of 
bone or cartilage is generally a late event. The periosteum 
and perichondrium act as a barrier to neoplastic diffusion, 
and these structures are generally spared while the tumour 
has explored easier growth paths, either alone (through the 
activation of osteoclast tumours) or along neural pathways. 
This model of local diffusion is typical of tumours of the 
oro-pharyngeal and laryngeal cavities.
Perineural invasion is an important pathway of neoplastic 
diffusion and is nowadays more than ever recognised as 
a disturbing sign that correlates with an increase in the 
incidence of local recurrence, loco-regional lymph node 
metastases, the availability of information on cranial base 

nerves and reduced survival. This is a sign of biological 
aggression of the tumour and is independent on the size of 
the primary lesion. Moreover, the neurological impact must 
be added, secondary to compression or entrapment rather 
than to the actual nervorum invasion 4.
Finally, it should be remembered that neoplastic diffusion 
also depends on tumour differentiation (classification), the 
model of tumour invasion and the inflammatory response 
to the tumour. The more poorly differentiated the tumour, 
the quicker the ability to metastasise compared to more 
differentiated tumours. Tumours with large masses are 
less likely to metastasise than smaller lesions, but with an 
invasive model.

2.2. Lymphatic spread
The regional state of lymph nodes is one of the most 
important parameters determining prognosis in patients 
with HNSCC. The presence of only one positive lymph 
node can decrease survival by up to 50% 5.
The risk of lymph node metastasis can be predicted 
in relation to differentiation of tumour (more poorly 
differentiated, the greater the risk), to the size and depth 
of the invasion and the availability of capillary lymphatics. 
Furthermore, the risk of lymphatic spread increases with 
tumour recurrence. Embryologically, the lymphatic system 
is formed from its germination from the venous system, 
and explains the close anatomical relationship between 
these two systems. Blood capillaries have tight endothelial 
junctions and normally do not reabsorb larger molecules 
and cells. However, lymphatic capillaries have relatively 
open endothelial junctions that allow molecules and larger 
cells to be more easily reabsorbed, explaining the reason 
for easier lymphatic than vascular propensity.
The lymphatic system of the head and neck is the region 
of the body composed by more lymphatic capillaries, 
lymphatic trunks and lymph nodes; epithelium, bone and 
cartilage are devoid of lymphatic capillaries, while a small 
minority is found in the periosteum and perichondrium. 
Lymph node arrangement is archetypal and each group 
receives drainage (directly or indirectly) from specific 
areas; in a deep cervical group (a terminal group for the 
head and region of the neck) before finally flowing into the 
lymphatic duct (right)/thoracic duct (left) or in the jugular-
subclavian junction 5.
Due to the absence of lymphatic vessels in the epithelium, 
the tumour must penetrate the lamina propria before 
lymphatic invasion. In the superficial layer, the diameter 
of lymphatic capillaries is usually narrower than it is in 
the deeper layer. The richness of the capillary network 
in each subsite can increase the relative incidence of 
lymph node metastases. The nasopharynx, pyriform sinus Figure 2.1. Overall percentage of DM incidence by subsite 11,12,22,23,29-31,35,41.



Metastatic disease in head & neck oncology

S7

(hypopharynx), supraglottic larynx and oropharynx have 
the most profitable network of capillary lymphatic vessels, 
which is the clinical reflection of the potential presence 
of neoplastic lymph nodes. Paranasal sinuses, middle ear 
and vocal folds have few or no capillary lymphatics, which 
is consistent with the low rate of lymph node metastases 
when the tumour is confined to these sites.
The involvement of lymph nodes usually follows an 
ordered progression and, rarely, skip nodal metastasis is 
revealed  6. Well lateralised lesions determine ipsilateral 
lymph node metastases. Lesions near the midline or lateral 
margin of tongue or nasopharyngeal lesions can also spread 
contralaterally or bilaterally, but generally, tend to spread from 
the side of the lesion. Patients with ipsilateral tumour nodal 
disease are at risk of contralateral disease, especially if the 
lymph node exceeds a certain size or if multiple lymph nodes 
are involved. Obstruction of lymphatic pathways caused by 
surgery or radiation therapy can divert lymphatic flow on the 
opposite side of the neck through anastomotic channels.
Finally, it should be remembered that metastases in 
cervical-cephalic district occur in approximately 10% of 
patients as neoplastic metastases from unknown primitive 
sites 7. The histopathology of these metastases is generally 
referable to squamous cell carcinomas in various degrees 
of differentiation, but metastases of adenocarcinomas, 
melanomas, or anaplastic tumours can also be found. The 
lymph node level is indicative of possible neoplastic origin.
DM in the absence of nodal metastasis is very rare in 
HNSCC. Untreated occult disease in the lymphatic venous 
system can produce DM while the lymph node is growing. 
Patients with advanced disease have a high incidence of 
DM, particularly in the presence of jugular vein invasion 
or extensive soft tissue disease in the neck. The rate of DM 
increases by up to 25-30% for N3 disease compared to 18-
20% for N2 disease (Fig. 2.2) 7. 

Although there is clear evidence on lymph node involvement 
with DM, presence of N+ in these patients remains 
controversial for some. Studies have documented the 
presence of clinically-evident DM in up to 15% of patients 
with HNSCC who had disease at the time of diagnosis and 
remained N0 throughout treatment 8.
A recent retrospective study of over 70,000 patients with 
HNSCC revealed that 2.8% had DM at presentation, and 
that the rate of DM ranged from 0.19% to 1.75% in patients 
who were clinically N0 9.
These studies measure the presence of clinical DM and have 
a large number of false negatives with regards to the presence 
of circulating tumour cells. Although patients present very 
frequently with N+ disease and very infrequently with 
clinically-detectable distant metastases, detection of distant 
micrometastases with sensitive molecular diagnostics, 
rather than histological methods, would likely yield a much 
higher rate of detection of metastasised cancer cells at the 
time of presentation.
Further research investigating the role of these processes 
and others may help to explain why patients with HNSCC 
so commonly initially present with clinically-evident neck 
disease and not clinically-evident distant metastatic disease.

2.3. Distant spread
DM is defined as tumour that has spread to other organ 
systems. This phenomenon requires several steps, including 
migration of cancer cells into blood vessels, survival of 
cancer cells in systemic circulation and transport to target 
organs, arrest of cancer cells in microcirculation, migration 
of cancer cells through the vessel wall into the interstitial 
space and proliferation of cancer cells in target organs. 
These steps involve complex biological mechanisms that 
include many chemotaxis mediators, cell-matrix chemical 
ligand-receptor interactions and intracellular signalling 
networks.
Tumour diffusion takes place as follows: 1) hematogenous 
spread towards distant organs (lung, skin, bone and liver); 
2) lymphatic spread towards distant regional lymph nodes 
(mediastinal, abdominal and axillary nodes). Moreover, 
DM can occur at diagnosis or, more frequently, later in the 
course of the disease.
The incidence of head and neck DM at presentation is 
relatively low compared to other malignancies, but is more 
elevated in nasopharyngeal and hypopharyngeal cancer. 
The National Comprehensive Cancer Network (NCCN) 
currently recommends either a chest radiograph or 
pulmonary CT to stage patients with head and neck cancer 
(HNC). Pulmonary CT is strongly suggested in the presence 
of high metastatic risk. When dealing with aggressive 
metastatic tumours such as adenoid cystic carcinoma, Figure 2.2. Overall risk percentage of DM according to T and N 7,11,12,46.
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basaloid squamous cell carcinoma and neuroendocrine 
carcinomas, an extensive metastatic work-up is widely 
justified 10.
Frequently, the prevalence or incidence of DM is reported 
briefly without uniform methodology and as part of 
secondary endpoints. In addition, information on risk 
factors for DM is extrapolated from patient follow-up 
studies after completion of curative treatment and there 
is no consensus on standard staging procedures for these 
patients, although accurate staging is very predictive of 
survival in the long term and the information is essential 
in the management of the individual patient with HNSCC.
The prevalence is reported to be 9.1%, 14.1% and 15.6% 
in patients with well (WHO grade 1), moderately (WHO 
grade 2) and poorly differentiated (WHO grade 3) HNSCC, 
respectively 11.
In locally-advanced HNSCC, 5-year locoregional control is 
limited to 50%, while distant control, also called distance 
metastasis freedom, is about 85%  12. The incidence rates 
reported in clinical studies fluctuate between 7% and 23%, 
while autopsy results can vary between 30% and 50% 7.
Due to the wide heterogeneity of HNSCC, the rate of 
metastasis can be influenced by the primary tumour site, 
stage at presentation, staging assessment, treatment modality 
and study population. Most DM occur within the first 2 years 
of initial diagnosis and, with development of DM, the chance 
of recovery is very low and survival decreases dramatically 
even with early diagnosis. Tumours of the hypopharynx, 
supraglottic larynx, nasopharynx and oropharynx are more 
likely to spread than those in the oral cavity, paranasal 
sinuses and glottic larynx. The percentages of DM reported 
for stages I, II, III, IVa and IVb are, respectively, 1%, 14%, 
15%, 20% and 24% (Fig. 2.3) 7-9. The prevalence of DM is 
reported to be 11.9% and 32.0%, respectively, in the absence 
and presence of extranodal extension 11.

There is no significant difference in the actuarial rate of 
distant control between the presence or absence of perineural 
invasion of tumour: 89% and 84% at 1 year, 77% and 78% 
at 2 years and 77% and 75% at 5 years, respectively 11. Data 
on lymphovascular invasion do not suggest any significant 
difference in the actuarial frequency of distant control 
between presence and absence of lymphovascular invasion. 
There is no significant difference in the prevalence between 
tumour-free margins and microscopic or macroscopic 
invasion 11.
Almost half of all DMs are clinically detected within 9 
months of treatment, 80% within 2 years, 90% within 3 years 
and 99% within 5 years. Their presence is an unfavourable 
prognostic factor, since 90% of patients die within 2 years 
following detection of the first metastasis 7. The lung is the 
most common site of DM (50% -75% cases), while bone, 
liver, brain, skin and soft tissue represent 10-44%, 4-34%, 
3-13%, 3-31% and 2-9%, respectively 10.

2.4. Oligometastatic disease
Hellman and Weichselbaum first proposed the concept of 
oligometastases (OM) in 1995 suggesting that there is a 
spectrum of metastatic diseases, some of which may still 
be considered localised 13.
Although oligometastatic tumour cells have all these 
characteristics, they appear to have a different genetic 
profile and may behave less aggressively than widespread 
metastatic carcinoma. As a result, they “sow” fewer sites 
and grow more slowly, providing better prognosis and 
making the tumour even more susceptible to local therapy.
In recent years, the concept of OM has been increasingly 
recognised and supported by clinical and biological data 
for several malignant tumours. OM-HNSCC is still a 
relatively underestimated entity. In this scenario, the 
most extensive data come from a small series of cases on 
the surgical management of metastases published over 
3 decades. In addition to a few reports on liver injury, 
most of these retrospective studies refer to pulmonary 
metastasectomies 14.
Furthermore, OM has been shown to be a distinct clinical 
entity with respect to polymetastatic disease in other organ 
systems. In 2017, Albergotti showed a significant difference 
in survival in HPV-positive metastatic oropharyngeal 
SCC when stratified by oligometastatic status. Patients 
with 1-2 metastatic lesions had significantly prolonged 
OS with a 2-year survival rate of 81% compared to those 
with polymetastatic disease with a 2-year survival rate 
of 22%  15. Therefore, OM has been hypothesised to be a 
less aggressive phenotype, which still lends itself to local 
control.
In 2019, Bates reported a broader analysis of outcomes in Figure 2.3. Overall percentages of DM in HNSCC for tumor stages 7-9.
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patients with OM-HNSCC treated with stereotactic ablative 
body radiotherapy (SABR). They showed an encouraging 
OS rate of 43% at 2 years; however, DFS remained scarce, 
with only 14% of patients alive without disease progression 
at 2 years. Despite the non-optimal DFS rate, the results 
suggest that patients with OM-HNSCC may represent 
a more favourable subset of patients with metastatic 
HNSCC  16. The most frequent primary site was the 
oropharynx (48.1%). Most had metachronous metastases 
rather than synchronous (81.5%). Most patients had a 
relatively limited burden of metastatic disease, including 
44.4% with solitary metastases, 44.4% with 2-3 metastases 
and only 11.1% with more than three sites of metastatic 
disease at the time of SABR. The most frequent site of 
metastatic disease was pulmonary; other positions of the 
metastatic disease included the spine, lymph nodes/soft 
tissues, non-spinal bone and liver 16.

2.5. District analysis 

Nasal cavities and paranasal sinuses
Malignant neoplasms of the rhinosinusal district are 
uncommon diseases, estimated at around 0.8% of all 
malignant tumours and between 3-5% of head and 
neck malignancies, with a worldwide incidence of 
1/100,000  inhabitants  17. The lymph nodes of levels  I, II, 
parotid and retropharyngeal are the preferred metastatic 
areas.
Usually, adenopathy ranges between 5.4% and 21%; 
for squamous cell forms originating from the nasal 
passages it varies from 6.6% to 10.7% vs 2.6-22.2% for 
adenocarcinomas; if the origin is paranasal, the value varies 
from 3.7% to 19.1%; and the maxillary site determines a 
risk of between 3.9% and 21.4% 18,19. The undifferentiated 
forms (SNUC) metastasise in a more significant way 
compared to the differentiated forms: 16.7 vs 13.8% 20.
With respect to T stage, the percentage of lymph node 
involvement for the nasal cavity is: T1: 4%, T2: 9.8%, 
T3: 10.3%, T4a 22%; T4b 22.6%, vs. T1: 8.2%; T2: 18.6%; 
T3: 19.6%; T4a: 21.4%; T4b: 26.8% for the sinus district 21. 
DM from paranasal tumours is rare (4%); in SNUC, the rate 
in patients under surveillance is about 2.5%. In SCC of the 
nasal cavity, the rate is 1.9%, while the rate in SCC of the 
maxillary sinus is reported to be 6.8% in T4 tumours 22,23.
Risk factors are related to location (nasal floor and 
columella), size and number of positive lymph nodes.

Oral cavity
The local and distance metastatic tendency of squamous cell 
carcinomas of the oral cavity (OSCC) is directly related to 
the location, tumour size, pattern and depth of the invasion. 
As far as lip neoplasms are concerned, the underlying 

localisations concern about 95% of tumours showing a 
metastatic tendency considered to be low, in which the size 
of the tumour is always correlated with metastatic speed 
and tendency. In T1 and T2 lesions, metastatic loco regional 
data is limited to 30% while in T3 to T4 it increases up to 
60% 24.
The lingual compartment is characterised by a greater 
component of lymphatics and neurovascular structures 
that amplify metastatic risk. In these circumstances, level I 
lymph nodes are mainly affected, while in tumours of the 
posterior compartment there is involvement of level  II 
lymph nodes. In contrast to the diffusion model, tongue 
cancers are more frequent than oral cavity cancers (25-
40%), and can also affect level IV lymph nodes in up to 
10% of cases 25. A retrospective assessment of 277 tongue 
cancers showed metastases at level III and IV in 15.8% of 
cases without level I and II lymph node disease 26.
Overall, approximately 50% of patients with oral cancer 
reveal lymph node metastases, with an incidence of occult 
metastases in T1 and T2 tumours of approximately 30-
40% 25.
A multivariate analysis of the tumour characteristics 
of lingual neoplasms has shown that only the depth of 
tumour has an absolute predictive value for cervical and 
DM 26. Despite being a randomised study, it indicated the 
usefulness of prophylactic neck dissection (ND) in case of 
T thickness > 3 mm, another meta-analysis better specified 
the relationship between the thickness of infiltration as 
a predictor of metastasis in tumours of the lingual body, 
identifying a 4 mm cut-off 27,28.
The presentation reported a lower incidence of DM between 
1% and 8.8% for patients with OSCC. The most common 
metastatic sites are the lung, bone, liver and skin; 13.2% is 
the rate within 5 years of treatment 29.
When DM rates are directly considered, more than half of 
patients with contralateral neck metastases and one-third 
of patients with poorly differentiated tumours showed 
subsequent DM within 5 years after locoregional treatment 
with curative intent, and most experienced DM within 
2 years 30.
As for the prediction of DM based on tumour differentiation, 
the results are still controversial, but poorly differentiated 
tumours with infiltration thickness  >  4  mm have higher 
rates of extranodal extension (ENE), perineural invasion 
(PNI) and lymphovascular invasion, and may also explain 
metastasis to the neck and subsequent DM 31.

Nasopharynx
Undifferentiated carcinoma is the most frequent 
nasopharyngeal tumour; it has a typical pathognomonic 
histological model, a close relationship with Epstein-
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Barr virus (EBV), a particular natural history and good 
prognosis. It has an early tendency to spread locally in the 
parapharyngeal space. Nodal involvement is very frequent 
(70-90%) and voluminous regardless of the size of the 
primary tumour 32.
The natural history of this neoplasm depends on its 
local growth capacity and its metastasizing potential. In 
particular, the keratinising histotype shows greater local 
aggressiveness than the non-keratinizing one, which tends 
more towards distant diffusion 33.
It must be considered that, since radiotherapy is the main 
treatment of this neoplasm, the metastatic pattern is 
essentially based on clinical-radiological data. Spread by 
the lymphatic system occurs in about 75% of cases (60% of 
cases with histotype I and 85-90% with histotype II) 33. The 
first stations involved are retropharyngeal, 94% of cases, 
followed by the jugular and spinal stations 33. Lymph node 
involvement represents the initial symptom in 37-49% of 
cases 34.
The literature reports up to 11% DM at presentation and up 
to 87% at autoptic studies 34. After treatment, DM develops 
in about 30% of patients within 5 years (40% in those 
with locoregional insufficiency and 29% in those with 
locoregional control) at a median time of 8 months. DM is 
observed mainly in bone (48%), lung (27%), liver (11%) 
and in the nodes above the clavicle (10%) 35.

Oropharynx
The lymphatic neoplastic spread of the oropharyngeal 
region is mainly present in lymph nodes of levels IIB, III 
and in retropharyngeal ones. In general, the overall N+ rate 
ranges from 40 to 80%, with lateral occult N+ approximately 
8% and contralateral N+ 28.6% 36. At the time of diagnosis, 
approximately 70% of patients with oropharyngeal 
squamous cell carcinoma (OPSCC) have lymph node 
metastasis 37. The correlation with human papilloma virus 
(HPV), in particular with types 16-18, plays an important 
role for the development of a subgroup of tumours (about 
50%) with different histopathological and morphological 
features, indicative of a distinct neoplastic diffusion model 
even in relation to metastatisation, and such as to justify a 
non-significant loco-regional diffusion associated with the 
increasing size of the T, which remains predictive only in 
order of metastatic extension in the N+ of tonsillar complex 
tumours and those of the base of the tongue (T1: 18%; 
T2: 24%; T3: 19%; T4; 5%)  38. At the prognostic level, 
the best loco-regional control secondary to the reduced 
perineural invasion model, perivascular infiltration and 
by virtue of tumour-correlatable immunological reactions 
of HPV-positive cells, explains the better prognosis vs. 
HPV negative tumours. Against an overall percentage of 

DM included within 5-7%, Duprez reported an overall 
prevalence of 12.9% 11.

Hypopharynx
With regards to the typical localisations such as the 
pyriform sinus, retro-cricoid area and posterior wall, 
neoplasms are more developed in the region of the 
pyriform sinus. Lesions that develop in the midline 
tend to metastasize on both sides of the neck, although 
there is not enough data to encode a dissemination 
scheme, particularly for contralateral lymph nodes. 
The clinical behaviour of these neoplasms is aggressive 
and is burdened by high locoregional metastatic risk. 
Considering diagnostic timing frequently in stage III or 
IV, the incidence of this diffusion varies from 65 to 80% 
at the time of diagnosis and from 30 to 40% in terms of 
apparent N0 39. Neoplastic involvement occurs mainly in 
the ipsilateral lymph nodes of levels II-A, III and rarely 
IV. Metastasis to the thyroid gland and to level VI lymph 
nodes is found in 30% of patients  40. This latter event 
occurs mostly in upper hypopharyngeal-laryngeal and 
hypopharyngeal-oesophageal tumours, particularly in 
patients with peristomal recurrence.
In accordance with histopathological and radiological 
findings, metastases to the retropharyngeal lymph nodes 
(Rouvière lymph nodes) are found in about 13% of patients, 
especially in the retro-cricoid localisations in the posterior 
wall 28. The involvement of these lymph nodes is expressive 
for a greater propensity to distance metastasisation and 
poor overall outcomes. For these tumours, besides a direct 
and significant relationship between tumour size and the 
incidence of metastasis, the depth of infiltration and degree 
of differentiation are determinants of metastatic propensity. 
Spector reported an overall DM incidence of 16.1% in 
aryepiglottic folded carcinoma. The incidence of DM was 
correlated with an increase in TNM stage, locoregional 
insufficiency, reduction in recovery rates, delayed regional 
lymph node metastases and advanced regional node 
disease (N2  +  N3). In pyriform sinus carcinoma, the 
overall incidence of distant metastasis is 17.1% and in the 
posterolateral hypopharyngeal wall carcinoma is reported 
at 17.6%. Statistically, the incidence of DM is positively 
correlated with regional metastatic disease (N + disease) 
and advanced primary disease (T4) 41.

Larynx
Neoplasms of the supraglottic areas display a greater 
propensity to lymph node-like neoplastic diffusion, but on 
par with the glottal region, and have a tendency to invade 
the lymph nodes of level  II and III, while the subglottic 
areas have a propensity towards lymph nodes of levels III 
and IV. The involvement of lymph nodes of level I, IIB and 
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V occurs more rarely, justifying surgical conduct aimed at 
their conservation in N0 cases 42.
In the anterior compartment, the involvement of the 
paratracheal lymph nodes amounts to 12.2%, especially 
in the case of anterior subglottic extensions; nevertheless, 
glottic tumours can rarely metastasize to such level, but 
generally only in advanced stage lesions (T3-T4)  43. The 
metastatic disease of these lymph nodes is generally 
associated with poor prognosis, a high rate of locoregional 
recurrences and DM.
Overall, about 40% of all supraglottic tumours have 
locoregional metastases at the time of diagnosis; 6-25% 
for T1, 30-70% for T2 and 65-80% for T3-T4 with a rate 
of occult metastases exceeding 20%. The involvement of a 
central part indicates a high risk of contralateral metastases, 
whose incidence is around 20% in lateral lesions, remaining 
infrequent in the absence of ipsilateral metastases 44.
Glottic tumours show a relatively low metastatic rate, 
which is probably related to the lower lymphatic density 
of the region. At this level, there is a significant correlation 
between vocal fold motility and the incidence of lymph 
node metastases. While vocal fold motility represents a 
dynamic barrier for lymphatic drainage, the increasing 
motor impairment (T2-T3) carries an unimpeded lymphatic 
flow in locoregional lymph nodes.
Extra-laryngeal growth is associated with a significant 
increase in metastatic tendency (T4). However, no 
lymphatic metastases are predictable in T1a of the vocal 
cords, while for T2 tumours the values are between 5 and 
10%, in T3 between 10-20% and between 25-40% for T4 45.
Finally, glottal lesions have a low prevalence of contralateral 
metastases, even if the primary tumour goes beyond the 
midline 44.
Spector reported an incidence of DM in supraglottic 
carcinomas of 3.6%. These occurred at 1-75 months after 
treatment of the primary disease with an average of 23.3 
months for central epiglottic tumours; 17.6 months for 
marginal supraglottic (lateral) tumours and 10 months for 
lesions extending to the vallecula or the base of the tongue. 
The incidence of DM is not related to the stage of the primary 
tumour (stage T) which was as follows: T1 0.9%, T2 5.7%, 
T3 2.2% and T4 5%  41. DM disease is correlated to the 
degree of regional lymph node involvement (N + disease) 
as follows: N0 2.3%, N1 1.3%, N2 6.4% and N3 20% 41.
The incidence of DM in patients with glottal carcinoma is 
reported to be 4.4%. The progression of tumour stage, a 
lower rate of locoregional control and a reduction in the 
recovery rate in stage  IV disease significantly increased 
the overall incidence. The highest incidence is reported in 
T4N1 and T2-3N2-3 tumours and is significantly related 
to the higher incidence of regional lymph node metastases 

delayed in the stages of the disease T4N1, T4N2-3 and 
T2-3N2-3 41. In the subglottic area, the percentage of DM 
reported is 14.2% and is not related to the TNM stage 41.

3. Biological factors  
in metastatic dissemination of head  
and neck squamous cell carcinomas
It is well established that aggressiveness of head and 
neck tumours is manifested mainly as local recurrences 
and lymph node metastases more than distant diffusion. 
Many cases of local recurrences are due to a sort of 
biological “condemnation” of the mucosa known as field 
cancerisation 1, while the pathways of metastatic diffusion 
are explained by the molecular assets of the tumour or by 
complex interactions between neoplastic tissue and the 
tumour microenvironment 2.
In this review, we refer to well-known molecular pathways 
of local diffusion and metastasis of HNSCC, concerning 
both field cancerisation and the tissue microenvironment; 
moreover, we present some recent results of translational 
research.

3.1. Molecular mediators of lymph node metastasis in head 
and neck squamous cell carcinoma

Breakdown of cell-to-cell adhesion: E-cadherin /catenin
The Cadherin family of cell adhesion molecules mediates 
homotypic cell-to-cell adhesion within epithelial cells in a 
calcium dependent way by means of its extracellular domain 
and by forming complexes with the actin cytoskeleton 
through cytoplasmic catenin.
Downregulation or dysfunction of cadherin or catenin 
produces a loss of integrity in the cell-to-cell adhesion 
mechanism and subsequent dissociation of epithelial cells, 
being a prerequisite for active migration and metastasis.
In HNSCC with lymph node metastases, an association 
between loss of E-cadherin and the catenin complex 
and the presence of metastasis has been demonstrated. 
Expression of E-cadherin was significantly lost in the 
metastatic tissue in comparison to the primary tumour 
and surrounding normal mucosa  3. Reduced expression 
or aberrant localization of α-, β- and δ-catenin may be a 
useful tool to predict the risk of lymph node metastasis 4..

Integrins and cellular surface adhesion receptor (CD44)
Integrins are a family of heterodimeric transmembrane 
glycoproteins that function as cell surface receptors, 
composed of non-covalently associated α and β subunits 
involved in intercellular and cellular-extracellular matrix 
attachment, contributing to bidirectional exchange between 
the extra- and intracellular environment.
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Aberrant integrin expression has been implicated in HNSCC 
tumour invasion and metastasis. The most commonly 
expressed integrin in the basal layer of the normal squamous 
cell epithelia is αvβ6 and its altered expression has been 
reported in the development of HNSCC 5.
CD44 is a glycosylated multifunctional cell surface 
protein that works as a receptor for hyaluronic acid in 
the extracellular matrix. Multiple isoforms exist due to a 
mechanism of post-transcriptional splicing. Predominant 
loss of expression in some isoforms (v4, v5, v6, v9) has 
been correlated with lymph node metastases 6,7.

Modulation of extracellular matrix and proteolytic enzymes: 
matrix metalloproteinases (MMP) and cathepsin D
Proteolytic enzymes are implicated in the degradation 
of extracellular matrix components such as fibronectin, 
collagen, laminin, glycoproteins and proteoglycans, and 
favour stromal invasion of tumour cells as well as vessel 
intravasation and extravasation.
MMPs, a family of zinc dependent endopeptidases secreted 
in an inactivated form, are involved in the metastatic 
process. Increased expression and activity of MMPs (the 
main variants involved are MMP-1, MMP-2 and MMP-9), 
associated with overexpression of epidermal growth factor 
receptor (EGFR), has been seen in both HNSCC tumour 
samples and in their metastases, and is predictive of poor 
prognosis 8,9.
Cathepsins are lysosomal endopeptidases overexpressed in 
various types of human carcinomas. In the head and neck 
area, high levels of Cathepsin-D correlate directly with the 
presence of lymph node metastases in oral carcinomas 10,11.

Molecular alterations favouring cell motility and tumour 
cell migration: MET oncogene and EGFR
MET is a proto-oncogene encoding a tyrosine kinase 
receptor for Scattered Factor also known as hepatocyte 
growth factor (HGF): it promotes cell proliferation, 
detachment and motility.
Oncogenically-activated MET can favour growth and give 
invasive and metastatic properties to clones of neoplastic 
cells, as demonstrated by the high level of mutant alleles 
of MET found in metastatic lymph nodes of HNSCC, 
in comparison to the barely detectable level seen in the 
corresponding primary tumour 12.
EGFR is a family of transmembrane proteins which 
includes four members (c-erbB-1/ EGFR, c-erbB-2/Her-
2neu, c-erbB-3/Her-3 and c-erbB4/Her-4) that are involved 
in tumour growth and malignant transformation through 
their tyrosine kinase activity. The role of theEGFR family 
in HNSCC has been thoroughly investigated.
Several studies have reported an independent correlation 
of EGFR members with the presence of nodal metastases 

and poor clinical outcome, due to cooperative signalling 
of all EGFR receptor members. They enhance proliferation 
and invasion of HNSCC cells, by activating the MAPK 
and PI3K downstream signalling pathways involved in the 
transcriptional regulation of proteases and cytokines 13.

3.2. Biological aspects of the tissue microenvironment  
in head and neck squamous cell carcinoma and their 
influence on aggressiveness and metastatic behaviour

Genetic and epigenetic changes in normal squamous 
epithelium 
A number of studies have demonstrated that genetic 
changes to the normal epithelium in the mucosa of the 
upper respiratory and digestive tract are associated with 
HPV infection (mainly strains 16, 18 and 31) and follow 
the same pathway described in cervical cancer, via E6 and 
E7 proteins.
In non-HPV-related HNSCC, the most frequent epithelial 
genetic change is mutation of the tumour-suppressor gene 
TP53, present in more than 50% of cases in malignant and 
pre-malignant lesions. Mutations in TP53 are associated 
with:
•	 increased migration of cancer associated fibroblasts 

(CAF), favouring invasiveness and progression of neo-
plasia 14;

•	 increased production of reactive oxygen species (ROS) 
and reactive nitrogen species (NOS) driving carcinogen-
esis via NF-kB and promoting abnormal tumour metab-
olism through the Warburg effect.

Mutations of NOTCH 1 (transmembrane receptor that 
regulates cell differentiation and embryonic development) 
contribute to proliferation and invasiveness through 
increasing the concentration of TNF by acting on Slug and 
Twist and its regulation over the epithelial to mesenchymal 
transition (EMT) 15.
EGFR gene is present in 10% of cases, but gene 
amplification and overexpression is present in almost 30% 
and 90% of cases, respectively, allowing for triggering 
of multiple intracellular signalling cascades that activate 
cell proliferation and survival, invasion, metastasis and 
resistance to radiotherapy, all of which are mechanisms 
that promote tumour aggressiveness 16.
Overexpression and mutation of transcription factors such 
as STAT3 are involved in EMT, proliferation, apoptosis 
and inflammation, assuring self-maintenance and renewal 
of cancer stem cells which helps in progression of cancer 
cells 17,18.
Epigenetic changes most commonly associated with 
HNSCC are DNA methylation, histone modification, 
microRNA and small interfering RNA.
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Stromal components of tissue microenvironment that 
impact aggressiveness
These are mainly cancer associated fibroblasts, cells 
which are involved in immune response, metabolism, 
angiogenesis, inflammation, hypoxia and the EMT. 
a.	 Cancer associated fibroblasts.

Fibroblasts, normally residing in the stroma underlying 
the epithelium of the upper aerodigestive tract, are 
responsible for the production of the basal membrane 
layer, collagen IV, laminin and numerous cytokine and 
paracrine signals  19. They are known to coevolve with 
the tumour, developing a characteristic phenotype 
called myofibroblastic (or active phenotype), due to the 
cytoplasmic ultrastructural accumulation of contractile 
proteins such as α-smooth muscle actin (SMA). 
In addition to the accumulation of specific contractile 
proteins, CAF produce MMP which directly contributes 
to remoulding of the extracellular matrix 20.
In HNSCC, CAF show the myofibroblastic phenotype 
associated with expression of integrin α6, which is 
critical in maintenance of cell-to-cell adhesion and 
surface signalling. 
It has been demonstrated that upregulation of both 
α-SMA and integrin α6 is correlated with poor 
prognosis in oral cancer, as α-SMA and integrin α6 
bind laminins and interact with CDKN1A, altering 
cell cycle progression  21. Moreover, CAF secrete and 
express a variety of factors which promote cell motility 
by upregulating a number of cytokines, for instance 
paracrine motility factor, HGF, CXCL2, and TGF-β  22. 
HGF in turn promotes invasion and angiogenesis  23. 
The CXCL2 secreted by CAF binds CXXR4, and this 
interaction plays a role in the upregulation of MMP9, 
EMT and HIF-1α 24.

b.	 Immune response and immune surveillance.
Progression and metastatic dissemination in HNSCC 
can be objectively linked to the falling and malfunction 
of host antineoplastic immunity: T lymphocytes and 
antigen presenting machinery cells (APM) play a main 
role in this process 25.
APM is made up by dendritic cells, Langerhans cells, 
myeloid dendritic cells and plasmacytoid dendritic 
cells. All these elements interact with the neoplastic 
cells in a complex process which can be affected by 
down-regulation or loss of the HLA class I molecules 
expression: low survival rates and presence of regional 
lymph nodes metastasis in primary laryngeal carcinomas 
and oropharyngeal squamous cell carcinomas are 
associated to this pathway  26. Moreover, HNSCC can 
influence and modulate the circulating myeloid and 
plasmacytoid dendritic cells, so that the number of these 

cells is significantly lower in the HNSCC patients; this 
phenomenon seems to be reversible, and, for instance 
the number of circulating cells increases after removal 
of tumour. 
LC are a particular type of dendritic cells representing 
2-8% of the intraepidermal cells in upper respiratory and 
digestive mucosa: strong infiltration of LC, distributed 
both inside and outside the neoplastic sheet, is associated 
with a low incidence in cervical lymph node metastasis 
and, consequently, with better prognosis 27.
Plasmacytoid dendritic cells (PDC) are APM able to 
produce large amounts of interferons IFN-α in response 
to virus, having a reduced antigen capture potential 
compared to other APM. It has been demonstrated that 
HNSCC cells can negatively influence PDC function 
with a reduction in the secretion of interferon (IFN), 
through tumour-induced down regulation of toll-like 
receptor (TLR) as shown by Hartmann et al. 28.
PGE2 and TGF-β are two immunosuppressive factors 
found in tumour tissue. A recent study showed that 
TGF-β synergizsed with PGE2 inhibited IFN-α and 
tumour necrosis factor (TNF) production by TLR7- and 
TLR9-stimulated PDCs 29.
Finally, tumour associated macrophages (TAM) can 
contribute to the aggressiveness of HNSCC through 
their direct participation in angiogenesis and tumour 
progression.
There is a significant association between the number 
of TAM and microinvasion, microvessel density and 
positivity for angiogenic factors such as vascular 
endothelial growth factor (VEGF) 30; a direct correlation 
has been also observed between macrophage infiltration 
and proliferation index evaluated with the analysis of cell 
cycle (cyclin E a p53) and proliferation (Ki-67) markers, 
suggesting that TAM are linked to tumour progression 31. 
In laryngeal and hypopharyngeal carcinomas, the 
presence and concentration of macrophages is higher 
in areas of fibrin deposition: this may indicate that 
they participate in stabilising and remodelling the 
extracellular matrix, facilitating tumour matrix 
generation and angiogenesis  32. A significant, direct 
correlation between TAM and lymph node involvement 
has been demonstrated, with a higher concentration of 
TAM being linked not only to lymph node metastases 
but also to ENE 33.

c.	 T cells.
The response of the immune system against neoplastic 
cells is compromised in the presence of functional 
defects of T cells, both circulating and tumour infiltrating 
lymphocytes (TILS) 34. 
A number of defects have been observed in T cells 
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isolated from the tumour, including absence or low 
expression of CD3 zeta chain, decreased proliferation in 
response to mitogens, inability to kill tumour cell targets 
and imbalance in the cytokine profile with absence of 
IL2, which are all evidence of predominant apoptotic 
features  34. Moreover, HNSCC cells can autonomously 
produce TGF-β1 and subsequently generate a reduction 
in the expression of NK cell receptor NKG2D and 
CD16, inhibiting the biological function of natural killer 
(NK) cells.
Mature T lymphocytes (T lymphocytes leaving the 
thymus and reaching lymph nodes and spleen), are 
activated when contacted by antigen presenting cells 
(APC), through the sharing of two specific signals:
1.	a link between major histocompatibility complex 

(MHC) on APC and T-cell receptors;
2.	expression of co-stimulatory molecules (CD25 and 

FOX-P3).
When activated, T cells differentiate into effector cells 
(CD4 helper and CD8 cytotoxic), and into memory cells, 
which are able to induce a rapid immune response in 
case of second contact with a previously known antigen.
CD4 T cells (Treg) are important in self-tolerance, which 
means induction of tolerance to self antigens. The main 
immunophenotypic markers used for the identification 
of T cells are: CD45RO (naïve and memory T cells), 
CD69 (activated T cells), CD4 (helper T cells), CD8 
(cytotoxic T cells), CD25 and FOXP3 (Tregs).
T lymphocytes in patients with HNSCC have shown a 
number of functional deficits at a loco-regional level 
(peritumoral infiltration) and on a systemic level, as a 
result of mechanisms which lead HNSCC to evade and 
suppress the cytotoxic T lymphocyte anti-tumoural 
response. 
Circulating and tumour associated T lymphocytes can 
show increased apoptosis through different pathways, 
such as increased expression of FasL on the cell surface 
of HNSCC, which promotes apoptosis in peritumoral 
T lymphocytes through a Fas/FasL interaction 35. Other 
pathways are also implicated in T cell apoptosis via 
TRAI and TNFα as demonstrated on Jurkat cell lines 36.
Suppression of cytotoxic T lymphocytes response can 
develop through the increasing expression of PD-1 
(programmed death 1 receptor) on T lymphocytes and 
its interaction with the corresponding ligand PD-L1 
(expressed by neoplastic cells). This binding shows 
other adverse effects on antineoplastic immunity, for 
instance decreased secretion of cytotoxic mediators and 
increased apoptosis of peritumoral and intratumoural T 
CD8 lymphocytes 37.
This is the basis of modern therapeutic approaches using 

molecules that are able to block the interaction PD-1/
PD-L1, but not yet validated for clinical purposes in 
head and neck tumours.
The immunophenotypic characterisation of TILS in 
HNSCC has a long story; in the past, it was mainly 
intended as a tool to establish the conditions for 
experimental therapies with modifiers of biological 
response 38; to date, some groups of T cell populations 
identified by immunohistochemistry (for instance 
CD4-CD69, CD4-CD25, CD4-FOXP3) seem to have 
prognostic significance; however, the role of FOXP3 
positive T lymphocytes has not been conclusively 
defined: at present, this immunophenotypic class of 
lymphocytes seem to be associated with better OS and 
disease-free survival in some studies 39.

3.3. Interaction between angiogenesis, inflammation and 
hypoxia in tumour microenvironment
Intratumoural hypoxia, considered as < 2.5 mm Hg O

2
, is 

a peculiar characteristic of HNSCC, which contributes to 
its aggressiveness through resistance to both chemotherapy 
and radiotherapy  40. HIF is a transcription factor that 
interacts with more than 100 genes, and may be considered 
the most important and immediate adaptative response to 
hypoxia, being directly associated with poor prognosis. 
It interacts with CA9 and influences the pH of TME with 
subsequent alterations in the uptake of chemotherapeutic 
drugs, resulting in resistance to treatment. 
Microvessel density, one of the findings in tumour 
angiogenesis, is known for a long time to be associated with 
poor prognosis in a number of head and neck tumours 41, 
through implication of several factors: for instance, lisyl 
oxidase catalyses the crosslinking of collagen and elastin, 
and its overexpression increases microvessel density. 
Moreover, a number of other factors derived from TME 
(VEGF, NF-KB, HIF-1α) participate in the process. VEGF 
binds to its receptor on tumour cells inducing expression 
of bcl2 with an anti-apoptotic effect, and of CXCL1 and 
CXCL8 in a paracrine fashion: as a consequence, they 
promote survival and proliferation of endothelial cells 42.
Chronic inflammation contributes to maintenance and 
progression of disease through ROS and cyclooxygenase 
(COX): COX enzymes catalyse the production of 
prostaglandins, in particular PGE2, which promotes 
angiogenesis and invasion, and inhibits apoptosis in cancer 
cells.

3.4. miRNA expression profiles
A further attempt to identify prognostic groups of patients 
has been recently reported in a study on miRNA expression 
profiles obtained from metastatic lymph nodes of non-HPV-
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correlated HNSCC 43. Huang et al. identified three different 
subtypes of metastatic HNSCC lymph nodes using miRNA 
expression profiles.
Gene set enrichment analysis (GSEA) was used to 
understand the distinct biological pathways characterising 
each subtype, defined as follows:
•	 Immune subtype (Group  1): predominant signalling 

pathways were related to T cell receptor, chemokine re-
ceptor and pathways participating in allograft rejection. 
Consistent with its enrichment of immunological path-
ways, a higher estimated proportion of CD4+ B cells and 
CD8+ T cells.

•	 Invasive subtype (Group 2): this subtype was associated 
with significantly worse prognosis, and its gene expres-
sion signature was of prognostic value across multiple 
cancer types.
Main biological pathways in this group were associated 
with the epithelial-mesenchymal transition, apical 
junction, TGF-beta signalling, angiogenesis, hypoxia, 
extracellular matrix receptor interaction, regulation of 
the actin cytoskeleton and focal adhesion, i.e. most gene 
sets involved in the interaction between cell membrane 
and extracellular matrix.

•	 Metabolic/ proliferative subtype (Group 3): predominant 
signalling pathways were related to MYC targets, basal 
transcription factors and alterations in mismatch repair 
genes.

This prognostic classification, coming from translational 
research, can be applied to many other metastatic solid 
cancers: the main problem remains the multifaced pattern 
of tumour heterogeneity.

Conclusions
Our aim was to focus on clinical approaches with potential 
impact on the pathways involved in metastatic diffusion of 
head and neck cancers. To date, no prognostic or predictive 
tools (either molecular or immunohistochemical) have been 
definitively validated, although checkpoint inhibitors are in an 
advanced phase of study and are showing promising results.

APPENDIX
TNM Classification 8th Edition, 2017
In the diagnosis of head and neck tumours, the TNM 
staging remains the most reliable and reproducible 
prognostic tool. While the focus of this paper was metastatic 
dissemination, a brief comment on the recently published 
TNM classification  44 seems appropriate, especially in 
consideration that the changes made to staging of head and 
neck tumours are relevant. The main modifications can be 
summarised in the following points:
1.	Extranodal spread of lymph node metastases (ENE): this 

is a well-known prognostic tool, used for many years in 
the postoperative therapeutic approach by oncologists 
and radiotherapists, which is now introduced in pTNM 
classification for all subsites. Moreover, the minimum 
number of sampled and examined lymph nodes is es-
tablished at 10 for selective neck dissection and 15 for 
radical neck dissection.

2.	p16 and EBV phenotype: many reports have indicated 
that immunohistochemically p16-positive oropharyn-
geal squamous cell carcinomas show epidemiological 
characters and clinical courses different from p16-neg-
ative lesions, and by consequence need different treat-
ment approaches. The new TNM applies this assump-
tion, especially in terms of lymph node staging (for 
instance, extra-nodal diffusion is not foreseen in p16-
positive tumours). 
EBV status (as well as p16 positivity) has to be deter-
mined in staging of lymph node metastases from un-
known primary tumours in order to indicate a possible 
nasopharyngeal histogenesis. EBV can be demonstrated 
by DNA or RNA detection (the latter is more reliable in 
our experience).

3.	Depth of invasion (more or less 10 mm) has been added 
among the characteristics of the tumour in the TNM 
staging of oral carcinoma.

4.	Modifications have been implemented for staging of 
thyroid carcinoma, which now take into consideration 
the age of the patients affected by papillary and follicu-
lar carcinomas (under and older 55 years), and recom-
mends different staging groups for medullary and ana-
plastic carcinoma.

In the TNM 8th edition 44, M staging is the same compared 
with the previous one. 
M staging refers to M0 (no distant metastasis) and M1 
(distant metastasis) classifications. MX classification is 
considered inappropriate.
pM classification stands for pM1 class (distant metastasis 
confirmed by microscopical examination). PM0 and pMX 
are not validated classes.
M1 and pM1 classes may be specified as reported in 
Table 3.I.
The prefix “a” indicates that the classification has been 
determined by autopsy.
In most HNC sites (oral cavity, oropharynx p-16 negative, 
hypopharynx, larynx, nasal cavity and paranasal sinuses, 
salivary glands) any T, any N and M1 classification leads 
to stage IVC. 
In oropharyngeal p16-positive and nasopharyngeal cancers, 
any T, any N and M1 classification leads, respectively, to 
stage IV and IVB.
In lung and breast cancer, supraclavicular lymph nodes 



P. Pisani et al.

S16

are considered loco-regional nodes. In lung cancer, the 
presence of metastatic supraclavicular is considered as N3 
and leads to stage IIIB (T1a-c, T2a,b - N3 - M0) or IIIC 
(T3, T4 - N3 - M0).
In breast cancer, the presence of one or more ipsilateral 
supraclavicular lymph nodes yields a N3c classification for 
both cTNM and pTNM. Any T, N3, M0 status, is considered 
stage IIIC.
When head and neck metastatic diffusions are present from 
breast and renal cancer, the disease is classified as stage IV, 
any T and any N.
According to the TNM 8th edition, head and neck single 
or multiple metastasis from lung cancer are class M1c 
(multiple extrathoracic metastasis in single or multiple 
organs) and lead to a consequent staging IVB, any T and 
any N.

4. Diagnostic imaging of metastatic disease 
in head and neck malignancies

Introduction
A distinctive feature of HNC is the large variety of 
malignancies that arise from its various sites. This 
characteristic reflects the complexity of the tissues 
composing the head and neck region. In addition, 
malignancies sharing the same histotype, such as SCC, and 
even the same size, may result in a different clinical course. 
Hence, different treatment modalities may be required, 
which is often dictated by the specific site from where the 
neoplasm originates. Two main factors account for the 
latter aspect: sites and subsites of the head and neck are 
characterised by very different, complex functions 1; some 
sites and subsites have very close spatial relationships with 
vital structures, as the carotid artery.
Therefore, a key aspect in the head and neck oncology is the 
great variety of malignant tumours, their variable clinical 
manifestation and remarkably variable prognosis. All 
these factors are joined with the specific histopathological 
type and grading, site of origin of the neoplasm and local, 
regional and distant spread (T, N and M in the TNM 
classification).

In head and neck oncology, tumours arising from the 
mucosa covering the upper aerodigestive tract are the most 
frequent. Among these, SCC accounts for the majority. 
In the last decades, in addition to categorisation into low, 
intermediate and high grade, it has become possible to 
separate (and grade) the same histological type on the basis 
of genomic and molecular receptor profiles. 
This latter aspect has given rise to promising targeted 
therapies. It also supports specific research in circulating 
tumour cells, circulating tumour DNA and tumour-
educated platelets with the acquisition of liquid biopsies: 
a minimally-invasive method for detecting and monitoring 
disease.
Moreover, recent studies have demonstrated that an 
increasing number of SCC arising near the lymphatic 
tissue of the oropharynx are related to viral infection by 
subtypes of HPV. Similarly, undifferentiated carcinomas 
of the nasopharynx have been linked to Epstein-Barr 
Virus infection. Both neoplasms show very high tumour 
sensitivity to radiation therapy. 
Furthermore, HPV-positive SCC, despite characteristic 
and early lymph node metastasis, show a significantly 
better outcome and survival compared to HPV-negative 
SCC of the oropharynx. Based on individual “tumour ID 
cards” –  i.e. histopathology, grading, site of origin, local 
extension – it is possible to stratify the risk of regional and 
distant metastasis, classifying patients into high and low 
risk classes.
A more precise stratification of risk is still hampered by 
the insufficient knowledge of the interaction of many 
parameters. In fact, analysis of the current literature reveals 
that most series are widely heterogeneous in terms of 
histology, grading, site of origin, extension, stage, type 
of treatment, timing of diagnosis of distant metastasis (at 
presentation vs. anytime in the course of the disease or 
at autopsy), locoregional control, staging techniques and 
duration of follow-up.
Despite this limitation, there is a general agreement that 
parameters of a specific “tumour ID card” should predict a 
greater or lesser probability of local recurrence/progression, 
regional and distant spread. 
As a consequence, the weight of estimated risk needs to 
be utilised in different diagnostic algorithms at staging and 
follow-up.
Within this specific framework, histotype-label – written in 
the “tumour ID card” – should be carefully pondered. For 
example, among epithelial malignancies, basaloid SCC (a 
high grade variant of SCC) is expected to be more locally 
aggressive and to convey more nodal and distant metastasis 
than low grade SCC variants (e.g. verrucous SCC). 
Similarly, among glandular malignancies, high-grade 

Table 3.I. Metastatic localisation by site.

Pulmonary PUL (C34) Bone marrow MAR (C42.1)

OSS (C40, 41) Pleura PLE (C38.4) 

Hepatic HEP (C22) Peritoneum PER (C48.1,2)

Brain BRA (C71) Adrenal ADR (C74)

Lymph node LYM (C77) Skin SKI (C44) 

Other OTH
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tumours (e.g. high-grade mucoepidermoid carcinoma, 
salivary duct carcinoma) have a rate of lymph node 
metastasis at presentation that is greater than low grade-
tumours (e.g. low-grade mucoepidermoid carcinoma, 
acinic cell carcinoma). 
Furthermore, a histotype-label should highlight the singular 
behaviour that characterizes adenoid cystic carcinoma 
(ACC). ACC is expected to have a slow but generally 
relentless growth rate with overall treatment failure, loco-
regional recurrence, and distant metastatic rates of 62%, 
51% and 38%, respectively. Disease-specific survival 
is reported to be 89% at 5 years and 40% at 15 years. 
Metastases are rare at presentation, but occur in over 50% 
of patients over the course of the disease 2.
Concerning the site of origin label in the “tumour ID card”, 
SCCs originating from sites with a rich and dense lymphatic 
network will more probably exhibit nodal metastases (e.g. 
oro-hypopharynx vs. glottis).
How important is the status of neck nodes for occurrence 
of distant metastasis? Whereas in the past cancer research 
focused on the concept that cervical lymph nodes act as 
a filter to trap cancer cells trying to escape the confines 
of the head and neck, in recent years the relevance of the 
microenvironment has been increasingly recognised, and 
attention is now focused on stroma and patient-related 
factors as well as tumour-specific factors. 
Nevertheless, in HNSCC, metastasis nearly always occurs 
first in neck lymph nodes before the development of distant 
metastasis. From an anatomic standpoint, the vascular and 
lymphatic systems are intimately associated with each 
other in both the primary tumour and regional lymph nodes. 
Ample opportunities for tumour cells to pass back and forth 
between the two systems exist 3.
Finally, the intrinsic tumour cell and extrinsic host biology 
that leads to circulating tumour cell engraftment in end-
organ tissues to become a distant micrometastasis, and 
eventually a clinically detectable distant metastasis, is 
poorly understood.
It is clear that the process of metastasis is complex. The 
“selection” of a few of many subclones with varying 
invasive and metastatic properties is considered one of the 
major processes in the development of distant metastasis 3,4.
On the basis of clinical and epidemiological evidence, 
expert consensus and systematic review of the literature, 
scientific organizations, such as the NCCN, the Italian 
Association of Medical Oncology (AIOM) and the Italian 
Association of Head and Neck Oncology (AIOCC), work 
to develop a comprehensive set of guidelines addressing 
diagnosis, treatment and supportive care to guide the 
decision-making in management of head and neck cancer.
A sample of guidelines focusing on the role of imaging 

techniques both in the initial work-up and in the post-
treatment follow-up of head and neck malignancies are 
summarized and compared in Tables 4.I, 4.II.
Ultrasonography (US), computed tomography (CT), 
magnetic resonance (MRI), positron emission tomography/
CT (PET/CT) and radionuclide imaging are the various 
modalities available for imaging and staging of head and 
neck malignancies. Emerging techniques are represented 
by whole body MRI and PET/MRI.
In different cancers and in specific situations, certain 
imaging modalities are superior to others. Each single 
modality has its own advantages and limitations 1.
Imaging in HNC has significantly progressed in the last 
decades.
As a core member of a multidisciplinary team, the 
radiologist has a key role in identifying relevant findings 
that map the extent of the neoplasm, help with surveillance 
and highlight pertinent comorbidities.
The areas that the radiological assessment should focus 
on are:
•	 local extent of the primary tumour;
•	 spread to locoregional cervical lymph nodes;
•	 detection of metastatic disease and synchronous/me-

tachronous primary tumours 5.

4.1. Imaging modalities

Computer Tomography 
CT is the mainstay for imaging most primary neoplasms 
in the head and neck, particularly those arising from infra-
hyoid neck structures. It is fast, widely available and well 
established. It provides high spatial resolution, but enables 
a relatively limited soft tissue contrast resolution compared 
to MR. While this limitation may result in difficult 
discrimination between vascularised scar tissue from a 
recurrent tumour, it is adequate to assess the presence of 
metastasis in the chest and abdomen.
Modern multidetector CT technology allows fast 
acquisition of images without relevant movement artefacts. 
This is particularly important after surgery and/or radiation-
therapy as patients with HNC may have difficulties with 
breathing and swallowing secretions, particularly when 
lying flat 5.
A plain CT may be sufficient (clavicles to diaphragm) 
during follow-up of neoplasms with an increased risk of 
lung metastasis or with risk factors for the development 
of synchronous/metachronous non-small cell lung 
cancer. Conversely, the administration of contrast agent 
is recommended if the abdomen or the mediastinum is 
examined. CT may also be used to guide the biopsy of 
suspected chest, bone or abdominal metastases. This is 
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Table 4.I. National Comprehensive Cancer Network (NCCN) guidelines on staging of head and neck tumours, compared with AIOCC (Italian Association of Head 
and Neck Oncology) and AIOM (Italian Association of Medical Oncology).

Staging by imaging NCCN guidelines version 1.2019 AIOCC guidelines 2012 AIOM guidelines 2018

SCC oral cavity As clinically indicated: 
•	 Chest CT (with or without contrast) 1

•	 CT with contrast and/or MRI with 
contrast of primary and neck

•	 Panorex or dental CT without contrast

•	 MRI of head and neck without and with 
contrast (first choice)

•	 CT without and with contrast of head 
and neck

•	 US of neck
•	 PET/CT in locally advanced stages
•	 Chest CT without and with contrast  

(if not done PET/CT)
•	 Dental CT
If clinically indicated:
•	 Liver US
•	 Bone scintigraphy

Local staging with:
•	 MRI of primary and neck with contrast 

(first choice) or CT of primary and neck 
with contrast

•	 US of neck
•	 Panorex (or dental CT)
Distant staging with:
•	 PET/CT in selected cases (III-IV stages) 

or chest CT (in T1 and T2 it can be 
sufficient chest X-ray, except in strong 
smoker)

SCC oropharynx •	 CT with contrast and/or MRI with 
contrast of primary and neck

As clinically indicated: 
•	 FDG-PET/CT
•	 Chest CT (with or without contrast) 1

•	 Panorex 

•	 MRI (first choice) or CT (if MRI not 
feasible) of primary and neck

•	 Chest CT
•	 PET/CT for III-IV stages

Local staging with:
•	 MRI (firs choice) or CT (if MRI not 

feasible)
Distant staging with:
•	 Chest CT (III-IV stages; T1-2 at high risk)
•	 PET/CT for stages III-IV

SCC hypopharynx •	 CT with contrast and/or MRI with 
contrast of primary and neck

As clinically indicated: 
•	 Chest CT (with or without contrast) 1

•	 Consider FDG-PET-CT

•	 CT or MRI + contrast of primary and 
neck

•	 PET/CT for III-IV stages
•	 Chest CT

Local staging with:
•	 CT or MRI with contrast of facial massif 

and neck
Distant staging with:
•	 Chest CT with contrast (PET/CT in III-IV 

stages)

Cancer of 
nasopharynx

•	 MRI with contrast of skull base to 
clavicle +/- CT of skull base/neck with 
contrast to evaluate skull base erosion

•	 Imaging for distant metastasis with FDG-
PET/CT and/or chest CT with contrast

•	 MRI (first choice) +/- CT of primary and 
neck

•	 US of neck
•	 Dental CT
•	 CT total body + bone scintigraphy or 

PET/CT

Local staging with:
•	 MRI (firs choice) +/- CT for skull base 

study
•	 US of neck
Distant staging with:
•	 PET/CT (in alternative CT total body + 

bone scindigraphy)

SCC glottic 
larynx

•	 CT with contrast and thin angled cuts 
through larynx and/or MRI with contrast 
of primary and neck

As clinically indicated:
•	 Chest CT (with or without contrast) 1

•	 Consider FDG-PET/CT

•	 CT/MRI of primary and neck
•	 US of neck
•	 Chest CT
•	 PET/CT for III-IV stages

Local staging with:
•	 CT with contrast (first choice)
•	 MRI with dedicated superficial coils and 

sequences
•	 US of neck
Distant staging with:
•	 Chest CT with contrast or PET/CT in III-IV 

stages

SCC supraglottic 
larynx

•	 Chest CT (with or without contrast) as 
clinically indicated 1

•	 CT with contrast and thin angled cuts 
through larynx and/or MRI with contrast 
of primary and neck

•	 Consider FDG-PET/CT

Ethmoid sinus 
tumors

•	 CT with contrast or MRI with contrast of 
skull base

As clinically indicated:
•	 Chest CT (with or without contrast) 1

•	 Consider FDG-PET/CT

•	 MRI and/or CT (skull base to clavicle) 
with contrast (axial, sagittal and coronal 
projections)

•	 Chest and abdomen CT + bone 
scintigraphy or PET/CT for more 
aggressive tumors

(Same guidelines for all sinonasal tumors)

•	 MRI and/or CT (skull base to clavicle) 
with contrast (particular attention on 
parapharyngeal chain)

•	 Chest X-ray (in less aggressive 
histotypes) 

•	 Chest and abdomen CT + bone 
scintigraphy or whole body PET/CT for 
more aggressive tumors

(Same guidelines for all sinonasal tumors)

Continues
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particularly useful to differentiate metastatic disease from 
synchronous/metachronous primary tumours. 
Although CT is more sensitive than conventional radiology 
in detection of early metastases to bone, it is far less 
sensitive than nuclear medicine techniques.
CT guided needle-biopsies are also possible to obtain 
histological and genetic/molecular characterisation of a 
suspected lesion that is not accessible by US guided biopsy, 
thus allowing for targeted therapies.

Magnetic resonance
The intensity of the signal in MRI imaging reflects specific 
tissue characteristics. It is largely dependent on proton 
density (free and bound water within tissues) and by the 
paramagnetic properties of macromolecules and substances 
included in the volume of study.
During the MRI examination, a combination of static 
and specific transient magnetic gradients (sequences) 
discriminate pathological changes from normal surrounding 
tissues 5. When used to study the primary tumour, MRI has 
been shown to be superior to CT in obtaining excellent soft 
tissue contrast and to provide images of good quality even 
in the presence of dental hardware 6.
Conventional MRI sequences are superior to CT for 
a variety of additional findings that may influence the 
treatment choice such as laryngeal cartilage invasion, 
invasion of the skull base, perineural spread, detection of 
retropharyngeal lymph nodes in nasopharyngeal carcinoma, 
extranodal spread in metastatic neck nodes, vascular and 
lymphatic invasion and detection of occult pathologies 5,6. 
The introduction of more refined MRI criteria based on 
the analysis of signal intensity and enhancement patterns 

after injection of gadolinium chelates has had a major 
impact on the assessment of deep tumour spread. It has to 
be underlined that during examination of a head and neck 
primary tumour, MRI may detect asymptomatic brain, 
dural, calvarial, skull base or bone metastasis included in 
the volume of study. Certainly, one limitation of MRI is that 
scan times (minutes) are much longer than CT (seconds), 
and can vary from 2-5 minutes for each sequence, during 
which the patient must keep as still as possible 5. 

Whole body MRI (WB-MRI)
The recent introduction of multi-channel receiver MRI 
has made WB-MRI examination clinically feasible, with 
substantially reduced examination times. 
Commonly used WB-MRI sequences such as T2-weighted, 
and short time inversion-recovery (STIR) imaging allow 
for evaluation of anatomic and pathologic changes because 
of their excellent soft tissue contrast. 
Moreover, a newer WB-MRI technique is WB diffusion-
weighted MRI (DW-MRI). A potential advantage of WB-
DW-MRI over standard anatomical WB-MRI sequences is 
a higher lesion-to-background contrast, which eliminates 
the need for gadolinium-enhanced sequences.
The advantages of WB-MRI over FDG-PET/CT are its 
lower costs and absence of ionizing radiation, since WB-
FDG-PET/CT is accompanied by a substantial radiation 
dose and (secondary) cancer risk 7.
Technical improvements like diffusion-weighted whole-
body imaging with background body signal suppression 
(DWIBS) and experience in WB-MRI had increased the 
accuracy of this technique.
Ng et al. 8, comparing WB-MRI and FDG-PET-CT, found 

Table 4.I. Follows.
Maxillary sinus 
tumors

•	 Complete head and neck CT with 
contrast and/or MRI with contrast

As clinically indicated:
•	 Chest CT (with or without contrast) 1

•	 Consider FDG-PET/CT

Salivary gland 
tumors

•	 FNA biopsy
As clinically indicated:
•	 CT/MRI with contrast of skull base to 

clavicle
•	 Chest CT (with or without contrast) 1

•	 Chest X-ray
•	 Neck US + FNA
•	 CT/MRI with contrast for the study of 

deep parotid lobe or in III-IV stages

•	 US of neck + FNAB
•	 CT/MRI with contrast of primary and 

neck

Mucosal 
melanoma

•	 CT with contrast and/or MRI with 
contrast to determine anatomic extent of 
disease, particularly for sinus disease

As clinically indicated:
•	 Chest CT (with or without contrast) 1

•	 Consider FDG-PET/CT or chest/
abdominal/pelvic CT with contrast, and 
brain MRI (with and without contrast) to 
rule out metastatic disease

1: Chest CT is recommended for advanced nodal disease to screen for distant metastasis and for selecting patients who smoke, to screen for lung cancer.
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Table 4.II. National Comprehensive Cancer Network (NCCN) guidelines on follow-up of head and neck tumors, compared with AIOCC (Italian Association of Head 
and Neck Oncology) and AIOM (Italian Association of Medical Oncology).

Follow-up by imaging NCCN guidelines version 1.2019 AIOCC guidelines 2012 AIOM guidelines 2018

SCC oral cavity •	 Post-treatment consider repeating pre-
treatment baseline imaging of primary (and 
neck in treated) within 6 months of treatment

•	 Chest CT with or without contrast as clinically 
indicated in patients with smoking history

•	 Further imaging as indicated on worrisome or 
equivocal signs/symptoms, smoking history 
and areas inaccessible to clinical examination

•	 Routine annual imaging (repeat use of pre-
treatment imaging modality) may be indicated 
in areas difficult to visualize on exam

•	 MRI or CT of head and neck (PET/
CT in doubtful cases) each 6 
months for the first 2 years

•	 Annual total-body CT or PET/CT in 
patients who underwent RT, for the 
first 2 years

Then based on signs and symptoms: 
not routinely in asymptomatic patients

•	 MRI or CT at 10-12 week from the end 
of the treatment and then on the basis 
of clinical suspect/indication

•	 PET/CT in doubtful cases 
•	 Annual chest CT in strong smokers

SCC oropharynx •	 MRI with contrast after 2 months of 
treatment with RT (CT with contrast 
as second choice)

•	 PET/CT in doubtful cases to MRI/CT
•	 Annual chest CT

After 2/3 months of conclusion of CHT/RT:
•	 MRI with contrast of head and neck 

(first choice) and then in relation to 
clinical suspect

•	 US of neck
•	 PET/CT with contrast
•	 CT of head and neck with contrast 

(second choice)
•	 PET/CT in doubtful cases to MRI/CT
•	 Annual chest CT in high risk patients

SCC hypopharynx Each 6-12 months:
•	 CT/MRI with contrast
•	 PET/CT in doubtful cases to CT/MRI
•	 Annual chest CT

•	 MRI or CT at 10-12 week from the end 
of the treatment and then on the basis 
of clinical suspect/indication

•	 PET/CT in doubtful cases 
•	 Annual chest CT

Cancer of 
nasopharynx

Between II-III month (post therapy), 
evaluation of response with: 
•	 CT and/or MRI; PET/CT if residual 

suspect
•	 US of neck
If complete response to treatment: 
•	 MRI each 6 months for next 4 

years
In stages III-IV:
•	 PET/CT at 12-24 months

After 3 months to CHT/RT evaluation of 
response with:
•	 MRI (first choice) and/or CT to repeat in 

relation to clinical indication
•	 PET/CT in doubtful cases
•	 US of neck if residual suspect
In III-IV stages:
•	 PET/CT at 12/24 months

SCC glottic 
and supraglottic 
larynx

Each 3 months for the first 2 years to 
treatment:
•	 MRI-CT-US +/- eventual PET-CT in 

high risk patients;
•	 Annual chest CT 

•	 MRI or CT at 10-12 week from the end 
of the treatment and then on the basis 
of clinical suspect/indication

If clinically suggested:
•	 MRI with contrast (CT with contrast 

second choice)
•	 PET/CT in doubtful cases at MRI/CT
•	 Annual chest CT

Sinonasal 
tumours

After 2 or 3 months of conclusion of 
therapy:
•	 Same pre-treatment imaging 

modality (CT or MRI)
•	 PET/CT for residual suspect
Each 6 months for next 4 years:
•	 MRI

Salivary gland 
tumours

After 2 or 3 months of conclusion of 
therapy:
•	 Same pre-treatment imaging 

modality (US, CT or MRI)
Each 6 months for next 4 years:
•	 MRI +/- US +/- CT
Each 12 months:
•	 Chest CT
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similar sensitivity, specificity, positive predictive value and 
negative predictive value, but concluded that combined 
interpretation of WB-MRI and FDG-PET/CT showed 
slightly (non-significant) benefit over either technique alone.
Moreover, in assessing for the presence of lung metastasis, 
MRI is significantly less sensitive than CT. 

Positron Emission Tomography (PET) combined with CT 
(PET/CT)
PET/CT whole-body imaging uses various radioactive-
labelled tracers to fuse the anatomical CT map with a 
“functional map” of the disease process. This is conducted 
on a single gantry at a single appointment. The most 
common tracer is FDG, which is preferentially transported 
and trapped into hypermetabolic neoplastic or inflamed 
tissues. Other tracers are currently available. They may 
track tumour cell proliferation such as the 18fluorothymidine 
(FLT), or tumour growth measured by protein synthesis with 
18fluoroethyltyrosine (FET). Overall, image acquisition 
takes 30-45 minutes.
Modern scanner design accurately co-registers metabolic 
tissue activity with its precise CT anatomical location 5.
PET/CT has established itself as a robust, rapid and reliable 
technique providing reproducible data even in patients with 
limited cooperation. 
The combination of PET and CT is highly synergistic, 
resulting in increased sensitivity and specificity for tumour 
staging as well as for effective patient management in 
routine practice.
The metabolic information from PET radiotracers can be 
complemented by the full diagnostic capability of contrast-
enhanced CT during the same session, although this may 
not be done in a majority of institutions 6.
PET combined with CT is also valuable in assessment of 
suspected recurrences of HNC when there are extensive, 
confounding post-treatment changes on conventional 
imaging modalities 5.
The most significant limitations of FDG PET/CT are its 
threshold-size limit, below which lesions are undetected 
(e.g. early stage DM may be missed in the initial cancer 
work-up) and lack of specificity for malignancies, 
potentially resulting in false positives. 

PET/MRI
Given that PET and MRI can both detect DM, a 
combination of the two techniques PET/MRI is expected 
to further improve detection of DM. Actually, the images 
obtained by PET-MRI show higher detailed resolution and 
greater contrast resolution compared to PET/CT. However, 
combining the two imaging technologies without degrading 
their original optimum performance is challenging 7. 
All currently available first-generation PET/MRI systems 
use standard clinical 3-T MRI scanners 6.

There is evidence to suggest that FDG PET/MRI is 
superior than FDG PET/CT for staging in nasopharyngeal 
cancer and in advanced breast cancer, detection of local 
cervical cancer invasion, detection of local recurrence in 
prostate cancer, detection of liver metastases and staging 
in colorectal cancer. FDG PET/MRI tends to be inferior 
compared to FDG PET/CT for the detection of lung 
metastases 9.
Although the integration of PET and MRI remains 
technically complex, this new hybrid imaging modality 
holds promise because it can combine morphological, 
functional and molecular information at the same time 6.

Ultrasonography (US)
US, alongside fine needle aspiration cytology or core 
biopsy, allows rapid imaging assessment for a neck lump 
or suspected metastatic disease in the neck. US may 
also guide core biopsy of suspected metastases in any 
body district adequately explorable (i.e. abdomen, chest 
wall, superficial soft tissues, etc.). Though the success 
of the procedure can be operator dependent, US has no 
detrimental patient effects, except potential complications 
due to iatrogenic lesions of surrounding structures during 
fine needle aspiration cytology (FNAC)/core biopsy.

4.2. Head and neck squamous cell carcinoma 

The burden of loco-regional and distant metastases
In head and neck SCC, the prevalence of clinically identified 
DM at presentation varies noticeably in the literature. 
Both De Bree et al 7 and the SEER registry report a range 
between 4% to 24%. Higher rates have been reported after 
extensive diagnostic work-up and in high risk patients 
with advanced disease. A more ample range - from 3% to 
50% has been described by other authors  4. This greater 
amplitude may be explained by the fact that the series 
included patients with widely different characteristics 
regarding the primary tumour site, stage of disease, type 
of treatment, timing of diagnosis of distant metastasis (at 
initial presentation, anytime in the course of the disease, or 
at autopsy), locoregional control, staging techniques and 
duration of follow-up.
The relationship between regional metastatic burden and 
the presence of DM, at presentation or during the course of 
the disease, has been largely explored. There is a general 
agreement about the significant relationship between 
lymph node status and incidence of metastasis. 
The risk for distant metastasis has been reported to increase 
in case of:
•	 3 or more cervical nodes (N2b or c);
•	 bilateral metastatic nodes (N2c);
•	 node(s) ≥ 6 cm (N3);
•	 node(s) low in the neck (low jugular lymph nodes);
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•	 locoregional tumoral recurrence;
•	 second primary tumour; 
•	 ≥ 1 capsule rupture and/or lymphatic and perineural em-

boli on histology;
•	 according to histologic type: basaloid squamous cell 

carcinoma (BSCC) is associated with elevated rates of 
metastases, which is the prime cause of mortality in this 
histologic type, implicated in 45-65% of deaths 10,11.

Takes et al. 4 found that the most frequently identified clinical 
risk factors for distant metastasis in HNSCC appeared to 
be locoregional control and nodal status (N-classification). 
Other important factors included tumour site and size 
(T-classification), histological grade of differentiation 
and age at diagnosis. In their review, Takes et al. divided 
risk factors in clinical, radiological, histopathological and 
molecular and concluded that, based on published series, 
the most important predictive factors for distant metastasis 
appeared to be:
•	 primary tumour site (hypopharynx in particular);
•	 advanced T- and N-classification;
•	 locoregional control;
•	 histologic grade (poor differentiation of primary tu-

mour);
•	 age of diagnosis (in some series age < 40-45 years cor-

related with higher risk of distant metastasis).
Moreover, metastasis of HNSCC to regional lymph nodes 
can be thought of as an indicator, rather than purely an 
initiator, of distant metastatic disease. As a consequence, the 
50% decrease in survival documented in N positive versus 
N0 HNSCC may be seen as an indicator of both a more 
aggressive primary disease and net systemic susceptibility 
of the host to metastasis.
In addition, regional and DM represent similar biologic 
processes and may be concurrent or even independent 
events in progression of HNSCC.
Tumour metastatic potential may differ within HNSCC 
themselves, with some having inherent metastatic potential 
and others acquiring the capacity during progression.
Patients with HPV-associated oropharyngeal SCC generally 
tend to develop early and aggressive metastases to cervical 
regional lymph nodes, but develop DM less frequently 
compared to HPV-negative HNSCC 3,12.
Though a large fraction of patients with squamous cell 
carcinoma of the head and neck present with advanced 
local and regional disease, improvements in multimodal 
treatment have permitted superior locoregional control. 
This achievement is not sufficient for long-term disease-
free survival, however, as long-term survivors are at risk of 
developing DM 13. 
In addition, there is the possibility that distant 
micrometastases, clinically and radiologically undetectable, 

but present at diagnosis and not addressed by aggressive 
treatment of locoregional disease, act as the source of 
distant treatment failure.
Finally, factors such as occurrence of DM combined with 
presence of certain patient-related features, such as smoking 
and alcohol-related illness, may explain why OS has not 
ameliorated in line with improvements in locoregional 
control of HNSCC 4. 
After treatment completion, distant metastasis during 
the course of the disease ranges between 10% and 40% 
depending on the population, cancer stage, duration of 
follow-up and local and regional control  4. Generally, if a 
distant metastasis is not present at initial presentation and 
treatment, up to 95% of metastases are diagnosed within 
2 years from primary diagnosis. Median time to onset of the 
first location is 10 months. In about 50% of cases, metastases 
are associated with persistent locoregional HNSCC.
Up to 80-85% of metastases from HNSCC are observed in 
the lungs (Fig.  4.1) and bone metastases account for 15-
39% (Fig. 4.2), while the liver is a target in 10-30% of cases 
(Fig. 4.3).
The incidence of intracranial metastases is low (0.4%), 
but if DM are already present in other body sites, the rate 
increases to 2-8% 14.
Metastatic disease to intracranial dura, calvarium and 
skull base is relatively uncommon, but presents unique 
diagnostic and management challenges 15. Modern imaging 
techniques have improved detection of non-symptomatic 
intracranial tumour deposits, a factor that accounts for the 
(relatively) increased incidence.
Some issues regarding “intensity” of both clinical and 
imaging-based follow-up of HNSCC patients are still open. 
Which risk classes will actually benefit from follow-up 
screening for distant metastasis (Tab. 4.III)?

Figure 4.1. CT demonstration of multiple cavitated (straight arrows) and 
solid (curved arrows) pulmonary metastases from a recurrent squamous cell 
carcinoma of the tongue at 8 weeks after completion of chemotherapy.
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Allen et al. 3 noticed that given the extreme complexity of 
metastatic processes, at present it is difficult to identify 
reliable biomarkers for prediction of distant metastasis. 
Nevertheless, they forecasted a future role for predictors. 
A second issue regards which imaging technique should be 
used to screen patients. Should the chest be the only site to 
be screened in non-symptomatic patients? 
A third issue in designing imaging-based follow-up in 
HNSCC patients takes into account the greater risk in this 
group to develop a synchronous or metachronous second 
cancer (lung and/or oesophagus)  16. Hence, the first 2/3 
years of follow-up after primary treatment show a prevailing 
risk of locoregional recurrence and metastasis, whereas in 
the subsequent years the risk for a metachronous cancer 
predominates  16,17. Risk of a second cancer is higher in 
patients who continue active smoking and/or alcohol abuse 
after primary treatment 11,16.

Pre-post treatment work-up and head and neck squamous 
cell carcinoma staging: a “change of landscape”
In general, distant metastatic disease from HNC is 
considered incurable, and patients have a variable prognosis 
depending on tumour histology, performance status and 
comorbidities. Individuals with metastatic HNSCC often 
have a poor life expectancy, measured in months. Indeed, 
around 88% of patients with HNSCC distant metastasis die 
within 12 months 18. 
Therefore, pre-treatment screening for DM is currently 
performed mainly to avoid unnecessary extensive 
locoregional treatments, preventing both inappropriate 
and disproportionate impact on the quality of life and 
inconsequential cost-effectiveness. Recently, a treatment 
concept in OM, which proved to be successful in other 
neoplasms, has been re-introduced in HNSCC. 
When locoregional disease is controlled, or resected, and 
metastases at distant sites (a very limited number of isolated 
well-defined metastatic lesions) are surgically treated/

Figure 4.2. Bone metastasis replacing a large portion of the right acetab-
ulum (arrows) imaged by multidetector CT in the axial plane and precisely 
mapped through multiplanar reconstructions obtained in the coronal and sag-
ittal planes. The patient underwent RT.

Figure 4.3. FDG-PET shows a metastasis within the right lobe of the liver 
(straight arrow) from a HPV-positive squamous cell carcinoma of the left pala-
tine tonsil (curved arrows).

Table 4.III. High risk factors for distant metastases in HNSCC (from de Bree 
et al., 2018 7, mod.).
Three or more cervical lymph node metastases

Extra-nodal spread

Low jugular lymph node metastases

Lymph node metastases greater than 6 cm

Bilateral cervical node metastases

Second primary head and neck tumour(s)

Regional recurrence

Primary tumour of the pharynx

T-stage (T3-T4)
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excised or ablated with stereotactic body radiotherapy, 
prolonged disease-free interval, and possible cure, may be 
achieved. In order to be successful, this strategy requires that 
the diagnostic tool used should be characterized by the least 
rate of false negatives. 
Ruling out DM at presentation. In the pre “PET-era”, the 
incidence of DM at staging in high risk HNSCC, scheduled 
for major surgery, was reported to be 17% after extensive 
diagnostic work-up: chest CT, bone scintigraphy, liver US 
and/or abdomen CT 10,19. With the introduction of PET/CT, the 
DM rate detected at presentation increases to 24%. Though 
this figure can be considered a significant improvement, 
incidences of DM up to 57% have been reported at autopsy 18. 
Low sensitivity of PET/CT for small sized lesions (diameters 
lower than 8mm) is its major limitation.
As a result, the diagnostic yield of PET/CT is, usually, 
lower in ruling out DM in early-stage disease, when distant 
deposit may be very small, and therefore undetected. On 
the other hand, PET/CT has a greater role in pre-treatment 
evaluation of advanced-stage (III/IV) and recurrent 
HNSCC 18,20.
In their review in 2018, de Bree et al.  7 concluded that 
since the reported prevalence of clinically-identified DM in 
HNSCC patients is too low (from 4% to 24% at presentation) 
to warrant routine screening of all patients, only those 
with high risk factors (factors reported in Table 4.III with 
emerging, increasing role of molecular characterization 
etc.) should be selected for screening for DM.
Ruling out DM during follow-up. At present, there are no 
data in favour of any specific post-therapeutic surveillance 
strategy. Some authors suggest that post-treatment 
screening for DM could be limited to the first 2 years, when 
most distant metastasis are detected.
De Bree et al. suggest that cost-effective follow-up screening 
should enrol only high-risk patients with good performance 
status, e.g., generally patients with HPV-related HNSCC 7.
In a previous review (2013), Digonnet et al. 21 concluded that 
classes of patients who would benefit from a post-treatment 
imaging study (CT or MRI) at follow-up should include: 
a.	 advanced stage HNSCC at sites not easily accessible to 

physical or fibre optic examination; 
b.	 lesions requiring assessment of treatment response. 
To be effective, this strategy needs a baseline study 
performed within 3-6 months after completion of primary 
therapy. Additional imaging examinations should be 
performed based on clinical signs and symptoms. They also 
concluded that PET/CT provides high accuracy in detecting 
residual disease and should be performed at 12 weeks after 
treatment in patients who have undergone definitive chemo-
radiotherapy. They found that the value of additional PET/
CT evaluations for detection of loco-regional and distant 

recurrences was debatable, since its impact on survival 
remained to be evaluated, and concluded that screening of 
distant lung lesions may be performed by annual chest CT 
for the first 2 years in high-risk patients 21.
Lung metastasis can sometimes be very difficult to 
distinguish from a synchronous/metachronous primary lung 
cancer on chest CT. Even well-established imaging criteria 
may be insufficient, since lung metastases are usually round/
smoothly defined and sub-pleurally/peripheral located, 
multiple and situated at the ends of blood vessels, while 
primary bronchogenic carcinomas are usually solitary, 
spiculated, with irregular margins, and centrally located 
lesions. Further work-up is, therefore, necessary (e.g. CT 
guided needle-biopsy or follow-up scans) 18.
The NCCN 2019 guidelines 22 for head and neck cancers 
recommend acquiring: 
a.	 a post treatment baseline study of the primary tumour 

(and the neck, if treated) within 6 months of treatment; 
b.	 chest CT without/with contrast agent administration in 

patients with history of smoking. 
Further reimaging is indicated on the basis of worrisome 
or equivocal signs/symptoms. Routine annual reimaging 
(repeat use of pre-treatment imaging modality) may be 
indicated in areas that are difficult to visualise.

4.3. Main histotypes of head and neck tumours other than 
HNSCC
Head and neck cancers other than upper aerodigestive tract 
SCC comprise a heterogeneous group of tumours with 
wide variability in prognosis; histological type and grade 
is a significant prognostic factor, especially in sarcomas. 
Pre-therapy staging in patients with these tumours is 
necessary for appropriate therapeutic planning. 
Post-therapy follow-up for patients with this malignancy 
should meet several objectives, among which, to detect 
recurrences, be it local, regional and/or metastatic, and to 
evaluate acute and chronic treatment-related side effects, 
guiding the rehabilitation process.
Digonnet et al., in a 2013 review  23, analysed the most 
frequent main histotypes of head and neck malignancies 
other than HNSCC and summarised the best post-therapy 
follow-up strategies.
In 2019, the NCCN revised follow-up recommendations 
for all types of HNC and advised scheduled visits at 
intervals of 1-3 months for the first year, 2-6 months for 
the second year, 4-8 months for years 3-5 and annually 
thereafter 22.

Nasopharyngeal undifferentiated carcinoma (NPC)
The main prognostic indicators at diagnosis are T and N 
stages and tumour histotype.



Metastatic disease in head & neck oncology

S25

Currently, both head and neck MRI and whole-body FDG 
PET/CT are recommended for staging of patients with 
primary NPC according to NCCN guidelines.
CT or MR of the head and neck are usually acquired for 
loco-regional assessment. At present, FDG PET/CT is 
routinely performed in many institutions for diagnosis, 
initial staging, follow-up and recurrence (Fig. 4.4). 
FDG PET/CT is also used to evaluate local residual disease 
and treatment response 23.

Malignant salivary gland tumours (MSGT)
MSGT are rare: the annual incidence rate is estimated to 
be less than 2 per 100,000. MSGT types have different 
growth patterns and show a wide range of biological 
behaviour. Five-year survival varies from 23% to 100%, 
mostly depending on the histological type, with a risk of 
recurrence ranging from 15% to 80%  23. Invasiveness is 
related to histopathological grade and accounts for risk of 
local recurrence and distant metastasis (Fig. 4.5).
The most common histotypes are mucoepidermoid 
carcinoma (low/high grade), adenoid cystic carcinoma and 
acinic cell carcinoma; they usually grow slowly and may 
frequently be mistaken for benign lesions. 

Figure 4.4. Nasopharyngeal undifferentiated carcinoma in a young patient. 
(A) The FDG-PET/CT shows a metabolic active adenopathy at level 2b, on the 
left side of the neck, and a large bone metastases (B) in the left ala of the 
sacrum, both showing a high metabolic activity. While the CT image obtained 
during the PET/CT study does not demonstrate sufficient changes of the bony 
architecture (D), the MRI examination clearly defines the metastasis replacing 
the posterior aspect of the ala of the sacrum (arrows) and the peritumoural 
bone oedema (C).

Figure 4.5. Adenosquamous carcinoma of the right submandibular gland. Contrast enhanced CT (A) and the gradient-echo fat-saturation T1 weighted MRI 
post gadolinium (B) show a solid lesion arising from the right submandibular gland. The intra-glandular calcification demonstrated by CT falsely suggested chronic 
inflammation. A destructive and enhancing bone metastasis replacing a large portion of the right basiocciput is demonstrated by CT (D). CT-guided biopsy of the 
destructive bone metastasis (E). The staging was completed by a whole-body FDG-PET/CT that showed the primary tumour (arrow on C) and a synchronous me-
tastasis of the spine (arrow in F).

A)

C) D)

B)

A)

D) E)

B) C)

F)
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Low-grade MSGT have less than a 15% incidence of spread 
to regional lymph nodes, and DM are uncommon. 
Parotid gland adenoid cystic carcinoma  –  regardless 
of grade  –  is unfrequently associated with lymph node 
metastasis. High-grade MSGT have the worst prognosis, 
and the rate of lymph node metastases is greater than 30% 
at the time of presentation. 
The most common sites of DM are the lungs (80%), 
followed by bone (15%), liver and other sites (5%) 21.
Staging and ruling out DM at presentation. NCCN 
guidelines version 1.2019 (22) suggest the use of contrast-
enhanced MRI or CT (skull base to clavicle) to stage 
locoregional extent. Chest CT is recommended to screen 
for distant metastasis, eventually requiring contrast agent 
administration in smoking patients to screen for lung 
cancer (Tab. 4.I). 
Ruling out DM during follow-up. NCCN guidelines (22) 
provide a generic follow-up strategy (common for all head 
and neck malignancies, regardless of histology). Chest CT 
is indicated for initial staging. Further imaging is indicated 
in the presence of worrisome or equivocal signs/symptoms, 
smoking history and areas inaccessible to clinical 
examination. AIOCC guidelines suggest performing yearly 
chest-CT (Tab. 4.II).
Among MSGT, adenoid cystic carcinoma, adenocarcinoma 
not otherwise specified and carcinoma ex-pleomorphic 
adenoma have the highest rates of distant metastasis 21. In 
particular, lung metastasis from adenoid cystic carcinoma 
represents a peculiar oncological condition: metastases 
are rare at presentation, but occur in over 50% of patients 
during the course of the disease (Fig. 4.6) 2. Usually, ACC 
metastases have slow but relentless growth. Survival may 
reach up to 20 years 23.
Taking into account the slow progression of ACC, an 
annual chest-CT can be adopted to rule out asymptomatic 
lung metastasis during lifetime follow-up  23. If a single 
metastasis is identified, chest CT can be used to plan 

metastasectomy. In case of multiple metastases, as no 
curative options are usually available, chest CT can be used 
to monitor treatment response to palliative chemotherapy.
In the follow-up of ACC, the use of FDG PET/CT for 
detecting DM remains debatable because a considerable 
fraction of ACC have a low metabolic rate, and thus the 
tumour tissue has a poor avidity for radioactive FDG.
Overall, there are no robust data supporting the use of 
PET/CT during follow-up of patients treated for MSGT. 
Its major role appears to be exclusion of metastatic disease 
before deciding on therapy with primary curative intent 23. 

Soft tissue sarcomas of the head and neck
Head and neck soft tissue sarcomas (HNSTS) account for 
less than 1% of all neoplasms occurring in this region. 
HNSTS display several histology arrays and a wide 
spectrum of clinical behaviour, ranging from relatively 
slow-growing lesions to aggressive and local regionally-
invasive lesions with a potential for distant metastasis. 
HNSTS is usually associated with poor prognosis, with 
5-year OS ranging from 32% to 87%  23. The absence of 
distant metastasis is considered among the primary factors 
that determine long-term survival 23.
In patients with stage I tumours, chest CT every 12 months 
for the first 5 years is recommended. In stages II–IV, a chest 
CT should be obtained more frequently: every 2-3 months 
for the first 2-3  years, then every 6 months for the next 
2 years, and then annually. 
Currently, there is no recommendation for use of PET/CT 
in routine follow-up of HNSTS 23.

Melanoma of the head and neck
Head and neck melanomas encompass two distinct 
entities: mucosal melanoma and cutaneous melanoma. 
Mucosal melanoma arising from the upper aerodigestive 
tract comprises less than 1% of all diagnosed melanoma. 
Its prognosis is poor (5-year OS from 17% to 38%). 
Melanomas arising from the sinonasal mucosa have the 
worst prognosis (5-years survival ranging from 0 to 5%). 
They are usually diagnosed in a locoregionally advanced 
clinical stage, with a rate of 5-48% of regional and 4-14% 
of distant dissemination.
Primary cutaneous melanoma of head and neck accounts 
for 25-30% of all melanoma, despite the head and neck 
surface is only 9% of the total body surface. Although 
5-years overall survival of all patients with head and neck 
cutaneous melanoma is 88%, survival rates with advanced-
stage disease remain low: stage IV melanoma patients 
have 5-years survival rates ranging from 8% to 18%. 
Survival rate in advanced stage (III-IV) is conditioned by 
both presence of nodal micro and macrometastases and by 
number of invaded lymph nodes.

Figure 4.6. Adenoid cystic carcinoma of the parotid gland (solid compo-
nent > 30%, perineural spread). Left image: at initial staging the chest CT 
(coronal MPR) demonstrates two metastases within the left lower lobe (ar-
rows). Central image: follow up CT 3 years after radical parotidectomy with fa-
cial nerve sacrifice, lymphadenectomy, CHT-RT and wedge resections of lungs 
nodules. New nodules and the sequelae of previous surgery are present. Right 
image: the CT follow-up at 1 year shows the progression of size of lung metas-
tases and appearance of new ones (arrows).
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No specific follow-up schedule has demonstrated its 
superiority.
Ruling out DM at presentation in mucosal melanoma. 
NCCN guidelines  22 suggest chest-CT, 18FDG-PET/CT 
or chest/abdominal/pelvic CT with contrast agent, and 
brain MR (with and without contrast) to rule out metastatic 
disease (Tab. 4.I).
Ruling out DM in the follow up. NCCN guidelines  22 
provide generic follow-up strategy (common for all head 
and neck malignancies, regardless of histology) (Tab. 4.II).
As it concerns sinonasal melanoma, some Authors conclude 
that use of imaging during follow-up remain questionable, 
because of very poor prognosis 23.

Sinonasal adenocarcinoma, sinonasal neuroendocrine 
carcinoma (SNEC) and sinonasal undifferentiated 
carcinoma (SNUC)
SNEC and SNUC are considered as being part of a 
spectrum of neuroendocrine-type tumors, with olfactory 
neuroblastoma (ONB) representing the most specialized 
and differentiated neuroendocrine tumors and SNUC 
having dubious or weak neuroendocrine qualities. Most 
SNEC/SNUC tumors occur in the same sites as ONB 
(superior nasal cavity, superior turbinates, ethmoid). These 
tumors tend to present early metastases involving lymph 
nodes, brain, spine, lungs and bones.
Outcomes for SNUC have been reported to be generally 
poor.
Ruling out DM at presentation. For ethmoid and maxillary 
sinuses tumours the NCCN guidelines  22 suggest (as 
clinically indicated) chest CT (with or without contrast) 
and consider FDG PET/CT for advanced nodal disease, 
to screen for distant metastasis and for selected smoking 
patients, to screen for lung cancer (Tab. 4.I).
Ruling out DM in the follow up. NCCN guidelines  22 
provide generic follow-up strategy (common for all head 
and neck malignancies, regardless of histology) (Tab. 4.II).

Lymphoma of head and neck
Lymphoma is the second most common neoplasm in 
the head and neck and the most common diagnosis for 
unilateral neck masses in patients aged 21 to 40 years. Head 
and neck may be involved both by primary and secondary 
lymphoma.
Primary lymphoma is defined as disease confined to 
a subsite (isolated involvement) without other sites of 
lymphoma.
Secondary lymphoma implies focal lymphomatous 
lesion in presence of disease in near area or systemic 
involvement (disease outside the region of interest). 
Secondary involvement of head and neck subsites (usually 
asymptomatic) by systemic lymphoma is believed to be 

more common than may appear from isolated cases of 
primary lymphoma described in Literature 25.
MR imaging, CT, and PET are currently used for staging 
and surveillance imaging. CT is routinely performed to 
evaluate nodal involvement (neck, chest, abdomen, and 
pelvis), but offers only morphological information (size 
and morphological criteria) and cannot distinguish post-
treatment fibrosis from residual active tumour. 
FDG-PET complements these studies by adding useful 
data about metabolic activity using standardised uptake 
values (SUVs).
Therefore, PET surveillance after treatment is the key to 
finding residual or recurrent disease that can be nonspecific 
on anatomic imaging. Specifically, FDG-PET/CT can help 
to distinguish post-treatment fibrosis from active residual 
tumour and may also be useful for early prediction of 
treatment response. Watal et al. concluded that FDG-PET/
CT is the imaging modality of choice for initial staging, 
post-treatment response assessment, surveillance and 
restaging of lymphomas 25.

5. Head and neck cancer distant metastases 
DM represent the main variable in both the therapeutic 
decision and prognosis of patients with HNSCC 1,2. Patients 
presenting with DM at diagnosis are generally considered 
incurable and treated in a palliative manner with notable 
worsening of survival, even with the best systemic therapies 3. 
Unnecessary aggressive treatments can be avoided with 
identification of risk factors for DM and investigation of 
possible DM during initial diagnostic work-up.
The incidence of DM in subjects with SCC, reported in 
several retrospective clinical studies, is relatively low, 
ranging from 2.8% to 26%; while studies based on autopsy 
findings showed higher percentage, varying between 37% 
and 57% of cases 1,4,5.
When DM are analysed at presentation and during follow-
up, there were no significant differences in the percentages 
seen (Tabs.  5.I,  5.II), even though the data appear to be 
significantly influenced by the extent of disease 4-25.
The mean time to detect DM after initial diagnosis is 
approximately 16 months: Duprez found 70% of the DM in 
the first year after treatment and 89% in the second year 16. 
Similar results were reported by Leon, who detected the 
appearance of DM in 84% of cases by the second year and 
in 100% after 4 years 4.
The most common metastatic sites are lung and bone, 
followed by the liver, brain and skin (Tab. 5.III). An inverse 
behaviour is observed for nasopharyngeal carcinoma, 
showing a higher frequency of DM to bone: 50.2% 
compared to 32.8% of lung metastases 17.
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In HNSCC, the risk of DM is due to many factors: tumour 
site, T and N stage, histological tumour differentiation, 
residual disease and ENE.
T site is reported as an important risk factor: hypopharynx 
has the highest frequency of DM, followed by the 
oropharynx. T sites with the lowest risk of developing 
DM are the lip (0.35%) and glottic larynx (0.66%), while 

DM in supraglottic and subglottic laryngeal tumours is 
significantly higher (3%) (Tab. 5.IV).
In recent years, a remarkable increase of HPV-related 
oropharyngeal carcinomas has been suggested, and 
studies on these tumours have pointed out their features 
and clinical peculiarity. On these results, HPV-related 
oropharyngeal carcinoma has been distinguished from non-
HPV oropharyngeal carcinoma as stated in the latest TNM 
classification edition. Moreover, HPV+ oropharyngeal 
carcinomas behave less aggressively and have a lower 
incidence of DM. 
In a case study of 20,180 cases of oropharyngeal carcinoma, 
Liu 17 reported the frequency of DM in HPV+ oropharyngeal 
tumours was 2.1% compared to 4% in HPV- forms, as 
confirmed by other authors in recent publications 16,18-29.
T stage represents a risk factor for DM in all head and neck 
sites with a clear prevalence in T3 and T4 cases (Tab. 5.V).
Kuperman compared the percentage of DM to the maximum 
size of T, detecting a frequency of 1%, 2.26% and 5.04%, 
respectively, for neoplasms with a maximum diameter < 2, 
> 2.1 - < 4 and > 4 cm 1.
Histological grading represents another risk indicator 
for DM with a slight increase in moderately and poorly 
differentiated forms (grades 2 and 3) compared to well-
differentiated ones (15% vs 9%) 6-16.
In surgically-treated patients, the involvement of resection 
margins and the finding of perineural and vascular invasion 
do not represent a risk indicator for DM. In a series of 
1,022  cases, Duprez observed DM in 17.6% of R0 (no 
residual tumour) cases and in 13.1% in R1 (microscopic 
residual tumour) - R2 (macroscopic residual tumour) 
cases 16. 
An important risk factor for DM is represented by N stage. 
Stages N2b and N3 are highly predictive of DM compared 
with T stage (Tab. 5.VI).
In a series of 73,247 cases, Kuperman 1 reported significant 
differences (p < 0.0001) in the incidence of DM between 
N0/N1, N1/N2 and N2/N3 tumours. Radiological or 
histological findings of N+ with extranodal extension 
(ENE) after surgical treatment is a relevant factor for 
predicting the risk of DM. 
Duprez reported a DM rate of 32% in cases with ENE 
compared to 11.9% in patients without ENE 16.
N as risk factors for DM is well recognized by several 
authors: Senft and Deurvorst have identified the following 
characters of N as high risk predictor 2,30:
•	 three or more metastatic lymph nodes;
•	 bilateral metastatic lymph nodes;
•	 metastatic lymph nodes with diameter > 6 cm;
•	 metastatic lymph nodes in the lower jugular chains 

(levels IV and V);

Table 5.I. Prevalence of DM in HNSCC.

Authors Year % DM

Leon et al. 4 2000 5.1

Fortin et al. 6 2001 8.9

Spector et al. 7 2001 8.5

Al-Othman et al. 8 2003 11.0

Carvalho et al. 9 2003 4.8

Kowalski et al. 10 2005 3.5

Garavello et al. 11 2006 9.2

Bourhis et al. 12 2006 8.0

Lim et al. 13 2010 9.4

Van der Schroeff et al. 14 2012 10.9

Kiems et al. 15 2016 11.6

Duprez et al. 16 2017 13.7

Table 5.II. Distant metastasis at presentation.

Authors Year Number  
of cases

% DM

Black et al. 18 1984 121 12.3

Bhatia et al. 25 1987 1,127 1.2

Jackel et al. 20 1999 1,087 1.5

De Bree et al. 19 2000 101 16.8

Kuperman et al. 1 2011 73,247 2.82

Haerle et al. 22 2011 299 10.0

Fogh et al. 23,* 2012 182 5.0

Li et al. 21,** 2019 1,780 6.5

Grisanti et al. 24 2019 192 23.0

Liu et al. 17 2019 151,730 3.0
*: only hypopharyngeal carcinomas; **: only stage III IV.

Table 5.III. Organ distribution of DM.

Authors Lung Bone Liver Brain Skin

Ferlito 28 66.0% 22.0% 10.0% --- ---

Duprez 16 78.0% 29.7% 17.0% 0.7% 11.3%

Alvi 27 67.0% 17.0% 7.0% --- 10.0%

Leon 4 52.0% 12.0% 5.0% --- ---

Liu 17 53.1% 24.5% 12.4% 2.3% ---

Wiegand 26 59.0% 24.0% --- --- ---
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•	 ENE;
•	 loco-regional recurrence.
Moreover, age and race are reported as potential risk factors 
for DM with a higher incidence in black and advanced age 
patients.
Finding DM at diagnosis and during follow-up of high-
risk patients with head and neck SCC is definitely linked 
to diagnostic tools, and must be particularly scrupulous to 
optimise the therapeutic approach. Diagnostic standards at 
diagnosis and during follow-up (FU) include standard chest 
radiography and neck CT or MRI. The European guidelines 
of the European Head and Neck Society and of the 
European Society for Medical Oncology 31 still recommend 
this standard guidance, but advise considering a chest CT 
and CT or MRI of the head and neck in advanced cases 
and for those at risk of DM. The guidelines of the NCCN 32 
recommend performing a chest CT and MRI of the head 
and neck in all neoplasms.
FDG PET can be useful to detect DM more than pulmonary 
CT. The combination of FDG total body PET and CT 
has shown a greater sensitivity compared to the two 
individual methods alone  2, and in several recent studies 
this combination was the most sensitive imaging technique 
in screening for DM 2,33.
Table  5.VII and Table  5.VIII show the percentages of 
accuracy that different diagnostic tools can grant in finding 

DM, and show a clear diagnostic improvement with by 
combining FDG PET and CT.
A cost-effectiveness analysis in using FDG PET and 
CT in the screening for DM showed that it is expensive, 
but without any doubt, is useful to reduce the number of 
unnecessary invasive treatments 2.
OS in patients with DM is significantly worse than in 
patients without DM, with mean survival varying from 1 to 
12 months 1. The presence of single metastasis compared 
to multiple metastatic sites has not proven to be predictive 
of longer life expectancy. In addition, patients with DM 
at diagnosis have a worse life expectancy than patients 
with DM diagnosed during follow-up (7 months vs 16 
months) 2,33.
The metastatic site has no impact on prognosis or the 
therapeutic approach; it is generally handled with palliative 
chemotherapy, not excluding combination with surgery 
whenever possible. The results of palliative chemotherapy 
are not satisfactory and are burdened by major toxicity, 
and thus this treatment is allowed only for patients in good 
condition, granting lasting life expectancy. Combination of 
palliative chemotherapy and surgery on a single metastatic 
site has shown a good impact on survival, even though in long 
term the impact of solitary metastases remains unknown 26.

Table 5.IV. DM according to primary site.

Authors Oral cavity Nasopharynx Oropharynx Hypopharynx Larynx

Leon 4 1.0% 11.0% 7.0% 16.0% 4.0%

Duprez 16 15.4% --- 12.9% 20.5% 9.1%

Kuperman 1 1.95% --- 4.1% 6.17% 2.45%

Liu 17 1.8% 9.1% 3.6% 7.3% 2.7%

Table 5.V. DM according to T stage.

Authors T1 T2 T3 T4

Duprez 16 8.0% 13.0% 16.0% 15.3%

Garavello 11 0.3% 7.8% 12.7% 21.0%

Jackel 20 5.6% 9.8% 16.8% 16.4%

Leon 4 1.0% 5.0% 7.0% 12.0%

Table 5.VI. DM according to N stage.

Authors N0 N1 N2 N3

Kuperman 1 0.78% 3.14% 4.78% 9.13%

Duprez 16 5.1% 11.3% 19.1% 28.9%

Garavello 11 2.5% 22.0% 25.7% 29.5%

Leon 4 2.0% 13.0% 14.0% 19.0%

Table 5.VII. True detection rate of DM with different diagnostic methods.

Authors Number  
of cases

PET/CT CXR/  
hnCT-MRI

CCT/  
hnCT-RMI

Rohde 33 307 18% 3% 11%

Kim 29 740 21% 10% 19%

Fogh 23 182 5% 0% ----

Table 5.VIII. True detection rate of DM for different site of T with different 
diagnostic methods.

Side Number 
of cases

PET/CT CXR/
hnCT-MRI

CCT/
hnCT-MRI

Oral cavity 357 2.8% 0.2% 2.0%

Pharynx 404 6.0% 2.2% 4.7%

Larynx 269 1.9% 1.1% 1.5%

Total 1030 3.8% 1.3% 2.9%
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DM in HNSCC represents an important factor for patient 
survival and the therapeutic approach.
Identification of risk factors for DM are fundamental and 
a recent literature analysis suggests the following order of 
importance:
•	 T site: hypopharyngeal and oropharyngeal cancers rep-

resent the main site with more DM at diagnosis and dur-
ing follow-up;

•	 N stage: the associated factors are low latero-cervical 
side, number of metastatic lymph nodes and extranodal 
extension 2,30;

•	 T stage: in relation to the involvement of several sub-
sites. 

6. Distant metastases in EBV-  
and HPV-related squamous cell carcinomas
EBV- and HPV-related squamous cell carcinomas are 
cancers related to viral infection and share distinct 
clinical features. Despite frequent expression of clinical 
aggressiveness, EBV+/ HPV+ head and neck SCC have 
superior loco-regional control and survival following 
RT or CHT compared to their EBV-/HPV- counterparts. 
Nevertheless, some EBV +/ HPV+ SCC patients suffer 
from poor outcomes, mainly related to development of 
distant metastases, which is the dominant pattern of failure. 

6.1. EBV-related squamous cell carcinoma
EBV infection is a well-recognized carcinogenic factor that 
has been implicated in the aetiology of several malignancies 
of both lymphoid and epithelial tissues, including Burkitt’s 
lymphoma, Hodgkin lymphoma, gastric cancer and NPC. 
EBV plays an important role in head and neck 
carcinogenesis, especially in the non-keratinising subtype 
of NPC (NKC according to WHO), an endemic malignant 
tumour in South China and South Asia where the incidence 
remains consistently high. In non-endemic areas (Europe 
and USA), NPC is a rare disease with a prevalence in 
Italy of about 1.4 per 100,000 inhabitants. Several studies 
have identified that a combination of genetic, ethnic and 
environmental factors are implicated in the pathogenesis of 
NPC 1. EBV-related undifferentiated NPC is an aggressive 
and metastatic malignancy, but highly responsive to 
radiotherapy and chemotherapy. However, the low incidence 
of EBV-associated NPC in a non-endemic population has a 
favourable prognosis compared to EBV-negative tumours 2. 
The high propensity to distant spread represents a typical 
feature of NPC. The presence of DM classify NPC to 
stage IVB according to the updated 8th edition of the 
TNM 3 staging system. Data from literature studies report 
that 5-15% of patients develop DM at the time of clinical 

presentation of NPC and 50-60% during the course of 
disease. With improved loco-regional control of disease, 
thanks to current protocols, DM has become the main cause 
of failure in NPC patients. Even if 5-year survival rates 
have significantly improved in recent years, DMs to bone, 
liver and lung are the main factors determining treatment 
failure and death in loco-regionally advanced NPC. Bone 
is the most frequently involved site of metastases with an 
estimated incidence of 54-80% 1.
Traditional pathological and clinical factors predicting DM 
are TNM stage and treatment failure. However, considering 
the different biological behaviour of NPC with variable 
tendency to DM, identification of molecular markers is 
crucial to stratify loco-regionally advanced NPC in order 
to adopt tailored oncological therapy.
Quantitative plasma EBV-DNA expression is considered to 
be a sensitive and highly specific biomarker for screening, 
monitoring and prediction of disease recurrence and clinical 
outcomes in NPC  4, but controversy still exists for its 
optimal clinical use. EBV-induced carcinogenesis depends 
on the expression of latent membrane protein (LMP1), an 
oncoprotein encoded by EBV, that is positively associated 
with metastatic status of NPC  5 (Fig.  6.1). Moreover, a 
gene expression-based signature was recently developed 
and validated to predict DM in loco-regionally advanced 
NPC 1.
EBV-DNA levels can be easily evaluated by real-
time polymerase chain reaction (PCR), but different 
cut-off values are reported in the literature and assay 
standardisation is still lacking. Furthermore, data from early 
studies were heterogeneous and sometimes inconsistent. A 
comprehensive meta-analysis published by Zhang based on 
a large pool of clinical studies including 10,732 patients 
showed that detection of EBV-DNA at different cut-off 
values can be considered as an effective prognostic factor of 
NPC, as high expression levels predicting poor prognosis. 
It was suggested that  >  1,500  copies/mL is a reasonable 
cut-off value for EBV-DNA 6. 
An EBV-DNA assay can be employed to predict progression 
of disease and monitor NPC during therapy. Pre-treatment 
plasma EBV-DNA (pre-EBV) expression is an important 
prognostic factor for OS and distant metastases-free 
survival (DMFS)  7. Si-Wei and coll. demonstrated that 
patients with high expression of Raf kinase inhibitory 
protein (RKIP), a metastatic suppressor protein, and 
concurrent low EBV-DNA levels showed better response to 
inductive chemotherapy combined with radiotherapy and 
longer 5-year DMFS in loco-regionally advanced NPC  8. 
As confirmed by a recent meta-analysis, persistent post-
treatment high levels of EBV-DNA are associated with an 
increased risk of disease progression and DM in NPC 9. 
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Role of pre-treatment, midpoint and post-treatment EBV-DNA 
as predictive tools 
A correlation between plasmatic EBV-DNA and tumour 
burden of NPC has previously been reported 10. Likewise, 
the predictive value of pre-treatment EBV-DNA (pre-EBV-
DNA) levels and tumour volume in NPC have also been 
assessed in several studies 11. Pre-EBV-DNA is an effective 
prognostic factor for predicting loco-regional progression 
of disease and risk of developing distant relapse 11. High pre-
treatment EBV levels are associated with the risk of DM. 

Accordingly, EBV-DNA expression is strictly correlated 
with progression-free survival (PFS) and DMFS 11. 
A negative prognostic value of pre-EBV DNA viral load 
was reported by Alfieri et al. even in patients from a non-
endemic area. In a study on 130 loco-regionally advanced 
NPC patients, viral load was positively related with 
T-stage, recurrence of loco-regional and/or distant disease 
and survival 12. 
Stratification of risk based on overall TNM stage without 
distinction between T and N features has to be considered 

Figure 6.1. Role of genetic alterations and EBV infection in NPC progression (from Nakanishi et al.,2017 5, mod.).
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unsatisfactory. Quantitative EBV-DNA expression in 
NPC seems to be related to both anatomic and volumetric 
parameters of the primary tumour and metastatic lymph 
nodes. However, pre-EBV DNA levels seem to be 
mainly related to metastatic lymph node volume rather 
than primary tumour expansion  10. This observation 
may be explained by a greater share of cell-free EBV-
DNA related apoptosis and necrosis in metastatic lymph 
nodes, especially in the presence of ENE. Zhou et al. 
recently proposed an integrative risk stratification model 
based on EBV-DNA levels, tumour anatomic features 
and tumour volume in order to predict the probability of 
DM. According to the authors, nodal volume, skull base 
invasion and supraclavicular fossa lymph node metastases 
with EBV-DNA expression were all independent predictive 
factors that are significantly related to DMFS 10. 
Plasma EBV-DNA load at the midpoint of chemo-radiation 
(4th week) predicts loco-regional disease and distant failure. 
A meta-analysis of 7,836 cases by Zhang confirmed the 
prognostic value of midpoint EBV-DNA (mid-EBV-DNA) 
on OS, PFS and DMFS  13. However, in the same study, 
detection of post-EBV-DNA was a stronger prognostic 
factor  13. Mid-EBV expression could be used to predict 
clinical outcomes and adapt treatment according to risk. 
Plasma EBV-DNA expression during post-treatment follow-
up (post-EBV-DNA) is considered to be a good prognostic 
factor, especially for prediction of DM in NPC patients. 
EBV-DNA can be detected in 86-96% of patients who 
develop DM, regardless of loco-regional relapses. Given 
that EBV-DNA can be released from sub-clinical micro-
metastases that are not detectable by imaging, it should be 
considered a good marker for early detection of metastatic 
disease. Persistent detectable plasma EBV-DNA detection 
after completion of chemo-radiation is significantly 
related to worse prognosis  12. Since plasma EBV-DNA is 
highly accurate in detecting disease recurrence and distant 
metastases, all patients with advanced NPC should be 
regularly monitored by serological tests 4. 

Role of FDG PET/TC
FDG PET/TC parameters, and especially SUV-max, are 
considered significant prognostic factors in NPC. High 
values of pre-treatment SUV-max are related to an increased 
risk of adverse events and predict poor prognosis  14. In a 
study on 294 loco-regionally advanced NPC (stage III-IVB 
according to the 7th edition of AJCCsystem) 15, a significant 
correlation between standardised uptake value for neck 
lymph nodes (SUV max-N) in FDG PET/TC and DMFS 
was reported. The authors developed a prognostic model 
combining SUV max-N and clinical stage to stratify the 
risk of DM and predict survival outcomes. At multivariate 

analysis, SUV max-N and this prognostic model were 
independent prognostic factors for DMFS  16. Moreover, 
the SUV value of the farthest lymph node station at pre-
treatment FDG PET/TC seems to be a significant predicting 
factor for DM.

Therapy
Application of intensity-modulated radiotherapy 
(IMRT) and updated CHT (induction, concurrent and 
adjuvant) strategies have contributed to improve survival 
outcomes and reduce toxicities in NPC patients  1. RT in 
combination with concurrent CHT-RT is considered the 
mainstay treatment for advanced-stage disease. Despite 
the availability of standardized therapeutic protocols, DM 
are still the major cause of treatment failures in NPC. 
Chemotherapy with gemcitabine plus cisplatin has been 
established as the standard first-line treatment in recurrent 
or metastatic NPC (RM-NPC) 17. 
In addition to TNM stage, plasma EBV-DNA levels 
can help to stratify patients into different classes of risk 
for distant failure  18. A recent large retrospective study 
explored the value of neoadjuvant chemotherapy (NACHT) 
or adjuvant chemotherapy (ACHT) added to concurrent 
chemo-radiotherapy (CCRT) in 2,263 patients with stage 
III-IVB NPC based on pretreatment EBV-DNA classes 
of risk (low and high groups with a cut-off value of 4000 
copies/mL). Patients with NPC in the low-risk group treated 
with NACHT followed by CCRT achieved significantly 
better 5-year DMFS compared to CCRT alone. NACHT 
was the only independent prognostic factor for DMFS at 
multivariate analysis 18. Therefore, pre-EBV DNA may be 
a useful predictive factor to plan individualised treatment 
for NPC patients. 
Recently, two phase 3, multicentre, randomised, controlled 
trials demonstrated that induction chemotherapy (ICHT) 
with docetaxel, cisplatin and fluorouracil followed by 
CCRT can significantly improve 5-year OS and DMFS in 
loco-regionally advanced NPC 1. Other studies confirmed a 
survival advantage of ICHT when added to CCRT, mainly 
due to improved distant control of disease. ICHT plus 
CCRT should be administered to patients with a high risk 
of DM (level 2A). Pre-treatment EBV-DNA detection may 
better predict optimal tumour response to ICHT 1. 
Plasma EBV DNA detection after completing chemo-
radiotherapy was used as a predictive biomarker to identify 
patients with high relapse risk for adjuvant chemotherapy. 
However, the authors did not observe better results in 
relation to 5-year relapse-free or OS 1. 
Whereas survival times of NPC patients diagnosed as 
stage M1 vary widely, reliable prognostic risk factors are 
needed to optimise and personalise treatment. Sun et al. in 



Metastatic disease in head & neck oncology

S33

a study on 226 patients with bone metastases at primary 
diagnosis reported the number of metastatic lesions and 
EBV-DNA levels after palliative CHT as independent 
prognostic factors for OS. Stratifying patients according to 
these factors, a survival benefit was observed in low and 
intermediate risk groups treated with CHT combined with 
loco-regional RT. RT of oligometastatic lesions, even in 
low risk patients, did not lead to increased survival 19. 
The similarity in pathological features and clinical 
behaviour of HPV-related OPSCC and EBV-associated 
NPC mean that common molecular pathways are linked 
to the host immune response. Recently, a possible role of 
deregulation of the inflammatory process in NPC tumour 
progression was hypothesised. EBV-associated NPC can 
be considered an “inflamed” tumour characterised by a rich 
lymphocytic infiltrate and increased PD-L1 expression. 
These evidences have suggested an immunotherapeutic 
approach even in locally advanced NPC with a high risk of 
systemic metastatic relapses 2. 
Several clinical trials have been conducted to test the 
efficacy of an immune-therapeutic approach in advanced 
NPC. Preliminary results seem to support a therapeutic role 
for immunotherapy (IT) in combination with RT and CHT to 
treat advanced and metastatic NPC 2. In NPC patients with 
refractory-recurrent disease, modest response rates (20-
30%) were obtained with anti-PD-1 antibodies nivolumab 
and pembrolizumab. Lv and co-authors conducted a 
comparative study on the safety and efficacy profiles of anti-
PD-1 agents with/without CHT in RM-NPC. The observed 
response rate (ORR) of anti-PD-1 first-line therapy ranged 
from 19% to 34.1%, higher for camrelizumab. First-line 
camrelizumab plus CHT achieved a significantly increased 
ORR compared with CHT alone (90.9% vs 64.1%). These 
studies are summarised in Table 6.I 20. 
Moreover, high expression by immunohistochemical 
staining of receptor activator of NF-kB (RANK) and its 
ligand (RANKL), key regulators of bone metabolism, 
was documented in metastatic specimens of EBV related 
NPC. The authors hypothesised the implication of RANK 
pathway in NPC cancer progression and metastatic spread 
and suggested possible future treatment with denosumab, 
a clinically approved monoclonal antibody for bone 
metastases 21. 
Further studies are needed to understand if vaccines may 
be of benefit in patients with EBV positive malignancies in 
improving outcomes, especially in advanced and refractory 
disease. 
While combination chemo-radiation therapy increases 
response rates, DM constitute the main cause of failure 
for advanced NPC. Plasma EBV-DNA expression is 
currently considered a reliable prognostic biomarker that 

can be employed to elaborate risk stratification models to 
predict and monitor responses to treatment and oncological 
outcomes in NPC. Future RCTs and validated clinical trials 
are needed to develop tailored treatment strategies in loco-
regionally advanced and metastatic NPC.

6.2. HPV-related squamous cell carcinoma
OPSCC is a specific clinical entity with a reported 
worldwide incidence of about 100,000 new cases/year. 
In Italy, there is a reported incidence of about 1,000 new 
cases/year, with a male prevalence of about 70%; 30.8% 
of new cases of OPSCC can be considered to be related 
to HPV infection. In developed countries, HPV-related 
OPSCC show an incidence of 45-50%.
HPV includes a family of DNA viruses that infect basal 
epithelial cells, causing benign and malignant lesions of 
the skin and mucosae of the upper aero-digestive and ano-
genital tracts. In head and neck cancer, three sites have 
been associated with HPV: oropharynx, oral cavity and 
larynx. There are several known types of HPV and only 
some have been recognized as carcinogenic. Types 16 and 
18 are globally responsible for 85% of HPV-related cancers 
of the head and neck, while the relative contribution of 
HPV 6/11/16/18/31/33/45/52/58 is 90% 22.
HPV-related OPSCC has a different epidemiological profile 
compared to tobacco- and alcohol-associated OPSCC. 
HPV-positive patients are commonly younger, with a 
shorter smoking history, lower T-stage but higher N-stage 
and better performance status. 
HPV-related OPSCC also appear to be more responsive to 
treatment and have better survival rates. In a population-
based study of 1,542 consecutive patients by Larsen et 
al. 23, HPV/p16 status emerged as an independent predictor 
for OS even when adjusted for T stage, N stage, treatment, 
smoking history, age and performance status (5-year OS 
77% in HPV+/p16+ group vs 30% in HPV-/p16- group). 
The authors found a significant difference in progression 
(19% of patients in HPV+/p16+ group vs 36% in HPV-/
p16- group) and time to progression (TTP) (14 months in 
HPV+/p16+ group vs 8.5 months in HPV-/p16- group). 
Survival after progression (SAP) was also improved by 
HPV status (median SAP 13 months in HPV+/p16+ group 
vs 6 months in HPV-/p16- group).
Distant progression (DP) in OPSCC also seems to differ 
between HPV+ and HPV- tumours. A systematic review and 
meta-analysis by Tiedemann et al. 24 confirmed a different 
epidemiology profile in HPV+ patients: HPV+ OPSCC 
have a tendency (even if not statistically significant) of 
presenting longer time to DP (0.2 to 106 months in HPV+ 
tumours vs 0.2 to 33 months in HPV-tumours) and multiple 
sites of DP (36% of patients in HPV+ group vs 2% in HPV- 
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group; RR = 16.49, 95% CI 2.33; 116.51). An important 
observation was that DP to non-regional lymph nodes was 
almost exclusively observed among patients with HPV+ 
tumours (RR = 4.7, 95% CI 1.51; 15.21). It is also reported 
that DP in HPV+ OPSCC can still be detected up to 5 years 
of follow-up, while DP rates in HPV- HNSCC are stable 
after 2 years 25. 
The different epidemiological profiles are summarised in 
Table 6.II. 
DM in HPV-related OPSCC may occur at unexpected sites 
and after long intervals. Distant metastatic progession in 

p16-positive OPSCC more often exhibits a “disseminating” 
pattern (Tab. 6.III) 26,27.
Trosman et al. 28 observed that DM in HPV+ disease appear 
to involve a greater number of subsites than in HPV- disease. 
In addition, they found a tendency towards dissemination 
to unusual distant sites and increased rates of non-regional 
lymphatic metastases in the in HPV+ group, as summarised 
in Table 6.IV.
All these data suggest different dissemination patterns 
between HPV positive and negative OPSCC. Dok et al. 29 
found reduced invasion abilities of HPV/p16 positive cells 

Table 6.I. Clinical trials in advanced NPC.

KEYNOTE-028 NCI-9742 CheckMate-358 JS001 SHR-1210 
(mono)

GEM20110714 SHR-1210 
(comb)

Country Taiwan International 
collaboration

International 
collaboration

Mainland 
China

Mainland 
China

Mainland 
China

Mainland 
China

Inclusion period 2014-2016 2015-2016 2015-2017 2016-2018 2016-2017 2012-2015 2017

Phase 1 2 1,2 2 1 3 1

Key eligibility 
criteria

recurrent/
metastatic NPC; 
failure on prior 

standard therapy; 
PD-L1 ≥ 1%

recurrent/
metastatic NPC; 

failure on at 
least one prior 

line of Pt-based 
chemotherapy

recurrent/metastatic 
NPC;

 ≤ 2 prior systemic 
therapies

recurrent/
metastatic NPC; 

failure on at 
least one prior 

line of Pt-based 
chemotherapy

recurrent/
metastatic NPC; 

failure on at 
least one prior 

line of Pt-based 
chemotherapy

treatment-
naive recurrent/
metastatic NPC

treatment-
naïve recurrent/
metastatic NPC

Experimental 
regimen

Pembrolizumab Nivolumab Nivolumab JS001 Camrelizumab Gemcitabine 
+ cisplatin

Camrelizumab 
+ gemcitabine 

+ cisplatin

Sample size 27 45 24 143 93 181 23

Median age 52 57 51 46 45 47 44

Male (%) 77.8 77.8 88 84.6 81 83.1 74

Pd-l1 expression 
≥ 1% (% )

100 42,9 - 44,1 - - -

Median follow-up 
(months)

20 12.5 26 - 9,9 22 10,2

Objective 
response rate 
(%)

26.8 20.5 20.8 23.2 34.1 64.1 90.9

Overall survival 
median (months)

16,5 17,1 - - - 29.1 -

Os 1-year rate 
(%)

63 59 - - - 83.2 -

Progression free 
survival median 
(months)

6.5 2.8 2.4 - 9.9 7 10.2

Pfs 1-year rate 
(%)

33.4 19.3 - - 27.1 19.6 61.4

All grade 
adverse events 
(%)

74.1 - 54.2 92.3 96.8 91.7 100

Grade 3-5 
adverse events 
(%)

29.6 22.2 8.3 24.5 16.1 42.8 87
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in vitro compared to HPV/p16 negative cells. Significantly 
lower expression of vascular endothelial growth factor A 
(VEGFA) was found in HPV+ patients, leading to reduced 
angiogenesis. The authors also found a higher percentage of 
alpha 4 beta 1 integrin in HPV+ cells, an integrin considered 
to be important modulator of lymphoangiogenesis. Even if 
based only on in vitro data, this study suggests a role for 
HPV/p16 expression in different dissemination patterns 
between HPV positive and negative OPSCC by control on 
angiogenesis and lymphogenesis. On one hand, reduced 
angiogenesis in HPV+ could lead to lower T stage. On 
the other, improved lymphogenesis in HPV+ could lead to 
higher N stage and different rates of distant progression.

Therapy
Management decisions regarding OPSCC have to take 
in account treatment toxicities and long-term functional 

outcomes, not only for disease control but also survival. 
Open surgery in oropharyngeal cancer has significant 
morbidity, especially in terms of speech and swallowing.
In early stage disease, the data suggest comparable 
locoregional control and survival between surgery and 
RT, but with lower rates of severe complications in non-
surgical treatment 30. The Meta-Analysis of Radiotherapy in 
Carcinomas of Head and Neck (MARCH) trial demonstrated 
that altered fraction radiotherapy is associated with improved 
OS and PFS compared to conventional fractionation 
radiotherapy  31,32. This p16-status and smoking history 
oriented meta-analysis  32 showed no interaction between 
p16 status and the benefit of altered fractionation regimen, 
so that p16 status cannot be used to assign patients to a 
specific type of RT fractionation. This study demonstrated 
that altered fractionation RT is associated with a small but 
significant improvement in OS compared with standard 
fractionation, and that the improvement is more pronounced 
in the hyperfractionated RT group. Smoking patients with 
p16-positive tumours represent a clinical challenge due 
to their intermediate prognosis and significantly worse 
RT outcomes compared to p16-positive patients with a 
history of never or less heavy smoking 33. Transoral robotic 
surgery, being a minimally-invasive technique, seems to 
have encouraging oncologic, functional and quality of 
life outcomes in patients with early T classification. More 
clinical trials are needed to establish if transoral robotic 
surgery is preferable to RT treatment.
The optimal treatment of patients with locally-advanced 
disease involves any given combination and sequence of 
surgery, RT and CHT. Considering the significant acute 
and long-term toxicities of CCRT and good prognosis 
of HPV positive OPSCC, clinical trials are investigating 
deintensification treatment strategies 32. 
Nowadays, good rates of locoregional control has 
shifted the pattern of failure toward distant metastasis, 
which has doubled in the past 20 years and accounts for 
approximately 45% of deaths. This evidence led the need 
to evaluate prognostic markers of DM in order to identify 
patients with higher clinical risk, who are not suitable for 
deintensification therapy.

Table 6.II. Epidemiological profiles of HPV+/p16+ OPSCC vs HPV-/p16- OPSCC (from Resteghini et al., 2017 21; de Montel et al., 2017 22, mod.).

HPV+/p16+ HPV-/p16-

5-year overall survival (OS) 77% 30%

Local progression Rate
Time to progression

Survival after progression

19%
14 months
13 months

36%
8.5 months
6 months

Distant progression (DP) Time to DP
Multiple sites of DP

Up to 106 months
36%

Up to 33 months
2%

Table 6.III. Pattern of distant metastases (from Tiedemann et al., 2017 24; 
O’Sullivan et al., 2019 25, mod.).
Oligometastasis limited to 1-2 anatomic sites or ≤ 3 metastatic foci 

in one anatomic site

Disseminating > 2 anatomic sites

Explosive ≥ 4 foci of metastasis at one anatomic site

Table 6.IV. Metastatic sites (from Trosman et al., 2015 28, mod.).

Site of metastatic disease % of metastatic sites

HPV- status HPV+ status

Lung 58.3 40.4

Bone 16.7 21.1

Brain 16.7 3.5

Liver 8.3 12.3

Intra-abdominal lymph nodes 0 5.3

Axillary lymph nodes 0 3.5

Kidney 0 3.5

Muscle 0 3.5

Skin 0 3.5

Pericardium 0 1.8

Peritoneum 0 1.8
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In the recent literature, several prognostic markers have 
been evaluated including miRNA expression, advanced T 
and N classification and active smoking status. In 2016, 
Weller et al.  34 demonstrated that patients with HPV-
positive oropharyngeal cancer at high risk of distant failure 
(T4 disease, active smokers and use of cetuximab in place 
of cytotoxic CHT) developed DM rates greater than 20%.
Actually, growing interest is focused on the potentially 
predictive role of “matted nodes” and HPV DNA/p16 
status.
The term “matted nodes” identifies a condition of at least 
three nodes abutting one another with loss of intervening fat 
plane that is replaced with radiologic evidence of ENE 35.
Even if the predictive value of matted nodes is probably 
independent of HPV status 35, in HPV+ OPSCC it appears 
to be the strongest predictor for distant failure, any failure, 
cause-specific mortality and OS. The presence of matted 
nodes in patients with HPV+ OPSCC identifies patients 
with  >  60% risk of distant failure, whereas the absence 
of matted nodes is associated with minimal risk of distant 
failure 36. 
Rasmussen  37, in a recent analysis of 1,243  patients, by 
combining HPV DNA detection with p16 status, showed 
that HPV-/p16+ is a significant predictor for M-site 
recurrence and patients with HPV-/p16+ tumours have a 
significantly higher risk for M-site recurrence. The risk of 
M-site recurrence is twice that for patients with HPV-/p16+ 
tumours compared with the other combination of HPV 
DNA and p16 status. 
In locally-advanced disease, standard treatment does not 
differentiate between HPV-positive and HPV-negative 
tumours and consists of either primary cisplatin-based 
chemoradiation or adjuvant chemoradiation after surgery. 
Starting from the observation that in advanced HNSCC 
the combination of RT with cetuximab offers superior 
locoregional control and OS compared to radiation alone 
without increasing toxicity, recent trials compared high 
dose cisplatin (HDC) chemoradiation to cetuximab 
chemoradiation. Data from the phase 3 trials De-ESCALaTE 
HPV and RTOG-1016 provided very strong evidence for 
cetuximab being inferior to cisplatin when combined with 
RT in HPV-related OPSCC (Tabs. 6.V, 6.VI) 38,39.
As demonstrated by many authors, immune system 
disfunction plays a role in both the development and 
progression of head and neck cancer, mostly in virus-
associated cancers such as those caused by HPV and EBV.
Tumour IT aims to induce or enhance a tumour antigen 
specific immune response that is capable of killing tumour 
cells. HPV-related cancers are ideal candidates for IT since 
high risk-HPV transformed cells express E6 and E7 non-
structural proteins. These oncoproteins are not only related 

to carcinogenetic processes induced by HPV infection, but 
could also be utilised as foreign antigens targets for IT 40,41. 
Immune checkpoint inhibitors, such as nivolumab and 
pembrolizumab, have recently emerged as promising 
therapeutics in oncology.
In recent randomised, open-label, phase II and III trials 
(KEYNOTE-040, KEYNOTE-012, KEYNOTE-055 
and CheckMate 141), the role of the PD-1 inhibitors 
pembrolizumab and nivolumab was compared with 
standard of care with methotrexate, docetaxel, or cetuximab 
in recurrent or metastatic head and neck SCC.
In these studies, pembrolizumab provided a clinically 
meaningful prolongation of OS in patients with PD-L1 
expression by > 50% and a favourable safety profile when 
compared with standard therapies, without significant 
differences between HPV+ and HPV- patients 42-44.
Otherwise, in a post hoc exploratory analysis, OS was 
significantly increased in patients with HPV+ tumours 
treated with nivolumab, while OS was not statistically 
significant in those with HPV- tumours 45. 
Starting from the observation that HPV-related 
intraepithelial neoplasia or cancers are ideal candidates for 
cancer IT, recent early stage clinical trials demonstrated 
encouraging results by combining a cancer vaccine and a 
checkpoint inhibitor for treating HPV-related cancers 40.

7. Cervical lymph nodes metastases  
from distant infraclavicular tumours
Neck masses are quite common in humans; many aetiologic 
factors can lead to the development of a congenital, 
inflammatory, or neoplastic neck mass, so inducing 
relevant problems in differential diagnosis. If we consider 
the oncological origin of a neck mass, the most common 
aetiology is a metastatic adenopathy from a HNSCC, 

Table 6.V. Phase III De-ESCALaTE HPV trial.

Cisplatin Cetuximab

2-year OS 97.5% 89.4% p = 0.0012

2-year recurrence rate 6% 16.1% p = 0.0007 

Stage I/II OS 98.4% 93.2% p = 0.048

Stage III OS 93.3% 67.1% p = 0.0304

Table 6.VI. Phase III RTOG-1016 trial.

Cisplatin Cetuximab

5-years OS 84.6% 77.9% p = 0.0163

Progression-free survival 78.4% 67.3% p = 0.0002

Locoregional failure 9.9% 17.3% p = 0.0005
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followed by a lymphoma. When the primary tumour cannot 
be identified despite extensive diagnostic work-up, the 
neck lymphoadenopathy represents a diagnostic dilemma. 
In this case, the chance that the metastatic neck adenopathy 
(especially when located in the supraclavicular fossa) could 
have risen from an infraclavicular primary tumour has to 
be taken into account. For this reason, it is very important 
to know which tumours have a proneness to metastasise to 
cervical lymph nodes and how this eventuality should be 
managed. 
Globally, metastatic tumours to the head and neck represent 
a rare pathological entity with an incidence of about 1% of the 
total number of malignant tumours in this area 1. However, 
an incidence up to 24% of primary tumours located below 
the clavicles has been reported in patients with cervical 
lymph node metastases from unknown primaries  2. If we 
consider all the metastases to the head and neck area from 
distant primary tumours, the bony structures (mandible 
and maxilla) of the facial skull are the most frequent 
locations, followed by the cervical lymph nodes. The most 
common primary tumours metastasising to the head and 
neck region are lung cancer in men and breast cancer in 
women, but gastrointestinal tract cancers and genitourinary 
tract cancers must also be kept in consideration as possible 
primary tumours. The prevalent site of metastatic lymph 
nodes from a primary tumour located below the clavicles 
is the supraclavicular (SC) fossa, more frequently on the 
left side, while metastases are more rarely found at a higher 
level in the neck (II or III  level). Franzen et al. recently 
found in 94 of 211 cases (44.5%) of biopsy of a larger 
than 1 cm supraclavicular mass, a metastasis originating 
in a primary tumour located below the clavicle; the side 
of the metastatic lymph node was the same of the primary 
tumour in lung and breast cancers, while the left side of 
the neck was significantly more involved in metastases 
of abdominal and pelvic neoplasms 3. The reason for this 
phenomenon is first of all an anatomical one. The father 
of modern pathology, Rudolf Virchow, described in 1848 
that left SC lymph node metastases could be frequently 
originated in gastric carcinomas  4. This study led to the 
eponym of Virchow’s node to describe the left SC lymph 
node involved by adenocarcinoma metastases, and is still 
mentioned in most pathology textbooks 5. Some years later, 
the French author Charles-Emile Troisier observed that 
some other abdominal tumours could also spread to left 
SC lymph node: following this observation, the SC lymph 
node started to be called “Virchow-Troisier node” 6. This 
pattern of metastatic spread is logical from an anatomical 
point of view, since common iliac and para-aortic lymph 
nodes drain into the thoracic duct. The thoracic duct arises 
as a continuation of the cisterna chyli at level L1 just below 

the diaphragm. It enters the thoracic cavity through the 
aortic hiatus of the diaphragm and passes in the posterior 
mediastinum between the aorta and the azygos vein, finally 
ending in the left supraclavicular fossa by joining the 
superior venous system at the junction of the subclavian 
and the internal jugular vein. As preliminary described in 
the article of Stevens in 1907 7, the gradual flow towards 
the left neck begins in the superior mediastinum, so the 
lymph nodes in the left base of the neck will have afferent 
drainage that includes the thorax, abdomen and pelvis. 
This anatomo-biological behaviour explains why most 
diseases from the foresaid areas occur in the left side of 
the neck. On the other hand, it must be recalled that a stop 
in the lymphatic flow from the left SC site could favour 
the retrograde lymphatic spread and the involvement of 
superior or contralateral nodes  8, occasionally producing 
nodal metastases from a remote primary tumour at an 
higher neck level or in contralateral nodes. 

7.1. Diagnosis 
When considering diagnostic workup in patients with a 
neck mass, first of all comprehensive history is essential 
and must include not only any existing symptoms related 
to a possible carcinoma of the head and neck, but also 
previous malignancy, since it is well known that a late 
metastasis can appear even many years after the primary 
tumour. Furthermore, especially if the mass is located 
in the lower one-third of the neck or in the SC fossa, the 
suspicion of a metastatic disease for a primary tumour 
located below the clavicles makes it mandatory to look for 
palpable masses in other sites outside the neck (the first 
row of the breast) and other symptoms such as coughing, 
haematuria, haemoptysis, gynaecological bleeding and 
weight loss, which should be attentively investigated. 
However, it is not rare that the cervical lymph node is the 
only manifestation of a cancer located under the clavicles 
in completely asymptomatic patients 9.
The coupling of US with FNAB of the cervical mass is the 
first and most commonly used diagnostic procedure, since 
it is a minimally-invasive and inexpensive, and is associated 
with high diagnostic accuracy. Gupta et al. evaluated the 
diagnostic value of FNAB in supraclavicular masses in 
218 patients, showing an overall sensitivity of 92.7% 
and a specificity of 98,5%, even if in 46 cases (21,1%) 
an open biopsy resulted necessary in order to confirm the 
diagnosis  10. Morphological findings can be integrated 
by immunochemistry and molecular tests, which can be 
carried out on cytologic samples or on tissues obtained by 
an open biopsy. An example of this statement is reported 
in the study of Kuemper et al. showing the usefulness of 
Polymerase Chain Reaction (PCR) detection of HPV to find 
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out oropharyngeal primary as well as gynecological (utero-
cervical) origin in case of a SC metastasis 11. When FNAB 
fails in producing enough diagnostic information, an open 
incisional or excisional biopsy of the lymph node should 
be performed, in order to add more information useful to a 
more complete diagnosis. In the recent report by Ismi et al. 
excisional biopsy of SC lymphadenopathy was carried out 
in 18 patients, since FNABs have been previously proven 
non-diagnostic. In all the 18 cases the histopathological 
examination of the lymph nodes allowed the topodiagnosis 
of the primary tumor; the most frequent histological 
findings were adenocarcinomas, followed by squamous 
cell carcinomas and neuroendocrine tumors 12. The Authors 
points out that the cases of adenocarcinoma are particularly 
challenging since different anatomic sites can show this 
primary tumor. In this study adenocarcinomas were mostly 
demostrated from primaries of the breast, followed by the 
lung, the prostate and the stomach 12. 
There are many relatively specific tumoral markers that 
can be studied in order to identify the primary site of 
cancers. In adenocarcinomas the profiles of cytokeratin 
CK7 and CK20 are the most frequently used to locate the 
primary site of tumour, since CK7 is present in tumours 
of the lung, the breast, the ovary and the endometrium. 
On the contrary, CK20 is more indicative of a tumour 
of the gastrointestinal tract. The most useful markers for 
identification of metastases from lung adenocarcinomas 
are Thyroid Transcriptor Factor-1 (TTF-1) and Napsin-A, 
while for breast cancers the more commonly used 
immunohistochemical markers are Estrogen Receptor 
(ER), Progesterone Receptor (PR), Epidermal Receptor 
2 (HER2)/neu (Receptor Thyrosine–Protein Kinase Erb 
B-2), gross cystic disease fluid protein, mammaglobina 
and GATA binding protein 3 (GATA-3). ER and PR in SC 
metastases could sometimes differ from the same markers 
in the primary tumour, so suggesting de-differentiation of 
the tumour during the metastatic process 8. 
In addition to cytological/histological examination, 
contrast-enhanced CT of the neck, thorax and abdomen 
and/or MRI should be performed to locate the possible 
primary tumour. 
FDG PET and FDG PET/CT are now recommended as 
additional diagnostic tools in conventional workup in 
patients affected by carcinoma of an unknown primary with 
cervical lymph node metastases, since they can provide 
important additional information compared with traditional 
imaging (CT/MRI) 13.

7.2. Lung cancer
Tumours of the lung are classified in two categories: non-
small cell carcinomas (70% of lung tumours) and small 

cell carcinomas (30% of lung tumours). Non-small cell 
tumours are divided in SCC (25-30%), adenocarcinoma 
(40%), large cell carcinoma (10-15%) and alveolar cell 
carcinoma (1-2%). The risk of metastatic dissemination 
varies according to the histological type: it is highest for 
small cell carcinomas (74-96%) and lowest for SCCs (25-
54%). Indeed, enlarged nodes of the supraclavicular fossa 
are found in 16% of non-small cell cancers and in 35% 
of small cell cancers  14. The presence of metastases in 
supraclavicular lymph nodes in lung cancer is classified 
as N3, thus defining stage IIIB. Since the management 
plan and prognosis of patients affected by lung cancer 
depends on histological type and stage of disease, it is 
very important to evaluate the presence of supraclavicular 
metastases. As they are often impalpable, SC metastases are 
primarily detected with imaging modalities such as US or 
neck CT, keeping in mind that the nodes in supraclavicular 
region might not be seen in chest CT. High resolution US 
evaluation is extremely useful for good imaging in these 
patients and to perform FNAB or tissue core biopsy 15. This 
latter exam has been demonstrated to be a safe procedure 
with high diagnostic accuracy to determine the tumour 
subtype and in molecular analysis, avoiding more invasive 
diagnostic investigations such as bronchoscopy with 
endoscopic biopsy or CT guided transthoracic biopsy in 
many patients 16. 
The prognosis of patients affected by lung cancer with 
cervical metastases varies according to histological type, 
but in general it is poor in advanced stages of disease 
(stage  IIIB or IV): for small cell carcinoma, median 
survival is 8 months with 5-year survival < 10%. Thus, in 
the majority of cases surgery for cervical metastases is not 
indicated, since it does not modify prognosis; only in a few 
cases with a single, ipsilateral to primary tumour SC lymph 
node metastasis can surgical excision of the metastatic 
lymph node be proposed with curative intent associated 
with adjuvant chemoradiotherapy.
In mesothelioma, the presence of SC metastases is a very 
rare event: only a few cases have been reported, and in 
these cases there is no role for neck dissection because of 
the poor prognosis of the disease 17.

7.3. Breast cancer
Cervical metastases from breast cancer are rare, and the 
incidence of ipsilateral SC node metastases without distant 
metastasis is as low as 1-4%. The finding of SC node 
metastases is still possible even many years after initial 
diagnosis. 
Until 2002, SC lymph node metastases from breast cancer 
were considered as DM and conferred stage IV to the 
disease. This classification of stage was justified by the 
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evidence suggesting that prognosis in patients with neck 
disease was poor, with 5-year survival rates ranging from 
5% to 34%. The demonstration that patients with regional 
stage IV disease had better outcomes than visceral stage 
IV disease led to a revision of classification in 2003. This 
revision classifies metastases to the ipsilateral SC lymph 
node as N3c if no DM are diagnosed, and considers stage 
IIIC any T stage with N3 disease and M0 18. 
As patients with DM were considered incurable, many 
cases with neck disease received only palliative care. This 
approach became progressively controversial, since a 
number of reports showed that patients with SC lymph node 
metastases managed with aggressive treatment (induction 
CHT, surgery, adjuvant CHT-RT) had an equivalent 
prognosis compared with patients classified as stage IIIB 
without DM and a better prognosis than patients classified 
as IV  stage  19. Nowadays, there is still a widespread 
inconsistency in the management of breast cancer cervical 
metastases, even if the trend is towards more aggressive 
surgical treatment in case of SC metastases and absence of 
DM 20. 
Finally, it must be pointed out that an overlap can exist 
in the histological and immunohistochemical (same 
overexpression of HER2/neu) appearances of breast and 
salivary gland carcinoma, making it sometimes difficult to 
distinguish between metastases from a breast or a salivary 
tumour 8.

7.4. Gastrointestinal tract cancer
Oesophageal cancer (EC) is a common upper gastrointestinal 
tumour with a particularly high incidence in Eastern Asia 
and Eastern and Southern Africa. SCC represents 95% of 
cases, even if in Western patients an important increase in 
adenocarcinoma of the inferior third of oesophagus has 
been observed in the last decades. Despite improvements in 
the diagnosis and treatment of EC, overall 5-year survival 
rates are still very low (< 40% of cases). The lymphatics 
of the oesophagus are located in the submucosal plexus 
and run the entire length of the organ with the upper two 
thirds draining superiorly and the lower third inferiorly; 
furthermore, there is lateral lymphatic spread draining 
to the thoracic duct. Because of this complex lymphatic 
supply, the lymph node metastases rate of EC is very high, 
even for submucosal EC (about 20-40%), and nodal skip 
metastases are a common pattern of metastatic lymph node 
involvement in thoracic EC 21. 
Oesophagectomy with two-field lymphadenectomy, 
including abdomen and mediastinum, or three-field 
lymphadenectomy, also including SC lymph node 
dissection, is the therapeutic strategy of choice for resectable 
EC. However, the extent of lymph node dissection is still 

controversial, since the 7th American Joint Committee On 
Cancer (AJCC) Staging Manual 22 includes celiac axis and 
para-oesophageal nodes as regional lymph nodes, whereas 
it considers SC lymph nodes as distant metastases. Thus, 
patients with SC lymph node metastases should be classified 
as having stage IV disease and consequently excluded 
from indications for curative surgery. However, nowadays 
the therapeutic value of dissection of metastases to the SC 
lymph nodes in patients with thoracic EC is supported by 
a number of studies that showed a survival benefit of this 
therapeutic choice, demonstrating that SC lymph nodes 
have to be considered as regional nodes instead of DM 23.
Perhaps the most well-known of the SC node presenting in 
tumours not originating in the head and neck is Virchow’s 
node, which is affected in abdominal cancer, especially 
gastric cancer. Lymphatic spread from the stomach arises 
from nodes in the left gastric, hepatic and splenic chains, 
and reaches left SC nodes through the lymphatic duct. 
However, metastases to SC lymph nodes are not frequent; 
their presence indicates stage IV disease with a 5-year 
survival of 4%, so a role for neck dissection in these cases 
is not considered 24.
Metastases from hepatocellular carcinoma to the cervical 
and SC lymph nodes are rarely reported and very few case 
reports are published in the literature.
Other abdominal cancers such as cholangiocarcinoma or 
pancreatic adenocarcinoma have such a poor prognosis 
that, in the very rare cases of presence of cervical nodes 
metastases, neck dissection is not taken into account.

7.5. Genitourinary tract cancer
Renal cell carcinoma (RCC) is well known for its 
unpredictable clinical behaviour and is considered to 
be the third most frequent infraclavicular tumour able to 
metastasise to the head and neck region. However, SC 
metastases are rare and are found in about 3% of cases, 
but this rate increases significantly in advanced metastatic 
disease up to 13%. RCC metastasising into the head and 
neck area primarily do so in the cervical lymph nodes. In 
some cases, a cervical metastasis may represent the first 
manifestation of disease, while in other cases cervical 
metastases may occur months or even years after apparently 
successful treatment of the primary tumour. Since head and 
neck metastases of RCC may occur at any time during the 
course of the illness, any head and neck-related symptoms, 
such as enlarging neck mass, should promptly be submitted 
to an clinical examination by an otolaryngologist and an 
ultrasound examination of the neck and the thyroid. The 
management of such metastases must be tailored to the 
clinical presentation of the individual patient, especially 
considering the presence or absence of metastases in other 
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sites and their locations. Surgery should be taken into 
account in all patients fit for surgery, for both curative 
treatment and palliative intent, since it may improve the 
quality of life and provide good local control of the disease 
in the neck 25.
Cervical lymph nodes metastases from bladder or urothelial 
carcinomas are very uncommon and usually are associated 
with advanced disease and very poor prognosis. Thus, 
at present, there is no evidence supporting therapeutic 
cervical node dissection for treatment of urothelial or 
bladder metastases.
Prostate cancer is a common cause of morbidity among 
elderly men and has a wide spectrum of presentations. 
It can present with lower urinary tract symptoms or 
asymptomatically with elevated prostatic-specific antigen 
(PSA) levels, and usually spreads locally to adjacent 
pelvic lymph nodes and through direct invasion to nearby 
organs such as the bladder, rectum or spine. The incidence 
of metastatic prostate adenocarcinoma to the SC lymph 
nodes is quite low, with a reported rate of approximately 
0.28%. Cervical or SC lymphadenopathy has been very 
rarely reported as the first presentation of metastatic 
prostate cancer, even if prostate cancer is the most common 
genitourinary cause of this presentation. The presence of 
SC or cervical lymph nodes metastases indicate stage IV 
disease with a 5-year survival rate of 30%. However, on 
occasion the prognosis of metastatic prostate cancer to the 
head and neck is relatively good, since it can show a good 
response to androgen deprivation therapy, thus attaining 
long-lasting remission. Surgical excision can be taken 
considered in case of an isolated resectable neck mass to 
prevent development of symptoms in selected patients 26.
Although SC lymph nodes metastases from prostate 
adenocarcinoma are rare, PSA must be used as a diagnostic 
tool in any male patient aged more than 50 years affected 
by neck metastases from unknown primary, in order to 
exclude the presence of prostate cancer.
Testicular tumours are divided in non-seminomatous and 
seminomatous germ cell tumours; the latter is the most 
common cancer in patients aged 15-35  years. Cervical 
lymph node metastases originating from testicular cancer 
are rare, but represent a well established phenomenon, 
more commonly observed in patients with advanced stage 
disease. Neck metastases are almost invariably left-sided, 
reflecting the anatomy of the lymphatic system and the 
characteristic route of metastases.
Since metastatic testicular carcinoma can be detected firstly 
as a cervical mass, testicular cancer must be considered as a 
differential diagnosis in a young man with neck adenopathy, 
especially if the nodes are located in the left SC fossa. The 
treatment of choice of advanced testicular cancer (stage II-

IV) is platinum-based CHT with a reported high overall 
rate of cure. However, approximately 70% of patients will 
have residual masses in the retroperitoneum or other sites 
post-chemotherapy, with viable tumour present in 10-15% 
of these masses. In these patients, surgery often is the only 
treatment with a potential for cure, because these lesions 
are often refractory to CHT, especially in patients who have 
already received CHT.
Surgical resection by selective neck dissection is indicated 
in both the case of a residual post-CHT mass and in the 
case of late distant recurrences in the neck, since it has been 
shown that excision of the residual neck mass allows good 
local control and can contribute to increasing long-term 
survival 27.
Literature review has shown that various primary ovarian 
tumours metastasise to cervical lymph nodes: most 
are epithelial malignancies. However, SC lymph node 
metastases from ovarian tumours are unusual. Cervical 
lymph nodes can be reached by metastatic cells from 
ovarian cancers through the retroperitoneal and para-
aortic lymph nodes. Sometimes metastases in the neck are 
found before the diagnosis of ovarian carcinoma; in these 
cases, the presence of circulating tumour cells can be very 
useful in identifying the primary tumour. In other cases, 
the time interval between diagnosis of ovarian cancer 
and appearance of neck metastases can be very long, up 
to 10 years. Nonetheless, lymphadenopathies in the neck 
is considered as DM and classified as stage IV. Surgical 
treatment of cervical lymph nodes metastases can be 
warranted as a salvage treatment or in order to control local 
disease in only a small number of cases.
Metastases to the lymph nodes of the neck are extremely 
rare in uterine cervix cancer as well as in endometrial 
cancer, while their incidence ranges from the 0.1 to 1.5% of 
all cases. Recently, with the improvement in the treatment of 
these cancers, SC adenopathy can be seen more frequently 
as a sign of recurrent disease; in any case there is no role for 
curative neck dissection in these patients.

Conclusions
Although most metastatic lymph nodes in the neck arise 
from a head and neck tumour, a cervical lymphadenopathy, 
especially if isolated and located in the left SC fossa, should 
alert the clinician to think about a subclavicular origin of 
the disease. Indeed, it is not uncommon to refer a neck 
adenopathy to a first manifestation of a primary unknown 
subclavicular tumour, mainly in otherwise asymptomatic 
patients. In the presence of a neck mass, when the 
primary tumour is not found in the head and neck region, 
a primary tumour below the clavicle should be therefore 
considered and the appropriate staging investigations 
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initiated. Complete examination is mandatory, including 
panendoscopy, fine needle aspiration cytology, imaging 
and, if the primary remains occult, excisional biopsy of 
the lymph node, inclusive of immunohistochemical and 
molecular studies in the search for specific tumour markers. 
The introduction of PET CT has significantly improved the 
ability to identify the site of an unknown primary tumour, 
especially if onset in a distant location, as well as to detect 
the presence of DM elsewhere in the body. Once the 
primary tumour has been located, complete staging of the 
disease should be carried out. 
Cervical lymph node metastases of a primary carcinoma 
below the clavicle is considered in most cases as a distant 
metastasis, representing an advanced stage of disease often 
associated with poor prognosis. In view of the choice of 
individual treatment strategies, close interdisciplinary 
consultation and cooperation are necessary and all factors 
involved in the management of the disease have to be taken 
into account: histology of the tumour, extent of the disease, 
associated comorbidities and functional status, as well as 
the treatment preferences of the patient. 
Curative neck surgery seems to play no role in most metastatic 
cancers of the lungs, gastrointestinal tract and prostate. 
In breast cancers, the indications for surgical therapy of 
SC metastases mainly depend on the histological type 
of the tumour, even if in these cases there is no evidence 
to support an indication for therapeutic neck dissection. 
Nevertheless, surgical therapy is warranted in selected 
cases of distant primaries, such as renal cell carcinomas, 
oesophageal cancers and testicular cancers. 
The control of local symptoms to improve the quality of 
life can be a motivation for surgery in some cases in which 
it is not otherwise possible to increase survival, such as in 
cases of bulky tumours causing functional impairment.

8. Parenchymal metastases to the head  
and neck
DM in the head and neck occur very rarely and represent 
only about 1% of all cancers in this region. Hence, most 
publications in the literature are case reports and only a few 
papers have analysed larger cohorts.
The most common distant primary tumours with metastases 
in the head and neck are tumours of the lung, breast and 
kidney, and those of the gastrointestinal tract, liver and 
prostate are less common. 
Oral cavity, parotid gland, orbit, thyroid and parathyroid 
glands, sinonasal region, larynx and temporal bone are the 
most frequently parenchymal structures involved.
In the recent literature, about 1,500 cases of parenchymal 
metastases to head and neck have been reported (Tab. 8.I).

Metastases to the head and neck region from any organ 
below the clavicle are not frequent and are generally 
associated with progressive primary disease. Occasionally, 
a head and neck metastasis from infraclavear tumour may 
be present at an early stage without showing any other 
signs or symptoms of the primary disease or even be the 
first presentation of an occult cancer.
According to Meyer and Shklar  1, in the diagnostic 
framework of distant metastases, four topics are 
fundamental:
•	 the primary tumour must be known and histologically 

verified;
•	 the metastasis must be demonstrated histologically;
•	 both histologies must be identical;
•	 tumour-free tissues must be located between the primary 

tumour and the metastasis.
Metastatic spread of malignant tumours is a biologically-
complex process that occurs through embolic spread over 
lymph and blood vessels called “metastatic cascade”.
As metastases in the head and neck region are rare and 
usually occur only when multiple metastases are already 
present, a different pathway has been postulated.
When only hematogenous metastases are taken into account, 
the most common way is the portal venous system. As the 
incidence of accompanying lung metastases is lower than this 
pathway would lead to, different metastasising mechanisms 
have been speculated. In 1940, Batson hypothesised the role 
of the valve-less plexus vertebralis, which extends from the 
skull base to the os sacrum. An increase in intrathoracic 
pressure directing blood flow into this system from the caval 
and azygous venous system, bypassing filtration through the 
lungs, may account for the increased distribution of axial 
skeleton and head and neck metastases 2. 
More recently, the detection of tumour cells from lung 
carcinoma in sputum has been described, so that such 
a pathway, expressly to the oral cavity, might also be 
possible 3.

8.1. Lung cancer
Lung cancer is the leading cause of all cancer-related deaths 
worldwide and the second most common cancer in both 
males and females, with a 5-year survival rate of < 15%. 
The disease can be broadly divided into non-small cell lung 
cancer (NSCLC), which account for approximately 80% of 
cases, and small cell lung cancer (SCLC) which represents 
the remaining 20% of cases. 
Large cell carcinoma, lung squamous cell carcinoma and 
adenocarcinoma are the most common NSCLC subtypes. 
Lung cancer most frequently metastasises lymphogenous to 
regional lymph nodes and haematogenous to parenchymal 
tissues. 
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Approximately half of patients with NSCLC present 
with metastatic disease at the time of diagnosis, and the 
predominant pattern of failure in these patients is distant 
metastatic spread. 
The primary treatment for most patients with diffuse 
metastatic NSCLC is palliative chemotherapy, which 
results in median survival of 8-11 months and provides a 
minimal chance of long-term survival.
Up from 1995, Hellman and Weichselbaum proposed the 
existence of a state of limited systemic metastatic burden, 
in which eradication of OM could be curative in selected 
patients 4.
This state identifies patients with a controlled NSCLC 
primary tumour and 1 to 5 synchronous or metachronous 
metastases, and eligible for local ablative treatment 5. 
In OM-NSCLC, curative treatment of the primary lung 
cancer, combined with surgical metastasectomy, radical 
external-beam RT or stereotactic RT/radiosurgery, represent 
an accepted strategy worldwide.
In a recent meta-analysis on 757 NSCLC oligometastatic 
patients, median OS was 26 months and OS at 1, 2 and 
5 years was 70.2%, 51.1% and 29.4% respectively 6. 
Surgery was the most commonly used treatment for 
metastases (62.3%). 
Three risk groups were identified: low risk (metachronous 
metastases  -  5-year OS 47.8%), intermediate risk 
(synchronous metastases and N0 disease  -  5-year OS 
36.2%) and high risk (synchronous metastases and N1/N2 
disease - 5-year OS 13.8%).
For patients with metastatic disease, NCCN Guidelines 
recommend that the histologic subtype should be determined 
before therapy in order to select the best treatment 7. 
Biomarker testing for genetic alterations (such as ALK, 
ROS1, PD-L1, MET) is recommended in patients with 
NSCLC, since targeted therapy (such as pembrolizumab, 
crizotinib, ceritinib, alectinib, brigatinib and osimertinib) 

has been shown to decrease tumour burden, decrease 
symptoms, and dramatically improve the quality of life for 
patients with specific genetic alterations (e.g. ceritinib and 
crizotinib for ALK or ROS1 rearrangements, anti-EGFR 
agents for EGFR mutations and pembrolizumab for high 
expression of PD-L1) 8. 
CHT-IT regimens (such as pembrolizumab-pemetrexed; 
cisplatin-gemcitabine-necitumumab; pemetrexed-bevaci-
zumab) are recommended for patients without genetic al-
terations and low expression of PD-L1 9.

8.2. Breast cancer
Breast cancer is the most common malignancy in women 
and accounts for a large proportion of cancer deaths. 
Although the prognosis of breast cancer is generally 
favourable, 20-30% of patients will still develop DM with a 
median time between initial diagnosis and the development of 
the first metastasis of about 29.0 months (3-176 months) and 
a post-metastasis OS of about 31.0 months (0-173 months).
Histology, age and pTNM status are well known 
prognostic factors for metastatic spread in breast cancer; 
recently, according to St. Gallen recommendations  10, 
molecular subtypes have been identified as closely related 
to the different risks of early recurrence and metastasis, 
preferential site of distant metastases, response to treatment 
and OS. 
Molecular subtypes of breast cancer are divided into four 
subtypes based on hormone receptor (HR) and human 
epidermal growth factor receptor  2 (HER2) status: HR+/
HER2-, HR+/HER2+, HR-/HER2+ and triple negative 
(TN).
Bone, liver, lung and brain metastases are frequent in 
breast cancer. In a series of 243,896  patients, including 
17,445  cases with distant metastasis, bone metastasis 
was found in 8,848 cases, lung metastasis in 4,167, liver 
metastasis in 3,434 and brain metastasis in 1,000 11. 

Table 8.I. Distant metastasis in head and neck: literature review 3,15,16,19-60.

Lung Breast Kidney Colon-rectum Prostate Other Total

Oral cavity 118 129 79 53 29 110 518

Parotid gland 49 32 40 6 8 6 141

Orbit 6 57 2 1 4 7 77

Thyroid 110 64 127 63 9 60 433

Nose and sinuses 18 15 50 11 12 5 111

Parathyroid 7 85 4 3 1 6 106

Larynx 14 1 8 2 25

Temporal bone 15 18 5 2 6 15 61

Other 7 3 1 1 1 9 22

Total 344 404 308 148 70 220 1,494
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In this large population-based cohort, breast cancer 
subtypes showed a strong correlation to patterns of site-
specific metastasis: patients with all subtypes were most 
prone to bone metastases, mostly HR+ and TN subtypes; 
HR-/HER2+ subtype patients had a higher probability 
of brain metastasis; liver metastasis was more frequently 
observed in HER2 positive subtypes compared with HER2 
negative lesions. 
As suggested in other works, breast cancer molecular 
subtypes may be related to difference in the time of distant 
recurrence and in prognosis. ER- tumours are associated 
with early recurrence whereas ER+ are associated with a 
more than 5-year sustained late risk while HR+/HER2+ 
being the best prognostic factor and TN being the worst. 
Similar observation suggest that patients with bone 
metastases may have better survival outcomes, showing 
that these patients are more likely to benefit from surgery 
of the primary tumour 12. 
Despite the relatively high prevalence of this disease, 
breast cancer manifestations in the head and neck are rare. 
Supraclavicular lymphadenopathy and bony metastases 
to the mandible and maxilla are the most common 
manifestation; secondary involvement of the oral cavity, 
orbital soft tissue, tonsils and larynx have been occasionally 
described. For patients who develop metastases after initial 
diagnosis of breast carcinoma, the time from primary 
diagnosis to head and neck metastases ranges from 1 to 
33 years (mean 10.9 years) 13. 
According to NCCN guidelines 14, women with recurrent or 
metastatic HR+ positive disease are appropriate candidates 
for initial endocrine therapy that includes: nonsteroidal 
aromatase inhibitors (anastrozole and letrozole); steroidal 
aromatase inhibitors (exemestane); serum ER modulators 
(tamoxifen or toremifene); ER down-regulators (fulves-
trant); progestin; androgens (fluoxymesterone); high-dose 
oestrogen (ethinyl oestradiol). Recently, several new com-
bination therapies with novel agents have become available 
such as exemestane with everolimus, palbociclib in combi-
nation with fulvestrant, and palbociclib with letrozole.
Women with metastatic HR- tumours or with HR+ tumours 
that are refractory to endocrine therapy should receive 
chemotherapy: a variety of chemotherapy regimens are 
appropriate, with single agents or combination CHT. 
The agents used mostly are: anthracyclines (doxorubicin, 
epirubicin), taxanes (paclitaxel, docetaxel and albumin-
bound paclitaxel) and anti-metabolites (capecitabine and 
gemcitabine).
Patients with metastatic tumours that are HER2-positive 
may benefit from treatment withHER2-targeted therapy 
(pertuzumab and trastuzumab).
In addition to systemic therapies, patients with metastatic 

breast cancer may also benefit from local irradiation, 
surgery with metastasectomy, or regional chemotherapy 
(such as intrathecal methotrexate for brain metastasis). 

8.3. Renal cell carcinoma 
RCC is slowly growing, capsule-forming tumour with 
different histological types: clear cell renal carcinoma, 
poorly differentiated or undifferentiated carcinoma, 
nephroblastoma and small cell renal carcinoma.
Most frequently, RCC metastasise into the lung, lymph 
nodes, skeletal system and liver; in the majority of the 
cases, several sites are affected simultaneously. 
Historically, the risk of metastatic RCC at presentation and 
during surveillance has been directly related to primary 
tumour size, suggesting a high risk of metastatic disease 
for tumours > 3 cm.
Most commonly, metastases occur in the lung, bone, or 
liver, and often in multiple sites. Head and neck metastases 
are rare, but numerous case reports and small series 
of metastasis of RCC into the head and neck region are 
available in the literature. 
Metastases of RCC in the head and neck are detected in 
about 3% to 15% of patients; neck nodes are involved 
in about 60%, while parenchymal metastases affect the 
remaining 40%. In about 8% of patients with RCC, the 
head and neck metastasis is the presenting complaint, but 
only 1% of patients with RCC have metastasis confined 
only to the head and neck 15,16. 
RCC is usually noted to invade the local vascular network 
by direct extension. If there is no evidence of lung or liver 
metastasis, it has been postulated that the disease can 
spread through Batson’s venous plexus or lymphatic spread 
through the thoracic duct 17.
Head and neck metastases appear simultaneously to the 
primary tumour or are the first manifestation of RCC in 
about 45% of cases, while late metastases are detected at 
follow-up after 24 months on average. Longer periods of 
detection have been occasionally described up to 90 months.
The therapy of DM of RCC to the head and neck 
requires close interdisciplinary cooperation. In principle, 
multimodal surgical, radiotherapeutic, chemotherapeutic 
and immunotherapeutic procedures are available.
Even if RCC is traditionally described as a radioresistant 
tumour, many authors have reported the effectiveness of RT 
in treatment of metastatic disease. 
Surgery has therapeutic significance in case of a single 
metastasis in the head and neck region, when metastasis is 
the first sign of the disease or when it occurs more than two 
years after treatment of the primary RCC. In addition, surgical 
management of RCC metastases to the head and neck can 
also be appropriate with symptomatic intent. Review of the 
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literature has found that excision of solitary metastatic lesions 
of RCC following nephrectomy results in 41% survival at 
2 years and 13% survival at 5 years, regardless of the time 
interval between nephrectomy and diagnosis of the metastatic 
lesion. Depending on the site of presentation, local resection 
may improve the quality of life and can provide an excellent 
chance for cure in the head and neck 15. 
Regarding systemic therapy, targeted therapy with tyrosine 
kinase inhibitors (sunitinib, pazopanib) and/or anti-VEGF 
antibodies (sorafenib, axitinib, bevacizumab) is now widely 
used in first- and second-line treatment of patients with 
metastatic disease. Agents targeting the mammalian target 
of rapamycin (mTOR) are also used in this setting (i.e. 
temsirolimus, everolimus). Immune checkpoint inhibitors 
are the new revolution in treatment options: recent 
studies have shown the efficacy of nivolumab checkpoint 
monotherapy in the second-line setting for patients with 
advanced RCC and the combination of nivolumab and 
ipilimumab in the first-line setting. 
IFN-α and high-dose IL-2 as therapies for RCC are now 
used only in selected patients 18.

8.4. Oral cavity
Metastatic solid tumours to the oral cavity are rare. 
Metastases to the oral cavity arise from any part of the 
body, more frequently from tumours of epithelial origin 
and are frequently a secondary spread from other metastatic 
lesions. Nevertheless, about 25% of oral metastases have 
been found to be the first sign of a metastatic process 19. 
Metastatic dissemination to the oral cavity is highly 
indicative of end-stage disease, with reported survival time 
after diagnosis of an oral metastasis of 3.7-8.25 months 20. 
The most common primary sources of metastatic tumours 
to the oral region are breast in females and lung in males. 
Kidney, prostate, colon and stomach are other potential 
primary sites. 
In the paediatric age, the most common primary is the 
adrenal gland.
Involvement of the jawbones can be considered more 
common than involvement of oral soft tissue.
The most common location for metastases is the mandible, 
with the molar and premolar regions being the most frequent 
involved sites. This is perhaps due to the large amount of 
red bone marrow and peculiar vascularisation of these sites. 
The post-extraction site has been described as a peculiar 
site for metastasis. Other secondary localisations, like the 
maxilla, condyle, or multiple mandibular metastases, are 
exceptional. 
For what concerns oral soft tissue, gingiva is the most 
frequent involved site, followed by buccal mucosa, tongue 
and palatal mucosa 21. 

Clinical presentation is ambiguous with symptoms like 
swelling, loosening of affected teeth, hypo-aesthesia or 
anaesthesia of the lower lip and pain.
The treatment in strictly related to the site of the primary 
lesion and to the degree of metastatic spread. In selected 
cases of jaw-only metastasis, surgical resection can be 
performed with palliative intent. 
Prognosis is poor with important differences linked to 
age and metastatic locations: paediatric patients have 
a better prognosis compared to adults; in the literature, 
mean survival after metastases to the oral soft tissue is 
worse compared to metastases to the jaw (3.7 months vs  
7 months). 

8.5. Salivary glands
Salivary glands are potential sites of metastatic spread. 
The majority of metastases in the parotid gland arise 
from primary tumours of the head and neck. In 10-15% 
of metastases, the primary tumour is located below the 
clavicle. Distant primaries are, in descending order of 
frequency, located in the lung, kidney and breast; only 
rarely does the primary arise in the gastrointestinal tract or 
prostate 22,23. 
Parotid metastasis may be the first manifestation of an 
unknown infraclavicular primary or, more often, expression 
of disseminated disease.
When parotid metastasis from RCC occurs, in the majority 
of the cases, metastases are the first evidence of the primary 
tumour, though parotid metastasis may become apparent 
even more than 10 years after nephrectomy.
Parotid metastasis from an infraclavicular primary are more 
common in older patients with a peak incidence in the 7th 

decade, even if there is a wide age range between 23 years 
and 93 years.
Clinical symptoms are usually non-specific. In most cases, 
a parotid swelling is present as a slowly growing painless 
mass; pain and cutaneous involvement may be present in 
late stages. Bruit and pulsation may occur in cases of highly 
vascular metastatic masses known to occur in RCC 24. 
Facial nerve palsies in conjunction with parotid metastasis 
of RCC are rare.
In case of disseminated diseases with multi-organ and parotid 
involvement, combination strategy based on chemotherapy 
is recommended; parotidectomy is rarely considered with 
curative intent, but is potentially appropriate for symptom 
control in patients who are fit for surgery. 
When parotid metastasis is the solitary expression of an 
infraclavear metastatic cancer, mostly from RCC or breast 
cancer, parotidectomy is indicated, both with curative and 
palliative intent 25. 
Few cases of metastatic involvement of the submandibular 
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gland are reported. In a recent review, Higuera et al. analysed 
a series of 8 cases of RCC metastatic to the submandibular 
gland  26. Gastrointestinal tract, breast and lung are others 
occasionally described primaries.
No reports of secondary localisations to the sublingual 
gland are present in the recent literature.

8.6. Orbital metastases
Orbital metastases of solid infraclavicular tumours are 
rarely diagnosed, even though pathological reports suggest 
an incidence of up to 25-30% in cancer patients.
The breast, lung and prostate are the most common 
metastatic primary tumours 1. 
Ocular metastases are predominantly located in the highly 
vascular choroids, followed by the anterior segment, orbital 
structures and the optic nerve.
Orbit metastases most frequently develop in a clinical 
condition of disseminated disease and in only about 25% 
of cases are the first sign of metastatic spread.
Symptoms vary due to the affected site in the orbital region. 
When metastasis infiltrates the choroids, blurred vision is 
the predominant affection; if the anterior eye is involved, 
glaucoma might be present. Lid swelling and diplopia 
are common presentations, while exophthalmos and bulb 
divergence occur when large lesions are present. Loss of 
vision can be due to direct infiltration to the optic nerve 
or subsequent to a mass effect. Local pain resulting from 
perineural invasion has been described in patients with 
metastases in all orbital and ocular regions 27. 
Therapy of ocular metastases is mainly local. In most 
patients, chemo-radiotherapy is safe and effective with 
objective response rates up to 80%. 
Surgery is indicated in patients with intractable pain or 
visual loss secondary to optic nerve compression, but offers 
no advantage for disease control or survival.
Prognosis is currently poor.

8.7. Thyroid gland 
Metastasis to the thyroid gland from distant sites is 
an uncommon clinical presentation, though autopsy 
examination suggests that as many as 24% of patients who 
die of non-thyroid malignancies have metastases to this 
gland. This is due to the rapid arterial blood flow of the 
thyroid, which is the second most richly arterialised organ 
in the body 28. 
In autopsy series, the overall incidence of thyroid metastases 
is about 2%. The majority of metastases are clinically occult 
and are mostly due to lung or breast disseminated cancers.
When one considers clinically-significant thyroid 
metastases, RCC is the most common primary tumour 29. 
In the majority of the cases, thyroid metastases are 

diagnosed in the setting of a known previous malignancy, 
and in 25% thyroid lesions is the first sign of disease. 
Management of thyroid metastases depends on the 
individual situation. 
When thyroid metastases is due to multiorgan distant spread 
from an aggressive tumour, radiotherapy and chemotherapy 
may be considered and surgery is only indicated with 
palliative intent.
In the case of a relatively indolent primary (such as RCC) 
or isolated metastasis, surgery can be curative and radical 
treatment has been recommended by many authors.
Mean survival after surgery for thyroid metastasis is 
closely linked to the features of the primary tumour. In 
RCC, thyroid metastasectomy for selected patients may 
offer good survival rates (30-50%), and long disease-free 
intervals. 
Evidence related to surgical management of thyroid 
metastases from lung, breast and colorectal cancer is 
limited, though outcomes appear generally poor. 

8.8. Parathyroid glands
Parathyroid glands are seldom site of distant metastases. In 
a large literature review, only 127 cases have been described 
from 1950 to 2017.
In about 70% of cases, breast is the primary tumour site; 
parathyroid gland metastases are nearly always identified 
as part of a widely metastatic disease with only 3% of 
cases reported as isolated metastases. When metastasis 
to parathyroid gland occurs, the most significant clinical 
finding is represented by deranged calcium homeostasis, 
probably as a result of parenchymal destruction 30. 

8.9. Paranasal sinuses and nasal cavity
Paranasal sinuses and nasal cavity are rare locations for 
metastases. The maxillary sinus is the most frequently 
involved site, followed by the sphenoid, ethmoid, frontal 
sinus and nasal cavity.
RCC accounts for about 60% of cases, but metastases 
from breast, prostate and colon have been occasionally 
reported 31. 
Metastases to the paranasal sinuses are known to be highly 
vascular lesions, and the most common presenting sign 
is epistaxis. Nasal obstruction, facial pain and orbital 
involvement may also be presenting symptoms.
Prognosis is usually poor because of the fact that 
sinonasal metastasis is usually associated with widespread 
disseminated disease. 
The objective of treatment is to improve or maintain the 
quality of life. 
Surgery is probably the treatment of choice for patients 
with single resectable sinonasal metastases. In RCC 
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metastases, excision of a solitary metastatic lesion after 
nephrectomy results in 41% survival at 2 years and 13% 
at 5 years, regardless of the interval between nephrectomy 
and diagnosis of metastases. RT is considered the optimal 
treatment for local symptomatic control. For unresectable 
lesions, therapeutic strategies include CHT, IT, and RT 32.

8.10. Larynx
DM to the larynx are unusual, accounting for 0.09% to 
0.40% of all laryngeal tumours. In the literature, less than 
200 cases have been reported 33,34. 
The supraglottis and subglottis are the most frequently 
involved subsites, probably because of the well-developed 
lymphatic and blood circulation in these sites. 
Metastases may occur primarily in the mucosa or in the 
cartilage. Cartilage ossification is commonly considered as 
a prerequisite for invasion. 
When mucosa is involved, RCC and colorectal carcinoma 
are the most probable primaries; lung, breast and prostate 
cancer are mostly responsible for cartilage invasion. 
Prognosis for patients with a laryngeal metastasis is 
generally poor, since involvement of the larynx is usually 
observed in the terminal stage of the disease, when multiple 
metastases are present. 
Curative treatment of secondary laryngeal tumours should 
be considered when no other metastases are clinically 
evident. When laryngeal metastasis presents in a condition 
of disseminated disease, palliation is indicated. 

8.11. Temporal bones metastases
Temporal bone metastases (TBM) are very rare and in most 
cases occur late in the disease process after the primary 
malignancy has already metastasised to other organs 35. 
The median duration from diagnosis of the primary tumour 
to TBM is 22.5 months with a range from 0 to 127.0 months. 
The median time to death after diagnosis is 3.0  months. 
Breast, lung and prostate are the most common infraclavear 
primaries involved; TBM from haematologic malignancies 
are seldom reported 36. 
In solid tumours, TMB involves more frequently the 
temporal squama (23%), facial nerve (20%) and the internal 
auditory canal (18%); the most common otologic signs and 
symptoms are facial palsy and hearing loss.
Haematologic malignancies metastasise more frequently 
to the external auditory canal, mastoid and middle ear 
compared to solid cancers.
The true incidence of TMB seems to be gradually increasing 
because of increased cancer survival rates and development 
of better diagnostic techniques. In autopsy records 
of patients with primary non-disseminated malignant 
neoplasms, the prevalence of TBM is about 20%.

9. Role of radiotherapy in the treatment  
of metastases from head and neck cancer 
HNC has a typical locoregional pattern of recurrence, 
with rates of 45-50%, and a lower incidence of DM, with 
rates less than 20%. However, in specific primary tumour 
sites (hypopharynx and supraglottic larynx), in advanced 
lymphatic cervical disease (N3) or when lower cervical 
nodes are involved, the incidence of DM may rise to 
approximately 30% 1. 
A relatively favourable prognosis is related to HPV positive 
tumours which are characterized by high radio- and chemo-
sensitivity, resulting in long-term locoregional control 
for > 75% of cases, but in locally advanced tumours, the 
survival rate is still suboptimal mainly due to distant spread.
The role of RT in managing metastatic HNC has 
substantially changed during the last years. In the past, RT 
was mostly considered as palliative treatment, because of 
poor prognosis, in order to palliate symptoms and improve 
quality of life (QoL). The introduction of the concept of 
OM suggested to use high dose radiation in this tumour 
setting, thanks to technological and clinical advances in 
balancing tumour control and toxicity  1. From the recent 
literature, besides surgical metastasectomy, local ablative 
treatment, such as stereotactic body radiotherapy (SBRT), 
may appear to be a promising alternative, obtaining 
comparable outcomes in terms of local control and OS 2,3.
The newly discovered synergism of high dose/fraction 
radiation with IT has more recently led to potentially 
increase the therapeutic ability to control metastatic 
cancer 4. 
The role of RT in metastatic HNC, with special focus on 
settings, techniques and combination treatments, allows to 
achieve a potentially radical therapeutic intent.
We reviewed the PubMed and Scopus databases using the 
following keywords: “head and neck cancer”, “head and 
neck neoplasm”, “head and neck tumour”, and “metastases”, 
“oligometastases”, and “radiotherapy”, “stereotactic 
radiotherapy”, “radiosurgery”. The period of inclusion was 
from January 1999 to May 2019. We included reviews, 
retrospective and prospective observational studies, clinical 
trials and case reports published in English or French, 
expressively referring to HNC alone or together with other 
malignancies. Admitted articles also had to provide data on 
OS, local control (LoC), PFS or QoL of treated metastases. 
We excluded studies which did not take in account RT as 
a choice of treatment. We also excluded studies in which 
primary histology was not reported or not clearly defined.
We found a total of 152 studies referring to metastatic 
disease from various primaries including the head and 
neck. A total of 28 papers were analysed and included in 
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the present review, specifically referring to metastatic HNC 
patients in different proportions (ranging from 1.7% to 
100%). All metastatic sites were included, but we reported 
data for lung, liver, bone and brain due to their higher 
frequency. At least a group of patients per study underwent 
RT, using different techniques and schedules, alone or in 
combination with surgery and/or chemo-immunotherapy. 
Fourteen retrospective studies and 11 reviews were included. 
Six of the 11 reviews reported data only from HNC treated 
metastases, while 5 collected data from different primaries, 
including HNC. 
A case report showed results of brain metastases from 
nasopharyngeal carcinoma treated with radiosurgery. 
The only article on a prospective study included in the 
present review reports on the trial design of a phase  I/
II single arm trial design planned on 35 patients with 
extracranial metastases from HNC 4. Patients should receive 
IT with durvalumab and tremelimumab until progression of 
disease or unacceptable toxicity, with SBRT administered 
between the second and the third cycle of IT. PFS is the 
primary endpoint evaluated, using radiological exams 
every 8 weeks.
Table  9.I summarises results of OS, LC, PFS and QoL 
of metastatic HNC treated with radiotherapy from the 14 
retrospective studies 5-11.

9.1. Intrathoracic metastases
Lung is the most frequent site of DM for HNC and is also 
the most favourable site in terms of prognosis, compared 
to other locations  12. Pulmonary metastases treated with 
SBRT showed a median PFS of about 16 months, with 1- 
and 2-year PFS rates of 66.6% and 21.6%, respectively 6. 
Furthermore, in Bonomo’s study, 23 lesions were treated 
only with RT, without administration of further systemic 
treatment: a median PFS of 10 months was reported for 
these patients, with 1- and 2- year PFS of 55.6% and 33.3%, 
respectively. In terms of local control, SBRT and surgical 
metastasectomy showed similar results with rates of about 
85%. OS, local relapse-free and PFS at 2 years after SBRT 
reached 84.3%, 90% and 34.8% respectively 13.
In Norihisa’s study, 15 patients with head and neck lung 
metastases were treated with 4 or 5 fractions of 12 Gy. 
After a median follow-up of 27 months, 2-year OS and PFS 
were 84% and 35%, respectively 14. 
According to Bates’ results, local control of metastases 
treated with RT was maintained at 1 year in 75% of patients 
and at 2 years in 57% of patients 9.
Large doses per fraction were used, depending on the 
position of the metastasis: usually 20  Gy for peripheral 
lesions and 15  Gy for central lesions with biologically 
effective doses (BED)  >  100  Gy  15. The data show that 

lung metastases treated with SBRT, with delivered BED 
99% > 85 Gy and BED 50% > 100 Gy, present better local 
control rates than those treated with lower BED values 2. 
Salama et al. demonstrated a control rate of 100% in treated 
metastases in a cohort of patients treated with 48  Gy in 
three fractions, although 5 and 7  fraction schedules were 
also reported in the same paper (Fig. 9.1) 16.
Chest pain, rib fractures, radiation-induced pneumonitis are 
the most frequent grade 3 toxicities occurring in less than 
5% treated patients, especially those affected by central 
lesions 17. 
The incidence of lymph node recurrence of HNC is relatively 
high: it can occur in 11% patients at diagnosis and in 12% 
after first-line chemo-radiation treatment 18. However, there 
are very few reports on radiotherapy for lymph node OM 
in HNC outside the neck. Wang et al. recently reported the 
results of 85 patients with 98 mediastinal lymph node OM 
or oligorecurrences treated with SBRT. The 1-year and 
5-year LC rates were 97% and 77%, respectively. SBRT can 
be used in these cases with various fractionated schemes, 
from single doses of 24 Gy to 10 fractions of 5 Gy 19. 

9.2. Liver metastases
Liver accounts for about 4% of DM from HNC (20). 
Despite little specific data on liver metastases from HNC 
treated with radiotherapy, what emerges from studies of 
hepatic lesions from heterogeneous origins is a median 
OS rate of 17-20 months and rates of local disease control 
ranging from 75% up to 100% and OS of 48-100% 17.
The SBRT dose is adapted to the site and volume of liver 
metastases, delivered in three to five sessions of 15 to 
20 Gy, one session every 48 hours (Fig. 9.2) 3.

9.3. Bone metastases
HNC has a relatively low risk of bone dissemination: the 
incidence varies with tumour site, ranging up to 50-80% for 
NPC, compared to 2-22% for other primaries 21. A Cochrane 
systematic review of 20 trials on 43  different radiotherapy 
fractionation schedules reported complete pain relief at 
1  month in 395 of 1,580 (25%) patients, and at least 50% 
relief in 788 of 1,933 (41%). There were no differences in 
the proportions of patients achieving these outcomes between 
single or multiple fraction schedules. No difference in the dose 
response effect among different schedules was demonstrated: 
a single 8 Gy dose provided equivalent pain control to more 
fractionated regimens of 20-30 Gy 22 (Fig. 9.3). Stereotactic 
RT might improve pain and local control in patients with 
bone metastases compared to conventional RT with rates 
ranging from 80% to 90% at one year 3. A recent systematic 
review reported higher rates of pain response following SBRT 
than had previously been reported following conventional 



P. Pisani et al.

S48

radiotherapy. Local control is excellent (80% versus 75%) 
with limited low-grade toxicity 23. 
SBRT might be also useful to treat spinal metastases or 
solitary metastatic lesions in immediate proximity to 
the paraspinal area. In most studies, SBRT doses were 
delivered in 1 to 5 fractions, often 16-20 Gy in 1 fraction, 

or 27 Gy in 3 fractions and the reported in-field control rate 
was 84-100% 24. 
SBRT can also be a recommended treatment option for re-
irradiation of spinal metastases. In fact, a recent systematic 
literature review showed a median 1-year local control rate 
of 76% (range 66%-90%) and improvement in pain scores 

Table 9.I. The role of radiotherapy in metastases from head and neck malignancies: results of OS, LC, PFS and QoL.

Author % of HNC 
patients

Total of patients 
per study

Site of metastasis
(number of patients)

Treatment Results

Bates, 2018 5 100% 27 Lung (16)
Other (11)

SABR

IMRT 50 Gy 10 Gy/fr

VMAT 35 Gy 7 Gy/fr

24 CHT

2 surgery + adjuvant RT 1 surgery

Median OS 1,9 years

OS 78% at 1 year

OS 43% at 2 years

DFS 27% at 1 year

DFS 14% at 2 years

TM-LC 75% at 1 year

TM-LC 57% at 2 years

Bonomo, 
2019 6

100% 27 Lung (27) SBRT

Total doses ranging from 26 Gy  
in single fraction to 54 Gy 18 Gy/fr

Median PFS 16 months

PFS 1 year 66,6%

PFS 2 years 21,6%

Duprez, 
2017 7

100% 1022 Lung (110)
Bone (42)
Liver (24)

IMRT 70 Gy 2 Gy/fr (T, N+) or
IMRT 69 Gy 2,16 Gy/fr (T, N+)

IMRT 56 Gy 1,75 Gy/fr (neck)

IMRT 66 Gy 2 Gy/fr (adjuvant setting)CHT

Distant control rates:
88% at 1 year

84% at 2 years

80% at 5 years

79% at 10 years

Hauswald, 
2011 8

100% 127 Lung (17)
Multiple locations (16)

Bone (5)
Liver (4)
Brain (2)

RT median dose 66,4 Gy (59,4-70,3)
+ CHT (5-FU or carboplatinum)

Mean follow up time 34 months

OS 39% at 3 years

OS 28% at 5 years

OS 14% at 10 years

Median LPFS 17 months

LPFS 41% at 3 years

LPFS 33% at 5 years

LPFS 30% at 10 years

Median DFS 11 months

DFS 30% at 3 years

DFS 24% at 5 years

DFS 22% at 10 years

Park, 2019 9 100% 3 Brain (3) SRS

12 Gy in single fraction

16 Gy in single fraction

30 Gy 10 Gy/fr

1 case volumetric reduction

1 case virtual disappearance

Patel, 2017 10 100% 19 Brain (19) Stereotactic radiosurgery:
median dose 18 Gy

WBRT

Median survival 15,8 months

LC 77.3%

OS 52.9% at 1 year

OS 31.7% at 2 years

Rambeau, 
2019 11

100% 65 Lung (53)

Bone (12)

Extra-cervical 
lymphnodes (10)

Visceral (13)

IMRT and Conformal

> 60 Gy (radical group)

< 60 Gy (palliative group)

OS:
15.5 months (radical)

22.1 months (consolidation)

13.2 (salvage)

7.5 (not performed)
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ranging from 65 to 81%. Treatment delivery was safe, with 
vertebral body fracture rates of 12% (range 0%-22%) and 
radiation-induced myelopathy rates of 1.2% 25.

9.4. Brain metastases
Data from studies that take in account only brain metastases 
from the head and neck is limited, but the evidence is 
clear. Rates of LoC and 1 year-OS of 77.3% and 52.9%, 
respectively, were obtained after SBRT. A median OS of 
15.8 months was achieved after SBRT, only 3-6 months after 
Whole Brain Radiation Therapy (WBRT) 10. Furthermore, 
as it emerges from studies comparing SBRT alone versus 
SBRT after WBRT, improved quality of life at 3 months 
and decreased neurologic damage at 3 and 12 months were 
observed. 
Park et al. reported on brain metastases from nasopharyngeal 
carcinoma in 3  patients treated with stereotactic 
radiosurgery using different schedules (12 Gy or 16 Gy in 
single fractions and 30  Gy 10  Gy/fr) (Fig.  9.4). Time of 
appearance of metastasis from diagnosis varied from 14 to 
53 months. In one case, brain-MRI performed three months 
after treatment showed a decrease in tumour size, and in 
one case complete regression of the lesion 9.

Discussion
Historically, the management of patients with HNC that 
have metastasised beyond the primary lesion has been with 
palliative intent. CHT based on cisplatin-5FU-cetuximab 
and maintenance with cetuximab until progression has been 
proposed as standard first-line treatment for metastatic HNC 
for about 30 years. This regime improves OS, but has many 

Figure 9.1. Stereotactic radiotherapy for pulmonary metastasis from oro-
pharynx cancer (stage T4 N2c M1): total dose 45 Gy, 15 Gy/fr.

Figure 9.3. Patient affected by bone metastasis of the cervical spine (C1-C2-C4) 
from sinonasal cancer (stage T3 N2 M1) treated with SBRT: total dose 21 Gy, 7 Gy/fr.

Figure 9.4. Brain metastasis in the anterior-right portion of temporal lobe 
treated with stereotactic radiotherapy: total dose prescription 24 Gy in a sin-
gle fraction.

Figure 9.2. SBRT on liver metastasis: total dose 45 Gy, 15 Gy/fr.
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toxicities, such as renal failure (mostly due to cisplatin), 
fatigue, malnutrition, neutropenia and anaemia 26. 
In addition to systemic therapy, RT has been used to 
reach different goals: improving locoregional control and 
increasing PFS in the event of stabilised metastases under 
CHT, or palliating locoregional symptoms.
More recently, an increase in our understanding behind the 
biological processes driving development of metastases 
has given weight to the oligometastatic theory. The 
term “oligometastatic” was introduced by Hellman and 
Weichselman in 1995 and describes a kind of distinct clinical 
entity, characterised by the presence of a limited number of 
metastatic sites (usually < 5) of disease over a long period 
of time  27. The concept of “oligometastatic disease” has 
changed over time, including biological aspects related to 
the disease, but also related to the choice of treatment. In this 
scenario, curative intent can still be considered in patients 
with specific features (performance status, histology, HPV 
status, location, primary tumour control), focusing treatment 
on eradication of metastases, usually by surgery or RT.
Recent technological advancements allowed for the delivery 
of ablative doses of radiotherapy of equivalent or higher 
biological doses instead of many weeks of conventionally 
fractionated radiotherapy. The use of multiple non-
coplanar beam angles and volumetric treatment delivery 
with intensity modulation allow for highly conformal dose 
distributions on the tumour, for spare the surrounding 
normal tissues, minimizing side-effects and toxicities.
Retrospective studies and clinical trials have demonstrated 
tumour control with SBRT due to different biologic effects 
than those with conventional fractionation radiotherapy. It 
seems that high radiation doses in addition to DNA damaging 
events, can get through hypoxic microenvironment, thanks 
to apoptosis and necrosis of endothelial cells. Delivering 
multiple fractions of high-dose radiotherapy allow for re-
oxygenation, rendering the metastatic tumour environment 
more susceptible to subsequent radiation induced cell 
death. Various dose fractionation schedules have been used 
in the stereotactic treatment of metastatic HNC disease. 
The ablative doses need to have a higher BED if compared 
with conventional treatments with the general consensus 
that a BED greater than 100 Gy Equivalent Dose in 2 Gy 
(EQD2) per fraction would be deemed ablative 15.
The studies analyzed in the present review were selected to 
investigate and summarize current knowledge about potential 
indications for radiotherapy in this context. What emerges 
from our research is the difficulty in finding results arising 
only from HNC primaries: articles more often report very 
heterogeneous study populations and even when histology of 
primary neoplasm is known, in some cases they are analyzed 
without subdivision in specific primary tumour types. 

The same issue is encountered in the analysis of metastatic 
sites, so that unfortunately it was not always possible to 
calculate their proportion in relation to HNC patients. It 
becomes mostly noticeable in radiotherapy series on liver 
metastatic patients, where a mixture of primaries was 
included, with very limited data for liver metastases from 
HNC despite others. 
More evidences emerge from lung metastases stereotactic 
treatment, suggesting that they can be treated locally with 
low toxicity and excellent outcomes. When considering the 
local treatment of metastases, a good quality of life should be 
a priority. To that extent, the morbidity of invasive treatments 
such as surgery is a critical criterion in the decision-making 
process. Surgical pulmonary metastasectomy can be proposed 
in fit and young patients with oligometastases, and to define 
the type of lesion. Nevertheless, surgery cannot always be 
performed. Hypofractionated stereotactic has the potential to 
ablate the tumour with control rates similar to surgery, but less 
invasiveness. As it emerges from Haigentz’ and Bonomo’s 
studies 6,13, SBRT is a safe and effective therapy to treat lung 
metastases. It is generally proposed for unfit patients, who 
cannot undergo surgical treatment because of their medical 
comorbidities, for the central position of the metastasis, for 
extensive extra-thoracic disease. The advantages of using 
this technique include ambulatory setting, good local control 
and low side effects. 
Recently, new systemic therapy for the management of 
locally advanced/recurrent head and neck carcinomas 
are improving median survival so there is an increased 
incidence of uncommon site of metastases, such as bone 
or brain. The combination of poor patient prognosis and 
rare metastatic disease has limited identifying the optimal 
treatment approach for these patients 28.
In the last years, there has been a shift toward stereotactic 
radiosurgery (SRS) as opposed to WBRT for the treatment of 
limited brain metastases, reducing neurocognitive toxicity 
while offering similar survival outcomes. Patel et al.  10 
reported that SRS for patients with brain metastases from 
primary head and neck malignancies, has a comparable OS 
and LC to previously published literature in other tumour 
types. Therefore, patients with well-controlled systemic 
disease and good performance status may benefit the most 
from SRS while avoiding WBRT.
Usually, bone metastases are not isolated but rather part of 
systemic progression of disease that includes locoregional 
recurrence and visceral metastases. In these patients, 
surgery is reserved to prevent more critical complications, 
like severe cortical erosion with impending risk of fractures.
EBRT with conventional technique (cEBRT) is the 
cornerstone of bone metastases management, which are the 
most frequent cause of cancer-related pain. According to 
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literature, no dose response effect has been demonstrated 
between a single dose or more fractionated regimens, 
but studies report higher rates of pain response following 
SBRT than those reported following cEBRT 23. 
Recent studies showed that head and neck cancer, in 
particular the squamous cell carcinoma histological type, 
is a strong immunogenic tumor, with high level of PD-L1 
expression and elevated levels of intra-tumoral T-cells 
infiltration. As it is assumed in Bahig’s prospective clinical 
trial, immunotherapy agents that are able to block the 
interaction between PD-1 and its ligands, PD-L1 or PD-L2, 
can block the progression of the cell in cell replicative cycle 
too 29. Since RT acts by increasing intratumour T cells and by 
modulating the process of antigen presentation, the effects 
of these treatment modalities can enhance each other  4. 
Mediated by the immune system, the abscopal effect occurs 
when a single lesion treated with a targeted approach, such 
as radiation, results not only in local tumour regression, 
but also in regression in non-irradiated areas. High-dose 
per fraction RT induces antigen presentation within the 
tumour stroma, which can be used to facilitate cytotoxic 
T cell therapy. The preferred sequence of radiation and IT 
remains investigational. Based on current knowledge of 
cancer immunity and preclinical investigations, radiation 
prior to IT might be optimal, although certainly the type of 
immune enhancing agent may dictate the best sequencing.

Conclusions 
The role of RT in managing metastases from HNC, as for 
other tumour types, has evolved over years: if the primary 
goal in the past was essentially improvement of QoL by 
palliating symptoms, today achieving locoregional disease 
control is more often expected. This has been realised 
thanks to introduction and evolution of the clinical concept 
of oligometastatic disease and to innovations in techniques, 
such as SBRT, which allow administration of safer and more 
effective treatments. One of the most promising perspectives 
in the treatment of metastatic HNC is related to the 
immunogenic effects associated with high dose radiation, 
which contrast the stimulation of antitumor immunity that 
may be boosted using specific immune therapies.

10. Chemotherapy for recurrent/metastatic 
head and neck cancer

10.1. Recurrent/metastatic squamous cell head and neck 
cancer
The prognosis of patients with recurrent/metastatic HNSCC 
is poor with a median survival of 6-12 months depending 
upon patient and disease-related factors. Systemic therapy 

is indicated in conjunction with best supportive care for 
most patients. The most important unfavourable prognostic 
characteristics are: poor PS (2 or more), severe weight 
loss, significant comorbidity, brief disease-free interval 
(< 3-6 months), previous no response to CHT, previous RT 
of the lesion, active smoking, hypercalcaemia and HPV 
negative disease 1.
Healthy old patients have survival comparable to younger 
patients, but they may experience increased toxicity. In 
patients with poor PS and very bulky disease best supportive 
care should be indicated.
The choice of systemic therapy should be individualised 
based on patient performance, concomitant diseases and 
previous systemic therapy. Treatment options include 
single-agent therapy and combination regimens using 
conventional CHT and/or target agents and/or IT. 
The most widely used chemotherapeutic agents are 
platinoids (cisplatin-CDDP or carboplatin-CBDCA), 
taxanes (taxol-TAX or docetaxel-DTX or albumin-bound 
TAX), fluorouracil (5-FU), methotrexate (MTX); response 
rates to single-agent therapies range from 15% to 35%. 
Other chemotherapeutic agents that may possess activity 
but have been less extensively evaluated include etoposide, 
vinorelbine (VNB), gemcitabine (GEM), capecitabine 
and pemetrexed. The most widely used target therapy is 
cetuximab (CET); other less extensive evaluated target 
agents are: panitumumab, gefitinib, afatinib. IT with 
nivolumab (NIVO) or pambrolizumab (PEMBRO) has been 
recently introduced for treatment of recurrent HNSCC. 
Combination regimens, on average, result in doubling of 
response rates compared with single agents. Randomised 
trials assessing a CDDP-based combination regimen 
(such as CDDP+5-FU) versus single agent chemotherapy 
have shown significantly higher response rates and more 
complete responses, but no difference in OS.
A randomised phase III trial in patients with metastatic or 
recurrent HNSCC found no significant difference in survival 
when comparing CDDP+5-FU with CDDP+TAX 2. 
A phase III randomised trial (EXTREME) of 442 patients 
found that CET plus CDDP+5-FU or CBDCA+5-FU 
improved median survival compared to the standard 
doublet (CDDP or CBDCA+5-FU) (10.1  months vs 7.4; 
p = 0.04); the response rate was also improved with CET 
36% vs 20% (p < 0.001) 3. 
A phase II trial, conducted by GORTEC (Groupe 
d’Oncologie Radiothérapie Tête Et Cou), with 
DTX+CDDP+CET (TPEx) has shown promising results 
with a median OS of 14 months 4.
A phase III trial has compared 6 cycles of the EXTREME 
regimen versus 4 cycles of TPEx 5; 539 patients (6% HPV 
DNA positive patients) were randomised and after a median 
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follow-up of 32 months no difference in median OS was 
observed (13.4 months vs 14.5); PFS was superimposable 
(6 months) as well as overall response rates (46% vs 
40%). Grade 4-5 toxicity was lower in the TPEx arm (36% 
vs 51%; p  <  0.001); Grade  3-4 neutropenia, anaemia, 
thrombocytopenia, magnesium disorder, oral mucositis and 
nausea/vomiting were significantly lower with the TPEx 
regimen probably for less CDDP dose intensity and for the 
systematic use of Granulocyte Colony-Stimulating Factor 
(G-CSF) in TPEx regimen (98% of patients). Patients 
treated with TPEx had better treatment compliance, longer 
CET maintenance and lower rates of switch to CBDCA. 
The good survival performance of EXTREME scheme is 
probably related to better supportive care, IT use in second-
third line (20% of patients) and the high percentage (44%) 
of metastatic alone disease. TPEx requires fewer CHT 
cycles and is less toxic than the EXTREME regimen and is 
a new option for patients with first line recurrent HNSCC. 
Other CET + CDDP regimen have shown good activity 
with good tolerance. In a phase II trial 6, 201 patients were 
randomised to first line CDDP+CET vs CDDP+TAX+CET; 
PFS was not statistically significant (6 vs 7 months), nor 
was OS (13 months vs 11) or response rate (41% vs 50.6%), 
while Grade 4 toxicity was lower in the two-drug versus 
three-drug arm (14% vs 33%; p  =  0.015). CDDP+CET 
has very good performance and can also be proposed in 
patients with non-optimal performance status. 
Recently, a phase III trial (Keynote 048)  7 compared the 
EXTREME scheme with PEMBRO alone or CDDP+FU or 
CBDCA+FU plus PEMBRO that was administered up to 
35 total cycles. There was no difference between EXTREME 
regimen and the CHT+IT scheme in overall response rate 
(36%), median PFS (5 months) and Grade  3-5 toxicity 
(84%); duration of response was greater in CHT+IT respect 
EXTREME scheme (7 months vs 4.3 months); median OS 
was superior in CHT+IT in the total population (13 months 
vs 10,7; p = 0.004), in Combined Positive Score (CPS) > 1 
(13.6  months vs 10.4; p  <  0.0001) and CPS  >  20% 
(14.7 months vs 11; p = 0.0004). PEMBRO alone obtained 
a lower PFS (2.3 months vs 5.2) and response rates (16% 
vs 36%) vs the EXTREME regimen, but the duration of the 
PEMBRO response was significantly longer (22.6 months 
vs 4.5). OS was significantly higher in the PEMBRO arm 
in the total population (11.5 months vs 10.7; p = 0.0199) 
in CPS  >  1 (12.3  months vs 10.3; p  =  0.086) and in 
CPS > 20% (14.8 months vs 10.7; p = 0.0007). Grade 3-5 
toxicity was significantly lower with PEMBRO vs the 
EXTREME regimen (55% vs 83%). The study met most of 
the primary endpoints; PEMBRO alone prolonged survival 
over EXTREME in patients with CPS > 1 and CPS >20 
and was not inferior to EXTREME in the total population. 

PEMBRO+CHT prolonged OS compared to EXTREME 
in all patients. PEMBRO alone has the concern of a lower 
response rate and minimal impact on PFS. PEMBRO alone 
is safe and in combination with CHT does not cause a 
major increase in toxicity. Quality of life data have not been 
reported.
Better biomarkers are needed to predict which patients 
will benefit. Keynote 048 is a practice changing study 
even there are many unanswered questions: which patients 
should get IT alone and which patients should get CHT+IT 
upfront?; is there a differential effect of IT based on PDL1 
by CPS?; why was the response and PFS not improved?; 
what are predictive biomarkers for response?; is sequential 
treatment CHT+IT equally effective?; is there a role 
for targeted therapy?; what is the status of second line 
therapies? Based on the reported results PEMBRO for 
PDL1, positive tumours and combined with CDDP and FU 
are recommended as a first-line option; the combination 
regimen is a preferred option. 
In second-line therapy after CDDP-based CHT, NIVO and 
PEMBRO have been recently approved after the evidence 
of improved survival compared to treatment with MTX or 
DTX or CET.
In the DDP-refractory setting, the single agent response 
rate of CET is about 12% to 14%, even if the results seem 
inferior in p16+ positive patients  8; mono-chemotherapy 
obtains a response rate of 6% with 45% showing stable 
disease as best response 9. 
CCND1 amplification is observed in 30% of recurrent 
HNSCC and frequent CDNK2A mutations/deletions result 
in cell cycle dysregulation in HPV- cancers; in a phase II 
trial in CDDP pre-treated patients, the response rate was 
39% with a median PFS of 5.4 months and a median OS of 
9.4 months. A randomised phase 2 trial comparing CET vs 
CET + palbociclib failed to show a difference, probably due 
to the lack of selection for CDK4/CDK6 amplification 10. 
Photo-immunotherapy with EGFR targeting antibody 
(CET) conjugated with a light (red light, 690  nm) excitable 
dye in 30  heavily pre-treated patients with loco-regional 
recurrent HNSCC obtained a 43% response rate with a PFS 
of 5.2 months and a median OS of 9.3 months 11. 

10.2. Recurrent/metastatic nasopharyngeal cancer 
NPC is a chemo-sensitive tumour and palliative CHT plays 
an important role in disease control and prolonging survival 
in the metastatic setting. Standard treatment comprises CHT 
with platinum doublets of drugs such as GEM, TAX and 
5-FU together with CDDP/CBDCA. In first-line CDDP-
based CHT, response rates are as high as 80% and a median 
survival of 12 to 18 months may be achieved 12. A Chinese 
phase III trial 13 compared the efficacy and safety of GEM 
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plus CDDP versus 5-FU plus CDDP; the median PFS was 
7.0 months in the GEM group an 5.6 months in 5-FU group 
(p < 0.0001). Significantly different treatment-related grade 
3 or 4 adverse events between the GEM and 5-FU groups 
were leukopenia (29% vs 9%), neutropenia (23% vs 13%), 
thrombocytopenia (13% vs  2%) and mucositis (0% 
vs 14%). However, it should be noted that the patients were 
from endemic areas, where the primary NPC histological 
classifications are non-keratinising undifferentiated (type 
III) and non-keratinising differentiated (type II) diseases. 
For keratinising subtype (type I), which is more prevalent 
in Western countries, whether GEM is superior to 5-FU 
needs more investigation. Triplets (CBDCA+TAX+GEM) 
have the same outcomes of two-drug regimens. 
In patients progressing after first line CDDP-based 
CHT, second line with 5-FU, TAX, DTX, Irinotecan 
Hydrochloride (CPT11), GEM, and VNB obtain response 
rates ranging 14% to 48% and there is no standard of 
care. CHT beyond 2nd and 3rd line therapy may not yield 
significant and meaningful prolongation of survival in the 
majority of patients. 
PEMBRO and NIVO have been evaluated in previously 
treated recurrent/metastatic NPC; response rates were 
between 20% and 26% with 60% OS at one year.

10.3. Recurrent/metastatic malignant salivary gland tumours
Chemotherapy is employed almost exclusively with a 
palliative aim. Combination CHT such as CDDP+VNB 
or CDDP+adriamycin (ADR)+cyclophosphamide (CYC) 
produces response rates in the range of 40-50% and hence 
is worth trying in patients with aggressive or high symptom 
disease for early and effective palliation 14,15.
CDDP+CPT11 combination produced overall response 
rate of 30%. Mono-CHT (CDDP, TAX, ADR, 5-FU, 
CYC,VNB, mitoxantrone) produces response rates in the 
range of 15-20%. 
ACC seems to be more chemo-resistant, with response rates 
of 10-15% 14. Patients with adenocarcinoma, ACC, acinic 
cell carcinoma (AiCC) and malignant mixed tumours are 
reported to be sensitive to the CDDP+ADR+CYC or 5-FU 
or CDDP+VNB  14,15. In patients with mucoepidermoid 
carcinoma (MEC) and undifferentiated tumours, however, 
a better response seems to be obtained with drugs that are 
active against HNSCC (CDDP, 5-FU, MTX). TAX is not 
effective in ACC; some responses have been observed in 
MEC and adenocarcinoma. 
Gene mutations and translocations can help to select the 
available targeted agents for symptomatic palliation. 
Larotrectinib, a specific inhibitor of the neurotrophic 
tropomyosin receptor kinase (NTRK) gene, commonly 
seen in secretory carcinoma variants, produces an overall 

response rate of 25% with 86% of responders continuing to 
benefit after a median follow-up of 9 months 16. 
ACC express c-kit in 90% of cases; however, neither 
imatinib nor dasatinib has led to significant responses.
Her2 expression is present in 8-17% of MSGT; the frequency 
is as follows: salivary duct carcinoma (83%), MEC (21%), 
adenocarcinoma (14%), ACC (4%). In 5  patients with 
salivary duct carcinoma, 1 complete remission and 4 partial 
remissions were observed with trastuzumab+CBDCA+TAX; 
in 57 patients with SGM Her2 Fish positiveness 2-3+, 
a trastuzumab+ DTX combination obtained an overall 
response rate of 70.2% with a median DFS of 8.9 months and 
a median OS of 39.7 months. Ado-trastuzumab emtansine 
(TDM1) in 10 patients with HER2 overexpression obtained 
an overall response rate of 90% with a 50% of complete 
responses; survival data are immature. 
Salivary duct carcinoma exclusively express androgen 
receptor; leuprolide plus bicalutamide obtained a response 
rate of 41% with a median PFS of 9 months and a median 
OS of 30 months 16.

11. Present and future of immunotherapy 
in head and neck cancer 

11.1. The development of head and neck cancer (HNC) is 
under the control of immune system
Immune surveillance is effective in head and neck cancer. 
Indeed, pharmacologically induced immune suppression in 
patients undergoing renal transplant favours the occurrence 
of leukoplakia in up to 13% of patients, compared to 0.6% 
observed in not transplanted. The malignant transformation 
occurs in 10% of them 1.
Similarly, patients undergoing bone marrow transplantation 
show a 17.4-fold increased risk of oral cancer 2 and these 
tumours appear in younger people, without any known risk 
factor associated to HNC 3.
Therefore, the role of the immune system is indirectly 
confirmed by epidemiologic studies performed in specific 
subpopulations with weak immune reactivity.
These observations support the use of immune therapy in 
HNC.

11.2. Immunotherapy in HNC
Today, the only class of IT agents available in daily clinical 
practice are the immunocheckpoint inhibitors (ICIs). 
Treatment of HNC with ICIs offers important clinical 
benefits leading to unexpected improvements in survival of 
patients with relapsed or metastatic disease (R/M-HNC). 
Unfortunately, these results are less significant than in other 
solid tumours, such as melanoma or lung cancer. 
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Actually, there are major advantages in favour of IT with 
ICIs, but also some disadvantages.
In summary, in favour of IT there is unexpected long-term 
survival in a small proportion of patients with heavily pre-
treated R/M-HNC and a very favourable toxicity profile 
compared to standard chemotherapy. It must be considered 
that OS in patients with R/M-HNC at second line treatment 
rarely exceeds 1-year 4. 
On the contrary, the update of Check-Mate 141, at 2 year 
median follow-up 5 shows that patients treated with the anti 
PD-1 nivolumab in second or more advanced lines of therapy 
have a median OS almost twice of that of patients treated 
with chemotherapy or cetuximab: 8.2 months vs 4.7 months. 
The two-year survival rates are 20% and 3%, respectively. 
Moreover, severe adverse events have been recorded in 
15% of patients treated with nivolumab, which compares 
favourably to 36% of patients treated with CHT.
A little known effect of IT is the high proportion of response 
(> 30%) to palliative CHT observed after IT failure 6. 
Even if median PFS is relatively low (3-4 months), it must 
be considered that patients at immunotherapy failure have 
already received at least two lines of therapy and in many 
case three or more. Classically, in this population responses 
to further treatment are anecdotic.
However, long term survivors are rare: less than 15% of 
patients are still alive at 36 months 5 and more than two-
thirds of the patient population dies within 1 year.
Recently, the study KEYNOTE 048 was presented both at 
the European Society of Medical Oncology (ESMO) 2018 
annual meeting 7 and at the American Society of Clinical 
Oncology (ASCO) 2019 annual meeting 8. 
The KEYNOTE 048 study accrued patients with R/M-
HNC drug-naïve.
This is a “practice changing” study designed to compare 
both pembrolizumab (an anti-PD-1 monoclonal antibody) 
alone to the standard of care (the combination of CDDP, 
5-FU and CET – EXTREME regimen), and the combination 
of CDDP, 5-FU and pembrolizumab to the EXTREME 
regimen. Pembrolizumab alone or the combination of 
pembrolizumab with CHT both showed highly significant 
improvement in OS compared to the standard of care. The 
magnitude of benefit was directly proportional to the level 
of expression of PD-L1 in tumour specimens.
Based on these positive results, the Food and Drug 
Administration (FDA) has recently approved 
pembrolizumab, either alone or in combination with 
cisplatin and fluorouracil for use in clinical practice. 
Approval from the EMA is expected soon.
Notwithstanding these excellent results, it must be taken 
in mind that even in the best subset of patients, those with 
the highest PD-L1 expression (combined positive score/

CPS higher than 20), more than 60% of the population dies 
within 2 years.
It is underlined that it is still necessary to improve the results 
to achieve fully satisfactory outcomes in R/M-HNC patients.
The most important results of immunotherapy are 
summarised in Table 11.I.

11.3. Limits of the available immunotherapies
As stated above, at present the only class of IT agents 
available in daily clinical practice is the ICIs, namely, 
monoclonal antibodies targeting the suppressive receptor 
CTLA-4 or the PD-1/PD-L1 axis.
CTLA-4 physiologically serves mainly as an inhibitor of 
the activating signalling triggered by the link of CD28 
expressed by naïve T cells, with CD80 or CD86 expressed 
by the antigen presenting cells. 
The PD-1/PD-L1 axis is an inhibitor mechanism 
operating mainly in the tumour microenvironment whose 
physiological effect is to reduce immune response to 
prevent tissue damage. 
Tumours use this effect to escape immune attack. 
Therefore, both anti-CTLA-4 and anti-PD-(L)1 represent 
major escape mechanisms that can be reverted by the 
available ICIs. 
However, these mechanisms are of utmost importance only 
in inflamed tumours.
There are two other main categories of tumours from an 
immune point of view: excluded tumours and immune 
desert tumours 9.
Tumour “excluded” are characterised by a high density of 
immune cells at the margin of the tumour nests, which are 
not infiltrated. These tumours have a low chance to benefit 
from ICIs.
Immune desert tumours are characterised by the lack of 
immune cells infiltrating the tumour, and cannot benefit 
from ICIs.
Considering that expression of PD-L1 is a marker, albeit 
not completely reliable, of inflammation (i.e. of inflamed 
tumours) it explains why in most tumours, including head 
and neck cancer, there is a direct relationship between 
PD-L1 expression and response to ICIs.
To recapitulate, ICIs are not effective in all tumours: their 
activity depends on the microenvironment or, in other 
words, from the escape mechanisms predominant in each 
individual tumour.

11.4. Future directions of immunotherapy in head and neck 
cancer
Three major evasion mechanisms have been observed 
in HNC  10: disruption (or down-regulation) of antigen 
presenting machinery; development of a cancer-permissive 
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tumour microenvironment promoting the production of 
immunosuppressive cytokines and exploiting immune 
checkpoints such as PD-L1; induction of T cell anergy 
through, for example, reduced response to IL-2 or down-
regulation of the CD3 complex. It must be considered that 
many different pathways can trigger each one of these 
mechanisms and that these pathways may represent targets 
for future IT. 
On the other hand, some receptors can act as stimulators of 
immune response such as GITR, CD40, toll-like receptors 
(TLRs) and many others. Even these activating or co-
activating mechanisms may represent targets for IT.
In reality, many immune-compounds are under 
evaluation in head and neck cancer, but it is intuitive 
that better results will be obtained by the combination of 
drugs targeting different pathways and able to induce a 
synergic effect.
Below some examples of combination IT already in clinical 
trials are given.

Targeting STAT 3
STAT 3 is an important transcription factor that under chronic 
inflammation can trigger many mechanisms of immune 
suppression. The use of antisense oligonucleotides is 
under clinical evaluation. One oligonucleotide (AZD9150) 
showed positive preliminary results in combination with 
ICIs in R/M-HNC. The data have been presented at major 
oncology meetings 11.

Targeting TLR
TLRs can be target with an agonist. SD101 is an 
oligonucleotide targeting TLR9, and is under investigation 
with pembrolizumab with positive results. Motolimod 
is a small molecule targeting TLR8 that is under clinical 
investigation with CET and NIVO. 
A previous randomised study comparing CDDP, 5-FU and 
CET plus or minus motolimod was negative 12.
This may depend on the different companion drugs used, 
but also by the scheduling of motolimod. Indeed, the drug 
was administered systemically, while SD101 and other 

TLRs agonists showing promising in vivo preclinical and 
clinical results were administered directly in the tumour.

Targeting NKG2A
NKG2A is an inhibitor receptor expressed on NK cells and 
by subsets of CD8+ T cells. 
NKG2A links to HLA-E, a non-classical HLA class  I 
protein highly expressed in HNC. Moreover, endothelial 
cells and immune cells such as M2 type tumour associated 
macrophages also express HLA-E. 
NKG2A activation results in a strong inhibition of the 
antitumor activities of NK cells and CD8+ T cells.
Monalizumab is a monoclonal antibody targeting NKG2A, 
thus preventing its activation by HLA-E. In a phase II study 
in R/M-HNC presented at ESMO 2018, the combination of 
CET and monalizumab offered excellent response rates and 
good OS 13. It must be stressed that most patients treated 
had already failed previous CHT and CET and a previous 
line of treatment including ICIs.

Targeting GITR
GITR is a receptor that belongs to the TNF receptor 
superfamily. Its stimulation increases the CD8+/Treg ratio 
while improving the effector function of the former cells 
and dampening the inhibitory effect of the latter 14.
There are numerous compounds targeting GITR in clinical 
development. Among these, BMS-986156 in combination 
with nivolumab has shown promising clinical activity and 
a good toxicity profile in advanced solid tumours 15. Other 
clinical trials are in progress. 

Targeting CD40
CD40 is a costimulatory molecule member of the TNF 
superfamily. It is expressed on antigen presenting cells, 
and non-immune cells such as epithelial, endothelial and 
mesenchymal cells, platelets and tumours. The link of CD40 
with its ligand (CD40L) stimulates antigen presenting cells 
to upregulation of other costimulatory molecules such as 
CD80 and CD86 resulting in a more efficient priming of 
effector T cells. 

Table 11.I. Immunotherapy in R/M-HNC.

Second or more line of treatment 5 First line of treatment 7

Nivolumab Investigator choice  
therapy

Pembrolizumab Extreme  
(cisplatin, fluorouracil and cetuximab)

ORR 13,3% 5.8% 19.1% 34.9%

Median duration of response 9.7 months 4.0 months 20.9 months 4.5 months

Median OS (months) 7.7 
(5.7-8.8)

5.1 
(4.0-6.2)

12.3 
(10.8-14.9)

10.3
(9.0-11.5)

OS at 12 months 33.6% 19.8% 51% 43.6%

OS at 24 months 16.9% 6% 30.2% 18.6%
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Many agonist monoclonal antibodies are under 
development in combination with either pembrolizumab or 
NIVO in clinical trials (NCT02376699; NCT02988960). 
However, CD40 agonists have shown activity also as 
single agents 16. 

Targeting the cancer permissive tumour microenvironment 
Modification of the TME may also promote antitumor 
immune response. For example, indoleamine 
2-3-dyoxigenase (IDO), an important enzyme able to 
catalyse the tryptophan necessary for lymphocyte activity 
and survival, can be targeted using small molecules such as 
epacadostat. Preliminary results in patients with advanced 
solid tumours including HNC were positive 17. Studies of 
epacadostat in combination with ICIs are in progress in 
the neoadjuvant setting (NCT03325465) and in locally 
advanced HNC (NCT02327078). 

11.5. Immunotherapy combined with chemotherapy and/or 
radiotherapy
Both CHT and RT cause immune effects. Therefore, the 
combination with IT may benefit from this property to 
exploit synergistic effects. However, many immune effects 
of CHT and RT are linked to non-conventional dose/
scheduling and require extensive studies to understand how 
to best combine treatments 18. 
Most studies combining chemotherapy and immunotherapy 
to date simply add ICIs to conventional CHT regimens. 
This is the case in KEYNOTE 048  8 which combined 
pembrolizumab plus CDDP and f5-FU in R/M-HNC. 
Similarly, many trials are in progress adding IT to RTR in 
different settings (adjuvant, concurrent or adjuvant), but 
most just add ICIs to standard RT 19. 

Conclusions
IT is changing the natural history of many solid tumours. 
In HNC, even if the number of patients benefiting from 
treatment is not as high as in other tumours, the consolidated 
data show the possibility of obtaining long-term disease-
free survival even in heavily pretreated cases. Furthermore, 
the only use of IT in patients with R/M-HNC in first line 
of treatment offers better results of CHT and with a better 
toxicity profile.
Further development of IT will arise from the identification 
of new targets and, more importantly, from the insights on 
the combination of different IT agents and/or by exploiting 
the immune effects of CHT and RT.
Researches in the forthcoming years will further improve 
the benefits of IT in the management of head and neck 
cancer.

12. Role of surgery in oligometastatic disease
About 15% of patients affected by HNC develop distant 
metastases. Metastases are more frequent in advanced 
stages and in HPV related OPSCC 1.
Head and neck carcinoma metastases are diagnosed most 
frequently in the lung, with an incidence of about 65%. 
Other sites of DM are bone in 22%, liver in 10%, skin in 
1%-2%, and brain in 0.4% 1. 
After diagnosis of a primary head and neck neoplasm, there 
is a rapid increase of incidence of DM between months 0 
and 8, and a slow increase between months 8 and 24, except 
cases of ACC, in which the clinical course is characterised 
by very late recurrences, so that follow-up should extend at 
least > 15 years 2.
DM to HPV-related OPSCC may occur in unexpected 
sites and after long intervals 3. In metastatic HPV-positive 
OPSCC, OM is linked with better prognosis compared to 
polymetastasis 4. 
Aggressive interventions may be indicated for patients with 
limited metastatic disease with the aim to extend remission. 
Ablative techniques, such as surgery, RT or, radiofrequency are 
used to improve local control rates, survival and morbidity 5,6. 
As stated by Albergotti et al. 4, in oligometastatic HPV-positive 
OPSCC, control of metastasis with metastasectomy or SBRT 
should be pursued whenever feasible. 

12.1. Lung metastases
Lung is by far the most frequent site of metastatic spread in 
HNSCC, representing about 65% of DM. 
As stated by international guidelines, the treatment of DM 
is dependent on performance score, which can determine 
if systemic therapy or best supportive care is in the 
patients’ best interest. Currently, systemic CHT with or 
without molecular targeted therapy represents the standard 
treatment of distant metastatic disease whenever possible; 
in selected patients, surgery, RT, or other SABR treatments 
can be considered 5,6.
At present, the treatment of pulmonary metastases is linked 
to the concept of metastasectomy, and surgical therapy, 
in the absence of major contraindications, is the best 
therapeutic option.
Metastasectomy is the surgical procedure for secondary 
neoplastic disease.
In 1786, John Hunter reported the first historical case of 
pulmonary metastasis 7. 
In 1934, Tudor Edwards described wedge resections and 
lobectomies for pulmonary metastases performed at the 
Royal Brompton Hospital in London, with excellent results 
in terms of survival  8. A scientific debate began on the 
usefulness of pulmonary metastasectomy.
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In 1947, Alexander and Haight published the first case series 
of pulmonary metastasectomies, identifying inclusion 
criteria that, although modified, still remain valid today 9.
In 1991, the International Registry of Lung Metastasis 
(IRLM) was created, which has collected more than 
5,000 cases of metastasectomies from 18 centres in North 
America and Europe 10.
The theoretical basis that supports surgery in pulmonary 
metastasis is oligometastatic disease status proposed in 
1995 by Hellman and Weichselbaum 11. 
This oligometastatic status makes it possible to think that 
local treatments, such as metastasectomy, are curative in a 
selected group of patients 10.
In HNC, lung is the most common metastatic site; the most 
frequent histotype is SCC, followed by ACC. Diagnosis of 
pulmonary metastasis usually occurs in oncological follow-
up of patients with HNSCC 12. 
The incidence of DM in patients with HNSCC varies from 
4% to 26% depending on clinical stage. 
In HNSCC metastases, excisional surgery is feasible 
according to the following criteria: 
•	 primary cancer is under control; 
•	 lung as the exclusive metastatic site; 
•	 patient in good clinical condition such to tolerate the sur-

gical procedure; 
•	 radical surgery possibility 13,14.
HNSCC can be distinguished in two groups, on the basis 
of HPV-status.
HPV-related SCC distant metastasis does not vary 
significantly. Survival curve analysis demonstrate that 
patients undergoing lung metastasis excision of HPV-
related squamous neoplasms has a 5-year OS greater than 
patients with non-HPV-related malignancies (11% vs 4%).
However, there is no evidence to suggest that 
the two groups should be treated differently.  
The data regarding pulmonary metastasectomy in HNSCC 
are extremely limited.
Pulmonary metastasectomy case series show an advantage 
in terms of OS at 1 and 5 years. 
Depending on the cases, 5-year OS varies from 45.7% to 
67% 14,15.
Young et al, in a recent systematic review, provide 
level  IIA evidence for the effectiveness in pulmonary 
metastasectomy for metachronous pulmonary metastases 
from HNSCC, reporting an overall absolute 5-year survival 
rate of 29.1% in a series of 387 patients. Poor prognostic 
factors in this cohort include the presence of lymph node 
metastasis at diagnosis of original tumour, SCC of the oral 
cavity, incomplete pulmonary resection and the presence of 
multiple pulmonary nodules 16. 
In a series of 77  consecutive patients who underwent 

metastasectomy for pulmonary metastases, Oki et al. 
demonstrate a 5-year OS of 54% with median OS of 
66  months. In the same series, the authors identified the 
main poor prognostic factors in SCC, disease-free interval 
(DFI) < 18 months, history of recurrence before pulmonary 
metastases and size of pulmonary metastases > 2.5 cm 12.
In a similar retrospective study relative to 34 patients 
with lung metastases from primary HNC and a median 
DFI between primary diagnosis and metastasectomy of 
40  months, Yotsukura et al. reported an overall 5-years 
survival rate of 57.9%, focusing on main survival predictors. 
In their multiple variable analysis, age  >  60  years and 
DFI  <  26  months were predictors of adverse long-term 
outcomes following resection of HNC lung metastases. 
A long DFI combined with young age suggests that 
pulmonary metastasectomy is a worthwhile therapeutic 
endeavour regardless of the primary site or number of 
metastatic lesions 14. 
Favourable outcomes are expected for patients who have:
•	 DFI > 18/26 months;
•	 no other disease relapses before pulmonary metastasec-

tomy; 
•	 age < 60 years; 
•	 lesion size < 2.5 cm. 
Negative prognostic factors include:
•	 advanced age;
•	 male sex; 
•	 squamous histotype; 
•	 recurrent disease before pulmonary metastases;
•	 positive lymph node status at the diagnosis of the pri-

mary;
•	 oral cavity cancer;
•	 multiple pulmonary nodes.
In patients with one or more negative prognostic factors, 
adjuvant systemic CHT should be considered 17.
Platinum-based CHT associated with an anti-EGFR 
monoclonal antibody, usually CET, represents the gold 
standard in systemic therapy. 
Recent studies have demonstrated the efficacy of salvage 
treatments in patients who are refractory to CET with 
pembrolizumab and NIVO.
As with other pulmonary lesions, CT with and without 
contrast is the main diagnostic tool. Recent evidence has 
demonstrated the utility of metabolic evaluation with CT-
PET in suspected metastatic lesions. According to these 
authors, the evaluation by CT-PET often determines a delay 
in the therapeutic pathway 18.

Lung metastases surgical procedures
Surgical procedures for pulmonary metastases resection 
include: unilateral thoracotomy, bilateral thoracotomy, 
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axillary thoracotomy, median sternotomy, clamshell 
incision and video-thoracoscopy.
Patients with bilateral metastases are effectively treated 
with either median sternotomy or bilateral thoracotomy 10.
In fact, one specific access is not better than another: 
the surgeon’s experience and radicality (removing 
all metastases) throughout the chosen access are also 
determining criteria. 
Median sternotomy represents a correct approach in bilateral 
localisations, and compared with bilateral thoracotomy has 
some advantages: both lungs can be examined at the same 
time, and iatrogenic damage to the muscles of the chest wall, 
nerves and parietal pleura is avoided. Furthermore, median 
sternotomy grants a lower number of pleural adhesions and 
significant advantage in case of second-look surgery.
Transverse thoracosternotomy, or clamshell incision, is 
mainly used for bilateral lung transplants. However, it can 
be a valid alternative to median sternotomy to guarantee a 
synchronous access, in the case of bilateral metastases.
This access route, while guaranteeing excellent exposure 
of the left hilum and the left lower lobe, is burdened by 
important postoperative thoracalgia and by difficulty in 
sternal reconstruction.
Posterolateral thoracotomy has the undeniable advantage of 
a broad view of the operative field. However, this advantage 
is obviously associated with the possible complications 
related to the size of the incision and the number of muscles 
and soft tissues sectioned 10.
Axillary thoracotomy was originally designed for 
operations on the superior sympathetic nerve. This access 
route is extremely rapid and has a very limited impact 
on the muscles of the chest wall; nevertheless, it does 
not guarantee the same surgical view as posterolateral 
thoracotomy.
Anterior thoracotomy has the advantage of being able to 
leave the patient supine, with a consequent minor obstacle to 
cardiopulmonary function compared to a lateralised position. 
The real indication for this access is for open lung biopsies 10.
Choice of the access route is conditioned by obtaining 
complete resection in surgical procedure, even in case of 
synchronous or delayed bilateral procedures.
Thoracoscopy or thoracotomy approach depends on the 
lesion distance from lung surface: specifically, lesions 
located in the external third of the lung are candidates for 
thoracoscopic resection.
Nevertheless, thoracoscopy is indicated in performing 
lobectomies, segmentectomies, atypical resections. 
Thoracoscopy must be converted into a thoracotomy when 
exploration fails to identify metastatic lesion visually or 
with mono or bidigital palpation.
Unidentified metastases can lead to the risk of metastasis to 

regional lymph nodes taking in account that 20% of patients 
with lung metastases have lymph node involvement.
Excisional thoracoscopy is indicated in lesions < 3 cm, 
mostly unique, unilateral, located on the surface of the 
lung. 
VATS-friendly surgeons propose a repetition of 
endoscopic metastasectomy if new nodes become visible 
at subsequent CT and conclude that VATS is not inferior 
to open surgery.
Pulmonary metastasectomy takes place in a logic of 
parenchyma-sparing surgery. 
Nevertheless, segmentectomies and lobectomies with the 
intent of removing a lung metastasis have been described 
in literature.
No data in the literature has established the efficacy of 
repeated pulmonary metastasectomy in patients with 
HNSCC lung metastasis 16.
In the presence of synchronous pulmonary and hepatic 
metastases, surgery is not contraindicated.

Locoregional treatments as an alternative to surgery
Few data are present in the literature about locoregional 
treatments as an alternative to surgery for HNSCC lung 
metastases.
The role of RT, and in particular of SBRT, is not yet defined.
In Bates’ experience, treatment with SBRT is effective, 
even with limited DFS 19.
Toxicity risks, especially in patients with central or bilateral 
lesions, must be carefully evaluated.
Radiofrequency ablation is an effective treatment with results 
comparable to surgery. This treatment can be repeated with 
efficacy in case of recurrent pulmonary disease 20.
Cryoablation, based on the Joule-Thomson principle can be 
considered a well-performing alternative. In fact, cryoablation 
is effective in metastatic nodule treatment using high pressure 
gases to freeze (argon) or vaporise (helium) lesions. 
Cryoablation gives rise to ice balls, easily detected by CT 
as a glass opacity.
The air in the lung can interfere with the formation of 
these ice balls: when a cryoablation probe is inserted into a 
normal lung parenchyma, the onset of freezing causes the 
formation of a small ice ball with a diameter of only one cm 
because the air prevents conduction. 
However, after vaporisation, the massive interalveolar 
haemorrhage excludes the air and allows the formation of 
large ice ball in the subsequent freezing phase 21.

12.2. Pulmonary metastases from thyroid cancer
Lung metastasis from thyroid cancer is related to a significant 
reduction in life expectancy. Pulmonary metastasectomy, in 
patients who are not responsive to radiometabolic therapy, 
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is associated with an increase in 5-year survival, especially 
if radical resection is achieved.
A further indication for surgical resection of thyroid lung 
metastases is represented by the attempt in reducing overall 
tumour volume, in order to make radiometabolic therapy 
more effective.
In this case, treatment efficacy is demonstrated by a 
reduction in serum thyroglobulin levels 22.

12.3. Pulmonary metastases or non-small cell lung carci-
noma: an upstanding question
The identification of one or more pulmonary nodules in patients 
with HNSCC represents a challenge in differential diagnosis 
between secondary and primary pulmonary neoplasia.
Both neoplasms share some risk factors, first of all, smoking 
status.
Imaging represents the first level of diagnostic approach 23. 
The number, dimensions, densitometric and volumetric 
characteristics, type of lesion margin, proximity to the 
visceral pleura, presence of satellite nodes and dimensional 
change at follow-up are all criteria that can support 
differential diagnosis, but no one is pathognomonic.
According to Ichinose and colleagues, analysis of the 
immunohistochemical pattern (CK19, MMP3, and PI3) 
of SCC can lead to the correct diagnostic definition 24.
Other authors suggest the analysis of miRNA expression to 
obtain a discriminating gene pattern between NSCLC and 
HNC 25.
Taking into account these data, preoperative histological 
diagnostic attempts based on these acquisitions using 
molecular biology is fundamental and allows to plan 
lung-sparing surgery in case of a metastatic lesion or an 
anatomical resection for a primary NSCLC. 

12.4. Bone metastases
Bone metastases are not frequent in head and neck 
malignancies, except for nasopharyngeal undifferentiated 
primaries. 
The standard first line treatment for bone metastases 
consists in stereotactic radiosurgery. Only in very selected 
patients may surgery be indicated 6.
Since bony lesions mostly occur at advanced stages, 
palliation alone is often the treatment of choice. 

12.5. Liver metastases 
Lung, breast and gastrointestinal cancers frequently give 
rise to liver metastases. In selected oligometastatic patients 
with limited involvement of the liver, surgical resection 
may be performed. 
Liver is the third most common site of metastasis from head 
and neck cancer, with a median survival of about 4 months 5,6. 

In literature reports, hepatic resection of metastatic SCC 
from colorectal, head and neck and oesophagus primaries 
is associated with overall 5-year survival rates ranging 
from 19% to 24% and a median time to recurrence of 9.8 to 
18 months. Overall median survival after hepatic resection 
is 22.3 months.
Synchronous primary and metastatic disease, hepatic 
metastases >  5 cm and positive resection margins 
represent the main risk factors associated with treatment 
failure. Width of the surgical margin does not affect the 
outcome 26.
Stereotactic irradiation is increasingly used and should be 
considered if surgical resection appears contraindicated 27,28. 
Patients eligible for liver stereotactic irradiation include 
those with:
•	 good liver function;
•	 no extra-hepatic disease;
•	 focally distributed metastases (< 5 lesions). 
Higher doses of irradiation are safer for tumours < 6 cm, 
although larger metastases can be treated if distant from 
gastrointestinal structures. 

12.6. Brain metastases
Brain metastases are rarely observed in HNSCC, occurring 
in less than 1% of all reported cases. In these cases, central 
nervous system (CNS) involvement is usually seen via 
direct invasion of the skull base or through perineural 
invasion 29.
The combination of poor prognosis and low incidence of 
brain metastases from HNSCC are the factors limiting the 
identification of a suitable treatment approach in these 
patients. 
Patients treated by radiation and/or surgical resection have 
a median survival that is three times higher than those that 
who do not receive local therapy 5.
Traditionally, in cases of single limited brain metastases, 
in establishing a diagnosis and improving OS, surgery 
may be the treatment of choice. In patients with multiple 
brain metastases, WBRT is often utilized with the intent 
to improve neurologic symptoms and increase intracranial 
disease control.
In patients with solitary brain metastases that are surgically 
accessible and who have good performance status, surgery 
with postoperative WBRT is more effective than WBRT 
alone in improving survival.
Recent studies suggest that SRS can extend survival in 
patients with metastatic brain disease. This technique 
focuses high doses of radiation without exposing the 
remaining brain parenchyma and has been shown to be like 
surgery combined with WBRT in terms of survival 30.
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13. Emerging strategies for treatment  
of metastatic disease
Cancer remains a leading cause of death worldwide. 
Cancer metastases are associated with poor prognosis and 
are responsible approximately for 90% of cancer-related 
deaths. For this reason, addressing metastases is nowadays 
one of the greatest challenges in cancer treatment. Among 
the various treatment options, the rapid advancement and 
the application of nanotechnology for biomedical field 
has brought many exciting and novel opportunities in 
the development of new anti-metastatic treatments and 
diagnostic strategies.
In the first part of this chapter, we briefly explain the 
process involved in formation of tumour metastases and list 
some new FDA-approved anti-metastatic drugs for clinical 
use, but which show some adverse reactions. Next, we 
focus on innovative biomimetic three-dimensional tumour/
metastasis models developed for personalised pre-clinical 
research and helping to accelerate clinical translation of 
therapeutic drugs. The last part of the chapter is focused 
on innovative strategies in pharmaceutical products 
and, in particular, summarises existing nanotechnology-
based approaches in clinical trials for the treatment of 
tumour metastases, which mainly include nanomedicine-
based therapies, diagnostic solutions and their synergic 
theranostic potential. 
All these aspects presented aim to the better understanding 
of metastatic pathways and spread in order to quickly 
achieve advanced treatments that are useful to eradicate the 
disease.

13.1. Metastatic spread and current treatments
The metastatic spread from the primary tumour site to 
distant organs is a complex and multifaceted process that 
involves cancer cells. Moreover, due to the complexity of 
the biological processes in each individual cancer patient, 
it is hard to predict the exact location for formation of a 
neo-metastasis.
The main steps implicated in malignant cell dissemination 
and growth are invasion, extravasation, escape from the 
host immune response system and angiogenesis 1. Cancer 
cells are able to travel from the primary site to different 
regions of the body through the circulatory system, to then 
extravasate through tissue into the extra cellular matrix 
(ECM). Cells are helped by MMPs and integrin expression 
to translocate into the final site where they metastasise. 
Cancer cells that arrive in the blood circulation system 
are defined as circulating tumour cells (CTCs); these cells 
are carried throughout the body, evade recognition by the 
cells of the immune system and can extravasate in different 

organs to colonise tissue and form a metastasis (second 
tumour site). Metastatic growth needs to be supported by 
nutrients and oxygen, and neo-angiogenic processes are 
activated through synthesis and secretion of pro-angiogenic 
molecules that are able to induce capillary network 
formation by host endothelial cells and bring nourishment 
to the new tumour 2. 
Metastatic cancers are currently treated in the clinic by 
surgery, RT, IT and CHT. The pharmaceutical industry in 
the last few years has developed new anti-metastatic drugs 
that are able to selectively block and target signalling 
pathways involved in formation and growth of metastases. 
Table 13.I shows some examples and mechanisms of action 
(MOA) of the most recent drugs approved by FDA for 
treatment of cancer metastases.
In parallel, there are already some FDA-approved anticancer 
drugs currently under testing in clinical trials to verify their 
additional activity in treatment of metastases; the most used 
classes of drugs belong to small-molecule receptor tyrosine 
kinase inhibitors (RTKIs) and small-molecule nonreceptor 
tyrosine kinase inhibitors (NRTKIs). Insight on these latter 
two MOA are summarised below:
•	 RTKIs: these molecules lock receptor tyrosine kinases 

(RTKs) with a competitive mechanism. The most impor-
tant RTKs are vascular endothelial growth factor recep-
tor (VEGFR), EGFR and platelet-derived growth factor 
receptor (PDGFR), which are unregulated in cancer cells 
and are involved in angiogenesis, proliferation, migra-
tion and cells survival 3.

•	 Cetuximab (Erbitux®): is a chimeric monoclonal anti-
body used in clinical application for metastatic or re-
current HNC and currently also in clinical trials for the 
treatment of recurrent/metastatic SCC of the head and 
neck (Phase  II, EMR200068-006) and metastatic skin 
SCC (Phase II, NCT03944941) 4.

•	 Erlotinib (Tarceva®): approved in 2005 by FDA for 
the treatment of metastatic pancreatic cancer is also 
used for locally advanced or metastatic NSCLC and is 
under clinical trials for metastatic HNSCC (Phase III, 
NCT01856478) 5.

•	 Sorafenib (Phase II, NCT00390325) and Vandetanib 
(Phase  III, NCT00410761): are under investigation 
for their activity against metastatic medullary thyroid 
cancer.

•	 NRTKIs: cytoplasmic non-receptor protein tyrosine ki-
nases (NRTKs) are enzymes involved in fundamental 
cellular functions, but are upregulated during carcino-
genesis 6. 

•	 Cabozantinib (Cabometyx®) and Alectinib (Alecensa®): 
are in clinical trials for the treatment of metastatic, ra-
dioactive iodine-resistant thyroid cancer (Phase  III, 
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NCT03690388) and advanced or metastatic NSCLC 
ALK positive (Phase II, NCT01801111), respectively.

Unfortunately, patients with cancer recurrence and/or 
metastatic spread do not usually respond well to currently-
approved treatments due to cancer severity or therapy 
resistance. 
Moreover, anti-metastatic drugs used in the clinic are 
correlated with serious and severe side effects (nausea, 
vomiting, alopecia, anaemia, lowering immune defences, 
etc.) that negatively affect the patient’s quality of life. 
These adverse reactions can be associated with the 
drug’s formulation (poor water solubility, non-specific 
distribution, severe toxicity to normal cells, inadequate 
drug concentrations at tumours or cancerous cells) 7. 
Regarding the poor effectiveness of chemotherapeutic 
drugs, the main reason why metastases are invulnerable 
and resistant to common anti-cancer drugs is largely due 
to mutation of a subpopulation of metastatic cells in which 
gene expression, growth properties, surface and protein 
functions have been modified compared to cells of the 
primary tumour. These unpredictable mutations make 
metastases more difficult to treat and completely different 
from the original tumour, and for these reasons they cannot 
be treated in the same way. This provided insight on three 
types of chemotherapy resistance: kinetic, biochemical and 
pharmacologic. 
Kinetic resistance is correlated with tumour growth factors 
and the plateau growth phase; metastatic growth rate is 
specific and variable depending on the type of metastasis. 
Biochemical resistance derives from tumour inability to 

convert the drug to its active form due to a decrease drug 
uptake, increase efflux, change the levels or structure of the 
intracellular target, reduce intracellular activation, increase 
inactivation of the drug, or increase the rate of DNA repair 
damage. Pharmacologic resistance is related to poor tumour 
blood supply, poor or erratic drug absorption, increased 
excretion or catabolism, and poor transport of agents into 
diseased tissues and tumour cells 8. Taking in consideration 
all the limitations mentioned above, the discovery, 
optimisation and validation of new anti-metastatic drugs 
has been slow due to several challenging factors that can be 
summarised as follow:
•	 adoption of validated preclinical models that reflect the 

pathogenesis of metastatic disease in patients;
•	 identification of end points that reflect the prevention of 

metastatic disease;
•	 costs of trials with large cohorts and long follow-up du-

rations are prohibitive;
•	 consider that active drugs are likely to be required by the 

patient years in advance of the appearance of the meta-
static event 9.

13.2. Innovative strategies: from pre-clinical to translation 
in the clinic
The pharmaceutical industry and research are cooperating 
to develop novel therapeutic strategies and agents that are 
able to prevent the establishment of tissue colonisation 
by metastases and overcome drug resistance and 
adverse effects. The two main challenges to face are: 
1) development of more predictive pre-clinical models to 

Table 13.I. FDA-approved anti-metastatic drugs reported with own mechanism of action and specific anti- metastasis application.

Commercial name Drug Mechanism  
of action (MOA)

Application FDA-approval 
year

Lonsurf 
(Taiho Pharmaceutical 
Co., Ltd)

Trifluridine/
Tipiracil

Inhibits DNA synthesis  
and further cellular proliferation

Metastatic gastric or gastro-oesophageal 
junction (GEJ) adenocarcinoma

2019

Keytruda (Merck) Pembrolizumab Binds to the PD-1 receptor,  
blocking both immune-suppressing ligands, PDL1 

and PDL2, from interacting with PD-1 to help 
restore T-cell response and immune response

Previously treated metastatic small cell lung 
cancer and recurrent oesophageal cancer 

with PD-L1 expressing tumours; metastatic or 
unresectable recurrent HNSCC

2019

Rozlytrek (Roche) Entrectinib Block ROS-1 and NTRK kinase activity inducing 
death of cancer cell

ROS1-positive, metastatic NSCLC 2019

Lorbrena (Pfizer) Lorlatinib ALK-tyrosine kinase inhibitor (TKI) ALK-positive metastatic  
non-small cell lung cancer

2018

Vizimpro (Pfizer) Dacomtinib EGFR kinase inhibitor Metastatic NSCLC 2018

Alunbrig 
(Ariad Pharmaceuticals)

Brigatinib ALK/IGF-1R/FLT-3 TKI Advanced ALK-positive metastatic  
non-small cell lung cancer

2017

Opdivo 
(Bristol-Myers Squibb)

Nivolumab Binds to the PD-1 receptor, blocking both 
immune-suppressing ligands, PDL1 and PDL2, 
from interacting with PD-1 to help restore T-cell 

response and immune response

Recurrent or metastatic HNSCC 2017
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replicate pathological conditions in vitro and accelerate 
drug screening; 2)  production of targeted-drugs that are 
able to selectively attack malignant cells and avoid adverse 
reactions.
A concrete help has been given by Cancer Research 
UK (CRUK), Cancer Research Technology (CRT) and 
Cancer Therapeutics CRC Australia (CTx) which formed 
a Metastasis Working Group with representatives from 
academia, industry, government and regulatory bodies to 
assist cancer drug discovery and development of models to 
facilitate clinical testing of therapeutic agents for treatment 
of metastatic disease 9.
Regarding the first topic, novel three-dimensional models 
able to mimic diseased environment are under investigation 
in research projects. Due to the complexity of the process 
for anti-metastasis drug development and consequently 
translation in clinical trials, some general considerations 
have to take into account: starting from target identification, 
a model able to reflect human metastatic disease and mimic 
clinical conditions is important in preclinical research. The 
output of preclinical development must provide information 
on drug activity, risk-benefit relationship, pharmacokinetic 
(PK) profile and define pharmacodynamic (PD) markers 
that are suitable for translation into the clinic.
For the second point, one strategy adopted to reduce toxic 
side effects, overcome the problem of drug resistance and 
improve selective treatment efficacy against neoplastic 
cells is the application of nanomedicine(s) in the oncology 
field. Nanomedicine development takes advantages of 
innovative nanotechnology systems to detect, prevent and 
treat diseases with the goal to optimise drug distribution, 
obtain specific activity at the target site, remotely deliver 
agents under imaging guidance and locally release drugs 
on demand 1. 
The final goal is to get innovative solutions focused on 
personalised medicine as an “emerging approach for disease 
treatment and prevention that takes into account individual 
variability in genes, environment, lifestyle and the response 
to a specific treatment for each person.” This approach 
put the basis for an improvement in the therapeutic result 
and at the same time brings benefits into clinical use for 
patients (improved treatment efficacy, survival and reduced 
adverse events, and thus improved safety), but also for 
healthcare systems and society (prevention and prediction 
of disease, improvement in patient management, reduced 
hospitalisation and costs of care) 10,11.

13.3. 3D-Metastasis models in the pre-clinical phase
Due to the increasing number of patients suffering from 
cancers and correlated metastasis disease worldwide and 
the ever-greater variability of neoplastic cells profiles, it is 

extremely necessary to develop active drugs in a timely and 
economic manner. Drug discovery is an extremely complex 
process. One of the main challenges to face is to predict the 
effect of the drug before it is tested in a clinical study. Current 
preclinical models for drug screening are largely based on 
animal models or simple 2D cell cultures. However, these 
methods often prove to be limiting or unable to simulate the 
microenvironment of the original tumours and metastatic 
spread, so that the model does not reproduce many of the 
key parameters involved in metastasis formation, with high 
costs, slow timing and ethical issues. Some of the effects of 
medicines are indeed difficult to predict on animal models, 
and cell cultures are limited by the lack of biological 
functionality. Scientists and the pharmaceutical industry 
therefore felt the need to resort to innovative strategies that 
could overcome these limitations 12.
Innovation in manufacturing technologies on micro- and 
nanoscales allows to develop three-dimensional devices 
with the purpose to mimic in vitro the characteristics of 
human organs. These devices have the ability to: 1) avoid 
certain drawbacks of 2D-cultures; 2)  closely mimic the 
physiologic pathways of the tumour and cancer metastases; 
3)  replicate the key parameters that affect tumour 
progression (e.g., oxygen tension, nutrient gradients, and 
tissue stiffness); 4)  provide the flexibility to decouple 
these parameters in experimental settings; 5) allow a clear 
understanding of the results; 6) provide a validated and fast 
drug screening platform 13.
At the moment these 3D-models are only used in pre-
clinical research and need to be optimized and validated 
for approval by institutions for use as in vivo comparative 
models.
One representative example of a biomimetic 3D model is 
represented by miniaturised organs also called “organoids”. 
Organoids are 3D multicellular clusters of living cells 
cultured in non-adherent conditions recapitulating the 
architectures and distinctive functions of a specific organ 
(Fig. 13.1A) 14. 
Organoid structure is obtained using multiple cell types 
such as embryonic stem cells (ESCs), induced pluripotent 
stem cells (iPSCs), fibroblasts, endothelial cells and cancer 
cells (they may obtained directly from patients), assembled 
in order to give a 3D culture system with specifically 
selected functions. The cellular complex is then embedded 
in Matrigel, a gelatinous protein mixture able to mimic 
extracellular matrix (ECM) and maintain non-adherent 
organoids in a 3D environment 15. 
Promising organoid models are under investigation for 
drug screening, translational and clinical cancer research 
and personalised medicine to better predict drug responses 
and guide optimised treatment strategies for the individual 
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patient  16. Some examples reported in literature show 
the promising properties of organoids for the study of 
metastasis formation, spread and pharmacologic treatment. 
Vlachogiannis et al. developed patient-derived organoids 
(PDOs) from 110 metastatic tumour samples from 
71  patients with colorectal or gastro-oesophageal cancer 
enrolled in phase  I/II clinical trials. The PDOs showed 
phenotypic and genotypic profiling similar to that of the 
original tumours and same gene-mutation spectrum 17.
Ramamoorthy et al. developed a functional multi-cellular 
lung organoid lung-in-a-dish (PLiD), to recreate metastatic 
disease using primary and established cancer cells. 
This metastatic tumour-in-a-dish” (mTiD) platform was 
used to test the therapeutic efficacy of several standard 
chemotherapeutic agents and an anti-VEGF antibody  18. 
Other examples of organoids mimicking metastatic disease, 
used for drug screening and genetic pathway identification, 
are reported (Tab. 13.II).
Another representative example of a biomimetic 3D 
model is the engineered “organs-on-a-chip” (OOC) that 
is able to recapitulate single organ function and tumour 
aetiology, as well as tissue-tissue interfaces and complex 
function between organ and distant organs in metastasis 
dissemination 19. OOCs are microfluidic cell culture devices 
that are able to replicate miniature tissues and organs 
grown in vitro that enable modelling of human physiology 
and disease. OOCs are composed of optically clear plastic, 
glass or flexible polymers, such as the biocompatible 
polydimethylsiloxane (PDMS). Microfluidic technology 

allows manipulation of small volumes of fluids (10−9  to 
10−18  L) using interconnected channels with dimensions 
ranging from tens to hundreds of micrometres; these 
reduced dimensions permit a laminar flow that cannot be 
reached in macroscale devices 20.
OOCs perfused hollow microchannels are populated by 
living cells that recapitulate in vivo organ-level physiology 
and pathophysiology by recreating tissue-level and organ-
level structures and functions (Fig. 13.1B) 21.
Microfluidic models allow the study of cancer metastatic 
processes under biochemically and biophysically controlled 
3D microenvironments coupled with high-resolution real-
time imaging  22. Some microfluidic models have been 
realised by focusing on specific steps in the metastatic 
cascade, including tumour intravasation, extravasation and 
neovascularisation 13. 
Liu et al. developed a MNO

2
 nanofiber-integrated microfluidic 

microchip for capture and release of circulating cancer cells 
under controlled dynamic conditions. Other examples reported 
the fabrication of HA-functionalised PLGA nanofibrous mat 
embedded within a microfluidic chamber for CD44 receptor 
positive cancer cell capture and culture. These examples 
of combined hybrid systems for cancer cell capture show 
promising results for future use in early and efficient diagnosis 
and detection of metastatic dissemination 23.
Table 13.II reports some examples of microfluidic models 
used to study metastasis progression and spread in distant 
organs. These models could be useful in the pre-clinical 
phase as well as in in vitro pre-metastatic organ platforms 
to validate and screen the PK-PD of anti-metastatic drugs 
and speed-up their study in clinical trials 24.

13.4. Nanomedicine for metastasis treatment in clinical trials 
Nanotechnology-development of medicinal products into 
nanomedicines, takes advantage of the use of nanomaterials 
(NMs), defined by the EU commission as: “A natural, 
incidental or manufactured material containing particles, in 
an unbound state or as an aggregate or as an agglomerate 
and where, for 50% or more of the particles in the number 
size distribution, one or more external dimensions is in the 
size range 1 nm - 100 nm” 33.
Nanomaterials, which can be manipulated to obtain different 
nanostructures such as nanoparticles (NPs), nanofibers and 
nanogels, have several advantages like a high surface area-
to-volume ratio, adjustable porosity rate and completely 
different physiochemical properties (degradation rate, 
stiffness, reactive group, toxicity, and others) than the 
same bulk materials. Moreover, these nanostructures can 
be prepared using different kinds of organic/inorganic or 
naturals/synthetic materials taking advantage of the main 
properties of each category.

Figure 13.1. (A) 3D cancer organoid model; (B) microfluidic organ-on-a-
chip cancer model (created with biorender.com).

A) B)

http://biorender.com
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In particular, nanomaterials have been used to design and 
develop targeted drug delivery system (TDDS), which 
might safely deliver therapeutic drugs to diseased sites or 
specific selected cells. 
TDDS offers many potential benefits such as: 
1.	avoiding the unwanted side effects of traditional clinical 

formulations thanks to improved drug solubility; 
2.	protecting the entrapped therapeutic drug from degrada-

tion and prolonging the circulating time; 
3.	modifying the PK and tissue distribution profile to in-

crease drug distribution in selective tissue/organ; 
4.	reducing distribution, uptake and toxicity to off-target 

tissues; 
5.	increasing cellular uptake and internalisation in cells. 
In the anti-neoplastic field, compared to conventional 
chemotherapeutics drugs, nanomedicines exhibit several 
outstanding advantages: 1)  the enhanced permeability 
and retention (EPR) effect in promoting passive tumour 
targeting due to increased vascular permeability at the 
tumour site  34; 2)  the easy surface modification for active 
tumour targeting taking advantage of ligand-receptor 
affinity mechanism by conjugating selective targeting 
molecules; 3) the controllable and responsive drug release 
at the target site by coating sensitive molecules on the 

nano-carrier surface; 4)  the morphological and structural 
tuneable properties at a nanoscale to improve endocytosis 
mechanism and controlled drug-release kinetics; 5)  the 
integration of nano-carriers with various drug molecules 
and imaging agents for multi-drug therapy and nano-
theranostics purposes 35.
In addition to all these advantages, novel nanomedicine-
based medicinal solutions, by offering flexible and fast 
drug design and production based on genetic profiles of the 
tumour and metastasis, allow the development of new nano-
carried drug therapies for the construction of personalised 
treatments that are much more rational and effective than 
those used currently.
A correct nanostructure design is necessary for their 
efficient targeting and to achieve suitable and simultaneous 
activity against malignant cells; by optimising nanostructure 
parameters such as size, shape, surface charge, architecture 
and surface functionalisation, it is possible to drive and 
control the accumulation, uptake, pharmacokinetic, 
biodistribution and degradation rate of the nanomaterial in 
question with the final goal to destroy malignant cells 36. 
Figure 13.2 summarises the features of nanostructures that 
can be adapt and result in biological activity.
As some practical examples, for instance on the importance 

Table 13.II. Examples of 3D organoids and microfluidic organ-on a chip models reported in literature.

3D Organoids

Biomimetic model Application Target Ref.

CRC organoids Markers and genes identification. 
Response to drug therapy quantification

Colorectal cancer (CRC) liver metastasis 25

Patient-derived organoids Comparison of the genomic profiles  Metastatic breast cancer 26

Patient-derived organoids Predict in vivo drug sensitivity Head and neck squamous cell carcinoma 
(HNSCC)

27

Organoids from primary  
tumor tissue 

Metabolic imaging Recurrent/metastatic head and neck cancer 28

Microfluidic “organs-on-a-chip”

Biomimetic model Application Target Ref.

4 layers microfluidic model Organ-specific metastasis of circulating tumour cells (CTC) Breast and salivary gland cancer cells driving 
lung metastasis

29

3 PDMS layer 
+ 2 microporous membranes

Mimics the in vivo microenvironment of cancer metastasis  
and investigates cell-cell interactions during metastasis

Lung cancer metastasis 19

2 interconnected  
microfluidic channels assay

Evaluates mechanisms and microenvironment factors promoting 
tumour high invasive potential

HT1080 fibrosarcoma cells and Human 
microvascolature endothelial cells treated 

with Tumour necrosis factor (TNF)

30

Vascular channel 
microfluidic devices 

Transendothelial migration of highly metastatic breast cancer cells  
and to monitor their behaviour within the bone-like matrix

Human breast cancer metastases to bone 31

Perfusable 3D  
microvascular network

Influence of microenviromental factors (integrins, ECM components, 
cytokines) on cell extravasation across endothelium vessels

Bone-mimicking and muscle-mimicking 
environments perfused with media containing 

metastatic breast cancer 

22

2 layer PDMS  
microfluidic device 

Trans-endothelial invasion of tumour aggregates in real time Salivary gland adenoid cystic carcinoma 
(ACC) cell aggregates

32
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of nanostructure dimensions, it was established that the 
uptake of spherical gold nanoparticles with diameters 
of about 50  nm was higher than that of particles whose 
diameter was lower (14 nm) or higher (74 nm). Regarding 
the shape, comparing different shapes of gold nanoparticles 
(spherical, rod, wire, hollow) different cellular up-take by 
endothelial cells was observed and uptake of spherical 
NPs was preferred  37. A poly(ethylene glycol) (PEG) 
nanostructure surface is usually preferred in order to 
prolong circulating time, minimise incorrect adsorption by 
opsonin and decrease immunogenicity 38.
Electrospun nanofibres, due to their characteristic 
architecture that can mimic natural ECM and have 
extremely large specific area, are used as an ideal filter 
platform for applications involving capture of circulating 
tumour cells (CTCs). Accurate detection of these cells in 
peripheral blood has a large impact on early diagnosis, 
the prediction of cancer development, and the evaluation 
of efficacy, prognosis and individualised treatment of 
tumours. Inorganic and organic nanofibers functionalised 
with different molecules have been developed for cancer 
cell capture in static and dynamic conditions 23.
Furthermore, selection of the administration route (IV or 
intratumor) can influence the biodistribution and toxicity 
of nano-structures; Xie et al. reported that intratumoural 

administration is preferred over systemic administration 
due to a higher intratumoural retention effect and low 
concentration in other tissues. Moreover, the study showed 
that 10  min after systemic injection approximately 50% 
of nanoparticles are accumulated outside the site of 
interest, especially in reticuloendothelial system (RES) or 
mononuclear phagocytic system (MPS); for this reason, in 
the case of superficial tumours, intra-tumour administration 
is preferred 39. 
Another large potential for the use of nanotechnology in 
anti-neoplastic treatment is the possibility to combine both 
diagnostic and treatment into a multifunctional approach, 
also called theranostics. This new field of research attempts 
not only to improve the detection and increase the efficacy 
of cancer treatment by reducing systemic toxicity, but 
also provide a rapid review of the outcome and immediate 
feedback of the treatment applied. 
Studies on the theranostic activity of nanostructures 
are currently in preclinical evaluation for treatment of 
metastases. Chen et al. demonstrated that multimodal 
imaging guided photothermal therapy can inhibit tumour 
metastasis after surgery by burning the sentinel lymph nodes 
(SLNs) with metastatic tumour cells. They used IR825 dye 
and formed a HSA-Gd-IR825 nanocomplex exhibiting 
strong fluorescence together with high near-infrared (NIR) 

Figure 13.2. Nanostrucuture classification depending on material composition with specific description and, respectively, pros and cons in the nanomedicine 
field.
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Table 13.III. NPs in clinical trials for applications in metastasis diagnosis, therapy and theranostics.

Nano-system Active
compound

Administration
route

Application 
in clinical trials

Activity 
time

Primary 
purpose

CNPs - Injection Predicting lymph node metastasis (phase I, NCT03632746) 2018 Diagnosis

PEG-Si-Cornell dots cRGDY IV
Mapping of nodal metastases;

intraoperative sentinel lymph node mapping (phase II, NCT02106598)
2014-2019 Diagnosis

Combidex® - MRI
Lymph node imaging (phase II, NCT00416455);

approved in some European countries - application withdrawn from 
EMA (Sinerem 2007)/ application withdrawn from FDA (2005)

2015-2018 Diagnosis

NAB PTX/GCT -
Circulating tumor cells as a potential biomarker  

for metastatic pancreatic cancer;

treatment monitoring (phase II, NCT02707159)
2016 Diagnosis

USPIO Ferumoxytol MRI Metastatic medullary thyroid cancer follicular thyroid cancer  
lymph node metastasis (NCT01927887) 2013-2017 Diagnosis

ABI-007 PTX Infusion Metastasis (phase II, NCT00046514) 2002-2016 Therapy

Alu gel 3H1 Colorectal cancer metastatic to the liver (phase II, NCT00033748) 2016 Therapy

Abraxane  
albumin-stabilized 
nanoparticle formulation

PTX Topical
Recurrent breast cancer;

skin metastases (phase II, NCT00821964)
2009-2018 Therapy

AuroLase® - -
Refractory and/or recurrent tumors  

for head and neck cancer (NCT00848042);

treatment of primary and/or metastatic lung tumours (NCT01679470)

2009-2017;

2012-2016
Therapy

BIND-014 DTX Injectable 
Suspension

Advanced solid tumour cancers and metastatic cancer 
(phase I, NCT01300533) 2011-2016 Therapy

CriPec® DTX IV Metastatic cancer (phase I, NCT02442531) 2015-2018 Therapy

LCP-AA HIF1α siRNA PDT SCC4 and SAS cell lines (derived from a squamous carcinoma  
of human tongue with expression of sigma receptors) - Therapy

LEP-ETU PTX Injection Metastatic breast cancer (phase IV, NCT02996214) 2016 Therapy

NAB (nanoparticle 
albumin-bound) PTX IV

Metastatic pancreatic cancer (phase II, NCT03697239);

metastatic thyroid gland carcinoma (phase II, NCT03181100);

head and neck squamous cell carcinoma (phase I, NCT02495896)

2018-2019;

2017-2019;

2015-2018

Therapy

NBTXR3 Hafnium oxide Radiotherapy Recurrent Head and neck cancer (phase II, NCT03589339) 2018 Therapy

NC-6004 CDDP IV Recurrent and/or metastatic squamous cell carcinoma  
of the head and neck (phase I, NCT02817113) 2016 Therapy

Polymeric Micelles (PM) Docetaxel IV Oesophageal squamous cell carcinoma (SCC)  
metastatic (phase II, NCT03585673) 2018 Therapy

Promitil Mytomycin-C IV with EBR Metastatic disease (phase I, NCT03823989) 2019 Therapy

SGT-53 p53 IV Metastatic pancreatic cancer and recurrent glioblastoma  
(phase II, NCT02340156) 2015-2017 Therapy

SOR007 PTX Topical ointment Non-melanoma cutaneous metastases (phase II, NCT03101358) 2017-2019 Therapy

ThermoDox DOX Injection with RFA Metastatic tumour of liver (phase I, NCT00441376) 2007-2019 Therapy

TKM-080301
siRNA directed 
against human 
PLK1 mRNA

Injection Colorectal cancer with hepatic metastases (phase I, NCT01437007) 2011-2018 Therapy

CALAA-01 siRNA IV Inhibit tumour/metastasis growth and/or reduce tumour size  
(phase I, NCT00689065) 2008-2013 Therapy

177Lu-PSMA617 Lu177 Radionuclide 
therapy

Progressive metastatic castration resistant prostate cancer  
(phase II, NCT03392428) 2018 Theranostic

177Lu-PSMA617: prostate-specific membrane antigen (PSMA)-targeted radioligand therapy (PRLT) using 177Lu (isotopos of lutetium); 3H1: monoclonal antibody anti-idiotype vaccine; ABI-007: albumin-
stabilised nanoparticle formulation of paclitaxel; ALU: specific DNA sequence; AuroLase®: silica-gold nanoshells coated with (poly) ethylene glycol (PEG); BIND-014:  PSMA-targeted polymeric 
nanoparticles; CALAA-01: targeted nanocomplex that contains anti-R2 siRNA; Cis-Pt: cisplatin; CNPs: carbon nanoparticles; Combidex®: ferumoxtran-10; cRGDY: cyclo-[Arg-Gly-Asp-Tyr] peptides; 
DOX: doxorubicin; DTX: docetaxel; EBR: external beam radiotherapy; LCP-AA: anisamide-targeted lipid-calcium-phosphate; LEP-ETU: liposomal encapsulated paclitaxel; MRI: magnetic resonance 
imaging; NAB: nanoparticle albumin-bound; NBTXR3: first-in-class of radioenhancer hafnium oxide nanoparticle; NC-6004: nanocarrier has prepared micellar nanoparticles containing cisplatin 
derivatives; PDT: photosan-based photodynamic therapy; PEG-Si-Cornell dots: silica nanoparticles with a NIR fluorophore, PEG coating, and a 124I radiolabeled; PMSA: prostate specific membrane 
antigen; PTT: photothermal therapy; PTX/GCT: paclitaxel/gemcitabine; RFA: radiofrequency ablation; SGT-53: liposomal nanocomplex designed for systemic, tumor-targeting delivery of the wt p53 gene; 
SOR007: topical nanoparticle paclitaxel ointment; TKM-080301: lipid nanoparticle formulation of a siRNA against PLK1 (polo-like kinase 1); USPIO: ultra-small superparamagnetic iron oxide.
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absorbance. After NIR laser exposure, metastatic cancer 
cell photothermal ablation was obtained and detected at the 
same time by MRI 40.
An innovative theranostic nanoparticle platform 
composed of a near-infrared (NIR) fluorescent polymer 
loaded with siRNA was developed for imaging-guided 
siRNA delivery to metastatic anaplastic thyroid cancer. 
Polymeric nanoparticles with a dimension of 50  nm 
showed long blood circulation time and high tumour 
accumulation, allowing for non-invasive NIR-diagnosis. 
Preliminary results showed that they efficiently silenced 
the expression of V-Raf murine sarcoma viral oncogene 
homolog B (BRAF) in tumour tissues and significantly 
suppressed tumour growth and metastasis in an orthotopic 
mouse model of ATC (metastatic anaplastic thyroid 
cancer) 41.
The advantages of theranostic products (saving time, 
reduction of treatment cost, targeted bifunctional action, 
less invasive procedures) are promising for their future 
translation into routine clinical use. 
Table  13.III reports specific case studies that used 
nanotechnology strategies for the diagnosis and treatment 
of metastases. Currently, these nano-drugs are in clinical 
trials and PK, PD and toxicity results obtained from in vivo 
studies will be needful for future validation and approval 
for clinical use.

Conclusions 
Many strategies are under investigation in order to improve 
treatment of cancer metastases. Surgery and chemotherapy 
are the still the first line approaches used to obtain reduction 
or disappearance of a cancer mass. Unfortunately, in 
most cases these common strategies are not sufficient to 
achieve remission or full clearance from cancer recurrence, 
cell mutation and drug resistance. Moreover, when the 
metastatic process is advanced (clinical stage 3 or upwards) 
or when the mass is unresectable or highly vascularised, 
alternative approaches must be developed to provide an 
alternative treatment. 
For these reasons, new approaches are needed to 
achieve more effective, selective and targeted responses. 
Nanotechnology carriers, thanks to their suitable and 
multiple properties, are under investigation to exploit 
anti-metastatic activity in preclinical and clinical trials. 
Moreover, nanosystems have several advantages such as 
reduction of systemic adverse effects and improvement of 
efficacy and safety of chemotherapeutics. Nanotechnology-
based pharmacological strategies have shown many 
encouraging results for treatment of metastases as 
demonstrated by nano-formulation testing, which is in 
advanced phases of clinical testing. Nevertheless, at the 

moment, anti-metastasis nanomedicines have not yet been 
approved for clinical use. 
New 3D in vitro models are under development to achieve 
more detailed information about cancer aetiology and 
metastasis dissemination. These advanced biomimetic 
systems reproduce in vitro the pathologic microenvironment 
and are emerging, valuable tools that can accelerate the 
discovery of factors and genetic process responsible for 
carcinogenic diseases. The possibility to use realistic 
models for the study of pathways implicated in cancer 
and metastasis as well as discovery of new and sensitive 
markers can allow establishing personalised treatments and 
speed up screening of new therapeutic drugs for subsequent 
clinical trials.
In the near future, thanks to these innovative technologies, 
metastasis prevention, localisation and treatment might be 
performed using synergic nano-systems that can selectively 
destroy the diseased cells and inform about the efficacy of 
treatment in real time. In addition, the few side effects and 
less invasive administration make nanocarriers preferable 
to traditional surgery.
Realisation of 3D models that can replicate the metastatic 
condition and reveal information about gene modification 
and aggressiveness to aid physicians in promptly fighting 
metastatic lesions with specific tools.

14. Head and neck metastatic disease  
and frailty: clinical and ethical approaches
Most patients with HNC have metastatic disease at 
diagnosis: nodal involvement is present in 43% and distant 
metastasis in 10%. Nearly 60% of patients with HNSCC 
report an advanced stage of disease 1.
Although locoregional control has improved, failure rate at 
distant organs remains relevant. The rate of DM in patients 
with HNSCC ranges from 4% to 26% 2. 
DM from metastatic SCC have unfavourable prognosis: 
even with the best systemic therapy, median OS is about 
10 months 3. Around 15-20% of patients with HNSCC will 
die from DM. Observations from autopsy series indicate 
that the rate of DM is 3 to 4 times higher than that reported 
in clinical series 4,5.
At diagnosis of DM, median time to death is about 4 months. 
As already stated, DM from HNSCC appear shortly after 
primary treatment  6. Typical curves of DM show a rapid 
increase between months 0 and 8, a slow increase between 
months 8 and 24, and a plateau between months 24 and 
84.5 indicating the absence of late metastasis. In head and 
neck cancers with other histological origins, with primary 
tumours located in different regions, DM can still appear 
even 20 years after diagnosis 7,8.
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The chance of cure for patients with HNC developing 
DM have a low possibility of curative treatment. Palliative 
chemotherapy is the most frequently used treatment, 
although response rates are not satisfying and treatment 
modalities remain controversial. Moreover, patients must 
be fit enough at diagnosis of DM to receive chemotherapy 
and/or radiotherapy. 
Resection of solitary metastases in patients with HNC is 
controversial 9.
Treatments, if necessary, can be implemented by pain 
management and other holistic interventions (psychological 
and/or nutritional support). Counselling with patient at 
diagnosis about treatment options and prognosis is strongly 
recommended 10.
The patient’s clinical condition at diagnosis of DM is 
inevitably compromised. In the presence of economical 
and/or social problems, DM leads to worsening of the 
condition for both the patient and his/her family. 
Progressive deterioration of the patient’s general condition 
takes place in this phase, leading to a consequent state of 
frailty. Thus, adequate evaluation of the patient’s status 
cannot be ignored.
Cancer features, such as site, stage and histological 
aggressiveness are the main aspects to be evaluated. It is 
also essential to evaluate comorbidities, social conditions, 
cognitive state and psychological conditions.
In other words, the concept of frailty can be defined as lack 
in what can guarantee an adequate quality of life.
Frailty in subjects over 65 years is present in at least 10%; 
for those aged up to 85, the value range from 25-50%. 
One must take note that a cancer diagnosis can give rise to 
frailty condition in 42% of sick subjects.
Moreover, with progressive aging of the population and its 
obvious effects on health warrant consideration. In 2016, in the 
EU, those over 65 years will represent almost 17%; by 2040, 
those in their 80s will be about 10% of the population 11,12. 
What does frailty mean? It is a phenotype characterised 
by the decreased ability to re-establish homeostasis after 
exposure to stress with an increased risk of a negative result.
Frailty, in a biomedical context, can be defined as follows: 
•	 biomedical type: physiological syndrome characterised 

by reduction in functional reserves and by weak resist-
ance to “stressors”; resulting from the cumulative de-
cline of different physiological systems that cause vul-
nerability and adverse consequences 13; 

•	 bio-psycho-social type: dynamic state characterised by 
loss in one or more functional domains (social, psycho-
logical, corporeal) caused by the influence of multiple var-
iables that increase the risk of adverse health outcomes 14.

We can hypothesise two different types of outcomes:
•	 frail phenotype theory: explains that age-related cellular 

physiological changes lead to processes of system com-
promise and loss of homeostatic capacity 14;

•	 frail accumulation theory: deficit determines the loss of 
more functions in various domains – medical, social and 
functional – involving increased vulnerability 15,16. 

There are five measures that define the frail phenotype 
are 14:
1.	involuntary weight loss;
2.	self-reported exhaustion;
3.	weakness in grip;
4.	slow walking speed;
5.	low physical activity.
In frailty, we have to consider that the remaining 30% of 
multi-organ function can represent the minimum threshold 
for functionality of the system itself.
It is therefore possible to lose 70% of function without any 
symptomatic manifestations, especially if this reduction 
takes place over a long period of time and this happens in 
patients with cancer that was just treated, and now with 
metastatic disease 17.
Sarcopenia is a cofactor for frailty: loss of muscle mass/
strength, associated with progressive age increase 
comorbidities, while metastatic disease decreases patient 
reserves 18.
Further causes are acute and chronic stress, depression, low 
activity levels, decreased protein intake, social isolation, 
alcohol abuse, smoking, chronic diseases and multiple 
intake of drugs 19.
In preoperative frailty evaluation, the goal is:
•	 statement of perioperative risk predictive value;
•	 identification of patient risk, proposing a personalised 

therapeutic approach. 
In a recent meta-analysis, frailty was associated with 
an increased incidence of postoperative complications, 
although there was no association between complications 
and factors commonly considered as age 20.
Reviews have stated that in patients over 75, frailty is 
associated with an increase in:
•	 mortality;
•	 post-operative complications;
•	 prolonged hospital stay 20. 
Comorbidity and frailty must be differentiated as 21:
•	 comorbidities: presence of 2 or more chronic conditions 

or diseases;
•	 frailty: physiological state of vulnerability characterised by:

–– weight loss,
–– tiredness,
–– decreased muscle mass,
–– changes in gait,
–– decrease in psychological activity.

Comorbidities are significantly more common in frail 
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patients (52.8%) than in non-frail patients (37.1%; 
p  <  0.001). Frailty is an independent predictor of in-
hospital mortality, postoperative surgical complications 
and increased costs. It has synergic interaction with 
comorbidity associated with the increasing of likelihood 
of medical complications. Moreover, greater LOS (length 
of standing) is present in patients with comorbidity who 
are also frail  22. In metastatic disease, patients obviously 
become increasingly vulnerable with the combination of 
frailty and comorbidities.
In frailty, age is not a discriminating factor. In fact, even 
young subjects can be considered frail. In those over 65 years, 
chronicity, comorbidity, functional impairment, polypharmacy 
and socio-medical problems play a decisive role.
Homeostenosis, which is related to frailty, consists in the 
constant decline of homeostatic mechanisms that begins 
around the age of 30 and is established with a gradual 
decline in functional reserves and a diminished capacity 
for biological response to stress and changes.
Aging can therefore take a main role in the process of 
individual decreases and functional capabilities. 
Vulnerable in elderly patients means a wide range of 
conditions that precede frailty. We can consider “vulnerable 
elder” a patient at high risk of pathologies and an ideal 
candidate for preventive interventions 23.
The not fit-elderly are 15/18% of the population between 
65-84  years old. It’s a status of extreme vulnerability 
and predisposition to negative events in stress conditions 
with high risk of adverse events and rapid aging process 
complicated by disability 24.
Frailty assessment can contribute to individualising pre-
operative risk counselling, personalised treatment plans, 
justify allocation of hospital resources (length of stay, costs) 
and improve planning and management of discharge for 
the most frail patients (rehabilitation, protected structures, 
integrated home assistance…).
Moreover, frailty assessment involves different tools that 
vary following the examined domains.
Careful attention is reserved to frailty in the oncological 
patient, with special attention to the elderly. Many 
guidelines have been proposed 25-27. 
Some of these focus on physical aspects, while others 
include cognitive, psychological and/or social elements. 
The most relevant are:
•	 Charlson Comorbidity Index (CCI);
•	 Edmonton Frailty Scale (EFS);
•	 Comprehensive Geriatric Assessment (CGA);
•	 Groningen Frailty Index (GFI);
•	 modified Frailty Index (mFI).
Although the CGA remains the standard test for diagnosis 
of frailty, the G8 (screening tool) provides practical 

and objective tools that can be efficiently implemented 
in daily practice, providing prognostic ability to 
guide individualisation of treatment regimens in this 
heterogeneous population 28. All this considering the time 
needed to define the patient’s frailty and that only 4% of 
care structures have a geriatric specialist available.
Moreover, a further problem is the impact of the possible 
evolution of metastatic disease on friends and relatives.
The daily activities of cohabitants are estimated to be 
influenced by illness in 71.5% of cases. All aspects of 
sociability are affected by the illness in at least one-quarter 
of cases.
The quality of life of the HNC patient’s cohabitants is 
demonstrated to be deteriorated at diagnosis. 
It is significantly deteriorated when tumour is at an 
advanced stage (OR = 1.88 [1.13-3.13], p < 0.05), when 
patient has relevant aesthetic sequelae (OR = 1.75 [1.07-
2.85], p < 0.05) and when patient has been treated with RT 
(OR = 2.46 [1.31-4.60] p < 0.01).
If the couple’s income is more than 1099 euro/month, 
the friendly environment is significantly deteriorated 
(OR  =  2.34 [1.26-4.35] p  <  0.01). It is the same if the 
partner is male (p < 0.05) 29.
In addition, one must take in account psychological 
problems that impact the life of patient and which become 
more acute and take gloomy contours in case of diagnosis 
of metastatic disease. HNC treatment can be intrusive, 
resulting in permanent functional and disfiguring changes, 
thereby increasing the likelihood of a post-traumatic 
stress reaction. At least 13% of patients meet diagnostic 
criteria for post-traumatic stress disorder (PTSD), with an 
additional 33% experiencing some post-traumatic stress 
symptoms (PTSS); 12.8% of partners report PTSD and 
25.7% of partners are indicative of PTSS 30.
Post-treatment, patients describe greater difficulties in 
coping with the side effects of treatment and accessing 
supportive care when away from the hospital setting. The 
first 6 to 12  months post-treatment are a critical time in 
providing supportive care, and this time is the time in 
which metastatic disease arises, a period of particular 
vulnerability for the patient. 
Nowadays, cost-effectiveness and the balance between 
unreasonable obstinacy and the principle of beneficence 
are crucial in treatment of metastatic disease 31,32.
“Patients with advanced incurable cancer face complex 
physical, psychological, social, and spiritual consequences of 
disease and its treatment. Care for these patients should include 
an individualized assessment of the patient’s needs, goals, and 
preferences throughout the course of illness. Consideration 
of disease-directed therapy, symptom management, and 
attention to quality of life are important aspects of quality 
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cancer care. However, emerging evidence suggests that, too 
often, realistic conversations about prognosis, the potential 
benefits and limitations of disease-directed therapy, and the 
potential role of palliative care, either in conjunction with or 
as an alternative to disease-directed therapy, occur late in the 
course of illness or not at all.
Personalized cancer care describes our aspiration to base 
treatment on the unique biologic features of a patient’s 
disease. However, in the context of advanced cancer, defined 
as incurable disease, there is a need to more broadly consider 
how we can best “personalize” or tailor care to the diverse 
physical, psychological, social, and spiritual consequences of 
cancer for the individual patient. Such an approach requires 
stepping back from the paradigm of applying one line of 
therapy after the other and focusing primarily on disease-
directed interventions. Instead, we need to move toward 
developing a treatment plan that is consistent with evidence-
based options (including disease-directed and palliative care) 
and the patient’s informed preferences for how we pursue and 
balance these options throughout the course of illness” 33. 

15. Observations on the socio-economic 
impact of metastatic disease in head  
and neck oncology
The data referring to the incidence of tumours in Italy in 
2018 1 indicate 373,000 newly diagnosed cases (52% men 
and 48% women), 4300 more compared to 2017, with 
approximately 1000 new diagnoses each day. The regions 
with the greatest number of estimated cancer diagnoses in 
2018 are Lombardy, Lazio and Veneto: currently 6% of the 
Italian population (3.4 million people) live with a tumour 
diagnosis, but for 2020 it is expected to rise to 4.5 million 
people. The death toll in 2015 was 169,726 (Tab.  15.I); 
about 9000 new cases of head and neck tumours, 7400 men 
and 2300 women, are expected in 2020.
In Italy the deaths for head and neck in 2015 1 were 2875, 
1898 men and 986 women, with 57% of survivability up to 
5 years and 48% survivability up to 10 years; the probability 
of survival up to 5 years following diagnosis, having lived 
the first year, is 68% in men and 74% in women. There are 
no data specifically referring to the incidence of metastasis 
in head and neck tumour. 
The upcoming observations will thus concern general 
aspects of neoplastic pathology 2-10.
General data highlight that cancer is a “mass pathology” 
with an increasing trend worldwide (Tab.  15.II) and has 
significant socio-economic impact 2. 
It is, therefore, important to consider the health aspects and 
socio-economic costs of the pathology, since the effects 
have multidimensional traits and require elaboration of 

data and indicators from different sources and which must 
be made homogeneous in order to define a value that 
represents the total cost of the pathology and, consequently, 
invest in appropriate prevention and treatment strategies 3-6.
Cancer is increasingly assuming the characteristics of a 
pathology with the outlines of a medical-social issue: this 
means we are facing new needs that require adequate and 
effective solutions for:
•	 sustaining personal and work autonomy during treatment;
•	 encouraging appropriate presentation to socio-sanitary 

structures;
•	 improving the quality of the relationship with caregivers;
•	 obtaining the best results from therapy;
•	 allowing an equal source distribution on both social and 

health levels.
In Italy, in 2013, there were 2.8 million estimated prevailing 
cases with an oncological health care expense of 7.5 billion 
euros, or 6.7% of the total healthcare expense (Tab. 15.III) 1,2.
Neoplastic pathologies are multifaceted and involve a 
plurality of life dimensions for individuals and their 
community, the costs they produce are also multifaceted 
and articulated, ranging from strictly healthcare costs 
to socio-economic costs, and is linked to the impact on 
work, the ability to produce income, psychological issues 
which concern and involve not only patients but also their 
relatives, caregivers and friends.

Table 15.I. Number of deaths from malignant tumors by site and gender 
registered in Italy - 2015 1.

Site Males Females Total

Malignant tumours 94,498 75,228 169,726

Lips, oral cavity and pharynx MTs 1,889 986 2,975

Larynx MTs 1,315 161 1,476

Thyroid MTs 218 331 549

Trachea, bronchi and lung MTs 24,305 9,531 33,836

Colon, rectum and anus MTs 10,084 8,851 18,935

Table 15.II. Estimate of the 2009-2020 incidence trend in the world of 
some tumors. Censis processing of data from the Economist Intelligence Unit, 
2010 2.

Trend (%)

Larynx 32.0

Other parts of the pharynx 30.0

Oral cavity 29.6

Nasopharynx 23.6

Thyroid 22.7

Lung 33.9

Colonrectum 33.5
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The most recent data quantify the impact of oncology on 
the National Health System in terms of healthcare expenses 
with growth rates included between + 5 and + 10% per year; 
the expense of the National Health System for diagnosis, 
cures, rehabilitation etc. covers 20% of the entire hospital 
expense with very high per-capita costs, being 5  times 
higher than most other pathologies: these numbers are 
sufficient to cause a crisis in the sustainability of the Italian 
healthcare system 2,7-9.
The tariff value of the last year of life in subjects affected 
by tumour is roughly twice the value of subjects deceased 
for another pathology, and the tariff value of the year of life 
preceding the decease of subjects with tumour is roughly 
5 times superior to that of male subjects without neoplasia 
and almost four times that of female subjects. 
A very recent study by the Imperial College of London has 
reconfirmed the link between economic and public finance 
crisis and the death toll from tumours, showing how, in 
a significantly relevant way, a greater death toll for the 
majority of neoplastic pathologies is associated with the 
growth of unemployment and a reduction in public sanitary 
expenses (260,000 more deaths than in Organization 
for Economic Cooperation and Development (OECD) 
countries; furthermore, this study has highlighted how 
this association reduces or disappears in countries with 
universal healthcare systems 10.
The socio-economic impact of oncological pathologies is 
constantly growing in our health system: it is, therefore, 
fundamental to develop a reliable system for estimating 
healthcare expenses needed for the treatment of these 
patients in the initial stage (no later than one year since the 
diagnosis), the medium term (the time between the initial 
and the final phase) and the final stage of the disease (no 
later than one year before the decease) 2.
We must also consider the costs when the neoplastic disease 
cannot be cured, in the majority of the cases of metastatic 

tumours: survivability of patients in these cases has 
noticeably increased in the last few years, so much that it is 
now possible to talk about “chronicisation” of a cancer, with 
an often acceptable quality of life and a sensitive economic 
implication with regards to the assistance required 5.
The “U-shaped” trend of costs in the three phases of the 
disease, growth of costs for advanced stages and decrease of 
costs with the growth of age have determined the necessity 
of developing standardised techniques for the collection 
and analysis of cost data attributed to tumours, but only for 
certain cases of neoplasia 6.
The scientific and research experience in analysing clinical 
and assistive costs starts to become broad in economically 
advanced countries and with the initiation of collaborative 
projects to conduct comparative analyses of the results 
obtained. Italy, from this point of view, has done less 
compared with other countries in Northern Europe or 
America 5,7.
Notwithstanding, direct healthcare costs are the clearest 
economic expression, even in the presence of so-called 
“submerged costs” (Tab. 15.IV) 8,9:
•	 direct social costs, including costs which are chargeable 

to social security, national health system, in the forms of 
“relocation” of the citizen who is unable to work;

•	 indirect costs, i.e. those connected to care and provided 
by relatives/caregivers or linked to obtaining care (relo-
cations in other centres);

•	 indirect social costs linked to the loss of human capital.
The yearly social per-capita cost for patients with or without 
a caregiver is17,483 euros, of which roughly 6,500 are direct 
and 10,500 are indirect, with a per-capita reduction with 
the passing of time since initial diagnosis. The sole social 
cost referring to all patients, with or without a caregiver, 
amounts to roughly 36.4 billion euros: 5.8 billion in direct 
costs and more than 30 billion in indirect costs 9.
Moreover, we have to consider that even in Italy the 

Table 15.III. Index of average costs per case and loss of productivity by type of tumor in the world, 2009 (index numbers) 2.

Index of average expenses 
for case and loss of 
productivity for tumour type 
in the world 2009 
(index numbers)

Relative medical costs:  
costs for medical procedures-services, 

treatment and cure with hospitalization costs, 
ambulatory medical examinations,  

medication prescriptions

Relative extramedical costs: 
transportation costs  

to execute the cure, complementary 
and alternative costs,  

assistance costs

Relative loss of productivity 
(includes the economic 

value of lost time  
and results)

Larynx 64 93 61

Nasopharynx 94 107 67

Oral cavity 81 99 57

Other parts of the pharynx 120 122 42

Thyroid 23 64 150

Lung 141 121 132

Colon rectum 94 84 87
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problem of “financial toxicity” exists. Economic suffering 
negatively affects the chance for the patient to appreciate 
the therapeutic benefits expressed in quality of live. This 
occurs in 1 of 5  patients, and is often associated with 
worsening prognosis. 
Many of these patients experience worsening of their 
economic hardships during therapy, and this worsening is a 
predictive signal of a higher risk for death in the following 
months/years, although in Italy the estimation of an 
increasing death risk is definitely lower compared to that 
published in the United States (20% vs 70%) 4,5.
All these factors lead to the necessity of an active 
engagement of the oncological patient, in the management 
of their healthcare pathway and their disease. Recent 
studies have shown how engaged patients maintain good 
working performance and better psychological wellbeing 
in their daily life with a subsequent reduction of healthcare 
expenses 7,8.
The Italian healthcare context is demonstrating, in the 
medium term, to be suffering and increasingly less able to be 
adequate and satisfactory in its social mission. This situation 
is due to emerging needs which go beyond the administration 
of strictly understood therapeutic procedures and which 

may influence outcomes and evolution in pathologies 
(Tab. 15.V) 9.
It will be challenging for our healthcare system to restore 
itself. Taking into account the above observations, these efforts 
could be focused on: Reorganisation of surrounding patient 
system; Systemic measurements of health and health and cost 
outcomes; Reformulation of funding procedures; Comparison 
of results and systemic diffusion of best managerial practices; 
Full implementation of computerised platforms.
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Table 15.IV. 4 Submerged costs 8,9.

Direct costs Indirect costs

Medical 
expenses:
specialist 
exams

Radiological and nuclear medicine exams,  
blood sampling, and other tests

Physiotherapy/rehabilitation service

Reconstructive surgery procedures

Healthcare facilities (prostheses…)

Dressing, drugs

Private nurses

Missed salaries 
from the 
patients’ job

Monetisation of working hours lost during the year

Missing income due to retirement

Monetisation of working hours lost during the year

Missed salaries 
from the 
caregivers’job

Missing income due to retirement

Further reduction of annual income of caregivers 
following the disease 

Monetisation of assistance/surveillance provided  
by caregivers

Monetary help by caregivers
Non-medical 
expenses

Domestic helper/caretaker

Transport

Hotel costs (including caregivers)

Special diets

Other non-medical costs sustained by caregivers

Table 15.V. Areas where the greatest problems following the diagnosis 
emergerd 7.
Psychological level 57.1%

Processing of day-to-day practises 49.8%

Family 45.5%

Work 33.9%

Social relationships 33.7%

Economic availability 32.2%
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