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Review Article

Thyroid Molecular Testing Using Ultrasound
Robert L. Witt1,2,3
1

Otolaryngology-Head and Neck Surgery, Thomas Jefferson University, Philadelphia, PA, USA
Biological Sciences, University of Delaware, Newark, DE, USA
3
Multi-disciplinary Head & Neck Clinic, Helen F. Graham Cancer Center, Christiana Care, Thomas Jefferson University, Newark, DE, USA
2

Fine needle aspiration cytology informs the surgeon on surgical management of thyroid nodules.
Approximately 70% of thyroid nodules are benign by cytology and can largely be observed. Surgery is
required for the 10 ~ 15% of nodules that are suspicious for malignancy or malignant. Approximately 20
~25% of thyroid nodules are cytologically indeterminate and 75 ~ 80% of these cytologically indeterminate
nodules are benign on final pathology. This leads to the problem of 2-stage operations for nodules that are
also indeterminate on frozen section, that are malignant; and unnecessary surgery for many cytologically
indeterminate thyroid nodules that are benign.
Molecular testing for indeterminate thyroid nodules improves specificity analysis and positive predictive
value (PPV). Molecular alteration testing can reduce the number of completion thyroidectomies with mutations
specific for papillary thyroid cancer (PTC). Indications favoring “rule in” testing include Bethesda grade 3 and
4 indeterminate thyroid nodules, with a high institutional prevalence of cancer, high risk ultrasound features,
a highly specific mutation for cancer, and a surgeon favoring total thyroidectomy for differentiated thyroid
cancer (DTC) < 4 cm.
The negative predictive value (NPV) of a cytologically benign nodule is 96.3% and this is equivalent to
the NPV of several molecular panels. Molecular testing for indeterminate thyroid nodules improves sensitivity
analysis and NPV. Surgery can be avoided in selected cases with molecular tests. There is limited testing
against a true gold standard, since benign nodules as determined by molecular tests rarely undergo definitive
histologic evaluation; thus active surveillance is necessary.
Key words: molecular alteration testing, gene expression testing, papillary thyroid cancer, follicular thyroid
cancer

Introduction
Fine needle aspiration cytology (FNAC) informs the surgeon on surgical management of differentiated thyroid nodules. Approximately 70%
of thyroid nodules are benign by cytology and can
largely be observed. Surgery is required for the 10 ~
15% of nodules that are suspicious for malignancy
or malignant. Approximately 20 ~ 25% of thyroid
nodules are cytologically indeterminate and 75 ~

80% of cytologically indeterminate nodules are benign on final pathology.1 This leads to the problem
of 2-stage operations for nodules that are indeterminate on frozen section, that are ultimately found
to be malignant; and unnecessary surgery for many
cytologically indeterminate thyroid nodules that are
ultimately determined to be benign.
Molecular testing improves specificity analysis
and can reduce the rate of completion thyroidectomy.
Molecular testing improves sensitivity analysis and
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can reduce the number of unnecessary thyroidectomies.

Bethesda Classification
The Bethesda Classification, grade 1 is cytologically inadequate and requires re-biopsy. Bethesda grade 2 is benign and generally nodules can be
observed. Bethesda grade 3 is follicular lesion of
indeterminate significance (FLUS) or atypia of undetermined significance (AUS). Bethesda grade 4 is follicular neoplasm (FN) or suspicious for FN or Hürthle
cell neoplasm or suspicion for Hürthle cell neoplasm.
Selected Bethesda grade 3 and 4 thyroid nodules are
candidates for molecular testing. Bethesda grade 5
is suspicious for cancer and Bethesda grade 6 is diagnostic for thyroid cancer. Bethesda grade 5 and 6
nodules require surgery.1

Ultrasound
State of the art management of thyroid nodules
includes surgeon performed ultrasound with on-site
cytopathology and the on-site capability to triage selected nodules with Bethesda grade 3 and 4 for molecular testing. On-site cytopathology can significantly
improve the adequacy rate for the cytopathology specimen from 74% to 97%.2 The addition of ultrasound
guidance with on-site cytopathology can significantly
reduce the number of passes from a mean 4.0 to 1.7.3
This improves the quality of patient experience.
Ultrasound is utilized for risk stratification.
Ultrasound features that increase the risk of thyroid
malignancy include micro-calcifications, irregular
contour, more tall than wide on transverse view, peripheral calcification with soft tissue extrusion and extrathyroidal extension.2 The 2015 American Thyroid
Association (ATA) guidelines recommend against the
biopsy of a thyroid nodule less than 1 cm. Hypoechoic thyroid nodules greater than or equal to 1 cm are
recommended for biopsy. The risk of malignancy is as
high as 70 ~ 90% in a thyroid nodule with worrisome
ultrasound features and 10 ~ 20% for nodules without
worrisome features.1 Isoechoic and hyperechoic thyroid nodules > 1.5 cm are recommended for biopsy
have a malignancy risk of 5 ~ 10%. Partially cystic
or spongiform thyroid nodules are recommended for
biopsy if > 2 cm and have a 3% risk of malignancy.
Purely cystic nodules have a malignancy risk of < 1%
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and do not require biopsy.1 Given the low false negative rate of US guided FNAC and the higher yield of
missed malignancies based upon nodule sonographic
pattern rather than growth, the follow up of thyroid
nodules with benign cytology diagnoses should be determined by risk stratification based upon ultrasound
pattern.1

Molecular Testing
Molecular testing assists with risk stratification
and is not intended to replace clinical evaluation, including high risk family history, radiation to the neck,
rapidly enlarging thyroid nodule, cervical adenopathy,
vocal fold immobility, suspicious ultrasound features
or large nodules with compressive symptoms.
Validation of any genetic test focuses on 3 principals. The analytic validity of the test refers to the
technical accuracy of the test in detecting a mutation
that is present or in excluding a mutation that is absent. The clinical validity of the test, refers to the
diagnostic performance of the test (sensitivity, specificity, positive and negative predictive values) in detecting clinical disease. It is important to know the institutional prevalence of malignancy for calculation of
positive and negative predictive value. The following
formulas for positive predictive value (PPV) and negative predictive value (NPV) incorporate prevalence.
Institutional prevalence must be known to calculate
PPV and NPV.
PPV =

NPV =

(Sens) (Prev)
(Sens) (Prev) + (1 − Prev) (1 − Spec)
(Spec) (1 − Prev)
(Spec) (1 − Prev) + (Prev) (1 − Sens)

Sens: sensitivity; Prev: prevalence;
Spec: specificity.
PPV will decrease if prevalence decreases.
NPV will decrease if the prevalence increases.
Lastly, the clinical utility of the test is how the results
of the diagnostic test will be used to change management of the patient and whether these changes in management lead to clinically important improvements in
health outcomes.

Thyroid Molecular Testing

Genetics

now termed noninvasive follicular thyroid neoplasm
with papillary-like nuclear features (NIFTP).6 NIFTP
has limited malignant potential. Thyroid lobectomy is
recommended for NIFTP.
The RET/PTC mutation is the most common
chromosomal re-arrangement in PTC and is highly
specific for PTC.4 There are many isoforms of RET/
PTC with the most common being RET/PTC 1 followed by RET/PTC 3. RET/PTC 3 is associated with
exposure to ionizing radiation. Although RET/PTC
mutated nodules are associated with lymph node metastasis they have very little potential for de-differentiation.
PAX8/PPARγ is a chromosomal re-arrangement.
It is not highly specific for differentiated thyroid
cancer (DTC) and is associated with FVPTC, FTC;
and benign thyroid nodule in 10% of cases.4 Many
are NIFTP.6 Approximately 80% of FVPTC and FTC
have the RAS or PAX8/PPARγ mutation (Table 1).

The principal pathway for differentiated thyroid cancer is the mitogen activated protein kinase
(MAPK) pathway. Using polymerase chain reaction
(PCR), BRAF and RAS point mutations are identified
through DNA extraction. RET/PTC and the PAX8/
PPARγ rearrangement mutations require more complex RNA methodology.
Three mutations make up 75% of PTC (Table
1). BRAF comprises 45%, while RAS and RET/PTC
each comprise 15% of mutations. BRAF is the most
common mutation in PTC. It results from a thymidine
to adenine base pair transversion on chromosome 7,
exon 15. BRAF mutated tumors are over 99% specific
for PTC.4 PTC are negative for the BRAF mutation in
55% of cases and so diagnostic thyroid lobectomy is
still necessary in many indeterminate FNAC nodules
that are BRAF negative, if this is the only mutation
tested.
BRAF positive nodules have been associated
with extrathyroidal extension, central and lateral
lymph-node metastasis, more advanced stage of
presentation, tumor recurrence, associated tall cell
variant, and tumor-related mortality and re-operation.5
However, 75% of BRAF mutated tumors do not behave aggressively and currently the ATA guidelines
do not recommend the use of BRAF mutation to determine central neck dissection or radioactive iodine
treatment.1
The RAS mutation is the most common mutation
in indeterminate thyroid nodules.4 Unlike the BRAF
mutation, the RAS mutation is not highly specific for
differentiated thyroid cancer. It is seen if follicular
variant of papillary thyroid cancer (FVPTC), follicular thyroid cancer (FTC) and benign nodules. Encapsulated FVPTC is associated with the RAS mutation,
while infiltrative FVPTC is associated with the BRAF
mutation.4 The non-invasive encapsulated FVPTC are

Clinical Utility: “Rule In” Testing
The first commercially available mutation panel,
the 7-gene mutation4 included the following mutations: BRAF, RAS (NRAS, HRAS, KRAS), RET/
PTC (Isoforms 1,3) and PAX8/PPARγ. When ordering
this test, interpretation of the cytology of the thyroid
nodule is by a local cytopathologtist. One additional
fine needle aspiration (FNA) pass is required after determination of indeterminate classification. The DNA
preservative is provided by company. The primary
benefit of the panel (Table 2) is to improve specificity
analysis to “rule in” DTC. The 7-gene mutation panel
has a PPV of 88%.4 With a positive mutation, a therapeutic oncologically optimal procedure rather than
a diagnostic thyroid procedure could be performed
potentially reducing the rate of completion thyroidectomy. Yip et al. reported on 671 patients with FNAC
results classified as Bethesda grade 3 or 4. The use

Table 1. Mutations in PTC and FVPTC and FTC
PTC

FVPTC or FTC

BRAF

45%

0%

RAS

15%

40%

RET/PTC

15%

0%

1%

40%

Pax8/PPARg

PTC: papillary thyroid cancer; FVPTC: follicular variant of papillary thyroid cancer; FTC: follicular thyroid cancer; PTC: papillary thyroid cancer.
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Table 2. The mean PPV and NPV for indeterminate thyroid nodules (Bethesda 3 and 4) with commercially
available tests

Asuragen

4

Afirma8
10,11

ThyroSeqv2.1

ThyGenX + ThyraMIR

13

Rosetta GX Reveal14

PPV

NPV

88%

86%

40%

95%

80%

97%

75%

94%

59%

91%

PPV: positive predictive value; NPV: negative predictive value.

of the mutation panel was associated with a 2.5-fold
reduction in 2-stage thyroidectomy.7
The clinical utility of “rule in” testing has recently been reduced by several factors, including the
re-classification of non-invasive encapsulated FVPTC
as NIFTP.6 NIFTP has limited malignant potential and
treatment is thyroid lobectomy. Furthermore the 2015
ATA guidelines no longer mandate total thyroidectomy for DTC > 1 cm and < 4 cm (T1, T2). Nonetheless
for a mutation that is highly specific for PTC (BRAF,
RET/PTC) and for a patient and surgeon who elect
total thyroidectomy for PTC > 1 cm and < 4 cm, there
remains significant clinical utility. Selected nodules
with mutations RAS or PAX8/PPARγ should be treated with lobectomy given that these mutations are not
only not highly specific for DTC, but many of these
are also NIFTP.6

Clinical Utility: “Rule Out” Testing
The first commercially available “rule out” test
was a gene expression classifier (Afirma). The importance of “rule out” testing includes avoiding unnecessary surgery and its associated risks of complications
and expense. This test is based on mRNA expression,
rather than DNA and RNA expression (PCR) as utilized with the 7-gene mutation panel. With a gene
expression classifier, hybridization of 2 DNA strands
occurs, utilizing a fluorescently labeled target sequence that binds to a probe sequence. In this multigene expression (mRNA) test, total RNA is extracted
from the FNA and whole-transcript amplification is
prepared for hybridization onto a custom gene expression microarray.
In contrast to the high specificity and high PPV
of tests for somatic point mutations and gene re-arrangements such as BRAF and RET/PTC, gene expression microarrays demonstrate a greater sensitivity
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and NPV. The result is either benign or suspicious.
For the indeterminate thyroid nodule, 2 additional passes are required. FNA cytology interpretation
is performed by the Afirma company (centralized
cytopathology laboratory). The RNA preservative is
provided by the company.
The gene expression classifier test has 25 genes
that rule out rare neoplasms and 142 genes in the main
classifier. The sensitivity is 92% and the specificity is
52%. The prevalence of malignancy in the indeterminate cytology in this study was 24%.8 The NPV for
Bethesda grade 3 was 95% and for Bethesda grade 4,
it was 94% (Table 2). This is comparable to the NPV
for a benign FNAC cytology (Bethesda grade 2). This
test has high clinical utility for a benign result. The
test is not intended as a “rule in” test. In this seminal
study,8 50% of nodules were benign. The 2015 ATA
guidelines support the use of “rule out” testing for
risk stratification for indeterminate thyroid nodules
in selected cases.1 This implies non-operative management of a cytologically indeterminate (Bethesda
grade 3 or 4), gene expression classifier benign result
similar to a benign cytology result in selected cases.
Duick et al.9 reported a 10-fold reduction in surgery
rates for cytologically indeterminate nodules with a
benign gene expression classifier result. Patients and
physicians in this study substituted clinical and sonographic follow-up for diagnostic surgery in a large
majority of cases with cytological indeterminate FNA
results and a benign gene expression classifier result.
Ultrasound findings that are not high risk are
present in the majority of Bethesda grade 3 and 4
nodules. Malignancy risk of 20% or less are expected
for these nodules based on ultrasound alone and this
would predict a gene expression classifier NPV of >
95%, assuming institutional cancer prevalence of <
25% or less for indeterminate thyroid nodules. With
high-risk ultrasound findings, risk of malignancy

Thyroid Molecular Testing

of 70% or more is expected, and the expected NPV
would be < 95%. “Rule out” testing is not ideal for
thyroid nodules with high risk ultrasound features.
The PPV of a suspicious gene expression classifier is 38%8 and diagnostic lobectomy and not total
thyroidectomy is recommended. Limitations of the
gene expression classifier testing include a high prevalence of FVPTC, many of which are NIFTP. Hürthle
cell neoplasms also have a high suspicious call rate
limiting their clinical utility. Cost-benefit analysis has
not been thoroughly studied. Another concern is that
there is the lack of a true “gold standard” in the subsequent validation studies where very few of the gene
expression classifier benign cases have histologic correlation.

Clinical Utility: “Rule In and Rule
Out” Testing
Next generation sequencing employs the simultaneous parallel sequencing of thousands to millions
of short DNA sequences with a high through-put
sequencing analysis of large areas of the human genome. ThyroSeq v2.1 employs 15 point mutations and
42 gene fusions.10,11 The cytopathology is performed
locally or by a centralized lab (CBL path). 1 additional pass is required and the company (CBL path) provides the nucleic acid preservative. Unlike the 7-gene
mutation panel and the gene expression classifier test
there is limited real world experience.
For Bethesda grade 4 the PPV is 83% and the
NPV is 96%. For Bethesda grade 3 the PPV is 77%
and the NPV is 97% (Table 2). Improvement in sensitivity and NPV of ThyroSeq v2.1 over the 7-gene mutation panel is achieved by testing for more pathogenic mutations. Not all mutations are highly specific for
malignancy reducing specificity and PPV. “Rule in”
testing similar to the 7-gene mutation test is also compromised by the high rate of RAS mutation in indeterminate thyroid nodules, coupled with many of these
being NIFTP. When comparing the quality of the gene
expression classifier study with the next generation
sequencing study, it is of note that the sample size of
indeterminates for the gene expression classifier study
is larger (265 vs. 143) and the gene expression classifier study is prospective, multi-center, and with blinded pathologists. The next generation sequencing study
is both retrospective and prospective, single center,
and the pathologists were not blinded.

Next generation sequencing offers the potential
for enhancement in prognostication with the identification of more than one mutation. The combination of
BRAF mutation, an early driver event in thyroid cancer, and TP53 mutation, a late event in tumor clone
progression that leads to de-differentiation, may lead
to improved prognostication, pending further validation. The TERT mutation is an independent predictor
of disease-free survival.12 Current state of thyroid molecular testing presently does not add significantly to
prognosis and treatment decisions beyond traditional
pathological and summary TNM staging.
Another “rule in and rule out” test is the ThyGenX/ThyraMIR test. 13 The ThyGenX test is the
7-gene mutation panel with the addition of the PIK13CA mutation. The PIK13CA mutation is associated
with follicular carcinoma and undifferentiated carcinoma. ThyraMIR is a 10 miRNA (microRNA) panel.
MicroRNAs are small, non-coding RNAs that bind to
messenger RNA and regulate expression of genes involved in human cancers (post-transcriptional). If the
8-gene mutation panel (ThyGenX) is negative for a
mutation, the miRNA panel (ThyraMIR) is reflexively
ordered.
The cross-sectional cohort analysis for ThyGenX/ThyraMIR included 109 samples of thyroid
FNA material from Bethesda 3 and 4 nodules with
paired histologic specimens. 12 clinical institutions
with cytology and pathology specimens were evaluated locally, without central adjudication of cytology
or pathology results. In this small study, only samples
with paired histopathology were included.
FNA interpretation is by a local cytopathologist
with 1 additional FNA pass. The company provides
the nucleic acid preservative. Similar to the next
generation sequencing test, there is limited published
material and real world clinical experience. The PPV
for Bethesda grade 3 was 68%; and 82% for Bethesda
grade 4 with a cancer prevalence of 32% for indeterminate thyroid nodules. The NPV for Bethesda grade
3 was 97% and for Bethesda grade 4, was 91% (Table
2). Although the sample size for indeterminate thyroid nodules was only 109, the study was prospective,
multi-center and the pathologists were blinded.
The Rosetta GX reveal test is a miRNA based
assay, that includes 24 miRNA’s. It is unique in that
genetic analysis of the indeterminate thyroid FNA
uses stained FNA smears prepared from the initial
cytopathologic evaluation without need for additional
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passes. It is less invasive by allowing the use of cytology slides for acquisition of cellular material, rather
than requiring a repeat thyroid FNA.
There were 189 indeterminate samples with
a PPV of 62% for Bethesda grade 3 and 82% for
Bethesda grade 4. The NPV was 91% for Bethesda
grade 3 and 4 (Table 2). There was an additional
“agreement” set in which all three pathologists involved in the study agreed on the cytology interpretation that increased the NPV to 99%. There was a high
level inter-observer variability for FVPTC between
pathologists particularly for non-invasive encapsulated FVPTC (NIFTP).
Summarizing, the gold standard for benign
(Bethesda grade 2) thyroid nodule cytology is 96%.1
The gene expression classifier,8 the next generation
sequencing test.10,11 the mutation panel coupled with
miRNA panel13 and a miRNA panel14 for indeterminate Bethesda grade 3 have NPVs of 95%, 97%, 97%
and 92%, respectively. The NPV for indeterminate
Bethesda grade 4 for these same four panels is 94%,
96%, 91%, and 92%.

Conclusions
Malignant cytologic DX has a PPV of 98.6%1
and this remains greater than the PPV for molecular
panels. However molecular alteration testing for indeterminate thyroid nodules improve specificity analysis
and PPV. Molecular alteration testing may reduce
the number of completion thyroidectomies with mutations highly specific for PTC (BRAF, RET/PTC);
for surgeons recommending total thyroidectomy (not
mandated by ATA). Indications favoring “rule in”
testing include Bethesda grade 3 and 4 indeterminate
thyroid nodules, with a high institutional prevalence
of cancer, high risk ultrasound features, a highly specific mutation for cancer, and a surgeon favoring total
thyroidectomy for DTC < 4 cm.
The NPV of a cytologically benign nodule is
96.3%1 and this is equivalent to the NPV of several
molecular panels. Molecular alteration testing for
Indeterminate thyroid nodules improves sensitivity
analysis and NPV. Surgery can be avoided in selected
cases with indeterminate thyroid nodules (Bethesda 3
and 4) with molecular tests. Active surveillance with
clinical exam and ultrasound is required. There is limited testing against a true gold standard, since benign
nodules as determined by molecular tests rarely undergo definitive histologic evaluation.
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The Contemporary Treatment of Hypopharyngeal
Cancer: Options for Function Preservation Strategies
Patrick J. Bradley1,2
1
2
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Hypopharyngeal cancer is uncommon. Less than 20% present with early stage disease (T1 ~ 2, N0),
when diagnosed can be treated by surgery or radiotherapy with equal favourable survival outcome, and larynxpreservation survival at 3 years of almost 100%. Moderately advanced operable stage disease (Stage III T1 ~ 3, N0 ~ 2, M0) in the past was treated by primary surgery with post-operative radiotherapy, but most
often resulted in the loss of the larynx and replacement of the hypopharynx, achieved > 50% disease control
and resulted in a negative impact on quality of life. Currently two treatment options are recommended for
moderately advanced operable stages hypopharyngeal cancer with the goal of functional “organ preservation” -larynx and pharynx -- which results in comparable loco-regional disease control and survival rates -- transoral
or endoscopic laser or robotics surgery or a combination of radiotherapy with chemo(bio)radiotherapy. By
employing these options of treatment will limit reduce the need for “radical surgery” (pharyngolaryngectomy)
and should be reserved for patients with persistent or recurrent disease after treatment, a non-functioning larynx
or hypopharynx (stenosis or necrosis) resulting from treatment, or advanced volume disease +/- significant
functional loss on presentation. Following the introduction of “organ preservation” strategies, the indications
for its usage have expanded to include Stage IVa and IVb disease, as a treatment trial to reverse “inoperable
disease” to “operable,” and for palliation. The choice of best strategy remains a challenge for clinicians and
hence each patient should be evaluated in a multidisciplinary team, choosing the most suitable treatment for
that individual patient.
Key words: hypopharyngeal cancer, treatment options, surgery, chemoradiotherapy, organ preservation

Introduction
The hypopharynx is a sub-site of the head and
neck, anatomically located from the hyoid bone inferiorly to below the cricoid cartilage, posterior to the
larynx and has three recognised sub-sites; piriform sinus, postcricoid area, and posterior pharyngeal wall.1
Hypopharyngeal cancer, most frequently squamous
cell carcinoma (95%), represents 3 ~ 7% of head and
neck cancer diagnosed in the USA and UK2-3 but are
relatively more frequent (20%) in Japan.4 Patients

presenting with hypopharyngeal cancer are most commonly heavy smokers of cigarettes and drinkers of
alcohol, most often men, with multiple co-morbidities
and more than 80% presenting with advanced stage
disease (Stage III/IV),5-9 in part attributable to the
anatomy and location of the hypopharynx. The underlying disease-related biological factors are less well
understood, but compared with other head and neck
cancers have higher rates of multi-centricity, submucosal spread, and regional and distant metastasis.10
Distant metastatic have been reported to occur > 60%
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of hypopharyngeal cancer cases, both at presentation
or during follow-up.11-14
In retrospective series, approximately 60% of
patients treated with curative intent experience disease relapse or residual disease, and up to 50% of recurrences involved distant failure.5,8 Hypopharyngeal
cancer is considered by many, to be the cancer of the
head and neck region, with the poorest prognosis driven by patient, anatomic, and disease factors.10,15-17 Despite oncologic improvements, radiation, chemotherapy and surgery, in the recent decades, has resulted in
improved and better loco-regional control rates, most
patients succumb to distant metastasis, intercurrent
diseases or second primaries. The International Union
Against Cancer/American Joint Committee on Cancer
(UICC/AJC) Staging System for Malignant Tumours:
hypopharyngeal cancer has remained broadly unchanged, between early vs. late stage disease over the
past 30 years and with each revision from the 4th Edition in 1987 to the most recent 8th Edition published
2016.1

Results of Treatment in the Late 21st
Century
A national USA study reported in 19975 on the
treatment of hypopharyngeal cancer across two time
periods (1980 ~ 1985 and 1990 ~ 1992) identified
2939 cases with an overall 5-year survival of 33.4%,
which reduced significantly from Stage I disease of
63.1% to Stage IV of 22%. Survival was best for patients treated surgically 50.4%, similar with combined
surgery and irradiation 48%, and worse with irradiation only 25.8%.
In a subsequent retrospective population based
study of 595 patients from Ontario, Canada 18 analysing hypopharyngeal cancer patients diagnosed
between 1990 and 1999, retrospectively staged found
that there was no survival advantage for either radiotherapy +/− salvage surgery or surgery +/− post-operative radiotherapy. The overall survival (OS) of patients treated surgically with or without radiotherapy
was 35% at 5 years, and patients treated with radiotherapy alone (un-resectable or inoperable) was very
few survived more than 12 months mostly early stage
disease.
Two European studies reported that a number
of patients with hypopharyngeal cancer present with
metastatic disease, range 3 ~ 5.7%, and that 15.8 ~

14.9% of patients were deemed un-resectable and
offered palliative care only19,20 reflecting a different
patients population presenting with more advanced
disease and a differing treatment strategy.
Based on these findings a proposal was advanced
that all patients diagnosed with hypopharyngeal cancer with definitive radiotherapy and add concomitant
chemotherapy for those with stage III/IV disease.
Should this policy be implemented it would avoid
total laryngectomy, if radical surgery was indicated,
and the addition of concomitant chemoradiotherapy is
likely to result in improved overall survival compared
with definitive radiotherapy alone.21

The Treatment Goals
The goals of treatment for squamous cell carcinoma of hypopharyngeal include eradication of the
cancer, minimising the risk of treatment complications, and optimising and prolongation of quality of
life. Endpoints that are useful to evaluate the efficiency of treatments include survival, cause specific
survival, loco-regional control, distant metastasis-free
survival, severe complications, and quality of life.
Although overall survival is a crude endpoint, it is the
least subject to interpretation biases of the investigator but appears to be most easily acquired and most
frequently reported.21 Traditionally, laryngo-pharyngectomy, with or without pharyngeal reconstruction
had been the preferred initial treatment modality for
advanced hypopharyngeal cancer (T3/4), with or
without post-operative radiotherapy. The morbidity
of such surgical therapy and the loss of laryngeal
function, the creation of a tracheostoma, since the late
20th Century non-surgical treatments have gained
widespread popularity.22,23 The use of non-surgical it
has been emphasised that in addition to curing the patient from cancer, that laryngeal preservation should
be achieved while minimising side-effects.24 The clinical decision making process to optimise best practice,
when choosing the most appropriate treatment for
each patient with hypopharyngeal cancer is best made
in a multidisciplinary clinic.25-27

Clinical and Pathological Prognostic
Factors
Hypopharyngeal cancer has several pathological
characteristics known which have a discriminative
power when choosing a recommending a treatment
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plan for a patient. Poorer local control is known to
be associated with a higher T and N categories.24,28-30
There are no powerful predictive indicators for outcome in chemoradiation since staging beyond T2
status is mainly based upon surgical criteria rather
than on predictor of radiation or chemoradiation response. Patients presenting with a higher T stage, N
stage, and the combined volume of the T & N stage,
the tumour volume is considered to have a greater
influence on the effectiveness of radiotherapy and/
or chemotherapy.31-33 The prognostic value of tumour
volume has been investigated in 76 patients with advanced hypopharyngeal cancer with N0 ~ N2 treated
by chemoradiation, and reported a strong correlation
between primary tumour volume and outcome with
a cut-off tumour volume of 30 cm3.34 A similar study
from Japan reported similar results and described the
patient series as “intermediate-volume” hypopharyngeal cancer, and reported overall survival at 3-years
91% and local control 88%.35 It has been suggested
that patients presenting with N3 neck -- because of
the likely poor response that the option of planned
surgery after definitive chemoradiation or in selected
cases upfront pharyngolaryngectomy with neck dissection be considered.36

Current Management
Current practice on the management of “operable” hypopharyngeal cancer there are two broad
treatment strategies; definitive surgery or definitive
chemoradiotherapy with the addition of adjuvant
treatment surgery, radiotherapy and/or chemotherapy
as deemed indicated by clinical or histopathological
parameters.
Early stage disease (T1/2) can be treated effectively with a single-modality larynx-sparing approach
by surgery or radiotherapy.37,38
Advanced stage disease (T3/T4, N0 ~ N3) it
has been reported that non-surgical treatment is an
acceptable alternative to “radical surgery” for “locally
advanced operable” hypopharyngeal cancer, because
the larynx is preserved and the observed survival is
similar.39-41 The reported incidence of complications
related to treatment including severe dysphagia, gastrostomy tube dependency, tracheostomy placement,
chronic lung aspiration, and pharyngoesophageal
stenosis the Larynx Preservation Consensus Panel
recommended end-points to be recorded in patients
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treated in “larynx preservation” protocols -- laryngoesophageal dysfunction-free survival (LEDFS) -to include not only death and local relapse but also
complications related to treatment including laryngectomy, tracheostomy and feeding tube dependence.42
A retrospective report of 166 consecutively treated patients with hypopharyngeal cancer between 1999
~ 2013 of whom 76 had “advanced operable” stage
disease was treated with curative intent by surgery
or chemoradiotherapy, using multivariate analysis
identified that the overall 5-year survival of patients
managed by surgery was 53.6% and those treated by
chemoradiotherapy was 34.5%, with no comment on
LEDFS.43
It has been reported that clinicians making decisions to treat advanced but resectable hypopharyngeal
cancer, there is only vague guidance in the scientific
literature to choose the optimum treatment, and the
decision making on treatment is more influenced by
the doctor’s personal philosophy and the patient’s apprehension for losing the larynx, than by differential
appreciation of the individual’s biological factors.44

Functional preservation surgery
Less than 15% of patients presenting with hypopharyngeal cancer will be diagnosed as early stage
disease (T1/T2). In the 1960’s selected patients were
treated by external partial surgery for early hypopharyngeal cancers, but with expertise more advanced
stage disease the surgical procedures were extended
to include supraglottic hemi-laryngopharyngectomy
and the supracricoid hemi-laryngopharyngectomy.
Several expert surgeons reported good rates of disease control and acceptable functional results of voice
and swallowing.45 Improved techniques in optics and
surgical instrumentation, it became possible using the
CO2 laser to excise tumours small and some large of
the hypopharynx thus minimising the morbidity of an
external approach into a lesser procedure using the
transoral approach for the treatment of hypopharyngeal cancers.46 To achieve optimum results using laser
microsurgery, with or without the robot, requires that
the operator has acquired considerable expertise and
that appropriate patients be chosen.47,48
Evidence reports that hypopharyngeal cancer
treated by surgical larynx function preservation have
significantly better overall survival and a lower risk
of death than those without larynx function preservation, and supports that surgery in combination with
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post-operative (chemo)radiotherapy remains a favourable choice in selected patients.49-51 Also comparing
two groups of patients treated by initial surgery vs.
non-surgical treatments for hypopharyngeal cancer
revealed similar oncological outcomes, but different
functional outcomes, the patients treated by initial
concurrent chemoradiation therapy required more surgical interventions during their clinical course.52

Radical radiotherapy
The use of radiotherapy alone is reported to
have a worse prognosis compared with combined
treatment with surgery and radiotherapy, particularly
in advanced stage disease.19,53-54 The practice of primary radiotherapy with surgical salvage for early T1/
T2 reports a 3 year local control of more than 80%.55
In larger series of patients which included early and
advanced stage hypopharyngeal cancer, the policy
of treatment was radiotherapy with surgery as a salvage procedure resulted in overall 5-year survival
of 15%.56,57 Analysis of a larger retrospective data
base of 856 patients diagnosed with hypopharyngeal
cancer in Ontario, Canada between 1990 and 1999,
found that there was no survival advantage comparing
radiotherapy with surgery.18 In a retrospective review
of 70 patients treated by surgery alone, surgery and
radiotherapy, surgery followed by chemoradiotherapy, radiotherapy alone, chemoradiotherapy alone,
induction chemotherapy followed by radiotherapy,
and induction chemotherapy followed by chemoradiotherapy, while the patient numbers in each group
were small, the authors concluded that concurrent
chemoradiotherapy improved patients survival with
hypopharyngeal cancer.53 Advances in radiotherapy
technique and planning software have resulted in a
shift from 3-dimensional (3D) conformal radiotherapy
(3D-RT) to intensity modulated radiotherapy (IMRT).
IMRT allows for improved tumour coverage, whereas
minimising radiation dose to normal tissues and potentially reducing treatment toxicities. This has resulted showing that patients with hypopharyngeal cancer
treated with IMRT showed a higher locoregional control compared with 3D-RT.36,58,59

Induction Chemoradiotherapy
Early clinical studies reported that some head
and neck tumours previously untreated, when given
chemotherapy two or three cycles of cisplatin and

fluorouracil responded, and subsequently showed that
tumours that were sensitive to chemotherapy were
also sensitive to radiotherapy.60,61 The first clinical trial was conducted by the Department of Veterans Affairs Laryngeal Study Group (VALSG) on laryngeal
cancer, which resulted in a turning point in laryngeal
cancer treatment. In summary, two-thirds of those
in the survivors in the chemotherapy plus radiation
group preserved their larynx, the other group were
treated surgically; the survival rate was similar in both
groups.39
The first clinical trial on hypopharyngeal cancer was conducted by the European Organisation
for Research and Treatment of Cancer (EORTC) a
multi-centre trial on patients with tumours of the hypopharynx (78%) and lateral epilarynx (22%) who
were candidates for a compete laryngopharyngectomy.40 This study included 202 patients, who randomly
underwent radical surgery followed by radiotherapy
or 2 or 3 cycles of cisplatin and fluorouracil and then
radiotherapy for those who had a complete response
for those who had a complete response of the primary tumour or a complete laryngopharyngectomy of
a complete response was not achieved. The 5-year
survival rate was similar in both groups and half of
the chemotherapy group survivors had a functioning
larynx.
In 2000, the results of individual patient data
meta-analysis of chemotherapy in head and neck cancer (MACHNC) of 63 randomised trials on loco-regional treatment (surgery or radiotherapy) with or
without chemotherapy, performed between 1965 and
1993, concluded that “the routine use of chemotherapy is debatable”.62 Subsequent studies have supported
the concept that induction chemotherapy does not
worsen the survival rate and organ preservation has
been possible in less than half of the survivors with
hypopharyngeal cancer. Over the past decade, newer
drugs such as taxans (docetaxel) have been introduced
to cisplatin and 5-fluorouracil (TPF) which is considered the standard of care as induction chemotherapy.63,64 The Groupe Oncologie Radiotherapie Tete et
Cou (GORTEC) compared TPF vs. Cisplatin/5-fluorouracil (PF) as induction chemotherapy for larynx
preservation. A higher proportion of patients with
advanced hypopharyngeal cancer achieved 3-year
larynx preservation with TPF than with PF.65,66 The
use of induction chemotherapy for locally advanced
hypopharynx cancer (T3/4, N0 ~ 3, M0), technically
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suitable for total pharygolaryngectomy, treated by
TPF in daily clinical practice has reported that poor
response (response < 50%) without larynx remobilisation) to treatment was 10%. Five-years overall survival, cause specific survival, and recurrence-free survival was were 56, 60 and 54%, respectively. They also
remarked that the first therapeutic option in patients
with macroscopic thyroid/cricoid cartilage invasion or
with contraindication to chemotherapy should be total
pharyngolaryngectomy.67 The optimum treatment for
cartilage invasive cancer controversial, one reason is
oncologic outcome, possible with concurrent chemoradiotherapy68 and problem with swallowing rehabilitation following treatment.16,68
The toxicity resulting from platinum based chemotherapy in head and neck cancer remains a cause
for concern, and an expert group has defined criteria
defining unsuitable and at risk patients, and discusses
alternative chemotherapeutic agents such as carboplatin and cetuximab which is a synergistic chemosensitiser and radiosensitiser.69-71
Induction chemotherapy -- based larynx preservation protocols uses chemotherapy to select exclusively patients with “chemosensitive” tumours for
a non-surgical treatment with radiation therapy +/concomitant chemotherapy.72 Whether chemosensitive
tumours behave differently and what the exact effect
of induction chemotherapy is, it is “undoubtable” that
if there was a way to predict radiosensitivity of a tumour, substantial improvements in survival could be
achieved by choosing to irradiate the “appropriate”
candidates and offer more “aggressive” treatment to
the others.73 Out of 71 patients with piriform sinus
treated by induction chemotherapy only 42 (60%)
were “good responders” and went on the radiotherapy
+/− concomitant chemotherapy. Eleven patients (26%)
died in the first 3 years after completing radiotherapy.
The disease free survival at 3-years was 65%. Six
patients had a laryngectomy for local recurrence with
(3/6) 50% surgery being ineffective (attempted but
failed or totally impossible).73,74 In another similar
study patients who responded to a single cycle of induction chemotherapy (TP) continued treatment with
chemoradiation, the non-responders were treated with
surgery, overall survival and disease-specific survival
was 74% in both arms at 2-year follow-up.75
All attempts at developing an assay-based response rather than a trial of patient treatment with
its inherent risks and toxicities, so far all ex-vivo
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diagnostic tools have not been successful.44,76 Some
potential criteria known to influence survival outcome
in hypopharyngeal cancer include higher T stage and
N categories associated with poorer local control,
some molecular features, high volume of the primary
tumour, local metastases and a high metabolic rate
of the tumour could be critical in decision making.77
Using computed tomography (CT)-based volumetry
to assess the volumes of primary tumour, neck nodes
and their sum; maximum and mean standardised
uptake values (SUVmax and SUV mean) measured by
18
F-FDG-PET/CT, comparing these results for baseline and residual values after a single course of induction chemotherapy were calculated and correlated
with long-term laryngectomy-free survival (LFS),
tumour-specific (TSS) and overall survival, and using
an endoscopic tumour response surface shrinkage
> 70%, a weighted hazard ratio could be calculated
for each tumour shrinkage effect and a LFS-score ≤
16 identified responders -- patients with maximum
benefit of non-surgical larynx preservation achieving
long-term laryngectomy free survival.77 A similar
project using dynamic contrast -- enhanced MRI, diffusion-weighted magnetic resonance imaging (MRI)
and 2-deoxy-2-[fluorine-18]fluoro-D-glucose integrated with computed tomography (18F-FDG PET/CT)
has also been reported and have been used as prognosticators and help stratify patients into one of three
groups based on progression-free survival and overall
survival rates.78

Concomitant Chemoradiotherapy
When it was demonstrated on several occasions
that tested chemotherapy and radiotherapy had an
additive or cooperative effect, the use of chemotherapy and radiotherapy simultaneously seems a logical
treatment option. The MACHNC62 study reported that
concomitant chemoradiotherapy alone showed a marginal improvement in survival, and induction chemotherapy did not improve the survival rate. Based on
the meta-analysis of chemotherapy in head and neck
cancer, many consider concomitant chemotherapy
and radiotherapy as the standard of care for advanced
head and neck cancer, but the 5-year absolute benefit
associated with concomitant chemotherapy was the
lowest at 4% for hypopharynx as compared to oral
cavity, oropharynx and larynx.62,79,80
The first randomised trial on potentially T3/T4
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laryngeal or hypopharyngeal cancer compared definitive radiotherapy and concurrent chemotherapy with
cisplatin and 5-fluorouracil showed a benefit in larynx
preservation at 5-years (26% vs. 16% for larynx, and
14% vs.0% for hypopharyngeal tumours) with no
worsening in terms of overall survival.81 The second
trial on concomitant chemoradiotherapy for organ
preservation has been on larynx cancer the Radiation
Therapy Oncology Group (RTOG) 91-11 trial.82 This
trial randomly assigned patients with laryngeal cancer
into three groups: induction chemotherapy followed
by radiotherapy if there was a response concomitant
chemoradiotherapy (cisplatin on days 1, 22, and 43)
or just radiotherapy. The results showed 84% larynx
preservation in the concomitant chemoradiotherapy
group, 71% in the induction group, and 66% in the
radiotherapy group, with no significant differences
among the groups, whether for overall survival rates
or tumour-free rates. The long-term results report that
while treatment resulted in improved local control,
there were higher rates of non-cancer related deaths,
when compared with sequential chemoradiotherapy
or radiation alone.83
Most studies that compared concurrent chemoradiotherapy versus radiotherapy have included patients from many head and neck sites. An updated
review of MACH-HN, included trials up to 2000
concluded “the benefit of concomitant chemotherapy
was confirmed” but remarked that the introduction of
taxane-based chemotherapy had not been studies.79
These trials have demonstrated that the addition of
chemotherapy to radiotherapy improves local control
and overall survival.81,84 A meta-analysis including
operable and non-operable head and neck squamous
carcinoma patients confirms that survival was better
when chemotherapy was given concomitantly to radiotherapy compared with neoadjuvant or adjuvant
approaches. 62,79 All of the studies on concomitant
chemotherapy and radiotherapy were associated with
a significant increase in acute loco-regional toxicity,
and late toxicities, to date,34,79 have not reported any
significant change. Currently most clinicians use concomitant chemoradiotherapy (3-weekly cis-platinum
based regimen) and radiotherapy represents the standard non-surgical regimen for locally advanced head
and neck squamous cell carcinoma. It is associated
with an increased toxicity requiring careful management and follow-up of patients during treatment. The
concomitant use of Cetuximab and radiotherapy has

been shown to be an effective alternative to the use
of cis-platinum regimen,70 however there is no confirmatory trial of the Cetuximab efficacy in combination
with radiotherapy, this agent might be better used
in case of contraindication to cis- or carbo-platinum
(impaired renal function, poor performance status or
elderly patients).
It has been suggested that current organ-preserving dose-intensifying modalities have reached the limit of human tolerance. With concurrent chemoradiotherapy considered by many centres as the preferred
optimum treatment, patients undergo the planned
treatment and evaluated by PET/CT some 12 weeks
after completion of radiotherapy. It has been proposed
that patients should have the tumour status re-evaluated early during treatment to identify “responders”
with “non-responders” and when applied to a group
of 55 patients when they evaluated by endoscopy, CT
and MRI, after completion of 40 Gy of irradiation.
There were almost equal numbers of patients of responder (27/55) to non-responders (28/55) -- the responders completed their treatment to 70 Gy and the
non-responders were recommended to surgical treatment. Two thirds (21/28) of the non-responders underwent a pharyngolaryngectomy and seven patients
refused surgery and completed radiotherapy to 70 Gy.
The 5-year cumulative disease-specific and overall
survival rates were 76% responders and 65% in the
non-responders. The “responders” demonstrated LFS
of 77% at 3 years.85

Post-Radiotherapy Neck Dissection
Organ preservation strategy has led to controversial issues concerning the role of neck dissection
following (chemo)radiotherapy for patients with
advanced stage regional disease at initial diagnosis.
Residual neck mass is reported to be present in as
many as 30 ~ 50% of patients after completion of
radiotherapy. The use of post-treatment palpation,
ultrasound, needle aspirate techniques and PET-CT
have been shown to have limited reliability to predict
residual disease in the neck (negative predictive value
33 ~ 44%).86-88 Patients who have achieved a complete
clinical (including radiologic) response to chemoradiotherapy have a low risk of isolated neck failure.89,90
There is consensus that any residual mass should be
explored and excised, a “nodulectomy” or a superselective neck dissection,91 because of the very low
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probability of achieving a neck control with salvage
surgery when the recurrence manifests itself clinically.92 Currently neck surgery should be performed
for patients with less than a complete response in the
neck to optimise regional control.

Quality of Life
The most acute toxic effects recorded is dysphagia and mucositis with dysphagia and xerostomia
remaining problematic during long-term follow-up,
suggesting that organ preservation -- larynx -- is not
necessarily equivalent to preservation of function
-- hypopharynx -- and better quality of life. 93,94 In
another publication, the same clinical group studied
hypopharyngeal cancer patients treated by (chemo)
radiation over a 5 year period and concluded that
compared to radiotherapy alone, chemoradiation significantly improved functional outcome, increased
acute toxicity, but without significant increase in late
radiation induced side-effects.24
Patients who require a tracheostomy before
treatment have low rates of decannulation and higher
short term mortality than those who do not require
tracheostomy before organ-preservation therapy.95
Suicide rates among patients with cancer in the
US are significantly higher than those of the general population. In a retrospective cohort study of the
Surveillance, Epidemiology, and End Results (SEER)
programme which covers approximately 28% of the
U.S. population. A total of 857 suicides were identified among 350,413 persons who had a head and
neck cancer. Patients with hypopharyngeal cancer
had the highest rate (164.2 per 100,000 person-years)
followed by larynx (64.7 per 100,000 person-years),
and oral cavity and oropharynx (61.8 per 100,000
person-years). Persons treated by radiation therapy
without surgery was associated with a suicide rate of
60.4 per 100,000 person-years, while patients treated by surgery alone had a suicide rate of 30.4 per
100,000 person-years. It is advocated that screening
for depression and suicidal ideation should be considered in this high-risk group for primary prevention of
suicide.96
The occurrence of multiple tumours is not uncommon and the risk of second primary tumour is
estimated at 25%.97 Second primary cancer is a major
cause of death with an estimated annual risk of 4.6%,
however 60% of these cancers occurred below the
clavicle.98
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Recurrent Disease
Salvage surgery
In a few highly selected cases of early tumours
treated with primary radiotherapy, conservation surgery is feasible. Such patients should have limited
local recurrence without hemilarynx fixation and
cartilage invasion. Most patients with local recurrence, candidates for salvage surgery require total
laryngopharyngectomy. Salvage for local recurrence
is generally associated with positive tumour margin
resection, high morbidity and poor oncologic and
functional outcome.99-103 The concept that locally advanced operable hypopharyngeal cancer when treated
with a “larynx preserving” protocol, should the disease fail to respond to treatment or recur then surgery
can be performed resulting in cure. This has not been
confirmed by surgeons and many patients undergo explorative surgery which is abandoned, as the initially
staged disease process has progressed.73,99-100 There
are patients who are permanently dependent on tracheostomy for airway protection and nasogastric tube
or gastrostomy for feeding after chemoradiotherapy
treatment. Such patients, had they been better selected
and advised, function may even be better preserved
by removing the “organ,” allowing aspiration free
swallowing and better prosthetic speech restoration.104

Palliative disease
Patients who are deemed inoperable does not
always equate with being incurable and require palliative care or “best supportive care.” Patients with distant metastases or loco-regional relapse not amenable
to surgery or radiotherapy are considered incurable.
It is important to distinguish between head and neck
metastasis and a primary lung cancer because the latter can be treated with curative intent. Patients with
symptoms, and are willing and fit enough should be
offered chemotherapy -- cisplatin and 5-fluorouracil
+/− Cetuximab combination is most often used105,106
but other cytotoxics have been also shown to be effective107, with clinical tumour response reported ranging between 10 ~ 32%. A decision to offer a surgical
procedure as palliation requires careful though and
discussion with all concerned as to what the likely
benefit from such intervention is likely, if at all?108

The Present and Future Research
Current eligibility criteria for laryngeal preserva-
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tion for patients with hypopharyngeal cancer include
T2 ~ T3 up to T4 tumours, without massive cartilage
invasion or extension to soft tissues, without laryngeal dysfunction (tracheostomy, nasogastric tube or gastrostomy, or inhalation pneumonia), age < 70 years,
or patients fir unfit for chemotherapy and performance
status (WHO) < 3.109 Factors that may influence treatment modality include: extent and volume of tumour,
lymph node metastasis, patient age, occupation, preference, and compliance, local availability of expertise
in radiation therapy or surgery, previous history of
having had a head and neck cancer.
With time and experience with the use of
chemoradiotherapy in head and neck cancer, the indications or clinical usage of “organ preservation”
strategies have expanded to include patients with
more advanced disease such as N3 and T4a stage
hypopharyngeal cancer. Treatment guidelines fail to
define borderline resectable T4 lesions which may not
be amenable for surgical excision.74 In several publications from Asia on hypopharyngeal cancer most
frequently presents at stage IV disease,16,74,78,98 resulting in the dilemma which treatment option is best
for each patient. The major critical issue in cancer
resectability is the long-term prognosis and the morbidity of the patient. In some such patients extensive
disease results in positive margins and the morbidity
of extensive surgery is considered unacceptable.74,110
Imaging has become critical in modern clinical practice to evaluate the disease extent local and regional,
estimate the volume of disease and conclude whether
“clear margin surgery” can be achieved by surgery.111
Should there be a move to report treatment outcomes
using tumour volume rather than the T and N staging,
greater definitions of what is operable vs. inoperable,
what is meant by palliation -- patient’s symptoms
or the need to “do something,” and in symptomatic
patients at presentation (tracheostomy, tube assisted swallowing, narcotic dependent pain relief etc.
what has been achieved for each patient by whatever
treatment option given! Sometimes quality survival
may be more realistic and achievable than attempts at
quantity survival with it inherent morbidity and risk
of further shortening of the patients remaining life?
Each patient should be evaluated in a multidisciplinary team which will recommend the most suitable
treatment protocol. Laryngeal preservation options
have changed over the past two decades. The introduction of taxanes in the induction chemotherapy arm
and target therapies (epidermal growth factor receptor,

EGFR), as well as advances in molecular predictive
marker knowledge may change clinical practice.112
During the same time period innovative surgical techniques have achieved substantial advances with minimal invasive transoral microsurgical laser treatment
as well as robotic surgery, which allows for function
preservation, without the need for a tracheostomy or a
feeding tube, and the procedure can be performed as a
day-case.49-50
While the reporting of laryngectomy negatively
impacts on functional outcomes, above all speech,
the functioning advantage of a larynx preservation
strategy on swallowing is less clear.113 Multivariable
analysis of patients who developed severe late toxicity has reported that advanced T-classification, sub-site
involvement and older age.114
At present there is no conclusive evidence that
induction chemotherapy is superior to concurrent
chemoradiotherapy in terms of overall survival and
the final result will probably depends on the chosen
chemotherapy or targeted therapy that is used to potentiate the radiotherapy effect.115 There is a single
reported randomised phase III trial which studied 71
untreated resectable T3 piriform sinus squamous cell
carcinoma and reports that the hypopharyngeal preservation at 2 years was 68% for the induction chemotherapy group and 92% for the concurrent chemoradiotherapy group, the event-free survival rates were
36% and 41% respectively.116 The time has come for
more coordinated trials to establish the best treatment,
conducted in accordance with the recently developed
consensus guidelines.112,117
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Narrow Band Imaging for the Evaluation and
Detection of Head and Neck Tumors: Review
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Narrow band imaging (NBI) provide high-contrast images of lesions by means of optical technologies,
including the contrast enhancement of the mucosal surface and of blood vessels. This new equipment-based
image-enhanced technology already has proven effective in the early diagnosis of head and neck primary
and mucosal recurrent squamous cell carcinoma, including laryngeal, hypopharyngeal, oropharyngeal,
nasopharyngeal, and oral cancers, as well as of unknown primary cervical lymph node metastasis. In addition
to the role NBI has in the diagnosis of head and neck cancers, there is an exciting role for this modality in
the context of surgery for identifying margins before resection. A few studies guiding the use of NBI define
surgical margins in the operating room will help establish its role in transoral resection of head and neck
cancers. This article reviewed the literature to summary the NBI relevant clinical researches for the diagnosis
of head and neck squamous cell carcinoma.
Key words: narrow band imaging, head and neck, squamous cell carcinoma, endoscope, image-enhanced
technology

Introduction
The World Health Organization suggests that
each year there are over 600,000 new cases of head
and neck cancers world-wide and has estimated it
causes 300,000 deaths every year.1 Image-enhanced
endoscopy (IEE) is helpful for screening of primary
neoplasm in patients with esophageal and head and
neck cancer. There are two methods of IEE: dyebased and equipment-based. The objective of these
two methods is to increase the contrast of structures,
thus making the mucosal topography, morphology
and borders of lesions viewable in finer detail.2
Although dye-based method, such as endoscopy
using Lugol’s solution, is useful for the early diagnosis of subtle lesions, the technique presents various
disadvantages ranging from the time required for

spray application of the dye and suctioning of excess
dye to the increased difficulty in identifying lesions
in the presence of severe inflammation and obstruction of visual field due to the pooling of solution in
depressed-type lesions. To overcome above problems
associated with dye-based method, several types
of equipment-based methods have been developed.
Equipment-based methods provide high-contrast images of lesions by means of optical or electronic technologies, including the contrast enhancement of the
mucosal surface and of blood vessels.3 Among several
types of equipment-based methods, narrow-band
imaging (NBI) is the most commonly clinical used
optical digital method of performing IEE in head and
neck region nowadays.
NBI endoscopy equipment, developed during
the past decade, has better depth of penetration and
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increases the diagnostic sensitivity of endoscopy to
characterize tissues. The NBI endoscopy uses narrow-bandwidth filters in a sequential red-green-blue
illumination system and may detect superficial pharyngeal mucosal lesions.4-6 The central wavelengths
of the NBI filters are 415 and 540 nm and each has a
bandwidth of 30 nm. This system is easily activated
by pushing a button on the endoscope. NBI combined
with magnifying endoscopy can clearly visualize the
microvascular structure of the organ surface, because
the 415-nm light is well absorbed by hemoglobin.
Surface microvascular irregularities provide useful
landmarks for identifying an early neoplasm in the
head and neck (H&N) region, bronchus, and the gastrointestinal (GI) tract.7
This article reviewed the literature to summary
the NBI relevant different purposes for the detection
of head and neck tumors.

NBI for the Identification of Primary
Tumors
NBI is generally accepted that it is of great benefit in detecting superficial mucosal lesions over the
pharyngeal mucosa since the year 2004 of first study
published by Muto et al.7 The effectiveness of NBI in
the early detection of head-and-neck squamous cell
carcinoma has been documented and that all of the
studies used “brownish spots” proposed by Muto et
al. as the typical image pattern for detecting early cancerous lesions. As such, brownish spots seem to have
become a gold standard in identifying early mucosal
head and neck cancer.
According to a recent systematic review study by
Cosway et al., NBI has good sensitivity, specificity, and
positive and negative predictive values (NPVs) in the
investigation of potential primary tumors. What is most
striking are the excellent NPVs providing good evidence that patients with a negative screen with whitelight imaging (WLI) and NBI have a very high probability of not having head and neck cancers. This is of
great value clinically being able to offer reassurance and
discharge of patients with a negative nasoendoscopy.8

NBI for the Identification of Tumor
Recurrence and Metachronous
Second Primary Malignancies
As for NBI in the context of tumor recurrence,
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our study screened a total of 206 patients with head
and neck squamous cell carcinoma (HNSCC) using
conventional white-light (WL) and NBI systems
during their routine postoperative sessions to evaluate
the rate of detecting malignant tumors, depending on
the anatomical site and stage of cancer and the history
of radiotherapy after primary treatment. We found
that NBI-assisted endoscopy is highly useful for the
detection of precancerous lesions in the oropharyngeal and hypopharyngeal mucosa and is not affected
by a history of radiotherapy in patients with HNSCC.9
A recent similar study with 195 patients recruited by Tirelli et al. assess the effectiveness of NBI in
the early detection of second primaries or local recurrences after treatment for oral and oropharyngeal
squamous cell carcinoma, its advantage over standard
WL endoscopy, and the influence of previous radiotherapy, the learning curve, and lesion site. These
patients were divided into two groups according to
treatment: surgery alone (group A) or radiotherapy
with or without surgery and/or chemotherapy (group
B). The diagnostic gain of NBI was 88.2% in group
A and 69.6% in group B. The learning curve was the
main source of false positives (p = 0.025), whereas
radiotherapy and lesion site were uninfluential (p = no
significance).10
Another study focusing on oral cavity site conducted by Chu et al. evaluated the effectiveness of
NBI in patients with oral squamous cell carcinoma
after treatment. A higher incidence (18% vs. 9%, p =
0.037) and less-advanced stage (4% vs. 37%, p =
0.0005) of second primary malignancies were found
among the NBI group compared with a previous
cohort without NBI examination, and fewer patients
needed postoperative adjuvant therapy (12% vs. 50%,
p = 0.0005).11

NBI in the Identification of the Cancer
of Unknown Primary (CUP)
The systematic review performed by Cosway
et al. demonstrates that the sensitivity and specificity
for NBI in the CUP setting are high; 74% and 86%,
respectively. This high accuracy suggests that NBI is
an excellent test for identifying patients with a mucosal lesion in the context of the CUP. Most usefully,
NBI seems to have high sensitivity and NPVs and,
therefore, is unlikely to miss a mucosal lesion in the
head and neck as well as correctly identify negative
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cases allowing for patient reassurance to discharge. In
addition, NBI is a useful tool when approaching CUP
as this modality does seem to identify a primary site
for a small number of tumors, thus reducing the need
for extensive radiation fields and associated toxicities
to cover the entire head and neck mucosal axis.8

NBI for the Identification of
Nasopharyngeal Tumors
In 2011, we presented a first case report in a
postirradiated nasopharyngeal carcinoma (NPC) patient with early recurrence successfully detected by
NBI endoscopy.12
Thereafter, we investigated the detection values
of NBI in primary NPC and mucosal recurrent NPC
after radiotherapy, respectively. In primary NPC
study, we proposed five distinctly different findings
that need to be examined by NBI: type I: brownish
spots, type II: irregular microvascular pattern (IMVP),
type III: light crests, type IV: side-difference, type V:
presence of either IMVP or side-difference, of which
last three (type III ~ V) were a new concept. The
results of NPC diagnosis by detecting NBI type V
pattern, the false positive, false negative, sensitivity,
specificity, positive predictive value (PPV), NPV and
accuracy were 6.7%, 2.9%, 97.1%, 93.3%, 91.7%,
97.7%, and 94.9%, respectively. NBI was able to provide a rapid, convenient, and highly reliable screening
for high-risk populations.13
A recent similar study conducted by Ni et al.
propose a microvessel diagnostic classification using
NBI endoscopy and to investigate the role of an NBI
classification in the diagnosis of NPC. The superficial
microvessel patterns were classified into five types
(types I ~ V). Approximately 93.5% of lymphoid hyperplasia appeared as the type II microvessel pattern
under NBI endoscopy, whereas 96.2% of nasopharyngeal radiation-induced inflammation exhibited the
type III or IV microvessel pattern. The characteristics
of NPC under NBI endoscopy mainly appeared as a
type V microvessel pattern (79.5%), and the sensitivity, specificity, PPV, and NPV of type V in the diagnosis of NPC were 79.5%, 91.3%, 96.0%, and 62.9%,
respectively. The authors also conclude that NBI
could significantly improve the detection of superficial lesions.14
As for mucosal recurrent NPC after radiotherapy study, the diagnostic criteria of NBI is different to

that in primary NPC. As we know, the effectiveness
of NBI in the early detection of HNSCC has been
documented and that all of the studies used “brownish
spots” as the typical image pattern for detecting early
cancerous lesions of oral and pharyngeal mucosa.
However, more false positive brownish spots were
also detected in our pilot study. We hypothesized that
these nonneoplastic brownish spots were the result of
radiation reactive mucositis. Surprisingly, when we
inserted the endoscope closer to the lesions, some cases were identified by a tail and round sign pattern with
relative homogeneous in shape (Fig. 1). These pathological results of lesions with tail and round signs
revealed a nonneoplastic change. Therefore, when
we used conventional brownish spots by NBI and irregularities signs (Fig. 1) by NBI closer view as new
diagnostic criteria of recurrent neoplasia, the sensitivity and specificity were 87.5% and 74.5%, and 87.5%
and 87.8% respectively. A significant improvement in
the specificity was obtained using a NBI closer view
over NBI alone (87.8% vs. 74.5%, p < 0.05). We concluded that although NBI in endoscopy can improve
sensitivity of mucosal recurrent nasopharyngeal neoplasias, false-positive (nonneoplasia brownish spots)
results may be obtained in areas with nonspecific inflammatory changes due to postradiation effects. NBI
closer view not only can offer a timely, convenient,
and highly reliable assessment of mucosal recurrent
NPC, it can also make endoscopic removal possible.15
Our further study evaluated the correlation
between the histologic findings of nasopharyngeal
mucosal neoplasias after radiotherapy and NBI endoscopic findings. According to the NBI endoscopic examinations, the epithelial thickness of the brown-spotted lesions with irregular borders was significantly
thicker than those lesions with tailed/round borders
(p = 0.009). Visualization by NBI corresponded to
the histopathologic findings; the prevalence of neoplastic lesions with tailed/round borders and irregular
borders was 0% and 44.4%, respectively (p = 0.017).
This study demonstrates that lesions with an irregular
pattern tend to be neoplastic lesions. Irregularities observed under NBI are important pathologic indicators
of the early invasiveness of nasopharyngeal mucosal
neoplasia after radiotherapy.16
A large number study of 1,854 patients conducted by Yang et al. also showed that the sensitivity,
specificity, PPV and NPV for detecting NPC significantly increased from 90.3, 75.4, 11.3 and 99.6% with
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Brownish spots

NBI view

NBI
closer view

tail sign

round sign

irregularityd sign

Fig. 1. When a well-demarcated brownish area with scattered brown spots was detected by narrow-band imaging
(NBI), further endoscopic closer view was employed to identify tail, round, or irregularity sign patterns. A tail
sign pattern was defined as high-density thicker vessels, relatively homogeneous in shape, and having a fine
curving line like a tadpole tail. A round sign pattern was defined as isolated regular high-density thicker vessels
with relative homogeneous in shape without a fine curving line. An irregularity sign was defined as isolated
irregular high-density thicker heterogeneous vessels without a fine curving line.

WL up to 100, 99.2, 81.6 and 100% with NBI, respectively.17
However, a negative study performed by Ho et
al. compared NBI and WL for the screening of unaffected members of families with NPC. They proposed
that there were two NBI patterns in NPC: microvascular proliferation and engorged blood vessels. The
NBI pattern in normal nasopharyngeal mucosa was a
regular cobblestone pattern. The correlation between
WL and NBI was very high (κ = 0.798, p = 0.000).
The authors concluded that NBI is not superior to WL
for the early detection of NPC in unaffected members
of families with NPC history.18
A prospective cohort study performed by Madana
et al. describe specific features for possible detection
of early primary and post-irradiation NPC. The authors proposed common NBI features of normal mucosa were discrete brown spots (100%) and regular
polygonal follicular pattern of nasopharyngeal mucosa
(90%). The features of 15 patients with primary NPC
were loss of normal polygonal follicular architecture
of nasopharynx (100%), concentrated brown spots
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(93%), and pale pink areas (80%). In the 19 post-NPC
radiation patients, common features were patches of
intense brown-green spots (100%), loss of polygonal
follicular pattern of nasopharyngeal mucosa (95%),
and discrete microvasculature branches (95%).19
Therefore, many studies demonstrate that NBI
in the context of nasopharyngeal tumors again has a
very high NPV making it very useful in ruling out the
disease.8 However, it should be noted that the patient
characteristics are not clear and that the positive and
NPVs are influenced by the prevalence of disease,
which is particularly high in southern China.20

NBI for Delineates Superficial
Resection Margins During Surgery
In recent years, a few studies guiding the use of
NBI to define margins in the operating room present
in order to establish its role in transoral resection of
head and neck cancers.
Garofolo et al. investigated the effect of intraoperative NBI examination on the incidence of positive
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superficial surgical margins in early glottis cancer
treated by transoral laser microsurgery (TLM). The
rate of positive superficial margins in the present NBI
cohort was thus 3.6% in the present group and 23.7%
in the matched historical control cohort (p < 0.001).
The authors conclude that routine use of intraoperative NBI increases the accuracy of neoplastic superficial spreading evaluation during TLM for early glottis
cancer.21
A recent study performed by Plaat et al. validate
the prognostic value of adding NBI during TLM for
early glottis cancer. Two-year recurrence-free survival was 82% in the WL group and 98% in the NBI
group (p < 0.05). Additional use of NBI during TLM
for early glottis cancer significantly improves clinical
outcome.22
Therefore, this could reduce the chance of positive margins requiring repeat surgery or further adjuvant treatment as well as minimize excess normal
tissue being removed and potentiating functional deficits. This could be particularly important in the context of small laryngeal lesions in which small changes
in the amount of tissue removed can potentially result
in significant changes in phonation quality.8

2.

3.
4.

5.

6.

7.

8.

9.

Conclusion
NBI, novel optical-based diagnostic system,
improves the contrast of mucosal surface texture, and
enhances visualisation of mucosal and submucosal
vasculature. NBI does not only improve the diagnostic accuracy of head and neck cancers alongside WL,
but it also has an important role in the exclusion of
disease in a negative nasoendoscopy as well as potentially identifying primary lesions in occult neck
disease. In addition, the recent use of NBI to define
margins in the operating room will help establish its
role in transoral resection of head and neck cancers,
providing the option of minimally invasive treatment
such as endoscopic or partial surgical resection. Although further research is required to better understand these clinical, histopathological and molecular
parameters especially for early mucosal changes,
there is building evidence to recommend its use as the
new gold standard for endoscopic assessment in head
and neck oncology.
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Detection and Management of Oral Potentially Malignant
Disorders
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Oral cancer is a potentially fatal disease, causing serious mortality and morbidity worldwide. However,
early diagnosis is hard to achieve according to reports throughout the world. As we know, direct relationship
between oral cancer and chronic irritants has been proved, and betel quid chewing is especially noticeable in
certain population in Taiwan. Despite the malignant transformation rate differs, many oral cancers do come
from oral potentially malignant disorders (PMDs). Public health policy of Taiwan government is designed
toward early diagnosis of oral cancer through screening of oral PMDs. Although several new diagnostic tools
have been invented and reviewed in this article, education program for visual screening of oral PMDs is by far
the most feasible and widely-recognized way to identify oral cancer at early stage in Taiwan.
Key words: oral cancer, oral potentially malignant disorder, diagnosis, management, screening

Introduction
Oral cancer is a serious problem globally, ranked
sixth most common cancer worldwide, with an estimated 30,000 new cases expected to occur in the USA
and 61,000 new cases in Europe every year. 1 The
annual incidence of cancer of the oral cavity, oropharynx, and hypopharynx ranked 6th in Taiwan in 2013,
which showed a strong male predominance (male:female ratio > 10), and the incidence rate increased
21.7% in men in the past decade.2 Regarding the stage
at diagnosis, most cancers of oral cavity, oropharynx,
hypopharynx were diagnosed at advanced stages
(stages III ~ IV). The mortality of oral cancer alone
accounted for 2,667 deaths in the year of 2015 (ranked
5th), according to the Taiwan Cancer Registry Annual
Report released by the Health Promotion Administration (HPA) in 2016.2,3 It urges the early diagnosis of
oral cancer.
95% of oral cancer is squamous cell carcinoma
(SCC), and the association is known between SCC

and chronic irritants such as tobacco, alcohol, and
betel quid.3 Oral cancer occurrence is most frequently
after the age of 40, with a peak at 60 years of age.
The recent incidence rise in young adult population
may be due to human papilloma virus infection. 4
According to an epidemiological study by Ko et al.
in Taiwan, the incidence of oral cancer in betel quid
users and smokers is about 100 times higher than that
in the general population.5 Unlike western countries,
betel quid chewing and cigarette smoking account for
the major causes of oral cancer in Taiwan, and these
irritants also yield potentially malignant disorders
(PMDs) in oral cavity.

PMDs
Various PMDs in oral cavity have the potential
to gradually become early cancers, such as leukoplakia, erythroplakia, and erythroleukoplakia. Other
PMDs included oral lichen planus, oral submucous
fibrosis, syphilis, xeroderma pigmentosum, systemic
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lupus erythematosus, and dystrophic epidermolysis
bullosa, etc.6,7 An earlier working group of the World
Health Organization (WHO) in 1978 proposed that
clinical presentations of the oral cavity that are recognized as precancerous be classified into two groups,
as lesions and conditions, with the following definitions:8 (1) A precancerous lesion is “a morphologically altered tissue in which oral cancer is more likely to
occur than in its apparently normal counterpart;” (2)
A precancerous condition is “a generalized state associated with a significantly increased risk of cancer.”
The latter definition (precancerous condition,
more like a status at risk) signifies that the cancer can
arise in any part of the oral cavity and not necessarily
in a pre-existing lesion. However, the distinction between a precancerous lesion and condition was considered not just academic. We conclude our opinions
in Table 1. Even though the WHO listed oral submucous fibrosis and lichen planus as precancerous conditions, we consider them to be precancerous lesions
since they appear to be localized lesions in clinical
practices.
In 2005, the WHO has clarified the nomencla-

ture and classifications of oral PMDs, and recommends the use of the term oral “potentially malignant
disorders” (PMDs) instead of precancerous lesions/
disorders.8 PMDs carry an increased risk of cancer
development either in or close to the area of lesions
or elsewhere in the oral cavity or the head-and-neck
regions (according to field cancerization theory).
Currently in Taiwan, oral PMDs include leukoplakia
(homogeneous and non-homogeneous), erythroplakia,
verrucous hyperplasia, oral erosive lichen planus, oral
submucous fibrosis, etc. The most common types are
leukoplakia and erythroplakia. The rate of malignant
transformation differs (the overall transformation rate
of the most common form of oral PMD, leukoplakia,
varies from 0.13 to 17.5%).9 The malignant transformation rates of some common PMDs are listed in
Table 2.

Leukoplakia
The term leukoplakia first describes a white
patch or plaque that cannot be characterized clinically
or pathologically as any other disease, and leukoplakia remains a clinical diagnosis of exclusion. Lesions

Table 1. Classification of precancerous lesions and conditions
Precancerous lesions

Precancerous conditions

Leukoplakia

Advanced age

Erythroplakia

Tobacco, alcohol, or betel quid use

Erythroleukoplakia

Immunosuppression (disease or therapy related)

Lichen planus

Prior upper aerodigestive tract cancer

Oral submucous fibrosis

Actinic keratosis (sun exposure, especially lips)
Oral human papillomavirus infection
Human immunodeficiency virus infection
Syphilis infection
Discoid lupus erythematosus
Xeroderma pigmentosum
Dystrophic epidermolysis bullosa

Table 2. The malignant transformation rates of PMDs
Malignant transformation rate (%)

References

Lichen planus

PMDs

0 ~ 10

10

Oral submucous fibrosis

7 ~ 30

10

Erythroplakia

14 ~ 50

10

Leukoplakia

0.13 ~ 17.5

11 ~ 22

PMDs: potentially malignant disorders.
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arising on the floor of mouth, lateral tongue, and
lower lip are the most likely to harbor dysplasia or
progress to malignancy.23 The rate of progression to
malignancy has been reported to be between 0.13%
and 17.5% in 1 to 20 years (Table 3), and as many as
19.9% of leukoplakia lesions may demonstrate some
degree of dysplasia, with 3.1% showing frank carcinoma.24

Erythroplakia
Erythroplakia is a clinical term used to describe
a fiery red patch that cannot be clinically or pathologically distinguished as any other definable disease.
Similar to leukoplakia, the erythroplakia lesion is
considered as a diagnosis of exclusion because numerous other disease entities must be excluded before
erythroplakia is considered as the diagnosis.
Although far less common than leukoplakia,
erythroplakia is a worrisome clinical condition that
often harbors dysplasia. Upon histological analysis,
51% of erythroplakia lesions have been shown to
demonstrate invasive SCC, with 40% demonstrating
carcinoma in situ, and 9% exhibiting mild-moderate
dysplasia.25

Lichen planus
Lichen planus is a chronic inflammatory disorder
with unknown etiology, demonstrating a cell-mediated
immune response (T lymphocytes accumulate beneath
the epithelium of the oral mucosa and increase the
rate of differentiation of stratified squamous epithelium, resulting in hyperkeratosis and erythema with or

without ulceration).26 The malignant transformation
rate is generally low, but dysplasia may be found.

Oral submucous fibrosis
Oral submucous fibrosis is a chronic disorder
characterized by fibrosis of the lining mucosa of the
upper digestive tract involving the oral cavity, oropharynx and frequently the upper third of the esophagus. The clinical presentations may range from burning sensation, blanching of mucosa, to limited mouth
opening.

Screening of Oral PMDs
Despite the relative easy-accessibility of oral
cavity, many cancers were not diagnosed until advanced stages. In order to raise the early-diagnosis
rate, the screening is quite important. So-called
screening is “the process of identifying apparently
healthy people who may be at increased risk of a
disease or a condition.” Current screening policy
demands more effective and reliable tools to distinguish true early cancers from PMDs, both in high-risk
group and low-risk group.

Conventional Examinations
Direct visual screening
Direct visual inspection of the oral cavity is
a quick, simple, and acceptable screening test for
oral tumor. Oral visual screening is the most widely
used method for mass screening of oral cancer with

Table 3. The malignant transformation rates of leukoplakia
Source

Country

Einhorn and Wersäll

11
12

Year

Patient number

Malignant transformation rate (%)

Sweden

1967

782

4.00

United States

1968

117

6.00

Pindborg et al.13

Denmark

1968

248

4.40

Kramer14

England

1969

187

4.80

Denmark

1971

331

3.60

India

1976

4,762

0.13

Hungary

1977

670

6.00

United States

1984

257

17.50

Norway

1987

157

8.90

United States

1988

463

10.30

Netherland

1998

166

12.00

Japan

2006

444

7.90

Silverman and Rozen

Roed-Petersen

15

Silverman et al.16
Bánóczy

17

Silverman et al.

18

Lind19
Bouquot and Gorlin
Schepman et al.

21

Amagasa et al.22

20
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a pooled sensitivity of 0.848 and specificity of 0.965
reported in one systemic review.27 One Study done
in Kerala, India, clearly stated that routine use of
oral visual screening reduced oral cancer mortality
in the high-risk group of users of tobacco or alcohol,
or both.28 In Taiwan, a nation-wide population-based
screening program for the early detection of oral
pre-malignancy and oral cancer has been implemented since 2004, aimed at high risk individuals with
habits of cigarette smoking and/or betel quid chewing. Limitation of visual inspection is the inability of
non-specialists to differentiate benign, oral PMDs,
and malignant lesions. Therefore, the education and
certification of oral screening practice for otolaryngologists, dentists, or trained physicians are important
policy in Taiwan.

Clinical tissue staining (visual aids)
Vital iodine stain (3% Lugol solution) binds to
the abundant glycogen granules in the cytoplasm of
cancer cells, resulting a black-brown color stained lesion.29
Chen et al. used methylene blue in 58 patients
with suspicious oral cavity lesions. They reported that
the sensitivity was 90%, the specificity 69%, positive
predictive value 74%, and negative predictive value
87%. The only benefit of methylene blue as a screening tool is that it is cheaper than toluidine blue.30
Toluidine blue is a member of the thiazine group
of metachromatic dyes, which has the ability to bind
DNA, and identify the abundant nucleic acid in dysplastic cells from normal ones.4 For supravital staining, a 1% toluidine blue solution is placed on the oral
mucosa and removed after one or two minutes with 2%
acetic acid oral rinse.31 Because cells undergoing inflammatory changes and benign hyperplasia may also
retain dye leading to false-positive results, toluidine
blue test showed high sensitivity but low specificity.32,33

Novel Examinations
Photodynamic diagnosis (PDD, fluorescence
diagnosis)
Photodynamic diagnosis using 5-aminolevulinic
acid (5-ALA) is time-consuming and thus unsuitable
for routine diagnostic procedures.31

Chemiluminescence (ViziLite® Plus)
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Chemiluminescent light based systems (ViziLite®
Plus, MicroLux DL) use the application of a diffuse
chemiluminescent light source to visualize abnormal
oral mucosa not visible under normal light. A 1%
acetic acid oral rinse is used to remove surface debris
and slightly desiccate the oral mucosa before direct
examination with the light source. The ViziLite®
system uses a toluidine blue stain to aid in further
lesion assessment. This commercial imaging devised
involves a hand-held, single-use, disposable chemiluminescence light stick, which emits light at 430, 540,
580 nm wavelengths to improve visual distinction
between normal mucosa and oral white plaques.4

Autofluorescence (Velscope® system)
Tissue autofluorescence has already been used to
screen the precancerous lesions in lung, uterine cervix, and skin. Autofluorescence describes the biological characteristic of tissue to fluoresce when exposed
to certain wavelengths of light, an effect attributable
to its possessing endogenous fluorophores such as flavin, tryptophan, elastin, and collagen.31 The concept of
tissue autoflorescence cancer detection is that changes
in the structure (e.g. hyperkeratosis, hyperchromatin
and increased cellular/nuclear pleomorphism) and
metabolism (e.g. concentration of flavin adenine dinucleotide and nicotinamide adenine dinucleotide of
the epithelium) alter their interaction with light.34 The
commercial handheld device is developed by LED
Medical Diagnostics (White Rock, BC, Canada) using
the Velscope® system. However, other pathological
processes apart from malignant transformation can
also influence cell metabolism and thus tissue oxidation, e.g., inflammation or ischemia, false-positive
results can occur.31

Histological Analysis
Oral brush cytology
The well-established method of brush biopsy for
sample collection is already used in screening for cervical carcinoma. Oral brush cytology provides a cytological evaluation of dysplastic cells, and liquid-based
cytology showed a better result than the conventional
ways. To obtain a tissue sample, apply a stiff brush
to the oral mucosa with enough pressure to induce
pinpoint bleeding, which ensures a full-thickness or
trans-epithelial tissue sample. These samples can also
be analyzed by a variety of other diagnostic measures,

Oral Potentially Malignant Disorders

including:35 (1) Computerized image analysis (OralCDx®); (2) Statistical DNA and image cytometry; (3)
Immunocytochemistry with extracellular matrix proteins (high-molecular weight tenascin-C and the γ2chain of laminin-5); (4) Molecular analysis.
However, the large surface area of the oral cavity prevents the use of brush biopsy as a screening
measure. The usefulness is also limited in surveillance
of visible lesions: many oral lesions have resistant
keratotic surfaces, so samples are often inadequate
because they are often too superficial and/or bloody.36
And the purely morphological assessment of a relevant proportion of malignant cells fails to clearly
identify malignancy.31

the oral cavity is debated. Non-surgical treatment
options for oral lesions with evidence of epithelial
dysplasia include regular surveillance, reducing risk
factors such as smoking, betel quid, and alcohol, and
chemoprevention drugs, for example, retinoids and
antimycotics. Surgical treatment methods include laser, cryosurgery or complete excision. In widespread
lesions, photodynamic therapy may be considered.
We conclude the indications and limitations of available treatment modalities for PMDs in Table 5. One
review article clearly states, until good quality and
ethical randomized control trials is available, experts
still recommend surgical removal as treatment plan
for high risk PMDs.38

Tissue biopsy (gold standard)

Screening Policy in Taiwan

Full-thickness tissue biopsy with histological
assessment, such as punch biopsy, incisional biopsy,
or excisional biopsy, remains the gold standard of
definite oral cancer diagnosis.37
Lesions that seem to be frankly cancerous should
be referred immediately to a surgeon for biopsy or excision, whereas lesions that have obviously nonmalignant etiologies instead warrant observation and close
follow-up; diagnostic adjuncts are most valuable in
assessing the lesions that fall in the wide gap between
these two categories, and the less experienced the
examiner, generally the wider the gap.35 We conclude
the advantages and disadvantages of available diagnostic modalities for PMDs in Table 4.

Visual screening of oral cavity is an easy, cheap,
and effective way to save lives.39 Current guidelines
from western professional organizations (e.g. American Cancer Society, American and British Dental
Associations and the International Dental Federation
-- FDI) recommend the systematic inspection and palpation of soft tissues intraorally and extraorally under
normal incandescent light, and make the final histological diagnosis by scalpel biopsy when suspicion.40
The current status of the prevalence of oral
cancer in Taiwan has been highlighted by the HPA.41
Broadcasting through the mass media to address the
importance of oral cancer screening has been advocated for more than a decade. Funding has been
distributed through several channels including general health auxiliaries in first-line public health care
institutes, dentists in general practice, oral surgeons,

Treatments
Currently, the management of oral PMDs of

Table 4. Advantages and disadvantages of available diagnostic modalities for PMDs
Diagnostic modality

Advantages

Disadvantages

Direct visual screening

Quick, simple, cheap, effective

Need trained eyes
Hard to detect submucosal lesions

Clinical tissue staining

Useful as an adjunct to a visual examination

Need to apply stain in mouth
High sensitivity but low specificity

Chemiluminescence
and autofluorescence

May be beneficial for general physician (weak evidence)

Expensive
Minimal benefit for specialist

Oral brush cytology

Less invasive
Suitable for diffuse or multiple lesions

Need biopsy for final diagnosis
Can’t penetrate keratotic surfaces
Require a cytologist

Tissue biopsy

Gold standard

Invasive

PMDs: potentially malignant disorders.
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Table 5. Indications and limitations of available treatment modalities for PMDs
Treatment modality

Indications

Limitations

Regular surveillance
Reducing risk factors

All patients with PMDs

Regular follow-up may be difficult in
remote villages and countryside

Chemoprevention drugs

Low risk PMDs (a non-invasive attempt to prevent, Doubtful feasibility
suppress, or reverse carcinogenic progression)
The optimal dose?
Duration of therapy?

Photodynamic therapy

Widespread oral PMDs

Laser and cryosurgery

Moderate -- high risk oral PMDs (less traumatic, Invasive procedure
better hemostasis)
Relatively expensive

Complete excision

Moderate -- high risk oral PMDs (mainstream Invasive procedure
treatment)

Doubtful long-term effect

PMDs: potentially malignant disorders.

and otolaryngologists in the medical center, who are
totally different from the main screening personnel
in other countries, such as public nurses in India.5
Hospitals contracted under the National Health Insurance program have been able to provide people
above the ages of 30 who smoke or chew betel quid
(including people who have quitted these habits), and
aborigines above aged 18 and older, who chewing or
ever chewed betel quid (including having quitted),
with one oral mucosa screening every two years.
Meanwhile, a follow-up system has been established
to record and monitor the cancer patients and patients
with PMDs being treated in the hospital.41 A total of
939,000 tests were conducted in 2015. The percentage
of people over age 30 who smoked or chewed betel
quid and had taken such screenings within the past
two years rose from 28% in 2009 to 56.1% in 2015.
These tests detected oral PMD in 4,095 patients and
oral cancer in 1,361 patients.

Conclusion
The most logical and effective approach to decrease the morbidity and mortality of oral cancers is
early detection of suspicious PMDs. To do so, education program for visual screening of oral PMDs is by
far the most feasible and widely-recognized method
in Taiwan, until more accurate diagnostic tool with
low-cost and convenience come along.
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Background: Head and neck cancer (HNC) has become a burden in Taiwan especially with oral cancer
becoming one of the highest incidence in the world. In this study, we evaluated recent trends in HNC
incidence in Taiwan by subsite with projections through 2039.
Methods: Data for this analysis included all cases of HNC diagnosed between 1980 and 2014 and
reported to the national population-based cancer registry. Incidence rates were stratified by gender and
anatomic subsite. Trends in incidence over time were measured using the estimated annual percentage
change.
Results: Between 1980 and 2014, 125,554 HNC cases were diagnosed with the majority diagnosed with
oral cancer and in males. The age-standardized incidence rate (ASIR) of HNC increased by 5.4% per year
among males and 3.1% among females. During this period, the average annual percentage change (AAPC)
of world-standardized incidence rates for oral, oropharyngeal, hypopharyngeal, and laryngeal cancers in
men increased by 6.9%, 6.1%, 6.0% and 1.3%, respectively compared to women’s rate of 3.6%, 3.7%,
1.6% and -0.1%, respectively. Projections show that oral and oropharyngeal cancer in males will continue
to rise but then start to decline after 2025 while hypopharyngeal cancer will start to plateau after 2030.
Conclusions: Taiwan has one of the highest incidence of HNC. Our results suggest that the increases
in HNC incidence in Taiwan may be associated with the patterns of cigarette smoking and betel quid
chewing habits in the population and therefore, it is critical to promote and educate the importance of
reducing these habits..
Key words: incidence of secular trend, oral cancer, oropharyngeal cancer, hypopharyngeal cancer, laryngeal
cancer

Introduction
Worldwide, head and neck cancers (HNCs; including oral cavity, oropharynx, hypopharynx and
larynx cancers) accounts for more than 809,000
incidence cases and 316,000 deaths in 2015. This
accounts for 4.6% of all new cancers diagnosed and

3.6% of all cancer deaths.1 Globally, lip, oral cavity
and larynx cancer rank in the top 15 cancers among
men. Incidence and mortality rate of HNCs vary by
geographical location and site. High incidence of oral
cancer (excluding lip) is found in South and Southeast
Asia, parts of Western and Eastern Europe, parts of
Latin America and the Caribbean and Pacific regions.2
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Taiwan has one of the world’s highest incidence rates
of oral cancers. In 2014, 8,270 new cases were diagnosed with 2,925 deaths in Taiwan, accounting for
8.0% of all new cancers diagnosed and 6.3% of all
cancer deaths.
The different trends in incidence rates across
countries by HNC subsite and sex likely reflect differences in the prevalence of known risk factors including tobacco use, alcohol drinking and human papilloma virus (HPV) positivity.3,4 Other suspected risk
factors include diet low in vegetables and fruit, poor
dental care, and viral infection including Epstein-Barr
virus and human immunodeficiency virus. 5-9 One
pooled analysis of data from America and Europe
found that tobacco exposure accounted for around
33% of HNC cases, alcohol drinking accounted for
4% of HNC cases and the interaction of tobacco and
alcohol accounted for 3/4 of HNC cases.10 In recent
decades, HPV has been considered as a risk factors
for the cancers of oropharynx.11,12 In populations that
chew betel quid, including Taiwan, betel quid chewing is another important risk factor for HNCs.13-16
The aim of the present study is to describe the
changes in HNC in incidence over the 1980 ~ 2014
period in Taiwan and project cancer incidence through
2039. Comparison of incidence rates in Taiwan with
global changes will also be made.

Materials and Methods
Data source
The newly diagnosed HNCs cases at all ages in
the national Taiwan Cancer Registration (TCR) database from 1980 to 2014 were used in this analysis.
Details of the history, objectives, and activities of the
TCR have been previously described.17 In summary,
the completeness of the TCR database was 98.4%,
the morphological verification percentage was 91.5%,
and the death certificate only percentage for all cancer
sites was 0.7% in 2012. Cancer sites have been coded
in Taiwan by anatomical site (topography) and morphology according to the International Classification
of Disease for Oncology 3rd Edition (ICD-O-3). Classification of HNCs was defined using the codes and
grouped by the following codes: oral cavity (C00 ~
C06), oropharynx (C09 ~ C10), hypopharynx (C12 ~
C13), and larynx (C32). Salivary cancer (C07 ~ C08),
nasopharyngeal carcinoma (NPC) (C11), and thyroid
cancer (C73) were excluded from the analysis.

Statistical analysis
All analyses were conducted separately among
men and women. Age-standardized incidence rates
(ASIRs) were estimated for HNCs and each subsite
from 1980 until 2014. ASIRs were calculated by the
direct method using the 2000 world standard population as defined by the World Health Organization and
expressed as cases per 100,000 populations. Trends in
annual ASIRs were analyzed using the annual percent
change (APC) by join point regression analysis. To
quantify the incidence trend, the average annual percentage change (AAPC) and confidence intervals (CIs)
were calculated by HNCs, each site, and sex. The
significance of AAPC does not include zero (p < 0.05).
Additionally, trends in age-specific incidence rates for
HNCs were calculated for the time periods 1980 ~ 84,
1985 ~ 89, 1990 ~ 94, 1995 ~ 99, 2000 ~ 04, 2005 ~
09, and 2010 ~ 14. The Norpred package was used
to project the future incidence trends to 2039 using
the power of 5 function and cut trend method.18 Nordpred fit an age-period-cohort model to the data and
then calculated world-standardized incidence rates
for eighteen age groups (from 0 ~ 4 to 85+, 5-year
intervals) and 5-year interval periods (1980 ~ 1994,
…, 2010 ~ 2014). The populations beyond 2015 were
estimated and reported by the National Development
Council.19 Trends based on all of the observed data
were then extrapolated out to five 5-year periods, ending in 2039. For international comparison, the data
from Cancer Incidence in Five Continents (CI5) Volumes X (2003 ~ 2007) maintained by the International Agency for Research on Cancer (IARC) was used.20
15 countries were selected based on data quality.

Results
Table 1 shows the number of cases for HNCs
overall and by anatomic site from 1980 to 2014.
A total of 125,554 cases of HNC were diagnosed
in Taiwan during this period. Among these cases,
84,542 (67.3%) were oral cancers, 10,184 (8.1%)
were oropharyngeal cancers, 15,050 (12.0%) were
hypopharyngeal cancers and 14,825 (11.8%) were laryngeal cancers. Approximately 91.3% of HNCs were
diagnosed in males and the largest proportion were
diagnosed in those aged 40 ~ 60 years old (56.0%).
Compared to hypopharyngeal and laryngeal cancer,
proportions of oral and oropharyngeal cancers are
higher in males and younger age.
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4,585 (30.9)
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0.004
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3.55
6.52
6.99
6.39

1.36
HNC: head and neck cancer.
*
Per 100,000 person; †missing in some groups.
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7.35
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23,813 (28.2)
25,667 (30.4)
15,346 (18.2)
9,629 (11.4)
54
84,542

16 (0.1)
636 (4.2)
3,555 (23.6)
4,924 (32.7)
3,422 (22.7)
2,496 (16.6)
57
15,050

3.66
0.23
14,003 (94.5)
822 (5.5)
3.81
0.13
14,574 (96.8)
476 (3.2)
2.41
0.27
9,216 (90.5)
968 (9.5)
19.88
2.34
76,004 (89.9)
8,538 (10.1)

Hypopharyngeal cancer
(C12 ~ C13)
Case no. (%)
Rate*
Oropharyngeal cancer
(C09 ~ C10)
Case no. (%)
Rate*
Oral cancer
(C00 ~ C06)
Case no. (%) Rate*

HNCs
Characteristics (C00 ~ C06, C09, C10, C12 ~ C14, C32)
Case no. (%)
Rate*
Sex
Males
114,638 (91.3)
29.98
Female
10,916 (8.7)
2.99
†
Age group
< 30
1,255 (1.0)
0.35
30 ~ 39
10,731 (8.5)
8.78
40 ~ 49
32,211 (25.7)
32.13
50 ~ 59
37,980 (30.3)
50.28
60 ~ 69
25,421 (20.2)
51.96
70+
17,940 (14.3)
45.92
Mean
55
Total
125,554
16.79

Table 1. Age and sex distribution of patients diagnosed with HNC and subsite in Taiwan, pooled 1980 ~ 2014

Laryngeal cancer
(C32)
Case no. (%)
Rate*

Hsu et al.
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The observed ASIR was 8.71 per 100,000 in
1980 and increased to 46.56 per 100,000 in 2014 for
males (Fig. 1). Similarly, the observed ASIR was
1.65 per 100,000 in 1980 and increased to 4.15 per
100,000 in 2014 in females. Incidence of HNCs continues to be higher among males than females and this
disparity continues to grow with time. The AAPC of
HNCs was 5.4% (95% CI: 4.9% ~ 5.9%, p < 0.05)
for males and 3.1% (95% CI: 2.8% ~ 3.5%, p < 0.05)
for females. The sharpest incidence increase in males
was seen in the 1990 ~ 1999 (APC = 9.2%, p < 0.05)
(Supplemental Table 1). During this period, the incidence sex ratio increased from 5.3 to 11.2.
The ASIRs for each site by gender is also shown
in Fig. 1. During 1980 ~ 2014, the AAPC of ASIR
for oral cavity, oropharynx, hypopharynx, and larynx
cancers in men increased by 6.9%, 6.1%, 6.0% and
1.3%, respectively. In women, the AAPC of ASIR
for these cancers increased by 3.6%, 3.7%, 1.6%
and -0.1%, respectively. Although oropharyngeal
and hypopharyngeal cancers are increasing with
time, oral cancer remains the leading HNC in Taiwan and continues to increase at a faster rate than
other HNCs. In contrast to the incidence trends of
other HNCs, the ASIR of laryngeal cancer was only
slightly increased, remaining mostly stable. ASIRs by
5-year categories are shown in Supplemental Table 2.
The age-specific rate of HNCs by sex and period
is shown in Fig. 2. Incidence rates have increased in
both sexes regardless of age or calendar period. In
males, the incidence rate has increased most rapidly in
males aged 50 ~ 70 years old since 1990. In contrast,
the calendar trends of HNCs in females has increased
with age, especially in recent years.
The future burden of HNCs through 2039 was
estimated by projecting observed incidence rates
from the national TCR data and is shown in Fig. 3.
The projections show that HNC in males including
oral and oropharyngeal cancer will continue to rise
but then start to decline after 2025 while hypopharyngeal cancer will start to plateau after 2030. Laryngeal cancer peaked in 2004 and continues to show a
downward trend. Female HNC including oral cancer,
hypopharyngeal and laryngeal cancer rates continue
to increasing during this period except for oropharyngeal cancer which peaks in 2024.
The ASIRs in selected countries are shown in
Fig. 4. There is a wide geographical variation in the
incidence rates of HNC. Taiwan has one of the high-
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Fig. 3. Projected age-adjusted incidence rate (per 100,000) by gender and subsites.

est incidence of oral cancer, oropharyngeal and hypopharyngeal cancer cancers, particularly in males.

Discussion
Our results show that the incidence of HNCs
increased significantly in Taiwan from 1980 ~ 2014,
most notably among males and oral cancer.
Different consumption of alcohol, tobacco and
betel quid are likely to affect specific cancer sites and
the trend of incidence. Previous studies have found
that hypopharynx and larynx cancer are preferentially
associated with tobacco consumption, lip, oral cavity
and pharynx are associated with alcohol consumption,
and oral cavity is associated with betel quid consumption.21,22 These different risk factors by subsite may
reflect different etiology by cancer subsite. Risk factor
data collected by the cancer registry show that ≥ 80%
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of men with HNC ever smoked cigarette, ≥ 70% ever
drank alcohol, and ≥ 60% of patients ever chewed
betel nuts between 2011 and 2014 (Supplemental Fig.
1). More specifically, ≥ 70% ever betel nut chewers in
oral cancer patients, approximately 60% in pharyngeal cancer patients and < 40% for laryngeal cancer patients. These risk factor pattern differences by subsites
may reflect the different etiology of each. In women,
about 20% of HNC patients smoked, drank, and/or
chewed betel nuts. Irrespective of gender, laryngeal
cancer patients chewed less betel nut than patients of
other subsites.
The high rates of oral cavity cancer in Taiwan
are largely due to the consumption of betel quid
which is a carcinogenic agent to human. In 2004,
IARC declared betel quid a carcinogen.23 The sharp
increase in the incidence of oral cancer in men but not
in women may reflect past differences in betel quid
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chewing pattern. Oropharyngeal cancer is increasing
worldwide including in the US and Europe and we
observed this same trend in both males and females
in Taiwan. More specifically, oropharyngeal cancer
is increasing at a faster rate than oral cancer. This is
likely a reflection of the changing trend of both betel
nut chewing and HPV prevalence in the population.
The age-standardized incidence of laryngeal cancer
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overall increased slightly over the same period and
similar to other cancers associated with smoking, it
is expected that the rates of laryngeal cancer will decrease in time reflecting tobacco cessation programs.
The prevalence of cigarette smoking decreased
from 59.9% in 1990 to 29.9% in 2015 for males, but
increased slightly from 3.8% in 1990 to 4.2% in 2015
for females.24 According to the National Health Sur-
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vey in Taiwan,25 the prevalence of drinking is stable
for males (50%) and females (30%) from 2001 ~
2013. However, betel quid chewing prevalence peaked at 17.4% for males in 2005 and has since declined.
These risk factor trends are strongly correlated with
the incidence rates of the specific head and neck subsite cancers incidence rates during the period of interest. The prevalence of these risk factors may reflect
the future trends of HNC. Based on our preliminary
projections, oral and oropharyngeal cancer rates will
increase until 2024 and then start to decline. For laryngeal cancer, which is strongly associated with cigarette smoking, we project that male incidence rates
are on a decline while rising in females.
The trends of HNC differs by subtype, country
and sex. Generally, oral cavity cancer incidence rates
declined in the US as well as some Asian country. In
contrast, oropharyngeal cancer rates increased in the
US and some European countries whereas rates declined in some Asian country.26 In France, cancer incidence in men decreased for all HNC cancer sites and
the ASIR decreased by 42.9% for oral cavity-pharynx
cancers and larynx cancer. However, the ASIR increased by 48.6% for oral cavity-pharynx cancers and
66.7% for larynx cancers in women.27 In addition,
a progressive shift of the incidence peak towards
younger and younger generations was observed. Taiwan differs in these trends from the global patterns
in that oral cavity is increasing especially in males,
ranking it 1st in the world.
The strengths of this analysis are the use of a reliable and complete nationwide cancer registry which
covers over 30 years of data. Nonetheless, there are a
few considerations to be discussed. Diagnosis procedure for HNC did not change between 1980 and 2014,
and therefore it is unlikely that the observed trends
are a result of period effect. Although the cancer registry system has become more complete during the
past 30 years, this is unlikely to explain the increasing
trend of HNC cancer given that we did not observe
the same increasing trend in NPC during the same period.28 Since 2004, Taiwan has instituted an oral cancer screening program targeting people who smoke
cigarette and chew betel nut. Despite this, it is also
unlikely that the increased incidence of oral cancer is
due to the screening program according to data comparing the incidence rate of oral cancer in screened
and non-screened cases.29 Based on this data, it does
not appear that the oral cancer screening program
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has an impact on oral cancer incidence. Due to the
nature of registry linkage analyses, we lack individual level data on HPV data and therefore, are unable
to evaluate the effects of HPV on incidence trend in
this analysis. From the preliminary data in a population-based-like study reported by Wang et al., HPV
positive oropharyngeal cancer is also increasing by
100% along with HPV negative oropharyngeal cancer
from 1999 to 2014.30 Therefore, HPV is also one of
the important risk factors for oropharyngeal cancers
in Taiwan and might be the reason why the incidence
of oropharyngeal cancer is increasing more than other
HNC in the recent 15 years, especially women.
HNC in Taiwan is an important public health
issue. Given the association with specific risk factors
for the different subtypes, it is critical that we continue to promote and educate the importance of quitting
tobacco usage and smoking, reducing alcohol consumption, and stopping betel nut chewing. In addition,
there is a need to better understand the role of HPV
in oropharyngeal cancer in Taiwan to help control the
increasing rates of oropharyngeal cancer. It is hopeful
that continued monitoring of trends in incidence rates
will better inform cancer prevention strategies in the
future.

Acknowledgement
The authors thank all team members of Taiwan
Cancer Registry Center for their efforts and contribution. In addition, the authors thank Anil Chaturvedi
of the Division of Cancer Epidemiology and Genetics, National Cancer Institute, National Institutes of
Health for kindly reviewing the manuscript.

References
1.

2.

3.

Global Burden of Disease Cancer Collaboration. Global, Regional, and National Cancer Incidence, Mortality,
Years of Life Lost, Years Lived with Disability, and Disability-Adjusted Life-Years for 32 Cancer Groups, 1990
to 2015: A Systematic Analysis for the Global Burden of
Disease Study. JAMA Oncol 2017;3:524-548.
Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer Incidence and Mortality Worldwide: Sources, Methods
and Major Patterns in GLOBOCAN 2012. Int J Cancer
2015;136:e359-e386.
Pezzuto F, Buonaguro L, Caponigro F, et al. Update on
Head and Neck Cancer: Current Knowledge on Epidemiology, Risk Factors, Molecular Features and Novel Thera-

Secular Trend of Head and Neck Cancer in Taiwan

4.
5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

pies. Oncology 2015;89:125-136.
Argiris A, Karamouzis MV, Raben D, Ferris RL. Head and
Neck Cancer. Lancet 2008;371:1695-1709.
Maasland DHE, van den Brandt PA, Kremer B, Goldbohm
RA, Schouten LJ. Consumption of Vegetables and Fruits
and Risk of Subtypes of Head-Neck Cancer in the Netherlands Cohort Study. Int J Cancer 2015;136:e396-e409.
Bradshaw PT, Siega-Riz AM, Campbell M, Weissler MC,
Funkhouser WK, Olshan AF. Associations between Dietary Patterns and Head and Neck Cancer: The Carolina
Head and Neck Cancer Epidemiology Study. Am J Epidemiol 2012;175:1225-1233.
Chang JS, Lo HI, Wong TY, et al. Investigating the Association between Oral Hygiene and Head and Neck Cancer.
Oral Oncol 2013;49:1010-1017.
Acharya S, Ekalaksananan T, Vatanasapt P, et al. Association of Epstein-Barr Virus Infection with Oral Squamous
Cell Carcinoma in a Case-Control Study. J Oral Pathol
Med 2015;44:252-257.
Shiels MS, Cole SR, Kirk GD, Poole C. A Meta-Analysis
of the Incidence of Non-AIDS Cancers in HIV-Infected
Individuals. J Acquir Immune Defic Syndr 2009;52:611622.
Hashibe M, Brennan P, Chuang SC, et al. Interaction between Tobacco and Alcohol Use and the Risk of Head and
Neck Cancer: Pooled Analysis in the International Head
and Neck Cancer Epidemiology Consortium. Cancer Epidemiol Biomarkers Prev 2009;18:541-550.
D’Souza G, Kreimer AR, Viscidi R, et al. Case-Control
Study of Human Papillomavirus and Oropharyngeal Cancer. N Engl J Med 2007;356:1944-1956.
Gillison ML, D’Souza G, Westra W, et al. Distinct Risk
Factor Profiles for Human Papillomavirus Type 16-Positive and Human Papillomavirus Type 16-Negative Head
and Neck Cancers. J Natl Cancer Inst 2008;100:407-420.
Hsu WL, Chien YC, Chiang CJ, et al. Lifetime Risk of
Distinct Upper Aerodigestive Tract Cancers and Consumption of Alcohol, Betel and Cigarette. Int J Cancer
2014;135:1480-1486.
Guha N, Warnakulasuriya S, Vlaanderen J, Straif K. Betel
Quid Chewing and the Risk of Oral and Oropharyngeal
Cancers: A Meta-Analysis with Implications for Cancer
Control. Int J Cancer 2014;135:1433-1443.
Lee CH, Ko MS, Warnakukasuriya S, et al. Population
Burden of Betel Quid Abuse and Its Relation to Oral Premalignant Disorders in South, Southeast, and East Asia:
an Asian Betel-Quid Consortium Study. Am J Public
Health 2012;102:e17-e24.
Lee CH, Lee KW, Fang FM, et al. The Use of Tobacco-Free
Betel-Quid in Conjunction With Alcohol/Tobacco Impacts Early-Onset Age and Carcinoma Distribution for

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Upper Aerodigestive Tract Cancer. J Oral Pathol Med
2011;40:684-692.
Chiang CJ, You SL, Chen CJ, Yang YW, Lo WC, Lai MS.
Quality Assessment and Improvement of Nationwide
Cancer Registration System in Taiwan: A Review. Jpn J
Clin Oncol 2015;45:291-296.
Moller B, Fekjaer H, Hakulinen T, et al. Prediction of
Cancer Incidence in the Nordic Countries Up to the Year
2020. Eur J Cancer Prev 2002;11 Suppl 1:s1-s96.
National Development Council. Population Projections
for R.O.C. (Taiwan): 2016 ~ 2060. Taipei: National Development Council, 2016. Available at: https://www.ndc.gov.
tw/en/cp.aspx?n=2E5DCB04C64512CC [Date accessed:
July 25, 2017]
Forman D, Bray F, Brewster DH, et al. Cancer Incidence
in Five Continents, Vol. X. Lyon: International Agency for
Research on Cancer; 2014.
Lubin JH, Purdue M, Kelsey K, et al. Total Exposure
and Exposure Rate Effects for Alcohol and Smoking and
Risk of Head and Neck Cancer: A Pooled Analysis of
Case-Control Studies. Am J Epidemiol 2009;170:937-947.
Sturgis EM, Cinciripini PM. Trends in Head and Neck
Cancer Incidence in Relation to Smoking Prevalence: An
Emerging Epidemic of Human Papillomavirus-Associated
Cancers? Cancer 2007;110:1429-1435.
IARC Working Group on the Evaluation of Carcinogenic
Risks to Humans. Betel-Quid and Areca-Nut Chewing and Some Areca-Nut Derived Nitrosamines. IARC
Monogr Eval Carcinog Risks Hum 2004;85:1-334.
Health Promotion Administration, Ministry of Health
and Welfare. Adult Smoking Behavior Surveillance System (ASBS). Taipei: Health Promotion Administration,
Ministry of Health and Welfare, 2016. Available at: http://
tobacco.hpa.gov.tw/Show.aspx?MenuId=815 [Date accessed: April 19, 2017]
National Health Research Institutes. National Health Interview Survey. Miaoli County: National Health Research
Institutes, 2013. Available at: http://nhis.nhri.org.tw/index.html [Date accessed: July 25, 2017]
Chaturvedi AK, Anderson WF, Loretet-Tieulent J, et al.
Worldwide Trends in Incidence Rates for Oral Cavity and
Oropharyngeal Cancers. J Clin Oncol 2013;31:4550-4559.
Ligier K, Belot A, Launoy G, et al. Descriptive Epidemiology of Upper Aerodigestive Tract Cancers in France: Incidence over 1980-2005 and Projection to 2010. Oral Oncol
2011;47:302-307.
Hsu C, Shen YC, Cheng CC, Hong RL, Chang CJ, Cheng
AL. Difference in the Incidence Trend of Nasopharyngeal
and Oropharyngeal Carcinomas in Taiwan: Implication
from Age-Period-Cohort Analysis. Cancer Epidemiol
Biomarkers Prev 2006;15:856-861.

International Journal of Head and Neck Science 1(3) 2017 187

Hsu et al.

29. Chuang SL, Su WY, Chen LS, et al. Population-Based
Screening Program for Reducing Oral Cancer Mortality
in 2,334,299 Taiwanese Cigarette Smokers and/or Betel
Quid Chewers. Cancer 2017;123:1597-1609.
30. Wang CP, Chang YL, Chen TC, et al., eds. Rising Incidence of HPV Positive Oropharyngeal Cancer in Taiwan

188 International Journal of Head and Neck Science 1(3) 2017

Where Betel Nut Chewing Is Common in the Past 16
Years. AHNS 9th International Conference on Head and
Neck Cancer, July 16-20, 2016, Washington State Convention Center, Seattle. Seattle, WA: American Head and
Neck Society, 2016.

Secular Trend of Head and Neck Cancer in Taiwan

Supplemental Table 1. APC and 95% CI of HNC and subsites by gender
Trend 1

Cancer
sites

Trend2

APC
(95% CI)

Year

Year

Trend 3

APC
(95% CI)

Trend 4

APC
(95% CI)

Year

Year

APC
(95% CI)

HNCs
Male

1980 ~ 1990

5.6
(4.4 ~ 6.8)

Female 1980 ~ 2014

3.1
(2.8 ~ 3.5)

1990 ~ 1999

9.2
1999 ~ 2009
4.4
2009 ~ 2014
0.5
(8.1 ~ 10.4)
(3.8 ~ 5.1)
(-0.9 ~ 1.9)

1999 ~ 2009

4.7
(3.8 ~ 5.7)

2009 ~ 2014

0.3
(-1.7 ~ 2.3)

1988 ~ 2007

9.0
(8.3 ~ 9.7)

2007 ~ 2014

2.9
(1.2 ~ 4.6)

2007 ~ 2014

2.5
(0.6 ~ 4.3)

2002 ~ 2014

0.3
(-1.5 ~ 0.9)

Oral cancer
Male

1980 ~ 1999

9.9
(9.3 ~ 10.5)

Female 1980 ~ 2014

3.6
(3.2 ~ 3.9)

Oropharyngeal cancer
Male

1980 ~ 1988

0.6
(-3.8 ~ 2.8)

Female 1980 ~ 2014

3.7
(2.9 ~ 4.5)

Hypopharyngeal cancer
Male

1980 ~ 2007

7.0
(6.5 ~ 7.4)

Female 1980 ~ 2014

1.6
(0.6 ~ 2.7)

Laryngeal cancer
Male

1980 ~ 2002

2.2
(1.7 ~ 2.8)

Female 1980 ~ 2014

-0.1
(-0.9 ~ 0.7)

APC: annual percentage change; CI: confidence interval; HNC: head and neck cancer.

Supplemental Table 2. ASIR per 100,000 in 5-year categories
HNCs
(C00 ~ C06, C09,
Characteristics
C10, C12 ~ C14, C32)
Male

Oral cavity
cancer
(C00 ~ C06)

Oropharyngeal
cancer
(C09 ~ C10)

Hypopharyngeal
cancer
(C12 ~ C13)

Female

Male

Female

Male

Female

Male

Female

Laryngeal
cancer
(C32)
Male Female

Year
1980 ~ 1984

8.59

1.62

4.21

1.10

0.62

0.17

1.00

0.11

2.68

0.22

1985 ~ 1989

11.45

1.78

6.32

1.27

0.62

0.13

1.42

0.10

2.97

0.24

1990 ~ 1994

16.16

2.05

9.90

1.56

0.98

0.15

2.11

0.09

3.03

0.20

1995 ~ 1999

24.89

2.61

16.53

2.07

1.53

0.19

2.96

0.10

3.63

0.23

2000 ~ 2004

33.88

3.07

22.96

2.40

2.48

0.26

3.97

0.15

4.10

0.22

2005 ~ 2009

41.59

3.52

28.35

2.84

3.62

0.31

5.32

0.14

3.99

0.21

2010 ~ 2014

46.16

3.91

31.38

3.11

4.33

0.39

6.34

0.16

3.95

0.23

ASIR: age-standardized incidence rate; HNC: head and neck cancer.
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Male
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100%

100%
86.0%
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86.1%

89.2%

84.3%

73.2%
70.6%

82.4%

60.9%

60%

819%

80%

74.5%
63.6%

63.2%

60%
38.4%

40%

40%

20%

20%

0%

0%

NHCs

Oral cavity Oropharynx Hypopharynx

Cigarette smoking

Alcohol drinking

Larynx

Betel quid chewing

52.0%
50.0%

23.1%
23.7%
20.9%
22.0%
23.1%
21.2%
19.9%
18.0%
8.2%

Cigarette smoking

Alcohol drinking

Supplemental Fig. 1. Risk factor distribution in HNC patients from the cancer registry, 2011 ~ 2014.
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Psychiatric Morbidity, Pain, Anxiety and Depression in
Patients with Head and Neck Cancer and Lung Cancer
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Background: The purpose of this study was to compare the psychiatric morbidity, clinical characteristics,
and psychopathology of patients with head and neck cancer (HNC) and those with lung cancer (LC).
Methods: Study subjects were recruited from the HNC and LC outpatient clinic and inpatient ward
in a medical center from March 2016 to February 2017. Patients with HNC and LC were enrolled and
assessed using the Mini International Neuropsychiatric Interview (MINI), Hamilton Depression Rating
Scale (HAM-D), Hamilton Anxiety Rating Scale (HAM-A), Brief Fatigue Inventory (BFI), and Numeric
Pain Rating Scale (NPRS).
Results: One hundred and forty patients were included in the study. The most prevalent psychiatric
disorder was adjustment disorder (22.9%), followed by alcohol use disorder (20.0%), and depressive
disorders (16.4%). Over 60% of patients had a psychiatric diagnosis. Depressive disorder was more
prevalent in LC patients than in HNC patients at the pretreatment phase of this study. The severity of
pain, anxiety symptoms, and depressed symptoms was significantly greater in LC patients than in HNC
patients.
Conclusions: The clinical implication of our results is the value of using a standardized structured
interview for early diagnosis of psychiatric morbidity in patients with LC and HNC. Early identification
and management of psychiatric disorders in cancer patients will increase their quality of life.
Key words: psychiatric morbidity, anxiety, depression, head and neck cancer, lung cancer

Introduction
Head and neck cancer (HNC) is the seventh most
common cancer and the ninth most frequent cause of
death from cancer worldwide, with an estimated more
than 300,000 deaths annually.1 Lung cancer (LC) is
the leading cause of cancer death among males and
females around the world.2 In Taiwan, LC has the

third highest incidence of all cancers, and ranked first
in cancer mortality.3 The overall 5-year survival rate
for patients with HNC is one of the lowest among
cancers and has not significantly changed during the
last 2 decades in Taiwan.4 The overall 5-year survival
rate of LC patients varies globally, but is consistently
low due to late-stage detection.5
Consideration of the outcomes of cancer treat-
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ment should not be limited to mortality, morbidity or
long-term survival. Mental health of cancer patients is
equally important because it not only affects the quality of life of cancer patients, but also influences the
physical outcome of cancer patients.6 Both LC and
HNC are known to be associated with an increased
risk of psychiatric morbidity, especially depressive
disorder.7,8 Previous studies revealed that of all cancer
patients, HNC patients had high incidence of depressive disorder, with estimated prevalence rates ranging
from 22% to 57%.9,10 Prior studies of LC patients
showed high rates of clinically significant depressive
disorder shortly after diagnosis (21 ~ 44%),11 and
after treatment completion (29 ~ 44%).12,13 However,
studies focused on comparing psychiatric morbidity,
clinical characteristics and psychopathology of HNC
patients and LC patients are scant.
Among the physical symptoms of patients with
cancer, pain and fatigue are both common and distressing and are associated with depression.14-17 Previous studies have shown that pain affected an average
of 27% of LC outpatients (range, 8 ~ 85%), and 76%
of LC patients in palliative care services (range, 63
~ 88%).14 A systematic review found that pain prevalence among HNC patients before treatment was
estimated to be 57% (95% confidence interval [CI]
= 43% ~ 70%), and after treatment, 42% (95% CI =
33% ~ 50%).15 Patients with LC had a higher prevalence of cancer-related fatigue, which caused more
functional impairment, than other cancer patients.16
A study from Canada evaluated 58 HNC patients,
and the results showed that fatigue was associated
with younger age, previous radiation therapy, fewer
months since cancer diagnosis, and depression.17
Depression and anxiety are common psychiatric
symptoms in cancer patients.7,18 Several studies have
examined depression, anxiety, quality of life, and
treatment outcome in patients with LC and HNC separately.19-22 A prospective study of HNC outpatients
was conducted at a tertiary cancer center. Among 101
patients, depression scores significantly increased
from baseline to 3 weeks post-treatment and decreased by the 18-month follow-up. Anxiety scores
significantly decreased between baseline and 3 weeks
post-treatment, and were increased at the 18-month
follow-up.19 A study from the Netherlands evaluated
the association of depression and anxiety with quality
of life and prognosis of patients with LC. The results
showed that depression and anxiety were associated
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with a decreased quality of life. In addition, depression was independently associated with a poor prognosis.18 However, there is a paucity of studies focused
on comparing depressive and anxiety symptoms in
LC patients and HNC patients. Therefore, we aimed
to compare psychiatric morbidity, clinical characteristics, and psychopathology between NHC patients and
LC patients.

Materials and Methods
Participants
This study used a cross-sectional design with
consecutive sampling. Participants were recruited
from the chest, cardiovascular surgery and ear, nose
and throat (ENT) outpatient/inpatient departments at
a tertiary hospital from March 2016 to February 2017.
The hospital has 2,754 beds and provides services to
5,000 cancer patients yearly in southern Taiwan. Inclusion criteria were as follows: (1) patients newly diagnosed with LC or HNC; (2) patients with the ability
to understand the study procedure and complete the
questionnaires. Exclusion criteria were as follows: (1)
patients with a diagnosis of schizophrenia, schizoaffective disorder or bipolar I disorder; (2) patients with
dementia or severe cognitive impairment; (3) patients
whose depression was caused by another general
medical condition (e.g., thyroid disease) or induced
by substances; (4) patients who were too weak to
complete the questionnaire or clinical interview.

Assessments
Brief fatigue inventory (BFI)
The BFI was developed for the rapid assessment
of fatigue severity, for use in both clinical screening
and clinical trials, and is especially widely applied
with cancer patients.22 The BFI is used to assess the
severity of fatigue experienced by cancer patients, as
well as its impact on their ability to function over the
previous 24 hours. The BFI, a 9-item rating scale, can
be performed by self-report or interview by research
staff. The Taiwanese version of the BFI (BFI-T) was
validated in a sample of 439 Taiwanese patients with
multiple cancer diagnoses, and the result showed satisfactory reliability and validity.23
Numeric pain rating scale (NPRS)
The NPRS is a unidimensional measure of pain
intensity in adults, including those with cancer pain.24

Psychiatric Morbidity in Patients with HNC and LC

The 11-point numeric scale ranges from “0” representing one pain extreme (e.g., “no pain”) to “10”
representing the other pain extreme (e.g., “worst pain
imaginable”). Satisfactory validity has been observed
in patients with cancer.25 One study examined the
test-retest reliability of the NPRS and found very
good stability for the NPRS on worst pain (r = 0.93)
and average pain (r = 0.78) during about a 2-day period.24
Hamilton depression rating scale (HAM-D)
The HAM-D has been widely used to assess the
severity of depression, though it has been criticized
for over-emphasis on neuro-vegetative symptoms.26
The HAM-D was designed to be researcher-administered to probe mood, feelings of guilt, suicide
ideation, insomnia, agitation or retardation, anxiety,
weight loss, and somatic symptoms. It takes 15 to 20
minutes for researchers to complete this questionnaire. The reliability and validity of the Chinese version of the17-item HAM-D has been proved, and it
can be used in a clinical and research setting.27
Hamilton anxiety rating scale (HAM-A)
The HAM-A is one of the first and most widely
used rating scales to measure the severity of perceived
anxiety symptoms.28 The HAM-A, a clinician-based
questionnaire, consists of 14 symptom-defined elements, and includes both psychological and somatic
symptoms. Each item is scored from 0 (not present) to
4 (severe); > 17 is taken to indicate mild anxiety, and
25 ~ 30 is considered moderate-severe.28
One study examined the reliability and validity
of the HAM-A, and concluded that its inter-rater reliability, one-week test-retest reliability and concurrent
validity were satisfactory.29
Mini international neuropsychiatric interview
(MINI)
The MINI is a short structured clinical interview
and was designed for making an accurate psychiatric diagnosis based on the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSMIV) or the International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision (ICD-10).30 It has good sensitivity and specificity
and can be administrated by non-physicians. The validity and reliability of the MINI has been examined
using the Structured Clinical Interview for DSM-III-R
Patients (SCID-P) with satisfactory results.31 Although
no formal study on the validity of the Taiwan version

of the MINI has been conducted, it was widely used
in several earthquake studies. The assessment time is
approximately 15 ~ 20 minutes.

Procedures
Ethical approval was obtained from the human
research ethics committee of Chang Gung Memorial
Hospital. Study procedures were as follows: (1) Newly diagnosed patients visiting our collaborative care
clinic or admitted to our ward were invited consecutively to take part in this study. After explaining the
study procedure and aims, those who agreed to sign
the informed consent form were enrolled in the study;
(2) Psychiatric diagnoses using the MINI, and mood
condition evaluation using the HAM-D and HAM-A
were made by a senior psychiatrist (Dr. Lee Y); (3)
The BFI, NPRS, and clinical and demographic data
were collected by a trained research assistant. Research assistant used the questionnaire to ask patient
whether use alcohol heavily for at least one year. If
patient has positive response, then the patient is an
alcohol user. Alcohol use disorder is diagnosed by a
psychiatrist using MINI based on DSM-IV criteria. A
case of alcohol use disorder is more serious than alcohol user.

Statistical analyses
Descriptive statistics was analyzed using SPSS
for Windows Version 12.0. Descriptive statistics (chisquare and t tests) were used to test the differences
in demographic data, clinical characteristics, and
psychopathology between patients with LC and those
with HNC.

Results
A total of 170 patients were recruited for the
study initially; 30 did not complete the study due to
resistance or refusal. Data collection was completed
with the remaining 140 patients, and the response rate
was 82.4%.
Of the 140 subjects who successfully completed
the study, 70.7% (n = 99) were males. The average
age of the subjects was 56.0 (±11.0) years. Their
mean education level was 9.9 (±4.0) years, 74.3%
were married, and 40.7% were currently employed.
In terms of their diagnosis, 70% of the patients had
advanced (stage III and IV) disease, and 46% had
co-morbidity of one or more physical illnesses. The
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average waist-to-hip ratio was 0.92 (±0.06) (Table 1).
The most prevalent psychiatric diagnoses at the
pretreatment phase were adjustment disorder (22.9%),
followed by alcohol use disorder (20.0%), and depressive disorders (16.4%). The most common psychiatric
diagnoses of the LC patients at the pretreatment phase
were depressive disorders (25.0%) and adjustment
disorder (25.0%), followed by insomnia disorder
(5.0%). The most prevalent psychiatric diagnoses of
the HNC patients at the pretreatment phase were alcohol use disorder (35.0%), followed by adjustment
disorder (22.5%), and depressive disorders (10.0%).
Over 60% of cancer patients had one psychiatric disorder (Table 2).
In comparing the 2 groups, more LC patients
were female (53.3 vs. 11.2%, p < 0.001), elderly (60.7
vs. 52.5 year-old, p < 0.001), unemployed (75.0 vs.
47.5%, p < 0.05), receiving targeted therapy (29.8
vs. 0%), and suffering depressive disorder (25.0 vs.
10.0%) than HNC patients (Tables 1 and 2). HNC
patients had a large waist-to-hip ratio (0.93 vs. 0.90,
p < 0.05), were tobacco smokers (68.8 vs. 35.0%, p
< 0.001), betel nut users (62.5 vs. 11.7%, p < 0.001),
and alcohol users (63.7 vs. 21.7%, p < 0.001), had
undergone an operation (62.8 vs. 29.8%), and radiotherapy (39.7 vs. 15.8%), and had alcohol use disorder (35.0 vs. 0%), and psychiatric morbidity (66.3 vs.
55%) more often than LC patients (Tables 1 and 2).
With regard to the rating scales used with pretreatment LC and HNC patients, scores on the NPRS
(2.32 [0 ~ 10] vs. 1.36 [0 ~ 10], p < 0.05), HAM-D
(8.05 ± 4.49 vs. 6.13 ± 3.92), and HAM-A (7.15 ± 3.34
vs. 5.10 ± 3.24) of the LC patients were significantly
higher than those of the HNC patients (Table 3).

Discussion
In our study, depressive disorder (16.4%) was
the third most common psychiatric diagnosis, following adjustment disorder (22.9%) and alcohol use
disorder (20.0%). LC patients were comorbid with depressive disorder more commonly than HNC patients
(25 vs. 10%). The prevalence of more females and
elderly, more advanced stage and unemployment, and
fewer users of tobacco, alcohol and betel nut among
LC patients than among HNC patients may partially
explain why depressive disorder was more prevalent
among patients with LC than those with HNC. It is
noteworthy that more users of alcohol, betel nut and
tobacco among HNC patients than among LC patients
not only contribute risk factors of HNC, but also
partially explain why alcohol use disorder was more
prevalent among patients with HNC than those with
LC.
A recent study from China investigated the
prevalence and risk factors of anxiety disorder and
depressive disorder among cancer patients. They
found that the prevalence rates of depressive disorder
were 60.6% for HNC patients and 77.2% for LC patients, which are much higher than our results.32 The
discrepancy between these 2 studies might be due to
the use of a self-rated questionnaire in the study from
China rather than evaluation by psychiatrists using a
structured diagnostic interview, as in our study, thus
increasing the chances of false positive results.
The prevalence of anxiety disorders in our study
(1.4%) was far lower than expected among patients
with LC and HNC. This result is consistent with the
aforementioned study from China, in which there

Table 1. Psychiatric diagnoses of patients with LC and HNC
Category and diagnosis
Depressive disorders

LC n (%), n = 60
15 (25.0)

HNC n (%), n = 80

Total n (%), n = 140

8 (10.00)

23 (16.43)

Major depressive disorder

7 (11.70)

3 (3.80)

10 (7.14)

Depressive disorder NOS

8 (13.30)

5 (6.25)

11 (7.86)

15 (25.00)

18 (22.50)

32 (22.86)

Adjustment disorder
Alcohol use disorder

0

28 (35.00)

28 (20.00)

PTSD

1 (1.70)

1 (1.25)

2 (1.43)

Insomnia disorder

3 (5.00)

7 (8.75)

10 (7.14)

REM sleep behavior disorder
No psychiatric disorder

0
27 (45.00)

1 (1.25)

1 (0.71)

27 (33.75)

54 (38.57)

LC: lung cancer; HNC: head and neck cancer; NOS: not otherwise specified; PTSD: post-traumatic stress disorder; REM: rapid eye movement.
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Table 2. Comparison of sociodemographic and clinical characteristics between patients with LC and HNC
Characteristics

LC n (%), n = 60

HNC n (%), n = 80 Total n (%), n = 140

Gender
Male

28 (46.70)

71 (88.80)

99 (70.70)

Female

32 (53.30)

9 (11.20)

41 (29.30)

Age, years mean (SD)

60.73 (±9.12)

52.51 (±10.93)

56.04 (±10.95)

Marital Status
Unmarried

11 (18.30)

25 (31.20)

34 (25.70)

Married

49 (81.70)

55 (68.80)

104 (74.30)

9.73 (±3.65)

9.88 (±3.98)

χ2/t-test

p

29.32

< 0.001

4.72

< 0.001

3.00

0.08

0.53

0.60

Education, years mean (SD)

10.08 (±4.40)

Unemployed

45 (75.00)

38 (47.50)

83 (59.30)

10.74

< 0.05

Alcohol

13 (21.70)

51 (63.70)

64 (45.70)

24.47

< 0.001

Tobacco

21 (35.00)

55 (68.80)

76 (54.30)

15.74

< 0.001

Betel nut

Substance use

7 (11.70)

50 (62.50)

57 (40.70)

36.70

< 0.001

Suicidal or self-harm history

3 (5.00)

2 (2.50)

5 (3.60)

0.62

0.43

Comorbid with other diseases

31 (51.70)

33 (41.20)

64 (45.70)

1.49

0.24

BMI (SD)

23.30 (±3.39)

24.68 (±4.81)

24.05 (±4.26)

1.86

0.07

Systolic pressure

130.06 (±18.32)

132.32 (±17.42)

131.35 (±17.77)

0.69

0.49

Diastolic pressure

74.58 (±9.82)

77.84 (±11.93)

76.44 (±11.14)

1.61

0.11

Waist-to-hip ratio

0.90 (±0.07)

0.93 (±0.06)

0.92 (±0.06)

Worried about:
Health
Job

2.53

< 0.05

0.71

0.48

36 (60.00)

50 (62.50)

86 (61.40)

0.09

0.76

7 (11.70)

14 (17.50)

21 (15.00)

0.92

0.34

Economy

10 (16.70)

16 (20.00)

26 (18.60)

0.25

0.62

Family

17 (28.30)

24 (30.00)

41 (29.30)

0.05

0.83

Relationship

0

1 (1.20)

1 (0.70)

0.76

0.39

Judicial matters

2 (3.30)

2 (2.50)

4 (2.90)

0.09

0.77

Operation

17 (29.80)

49 (62.80)

66 (48.90)

Chemotherapy

32 (56.10)

44 (56.40)

76 (56.30)

Radiotherapy

9 (15.80)

31 (39.70)

40 (29.60)
3.25

0.07

Treatment

Targeted therapy

17 (29.80)

0

17 (12.60)

Stage
Early

12 (21.40)

25 (36.20)

37 (29.60)

Advanced

44 (78.60)

44 (63.80)

88 (70.40)

LC: lung cancer; HNC: head and neck cancer; SD: standard deviation; BMI: body mass index.

were fewer patients with anxiety disorder than patients with depressive disorder (6.5 vs. 66.7%).32 Even
though these cancer patients showed mild to moderate
anxiety symptoms after being informed of the disease, they were not serious enough to be diagnosed
specifically as anxiety disorder. Only a few patients

fulfilled the diagnostic criteria of post-traumatic stress
disorder. Our included patients were in the pretreatment phase and were at the stage of dealing with loss
process including denial, anger, bargaining, depression, and acceptance.33 That might be the reason why
the psychiatric diagnosis of our patients, in the “loss”
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Table 3. Comparison of psychopathology of rating scales between patients with LC and HNC
Scale

LC n (%), n = 60

HNC n (%), n =80

Total n (%), n = 140

χ2/t-test

p

NPRS, mean (range)

2.32 (0 ~ 10)

1.36 (0 ~ 10)

1.77 (0 ~ 10)

2.42

< 0.05

BFI-S, mean (range)

2.94 (±2.32)

2.60 (±2.49)

2.75 (±2.42)

0.81

0.42

BFI-I, mean (range)

1.41 (0 ~ 7.7)

1.02 (0 ~ 9.3)

1.18 (0 ~ 9.3)

1.35

0.18

HAMD, mean (SD)

8.05 (±4.49)

6.13 (±3.92)

6.94 (±4.26)

2.69

< 0.05

HAMA, mean (SD)

7.15 (±3.34)

5.10 (±3.24)

5.97 (±3.42)

3.65

< 0.05

LC: lung cancer; HNC: head and neck cancer; NPRS: numeric pain rating scale; BFI-S: brief fatigue inventory-severity; BFI-I: brief fatigue inventory-interference; HAM-D: Hamilton depression rating scale; SD: standard deviation; HAM-A: Hamilton anxiety rating scale.

phase, was more likely to be adjustment disorder than
depressive or anxiety disorders.
One of our study aims was to compare the clinical characteristics and psychopathology of HNC patients and those with LC. The treatment modalities for
HNC and LC were different. HNC patients underwent
more operations and radiotherapy than patients with
LC. Patients with LC received more targeted therapy
than patients with HNC. The patient’s disease stage
can explain this variance. Patients with LC were in
a more advanced stage, so more chemotherapy and
targeted therapy were arranged. More HNC patients
were in an early stage, so they could undergo operation. Most of the other significant differences in
demographic and clinical characteristics between the
2 groups, e.g., female, elderly, unemployed, tobacco
use, alcohol use, and betel nut use, can be potential
factors contributing to more depressive disorders in
LC patients than in HNC patients. This might also
explain why our finding is different from previous
studies’ results, i.e., patients with HNC had depressive disorder morbidity more commonly than all other
cancer patients.9,10 However, larger samples or different study sites would be needed to test depressive
disorder morbidity between HNC and LC patients.
In our study, patients with LC had significantly
more severe pain than patients with HNC (2.32 vs.
1.36). A previous study found that clinical factors
associated with pain in cancer patients include the
type and staging of the tumor, anticancer treatment
modalities, the length of time since completing treatment, comorbid physical conditions, and initial pain
management.34 The findings of this study are partially
consistent with our findings, i.e., more advanced stage
might partially explain why patients with LC had
more severe pain than patients with HNC. Poorly controlled pain may significantly impair function, sleep,
mood, and quality of life. Whether pain affects mood
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(anxiety or depression) symptoms in patients with LC
and HNC should be furthered examined.
Fatigue is a common symptom in patients with
LC and HNC, and is also often associated with depressive disorder. A prior study detected fatigue and
functional impairment among LC patients. The results
revealed that the prevalence of fatigue was 57%,
and survivors with pulmonary disease (odds ratio
[OR] = 2.28), depressive symptoms (OR = 6.99), and
anxiety symptoms (OR = 2.31) were more likely to
report experiencing clinically significant fatigue. 35
Another study from Brazil prospectively collected the
data of 41 HNC patients and found that fatigue and
depression symptoms increased during radiotherapy
treatment, while quality of life levels decreased. This
demonstrates that these symptoms are negatively correlated with quality of life.36 However, the severity of
fatigue was comparable to that of the LC and HNC
patients in our study. Elucidating whether fatigue
affects anxiety or depression in patients with LC or
HNC requires more study.
In our results, both anxiety and depressed symptoms in LC patients were more severe than in HNC
patients. Meanwhile, depressive disorder was more
frequent in LC patients than in HNC patients. These 2
results imply that in cancer patients, depressive disorder is frequently combined with anxiety symptoms. In
our study sample, most patients with LC were female,
elderly, unemployed, and late-staged. They experienced anxiety when dealing with chemotherapy, its
adverse effects, and unexpected treatment outcome.
These anxiety symptoms might trigger a depressive
episode. We did not analyze whether anxiety symptoms were associated with either LC or HNC patients,
due to the limited sample size in both groups. Research on whether anxiety symptoms as a risk factor
for depressive disorder in cancer patients is limited,
and more studies are needed to prove this hypothesis.
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The high response rate and the use of a structured clinical interview by one psychiatrist are the
strengths of this study. However, certain limitations
should be noted when interpreting these data. First,
consecutive sampling opened the study to the possibility of sampling bias. Nevertheless, the over 80%
response rate of newly diagnosed cancer patients
compromised this limitation. Second, the limited sample numbers of patients with either LC or HNC that
failed to test associated factors of depressive disorder
in either one cancer. Third, our samples were from a
general hospital, and may not be representative of the
general population. Fourth, this was a cross-sectional
study, which does not allow for the investigation of
patients’ psychiatric disorders in the course of the disease. So, further follow-up study should be conducted
to help understand the psychiatric (including depressive disorder) morbidity, and risk factors.
In conclusion, our study has 3 clinical implications: (1) The most common psychiatric diagnosis of
patients with LC and HNC was adjustment disorder,
and over 60% of cancer patients had one psychiatric
disorder; (2) Depressive disorders were more prevalent among LC patients than HNC patients at the
pretreatment phase of this study; (3) The severity of
pain, anxiety symptoms, and depressed symptoms
in LC patients was significantly greater than in HNC
patients. Finally, it is important to use a standardized
structured interview for early diagnosis of psychiatric
morbidity in patients with LC and HNC, and proper
management needs to be provided to improve their
quality of life.
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