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Abstract: There are recent advances, namely, a standardized method for
reporting therapy response (Hopkins criteria), a multicenter prospective co-
hort study with excellent negative predictive value of 18F-FDG PET/CT for
N0 clinical neck, a phase III multicenter randomized controlled study estab-
lishing the value of a negative posttherapy 18F-FDG PET/CT for patient
management, a phase II randomized controlled study demonstrating radia-
tion dose reduction strategies for human papilloma virus–related disease,
and Food and Drug Administration approval of nivolumab for treatment
of recurrent head and neck squamous cell carcinoma.
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LEARNING OBJECTIVES
After participating in this CME activity, the physician should be
better able to:
1. Analyze the most recent advances in PET/CT and PET/MRI

in the management of head and neck squamous cell cancer
(HNSCC).

2. Interpret the established clinical indications of PET/CT in the
management of HNSCC.

3. Compare the pitfalls and challenges of PET/CT.

H ead and neck cancer (HNC) refers to a heterogeneous group of
malignancies, with an estimated annual incidence over 49,670

and accounts for approximately 9700 deaths in the United States.1

Approximately 90% are head and neck squamous cell carcinoma
(HNSCC), and most arise in the oropharynx or oral cavity. Often,
oropharyngeal squamous cell carcinoma (OPSCC) is associated
with tobacco and alcohol use. Recently, the incidence of OPSCC
has been increasing due to the rise in human papillomavirus (HPV) in-
fection (specifically HPV-16).2–5 Patients with HPV-related OPSCC
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tend to be younger and have a better prognosis than HPV-negative
disease, regardless of smoking history.3–6

There have been several recent advances in therapy for
HNSCC. Surgery is the mainstay of treatment for localized disease,
and minimally invasive techniques have resulted in good functional
outcome with low postoperative morbidity.7 Radiotherapy with
concurrent cisplatin chemotherapy is standard of care for locally ad-
vanced disease, and several techniques such as intensity-modulated
radiation therapy, proton beam therapy, and image-guided radiation
therapy can spare adjacent organ radiation. Intensity-modulated ra-
diation therapy is most commonly used due to its reduced long-term
toxicity.4,6 A phase II trial (ECOG ACRIN E1308) of 80 patients,
the majority with stage T1–T3, N0–N2b OPSCC and a history of
10 pack-years or less of cigarette smoking, showed that radiation
dose could be reduced in patients with low volume disease and in-
duction chemotherapy.8 Also, several new approaches to medical
management are promising for more advanced disease. For exam-
ple, a randomized phase III trial (EXTREME study) showed that
cetuximab, a monoclonal antibody targeting the epidermal growth
factor receptor, plus platinum-based chemotherapy resulted in in-
creased overall survival (OS) and progression-free survival (PFS)
compared with conventional platinum- and 5-fluorouracil–based
chemotherapy.9 Also, in a phase III clinical trial, nivolumab resulted
in longer OS than treatment with standard single-agent therapy
in patients with platinum-refractory, recurrent HNSCC (hazards
ratio [HR], 0.70; 97.73% confidence interval [CI], 0.51–0.96;
P = 0.01).10 The rate of PFS at 6 months with nivolumab was also
higher at 19.7% versus 9.9% with standard therapy. The objective
response rates by RECISTwere 13.3% and 5.8% in the nivolumab
and the standard therapy groups, respectively.
IMAGING

(A) Initial Treatment Strategy
Although the etiology, staging, and prognosis across the

spectrum of disease that constitute HNC differ, accurate staging is
key in all patients to ensure appropriate therapy, and imaging plays
an important role.11 Ultrasound may be helpful to identify cervical
lymph nodes and guide biopsy.12 Contrast-enhanced CT is helpful
to identify the primary tumor, local nodal disease, and distant dis-
ease such as lungmetastases.13MRI is helpful for local staging (pri-
mary tumor and neck nodal stations), as well as to assess the
presence of perineural spread and bone marrow involvement.14

In recent years, 18F-FDG PET/CT has become increasingly
ubiquitous in the evaluation of HNC. Although precise anatomic
definition of the primary disease extent may be difficult on un-
enhanced CT, the use of contrast-enhanced 18F-FDG PET/CT as
well as modern CT scanners with 64 and 128 detector rings have
helped to address this issue.15,16 It is estimated that the overall sen-
sitivity and specificity of 18F-FDG PET/CT for the detection of the
primary site of HNSCC is high (over 90% for OPSCC).17 Small pri-
mary tumors may be more easily detected with 18F-FDG PET/CT
than with CT or MRI (both of which can be limited by motion
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FIGURE 1. Staging–detection of unknown primary. A 67-year-old man, who underwent a thyroid ultrasound demonstrated
1.1 cm right level II lymph node. Fine-needle aspiration results from the right level II node found to be positive for poorly
differentiated SCC. 18F-FDG PET/CT scan demonstrates focal FDG uptake at the right glossotonsillar sulcus, proven be a site of
primary tumor and FDG-avid right level II metastatic lymph node (cT1 cN1 M0, stage III).

FIGURE 2. Staging–synchronous tumors. A 68-year-old man presented with a right axillary mass and biopsy results showed
grade II follicular lymphoma. He underwent an 18F-FDG PET/CT for staging. Images showed intensely hypermetabolic soft tissue
mass in left palatine tonsil, hypermetabolic left level II cervical node, right intraparotid node, and confluent nodal mass surrounding
abdominal aorta. Further workup of the left cervical level II LN revealed metastatic squamous cell carcinoma, p16 positive.
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FIGURE 3. Staging neck nodal metastasis. A 52-year-old man
with squamous cell carcinoma of the left tonsil (primary T4).
Axial CT and PET/CT fused images (A) demonstrated highly
FDG-avid primary tumor and subcentimetric metastatic
lymph node at level II. Sagittal CT and PET/CT fused images
(B) showed subcentimetric metastatic lymph node at level II
and III (T4N1M0).
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and metal artifact). However, the spatial resolution of PET and the
presence of physiologic FDG uptake in normal tissue, such as in
the tonsils or at the base of the tongue, are limiting factors.18,19

Hence, for accurate primary tumor staging, either a contrast-
enhanced 18F-FDG PET/CT or a dedicated contrast-enhanced CT
or MRI of the neck is required. The 2017 National Comprehensive
Cancer Network (NCCN) guidelines now state that 18F-FDG PET/CT
should be considered for the diagnostic workup of stage III to IV
disease in oropharyngeal, hypopharyngeal, glottic, supraglottic
laryngeal cancers, ethmoid and maxillary sinus tumors, and for
nasopharyngeal cancers.4

Detecting an Unknown Primary
Detecting the primary site of disease is extremely important

for selecting appropriate therapy in patients presenting with nodal
neck metastases of unknown primary. The main course of treatment
for these patients is neck dissection and adjuvant radiation therapy
of the mucosal surface from the skull base to the clavicle.20 Un-
known primary cancer accounts for 1% to 4% of all head and
neck tumors (Fig. 1).21 In a meta-analysis of 7 studies comprising
246 patients, Zhu et al22 evaluated the diagnostic accuracy of
18F-FDG PET/CT. The authors showed that the primary tumor
detection rate varied from 28% to 79% with 97% sensitivity and
68% specificity. Squamous cell carcinoma (SCC) of unknown pri-
mary is associated with HPV in the majority of patients.23 When
identified, the primary lesions are most frequently found in the pal-
atine tonsils followed by the base of tongue.24–26 Human papilloma
virus positivity is found in approximately 45% to 75% of all oro-
pharyngeal cancers (OPCs).27 It is known that biomarkers such as
HPV, p16, and Epstein-Barr virus are useful for primary screening
and diagnosis. Park et al28 examined the diagnostic value of these
markers compared with 18F-FDG PET/CT in patients with a meta-
static cervical lymph node of unknown primary. The authors found
that combining imaging and tissue biomarkers will improve the ac-
curacy of localizing the sites of primary HNSCC. As a result, per
the 2017 NCCN guidelines, 18F-FDG PET/CT should be consid-
ered for the diagnostic workup ofmetastatic neck lymph nodes from
an occult primary tumor.4

Detecting Second Primary Malignancy
Patients with HNSCC are at risk for second primary cancers

(Fig. 2). Both the sensitivity and specificity of 18F-FDGPET/CT for
detecting a second primary malignancy are estimated to be over
95%.29 Xi et al evaluated the accuracy of 18F-FDG PET/CT for
the diagnosis of lung cancer in patients with HNSCC in a meta-
analysis of 12 articles where 18F-FDG PET/CTwas used for initial
staging in 7 studies, and for restaging in 5 studies.30 The pooled sen-
sitivity, specificity, diagnostic odds ratio, positive likelihood ratio,
and negative likelihood ratio for 18F-FDG PET/CTat initial staging
were 0.83 (95% CI, 0.67–0.92), 0.98 (95% CI, 0.96–0.99), 297
(95% CI, 96.0–918), 51.0 (95% CI, 20.2–128.3), and 0.17 (95% CI,
0.08–0.36), respectively. Corresponding values for 18F-FDG PET/CT
at restaging were 0.96 (95% CI, 0.21–1.00), 0.99 (95% CI, 0.93–
1.00), 1571 (95% CI, 13.0–8936), 65.5 (95% CI, 12.8–336.6),
and 0.04 (95% CI, 0.01–0.99), respectively.

Staging Cervical Nodal Metastasis
The presence of HNSCC spread to a cervical lymph node is

an important prognostic factor. A meta-analysis of 32 studies sug-
gested that the sensitivity and specificity of PET for the detection
of cervical lymph node spread from HNSCC was 79% and 86%,
respectively, and was superior to CT or MRI (Fig. 3).31 Of note, in
the setting of clinically suspected negative spread to neck lymph
nodes (clinical N0 neck), the specificity of 18F-FDG PET/CT is
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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high (76%–93%); however, the sensitivity may be as low as 50%
(37%–63%).32–34 The National Cancer Institute-sponsored prospec-
tive multicenter, nonrandomized study (ACRIN 6685) showed a high
NPVof 18F-FDG PET/CT in 287 newly diagnosed patients with T2–
T4 HNSCC.35 This may obviate the need for elective neck dissection
in cN0 HNSCC patients if the 18F-FDG PET/CT is negative.
Staging Distant Metastasis
The presence of distant metastases is an important prognostic

factor in patients with HNSCC (Fig. 4). Metastases to the lungs are
the most common, and chest CT is valuable in this setting, with a
reported sensitivity and specificity of 73% and 80%, respectively.36
18F-FDG PET/CT is recommended as first-line imaging for detect-
ing distant metastases and may be superior to whole-body (WB)
MRI.37,38 Chan et al37 compared the diagnostic value of 18F-FDG
PET/CT and WB-MRI for the assessment of distant metastases
and second primary cancer in patients with oropharyngeal or hypo-
pharyngeal squamous cell carcinoma. Among 103 patients in the
study, the authors found that the sensitivity of WB-MRI was lower
than that of 18F-FDG PET/CT (66.7% vs 83.3%) on a patient-based
analysis. MRI and 18F-FDG PET/CT had high NPV (93.2% vs
96.4%), but only moderate positive predictive value (PPV) (80.0% vs
78.9%). Yi et al39 showed in a recent meta-analysis including
1291 patients that detection of bone metastases with 18F-FDG
PET/CT had 89% sensitivity and 99% specificity; which was
better than the results obtained by skeletal scintigraphy. Therefore,
www.nuclearmed.com e441
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FIGURE 4. Staging distantmetastasis. A 64-year-oldmanwithmoderately differentiated, p16 positive, squamous cell carcinoma
of the right tonsil. Axial PET and PET/CT fused images (A) showed FDG-avid primary tumor at right tonsil and bilateral level II
lymph nodes, coronal PET, and PET/CT fused images (B) showed bilateral multiple metastatic lymph nodes. 18F-FDG PET/CT
demonstrated an 11-mm right hepatic FDG-avid lesion (C). MIP images (D) showed primary tumor with regional metastatic
lymph nodes and distant liver metastasis (T2N2bM1).

Sanli et al Clinical Nuclear Medicine • Volume 43, Number 12, December 2018
18F-FDG PET/CT is more accurate than skeletal scintigraphy for
osseous metastases. A recent prospective study of 307 patients
compared chest radiographs plus head and neck MRI versus chest
CT plus head and neck MRI versus 18F-FDG PET/CT to determine
the detection rate of distant metastasis and synchronous HNSCC.40
18F-FDG PET/CT correctly detected 25 (8%) synchronous cancers,
which was significantly more than other methods (chest radiographs
plus MRI [3 patients, 1%] and chest CT plus MRI [6 patients, 2%]).
The true detection rate of distant metastasis and/or synchronous can-
cer with 18F-FDG PET/CTwas 13% (40 patients), which was signif-
icantly higher than the other methods (2% [6 patients] for chest x-ray
plus MRI and 6% [17 patients] for chest CT plus MRI).
Therapy Planning
It has been suggested that 18F-FDG PET/CT improves ther-

apy planning, not only due to improved staging but also through
the ability to provide information on tumor biology and gross tumor
volume.41 PET/CT-based contouring is more accurate than CT-based
volume in terms of gross tumor volume including identifying
involved nodal levels as well as improved interreliability for radio-
therapy (RT) contouring.38 Several ways of using PET segmenta-
tion to delineate tumor volume have been described, with highly
operator-dependent manual segmentation as the most commonly
used method. Therefore, more objective methods have been pro-
posed such as isocontouring, based on an SUV threshold definition
e442 www.nuclearmed.com
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in primary tumor and metastatic lymph nodes. Berthon et al42 used
the novel Automatic Decision Tree–Based Learning Algorithm for
Advanced Segmentation (ATLAAS) model in 20 HNSCC patients
who were candidates for radical chemoradiotherapy (CRT). The
authors reported that this model allows a consistent, operator-
independent approach. Schinagl et al43 studied validated FDG PET
segmentation tools for volume assessment of lymph nodemetastases.
Nodal volumes were compared with the true volume as determined
by pathological examination in HNSCC patients. The authors showed
that FDG PETaccurately estimated metastatic lymph node volume.
Authors recommended an automated segmentation method for the
purposes of reproducibility and interinstitutional comparison. In ad-
dition, Sridhar et al44 evaluated the primary tumor MTV that was
segmented using 2 methods such as gradient and 30%, 40%, and
50% SUVmax threshold in 52 patients diagnosed with head and
neck, lung, and colorectal cancers. They found that, the intraclass
correlation coefficients among the pathologic volume and the
gradient-based and 30%, 40%, and 50% SUVmax threshold MTVs
were 0.95, 0.85, 0.80, and 0.76, respectively. Thus, this study has
shown that there is a fair to excellent correlations between the
PET-based MTVand pathologic volume.
Predicting Patient Outcomes
Many prognostic factors affect treatment outcome and treat-

ment strategy can be changed if the prognostic factors are known
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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before the treatment. The SUVmax is the most commonly used
semiquantitative PET parameter that measures glucose metabolism.
The tumor SUVmax is predictive of local control and survival in
HNSCC.45 Difference in SUVmax values from early and late images
can be more relevant prognostic indicators for recurrence-free sur-
vival.46 MTVand total lesion glycolysis (TLG) are the other param-
eters reflecting the metabolic activity of tumors.47 Briefly, MTV is a
volumetric measurement of the tumor cells with increased FDG up-
take. Meanwhile, TLG represents glycolytic activity, which is the
product of the mean SUV and tumor volume. It is suggested that
these parameters might be used as prognostic tools for prediction
of prognosis of the disease and response to existing therapies. In a
meta-analysis, the prognostic value of MTVand TLGwere evaluated
in 13 studies including 1180HNSCC patients by determining the HR
of event-free survival (EFS) andOS.48 It was shown that patients with
a high MTV in comparison with patients with a low MTV showed
3.06-fold and 3.51-fold higher risks for adverse events or risk of
death, respectively. Meanwhile, patients with a high TLG had a
3.10-fold higher risk of events or a 3.14-fold higher risk of death than
patients with low TLG. Huang et al49 demonstrated in their meta-
analysis with 14 studies and 1134 nasopharyngeal carcinoma patients
that SUVmax, MTV, and TLG, with a fixed SUVof 2.5, of primary
tumors before treatment initiation may be independent prognostic
factors. Hazards ratios of SUVmax of primary tumor,MTVof primary
tumor, and TLG of primary tumor for EFS were 1.31 (95% CI,
1.11–1.55; P = 0.001), 2.38 (95% CI, 1.53–3.70; P < 0.001), and
1.65 (95% CI, 0.76–3.59; P = 0.21), respectively. Cacicedo et al50

found that pretreatment nodal SUVmax value in patients with locally
advanced HNSCC is prognostic for distant metastasis-free survival.
Authors also showed that patients with neck nodal metastasis and
higher than SUVmax of 5.4, associated with an increased risk of dis-
tant metastases (HR, 3.3; 95% CI, 1.17–9.25; P = 0.023).

(B) Subsequent Treatment Strategy
18F-FDG PET/CT is useful to evaluate therapy response and

for detection of recurrent disease.51 In a landmark prospective,
FIGURE 5. Therapy response–complete metabolic response. A 56
II lymph nodes. Axial CT, PET, and fused images showed primary
concurrent CRT and 3 months posttherapy 18F-FDG PET/CT dem
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randomized, controlled trial of 564 patients with advanced HNC
(no metastatic disease), Mehanna et al52 showed that 18F-FDG
PET/CT performed at 12 weeks after completion of CRT could di-
rect neck dissection (Fig. 5). Specifically, neck dissection per-
formed only if 18F-FDG PET/CT posttherapy showed incomplete
or equivocal response (Fig. 6) resulted in similar patient quality of
life and survival at lower cost than when neck dissection was
planned because of stage N2 or N3 disease. The authors recom-
mended that the patients with equivocal FDG uptake and HPV-
negative disease should proceed to neck dissection. However, pa-
tients with HPV-positive disease having enlarged nodes with no
FDG uptake after CRT may be closely followed up with serial CT
or PET/CT. This strategy of avoiding surgical complications may
be more cost-effective than neck dissection.

Standardized Therapy Assessment
Method–Hopkins Criteria

One of the limitations in evaluating 18F-FDG PET/CTeffec-
tiveness posttherapy for patients with HNSCC is the lack of a uni-
versal scoring system for result classification. To address this, a
5-point qualitative posttherapy assessment scoring system (Hopkins
criteria) has been proposed for HNC using 18F-FDG PET/CT
(Table 1). The Hopkins criteria53 has strong interreader agreement,
excellent NPV, and is predictive of both PFS and OS. In the cited
study, the overall agreement between readers was 86%, the NPV
was 91%, and using a Kaplan-Meier survival analysis, the PFS
and OS between patients classified as negative for residual tumor
by the 5-point scale compared with those classified as positive was
statistically significant. The HR was 0.05 (95% CI, 0.02–0.11) for
PFS and 0.046 (95% CI, 0.018–0.120) for OS. Hopkins criteria
have been validated externally. Kendi et al54 reported an external
validation study of Hopkins criteria, including 69 HNSCC patients
who underwent posttherapy PET/CT between 5 and 24 weeks after
completion of therapy. Percentage of the agreement between the
readers were found for overall, right neck, left neck, and primary tu-
mor site were 91.3%, 97.6%, 97.6%, and 91.3%, respectively. This
-year-oldman, T2N1M0 left tonsil tumor with metastatic level
tumor and metastatic lymph nodes (A). He received
onstrated complete response (B).
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FIGURE 6. Therapy response–partial metabolic response. A 54-year-old man with a diagnosis of stage T3N2cM0, p16 + poorly
differentiated left tonsillar SCC, treated with CRT (A dose of 70 Gy was delivered in 35 fractions of 2 Gy each with concomitant
weekly cisplatin). Axial CT and PET/CT fused images (A) showed a large FDG-avid left tonsillar primary tumor (SUVmax, 14.6) and
bilateral FDG-avid level II lymph nodes; sagittal CT and PET/CT fused images (B) showed level II and III intensely FDG-avid
lymph nodes. MIP images (C) showed primary tumor with regional metastatic lymph nodes. Therapy response was evaluated
with FDG PET/CT, 3months after completing CRT. There is resolution of previously seen FDG-avid left tonsillar mass in axial CT
and PET/CT fused images (D) and persistent bilateral level II lymph nodes in axial (D) and sagittal CT and PET/CT fused images
(E). MIP images (F) showed persistent bilateral level II lymph nodes after CRT. The patient underwent bilateral neck dissection,
1 lymph node (white arrow) that left level II lymph node was found metastatic out of 32 lymph nodes.

TABLE 1. Five-Point Qualitative Posttherapy Assessment
Scoring System (Hopkins Criteria) for Head and Neck

Sanli et al Clinical Nuclear Medicine • Volume 43, Number 12, December 2018
study showed a PPVof 30% (range, 25%–33%) and NPVof 94.9%
(range, 89.5%–96.5%) for primary tumor. The Hopkins criteria
demonstrated that interreader agreement has a moderate to almost
perfect agreement with a very high NPV in this external valida-
tion study.
Squamous Cell Carcinoma PET/CT

Score 18F-FDG Uptake Pattern Response Category

1 18F-FDG uptake at the primary site and
nodes less than IJV

Complete metabolic
response

2 Focal 18F-FDG uptake at the primary site
and nodes greater than IJV but less
than liver

Likely complete
metabolic response

3 Diffuse 18F-FDG uptake at the primary
site or nodes is greater than IJVor liver

Likely postradiation
inflammation

4 Focal 18F-FDG uptake at the primary site
or nodes greater than liver

Likely residual tumor

5 Focal and intense 18F-FDG uptake at the
primary site or nodes

Residual tumor

Scores 1, 2, and 3, which represent complete metabolic response, likely complete
metabolic response, and likely postradiation inflammation, respectively, were consid-
ered negative for tumor. Scores 4 and 5, which represent likely residual tumor and re-
sidual tumor, respectively, were considered positive for tumor. New lesion would be
considered as progressive disease.
Accuracy of PET/CT as Therapy Assessment
Imaging Modality

In a meta-analysis of 51 studies comprising 2335 patients,
Gupta and colleagues55 evaluated the diagnostic performance of the
posttreatment FDG PET/CT scan. The impact of timing of posttreat-
ment FDG PET/CTwas also assessed before and after 12 weeks. The
pooled sensitivity (79.9% and 72.7%), specificity (87.5% and
87.6%), NPV (95.1% and 94.5%), and PPV (58.6% and 52.1%) of
FDG PET/CTwere reported for the primary site and the neck nodes,
respectively. Sensitivity was higher in both primary tumor (91.9% vs
73.6%, P = 0.12) and neck nodes (90.4% vs 62.5%, P < 0.001) in
scans performed greater than or equal to 12 weeks compared those
less than 12 weeks. Similarly, Isles and colleagues56 performed a
meta-analysis of 27 studies to evaluate the effectiveness of PET in de-
tection of recurrence or residual HNSCC after CRT. They reported
pooled sensitivity, specificity, PPV, and NPV of 94%, 82%, 75%,
and 95%, respectively. Considering the effect of the timing of scans,
e444 www.nuclearmed.com © 2018 Wolters Kluwer Health, Inc. All rights reserved.
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authors indicated that the sensitivity is significantly higher for scans
performed greater than 10weeks after CRT compared with those per-
formed less than 10 weeks (P = 0.002).

Timing of Therapy Assessment PET/CT
FDG PET/CT findings in posttherapy assessment are time

and therapy dependent. An increase in FDG uptake occurs in re-
cently radiated tissues, which may last for 12 to 16 weeks (Fig. 7).
To ensure a balance between the disadvantages of early and late im-
aging, the first posttreatment FDG PET/CT scan to assess therapy
response is recommended at least 12 weeks postradiation therapy,
to minimize radiation-related inflammatory uptake and at least
3 weeks after completion of chemotherapy (ideally just before the
next cycle). Performing the 18F-FDG PET/CT sooner may be asso-
ciated with lower sensitivity and specificity.

FDG PET/CT is increasingly used in the therapy assessment
of neoadjuvant chemotherapy before definitive therapy.57 Wong
et al58 showed through a prospective study of 20 patients with ad-
vanced HNSCC that 18F-FDG PET/CT done 2 weeks after the first
cycle of induction chemotherapy was an early predictive biomarker
for chemotherapy response.

Detecting Recurrences in Follow-up
The incidence of locoregional recurrent disease posttherapy

is high (25%–50%), and the majority recur within 2 to 3 years
of therapy.59–61 The NCCN guidelines suggest clinical surveillance
every 1 to 3 months for the first year after therapy, every 2 to
4 months for the second year after therapy, and every 4 to 6 months
FIGURE 7. Therapy response–inflammatory uptake. A 61-year-old
of right tonsil, T4bN2bM0. Axial CT and PET/CT fused images (A
FDG-avid level II lymph nodes. Axial CT and PET/CT fused images
with FDG PET/CT, 3 months after finishing CRT. Low-level residua
small left level II node suggesting residual metabolic uptake, likely
images 6 months after completing the therapy. Axial CT and PET/
uptake of the necrotic right level II lymph node without any thera
metastatic lymph nodes in staging images and complete respons
bilateral level II lymph nodes after CRT (E) and complete response
images (F).
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for the subsequent 3 years.11 Imaging of the primary site of disease
is recommended within 6 months of therapy.62 CT and MRI are
commonly the imaging modalities chosen; however, interpretation
may be limited by changes from therapy.63,64 There have been sev-
eral studies suggesting 18F-FDG PET/CT is valuable for assessing
patients with HNSCC posttherapy (Fig. 8). Meta-analyses have sug-
gested a high sensitivity and specificity of 18F-FDG PET/CT for
detecting residual or recurrent HNC posttherapy (80%–94% and
80%–95%, respectively).60,61,65–67 When compared with WB-MRI
in patients with a history of oropharyngeal and hypopharyngeal squa-
mous cell carcinoma, 18F-FDG PET/CTwas found to be more accu-
rate for the detection of disease recurrence.68

Also, the use of contrast-enhanced 18F-FDG PET/CTwith an
additional head and neck acquisition may improve the specificity of
locoregional recurrence.69 When imaging is performed 12 months
after therapy for detection of recurrences, the sensitivity of
18F-FDG PET/CT for the detection of recurrent disease has been re-
ported to be as high as 100%.70

18F-FDG PET/CT posttherapy can predict survival in pa-
tients with HNSCC. In a retrospective study of 134 patients with
HNSCC, patients with 18F-FDG PET/CT positive disease after ther-
apy had a significantly shorter OS compared with those who were
18F-FDG PET/CT negative.71 In addition, Paidpally et al72 showed
in their retrospective study that total MTV with gradient-based seg-
mentation and clinical HPV status are potential markers for OS in
patients with recurrent advanced HNSCC treated with CRT.

The disease recurrence is less common in HPV-positive oro-
pharyngeal SCC, up to 36% of patients experience treatment failure
within 8 years. There is controversy over the pattern and timing of
man presented with p16-negative, squamous cell carcinoma
) showed FDG-avid left tonsillar primary tumor and bilateral
(B) showed complete therapy response in the primary tumor
l FDG uptake seen within a necrotic right level II node and a
posttherapy inflammation. The patient underwent restaging

CT fused images (C) demonstrated decrease in size and FDG
py. MIP images (D) showed primary tumor with regional
e of primary tumor and low level residual FDG uptake in
of primary tumor and bilateral level II lymph nodes in restaging
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FIGURE 8. Detection of metastasis. A 59-year-old man who presented T1N3M0 (IVB) HPV-negative poorly differentiated
squamous cell carcinoma of the right tonsil, treated with CRT and neck dissection. Liver metastases, pulmonary, mediastinal,
and right hilar metastases detected after 9 months from the end of therapy. Axial PET/CT fused and PET images (A) showed
intensely FDG uptake in primary tumor site. MIP images (B) showed primary tumor without distant metastasis 9 months after
finishing CRT and neck dissection, complete therapy response at primary tumor site in FDG PET/CT images (C). MIP images (D)
showedmetabolically activemetastatic disease in the liver, left lung, andmediastinal, right hilar lymph nodes. Coronal PET/CT
fused and PET images (E) showed liver, left lung, mediastinal lymph nodes.
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recurrence in HPV-positive versus HPV-negative cohorts. The pattern
and timing of recurrences and distant metastases may be different in
patients with HPV-positive disease with late metastases (after 2 years
of completion of therapy) and “disseminated type” seen in many
solid organs and skeleton.73,74 However, the secondary analysis of
RTOG 0129 and RTOG 0522 found that 41% of HPV-positive and
38% of HPV-negative OPC displayed isolated distant metastatic
disease at first progression.75 Median time to distant metastasis
did not differ based on p16 status (11.9 vs 12.4 months). OPCs that
were p16-positive or p16-negative were found to have similar ana-
tomic distribution of distant metastasis (lung, 73% vs 70%; bone,
14.6% vs 15.2%; liver, 8.3% vs 15.2%; other, 16.7% vs 12.1%).
Despite these similarities, patients with HPV-positive disease showed
significantly improved OS relative to those with HPV-negative dis-
ease (2.6 vs 0.8 years, respectively). There is also evidence that
HPV-positive patients with negative PET/CTwithin 6 to 12 months
of completion of therapy have a median 28 months of PFS.76 These
observations suggest that the frequency of follow-up PET/CT (or
any imaging) can be reduced in patients with HPV-positive oropha-
ryngeal SCC patients.
e446 www.nuclearmed.com
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RECENT ADVANCES

In recent years, integrated PET/MRI systems have become
available in the clinical setting. Schaarschmidt et al77 evaluated
the accuracy of integrated 18F-FDG PET/MR, 18F-FDG PET/CT,
and MRI in initial tumor diagnosis and recurrence in 25 patients
with histopathologically confirmed HNSCC. They found no signif-
icant differences in T and N staging and cancer recurrence among
the 3modalities (P > 0.017). Although 18F-FDGPET/MR had higher
sensitivity than MR in tumor recurrence, the accuracy was found to
be equivalent to FDG PET/CT. However, it should be noted that
PET/MRI provides unique opportunities for multiparametric imag-
ing such as interrogating a lesion with FDG metabolism (SUVmax)
and apparent diffusion coefficient.78 As Rasmussen et al79 and
Lambrecht et al80 have reported that high SUVmax and low appar-
ent diffusion coefficient values correlate with poor patient clin-
ical outcomes, PET/MR could improve upon current methods for
determining prognosis.

Recent studies demonstrate that FDG PET has the potential
to predict the tumor heterogeneity defined as differences between
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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tumors of the same type in different patients. Tumor heterogeneity
can be intertumoral and/or intratumoral and has the potential to
predict the patient's prognosis. Heterogeneity varies even for the
same stage because there are differences in such properties as the
growth rate, vascularity, and necrosis.81,82 Intratumoral heterogeneity
mechanism remains unclear; however, some authors reported that
increased glucose transporter and hexokinase expression and also
decreased expression of glucose 6-phosphatase by immunohisto-
chemistry was shown to be involved in heterogeneous glucose up-
take in HNSCC.83,84 Kwon et al81 indicated that the intratumoral
heterogeneity of 18F-FDG uptake is an important prognostic factor
for OS as well as demonstrating that SUVmax, MTV, TLG, and het-
erogeneity factor of the primary tumor were significant prognostic
factors in oral cavity cancer. Mena et al investigated 105 HPV-
positive OPSCC patients retrospectively. They demonstrated that
intratumoral metabolic heterogeneity using 18F-FDG PET/CTwas
a prognostic factor for EFS with primary HPV-positive OPSCC.85

Oh et al86 showed the same in a small group of patients with hypo-
pharyngeal squamous cell cancer (HPSCC)who underwent cisplatin-
based induction chemotherapy followed by definitive CRT. The
authors showed that textural features–derived baseline 18F-FDG PET
images may be predictive of response to CRTand survival in HPSCC
and intratumoral heterogeneity may identify patients at risk for low
response rates and poor DFS and OS outcomes. Accordingly, the
abnormal textural feature of tumor coarseness may be useful for
predicting response and survival after CRT in HPSCC patients.

Moreover, increasing evidence suggests that textural features
on pretreatment 18F-FDG PET images are associated with response
and survival in solid tumors. Chen et al87 evaluated comprehensive
textural indices in HNSCCs to understand their correlation with en-
dogenous markers with immunohistochemical data from pretreat-
ment biopsy specimens (Glut1, CAIX, VEGF, HIF-1α, epidermal
growth factor receptor, Ki-67, Bcl-2, CLAUDIN-4, YAP-1, c-Met,
and p16) and their role in predicting RT or CRT outcomes. They
showed that receiving definitive RT or CRT in pharyngeal cancer
patients and determining the texture heterogeneity can provide valu-
able prognostic information beyond traditional PET-related param-
eters. The treatment outcome can be stratified by textural features,
T stage, VEGF, and HIF-1α. Consequently, the authors suggest
that high-risk patients should be aggressively or alternatively
treated, or a novel therapeutic strategy should be used for their treat-
ment. Similarly, Choi et al88 evaluated the association between the tu-
mor stroma ratio and intratumoral heterogeneity measured 18F-FDG
and MRI, and further investigated the prognostic significance of
imaging biomarkers in HNSCC. In their study, heterogeneity imag-
ing parameters were found significantly associated with the tumor
stroma ratio, and this may help to facilitate the risk stratification
for tumor recurrence in HNSCC. The heterogeneity of tumors eval-
uated by 18F-FDG PET for predicting therapy response is a promis-
ing new area of research, driving precision medicine.
CONCLUSIONS
18F-FDG PET/CT is standard of care for patients with un-

known head and neck primary tumor to localize the site of primary
disease, for baseline staging of stage III to IV HNSCC, assessing
therapy response when patients have undergone CRT, and restaging
HNSCC when clinical suspicion suggest recurrence.

Recent advances include a standardized method for reporting
therapy response (Hopkins criteria), evidence of excellent NPVof
FDG PET/CT for cN0 neck for nodal metastasis, the value of a neg-
ative posttherapy FDG PET/CT for patient management, successful
demonstration of radiation dose reduction strategies for HPV-
positive disease in multicenter clinical trials, and the recent Food
and Drug Administration approval of nivolumab for treatment of
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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recurrent HNSCC will have significant impact on clinical practice.
The potential role of tumor heterogeneity in predicting therapy re-
sponse and outcome, elucidating textural features for analysis using
FDG PET, and the evolving role of PET/MRI in patients with HNC
will be key areas of development in the future.
REFERENCES
1. Jemal A, Bray F, Center MM, et al. Global cancer statistics. CA Cancer

J Clin. 2011;61:69–90.
2. SubramaniamRM, Alluri KC, Tahari AK, et al. PET/CT imaging and human

papilloma virus-positive oropharyngeal squamous cell cancer: evolving clin-
ical imaging paradigm. J Nucl Med. 2014;55:431–4318.

3. Peterson LA, Bellile EL, Wolf GT, et al. Cigarette use, comorbidities, and
prognosis in a prospective head and neck squamous cell carcinoma popula-
tion. Head Neck. 2016;38:1810–1820.

4. National Comprehensive Cancer Network (NCCN) Clinical Practice
Guidelines in Oncology, Head and Neck Cancers. Version 2. May 8,
2017. Available at: https://www.nccn.org/professionals/physician_gls/PDF/
head-and-neck.pdf.

5. Wu Q, Mohan R, Morris M, et al. Simultaneous integrated boost intensity-
modulated radiotherapy for locally advanced head-and-neck squamous cell
carcinomas. I: dosimetric results. Int J Radiat Oncol Biol Phys. 2003;56:
573–585.

6. Overgaard J, Hansen HS, Specht L, et al. Five compared with six fractions
per week of conventional radiotherapy of squamous-cell carcinoma of head
and neck: DAHANCA 6 and 7 randomised controlled trial. Lancet. 2003;
362:933–940.

7. Murer K, Huber GF, Haile SR, et al. Comparison of morbidity between sen-
tinel node biopsy and elective neck dissection for treatment of the n0 neck
in patients with oral squamous cell carcinoma. Head Neck. 2011;33:
1260–1264.

8. Marur S, Li S, Cmelak AJ, et al. E1308: Phase II trial of induction chemo-
therapy followed by reduced-dose radiation and weekly cetuximab in pa-
tients with HPV-associated resectable squamous cell carcinoma of the
oropharynx-ECOG-ACRIN Cancer Research Group. J Clin Oncol. 2017;
35:490–497.

9. Vermorken JB, Mesia R, Rivera F, et al. Platinum-based chemotherapy plus
cetuximab in head and neck cancer. N Engl J Med. 2008;359:1116–1127.

10. Ferris RL, Blumenschein G Jr, Fayette J, et al. Nivolumab for recurrent
squamous-cell carcinoma of the head and neck. N Engl J Med. 2016;375:
1856–1867.

11. Arya S, Rane P, Deshmukh A. Oral cavity squamous cell carcinoma: role of
pretreatment imaging and its influence on management. Clin Radiol. 2014;
69:916–930.

12. Sureshkannan P, Vijayprabhu R. Role of ultrasound in detection of meta-
static neck nodes in patients with oral cancer. Indian J Dent Res. 2011;22:
419–423.

13. Nugent G, Hughes T, Hanlon R, et al. An audit of CT chest surveillance fol-
lowing oral cancer treatment. Br J Oral Maxillofac Surg. 2016;54:600–603.

14. Burkill GJ, Evans RM, Raman VV, et al. Modern radiology in the manage-
ment of head and neck cancer. Clin Oncol. 2016;28:440–450.

15. Krabbe CA, Balink H, Roodenburg JL, et al. Performance of 18F-FDG PET/
contrast-enhanced CT in the staging of squamous cell carcinoma of the oral
cavity and oropharynx. Int J Oral Maxillofac Surg. 2011;40:1263–1270.

16. Subramaniam RM, Agarwal A, Colucci A, et al. Impact of concurrent diag-
nostic level CTwith PET/CTon the utilization of stand-alone CTandMRI in
the management of head and neck cancer patients. Clin Nucl Med. 2013;38:
790–794.

17. Wallowy P, Diener J, Grünwald F, et al. 18F-FDG PET for detecting metasta-
ses and synchronous primary malignancies in patients with oral and oropha-
ryngeal cancer. Nuklearmedizin. 2009;48:192–199.

18. Dammann F, Horger M, Mueller-Berg M, et al. Rational diagnosis of squa-
mous cell carcinoma of the head and neck region: comparative evaluation
of CT, MRI, and 18FDG PET. AJR Am J Roentgenol. 2005;184:1326–1331.

19. Zafereo ME. Evaluation and staging of squamous cell carcinoma of the oral
cavity and oropharynx: limitations despite technological breakthroughs.
Otolaryngol Clin North Am. 2013;46:599–613.

20. Galloway TJ, Ridge JA. Management of squamous cancer metastatic to
cervical nodes with an unknown primary site. J Clin Oncol. 2015;33:
3328–3337.
www.nuclearmed.com e447

ealth, Inc. All rights reserved.

https://www.nccn.org/professionals/physician_gls/PDF/head-and-neck.pdf
https://www.nccn.org/professionals/physician_gls/PDF/head-and-neck.pdf
www.nuclearmed.com


Sanli et al Clinical Nuclear Medicine • Volume 43, Number 12, December 2018
21. Grau C, Johansen LV, Jakobsen J, et al. Cervical lymph node metastases from
unknown primary tumours. Results from a national survey by the Danish
Society for Head and Neck Oncology. Radiother Oncol. 2000;55:121–129.

22. Zhu L, Wang N. 18F-fluorodeoxyglucose positron emission tomography-
computed tomography as a diagnostic tool in patients with cervical nodal
metastases of unknown primary site: a meta-analysis. Surg Oncol. 2013;22:
190–194.

23. Boscolo-Rizzo P, Schroeder L, Romeo S, et al. The prevalence of human
papillomavirus in squamous cell carcinoma of unknown primary site
metastatic to neck lymph nodes: a systematic review. Clin Exp Metastasis.
2015;32:835–845.

24. Motz K, Qualliotine JR, Rettig E, et al. Changes in unknown primary squa-
mous cell carcinoma of the head and neck at initial presentation in the era
of human papillomavirus. JAMA Otolaryngol Head Neck Surg. 2016;142:
223–228.

25. Upile NS, Shaw RJ, Jones TM, et al. Squamous cell carcinoma of the head
and neck outside the oropharynx is rarely human papillomavirus related.
Laryngoscope. 2014;124:2739–2744.

26. Keller LM, Galloway TJ, Holdbrook T, et al. P16 status, pathologic and clin-
ical characteristics, biomolecular signature, and long-term outcomes in head
and neck squamous cell carcinomas of unknown primary. Head Neck. 2014;
36:1677–1684.

27. Cohen MA, Weinstein GS, O'Malley BW Jr, et al. Transoral robotic surgery
and human papillomavirus status: oncologic results. Head Neck. 2011;33:
573–580.

28. Park CG, Roh JL, Cho KJ, et al. 18F-FDG PET/CT vs. human papillomavi-
rus, p16 and Epstein-Barr virus detection in cervical metastatic lymph nodes
for identifying primary tumors. Int J Cancer. 2017;140:1405–1412.

29. Haerle SK, Strobel K, Hany TF, et al. (18)F-FDG-PET/CT versus pan-
endoscopy for the detection of synchronous second primary tumors in pa-
tients with head and neck squamous cell carcinoma. Head Neck. 2010;32:
319–325.

30. Xi K, Xie X, Xi S. Meta-analysis of (18) fluorodeoxyglucose positron
emission tomography-CT for diagnosis of lung malignancies in patients
with head and neck squamous cell carcinomas. Head Neck. 2015;37:
1680–1684.

31. Kyzas PA, Evangelou E, Denaxa-Kyza D, et al. 18F-fluorodeoxyglucose pos-
itron emission tomography to evaluate cervical node metastases in patients
with head and neck squamous cell carcinoma: ameta-analysis. J Natl Cancer
Inst. 2008;100:712–720.

32. Krabbe CA, Dijkstra PU, Pruim J, et al. FDG PET in oral and oropharyngeal
cancer: value for confirmation of N0 neck and detection of occult metastases.
Oral Oncol. 2008;44:31–36.

33. Murakami R, Uozumi H, Hirai T, et al. Impact of FDG-PET/CT imaging on
nodal staging for head-and-neck squamous cell carcinoma. Int J Radiat
Oncol Biol Phys. 2007;68:377–382.

34. Piao Y, Bold B, Tayier A, et al. Evaluation of 18F-FDG PET/CT for diagnos-
ing cervical nodal metastases in patients with oral cavity or oropharynx car-
cinoma. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2009;108:
933–938.

35. 2017 ASCO Annual Meeting. Abstract No: 6041. Available at: http://
meetinglibrary.asco.org/record/145889/abstract.

36. Xu GZ, Guan DJ, He ZY. (18)FDG-PET/CT for detecting distant metastases
and second primary cancers in patients with head and neck cancer. A meta-
analysis. Oral Oncol. 2011;47:560–565.

37. Chan SC,Wang HM, Yen TC, et al. 18F-FDG PET/CTand 3.0-Twhole-body
MRI for the detection of distant metastases and second primary tumours in
patients with untreated oropharyngeal/hypopharyngeal carcinoma: a com-
parative study. Eur J Nucl Med Mol Imaging. 2011;38:1607–1619.

38. Daisne JF, Duprez T, Weynand B, et al. Tumor volume in pharyngolaryngeal
squamous cell carcinoma: comparison at CT, MR imaging, and FDG PET
and validation with surgical specimen. Radiology. 2004;233:93–100.

39. Yi X, Fan M, Liu Y, et al. 18FDG PETand PET-CT for the detection of bone
metastases in patients with head and neck cancer. Ameta-analysis. JMed Im-
aging Radiat Oncol. 2013;57:674–679.

40. Rohde M, Nielsen AL, Johansen J, et al. Head-to-head comparison of chest
x-ray/head and neckMRI, chest CT/head and neckMRI, and 18F-FDG-PET/
CT for detection of distant metastases and synchronous cancer in oral, pha-
ryngeal, and laryngeal Cancer. J Nucl Med. 2017;58:1919–1924.

41. Taghipour M, Sheikhbahaei S, MarashdehW, et al. Use of 18F-fludeoxyglucose-
positron emission tomography/computed tomography for patient manage-
ment and outcome in oropharyngeal squamous cell carcinoma: a review.
JAMA Otolaryngol Head Neck Surg. 2016;142:79–85.
e448 www.nuclearmed.com

Copyright © 2018 Wolters Kluwer H
42. Berthon B, Evans M, Marshall C, et al. Head and neck target delineation
using a novel PET automatic segmentation algorithm. Radiother Oncol.
2017;122:242–247.

43. Schinagl DA, Span PN, van denHoogen FJ, et al. Pathology-based validation
of FDG PET segmentation tools for volume assessment of lymph node me-
tastases from head and neck cancer. Eur J Nucl Med Mol Imaging. 2013;40:
1828–1835.

44. Sridhar P, Mercier G, Tan J, et al. FDG PET metabolic tumor volume seg-
mentation and pathologic volume of primary human solid tumors. AJR Am
J Roentgenol. 2014;202:1114–1119.

45. Kim SY, Roh JL, KimMR, et al. Use of 18F-FDG PET for primary treatment
strategy in patients with squamous cell carcinoma of the oropharynx. J Nucl
Med. 2007;48:752–757.

46. Abgral R, Valette G, Robin P, et al. Prognostic evaluation of percentage var-
iation of metabolic tumor burden calculated by dual-phase (18) FDG
PET-CT imaging in patients with head and neck cancer. Head Neck. 2016;
38(Suppl 1):E600–6E06.

47. Alluri KC, Tahari AK, Wahl RL, et al. Prognostic value of FDG PET meta-
bolic tumor volume in human papillomavirus-positive stage III and IVoro-
pharyngeal squamous cell carcinoma. AJR Am J Roentgenol. 2014;203:
897–903.

48. Pak K, Cheon GJ, Nam HY, et al. Prognostic value of metabolic tumor vol-
ume and total lesion glycolysis in head and neck cancer: a systematic review
and meta-analysis. 2014;55:884–890.

49. Huang Y, Feng M, He Q, et al. Prognostic value of pretreatment 18F-FDG
PET/CT for nasopharyngeal carcinoma patients. Medicine (Baltimore).
2017;96:6721.

50. Cacicedo J, Fernandez I, Del Hoyo O, et al. Prognostic value of maximum
standardized uptake valuemeasured by pretreatment 18F-FDG PET/CT in lo-
cally advanced head and neck squamous cell carcinoma. Clin Transl Oncol.
2017;19:1337–1349.

51. Goel R, Moore W, Sumer B, et al. Clinical practice in PET/CT for the man-
agement of head and neck squamous cell cancer. AJR Am J Roentgenol.
2017;209:289–303.

52. Mehanna H, Wong WL, McConkey C, et al. PET-CT surveillance versus
neck dissection in advanced head and neck cancer. N Engl J Med. 2016;
374:1444–1454.

53. Marcus C, Ciarallo A, Tahari A, et al. Head and neck PET/CT: therapy re-
sponse interpretation criteria (Hopkins Criteria)- interreader reliability, accu-
racy, and survival outcomes. J Nucl Med. 2014;55:1411–1416.

54. Kendi AT, Brandon D, Switchenko J, et al. Head and neck PET/CT therapy
response interpretation criteria (Hopkins criteria)—external validation study.
Am J Nucl Med Mol Imaging. 2017;7:174–180.

55. Gupta T, Master Z, Kannan S, et al. Diagnostic performance of post-treatment
FDG PETor FDG PET/CT imaging in head and neck cancer: a systematic re-
view and meta-analysis. Eur J Nucl Med Mol Imaging. 2011;38:2083–2095.

56. Isles MG, McConkey C, Mehanna HM. A systematic review and meta-
analysis of the role of positron emission tomography in the follow up of head
and neck squamous cell carcinoma following radiotherapy or chemoradio-
therapy. Clin Otolaryngol. 2008;33:210–222.

57. Yu J, Cooley T, Truong MT, et al. Head and neck squamous cell cancer
(stages III and IV) induction chemotherapy assessment: value of FDG volu-
metric imaging parameters. J Med Imaging Radiat Oncol. 2014;58:18–24.

58. Wong KH, Panek R, Welsh LC, et al. The predictive value of early assess-
ment after one cycle of induction chemotherapy with 18F-FDG PET/CT
and DW-MRI for response to radical chemotherapy in head and neck squa-
mous cell carcinoma. J Nucl Med. 2016;57:1843–1850.

59. Krabbe CA, Pruim J, Dijkstra PU, et al. 18F-FDG PET as a routine post-
treatment surveillance tool in oral and oropharyngeal squamous cell carci-
noma: a prospective study. J Nucl Med. 2009;50:1940–1947.

60. Bourhis J, Le Maitre A, Baujat B, et al. Individual patients’ data meta-
analyses in head and neck cancer. Curr Opin Oncol 2007;19:188–194.

61. Beswick DM, GoodingWE, Johnson JT, et al. Temporal patterns of head and
neck squamous cell carcinoma recurrencewith positron-emission tomography/
computed tomography monitoring. Laryngoscope. 2012;122:1512–1517.

62. Pfister DG, AngKK, Brizel DM, et al. Head and neck cancers. J Natl Compr
Canc Netw. 2011;9:596–650.

63. Subramaniam RM, Truong M, Peller P, et al. Fluorodeoxyglucose-positron-
emission tomography imaging of head and neck squamous cell cancer. Am J
Neuroradiol. 2010;31:598–604.

64. Jackson T, Chung MK, Mercier G, et al. FDG PET/CT interobserver agree-
ment in head and neck cancer: FDG and CT measurements of the primary
tumor site. Nucl Med Commun. 2012;33:305–312.
© 2018 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.

http://meetinglibrary.asco.org/record/145889/abstract
http://meetinglibrary.asco.org/record/145889/abstract
www.nuclearmed.com


Clinical Nuclear Medicine • Volume 43, Number 12, December 2018 2018 Update Head and Neck Cancer
65. Pasamontes Pingarrón JA, Cabrera Martín MN, Delgado Bolton RC, et al.
Systematic review and meta-analysis of diagnostic accuracy of 18F-FDG
PET in suspected recurrent head and neck cancer. Acta Otorrinolaringol
Esp. 2008;59:190–197.

66. Gao S, Li S, Yang X, et al. 18FDG PET-CT for distant metastases in patients
with recurrent head and neck cancer after definitive treatment: a meta-
analysis. Oral Oncol. 2014;50:163–167.

67. Sheikhbahaei S, Taghipour M, Ahmad R, et al. Diagnostic accuracy of
follow-up FDG PET or PET/CT in patients with head and neck cancer after
definitive treatment: a systematic review and meta-analysis. AJR Am J
Roentgenol. 2015;205:629–639.

68. Ng SH, Chan SC, Yen TC, et al. PET/CTand 3-Twhole-bodyMRI in the de-
tection of malignancy in treated oropharyngeal and hypopharyngeal carci-
noma. Eur J Nucl Med Mol Imaging. 2011;38:996–1008.

69. Rangaswamy B, Fardanesh MR, Genden EM, et al. Improvement in the
detection of locoregional recurrence in head and neck malignancies:
F-18 fluorodeoxyglucose-positron emission tomography/computed to-
mography compared to high-resolution contrast-enhanced computed
tomography and endoscopic examination. Laryngoscope. 2013;123:
2664–2669.

70. Kim JW, Roh JL, Kim JS, et al. (18)F-FDG PET/CT surveillance at 3–6 and
12 months for detection of recurrence and second primary cancer in patients
with head and neck squamous cell carcinoma. Br J Cancer. 2013;109:
2973–2979.

71. Paidpally V, Tahari AK, Lam S, et al. Addition of 18F-FDG PET/CT to clin-
ical assessment predicts overall survival in HNSCC: a retrospective analysis
with follow-up for 12 years. J Nucl Med. 2013;54:2039–2045.

72. Paidpally V, Chirindel A, Chung CH, et al. FDG volumetric parameters and
survival outcomes after definitive chemoradiotherapy in patients with recur-
rent head and neck squamous cell carcinoma. AJR Am J Roentgenol. 2014;
203:139–145.

73. Huang SH, Perez-Ordonez B, Liu FF, et al. Atypical clinical behavior of p16-
confirmedHPV-related oropharyngeal squamous cell carcinoma treatedwith
radical radiotherapy. Int J Radiat Oncol Biol Phys. 2012;82:276–283.

74. Sinha P, Thorstad WT, Nussenbaum B, et al. Distant metastasis in p16-
positive oropharyngeal squamous cell carcinoma: a critical analysis of pat-
terns and outcomes. Oral Oncol. 2014;50:45–51.

75. Faraji F, Eisele DW, Fakhry C. Emerging insights into recurrent and metasta-
tic human papillomavirus-related oropharyngeal squamous cell carcinoma.
Laryngoscope Investig Otolaryngol. 2017;2:10–18.

76. Taghipour M, Marcus C, Califano J, et al. The value of follow-up
FDG-PET/CT in the management and prognosis of patients with HPV-positive
© 2018 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2018 Wolters Kluwer H
oropharyngeal squamous cell carcinoma. J Med Imaging Radiat Oncol. 2015;
59:681–686.

77. Schaarschmidt BM, Heusch P, Buchbender C, et al. Locoregional tumour
evaluation of squamous cell carcinoma in the head and neck area: a compar-
ison between MRI, PET/CT and integrated PET/MRI. Eur J Nucl Med Mol
Imaging. 2016;43:92–102.

78. Rasmussen JH, NørgaardM, HansenAE, et al. Feasibility of multiparametric
imaging with PET/MR in head and neck squamous cell carcinoma. J Nucl
Med. 2017;58:69–74.

79. Rasmussen JH, Vogelius IR, Fischer BM, et al. Prognostic value of
18F-fludeoxyglucose uptake in 287 patients with head and neck squamous
cell carcinoma. Head Neck. 2015;37:1274–1281.

80. Lambrecht M, Van Calster B, Vandecaveye V, et al. Integrating pretreatment
diffusion weighted MRI into a multivariable prognostic model for head and
neck squamous cell carcinoma. Radiother Oncol. 2014;110:429–434.

81. Kwon SH, Yoon JK, AnYS, et al. Prognostic significance of the intratumoral
heterogeneity of (18) F-FDG uptake in oral cavity cancer. J Surg Oncol.
2014;110:702–706.

82. Huang B, Chan T, Kwong DL, et al. Nasopharyngeal carcinoma: investiga-
tion of intratumoral heterogeneity with FDG PET/CT. AJR Am J Roentgenol.
2012;199:169–174.

83. Zhou S, Wang S, Wu Q, et al. Expression of glucose transporter-1 and -3 in
the head and neck carcinoma—the correlation of the expression with the bi-
ological behaviors. ORL J Otorhinolaryngol Relat Spec. 2008;70:189–194.

84. Pugachev A, Ruan S, Carlin S, et al. Dependence of FDG uptake on tumor
microenvironment. Int J Radiat Oncol Biol Phys. 2005;62:545–553.

85. Mena E, Taghipour M, Sheikhbahaei S, et al. Value of intratumoral meta-
bolic heterogeneity and quantitative 18F-FDG PET/CT parameters to predict
prognosis in patients with HPV-positive primary oropharyngeal squamous
cell carcinoma. Clin Nucl Med. 2017;42:e227–e234.

86. Oh JS, Kang BC, Roh JL, et al. Intratumor textural heterogeneity on pre-
treatment (18)F-FDG PET images predicts response and survival after
chemoradiotherapy for hypopharyngeal cancer. Ann Surg Oncol. 2015;
22:2746–2754.

87. Chen SW, Shen WC, Lin YC, et al. Correlation of pretreatment 18F-FDG
PET tumor textural features with gene expression in pharyngeal cancer and
implications for radiotherapy-based treatment outcomes. Eur J Nucl Med
Mol Imaging. 2017;44:567–580.

88. Choi JW, Lee D, Hyun SH, et al. Intratumoural heterogeneity measured using
FDGPETandMRI is associatedwith tumour-stroma ratio and clinical outcome
in head and neck squamous cell carcinoma. Clin Radiol. 2017;72:482–489.
www.nuclearmed.com e449

ealth, Inc. All rights reserved.

www.nuclearmed.com


Sanli et al Clinical Nuclear Medicine • Volume 43, Number 12, December 2018
SA-CME EXAMINATION
INSTRUCTIONS FOR OBTAINING AMA PRA CATEGORY 1 CREDITSTM

Clinical Nuclear Medicine includes CME-certified content that is designed to meet the educational needs of its readers. This article is cer-
tified for 2 AMAPRACategory 1 CreditsTM and this module fulfills the requirements of the ABNMMaintenance of Certification program for
2.00 Self-Assessment CME credits in the NuclearMedicine clinical category. This activity is available for credit through November 30, 2020.
Accreditation Statement

Lippincott Continuing Medical Education Institute, Inc is accredited by the Accreditation Council for Continuing Medical Education to

provide continuing medical education for physicians.
Credit Designation Statement

Lippincott Continuing Medical Education Institute, Inc designates this journal-based CME activity for a maximum of 2 AMA PRACate-

gory 1 CreditsTM. Physicians should only claim credit commensurate with the extent of their participation in the activity.
To earn CME credit, you must read the Clinical Nuclear Medicine article and complete the quiz, answering at least 70% of the questions

correctly. For more information on this CNM SA-CME educational offering, visit the Lippincott CME Connection portal at https://
cme.lww.com/browse/journals/100 to register online and to complete the free SA-CME activity online. This activity is available for
credit through November 30, 2020.

All questions are ABNM Self-Assessment (SA) questions. This module fulfills the requirements of the ABNM Maintenance of
Certification program for 2.00 SA credits in the Nuclear Medicine clinical category. Participants can claim credit for the SA regardless of
the test outcome. Notify the ABNM of the SA completion by calling 314-367-2225 or visit the ABNM Web site at www.abnm.org to set
up or log in to your personal database to record the number of SAs you completed.

SA-CME Examination
SA-CME Learning Objectives:

After participating in this CME activity, the physician should be better able to:
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1. Analyze the most recent advances in PET/CT and PET/MRI in the management of head and neck squamous cell cancer (HNSCC).
2. Interpret the established clinical indications of PET/CT in the management of HNSCC.
3. Compare the pitfalls and challenges of interpreting head and neck PET/CT.
.
.
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uestion 1: What is the most common head and neck cancer cell type?
Q
A. Squamous cell carcinoma
B. Adenoid cystic carcinoma
C. Mucoepidermoid carcinoma
D. Basal cell carcinoma
eferences:
Jemal A, Bray F, Center MM, et al. Global cancer statistics. CA Cancer J Clin. 2011;61(2):69–90.
Subramaniam RM, Alluri KC, Tahari AK, et al. PET/CT imaging and human papilloma virus-positive oropharyngeal squamous cell
cancer: evolving clinical imaging paradigm. J Nucl Med. 2014;55:431–438.
uestion 2: Where are head and neck squamous cell cancers most commonly located?
Q
A. The nasopharynx or nasal cavity
B. The oropharynx or oral cavity
C. The glottis or epiglottis
D. The larynx
eferences:
Jemal A, Bray F, Center MM, et al. Global cancer statistics. CA Cancer J Clin. 2011;61(2):69–90.
Subramaniam RM, Alluri KC, Tahari AK, et al. PET/CT imaging and human papilloma virus-positive oropharyngeal squamous cell
cancer: evolving clinical imaging paradigm. J Nucl Med. 2014;55:431–438.
uestion 3: Oropharyngeal squamous cell carcinoma is most commonly associated with which virus?
Q
A. HSV
B. VZV
C. H3N2
D. HPV
eference:
Subramaniam RM, Alluri KC, Tahari AK, et al. PET/CT imaging and human papilloma virus-positive oropharyngeal squamous cell
cancer: evolving clinical imaging paradigm. J Nucl Med. 2014;55:431–438.
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uestion 4: How are localized head and neck squamous cell cancers most commonly treated?
Q
A. Surgery
B. Radiation
C. Chemotherapy
D. Radiation and chemotherapy.
eference:
Murer K, Huber GF, Haile SR, et al. Comparison of morbidity between sentinel node biopsy and elective neck dissection for treatment of
the n0 neck in patients with oral squamous cell carcinoma. Head Neck. 2011;33: 1260–1264.
uestion 5: Which imaging examination is most useful for localizing the site of primary disease in head and neck malignancy of
unknown origin?

A. CT
B. 18F-FDG PET/CT
C. MRI
D. Ultrasound
eference:
National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology, Head and Neck Cancers. Version 2.
May 8, 2017. Available at: https://www.nccn.org/professionals/physician_gls/PDF/head-and-neck.pdf.
uestion 6:When identified on a subsequent investigation, where is the primary lesion most commonly located in patients with squamous
cell carcinoma of unknown primary?

A. Fossa of Rosenmüller
B. Base of tongue
C. Palatine tonsils
D. Larynx
eferences:
. Motz K, Qualliotine JR, Rettig E, et al. Changes in unknown primary squamous cell carcinoma of the head and neck at initial
presentation in the era of human papillomavirus. JAMA Otolaryngol Head Neck Surg. 2016;142: 223–228.

. Upile NS, Shaw RJ, Jones TM, et al. Squamous cell carcinoma of the head and neck outside the oropharynx is rarely human
papillomavirus related. Laryngoscope. 2014;124:2739–2744.
uestion 7: What is the most common site of distant metastases in patients with head and neck squamous cell carcinoma?
Q
A. Brain
B. Bone
C. Liver
D. Lungs
eference:
. Xu GZ, Guan DJ, He ZY. (18)FDG-PET/CT for detecting distant metastases and second primary cancers in patients with head and neck
cancer. A metaanalysis. Oral Oncol. 2011;47:560–565.
uestion 8:What is the minimal recommended delay before the performance of 18F-FDGPET/CT be following completion of radiotherapy?
Q
A. 8 weeks
B. 10 weeks
C. 12 weeks
D. 14 weeks
eference:
. Isles MG,McConkey C,Mehanna HM. A systematic review and meta-analysis of the role of positron emission tomography in the follow
up of head and neck squamous cell carcinoma following radiotherapy or chemoradiotherapy. Clin Otolaryngol. 2008;33:210–222.
uestion 9: The NCCN guidelines suggest continued follow-up of locoregional recurrent head and neck cancer posttherapy for how long?
Q
A. 5 years after therapy
B. 7 years after therapy
C. 10 years after therapy
D. 15 years after therapy
eferences:
National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology, Head and Neck Cancers. Version 2. May 8,
2017. Available at: https://www.nccn.org/professionals/physician_gls/PDF/head-and-neck.pdf.
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uestion 10: What is the Hopkins criteria for 18F-FDG uptake at the primary site and nodes for a score of 1? [IVJ indicates internal
jugular vein].

A. Less than IJV
B. The same as the IJV
C. More than the IJV but less than liver
D. More than liver
References:

. Marcus C, Ciarallo A, Tahari A, et al. Head and neck PET/CT: therapy response interpretation criteria (Hopkins Criteria)- interreader
reliability, accuracy, and survival outcomes. J Nucl Med. 2014;55:1411–1416.

. Kendi AT, Brandon D, Switchenko J, et al. Head and neck PET/CT therapy response interpretation criteria (Hopkins criteria)—external
validation study. Am J Nucl Med Mol Imaging. 2017;7:174–180.
52 www.nuclearmed.com © 2018 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

www.nuclearmed.com

