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INTRODUCTION
Head and neck cancers are the sixth most common type of cancer worldwide and the majority of 
them cause regional nodal metastases that decrease the chances of survival.1,2 Head and neck can-
cer is characterized by high prevalence of nodal metastases at the time of initial presentation.1-3 
A large percentage of these cause regional nodal metastases that decrease the chances of survival 
by 50%.3 Accurate timely staging will ensure proper treatment delivery.4,5 Computed tomography 
(CT) and magnetic resonance imaging (MRI) are the standard imaging modalities used for the 
staging evaluation of head and neck cancer in routine clinical practice.5 However, the limitations 
of these morphological imaging methods include difficulty in differentiating reactive enlargement 
and  tumor-infiltrated lymph nodes and difficulty in detecting unsuspected distant metastases.6 

OBJECTIVE 
This study was conducted to evaluate the role of 18F-fluorodeoxy-D-glucose positron emission 
tomography/computed tomography (18F-FDG-PET/CT), in comparison with contrast-enhanced 
computed tomography (CECT) for management of patients with head and neck cancer.

METHODS
This was a prospective cross-sectional study involving 30 patients who were attended at the oto-
rhinolaryngology clinics of two tertiary-level hospitals in Malaysia after obtaining institutional 

IMS. Associate Professor, Department of 
Otorhinolaryngology, Faculty of Medicine and 
Health Sciences, Universiti Putra Malaysia (UPM), 
Serdang, Selangor, Malaysia.

 https://orcid.org/0000-0002-2156-9840 

IIMD. Professor, Department of Imaging, Nuclear 
Diagnostic Imaging Centre, Faculty of Medicine 
and Health Sciences, Universiti Putra Malaysia 
(UPM), Serdang, Selangor, Malaysia.

 https://orcid.org/0000-0001-7025-1866

KEY WORDS (MeSH terms): 
Head and neck neoplasms.
Nasopharyngeal carcinoma.
Neoplasm staging. 
Positron emission tomography computed 
tomography.

AUTHORS’ KEY WORDS: 
American Joint Committee on Cancer.
Contrast enhanced computed tomography.
Head and neck malignancy.
Nasopharyngeal cancer.
TNM staging.

ABSTRACT
BACKGROUND: Clinical assessment of head and neck cancers is highly challenging owing to the com-
plexity of regional anatomy and wide range of lesions. The diagnostic evaluation includes detailed physical 
examination, biopsy and imaging modalities for disease extent and staging. Appropriate imaging is done 
to enable determination of precise tumor extent and involvement of lymph nodes, and detection of dis-
tant metastases and second primary tumors.
OBJECTIVE: To evaluate the initial staging discrepancy between conventional contrasted computed to-
mography (CT) and 18F-fluorodeoxy-D-glucose positron emission tomography/computed tomography 
(18F-FDG PET/CT) and its impact on management plans for head and neck malignancies.
DESIGN AND SETTING: Prospective cross-sectional study in two tertiary-level hospitals.
METHODS: This study included 30 patients with primary head and neck malignant tumors who under-
went contrasted computed tomography and whole-body 18F-FDG PET/CT assessments. The staging and 
treatment plans were compared with the incremental information obtained after 18F-FDG PET/CT. 
RESULTS: 18F-FDG PET/CT was found to raise the stage in 33.3% of the cases and the treatment intent was 
altered in 43.3% of them, while there was no management change in the remaining 56.7%. 18F-FDG PET/
CT had higher sensitivity (96% versus 89.2%) and accuracy (93% versus 86.7%) than conventional con-
trast-enhanced computed tomography. 
CONCLUSION: Our study demonstrated that 18F-FDG PET/CT had higher sensitivity and accuracy for 
detecting head and neck malignancy, in comparison with conventional contrast-enhanced computed 
tomography. 18F-FDG PET/CT improved the initial staging and substantially impacted the management 
strategy for head and neck malignancies.
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ethical approval (NMRR-09-1116-4585; dated July 13, 2010). 
Informed consent was obtained from all the enrolled patients. 

The exclusion criteria were that the subjects should not be 
children, individuals with acute or chronic inflammatory dis-
ease, pregnant patients, lactating mothers, terminally ill patients 
or patients with any previous malignancy. All the patients selected 
(above 18 years old) were thoroughly examined by otorhinolaryn-
gology surgeons, and biopsies were taken from suspicious regions. 

All the patients underwent CECT and whole body 18F-FDG 
PET/CT examinations at the hospital’s center for diagnostic nuclear 
imaging, using a standard protocol for image acquisition. Staging of 
the disease was done based on the 7th edition of the tumor, node and 
metastasis (TNM) staging system of the American Joint Committee 
on Cancer (AJCC) after use of both imaging modalities. In addi-
tion, the oncologist was asked to outline the management intent 
for the patients, based on CECT; and to do this again after the 
positron emission tomography/computed tomography (PET/CT). 

The change in management intent and the incremental infor-
mation obtained after both imaging procedures had been done were 
compared and analyzed. The percentage of management changes 
implemented due to discrepancies between the imaging meth-
ods was recorded. The clinical impact of PET/CT was considered 
‘high’ if it changed the treatment modality, and ‘low’ if there was 
no change in the treatment modality or intent.7

All the patients were monitored through regular follow-up at 
a specialist clinic. The cumulative survival rate among the patients 
was estimated from the date of diagnosis to the date of death due 
to any cause or the date of the last follow-up. It was noted whether 
any patients were lost to follow-up or were still alive at the end 
of the follow-up period. The five-year overall mean survival rate 
was calculated, and the mean survival time in months according 
to sociodemographic characteristics, tumor stages and treatment 
received was also analyzed.

RESULTS
Out of the 30 patients in this study, 60% (18/30) were male and 
40% (12/30) were female. According to ethnicity, the majority 
were Chinese (56.7%; n = 17), followed by Malay (40%; n = 12) 
and Indian (3.3%; n = 1). The mean age (with standard deviation, 
SD) was 49.9 years (± 14.5) with first and second peak age inci-
dences in the age ranges of 30-39 years and 60-69 years, respec-
tively. Nasopharyngeal carcinoma was the commonest malig-
nancy (56.7%), and the next commonest was carcinoma of the 
larynx and malignancy of the oropharynx (10%). A list of the 
primary sites of tumors is shown in Table 1, while the patients’ 
characteristics, clinical and histopathological diagnosis are pre-
sented in Table 2.

All of the 30 patients underwent pre-treatment radiological 
assessment with CECT and 18F-FDG PET/CT for the purpose of 

disease stratification through the AJCC 7th edition TNM staging, 
in order to determine the intended management plan. The CECT 
and 18F-FDG PET/CT findings were classified as true positive (pos-
itive imaging study that was confirmed histopathologically), true 
negative (normal imaging study with no further evidence of can-
cer), false positive (positive imaging study with no histopatholog-
ical evidence of cancer) or false negative (normal imaging study 
with further proven cancer).8 

Through 18F-FDG PET/CT, it was found that there were 27 true 
positive cases, one false positive, one false negative case and one 
true negative case. Three patients who were suspected of having 
benign lesions following a conventional clinical assessment were 
proven to be malignant cases after histopathological examination 
and 18F-FDG PET/CT. Two of these patients were initially diag-
nosed through conventional staging as having a thyroglossal cyst, 
but malignancy was proven through 18F-FDG PET/CT. This was 
subsequently confirmed to be papillary carcinoma, by means of 
histopathological examination. One of our patients initially pre-
sented with clinical and CECT features suggestive of mastoiditis 
and later developed widespread lesions over various sites that were 
positive through 18F-FDG PET/CT. Histopathological examina-
tion confirmed this case as metastatic adenocarcinoma. The false 
positive case was a patient with a parotid lesion that was positive 
through 18F-FDG PET/CT, but histopathological examination 
revealed this to be oncocytoma.

In our study, 18F-FDG PET/CT imaging accurately identi-
fied the extent of primary tumors. Thus, the tumor (T) staging 
changed in five patients. PET/CT imaging also correctly detected 
the lymph nodes and changed the node (N) staging in three 
patients. In this manner, 18F-FDG PET/CT raised the staging of 
33.3% of the cases (n = 10), while 16.6% (5/30) showed changes 
in T-staging and metastasis (M) staging, and 10.0% (3/30) showed 
changes in N-staging.

The treatment plans were altered in the cases of 43.3% (13/30) of 
our study group patients, while there was no management change in 

Table 1. List of primary sites of tumors

Primary site
Number of 

cases
Percentage

Nasopharyngeal carcinoma 17 56.6
Carcinoma of thyroid 2 6.7
Carcinoma of larynx 2 6.7
Carcinoma of unknown primary origin (CUP) 1 3.3
Lymphoma 1 3.3
Carcinoma of hard palate 1 3.3
Carcinoma of base of skull 1 3.3
Carcinoma of tonsils 1 3.3
Sarcoma of tonsils 1 3.3
Adenocarcinoma of base of skull 1 3.3
Others 2 6.7
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the remaining 56.7% (17/30). 46.6% (14/30) of the patients showed 
stage migration, i.e., for 43.3% (13/30) the staging increased; and 
for 3.3% (1/30) the staging decreased. The management intent 
based on CECT and the changes after 18F-FDG PET/CT are shown 
in Table 3. 

Among the patients whose staging increased, 30% (3/10) 
of them benefited from addition of neoadjuvant chemotherapy. 
Distant metastases were identified in six patients and the man-
agement plans were changed from definitive to palliative intent. 
One of our patients with carcinoma oropharynx, for whom onco-
logical surgery with radiotherapy had been planned, was found 
through 18F-FDG/PET/CT to be developing lung metastases, 
which was confirmed through cytological tests. The management 
plan was therefore changed to palliative therapy. Another patient 
with metastatic adenocarcinoma of the skull also had a change 
in the treatment plan to palliative intent. Among the remaining 
four patients, who had nasopharyngeal carcinoma (NPC), two 
presented skeletal metastases and the other two were seen to have 
mediastinal nodal metastases.

18F-FDG PET/CT decreased the staging of 6.6% of the patients 
(n = 2). One of these cases consisted of postoperative tonsillar sar-
coma, in which there were low-activity lesions in distorted anat-
omy, which reflected the post-surgical change. The other case was 
incorrectly diagnosed as parotid lymphoma, and the final histo-
pathological diagnosis was benign oncocytoma (Figure 1). 

The influence of 18F-FDG PET/CT on stage migration and its 
impact on management intent are shown in Table 3. The clinical 
accuracy of 18F-FDG PET/CT for managing patients with head and 
neck cancers was derived from contingency tables. 

The sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV) of 18F-FDG PET/CT were 96%, 
50%, 96% and 50%, respectively. The accuracy of 18F-FDG PET/
CT for clinical evaluation of head and neck cancers was 93%. 
On the other hand, the sensitivity, specificity, PPV and NPV of 
CECT assessment were 89.2%, 50%, 96.1% and 25%. The accu-
racy of CECT assessment for detecting head and neck cancer was 
86.7%. 18F-FDG PET/CT improved the sensitivity and accuracy of 
detection of head and neck malignancy, in comparison with CECT 

Table 2. Patient characteristics and clinical and histopathological diagnoses
Patient No. Gender Age Clinical diagnosis/stage Histopathological diagnosis Follow-up 
1 M 63 Thyroglossal cyst Papillary carcinoma of thyroid Alive
2 M 44 NPC/stage IV B NPC Lost
3 M 60 Carcinoma larynx/stage I Carcinoma of larynx Alive
4 F 60 Lymphoma of parotid Oncocytoma of parotid Alive
5 M 38 Lymphoma of tonsils Sarcoma of tonsils Alive
6 F 31 Benign cyst Papillary carcinoma of thyroid Alive
7 M 44 Benign nodule Occult neck node carcinoma TxN1M0 Alive
8 F 73 Adnexal tumor/stage I Adnexal carcinoma Alive
9 F 62 Carcinoma of larynx/stage I Carcinoma of larynx Alive
10 F 56 NPC/stage III NPC Dead
11 M 50 NPC/stage II NPC Dead 
12 M 70 NPC/stage I NPC Dead
13 M 39 NPC/stage III NPC Alive
14 M 37 Carcinoma of tonsils/stage IV B Carcinoma of tonsils Alive
15 M 63 Lymphoma/stage I Lymphoma Dead 
16 M 22 NPC/stage II NPC Alive
17 F 68  Mastoiditis Metastatic adenocarcinoma Dead
18 F 63 Carcinoma of oropharynx/stage II Carcinoma of oropharynx Dead
19 M 65 NPC/stage III NPC Dead
20 M 46 NPC/stage III NPC Dead
21 M 42 NPC/stage IV B NPC Alive
22 F 55 NPC/stage III NPC Dead
23 M 54 NPC/stage III NPC Dead
24 F 33 NPC/stage II NPC Alive
25 M 39 NPC/stage II NPC Alive
26 M 41 NPC/stage III NPC Alive
27 F 33 NPC/stage II NPC Lost 
28 F 34 NPC/stage IV B NPC Lost
29 M 50 Carcinoma of larynx T2N0M0/stage II Carcinoma of larynx Alive
30 F 26 NPC/stage III NPC Lost

NPC = nasopharyngeal carcinoma; CT = computed tomography; PET/CT = positron emission tomography/computed tomography; M = male; F = female.
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Table 3. Management intent based on CT and after PET-CT, and impact of PET-CT findings on management intent 

Patient No.
Diagnosis from CT staging 

(pre-PET/CT)
Management intent 

after CT
Diagnosis after PET/CT 

staging
Management intent after 

PET/CT
Impact of PET/CT on 
management intent

1 Thyroglossal cyst Excision of cyst
Papillary carcinoma 

T1N0M0/stage II
Thyroidectomy and 
radioiodine therapy

High

2 NPC T1N3M0/stage IV B
3 cycles of neoadj Ct 

and CtRT
NPC T1N3bM0/stage IV B

3 cycles of neoadj CT then 
CtRT

Low

3
Carcinoma of larynx 

T1aN0M0/stage I
RT T1aN0M0/stage I RT Low

4 Parotid tumor Chemotherapy Lymphoma of parotid Surgery High

5
Malignant tumor of tonsils 

T2N0M0/stage II
Surgery

Sarcoma of tonsils 
T2N0M0/stage II

Surgery Low

6 Benign cyst Excision of cyst
Papillary carcinoma 

T1N1bM0/stage I
Thyroidectomy and 
radioiodine therapy

High

7 Benign nodule Excision 
Occult neck node 

carcinoma TxN1M0
Neck dissection Low

8
Adnexal tumor TIN0M0/

stage I
Excision

Adnexal carcinoma 
TIN0M0/stage I

Excision Low

9
Carcinoma of larynx 

T1N0M0/stage I
RT T1N0M0/stage I RT Low

10 NPC T1N2M0/stage III CtRT T1N3bM0/stage IV B
3 cycles of neoadj Ct and 

CtRT
High

11 NPC T2N1M0/stage II CtRT T4N1M0/stage IV A
3 cycles of neoadj Ct and 

CtRT
High

12 NPC T1N0M0/stage I RT T1N0M0/stage I RT Low

13 NPC T2N2M0/stage III CtRT T4N2M0/stage IV B
3 cycles of neoadj Ct and 

CtRT
High

14
Carcinoma of tonsils 
T2N3M0/stage IV B

Surgery and RT T2N3M0/stage IV B Surgery and RT Low

15 Lymphoma/stage 1 Ct Stage 3 Ct Low

16 NPC T1N1M0/stage II CtRT T1N1M0/stage II CtRT Low

17 Mastoiditis Surgery
Metastatic 

adenocarcinoma of base of 
skull T4N0M1

Palliative therapy High

18
Carcinoma of oropharynx 

T2N1M0/stage II
Surgery and RT T3N2M1/stage IV C Palliative therapy High

19 NPC T3N2M0/stage III CtRT T3N3M0/stage IV B
3 cycles of neoadj Ct then 

CtRT
High

20 NPC T3N0M0/stage III CtRT T4N0M1/stage IV C
Palliative therapy (6 cycles 

of Ct)
High

21 NPC T3N3M0/stage IV B
3 cycles of neoadj Ct 

then CtRT
T4N3M0/stage IV B

3 cycles of neoadj Ct then 
CtRT

Low

22 NPC T3N0M0/stage III CtRT T4N0M1/stage IV C
Palliative therapy (6 cycles 

of Ct)
High

23 NPC T2N2M0/stage III CtRT T2N2M1/stage IV C
Palliative therapy (6 cycles 

of Ct)
High

24 NPC T1N1M0/stage II CtRT T1N2M0/stage III CtRT Low

25 NPC T2N0M0/stage II CtRT T2N0M0/stage II CtRT Low

26 NPC T3N0M0/stage III CtRT T3N0M0/stage III CtRT Low

27 NPC T2N0M0/stage II CtRT T2N0M0/stage II CtRT Low

28 NPC T3N3M0/stage IV B
3 cycles of neoadj Ct 

then CtRT
T3N3M1/stage IV C

Palliative therapy (6 cycles 
of Ct)

High

29
Carcinoma of larynx 

T2N0M0/stage II
RT T2N0M0/stage II RT Low

30 NPC T2N2M0/stage III CtRT T2N2M0/stage III CtRT Low

NPC = nasopharyngeal carcinoma; CT = computed tomography; PET/CT = positron emission tomography/computed tomography; RT = radiotherapy; 
Ct = chemotherapy; neoadj = neoadjuvant; CtRT = chemoradiotherapy.
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assessment, to 96% and 93% from 89.2% and 86.7%, respectively. 
The negative predictive value from the CT assessment was lower 
than the NPV from PET/CT imaging.

After a period of five years, we performed a search in the 
patients’ records at the specialist clinic. We found that 10 patients 
had died, 16 (53.3%) were survivors and four had been lost in 
the follow-up. The surviving patients had received radiotherapy 
alone and/or in combination with chemotherapy elsewhere and 
had returned. Nasopharyngeal carcinoma was the diagnosis for all 
the four lost patients. In the group of NPC patients (n = 17), seven 
patients died, while the remaining six survived. Among the dead 
patients, PET-CT raised the staging with regard to T-staging (n 
= 3), N-staging (n = 2) and M-staging (n = 3). Among the survi-
vors, PET-CT also raised the T-staging (n = 1), N-staging (n = 3) 
and M-staging (n = 2). From the records of the dead patients (n 
= 10), seven had been diagnosed with NPC, one with lymphoma, 
one with metastatic adenocarcinoma at the base of the skull and 
one with carcinoma of the hard palate. 18F-FDG-PET/CT increased 
the T-staging in five patients, the N-staging in three patients and 
the M-staging in five patients, while the staging of the patient with 
lymphoma was increased from stage I to stage III. Among the sur-
vivors (n = 16), PET-CT changed the TNM staging of nine patients 
through increasing the T-staging (n = 3), N-staging (n = 4) and M 
staging (n = 2). There was no change in the clinical staging of the 
remaining seven survivors. The estimated overall mean survival 
after diagnosis was 43.6 months (95% confidence interval, CI = 
35.2-51.9). The survival rate diminished from 86.7% during the 
first six months to 66.7% by the 60th month of the study (Table 4).

Mean survival time in months according to sociodemographic 
characteristics, tumor stages and treatment received was analyzed 
and is presented in Table 5.

For all of our patients with head and neck malignancies, the 
Kaplan-Meier estimate for mean survival time (with standard 

error) for those age less than 65 years old was 46.6 (4.3) [95% CI 
= 38.1-55.1]; while for those aged 65 years and over, the estimate 
was 24.0 (11.0) [95% CI = 2.4-45.6]. The log-rank test revealed a 
statistically significant difference between the survival rates over 
time (P = 0.026). It was found that the mean survival time (with 
standard error) of the patients who received definitive treatment 
(surgery alone, surgery with radiotherapy, radiotherapy alone 
and radiotherapy with chemotherapy) was 50.3 (3.9) [95% CI = 
42.6-57.9]. On the other hand, those who received palliative treat-
ment had mean survival (with standard error) of 17.0 (7.9) [95% 
CI = 1.5-32.5]. This difference was statistically significant, with a 
P-value of 0.001.

DISCUSSION
Head and neck cancers encompass a heterogeneous group of 
tumors that are a biologically aggressive and therapeutically 
challenging category of disease.7-9 The appropriate management 
decision for this complex form of cancer is based on the primary 
site, histological subtype, stage, resectability, patient’s fitness and 
treatment preference.10 Accurate staging is crucial for selection of 
the appropriate treatment modality in individual patients. 

CT and MRI are widely used as the first-line imaging approach 
for staging of head and neck cancer. Both of these imaging modal-
ities rely on morphological criteria like size and contrast enhance-
ment patterns, which are not particularly specific for detection of 
metastases.9,11 18F-FDG PET/CT has been shown to yield promising 

Figure 1. 18F-fluorodeoxy-D-glucose positron emission tomography/computed tomography incorrectly diagnosed as malignancy of 
parotid in this 60-year-old woman who presented with progressively increasing parotid swelling for a duration of six months. The final 
diagnosis was Birt-Hogg-Dubé syndrome with benign oncocytoma of the parotid. 

Table 4. Estimated cumulative survival rate among the patients
Time (months) Estimated cumulative survival rate

6 86.7
12 70.0
24 66.7
60 66.7
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results for diagnosing and staging of head and neck squamous cell 
carcinoma, compared with standard imaging modalities.12

In our study, we sought to prospectively evaluate the influ-
ence of 18F-FDG PET/CT on the initial staging and its impact on 
the treatment plan for head and neck cancer patients. The data 
for this study consisted of information from our own patients, in 
contrast with the data in other, multicenter studies, which relied 
on medical records. The majority of our study patients (56.7%) 
were diagnosed with nasopharyngeal carcinoma, which was in 
accordance with the epidemiological pattern of head and neck 
cancers in Malaysia. Nasopharyngeal carcinoma is one of the ten 
most common cancers in this multiracial Southeast Asian country.

Our results demonstrated that 18F-FDG PET/CT significantly 
changed the overall multidisciplinary team decision regarding 
treatment intent, compared with clinical conventional CT stag-
ing. These changes to staging caused significant reclassification 
of patients’ treatment decisions and their overall survival prog-
nosis. The impact of 18F-FDG PET/CT on the treatment decision 
was mainly due to the improvement in the accuracy of staging.

The data from our study demonstrated that 18F-FDG PET/CT 
raised the staging in the cases of 33.3% (n = 10) of the patients. 
These data were in accordance with the findings from various pub-
lished studies, which demonstrated management changes in the 
cases of 31-34% of head and neck cancer patients.8,13–15 Meanwhile, 
the T-staging in our study cohort was changed in 16.6% (5/30) of the 
patients. In a study by Antoch et al., the T-staging was accurately 

determined in 82% of the cases, through use of fused PET/CT.16 
PET/CT can reveal the full tumor extent, even when a tumor is 
ill-defined with submucosal extent and diffuse infiltration. A study 
by Tantiwongkosi et al. showed that PET/CT could be helpful in 
identifying subtle but focally hypermetabolic NPC, when the CT 
and MRI findings are not obvious.17

Precise detection of cervical lymph node metastases is crucial 
for planning the surgical margins and radiotherapy.18 According 
to our study, the N-staging was changed in 10% of the cases. A 
meta-analysis by Sun et al. showed that 18F-FDG PET/CT had good 
diagnostic performance, compared with conventional imaging, for 
detection of regional nodal metastases.19

Our study supports the notion that 18F-FDG PET/CT is effective 
in detecting distant metastases. Notably, 26.6% of the study patients 
had metastases and modification of M-staging. This modification 
was due to the higher sensitivity of 18F-FDG PET/CT for detecting 
certain subtle lesions, which can be missed through conventional 
imaging or a single-stop modality with whole-body coverage. 

PET/CT accurately detected skeletal metastases in two of our 
NPC patients. Three patients of our study group were found through 
PET/CT to be developing mediastinal nodal metastases. Another 
patient was seen to have widespread metastases in various organs. 
The treatment for all these patients with distant metastases was sub-
sequently revised to palliative intent. Head and neck cancer patients 
with distant metastases are not considered curable, and most cases 
lead to palliative treatment strategies.20 Therefore, detection of 

Table 5. Mean survival time in months according to sociodemographic characteristics, tumor stages and treatment received

Factors relating to survival
Mean

P
Estimate Standard error

95% confidence interval
Lower bound Upper bound

Race
Malay 48.500 5.851 37.033 51.455

0.09
0.327

Chinese 42.000 5.927 30.383 59.937
Indian 12.000 0.000 12.000 12.000
Overall 43.600 4.270 35.230 51.970

Gender
Male 44.000 5.395 33.425 54.575

0.947Female 43.000 6.958 29.362 56.638
Overall 43.600 4.270 35.230 51.970

Age group
Less than 65 years 46.615 4.333 38.122 55.109

0.026Greater than or 11.023 11.023 2.396 45.604
equal to 65 43.000 4.270 35.230 51.970

Tumor stage
T0_T2 51.000 8.216 34.897 67.103

0.365
T3_T4 40.957 5.000 31.157 50.756

Treatment
Curative 50.250 3.918 42.571 57.929

0.001Palliative 17.000 7.927 1.464 32.536
Overall 43.600 4.270 35.230 51.970
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distant metastases is important because this avoids unnecessary 
or inappropriate treatment. 18F-FDG PET/CT imaging may pre-
vent unnecessary surgery in some patients, in whom this would 
have been associated with high morbidity and functional impair-
ment, through identifying locoregional and distant metastases.21

The treatment plans were changed in 43.3% (13/30) of our 
patients, while no management change was made in the cases of 
the remaining 56.7%. Our study results showed changes that were 
similar to what was observed by Veit-Haibach et al.22 In that study, 
the accuracies of TNM staging using PET/CT and CT were com-
pared, and it was found that staging based on PET/CT imaging 
changed the therapy for 42% (13/31) of the patients, compared with 
therapy based only on CT.22  In another study by El-Khodary et al., 
treatment changes were made in the cases of 41.7% of the patients.9

A variety of changes to treatment were made among our 
patients. These included addition of chemotherapy or radiother-
apy and abandonment of localized surgery and radiotherapy with 
curative intent, which was replaced by treatment with palliative 
intent. The aim of chemotherapy was shifted from curative to pal-
liative intent in 20% (6/30) of our patients. These patients were in 
a group at an advanced stage with presence of distant metastases. 
Our data were found to be consistent with the findings of previ-
ously published studies.13,23-25 

In the present study, 18F-FDG PET/CT was found to have 
improved sensitivity and accuracy for detecting head and neck 
malignancy, in comparison to conventional CECT. The sensitiv-
ity, specificity, PPV, NPV and accuracy of 18F-FDG PET/CT were 
reported to be 96%, 50%, 96%, 50% and 93% respectively. This 
was comparable to the study published by Gordin et al in 2007.26 

During the follow-up of our study group patients, we found 
that 10 patients had passed away. These patients’ treatments were 
therefore reclassified from having curative to having palliative 
intent. This notably strengthens the argument that PET/CT has 
a major incremental impact with regard to identifying high-risk 
patients who do not benefit from aggressive curative treatment.

In interpreting 18F-FDG PET/CT imaging, the challenges 
include physiological uptake of fluorodeoxy-D-glucose (FDG) 
by normal tissues, false positive results due to inflammation, lim-
ited resolution of small lesions and motion artefacts.27,28 Cost-
effectiveness is the major consideration in deciding whether to use 
of 18F-FDG PET/CT as part of the initial imaging. Its cost needs to 
be weighed against the benefit of early detection of distant metas-
tases, synchronous primary and resulting interventions.29

Our study had several limitations. The majority of our study 
cohort were NPC patients, which might have introduced a work-
ing bias. Moreover, our sample consisted of a small number of 
patients with head and neck cancers at different sites. Because of 
these limiting factors, the results from our study focused mainly 
on nasopharyngeal carcinoma and may not have reflected the 

situation regarding other head and neck cancers. Further prospec-
tive studies comprising larger patient cohorts are required in order 
to ascertain the impact of 18F-FDG PET/CT on the management 
of various head and neck malignancies.

CONCLUSION
In conclusion, our study demonstrated that 18F-FDG PET/CT had 
higher sensitivity and accuracy for detecting head and neck malig-
nancy than those of conventional CECT. 18F-FDG PET/CT provides 
additional information and accurate staging, which assist in plan-
ning for adequate treatment and in minimizing treatment-related 
toxicity and functional impairment. From our study findings, we 
would advocate for incorporation of 18F-FDG PET/CT into the ini-
tial staging of clinically advanced head and neck malignancy.

REFERENCES
1. Kim L, King T, Agulnik M. Head and neck cancer: changing 

epidemiology and public health implications. Oncology (Williston 

Park). 2010;24(10):915-9, 924. PMID: 21138172.

2. Marur S, Forastiere AA. Head and neck cancer: changing epidemiology, 

diagnosis, and treatment. Mayo Clin Proc. 2008;83(4):489-501. PMID: 

18380996;  https://doi.org/10.4065/83.4.489. Erratum in: Mayo Clin 

Proc. 2008;83(5):604.

3. Sanderson RJ, Ironside JA. Squamous cell carcinomas of the head 

and neck. BMJ. 2002;325(7368):822-7. PMID: 12376446;  https://doi.

org/10.1136/bmj.325.7368.822.

4. Agarwal V, Branstetter BF 4th, Johnson JT. Indications for PET/CT in 

the head and neck. Otolaryngol Clin North Am. 2008;41(1):23-49. 

PMID: 18261525;  https://doi.org/10.1016/j.otc.2007.10.005.

5. Rohde M, Dyrvig AK, Johansen J, et al. 18F-fluoro-deoxy-glucose-

positron emission tomography/computed tomography in diagnosis of 

head and neck squamous cell carcinoma: a systematic review and meta-

analysis. Eur J Cancer. 2014;50(13):2271-9. PMID: 25011659;  https://doi.

org/10.1016/j.ejca.2014.05.015.

6. Tshering Vogel DW, Thoeny HC. Cross-sectional imaging in cancers of the 

head and neck: how we review and report. Cancer Imaging. 2016;16(1):20. 

PMID: 27487932;  https://doi.org/10.1186/s40644-016-0075-3.

7. Park JT, Roh JL, Kim JS, et al. 18F FDG PET/CT versus CT/MR Imaging and 

the Prognostic Value of Contralateral Neck Metastases in Patients with 

Head and Neck Squamous Cell Carcinoma. Radiology. 2016;279(2):481-

91. PMID: 26653682;  https://doi.org/10.1148/radiol.2015250959.

8. Connell CA, Corry J, Milner AD, Hogg A, et al. Clinical impact of, and 

prognostic stratification by, F-18 FDG PET/CT in head and neck 

mucosal squamous cell carcinoma. Head Neck. 2007;29(11):986-95. 

PMID: 17563906;  https://doi.org/10.1002/hed.20629. 

9. El-Khodary M, Tabashy R, Omar W, et al. The role of PET/CT in the 

management of head and neck squamous cell carcinoma. Egypt 

J Radiol Nucl Med. 2011;42(2):157-67. https://doi.org/10.1016/j.

ejrnm.2011.05.006. 

https://doi.org/10.4065/83.4.489
https://doi.org/10.1136/bmj.325.7368.822
https://doi.org/10.1136/bmj.325.7368.822
https://doi.org/10.1016/j.otc.2007.10.005
https://doi.org/10.1016/j.ejca.2014.05.015
https://doi.org/10.1016/j.ejca.2014.05.015
https://doi.org/10.1186/s40644-016-0075-3
https://doi.org/10.1148/radiol.2015250959
https://doi.org/10.1002/hed.20629
https://doi.org/10.1016/j.ejrnm.2011.05.006
https://doi.org/10.1016/j.ejrnm.2011.05.006


The impact of multimodality integrated positron emission tomography-computed tomography on improving 
the staging and management of head and neck malignancy: a cross- sectional study  | ORIGINAL ARTICLE

Sao Paulo Med J. 2022; 140(3):454-62     461

10. Pisani P, Airoldi M, Allais A, et al. Metastatic disease in head & neck 

oncology. Acta Otorhinolaryngol Ital. 2020;40(SUPPL.1):S1-S86. PMID: 

32469009;  https://doi.org/10.14639/0392-100X-suppl.1-40-2020. 

11. Abramyuk A, Appold S, Zöphel K, Baumann M, Abolmaali N. 

Modification of staging and treatment of head and neck cancer by 

FDG-PET/CT prior to radiotherapy. Strahlenther Onkol. 2013;189(3):197-

201. PMID: 23329277;  https://doi.org/10.1007/s00066-012-0283-0. 

12. Rohde M, Nielsen AL, Johansen J, et al. Up-front PET/CT changes 

treatment intent in patients with head and neck squamous 

cell carcinoma. Eur J Nucl Med Mol Imaging. 2018;45(4):613-21. 

PMID: 29124279;  https://doi.org/10.1007/s00259-017-3873-3. 

13. Fleming AJ Jr, Smith SP Jr, Paul CM, et  al. Impact of [18F]-2-

fluorodeoxyglucose–positron emission tomography/computed 

tomography on previously untreated head and neck cancer patients. 

Laryngoscope. 2007;117(7):1173-9. PMID: 17603315;  https://doi.

org/10.1097/MLG.0b013e31805d017b. 

14. Ha PK, Hdeib A, Goldenberg D, et al. The role of positron emission 

tomography and computed tomography fusion in the management 

of early-stage and advanced-stage primary head and neck squamous 

cell carcinoma. Arch Otolaryngol Head Neck Surg. 2006;132(1):12-6. 

PMID: 16415423; https://doi.org/10.1001/archotol.132.1.12. 

15. Scott AM, Gunawardana DH, Bartholomeusz D, Ramshaw JE, Lin P. 

PET changes management and improves prognostic stratification in 

patients with head and neck cancer: results of a multicenter prospective 

study. J Nucl Med. 2008;49(10):1593-600. PMID: 18794254; https://doi.

org/10.2967/jnumed.108.053660. 

16. Antoch G, Saoudi N, Kuehl H, et al. Accuracy of whole-body dual-

modality fluorine-18–2-fluoro-2-deoxy-D-glucose positron emission 

tomography and computed tomography (FDG-PET/CT) for tumor 

staging in solid tumors: comparison with CT and PET. J Clin Oncol. 

2004;22(21):4357-68. PMID:  15514377;  https://doi.org/10.1200/

JCO.2004.08.120. 

17. Tantiwongkosi B, Yu F, Kanard A, Miller FR. Role of (18)F-FDG PET/CT in pre 

and post treatment evaluation in head and neck carcinoma. World J Radiol. 

2014;6(5):177-91. PMID: 24876922; https://doi.org/10.4329/wjr.v6.i5.177.

18. Demirkan A, Kara PO, Oztürk K, et al. The role of 18F-FDG-PET/CT in 

initial staging and re-staging of head and neck cancer. J Biomed Graph 

Comput. 2014;4(3):57-66. https://doi.org/10.5430/jbgc.v4n3p57.

19. Sun R, Tang X, Yang Y, Zhang C. (18)FDG-PET/CT for the detection of 

regional nodal metastasis in patients with head and neck cancer: a 

meta-analysis. Oral Oncol. 2015;51(4):314-20. PMID: 25619735; https://

doi.org/10.1016/j.oraloncology.2015.01.004. 

20. Senft A, Hoekstra OS, Witte BI, Leemans CR, de Bree R. Screening for distant 

metastases in head and neck cancer patients using FDG-PET and chest CT: 

validation of an algorithm. Eur Arch Otorhinolaryngol. 2016;273(9):2643-50. 

PMID: 26350882; https://doi.org/10.1007/s00405-015-3773-8. 

21. Quon A, Fischbein NJ, McDougall IR, et al. Clinical role of 18F-FDG PET/CT 

in the management of squamous cell carcinoma of the head and neck and 

thyroid carcinoma. J Nucl Med. 2007;48 Suppl 1:58S-67S. PMID: 17204721. 

22. Veit-Haibach P, Luczak C, Wanke I, et al. TNM staging with FDG-PET/CT 

in patients with primary head and neck cancer. Eur J Nucl Med Mol 

Imaging. 2007;34(12):1953-62. PMID: 17717661; https://doi.org/10.1007/

s00259-007-0564-5. 

23. Cacicedo J, Fernandez I, Del Hoyo O, et  al. Should PET/CT be 

implemented in the routine imaging work-up of locally advanced 

head and neck squamous cell carcinoma? A prospective analysis. Eur 

J Nucl Med Mol Imaging. 2015;42(9):1378-89. PMID: 25952280; https://

doi.org/10.1007/s00259-015-3071-0. 

24. Lonneux M, Hamoir M, Reychler H, et al. Positron emission tomography 

with [18F]fluorodeoxyglucose improves staging and patient 

management in patients with head and neck squamous cell carcinoma: 

a multicenter prospective study. J Clin Oncol. 2010;28(7):1190-5. 

PMID: 20124179;  https://doi.org/10.1200/JCO.2009.24.6298. 

25. Zanation AM, Sutton DK, Couch ME, et al. Use, accuracy, and implications 

for patient management of [18F]-2-fluorodeoxyglucose-positron 

emission/computerized tomography for head and neck tumors. 

Laryngoscope. 2005;115(7):1186-90. PMID: 15995504;  https://doi.

org/10.1097/01.MLG.0000163763.89647.9F. 

26. Gordin A, Golz A, Keidar Z, et al. The role of FDG-PET/CT imaging 

in head and neck malignant conditions: impact on diagnostic 

accuracy and patient care. Otolaryngol Neck Surg. 2007;137(1):130-7. 

PMID: 17599580;  https://doi.org/10.1016/j.otohns.2007.02.001. 

27. Castaldi P, Leccisotti L, Bussu F, Micciche F, Rufini V. Role of (18)F-FDG PET-

CT in head and neck squamous cell carcinoma. Acta Otorhinolaryngol 

Ital. 2013;33(1):1-8. PMID: 23620633.

28. Plaxton NA, Brandon DC, Corey AS, et al. Characteristics and limitations 

of FDG PET/CT for Imaging of Squamous Cell Carcinoma of the Head 

and Neck: A Comprehensive Review of Anatomy, Metastatic Pathways, 

and Image Findings. AJR Am J Roentgenol. 2015;205(5):W519-31. 

PMID: 26496574; https://doi.org/10.2214/AJR.14.12828. 

29. Smith AF, Hall PS, Hulme CT, et al. Cost-effectiveness analysis of PET-

CT-guided management for locally advanced head and neck cancer. 

Eur J Cancer. 2017;85:6-14. PMID: 28881249; https://doi.org/10.1016/j.

ejca.2017.07.054. 

Authors’ contributions: Subha ST: conceptualization (equal), data 

curation (equal), formal analysis (equal), funding acquisition (equal), 

investigation (equal), methodology (equal), project administration (equal), 

resources (equal), software (equal), supervision (equal), validation (equal), 

visualization (equal), writing-original draft (equal) and writing-review 

and editing (equal); and Nordin AJ: conceptualization (equal), data 

curation (equal), formal analysis (equal), funding acquisition (equal), 

investigation (equal), methodology (equal), project administration (equal), 

resources (equal), software (equal), supervision (equal), validation (equal), 

visualization (equal) and writing-review and editing (equal)

Acknowledgements: This research was supported by ‘RUGS’ (Research 

University Grant Scheme) from the Research Management Centre, 

https://doi.org/10.14639/0392-100X-suppl.1-40-2020
https://doi.org/10.1007/s00066-012-0283-0
https://doi.org/10.1007/s00259-017-3873-3
https://doi.org/10.1097/MLG.0b013e31805d017b
https://doi.org/10.1097/MLG.0b013e31805d017b
https://doi.org/10.1001/archotol.132.1.12
https://doi.org/10.2967/jnumed.108.053660
https://doi.org/10.2967/jnumed.108.053660
https://doi.org/10.1200/JCO.2004.08.120
https://doi.org/10.1200/JCO.2004.08.120
https://doi.org/10.4329/wjr.v6.i5.177
https://doi.org/10.5430/jbgc.v4n3p57
https://doi.org/10.1016/j.oraloncology.2015.01.004
https://doi.org/10.1016/j.oraloncology.2015.01.004
https://doi.org/10.1007/s00405-015-3773-8
https://doi.org/10.1007/s00259-007-0564-5
https://doi.org/10.1007/s00259-007-0564-5
https://doi.org/10.1007/s00259-015-3071-0
https://doi.org/10.1007/s00259-015-3071-0
https://doi.org/10.1200/JCO.2009.24.6298
https://doi.org/10.1097/01.MLG.0000163763.89647.9F
https://doi.org/10.1097/01.MLG.0000163763.89647.9F
https://doi.org/10.1016/j.otohns.2007.02.001
https://doi.org/10.2214/AJR.14.12828
https://doi.org/10.1016/j.ejca.2017.07.054
https://doi.org/10.1016/j.ejca.2017.07.054


ORIGINAL ARTICLE | Subha ST, Nordin AJ

462     Sao Paulo Med J. 2022; 140(3):454-62

Technology Centre UPM-MTDC, Universiti Putra Malaysia, 43400 

Serdang, Selangor, Malaysia (RUGS 91896). We would like to extend 

our gratitude to Dr. Saraiza Abu Bakar and other staff members of the 

Otorhinolaryngology Department, Hospital Serdang, Ministry of Health 

Hospital Malaysia; Dr. Malina Osman of the Department of Medical 

Microbiology, Universiti Putra Malaysia; and Dr. Muhammad Azrif of the 

Department of Oncology, Prince Court Medical Centre, Kuala Lumpur, 

Malaysia. We are grateful to the Director General of Health Malaysia, for 

approval of this study and report

Congress presentation: The abstract was presented in Seoul, South 

Korea, at the International Congress of ORL-HNS-ORL 2018

Sources of funding: This research was supported by ‘RUGS’ (Research 

University Grant Scheme) from the Research Management Centre, 

Technology Centre UPM-MTDC, Universiti Putra Malaysia, 43400 Serdang, 

Selangor, Malaysia (RUGS 91896)

Conflicts of interest: The authors declare that they did not have any 

conflict of interest

Date of first submission: July 8, 2021

Last received: August 30, 2021

Accepted: September 15, 2021

Address for correspondence: 

Sethu Thakachy Subha 

Department of Otorhinolaryngology, Faculty of Medicine and Health 

Sciences, Universiti Putra Malaysia (UPM) 

Serdang, 43400, Selangor, Malaysia

Tel. (+60) 1-2345-9420 — Fax. (+60) 3-8945-5217

E-mail: subhast2@yahoo.com

© 2022 by Associação Paulista de Medicina  
This is an open access article distributed under the terms of the Creative Commons license.

mailto:subhast2@yahoo.com

