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A B S T R A C T

Purpose: To assess the ideal timing of posttreatment whole-body 18F-FDG PET/CT examination as routine sur-
veillance to determine local recurrence (R), lymph node metastasis (LM), and distant metastasis (DM) of sino-
nasal malignancies and to investigate the effect of 18F-FDG PET/CT on survival.
Methods: An overall 80 patients who had undergone a total of 197 posttreatment whole-body 18F-FDG PET/CT
examinations for sinonasal malignancy were retrospectively examined after institutional review board approval.
Patients were grouped regarding the time intervals (< 1 month, 1–3 months, 3–6 months, 6–12 months, 12–18
months and> 18 months) after the conclusion of treatment. Differences in diagnostic accuracy due to different
follow-up intervals were calculated by receiver operator curves (ROC) and a Cox proportional hazards model
was used to assess the prognostic value of surveillance 18F-FDG PET/CT.
Results: Considering the time intervals of posttreatment 18F-FDG PET/CT scans, the negative predictive value
and positive predictive value of the 18F-FDG PET/CT examinations to predict overall recurrence in 1–3 months
(100 and 100%, respectively) and> 18 months (100 and 95%, respectively) were higher than for recurrence
detection in<1 month (50 and 100%, respectively), 3–6 months (81 and 93%, respectively), 6–12 months (79
and 87%, respectively), and 12–18 months (75 and 80%, respectively) (p < 0.05). Positive findings on 18F-FDG
PET/CT scans were also independent predictors of poorer overall survival (OS) (p < 0.05).
Conclusions: Whole-body 18F-FDG PET/CT is capable of identifying recurrences following treatment, using an
optimal time interval for scanning of 1–3 months and> 18 months after therapy.

1. Introduction

Sinonasal malignancies which represent only 3% of head and neck
neoplasms [1], usually have a poor prognosis because of their advanced
stage at initial presentation [2]. The early detection of the recurrent
disease could provide an opportunity for a cure through early salvage
treatment along with a potential survival benefit [3]. Although the vast
majority of recurrences and metastases develop within 1–2 years fol-
lowing treatment, certain subtypes of sinonasal malignancies, including
olfactory neuroblastoma and adenoid cystic carcinoma, tend to recur
much later [4]. Given the diversity of pathologies, surveillance re-
commendations for head and neck neoplasms may not be relevant for
nasal cavity and paranasal sinus pathologies [5].

Whole-body 18F-Fluoro-deoxy-glucose positron emission computed
tomography (18F-FDG PET/CT) has an essential benefit in evaluating

the primary tumor, regional lymph nodes and possible distant metas-
tases (DMs), along with potential second primaries in a single ex-
amination compared to some other morphological imaging methods
including magnetic resonance imaging (MRI) or computed tomography
(CT) [6]. 18F-FDG PET/CT can identify hypermetabolic foci of metas-
tases that cannot be recognized on morphological imaging [7]. The
potential benefits of surveillance whole-body 18F-FDG PET/CT are ra-
ther high [5], yet there is no commonly approved protocol on the
timing, and frequency of scans following curative treatment for sino-
nasal malignancies, resulting in the possible misapplication as well as
excessive utilization of this method [8]. The standardized protocols and
optimal timing of whole-body surveillance 18F-FDG PET/CT examina-
tions in the posttreatment setting are essential to reduce unnecessary
expenses the radiation dose to patients while increasing the detection
capability of the technique.
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We hypothesized that serial follow-up whole-body 18F-FDG PET/CT
for posttreatment surveillance in patients with asymptomatic sinonasal
malignancies would allow accurate detection of subclinical lesions. The
objectives of this study were to compare the performance of post-
treatment surveillance whole-body 18F-FDG PET/CT in the detection of
local recurrence (R), regional lymph node metastases (LM), and DMs for
the first and subsequent scans, to determine the optimal surveillance
schedule and investigate the effect of surveillance 18F-FDG PET/CT on
survival.

2. Materials and methods

2.1. Patients and study design

This study was approved by the institutional review board at our
institution before the collection of all patient information. This retro-
spective study includes 124 patients who had undergone surveillance
posttreatment whole-body 18F-FDG PET/CT examination for sinonasal
malignancy from January 2009 through August 2017 prior to applica-
tion of exclusion criteria. Patients were only included if they underwent
primary surgery followed by adjuvant radiotherapy with or without
chemotherapy and if they had no residual tumor within the immediate
postoperative period. Treatment failure or the presence of residual
disease in the immediate postoperative period was determined by sur-
gical margins, endoscopy, and imaging (MRI and/or CT). Patients were
excluded from the study if they had the distant metastatic disease at
pretreatment staging (n=21) and if patients had residual tumor pre-
sent after conclusive treatment (n= 9). Patients diagnosed with sino-
nasal lymphoma (n=11) were not included in the study due to the
nonsurgical treatment as well as the different surveillance approach for
this group of tumors. Of the remaining study population, two patients
were excluded because they were lost to follow-up or did not have
satisfactory reports (n= 1). The remaining 80 patients’ medical records
and post-treatment whole-body 18F-FDG PET/CT scans were analyzed.
Patients were staged by the American Joint Committee on Cancer
(AJCC) criteria [9]; the University of California Los Angeles staging
system was applied for olfactory neuroblastoma [10]. All patient data
are described in Table 1. The 80 cases involved squamous cell carci-
noma (SCC) (n=30), olfactory neuroblastoma (n= 7), adenocarci-
noma (n= 3), sinonasal undifferentiated carcinoma (SNUC) (n=5),
small cell carcinoma (n=2), malignant melanoma (n=8), rhabdo-
myosarcoma (n= 6), poorly differentiated carcinoma (n= 4), adenoid
cystic carcinoma (n=8), osteosarcoma (n=2), neuroendocrine car-
cinoma (n= 4), clear cell carcinoma (n=1), and carcinosarcoma
(n=2).

2.2. Reference standard

The lesions that were suspected to be recurrent tumors on follow up
18F-FDG PET/CT examinations were further investigated by endoscopic
examination and/or biopsy. Histopathological examination of the
biopsied sample or surgically resected mass, dissected neck nodes were
determined as the reference standard whenever available. Patients
without locoregional recurrences or distant metastasis were observed
for a minimum of 12 months.

Whole-body 18F-FDG PET/CT was regarded as true positive (TP)
when the increased site of 18F-FDG uptake was confirmed to be ma-
lignant by histological examination. Patients were considered as false
positive (FP) for recurrence If 18F-FDG PET/CT in surveillance
screening was abnormal, but histological examination and imaging
work-up was inconclusive. Screening by 18F-FDG PET/CT was regarded
as true negative (TN) in cases where the patients had negative test re-
sults, and no recurrences were detected in 12 months. If a patient had a
negative 18F-FDG PET/CT but developed recurrences within the 12
months follow-up period, screening was regarded as false negative
(FN), supposing these lesions could exist at the time of screening.

2.3. Interpretation of 18F-FDG PET/CT images

Whole-body 18F-FDG PET/CT scans were evaluated by a double-
board-certified radiologist and nuclear medicine physician (Z.C.)
having ten years of experience in interpretation of 18F-FDG PET/CT in
patients with head and neck cancer. The attenuation-corrected 18F-FDG
PET/CT images were utilized for analysis. No SUV cutoff value was
utilized while interpreting the 18F-FDG PET/CT scans. 18F-FDG PET/CT
images were mainly reviewed with visual analysis; focal and distant
sites with 18F-FDG uptake that exceeded the background activity were
accepted to have tumor recurrence. While the main purpose was
screening for locoregional recurrences or distant metastases, we also
documented second primary tumors.

2.4. Influence of timing and surveillance protocol

We examined a total of 197 post-treatment 18F-FDG PET/CT scans
obtained for these 80 patients; 32 patients had one scan; 19 patients
had two scans, 10 patients had three scans, 8 patients had four scans, 6
patients had five scans, and 5 patients had over five scans. Regardless of
the clinical suspicion of recurrence, patients ideally get initial surveil-
lance whole-body 18F-FDG PET/CT scan at 3 months, then at 9 months
and at 1 year after completion of curative therapy based on the de-
termined protocol at our institution. The whole-body 18F-FDG PET/CT
scans were categorized into six groups according to time interval after
treatment:< 1 months (group I), 1–3 months (group II), 3–6 months
(group III), 6–12 months (group IV), 12–18 months (group V) and>18
months (group VI). Patients with suspicious clinical and/or physical
findings for recurrence were promptly further examined with 18F-FDG
PET/CT and were not included in the study cohort.

The choice of the time interval is determined by the marginal error
encountered whenever scheduling a posttreatment 18F-FDG PET/CT. It
was not rare for a planned 18F-FDG PET/CT to be acquired earlier or
later than the planned time due to mostly patient factors. Additionally,
overall there was rather non-homogeneity of the times of follow-up
imaging; the surveillance whole-body 18F-FDG PET/CT scan timing
showed a relatively wide range. This might result from the retrospective
nature of our study despite a systematic follow-up protocol established
in our institution.

2.5. 18F-FDG PET/CT imaging

All patients were imaged utilizing a standard clinical whole-body
18F-FDG PET/CT protocol. Patients received an intravenous injection of
3.7 MBq/kg (0.1 mCi/kg) 18F-FDG one hour prior to PET acquisition.

Table 1
Patient characteristics.

Characteristic No. of patients or Mean ± SD

Sex
Male 53
Female 27

Age 60 (range 28–92)
Site of primary tumor

Nasal cavity 36
Maxillary sinus 29
Sphenoid sinus 6
Ethmoid sinus 7
Frontal Sinus 2

T Stage
T1 9
T2 18
T3 21
T4 32

No, number
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All patients fasted for a minimum of six hours prior to radiotracer in-
jection and had blood glucose levels< 150mg/dl as per standard in-
stitutional protocol. All data were obtained using a combined 18F-FDG
PET/CT in-line system (Biograph Sensation 16; Siemens Medical
Solutions, Malvern, PA, USA) which was conducted through a con-
tinuous spiral technique utilizing a 16-slice helical CT with a gantry
rotation speed of 0.8 s. The patients were scanned with a whole-body
18F-FDG PET/CT from the vertex extending down to the patient's feet,
accompanied by a dedicated head and neck PET from the vertex to the
carina. Head and neck images were acquired with the arms down to
limit attenuation artifacts, and body images were obtained with arms
up. The CT acquisition protocol included a low-dose CT (variable mil-
liampere settings, 120 kV tube voltage, 0.5 s per rotation, isotropic data
set with resolution of 3mm, helical pitch of 1.5, 16×1.5 collimation)
performed using the same axial coverage as for 18F-FDG PET for at-
tenuation correction purposes and a dedicated head-neck CT (variable
milliampere settings, 140 kV, section thickness of 3mm, FOV of
20.9 cm, 256×256 matrix) performed from skull base to aortic arch
with intravenous injection of 1.5 ml/kg body weight of non-ionic io-
dinated radiographic contrast medium for CT evaluation. 18F-FDG PET
images were reconstructed using CT data by an attenuation-weighted
ordered-subsets expectation maximization algorithm (four iterations,
eight subsets) followed by a post-reconstruction smoothing Gaussian
filter (5-mm full width at half maximum) using a 128× 128 matrix.
Automated co-registration of the CT and PET scans data was conducted
with commercially available software -Syngo.Via® (Siemens Healthcare
Forchheim, Germany).

2.6. Statistical analysis

Continuous variables are presented as ‘means and standard devia-
tions’ for normally distributed data and ‘medians and ranges’ for
skewed data. Each 18F-FDG PET/CT study was assessed for its capacity
to determine the recurrence at the primary site, within the regional
lymph nodes, and at distant sites. A ROC-curve was designed to de-
termine an optimum time interval for scanning. Sensitivity, specificity,

positive predictive value (PPV), negative predictive value (NPV), and
accuracy for each time interval were calculated. The Pearson chi-square
or Fisher’s exact test was utilized to compare the diagnostic accuracy of
18F-FDG PET/CT resulting from the time interval in between the con-
clusion of treatment and surveillance 18F-FDG PET/CT examinations.
The Kaplan-Meier method was used to estimate overall survival (OS).
Log-rank testing and Cox proportional hazards modeling were used to
examine the significance of any differences in survival outcomes ac-
cording to the presence or absence of positive findings in the anytime
surveillance 18F-FDG PET/CT scan as well as between different follow-
up time periods. Each calculation was carried out using SPSS 22.0 for
Windows. All tests were two-sided, and P values< 0.05 were regarded
as statistically significant.

3. Results

3.1. Clinical characteristics

Eighty patient underwent a total of 197 whole-body 18F-FDG PET/
CT scans during the study period (53 men, 27 women; mean age, 60
years). A total of 37 (46.2%) out of 80 patients developed recurrences
in the follow-up period; 24 patients (30%) developed local recurrences,
13 patients (16%) developed regional LMs, and 18 patients (23%) de-
veloped DMs. The different site of recurrences (R, LM, DM) was over-
lapped in some patients. The incidence of locoregional and distant re-
currences was not statistically different according to the T stages, mean
age and sex distribution (p > 0.05). No significant differences were
recognized between the subtypes of sinonasal malignancies regarding
the incidence of local recurrences, DMs and LMs (p > 0.05). 18F-FDG
PET/CT determined second primary tumors in four patients throughout
the follow-up period (one patient with lymphoma, one patient with
head and neck cutaneous squamous cell carcinoma and two patients
primary lung cancer). 18F-FDG-avid true-positive metastases were
commonly identified in the multiple sites (n=13), lungs (n=8), bones
(n= 6), liver (n= 1), and adrenal gland (n= 1). Table 2 demonstrates
false negative (FN) and false positive (FP) 18F-FDG PET/CT

Table 2
Surveillance 18F-FDG PET/CT examinations with false negative (FN) and false positive (FN) results for local recurrences (R), regional lymph node metastasis (LM),
distant metastasİs (DM).

Pt Sex Age Tumor Type Site T stage Outcomes Time of False PET/CT (mo)

R 1 m 55 ACC Ethmoid sinus T4 FN 4,10
2 m 58 ACC Sphenoid sinus T3 FN 1
3 m 47 Adenocarcinoma Nasal cavity T2 FN 5
4 m 68 Poorly D. C. Nasal cavity T3 FN 10
5 m 62 Rhabdomyosarcoma Nasal cavity T3 FN 17
6 f 61 SCC Maxillary sinus T4 FN 1
7 m 81 ACC Maxillary sinus T3 FP 8
8 m 46 ONB Nasal cavity T1 FP 8
9 m 58 ONB Nasal cavity T2 FP 20
10 m 60 SCC Sphenoid sinus T2 FP 6
11 f 64 SCC Maxillary sinus T3 FP 7,13
12 m 45 SCC Nasal cavity T3 FP 7

LM 1 f 51 SCC Nasal cavity T3 FN 3
2 m 66 M. Melanoma Nasal cavity T2 FN 10
3 m 53 ACC Ethmoid sinus T3 FP 16
4 f 64 SCC Maxillary sinus T4 FP 17

DM 1 m 55 Adenocarcinoma Ethmoid sinus T4 FN 13
2 f 61 M. Melanoma Nasal cavity T1 FN 7
3 f 70 M. Melanoma Nasal cavity T2 FN 6
4 m 65 Rhabdomyosarcoma Nasal cavity T3 FN 17
5 f 45 SCC Maxillary sinus T2 FN 8
6 m 54 SNUC Ethmoid sinus T3 FN 9
7 f 35 SCC Sphenoid sinus T4 FN 1
8 m 52 SCC Sphenoid sinus T4 FP 16

Pt, patient; m, male; f, female; mo, month; FP, false positive; FN, false negative; Poorly D. C., poorly differentiated carcinoma; ONB, olfactory neuroblastoma; SCC,
squamous cell carcinoma; ACC, adenoid cystic carcinoma; SNUC, sinonasal undifferentiated carcinoma; R, local recurrence; LM, regional nodal metastasis; DM,
distant metastasis.
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examinations. The diagnostic performance of whole-body 18F-FDG
PET/CT as a posttreatment surveillance tool of our cohort with sino-
nasal malignancies was reported in detail in our previous study [11].

3.2. Accuracy and optimal timing of follow-up 18F-FDG PET/CT

Out of a total of 197 whole-body 18F-FDG PET/CT examinations, 9
scans were obtained at< 1 month, 10 scans at 1–3 months, 31 scans at
3–6 months, 66 scans at 6–12 months, 36 scans at 12–18 months and 45
patients after 18 months.

Regarding the time intervals of posttreatment 18F-FDG PET/CT
scans, local recurrences developed in 5 scans at< 1 month, in 4 scans at
1–3 months, in 10 scans at 3–6 months, in 14 scans at 6–12 months, in
5 scans at 12–18 months and in 6 scans at> 18 months. Regional
lymph node metastases developed in 0 scans at< 1 month, in 0 scans at
1–3 months, in 2 scans at 3–6 months, in 9 scans at 6–12 months, in
5 scans at 12–18 months and in 7 scans at> 18 months. Distant me-
tastases developed in 1 scan at< 1 month, in 1 scan at 1–3 months, in
5 scans at 3–6 months, in 12 scans at 6–12 months, in 10 scans at 12–18
months and in 8 scans at> 18 months.

The accuracy of surveillance whole-body 18F-FDG PET/CT for local
recurrence, regional nodal metastasis and distant metastasis according
to time intervals was revealed in Table 3.

The NPV and PPV of the whole-body 18F-FDG PET/CT examination
to predict overall recurrence in 1–3 months (100 and 100%, respec-
tively) and>18 months (100 and 95%, respectively) were higher than
for recurrence detection in< 1 month (50 and 100%, respectively), 3–6
months (81 and 93%, respectively), 6–12 months (79 and 87%, re-
spectively), and 12–18 months (75 and 80%, respectively) (Fig. 1)
(p < 0.05). The diagnostic accuracy of 18F-FDG PET/CT examinations
did not differ significantly whether they were acquired in the< 1-
month interval, the 3–6 months interval, the 6–12 months interval, or
the 12–18 months interval (p > 0.05). The overall accuracy of 18F-FDG
PET/CT conducted within one month (67%) was significantly inferior
to that performed after one month (87%) (p= 0.001).

Among the 24 patients with two consecutive negative scans for re-
currences, there was only one recurrence, developing at 21 months
following two consecutive negative scans (at 11 and 17 months).

Therefore, two consecutive 18F-FDG PET/CT scans with negative find-
ings within 12 months provided a negative predictive value of 96%.

3.3. Prognostic value of post-treatment 18F-FDG PET/CT

The median survival of the study population was 40 months (range,
12–95) from the completion of treatment, and the overall survival (OS)
rate was 75% at 3 years and 68% at 5 years. The Kaplan-Meier analysis
based on 18F-FDG PET/CT scan results showed a significant difference
in time from the scan date to OS between those who had a positive 18F-
FDG PET/CT scan and those who had a negative 18F-FDG PET/CT scan
(p= 0.011), with a hazard ratio (HR) of 6.4; (95% CI, 2.05–25.6)
(Fig. 2). A subgroup analysis investigating the impact of the various
surveillance follow-up time periods was unable to demonstrate any
significant differences for OS (p > 0.05).

Table 3
Statistics of surveillance whole-body 18F-FDG PET/CT for local recurrence (R), regional nodal metastasis (LM), distant metastasis (DM) according to time intervals.

R LM DM Overall P values

< 1 months Sensitivity 60 (38–90) NA NA 50 (32–75) p=0.046
Specificity 100 (65–100) 100 (60–100) 100 (62–100) 100 (65–100)
PPV 100 (65–100) NA NA 100 (62–100)
NPV 66 (40–92) 100 (60–100) 89 (53–100) 50 (35–71)

1–3 months Sensitivity 100 (67–100) NA 100 (58–100) 100 (68–100) p=0.0079
Specificity 100 (64–100) 100 (62–100) 100 (61–100) 100 (68–100)
PPV 100 (67–100) NA 100 (58–100) 100 (68–100)
NPV 100 (64–100) 100 (62–100) 100 (61–100) 100 (68–100)

3–6 months Sensitivity 80 (61–98) 100 (55–100) 80 (57–99) 82 (70–96) p < 0.001
Specificity 95 (78–100) 100 (74–100) 100 (82–100) 93 (81–100)
PPV 89 (63–100) 100 (55–100) 100 (76–100) 93 (80–100)
NPV 91 (65–100) 100 (74–100) 86 (70–100) 81 (68–93)

6–12 months Sensitivity 86 (70–100) 89 (72–100) 67 (41–93) 80 (69–92) p < 0.001
Specificity 92 (78–100) 100 (88–100) 100 (86–100) 87 (75–98)
PPV 75 (61–94) 100 (83–100) 100 (72–100) 87 (74–99)
NPV 96 (82–100) 98 (86–100) 93 (70–100) 79 (67–90)

12–18 months Sensitivity 80 (62–98) 80 (54–100) 80 (62–97) 80 (70–92) p=0.002
Specificity 97 (85–100) 94 (80–100) 96 (84–100) 75 (64–86)
PPV 80 (62–98) 67 (41–90) 89 (73–100) 80 (68–90)
NPV 97 (85–100) 97 (82–100) 93 (81–100) 75 (64–87)

> 18 months Sensitivity 100 (87–100) 100 (69–100) 100 (64–100) 100 (88–100) p < 0.001
Specificity 97 (85–100) 100 (82–100) 100 (78–100) 96 (85–100)
PPV 86 (72–100) 100 (69–100) 100 (64–100) 95 (84–100)
NPV 100 (87–100) 100 (82–100) 100 (78–100) 100 (88–100)

All values are expressed as percentage (%); 95% confidence intervals listed in parenthesis.
PPV, positive predictive value; NPV, negative predictive value; NA, not applicable.

Fig. 1. Receiver operating characteristic (ROC) curve of the overall diagnostic
accuracy of the whole-body 18F-FDG PET/CT at different posttreatment time
intervals.

K. Ozturk, et al. European Journal of Radiology 118 (2019) 75–80

78



4. Discussion

The standard timing of whole-body surveillance 18F-FDG PET/CT
examinations in the posttreatment setting is essential to reduce un-
necessary expenses while increasing the detection capability of the
technique [12,13]. In the present study, we have assessed the optimal
timing and frequency of posttreatment whole-body 18F-FDG PET/CT to
identify locoregional and distant recurrences in patients with sinonasal
malignancies. In our study, diagnostic accuracy was significantly in-
ferior in 18F-FDG PET/CT performed within one month compared to
18F-FDG PET/CT performed after one month. We suggest that surveil-
lance 18F-FDG PET/CT should first be performed 1–3 months following
the conclusive treatment. When performed earlier, diffusely increased
18F-FDG-uptake of surrounding tissue caused by inflammation can
hinder the accurate detection of recurrent disease [14]. Furthermore,
small traces of recurrent tumor may not be noticed in 18F-FDG PET/CT
shortly after treatment, yet will become noticeable a few weeks later
[15]. This conflicts the need for prompt diagnostics (e.g., baseline 18F-
FDG PET/CT imaging) and salvage treatment of patients with recurrent
disease. There is increased risk of disease progression after three
months, as well as there will be the development of radiation-induced
fibrosis [16]. Therefore, we think that delaying the first posttreatment
surveillance scan after 3 months does not offer any additional data to
assist clinical decision making.

Apart from the appropriate timing of initial whole-body 18F-FDG
PET/CT, the frequency of consecutive 18F-FDG PET/CT examinations is
another substantial parameter for optimal surveillance [17]. The pa-
tients in our study obtained slightly fewer than one 18F-FDG PET/CT
scan for each year. Half of the TP recurrences were identified on a
second scan several months after an initial negative 18F-FDG PET/CT
examination. Even though the impact of a second 18F-FDG PET/CT scan
would be significantly lower than that of the first whole-body 18F-FDG
PET/CT scan, the appropriate timing of subsequent scan might be>18
months after the conclusive treatment. Our study also implies that 18F-
FDG PET/CT surveillance could be terminated in a subset of patients
who have two consecutive negative scans within 12 months, a con-
clusion that has a significant economic impact for the utilization of
costly healthcare resources.

Our study has also revealed the potential prognostic role of post-
treatment 18F-FDG PET/CT surveillance. However, we couldn’t de-
termine any clear evidence of survival benefit of post-treatment 18F-
FDG PET/CT scan when acquired 1–3 months and>18 months fol-
lowing the conclusive treatment. This result may be caused by a small

number of included patients and needs to be elucidated by further
prospective studies with large sinonasal malignancy population.

Few studies have shown that 18F-FDG PET/CT could be beneficial to
determine locoregional and distant recurrences in patients with sino-
nasal malignancy [18]. Khalili et al. [19] retrospectively assessed the
efficiency of endoscopy and imaging for the surveillance of sinonasal
malignancies. In their analysis of 100 patients, 30 patients developed
recurrences, with 22 patients (73%) having recurrences at the primary
site; LMs and DMs represented 17% and 10% of recurrences, respec-
tively. Most of the patients (63%) were found to have recurrent disease
within two years of the period. In our patient cohort, significant num-
bers of the recurrences were after 18 months. This may be conflicting
with the result of Khalili et al. [19] which demonstrated that negative
3–18 months interval 18F-FDG PET/CT scans could be a prognostic
predictor. Our study revealed that 18F-FDG PET/CT at> 18 months
identified recurrences in all 36 patients (100%), supporting the usage of
posttreatment 18F-FDG PET/CT at> 18 months for the accurate de-
tection of late recurrences. Harvey et al. [20] showed that 18F-FDG
PET/CT could have excellent sensitivity and NPV (100%), but its utility
is hindered by poor specificity (40%) and PPV (53.8%) in the early
surveillance period. They suggested that 18F-FDG PET/CT scans could
be acquired at a minimum of 3 months after treatment, however op-
timal time intervals for the subsequent scans could not be determined in
their analysis. Additionally, Gil et al. [21] evaluated the role of 18F-FDG
PET/CT imaging for surveillance with specificity and PPV of 85% and
67%, respectively. They obtained the most of 18F-FDG PET/CT scans
(> 80%) 6 months after conclusive treatment. Contrary to the previous
reports which examined the cross-sectional accuracy of 18F-FDG PET/
CT, Schwartz et al. [22] conducted a longitudinal analysis of 18F-FDG
PET/CT scans in the post-treatment setting. In their study, 76 patients
were examined with 18F-FDG PET/CT examination. The median time to
recurrence was 20 months, with only four patients were found to have
recurrences before five months, besides ten patients developed re-
currences by 24 months. This result was similar to that of our study.

The main differences between ours and previously reported studies’
are due to the inclusion of various cohorts. Our cohort only includes
asymptomatic patients without suspected recurrence by clinical ex-
amination. Moreover, we did not use the SUV as a criterion for the
positive result; rather, we relied on qualitative analysis. Although our
method requires a higher degree of radiological expertize, we believe
that the utilization of absolute SUV thresholds could be limited in the
posttreatment setting [23]. The majority of studies to date compared to
18F-FDG PET/CT results with clinical and histological findings without
using the follow-up period as a reference standard. Our study analyzed
the role of 18F-FDG PET/CT to predict both locoregional and distant
recurrences with a minimum of 12 months follow-up period.

Driven by the success of PET/CT, raising efforts are ongoing to
develop PET/MRI to combine PET and MRI, and fully integrated PET/
MRI scanners have been recently established. The combination of the
high soft-tissue contrast derived from MRI and the metabolic informa-
tion offered by PET shows promise, particularly in the evaluation of
head and neck tumors [24]. A first prospective study on the value of
PET/MRI in assessments for local tumor recurrence in head and neck
SCC patients reported a sensitivity of 92% [25]. Based on these first
results, PET/MRI appears to enhance therapy-response evaluation due
to the combination of the high NPV (PET component) and the high
sensitivity provided by the MRI component [26]. The true value of the
combined PET/MR rather lies in the simultaneous acquisition of func-
tional MRI parameters (e.g., MR spectroscopy and diffusion-weighted
imaging) and metabolic PET information [27]. Therefore, the devel-
opment of organ-specific PET/MRI protocols with unique radiotracers is
a focus of the ongoing strategy of implementing this technique clini-
cally.

There are several limitations to the current study. The heterogeneity
of tumor subtypes restricts the broad applicability of the study results
[28]. The risk of recurrence is determined by stage in addition to tumor

Fig. 2. Kaplan-Meier curves demonstrate the comparisons of overall survival
(OS) according to the presence or absence of positive findings in the any time
whole-body 18F-FDG PET/CT scans after definitive treatment.
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biology. A cohort of patients with various sinonasal neoplasms may
have different outcomes. The limitation is not avoidable and is a result
of the low incidence and prevalence of the disease. Moreover, the
prevalence of the sinonasal malignancies is quite low, and the validity
of proper cut-off points from ROC curves could not be determined. This
research is hypothesis generating, and further studies are required to
confirm our results and to assess the impact of surveillance 18F-FDG
PET/CT on follow-up strategy and prognosis.

In conclusion, whole-body 18F-FDG PET/CT has an excellent diag-
nostic accuracy to identify locoregional and distant recurrences and to
predict the survival following treatment of sinonasal malignancies. The
optimal time interval for the initial scan is in between 1 and 3 months
after the conclusion of therapy, enabling the resolution of inflammatory
changes and reducing the false-positive rate. Nevertheless, a reevalua-
tion is likely required>18 months after treatment to detect late re-
currences. In the future, prospective, multi-institutional surveillance
studies for individual sinonasal neoplasms are required.
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