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ORIGINAL RESEARCH
HEAD & NECK

Negative Predictive Value of Surveillance PET/CT in Head and
Neck Squamous Cell Cancer

M. McDermott, M. Hughes, T. Rath, J.T. Johnson, D.E. Heron, G.J. Kubicek, S.W. Kim, R.L. Ferris, U. Duvvuri, J.P. Ohr, and B.F. Branstetter

ABSTRACT

BACKGROUND AND PURPOSE: Optimizing the utilization of surveillance PET/CT in treated HNSCC is an area of ongoing research. Our
aim was to determine the negative predictive value of PET/CT in patients with treated head and neck squamous cell cancer and to
determine whether negative PET/CT reduces the need for further imaging surveillance.

MATERIALS AND METHODS: We evaluated patients with treated HNSCC who underwent posttreatment surveillance PET/CT. During
routine clinical readouts, scans were categorized as having negative, probably negative, probably malignant, or malignant findings. We
followed patients clinically and radiographically for at least 12 months from their last PET/CT (mean, 26 months; median, 28 months; range,
12-89 months) to determine recurrence rates. All suspected recurrences underwent biopsy for confirmation.

RESULTS: Five hundred twelve patients (1553 scans) were included in the study. Two hundred fourteen patients had at least 1PET/CT with
negative findings. Of the 214 patients with a scan with negative findings, 19 (9%) eventually experienced recurrence, resulting in a NPV of
91%. In addition, a subgroup of 114 patients with 2 consecutive PET/CT examinations with negative findings within a 6-month period was
identified. Only 2 recurrences were found in this group, giving a NPV of 98%.

CONCLUSIONS: In patients treated for HNSCC, a single PET/CT with negative findings carries a NPV of 91%, which is not adequate to
defer further radiologic surveillance. Two consecutive PET/CT examinations with negative findings within a 6-month period, however,

resulted in a NPV of 98%, which could obviate further radiologic imaging in the absence of clinical signs of recurrence.

ABBREVIATIONS: HNSCC = head and neck squamous cell carcinoma; NPV = negative predictive value; T = tumor

quamous cell carcinoma accounts for most of the approxi-

mately 50,000 annual new cases of head and neck cancer in the
United States." A radiologic examination is crucial in staging pa-
tients, monitoring response to therapy, and conducting surveil-
lance of treated disease.”? CT, MR imaging, and PET have been
used for these evaluations, with combined PET/CT showing
greater accuracy than either PET or CT alone.” PET/CT has an
overall 90% sensitivity in localizing recurrent disease and an 86%
accuracy for finding residual disease.*”

Current literature on PET/CT in HNSCC has focused on detec-
tion, staging, and monitoring response to therapy, while research in
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the area of posttreatment surveillance is limited.> To reduce both
medical cost and the radiation dose to patients, identification of an
efficient and effective surveillance scheme is critical, but there is no
widely accepted protocol for the use of PET/CT in the surveillance of
HNSCC, leading to the potential misapplication or overuse of this
technique.® Previous literature has suggested that it is wasteful to
perform PET/CT for HNSCC surveillance >24 months after the
conclusion of therapy.” There may be subsets of patients, however, in
whom radiologic surveillance can be curtailed even earlier, thus sav-
ing money and reducing patient inconvenience without increasing
morbidity. In particular, patients with negative PET/CT surveillance
scans might be best managed with a reduced frequency of scanning
or with a complete cessation of further scans.

The purpose of this study was to determine the negative predic-
tive value of PET/CT in HNSCC and to determine whether a negative
PET/CT scan reduces the need for further radiologic surveillance.

MATERIALS AND METHODS

Patient Selection

The institutional review board of the University of Pittsburgh
Medical Center approved this retrospective study. The records of
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Complete database:
3842 examinations
in 1350 patients

Minimum 12 months
clinical follow-up

Inadequate follow-up
704 patients

2019 examinations
in 646 patients

Staging & Restaging
466 examinations

Surveillance scans only

1553 examinations
in 512 patients

Equivocal & Positive
971 scans

Negative scans

582 examinations
in 214 patients

FIG 1. Data flow chart of patient selection.

all patients who had biopsy-proved HNSCC who underwent
PET/CT examinations at the University of Pittsburgh Medical
Center between 2002 and 2010 were included. Medical records
were extracted from a dedicated Head and Neck Oncologic Data
Repository. All nonsquamous cell malignancies of the head and
neck were excluded from this study. The resulting population
numbered 1350 patients with 3842 PET/CT scans. Patients were
required to have had at least 12 months of clinical and radio-
graphic follow-up at our institution from the time of their last
PET/CT to be included in the study. This applied to 646 pa-
tients with 2019 PET/CT scans. Of the 2019 scans, 1553 scans
(77%) from 512 patients were obtained for the purpose of
surveillance of treated HNSCC. Scans that were obtained for
the purpose of staging or restaging were excluded from the
study. Of these 512 patients, a subset of 214 patients (42%)
who had negative PET/CT findings at any point during their
surveillance was identified. These 214 patients had at least 12
months of follow-up after their PET/CT examinations with
negative findings. Second primary malignancies that were dis-
covered during the study period were not considered to indi-
cate false-negative PET/CT findings, and these patients re-
mained in the study for the evaluation of recurrence of their
first cancer (Fig 1).
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Surveillance Protocol
Clinical surveillance with physical examination and endoscopy
was performed every 6—8 weeks for the first year after the
conclusion of therapy. Surveillance PET/CT was performed at
3-month intervals, starting 2 months after the conclusion of ther-
apy. Surveillance scans were routinely obtained at 2, 5, 8, and 14
months after therapy, as per our institutional protocol. Scans were
obtained at 11 months only if there were findings on the 8-month
scan that required follow-up. Patients who developed suspicious
clinical findings were immediately scanned with PET/CT, but
these examinations were not included in this cohort (Fig 1). The
patient’s original examination with negative findings was still in-
cluded in the cohort, however, so that patients with clinically de-
tected recurrence would be classified as having false-negative
PET/CT findings. Additional radiologic surveillance was per-
formed only in patients who had findings that merited radio-
logic follow-up on the 14-month scan. Patients with suspicious
radiologic or clinical findings underwent biopsy for confirma-
tion or exclusion of recurrence, and patients with a biopsy
negative for recurrence returned to the surveillance regimen.
Not all patients treated for HNSCC at our institution are en-
tered into this intense radiologic imaging surveillance regimen.
Very low-risk patients are not usually followed by PET/CT, and
entrance into this imaging surveillance protocol is at the discre-
tion of the referring clinical services. Patients with small tumors in
anatomically sensitive areas, such as the oral tongue or supraglot-
tic larynx, which might predispose to metastatic disease are often
followed with this imaging surveillance regimen.

Imaging Parameters

Patients fasted for at least 6 hours before the FDG-PET/CT exam-
ination with the exception of water intake. IV access was estab-
lished for blood glucose testing and subsequent radiopharmaceu-
tical and iodinated contrast administration. If serum glucose
levels were >200 mg/dL, the examination was rescheduled. Each
patient received 10—~17 mCi of IV ['*F] FDG. After administration
of the radiopharmaceutical, the patients rested quietly during the
60-minute uptake period.

The studies were performed on 1 of 7 PET/CT scanners with
2—64 detector rows (Discovery; GE Healthcare, Milwaukee, Wis-
consin; and Emotion; Siemens, Erlangen, Germany). The first
1016 scans were obtained on 2- and 4-section PET/CT scanners
no longer in operation, and the next 2826 scans were obtained on
16- to 64-section PET/CT scanners presently in operation. The
CT scan parameters were 120—130 kV(peak), variable/smart mil-
liampere, and 3.75-mm collimation. CT scanning commenced
following a 30-second delay after the administration of IV con-
trast (125-mL iopamidol, Isovue-370; Bracco Diagnostics,
Princeton, New Jersey) and was performed from the top of the
skull through the abdomen. After the CT, PET data were acquired
by using a 4-minute bed position. The PET acquisition included a
dead-time correction and on-line delayed coincidence subtrac-
tion to correct for random coincidences. The helical CT scan was
reconstructed by filtered back-projection into 512 X 512 pixel
images with a section thickness of 2.4 mm to match the PET scan.
Images of the neck were reconstructed with a small FOV to im-
prove visualization of the primary tumor site and regional nodes.



Images were reconstructed by using ordered subset expectation
maximization with 2 full iterations of 8 subsets. Rescaled CT im-
ages were used to produce attenuation-correction values for the
PET emission reconstruction.

Image Analysis

All PET/CT examinations were interpreted as part of the normal
clinical workflow by 1 of 2 certificate of added qualification—cer-
tified neuroradiologists with 8 and 10 years of dedicated head and
neck imaging experience. Findings of each examination were clas-
sified as follows at the time of initial clinical interpretation: 1)
negative examination (no evidence of malignancy), 2) probably
negative (CT or PET findings that are most likely due to inflam-
mation, treatment effects, or altered physiology), 3) probably ma-
lignant (findings requiring biopsy for confirmation of disease), or
4) malignant (unequivocal disease progression). This determina-
tion was based on the overall impression of the radiologist of both
PET and CT data; standardized uptake value thresholds were not
applied. Patients with FDG uptake that was definitively physio-
logic, such as in muscle or brown fat, were considered as having
“negative” findings. This categorization scheme is an integral part
of our usual clinical practice, and only the routine clinical inter-
pretations were used for this study.

RESULTS

There was a total of 3842 examinations in the complete data base.
Of these, 1347 (35%) were interpreted as having negative
findings.

After application of exclusion criteria to the 3842 examina-
tions (only patients with HNSCC, adequate follow-up, and scans
obtained for surveillance purposes), 1553 scans in 512 patients
remained in the study (Fig 1). Table 1 summarizes the demo-
graphic and staging information for these patients. Table 2 further
stratifies these patients by site of tumor origin and T stage. All
patients underwent at least 12 months of clinical and radiologic
follow-up from their last PET/CT (mean follow-up, 26 months;
median, 28 months; range, 12—89 months).

Of the 1553 scans included in the study, there were 582
scans (37%) in 214 patients that were interpreted as having
negative findings. Table 3 summarizes the T stage and site of
origin for this subset of 214 patients with at least 1 PET/CT
examination with negative findings. Of the 214 patients with
scans with negative findings, 19 (9%) eventually recurred. Of
the 19 recurrences, 11 (58%) were local recurrences, 6 (32%)
were regional recurrences, and 2 (10%) were distant metasta-
ses. Table 4 provides additional clinical information regarding
the 19 patients who experienced recurrence despite a prior
PET/CT with negative findings. Nineteen recurrences in 214
patients resulted in a negative predictive value for surveillance
PET/CT of 91%.

The disease-free survival curve of patients with negative sur-
veillance PET/CT findings (Fig 2) shows that the first recurrences
are detected around 3 months after the PET/CT with negative
findings. Few recurrences are detected after 30 months.

Of the group of 214 patients with negative PET/CT findings,
114 (53%) had 2 consecutive PET/CT scans with negative findings
within 6 months. The other 100 patients did not go on to have a

Table 1: Patient demographics, TNM stages, and therapy®

Demographics and Staging

Age (yr)
Median 61
Range 21-89
Sex
Male 388 (76%)
Female 124 (24%)
Site of origin (n = 419)
Oropharynx 130 (31%)
Oral cavity 130 (31%)
Larynx 63 (15%)
Maxillofacial/sinus 37 (9%)
Hypopharynx 26 (6%)
Nasopharynx 12 (3%)
Trans-spatial 10 (2%)
Unknown primary 8(2%)
T stage (n = 428)
TO 9(2%)
Tl 109 (25%)
i) 124 (29%)
T3 85 (20%)
T4 101(24%)
N stage (n = 440)
NO 192 (44%)
N1 69 (16%)
N2 162 (37%)
N3 7 (4%)
M stage (n = 369)
MO 365 (99%)
M1 4(1%)
Therapy (n = 512)
CRT alone 67 (13%)
Surgery plus CRT 445 (87%)

Note:—CRT indicates chemoradiation therapy; N, node; M, metastasis.

? A total of 512 patients were included in this study, but not all patients had initial
staging data available, so fewer patients are included. The number of patients with
available data is listed in the header for each section.

Table 2: Primary site of origin and tumor stage®

Site of Origin T T2 T3 T4
Oropharynx 25 42 21 30
Oral cavity 31 34 17 34
Larynx 10 15 21 1l
Maxillofacial and sinus (parotid, skin, 5 5 5 10

nasal cavity, orbit lip, sinus, maxilla)
Hypopharynx 4 4 9 5
Nasopharynx 0 1 1 6
Trans-spatial 0 2 2 6

Fewer patients are listed in Table 2 than in Table 1 because some patients had
incomplete data in the registry. Three patients had unknown primaries.

second PET/CT examination with negative findings within 6
months because of the following: 17 patients had recurrence; 37
patients were tumor-free and had no further scans obtained; 21
patients did have a subsequent PET/CT examination with nega-
tive findings, but it was >6 months after the prior examination
with negative findings and thus did not meet our criteria; and 25
patients had subsequent non-negative findings on PET/CT exam-
inations but never actually had a recurrence. Among the 114 pa-
tients with 2 consecutive scans with negative findings, there were
only 2 recurrences, 1 occurring at 9 months and the other at 37
months. Thus, 2 consecutive PET/CT scans with negative findings
within 6 months of each other provide a negative predictive value
of 98%.
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DISCUSSION
This study suggests that radiologic surveillance can be terminated
early in a subset of patients with treated HNSCC who have 2
consecutive PET/CT scans with negative findings within 6
months of each other, a conclusion that has important economic
implications for the use of expensive health care resources. Earlier
studies have suggested that the use of PET/CT beyond 24 months
after therapy may be wasteful,” and the current work provides
further data to help reduce overuse of PET/CT in this clinical
setting. Of the 214 patients in this study with a single PET/CT scan
with negative findings, there were 19 recurrences, giving a nega-
tive predictive value of 91%. In the subset of 114 patients with 2
consecutive PET/CT scans with negative findings within 6
months of each other, there were only 2 recurrences, improving
the negative predictive value to 98%. Of those 2 recurrences, 1
occurred at 9 months after the first PET/CT scan with negative
findings, and the other, at 37 months after the first PET/CT scan
with negative findings. The second recurrence at 37 months
would be beyond the window of most radiologic surveillance
protocols. These results suggest that, in patients with 2 consec-
utive PET/CT scans with negative findings, there is a <1%
recurrence rate within the generally accepted radiologic sur-
veillance window.

Prior studies with fewer patients have shown similar results,

Table 3: Primary site of origin and tumor stage for the subset
of 214 patients with negative PET/CT findings®

Site of Origin TI T2 T3 T4
Oropharynx 25 32 7 8
Oral cavity 18 15 7 13
Larynx 3 7 9 4
Maxillofacial and sinus (parotid,skin, 3 3 3 3

nasal cavity, orbit lip, sinus, maxilla)
Hypopharynx 2 4 2 3
Nasopharynx 0 1 3
Trans-spatial 0 1 1 1

The site of primary tumor and tumor stage were available from 182 of the 214
patients with negative PET/CT findings. No patients were recorded as having un-
known primaries in the data base from this subset of patients.

with negative predictive values as high as 97%-100%."°"'* Yao et
al'® examined 85 patients who had HNSCC treated with intensity-
modulated radiation therapy and had subsequent FDG PET scans
in follow-up. Initial scans had negative findings in 64 patients,
and of these patients, there was only 1 local recurrence 7 months
after the initial study. In a study to compare MR imaging/CT with
PET alone, Kubota et al'? studied a group of 36 patients and found
a NPV for PET of 91%.

HNSCC recurs at rates as high as 50% in locally advanced
disease. Regular posttreatment follow-up allows earlier detection
of disease recurrence and initiation of additional therapies such as
surgery or re-irradiation.'*'*'> The National Comprehensive
Cancer Network currently only recommends imaging within 6
months of treatment for certain types of head and neck cancers at
specific stages, and the type of imaging is not specified.®* On the
basis of the results of this study, we would recommend more
specific guidelines that include a second PET/CT examination
performed within 6 months of the first scan so that radiologic
surveillance can be confidently abridged.

Combined PET/CT has been shown to be a superior to PET or
CT alone for surveillance of HNSCC?; however, the optimal fre-
quency and duration of surveillance imaging is not well-studied.
Greven et al'® showed a high false-negative rate for a PET scan
obtained 1 month after treatment but a much greater accuracy when
scans were obtained 4 months after treatment; specifically, 0 of 18
patients had a recurrence after negative findings on a scan at 4
months. Other studies have shown similar data supporting the initial
use of PET/CT scans 3—5 months after completion of treatment. Our
results, as well as those in previous studies,” suggest that additional
PET/CT scans are of value in surveillance protocols.

Given our results of a NPV of 91% for 1 scan, it is probably not
reasonable to stop radiologic surveillance after 1 scan with nega-
tive findings. With an NPV of 98% for 2 consecutive scans, how-
ever, it may be practical to then follow patients with clinical sur-
veillance alone. Scanning beyond 24 months after therapy is likely
not of value in this setting.”

Regarding scan frequency, we detected recurrences beginning at 3

Table 4: Clinical Information of the 19 patients with negative PET/CT findings who had a recurrence

Location of Time Interval between Negative
Patient Site of Origin TNM Stage Recurrence PET/CT Findings and Recurrence (mo)
1 Oropharynx T2N2cMO Local 7.5
2 Maxillofacial Not recorded Regional 12.7
3 Oropharynx T3N2cMO Local 264
4 Oropharynx Not recorded Regional 7.5
5 Maxillofacial Not recorded Distant 1.4
6 Larynx T2NOMO Local 9.0
7 Unknown primary TON2bMO Regional 27.5
8 Unknown primary TON2bMO Regional 23.0
9 Hypopharynx T4N2bMO Local 6.9
10 Hypopharynx T2N2bMO Local 3.7
n Larynx T2NOMO Local 3.0
12 Oropharynx T3NOMO Local 4.6
13 Oropharynx T4NIMO Local 9.5
14 Oral cavity Not recorded Distant 71
15 Oral cavity T3NIMO Regional 373
16 Oral cavity T3N2cMO Local 16.9
17 Oral cavity, larynx T2N2cMO Regional 4.8
18 Larynx Not recorded Local 123
19 Oral cavity Not recorded Local 12.7

Note:—TNM indicates tumor, node, metastasis.
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FIG 2. Disease-free survival curve of patients with negative findings
on PET-CT surveillance examinations after treatment for HNSCC.
Time zero was chosen as the date of first PET/CT examination with
negative findings.

months after a PET/CT scan with negative findings. Scans obtained
earlier may miss recurrent disease and scans obtained later may lead
to a delay in treatment of recurrence. The timing of the first post-
therapy surveillance scan remains controversial. Most institutions
perform radiologic examinations between 8 and 12 weeks after the
conclusion of therapy, but no definite consensus exists.

In calculating negative predictive values, a high NPV can be
obtained by interpreting very few examinations as negative. At
our institution, however, 35% of all findings in head and neck
cancer PET/CT cases in the dedicated Head and Neck Oncologic
Data Repository were interpreted as negative, which indicates that
a high NPV can be achieved without sacrificing specificity. The
rate of negative interpretation among patients included in the
study was similar (37%), suggesting that our selection criteria did
not bias us toward or away from examinations with negative find-
ings. Scan findings interpreted as “probably negative” (increased
FDG uptake that is likely physiologic or inflammatory, or incom-
plete response to therapy) are not considered the same as “nega-
tive.” Our results apply only to scans with truly negative findings;
patients with less definitive results merit a more aggressive sur-
veillance regimen. The optimal imaging protocol for such patients
is an area for future research.

There are several limitations to this study. First, this was a
single-center retrospective study, and the results and recommen-
dations have not been validated prospectively. Second, the results
rely on particular PET/CT protocols for head and neck cancer,
including the use of intravenous contrast as well as experienced
readers, and we strongly support the use of intravenous contrast
and small-FOV neck images to improve the accuracy of PET/
CT."” We also believe that PET/CT is best interpreted as a com-
bined technique, with both components holding equal weight
during interpretation.> Additionally, our findings are also depen-
dent on the accuracy of a large clinical data repository. We did not
attempt to analyze a subsets of patients on the basis of human
papillomavirus status or therapeutic modalities; this is an area for
further study. An intentional limitation of this study is the evalu-
ation of only NPV. This was done to present a singular clinically

relevant message regarding optimal imaging surveillance of a patient
who has been treated for head and neck cancer. Finally, the most
important goal of cancer surveillance is to identify recurrences with a
potential for cure. We did not attempt to determine whether the
recurrences in our patient cohort were treatable or whether identify-
ing these recurrences prolonged overall survival.

CONCLUSIONS

In patients with treated HNSCC, a single PET/CT scan with neg-
ative findings obtained at any time after the conclusion of therapy
has a NPV of 91%. There are a sufficient number of subsequent
recurrences, however, to warrant a second PET/CT scan obtained
6 months after the scan with negative findings. If this second scan
also has negative findings, then the NPV rises to 98%, which is
sufficient to suspend radiologic surveillance in asymptomatic
patients.
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