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ABSTRACT

BACKGROUND AND PURPOSE: The Neck Imaging Reporting and Data System is a standardized reporting system intended to risk
stratify patients treated for head and neck squamous cell carcinoma. The purpose of this study is to investigate the positive pre-
dictive value of the Neck Imaging Reporting and Data System categories 3 and 4 on posttreatment PET/CT in patients treated
definitively for head and neck squamous cell carcinoma.

MATERIALS AND METHODS:We retrospectively identified patients treated definitively for head and neck squamous cell carcinoma
between 2006 and 2018. Patients whose posttreatment PET/CT scans were interpreted as Neck Imaging Reporting and Data System
3 (suspicious) or 4 (definitive recurrence) at the primary site, regional nodes, or at distant sites were included. The reference stand-
ard was histopathology or unequivocal imaging or clinical evidence of treatment failure. The positive predictive values of Neck
Imaging Reporting and Data System 3 and 4 posttreatment PET/CT were calculated.

RESULTS: Seventy-two of 128 patients with posttreatment PET/CT interpreted as Neck Imaging Reporting and Data System 3 at
the primary site, regional nodes, or distant sites were proved to have treatment failure at the suspicious sites, yielding an overall
positive predictive value of 56% (95% CI, 48%–65%). The positive predictive values of Neck Imaging Reporting and Data System
3 by subsite were as follows: primary site, 56% (44/79); regional nodes, 65% (34/52); and distant sites, 79% (42/53). All 69 patients
with posttreatment PET/CT interpreted as Neck Imaging Reporting and Data System 4 had true treatment failure, yielding a pos-
itive predictive value of 100% (95% CI, 96%–100%): primary site, 100% (28/28); regional nodes, 100% (32/32); and distant sites,
100% (29/29).

CONCLUSIONS: The positive predictive value of Neck Imaging Reporting and Data System 3 on posttreatment PET/CT is relatively
low. Thus, Neck Imaging Reporting and Data System 3 findings should be confirmed with tissue sampling before instituting new sal-
vage treatment regimens to avoid unnecessary overtreatment and its associated toxicities. Neck Imaging Reporting and Data
System 4 reliably indicates recurrent disease.

ABBREVIATIONS: AJCC ¼ American Joint Committee on Cancer; D ¼ distant sites; HNSCC ¼ head and neck squamous cell carcinoma; HPV ¼ human pap-
illomavirus; N ¼ regional nodes; NI-RADS ¼ Neck Imaging Reporting and Data System; P ¼ primary site; PPV ¼ positive predictive value

FDG-PET/CT is a powerful imaging tool and critically impor-
tant for management of patients with head and neck squa-

mous cell carcinoma (HNSCC). Before treatment, PET/CT can
be used for tumor staging, especially in patients with stage III and

IV disease, and also for localization of occult primary tumors.
After treatment, PET/CT can be used for assessment of treatment
response and disease surveillance.1-3 It has been well-established
that posttreatment PET/CT has a high negative predictive value
and patients who have complete tumor response on posttreatment
PET/CT can avoid an unnecessary operation.4-6 The clinical impact
of positive posttreatment PET/CT findings is less well-studied.

The Neck Imaging Reporting and Data System (NI-RADS) is
a standardized report template used for surveillance contrast-
enhanced CT with or without concurrent PET. The primary
objective of this template is to simplify radiology reports and
facilitate communication between radiologists and their clinical
colleagues. The results of posttreatment imaging surveillance are
classified into 4 numeric categories based on the radiologist’s
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suspicion for residual or recurrent tumor (category 1, no evidence
of recurrence; category 2, low suspicion; category 3, high suspi-
cion; category 4, definitive disease recurrence).7-9 High negative
predictive values of NI-RADS 1 and 2 on posttreatment PET/CT
in HNSCC have been established.5,10 However, there are inad-
equate data regarding positive predictive values (PPVs) of NI-
RADS 3 and 4 as seen on posttreatment PET/CT.

The purpose of this study was to determine the PPV of NI-
RADS categories 3 and 4 on posttreatment PET/CT in patients
treated definitively for HNSCC.

MATERIALS AND METHODS
Study Design and Patient Selection
We conducted a retrospective study that was approved by our insti-
tutional review board (PRO08120419) and was in compliance with
the Health Insurance Portability and Accountability Act. Patient
data were obtained from the University of Pittsburgh Medical
Center electronic medical record and our Head and Neck oncologic
data repository. Data collected on each patient included demo-
graphics, diagnosis date, last follow-up date, primary tumor loca-
tion, molecular profiles, tumor staging, and examination findings,
which were compiled into the data base. We included all patients
with a diagnosis of HNSCC who underwent definitive surgery, radi-
ation, chemotherapy, or combined therapeutic modalities and had
posttreatment PET/CTs performed between 2006 and 2018.
Patients who had non-squamous cell malignancies or inadequate
clinical or imaging data were excluded. Pretreatment tumor staging
was performed on the basis of the American Joint Committee on
Cancer (AJCC) AJCC Cancer Staging Handbook, 7th edition.11

The NI-RADS categories are independently applied to the pri-
mary tumor bed (P), the cervical lymph nodes (N), and distant dis-
ease (D) so that every examination has 3 NI-RADS values assigned
to it. The overall NI-RADS score is considered to be the maximum
of the 3 values. We selected patients whose posttreatment PET/CTs
were interpreted as NI-RADS 3 (suspicious) or 4 (definitive recur-
rence) at P, N, or D. The PET/CT features of NI-RADS 3 at the pri-
mary site include residual or a new discrete nodule or mass with
increased enhancement and/or focal FDG avidity. The features of
NI-RADS 3 at the nodal sites include a progressively enlarging soft-
tissue mass or lymph node that is worrisome for residual or recur-
rent tumor. NI-RADS 4 examinations include patients with definite
PET/CT evidence of disease progression such as definitive locore-
gional recurrence or unequivocal metastases in distant organs.

PET/CT Parameters
PET/CT scans were completed by using 1 of several clinical scan-
ners (Discovery; GE Healthcare; and Somatom Emotion; Siemens).
Patients were instructed to fast at least 4–6hours before the exami-
nation and were required to have a blood glucose level measuring
,200mg/dL preceding the scan. Patients who did not meet these
criteria were rescheduled. Patients were injected with 10–20mCi of
[18F]FDG 60minutes before obtaining PET emission images.
Immediately before PET acquisition, contrast-enhanced (125mL
iopamidol, Isovue-370; Bracco) helical CT (pitch ¼ 1.5–2.0; kV
(peak) ¼ 120–140; variable mAs; 3.75-mm collimation) was per-
formed approximately 45 seconds after contrast injection. Images
were obtained from the top of the skull through the upper thighs,

with PET and CT scans matched and optimized for visualization
with CT attenuation-corrected reconstruction. Patients were
imaged with arms at their sides. The images of the thorax, abdo-
men, and pelvis were reconstructed in a 3.75-mm section thickness
with a full-body FOV. The images of the head and neck part were
reconstructed in a 2.5-mm section thickness with a small FOV. An
additional high-resolution chest CT was performed with arms
raised to better assess the lung parenchyma.

Image Interpretation
All PET/CT surveillance studies were interpreted by board-certi-
fied neuroradiologists within a dedicated head and neck imaging
practice. Postprocessing fusion software (Mirada; Mirada Medical,
Denver, Colorado) was used to assist in interpretation. Categori-
zation was based on the subjective interpretation of the interpret-
ing radiologist; standard uptake value thresholds were not used.

Treatment and Surveillance Protocols
Patient treatment protocols, including radiation dose and chemo-
therapy regimen, were determined by the standard practice guide-
lines of the multidisciplinary head and neck oncology team at our
institution. Clinical follow-up was performed at 2-month intervals.
The first surveillance PET/CT was performed 2–3months after the
completion of therapy according to established institutional proto-
cols. Subsequent radiologic examinations were performed at 3-
month intervals after the first surveillance scan.5,10 Additional
PET/CT and tissue biopsy were performed outside the standard
surveillance protocol if patients had any clinical signs and symp-
toms or radiographic findings suspicious for residual or recurrent
tumor. The reference standard for treatment failure was confirma-
tion by histopathology or unequivocal evidence of disease progres-
sion on subsequent follow-up imaging and clinical evaluation.

Statistical Methods
Positive predictive value was calculated separately for NI-RADS
category 3 and NI-RADS category 4 and was further broken
down by primary, nodal, and distant disease. PPV was calculated
as the probability of experiencing treatment failure given a NI-
RADS category 3 or 4. Ninety-five percent confidence intervals
for percentages were calculated using binomial methods, except
when the calculated value was 100%, in which case exact methods
were used.

RESULTS
In our complete data base, a total of 8768 PET/CT examinations
were performed on 3853 patients with head and neck cancer
between 2006 and 2018. Of these, 197 patients met the inclusion
criteria, with 128 patients classified as NI-RADS 3 and 69 patients
classified as NI-RADS 4. Most patients were male (n¼ 148, 75%)
with an oropharyngeal primary tumor site (n¼ 76, 39%) and stage
IV disease (n¼ 149, 76%). Forty-four of 76 patients with an oro-
pharyngeal tumor were positive for human papillomavirus (HPV)
(58%). Patient demographics, tumor characteristics, and Tumor,
Node, Metastasis staging of NI-RADS 3 and 4 are summarized in
Table 1.

Seventy-two of 128 patients with posttreatment PET/CT inter-
preted as NI-RADS 3 at P, N, or D were proved to have treatment
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failure at the suspicious sites, yielding an overall PPV of 56% (95%
CI, 48%–65%). The PPVs of NI-RADS 3 by subsite were as follows:
P, 56% (44/79); N, 65% (34/52); and D, 79% (42/53). (The denomi-
nators do not add up to 128 because some patients were classified
as NI-RADS 3 at multiple subsites.) The median time interval
between completion of therapy and obtaining PET/CT with NI-
RADS 3 was 4months (range, 2–85months). Most posttreatment
PET/CT with false-positive NI-RADS 3 results was performed
within the first 3months after conclusion of therapy (27/56, 48%;
range, 1.5–58months; median, 3months). The timing of posttreat-
ment PET/CT with false-positive NI-RADS 3 results is summar-
ized in Table 2.

Thirty-one of 56 patients (55%) with false-positive NI-RADS
3 findings had histopathologic confirmation; 25 patients had no
tissue confirmation but had clinical and radiologic follow-up,
which demonstrated interval resolution of suspicious findings.
With pathologic confirmation, the major causes of false-positives
are treatment-related changes (12/31, 39%) and nonspecific infec-
tious/inflammatory processes (10/31, 32%). Five patients with

false-positive NI-RADS 3 findings had
incidental benign head and neck tu-
mor on surveillance PET/CT (Warthin
tumors¼ 3, pleomorphic adenoma ¼
1, dermatofibroma¼ 1). Most patients
with false-positive NI-RADS 3 findings
had oropharyngeal squamous cell car-
cinoma (24/56, 43%), with most of
these positive for HPV (15/24, 63%).
The PPVs of NI-RADS 3 in HPV-
related and HPV-unrelated oropha-
ryngeal cancers are not substantially
different (HPV-related oropharyngeal
cancers: n¼ 32, PPV¼ 53% [17/32];
HPV-unrelated oropharyngeal cancers:
n¼ 18, PPV ¼ 56% [10/18]).

All 69 patients with posttreatment
PET/CT interpreted as NI-RADS 4 had
true treatment failure, yielding a PPV
of 100% (95% CI, 96%–100%). Broken
down by subsite, these percentages are
the following: P, 100% (28/28); N,
100% (32/32); and D, 100% (29/29).
Thirty-eight of 69 patients (55%) with
NI-RADS 4 were confirmed with histo-

pathology; 31 patients had no tissue confirmation but had
unequivocal treatment failure based on follow-up imaging and
clinical examination. The median time interval between comple-
tion of therapy and obtaining PET/CT with NI-RADS 4 was
3.4months (range, 1–158months).

Representative PET/CT images of the patients with true-
and false-positive NI-RADS 3 findings are shown in Figs 1 and 2,
respectively. Representative PET/CT images of a patient with NI-
RADS 4 are shown in Fig 3.

DISCUSSION
This study demonstrates a very high PPV (100%) of NI-RADS 4
in posttreatment PET/CT surveillance of HNSCC. With appro-
priate standardization of imaging and reporting practices, this
could potentially obviate biopsy confirmation. In contrast, the
PPV of NI-RADS 3 in posttreatment PET/CT is relatively low,
especially at the primary tumor site. Therefore, patients with
“high-suspicion” PET/CT findings should be further investigated
with tissue sampling before instituting new treatment regimens
to avoid unnecessary overtreatment and its associated toxicities.
The results of our study support the current American College of
Radiology recommendations for NI-RADS 3 and 4 as well as our
recommendations for posttreatment PET/CT surveillance in
HNSCC.9,10 The University of Pittsburgh PET/CT surveillance
algorithm for patients with HNSCC is shown in Fig 4. The ulti-
mate goal of the surveillance protocol is to identify recurrences to
potentially treat and cure, while maximizing cost-efficiency with-
out increased morbidity and mortality.

The PPV of NI-RADS 3 in our study is similar to that in the
previous study of the initial performance of NI-RADS.12 Krieger et
al12 achieved an overall PPV of NI-RADS 3 of 59.4% (19/32), with a
PPV of 54.6% at the primary tumor site (12/22) and a PPV of 70%

Table 1: Patient characteristics (n= 197)

NI-RADS 3 (n= 128) NI-RADS 4 (n= 69)
Sex
Male 97 (76%) 51 (74%)
Female 31 (24%) 18 (26%)

Age (yr) Range ¼ 27–87, mean ¼ 59,
median ¼ 60

Range ¼ 26–87, mean ¼ 62,
median ¼ 64

Primary tumor location
Oropharynx 55 (43%) 21 (30%)
Oral cavity 32 (25%) 26 (38%)
Larynx 29 (23%) 14 (20%)
Hypopharynx 5 (4%) 4 (6%)
Paranasal sinuses/nasal
cavity

3 (2%) 3 (4%)

Nasopharynx 2 (1.5%) 1 (2%)
Unknown 2 (1.5%) 0 (0%)

HPV status (oropharynx)
Positive 32 (58%) 12 (57%)
Negative 18 (33%) 2 (10%)
Unknown 5 (9%) 7 (33%)

TNM stage (7th ed AJCC11)
Stage I 3 (2%) 4 (6%)
Stage II 12 (10%) 2 (3%)
Stage III 20 (16%) 5 (7%)
Stage IV 91 (71%) 58 (84%)
Unknown primary 2 (1%) 0 (0%)

Note:—TNM indicates Tumor, Node, Metastasis.

Table 2: Timing of posttreatment PET/CT with false-positive
NI-RADS 3 results (n= 56)

Time Interval between Completion
of Therapy and Posttreatment PET/
CT with False-Positive NI-RADS 3

Results

No. of Posttreatment
PET/CTs with False-
Positive NI-RADS 3

Results
0–3 mo 27 (48%)
3–6 mo 10 (18%)
6–12 mo 10 (18%)
1–2 yr 6 (11%)
2–3 yr 0 (0%)
3–4 yr 1 (2%)
4–5 yr 2 (3%)
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at the nodal site (7/10). Similarly, the
PPV for the NI-RADS 3 in primary
tumors of our study was also lower
than for the lymph nodes (56% versus
65%). A previous study of posttr-
eatment PET/CT in oropharyngeal
squamous cell carcinoma likewise dem-
onstrated a low PPV for PET/CT find-
ings of residual FDG uptake suspicious
for locoregional recurrence (n¼ 30,
overall PPV¼ 40%, PPV for primary
tumor site¼ 20%, PPV for nodal
site¼ 29%).13 As expected, treatment-
related changes and superimposed
infection are the major causes of false-
positive NI-RADS 3 results, which
account for 71% of patients who had
histopathologic confirmation. The pri-
mary reason for low PPVs in NI-RADS
3 is likely due to a significant overlap of
PET/CT features between viable tumors
and inflammatory changes. This may
also explain why NI-RADS 3 on post-
treatment PET/CT has a slightly higher
false-positive rate compared with con-
trast-enhanced CT alone.12

Another cause of false-positive NI-
RADS 3 findings is incidental FDG-
avid head and neck neoplasms. In our
study, 5 patients were found to have in-
cidental benign head and neck neo-
plasms, with a substantial proport-
ion from major salivary gland tumors.
Warthin tumor is one known head and
neck tumor that has variable FDG
uptakes, one of the pitfalls in the
interpretation of head and neck PET/
CT.14-16 These incidental neoplasms
can mimic metastases and have an
impact on the management of patients
with HNSCC. Care should be taken
when interpreting posttreatment head
and neck PET/CT, with careful evalua-
tion of the contrast-enhanced CT por-
tion. Tissue sampling may also be
warranted and used as a problem-
solving tool in some cases.

TheAJCC Cancer Staging Handbook,
8th edition, has classified oropharyngeal
cancers into 2 different subtypes based
on the HPV profile (p16 overexpression)
due to their differences in natural history
and prognosis. HPV-related oropha-
ryngeal cancers more commonly
occur in younger and healthier indi-
viduals, with no history of significant
exposure to tobacco, and have better

FIG 1. NI-RADS 3 true-positive. A 62-year-old man with advanced HPV-positive oropharyngeal
squamous cell carcinoma. A, Pretreatment PET/CT shows 2 areas of FDG-avid infiltrative tumor in
the oropharynx, one centered in the right faucial tonsil with invasion of the adjacent right tongue
base and right-sided floor of mouth and one centered in the left tongue base. B, Surveillance
PET/CT obtained at 3.5months after completion of treatment shows interval improvement and
a decrease in the size of the primary tumor, but there remains a substantial amount of residual
FDG avidity in the right-sided floor of the mouth (white arrow), which is suspicious for residual
viable tumor. Treatment failure was subsequently confirmed with biopsy.

FIG 2. NI-RADS 3 false-positive. A 55-year-old man with metastatic HPV-positive oropharyngeal
squamous cell carcinoma. A, Pretreatment PET/CT shows a large FDG-avid right oropharyngeal
tumor with FDG-avid right level IIa nodal metastasis. B, Surveillance PET/CT obtained at
2.5months after completion of treatment shows complete response of the primary tumor, but
there remains a large nodal remnant with moderate FDG-avidity (white arrow), which is concern-
ing for residual viable tumor. The patient subsequently underwent right-neck dissection, with
final pathology showing treatment-related changes but no viable tumor.

FIG 3. NI-RADS 4 true-positive. A 74-year-old man with squamous cell carcinoma of the oral cav-
ity after tumor resection, left-neck dissection, and adjuvant chemoradiation. A, The first surveil-
lance PET/CT obtained at 3.5months after completion of treatment shows treatment-related
changes, with no convincing imaging evidence of viable tumor. B, At 8months after completion
of treatment, there is a new FDG-avid soft-tissue mass in the left upper neck (white arrow), indic-
ative of locoregional tumor recurrence.

AJNR Am J Neuroradiol 41:1070–75 Jun 2020 www.ajnr.org 1073



prognosis compared with HPV-unrelated cancers.17 Radio-
logically, HPV-related cancers tend to have more cystic changes
in metastatic lymph nodes and distant metastases at unusual sites
such as bones or brain.18 However, the impact of the HPV profile
on posttreatment PET/CT results remains unknown. Based on our
current data base with a small sample size, the PPVs of NI-RADS 3
in HPV-related and HPV-unrelated oropharyngeal cancers are
similar (HPV-related oropharyngeal cancers: n¼ 32, PPV¼ 53%
[17/32]; HPV-unrelated oropharyngeal cancers: n¼ 18, PPV ¼
56% [10/18]). Further study with a larger sample size is needed for
investigation of the potential impact of the new cancer staging sys-
tem on posttreatment PET/CT results.

This study has several limitations. First, the study is inher-
ently limited due to its retrospective study design. The raw data
that we used for retrospective analysis were collected prospec-
tively into a registry conducted at 1 center using institution-spe-
cific PET/CT protocols and experienced head and neck
neuroradiologists. The results of the data are generated from
the head and neck oncologic data repository, which is com-
pleted via chart review and dependent on the accuracy of both
the repository and the patient chart. The standard uptake value
was not used in PET/CT interpretation because there is no
standard cutoff standard uptake value threshold that reliably
differentiates benign and malignant processes.19,20 We used the
AJCC Cancer Staging Handbook, 7th edition, because it was
used in the management of the patients during the time of data
collection. Last, we included all posttreatment PET/CTs that
were obtained at any time after completion of therapy. We did
not limit our analysis to the PPV of NI-RADS 3 and 4 on the
first posttreatment PET/CT because of the small sample size.
Thus, the results are not entirely specific to posttreatment PET/
CT at any 1 particular time after treatment. Our subgroup anal-
ysis of NI-RADS 3, though insufficiently powered, suggests that

most false-positive NI-RADS 3 find-
ings occur within 3months after the
conclusion of treatment, though fur-
ther study with a larger sample size is
required.

CONCLUSIONS
In the setting of PET/CT for surv-
eillance of treated head and neck
squamous cell carcinoma, NI-RADS
category 4 has a superb positive pre-
dictive value and may obviate tissue
confirmation. In contrast, the positive
predictive value of NI-RADS category
3 on posttreatment PET/CT is rela-
tively low, particularly at the primary
tumor site. Therefore, confirmation of
NI-RADS category 3 findings should
be performed with tissue sampling
before instituting new treatment regi-
mens to avoid unnecessary overtreat-
ment and its associated toxicities.
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