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Abstract: Qualitative assessment of PET/CT results in post therapy is very important to provide a reproducible and
systemic reporting. A recently introduced response criteria, known as the Hopkins criteria showed promising results.
Our aim is to externally validate the Hopkins interpretation system to assess therapy response in head and neck
squamous cell cancer (HNSCC). The study included 69 biopsy proven HNSCC patients who underwent post therapy
PET/CT between 5-24 weeks after completion of therapy. PET/CT images were interpreted by one nuclear medicine
physician and one nuclear radiologist, independently. The studies were scored according to the Hopkins criteria
for right neck, left neck, primary tumor site, and overall assessment. Scores 1, 2, 3 were considered as negative
and scores 4 and 5 were considered as positive for tumors. Inter-reader variability was assessed using percent
agreement and Kappa statistics. Progression-free survival (PFS) was estimated using the Kaplan-Meier method
and analyzed using Cox proportional hazards regression. Of the 69 patients, 59 (85.5%) were males, with a mean
age of 62.8 years. The percent agreement between readers for overall, right neck, left neck, and primary tumor site
were 91.3%, 97.6%, 97.6%, 91.3% respectively. The sensitivity, specificity, positive predictive value, and negative
predictive value of the overall therapy assessment were 66.7%, 87.3%, 33%, 96.5% respectively. Cox univariate
regression analysis showed positive primary tumor site scores and overall scores were associated with a higher
risk of progression (p<0.05). External validation of Hopkins criteria showed excellent inter-reader agreement and
prediction of PFS in HNSCC patients.
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Introduction require surgery. Hence, accurate radiological

identification of responders and non respond-

Therapy of head and neck squamous cell carci-
noma (HNSCC) often entails a multimodality
approach, including chemotherapy, radiation
therapy and surgery. A large number of patients
are treated with concurrent chemoradiation
(CCRT) [1, 2]. Despite advances in therapy, the
recurrence rate is still high, with locoregional
recurrence between 15-50% and distant me-
tastasis of 9% [1, 3 ,4]. Early identification of
locoregional recurrence will change the clinical
management completely. Some patients with
local treatment failure may undergo salvage
surgery [2, 5]. Patients with a complete radio-
logic response to therapy will in general not

ers to therapy is of clinical interest [1, 2, 6].
Structural imaging such as computed tomogra-
phy (CT) and magnetic resonance imaging (MRI)
maybe inadequate for response assessment
due to tissue distortion, post therapy fibrosis
and scar formation. Positron emission tomo-
graphy (PET) combined with CT, using *8F-Fluo-
rodeoxyglucose (PET/CT) has been shown use-
ful in evaluation of therapy, if performed at an
appropriately timed distance from CCRT [1, 5].

Although the potential benefits of PET/CT for
the assessment of therapy response is well rec-
ognized, there has been an increased need to
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Figure 1. 40 year old male with oropharyngeal car-
cinoma. PET/CT performed 4 months after comple-
tion of therapy shows no evidence of abnormal FDG
activity, consistent with score 1, complete response
to therapy.

Figure 2. 53 year old male with oropharyngeal carci-
noma. PET/CT performed 3 months after completion
of therapy shows mild FDG activity at the left base of
tongue region, consistent with score of 2.

establish a systemic and reproducible interpre-
tation system to better classify post therapy
PET/CT findings of patients with HNSCC [1, 5].
The recently introduced Hopkins criteria
addressed this problem and showed a substan-
tial inter-reader agreement with an excellent
negative predictive value, prediction of overall
survival (0S) and progression free survival
(PFS) in patients with HPV-positive and HPV-
negative HNSCC. The objective of this study is
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to externally validate the reproducibility of the
Hopkins criteria at a different institution.

Materials and methods
Patients

After institutional review board approval for this
retrospective study, we performed a chart
review to identify patients who were treated at
our institution between January 2008 and
January 2013. Sixty nine patients (59 men and
10 women; mean age + SD, 62.8 + 9.25 y) wi-
th primary HNSCC were included. Histopatho-
logy was confirmed and patients underwent a
baseline 8F-FDG PET/CT and a post therapy
18F-FDG PET/CT between 5-24 weeks after
completion of concurrent or radiation therapy.
Patients without a baseline ¥F-FDG PET/CT, or
with no biopsy proven recurrence were exclud-
ed; in addition patients were excluded if the 8F-
FDG PET/CT was performed 24 weeks after
completion of therapy. We considered a PET/
CT confirmed within 6 months after comple-
tion of therapy as therapy assessment PET/
CT and more than 6 months as follow-up PET/
CT.

Image analysis

Head and Neck PET/CT Interpretation Criteria
(Hopkins Criteria): The studies were scored
using a qualitative 5-point scale, knowns as the
Hopkins criteria [1]. Scoring was performed for
the primary tumor, right and left neck, and for
overall assessment. Maximum standardized
uptake value (SUVmax) was used for analysis to
get the score. The activity in the internal jugular
vein (1JV) was taken as background blood pool
for reference. Focal FDG uptake less than 1JV
was scored 1, consistent with complete meta-
bolic response (Figure 1). Focal FDG uptake
more than 1]V, but less than liver was scored as
2, likely complete metabolic response (Figure
2). Diffuse FDG uptake greater than 1JV or liver
was scored as 3 (Figure 3), likely inflammatory
changes. Focal FDG uptake more than liver was
scored as Figure 4, likely residual tumor and
intense FDG uptake greater than liver was
scored as Figure 5, consistent with residual
tumor [1].

Definition of Positive and Negative PET/CT
Studies: On the basis of Hopkins criteria, the
studies were grouped as positive or negative
for primary tumor, right neck, left neck, and
overall assessment. The scores less than or
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Figure 3. 63 year old male with oropharyngeal carci-
noma. PET/CT performed 7 weeks after completion
of therapy shows diffuse uptake at the left base of
tongue region with maximum SUV higher than the
liver. This is most likely post therapy changes, a score
of 3.

Figure 4. 55 year old male with oropharyngeal carci-
noma. PET/CT performed 2 months after completion
of therapy shows focal FDG activity with maximum
SUV higher than the liver, consistent with score of
4, most likely representing residual disease. Please
also note that the large cystic neck adenopathy on
the right side.

equal to 3 were considered negative for residu-
al tumor. Any score of 4 or 5 were considered
positive for residual tumor (Figures 4 and 5).
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Figure 5. 68 year old male with oropharyngeal carci-
noma. PET/CT performed 5 months after completion
of therapy shows intense FDG activity at the bilateral
mid cervical nodal regions, consistent with residual
disease, score of 5.

Reader qualifications: All PET/CT studies were
retrieved from the electronic archival system
and reviewed on a MIM Software workstation
(version 6.1; MIM Software Inc., Cleveland,
Ohio) by two reviewers independently (reader 1
and reader 2). Reader 1 was a board certified
radiologist with subspecialty trainings in nucle-
ar radiology and neuroradiology (ATK), and the
reader 2 was a board certified nuclear medi-
cine physician with expertise in head and neck
oncologic imaging (DB). After independent
review, two readers reviewed cases together to
reach a consensus as well.

Statistical analysis: PET scores were reported
for each reader (2 total readers), and for con-
sensus interpretation performed by both read-
ers. Reader scores and consensus scores less
than or equal to 3 were considered negative,
and positive if greater than 3. Inter-reader vari-
ability was assessed using percent agreement
and Kappa statistics. Kappa values yield the
following interpretation: 0.01-0.2 (Slight agree-
ment), 0.21-0.4 (Fair agreement), 0.41-0.60
(Moderate agreement), 0.61-0.8 (Substantial
agreement), 0.81-0.99 (Almost perfect agree-
ment). The ability of PET score to predict pro-
gression was assessed by estimating the per-
cent of cases where the PET score matched
progression (high PET and progression or low
PET and non-progression were considered cor-
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Table 1. Patient Characteristics

Variable Level N=69 %
Sex Female 10 145
Male 59 855
Alcohol use No 35 50.7
Yes 34 493
Smoking status No 34 493
Yes 35 50.7
HPV status Negative 8 16.0
Positive 42 84.0
Missing 19 -
Primary site Tonsil 26 37.7
Larynx 9 13.0
BOT 27 3941
Other (Post orop wall, 7 10.1
hypopharynx, soft palate)
Therapy type CRT 67 971
XRT 2 2.9
Age Mean 62.81
Median 63
Minimum 40
Maximum 84
Std Dev 9.25
Missing 0
Table 2. Accuracy Statistics
Variable Level =69 %
Accuracy prT score No 10 14.5
Yes 59 85.5
Accuracy R-neck score No 7 16.7
Yes 35 83.3
Missing 27
Accuracy L-neck score No 2 4.9
Yes 39 95.1
Missing 28
Accuracy Overall score No 10 14.5
Yes 59 85.5

rect matches). Sensitivity, specificity, positive
predicted value (PPV), and negative predicted
value (NPV) were also reported. These values
were reported for PET scores which were aver-
aged and dichotomized as positive or negative
as noted above.

Categorical patient characteristics were com-
pared across averaged PET scores, which were
dichotomized as described above, using chi-
squared tests or Fisher’'s Exact tests, where
appropriate, and numeric characteristics were
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compared using ANOVA. Progression-free sur-
vival (PFS) was defined as time from imaging to
either progression or last follow-up, and was
estimated using the Kaplan-Meier method.
Patient characteristics and averaged dichoto-
mized PET scores were compared across sur-
vival using log-rank tests, and univariate Cox
proportional hazards models were fit. PFS
curves were generated for all cases, as well as
stratified by HPV status. Additionally, Firth's
penalized maximum likelihood estimation was
used for each survival model in order to handle
empty cells and reduce bias in the confidence
intervals and parameter estimates [6]. Hazard
ratios, confidence intervals, and p-values are
reported, and the proportional hazards assump-
tion was checked. The statistical analysis was
performed in SAS 9.4, and significance was
assessed at the 0.05 level.

Results
Patient characteristics and follow-up

Sixty-nine patients (59 men, 10 women) met
the eligibility and inclusion criteria. The mean
age + SDSD was 62.8 + 9.25. A history of alco-
hol use was present in 34 patients (49.3%), and
a history of smoking was present in 35 patients
(50.7%). HPV was positive in 42 patients (84%),
was negative in 8 patients (16%). The primary
site of tumor was classified as tonsil (37.7%),
base of tongue (39.1%), larynx (13%), other
sites (10.1%). Patient demographics and char-
acteristics are listed in Table 1. All patients
were followed up until death or September
2015.

Time interval of post therapy PET/CT

All 69 PET/CT studies were performed between
5 and 24 weeks after completion of therapy.
The mean of months between completion of
therapy and post-therapy imaging was 3.05
(median 2.99, maximum was 5.55 months).

Reader classification of PET/CT studies

The diagnostic accuracies of the scoring sys-
tem were calculated for consensus reading.
Table 2 summarized the accuracy of each
score. If the score matches progression, then
the score was accurate. Accuracy ranged from
83.3% to 95.1%. Overall, we found moderate to
almost perfect agreement between readers
when assessing score variables (Table 3).
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Table 3. Agreement statistics

Variable Percent agreement Kappa statistic
prT score 63/69 (91.3%) 0.576
L-neck score 40/41 (97.6%) 0.788
R-neck score  41/42 (97.6%) 0.844
Overall score  63/69 (91.3%) 0.650

We found sensitivity ranges across primary
tumor, right and left neck, and overall assess-
ment between 20% to 66.7%, specificity rang-
ing between 87.3% and 94.4%. Positive predic-
tive value (PPV) of primary tumor score was
30%, and negative predictive value (NPV) was
94.9%. We found PPVs 25-33%, and NPVs
ranging from 89.5% to 96.5%.

Kaplan-Meier survival curves: therapy as-
sessment score and survival outcome in all
patients (n=69)

Six of the 69 patients were found to have dis-
ease recurrence. None of the patients died
within the period of the study. Due to small
number of events in HPV+ and HPV-subsets,
some of survival curves could not be estimat-
ed, as a result only survival curves of all patients
reported.

Positive primary tumor scores and overall
scores were associated with a higher risk of
progression (p<0.05).

Discussion

The primary aim of this study was to externally
validate Hopkins criteria for FDG PET/CT thera-
py response assessment of HNSCCs. We aimed
to establish its reader reliability, accuracy, pre-
dictive values for PFS. Our study showed that
Hopkins criteria for post therapy response
assessment has a moderate to almost perfect
inter-reader agreement, has a NPV of 94.9% for
primary tumor and 96.5% for nodal disease.

Identification of residual or recurrent disease
after initial therapy of HNSCC is of value as it
may affect the clinical management [1, 2, 7].
PET/CT’s potential to assess response to thera-
py has been widely accepted in the recent years
and have shown a more accurate assessment
of treatment response in comparison to en-
hanced CT alone [7-9]. The presence of lack of
abnormal FDG uptake in a post therapy PET/CT
can therefore provide a higher degree of re-
assurance of a successful treatment [2].
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Currently there is no consensus on how to
assess and report therapeutic response by
PET/CT. The use of semi-quantitative ways of
tumor metabolism has been widely accepted
[7]. The standardized uptake values (SUV),
especially maximum SUV (SUVmax) are in use.
SUV is known to have limited value for assess-
ing treatment response [1, 7, 10, 11].

Qualitative assessment of treatment response
by using visual inspection and identifying rela-
tive difference between the tumor site and
background surrounding tissue is usually ade-
quate to assess therapy response [2, 6].
However there is still lack of studies supporting
value of visual inspection as well as validation
of proposed criteria. In order to overcome this
problem, different Likert scales has been intro-
duced, the most widely known is the Deauville
criteria that is used to assess therapy response
in patients with lymphoma [6]. The Deauville
criteria was based on relative metabolic activity
of the tumor compared to the mediastinal blood
pool and liver activity. The sensitivity, specific-
ity, PPV, NPV, and accuracy of the Deauville cri-
teria were 73%, 94%, 73%, 94%, and 91%,
respectively [11]. The Hopkins interpretation
criteria showed relatively lower sensitivity and
PPV, likely related to CCRT [1]. This was expect-
ed as most of lymphoma patients were treated
primarily with chemotherapy [11].

Krabbe et al [12] used a five point scale in a
serial of PET evaluation and demonstrated PPV
of 51% and NPV of 100%. Marcus et al [1]
achieved substantial inter-reader reliability and
showed a PPV of 71.1% and a high NPV of
91.1.%. Sjo et al [6] combined SUVmax and
Deauville criteria. This study showed a PPV of
68.7% and NPV of 86.4%. Porceddu et al [13]
performed qualitative assessment of post ther-
apy neck in a prospective study. They compared
the focal FDG uptake at the site of nodal dis-
ease to the adjacent background or liver
uptake. In this study, NPV was as high as 97.1%
[43].

Recently a head and neck imaging reporting
system has been introduced for contrast
enhanced CT associated with a PET/CT, known
as neck imaging reporting and data systems
(NI-RADS) [14]. NI-RADS integrated PET/CT
with contrast enhanced CT results and catego-
rized PET uptake as mild/intermediate uptake
or as intense uptake. Compared to NI-RADS,
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Hopkins criteria is a more detailed Likert scale
dedicated for PET/CT.

Our study’s limitations include a small sample;
assessment of PFS was limited as there were a
small number of events. We were also not able
to assess PFS for HPV+ and HPV- due to small
number of events. Another limitation was to
have only two readers, although excellent inter-
reader agreement was achieved. The patient
population was mainly HPV (+) oropharyngeal
carcinoma (OPC). This likely resulted in higher
number of male patients as incidence of HPV
(+) OPC is more common in white males [15].

In conclusion, the introduction of cancer spe-
cific Likert scales like Hopkins criteria should
be encouraged and also externally validated by
different institutions. Production of PET/CT
reports by using Likert scales like the Hopkins
criteria will significantly reduce the equivocal
reports. The consistent use of Hopkins criteria
may result in better categorization of the
results, which will be easily interpreted by the
referring oncologists and head and neck sur-
geons. The Hopkins criteria has a moderate to
almost perfect inter-reader agreement and a
very high NPV.
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