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Abstract: Background/Aim

Systematic reporting using qualitative evaluation of PET/CT results has been
demonstrated to be very accurate and reproducible in post-therapy assessment of lung
cancer (so-called Hopkins criteria). Our aim was to test, in a different cohort of patients,
the Hopkins criteria for assessment of therapeutic response in lung cancer and to
compare the results with those obtained using a semi-quantitative evaluation of
uptake.Methods

This is a retrospective study. A total of 85 patients with known lung cancer who
underwent  18  F-FDG PET/CT assessment within 24 weeks (mean 7.9 weeks) of
completion of treatment were included. Treatments included surgical resection,
chemotherapy, radiation therapy, immunotherapy or combinations thereof. PET/CT
interpretation was done by two nuclear medicine physicians, and discrepancies were
resolved by a third interpreter. Studies were scored both according to the Hopkins
criteria using qualitative assessment of tracer uptake for the primary tumour, loco-
regional disease in the mediastinum and distant metastatic sites and by applying the
same 5-point score using a semi-quantitative measure, SUV  max  . Overall scores of
1, 2 and 3 were considered negative for residual disease, while scores of 4 and 5 were
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considered positive. Patients were followed up for a median of 18.5 months (range
2–139 months). Kaplan-Meier plots with a Mantel-Cox log-rank test were performed,
considering death as the endpoint. Inter-reader variability was assessed using percent
agreement and kappa statistics.Results

The Cohen κ coefficient analysis showed substantial agreement between the two
interpreters on the five-point Hopkins criteria scoring, with a κ of 0.73. There was
almost perfect agreement between the interpreters with respect to classification as
positive or negative according to the Hopkins criteria, with a κ of 0.89. The sensitivity,
specificity, positive predictive value, negative predictive value and accuracy of the
Hopkins criteria were 88.5% (95%CI 80.6%–96.5%), 79.2% (95%CI 63.2%–95.1%),
91.5% (95%CI 84.4%–98.6%), 73.1% (95%CI 61.8%–84.4%) and 85.9% (95%CI
78.5%–93.3%) respectively. There was almost perfect agreement between the
qualitative and semi-quantitative scoring with a κ of 0.87, with sensitivity, specificity,
positive predictive value, negative predictive value and accuracy of the semi-
quantitative Hopkin’s criteria of 86.9% (95% CI 78.4%–95.4%), 79.2% (95%CI
62.9%–95.4%), 91.4% (95%CI 84.2%–98.6%), 70.4% (95%CI 58.6%–82.1%), and
84.7% (95%CI 80.8%–92.4%) respectively.Conclusion

The use of Hopkins criteria for post-therapy assessment in patients with lung cancer
represents an easy and reproducible method with substantial to almost perfect inter-
observer agreement and high positive predictive value and accuracy; moreover, it is
easily understood by referring physicians. Additionally, there was no significant
difference when applying a semi-quantitative measure to the same 5 point score.
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Abstract 

Background/Aim. Systematic reporting using qualitative evaluation of PET/CT results has 

been demonstrated to be very accurate and reproducible in post-therapy assessment of lung 

cancer (so-called Hopkins criteria). Our aim was to test, in a different cohort of patients, the 

Hopkins criteria for assessment of therapeutic response in lung cancer and to compare the 

results with those obtained using a semi-quantitative evaluation of uptake. 

Methods. This is a retrospective study. A total of 85 patients with known lung cancer who 

underwent 18F-FDG PET/CT assessment within 24 weeks (mean 7.9 weeks) of completion 

of treatment were included. Treatments included surgical resection, chemotherapy, radiation 

therapy, immunotherapy or combinations thereof. PET/CT interpretation was done by two 

nuclear medicine physicians, and discrepancies were resolved by a third interpreter. Studies 

were scored both according to the Hopkins criteria using qualitative assessment of tracer 

uptake for the primary tumour, loco-regional disease in the mediastinum and distant 

metastatic sites and by applying the same 5-point score using a semi-quantitative measure, 

SUVmax.  Overall scores of 1, 2 and 3 were considered negative for residual disease, while 

scores of 4 and 5 were considered positive. Patients were followed up for a median of 18.5 

months (range 2–139 months). Kaplan-Meier plots with a Mantel-Cox log-rank test were 

performed, considering death as the endpoint. Inter-reader variability was assessed using 

percent agreement and kappa statistics. 

Results. The Cohen κ coefficient analysis showed substantial agreement between the two 

interpreters on the five-point Hopkins criteria scoring, with a κ of 0.73. There was almost 

perfect agreement between the interpreters with respect to classification as positive or 

negative according to the Hopkins criteria, with a κ of 0.89. The sensitivity, specificity, 

positive predictive value, negative predictive value and accuracy of the Hopkins criteria were 

88.5% (95%CI 80.6%–96.5%), 79.2% (95%CI 63.2%–95.1%), 91.5% (95%CI 84.4%–

98.6%), 73.1% (95%CI 61.8%–84.4%) and 85.9% (95%CI 78.5%–93.3%) respectively. 

There was almost perfect agreement between the qualitative and semi-quantitative scoring 

with a κ of 0.87, with sensitivity, specificity, positive predictive value, negative predictive 

value and accuracy of the semi-quantitative Hopkin’s criteria of 86.9% (95% CI 78.4%–

95.4%), 79.2% (95%CI 62.9%–95.4%), 91.4% (95%CI 84.2%–98.6%), 70.4% (95%CI 

58.6%–82.1%), and 84.7% (95%CI 80.8%–92.4%) respectively. 

Conclusion. The use of Hopkins criteria for post-therapy assessment in patients with lung 

cancer represents an easy and reproducible method with substantial to almost perfect inter-

observer agreement and high positive predictive value and accuracy; moreover, it is easily 



understood by referring physicians. Additionally, there was no significant difference when 

applying a semi-quantitative measure to the same 5 point score.  

Key Words. PET/CT; lung cancer; therapy assessment; Hopkins criteria  



Introduction 

Lung cancer is the leading cause of cancer death among men and the second leading cause 

of cancer death among women worldwide, with over 2 million new cases in 2018 [1]. In the 

United states, the estimates for lung cancer for 2019 is over 200,000 new cases and over 

140,000 deaths from lung cancer [2]. Similarly, in the United Kingdom, it was the most 

common cause of cancer death in 2014 [3]. Despite the advances in the available 

therapeutic options, recurrences after lung cancer surgery typically happen rapidly, with 

90%–95% occurring within 5 years [4]. Survival time following local or distant recurrence 

averages less than a year, including among patients who receive salvage treatment [5]. In 

this context, the assessment of therapeutic response could change the clinical management 

of the patient  and potentially improve survival [6]. 

Fluorine-18 fluorodeoxyglucose (FDG) PET/CT has been established as an important 

imaging method for the diagnostic work-up of lung cancer patients [7, 8], though the need for 

an established systematic and reproducible interpretation system has also been recognised 

[9]. Evaluation of response using PET can be performed visually or semi quantitatively 

through comparison of a lesion’s SUV max with the background liver uptake and the 

mediastinal blood pool.  

The recently introduced Hopkins criteria for lung cancer response assessment in PET/CT 

seems to offer substantial inter-observer agreement as well as high sensitivity and specificity 

to predict survival in lung cancer patients, irrespective of tumour histology and treatment [6]. 

The Hopkins criteria does not suggest comparison using the SUVmax; although there are 

other standards such as PERCIST, those are of not easily adopted in clinical practice, hence 

we will consider the semi-quantitative extension to the Hopkin’s criteria where assessment of 

uptake will be compared against the SUVmax.  

The aim of this study was to externally validate the reproducibility of the Hopkins criteria and 

compare their use with a semi-quantitative method of evaluation of uptake.  

Materials and Methods 

This is a retrospective, single-centre cohort diagnostic study with patient inclusion 

conforming to the principles outlined in the Helsinki Declaration II. Due to the retrospective 

character of the study, ethical approval was waived by the institutional ethics committee. 



Eligible Patients and Follow-up  

A retrospective evaluation was conducted on consecutive patients with lung cancer who had 

undergone PET/CT scans for post-therapy assessment. 

Inclusion criteria. The study included patients with biopsy-proven lung cancer who 

underwent post-therapy 18F-FDG PET/CT at our institute between 2007 and 2015 for the 

evaluation of treatment response.  All patients were treated with surgical resection, 

chemotherapy, radiotherapy or immunotherapy, or a combination of these treatments, and 

then underwent 18F-FDG PET/CT within 24 weeks of therapy.  

Patient demographics, clinical history and clinical data were collected from the electronic 

medical records for up to 6 months following PET/CT. 

Exclusion criteria. Patients with no available follow-up, patients with PET/CT imaging >24 

weeks post therapy, patients with no available imaging and those with concurrent 

malignancies were excluded.  

Image Analysis 

Hopkins Criteria for Post-Therapy Assessment on PET/CT.  

Studies were scored using a qualitative five-point scale, for the primary tumour, locoregional 

disease in the mediastinum and distant nodal or metastatic sites (Table 1). The visual 

activity in the mediastinal blood pool and in the liver was taken as the background blood pool 

for reference.  

Semi-quantitative Criteria for Post-therapy Assessment on PET/CT 

The same five-point scale was applied using SUVmax as a semi-quantitative measure of 

tracer. The mediastinal blood pool, liver background and SUVmax within the tumour, nodal or 

distant disease were recorded and categorised as above. 

Definition of Positive and Negative PET/CT Studies. On the basis of the qualitative five-

point scale, the studies were grouped as positive or negative for the primary tumour, 

locoregional disease in the mediastinum and distant metastatic lesions. Overall assessment 

was denoted by the overall score, which was the highest score among the scores for the 

primary tumour and locoregional and distant metastatic lesions, if present. Scores 1, 2 and 3 

were considered negative for residual tumour and scores 4 and 5 were considered positive.  



All PET/CT studies were retrieved from the institutional Picture Archiving and 

Communication System (PACS) and reviewed on a Carestream Vue PACS 

workstation/viewing platform (version 12.1.5.7014, Carestream Health Inc). All images were 

interpreted by two reviewers independently (readers 1 and 2). Reader 1 was a board-

certified radiologist with more than 4 years’ subspecialty training in nuclear medicine, and 

reader 2 was a board-certified medical physician with subspecialty in nuclear medicine and 

expertise in lung oncologic imaging. In order to reach a consensus, any discrepancies were 

resolved by a third interpreter, a senior consultant dual board-certified in nuclear medicine 

and radiology who was the main nuclear medicine representative at the local lung cancer 

multidisciplinary meeting (MDM). This final consensus score was used to determine the final 

Hopkins score.  

Outcome measures 

As in the original article on use of the Hopkins criteria (6), histological confirmation of 

PET/CT-positive lesions, alternative imaging modalities or clinical follow-up of 6 months after 

PET/CT were considered as the reference standard.  

The sensitivity and specificity, positive predictive value, negative predictive value and 

accuracy of the post-therapy PET/CT assessment criteria, along with 95% confidence 

intervals (CIs), were calculated by constructing a 2×2 contingency table (cross-relating 

PET/CT results of the reference standards).  

Overall survival for all cases was defined as the time interval in months between the date of 

the post-therapy PET/CT study and the date of death or loss to follow-up. The date of the 

study was recorded from the radiology information system (RIS) and the date of death was 

extracted from the electronic medical records.  

Statistical analysis 

Descriptive values are presented as mean (with standard deviation) or median (with 25th to 

75th percentile range) if the data were not normally distributed. Categorical variables are 

presented as frequency (with percentage). The Cohen κ co-efficient was calculated to 

measure inter-interpreter agreement and inter-criteria agreement. Survival probabilities were 

generated using Kaplan-Meier survival curves and compared using the Mantel-Cox log-rank 

test. Univariate and multivariate Cox regression analyses were performed, considering death 

as the endpoint. Subgroup analysis was performed to assess the impact of histological 

subtype and prior treatment on the prognostic value of the Hopkins score. The statistical 



significance level was set at a p value of less than 0.05. Statistical analysis was performed 

using R 3.3.1. 

Results 

Patient Characteristics and Follow-up 

Eighty-five patients were included in the study (45 male, 40 female; mean age ± SD, 

63.5±10.2 years).  A history of smoking was present in 55 patients (64.7%). The histological 

subtype of the primary malignancy was identified as small cell lung cancer (SCLC) in 10 

patients (11.8%) and non-small cell lung cancer (NSCLC) in 74 (87.1%); histological subtype 

was not identified in one patient. The demographic details of the 85 patients included in the 

study are summarised in Table 2. The median follow-up of these patients was 18.5 months 

(range 2–139 months) after completion of the post-treatment assessment PET/CT. 

Time Interval to Post-treatment PET/CT 

Post-treatment 18F-FDG PET/CT for assessment of therapeutic response was performed 

between 0 and 24 weeks after completion of treatment. The average interval between the 

date of completion of treatment and the post-treatment 18F-FDG PET/CT was 7.9 weeks 

(median 6 weeks, range 0–24 weeks).  

Interpreter Classification of PET/CT studies (by Hopkins) 

On the basis of the final Hopkins qualitative criteria scores, PET/CT studies were 

characterised as positive in 59 patients (69.4%) and as negative in 26 (30.6%). On the 59 

positive PET/CT studies, the most avid residual disease was identified at the primary site in 

27 patients (45.8%), at sites of nodal disease in 23 (39.0%), at sites of distant metastases in 

7 (11.9%) and in the pleura in 2 (3.4%). Of the 26 PET/CT studies characterised as 

negative, 14 (53.6%) were scored as 1 or 2 and 12 (46.2%) as 3. 

The accuracy of the scoring system was assessed by imaging in 66 cases (77.6%), histology 

in ten (11.8%) and clinical follow-up in nine (10.6%). Table 3 summarises the results of this 

follow-up. The sensitivity, specificity, positive predictive value, negative predictive value and 

accuracy of the scoring system were 88.5% (95%CI 80.6%–96.5%), 79.2% (95%CI 63.2%–

95.1%), 91.5% (95%CI 84.4%–98.6%), 73.1% (95%CI 61.8%–84.4%) and 85.9% (95%CI 

78.5%–93.3%) respectively. 



Interpreter Classification of PET/CT studies (by semi-quantitative Hopkins extension) 

On the basis of the final semi-quantitative criteria scores, PET/CT studies were 

characterised as positive in 58 patients (68.2%) and as negative in 26 patients (30.6%). One 

patient had to be excluded from assessment as height and weight were not provided and 

SUVmax could not therefore be calculated.  On the 58 positive PET/CT studies, the most avid 

residual disease was identified at the primary site in 27 patients (46.5%), at sites of nodal 

disease in 22 (37.9%), at sites of distant metastases in 7 (12.1%) and in the pleura in 2 

(3.4%). Of the 26 PET/CT studies characterised as negative, 14 (53.6%) were scored as 1 

or 2 and 12 (46.2%) as 3. 

The accuracy of the scoring system was assessed by imaging in 66 cases (78.6%), histology 

in nine (10.7%) and clinical follow-up in nine (10.7%). The sensitivity, specificity, positive 

predictive value, negative predictive value and accuracy of the semi-quantitative Hopkin’s 

criteria were 86.9% (95% CI 78.4%–95.4%), 79.2% (95%CI 62.9%–95.4%), 91.4% (95%CI 

84.2%–98.6%), 70.4% (95%CI 58.6%–82.1%), and 84.7% (95%CI 80.8%–92.4%) 

respectively. 

Interobserver agreement  

The Cohen κ coefficient analysis indicated substantial agreement between the two 

interpreters (R1 and R2) on the five-point qualitative Hopkins criteria scoring, with a κ of 

0.73. Discrepancies between the two interpreters (15 patients, 17.2%) were resolved by the 

third interpreter (R3). There was almost perfect agreement between R1 and R2 in terms of 

positive versus negative classification according to the Hopkins criteria, with a κ of 0.89 

(discrepancies occurred in only four patients, 4.7%). When scoring was performed using the 

semi-quantitative measure, SUVmax, substantial agreement was again observed between the 

two interpreters, with a κ of 0.72, but discrepancies occurred in 19 patients (22%), i.e. four 

more than in the qualitative assessment.  

Intercriteria agreement  

There was also almost perfect agreement between the final five point qualitative and semi-

quantitative scoring with a κ of 0.87 – this increased to κ of 0.97 when scoring was qualified 

as positive versus negative with only 1 discrepancy (1.2%). 1 patient had to be excluded 

from the quantitative analysis as SUVs could not be generated due to a lack of patient height 

and weight information. 



Survival Outcome in All Patients 

The median follow-up of the study population was 20.5 months (range 2–139 months) after 

completion of the post-treatment assessment PET/CT and 60 patients died during follow-up 

(70.6%). The median survival of the Hopkins criteria-positive group was 17.2 months (95% 

CI 13.7–28.6 months) and 44 (74.6%) patients died in this group. The median survival of the 

Hopkins criteria-negative group was 32.4 months (95% CI, 24.6–), and 16 (61.5%) patients 

died in this group. The Kaplan-Meier survival analysis showed a non-significant difference in 

overall survival (OS) (Score (logrank) test = 2.66 on 1 df, p=0.1027), with a hazard ratio (HR) 

of 1.61 (95% CI 0.90–2.86) (Figure 1). Hopkins criteria positivity was not statistically 

significant in multivariate analysis when compared with stage, age or sex. Results were 

similar for the semi-quantitative scoring system. 

In overall assessment using the five-point interpretation scale, there was no significant in 

difference in OS  between patients who scored 1 or 2 (n=15) versus those who scored 3 

(n=13) versus those who scored 4 or 5 (n=59), (Score (logrank) test = 3.06 on 2 degree of 

freedom [df], p=0.2162). There was, however, a significant difference in OS based on 

Hopkins criteria for positivity, with Score (logrank) test = 11.0 on 4 df, p=0.027 and there was 

a significant difference in OS if those with Score 5 (n=44) were compared against those 

scoring less than 5 (n=41), Score (logrank) test = 10.43  on 1 df,   p=0.001243 HR 2.4 

(95%CI 1.38–4.03). Results were similar for the semi-quantitative scoring system. 

Survival Outcomes: Impact of Tumour Histology and Treatment Modality 

Based on tumour histology, ten patients (11.8%) were diagnosed with SCLC and 74 (87.1%) 

with NSCLC (one case was unspecified). The Kaplan-Meier analysis showed a difference 

between OS in the eight SCLC patients who had a positive PET/CT result (median survival 

6.75 months) and in the two who had a negative PET/CT result (median survival 10.61 

months), with an HR of 2.83; however, this difference was not statistically significant due to 

the small numbers of patients involved. In patients with NSCLC (n=74) or an unspecified 

histology (n=1), OS was shorter in those with a positive PET/CT (n=51, median survival 20.6 

months) than in those with a negative PET/CT (n=24, median survival 32.4 months), with an 

HR of 1.44; again, however, this result was not statistically significant. When restricted to 

those patients who scored 5, the median survival difference for SCLC was 5.11 months 

versus 10.9 HR 2.25, again non-significant, but was significant for NSCLC (or unspecified)  

with 14.7 months versus 33.8, HR 2.18 (95%CI 1.23–3.89) Score (logrank) test = 7.36  on 1 

df, p=0.00665. Results were similar for the semi-quantitative scoring system. 



There was no significant difference in OS when patients were distinguished according to 

preceding treatment; however, there was again a trend towards a difference in survival 

between those with a positive and those with a negative PET/CT by Hopkins Criteria, the 

difference being greater in those who were treated with radiotherapy or surgery [median OS 

16.8 months vs 25.4 months (positive vs negative PET/CT, respectively) for those treated 

with chemotherapy or immunotherapy alone, compared with 18.9 months vs 45.1 months for 

those who received radiotherapy or surgery]. Again when restricted to those patients who 

scored 5 there is a non-significant but almost significant difference in survival between those 

where treated with chemotherapy or immunotherapy alone (median OS 11.4 months vs 33.8 

months), but there is a significant difference in survival with those with score 5 treated with 

radiotherapy and surgery versus those with scores of 4 or less, (median OS 14.2 vs 32.4 

months, HR 2.4 (95%CI 1.14–5.08) Score (logrank) test = 5.69  on 1 df, p=0.01705. Results 

were similar for the semi-quantitative scoring system although the difference between 

survival at score 5 vs <5 is significant in those treated with chemotherapy or immunotherapy 

alone. 

Discussion  

The role of 18F-FDG PET/CT in treatment response assessment has been widely established 

in other types of malignancy such as lymphoma, using the Deauville criteria [12, 13].  

The use of 18F-FDG PET/CT in lung cancer staging is well established and demonstrated 

that PET response assessment is much more strongly correlated with survival than response 

measured by CT scanning [14]; however there is less well established consensus or 

recommendations on which reporting system is best to use, either visual or quantitative. In 

our study, we sought to answer two questions, whether the results from visual analysis were 

reproducible, as previously demonstrated, and second if there is an agreement between the 

visual and quantitative scoring systems. 

In our study we can confirm the results shown by Sheikhbahaei et al. that the Hopkins 

criteria permit reproducible qualitative assessment of therapeutic response using visual 18F-

FDG uptake and can be of a great value for patient care.  When using the qualitative five-

point Hopkins scoring system, similar to the data presented [6] we observed substantial 

agreement between the readers and almost perfect agreement when categorizing the 

patients into positive and negative for disease as per the criteria.  

Several studies have demonstrated the added value of post-treatment 18F-FDG PET in the 

prognostication of patients with lung cancer. These studies reported longer survival in 

patients with a complete metabolic response, post-therapy reduction in 18F-FDG uptake and 



changes in total lesion glycolysis and metabolic tumour volume [7, 14–18]. As observed by 

Sheikhbahaei et al [6], there was a trend towards better overall survival in patients with 

negative post-treatment scans and in those with scores of 1 and 2; however, in our study 

these differences were not statistically significant, which may be attributed to the population 

size.  

As for the second purpose, in our study we demonstrated no significant difference in the 

inter-reader and inter criteria agreement using the qualitative Hopkins criteria and the same 

five-point scoring system using SUVmax as a semi-quantitative measure of tracer uptake. 

This highlights the fact that the simplified method of using visual assessment for scoring is a 

reliable technique.  

Furthermore, to strengthen the visual assessment criteria it should be recognised that 

SUVmax values can be affected by patient related factors such as fasting blood glucose 

levels, altered bio-distribution of 18F-FDG which can occur in morbid obesity and technical 

parameters such as varying uptake time, image noise, partial volume effect and differences 

in acquisition techniques such as the number of iterations [19, 20]. 

Finally, although we did not find significant difference in OS when restricted to subgroup 

analysis this is likely due to the small sample size and the aim of this study was not to 

replicate these results. 

There are several limitations of this study, including a small sample size, possible bias due 

to the retrospective nature of the study and the effects of longitudinal variability in scan 

acquisition on measurement of the semi-quantitative parameter, i.e. SUVmax. (given that 

scans were acquired over a long period of time). Further prospective studies are needed to 

address the impact of use of the Hopkins criteria on management. 

Conclusion  

The results of this study show that use of the Hopkins criteria for post-therapy assessment in 

patients with lung cancer represents an easy and reproducible method with substantial inter-

observer agreement; this agreement approaches perfection for the classification of overall 

positive/negative residual disease status with no significant difference seen when 

determining the score with a semi-quantitative measure. Hopkins classification has a high 

PPV and accuracy and is easily understood by referring physicians.  

  



 

Figure 1. Kaplan-Meier survival plot for patients assessed as positive/negative for 

residual tumour using the Hopkins classification 



 

Figure 2. Kaplan-Meier survival plot for patients scored 1 or 2 vs 3 vs 4 or 5 on the 

Hopkins scoring system 

  



Table 1. Hopkins Criteria qualitative post-therapy assessment scoring system 

Score Description  

1 Focal 18F-FDG uptake visually less than or equal to 

mediastinal blood pool activity consistent with a 

complete metabolic response.  

N
e

g
a

ti
v

e
 

2 Focal 18F-FDG uptake greater than mediastinal 

blood pool activity but less than liver representing a 

likely complete metabolic response.  

3 Diffuse 18F-FDG uptake greater than mediastinal 

blood pool activity or liver uptake, representing likely 

inflammatory changes.  

4 Focal 18F-FDG uptake greater than liver uptake, 

representing likely residual tumour.  

P
o

s
it

iv
e
 

5 Focal and intense 18F-FDG uptake greater (2–3 

times) than liver uptake was scored 5, consistent 

with residual tumour. 

  



Table 2. Patient characteristics 

 

Characteristic No. % 

Age (yr)   

≤40 2 2.4 

41–60 32 37.6 

>60 51 60 

Sex   

Female 40 47.1 

Male 45 52.9 

Histology   

SCLC 10 11.8 

NSCLC 74 87.1 

Unspecified 1 1.2 

History of smoking (+) 55 64.7 

Stage   

I 10 11.8 

II 9 10.6 

III 32 37.6 

IV 34 40.0 

Surgery 15 17.6 

Chemotherapy or immunotherapy 41 41.2 

Radiotherapy 12 14.1 

Surgery and chemoradiation 4 4.7 

Chemoradiation 13 15.3 

Interval between treatment and 

PET study (wk) 

  

0–8 51 60.0 

8–12 13 15.3 

12–24 21 24.7 

PET/CT results   

Negative 26 69.4 

Positive 59 30.6 

Outcome (death) 60 70.6 

 

 



Table 3. Diagnostic accuracy of the Hopkins scoring system 

 

PET/CT results Disease 
negativea 

Disease 
positivea 

Total 

Negative 19 7 26 

Positive 5 54 59 

Total 24 61 85 

 

a As assessed by imaging (n=66), histology (n=10) or clinical follow-up (n=9) 
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Abstract 19 

Background/Aim. Systematic reporting using qualitative evaluation of PET/CT results has 20 

been demonstrated to be very accurate and reproducible in post-therapy assessment of lung 21 

cancer (so-called Hopkins criteria). Our aim was to test, in a different cohort of patients, the 22 

Hopkins criteria for assessment of therapeutic response in lung cancer and to compare the 23 

results with those obtained using a semi-quantitative evaluation of uptake. 24 

Methods. This is a retrospective study. A total of 85 patients with known lung cancer who 25 

underwent 18F-FDG PET/CT assessment within 24 weeks (mean 7.9 weeks) of completion of 26 

treatment were included. Treatments included surgical resection, chemotherapy, radiation 27 

therapy, immunotherapy or combinations thereof. PET/CT interpretation was done by two 28 

nuclear medicine physicians, and discrepancies were resolved by a third interpreter. Studies 29 

were scored both according to the Hopkins criteria using qualitative assessment of tracer 30 

uptake for the primary tumour, loco-regional disease in the mediastinum and distant metastatic 31 

sites and by applying the same 5-point score using a semi-quantitative measure, SUVmax.  32 

Overall scores of 1, 2 and 3 were considered negative for residual disease, while scores of 4 33 

and 5 were considered positive. Patients were followed up for a median of 18.5 months (range 34 

2–139 months). Kaplan-Meier plots with a Mantel-Cox log-rank test were performed, 35 

considering death as the endpoint. Inter-reader variability was assessed using percent 36 

agreement and kappa statistics. 37 

Results. The Cohen κ coefficient analysis showed substantial agreement between the two 38 

interpreters on the five-point Hopkins criteria scoring, with a κ of 0.73. There was almost 39 

perfect agreement between the interpreters with respect to classification as positive or 40 

negative according to the Hopkins criteria, with a κ of 0.89. The sensitivity, specificity, positive 41 

predictive value, negative predictive value and accuracy of the Hopkins criteria were 88.5% 42 

(95%CI 80.6%–96.5%), 79.2% (95%CI 63.2%–95.1%), 91.5% (95%CI 84.4%–98.6%), 73.1% 43 

(95%CI 61.8%–84.4%) and 85.9% (95%CI 78.5%–93.3%) respectively. There was almost 44 

perfect agreement between the qualitative and semi-quantitative scoring with a κ of 0.87, with 45 

sensitivity, specificity, positive predictive value, negative predictive value and accuracy of the 46 

semi-quantitative Hopkin’s criteria of 86.9% (95% CI 78.4%–95.4%), 79.2% (95%CI 62.9%–47 

95.4%), 91.4% (95%CI 84.2%–98.6%), 70.4% (95%CI 58.6%–82.1%), and 84.7% (95%CI 48 

80.8%–92.4%) respectively. 49 

Conclusion. The use of Hopkins criteria for post-therapy assessment in patients with lung 50 

cancer represents an easy and reproducible method with substantial to almost perfect inter-51 

observer agreement and high positive predictive value and accuracy; moreover, it is easily 52 
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understood by referring physicians. Additionally, there was no significant difference when 53 

applying a semi-quantitative measure to the same 5 point score.  54 

Key Words. PET/CT; lung cancer; therapy assessment; Hopkins criteria  55 
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Introduction 56 

Lung cancer is the leading cause of cancer death among men and the second leading cause 57 

of cancer death among women worldwide, with over 2 million new cases in 2018 [1]. In the 58 

United states, the estimates for lung cancer for 2019 is over 200,000 new cases and over 59 

140,000 deaths from lung cancer [2]. Similarly, in the United Kingdom, it was the most 60 

common cause of cancer death in 2014 [3]. Despite the advances in the available therapeutic 61 

options, recurrences after lung cancer surgery typically happen rapidly, with 90%–95% 62 

occurring within 5 years [4]. Survival time following local or distant recurrence averages less 63 

than a year, including among patients who receive salvage treatment [5]. In this context, the 64 

assessment of therapeutic response could change the clinical management of the patient  and 65 

potentially improve survival [6]. 66 

Fluorine-18 fluorodeoxyglucose (FDG) PET/CT has been established as an important imaging 67 

method for the diagnostic work-up of lung cancer patients [7, 8], though the need for an 68 

established systematic and reproducible interpretation system has also been recognised [9]. 69 

Evaluation of response using PET can be performed visually or semi quantitatively through 70 

comparison of a lesion’s SUV max with the background liver uptake and the mediastinal blood 71 

pool.  72 

The recently introduced Hopkins criteria for lung cancer response assessment in PET/CT 73 

seems to offer substantial inter-observer agreement as well as high sensitivity and specificity 74 

to predict survival in lung cancer patients, irrespective of tumour histology and treatment [6]. 75 

The Hopkins criteria does not suggest comparison using the SUVmax; although there are other 76 

standards such as PERCIST, those are of not easily adopted in clinical practice, hence we will 77 

consider the semi-quantitative extension to the Hopkin’s criteria where assessment of uptake 78 

will be compared against the SUVmax.  79 

The aim of this study was to externally validate the reproducibility of the Hopkins criteria and 80 

compare their use with a semi-quantitative method of evaluation of uptake.  81 

Materials and Methods 82 

This is a retrospective, single-centre cohort diagnostic study with patient inclusion conforming 83 

to the principles outlined in the Helsinki Declaration II. Due to the retrospective character of 84 

the study, ethical approval was waived by the institutional ethics committee. 85 
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Eligible Patients and Follow-up  86 

A retrospective evaluation was conducted on consecutive patients with lung cancer who had 87 

undergone PET/CT scans for post-therapy assessment. 88 

Inclusion criteria. The study included patients with biopsy-proven lung cancer who 89 

underwent post-therapy 18F-FDG PET/CT at our institute between 2007 and 2015 for the 90 

evaluation of treatment response.  All patients were treated with surgical resection, 91 

chemotherapy, radiotherapy or immunotherapy, or a combination of these treatments, and 92 

then underwent 18F-FDG PET/CT within 24 weeks of therapy.  93 

Patient demographics, clinical history and clinical data were collected from the electronic 94 

medical records for up to 6 months following PET/CT. 95 

Exclusion criteria. Patients with no available follow-up, patients with PET/CT imaging >24 96 

weeks post therapy, patients with no available imaging and those with concurrent 97 

malignancies were excluded.  98 

Image Analysis 99 

Hopkins Criteria for Post-Therapy Assessment on PET/CT.  100 

Studies were scored using a qualitative five-point scale, for the primary tumour, locoregional 101 

disease in the mediastinum and distant nodal or metastatic sites (Table 1). The visual activity 102 

in the mediastinal blood pool and in the liver was taken as the background blood pool for 103 

reference.  104 

Semi-quantitative Criteria for Post-therapy Assessment on PET/CT 105 

The same five-point scale ( Table 1) was applied using SUVmax  values as a semi-quantitative 106 

measure of tracer. SUVmax values were measured in the mediastinal blood pool (at the aortic 107 

arch,sparing the vessel walls), liver background ( right lobe, excluding regions that were 108 

involved by disease) and the highest SUVmax  value within the sites of active disease whether 109 

it being in the primary tumour, lymph nodes or distant metastasis were recorded and 110 

categorised according to the five point scale. 111 

Definition of Positive and Negative PET/CT Studies. On the basis of the qualitative five-112 

point scale, the studies were grouped as positive or negative for the primary tumour, 113 

locoregional disease in the mediastinum and distant metastatic lesions. Overall assessment 114 

was denoted by the overall score, which was the highest score among the scores for the 115 
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primary tumour and locoregional and distant metastatic lesions, if present. Scores 1, 2 and 3 116 

were considered negative for residual tumour and scores 4 and 5 were considered positive.  117 

All PET/CT studies were retrieved from the institutional Picture Archiving and Communication 118 

System (PACS) and reviewed on a Carestream Vue PACS workstation/viewing platform 119 

(version 12.1.5.7014, Carestream Health Inc). All images were interpreted by two reviewers 120 

independently (readers 1 and 2). Reader 1 was a board-certified radiologist with more than 4 121 

years’ subspecialty training in nuclear medicine, and reader 2 was a board-certified medical 122 

physician with subspecialty in nuclear medicine and expertise in lung oncologic imaging. In 123 

order to reach a consensus, any discrepancies were resolved by a third interpreter, a senior 124 

consultant dual board-certified in nuclear medicine and radiology who was the main nuclear 125 

medicine representative at the local lung cancer multidisciplinary meeting (MDM). This final 126 

consensus score was used to determine the final Hopkins score.  127 

Outcome measures 128 

As in the original article on use of the Hopkins criteria (6), histological confirmation of PET/CT-129 

positive lesions, alternative imaging modalities or clinical follow-up of 6 months after PET/CT 130 

were considered as the reference standard.  131 

The sensitivity and specificity, positive predictive value, negative predictive value and 132 

accuracy of the post-therapy PET/CT assessment criteria, along with 95% confidence 133 

intervals (CIs), were calculated by constructing a 2×2 contingency table (cross-relating 134 

PET/CT results of the reference standards).  135 

Overall survival for all cases was defined as the time interval in months between the date of 136 

the post-therapy PET/CT study and the date of death or loss to follow-up. The date of the 137 

study was recorded from the radiology information system (RIS) and the date of death was 138 

extracted from the electronic medical records.  139 

Statistical analysis 140 

Descriptive values are presented as mean (with standard deviation) or median (with 25th to 141 

75th percentile range) if the data were not normally distributed. Categorical variables are 142 

presented as frequency (with percentage). The Cohen κ co-efficient was calculated to 143 

measure inter-interpreter agreement and inter-criteria agreement. Survival probabilities were 144 

generated using Kaplan-Meier survival curves and compared using the Mantel-Cox log-rank 145 

test. Univariate and multivariate Cox regression analyses were performed, considering death 146 

as the endpoint. Subgroup analysis was performed to assess the impact of histological 147 
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subtype and prior treatment on the prognostic value of the Hopkins score. The statistical 148 

significance level was set at a p value of less than 0.05. Statistical analysis was performed 149 

using R 3.3.1. 150 

Results 151 

Patient Characteristics and Follow-up 152 

Eighty-five patients were included in the study (45 male, 40 female; mean age ± SD, 63.5±10.2 153 

years).  A history of smoking was present in 55 patients (64.7%). The histological subtype of 154 

the primary malignancy was identified as small cell lung cancer (SCLC) in 10 patients (11.8%) 155 

and non-small cell lung cancer (NSCLC) in 74 (87.1%); histological subtype was not identified 156 

in one patient. The demographic details of the 85 patients included in the study are 157 

summarised in Table 2. The median follow-up of these patients was 18.5 months (range 2–158 

139 months) after completion of the post-treatment assessment PET/CT. 159 

Time Interval to Post-treatment PET/CT 160 

Post-treatment 18F-FDG PET/CT for assessment of therapeutic response was performed 161 

between 0 and 24 weeks after completion of treatment. The average interval between the date 162 

of completion of treatment and the post-treatment 18F-FDG PET/CT was 7.9 weeks (median 163 

6 weeks, range 0–24 weeks).  164 

Interpreter Classification of PET/CT studies (by Hopkins) 165 

On the basis of the final Hopkins qualitative criteria scores, PET/CT studies were 166 

characterised as positive in 59 patients (69.4%) and as negative in 26 (30.6%). On the 59 167 

positive PET/CT studies, the most avid residual disease was identified at the primary site in 168 

27 patients (45.8%), at sites of nodal disease in 23 (39.0%), at sites of distant metastases in 169 

7 (11.9%) and in the pleura in 2 (3.4%). Of the 26 PET/CT studies characterised as negative, 170 

14 (53.6%) were scored as 1 or 2 and 12 (46.2%) as 3. 171 

The accuracy of the scoring system was assessed by imaging in 66 cases (77.6%), histology 172 

in ten (11.8%) and clinical follow-up in nine (10.6%). Table 3 summarises the results of this 173 

follow-up. The sensitivity, specificity, positive predictive value, negative predictive value and 174 

accuracy of the scoring system were 88.5% (95%CI 80.6%–96.5%), 79.2% (95%CI 63.2%–175 

95.1%), 91.5% (95%CI 84.4%–98.6%), 73.1% (95%CI 61.8%–84.4%) and 85.9% (95%CI 176 

78.5%–93.3%) respectively. 177 
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Interpreter Classification of PET/CT studies (by semi-quantitative Hopkins extension) 178 

On the basis of the final semi-quantitative criteria scores, PET/CT studies were 179 

characterised as positive in 58 patients (68.2%) and as negative in 26 patients (30.6%). One 180 

patient had to be excluded from assessment as height and weight were not provided and 181 

SUVmax could not therefore be calculated.  On the 58 positive PET/CT studies, the most avid 182 

residual disease was identified at the primary site in 27 patients (46.5%), at sites of nodal 183 

disease in 22 (37.9%), at sites of distant metastases in 7 (12.1%) and in the pleura in 2 184 

(3.4%). Of the 26 PET/CT studies characterised as negative, 14 (53.6%) were scored as 1 185 

or 2 and 12 (46.2%) as 3. 186 

The accuracy of the scoring system was assessed by imaging in 66 cases (78.6%), histology 187 

in nine (10.7%) and clinical follow-up in nine (10.7%). The sensitivity, specificity, positive 188 

predictive value, negative predictive value and accuracy of the semi-quantitative Hopkin’s 189 

criteria were 86.9% (95% CI 78.4%–95.4%), 79.2% (95%CI 62.9%–95.4%), 91.4% (95%CI 190 

84.2%–98.6%), 70.4% (95%CI 58.6%–82.1%), and 84.7% (95%CI 80.8%–92.4%) 191 

respectively. 192 

Interobserver agreement  193 

The Cohen κ coefficient analysis indicated substantial agreement between the two interpreters 194 

(R1 and R2) on the five-point qualitative Hopkins criteria scoring, with a κ of 0.73. (Table 4). 195 

Discrepancies between the two interpreters (15 patients, 17.2%) were resolved by the third 196 

interpreter (R3). There was almost perfect agreement between R1 and R2 in terms of positive 197 

versus negative classification according to the Hopkins criteria, with a κ of 0.89 (discrepancies 198 

occurred in only four patients, 4.7%). When scoring was performed using the semi-quantitative 199 

measure, SUVmax, substantial agreement was again observed between the two interpreters, 200 

with a κ of 0.72, but discrepancies occurred in 19 patients (22%), i.e. four more than in the 201 

qualitative assessment. (Table 5). 202 

Intercriteria agreement  203 

There was also almost perfect agreement between the final five point qualitative and semi-204 

quantitative scoring with a κ of 0.87 – this increased to κ of 0.97 when scoring was qualified 205 

as positive versus negative with only 1 discrepancy (1.2%). 1 patient had to be excluded from 206 

the quantitative analysis as SUVs could not be generated due to a lack of patient height and 207 

weight information. 208 
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Survival Outcome in All Patients 209 

The median follow-up of the study population was 20.5 months (range 2–139 months) after 210 

completion of the post-treatment assessment PET/CT and 60 patients died during follow-up 211 

(70.6%). The median survival of the Hopkins criteria-positive group was 17.2 months (95% CI 212 

13.7–28.6 months) and 44 (74.6%) patients died in this group. The median survival of the 213 

Hopkins criteria-negative group was 32.4 months (95% CI, 24.6–), and 16 (61.5%) patients 214 

died in this group. The Kaplan-Meier survival analysis showed a non-significant difference in 215 

overall survival (OS) (Score (logrank) test = 2.66 on 1 df, p=0.1027), with a hazard ratio (HR) 216 

of 1.61 (95% CI 0.90–2.86) (Figure 1). Hopkins criteria positivity was not statistically significant 217 

in multivariate analysis when compared with stage, age or sex. Results were similar for the 218 

semi-quantitative scoring system. 219 

In overall assessment using the five-point interpretation scale, there was no significant in 220 

difference in OS between patients who scored 1 or 2 (n=15) versus those who scored 3 (n=13) 221 

versus those who scored 4 or 5 (n=59), (Score (logrank) test = 3.06 on 2 degrees of freedom 222 

[df], p=0.2162). There was, however, a significant difference in OS based on the comparison 223 

of the individual Hopkins criteria score groupings with each other, with Score (logrank) test = 224 

11.0 on 4 df, p=0.027 and there was a significant difference in OS if those with Score 5 (n=44) 225 

were compared against those scoring less than 5 (n=41), Score (logrank) test = 10.43  on 1 226 

df,   p=0.001243 HR 2.4 (95%CI 1.38–4.03). Results were similar for the semi-quantitative 227 

scoring system. 228 

Survival Outcomes: Impact of Tumour Histology and Treatment Modality 229 

Based on tumour histology, ten patients (11.8%) were diagnosed with SCLC and 74 (87.1%) 230 

with NSCLC (one case was unspecified). The Kaplan-Meier analysis showed a difference 231 

between OS in the eight SCLC patients who had a positive PET/CT result (median survival 232 

6.75 months) and in the two who had a negative PET/CT result (median survival 10.61 233 

months), with an HR of 2.83; however, this difference was not statistically significant due to 234 

the small numbers of patients involved. In patients with NSCLC (n=74) or an unspecified 235 

histology (n=1), OS was shorter in those with a positive PET/CT (n=51, median survival 20.6 236 

months) than in those with a negative PET/CT (n=24, median survival 32.4 months), with an 237 

HR of 1.44; again, however, this result was not statistically significant. When restricted to those 238 

patients who scored 5, the median survival difference for SCLC was 5.11 months versus 10.9 239 

HR 2.25, again non-significant, but was significant for NSCLC (or unspecified)  with 14.7 240 

months versus 33.8, HR 2.18 (95%CI 1.23–3.89) Score (logrank) test = 7.36  on 1 df, 241 

p=0.00665. Results were similar for the semi-quantitative scoring system. 242 
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There was no significant difference in OS when patients were distinguished according to 243 

preceding treatment; however, there was again a trend towards a difference in survival 244 

between those with a positive and those with a negative PET/CT by Hopkins Criteria, the 245 

difference being greater in those who were treated with radiotherapy or surgery [median OS 246 

16.8 months vs 25.4 months (positive vs negative PET/CT, respectively) for those treated with 247 

chemotherapy or immunotherapy alone, compared with 18.9 months vs 45.1 months for those 248 

who received radiotherapy or surgery]. Again when restricted to those patients who scored 5 249 

there is a non-significant but almost significant difference in survival between those where 250 

treated with chemotherapy or immunotherapy alone (median OS 11.4 months vs 33.8 251 

months), but there is a significant difference in survival with those with score 5 treated with 252 

radiotherapy and surgery versus those with scores of 4 or less, (median OS 14.2 vs 32.4 253 

months, HR 2.4 (95%CI 1.14–5.08) Score (logrank) test = 5.69  on 1 df, p=0.01705. Results 254 

were similar for the semi-quantitative scoring system although the difference between survival 255 

at score 5 vs <5 is significant in those treated with chemotherapy or immunotherapy alone. 256 

Discussion  257 

The role of 18F-FDG PET/CT in treatment response assessment has been widely established 258 

in other types of malignancy such as lymphoma, using the Deauville criteria [12, 13].  259 

The use of 18F-FDG PET/CT in lung cancer staging is well established and demonstrated that 260 

PET response assessment is much more strongly correlated with survival than response 261 

measured by CT scanning [14]; however there is less well established consensus or 262 

recommendations on which reporting system is best to use, either visual or quantitative. In our 263 

study, we sought to answer two questions, whether the results from visual analysis were 264 

reproducible, as previously demonstrated, and second if there is an agreement between the 265 

visual and quantitative scoring systems. 266 

In our study we can confirm the results shown by Sheikhbahaei et al. that the Hopkins criteria 267 

permit reproducible qualitative assessment of therapeutic response using visual 18F-FDG 268 

uptake and can be of a great value for patient care.  When using the qualitative five-point 269 

Hopkins scoring system, similar to the data presented [6] we observed substantial agreement 270 

between the readers and almost perfect agreement when categorizing the patients into 271 

positive and negative for disease as per the criteria.  272 

Several studies have demonstrated the added value of post-treatment 18F-FDG PET in the 273 

prognostication of patients with lung cancer. These studies reported longer survival in patients 274 

with a complete metabolic response, post-therapy reduction in 18F-FDG uptake and changes 275 

in total lesion glycolysis and metabolic tumour volume [7, 14–18]. As observed by 276 
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Sheikhbahaei et al [6], there was a trend towards better overall survival in patients with 277 

negative post-treatment scans and in those with scores of 1 and 2; however, in our study these 278 

differences were not statistically significant, which may be attributed to the population size.  279 

As for the second purpose, in our study we demonstrated no significant difference in the inter-280 

reader and inter criteria agreement using the qualitative Hopkins criteria and the same five-281 

point scoring system using SUVmax as a semi-quantitative measure of tracer uptake. This 282 

highlights the fact that the simplified method of using visual assessment for scoring is a reliable 283 

technique.  284 

Furthermore, to strengthen the visual assessment criteria it should be recognised that SUVmax 285 

values can be affected by patient related factors such as fasting blood glucose levels, altered 286 

bio-distribution of 18F-FDG which can occur in morbid obesity and technical parameters such 287 

as varying uptake time, image noise, partial volume effect and differences in acquisition 288 

techniques such as the number of iterations [19, 20]. 289 

Finally, although we did not find significant difference in OS when restricted to subgroup 290 

analysis this is likely due to the small sample size and the aim of this study was not to replicate 291 

these results. 292 

There are several limitations of this study, the most significant being the heterogeneity of the 293 

patients which included different disease stages, histology and treatment modalities, however 294 

subgroup analysis would have been limited due to the modest study population. Additional 295 

limitations included a small sample size, availability of histological correlation in a limited 296 

number of patients, possible bias due to the retrospective nature of the study and the effects 297 

of longitudinal variability in scan acquisition on measurement of the semi-quantitative 298 

parameter, i.e. SUVmax. (given that scans were acquired over a long period of time). 299 

Furthermore as in the original study, the OS was calculated from the time FDG PET/CT was 300 

obtained, however the time of FDG PET/CT for response assessment varied among the 301 

patients and this could have affected the survival data obtained. Further prospective studies 302 

are needed to address the impact of use of the Hopkins criteria on management. 303 

Conclusion  304 

The results of this study show that use of the Hopkins criteria for post-therapy assessment in 305 

patients with lung cancer represents an easy and reproducible method with substantial inter-306 

observer agreement; this agreement approaches perfection for the classification of overall 307 

positive/negative residual disease status with no significant difference seen when determining 308 
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the score with a semi-quantitative measure. Hopkins classification has a high PPV and 309 

accuracy and we believe can be easily understood by referring physicians.  310 

  311 
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 312 

Figure 1. Kaplan-Meier survival plot for patients assessed as positive/negative for 

residual tumour using the Hopkins classification showed a non-significant difference 

in overall survival (OS) (Score (logrank) test = 2.66 on 1 df, p=0.1027), with a hazard 

ratio (HR) of 1.61 (95% CI 0.90–2.86) 
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 313 

Figure 2. Kaplan-Meier survival plot for patients scored 1 or 2 vs 3 vs 4 or 5 on the 

Hopkins scoring system also showed a non-significant difference in overall survival 

(OS) (Score (logrank) test = 3.06 on 2 degrees of freedom [df], p=0.2162) 

  314 
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Table 1. Hopkins Criteria qualitative post-therapy assessment scoring system 

 Score Description  

 

1 Focal 18F-FDG uptake visually 

less than or equal to mediastinal 

blood pool activity consistent with 

a complete metabolic response.  

N
e

g
a

ti
v

e
 

 

2 Focal 18F-FDG uptake greater 

than mediastinal blood pool 

activity but less than liver 

representing a likely complete 

metabolic response.  

 

3 Diffuse 18F-FDG uptake greater 

than mediastinal blood pool 

activity or liver uptake, 

representing likely inflammatory 

changes.  

 

4 Focal 18F-FDG uptake greater 

than liver uptake, representing 

likely residual tumour.  

P
o

s
it

iv
e
 

 

5 Focal and intense 18F-FDG 

uptake greater (2–3 times) than 

liver uptake was scored 5, 

consistent with residual tumour. 

  315 
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Table 2. Patient characteristics 

 316 

Characteristic No. % 

Age (yr)   

≤40 2 2.4 

41–60 32 37.6 

>60 51 60 

Sex   

Female 40 47.1 

Male 45 52.9 

Histology   

SCLC 10 11.8 

NSCLC 74 87.1 

Unspecified 1 1.2 

History of smoking (+) 55 64.7 

Stage   

I 10 11.8 

II 9 10.6 

III 32 37.6 

IV 34 40.0 

Surgery 15 17.6 

Chemotherapy or immunotherapy 41 41.2 

Radiotherapy 12 14.1 

Surgery and chemoradiation 4 4.7 

Chemoradiation 13 15.3 

Interval between treatment and 

PET study (wk) 

  

0–8 51 60.0 

8–12 13 15.3 

12–24 21 24.7 

PET/CT results   

Negative 26 69.4 

Positive 59 30.6 

Outcome (death) 60 70.6 

 317 
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Table 3. Diagnostic accuracy of the Hopkins scoring system 

 318 

PET/CT results Disease 
negativea 

Disease 
positivea 

Total 

Negative 19 7 26 

Positive 5 54 59 

Total 24 61 85 

 

a As assessed by imaging (n=66), histology (n=10) or clinical follow-up (n=9) 

 

Table 4. Interobserver Agreement for the Hopkins Criteria 

 319 

 R1 Negative Positive 
R2  1 2 3 4 5 

 

Negative 

1 7 0 3 0 0 

2 0 2 1 2 0 

3 1 2 7 1 0 

Positive 4 0 0 0 12 2 

5 0 0 1 2 42 

 

Table 5. Interobserver Agreement for the Semi-quantitative Hopkins Criteria 

 320 

 R1 Negative Positive 
R2  1 2 3 4 5 

 

Negative 

1 7 0 3 0 0 

2 0 3 2 0 0 

3 0 2 7 1 0 

Positive 4 0 0 0 13 4 

5 0 0 1 1 40 
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