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Abstract 

Hodgkin lymphoma (HL) is a type of blood cancer that general-

ly originates in the lymph nodes and can spread within the 

lymphatic system. HL is highly curable and treated usually by 

chemotherapy following the ABVD (Adrymacin, Bleomycin, 

Vinblastine and Dacarbazine) regime. The evaluation of the 

response to the treatment of the patients is performed by the 

visual analysis of interim and end-of-treatment 18F-

fluorodeoxyglucose (FDG) positron emission tomography (PET) 

images. The Deauville five-point scale is the internationally 

recommended tool to assess patient response. However, this 

scale is based on a visual analysis of PET-FDG images. Semi-

quantitative scales, called rPET and qPET that are based on the 

Standardized Uptake Value (SUV), have previously been pro-

posed for a more objective classification of the cases. A graph-

ical user interface is developed to manually select the lesions in 

PET images, process the images and automatically calculate the 

Deauville score based on the rPET and qPET scales. The algo-

rithm is validated by analysing 9 cases of patients diagnosed 

with HL. The obtained Deauville scores are compared to the 

evaluation of the images by two physicians specialized in nucle-

ar medicine. In 94.44% and 100% of the cases that are classi-

fied with the rPET and qPET scales, respectively, the result 

matches the visual analysis. The results obtained with both 

parameters could potentially indicate their viability in assessing 

the response to treatment in HL patients. 

1. Introduction 

Lymphomas are a group of blood cancers that develop 

from lymphocytes. They generally start in a lymph node 

and can spread within the lymphatic system and adjacent 

organs. [1]. Hodgkin lymphoma (HL) is a type of lym-

phoma characterized by malignant Hodgkin and Reed-

Sternberg (HRS) cells. It represents up to 10% of all new-

ly diagnosed lymphomas [2]. Most patients are diagnosed 

between 15 and 30 years of age, followed by another peak 

in adults aged ≥ 55 [3]. 

By far, the most characteristic presentation of a possible 

HL disease is the enlargement of the lymph nodes. The 

most common location for these enlargements is within 

the neck and supraclavicular region. The concrete location 

of the enlargements can be detected by medical imaging. 

Even though in an advanced stage HL can involve any 

organ of the body, the liver, spleen, lungs, pleura and 

bone marrow are the most commonly affected [4]. 

Within the past decades, the management of HL has im-

proved notoriously, making it curable in 80% of cases [5]. 

The remaining 20% of patients relapse on the disease. 

This chance of relapse increases from 10% in early stages 

[6] to 30% in advanced stages [7]. 

The treatment for Hodgkin lymphoma relies primarily on 

chemotherapy and radiotherapy and depends on different 

factors such as the stage or extent of the disease, the type 

of HL or patient-related variables like the age or its over-

all health [4]. Generally, HL is treated following the 

ABVD (Adrymacin, Bleomycin, Vinblastine and 

Dacarbazine) chemotherapy regime [5]. Each cycle of 

ABVD is given usually over 4 weeks and patients are 

treated with 2-4 or 4-6 cycles of chemotherapy [8]. 

Medical imaging by 18F-fluorodeoxyglucose (FDG) 

PET/CT is the preferred modality for treatment assess-

ment [9]. FDG-PET/CT is the gold standard in staging 

and end of treatment remission assessment in patients 

with Hodgkin lymphoma. However, literature suggests 

that the use of an early PET during the first therapy line, 

to evaluate chemosensitivity, is a better approach than just 

to assess response at end of treatment [10]. This first PET 

image, denominated interim PET (iPET), is acquired after 

two or three cycles of chemotherapy. Moreover, a final 

PET scan (fPET) at the end of treatment is performed [9]. 

To assess the response to the provided treatment, the 

Deauville five-point scale (see Table 1) is recommended 

for response assessment by international guidelines and is 

commonly used in clinical practice [4]. The Deauville 

score (DS) is established by visual inspection of the im-

ages, comparing the lesion uptake of the used radiotracer 

to that of reference regions, which are the mediastinum 

and the liver. Depending on the score, treatment could 

present changes to ensure a correct regression of the dis-

ease. If the DS is equal or less than 3, there has been a 

complete response and the case is “negative”. Opposite to 

this, DS higher than 3 could suggest a partial response, 

stability of the disease or a progression of the disease 

depending on the specific case, resulting in a “positive” 

case [11]. Deauville grading is used on interim and end of 

treatment PET scans. It determines the FDG avidity of a 

HL tumour mass as seen on FDG PET/CT. This FDG 

uptake is graded in relation to reference regions, the liver 
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and the mediastinum, which have proven clinical suitabil-

ity specially for HL [11]. 

DS  Definition  Response 

1 No uptake Complete Response 

2 Uptake ≤ mediastinum Complete Response 

3 Uptake > mediastinum ≤ liver Complete Response 
4 Moderately increased uptake 

compared to the liver 

Partial Response, Stable 

Disease, Progressive 

Disease 
5 Markedly increased uptake com-

pared to the liver and/or new 

lesions 

Partial Response, Stable 

Disease, Progressive 

Disease 
X New areas of uptake unlikely to 

be related to lymphoma 

N/A 

Table 1: Deauville Five-Point Scale [11]. 

However, when the uptake of the lesion is similar to that 

of the reference region, it might be difficult to safely 

determine the DS. A semi-quantitative scale based on the 

Standardized Uptake Value (SUV) of the lesion and a 

reference region can be used to obtain a more objective 

result [12]. 

The goal of this work is to design and implement an algo-

rithm to quantify the treatment response on Hodgkin 

lymphoma based on the Deauville five-point scale. The 

cases are classified in “negative” (DS 1, 2 and 3) or “posi-

tive (DS 4 and 5). The previously defined semi-

quantitative rPET [13] and qPET [14] scales are used to 

determine the DS, Lastly, the quantitative results are 

compared to the visual analysis. This way. the usefulness 

of the quantitative classification compared to the qualita-

tive assessment by the visual analysis is evaluated. 

2. Materials and Methods 

2.1. Materials 

A sample of 9 patients is retrospectively selected to be 

analysed by the algorithm. All patients were diagnosed 

with and treated for HL at the Hospital Universitario 12 

de Octubre, Madrid, Spain. The mean ± standard devia-

tion age for the patients is 50 ± 17 years, 4 of whom are 

female and 5 are male. The corresponding iPET and fPET 

images are provided by the department of nuclear medi-

cine of said hospital.  

Images were acquired with a Siemens Biograph 6 True-

Point scanner (Siemens AG, Munich, Germany). Patients 

fasted for 6 hours before intravenous FDG administration. 

Radiopharmaceutical dose was 332 ± 31 MBq according 

to the patients’ body weight. PET images were recon-

structed using a point spread function (PSF; 3 iterations 

and 21 subsets). The image acquisition protocol included 

a CT scan used for attenuation correction. 

The images are processed and analysed using MATLAB 

version R2018b (The MathWorks, Inc., Natick, Massa-

chusetts, USA). The algorithm for the automatic calcula-

tion of the DS and classification is also implemented in 

MATLAB.  

2.2. Methods 

The GUI workflow is shown in Figure 1. 

 

Figure 1: GUI workflow. 

Once the application is launched, the user needs to load a 

new study. PET images are displayed in the three image 

planes: Coronal (frontal plane), Sagittal (longitudinal 

plane) and Axial (transverse plane). To perform the 3D 

volume of interest (VOI) extraction, it is necessary to 

extract both the VOI of the lesion and of the reference 

region. A total of five interactive rectangles are included 

in the GUI, three for the lesion and two for the reference 

VOI. The final VOIs are reconstructed based on the se-

lected regions by extracting a new three-dimensional 

image matrix. Finally, SUV maps are calculated of these 

VOIs based on the equation defined in [15]. 

To calculate the DS based on the extracted SUVs two 

different parameters are used: (1) rPET [13] and (2) qPET 

[14].  

• rPET: The rPET is based on the maximum SUV of 

the lesion (SUVmax). SUVmax is easily accessible in 

clinical software, low affected by partial volume ef-

fects and has good intrareader reproducibility [9]. 

The rPET parameter is defined as the ratio between 

SUVmax of the lesion and the SUVmax of the liver. 

rPET is extended to a continuous scale by using 1.14 

as the cut-off value between positive and negative 

DS [13]. The other values are defined based on clin-

ical guidelines recommendations [16]. The whole 

scale is shown in Table 2. 

DS rPET 

1 rPET = 0 

2 rPET < 0.9 

3 0.9 < rPET < 1.14 
4 1.14 < rPET < 2 

5 rPET > 2 

Table 2: rPET to Deauville Five-Point Scale translation [13]. 

• qPET: As an alternative parameter to SUVmax, a 

reliable possibility for FDG avid tumors shows to be 

SUVpeak [17]. The criteria introduced in PERCIST 

(PET response criteria in solid tumors) suggest the 

use of SUVpeak over SUVmax for the lesion [18]. 

Whereas the SUVpeak is often defined as the SUV in 

a 1cm3 sphere, the average intensity over the SUVmax 

and the three hottest adjacent voxels is calculated 

[14]. Moreover, qPET utilizes the mean of the liver 

VOI to calculate the ratio (SUVpeak/SUVmean,liver). 

The qPET scale is shown in Table 3. 

DS qPET 

1 qPET = 0 

2 qPET < 0.95 
3 0.95 < qPET < 1.3 

4 1.3 < qPET < 2 

5 qPET > 2 

Table 3: qPET to Deauville Five-Point Scale translation [14]. 

Load PET study
Visualise PET 

images
Select and 

Extract VOIs

Select rPET or
qPET

Calculate DSDisplay Results
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To validate the results of the algorithm, two physicians 

specialized in nuclear medicine visually evaluated all 

patients. The result is indicated by the DS. The overall 

accuracy of the binary classification of the algorithm is 

determined, with the visual analysis being the gold stand-

ard. The case is considered correctly classified by the 

algorithm if it matches the evaluation of one of the physi-

cians. 

3. Results and Discussion 

The final GUI is shown in Figure 2. It includes a series of 

components to meet the workflow defined in the methods. 

Concretely, these components, which are numbered in the 

figure, are: 

• (1) Pop-up menu to select if either rPET or qPET 

should be calculated. 

• (2) Push buttons to save the reference and lesion 

VOIs, to calculate the DS and to classify the case. 

• (3) Text display boxes to display quantitative pa-

rameters and the result. 

• (4) Menu tab to load a new study or to save the re-

sults. 

• (5) Image axes to visualise the three planes of the 

PET image. 

• (6) Slider info text to display the current image slice. 

• (7) Interactive rectangles to select the VOIs. 

• (8) Crosshair to indicate the current position in the 

volume (deactivated in Figure 2). 

All 9 cases of the sample are processed using the devel-

oped GUI (see Figure 2). Both iPET and fPET images are 

analysed and rPET, qPET values and the DS are obtained.  

The results for all patients and images are shown in Table 

4. Overall, the classification into “negative” and “posi-

tive” cases overlaps in both parameters. However, rPET 

tends to result in a DS of 1 point lower than qPET.  

Patient iPET fPET 

 rPET (DS) qPET (DS) rPET (DS) qPET (DS) 

1 0.98 (3) 1.52 (4) 0.64 (2) 0.98 (3) 

2 0.83 (2) 1.49 (4) 0.38 (2) 0.74 (2) 

3 0.87 (2) 1.19 (3) 1.15 (4) 2.13 (5) 

4 0.54 (2) 0.77 (2) 0.50 (2) 0.82 (2) 

5 1.73 (4) 2.70 (5) 0.95 (3) 1.26 (3) 

6 1.07 (3) 1.26 (3) 0.83 (2) 1.11 (3) 

7 1.55 (4) 2.05 (5) 5.19 (5) 7.23 (5) 

8 0.39 (2) 0.54 (2) 0.61 (2) 1.12 (3) 

9 1.32 (4) 1.98 (4) 0.64 (2) 1.23 (3) 

Table 4: Quantitative results of the sample. 

The visually obtained Deauville scores by the physicians 

are shown in Table 5. Generally, the inter-reader agree-

ment is high. However, in two cases the physicians’ eval-

uation do not show an overlap. In patient 2, the DS of the 

iPET does not match, being 3 and 4, respectively. This 

suggests that the differentiation between “negative” and 

“positive” in cases that present a similar uptake to the 

liver is more difficult to determine. On the other hand, the 

fPET DS for patient 3 are 4 and 5. Given that both DS 

indicate a positive case, this mismatch does not affect the 

results of this work. 

Patient iPET DS fPET DS 

 Physician 1 Physician 2 Physician 1 Physician 2 

1 4 4 2 2 

2 3 4 2 2 

3 3 3 4 5 

4 2 2 2 2 

5 4 4 3 3 

6 3 3 2 2 

7 4 4 5 5 

8 2 2 2 2 

9 4 4 3 3 

Table 5: Deauville scores determined by two physicians.

 

 

Figure 2: Example of a freshly loaded PET study showing the initial interactive rectangles. The green rectangles select the VOI of the 

lesion and the yellow rectangles mark the reference VOI. (1): Pop-up menu, (2): push buttons, (3): text display boxes, (4): menu tab, (5): 

image axes, (6): slider info text, (7): interactive rectangles (green for the lesion and yellow for the reference VOI). 

(1)

(2)(2)

(2) (2)

(3)

(3)

(4)

(5) (5) (5)

(6)
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Finally, the concordance between each scale and the visu-

al DS (positive/negative) is shown in Table 6. While an 

overall 94.44% of cases match the visually obtained DS 

when using the rPET scale, the qPET scale classifies 

100% of the cases like the visual analysis. 88.89% (8 of 

9) of the cases match the visual analysis when classifying 

only the iPET images using the rPET scale. The exception 

is patient 1, who is falsely classified as “negative” by the 

algorithm based on rPET on the iPET image. However, 

both readers classify it as “positive”. In this case, the 

precise DS is 3, whereas in the visual analysis by the 

physicians it has a DS of 4. Moreover, it is noteworthy 

that in the case of patient 2, the binary classification of 

the iPET image matches reader 1 for rPET and reader 2 

for qPET. Nonetheless, an overlap with only one reader is 

considered to be enough to classify the case correctly. 

 iPET fPET Overall agreement 

rPET 88.89% 100% 94.44% 

qPET 100% 100% 100% 

Table 6: Percentage of cases classified by the quantitative 

scales that match the visual analysis. 

Even though the agreement between quantitative and 

visual DS is high, the small sample size of only 9 patients 

needs to be pointed out. However, by using not only the 

iPET but also the fPET images we doubled the number of 

analysed images. Moreover, the sample only consists of 

patients treated for HL. The Deauville five-point scale is 

used as a tool to assess the response to treatment of lym-

phomas of high FDG affinity. Thus, the comparison be-

tween the rPET and qPET scales and visual analysis could 

be expanded to non-Hodgkin lymphoma patients. 

4. Conclusions 

The evaluation of the treatment response in patients treat-

ed for HL is performed by the visual analysis of PET-

FDG images using the internationally recommended 

Deauville five-point scale. An algorithm to quantitatively 

assess the response to treatment in HL patients based on 

the DS is presented. The semi-quantitative scales are 

based on the rPET and qPET parameters that were pre-

sented previously by other groups [13, 14]. Both parame-

ters show very high concordance in the classification of 

treatment response when compared to the visual analysis.  
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