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Abstract 

Background Lymphoma is the most common primary hematological malignancy. FDG PET/CT has recently become 
the standard imaging modality for clinical management owing to its ability to provide precise, non-invasive anatomi-
cal and functional data. The purpose of this study was to highlight the role of 18F FDG-PET/CT in the management 
of lymphoma by monitoring treatment response, providing a guide for response-adapted therapy, and predicting 
the final therapeutic outcome.

Methods This was a prospective monocentric cohort observational study in which thirty-three patients with histo-
pathologically proved lymphoma of different types performed FDG-PET/CT scanning several times throughout the 
24-month duration of the study. Early-stage interim SUVmax of the most active lesion (both nodal and/or extra-
nodal) was measured and statistically analyzed together with data of the international prognostic index parameters 
and score.

Results Among the included 33 patients of lymphoma, international prognostic index parameters and score 
together with the early-stage interim SUVmax of the predominant nodal and extra-nodal sites showed statistical sig-
nificance in predicting the initial as well as the final treatment response after 24 months. Using ROC analysis, we could 
obtain cutoff values of SUVmax of the predominant nodal lesion of 2.75 (AUC 72%, 95% CI 0.42–1.0) and SUVmax 
of the predominant extra-nodal lesion of 3 (AUC 70.8% and 95% CI 0.23–1.0); therefore, SUVmax of higher than these 
values was related to stable or progressive disease, and lower levels than these values were related to complete 
or partial metabolic response based on Deauville 5-point scale and Lugano response criteria.

Conclusions Early-stage interim PET-CT SUVmax of the predominant nodal and extra-nodal lesion could be a reliable 
parameter in predicting initial and final therapeutic outcome in lymphoma patients.

Keywords Positron emission tomography/computed tomography, Lymphoma, 18F-FDG PET/CT, Therapeutic 
outcome, Prognosis

Background
Lymphoma is the most common primary hematological 
cancer, with non-Hodgkin lymphoma accounting for 60% 
of all lymphomas and Hodgkin disease accounting for 
40%. [1]. Clinical and radiological staging is essential for 
treatment planning and therapeutic outcome prediction 
[2].

18F-FDG positron emission tomography/com-
puted tomography (18F-FDG PET/CT) has replaced 
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anatomical imaging in managing FDG-avid lympho-
mas due to CT’s inability to differentiate between 
viable tumor and fibrosis in the post-therapy residual 
masses [3]. CT scanning provides morphology and size 
information but neglects cellular function, thus mak-
ing it confusing to distinguish a reactive lymph node 
from a lymphoma-related one, especially at unreach-
able sites for biopsy and pathological evaluation [4].

Lymphoma tumor cells consume glucose, causing 
FDG phosphorylation and detection by PET scanners 
[5]. Combining a PET scanner with a multi-detector 
helical CT allows for more sensitive and specific imag-
ing, accurately localizing FDG uptake and attenuation 
correction. [6]. PET measures FDG uptake using a 
standardized uptake value (SUV) providing functional 
information about tumor distribution and metabolic 
activity. SUVmax represents the highest tracer uptake 
in the voxel of interest [7].

The international prognostic index (IPI) and interna-
tional prognostic score (IPS) are widely used to assess 
disease prognosis, aiding in the planning of therapeu-
tic protocols, based on five parameters (age, initial 
disease stage, serum LDH, extra-nodal sites of involve-
ment, and performance status) [8].

The Deauville 5-point scale (D5PS), an ordinal scale 
with 5 scores, rates FDG uptake at residual sites with 
the highest metabolic activity based on visual compar-
ison with mediastinum and liver [9].

The Lugano classification is a standardized method 
for categorizing treatment responses in FDG-avid lym-
phoma into complete response, partial response, stable 
disease, or progressive disease [10].

Recent applications of PET/CT in lymphoma may be 
divided into pretreatment staging, restaging, therapy 
monitoring, post-therapy surveillance, and assessment 
of transformation [11].

Interim PET/CT is crucial for assessing treatment 
response between therapeutic cycles and, at the end, 
is often used for prognostication and early treatment 
escalation or de-escalation in response-adapted or 
risk-adapted treatment [12].

Few recent studies evaluate the diagnostic perfor-
mance of lesion SUVmax of early-stage interim FDG-
PET/CT in the management of lymphoma, with results 
still ambiguous and requiring further investigation [13, 
14]. This study aimed at highlighting the role of PET/
CT in the management of lymphoma and determining 
its value by monitoring the early response and predict-
ing the final post-therapeutic outcome.

Methods
Patients
This prospective cohort observational study was con-
ducted during the period from May 2021 to June 2023. 
Written consent was obtained from the included patients. 
The study was approved by IRB code MD.21.02.415. 
Thirty-three patients with histopathologically confirmed 
lymphoma of different types performed the first PET/
CT (interim) scan after receiving the initial line of treat-
ment according to each type of lymphoma (3–6 cycles of 
chemotherapy) and the follow-up (interim/end-of-treat-
ment) PET/CT scan performed according to the standard 
treatment protocol to assess the therapeutic response.

Inclusion criteria were any age of both sexes suspected 
to have any type of lymphoma on a clinical and labora-
tory basis and on pathological evaluation using a bone 
marrow biopsy or biopsy from suspicious lesions. Demo-
graphic data are demonstrated in Table 1 including gen-
der, age range, and risk factors.

Exclusion criteria were general contraindications for 
a CT scan, for example, an allergic reaction to contrast 
media, severe acute or chronic respiratory or circulatory 
failure, patients with hepatic or renal failure, and preg-
nant women. General contraindications for a PET scan 
are, for example, uncontrolled diabetic patients, patients 
with bony habitus above scanner dimensions, uncoop-
erative and claustrophobic patients, recent chemother-
apy in less than two weeks, surgery in less than 4 weeks, 
and radiotherapy in less than 3 months prior to scanning 
time.

Patient preparation
Full history, complete clinical examination, and labora-
tory tests are required to ensure serum creatinine and 
LDH levels. Patients were required to fast 6–8 hours 
while maintaining adequate hydration. The blood glucose 
level was measured to ensure it was ≤  150–200 mg/dL. 
Renal function tests were required to avoid nephrotoxic-
ity, serum creatinine < 1.5–2 mg/dL or glomerular filtra-
tion rate < 60 mL/min. The data of the IPI were collected 
and the IPS of each case was calculated. Patient body 
weight and height were measured using precise scales. A 
three-way valve system was used to inject the calculated 
proper dose of FDG depending on the patient’s weight 
(average adult dose: 0.7  mCi/kg) and then flush with 
10 mL of saline. Scanning was done after about 60 min, 
and all patients were allowed to wait and stay in quiet and 
warm rooms and asked to void right before scanning.

Image acquisition
PET/CT was performed on an integrated scanner (G.E. 
Discovery ST 16 PET/CT scanner) that superimposes 
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both CT and PET components in two sequential gan-
tries, avoiding the need for patient motion for accurate 
fusion and co-registration of the CT and PET data. A 
low-dose non-enhanced CT scan was performed first for 
anatomical localization and attenuation correction. Then 
a whole-body PET study was performed within the same 
gantry, from the skull to the mid-thighs. The patient was 
in a supine position with arms extended and elevated 
above the head. The study takes about 30–45 min. Diag-
nostic enhanced whole-body CT scan was performed for 
better anatomical correlation and to obtain fused images. 
Using an automated injector for intravenous adminis-
tration of low-osmolar iodinated contrast media (optray 
350) 125 ml adult dose at a rate of 4 ml/sec, the study 
takes about 60–40 s. Scanning parameters were adjusted 
to obtain the required diagnostic information: tube cur-
rent 110 mA, voltage 120 Kvp, slice thickness 3–5  mm, 
rotation time 2–3  min per bed position, pitch 1 and 
matrix 128 × 128 pixels. In 8 cases that require assess-
ment of GIT lymphomatous infiltration, patients were 
given 200–800 mL of 2% oral contrast material divided at 
45 and 15 min before the examination.

Imaging analysis and interpretation
All images were reviewed by two independent radi-
ologists with ten- and three-year experience in PET/
CT interpretation, respectively. Cross-linking of axial, 
coronal, and sagittal reformats for PET, CT, and com-
bined images was performed . The SUV mean of the liver 
and mediastinal pool was measured. MIP images were 
checked for an overall initial scanning impression. Axial 
CT images were scrolled throughout, and any morpho-
logical abnormality detected was reported as regards 
its density and size which was then correlated with the 
corresponding fused PET/CT image. Abnormal tracer 
uptake was assessed visually and semi-quantitatively by 
putting region of interest (ROI) in the area of interest and 
measuring SUVmax. Anatomical abnormalities with an 
absent of tracer uptake were reported as well.

Nodal infiltration of all groups of lymph nodes 
throughout the entire body was carefully assessed, as well 
as the rest of the lymphatic system, including the spleen, 

Table 1 Demographic data among 33 patients

Demographic data The studied group (n = 33)

Gender

 Male 23 (69.7%)

 Female 10 (30.3%)

Age (Years)

 Mean ± SD 43.12 ± 14.13

 Min–Max 22–71

Age groups

 20–< 30 y 8 (24.2%)

 30–< 40 y 8 (24.2%)

 40–< 50 y 6 (18.2%)

 50–< 60 y 6 (18.2%)

 > 60 y 5 (15.2%)

Lymphoma types

 NHL 20 (60.6%)

 HD 13 (39.4%)

Lymphoma subtypes

NHL

 DLBCL 16 (80.0%)

 Adult T cell 1 (5.0%)

 Mantle cell 1 (5.0%)

 Peripheral T cell 1 (5.0%)

 Lymphoblastic 1 (5.0%)

HD

 Mixed cellularity 7 (53.8%)

 Nodular sclerosis 6 (46.2%)

Bone marrow biopsy

 Positive 3 (9.1%)

 Negative 30 (90.9%)

Initial disease stage

 I 1 (3.0%)

 IE 7 (21.2%)

 II 9 (27.3%)

 IIE 1 (3.0%)

 II bulky 2 (6.1%)

 III 4 (12.1%)

 IV 9 (27.3%)

 Serum LDH 1 (3.0%)

 Normal 17 (51.5%)

 High 16 (48.5%)

Extra-nodal involvement

 None 18 (54.5%)

 One site 10 (30.3%)

 More than one site 5 (15.2%)

Performance status

 0 7(21.2%)

 1 16(48.5%)

 2 5(15.2%)

 3 3 (9.1%)

 4 2 (6.1%)

Table 1 (continued)

Demographic data The studied group (n = 33)

International Prognostic Score and Risk Category

 0–1 Low risk 17 (51.5%)

 2 Low-intermediate risk 8 (24.2%)

 3 High-intermediate risk 6 (18.2%)

 4–5 High risk 2 (6.1 %)
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tonsils, thymus, and bone marrow. Extra-nodal lympho-
matous infiltration was also evaluated.

Grading of FDG uptake at the most metabolically 
active site is expressed using the Deauville 5-point scale 
which consists of Deauville Score 1: No uptake, Deau-
ville Score 2: Uptake ≤ mediastinum, Deauville Score 
3: Uptake > mediastinum but ≤ liver, Deauville Score 4: 
Moderately ↑ uptake > liver, and Deauville Score 5: Mark-
edly ↑ uptake > liver [15].

Assessment of treatment response by Lugano response 
criteria is expressed as complete response (CR), par-
tial response (PR), stable disease (SD), or progressive 
disease (PD). The relationship between SUVmax of the 
most active lesion and treatment response vs interna-
tional prognostic index factors, international prognostic 
score, and risk category was evaluated. The risk category 
is determined as follows: IPS0-1 → Low risk, IPS2 → Low-
intermediate risk, IPS3 → High-intermediate risk, and 
IPS 4–5 → High risk [8].

Statistical analysis and data interpretation
Data were analyzed using the Statistical Package of Social 
Science (SPSS) program for Windows (Standard ver-
sion 26). The normality of the data was first tested with 
a one-sample Kolmogorov–Smirnov test. Qualitative 
data were described using numbers and percent. Asso-
ciation between categorical variables was tested using 
Chi-square test. Fisher exact test and Monte Carlo test 
were used when expected cell count less than 5. Con-
tinuous variables were presented as mean ± SD (stand-
ard deviation) for normally distributed data and median 
(Min–Max) for non-normal data. The two groups were 
compared with independent t test (parametric) and 
Mann–Whitney test (nonparametric). For all above-men-
tioned statistical tests done, the threshold of significance 
is fixed at 5% level (p value). The results were considered 
significant when the p ≤ 0.05. The smaller the p value 
obtained, the more significant are. Interobserver agree-
ment between the two radiologists was assessed using 
weighted kappa (κ) score. Kappa values were indicative 
of weak (0: 0.3), mild (0.3: 0.5), moderate (0.5: 0.7), and 
strong (0.7: 1) agreement.

The cutoff point of a test to discriminate responder 
cases from non-responder cases was evaluated using 
receiver operating characteristic (ROC) curve analysis.

Results
This study included thirty-three patients (23 males and 10 
females) with 43 years as mean age (range 22 -71) years. 
Thirteen patients (39.4%) were histopathologically diag-
nosed with HD, and twenty patients (60.6%) were diag-
nosed with NHL of which the most common subtype was 
DLBCL (16 patients). The most common initial disease 

stages by metastatic workup using contrast-enhanced 
pan CT and bone marrow biopsy were stages II and IV 
(Table 1).

We demonstrated that prior to receiving treatment, the 
highest percentage of patients (51.5%) belonged to the 
international prognostic risk category of low-risk group 
IPS 0–1, while only 6.1% of patients belonged to the high-
risk group IPS 4–5. Those patients then received differ-
ent lines of treatment according to therapeutic guidelines 
during the 24-month duration of our study. At the end of 
the study, based on Deauville score and Lugano response 
criteria, 22 (66.7%) patients developed a complete 
response (20 of them belong to the low-risk and low-
intermediate risk groups), one patient (3%) developed a 
partial response, 3 (9.1%) developed stable disease, and 7 
patients (21.2%) developed progressive disease (5 of them 
belong to high-intermediate and high-risk categories).

Our results showed a strong positive correlation 
between the initial treatment response and the interna-
tional prognostic category and parameters. There is also 
a strong positive correlation between the initial treat-
ment response and the first (interim) FDG-PET/CT 
SUVmax of the most active both nodal and extra-nodal 
sites (Table 2).

Our results revealed a negative correlation between 
the final therapeutic outcome after 24 months and some 
of the IPI parameters (age, initial disease stage, serum 
LDH, and extra-nodal sites of involvement). On the other 
hand, we found a strong positive correlation between 
the final therapeutic outcome vs performance status and 
the international prognostic risk category. There is also a 
strong positive correlation between the final therapeutic 
outcome and the first (interim) FDG-PET/CT SUVmax 
of the most active nodal and extra-nodal sites (Figs. 1 and 
2). Hence, lower the SUVmax (nodal/extra-nodal), bet-
ter the initial as well as final treatment outcomes and vice 
versa (Table  3). Interobserver analysis showed complete 
matching in the detection of nodal as well as extra-nodal 
sites. There was strong interobserver agreement of nodal 
and extra-nodal SUVmax measurement with kappa value 
κ 0.988 (95% CI 0.979–0.993), and κ 0.981 (95%CI 0.970–
0.989), respectively (Table 4).

The ROC curve shows that the early-stage interim 
PET/CT SUVmax of the predominant nodal and extra-
nodal sites are statistically significant discriminators of 
progressive/stable disease vs partial/complete response, 
with cutoff values of nodal SUVmax of 2.75 (AUC 72%, 
95% CI 0.42–1.0) and extra-nodal SUVmax 3 (AUC 70.8% 
and 95% CI 0.23–1.0); therefore, SUVmax values higher 
than these values were related to stable or progressive 
disease, and lower levels than these values were related to 
complete or partial metabolic response based on Deau-
ville-5-points scale and Lugano response criteria. Our 
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metabolic values were adjusted to body weight (Table 5) 
and (Fig. 3). Demonstrative cases are shown in Figs. 4,5,6, 
and 7.

Discussion
Lymphoma represents around 4% of adult cancer cases 
and is the most prevalent primary hematological malig-
nancy. 18F-FDG PET/CT allowed for the detection of 
both nodal and extra-nodal lymphomatous infiltra-
tion, allowing for accurate staging, treatment planning, 
response assessment, and therapeutic modification. 
Efforts to standardize PET acquisition and reporting 
have enabled it to become a gold state of the art in the 
management of malignant lymphoma providing accurate, 
non-invasive anatomical and functional data [16].

The strength of our study is that we investigated the 
predictive role of early-stage interim PET/CT as there 
were limited data in the previous publication, and we 
aimed at addressing the gap in the contradictory results. 
Our results revealed strong interobserver agreement in 
SUVmax measurement in both nodal and extra-nodal 
most active lesions. This highlights the promising role 
of PET/CT in the management of malignant lymphoma 

by monitoring the initial treatment response and pro-
viding predictors of the final therapeutic outcome.

Using the SUVmax of the predominant lesion, as it is 
the most accessible and reproducible parameter and is 
a marker of tracer concentration reflecting the tumor 
aggressiveness [17]. In our study, the ROC curve and 
statistical analysis revealed a strong positive correlation 
between early-stage interim SUVmax of the most active 
nodal/extra-nodal site and treatment response based 
on the Deauville score and Lugano response criteria. 
Our results revealed that the SUVmax value is directly 
correlated with tumor aggressiveness, as the higher the 
value, the more likely it is to develop a stable or pro-
gressive disease response, and the lower the value, 
the more likely it is to develop a partial or complete 
response. These findings were in agreement with Wang 
et  al. [18] in a study that included 114 patients with 
histopathologically diagnosed lymphoma and stated 
that nodal SUVmax values were significantly differ-
ent between treatment responder and non-responder 
groups. With the utility of ROC analysis, they found an 
area under the curve of 79%. This matches our results, 
in which we demonstrated ROC analysis with an area 

Table 2 First (interim) PET/CT SUVmax (nodal and extra-nodal) and international prognostic index factors among first PET/CT 
treatment responder and non-responder groups

χ2: Chi-square test, MC: Monte Carlo test, Z: Mann–Whitney test, *significant p ≤ 0.05

Initial responder 
(n = 16)

Initial non-responder 
(n = 17)

Test of significance P value

1st PET/CT nodal SUVmax Median (min–max) 1.8 (1.3–2.7) 8.2 (1.4–25.1) Z = 2.84 0.004*

1st PET/CT extra-nodal SUVmax Median (min–max) 1.70 (1.5–2.4) 8.1 (3.6–34) Z = 2.65 0.008*

Age (Years) FET 0.044*

 < 60 years 16 (100%) 12 (70.6%)

 ≥ 60 years 0 (0%) 5 (29.4%)

Initial disease stage χ2 = 5.54 0.019*

 I & II 13 (81.2%) 7 (41.2%)

 III & IV 3 (18.8%) 10 (58.8%)

Serum LDH χ2 = 6.85 0.009*

 Normal 12 (75.0%) 5 (29.4%)

 High 4 (25.0%) 12 (70.6%)

Extra-nodal involvement FET 0.044*

 0–1 site 16 (100%) 12 (70.6%)

 More than 1 site 0 (0%) 5 (29.4%)

Performance status MC 0.042*

 0 5 (31.2%) 2 (11.8%)

 1 10 (62.5%) 6 (35.3%)

 2 1 (6.2%) 4 (23.5%)

 3 0 (0%) 3 (17.6%)

 4 0 (0%) 2 (11.8%)

International risk category χ2 = 9.93 0.002*

 Low risk 16 (100%) 9 (52.9%)

 High risk 0 (0%) 8 (47.1%)
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Fig. 1 Plot box showing relation between first interim PET/CT SUVmax of the most active nodal site and final treatment response

Fig. 2 Plot box showing relation between first interim PET/CT SUVmax of the most active extra-nodal site and final treatment response
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under the curve of 72%, but they did not provide a cut-
off value.

Our findings align with those of a previous pilot study 
that compared the SUVmax of 122 high-grade lymphoma 

lesions, including nodal and extra-nodal, to international 
prognostic indices. The study found multiple positive 
correlative relationships, with a P value of 0.01. The high-
risk group exhibited higher values of SUVmax, while 

Table 3 First (interim) PET/CT SUVmax (nodal and extra-nodal) and international prognostic index factors between final treatment 
responder and non-responder groups after 24 months

χ2: Chi-square test, MC: Monte Carlo test, Z: Mann–Whitney test, *significant p ≤ 0.05

Final Responder (n = 23) Final Non 
responder (n = 10)

Test of significance P value

First PET/CT nodal SUVmax median (min–max) 2.0 (1.3–25.1) 8.7 (1.8–20.0) Z = 2.31 0.02*

First PET/CT extra-nodal SUVmax (median-max) 1.9 (1.5–23.4) 11.1 (1.5–34) Z = 2.51 0.012*

Age (Years) χ2 = 2.56 0.109

 < 60 years 18 (78.3%) 10 (100.0%)

 ≥ 60 years 5 (21.7%) 0 (0%)

Initial disease Stage χ2 = 0.676 0.411

I & II 15 (65.2%) 5 (50.0%)

III & IV 8 (34.8%) 5 (50.0%)

Serum LDH χ2 = 2.65 0.103

Normal 14 (60.9%) 3 (30.0%)

High 9 (39.1%) 7 (70.0%)

Extra-nodal involvement FET 0.291

0–1 site 21 (91.3%) 7 (70.0%)

More than one site 2 (8.7%) 3 (30.0%)

Performance status χ2 = 5.99 0.014*

0–1 19 (82.6%) 4 (40.0%)

02-Apr 4 (17.4%) 6 (60.0%)

International risk category χ2 = 5.18 0.023*

Low risk 20 (87.0%) 5 (50.0%)

High risk 3 (13.0%) 5 (50.0%)

Table 4 Agreement analysis between observer 1 and observer 2 regarding the early-stage interim PET/CT nodal and extra-nodal sites 
and SUVmax

CI: Confidence interval *: Statistically significant (p ≤ 0.05)

Agreement coefficient 
(Interclass correlation)

95% CI P

Observer 1 (early-stage interim PET/CT nodal and extra-nodal sites) and observer 2 (early-stage 
interim PET/CT nodal sites SUVmax)

1 1  < 0.001*

Observer 1 (early-stage interim PET/CT nodal SUVmax) and observer 2 (early-stage interim PET/CT 
nodal SUVmax)

0.988 0.979–0.993  < 0.001*

Observer 1 (early-stage interim PET/CT extra-nodal SUVmax) and observer 2 (early-stage interim 
PET/CT extra-nodal SUVmax)

0.981 0.970–0.989  < 0.001*

Table 5 Receiver operating characteristics curve (ROC) for prediction of response by early-stage interim PET/CT nodal and extra-nodal 
SUVmax:

AUC: Area under the curve, CI: confidence interval, PPV: positive predictive value, NPV: negative predictive value

AUC 95% CI Cutoff Sensitivity Specificity PPV NPV Accuracy

PET/CT nodal SUVmax 0.722 0.42–1.0 2.75 77.8% 66.7% 85% 53.8% 72.7%

PET/CT extra-nodal SUVmax 0.708 0.23–1.0 3.00 87.5% 66.7% 87.5% 66.7% 81.8%
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intermediate- and lower-risk groups exhibited lower val-
ues [19].

Our results stated that there is a strong positive corre-
lation between IPS and treatment response, as the major-
ity of patients who developed a complete response belong 
to low-risk categories, while the majority of patients 
who developed progressive disease belong to high-risk 
categories. Our findings were concordant with a study 
conducted by Nyilas et  al. [20], a 5-year retrospective 
cohort study that included 104 patients and studied the 
relations between the treatment response detected by 
interim PET/CT and IPS. It demonstrated that high IPS 

is strongly correlated with tumor progression and overall 
2-year and 5-year survival decline during the follow-up.

A recent study that involved 42 patients with indolent 
lymphoma proposed a cutoff value that is very similar to 
what we observed during our research. AlShehry et  al. 
[21] stated that SUVmax < 4.35 at interim PET/CT pro-
vided the best discrimination, with a progression-free 
survival (PFS) of 100% and a median survival time of 
106.67 months compared with SUVmax ≥ 4.35 (P = 0.04), 
which had a PFS of 43.8% and a median survival time of 
50.17 months. This cutoff was also appreciated in expect-
ing overall survival at baseline, that is, 100% overall 

Fig. 3 ROC curve for predicting treatment response using SUVmax of the most active nodal and extra-nodal sites

(See figure on next page.)
Fig. 4 Male patient, 27 years old, diagnosed with NHL (DLBCL). His international prognostic risk category was low-intermediate risk. He received 6 
cycles of chemotherapy. First (interim) PET/CT (hepatic reference 2.1) axial CT (A), axial MIP (B), axial fused PET/CT (C), sagittal CT (D), sagittal MIP (E) 
and sagittal fused PET/CT (F) images show metabolically active left inguinal LNs measuring (blue arrow) about 0.7 cm in short axis and achieving 
SUVmax 2.5 as well as multiple low metabolically active bone infiltrates (osteolytic and sclerotic) affecting multiple vertebral levels and sternum, 
the most active one (11th dorsal vertebral body) achieving SUVmax 2.8. The patient received 6 cycles of chemotherapy. Second (interim) PET/CT 
(hepatic reference 2.2) axial CT (A), axial MIP (B), axial fused PET/CT (C), sagittal CT (D), sagittal MIP (E) and sagittal fused PET/CT (F) images show 
complete metabolic resolution with of left inguinal LN (blue arrow) as well as the prior reported bony infiltrates. It was reported as complete 
response with Deauville score 2
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Fig. 4 (See legend on previous page.)
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survival with baseline SUVmax < 4.35, versus 58.4% for 
SUVmax ≥ 4.35 (P = 0.13).

Our findings were contradictory to those of Alobthani 
et  al., [13] who conducted a retrospective study enroll-
ing 328 patients to evaluate the value of SUVmax in dis-
criminating between aggressive and indolent types of 
NHL. They documented that the higher the SUVmax, 
the more suggestive of aggressive relapsing disease. They 
used ROC analysis and demonstrated SUVmax of 10 as 
the most balanced cutoff between aggressive and indo-
lent NHL, with an area under the curve (AUC) of 86%, 
septicity of 94%, and sensitivity of 71%. This cutoff value 

discords with our study, in which we suggested a cut-
off value of 2.75 for the predominant nodal lesion and 3 
for the predominant extra-nodal lesion, which could be 
related to the small sample size and prospective nature of 
our research.

We investigated the predictive value of SUVmax for the 
most aggressive tumor in the early-stage PET/CT scan 
for both the initial and final treatment response. Accord-
ing to a retrospective 10-year study conducted by Texte 
et  al. [14] involving 362 patients, early-stage scanning 
parameters yielded a more accurate prognosis prediction 
than follow-up/end-of-treatment scanning parameters. 
Additionally, they discovered that for recurrence predic-
tion, SUVmax-based response assessment has a higher 
specificity than Deauville criteria.

Our study revealed a strong interobserver agreement 
for both nodal and extra-nodal SUVmax assessment, as 
well as complete matching in the detection of nodal and 
extra-nodal sites. These results were in agreement with a 
previous prospective cohort research consisting of sixty-
four patients with high-grade B cell lymphoma, classical 
HL, or DLBCL that had been histologically established. 

Fig. 5 Male patient, 39 years old, diagnosed with stage II NHL. His 
international risk category was low intermediate. He received first 
4 cycles of chemotherapy. First (interim) PET/CT (hepatic reference 
2.5); axial CT (A) & axial fused PET/CT (B) images show metabolically 
active right submandibular LN measuring about 1.5 cm in short axis 
and achieving SUVmax 4 (blue arrow). FNAC was done confirming 
the presence of malignant process. Patient resumed chemotherapy 
cycles and after 3 more cycles. Second (interim) PET/CT (hepatic 
reference 2.3); axial CT (A & C) and axial fused PET/CT (B & D) 
images show newly developed multiple bilateral upper deep 
cervical LNs, the most active left submandibular LN (yellow arrow) 
achieving SUVmax 12.3 and measuring about 1.2 cm in short axis. It 
was reported as progressive disease with Deauville score 5

Fig. 6 Male patient, 34 years old, diagnosed with extra-nodal 
primary cecal lymphoma (NHL-DLBCL) by colonoscopic-guided 
biopsy. Metastatic workup was done confirming exclusive affection 
of caecum with no detectable nodal infiltration. His international 
risk category was low-intermediate risk. He received 6 cycles 
of chemotherapy. First (interim) PET/CT (hepatic reference 2); 
axial CT (A) & axial fused PET/CT (B) images show metabolically 
active enhancing ileo-cecal thickening measuring about 1.6 cm 
and achieving SUVmax 2.8. Colonoscopic biopsy was done 
confirming the malignant process. The patient received 4 cycles 
chemotherapy. Second PET/CT (hepatic reference 2.3); axial CT 
(A) and axial fused PET/CT (B) images show complete metabolic 
and morphologic resolution of the ileo-cecal thickening. It 
was reported as complete response with Deauville score 1
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Images were interpreted by two pairs of nuclear medi-
cine physician and radiologists. Overall, the two reading 
teams’ interobserver agreement was strong. For all nodal 
sites combined, the kappa agreement was κ 0.94 (95% CI 
0.88–1). For all extra-nodal sites combined, the kappa 
agreement was κ 0.91 (95% CI 0.82–0.99). For SUVmax, 
the 95% confidence intervals were 0.95 (0.91–0.97) [22].

The results of our interobserver agreement analy-
sis aligned with those of a research that included 115 

patients with DLBCL. Three experienced observers 
interpreted interim SUVmax, and the interobserver 
agreement was almost perfect. The kappa agreement κ 
ranged from 0.95 to 1 with a 3-year PFS of 82.28%. They 
reported that using interim SUVmax measurements 
showed higher prognostic accuracy and positive pre-
dictive value than the Deauville 5-point scale [23].

Our study has some limitations; firstly, it is a mono-
centric study with a small sample size. Secondly, the 
high cost of the scanning and inadequate health insur-
ance compensations. Finally, there is limited availability 
of FDG isotope tracer.

Conclusions
Early-stage interim PET/CT could predict treatment 
response in lymphoma patients. SUVmax measure-
ments of both nodal and extra-nodal lymphomatous 
infiltration are valuable clinical guides for tumor behav-
ior before starting treatment plans and could help guide 
response-adapted therapy.
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