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ABSTRACT
Aims: 18F-fluorodeoxyglucose (18F-FDG) positron emission tomography/computed tomography (PET/CT), plays an 
important role in both staging at the time of diagnosis and follow-up of treatment response in lymphoma. Our aim was to 
investigate the effect of different quantitative metabolic parameters, which are not used in routine practice, on treatment 
response and overall survival (OS) in patients with diffuse large B-cell lymphoma.
Methods: A total of 26 patients were included in our retrospective cohort study. Deauville 5-point scale (5-PS), and cut-off 
values for changes in maximum standardized uptake value (SUVmax), peak SUV (SUVpeak), metabolic tumor volume (MTV)
(2.5-%41- PERCIST -aort) and total lesion glycolysis index (TLG) (2.5-%41- PERCIST-aort) effect of metabolic parameters on 
treatment response and OS was investigated.
Results: Metabolic parameters did not predict treatment response, while TLGPERCIST (p=0.034), TLGAORT (p=0.040), 
MTV41 (p=0.040) and TLG41 (p=0.034) parameters were statistically significant for OS. Median OS (months) was statistically 
significant in TLGPERCIST groups (p=0.047). While the median OS (months) in the TLGPERCIST <4411.90 group was 
inaccessible, the median OS in the ≥4411.90 group was 32.00 (95%CI: 0.00-87.43) months. Median OS (months) was statistically 
significant in MTV41 groups (p=0.047). While median OS (months) was inaccessible in the MTV41<376.10 group, median OS 
in the ≥376.10 group was 32.00 (95%CI: 0.00-87.43) months.
Conclusion: The MTV41 and TLGPERCIST appear to be the best parameter to predict OS in patients diagnosed with DLBCL 
by 18F-FDG PET/CT.
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INTRODUCTION
Diffuse large B-cell lymphoma (DLBCL) is the most common 
subtype of non-Hodgkin lymphoma and is an aggressive 
malignancy with heterogeneous disease morphology, 
biology, clinic and treatment response.1-2 Clinical risk scores 
are used for prognosis.3-5 The generally preferred treatment 
is rituximab, cyclophosphamide, doxorubicin, vincristine 
and prednisone (R-CHOP) and a recent study showed a 
2-year progression-free survival (PFS) of 75% and overall 
survival (OS) of 85%.6 Positron emission tomography/
computed tomography with 18F-fluorodesoxyglucose 
(18F-FDG PET/CT) is a favourable imaging modality for 
pre-treatment staging.7 In addition, 18F-FDG PET/CT 
showed a high predictive value for both PFS and OS at end-
of-treatment evaluation.8 Metabolic tumor volume (MTV) 
and total lesion glycolysis (TLG) are the most commonly 
used volumetric parameters that best reflect metabolic 
tumor burden. In some studies, MTV and TLG have been 
shown to be significantly associated with clinical parameters 

such as OS and PFS in DLBCL patients, and tumors with 
high metabolic volume have been shown to have more 
progression or disease-related mortality.9-12 Although 
volumetric parameters have prognostic significance in 
DLBCL patients, there is no standardized method for their 
calculation. Our aim was to investigate the prognostic 
predictive effect of different parameters in 18F-FDG PET/
CT, such as clinical risk scores at diagnosis.

METHODS
Study Design
A retrospective, analytic study was performed following 
approval from University of Health Sciences Hamidiye 
Faculty of Medicine Ethics Committee (Date: 01.09.2023, 
Decision No: 2023/16-12). All procedures were carried 
out in accordance with the ethical rules and the principles 
of the Declaration of Helsinki.
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Study Population
The data of patients with diffuse large B-cell lymphoma 
admitted to the adult hematology outpatient clinic 
between 2020 and 2022 were retrospectively analysed. 
Twenty-six patients who had 18F-FDG PET/CT before 
and after treatment were included in our study. Clinical 
symptoms and findings at the time of diagnosis, complete 
blood and biochemical parameters, tissue pathology data, 
and 18F-FDG PET/CT findings at the time of diagnosis 
and at the end of treatment were analysed retrospectively. 
International prognostic score (IPI), which has a 
predictive value in terms of OS and relapse-free survival 
in aggressive non-Hodgkin lymphoma, was calculated.13 
Age >60 years, serum lactate dehydrogenase (LDH) 
concentration greater than normal, Eastern Cooperative 
Oncology Group (ECOG) performance status ≥2, clinical 
stage III or IV and >1 extranodal disease site were scored. 
It was classified as low risk IPI score of zero or one, low-
intermediate risk IPI score of two, high-intermediate risk 
IPI score of three, high risk IPI score of four or five.

Study Techniques: Radiotracer, Imaging and 
Processing Protocol
Patients with DLBCL were referred to the Nuclear 
Medicine Department for 18F-FDG PET/CT scanning 
before treatment. Patients were advised to fast for at least 
6 hours before the scan. Patients with blood glucose levels 
less than 200 mg/dl were included in the study. Patients 
were injected intravenously with 40 MBq 18F-FDG per 
kilogram. After radioisotope injection, the patients were 
kept in a room for 55-60 minutes to rest. Meanwhile, 
iodinated contrast medium was administered orally. 
Patients were asked to empty their bladder to reduce 
the physiological activity of the bladder before the scan. 
PET/CT scanning was performed on a Siemens Biograph 
Horizon device. The PET/CT scan was obtained in the 
cranio-caudal direction, covering the region from the top 
of the head to the proximal third of the thigh.

Parameters Used
• Threshold 2.5: Contains tumor tissue with SUV 

greater than 2.5 in the drawn area of interest.
• Threshold 41%: The plotted area of interest contains 

tumor tissue with metabolic activity higher than 41% 
of the SUVmax of the lesion.

• PERCIST threshold: This value was calculated by 
adding 2 standard deviations to the mean SUV value 
of a 3 cm diameter sphere centered on the eighth 
segment of the right liver lobe.

• Threshold value aorta: This value was calculated by 
adding 2 standard deviations to the mean SUV value 
of a cylinder 2 cm long in the vertical plan and 1 cm 
in diameter in the axial plan in the thoracic section of 
the descending aorta.

• MTV2.5: Tumor volume with metabolic activity 
greater than 2.5 was automatically calculated by the 
programme (in cm3).

• TLG2.5: The MTV was automatically calculated by 
the programme by multiplying 2.5 by the mean SUV 
measured within the lesion.

• MTV41: Tumor volume with metabolic activity 
greater than 41% of the SUVmax of the lesion was 
automatically calculated by the programme (in cm3).

• TLG41: MTV was automatically calculated by the 
programme by multiplying 41% by the mean SUV 
measured within the lesion.

• MTVPERCIST: The tumor volume with metabolic 
activity higher than the PERCIST threshold was 
automatically calculated by the programme (in cm3).

• TLGPERCIST: MTV was calculated automatically 
by the programme by multiplying the PERCIST 
threshold and the mean SUV of the lesion.

• MTVAORT: The tumor volume with metabolic 
activity higher than the aortic threshold was 
automatically calculated by the programme (in cm3).

• TLGAORT: MTVAORT calculated by aortic threshold 
was automatically calculated by the programme by 
multiplying the mean SUV measured within the 
lesion.

Statistical Analysis
Statistical analyses were performed using "IBM SPSS 
Statistics for Windows. Version 25.0 (Statistical Package 
for the Social Sciences, IBM Corp., Armonk, NY, USA)". 
Descriptive statistics are presented as n and % for 
categorical variables and Median (IQR) for continuous 
variables. ROC curve was used to analyse the predictive 
value of various clinical parameters for mortality. Kaplan 
Meier method was used to compare survival times between 
various clinical parameter groups. p<0.05 was considered 
statistically significant.

RESULTS
When the international prognostic score (IPI) of 26 
patients included in our study was evaluated, 4(15.3%) had 
an IPI score of 1, 4(15.3%) had an IPI score of 2, 6(23%) 
had an IPI score of 3, 11(42.3%) had an IPI score of 4, 
and 1(3.8%) had an IPI score of 5. ECOG performance 
status was ≥2 in 19 (73%) patients. The median follow-
up period was 22,19±23,50 months. Sociodemographic 
and clinical characteristics were summarised in Table 
1. Among the participants, 14 (53.8%) were in stage 4, 
5 (19.2%) in stage 3, 1 (3.8%) in stage 2, and 6 (23%) in 
stage 1, and 3 (11.5%) had bulky disease and 10 (38.4%) 
had bone marrow involvement on biopsy. Among the 
patients, 22 (84.6%) were DLBCL of non-germinal center 
cell origin. Ki-67 proliferation index was ≥90 in 4 (15.3%), 
immunohistochemical myc expression was positive in 
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4(15.3%), myc expression was negative in 10 (38.4%), 
and myc expression was not evaluated in 12 patients. 
Myc expression and Ki-67 proliferation index were not 
correlated with metabolic parameters (p>0.05). R-CHOP 
chemotherapy was given to 23 (88.4%) of the participants 
and response was achieved in 21(80.7%) of them. 
Recurrence was observed in 2 (7.7%). No statistically 
significant difference was found between metabolic 
parameters and response to treatment (p>0.05) (Table 2).

Table 1. Sociodemographic and clinical characteristics data
Variables N %
Follow-up time (months), Mean±SD 22.19±23.50
Age (years)
Mean±SD 56.38±14.00
Median (min-max) 55 (22-87)

≤60 15 57.7
>60 11 42.3

Gender
Female 15 57.7
Male 11 42.3

Comorbidity
No 13 50.0
Yes 13 50.0

Relapse
No 20 76.9
Yes 2 7.7

Response
No 5 19.2
Yes 21 80.8

Mortality
Lives 21 80.8
Exitus 5 19.2

Laboratory Parameters Mean±SD
WBC (103/µl) 7.36±3.24
Neutrophil (103/µl) 5.23±2.95
Lymphocyte (103/µl) 1.58±0.81
Hemoglobine (g/dl) 11.47±2.61
Platelet (103/µl) 253.19±92.35
Creatinine (mg/dl) 0.75±0.18
Uric acid (mg/dl) 4.86±1.72
Calcium (mEq/L) 9.06±0.66
Potassium (mmol/L) 4.45±0.56
Beta2 mikroglobuline (ng/ml) 3.98±2.58
D-dimer (µg/ml) 1.47±1.27
INR 1.29±0.54
aPTT (sn) 23.61±2.85
Fibrinogen (g/L) 4.18±1.38

Table 2. Comparison of various clinical parameters with responses 
to treatment
Variables Response to treatment p

Yes (N=5)
Median (IQR)

No (N=21)
Median (IQR)

SUVmax 20.3 (21.5) 27.1 (19.2) 0.205
SUVpeak 18.5 (18.5) 23.7 (16.1) 0.229
MTV2.5 628.0 (1926.3) 522.7 (463.8) 0.626
TLG2.5 2656.1 (9781.1) 4782.8 (10489.7) 0.313
MTV PERCIST 490.8 (804.5) 447.1 (582.1) 0.770
TLG PERCIST 2157.6 (8403.0) 3740.0 (4403.0) 0.495
MTVAORT 845.4 (2269.9) 982.8 (815.4) 0.416
TLGAORT 3498.0 (10175.2) 4312.5 (4684.1) 0.820
MTV41 256.2 (481.3) 302.0 (1062.2) 0.720
TLG41 1726.0 (5382.4) 2452.4 (3356.3) 0.770
AORT 2.1 (0.5) 1.6 (1.2) 0.329
LIVER 3.3 (1.1) 2.9 (1.2) 0.229
Mann Whitney U test, p<0.05 statistically significant

A total of 21 (80.7%) of the participants are alive. 
TLGPERCIST (p=0.034), TLGAORT (p=0.040), MTV41 
(p=0.040) and TLG41 (p=0.034) parameters were 
statistically significant with mortality. In the ROC analysis 
designed to discriminate mortality by TLGPERCIST 
values, the AUC was 0.819 (95% [CI], 0.660-0.978). In case 
of exitus, the sensitivity and selectivity of TLGPERCIST 
values with a cut-off value of ≥4411.90 were 80.0% and 
76.2%, respectively. In the ROC analysis designed to 
discriminate mortality by TLGAORT values, the AUC 
was 0.800 (95% [CI], 0.626-0.975). In case of exitus, the 
sensitivity and selectivity of TLGAORT values with a cut-
off value of ≥5394.25 were 60.0% and 66.7%, respectively. 
In the ROC analysis designed to discriminate mortality by 
MTV41 values, the AUC was 0.800 (95% [CI], 0.603-0.997). 
In case of exitus, the sensitivity and selectivity of MTV41 
values at a cut-off value of ≥376.10 were 80.0% and 76.2%, 
respectively. In the ROC analysis designed to discriminate 
TLG41 values for mortality, the AUC was 0.810 (95% [CI], 
0.637-0.982). In case of exitus, the sensitivity and selectivity 
of TLG41 values with a cut-off value of ≥3371.20 were 
60.0% and 66.7%, respectively. Summarized in Table 3.

TLGPERCIST and MTV41 were statistically significant 
in terms of median OS (p=0.047 for both). While median 
OS was inaccessible in the TLGPERCIST <4411.90 group, 
it was 32.00 (95%CI: 0.00-87.43) months in the ≥4411.90 
group. While median OS was inaccessible in the MTV41 
<376.10 group, median OS was 32.00 (95%CI: 0.00-
87.43) months in the ≥376.10 group (Table 4). Figure 
1A-C shows the Kaplan-Meier curves for OS.

Table 3. Analysis of predictive values of various parameter values in differentiating mortality
Variables AUC %95 CI Cut-off Sensitivity (%) Specificity (%) p
TLGPERCIST 0.819 0.660-0.978 ≥4411.90 80.0 76.2 0.029
TLGAORT 0.800 0.626-0.975 ≥5394.25 60.0 66.7 0.040
MTV41 0.800 0.603-0.997 ≥376.10 80.0 76.2 0.040
TLG41 0.810 0.637-0.982 ≥3371.20 60.0 66.7 0.034
AUC, Area under the curve; 95%CI, Confidence interval
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Table 4. OS comparisons of patients
OS (months) 2 years % 5 years % Median (%95 CI) p
OS 88.5 59.0  - (-)
TLG PERCIST 0.047

<4411.90 100.0 66.7  - (-)
≥4411.90 66.7 44.4 32.00 (0.00-87.43)

TLGAORT 0.379
<5394,25 93.8 62.5  - (-)
≥5394,25 80.0 53.3  - (-)

MTV41 0.047
<376.10 100.0 66.7  - (-)
≥376,10 66.7 44.4 32.00 (0.00-87.43)

TLG41 0.379
<3371,20 93.8 62.5  - (-)
≥3371,20 80.0 53.3  - (-)

Kaplan Meier curve, Long rank test, p<0.05 statistically significant

DISCUSSION
In our study, no correlation was found between metabolic 
parameters and treatment response in patients with 
DLBCL, while TLGPERCIST and MTV41 were found to 
have predictive value for OS. The small number of patients, 
partial lack of pathological data and retrospective study are 
the limitations of our study. Whether these parameters are 
guiding in terms of both treatment response and the type 
of treatment remains a matter of curiosity. As a result of 
studies with a larger patient population, measurement of 
these parameters may provide additional contribution to 
the routine SUVmax, Deauville score.

The current approach is to define the high-risk subtype 
of DLBCL and to consider different treatment regimens 
instead of the standard regimen of R-CHOP. Genetic 
features, myc expression, cell origin, 18F-FDG PET/CT 
are used to define the subtype with poor prognosis.14 In 
many lymphoma subtypes, MTV predicts the total tumor 
burden more accurately than the simple size of the tumor, 
Ann Arbor stage, or even the clinical risk score.15,16 High 
pretreatment MTV results in shorter PFS and OS.17-20 High 
total MTV and TLG were associated with both worse OS 
and incomplete response.21 In another study, it was also 
defined as a marker of relapse.15 In our study, MTV and TLG 
were not found to be associated with treatment response. 
This may be due to the small number of patients. However, 
higher MTV and TLG were associated with worse OS. In a 
study evaluating various methods to measure tumor volume, 
although the parameters used predicted both PFS and OS, 
the use of SUV2.5 was recommended because it was easier 
for clinicians to evaluate with the method.22 In another 
study, in univariate Cox regression analysis, whole-body 
MTV was found to be a significant determinant of OS, but 
in the multivariate Cox proportional hazards model, neither 
MTV nor TLG was identified as predictive factors. So, to put 
it simply, "whole-body MTV" and "whole-body TLG" do not 
offer any additional prognostic information compared to 
what is already available through NCCN-IPI in DLBCL.23

In clinical practice, there are several challenges associated 
with the calculation of MTV in lymphomas. First and 
foremost, there is no consensus on which threshold 
value to use for the delineation of lymphoma lesions 
and the calculation of MTV. In our study, with the aim 
of reducing this limitation somewhat, we utilized four 
different threshold values for MTV calculation: MTV2.5, 
MTV41, MTVPERCIST, and MTVAORT, and endeavored 
to demonstrate which threshold value contributed more 
effectively. Secondly, measuring MTV using existing 
software programs can be time-consuming. To surpass 
this limitation, the development of automated software 
programs can facilitate easier measurements and save time. 
Thirdly, the contribution of MTV calculations in DLBCL 
to prognostic information beyond what is determined by Figure 1A-C. Kaplan-Meier curves for OS.

A

B

C



1341

Yılmaz et al. New parameters of PET/CT in non-hodgkin lymphomaJ Health Sci Med. 2023;6(6):1337-1341

commonly used clinical risk scores is a subject of debate in 
the field of research. 

Imaging interpretation analyses with the evaluation 
of different metabolic volumetric parameters are 
improving day by day. We believe that predictive risk 
analyses developed by combining these parameters with 
pathological and clinical data will be useful in predicting 
treatment response, recurrence and OS.

CONCLUSION
High tumor burden is associated with poor survival. We 
believe that extending the pre-treatment volumetric-
metabolic parameters and evaluating whether they have a 
predictive value not only in terms of OS but also in terms 
of treatment response should be evaluated with studies 
involving a larger patient population.
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