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Abstract
Background Positron Emission Tomography-Computed Tomography (PET-CT) has been changing diagnostic and therapeutic 
strategies for patients with cancers, and several PET-CT-related prognostic factors have been reported. We have focused on 
metabolic tumor volumes (MTVs) over the whole body and in specific organs using 18F-PET-CT imaging, and have com-
pared clinical data to know the prognosis of patients with diffuse large B cell lymphoma (DLBCL).
Patients and methods From January 2006 to December 2016, patients who were newly diagnosed for de novo DLBCL and 
who received 18F-FDG PET-CT scans for disease staging at Ehime University Hospital were reviewed.
Results A total of forty out of 108 patients with DLBCL were analyzed. The median and the average follow-up were 3.9 years 
and 3.6 years. Both MTV50 and MTV60 whole-body searching indicated effective prognostic values for patients with DLBCL 
statistically (P = 0.027). However, analysis of MTVs in the spleen and in bone marrow did not provide any prognostic value. 
Receiver operating characteristic (ROC) analysis indicated that the cutoff level 25.8 in MTV60 is the most effective prognostic 
value (P = 0.022) which predicts patient survival after treatment with R-CHOP chemotherapy.
Conclusion MTV60 using whole-body scanning appears to be an effective indicator in DLBCL and indicates the patient 
prognosis.
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Introduction

Positron Emission Tomography-Computed Tomography 
(PET-CT) is the most advanced medical imaging technique 
available recently, and has dramatically changed not only 
cancer diagnosis but also treatment strategies for patients 
with cancers. Recent clinical studies have reported that vari-
ous types of data derived from PET-CT analysis may influ-
ence the prognosis for cancer patients directly or indirectly.

Several studies have reported that the standardized uptake 
values (SUVs) of F-18 fluorodeoxyglucose (SUVmean and/
or SUVmax) are related to tumor proliferation and growth, 
suggesting that SUVs may affect disease activity (aggres-
siveness) and prognosis [1]. In addition, the relation between 
patient prognosis and tumor metabolism based on metabolic 
tumor volume (MTV; a volumetric measurement of tumor 
tissues with increased F-18 fluorodeoxyglucose uptake) and 
total lesion glycolysis (TLG; TLG = SUVmean × MTV) 
has been reported recently. A number of publications have 
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referred to the stronger relationship of MTVs than SUVs to 
the prognosis of patients with malignancies, especially with 
lymphoid malignancies [2–11], suggesting that the MTVs 
may be one effective tool to use to predict patient prognosis 
with lymphoid malignancies [12]. However, the method, the 
searching area, the cutoff level, and the relation of the SUVs 
to MTV analysis have not been wholly understood. Here, we 
have extracted several parameters from metabolic imaging 
and apply them to PET-CT, and have analyzed clinical data 
to determine the patient’s disease prognosis focusing on dif-
fuse large B cell lymphoma (DLBCL).

Materials and methods

Patient with DLBCL and the excluding criteria

Between January 2006 and December 2016, patients who 
were newly diagnosed for de novo DLBCL and who received 
18F-FDG PET-CT scans for disease staging at Ehime Uni-
versity Hospital were reviewed. We performed gene rear-
rangement analysis of the immunoglobulin heavy chain 
(IgH) region using Southern blot or karyotypic analysis 
along with flow cytometric analysis for CD20 expression 
on cell surfaces to confirm that the tumours were of B lym-
phocyte origin. Most of the samples were of lymph nodes, 
but selected specimens of extra-nodal (EN) soft tissue were 
also included. Some patients were excluded taking into con-
sideration past reports indicating they were unsuitable cases 
for the current analysis, as follows: (1) patients ≥ 80 years 
of age; (2) patients with stage I disease; (3) patients treated 
with over 25% reduction doses of chemotherapy and with 
less than six cycles of treatment; (4) primary DLBCLs 
of CNS; (5) primary testicular, mammary, and uterine 
DLBCLs; (6) rheumatoid arthritis- or methotrexate-associ-
ated DLBCLs; (7) DLBCLs with concomitant or antecedent 
follicular lymphoma expressing t(14;18); (8) DLBCLs asso-
ciated with HIV infection; (9) high-grade B-cell lymphoma; 
and (10) intravascular large B-cell lymphoma. We selected 
our patients very strictly to remove the “noise” from the 
patient selection in the current study. Because diffuse large B 
cell lymphoma (DLBCL) has several clinical categories with 
different treatment strategies. We defined de novo DLBCL 
in the current paper under the excluding criteria from (4) 
to (10). Also, we removed patients who were ≥ 80 years 
of age, patients with stage I disease, and patients treated 
with reduced doses of chemotherapy, because these patients 
were treated with different strategies from standard R-CHOP 
chemotherapy [13, 14]. Clinical examination or interview 
by phone or mail was performed to ascertain patient sur-
vival, physical condition and DLBCL status of all surviving 
patients.

Treatments for patients with DLBCL

Patients were treated with R-CHOP (rituximab 375 mg/
m2, cyclophosphamide 750 mg/m2, doxorubicin 50 mg/
m2, vincristine 1.4 mg/m2 (maximum 2 mg/body), day 1, 
and prednisolone 100 mg/body, days 1–5), or R-CHOP-
like regimens based on their physician’s choice. Chemo-
therapy was defined as R-CHOP or R-CHOP-like therapy 
with ≥ 75% of dose intensity, a dose of an effective drug 
administered per unit time (mg/m2/week), and ≥ six cycles 
of treatment at least.

18F‑FDG PET‑CT imaging

18F-FDG PET-CT imaging was performed by an inte-
grated PET-CT camera (Discovery PET/CT 600; GE 
Healthcare, Milwaukee, WI, USA) for all patients with 
DLBCL within 21 days prior to their chemotherapy. All 
patients fasted for at least 6 h and had a blood glucose 
level of 80–120 mg/dL before intravenous administration 
of 18F-FDG (3.7 MBq/kg). The total examination time for 
PET-CT was approximately 25 min. The PET emission 
images were corrected for measured attention and recon-
structed using an ordered-subset expectation maximiza-
tion iterative algorithm. Integrated PET and CT images 
were reviewed on Advantage Workstations Ver.4.5 (GE 
Healthcare). The display field of view was 60 × 60 cm, 
which consisted of 192 × 192 matrixes. Voxel size was 
3.125 × 3.125 × 3.27  mm3.

18F‑FDG PET‑CT imaging analysis

PET and CT images were evaluated visually and quantita-
tively. For each PET-CT dataset, 18F-FDG uptakes among 
all foci were carefully identified. The maximum standardized 
uptake value (SUVmax) and the metabolic tumor volume 
(MTV) were measured on the fused PET-CT images using 
Workstation. The MTV was estimated in a 3D manner by 
selecting a volumetric region of interest (VOI), and the size 
of the VOI was manually regulated on the corresponding 
coronal and sagittal images to include the entire active tumor 
in the VOI. As several parameters, isocontour thresholds 
of 50%, 60%, and 70% of metabolic volume in the MTV 
(MTVs; MTV50, MTV60, and MTV70) were determined. 
If there were multiple accumulations in FDG-PET imaging, 
MTV50, MTV60, and MTV70 were calculated based on 
the highest values of SUVmax. For example, if the highest 
SUVmax is 10, the volume of each lesion which indicates 
6.0 or more SUV in the accumulation is measured, and the 
sum of the volumes is aggregated as MTV60. As the SUV-
max, we focused on the 18F-FDG uptake in the spleen of 
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the patient with DLBCL and compared this to its uptake in 
the whole body.

Analysis of overall survival employing 18F‑FDG 
PET‑CT imaging

Survival time was from the date of enrollment in any treat-
ment to the date of the last follow-up (at the end of 2018) or 
death. Overall survival (OS) curves were calculated for each 
prognostic group based on the median level of SUVmax 
and MTVs as the cutoff (high; > median range versus low; 
≤ median range) according to the Kaplan–Meier method 
and analyzed using the log-rank univariate test. Fisher’s 
exact test and Chi-squared test were performed to detect 
the statistical differences among the groups. P values less 
than 0.05 were considered significant. A receiver operating 
characteristic (ROC) curve was used to determine the cut-off 
value sensitivity and specificity. All statistical analyses were 
performed using the SAS software package version 9.4 (SAS 
Institute Inc., Cary, NC, USA).

Ethics of the study

This study was approved by the Ethics Committee for Clini-
cal Studies at Ehime University Graduate School of Medi-
cine (study IRB#1508024), and carried out in accordance 
with the ethical standards of the 1995 Declaration of Hel-
sinki (as revised in Brazil 2013). Informed consent was by 
the opt-out principle; we disclosed information about the 
study on the associated website (https ://www.m.ehime -u.ac.
jp/schoo l/clini cal.oncol ogy/?page_id=25) and provided an 
opportunity to decline to participate in this study.

Results

Clinical characteristics

One hundred-eight patients with DLBCL in total were 
treated in the current study period. As mentioned above in 
the “Materials and Methods” section, we have selected our 
patients very strictly to remove the “noise” from the patient 
selection. We removed a total of sixty-eight patients from 
the current study, (n = 33; patients who were ≥ 80 years of 
age, n = 20; patients whose disease was in stage I, n = 34; 
patients treated with over 25% reduction doses of chemo-
therapy, n = 10; patients whose pathologies had biological 
heterogenicities from de novo DLBCL, some cases were 
overlapped). The study included forty patients. Of analyzed 
patients, 18 (45%) were men and 22 (55%) were women. 
The median age was 64 years (range, 49–79). Eighteen (18) 
(45%) patients were in stage II, 6 (15%) in stage III and 16 
(40%) in stage IV, respectively. The majority (n = 39) of the 

patients were treated with R-CHOP. The median and the 
average follow-up were 3.9 years (47 months) and 3.6 years 
(43 months), respectively. These clinical characteristics are 
shown in Table 1. All patients were examined with 18F-FDG 
PET-CT within 21 days before the initial treatment.

Patient prognosis according to 18F‑FDG‑PET‑CT 
imaging

Kaplan–Meier analysis was performed to estimate the OS 
of patients with DLBCL based on several 18F-FDG PET-
CT parameters. Figure 1 indicates Kaplan–Meier curves of 
baseline progression-free survival (PFS) (Fig. 1a) and over-
all survival (OS) (Fig. 1b) of the currently analyzed patients 
(n = 40) with DLBCL.

Figure  2 indicates overall survival of patients based 
on whole-body analysis of SUVmax (Fig. 2a), MTV50 
(Fig. 2c), MTV60 (Fig. 2d), and MTV70 (Fig. 2e) to com-
pare prognostic values using the average of patient num-
bers as the cutoff. Also, Fig. 2 indicates overall survival 

Table 1  Patient characteristics of diffuse large B cell lymphoma 
(DLBCL) patients

R-CHOP rituximab, cyclophosphamide, doxorubicin, vincristine, 
prednisolone, R-COPE rituximab, cyclophosphamide, doxorubicin, 
prednisolone, etoposide, sIL-2R soluble interleukin-2 receptor

Male/female 18/22

Age 49–79 y.o. (median 64.0)

Stage
 I 0
 II 18 (45%)
 III 6 (15%)
 IV 16 (40%)

PS (performance status)
 0 20 (50%)
 1 11 (27%)
 2 8 (20%)
 3 0
 4 1 (3%)

Extra-nodal (EN) sites
 0 26 (65%)
 ≥ 1 14 (35%)

LDH
 Normal 16 (40%)
 > Normal 24 (60%)

sIL-2R
 Normal 6 (15%)
 > Normal 34 (85%)

Treatment
 R-CHOP 39 (97%)
 R-COPE 1 (3%)

https://www.m.ehime-u.ac.jp/school/clinical.oncology/?page_id=25
https://www.m.ehime-u.ac.jp/school/clinical.oncology/?page_id=25
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using analysis of SUVmax (Fig. 2b), MTV50 (Fig. 2f), 
MTV60 (Fig. 2g), and MTV70 (Fig. 2h) in the spleen of the 
patients. Regarding the type of analysis, the two parameters 
of MTV50 and MTV60 in whole-body analysis, not those in 
spleen analysis, were identified as defining patient progno-
sis with statistical significance. These data are summarized 
in Table 2. In addition, we tried MTV analysis using bone 
marrow accumulation of 18F-FDG to focus on another spe-
cific organ; however, the data were unreliable for accurate 
analysis because of variations (data not shown).

Receiver operating characteristic (ROC) analysis 
to determine cutoff value

To clarify a better prognostic parameter to know the progno-
sis of patients with DLBCL, as an additional method of data 
validation, a Receiver Operator Characteristic (ROC) curve 
was used to determine the real cutoff range among MTV50, 

MTV60, and MTV70 (Fig. 3a–c). The ROC curve illustrated 
that MTV60 (cutoff 25.8) had better prognostic value than 
the conventional cutoff with significant improvement in pre-
dictive accuracy of OS (Fig. 3d); a sensitivity of 0.62 and a 
specificity of 0.63 (log-rank test, p = 0.022), AUC = 0.715.

Discussion

Diffuse large B-cell lymphoma (DLBCL) is the most com-
mon non-Hodgkin lymphoma and it accounts for approxi-
mately 32% of non-Hodgkin lymphomas diagnosed in the 
world [15]. This disease is recognized to be a chemother-
apy-sensitive B-cell malignancy which is curable with 
R-CHOP or R-CHOP-like regimens [16, 17]. Since several 
prognostic factors had been reported after clinical observa-
tions, prognostic factor-based treatment strategies should be 
recommended [18]. PET-CT is recently recommended for 
assessing not only the diagnosis and staging but also the 
therapeutic response and treatment strategies in the major-
ity of lymphomas [19]. Recent major clinical interests are 
whether metabolic tools and detection methods concern-
ing 18F-FDG PET-CT should be more strongly involved in 
determining patient prognosis.

SUVmax has been reported as an easy and simple indica-
tor to show the prognosis of patients with lymphoid malig-
nancies among several parameters of 18F-FDG PET [1]. Not 
only maximum glucose uptake but also tumor volume and 
areas with increased 18F-FDG uptake have been recognized 
as indicators of patient prognosis [3]. In contrast, MTV, 
which is based on relative thresholds, shows the percent-
age of SUV volumes, which three-dimensional regions of 
interest are drawn around individual lesions, and indicates 
the volume of glucose-avid malignancies. MTV may indi-
cate lesional dosimetry, patient prognosis, and response to 
therapy beyond SUVmax, and its MTV is easy to detect 
technically. MTV50 (margin threshold of 50% SUVmax) 
is often universally used as a model of isocontour threshold 
of tumor metabolic volume from total-body to a specific 
organ [20, 21]. However, tumor volume delineation based 
on a fixed percentage of SUVmax might be affected by 
the variability and “noise” inherent in SUVmax itself and 
MTV50 may be relatively too low to be able to show the 

Fig. 1  Progression-free survival (PFS) curve (a) and overall survival 
(OS) curve (b) of the currently analyzed patients with diffuse large B 
cell lymphoma (DLBCL) (n = 40)

Fig. 2  Kaplan–Meier estimates the overall survival (OS) curve in the 
patients with DLBCL based on several PET-CT parameters, such as 
the whole-body maximum standardized uptake value of FDG (fluo-
rine-18-2-deoxy-d-glucose) (WB-SUVmax) (a), isocontour thresh-
olds of 50%, 60%, and 70% of metabolic volume in whole-body 
metabolic tumor volumes (WB-MTVs; WB-MTV50, WB-MTV60, 
and WB-MTV70) (b–d), maximum standardized uptake value in the 
spleen (SP-SUVmax) (e) and isocontour thresholds of 50%, 60%, 
and 70% of metabolic volume in the metabolic tumor volumes in the 
spleen (SP-MTVs; SP-MTV50, SP-MTV60, and SP-MTV70) (f–h)

◂
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tumor metabolism and prognosis for aggressive metabolic 
tumors (high SUVmax tumors) such as DLBCL [22]. In this 
study, we have selected additional parameters (MTV60 and 
MTV70) to know the best cutoff range of MTV for determin-
ing the prognosis of patients with DLBCL.

First in this study, we have focused on MTV imaging 
in the bone marrow and spleen as specific organs in which 
tumors may be involved and in which involvement may 
affect the prognosis of patients with lymphoid malig-
nancies [23, 24]. However, a search of the entire bone 
marrow employing MTV is technically difficult. This is 
partly because bone marrow is present in several parts of 
the body, such as in limbs, the skull, trunk, and pelvis. 
Also, it is present in bone matter of various sizes and it 
lacks cohesion which impedes analysis. In addition, it is 
difficult to distinguish between reactive and pathological 

Table 2  Summary of the current analysis based on several PET-CT 
parameters

Cutoff range (P value)

Whole-body (WB)
 SUVmax 22.80 (NS)
 MTV50% 30.78 (0.027)
 MTV60% 15.71 (0.027)
 MTV70% 8.69 (NS)

Spleen (SP)
 SUVmax 2.20 (NS)
 MTV50% 69.93 (NS)
 MTV60% 45.06 (NS)
 MTV70% 19.38 (NS)

Fig. 3  Receiver operating characteristic (ROC) analysis of MTV50, MTV70, and MTV60 (a–c) and overall survival (OS) curve using ROC 
based cutoff (MTV60 = 25.8) (d)
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accumulation of 18F-FDG. Therefore, we have changed 
our strategies and have focused on the analysis of the rela-
tion between whole-body and spleen MTVs and patient 
prognosis.

Our analysis indicates that MTV50 and MTV60 in the 
whole body are both useful to predict the prognosis of 
patients with DLBCL, and ROC analysis indicates MTV60 
cutoff 25.8 is the most effective level, and the range of AUC 
in MTV60 shows 0.715. In contrast, analysis of metabolic 
volumes in the spleen is not a useful indicator of patient 
prognosis, and no association of MTV scanning between the 
spleen and the whole body was found in the current analy-
sis. Several reasons for this negative result may exist. First, 
SUVmax in the spleen was at a relatively low level (2.20 
vs 22.80) and MTVs in the spleen existed at a relatively 
high range compared to those in the whole body (69.93 vs 
30.78 in MTV50, 45.06 vs 15.71 in MTV60, and 19.38 vs 
8.69 in MTV70). These results suggest that the incidence 
of tumor involvement in the spleen in the current cases may 
be small and not suitable for statistical analysis. Second, 
accurate current evaluation of infiltration of tumors into 
the spleen by focusing on MTVs might be impossible. This 
is because glucose accumulation in the spleen exists at a 
relatively high level in cases without tumor involvement. 
Also, if the spleen has a high-density spot of glucose accu-
mulation, which points to tumor infiltration, MTVs in the 
spleen appear at a relatively lower level compared to those 
in the whole body, because the area to be measured appears 
smaller instead of the SUVmax getting larger. In contrast, if 
the spleen is biologically enlarged without tumor involve-
ment and the accumulation in the spleen is uniform, MTVs 
in the spleen will be relatively high in the calculation, espe-
cially in the cases with inflammatory and immunological 
activations [25]. Such “noise” or false positivity may affect 
the negative relation between MTVs in the spleen and the 
patient prognosis. The above “noise” may be involved in 
negative results of MTV analysis involving the spleen in the 
current analysis [26].

In summation, MTV60 (cutoff 25.8) using whole-body 
scanning, not other scanning of specific organs, appears to 
be an effective indicator of aggressive tumor metabolism in 
DLBCL and indicates the patient prognosis. However, we 
are aware of the limitations of our analysis, because it was 
confined to a single institution and to a small number of 
cases. Further study should be recommended to determine 
the magnitude of MTVs using PET-CT in researching lym-
phoid malignancies, especially DLBCL.
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