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Introduction

Diffuse large B-cell lymphoma (DLBCL) is a heterogeneous 
disease with variable outcomes. The majority of patients 
benefit from chemo-immunotherapy; however, 30 to 40% 
relapse after first-line treatment, and 10% are refractory to 
first-line treatment. This variability in outcome has led to 
the identification of prognostic factors to stratify patients 
based on their risk of relapse. The five-factor international 
prognostic index (IPI) was formulated for such risk 

stratification more than 20 years ago, based on clinical 
information obtained from patients with aggressive 
lymphomas treated with cyclophosphamide, doxorubicin, 
vincristine, and prednisone (CHOP)-like chemotherapy 
[1]. The addition of rituximab to CHOP chemotherapy led 
to improved outcomes, diminishing the discriminatory 
capacity of IPI amongst risk groups [2]. Efforts to enhance 
the prognostic model by adding or defining new factors 
have only led to minor improvements without the ability 
to identify patients at risk of an inferior outcome [3]. 
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A significant component of all prognostic scoring systems’ 
is the assessment of tumor bulk by Ann Arbor staging. 
Positron emission tomography (PET) visualizes tumor 
metabolic activity, allows functional characterization 
of the disease, and currently represents the preferred 
imaging modality for disease staging and assessment of 
response to treatment. Scoring criteria for assessment of 
response, have been developed and validated using visual 
and quantitative methods [4]. Similarly, after treatment, 
the achievement of event-free survival (EFS) at 24 months 
is a robust surrogate endpoint for overall survival (OS) 
in DLBCL treated with chemo-immunotherapy [5]. 
Total metabolic tumor volume (TMTV) is an alternative 
method for assessment of tumor disease burden, which 
has the potential advantage of combining volumetric 
and functional assessment of disease as provided by 
18-Fluorodeoxyglucose positron emission tomography 
(18-FDG PET/CT). The total metabolic tumor volume 
(TMTV) is calculated using a fixed SUVmax threshold of 
41%. Total lesion glycolysis (TLG) is a measure of the level 
of glucose accumulation within all regions of interest on 
a PET scan. Retrospective studies that utilized TMTV for 
assessing tumor bulk have shown to predict progression-
free survival (PFS) and OS in DLBCL [6,7]. Based on these 
prior studies, the primary objective of our study was to 
determine the prognostic significance of the pretreatment 
total metabolic tumor volume (TMTV) on EFS at 24 
months after treatment. A secondary objective of our study 
was to determine the correlation of TLG and cell of origin 
(COO) subtypes on EFS at 24 months. 

Materials and Methods

Study population

We evaluated PET-CT scan data from patients diagnosed 
with DLBCL and treated at a tertiary care institution 
from 2014 to 2018. The inclusion criteria included, a new 
diagnosis of DLBCL between Jan 2014 and Jan 2018, 
histologically confirmed diagnosis of DLBCL by the WHO 
classification and a pretreatment PET-CT scan done at 
the same tertiary institution. Patients who received less 
than two cycles of treatment and without a minimum 
of 6-months of follow-up period after treatment were 
excluded from the study. 

Data collection

The medical records where queried for obtaining a list of 
patients with ICD9 and ICD10 diagnosis codes of 200.78 
and C83.30 respectively. Data were collected for age, sex, 
Ann Arbor stage, R-IPI score, lactate dehydrogenase, 
extranodal sites of disease, performance status, date 
of the pretreatment PET scan, COO subtype, date of 
chemotherapy initiation, chemotherapy regimen, number 
of chemotherapy cycles received, disease status at the end 
of treatment, and clinical status at last clinic follow-up. 

The COO was grouped as either germinal center B cell 
(GCB) or non-germinal center B cell (non-GCB) subtype 
based on Hahn’s algorithm. The primary endpoint of 
the study was EFS at 24 months. EFS was defined as 
the time from diagnosis until relapse or progression, 
unplanned re-treatment of lymphoma after initial chemo-
immunotherapy, or death as a result of any cause. Other 
outcomes assessed included PFS, defined as the time from 
diagnosis until relapse or progression or death as a result 
of any cause and OS, defined as the time from diagnosis 
until death as a result of any cause.

Calculating TMTV and total lesional glycolysis 
(TLG)

The pretreatment PET-CT scans were individually 
reviewed by two nuclear medicine physicians (GE, RJ). The 
TMTV, measured in cm3, was computed using automated 
software (syngo®.via, Siemens), and measurements for 
TMTV were recorded. For each lesion visualized on PET/
CT, a Volume of interest (VOI) or MTV was calculated 
using a threshold of 41% of the SUVmax (max pixel value for 
every lesion). The TMTV was then calculated by summing 
all the MTV for every single lesion with VOI’s excluding 
areas of high physiological uptake or areas exceeding the 
anatomical tumor boundaries, as seen on CT.

The lesion glycolysis was calculated for each lesion by 
multiplying the MTV by the SUVmean (mean value of the 
FDG uptake in each lesion): MTV x SUVmean. The TLG 
was obtained for each patient by adding all the individual 
lesional glycolysis. 

Statistical analysis

The prognostic value of TMTV was determined using 
EFS at 24 months, PFS and OS as endpoints, censoring 
at the time of the last follow-up. EFS at 24 months was 
dichotomized to form two groups; one with EFS less than 
24 months and other with EFS for more than 24 months. 
A pooled t-test was performed to compare TMTV and 
TLG with EFS at 24 months. The pooled t-test was also 
used to compare TMTV with COO. A p-value of <0.05 
was considered significant. We performed a time to 
event analysis using the log-rank test and plotted them 
using the Kaplan-Meir estimates. The cohort was divided 
into high and low TMTV groups based on pretreatment 
TMTV values with cutoffs of 550 and 300 for two separate 
analyses. Cox proportional hazards model was used to 
perform multivariate analysis.

Results

Pretreatment PET parameters

Of the 147 screened from the institutional database, 47 
patients met the inclusion criteria (Table 1) (Figure 1). For 



                                                                                                                                                      
 Narkhede M, Qureshi S, Diwan D, Roxanna J, Esposito G. Lack of Prognostic Significance of Pretreatment Total Metabolic 
Tumor Volume on Event-free Survival at 24 Months in Diffuse Large B-cell Lymphoma. J Clin Haematol. 2020; 1(1):10-15.

J Clin Haematol. 2020
Volume 1, Issue 1

these patients, the median TMTV was 142 cm3 (range 2.49 
to 1843.55), with a median TLG of 1269.74 (Range 14.32 
to 42153.94). Amongst 16 patients with Ann Arbor stage 
I-II lymphoma, the mean TMTV was 57.51 versus 428.20 
for higher stage III-IV lymphoma (p<0.001). The mean 
TMTV in the GCB subtype was 264.3 versus 339.0 in the 

non-GCB subtype (p=0.59). Similarly, the mean TLG in 
the GCB subtype was 4365.8 versus 4933.6 in the non-
GCB subtype (p=0.79). There was also no relationship 
observed between the Ann Arbor stage and GCB or non-
GCB subtype (p=0.42).

12

Database queried for patients with 
ICD9 and ICD10 diagnosis codes of 

200.78 and C83.30 for diagnosis 
between 2014 to 2018

(n=147)

Excluded (N=1)
• Initial diagnosis made before 

2014

Remaining patients  (n=146) evaluated 
for presence of
• Pretreatment  PET scan done at the 

study institution  AND
• FDG avid lesion present. Excluded (N=85)

• 81 patients who had PET scan 
done at an outside facility

• 3 patients did not have  a 
pretreatment PET scan done.

• 1 patient  did not have a FDG avid 
lesionRemaining patients (n=61) evaluated 

for presence of
• New diagnosis of diffuse large B-

cell lymphoma 
Excluded (N=8)
• 6 patients had transformed DLBCL
• 1 patient had RT from CLL
• 1 patient had an incorrect 

diagnosis
Remaining patients (n=53) evaluated 
for
• Having received systemic therapy 

AND
• Minimum follow up of 2 cycles

Excluded (N=6)
• 3 patients did not receive 

systemic therapy
• 1 patient lost to follow up
• 1 patient stopped treatment after 

cycle 1
• 1 patient decided to pursue 

comfort measures only

Patients eligible for analysis 
(n = 47)

Figure 1: Flow diagram describing reasons for exclusion of patients. PET: Positron Emission Tomography; FDG: 
Fludeoxyglucose; DLBCL: Diffuse Large B-cell Lymphoma; CLL: Chronic Lymphocytic Leukemia; RT: Richter’s 
Transformation
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Population (%)
Age in years (median, Range) 60 (19 – 85)

Gender (male/female) 27/20

Prognostic factors
Age > 60 23 (48)

ECOG performance status >2 7 (14)

LDH > 1 x upper limit of normal 32 (68)

Two or more extranodal sites 9 (19)

Ann Arbor stage III/IV 31 (66)

Double expressor lymphomas 4 (8)

Double hit lymphomas 1 (2)

GCB subtype 24 (51)

Non-GCB subtype 23 (49)

R-IPI score
Poor risk 21 (45)

Good risk 26 (55)

Treatment
RCHOP 42 (89)

R-EPOCH 5 (11)

Table 1: Patient characteristics.

Patient outcomes

The median duration of follow up was 25 months. 
Relapses occurred in 7 patients at a median of 7 months 
(3-60) after diagnosis. Four patients died at a median of 
13.5 months (3 – 52). Nine patients had an event within 24 
months of diagnosis.

Prognostic value of TMTV and TLG

There were nine patients with an EFS of less than 24 
months. There was no difference in mean TMTV in 
patients with EFS less than 24 months versus those more 
than 24 months (477.89 versus 252.25, p=0.29) (Figure 2). 
Similarly, the mean TLG was also no different for patients 
with EFS less than 24 months compared to those more 
than 24 months (8281.5 versus 3628.4, p=0.32).

The patients were divided into high and low pretreatment 
TMTV groups based on cutoffs obtained from prior studies 
[6,7]. In the first analysis, patients were divided into TMTV 
high and low group with a pretreatment cut off value of 550. 
There was no difference in EFS at 24 months between the 
high and low TMTV groups (62.5% versus 84.6%, p=0.18) 
(Figure 3). However, PFS was worse for those in the high 
TMTV group (37.5% versus 84.6%, p = 0.02), which is 
consistent with the observations made by Sasanelli et al. 
[6]. For the second analysis, patients were divided with a 

A B

Figure 2: A) Comparison of the mean TMTV values for patients with EFS less than 24 months to those with more 
than 24 months. B) Comparison of the mean TLG values for patients with EFS less than 24 months to those with 
more than 24 months.
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pretreatment cut off value of 300. Using this cutoff, there 
was no difference in EFS at 24 months (73.3% versus 84.3 
%, p=0.50) and PFS (60% versus 84.3%, p=0.1) between 
the high and low TMTV groups. Multivariate analysis 
using Cox regression model failed to show COO and TLG 
as an independent predictor of EFS at 24 months.

When analyzed for OS, patients with a pretreatment 
TMTV value of more than 550 had poor OS (p=0.1) 
but did not meet the predefined threshold of statistical 
significance, which is possibly due to small sample size. 
The COO classification of DLBCL using Hahn’s algorithm 
also did not have any impact on TMTV, TLG, EFS at 24, 
PFS, and OS.

Discussion

This single-center, retrospective study of 47 patients 
showed that pretreatment TMTV was not predictive of 
EFS at 24 months but is predictive of PFS when a cut-off 
of 550 is used. It also failed to demonstrate the predictive 
value of TLG and COO on EFS at 24 months.

The measurement of tumor burden is an essential 
component of prognostic tools. Ann Arbor staging has 
been the most widely used system for assessing tumor 
burden. The advent of PET scan has led to improvements 
in assessing tumor bulk by the ability to delineate viable 
tumor from necrotic tissue. TMTV is a PET scan derived 
metric which estimates metabolically viable tumor bulk 
and has led to its use as a prognostic marker. However, 
there are few challenges with its use. There have been 
multiple studies demonstrating its prognostic significance; 
however, each using a different cut off values to define 
TMTV high and low groups. There was no standardized 
definition for determining the volume of interest. Song 
et al. used SUV of >2.5 as a contouring border, whereas 
Sasanelli et al. and Cottereau et al. defined the volume 
of interest using the 41 % SUVmax method [6-8]. Lastly, 
the lack of prospective studies has led to the failure of its 
implementation in clinical practice.

In our study, we determined the VOI using the 41% 
SUVmax method as determined by the European procedure 
guidelines version 2. [9]. We evaluated both cutoffs, 550 
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Figure 3: A) EFS in patients with TMTV ≤ 550 compared to TMTV >550, B) EFS in patients with TMTV ≤ 300 
compared to TMTV >300, C) PFS in patients with TMTV ≤ 550 compared to TMTV >550, D) PFS in patients with 
TMTV ≤ 300 compared to TMTV >300.
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and 300, to determine its prognostic significance on EFS 
at 24 months. The pretreatment TMTV and TLG were not 
predictive of EFS at 24 months, and there was no difference 
in the mean TMTV and TLG. When we used the cut-off of 
550, patients with high TMTV had similar EFS at 24 months 
compared to the low TMTV group. However, PFS was 
inferior in the high TMTV group. This lack of difference in 
EFS at 24 months with a difference in PFS in our study, is 
possibly due to late relapses that were observed in patients 
with TMTV values more than 550. There was no difference 
in EFS at 24 months and PFS when a cut off 300 was used. 
These observations, in our study, are different from the 
observations made by Sasanelli et al. and Cottereau et al., 
where the Kaplan Meier survival curves begin to diverge as 
soon as 12 months after diagnosis for patients with higher 
pretreatment TMTV. These differences are because our 
study had a small number of patients from a single center. 
A lower relapse rate was observed in our patient sample 
compared to historical controls (14% versus 30-40%) 
possibly attributed to a shorter duration of follow-up. This 
lower relapse rate has resulted in discordant observations 
in some of our findings compared to other similar studies.

The limitation of our study can be overcome in the future 
by increasing the sample size with patients from multiple 
centers. In addition, combination with other measures of 
assessment of tumor burden such as circulating cell-free 
DNA or circulating tumor DNA will result in building 
a robust model for assessing tumor bulk. Such a model 
will refine our prognostic capabilities with its eventual 
incorporation into prospective clinical trials and clinical 
practice.
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