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Abstract: The role of fluorodeoxyglucose-positron emission tomography (FDG-PET) has been well established in assessment of lymphoma, including non-Hodgkin lymphoma (NHL). The aim of this study was to compare changes
and survival predictive values of various quantification parameters of FDG-PET/CT in patients with relapsing/refractory lymphoma before and after radioimmunotherapy (RIT). Data from 17 patients with relapsing/refractory NHL,
treated with targeted RIT after chemotherapy/radiotherapy, were retrospectively collected. FDG-PET/CT scans were
performed approximately three months before and six months after RIT. An adaptive contrast-oriented thresholding
algorithm was used to segment lesions on the FDG-PET images. Wilcoxon signed-rank tests were used to assess
changes in SUVmax, SUVmean, partial volume-corrected SUVmean (pvcSUVmean), total lesion glycolysis (TLG), and
pvcTLG before and after treatment. The patients were followed up after completing RIT for up to 10 years. KaplanMeier and Cox regression analyses evaluated the association between the quantification parameters and survival
data. In the survived group, the decrease in mean percentage of change for TLG and pvcTLG was greater than SUVmax, SUVmean and pvcSUVmean [TLG: 253.9 to 106.9, -81.4%; P = 0.052 and pvcTLG: 368.9 to 153.3, -58.4%;
P = 0.04]. In addition, overall survival (OS) was shorter in patients with pre-RIT pvcTLG more than 644 compared to
those below this value (log-rank P < 0.01). In univariate Cox regression for OS, a higher baseline pvcTLG was a significant prognostic factor (HR: 6.8, P = 0.02). Our results showed that pre-treatment pvcTLG was the best predictor
of OS in patients with relapsing/refractory NHL following RIT.
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Introduction
Non-Hodgkin lymphomas (NHL) account for
approximately 90% of lymphomas, from which
85-90% arise from B lymphocytes [1]. The
treatment for NHLs has undergone significant
changes in recent years since Rituximab (monoclonal antibody against protein CD20) was
approved by the US Food and Drug Administration (FDA) for the treatment of relapsing/
refractory follicular NHL [2]. During the past 2
decades, two radioimmunotherapy (RIT) drugs

have been employed for this purpose, Bexxar
(monoclonal antibody linked with radioactive iodine-131) and Zevalin (90Y-radiolabeled
murine antibody) [3]. Both of these medications
target and attach to the CD20 receptors on the
surface of lymphocytes [3].
Positron emission tomography (PET) with 18Ffluorodeoxyglucose (FDG) can provide precious
functional information based on the augmented uptake of glucose and metabolism in cancerous cells and shows cellular abnormalities
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Table 1. Patients’ characteristics and type of RIT
Patient Age Gender Diagnosis

Type of RIT

RIT01

59

F

Follicular lymphoma transformed to DLBL

I-131 Tositumomab (Bexxar)

RIT02

66

F

Follicular lymphoma

In-111 Ibritumomab Tiuxetan (dx)/Y-90 Zevalin (tx)

RIT03

49

F

Follicular lymphoma

I-131 Tositumomab (Bexxar)

RIT04

55

F

Follicular lymphoma

I-131 Tositumomab (Bexxar)

RIT05

48

M

Follicular lymphoma

I-131 Tositumomab (Bexxar)

RIT06

52

M

Rituxan-refractory follicular lymphoma

I-131 Tositumomab (Bexxar)

RIT07

53

M

Rituximab-refractory follicular lymphoma

I-131 Tositumomab (Bexxar)

RIT08

43

M

Follicular lymphoma

I-131 Tositumomab (Bexxar)

RIT09

75

F

Follicular lymphoma transformed to DLBL

In-111 Ibritumomab Tiuxetan (dx)/Y-90 Zevalin (rx)

RIT10

67

M

Follicular lymphoma transformed to DLBL

I-131 Tositumomab (Bexxar)

RIT11

58

M

Primary mediastinal B-cell lymphoma

I-131 Tositumomab (Bexxar)

RIT12

65

F

Follicular lymphoma transformed to DLBL

I-131 Tositumomab (Bexxar)

RIT13

62

M

Rituxan-refractory follicular lymphoma

I-131 Tositumomab (Bexxar)

RIT14

59

F

Follicular lymphoma

I-131 Tositumomab (Bexxar)

RIT15

66

F

Follicular lymphoma

I-131 Tositumomab (Bexxar)

RIT16

58

M

Follicular large cell lymphoma

In-111 Ibritumomab Tiuxetan (dx)/Y-90 Zevalin (rx)

RIT17

54

M

Follicular lymphoma

In-111 Ibritumomab Tiuxetan (dx)/Y-90 Zevalin (rx)

Abbreviation. RIT: radioimmunotherapy.

modality in cancer imaging and is being
routinely used for evaluation of patients with
NHL [5]. The main benefit of PET over conventional imaging modalities is its more sensitive and accurate quantification of disease
activity at different stages of the disease [6].
Thus, efforts to determine the impact of global measurement of disease activity in patients with cancer for improving the role of
PET studies in medicine have become essential
for both diagnostic and therapeutic purposes
[6, 7].

before structural alternations are visualized
by conventional imaging modalities [4]. FDGPET combined with computed tomography (CT)
has been shown to be a powerful imaging

The conventional approaches of PET quantification suffer from many deficiencies and could
therefore be misleading in the management of
NHL patients. These deficiencies include limited sampling of the disease sites by confining measurements to specific locations, which
may not reflect the overall disease activity.
Furthermore, a standard size region of interest
samples only a segment of the affected area,
which is subject to partial volume effect (PVE)
and can thus significantly underestimate the
true degree of disease activity in the lesions
[8]. Therefore, there is a need to overcome the
abovementioned shortcomings by adopting
techniques that allow accurate estimation of
the total burden of disease. In this study, we
aimed to compare the changes and survival
predictive values of different quantification
parameters of FDG-PET/CT imaging in patients
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Figure 1. FDG-PET images of a 53-year-old male patient with relapsed follicular lymphoma. A. Pre-treatment FDG-PET images in the axial, coronal, sagittal
planes illustrate abnormal increased FDG uptake
in the pelvic area. B. The same PET images after
segmentation of FDG avid lesions using iterative
reconstruction algorithm discussed in the methods
section. FDG-PET: 18F-fluorodeoxyglucose positron
emission tomography.

FDG-PET/CT global quantification in relapsing/refractory non-Hodgkin lymphoma
Healthcare, The Netherlands).
Blood glucose was first measured and approximately 555
MBq (15 mCi) of FDG was
administered after at least 8
hours of fasting if the levels
were below 200 (mg/dl).
Images were acquired 60 minutes after intravenous injection of FDG. Attenuation correction was performed on the
PET image with low-dose
unenhanced CT images.
Image analysis
An expert assessed both the
pre-RIT and post-RIT scans
blinded to patients’ outcome.
Figure 2. FDG-PET images of a 65-year-old female patient with diffuse large
To measure FDG uptake in
B-cell lymphoma. A. FDG-PET scan before treatment demonstrates cervical,
lesions quantitatively, an adabdominal and inguinal lymph nodes involvement. B. FDG-PET scan of the
aptive contrast-oriented thresame patient after treatment illustrates partial response to treatment. TLG
and pvcTLG decreased from 623.4 and 1045.8 to 43.5 and 48.1 after the
sholding algorithm (ROVER
treatment, respectively. FDG-PET: fluorodeoxyglucose positron emission tosoftware, ABX, Radeberg, Gemography; pvc: partial volume corrected; TLG: total lesion glycolysis.
rmany) was employed to
examine all focal active lewith relapsing/refractory NHL before and after
sions. This technique delineated the boundarRIT.
ies of lesions based on PET images and combined background correction and local adapMethods
tive thresholding in an iterative algorithm model
[9-12] (Figure 1). Standardized uptake values
Patients
(SUVs) including SUVmax, SUVmean, partial
volume-corrected SUVmean (pvcSUVmean),
Institutional Review Board (IRB) approval for
and tumor metabolic volume (TMV) were meadata collection and image analysis as well as
sured. The SUVs are considered as conventiona Health Insurance Portability and Accountabial parameters for quantification of PET images.
lity Act (HIPAA) waiver were secured to conduct
In order to perform a global assessment of disthis research study. In this retrospective evaluease burden, novel quantification parameters
ation, we studied 17 patients with relapsing/
including total lesion glycolysis (TLG) and the
refractory NHL (8 females and 9 males) agpartial volume-corrected TLG (pvcTLG) were
ed 43-75 years (mean = 58.2 ± 8.1 years)
calculated with the formulas shown below:
(Table 1). The patients were treated with targeted-RIT (131I-tositumomabor or 90Y-Zevalin) folTLG = TMV × SUVmean
lowing chemotherapy/radiotherapy. FDG-PET
scans were performed approximately three
pvcTLG = TMV × pvcSUVmean
months before and six months after RIT. Over a
The changes in different parameters were evalperiod of up to ten years of follow up, ten
uated before and after treatment (Figure 2).
patients survived, comprising the survived
group, and seven patients died, comprising the
Study analysis
deceased group.

FDG-PET/CT scans of patients were performed on integrated PET/CT (Gemini TF; Philips

Statistical analyses were performed using IBM
SPSS statics version 25. Wilcoxon signed-rank
tests were performed to compare the pre- and
post-RIT FDG uptake values in the survived and

409

Am J Nucl Med Mol Imaging 2018;8(6):407-414

Image acquisition
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Table 2. Changes in conventional and novel parameters for measuring FDG before and after RIT in the survived group (Number of
Subjects: 17)
Before RIT
After RIT
Percentage of
P
(mean ± SD)
(mean ± SD)
Change
SUVmax
9.8 ± 7.3
5.9 ± 9.7
-38.9%
0.2
SUVmean
4.9 ± 3.8
2.4 ± 3.6
-50.2%
0.1
pvcSUVmean
7.7 ± 6.2
3.9 ± 5.8
-48.8%
0.1
TLG
253.9 ± 299.3 106.9 ± 186.6
-81.4%
0.052
pvcTLG
368.9 ± 433.5 153.3 ± 258.7
-58.4%
0.04*
Parameters

Abbreviations. pvc: partial volume corrected; SUV: standardized uptake values;
TLG: total lesion glycolysis. *Statistically significant.

Table 3. Changes in conventional and novel parameters for measuring FDG before and after RIT in the deceased group (Number
of Subjects: 17)
Parameters
SUVmax
SUVmean
pvcSUVmean
TLG
pvcTLG

Before RIT
(mean ± SD)
12.4 ± 12.1
3.4 ± 2.0
5.3 ± 3.7
365 ± 269.7
531.0 ± 387.7

After RIT
(mean ± SD)
9.9 ± 12.5
4.6 ± 6.0
8.1 ± 11.1
375.4 ± 520.5
657.9 ± 950.5

Percentage
of Change
-19.6%
35.7%
53.1%
2.8%
23.9%

P
0.5
0.6
0.5
0.9
0.8

Abbreviations. pvc: partial volume corrected; SUV: standardized uptake values;
TLG: total lesion glycolysis.

deceased groups. Receiver operation characteristic (ROC) curve analysis was used to define
the cutoff values for the categorization of low
and high SUVmax, SUVmean, pvcSUVmean,
TLG and pvcTLG (not shown). Kaplan-Meier
plots were used to show survival according to
before and after treatment measurements and
the log-rank test demonstrated whether the difference was significant [13, 14]. Progressionfree survival (PFS) and overall survival (OS) was
calculated using Kaplan-Meier analysis and
Cox regression was used to calculate hazard
ratio (HR) for survival analysis.

pvcSUVmean were 9.8, 4.9 and
7.7 before treatment, which
then decreased by 38.9%,
50.2% and 48.8% following RIT
but the changes were not statistically significant. Similarly,
changes in the deceased group
in SUVmax, SUVmean, and pvcSUVmean before and after
RIT were not statistically significant (12.4, 3.4, and 5.3 preRIT, and 9.9, 4.6, and 8.1 postRIT, respectively).
In global assessment analysis,
TLG did not show a significant
decrease after the treatment
(from 253.9 to 106.9; P =
0.052), but pvcTLG significantly decreased from 368.9 to
153.3 in the survived group (P
= 0.04) (Table 2). In contrast,
the TLG and pvcTLG were insignificantly increased in deceased group from 365 to
375.3 (P = 0.9) and from 531.0
to 657.9 (P = 0.8), respectively
(Table 3).

Survival analysis

Tables 2 and 3 show the changes in conventional and novel parameters for measuring FDG
uptake before and after RIT in survived and
deceased groups, respectively. The pvcSUVmean and pvcTLG were corrected for the partial volume effect. In the survived group, the
respective average SUVmax, SUVmean, and

The optimal cutoffs of 296 and 644 were determined by ROC analysis for TLG and pvcTLG
(area under the curve (AUC): 0.6, sensitivity:
0.7, specificity: 0.6 and AUC: 0.7, sensitivity:
0.7, specificity: 0.8, respectively) (Figure 3A
and 3C). Apart from pvcTLG, Kaplan-Meier analysis did not reveal significant differences in OS
for other FDG uptake parameters, including
pre-treatment TLG (Figure 3B). The KaplanMeier survival analysis for pvcTLG at baseline
showed that a pvcTLG higher than 644 was
associated with shorter OS compared to those
with a pvcTLG below that threshold (average
survival: 46.7 vs. 119.8 months; log rank test <
0.01) (Figure 3D). There was no significant correlation between PFS and either conventional
or novel methods of quantification. Univariate
Cox regression analysis for OS showed that a
higher baseline pvcTLG was a significant prognostic factor (HR: 6.9, 95% CI: 1.3-36.7, P =
0.02) (Table 4). We did not observe any significant p-values for the post-treatment parameters in survival analysis.
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Results
Changes in FDG uptake before and after RIT

FDG-PET/CT global quantification in relapsing/refractory non-Hodgkin lymphoma
SUVmean failed to show a significant change in either the
surviving or the deceased
group following RIT. Also, the
pvcSUVmean did not demonstrate a significant change in
these patients following RIT.

Figure 3. ROC and cumulative survival curves for pre-treatment TLG and
pvcTLG. A. Optimal cutoff of 296 (AUC: 0.6, sensitivity: 0.7, specificity: 0.6)
was determined for pre-treatment TLG. B. A statically significant difference
was not observed in OS Kaplan-Meier analysis for TLG. C. Optimal cutoff of
644 was determined for pre-treatment pvcTLG (AUC: 0.7, sensitivity: 0.7,
specificity: 0.8). D. OS was shorter in patients with pre-RIT pvcTLG more than
644 compared to those below this value (log-rank P < 0.01). AUC: area under
the curve; OS: overall survival; pvc: partial volume corrected; RIT: radioimmunotherapy; ROC: receiver operating characteristic; TLG: total lesion glycolysis.

Inefficiency of conventional
methods of FDG-PET quantification is concerning [22].
Differences in the image acquisition parameters such as
scanner, attenuation and scatter correction result in differences in SUV measurements acquired at different
centers [23]. Moreover, measuring focal SUV without partial volume correction (PVC)
and global disease assessment cannot provide the physician with precise information following treatment. To
overcome these shortcomings, we assessed metabolic
and volumetric characteristics of lesions with global
parameters including TLG
and pvcTLG.

One of the earliest indications for clinical
assessment of disease activity by FDG-PET
imaging was the evaluation of treatment
response in patients with lymphoma [15-18].
However, most PET studies have used SUVmax
as an index of tumor metabolism in lymp
homa [19-21], which does not accurately reflect
the overall disease burden. In our study, conventional parameters such as SUVmax and

TLG is indicative of the global metabolic burden
of disease, as it combines tumor volumetric values with metabolic data to create a unique
index. The usefulness of TLG in the assessment of lymphoma has also been shown in several studies [24, 25]. In a study conducted by
Berkowitz et al., whole-body metabolic burden
(WBMB) was introduced as a novel quantification technique for the assessment of tumor
activity in NHL, and it was shown that WBMB is
a superior approach compared to conventional
techniques [26]. WBMB was calculated as the
sum of the individual metabolic burdens of all
the lesions identified [27]. Cazaentre et al.
showed that baseline TLG could be used as a
predictor for response to RIT in patients with
NHL, while conventional prognostic parameters
could not predict response following RIT [28]. In
this study, the decrease in TLG in the survived
group following treatment was higher than conventional methods of quantification, but statically insignificant [253.9 to 106.9, -81.4%; P =
0.052]. In addition, Kaplan-Meier and Cox
regression analysis failed to show any statical-
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Table 4. Univariate analysis for OS of global
assessment measurements using Cox proportional hazard model
Parameters
Baseline TLG
Follow-up TLG
Baseline pvcTLG
Follow-up pvcTLG

HR
3.4
2.8
6.9
2.4

95% CI
0.6-17.7
0.5-14.7
1.3-36.7
0.5-10.6

P
0.1
0.2
0.02*
0.2

Abbreviations. CI: confidence interval; HR: hazard ration;
OS: overall survival; pvc: partial volume corrected; TLG:
total lesion glycolysis. *Statistically significant.

Discussion

FDG-PET/CT global quantification in relapsing/refractory non-Hodgkin lymphoma
ly significant association between TLG and OS
or PFS.
The application of PVC improved the accuracy
of TLG for predicting survival in this study. Our
results showed that higher pre-RIT pvcTLG correlated with shorter OS. Moreover, the survived
group had a statically significant decrease in
pvcTLG following RIT. PVE, is a significant factor,
reducing quality of the PET images and can
lead to a bias by underestimating actual metabolic activity of the tumor [29]. In spite of significant advances in PET instrumentation over
the years, PET images are of relatively poor
quality due to limited spatial resolution of this
modality, causing smaller objects to appear
larger [30]. PVC has been shown to increase
the accuracy of the quantification of PET images in cancers [31-33]. Several methods have
been suggested for correcting PVE. The iterative thresholding algorithm used in this study
(ROVER software) allows for automatic modelfree correction of uptake values.
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There are some limitations to our study. First,
in this retrospective study we evaluated only
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prospective study would improve the power of
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Conclusion
To our knowledge, this is the first study that
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study, conventional methods of FDG-PET quantification failed to show a statically significant association with OS and PFS. The application of PVC enhanced the accuracy of TLG for
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