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Abstract

the responsive group than the non-responsive group.

prognosis, and suggesting the relapse.

Background: Accurate radiologic assessment of treatment response in lymphoma patients is important to evaluate
the effectiveness of treatment and consequently predict the relapse; the value of PET/CT for post-treatment prognosis
prediction has been recently investigated. The aim of this study is to highlight the prognostic value of PET-CT meta-
bolic volumetric parameters in the evaluation of lymphoma patients.

Results: Among the included 40 patients, post-treatment SUV, MTV, and TLG were significantly lower in a responsive
group than the non-responsive group. % changes of all quantitative PET/CT parameters were significantly higher in

Conclusions: This study suggests that pre-treatment PET/CT quantitative measures (except baseline SUVmax) are
not conclusive in the prediction of patient response to treatment; however, the ASUVmax, AMTV, and ATLG% from
the baseline to the end of therapy could be used in predicting patient response to treatment, determining patient
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Background

Lymphomas are a heterogeneous group of malignan-
cies that can be divided into two main groups: Hodgkin
lymphoma (HL) and Non-Hodgkin lymphoma (NHL)
[1]. Once the diagnosis of lymphoma is made by biopsy,
determination of disease extent, i.e., staging is important
for appropriate treatment planning and determining the
prognosis [2].

Although major progress is made in the treatment of
lymphoma patients, many still fail to achieve response
and subsequently they relapse [3, 4]. These patients are
not easily identified by the existing pre-treatment prog-
nostic indexes such as the IPI (international prognostic
index), FLIPI (prognostic score for follicular lymphoma),
or by CT-based response assessment. Therefore, there
is an urgent need for new prognostic and predictive
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markers which permit early identification of high-risk
patient categories [5-8].

FDG-PET/CT has been recognized as a standard imag-
ing modality in FDG-avid lymphomas [9, 10]. However,
there are still several suggestions for response evalua-
tion methods using FDG PET, in terms of target lesions
and quantitative indexes. In PERCIST system [11-13],
it is recommended to measure the standardized uptake
value (SUV) of a single representative lesion, whereas
RECIST1.1 recommends measuring tumor diameters of
maximum five lesions with no more than two lesions of a
single organ. Thus, methods for treatment response eval-
uation using quantitative indexes of FDG PET need more
refinement and validation [14—16].

The aim of this study is to highlight the diagnostic and
prognostic values of baseline and post-treatment PET-
CT quantitative metabolic volumetric parameters in the
evaluation of lymphoma patients.
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Methods

Patients

This prospective study was conducted between Decem-
ber 2019 and October 2020. Forty patients with biopsy-
proven lymphoma (including both HL and NHL)
performed baseline (pre-treatment) and post-therapy
(6-8 weeks after the end of chemotherapy) PET/CT
imaging studies. The study was performed after approval
of the Ethical Committee of Scientific Research, Faculty
of Medicine. Consent was taken from all patients. Any
patient presented with lymphoma who did not receive
any therapy yet was included. Both sexes were included
with no age predilection. We excluded any patient with
atopic disorders, bad general condition, or renal impair-
ment. Patients who underwent any surgical intervention
or received radiotherapy were also excluded.

Patient preparation

Procedure time was at diagnosis and 6—8 weeks after the
end of the chemotherapy. Patients fasted for 6 h before
the examination but with good hydration. Exercise was
avoided minimum for 2 h before the scan. Pre-scan-
ning blood glucose level estimation (below 200 mg/dl)
was done, and insertion of an intravenous cannula was
performed.

Technique of 18F-FDG PET/CT scan

A radioactive tracer (18F-FDG) was injected intrave-
nously with a dose of 0.06—0.08 mCi/kg. All patients were
kept in a warm room, asked to rest and void just before
imaging. Scanning by hybrid PET/CT scanner (GE Dis-
covery IQ 5 rings) was performed 60 min after injection.
The patient was positioned supine on the table. Initial
single-phase contrast-enhanced helical CT (optima 540
16 slice) was performed following an injection of 125 ml
of a low osmolarity iodinated contrast medium (Optiray
350) at a rate of 4 ml/s by using power injector (Discov-
ery IQ, GE Medical System, USA). CT scanning (from the
head to mid-thigh) was obtained using 110 mA, 110 kV,
0.5 s tube rotation time, and 3.3 mm section thickness.
After CT scanning, PET scan covering the same field of
view was obtained immediately. Six- to seven-bed posi-
tions were planned in three-dimensional acquisition
mode for scanning the entire patient with 3—5 min acqui-
sition at each position. Images were transferred to the
workstation (Advantage Window 4.7) to be reconstructed
and displayed in axial, coronal, and sagittal planes. Fused
images were obtained.

Image analysis

Images were analyzed by two experienced radiologists.
Analysis of CT images was done by visual inspection for
the selection of the target lesions. Analysis of PET/CT
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images was done; the target lesions are of highest SUV-
max with maximum 5 lesions per patient; quantitative
calculation of FDG uptake was corrected to lean body
mass. We measured SUL peak to perform PERCIST 1.0
criteria as the gold standard in PET/CT interpretation.
Calculation of initial and post-treatment SUVmax, MTYV,
and TLG with measuring % changes (ASUV, ATLG, and
AMTYV) per lesion was performed. Patients are catego-
rized into four groups according to treatment response
as PMR (partial metabolic response), i.e., decrease in
greater than or equal to 30% of SUL peak, CMR (com-
plete metabolic response), i.e., no uptake, SMD (stable
metabolic disease), i.e., decrease or increase in SUL peak
of less than 30%, and PMD (progressive metabolic dis-
ease), i.e., increase in SUL peak of greater than 30%.

Statistical analysis

Statistical analysis was performed using MedCalc sta-
tistical software for Windows (MedCalc Software,
Mariakerke, Belgium). Data for continuous variables
were expressed as either median, interquartile range or
mean + standard deviation and as both number and per-
centage for categorical data. Mann—Whitney U test was
used to evaluate the differences in continuous variables
between the responsive and non-responsive groups. The
Wilcoxon test for paired samples was used to compare
the pre- and post-treatment parameters in all groups.
Comparisons of all parameters between the PMR,
CMR, SMD and PMD groups were performed using
the Kruskal-Wallis test, and Conover post hoc test was
used for pairwise comparisons of the different groups.
Receiver operator characteristic (ROC) curve analysis
was performed to determine optimum thresholds and
the diagnostic accuracy of the various variables in distin-
guishing the different groups. The diagnostic accuracy of
all variables was evaluated in terms of sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive
value (NPV), and area under the ROC curve (AUC). For
all tests, all P values were two-tailed and a P value <0.05
was considered significant.

Results

The study included 40 patients (20 males and 20 females).
Their ages ranged from 16 to 65 years. Histopathological
analysis revealed that 24 (60%) patients had classical HL,
while 16 (40%) patients had NHL.

A total of 103 lesions were assessed in 40 patients.
Response to treatment was evaluated on a per lesion
basis according to PERCIST 1.0 criteria and based upon
findings; 61 (59.2%) lesions showed CMR, 28 (27.2%)
lesions showed PMR, 8 (7.8%) lesions showed SMD,
and 6 (5.8%) lesions showed PMD. Lesions with an out-
come of progressive or stable disease were designated as
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non-responsive lesions, while those of partial complete
response were grouped together as responsive lesions.

Comparison of the pre- and post-treatment SUVmax,
MTYV, and TLG in the responsive and non-responsive
lesions groups revealed that all post-treatment values
were significantly lower than the pre-treatment values
(P<0.0001) in the responsive group, while no significant
difference existed between baseline and post-treatment
SUVmax (P=0.18), MTV (P=0.68), and TLG (P=0.91)
values in the non-responsive group.

When responsive and non-responsive groups were
compared, post-treatment SUVmax, post-treatment
MTYV, and post-treatment TLG were significantly lower
in the responsive group than the non-responsive group
(P<0.0001, P<0.0001, and P<0.0001, respectively). Per-
cent changes of all quantitative PET/CT parameters were
significantly higher in the responsive group than the
non-responsive group (P<0.0001). No significant differ-
ence was found between the baseline MTV and TLG of
both groups (P=0.11 and P=0.90, respectively) (Table 1;
Figs. 1, 2).

In an effort to determine whether quantitative PET/
CT parameters can differentiate between the individual
groups, namely the CMR, PMR, SMD and PMD groups,
comparisons of the various variables between the four
groups were also performed (Table 2). All post-treatment
quantitative PET/CT parameters were significantly lower
than pre-treatment values in PMR, CMR, and SMD
groups and significantly higher than pre-treatment val-
ues in the PMD group. There were statistically significant
differences in ASUV, AMTYV, and ATLG between all four
groups (Figs. 3, 4).

Discussion

18F-FDG PET/CT is currently a standard imaging tech-
nology for diagnosis, staging, and prediction of prognosis
in patients with HL or NHL. It has been extensively uti-
lized in the managing of malignant lymphoma patients,
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Fig. 1 ROC curve analyses of the specificity and sensitivity of using
A SUV, ATLG, A MTV, post-treatment MTV, post-treatment TLG and
post-treatment SUV in differentiating responsive and non-responsive

groups

and there is increasing evidence of the prognostic signifi-
cance of PET/CT parameters [17].

In analyzing FDG PET, SUVmax is the most widely
used index for various purposes relatively because of the
suitability and great reproducibility of measurement;
it reveals the metabolic activity of the most aggressive
tumor cell. Recently, researchers have been minded by
metabolic tumor volume (MTV) which is a measurement
of tumor volume with a high metabolism, and total lesion
glycolysis (TLG), which is the product of mean SUV and
MTV. MTV and TLG are volume-based indexes that
reflect tumor burden, and they are expected to be effec-
tive in prognosis prediction and response evaluation [1,

Table 1 The sensitivities, specificities, PPV, NPV, accuracies, AUC, and P values of the optimum threshold values of the quantitative
PET/CT parameters for differentiation of responsive from the non-responsive group

Parameter Optimum threshold Sensitivity Specificity PPV NPV AUC P value
value

Baseline SUV >4.55 83.15% 85.71% 97.4% 44.4% 0.798 0.0001
Post-treatment SUV <14 73% 100% 100% 36.8% 0.864 <0.0001
A SUV >28 100% 100% 100% 100% 1.000 <0.0001
Post-treatment MTV <1 77.5% 100% 100% 41.2% 0.939 <0.0001
AMTV >429 97.75% 100% 100% 87.5% 0.997 <0.0001
Post-treatment TLG <153 93.26% 85.71% 97.6% 66.7% 0.936 <0.0001
ATLG >55 100% 100% 100% 100% 1.000 <0.0001
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Fig. 2 ROC curve analyses of the specificity and sensitivity of using
A SUV, ATLG, A MTV, post-treatment MTV, TLG and baseline SUV in
differentiating responsive and non-responsive groups

18, 19]. In our study, a total of 103 lesions were assessed
in 40 patients, and quantitative indexes at baseline and
the end of treatment (6—8 weeks after end of chemother-
apy) are measured. We compare all baseline and post-
therapy PET/CT parameters between the four groups,
namely PMR (partial metabolic response) and CMR
(complete metabolic response), which are collectively
known as responsive lesions, SMD (stable metabolic dis-
ease) and PMD (progressive metabolic disease): grouped
together as non-responsive lesions. We found that base-
line SUV of the CMR group was significantly higher
than that of SMD group, yet it is lower than that of PMR
group. The pre-treatment SUV of PMR group was signifi-
cantly higher than the SMD and PMD groups. The post-
treatment SUV of the CMR group was significantly lower
than that of all other groups. The post-treatment SUV of
PMD group was significantly higher than all other groups
(Fig. 5).

Our study results matched the study carried out by
Huang et al. [20] in which response to treatment was
assessed in patients after the completion of six to eight
cycles of treatment. The complete remission rate [com-
plete response (CR)+unconfirmed complete response
(Cru)] and overall response rate after therapy were signif-
icantly higher in the low SUVmax group (pre-treatment
SUVmax <9.0) than in the high SUVmax group.

There are several subtypes of aggressive lymphoma.
These include AlD-associated lymphoma, Burkitt
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lymphoma, CNS lymphoma, diffuse large B-cell lym-
phoma (DLBCL), mantle cell lymphoma, and peripheral
T-cell lymphoma. Another significant impact of base-
line SUVmax is the prediction of the presence of more
aggressive histological components and suggestion of foci
of aggressive transformation which has potential diag-
nostic and therapeutic implications. Ngeow et al. [21]
observe that in a patient with indolent lymphoma, sites
with SUV of > 10 suggest the possibility of transformation
or the possibility of the presence of an aggressive com-
ponent in addition to what is suggested by the histology.
In our study, we noticed that patient with more aggres-
sive histological types as T-cell lymphoma or DLBCL has
the highest baseline SUVmax reaching about 26 and 17,
respectively, yet the prediction of treatment response is
multifactorial that is not only depend on histological type
of the tumor.

Recent studies suggest that MTV and TLG are more
inclusive parameters that better represent the whole met-
abolic tumor burden than SUVmax, but with a limitation
point that they require accurate standardization of tumor
segmentation. These studies suggest the usefulness of
MTV and TLG for expectation of treatment response
and prediction of prognosis [17]. However, in our study,
baseline MTV and TLG did not surpass baseline SUV-
max in terms of initial (baseline) response evaluation.
No significant difference was found in our study between
the baseline MTV and TLG in both responsive and non-
responsive groups. Although we notice that the range of
baseline MTV and TLG is low in responsive than non-
responsive groups, it is clinically insignificant and their
statistical analysis is insignificant (as their P values 0.11
and 0.9, respectively); the increase in baseline MTV and
TLG is noticeable mainly in non-responder groups; how-
ever, it is statistically not accurate predicting of treatment
response (Fig. 6).

In contrast to our finding, Albano et al. [22] conducted
a prospective study that included 123 elderly patients
initially diagnosed with HL. Comparison of baseline
metabolic PET/CT quantitative parameters between no
complete and complete response groups after first-line
treatment was made. The baseline L-L SUV R (lesion-to-
liver ratio), baseline L-BP SUV R (lesion-to-blood pool
ratio), baseline MTV, and baseline TLG were significantly
lower in the complete metabolic response group than in
the no-complete response group (P values of 0.032, 0.042,
0.004, and 0.005, respectively).

Akhtari et al. [23] assumed that three-dimensional
measurement of tumor burden measured on baseline
PET/CT such as MTV and TLG might more precisely
risk-stratify the patients. They evaluated 267 patients
with a median follow-up of 4.96 years, of which 27
patients had relapse or refractory disease and 12 died.
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Table 2 Comparison of quantitative PET/CT parameters between all groups
Partial response Complete response Stable disease Progressive disease Pvalue
Baseline SUV
Median 126 9.7 34 2.7 P=0.0004A
IQR 9-15.8 56-14 2.8-4.2 1.8-164
Range 3.1-29 1.3-25 2.5-46 1.8-164
Post-treatment SUV
Median 33 0 3 6.3 P<0.000001B
IQR 2-4.8 0-0 24-37 2.7-22.1
Range 1.18-82 0-0 1.8-4.5 2.7-22.1
ASUV (%)
Median 74.5 100 11.9 —534 P <0.000001
IQR 65.3-80.8 100-100 1.1-24.8 —137.7t0 351
Range 41.9-87.3 100-100 0-28 —137.7t0 —35.1
Baseline MTV
Median 29.8 5.8 42.5 312 P=0.011C
IQR 4.8-78 2.8-23.1 6.9-264.5 29-39
Range 1.13-215 1.13-182 2.8-455 2.9-39
Post-treatment MTV
Median 26 0 32.7 384 P<0.000001D
IQR 1-6 0-0 6.3-238.2 5.1-47.7
Range 0.5-92 0-0 1.6-422 5.1-47.7
TV (%)
Median 75.5 100 16.95 —23.1 P <0.000001
IQR 55.8-94.4 100-100 3.7-34.8 —7621t0—224
Range 39.9-994 100-100 0-429 —762t0—224
Baseline TLG
Median 250 25 100 49.1 P=0.037E
IQR 24.7-1081 11.3-173.7 13.5-685.5 4.7-306.5
Range 6.8-2038 2.6-1804 4-1194 4.7-306.5
Post-treatment TLG
Median 6.5 0 61 60.4 P<0.000001F
IQR 23-153 0-0 12.4-564.5 17.1-528.2
Range 08-117.6 0-0 1.8-1030 17.1-528.2
ATLG (%)
Median 914 100 289 —65.5 P <0.000001
IQR 85.6-99.2 100-100 6.9-49.6 —2638t0—23
Range 71.2-99.9 100-100 0-55 2638to—23

They stated that baseline MTV and TLG interre-
lated significantly with freedom of progression (FFP);
patients with TMTV 268 and TLG 1703 had shorter
FFP times and were to harbor bulky disease and staged
as [IB-advanced disease.

On the contrary, Mettler et al. [24] in a retrospec-
tive study including 310 patients with baseline PET/CT
scans available stated that baseline TMTV unsuccess-
fully predicted PFS and OS in patients diagnosed with
advanced-stage Hodgkin lymphoma.

The utility of PET/CT in assessing response after the
end of treatment has been confirmed in several stud-
ies. End-of-treatment FDG PET/CT is used to evalu-
ate the efficacy of treatment, monitoring of residual
tumor and predicting relapse [25, 26]. The percentage
of ASUVmax (between baseline and end of therapy) is a
semiquantitative method with excellent inter-observer
agreement and improved prognostic value of E-PET
(end-of-therapy PET) [21]. Itti et al. [27] reported
that ASUVmax%>72.9% is an important predictor of
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Fig. 3 36-year-old male patient, pathologically proved case of HL: initial PET/CT shows (a) FDG-avid amalgamated left axillary nodes (exhibiting:
SUVmax of 8.87, MTV of 32.3cm?, and TLG of 170 gm/ml), post-treatment PET/CT showed (b) CMR (exhibiting: SUVmax of 2, MTV of 1 1.8cm?, and
TLG of 12.7 gm/ml)

50.0 cm Ex:Julks
DFOV 50.0 cm DFQY 50.0 cm

('

Fig. 4 35-year-old male patient, pathologically proved case of HL, initial PET/CT shows FDG-avid a right posterior triangle (exhibiting: SUVmax

of 46, MTV of 2 cm?, and TLG of 18 gm/ml), b left paraaortic lymph nodes (exhibiting: SUVmax of 4.5, MTV of 5.5 cm?, and TLG of 25 gm/ml) and

c extra-nodal splenic focal lesion (exhibiting: SUVmax of 6.9, MTV of 16 cm?, and TLG of 25 gm/ml), post-treatment PET/CT (after 6 weeks) shows
PMD as following: d right posterior triangle lymph node (exhibiting: SUVmax of 8, MTV of 6 cm? and TLG of 25 gm/m), e left paraaortic lymph node
(exhibiting: SUVmax of 7.8, MTV of 14.9 cm?, and TLG of 33 gm/ml), f splenic focal lesion (exhibiting: SUVmax of 8.5, MTV of 29 cm? and TLG of 160
gm/ml)

progression-free survival (PFS) at the end of treatment TLG, and post-treatment SUV (in descending order)
in DLBCL patients. had the largest area under the receiver operating char-

In our study, we noticed that ASUV and ATLG fol- acteristic (ROC) curve which arranges PET/CT variable
lowed by AMTYV, post-treatment MTV, post-treatment according to their diagnostic performance (sensitivity
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and specificity) in distinguishing the responsive from
the non-responsive group. All post-treatment quantita-
tive PET/CT parameters were significantly lower than
pre-treatment values in PMR, CMR, and SMD groups
and significantly higher than pre-treatment values in the
PMD group.

Our study results are also matched with other stud-
ies which include baseline and post-treatment quantita-
tive PET/CT parameters. In a study done by Zhou et al.
[28] with 43 patients investigated, 28 patients underwent
both baseline and end-of-treatment PET/CT scan; these
patients were also evaluated for 1 and 2 years to esti-
mate progression-free survival (PFS) and revealed that
the ASUVmax% between baseline and end-of-therapy
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PET was significantly different between the progression
(n=14) and progression-free groups (n=14) (41.70% vs.
82.34%). When using ASUVmax% as a predictor of pro-
gression, patients with lower ASUVmax% (<66.95%) had
low PFS compared with those with higher ASUVmax%
(>66.95%). In our study, we suggested that ASUVmax of
CMR group was significantly higher than that of all other
groups and the ASUVmax of the PMR group was signifi-
cantly higher than that of SMD group. The ASUVmax
of SMD group was also significantly higher than that of
PMD groups. Also, ASUVmax of the PMD group was sig-
nificantly lower than all other groups.

In Kim et al. study [29] of 57 patients, two target lesion
sets were defined in each patient for analysis: (target A)
a single hottest lesion and (target B) a maximum of five
hottest lesions (where quantitative PET indexes of all
lesions were summed into a single value). Quantita-
tive indexes at initial and end-of-treatment (EOT) PET
images were measured, and their percent differences
(%A) were calculated, which revealed that baseline SUV-
max, baseline MTYV, and all end-of-therapy PET param-
eters were significant prognostic factors with both targets
A and B, whereas TLG was not. Among them, baseline
SUVmax presented the most significant ratio. In our
study, we found that AMTV of CMR group was signifi-
cantly higher than AMTYV of all other groups and the
AMTYV of the PMR group was significantly higher than
that of SMD group. The AMTYV of SMD group was also
significantly higher than the PMD groups. Also, AMTV
of the PMD group was significantly lower than that of all
other groups.

On the contrary, we suggested that ATLG may play a
future role in predicting the patient response as we found
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Fig. 6 Box-and-whisker plots of pre-treatment and post-treatment MTV and TLG in PMR, CMR, SMD, and PMD groups
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that ATLG of CMR group was significantly higher than
that of all other groups and the ATLG of the PMR group
was significantly higher than that of SMD group. The
ATLG of SMD group was also significantly higher than
that of PMD groups. Also, ATLG of the PMD group was
significantly lower than all other groups.

Regarding the post-treatment quantitative parameters,
we noticed that post-treatment SUV and post-treatment
MTYV of the CMR group were significantly lower than
those of all other groups. Post-treatment SUV and post-
treatment MTV of PMD group were significantly higher
than those of all other groups. The post-treatment TLG
of the CMR group was significantly lower than all other
groups, while post-treatment TLG of the PMR group was
significantly lower than SMD and PMD groups.

These results mean that from baseline PET/CT param-
eters only baseline SUVmax had a significant prognostic
value in the evaluation of treatment response. ASUVmax,
AMTYV, and ATLG% from baseline to post-therapy
PET/CT seem to have a role in the prediction of patient
prognosis.

There are few limitations of this study. First, the sam-
ple size is small with single-center experience due to the
high cost of the technique. Second, adequate follow-up
of patients was not achieved to correlate our results with
the patients’ progression-free survival or overall survival;
multicenter study and research group cooperation using
a large number of lymphoma patients may be needed to
obtain more accurate results.

Conclusions

This study suggests that pre-treatment PET/CT quanti-
tative measures (except baseline SUVmax) are not con-
clusive in the prediction of patient response to treatment;
however, the ASUVmax, AMTYV, and ATLG% from the
baseline to the end of therapy could be used in prediction
of patient response to treatment and determine patient
prognosis. In view of these findings, future clinical trials
are needed to determine the use of these parameters in
various prognostic models (especially if correlated with
PES and OS), with the goal of achieving better risk strati-
fication, patient prognosis, and treatment selection.
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