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Abstract

Objectives '*F-fluorodeoxyglucose (FDG) positron emission tomography (PET) is routinely used in diffuse large B cell lym-
phoma (DLBCL) for staging, assessment of remission and recurrence, and estimation of therapeutic efficacy. In this study, we
aimed to assess the role of an early interim PET/computed tomography (CT) in the evaluation of response in DLBCL.
Methods Sixty primary DLBCL patients (31 females) were analyzed. Baseline and follow-up '*F-FDG PET/CT was
performed in patients after one cycle (n=30) and two cycles (n = 30) of chemotherapy. The ASUVmax% was calculated.
Patients were additionally evaluated using the conventional Deauville five-point scale (D-5PS) system. Fluorescence in
situ hybridization (FISH) was employed to characterize the MYC gene status. We determined the optimum cutoff value of
ASUVmax% using receiver operating characteristic (ROC) analysis. Kaplan—Meier analysis was applied to test for the
influence of prognostic values.

Results The optimal cutoff for the prediction of treatment outcome was a ASUVmax% of 57% (after one cycle) and 63%
(after two cycles); we could not detect a difference in accuracy with respect to a PET scan performed after one cycle and
two cycles of chemotherapy (P > 0.05). The ASUVmax% and the D-5PS (score 5) showed the highest prognostic value
compared to a score of 3 and/or 4 (both after one cycle and two cycles). No significant difference in sensitivity, specificity,
accuracy, or the area of under the curve (AUC) of ASUVmax% and D-5PS (score 5) was observed between PETs
performed after one cycle or two cycles of therapy (P > 0.05). ASUVmax%, D-5PS (score 5), and MYC gene rearrange-
ment correlated significantly (P <0.001).

Conclusion Interim '*F-FDG PET/CT after one cycle of chemotherapy is feasible and yields similar predictive results as
compared to an interim '"*F-FDG PET/CT after two cycles of chemotherapy in patients suffering from DLBCL. The
combination of interim '*F-FDG PET/CT with the MYC gene diagnosis might provide increased prognostic value for
DLBCL.
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Introduction

Diffuse large B cell lymphoma (DLBCL) is a highly aggressive
neoplasm and the most common subtype of non-Hodgkin’s
lymphoma (NHL) [1, 2]. Cytotoxic chemotherapy regimens
can achieve complete remission. However, it is crucial to iden-
tify non-responders and high-risk patients, since lymphomas
may be histologically, immunohistochemically, and genetically
heterogeneous, making them resistant to chemotherapy [3].
This heterogeneity results in the relapse or progression of
50% of DLBCLs during or after standard treatment [4].
Therefore, it is important to detect patients who will not be
sensitive to chemotherapy at an early time point and to guide
clinical therapeutic strategies.

Currently, the prognostic assessment of DLBCL is per-
formed according to the International Prognostic Index (IPI)
[5, 6]. MYC, BCL2, and BCL6 rearrangements are also es-
sential in providing risk stratification to predict outcome.
Nevertheless, an individual IPI cannot accurately identify the
specific genetic modification, because of the heterogeneity of
these neoplasms [7, 8].

Interim '*F-FDG PET has shown promising results in the
prognostic evaluation of patients after treatment [9-12].
Lymphoma manifestations which have a decreased glucose
metabolism on interim staging are more likely to respond to
chemotherapy [13, 14]. Most investigations have focused on
the use of interim PET after two cycles of chemotherapy to
predict therapeutic outcome. Even though the results of those
trials were very promising, there is, however, still a controver-
sy about the utility of the interim PET to change treatment, its
role in clinical trials, or whether to analyze this PET with
Deauville five-point scale(D-5PS) or with ASUV [15, 16]. In
spite of this, there is an increasing clinical interest in the use of
interim '*F-FDG PET/CT, particularly after one cycle of che-
motherapy, to predict therapeutic response and outcome.

The maximum standardized uptake value reduction propor-
tion (ASUVmax%) and the D-5PS are usually applied to assess
therapeutic effects during/after chemotherapy, but the criteria
still remain controversial [14, 17-19]. The prognostic value of
ASUVmax% and D-5PS derived from interim PET evaluation
(after one cycle compared to two cycles of chemotherapy) has
not been clarified for DLBCL.

Rearrangement of MYC is known to be associated with
poor prognosis in DLBCL patients. This rearrangement is
found in 5-15% of DLBCL cases and is connected with re-
sistance to chemotherapy, disease progression, and poor prog-
nosis in late-stage disease [20-24]. Therefore, we also
assessed the MYC status together with the parameters obtain-
ed by FDG PET as a prognostic marker.

In this present study, we sought to evaluate the prognostic
value of ASUVmax% derived from interim FDG PET/CT
after one cycle as compared to two cycles of chemotherapy
in DLBCL patients. We also compared the two time points

using the conventional D-5PS evaluation and determined the
best cutoff of the D-5PS to predict the progression free-
survival (PFS). The impact of MYC rearrangement was also
assessed as a secondary objective.

Materials and methods
Patients and treatment

A retrospective analysis was performed on a cohort of 60
DLBCL patients (29 male and 31 female, age: 51+ 16.2 yrs.
with range: 18-81 yrs.) who were prospectively enrolled in a
larger trail. All patients had a DLBCL confirmed by pathology
as the only type of malignancy. Seventeen patients underwent
CHOP (cytoxan, adriamycin, vincristine, and prednisone) and
43 patients underwent R-CHOP therapy (rituximab) in cycles
of 21 days each. Informed consent was obtained according to
the protocol approved by the local ethics committee.

International prognostic index (IPI)

The IPI score included six risk factors: age > 60 years (+); age >

70 years (—); ECOG PS >1 (+); elevated serum lactate dehy-
drogenase (LDH; +); extranodal sites >1 (+); and stage III or IV
(+). The number of risk factors determined the category of risk,
as follows: low risk (score 0—1); low intermediate risk (score 2);
high intermediate risk (score 3); and high risk (score 4-5).

8F-FDG pet/CT

"E_FDG PET/CT post-chemotherapy examinations were
scheduled 1 week before the next course of chemotherapy.
The patients who underwent '*F-FDG PET/CT after one cycle
(n =30) and two cycles (n=30) of chemotherapy were ran-
domly assigned to these two groups. A hybrid PET/CT scan-
ner (GE Discovery STE, USA) was used for staging and
restaging of lymphoma. Image data was acquired 60 min after
the injection of 4.44-5.55 MBq "*F-FDG per kg body weight.
The subsequent whole-body '*F-FDG PET (from the head to
the middle part of the thigh) was performed in three-
dimensional acquisition mode with 6-8 bed positions and
2.5 min/position using the CT data for PET image attenuation
correction. The following parameters for the CT scan were
used: tube voltage of 120 kV; current of 180 mA; pitch of
0.938:1; slice thickness of 3.75 mm; and a single-round tube
rotation time of 0.8 s. The PET images were reconstructed by
ordered-subsets expectation maximization (OSEM), 2 itera-
tions and 20 subsets and a matrix size of 128 x 128 pixels
were used in the reconstruction.
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Image analysis

Visual and semi-quantitative analysis was employed. Two board-
certified nuclear medicine physicians (Yuan L. and Wu Z. F.)
experienced in reading PET/CT evaluated the PET data. For
semi-quantitative analysis, the highest '*F-FDG uptake was de-
termined based on an region of interest (ROI) method. The
SUVmax and the relative decrease of the SUVmax
(ASUVmax%) between pre-chemotherapy (preSUVmax) and
post-chemotherapy (postSUVmax) were calculated
[ASUVmax% = (preSUVmax — postSUVmax)/preSUVmax x
100%].

In addition, the standard D-5PS scoring system was used to
assess treatment response qualitatively as follows: score 1: no
residual disease; score 2: if the residual tumor uptake of 18p_
FDG was less than or equal to the mediastinal blood pool; score
3: if the standard of the mediastinal blood pool was less than the
residual lesioned '®F-FDG uptake, and less than or equal to the
liver uptake; score 4: if the "*F-FDG uptake of residual lesions
was slightly greater than that of the liver; and score 5: if the '*F-
FDG uptake in residual lesions was significantly more than that
in the liver (over two times) or new lesions were detected.

Immunohistochemical staining

CD20, BCL-2 (Gene Tech Biotechnology, Shanghai, China),
CDIO (Golden Bridge Biotechnology, Beijing, China), BCL-
6, and MUMI1 (Maxin Biotechnology,Fuzhou, China) were
labeled via a two-step process using EnVision. A positive
staining was defined as the appearance of distinct positions
of brown-yellow or brown particles. The immunochemical
positive reactivity patterns of CD20, CDI0, and BCL-2 were
identified in the membrane and those of BCL-6 and MUM1
were identified in the nucleus. According to the expression
levels of CDIO, BCL-6, and MUM1, DLBCL was classified
as germinal center B cell (GCB) or non-GCB [25].

Fluorescence in situ hybridization (FISH) testing

An MYC dichroic separation rearrangement probe (SPEC LSI
MYC Dual Color Breakapart Probe, ZytoLight, IL, USA) was
used. Normal mitosis interphase nuclei could be seen as two
fused signals (Fig. 3A). MYC gene rearrangement was
deemed to be positive if over 3.1% of the tumor cell nuclei
appeared as monochromatic signals. (Fig. 3B).

Clinical and follow-up assessment

Associations between tumor stage and patients’ baseline char-
acteristics were assessed after one or two cycles of chemother-
apy separately, including gender, age, Ann Arbor stage, IPI
score, immunophenotyping, treatment regimen, hepatitis B
virus infection (HBV), LDH level, presence of B symptoms,
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bone marrow infiltration, imaging data (CT, ultrasound, and
PET/CT), immunohistochemical results (CD20, CDI0, BCL-
2, BCL-6, and MUM1), and MYC gene rearrangement. The
range of follow-up time was from 6 to 71 months. The primary
end-point of the study was PFS, which was defined as the time
from diagnosis to the first occurrence of progression, relapse,
death due to any cause, or last follow-up.

Statistics

Measured data within a normal distribution are expressed as
the mean + standard deviation (SD). Based on the D-5PS sys-
tem, we compared the prognostic value of the criteria for the D-
5PS score 3 (1-2 considered negative), score 4 (1-3 considered
negative), and score 5 (1-4 considered negative) in terms of the
sensitivity, specificity, accuracy, and area under the curve
(AUC). Receiver operating characteristic (ROC) analysis was
used to determine the optimal cutoff value for ASUVmax% in
predicting disease progression or death. Sensitivity, specificity,
accuracy, and AUC of prognosis for an optimal cutoff
ASUVmax% were also compared between two cycles.
Spearman’s rank correlation coefficient (Spearman’s rho) be-
tween D-5PS (score 5), MYC gene rearrangement, and
ASUVmax% were calculated. Univariate linear regression
analysis was performed for estimating the correlation between
clinical variables and the cutoff value of ASUVmax% or D-
5PS after one or two cycles of chemotherapy. Chi square (x%)
tests were used to compare categorical variables. Survival rate
analysis was implemented by the Kaplan—Meier and log-rank
test. Spearman correlation was used to evaluate the relation-
ships between ASUVmax%, D-5PS (score 5), and the pres-
ence of MYC gene rearrangement. Differences between the
results in comparative tests were considered significant if the
two-sided P value was <0.05. All statistical analyses were
performed with SPSS 22.0.

Results

Clinical characteristics and protein expression
characteristics

The clinical characteristics of all DLBCL, including staging,
IPI scores, and chemotherapy regimens, can be found in
Table 1. In terms of outcome, 15 patients showed progression
(n =9 post 1 cycle, n =6 post 2 cycles), 42 patients reached
complete response (n =19 post 1 cycle, n =23 post 2 cycles),
and three patients' response (n=2 post 1 cycle, n=1 post
2 cycles) showed partial remission during the follow-up peri-
od. The association between the prognosis (PFS) of DLBCL
patients and age, gender, B symptoms, HBV or bone marrow
involvement, Ann Arbor stage, treatment regimen, IPI score,
immunophenotypes of GCB, and serum LDH level after one
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Table 1 Patients’ clinical

characteristics and association Clinical characteristics One cycle Two cycles
with tumor progression
Progress rate 2 P value Progress rate X2 P value

Gender
Male 37.5% (6/16) 0.92 0.338 0% (0/13) 5.74 0.017
Female 21.4% (3/14) 35.3% (6/17)
Age
<60 17.6% (3/17) 2.85 0.091 10.5% (2/19) 291 0.088
>60 46.2% (6/13) 36.4% (4/11)
Ann Arbor Stage
I 14.3% (2/14) 3.09 0.079 0% (0/11) 4.34 0.037
-1V 43.8% (7/16) 31.6% (6/19)
IPI
0-2 15.8% (3/19) 498 0.026 6.3% (1/16) 4.05 0.044
3-5 54.5% (6/11) 35.7% (5/14)
Immunophenotype
GCB 0% (0/10) 6.43 0.011 15.4% (2/13) 0.31 0.580
Non-GCB 45.0% (9/20) 23.5% (4/17)
Treatment regimen
R-CHOP 21.1% (4/19) 1.98 0.160 16.7% (4/24) 0.83 0.361
CHOP 45.5% (5/11) 33.3% (2/6)
HBV
- 28.6% (8/28) 0.41 0.523 14.8% (4/27) 4.54 0.033
+ 50.0% (1/2) 66.7% (2/3)
LDH
<248 U/L 17.6% (3/17) 2.85 0.091 11.8% (2/17) 1.66 0.197
>248 U/L 46.2% (6/13) 30.8% (4/13)
B symptoms
Yes 33.3% (2/6) 0.04 0.842 0% (0/4) 1.15 0.283
No 29.2% (7/24) 23.1% (6/26)
Bone marrow infiltration
Yes 66.7% (2/3) 2.13 0.144 40.0% (2/5) 1.50 0.221
No 25.9% (7/27) 16.0% (4/25)
MYC gene rearrangement
- 0% (0/18) 19.29 <0.001 0% (0/24) 30.00 <0.001
+ 75.0% (9/12) 100% (6/6)
CD10 protein
- 40.9% (9/22) 4.68 0.031 22.7% (5/22) 0.38 0.536
+ 0% (0/8) 12.5% (1/8)
MUML1 protein
- 22.2% (2/9) 0.37 0.543 22.2% (2/9) 0.04 0.842
+ 33.3% (7/21) 19.0% (4/21)
BCL-6 protein
- 30.0% (3/10) 0 1.000 18.2% (2/11) 0.04 0.850
+ 30.0% (6/20) 21.1% (4/19)
BCL-2 protein
- 10.0% (2/20) 11.43 0.001 16.0% (4/25) 1.50 0.221
+ 70.0% (7/10) 40.0% (2/5)

IPI: International Prognostic Index; GCB: germinal center B-cell; CHOP: cyclophosphamide, doxorubicin, vin-
cristine, and prednisone; HBV: hepatitis B virus infection; LDH: serum lactate dehydrogenase. A chi-square test
was used to test the significance of the association between tumor status and patients’ baseline characters

and two cycles of chemotherapy were separately listed in
Table 1. The prognosis (PFS) of patients was significantly

related to the IPI score and MYC gene rearrangement after
each cycle of chemotherapy (P < 0.05; Table 1). Patients’
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Table 2 Correlation between ASUVmax%/D-5PS (score 5) with clinical characteristics

ASUVmax% D-5PS (score 5)

One cycle Two cycles One cycle Two cycles

Coefficients P value Coefficients P value Coefficients P value Coefficients P value
Gender 0.24 0.205 -0.31 0.100 -0.24 0.201 0.23 0.227
Age -0.28 0.131 —0.10 0.592 0.28 0.128 0.15 0425
Ann Arbor Stage -0.35 0.060 -0.47 0.009 0.20 0.295 0.62 <0.001
IPI -0.54 0.002 -0.45 0.012 041 0.025 0.63 <0.001
MYC gene -0.073 <0.001 —-0.69 <0.001 0.65 <0.001 0.64 <0.001
Treatment regimen 0.34 0.070 0.32 0.087 -041 0.025 -0.24 0.199
Immunophenotype -0.39 0.036 —-0.04 0.846 0.37 0.042 0.29 0.128
B symptoms -0.28 0.128 0.01 0.950 0.22 0.247 0.16 0.394
Bone marrow infiltration -0.26 0.172 -0.05 0.795 0.27 0.154 0.24 0.199
LDH -0.47 0.009 -0.19 0313 0.37 0.044 0.40 0.027
HBV -0.26 0.165 -0.21 0.256 0.20 0.295 0.26 0.173
CD10 0.30 0.112 0.18 0.354 -0.22 0.236 -0.27 0.156
MUMI1 -0.12 0.513 -0.01 0.959 023 0.220 0.24 0.198
BCL-6 -0.17 0.379 -0.32 0.088 0.06 0.754 —-0.03 0.861
BCL-2 -0.61 <0.001 -0.22 0.239 0.62 <0.001 0.34 0.069

clinical data mainly including Ann Arbor Stage, IPI, and
MYC gene rearrangement significantly correlated with
ASUVmax% cutoff value and D-5PS (score 5). Detailed lin-
ear correlation regression analysis results are listed in Table 2.

Comparative analysis

Based on ROC assessment, the D-5PS (score 5) showed the
highest prognostic values for disease progression status com-
pared to the D-5PS (score 4) and D-5PS (score 3). The data on
the sensitivity, specificity, accuracy, and AUC of D-5PS (score
3), D-5PS (score 4), and D-5PS (score 5) are listed in Table 3.
Moreover, the best cutoff for ASUVmax% as a prognostic

parameter for disease progression after one cycle of chemo-
therapy was found to be 57%; after two cycles it was 63%. We
did not detect a significant difference between the prognostic
values (sensitivity, specificity, and the AUC) obtained be-
tween after one cycle as compared to two cycles when apply-
ing the ASUVmax% cutoff or the D-5PS (score 5) method
(Table 4). There also was no significant difference observed
between the ASUVmax% and D-5PS (score 5) at either time
point (Table 5). The flowchart of patients categorized by D-
5PS (score 5) and MYC gene status is displayed in Fig. 1.
There was a good concordance for the prognosis of disease
between the ASUVmax% method, MYC gene examinations,
and Deauville score methods.

Table 3  Comparison of sensitivity, specificity, and accuracy of D-5PS (score 3), D-5PS (score 4), and D-5PS (score 5) methods for the prediction of
progressive disease after one cycle and two cycles of therapy
D-5PS One cycle Two cycles

Score 3 Score 4 Score 5 Score 3 Score 4 Score 5
Sensitivity 38.1% (8/21) 44.4% (8/18) 88.9% (8/9)* 23.1% (6/26) 27.3% (6/22) 62.5% (5/8)*
Specificity 88.9% (8/9) 91.7% (11/12) 95.2% (20/21) 100% (4/4) 100% (8/8) 95.5% (21/22)
Accuracy 53.3% (16/30) 63.3% (19/30) 93.3% (28/30)* 33.3% (10/30) 46.7% (14/30) 86.7% (26/30)*

AUC (95% CI) 0.635 (0.427-0.843) 0.706 (0.513-0.900) 0.921 (0.000-1.000) 0.583 (0.347-0.820)

0.667 (0.458-0.875) 0.854 (0.000-1.000)

D-5PS (score 3 scores): D-5PS with score 1-2 considered negative
D-5PS (score 4 scores): D-5PS with score 1-3 considered negative
D-5PS (score 5 scores): D-5PS with score 1-4 considered negative

AUC: area under the receiver operating characteristic curve; C/ confidence interval

*: P<0.05 considered statistically significant
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Table4 Comparison of sensitivity, specificity, and accuracy of D-5PS (five scores) and ASUVmax% with cutoff value for disease prognosis between
time points after one and two cycles of therapy

ASUVmax% D-5PS (score 5)

One cycle Two cycles X Pvalue One cycle Two cycles X P value
Sensitivity 80% (8/10) 54.5% (6/11) 1.53  0.228 88.9% (8/9) 63% (5/8) 1.64  0.108
Specificity 95% (19/20) 100% (19/19) 098 0.349 95.2% (20/21) 95.5% (21/22) 0.001  1.000
Accuracy 90% (27/30) 83.3% (25/30) 0.58 0.464 93.3% (28/30) 86.7% (26/30) 0.74 0416

AUC (95% CI)  0.897 (0.000-1.000)  0.896 (0.773—1.000) 0.921 (0.000-1.000)  0.854 (0.000-1.000)

For positive disease progression: cutoff value of ASUVmax% after one cycle was 57% and the cutoff value of ASUVmax% after two cycles was 63%

D-5PS (score 5): 5PS with score 14 considered negative
AUC: area under the ROC curve; CI confidence interval

Survival analysis for ASUVmax%, D-5PS, and MYC
gene rearrangement

The prognostic results using a cutoff for ASUVmax% were
significantly correlated with the MYC gene rearrangement
and the D-5PS (score 5), both after cycle 1 and cycle 2 of
chemotherapy (P <0.001; Table 6).

Patients were categorized according to the cutoff value of
ASUVmax% (57%) at one cycle of chemotherapy and
ASUVmax% (63%) after two cycles of chemotherapy. The
PFS was analyzed by Kaplan—Meier survival analysis (Fig. 2).

We found a significant difference in PFS in both groups,
when the specific cutoff for ASUVmax was applied, with the
group imaged after 1 cycle at 57% (x* = 30.68, P < 0.001; Fig.
2A) and the group imaged after 2 cycles at 63% (x* = 12.86,
P <0.001; Fig. 2B). Patients were also categorized according
to the D-5PS scoring method (score <5 or score =5) at both
time points, and the PFS also significantly differed between
these categorized groups after one cycle (x> =21.26, P<
0.001; Fig. 2C) and after two cycles (x2 =15.52, P<0.001;
Fig. 2D). Patients with an MYC gene rearrangement had a
significantly worse PFS than patients without an MYC gene
rearrangement at after one cycle (x* =29.39, P<0.001; Fig.
2E) and after two cycles (x? =33.73, P<0.001; Fig. 2F).

Table 5
one and two cycles

Representative photomicrographs of neoplastic cells for
MYC gene rearrangement exanimations are shown in Fig. 3.

In the cohort of patients with an MYC rearrangement
(n=18), when applying the ASUVmax% cutoff value, we
also found that three false-positive patients had no progres-
sion, with values of ASUVmax% and D-5PS of 71.7/D-5PS
(score 4), 86.1%/D-5PS (score 4), and 46.1%/D-5PS (score
4) each after 1 cycle.

Discussion

"F-FDG PET/CT has been widely used to guide therapy
for DLBCL [26, 27]. However, the prognostic value of the
current interpretation standard of the ASUVmax% and the
D-5PS scale in the clinical practice still remains controver-
sial [18, 28-32]. In this study, we compared the prognostic
value of early PET scans already after one cycle compared
to two cycles of chemotherapy using the ASUVmax% and
D-5PS methods. We conducted an ROC curve analysis for
the ASUVmax% of DLBCL during the early stage of che-
motherapy to identify the best threshold value for
predicting tumor progression. The best cutoff values of
ASUVmax% for disease prognostication were 57 and

Comparison of sensitivity, specificity, and accuracy for disease prognosis between D-5PS (five points) and ASUVmax% at time points after

One cycle Two cycles

ASUVmax% D-5PS (score 5) x2 Pvalue ASUVmax% D-5PS (score 5) xz P value
Sensitivity 80% (8/10) 88.9% (8/9) 0.21 0.596 54.5% (6/11) 62.5% (5/8) 0.12  0.736
Specificity 95% (19/20) 95.2% (20/21) 0.001  1.000 100% (19/19) 95.5% (21/22) 0.89 0.375
Accuracy 90% (27/30) 93.3% (28/30) 0.22 0.640 83.3% (25/30) 86.7% (26/30) 0.13  0.728

AUC (95% CI)  0.897 (0.000-1.000)  0.921 (0.000-1.000) 0.896 (0.773-1.000)  0.854 (0.000-1.000)

For positive disease progression: cutoff value of ASUVmax% after one cycle was 57% and the cutoff value of ASUVmax% after two cycles was 63%
D-5PS (score 5): SPS with score 14 considered negative
AUC: area under the ROC curve; CI confidence interval
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Patients categorized by Deauville score (n=60)

I

D-5PS=5(n=17)

1 cycle (n=9) 2 cycles (n=8)

A

D-5PS< 5(n=43)

1 cycle (n=21)

2 cycles (n=22)

ASUVmax%<62.5%
(n=6, 100% concordance)

ASUVmMax%<56.5%
(n=9, 100% concordance)

ASUVmax%256.5%
(n=20, 95% concordance)

ASUVmax%262.5%
(n=19, 86% concordance)

Patients categorized by MYC gene examinations (n=60)

|

Yes (n=18)

1 cycle (n=12) 2 cycles (n=6)

No (n=42)

1 cycle (n=18)

2 cycles (n=24)

ASUVmMax%<56.5%
(n=9, 75% concordance)

ASUVmax%<62.5%
(n=6, 100% concordance)

ASUVmax%256.5%
(n=18, 100% concordance)

ASUVmax%262.5%
(n=19, 79% concordance)

Fig. 1 Patients categorized by the ASUVmax% method with MYC gene
examinations and Deauville sore methods. All sub-grouped patients were
also grouped by the cutoff ASUVmax% value of 57% after 1 cycle of

therapy and a cutoff ASUVmax% value of 63% after 2 cycles of therapy.
Concordance indicated the percentage of patients categorized by different
criteria after one or two cycles of chemotherapy

Table 6 Comparison of

Spearman’s rho of D-5PS (score Correlation One cycle Two cycles

5), MYC gene rearrangement,

and ASUVmax% with a cutoff r P value r P value

value for the prediction of

progressive disease after one ASUVmax%/MYC 0.72 <0.001 0.66 <0.001

cycle and two cycles of therapy ASUVmax%/D-5PS 0.93 <0.001 0.79 <0.001
D-5PSMYC 0.65 <0.001 0.64 <0.001

Prediction of progressive disease: ASUVmax% < 57% after one cycle and ASUVmax% < 63% after two cycles;

D-5PS (score 5) considered positive, MYC: positive MYC rearrangement
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Fig. 2 Progression-free survival of categorized patients according to ASUVmax% cutoff value (A and B), D-5PS (score 5; C and D), and MYC gene
status (E and F). A, C, and E refer to patients after one cycle of chemotherapy; B, E, and F refer to patients after two cycles of chemotherapy

63% for one cycle and two cycles of chemotherapy, respec- In a pioneering interim '*F-FDG PET/CT study for DLBCL,
tively, and there was no significant difference between the = Fuertes et al. [28] showed a promising prognostic value using the
time points. criteria of ASUVmax% > 75% following 2 or 3 cycles of
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chemotherapy. Casasnovas et al. [18] performed an interim '*F-
FDG PET/CT after two cycles of chemotherapy, and demonstrat-
ed that ASUVmax% has a high prognostic value in DLBCL and
the optimized cutoff value of ASUVmax% was 66% (after 2
cycles) and 70% (after 4 cycles). This optimal cutoff after 2 cycles
was close to the cutoff point of 66% reported by Casasnovas
et al. [18]. Interestingly, we found that ASUVmax% after one
cycle of treatment was only slightly inferior in terms of specific-
ity as compared to ASUVmax% after two cycles (95% vs,
100%); in contrast, both sensitivity (80% vs. 54.5%) and accu-
racy (90% vs 83.3%) tended to be higher.

The D-5PS system is also commonly used to evaluate inter-
im PET/CT scans. Published studies showed a high prognostic
value of D-5PS (score 4) for interim '*F-FDG PET/CT scans in
patients with DLBCL. Nevertheless, Casasnovas et al. [18] and
Itti et al. [29] demonstrated a poor prognostic value for the D-
5PS (score 4) in interim "*F-FDG PET scans for the prediction
of PFS after either two or four cycles of chemotherapy. Mylam
et al. [30] demonstrated the limited prognostic value of D-5PS
(score 4) in a study of 112 DLBCL cases after 1 cycle of
chemotherapy, but the D-5PS (score 5) showed a relatively
higher prognostic value. Kim et al. [31] also showed that
PFS was inferior in patients with a score of 5 on an interim
PET scan compared to those with a score between 1 and 4. In
this present study, D-5PS (score 5) showed the highest out-
come prediction ability compared to either D-5PS (score 3)
or D-5PS (score 4), which is in keeping with the study by
Mylam et al. [30] and Kim et al. [31]. However, the false-
positive ratio was higher during the early course of chemother-
apy. The reason for these results might be found in the hetero-
geneity of tumors, which could have lead to the disparate ther-
apeutic responses. Also, in 2006, Kostakoglu et al. published
an article assessing the value of an interim PET after one cycle
of therapy. Unfortunately, the results for the visual assessment,
which were very good with a sensitivity of 100% and

A

Fig. 3 Representative photomicrographs of neoplastic cells for MYC
gene rearrangement examinations. A. Negative MYC gene
rearrangement: mitosis interphase nuclei can be seen as two fused
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specificity of 94%, cannot be compared to our study because
another classification system was used. In terms of quantitative
assessment, the colleagues found the best cutoff to be an
SUVmax of 1.75 (sensitivity 92%; specificity 84%). Also, this
value cannot be compared to our study because in their study,
older and various types of PET scanners were used. However,
what this study shows is, that in their study, as well as in ours,
the interim PET has the potential for an excellent discrimina-
tion between responding and non-responding patients.

It has been previously demonstrated that the combination
of molecular and imaging characteristics at diagnosis could
lead to a more accurate selection of patients, to increase ther-
apy tailoring [33], so we also included the assessment of MYC
gene rearrangement into our analysis. In our present study, an
MYC gene rearrangement by FISH was found in the 30% of
the patient population, which is significantly higher as com-
pared to 5-15% reported in previous studies [20-23]. This
may be related to the higher proportion of patients in the
high-risk group classified as stage IV and the IPI scores. Our
study showed that the prognostic value of ASUVmax% was
positively correlated with an MYC gene rearrangement and
the D-5PS (score 5) either after one cycle or two cycles. Even
though an MYC gene rearrangement was present, 3 out of 18
patients had no disease progression. Two were classified cor-
rectly as responders with a ASUVmax% of 71.66% and a D-
5PS (score 4), a ASUVmax% of 86.09%/D-5PS (score 4);
one was false negative with a ASUVmax% under the thresh-
old (46.14%), but at the same time, a D-5PS (score 4) indicat-
ing response according to our established threshold. Our data,
with the limitations mentioned below, is very much in keeping
with previously published data on the influence of the molec-
ular characteristics and PET-derived parameters on overall and
progression free survival [33]. Here, the PET-derived initial
total tumor metabolic volume was found to be a good predic-
tor of the further course.

signals (red and green); B, positive MYC gene rearrangement: mitosis
interphase nuclei can be seen as two separated signals
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Limitations

This unicentric retrospective analysis has several limitations. Due
to the limited number of patients, a multi-factor synergistic re-
gression analysis for ASUVmax%, D-5PS (score 5), and MYC
gene status was not possible. Thus, the joint prognostic value
with multiple factors for PFS could not be compared at one
and two cycles. In addition, heterogeneity was introduced into
the trial because two different systemic treatment regimens were
used. In our patient population, of the 43 patients who received
R-CHOP therapy, 8 patients progressed (18.6%), and of the 17
patients who received CHOP therapy, 7 patients showed progres-
sive disease (41.18%). However, using a chi-square or exact test
addressing the type of systemic treatment, P values proved to be
not significant (P = 0.069 or P =0.099, respectively); therefore,
the use of two chemotherapy regimes is most likely not resulting
in a significant effect in terms interpretability of the results.

Conclusion

An interim "*F-FDG PET/CT examination performed already
after one cycle of chemotherapy was found to have equal
power for the prediction of prognosis in DLBCL patients as
compared to interim staging after two cycles. Therefore, an
earlier prediction of response seems to be feasible, but should
be confirmed in the context of a larger clinical trial.

Acknowledgements We would like to thank Dr. Hongwei Zhang for
giving advice regarding this manuscript. We give special thanks to the
Department of Pathology at Shanxi Cancer Hospital and the pathologists
who reviewed and validated the histopathologic diagnosis.

Funding Information Open access funding provided by Medical
University of Vienna.

Compliance with ethical standards
Conflict of interest None.

Ethical approval
study.

The clinical institutional review board approved this

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. A clinical evaluation of the International Lymphoma Study Group
classification of non-Hodgkin's lymphoma. The Non-Hodgkin's
Lymphoma Classification Project. Blood. 1997;89:3909-18.

10.

12.

13.

14.

15.

16.

17.

Chinese Society of Hematology CMA, Chinese Society of Lymphoma
CA-cA. Chinese guidelines for diagnosis and treatment of diffuse large
B cell lymphoma (2013). Zhonghua Xue Ye Xue Za Zhi. 2013;34:
816-9. https://doi.org/10.3760/cma.j.issn.0253-2727.2013.09.019.
Ngeow JY, Quek RH, Ng DC, Hee SW, Tao M, Lim LC, et al. High
SUV uptake on FDG-PET/CT predicts for an aggressive B-cell
lymphoma in a prospective study of primary FDG-PET/CT staging
in lymphoma. Ann Oncol. 2009;20:1543-7. https://doi.org/10.
1093/annonc/mdp030.

Friedberg JW, Fisher RI. Diffuse large B-cell lymphoma. Hematol
Oncol Clin North Am. 2008;22:941-52, ix. https://doi.org/10.1016/
j-hoc.2008.07.002.

Yamada A, Tamura H, Asayama T, Moriya K, Okuyama N, Kondo-
Onodera A, et al. Evaluation of the enhanced international prognostic
index (NCCN-IPI) for cases with diffuse large B-cell lymphoma. Rinsho
Ketsueki. 2015;56:915-8. https:/doi.org/10.11406/rinketsu.56.915.
Yang Y, Wang L, Ma Y, Han T, Huang M. The enhanced international
prognostic index for diffuse large B-cell lymphoma. Am J Med Sci.
2017;353:459-65. https://doi.org/10.1016/j.amjms.2017.02.002.
Bari A, Marcheselli L, Sacchi S, Marcheselli R, Pozzi S, Ferri P,
et al. Prognostic models for diffuse large B-cell lymphoma in the
rituximab era: a never-ending story. Ann Oncol. 2010;21:1486-91.
https://doi.org/10.1093/annonc/mdp531.

Zhou Z, Sehn LH, Rademaker AW, Gordon LI, Lacasce AS,
Crosby-Thompson A, et al. An enhanced international prognostic
index (NCCN-IPI) for patients with diffuse large B-cell lymphoma
treated in the rituximab era. Blood. 2014;123:837-42. https://doi.
org/10.1182/blood-2013-09-524108.

Ansell SM, Armitage JO. Positron emission tomographic scans in
lymphoma: convention and controversy. Mayo Clin Proc. 2012;87:
571-80. https://doi.org/10.1016/j.mayocp.2012.03.006.

Nagle SJ, Chong EA, Chekol S, Shah NN, Nasta SD, Glatstein E,
et al. The role of FDG-PET imaging as a prognostic marker of
outcome in primary mediastinal B-cell lymphoma. Cancer Med.
2015;4:7-15. https://doi.org/10.1002/cam4.322.

Gallicchio R, Mansueto G, Simeon V, Nardelli A, Guariglia R,
Capacchione D, et al. F-18 FDG PET/CT quantization parameters as
predictors of outcome in patients with diffuse large B-cell lymphoma.
Eur J Haematol. 2014;92:382-9. https://doi.org/10.1111/ejh.12268.
Mikhaeel NG, Smith D, Dunn JT, Phillips M, Moller H, Fields PA,
et al. Combination of baseline metabolic tumour volume and early
response on PET/CT improves progression-free survival prediction
in DLBCL. Eur J Nucl Med Mol Imaging. 2016;43:1209—19.
https://doi.org/10.1007/s00259-016-3315-7.

Park S, Moon SH, Park LC, Hwang DW, Ji JH, Maeng CH, et al.
The impact of baseline and interim PET/CT parameters on clinical
outcome in patients with diffuse large B cell lymphoma. Am J
Hematol. 2012;87:937—40. https://doi.org/10.1002/ajh.23267.

Fan Y, Zhang Y, Yang Z, Ying Z, Zhou N, Liu C, et al. Evaluating
early interim fluorine-18 fluorodeoxyglucose positron emission
tomography/computed tomography with the SUVmax-liver-based
interpretation for predicting the outcome in diffuse large B-cell
lymphoma. Leuk Lymphoma. 2017;58:1-9. https://doi.org/10.
1080/10428194.2016.1277384.

Le Gouill S, Casasnovas RO. Interim PET-driven strategy in de novo
diffuse large B-cell lymphoma: do we trust the driver? Blood.
2017;129:3059-70. https://doi.org/10.1182/blood-2016-05-672196.
Adams HJA, Kwee TC. An evidence-based review on the value of
interim FDG-PET in assessing response to therapy in lymphoma.
Semin Oncol. 2017;44:404-19. https://doi.org/10.1053/j.
seminoncol.2018.01.005.

Yang DH, Ahn JS, Byun BH, Min JJ, Kweon SS, Chae YS, et al.
Interim PET/CT-based prognostic model for the treatment of diffuse
large B cell lymphoma in the post-rituximab era. Ann Hematol.
2013;92:471-9. https://doi.org/10.1007/s00277-012-1640-x.

@ Springer


https://doi.org/10.3760/cma.j.issn.0253-2727.2013.09.019
https://doi.org/10.1093/annonc/mdp030
https://doi.org/10.1093/annonc/mdp030
https://doi.org/10.1016/j.hoc.2008.07.002
https://doi.org/10.1016/j.hoc.2008.07.002
https://doi.org/10.11406/rinketsu.56.915.
https://doi.org/10.1016/j.amjms.2017.02.002
https://doi.org/10.1093/annonc/mdp531
https://doi.org/10.1182/blood-2013-09-524108
https://doi.org/10.1182/blood-2013-09-524108
https://doi.org/10.1016/j.mayocp.2012.03.006
https://doi.org/10.1002/cam4.322
https://doi.org/10.1111/ejh.12268
https://doi.org/10.1007/s00259-016-3315-7
https://doi.org/10.1002/ajh.23267
https://doi.org/10.1080/10428194.2016.1277384.
https://doi.org/10.1080/10428194.2016.1277384.
https://doi.org/10.1182/blood-2016-05-672196
https://doi.org/10.1053/j.seminoncol.2018.01.005
https://doi.org/10.1053/j.seminoncol.2018.01.005
https://doi.org/10.1007/s00277-012-1640-x

488

Eur J Nucl Med Mol Imaging (2019) 46:478-488

18.

19.

20.

21.

22.

23.

24.

25.

26.

Casasnovas RO, Meignan M, Berriolo-Riedinger A, Bardet S,
Julian A, Thieblemont C, et al. SUVmax reduction improves early
prognosis value of interim positron emission tomography scans in
diffuse large B-cell lymphoma. Blood. 2011;118:37—43. https://doi.
org/10.1182/blood-2010-12-327767.

Yang DH, Min JJ, Song HC, Jeong Y'Y, Chung WK, Bae SY, et al.
Prognostic significance of interim (1)(8)F-FDG PET/CT after three
or four cycles of R-CHOP chemotherapy in the treatment of diffuse
large B-cell lymphoma. Eur J Cancer. 2011;47:1312-8. https://doi.
org/10.1016/j.¢jca.2010.12.027.

Horn H, Ziepert M, Becher C, Barth TF, Bernd HW, Feller AC, et al.
MYC status in concert with BCL2 and BCL6 expression predicts
outcome in diffuse large B-cell lymphoma. Blood. 2013;121:2253—
63. https://doi.org/10.1182/blood-2012-06-435842.

Ye Q, Xu-Monette ZY, Tzankov A, Deng L, Wang X, Manyam GC,
et al. Prognostic impact of concurrent MY C and BCL6 rearrangements
and expression in de novo diffuse large B-cell lymphoma. Oncotarget.
2016;7:2401-16. https://doi.org/10.18632/oncotarget.6262.

Nitsu N, Okamoto M, Miura I, Hirano M. Clinical significance of 8q24/
¢-MYC translocation in diffuse large B-cell lymphoma. Cancer Sci.
2009;100:233-7. https://doi.org/10.1111/1.1349-7006.2008.01035 x.
Visco C, Tzankov A, Xu-Monette ZY, Miranda RN, Tai YC, Li Y,
et al. Patients with diffuse large B-cell lymphoma of germinal center
origin with BCL2 translocations have poor outcome, irrespective of
MYC status: a report from an international DLBCL rituximab-
CHOP consortium program study. Haematologica. 2013;98:255—
63. https://doi.org/10.3324/haematol.2012.066209.

Epperla N, Maddocks KJ, Salhab M, Chavez JC, Reddy N, Karmali R,
et al. C-MYC-positive relapsed and refractory, diffuse large B-cell lym-
phoma: impact of additional "hits" and outcomes with subsequent ther-
apy. Cancer. 2017;123:4411-8. https://doi.org/10.1002/cncr.30895.
Hans CP, Weisenburger DD, Greiner TC, Gascoyne RD, Delabie J,
Ott G, et al. Confirmation of the molecular classification of diffuse
large B-cell lymphoma by immunohistochemistry using a tissue
microarray. Blood. 2004;103:275-82. https://doi.org/10.1182/
blood-2003-05-1545.

Itti E, Juweid ME, Haioun C, Yeddes I, Hamza-Maaloul F, El Bez I,
etal. Improvement of early 18F-FDG PET interpretation in diffuse large

@ Springer

27.

28.

29.

30.

31.

32.

33.

B-cell lymphoma: importance of the reference background. J Nucl
Med. 2010;51:1857-62. https://doi.org/10.2967/jnumed.110.080556.
Kwon SH, Kang DR, Kim J, Yoon JK, Lee SJ, Jeong SH, et al.
Prognostic value of negative interim 2-[(1)(8)F]-fluoro-2-deoxy-d-
glucose PET/CT in diffuse large B-cell lymphoma. Clin Radiol.
2016;71:280-6. https://doi.org/10.1016/j.crad.2015.11.019.
Fuertes S, Setoain X, Lopez-Guillermo A, Carrasco JL, Rodriguez
S, Rovira J, et al. Interim FDG PET/CT as a prognostic factor in
diffuse large B-cell lymphoma. Eur J Nucl Med Mol Imaging.
2013;40:496-504. https://doi.org/10.1007/s00259-012-2320-8.

Itti E, Meignan M, Berriolo-Riedinger A, Biggi A, Cashen AF, Vera
P, et al. An international confirmatory study of the prognostic value of
early PET/CT in diffuse large B-cell lymphoma: comparison between
Deauville criteria and DeltaSUVmax. Eur J Nucl Med Mol Imaging.
2013;40:1312-20. https://doi.org/10.1007/s00259-013-2435-6.
Mylam KJ, Kostakoglu L, Hutchings M, Coleman M, Lamonica D,
Czuczman MS, et al. (18)F-fluorodeoxyglucose-positron emission
tomography/computed tomography after one cycle of chemothera-
py in patients with diffuse large B-cell lymphoma: results of a
Nordic/US intergroup study. Leuk Lymphoma. 2015;56:2005—12.
https://doi.org/10.3109/10428194.2014.975800.

Kim J, Song YS, Lee JS, Lee WW, Kim SE. Risk stratification of
diffuse large B-cell lymphoma with interim PET-CT based on dif-
ferent cutoff Deauville scores. Leuk Lymphoma. 2018;59:340-7.
https://doi.org/10.1080/10428194.2017.1339877.

Minamimoto R, Fayad L, Advani R, Vose J, Macapinlac H, Meza J,
et al. Diffuse large B-cell lymphoma: prospective multicenter com-
parison of early interim FLT PET/CT versus FDG PET/CT with
IHP, EORTC, Deauville, and PERCIST criteria for early therapeutic
monitoring. Radiology. 2016;280:220-9. https://doi.org/10.1148/
radiol.2015150689.

Cottereau AS, Lanic H, Mareschal S, Meignan M, Vera P, Tilly H,
et al. Molecular profile and FDG-PET/CT Total metabolic tumor
volume improve risk classification at diagnosis for patients with
diffuse large B-cell lymphoma. Clin Cancer Res. 2016;22:3801—
9. https://doi.org/10.1158/1078-0432.CCR-15-2825.


https://doi.org/10.1182/blood-2010-12-327767
https://doi.org/10.1182/blood-2010-12-327767
https://doi.org/10.1016/j.ejca.2010.12.027
https://doi.org/10.1016/j.ejca.2010.12.027
https://doi.org/10.1182/blood-2012-06-435842
https://doi.org/10.18632/oncotarget.6262
https://doi.org/10.1111/j.1349-7006.2008.01035.x
https://doi.org/10.3324/haematol.2012.066209
https://doi.org/10.1002/cncr.30895
https://doi.org/10.1182/blood-2003-05-1545
https://doi.org/10.1182/blood-2003-05-1545
https://doi.org/10.2967/jnumed.110.080556
https://doi.org/10.1016/j.crad.2015.11.019
https://doi.org/10.1007/s00259-012-2320-8
https://doi.org/10.1007/s00259-013-2435-6
https://doi.org/10.3109/10428194.2014.975800
https://doi.org/10.1080/10428194.2017.1339877
https://doi.org/10.1148/radiol.2015150689
https://doi.org/10.1148/radiol.2015150689
https://doi.org/10.1158/1078-0432.CCR-15-2825

	Prognostic...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Patients and treatment
	International prognostic index (IPI)
	18F-FDG pet/CT
	Image analysis
	Immunohistochemical staining
	Fluorescence in situ hybridization (FISH) testing
	Clinical and follow-up assessment
	Statistics

	Results
	Clinical characteristics and protein expression characteristics
	Comparative analysis
	Survival analysis for ΔSUVmax%, D-�5PS, and MYC gene rearrangement

	Discussion
	Limitations

	Conclusion
	References


