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Introduction

Diffuse large B-cell lymphoma (DLBCL), the most 
common subtype of non-Hodgkin’s lymphoma, is clinically 
heterogeneous. Approximately 30-40% of patients will relapse 
after first-line treatment (1-3). Currently, the prognosis 
of patients with DLBCL is estimated by using the clinical 
parameters of the International Prognostic Index (IPI) (4). And 
patients with different lymphoma cell origins have different 
prognosis (5). The 5-year overall survival (OS) for the germina 
center B cell origin (GCB) group was 76% compared with 
only 34% for the non-GCB group (P<0.001). However, the 
treatment outcomes of individual patients within the same IPI 

risk group or the same cell origin can be considerably different. 
So we need to find a new factor to value the prognosis of 
patients with DLBCL.

Fludeoxyglucose F18 positron emission tomography 
and computed tomography (18F-FDG PET/CT), providing 
information about the metabolic activity in patients with 
lymphoma, is helpful for differentiating viable tumor from 
post-treatment fibrosis or necrosis. Evidences showed 
that the post-treatment 18F-FDG PET/CT can predict 
the outcome of patients with DLBCL (6-9). However, the 
role of interim PET/CT, after a few cycles of treatment, 
for predicting patients’ outcome is still controversial. In 
addition, there is still no universal conclusion on SUVmax 
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cut-off value for interpreting interim PET/CT as positive 
or negative. 

In this retrospective study, we try to find out the SUVmax 
cut-off value for interpreting interim PET/CT as positive 
or negative, and to discuss the prognostic value of interim 
PET/CT in DLBCL. 

Materials and methods

Patients

Between September 2009 and November 2011, a total of 
32 patients with newly diagnosed DLBCL were enrolled 
at Peking University Cancer Hospital. All patients were 
diagnosed according to 2008 WHO classification for 
Tumors of Hematopoietic and Lymphoid Tissue. All 
patients underwent baseline, interim (after 2-4 cycles 
of treatment), and post-treatment PET/CT scans. The 
treatment efficacy and survival time were retrospectively 
analyzed. 

All patients were treated with R-CHOP regimen 
[rituximab 375 mg/m2 i.v. on day one (D1), cyclophosphamide  
750 mg/m2 i.v. on D1, vincristine 1.4 mg/m2 i.v. on D1, 
doxorubicin 50 mg/m2 i.v. on D1, and prednisone 100 mg 
p.o. on D1-5] or CHOP regimen. According to National 
Comprehensive Cancer Network (NCCN) guideline (10), 
1 patient received local residual disease radiation after first-
line treatment. Five high-risk patients received consolidative 
autologous stem cell transplantation with BEAM (Carmustine, 
etoposide, cytarabine, melphalan) as preparative regimen. 

18F-FDG PET/CT scans
18F-FDG PET scan (Gemini TF 16 PET/CT, Philips, 
Netherland) was performed according to standard 
procedures. PET acquisition was performed in 6-hour 
fasting patients after intravenous injection of 0.1 mCi/kg 
of 18F-FDG. We utilized a low-dose spiral mode CT scan  
(100 mAs, 120 keV; slice thickness 3 mm), covering the area 
from the base of the skull to the proximal thighs, which was 
used for attenuation correction and image fusion. PET data 
were reconstructed iteratively with attenuation correction 
based on CT data and reoriented in axial, sagittal, and 
coronal slices.

PET/CT images were interpreted on the basis of visual 
analysis by 2 experienced nuclear medicine physicians. The 
examination was considered negative when no pathologic 
FDG uptake was shown. Focal FDG uptake beyond the 

physiological uptake areas was interpreted as positive. 
Lymph nodes with a short axis diameter of <1.0 cm was 
defined as abnormal.

Statistical analysis

OS was defined as the time from the date of diagnosis until 
death as a result of any cause. Progression-free survival (PFS) 
was measured as the time from diagnosis until lymphoma 
progression, relapse after response, or death as a result of 
any cause (9). The Kaplan-Meier method with the log-rank 
test was performed to estimate the PFS rate and to compare 
survival differences between groups. P<0.05 was considered 
statistically significant, and all P values were two-sided. 
All statistical analyses were performed using SPSS 13.0 for 
Windows (SPSS Inc., Chicago, IL, USA).

Results

Clinical characteristics of patients 

Baseline characteristics of 32 patients are listed in Table 1. 
Twenty-three patients (71.9%) presented with advanced 
stage disease and 27 (84.4%) had good performance status. 
Cases were subclassified using CD10, bcl-6, and MUM1 
expression (11), 8 cases (25%) were considered GCB, and 
22 cases (68.8%) non-GCB. Two cases cannot determine 
cell origin because of limited sample or technology reason. 
Thirty-one patients received R-CHOP regimen, and 
1 patient CHOP regimen. Most of the patients (75%) 
underwent PET/CT scans after 2 cycles of treatment. 

Correlation of interim PET/CT results with PFS 

After a  median fol low-up period of  16.7 months  
(9.1-35.5 months), 4 patients showed progressive disease. 

We set 2.0, 2.5 and 3.0 as the SUVmax cut-off value of 
interim PET/CT, respectively. PET/CT was defined as 
negative or positive according to the cut-off value. 

If SUVmax 2.0 was applied as the cut-off value, the median 
SUVmax of interim PET/CT negative patients was 0.8 (0-1.8, 
n=15), and 14 patients maintained negative after completion 
of first-line treatment. The median SUVmax of interim  
PET/CT positive patients was 2.7 (2.2-15.3, n=17), 8 patients 
(41.7%) turned to negative at the end of the treatment, and 
these 8 patients are still in remission now. There was no 
difference in 2-year PFS rates between interim PET/CT  
negative and positive patients (88% vs. 82%, P=0.360)  
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(Table 2, Figure 1A). 
If SUVmax 2.5 was applied as the cut-off value, the median 

SUVmax of interim PET/CT negative patients was 1.5 (0-2.4, 
n=22), and all of these patients maintained negative after 

completion of first-line treatment. The median SUVmax 
of interim PET/CT positive patients was 3.6 (2.6-15.3,  
n=10), 5 patients (50%) turned to negative at the end of 
the treatment, and these 5 patients are still in remission 
now. The 2-year PFS rates differed between the interim  
PET/CT negative and positive patients (92% vs. 69%, 
P=0.039) (Table 2, Figure 1B). 

If SUVmax 3.0 was applied as the cut-off value, the median 
SUVmax of interim PET/CT negative patients was 1.6 (0-2.7, 
n=25), and 24 patients maintained negative after completion 
of first-line treatment. The median SUVmax of interim  
PET/CT positive patients was 3.9 (3.3-15.3, n=7), 4 patients 
(57.1%) turned to negative at the end of the treatment, and 
these 4 patients are still in remission now. There was no 
difference in 2-year PFS rates between interim PET/CT  
negative and positive patients (89% vs. 70%, P=0.113)  
(Table 2, Figure 1C).

Correlation of SUVmax reduction with PFS

This study calculated the SUVmax reduction rate between 
baseline and interim PET/CT, and we defined a reduction 
rate of 70% and 90% as cut-off value, respectively. A  
cut-off of 70% SUVmax reduction yielded a 2-year PFS rate 
of 86% in patients with reduction of more than 70% vs. 
84% with reduction of 70% or less (P=0.885) (Figure 2A). 
The 2-year PFS rate was 89% in patients with reduction of 
more than 90%, and 79% in those with reduction of 90% 
or less (P=0.229) (Figure 2B). 

Correlation of PET/CT results with OS 

There was only 1 patient died until the last follow-up 
time (August, 2012). We cannot analyze the correlation of 
interim PET/CT with OS. 

Discussion

This study aims to determine the prognostic value of 
interim 18F-FDG PET/CT in DLBCL. Actually, there are 
many controversies until now. 

Multiple studies have proved that interim PET/CT can 
predict the outcomes of patients with DLBCL (12,13). Yang 
DH et al. evaluated the prognostic significance of interim 
PET/CT in the treatment of DLBCL. SUVmax 3.0 was 
defined as the cut-off value of interim PET/CT. Patients 
who continued to have positive interim PET/CT showed 
a significantly high relapse rate (62.8%) compared to those 

Table 1 Clinical characteristics of 32 patients 

Characteristics N

Age (year)

<60 19

≥60 13

Sex

Male 20

Female 12

Cell origin

GCB 8

Non-GCB 22

NA 2

Ann Arbor staging

I-II 9

III-IV 23

Bulky disease

Presence 13

Absence 19

LDH

Normal 18

>Normal 14

ECOG performance status

0-1 27

2-4 5

IPI

0-1 14

2 8

3 3

4-5 7

Treatment regimen

R-CHOP 31

CHOP 1

Timing of interim PET/CT 

After 2 cycles of treatment 24

After 3 cycles of treatment 3

After 4 cycles of treatment 5

GCB, germina center B cell origin; LDH, lactate dehydro-

genase; ECOG, Eastern Cooperative Oncology Group; IPI, 

International Prognostic Index 
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Table 2 Correlation of interim PET/CT results with PFS according to different SUVmax cut-off values

N Median SUVmax Post-treatment negative patients 2-year PFS (%) P

SUVmax ≤2.0 15 0.8 14 88
0.360

SUVmax >2.0 17 2.7 8 82

SUVmax ≤2.5 22 1.5 22 92
0.039

SUVmax >2.5 10 3.6 5 69

SUVmax ≤3.0 25 1.6 24 89
0.113

SUVmax >3.0 7 3.9 4 70

Figure 1 PFS curves of patients with different interim PET/CT results. A. SUVmax 2.0 as cut-off value; B. SUVmax 2.5 as cut-off value; C. 
SUVmax 3.0 as cut-off value

Figure 2 PFS curves of patients with different SUVmax reduction rates. A. SUVmax reduction rate 70% as cut-off value; B. SUVmax reduction 
rate 90% as cut-off value

A

A

B

B
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with a negative PET/CT (12.1%) (P<0.01). After a median 
follow-up period of 30.8 months, the positivity of interim 
PET/CT was found to be a prognostic factor for both OS 
and PFS. This study concluded interim PET/CT scanning 
had a significant predictive value for disease progression 
and survival of DLBCL (12). However, other studies have 
drawn different conclusions (14,15). The study performed 
by Yoo C et al. demonstrated that there was no difference in 
PFS (P=0.07) and OS (P=0.24) between interim PET/CT 
positive and negative groups (14). 

In the present study, we also evaluated the correlation 
of interim PET/CT with the outcomes of patients with 
DLBCL. PET/CT results were affected by different 
machines, observers, and interpretation criteria. A more 
direct index in PET/CT is urgently needed to guide 
clinical treatment. A study has applied SUVmax cut-off value 
to define PET/CT as negative or positive (12), but there is 
still controversy. In our study, we set SUVmax 2.0, 2.5 and 3.0 
as cut-off value of interim PET/CT, respectively. If SUVmax 
2.0 and 3.0 were applied as cut-off value, there was no 
difference in 2-year PFS rates between interim PET/CT  
negative and positive patients (P=0.360; P=0.113). 
However, if we applied SUVmax 2.5 as the cut-off value, the 
2-year PFS rates differed between the negative and positive 
patients (P=0.039). Unfortunately, we cannot analyze 
patients’ OS because of the small sample size and short 
follow-up time. 

Recently, the role of SUVmax reduction becomes more 
important in predicting outcomes of patients with DLBCL 
(16,17). Casasnovas RO et al. assessed whether SUVmax 
can predict the survival of DLBCL. Eighty-five high-risk 
patients underwent PET/CT scans at baseline (PET0), 
after 2 (PET2) and 4 cycles (PET4) chemotherapy, 
respectively. ΔSUVmax was calculated between PET2 
and PET0 (ΔSUVmaxPET0-2) or PET4 (ΔSUVmaxPET0-4), 
ΔSUVmaxPET0-2 (>66% vs. ≤66%) analysis identified patients 
with significantly different 2-year PFS and OS rates 
(P=0.0282; P<0.0001). ΔSUVmaxPET0-4 (>70% vs. ≤70%) 
seemed even more predictive for 2-year PFS and OS rates 
(P<0.0001; P<0.0001) (16). In this study, we also calculated 
SUVmax reduction of interim PET/CT scan compared to 
the baseline result, and applied 70% and 90% as the cut-
off value of SUVmax reduction. But we did not find the 
correlation of SUVmax reduction and the outcomes of 
DLBCL, and this may be attributed to the small sample size 
and short follow-up time. 

The interim PET/CT cannot predict outcomes of 
DLBCL accurately, and the reasons are as following: 

Difficulty in determining the exact timing of interim 
PET/CT scan

If patients underwent interim PET/CT too early (after 
1-2 cycles of treatment), 2/3 interim positive patients will 
be turned to negative after the following treatment (15), 
and it has reached agreement that post-treatment PET/
CT negative patients have a good prognosis (6-8). The 
outcomes of this group of interim PET/CT positive patients 
are similar to that of interim negative patients (14,15). 
In this study, about half of the interim PET/CT positive 
patients turned to negative after the following treatment, 
and these patients did not relapse till now, indicating the 
treatment after interim PET/CT can affect the prognosis 
of patients. If patients underwent interim PET/CT too late 
(after 4 cycles for patients planning for receiving 6 cycles 
of treatment, after 6 cycles for the patients planning for 
receiving 8 cycles of treatment), the interim PET/CT loses 
its significance for predicting prognosis early.

High false-positive rate

FDG as a marker does not have such a high specificity 
because it is also taken up in infections and inflammatory 
processes (18-20). Rituximab is a kind of immunotherapy 
drug, and antibody-mediated cellular cytotoxicity and 
complement activity are important mechanisms in 
rituximab’s activity. Both processes are able to attract 
mediators of inflammation to tumor sites (21,22). Although 
a study recommended to exclude false-positive cases 
by biopsy (21), it is hard in a clinical setting to perform 
biopsies on every lesion showing residual FDG uptake, and 
these may cause unwanted procedure-related complications 
or interruptions of treatment. 

Absence of uniform interpretation criteria

Currently, there are many PET interpretation criteria, 
but most of these criteria are defined for post-treatment 
assessment. Recently, Horning et al. reported only a 
moderate reproducibility among the observer in interim 
PET interpretation (23). To minimize the affection of 
immunochemotherapy on the PET result, PET scans 
should not be performed for at least 3 weeks, and preferably 
6-8 weeks, after completion of therapy (9). This is easy 
for the post-treatment PET scan. However, it is difficult 
for the interim PET scan, because the time interval of 
the regimen for lymphoma is 2-3 weeks. To ensure the 
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following treatment on time, the interim PET is always 
within 3 weeks. So it is inevitable of the affection of 
immunochemotherapy on the interim PET result. 

In conclusion, using a SUVmax cut-off value of 2.5, 
interim PET/CT can predict the 2-year PFS rate of patients 
with DLBCL. But this is a small retrospective study. We 
should treat this result cautiously, and cannot adjust the 
following treatment according to the interim PET/CT. In 
the future, larger prospective trials are needed to assess the 
real prognostic value of interim PET/CT in patients with 
DLBCL.
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