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Summary 

 

Residual FDG-PET positivity during treatment of patients with diffuse large B-cell 

lymphoma (DLBLC) prospectively identifies a subgroup at high likelihood of subsequent 

treatment failure. 

 

A single institution clinical audit of FDG-PET performance for this indication was 

undertaken for patients with DLBCL treated with anthracycline-based chemotherapy +/-

radiotherapy. 

 

Of forty-five eligible patients, fourteen (31%) were PET-positive after a median of three 

chemotherapy cycles (range 1-5), of which ten (71%) progressed at a median of 6.5 

months. 

 

An interim positive PET was a statistically significant adverse prognostic factor for 

treatment failure (p < 0.0001, log rank analysis) with a hazard-ratio for a positive interim-

treatment PET of 9 (95% C.I. 4 - 55) and positive predictive value of 71% and negative 

predictive value of 90%. 

 

Notably, four patients with low-grade FDG-avidity limited to sites previously involved 

by biopsy-proven osseous lymphoma, remain progression-free (median follow-up 62 

months). 

 

Low-grade FDG-avidity on interim restaging at sites of bone involvement by DLBCL at 

diagnosis, appears less predictive of disease progression than residual nodal or extra-

nodal soft tissue abnormality by PET. 
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Introduction  

 

Functional imaging with PET using the glucose analogue, 18FDG, performed prior to 

completion of all planned chemotherapy in patients with diffuse large B-cell lymphoma 

(DLBCL) identifies those at high-risk of subsequent treatment failure. Residual FDG-

avidity at sites of disease predicts for a significantly poorer progression-free survival (1, 

2). Risk-adapted strategies based interim-treatment PET response may improve the 

outcome of patients at high-risk of subsequent treatment failure (3, 4). 

 

Interpretation of low-grade FDG-avidity, however, remains to be standardised, and may 

represent reactive or healing responses rather than residual viable lymphoma (5). We 

have noted not all patients with positive PET at interim-assessment will fail therapy, and 

undertook this study to assess whether particular patterns of residual abnormality were 

more predictive of an adverse outcome. 

 

Methods 

 

A retrospective analysis of patients at the Peter MacCallum Cancer Centre (PMCC; 

Melbourne, Australia) evaluated with FDG-PET during the course of anthracycline-based 

chemotherapy for DLBCL between 1996 and 2004 was undertaken to determine if PET 

predicted subsequent treatment failure. Patients with histological transformation of 

indolent lymphoma or primary cerebral DLBCL were excluded. 

 

Conventional staging using clinical assessment, CT (chest, abdomen, pelvis) and bone-

marrow biopsy was undertaken in all cases. A GE Quest 300-H PET scanner (UGM 

Medical Systems Inc, Philadelphia, PA) was used until 2002, after which combined 

CT/PET (Discovery LS GE Medical systems, Milwaukee, WI), incorporating a 4-slice 

helical CT for anatomical correlation, was used. Emission data were processed using 

iterative reconstruction, with and without measured attenuation correction (6). Subjective 

visual assessment was performed in all cases for determination of FDG-avidity, with 
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definition of “positive PET” as increased FDG-avidity above a baseline level, as 

subjectively characterised by FDG-avidity of the liver parenchyma, in a region of 

lymphoma, documented clinically or radiologically, at diagnosis (Figure 2).  One senior 

nuclear medicine physician undertook quality monitoring of PET reporting throughout 

the study period. 

 

Statistical Methods 

The primary endpoint of treatment-failure was defined as unequivocal clinical or 

conventional radiological progression following primary therapy. No patient received 

salvage therapy in first complete remission. 

 

Potential predictive factors including interim-treatment PET status, stage at diagnosis and 

disease bulk (> 5cm) were analysed using Fisher’s exact test and IPI by unpaired t-test.  

Time-to-treatment-failure curves were generated using the Kaplan-Meier method and 

compared using log-rank analyses. All statistical analyses were two-sided and performed 

with GraphPad Prism 4 (GraphPad software Inc San Diego CA, USA). 

 

Results 

 

There were forty-five eligible patients, with a median age of 59 years (range 26-82).  By 

conventional staging, 60% (n=27) had limited-stage disease (stage I-II).  Bulky disease 

(>5cm) was present in 47% (n=21). The median IPI was 2, with low- to low-intermediate 

risk (n=27) and high-intermediate to high risk (n=13) in 40 patients in whom a complete 

set of evaluable data was available.  Therapy included a minimum of six-cycles of 

CHOP/CHOP-like therapy (n=26) including CHOP at 14-day intervals (n=4) or 

HyperCVAD(7) (n=6). Planned radiotherapy was administered to sites of initial bulky 

disease in 25% (n=8) or for inadequate treatment response in 13% (n=4).   Limited (3–4 

cycles) CHOP/CHOP-like chemotherapy with radiotherapy was administered in 29% of 

patients (n=13). Rituximab was used concurrently with chemotherapy in 18 patients. 
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Interim-treatment PET status and outcome in response to initial therapy 

 

Interim-treatment PET was performed prior to completion of all planned chemotherapy ± 

radiotherapy after a median of three chemotherapy cycles [post-cycle 1 (n=3), 2 (n=12), 3 

(n=18), 4 (n=11), 5 (n=2)]. Median follow-up of all patients was 30.7 months from the 

time of PET, with minimum follow-up of surviving patients being four months. 

 

Treatment-failure occurred in 13 patients at a median of 6.5 months (range 0–36) from 

completion of therapy, of whom ten had positive interim-treatment PET, principally at 

nodal sites of involvement (Table 2).  

 

The risk of treatment-failure according to interim-treatment PET status was statistically 

significant (p<0.0001, log-rank analysis) with an overall hazard-ratio for a positive 

interim-treatment PET of 9 (95% C.I. 4 - 55) (Figure 1a). The positive predictive value 

(PPV) of a positive interim-treatment PET was 71% and the negative predictive value 

was 90%.  Other conventional factors (stage, IPI, disease bulk) were not predictive of 

outcome (data not shown). 

 

Despite positive interim-treatment PET predicting poorer outcomes, four patients with 

residual low-grade FDG-avidity limited to a solitary site of bone involvement remained 

progression-free at a median follow up of 62 months (range 30-84 months). One patient 

demonstrated peri-prosthetic FDG-avidity at the time of interim PET, while the 

remaining three patients demonstrated solitary bone FDG-avidity at sites involved by 

biopsy proven bone lymphoma at diagnosis (Table 3).  All four patients completed 

chemotherapy and radiotherapy to sites of interim FDG-avidity: three became PET 

negative after one, five and five months respectively, while one demonstrated persistent 

low-grade peri-prosthetic FDG-avidity 14 months after radiotherapy, but remained in 

complete remission by clinical and conventional diagnostic methods. Exclusion of such 

patients from the analysis of treatment failure based on interim-treatment PET response, 

the PPV of positive interim PET increased to 100% (10/10) (Figure 1b). 
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Discussion 

 

This study highlights the potential strengths and weakness of PET in functional response 

assessment.  Limitations of this retrospective study include the relatively small and non-

homogenous cohort and the variation in therapies administered. The use of interim PET 

was also limited by individual physician practice and availability of obtaining 

appropriately timed scans at our institution, which treated 616 patients with DLBCL 

between 1999 and 2004, and utilised PET for staging and post-therapeutic monitoring for 

primary and relapsed disease.  

 

Nevertheless, in the context of patients with primary DLBCL undergoing interim PET, 

with routine clinical use, PET status was the sole statistically significant predictive factor 

for subsequent treatment failure in patients with a range of disease burdens, consistent 

with previous reports (1, 2).  The lack of statistical significance for conventional 

prognostic factors in this study may in part be explained by the use of intensified 

chemotherapy regimens ± Rituximab in patients with adverse prognostic factors in our 

institution, as well as the relatively small sample size. 

 

Interpretation of residual changes on PET remains problematic. Notably, the four patients 

in our series with interim-treatment FDG-avidity at solitary sites of bone lymphoma 

remained in prolonged remission (Table 3). There are two possible explanations for this 

observation. First, radiotherapy to minimally FDG-avid solitary bone sites may be 

effective therapy following standard chemotherapy, especially for the entity of primary 

bone lymphoma for which radiotherapy alone may provide effective local disease control 

(2, 8).   

 

Alternatively, FDG-uptake related to osteoblast, macrophage or other inflammatory 

activity involved in active bone healing or inflammation related to surgery or peri-

prosthetic infection, might cause residual abnormalities on PET following successful 

chemotherapy. Persistent bone abnormalities have also been recognised on MRI or CT   

imaging of lymphoma involving bone despite successful treatment (9). 67Gallium 
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scintigraphy at completion of therapy may allow better prognostic evaluation in this 

setting (10), although our experience suggests sclerotic healing of previously lytic bone 

lesions can lead to false-positive results (unpublished data). 

 

Careful interpretation of interim-treatment PET is recommended with consideration given 

to causes other than persistent lymphoma in areas of low-grade FDG-avidity involving a 

solitary site of previous bone disease, especially if involving areas surrounding a surgical 

prosthesis. Caution is required in designing escalated risk-adapted systemic approaches 

for such patients based on interim-treatment PET, as planned chemotherapy and 

radiotherapy may be adequate.  Importantly, as irradiation of residual sites of bone 

abnormality may be an important potential modifier of disease outcome of these patients, 

de-intensification of treatment by withholding radiotherapy is not yet appropriate for 

residual interim-treatment PET abnormalities until further evidence is available, despite 

the possibility that persistent FDG-uptake may represent normal healing rather than 

residual disease. 

 

FDG-avid nodal and extra-nodal soft-tissue disease sites, however, with or without 

residual bone abnormalities, may identify patients with residual chemo-refractory disease 

in whom risk-adapted treatment intensification may be justified given the significantly 

adverse prognosis. 
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Table 1. Treatment and Outcome by Interim-Treatment PET status 

Interim PET status PET Positive PET Negative p-value 
Number n=14 n=31  
Median Follow Up in Months 16.5 (range 2.4–84) 34.1 (range 4.6-94)  
Median Number of Chemotherapy Cycles 3 3  
Stage   0.52a 
 I 29 % 38 % 
 II 21 % 19 % 
 III 0 16 % 
 IV 50 % 25 % 

 

Bulk > 5cm 64 % 38 % 0.20a 
Median IPI (40 evaluable) 2 (0-4) 1.5 (0-3) 0.32a 
Therapy   0.29a 
Full dose chemotherapy 85 % 66 % 
Limited Chemotherapy + Radiotherapy 15 % 34 % 

 

Concurrent use of Rituximab 39 % 41 % 1.00a 
Interim CT response 62% (n=8) evaluated 78% (n=25) evaluated 0.68a 
 CR/CRu 25 % 40 %  
 PR 50 % 44 %  
 SD 25 % 16 %  
 PD 0 0  
End of therapy CT response (< 4 months) 54% (n=8) evaluated 47% (n=14) evaluated 0.07a 
 CR/CRu 25 % 72 %  
 PR 75 % 14 %  
 SD 0 7.5 %  
 PD 0 7.5 %  
Percentage in Remission 
Median follow up in months 

31% (n=4)  
62 months (30-84) 

88% (n=28) 
37 months (5-94) 

 

Treatment Failure 71 % (n=10) 10 % (n=3) 0.0001c 
Median Time to Treatment Failure in Months 6.5 months 

(range 0.0-36) 
7.8 months 

(range 1.2-9.9) 
0.67b 

Median Progression Free Survival in Months 13 months c Not reached  
 a Fisher’s exact test. b Unpaired t-test. c Log-rank analysis. 
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Table 2. Interim-treatment PET positive patients with subsequent treatment failure 
 
 

Patient Age/ 
Sex 

Stage Sites (*Bulk) Chemotherapy/Radiotherapy  PET + site / cycle Site(s) of Progression / Relapse Treatment/Outcome 

1 61/M 
 

I Axillary LN* CHOP x 3 / Yes Axillary LN / 3 PET (+) Nodal Disease Site Salvage alone / 
Alive in CR 

2 72/M 
 

II Nasopharyngeal mass* 
Cervical LN 

CHOP x 6 + Rituximab / No Cervical LN / 1 Cervical, Hilar, Mesenteric LN 
Liver, Bone 

Salvage alone / 
Died Progressive disease 

3 61/M IIS Para-aortic, Inguinal* LN 
Spleen 

CHOP x 5 / No Inguinal LN / 3 PET (+) Nodal Disease Site Salvage + ASCT +RT / 
Alive in CR 

4 49/M 
 

IIE Supraclavicular Axillary* 
LN, Scapula, Chest Wall 

CHOP x 6 / Yes Supraclavicular, 
Axillary LN / 1 

Mediastinal LN, Spleen, Lung Salvage alone / 
Alive Relapsed disease 

5 35/M 
 

IV Para-aortic, Iliac* LN 
Spleen, Bone marrow 

HyperCVAD / No Spleen / 3 Cervical LN Salvage + ASCT / 
Alive Progressive Disease 

6a 70/M 
 

IV Cervical*, Mediastinal 
Inguinal LN & Stomach 

CHOP-like x 6 + Rituximab / Yes  Cervical Mediastinal 
Inguinal LN / 4 

PET (+) Nodal Disease Sites 
 

Primary Therapy / 
Died Sepsis 

7 68/M 
 

IV Spleen, Bone marrow CHOP-like x 6 + Rituximab / No Spleen / 4 Cervical, Mediastinal LN Salvage alone / 
Alive with disease 

8 27/M 
 

IV Supraclavicular, 
Mediastinal* LN & Lung 

HyperCVAD / No Mediastinal LN / 4 Mediastinal LN 
Liver Kidney Lung 

Salvage + ASCT + RT / 
Alive in CR 

9 54/M 
 

IV Spleen, Liver* HyperCVAD / No Liver / 5 PET (+) Nodal Disease Site Salvage + ASCT / 
Alive in CR 

10 62/M 
 

IV Liver and Bone CHOP x 6 + Rituximab / No Liver / 2 Para-aortic LN 
Psoas muscle  

Salvage + ASCT / 
Died Relapsed disease 

 
aSee figure 2 (a,b)
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Table 3. Interim-treatment PET positive patients in sustained complete remission 
 
Patient Age/Sex Stage Sites (*Bulk) Chemotherapy / 

Radiotherapy 
PET Avid Site / 
Cycle 

Concurrent Structural 
Imaging  

Remission  

11 64/M 
 

IE Left Femur CHOP-like x 3 / Yes Peri-prosthesis / 3 Xray:  
Prosthesis, soft tissue swelling 

 7 years 

12 28/M IE Tibia CHOP-like x 6 / Yes Tibia / 2 MRI:  
T2 signal proximal tibia 

 4 years 

13a 44/M 
 

IV Femur*, Inguinal LN 
Bone marrow 

CHOP x 6 + Rituximab / 
Yes 

Femur / 3 CT: 
Intramedullary tumour femur 

 2.5 years 

14 29/F 
 

IV Femur 
(Multifocal bone) 

CHOP x 8 / Yes Femur / 3 MRI: 
T2 signal proximal femur 

 7 years 

 
aSee figure 2 (c,d)
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Figure 1.  Kaplan-Meier Curves 
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Figure 2. Examples of positive interim-treatment PET  
  

 
 
2 (a,b) Patient 6: Pre-treatment (a) and interim-treatment (b) PET demonstrating residual 
disease related FDG-uptake at sites of initial bulky disease, including left supraclavicular 
nodes, stomach and retroperitoneal nodes (cross-hairs). 
2 (c,d) Patient 13: Pre-treatment (c) and interim-treatment (d) PET demonstrating left 
iliac nodal disease (arrows) and primary bone lymphoma of distal left femur with 
complete metabolic response in nodal sites and incomplete metabolic response in the 
femur. 
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