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ABSTRACT

Purpose: A prospective multicentre trial was conducted to investigate whether a midtreatment 
18F-fluorodeoxyglucose positron emission tomography (FDG-PET) contributes to a better 

prediction of outcome in patients treated for aggressive non-Hodgkin lymphoma (NHL). 

Patients and Methods: Patients with aggressive NHL (stage II-IV) treated with (R)CHOP-like 

chemotherapy underwent a blinded FDG-PET after 3 courses of chemotherapy. Response 

evaluation for treatment decisions was based on conventional diagnostic methods (CDM) 

only. PET was scored positive in case of abnormal FDG uptake at previously involved sites. 

Results: During a 3-years study period, 114 patients were included.. Of the 92 evaluable 

patients, 73% had diffuse large B-cell lymphoma (76% IPI<3). At the end of treatment, CR(u) 

and PR according to CDM was attained in 56% and 31%, respectively. Thirty-six patients 

(39%) relapsed within a median follow-up of 34 months (range 18-53). Midtreatment FDG-

PET was negative in 74% and positive in 26% of the patients. 67% of PET positive patients 

progressed versus 31% of PET negative patients. 2-year progression-free survival (PFS) was 

40% for PET positive patients vs. 71% for PET negative patients (p=.0003). In a multivariate 

analysis, LDH at diagnosis, midtreatment CT- and PET response were independent predictors 

for PFS. In a risk model combining these parameters, four different risk groups with a 2-year 

PFS varying from 30% to 88% could be identified (p=.0012). 

Conclusion: Midtreatment FDG-PET in combination with CT response and LDH at diagnosis 

is a useful midtreatment prognostic scoring system for outcome of patients treated for 

aggressive NHL.
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INTRODUCTION

Standard treatment for newly diagnosed aggressive non-Hodgkin lymphoma (NHL) consists 

of CHOP-like chemotherapy, nowadays almost always combined with Rituximab in case of 

B-cell origin, resulting in a 70-80% remission rate. Nevertheless, about 20-40% of these 

responders will experience a relapse - the majority within the first year after treatment.1,2 At 

diagnosis, an estimate can be made of the chance to be cured by CHOP-like chemotherapy 

using the International Prognostic Index (IPI). The clinical features incorporated in the IPI 

reflect the biological heterogeneity of aggressive lymphoma. IPI identifies four risk groups 

with predicted 5-year survivals between 25% and 75%,3 however, for the individual patient, 

the long-term clinical outcome might be significantly more affected by the sensitivity of the 

tumor to (immuno-) chemotherapy than by clinical prognostic factors at diagnosis. Recent 

studies have shown that response to treatment assessed by 18F-fluorodeoxyglucose positron 

emission tomography (FDG-PET) might serve as a predictor of disease-free survival.4-8 A positive 

FDG-PET scan at the end of therapy is associated with a high risk of relapse. However, in 

monitoring first-line therapy, the results of midtreatment FDG-PET are more variable. Spaepen 

et al.9 reported that a positive PET scan after 3 to 4 courses of chemotherapy was associated 

with a progression-free survival (PFS) of 0% at 4 years. In contrast, a 2-year PFS of 43% was 

reported in PET positive NHL patients in a study of Haioun et al.10 It is unclear to what extent 

these heterogeneous results are related to the design and single centre nature of the studies 

and/or the number and spectrum of included patients. 

The main question still is whether midtreatment FDG-PET is a better prognostic indicator 

than conventional diagnostic modalities and whether FDG-PET could improve upon the 

current clinical prognostic indices. If so, FDG-PET could have the potential to improve patient 

management by signaling the need for early therapeutic change in nonresponders and 

avoiding ineffective chemotherapy.

In this multicentre study we prospectively investigated the predictive value of FDG-PET 

performed after 3 courses of CHOP-like chemotherapy in aggressive NHL patients in relation 

to other prognostic factors.

PATIENTS AND METHODS

Patients

The study population consisted of patients diagnosed with aggressive NHL, mainly diffuse 

large B-cell lymphoma (stage II to IV), who were to be treated with 6 to 8 cycles of CHOP-like 
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chemotherapy according to current treatment protocols of the Dutch-Belgian Cooperative 

Study Group HOVON (HOVON 26 and 46 protocols). Treatment consisted of standard 

CHOP14/21 (Cyclophosphamide 750 mg/m2 i.v. day 1, Doxorubicin 50 mg/m2 i.v. day 

1, Vincristine 1.4 mg/m2 i.v. day 1, Prednisone 100 mg p.o. days 1-5 for eight courses 

and granulocyte colony stimulating factor (G-CSF) s.c. depending on the chemotherapy 

course interval), or intensified CHOP14 (iCHOP: Cyclophosphamide 1000 mg/m2 i.v. day 1, 

Doxorubicin 70 mg/m2 i.v. day 1, Vincristine 1.4 mg/m2 i.v. day 1, Prednisone 100 mg p.o. 

days 1-5; six courses and granulocyte colony stimulating factor (G-CSF) s.c.). Patients included 

in the HOVON 46 trial and randomized for R-CHOP, as well as most patients diagnosed after 

2004 with B-cell NHL not included in the above mentioned clinical trials but treated with 

CHOP-like therapy, were additionally treated with Rituximab at a dose of 375 mg/m2 per 

cycle of chemotherapy (R-CHOP). Exclusion criteria were: former treatment for NHL, any 

malignancy during the past 5 years (except in situ cervical carcinoma), no measurable lesions 

for follow-up, WHO performance score > 3, and insulin-dependent diabetes mellitus. Twenty-

four Dutch centers participated including 4 academic hospitals (see for details www.HOVON.

nl and appendix).

After informed consent, patients were scheduled to undergo a whole body FDG-PET scan 

just prior to (maximal interval 1 week) the fourth cycle of chemotherapy in one of the four 

participating PET centers. Attending physicians, patients and researchers were unaware of 

the PET data until final data analysis in the fall of 2007. Standard (re-)staging procedures 

before, during and after therapy were performed according to international guidelines.11 

Conventional diagnostic methods (CDM) e.g., computed tomography (CT) were centrally 

revised and assessed according to the International Workshop Criteria (IWC).12 A panel of 

reference pathologists reviewed the histology of all biopsies. The study was approved by the 

Medical Ethical Committee of each participating center. 

Positron emission tomography

PET scans were acquired with dedicated full-ring PET scanners: ECAT EXACT HR+, (UMCG, 

VUMC), ECAT EXACT HR (UMCN) or Biograph (AZM), Siemens/CTI, Knoxville, TN, USA, using 

a standardized protocol. Acquisition started 60 to 90 minutes after injection of 5 MBq/kg 

FDG for a scan trajectory of mid-thigh to skull. Interleaved protocol (ETTE, 5 min emission 

and 3 min transmission) scans were used for data acquisition and attenuation correction in 

all patients. Data were reconstructed iteratively (OSEM) into coronal, sagittal, and transverse 

sections and a three-dimensional rotating maximum intensity projection using standard ECAT 

software.
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All scans were reviewed by experienced PET physicians (OSH, EFC, JP) with knowledge 

of clinically established initially involved sites using data of staging CT, of bone marrow 

involvement, the use of G-CSF and possible concomitant infections. They were blinded to 

the mid-treatment anatomical response evaluation and to any clinical outcome data. In this 

study, a posttreatment PET was not allowed. All patients had a glucose level <120 mg/dl at 

the time of PET. 

PET scans were interpreted using the recently published IHP criteria13

Computed tomography and response assessment

For (re-)staging purposes, multi-slice spiral CT images were performed (at least fourth 

generation spiral CT) using oral and intravenous contrast agents. Scanning techniques were 

according to local protocols. All CT scans were analyzed by independent central reviewers 

(RPG, EJJ). The size of all pathological lymphoma lesions were measured in two perpendicular 

directions. Before the fourth cycle (in parallel to PET) and one to 3 months after the final 

course of chemotherapy, patients were re-evaluated. The results of conventional diagnostic 

methods (CDM) and clinical follow-up were drawn from the patient’s records by independent 

data-managers. Remission status was assessed, based on clinical and reviewed CT data, 

according to standardized response criteria without PET data. For this purpose the 1999 

International Workshop Criteria were used.12 

End point assessment

Progression Free Survival (PFS) was calculated from the start of treatment. Progression was 

defined as progressive disease proven by biopsy or progression on CT with initiation of 

second-line treatment or death due to lymphoma. Minimal follow-up was 18 months after 

completed first-line therapy.

PET results were compared with the assessment of interim re-staging by CDM (complete 

remission, partial remission, etc.) as a predictor for overall response to first-line treatment in 

terms of PFS after two years of follow-up. 

Statistics

For power analysis, we expected to find an increase from 50 to 80% in overall predictive value 

for PFS at 2 years of FDG-PET versus CDM after 3 courses of chemotherapy. Using a two-sided 

McNemar test with a power of 80% and alpha=0.05, 86 patients were needed. Assuming 

scans would be evaluable in 90% of the patients and accounting for 15% loss due to early 

(before 4th course of chemotherapy) progression, a total of 113 patients had to be included.
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Differences in outcome between groups were assessed using a Chi Square test. Differences 

in PFS were assessed using log-rank analysis and depicted in Kaplan-Meyer curves. Established 

prognostic factors at diagnosis as LDH, stage, performance score and age were tested for 

independence versus midtreatment PET. In a multivariate analysis using a Cox regression 

method independent predictors for outcome and the influence of G-CSF were evaluated. For 

this analysis all relevant univariate factors with p<0.15 were used in a stepwise backwards 

analysis. A p-value <.05 was considered statistically significant. Data analysis was performed 

using the SPSS 12.0 software (SPSS Inc. Chicago, IL).

RESULTS

Patient characteristics

From February 2002 until July 2005, we included 114 patients (60 males, mean age 52 

years [range, 21-83]). Twenty-two patients had to be excluded from analysis, because of 

patient refusal (n=7), unfit for PET due to therapy toxicity (n=7), logistic reasons (n=5) or 

stage I disease (n=3). Median PFS of the excluded patients did not differ from that of the 

total population. Thus, 92 patients underwent a FDG-PET scan according to protocol and 

these patients were included in the final analysis (Figure 1). Sixty-seven patients (73%) had 

diffuse large B-cell lymphoma, 58 (63%) had stage III-IV disease and 50% had B-symptoms. 

Bulky disease (>10 cm) was observed in 29 patients (31%). Extranodal sites of disease were 

present in 50 patients (54%). Seventy patients (76%) had an IPI score <3 (Table 1). 

Response to treatment

All patients received CHOP-like treatment: 32% CHOP at 3 weeks intervals (CHOP21), 58% 

CHOP at 2 weeks intervals (CHOP14), and 9% intensified CHOP (iCHOP14), all according to 

ongoing HOVON protocols. Rituximab was administered to 26% of B-NHL, i.e. 23% of all 

patients. In 52% of the patients chemotherapy was supported with G-CSF. Twelve patients 

(13%) received additional radiotherapy according to protocol onto residual mass at originally 

bulky sites or in case of primary mediastinal B-NHL. The majority (89%) of patients completed 

chemotherapy according to protocol. Seven patients went off protocol because of less than 

PR after 3 cycles of (R)CHOP (n=5) or excess toxicity (n=2) and were all considered to be 

progressive for this analysis. At the end of first-line treatment (excluding 7 patients off study), 

41% had CDM-CR, 20% CDM-CRu, 31% CDM-PR, and 8% CDM-PD. 
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Table 1: Patient characteristics.

Number of cases n=92 %

Sex (m/f)

48/44

Age (median-range) 52 (20-82)

Pathology: DLBCL 67 73

FLIII 7 8

MCL 3 3

PMBCL 3 3

PTCL 7 8

ALCL 4 4

AIBL 1 1

B-NHL unclass 0 0

Stage: II 34 37

III 23 25

IV 35 38

B-symptoms No 46 50

Yes 46 50

WHO-PS 0-1 86 94

2 3 3

>2 3 3

LDH LDH/ULN < 1 41 45

LDH/ULN > 1 51 55

E sites 0 42 46

1 37 40

2 8 9

>2 5 5

Bulky disease No 63 69

Yes 29 31

IPI: 0 12 13

1 34 37

2 24 26

3 14 15

4 8 9

Treatment: CHOPq21 30 33

CHOPq14 52 56

iCHOP 9 10

Other 1 1

Rituximab 21 26% of B-NHL

Legend: DLBCL; diffuse large B-cell NHL, FL III; follicular lymphoma grade III, MCL; mantle cell lymphoma, 
PMBCL; primary mediastinal B-cell lymphoma, PTCL; peripheral T-cell NHL, ALCL; anaplastic large cell 
lymphoma, AIBL; angioimmunoblastic T-cell lymphoma, IPI; international prognostic index, E; extranodal, 
WHO-PS; WHO performance score, ULN; upper limit of normal.
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Figure 1: Patient inclusion flow chart

CDM-CR(u); complete remission (unconfirmed) according to conventional diagnostic methods (CDM), 
CDM-PR; partial remission according to CDM, CDM-SD/PD; stable disease or progressive disease according 
to CDM. CCR; continuing complete remission.
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Midtreatment CDM and outcome

After three cycles of chemotherapy, response evaluation according to CDM showed 

complete remission (CDM-CR) or complete remission undetermined (CDM-CRu) in 52%, 

partial remission (CDM-PR) in 43%, stable disease (CDM-SD) in 2% and progressive disease 

(CDM-PD) in 3% (Figure 1). With a median follow-up of 34 months (range, 18-53), relapse 

or progression in patients completing chemotherapy was observed in 36 out of 85 patients 

(41%). Patients with CDM-CR(u) after 3 courses of chemotherapy had a relapse rate of 

24% versus 48% for patients with CDM-PR (p=.001). The PFS at 2-years was 73% (95% CI, 

66-79%) for interim CDM-CR(u) (i.e., 76% for interim CDM-CR and 69% for CDM-CRu) and 

53% (95% CI, 45-62%) for CDM-PR patients, respectively (p=.0012; Figure 2A).

Figure 2: PFS according to midtreatment CT (A) and PET (B) results.

PFS; progression-free survival, CT-CR(u); complete remission or complete remission unconfirmed according 
to interim CT, CT-PR; partial remission according to interim CT.

Midtreatment FDG-PET and outcome 

After 3 courses of chemotherapy, the PET scan was negative in 68 patients and positive in 

24 patients. PET was negative in 83% CDM-CR(u), 67% CDM-PR and 40% (n=2) CDM-PD 

patients, respectively (p=.015, Table 2).  

Table 2: Comparison of mid-treatment FDG-PET and CT results .

PET negative PET positive

CDM-CR(u) 40 (83%) 8 (17%)

CDM-PR 26 (67%) 13 (33%)

CDM-SD/PD 2 (40%) 3 (60%)

CDM-CR(u); complete remission (unconfirmed) according to conventional diagnostic methods (CDM), 
CDM-PR; partial remission according to CDM, CDM-SD/PD; stable disease or progressive disease 
according to CDM.14
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During follow-up (median 34 months), 67% of PET positive patients (n=16) progressed 

or relapsed versus 31% of PET negative patients (p=.003). Two-year PFS for PET positive 

patients was 40% (95% CI, 30-49%) versus 71% (95% CI, 65-76%) for PET negative patients 

(p=.0003, Figure 2B).

In 15 out of 16 patients (94%), the sites of progression after treatment were correctly 

predicted by mid-treatment PET. One PET positive patient progressed and died of intracerebral 

hemorrhage shortly after the fourth cycle of chemotherapy and was censored in the survival 

analysis . 

Since G-CSF administration was considered to be a potential confounder for the interpretation 

of FDG-PET by influencing the bio-distribution of FDG, we performed a subset analysis. For 

the group of patients treated without G-CSG (n=41), the hazard ratio (HR) for PET was 3.34 

(1.25-9.53) p=.017. For the patients treated with G-CSF (n=51) the HR was 2.29 (0.91-5.78) 

p=.080. 

Predictive model for clinical outcome

Relevant conventional predictive parameters for PFS were analyzed, including histology, age 

(as continuous variable), stage, LDH (in a ratio with upper limit of normal (ULN) continuous, 

performance status (0-1 v >1), number of extranodal sites ( as well as the integrate IPI), 

Table 3: univariate and multivariate analysis (Cox).

Univariate HR (95%CI) p

Age 1.00 (0.98-1.02) 0.910

Stage (II vs III-IV) 0.319

B-symptoms 1.30 (0.67-2.52) 0.432

Bulky disease (> 10 cm) 1.82 (0.92-3.61) 0.086

Extranodal disease (>1) 0.256

IPI 1.30 (1.00-1.69) 0.052

LDH/ULN ratio 2.01 (1.25-3.24) 0.004

CT (CR(u) vs non-CR) 2.34 (1.18-4.65) 0.016

FDG-PET (pos vs neg) 3.34 (1.72-6.49) 0.000

Multivariate

LDH/ULN ratio 1.92 (1.16-3.18) 0.009

FDG-PET (pos vs neg) 2.54 (1.26-5.12) 0.012

CT (CR(u) vs non-CR) 2.11 (1.05-4.24) 0.036

HR; hazard ratio, 95%CI; 95% confidence interval, IPI; international prognostic index; LDH; lactate 
dehydrogenase, ULN; upper limit of normal, CT; CT response after 3 cycles of chemotherapy, FDG-PET; 
PET after 3 cycles of chemotherapy.
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bulky disease, treatment scheme, interim CT response (CR(u) versus rest) together with FDG-

PET (positive versus negative). In a univariate analysis, LDH/ULN ratio (HR 2.0 (1.3-3.2); 

p=.004), CT response (HR 2.3 (1.2-4.7); p=.016) and FDG-PET (HR 3.3 (1.7-6.5); p=.000) 

were predictors for PFS. In our population IPI was a nearly significant predictive parameter 

for outcome (p=.052; Table 3). 

In a multivariate analysis, three factors had independent impact on PFS: LDH (HR 1.9 (1.2-3.2); 

p=.009); CT response (HR 2.1 (1.1-4.2); p=.036) and FDG-PET (HR 2.5 (1.3-45.1); p=.012); 

Table 3). 

Based on the findings of the multivariate analysis, we developed a prognostic model to 

improve upon the categorization of risk groups midtreatment. Since all three factors had 

almost equal impact on outcome, a scoring system was used from 0-3 points based on the 

sum of the following: 1 point for LDH/ULN ratio >1 at diagnosis, 1 point for interim CDM-PR 

or less, and 1 point for positive PET. Using this scoring system, 2-year PFS was 88% (95%CI, 

80-96%) for patients with 0 points (n=18), 66% (95%CI, 59-74) for patients with 1 point 

(n=36), 49% (95%CI, 39-59) for patients with 2 points (n=28) and 30% (95%CI, 16-44) for 

patients with 3 points (n=10) (p=.0012; Figure 3). 

score 0; LDH at diagnosis<ULN, interim CDM-CR(u) and PET negative,  score 1; 1 negative prognostic 
item, score 2; 2 negative prognostic items, score 3; 3 negative prognostic items (LDH>ULN, interim 
CDM-PR and PET positive).

Figure 3: PFS according to predictive model (LDH, CT and PET).

DISCUSSION

The results of the present study demonstrate that patients with a positive or negative PET scan 

after three courses of chemotherapy had a significant difference in 2-year PFS. However, the 

midtreatment PET result was not the only factor that was predictive for progression. Also LDH 
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at diagnosis and midtreatment CT response in conjunction with FDG-PET were contributive, 

indicating that factors at time of diagnosis as well as factors during treatment are required for 

a proper risk stratification of NHL patients during midtreatment evaluation . 

So far, three other groups have published on PET results for response assessment in 

primary NHL. Haioun et al. described the results of interim PET after 2 cycles of induction 

chemotherapy in 90 patients with NHL.10 Most patients were treated with CHOP-like regimens 

and but about one third also received high-dose therapy followed by up-front autologous 

stem cell transplantation because of high IPI at diagnosis. PET negative patients appeared 

to have an excellent outcome: only 11% of PET negative patients relapsed. In their study, 

interim PET was an independent prognostic factor besides IPI. Mikhaeel et al. compared 

the staging PET and an interim-PET after 2-3 cycles of chemotherapy in 121 patients with 

primary aggressive NHL, Three prognostic groups could be identified: the 5-year PFS was 

only 16% for PET-positive patients, 59% for patients with minimal metabolic rest-activity and 

89% for PET-negative patients at midtreatment.14 Finally, Spaepen et al9 have explored the 

predictive value of persistent FDG uptake during treatment in a population of 70 patients 

with aggressive lymphomas, including 47 diffuse large B-cell lymphomas. They observed 

progression in almost all patients with a positive mid-treatment PET. 

In the three above mentioned studies, the criteria for assessment of midtreatment PET 

were different and this could have influenced the predictive values. In our study, we used 

the recently published IHP criteria, although these criteria were primarily designed for 

posttreatment assessment. 

Inherent to all interim PET studies, the interval between chemo(immuno)therapy and PET 

is relatively short, which might modify the prognostic relevance of the FDG signal; as a 

function of time, G-CSF alters FDG kinetics 15 , but sofar it is unclear whether this affects 

the performance of FDG PET in lymphoma midtherapy evaluation. In our study, we found a 

somewhat lower HR in patients on G-SCF but the effect was not significant, perhaps due to 

a type II error. 

In our study, a distinct number of patients with a positive midtreatment PET scan (8 out of 

24) did not show progression making it more difficult to consider treatment modification 

based on midtreatment PET findings alone. By using the prognostic model as presented in 

this study, prediction of outcome in subpopulations of patients with a distinct prognostic 

profile was improved as compared with using PET results alone. Our model might be useful 

for stratification of patients in future studies. Patients in the poor prognosis group with 

a 2-year PFS of 30% could be candidates for treatment modification to more intensified 

treatment e.g., autologous stem cell transplantation. In the other groups with a more 

favorable outcome, treatment modification might be more justified when persistent disease 
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activity is confirmed by biopsy of the PET positive area. Obviously, the proposed model 

requires external validation. 

As the newest generation of PET-scanners are mostly combined PET-CT scanners, the 

information from functional imaging together with anatomical imaging offer potential 

advantages in the accuracy of disease assessment during treatment.

The value of any prognostic model may change depending on the efficacy of new treatment 

modalities; after all, the association of FDG changes with outcome has to be validated as a 

function of therapy. However, no evidence has been obtained so far that the used prognostic 

parameters in this study are not more applicable for patients treated with combination 

chemotherapy and Rituximab. 

The positive predictive value of FDG PET appears to be a function of the timing of its 

application, and end of therapy scans seems to perform better than mid-therapy ones. We 

have shown that a positive PET scan at end of treatment is associated with a relapse rate 

greater than 80%.8  Apparently, with a single mid-treatment PET no correct distinction 

can be made between an ongoing response i.e. partial response versus patients who are 

true non-responders. This distinction can be improved if a pretreatment PET is available. In 

relapsing aggressive NHL patients treated with intensive chemotherapy and autologous stem 

cell transplantation, we have shown that this approach is feasible and 3 separate subgroups 

could be identified with a 2-year PFS of 72%, 38%, and 10%, respectively.16 

The results obtained with interim FDG-PET in aggressive NHL are distinct from that in Hodgkin 

lymphoma. In Hodgkin lymphoma, recent studies have shown an excellent correlation 

between early interim FDG-PET and outcome.17,18 Nowadays, many Hodgkin lymphoma 

treatment studies rely on early PET results to stratify therapy. It would be challenging to 

perform those studies in aggressive NHL as well. For this PET application, it is of utmost 

importance to standardize PET acquisition and reading for correct interpretation of FDG-PET 

in (multicentre) studies.19

In conclusion, the data presented in this study demonstrate that combining the results of 

midtreatment FDG-PET with LDH at diagnosis and midtreatment CT scanning results in a 

prognostic scoring system that has strong predictive value for final outcome of patients 

treated for aggressive NHL.
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