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Abstract
Background: Quantitative methods of Fluorodeoxyglucose Positron Emission 
Tomography (FDG-PET) interpretation, including the percent change in FDG 
uptake from baseline (ΔSUV), are under investigation in lymphoma to overcome 
challenges associated with visual scoring systems (VSS) such as the Deauville  
5-point scale (5-PS).
Methods: In CALGB 50303, patients with DLBCL received frontline R-CHOP 
or DA-EPOCH-R, and although there were no significant associations between 
interim PET responses assessed centrally after cycle 2 (iPET) using 5-PS with 
progression-free survival (PFS) or overall survival (OS), there were significant 
associations between central determinations of iPET ∆SUV with PFS/OS. In this 
patient cohort, we retrospectively compared local vs central iPET readings and 
evaluated associations between local imaging data and survival outcomes.
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1   |   INTRODUCTION

In patients with diffuse large B-cell lymphoma (DLBCL), 
interim fluorodeoxyglucose (FDG) positron emission to-
mography (PET)–computed tomography (CT) imaging 
(iPET) is used to assess early treatment response, and 
PET-CT at the end of treatment (EOT PET) is used to es-
tablish remission status. Visual scoring systems (VSS) in-
cluding the International Harmonization Project criteria 
(IHPC)1 and more recently, the Deauville 5-point scale  
(5-PS),2 have been widely used in clinical trials for stan-
dardized interpretation of scans in patients with FDG-avid 
histologies.3 While the negative predictive value of FDG-
PET at iPET and EOT is high in most studies, the positive 
predictive value is low due to false positives caused by in-
flammation and tumor necrosis.4,5 This limitation, along 
with poor interobserver reproducibility, has hampered our 
ability to successfully utilize iPET-adapted therapy in ad-
vanced stage DLBCL to date.4,6,7 To overcome challenges 
of VSS, quantitative methods, such as percent change in 
FDG uptake from baseline (ΔSUV), have been evaluat-
ed.8–10 The phase three Cancer and Leukemia Group B  
(CALGB) 50,303 study compared DA-EPOCH-R with 
standard R-CHOP as frontline therapy for DLBCL and 
demonstrated lack of improved outcomes with the more 
toxic DA-EPOCH-R regimen.11 A sub-analysis of 158 pa-
tients with central imaging data failed to show an asso-
ciation between iPET (after cycle 2) response using 5-PS 
and progression-free survival (PFS) or overall survival 
(OS) but did show a significant association between iPET 
∆SUV and PFS/OS.10 CALGB is now part of the Alliance 
for Clinical Trials in Oncology.

As central review of FDG-PET is not applicable in 
routine practice, it is important to assess the prognostic 
impact of VSS and ΔSUV based on local PET interpreta-
tion. If local and central determinations were comparable, 

local assessments could obviate the additional time, effort, 
and expense of central assessments in clinical trials. With 
little data comparing local and central determinations 
in DLBCL,12–15 we retrospectively compared local versus 
central iPET readings in patients on CALGB 50303.

2   |   METHODS

In CALGB 50303 trial, patients could consent to an optional 
imaging substudy (CALGB 580603), which included FDG-
PET at baseline (≤30 days of therapy), 17–21 days post 
cycle 2 (0–4 days before cycle 3), and 4–8 weeks after com-
pletion of cycle 6. Interim scans were collected for investi-
gational purposes and treating physicians were blinded to 
results unless local nuclear medicine physicians noted an 
urgent finding. Scans were not used to alter therapy. This 
study was approved by the Institutional Review Boards 
of all participating institutions (master protocol number 
CALGB 50303/CTSU 50303/NCT00118209) with written 
informed consent obtained from each participant and/or 
their legal representative, as appropriate.

Technical details and quality measures for PET imag-
ing were described previously.10 Reviewer training and 
data transfer details are in Appendix S1. For interim and 
EOT scans, IHPC was the standard of care VSS at the 
time of study conduct and used for local response inter-
pretations, whereas 5-PS was used for central response 
interpretations performed after study completion 
(Table 1A). IHPC/5-PS scores 0–2/1–3 were defined pro-
spectively as negative and scores 3–4/4–5 as positive.1,3 
To address differences in VSS, data were also analyzed 
by retrospectively regrouping 5-PS scores of 3–5 as pos-
itive. The percent change in FDG uptake was defined 
as the difference between the highest SUV in any dis-
ease site from baseline to follow-up, as a fraction of the 

Results: Agreement between local and central review was moderate 
(kappa = 0.53) for VSS and high (kappa = 0.81) for ∆SUV categories (<66% vs. 
≥66%). ∆SUV ≥66% at iPET was significantly associated with PFS (p = 0.03) and 
OS (p = 0.002), but VSS was not. Associations with PFS/OS when applying local 
review vs central review were comparable.
Conclusions: These data suggest that local PET interpretation for response de-
termination may be acceptable in clinical trials. Our findings also highlight limi-
tations of VSS and call for incorporation of more objective measures of response 
assessment in clinical trials.

K E Y W O R D S

Deauville 5-PS, interim PET, International Harmonization Project criteria, visual scoring 
system, ΔSUV
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T A B L E  1   Comparison of local and central iPET by VSS and % decrease in maxSUV (ΔSUV). (A) Comparison of International 
Harmonization Project criteria (IHPC) that were applied for local iPET response determination and Deauville 5-point scale (5-PS) that 
was applied for central iPET response determination. (B) Comparison of Local and Central iPET Status after Cycle 2 by VSS (n = 106). (C) 
Comparison of Local and Central % Decrease in maxSUV on iPET after Cycle 2 (n = 87). (D) SUV data for the 4 patients with discrepant 
ΔSUV adjudication between central and local reads (2 in each direction) at iPET after 2 cycles

(A) PET response IHPC 5-PS

Negative 0 No abnormal activity (tumor cold compared 
with background)

1 No uptake above background

1 Minimal activity (tumor less than background) 2 Slight uptake, but equal to or below blood 
pool (mediastinum)

2 Equivocal (tumor=background) 3 Uptake above mediastinal, but below or equal 
to uptake in the liver

Positive 3 Moderately increased activity (tumor greater 
than background for lesions < 2 cm; tumor 
greater than mediastinal blood pool for 
lesions > 2 cm)

4 Uptake slightly to moderately higher than 
liver

4 Markedly increased activity (tumor much 
greater than background)

New foci of FDG activity judged to represent 
lymphoma

5 Markedly increased uptake or any new 
lesions

(B) Local determination

Central determination

TotalPositive Negative

Positive 32 20 52
Negative 5 49 54
Total 37 69 106
Agreement and performance measures using central reads as the reference.
Overall Agreement: (32 + 49)/106 = 76.4%
Positive Predictive Value: 32 / 52 = 61.5%
Negative Predictive Value: 49 / 54 = 90.7%
Sensitivity: 32 / 37 = 86.5%
Specificity: 49 / 69 = 71.0%
Kappa Statistic: 0.53 (95% CI: 0.37–0.68)

(C) Local determination

Central determination

TotalΔSUV > 66% ΔSUV < 66%

ΔSUV > 66% 73 2 75
ΔSUV < 66% 2 10 12
Total 75 12 87
Agreement and performance measures using central reads as the reference.
Overall Agreement: (73 + 10)/87 = 95.4%
Positive Predictive Value: 73 / 75 = 97.3%
Negative Predictive Value: 10 / 12 = 83.3%
Sensitivity: 73 / 75 = 97.3%
Specificity: 10 / 12 = 83.3%
Kappa Statistic: 0.81 (95% CI: 0.62–0.99)

(D) Local reads Central reads

Baseline 
maxSUV

Cycle 2 
maxSUV

Delta-
SUV (%)

Delta-
SUV 
Group 
(%)

Baseline 
maxSUV

Cycle 2 
maxSUV

Delta-
SUV (%)

Delta-SUV 
Group (%)

24.5 9.5 61.2 <66 24.5 7.3 70.2 >66
9.7 3.4 64.9 <66 9.7 1.5 84.5 >66
33.7 4.2 87.5 >66 33.7 12.4 63.2 <66
37 8.5 77.0 >66 36.9 12.9 65.0 <66
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former: ∆SUV  =  100% × (baseline maxSUV − follow-up 
maxSUV)/baseline maxSUV. ∆SUV was analyzed using 
a predefined cut-point of 66%, with ∆SUV ≥ 66% corre-
sponding to a high reduction in FDG uptake.8–10 PFS 
and OS distributions were landmarked at iPET, esti-
mated using the Kaplan–Meier method and compared 
between groups using two-sided log-rank tests. Cox 
proportional hazards models were used to correlate 
FDG PET measures with PFS and OS when adjusting 
for the International Prognostic Index (IPI) risk group. 
Statistical significance was declared with p < 0.05.

3   |   RESULTS

Of 524 patients enrolled on CALGB 50303, 169 consented 
to the FDG-PET substudy. Of 158 patients included in cen-
tral imaging analyses,10 106 had local VSS results and 87 
had local ∆SUV results at iPET. There were no significant 
differences between baseline characteristics of patients in-
cluded in the substudy versus the parent trial.7

3.1  |  Comparison of local versus 
central reads

In 106 patients with VSS results, 52 (49.1%) were iPET+ by 
local review and 37 (34.9%) by central review (Table 1B). 
Agreement in local and central review was moderate 
(kappa = 0.53), occurring in 81 patients (76.4%; 32 iPET+ 
and 49 iPET−). Disagreement occurred in 25 patients, 20 
with local iPET+ but central iPET− disease and 5 with 
local iPET− but central iPET+ disease. When 5-PS score of 
three was considered positive in an effort to more closely 
match the IHPC and 5-PS scales, the agreement between 
local and central review was fair (kappa = 0.36), occurring 
in 72 patients (67.9%; 40 iPET+ and 32 iPET−; Figure S1).

Median ∆SUV was 84.6% (range: −3.0% to 95.9%) by 
local review and 85.1% (range: −34.9% to 95.8%) by cen-
tral review. ∆SUV was <66% in 12 (13.8%) patients by local 
review and by central review (Table  1C). Agreement of 
∆SUV in local and central review was high (kappa = 0.81), 
occurring in 83 patients (95.4%; 10 with ∆SUV <66%, 73 
with ∆SUV ≥66%). Disagreement occurred in four pa-
tients, two in each direction (Table 1D).

3.2  |  Association of PET responses with 
survival outcomes

Using local data and the prospectively defined iPET− 
(IHPC/5-PS scores 0–2/1–3) and iPET+ (IHPC/5-PS 
scores 3–4/4–5) categories, PFS and OS estimates were 

numerically lower in patients with iPET+ versus iPET− 
disease but not statistically significant (p  =  0.12 and 
p = 0.15; Figure 1A,B). Two-year estimates for PFS were 
79% (95% CI 68–91%) and 89% (95% CI 81–98%), and  
2-year estimates for OS were 84% (95% CI 75–95%) and 
96% (95% CI 91–100%) for local iPET+ and iPET−, respec-
tively. In contrast, ∆SUV groups by local review were 
significantly associated with PFS and OS (p  =  0.03 and 
p  =  0.002; Figure  1C,D). Two-year PFS estimates were 
56% (95% CI 34–94%) and 87% (95% CI 79–95%) and 2-year 
OS estimates were 56% (95% CI 34–94%) and 93% (95% CI 
88–99%) for ∆SUV <66% and ∆SUV ≥66%, respectively. 
When adjusting for IPI risk group, ∆SUV was moderately 
associated (p = 0.06) with PFS and remained a significant 
prognostic factor for OS (p  =  0.005). As reference, PFS 
and OS curves using central data for this patient subset 
are provided in Figure S2.

4   |   DISCUSSION

In this retrospective study, our data showed moderate 
agreement between iPET local and central reads using 
VSS, with most discrepancies arising from a local iPET+ 
result and central iPET− result. This is not surprising since 
the criteria for IHPC score three (positive) overlaps with 
5-PS score three (negative). The discrepancy between 
iPET interpretation remained when 5-PS score three was 
considered positive and data were reanalyzed, suggest-
ing that it was not merely a result of using different VSS. 
Regardless, it is important to note that neither VSS identi-
fied a subgroup of patients with very poor outcomes. It is 
significant to note that agreement in ∆SUV of <66% versus 
≥66% was high between local and central review. Similar 
to previous analyses using central data, associations with 
PFS and OS using local data for ∆SUV were significant 
and stronger than VSS.10,16

Our observation is consistent with previous studies 
that have shown that while iPET based response using 
VSS has utility in predicting outcomes in DLBCL, a more 
robust association is noted when ∆SUV is incorporated in 
the response adjudication.8,9,16,17 In a systematic review of 
19 studies comprising 2366 patients, the negative predic-
tive value (NPV) of iPET by VSS for progression within 
2 years was high (64%–95%), however the sensitivity (33%–
87%), specificity (49%–94%), and positive predictive values 
(20%–74%) were variable.18 A recent meta-analysis that 
reviewed 1692 iPET results from patients with DLBCL 
treated with R-CHOP in the European PETRA database 
showed that iPET was predictive of 2-year PFS in all 
International Prognostic Index (IPI) risk groups.17 This 
study however also raised questions around the optimal 
categorization of iPET positivity. Additionally, though 
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optimal timing of iPET remains unclear, this study showed 
similar positive predictive value of iPET when conducted 
after cycles 2 or 4.

Another factor that hinders use of iPET in real-time 
decision making in clinical trials is the need for central re-
view for response adjudication which can lead to delays in 
subsequent treatment allotment. Blinded independent re-
view committees in clinical trials aim to improve objectiv-
ity and reliability of data that might be otherwise subject 
to observer bias and variability12–14,19,20; however, even re-
views by expert nuclear medicine physicians demonstrated 
only moderate consistency.21 Our data suggest that in the 
current era, local interpretation of FDG-PET, in particular 
using objective parameters such as ∆SUV, is reliable for 
patients with DLBCL treated with standard chemoimmu-
notherapy, and its association with outcomes is compa-
rable to central reads. Whether local review of FDG-PET 
is comparable to central reads in patients receiving im-
munomodulating agents, immune checkpoint inhibitors 
or cell therapies needs to be studied. Occasionally these 
approaches cause “pseudoprogression,” likely related to 

recruitment of immune cells to the disease site, making 
accurate interpretation of scans challenging. Immune-
related response criteria were proposed in 2017 (RECIL 
2017) to address such situations.22 Clinical trials using 
these agents would benefit from continued central review 
for response adjudication.

Our data has several limitations, including the use of 
IHPC versus 5-PC for local and central VSS, respectively, 
that has been addressed above. Additionally, since this was 
a retrospective analysis, we could not thoroughly examine 
reasons for disagreements between local and central reads 
(e.g., inconsistency between target lesions). Lastly, small 
numbers of events limited our ability to conduct meaning-
ful subgroup analyses.

In conclusion, our study highlights the limitations of 
using VSS and supports the use of more objective measures 
such as ΔSUV for response assessment. It also calls for the 
reassessment of the need for labor- and cost-intensive cen-
tral reviews as a routine in trials. Given 15%–20% of patients 
with DLBCL in a metabolic CR will relapse, newer imaging 
parameters such as ΔSUV or total tumor metabolic volume, 

F I G U R E  1   Progression free survival (PFS) and Overall survival (OS) landmarked at iPET, according to iPET status by IHPC (negative/
positive) (A and B) and by prespecified ΔSUV groups (C and D) using local PET interpretation.
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or non-imaging methods such as ctDNA, should be explored 
as biomarkers, especially when risk-adapted therapeutic de-
cisions are under investigation.
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