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Abstract
Purpose  To evaluate the reliability of the Deauville score (DS) in therapy response assessment and to define the prognostic 
value of the metabolic response of end of induction (EOI) [18F]FDG PET (PET) in follicular lymphoma patients.
Methods  Adult patients with untreated grade 1–3a FL/ stage II‐IV enrolled in the multicentre, prospective, phase III FOLL12 
trial (NCT02063685) were randomized to receive standard immunochemotherapy followed by rituximab maintenance (stand-
ard arm) versus standard immunochemotherapy followed by response-adapted post‐induction management (experimental 
arm). Baseline and EOI PET were mandatory for the study. All PET scans were centralized on the WIDEN® platform and 
classified according to DS in a blind independent central review. DS1–3 was considered negative (CMR), whereas DS4‐5 
was considered positive (not CMR). The primary endpoint was PFS. The main secondary endpoint was overall survival (OS).
Results  Overall, 807 follicular lymphoma patients—52% women, 89% stage III-IV disease, 40% with a high-risk FLIPI-2 
score (3–5)—were enrolled in the study; 729 (90.4%) baseline and EOI PET were available for the analysis. EOI PET was 
positive (DS4–5) in 88/729 (12.1%) cases. Overall inter-reviewer agreement on PET pos/neg result was 0.92, while agree-
ment on positive and negative cases was 0.77 and 0.94, respectively. The median follow-up was 69 months; 247 events were 
registered in the 5-yr follow-up, with a 5-yr PFS of 67% (95%CI: 63%–70%). The 5-yr PFS rate for PET neg (DS1–3) and 
PET pos (DS4–5) patients was 71% (95%CI: 67%–75%) and 36% (95%CI: 25%–46%), respectively, with HR 3.49 (95%CI: 
2.57–4.72). Five-year PFS was worse as DS increased, with 74% (70%–78%), 58% (48%–67%; HR 1.71; p = 0.001)] and 
36% (25%–46%; HR 3.88; p < 0.001) in DS1–2, DS3 and DS4–5, respectively. EOI PET maintained its prognostic value in 
both the standard and experimental arms. In the whole population, 5-yr OS was 94% (95%CI: 92%–96%), with 96% (95%CI: 
94–97) and 82% (95%CI: 72%–89%) in EOI PET negative (DS1–3) and positive (DS4–5), respectively (HR 4.48; p < 0.001). 
When DS was associated with FLIPI-2, patients with DS3 or DS1–2 with high FLIPI-2 (3–5) experienced worse OS than 
patients with DS1–2 and low FLIPI-2 (1–2) (p = 0.003).
Conclusion  This study shows that DS is a reliable prognostic tool to evaluate EOI PET in follicular lymphoma patients, 
with prognostic value maintained both in the standard and experimental arms, making metabolic imaging a robust tool to 
assess response in FL. Moreover, although preliminary, this study provides further information on DS3 patients, who are 
considered as CMR but show a less favourable PFS than DS1–2 patients.
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Introduction

Follicular lymphoma (FL) is the most common type of indo-
lent lymphoma [1], characterized by a relatively favourable 
response to initial therapy, especially after the introduc-
tion of rituximab [2–4]. However, FL is associated with 
a considerable risk of recurrence and transformation into 
an aggressive disease, with approximately 20% of patients 
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experiencing relapse within the first two years, a condition 
that often leads to poor prognosis [5]. Although the Follicu-
lar Lymphoma International Prognostic Index (FLIPI) and 
FLIPI2 are currently the consolidated prognostic systems 
[6], and other prognostic factors have been suggested [7], 
patients with worse prognosis are not accurately identified at 
diagnosis [8]. Among available prognostic factors, response 
to treatment, assessed by 2-[18F]-fluoro-2-deoxy-D-glucose 
positron emission tomography/computed tomography (PET) 
scan and the Deauville 5-point scoring system (DS), has 
been correlated with patients' outcome, and it is currently 
recommended at the end of induction therapy (EOI) as the 
standard reference for response assessment [9]. Several 
retrospective analyses focusing on EOI PET, including the 
PRIMA trial [8], the FOLL05 trial [10], the GALLIUM trial 
[11] and a pooled retrospective analysis of three multicentre 
trials [12], clearly demonstrated that both progression-free 
survival (PFS) and overall survival (OS) are significantly 
better in patients achieving complete metabolic response 
(CMR) in EOI PET. Despite this evidence, some limitations 
may have hampered the solidity of the above-mentioned 
studies; in particular, EOI PET scans were evaluated ret-
rospectively, they were not available for the whole popula-
tion enrolled, and in some cases, response assessment was 
defined by the local centre without standardized criteria. 
Hence, this study aimed to evaluate the reliability of DS to 
assess the response of EOI PET and the prognostic value of 
EOI PET results in terms of PFS and OS in a large cohort 
of treatment-naïve FL patients prospectively enrolled in the 
FOLL12 trial.

Materials and methods

Study population

The FOLL12 trial (NCT02063685) [13] is a multicentre ran-
domized phase III trial that compares standard rituximab-
based maintenance therapy versus an EOI PET minimal 
residual disease (MRD) response-adapted maintenance ther-
apy in patients with Grade 1-3a, advanced stage FL. As per 
protocol, a baseline (before therapy) and an EOI PET scan 
were mandatory for all patients enrolled in the study, and the 
response to treatment was assessed by a blind independent 
central review (BICR) board according to the standard Deau-
ville criteria [9, 14, 15]. Previously untreated patients aged 
18–75 years with a diagnosis of histologically confirmed FL, 
grade 1, 2, or 3a according to the WHO classification [16], 
an Ann Arbor stage II-IV, an Eastern Cooperative Oncol-
ogy Group performance status of 0–2, and a FLIPI2 greater 
than 0 were enrolled. A baseline PET scan was performed 
before starting the induction therapy, consisting of six cycles 
of rituximab in combination either with cyclophosphamide, 

doxorubicin, vincristine, and prednisone (R-CHOP) or with 
bendamustine (R-B), as determined by the local investigator. 
An EOI PET scan was performed after treatment to assess 
metabolic response. Patients achieving complete metabolic 
response (CMR) were randomly assigned to either the stand-
ard maintenance treatment or the experimental treatment. 
According to the trial design, patients in the standard arm 
with complete (DS1–3) or partial response (DS4–5) were 
followed up with rituximab maintenance therapy, which 
consisted of one rituximab infusion every eight weeks for 
two years, whereas patients with less than partial response 
(DS4–5) were treated with salvage therapy. Patients in the 
experimental arm with complete response (CR) (DS1–3) 
were followed up with observation if MRD was negative, 
or with rituximab treatment (weekly dosage for four weeks) 
if MRD was positive. Patients with partial response (PR) 
(DS4–5) underwent radioimmunotherapy (90Y-ibritumomab 
tiuxetan: 15 MBq/Kg (max dosage 1200 MBq) over 10 min 
within four hours of rituximab infusion) and rituximab 
maintenance therapy; patients with less than PR (DS4–5) 
were treated with salvage therapy. According to the FOLL12 
trial protocol, MRD was assessed as previously described by 
Luminari et al. [13]. For the study, inclusion criteria man-
dated that baseline and EOI PET scans were available and 
centrally reviewed. The main study endpoint was progres-
sion-free survival (PFS); overall survival (OS), response to 
therapy according to DS, histological transformation into 
aggressive lymphoma and the progression of disease within 
24 months of follow-up (POD24) were secondary endpoints.

PET scan acquisition and review process

All PET scans were acquired by the local centres following 
the indications in the FOLL12 clinical trial. After anonymi-
zation, PET scans were uploaded by the participating PET 
sites into the WIDEN® platform (Dixit s.r.l. Torino, Italy), 
as previously described [17]. Technical review of the scans 
was performed by a medical physicist at the Cuneo Imag-
ing Corelab (https://​doi.​org/​10.​1016/j.​ejmp.​2023.​102836) to 
ensure the quality of the data and their adherence to the pro-
tocol. PET scans with poor-quality images, low statistics, or 
not considered suitable for diagnostic interpretation for any 
reason were excluded from the study. Violations concern-
ing the protocol were automatically checked by analysing 
DICOM headers of PET scans with WIDEN®.

A blind independent central review (BICR) board of six 
expert nuclear medicine physicians (AF, LG, PS, GS, FF 
and AV) was instituted to analyse the PET scans (baseline 
and EOI) according to the BICR modality [17] using the 
Deauville 5-point scoring system (DS) [15]. Before starting 
the trial, the review board had decided that the first three 
concordant reviewers would determine the EOI PET result, 
with DS1–3 being negative and DS4–5 being positive.

https://doi.org/10.1016/j.ejmp.2023.102836
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The reviewers had 120 h (5 days) from the receipt of an 
email alert to review the baseline and EOI PET scans and 
to upload the review form on WIDEN ®. All six review-
ers were then informed that a decision had been reached 
(but not whether positive or negative) for each scan, which 
did not undergo any further review. Therefore, not all six 
reviewers reviewed all the PET scans.

According to the DS, each FDG-avid (or previously 
avid) lesion was scored DS1 if no residual uptake was 
evident, DS2 if residual uptake was not higher than medi-
astinal blood pool (MBP) activity, DS3 if the residual 
activity was higher than MBP but not higher than normal 
liver activity, DS4 if the residual activity was higher than 
liver activity (and SUVmax ≤ 2 SUVmax of the liver) and 
DS5 if the residual activity was markedly higher than the 
liver activity (SUVmax of the lesion > 2xSUVmax liver) 
or if there were new lesions attributable to lymphoma.

Statistics

The concordance between pairs of reviewers with respect 
to binary reporting for PET positivity was measured with 
Cohen’s kappa [18] for the 15 combinations of the six 
reviewers. K-values of 0.21–0.40, 0.41–0.60, 0.61–0.80 
and 0.81–1.0 indicate fair, moderate, good and very good 
agreement, respectively. The overall concordance between 
reviewers concerning binary (positive vs. negative) and 
discrete reporting was measured using Krippendorf's alpha 
[19]. The percentages of overall agreement (OA), posi-
tive agreement (PA) and negative agreement (NA) were 
calculated as the ratio of the number of concordant cases 
plus half of the number of discordant cases divided by the 
number of cases. PFS was the primary endpoint, whereas 
OS was a secondary endpoint, and both were calculated 
according to Cheson et al. [20] from the date of treatment 
start; the distribution of time-to-event functions was esti-
mated by using the Kaplan–Meier product limit method, 
with 95% confidence interval (95%CI). Continuous vari-
ables are reported as median, range and interquartile range 
(IQR); categorical variables are reported as absolute and 
percentage frequencies for the total number of cases; the 
comparisons of categorical variables between two or more 
groups were performed using Fisher’s exact test or Chi2 
test, when appropriate. The comparison of survival func-
tions between two or more groups was performed using the 
log-rank test and the effect of covariates was estimated by 
the Cox proportional hazard regression model and reported 
as hazard ratio (HR) with 95%CI. Proportional risk was 
checked graphically by scaled Shoenfeld residuals. The 
cumulative risk of transformation of follicular lymphoma 
was calculated from the EOI by the Nelson-Aalen estima-
tor, with 95%CI [21].

Results

Overall, 807 follicular lymphoma patients (52% females, 
89% stage III-IV disease, 40% with a high-risk FLIPI-2 
score [3–5]) were enrolled in the study; 744/807 patients 
completed the induction therapy and underwent a EOI PET 
scan. The scans of 729/744 (98%) patients was uploaded 
for centralized review, while for the remaining 15/744 (2%) 
patients, EOI PET images were not available at the local 
recruiting centre for upload as they had been performed at 
other institutions. Table 1 reports the main characteristics 
of the study population. According to centralized review 
process, EOI PET was positive (DS4–5) in 88/729 (12.1%); 
specifically, DS was 1, 2, 3, 4 and 5 in 361 (49.5%), 168 
(23.1%), 112 (15.4%), 49 (6.7%) and 39 (5.3%) patients, 
respectively. The overall agreement among the reviewers 
on PET positivity/negativity was 0.92, while agreement on 

Table 1   Main clinical characteristics of the patients enrolled in the 
FOLL12 trial. ULN: upper limit of normal; LodLIN: longest diameter 
of the largest involved node; FLIPI-2: follicular lymphoma prognos-
tic index-2; R-CHOP: rituximab-cyclophosphamide-doxorubicin-vin-
cristine; R-B: rituximab-bendamustine; LDH: Lactate dehydrogenase 
(LDH values available in 710 pts)

Factor n (%)

Age > 60 y 358 (49)
Sex, female 381 (52)
Stage III/IV 647 (89)
Bone marrow involvement 407 (56)
Beta-2 microglobulin > ULN 391 (54)
LodLIN 407 (56)
Haemoglobin < 12 g/dL 110 (15)
LDH > ULN 154 (22)
FLIPI-2 score 3/5 289 (40)
Induction therapy
R-CHOP 423 (58)
R-B 306 (42)
Maintenance, yes 371 (51)
Deauville score
1 361 (50)
2 168 (23)
3 112 (15)
4 49 (7)
5 39 (5)
Deauville score grouped into 3:
1–2 529 (73)
3 112 (15)
4–5 88 (12)
Deauville score grouped into 2:
1–3 641 (88)
4–5 88 (12)
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positive and negative cases was 0.77 and 0.94, respectively. 
The concordance agreement among all the reviewers on any 
of the DS values, measured with Krippendorf’s alpha, was 
0.30. Moreover, the Fleiss’ kappa agreement for positivity, 
with threshold at DS3 (DS 1–2 neg) and DS4 (DS 1–3 neg), 
was 0.47 (moderate agreement) and 0.62 (good agreement), 
respectively.

The median follow-up was 69  months (range 
1–112 months, in 2022 December), with 247 events reg-
istered in the first five years and with a 5-year PFS of 67% 
(95%CI 63%-70%). The Kaplan–Meier analysis and the 

relative HR for each DS were evaluated as reported in Fig. 1. 
According to PET results, the 5-yr PFS rate for PET-nega-
tive (DS1–3) and PET-positive (DS4–5) patients was 71% 
(95%CI: 67%-75%) and 36% (95%CI: 25%-46%), respec-
tively, with HR 3.49 (95%CI: 2.57–4.72). The Kaplan–Meier 
analysis for PFS for each of the DS (Fig. 1) demonstrates no 
difference in PFS between DS1 and DS2, whereas there is a 
worsening for the DS values from 3 to 5. Therefore, divid-
ing the whole population into three groups, the 5-yrs PFS in 
DS1–2, DS3 and DS4–5 was 74% (95%CI 70%-78%), 58% 
(95%CI 48%-67%; HR 1.71; p = 0.001) and 36% (25%-46%; 

Fig. 1   Kaplan–Meier analysis for PFS and HR for each of the DS in the whole population of 729 pts enrolled in the FOLL12 trial

Fig. 2   Kaplan–Meier analysis for PFS and HR according to DS1–2, DS3 and DS 4–5. For DS4–5, HR was also assessed before and after a fixed 
time point of 36 months of follow-up; DS3 and DS4–5 were also directly compared
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HR 3.88; p < 0.001), as reported in Fig. 2. Moreover, HR for 
DS4–5 maintained its statistical significance only in the first 
36 months of follow-up, tending to approach that of DS1–2 
afterwards.

To confirm that initial therapy was not a confounder for 
this analysis, the PFS in patients treated with R-CHOP and 
R-B therapy was assessed. The 5-yr PFS for R-CHOP and 
for R-B was 66% (95%CI 61%-70%) and 69% (95%CI 63%-
74%, p = 0.833), respectively, with no statistically significant 
differences even when PSF was expressed as a function of 
DS group (i.e., DS1–2, DS3 and DS4–5).

PFS analysis was also performed for patients in the stand-
ard (374 patients) and the experimental arms (353 patients) 
of the study. The Kaplan–Meier curves (Fig. 3) show that 
EOI PET maintained its prognostic value in both arms, 
confirming the DS3 value as an intermediate risk factor of 
events in both arms.

Regarding OS, 55 deaths were reported during the follow-
up, resulting in a 5-yr OS of 94% (95%CI: 92%-96%), with 
96% (95%CI: 94–97) and 82% (95%CI: 72%-89%) in EOI 
PET-negative and -positive cases, respectively (HR 4.48; 
p < 0.001) (Fig. 4), with no difference between DS1–2 and 
DS3 patients. An OS analysis associating DS with FLIPI-2 
(Fig. 5) showed that patients with DS3 or DS1–2 with high 
FLIPI-2 score (3–5) experienced worse OS than did patients 
with DS1–2 and a low FLIPI-2 score (1–2) (p = 0.003). No 
statistical difference in terms of PFS or OS was found when 
comparing low vs high FLIPI-2 in the DS4–5 population.

The ability of EOI metabolic response to predict PFS 
events at the fixed time point was also tested. Overall, 113 
patients experienced a PFS event within the first 24 months 

of follow-up, including 110 progressions of disease and 
three deaths in patients without progression. The accuracy 
of EOI PET in predicting PFS events within 24 months 
(Table 2) and OS within 48 months (Table 3) was 84.1% 
and 87.7%, respectively. The risk of transformation into an 
aggressive lymphoma according to DS was also evaluated. 
The number of FL transforming into aggressive disease in 
DS1–2, DS3 and DS4–5 was 10/529 (1.9%), 5/112 (4.5%) 
and 12/88 (13.6%), respectively (Fig. 6), with a statistically 
significant increased risk of histological transformation in 
DS4–5 patients.

Finally, the POD24 was evaluated and correlated to DS 
(Table 4). A logistic regression analysis showed that there 
was a close association between the DS value and POD24. 
Moreover, POD24 (HR 3.04 (95%CI 1.72–5.34), z-score 
3.85, p < 0.001, c-Harrell 0.63) and DS4–5 (HR 4.91 (95%CI 
2.49–8.64), z-score 5.51, p < 0.001, c-Harrell 0.67) were 
both correlated with a statistically significant increased 
risk of death. However, in the Cox analysis, DS4–5 (HR 
3.24, 95%CI 1.70–6.18, p < 0.001) was more powerful than 
POD24 (HR 1.89, 95%CI 0.99–1.59, p = 0.052) in predict-
ing OS.

Discussion

The present study aimed to evaluate the reliability of 
the DS and the prognostic role of EOI PET after chemo-
immunotherapy in patients with high tumor burden follicu-
lar lymphoma prospectively enrolled in the FOLL12 trial 
of Fondazione Italiana Linfomi (FIL). To the best of our 

Fig. 3   Kaplan–Meier analysis 
for PFS in standard and experi-
mental arms of the FOLL12 
trial patients according to 
DS1–2, DS3 and DS4–5
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knowledge, this is the first multicentre PET-oriented study 
that prospectively evaluates the role of EOI PET in follicular 
lymphoma in a large population of patients. Our results con-
firm that DS can easily and reliably be used for EOI response 
assessment, as confirmed by its good accuracy in predicting 
PFS (84.1%) and OS (87.7%) events, with overall very good 
inter-reviewer agreement (0.92) as well as good agreement 
on PET-positive (0.77) and PET-negative (0.94) assessment.

Regarding the prognostic value of EOI PET, our data 
confirm that EOI PET-positive patients have a worse prog-
nosis compared to EOI PET-negative patients, with a 5-yr 
PFS of 36% and 71%, respectively, and with three times 

higher risk of events (HR 3.49; p < 0.001). These results 
align with those already published in previous studies on 
follicular lymphoma [8, 10, 11, 22]; however, the added 
value of the present study lies in its design (PET-oriented, 
prospective, multicentre), in the centralized review of all 
PET scans according to standardized reading criteria (i.e., 
Deauville criteria) in a vast patient population, the largest 
among all the cited studies.

Our data show that any DS higher than DS2 was inde-
pendently correlated with PFS (Fig. 1). Moreover, the 5-yr 
PFS of DS3 patients (i.e., CMR patients) was 58% (HR 
1.71; p = 0.001), significantly lower than that of patients 

Fig. 4   Kaplan–Meier analysis 
for OS in DS1–2, DS3 and 
DS4–5 in the whole population 
of the FOLL12 trial (n = 729)

Fig. 5   Kaplan–Meier analysis 
for OS according to the combi-
nation of DS and FLIPI-2 in the 
whole population (n = 729)
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with DS1–2 (74%) (Fig. 2). Although the number of DS3 
patients (n = 112) was still too small to consider DS3 a dif-
ferent response category from CMR, these data may sug-
gest to the clinicians that they manage the follow-up of DS3 
patients more prudently than that of DS1–2 patients.

It is important to note that the FOLL12 trial demonstrated 
that in patients with CMR at EOI PET, the rituximab-based 
maintenance therapy (standard arm) was better in terms of 
PFS than the PET/MRD-based approach (experimental arm), 
whereas this finding was not confirmed in non-CMR patients 
[13]. In particular, patients with DS1–2 in the experimen-
tal arm showed a worse PFS compared with those with the 
same DS in the standard arm (HR 2.36, 95%CI 1.67–3.35, 
p < 0.001); the detrimental effect was less pronounced in 
DS3 (HR 1.64, 95%CI 0.92–2.94, p = 0.097), and no differ-
ence was found in DS 4–5 in both arms (HR 0.85, 95%CI 
0.50–1.45, p = 0.552).

In this secondary analysis, EOI PET maintained the prog-
nostic value both in the standard and the experimental arms 
of the trial, confirming the reliability of metabolic response 
to stratify prognosis in FL patients (Fig. 3). Moreover, simi-
larly to the data in the whole population, DS3 correlated 
with an intermediate risk of events in terms of PFS in both 
the standard and the experimental arms.

As previously described, while the type of induction 
therapy (R-CHOP vs R-B) was at the discretion of the local 
centre, the choice did not influence the prognosis of the 
patients, as demonstrated by Nizzoli et al. [23]. Accord-
ingly, EOI PET showed similar PFS values in patients 
undergoing R-CHOP or R-B regimen. These data may sug-
gest the use of metabolic imaging in prospective studies 
to evaluate new therapeutic approaches in follicular lym-
phoma patients; however, as new treatments are developed 
and refined, the metabolic landscape of follicular lymphoma 
may change, potentially impacting the value of EOI PET 

Table 2   Confusion matrix for PFS events within the first 24 months 
of follow-up (113 events): PPV: positive predictive value; NPV: nega-
tive predictive value; AUC: area under curve-Receiver Operating 
Characteristic

True status Predicted status DS 4–5 Total

Fail Not Fail

Fail 43 70 113
Not fail 43 557 600
Sensitivity 38.0%
Specificity 92.8%
PPV 50.0%
NPV 88.8%
Accuracy 84.1%
AUC-ROC 65.4%

Table 3   Confusion matrix for OS events within the first 48 months of 
follow-up (29 events): PPV: positive predictive value; NPV: negative 
predictive value; AUC: area under curve-Receiver Operating Charac-
teristic

True status Predicted status DS 4–5 Total

Fail Not Fail

Fail 15 14 29
Not fail 59 508 567
Sensitivity 51.7%
Specificity 89.6%
PPV 20.3%
NPV 97.3%
Accuracy 87.7%
AUC-ROC 70.7%

Fig. 6   Nelson-Aalen estima-
tor analysis for histological 
transformation according to DS 
patient group



3318	 European Journal of Nuclear Medicine and Molecular Imaging (2024) 51:3311–3321

scans in predicting patient outcomes. Another interesting 
point emerged from the analysis of DS4–5 patients. Accord-
ing to the Kaplan–Meier analysis for PSF (Fig. 2), the risk 
of events in DS4–5 patients increased significantly in the 
first 36 months (HR 4.89; p < 0.001), then tended to become 
similar to DS1–2 after that (HR 1.86; p = 0.098). In our 
opinion, these data mimic the prognostic value of POD24, 
recently validated by Casulo et al. [24], with the advantage 
that DS4–5 is defined at the end of induction treatment 
and can consequently anticipate the POD24 information. 
Indeed, our data demonstrate a close correlation between 
DS and POD24, with a progressive risk of events for higher 
DS values, which becomes particularly relevant in DS4–5. 
Moreover, in the Cox analysis evaluating the correlation 
between POD24 and DS4–5 and OS, DS4–5 seemed to per-
form better.

Regarding survival in the whole cohort, the 5-yr OS in 
EOI PET-negative and EOI PET-positive patients was 96% 
(95%CI: 94–97%) and 82% (95%CI: 72–89%), respectively, 
with an HR of 4.48 (95%CI: 2.57–7.81; p < 0.001) (Fig. 4), a 
result very close to that of the GALLIUM study [11]. Differ-
ently from the PFS data, DS3 patients did not have a higher 
risk of death compared to DS1–2 patients, neither when 
considering the whole population, nor the two arms of the 
trial. However, by combining FLIPI2 with DS, we identified 
a new category of patients (DS3 together with DS1–2 with 
high FLIPI-2) with an intermediate risk of survival (Fig. 5). 
This finding, although of interest, needs to be explored in a 
larger cohort of patients, as FLIPI-2 is influenced by various 
factors, including patient age.

An important issue in FL is the risk of histological trans-
formation into aggressive lymphoma, which is usually corre-
lated with a worse prognosis. Federico M. et al. [25] showed 
that less than 4% of FL patients treated with rituximab in 
induction and as maintenance experienced histological 
transformation at 10 years; this result is very similar to the 
cumulative incidence of histological transformation in the 
FOLL12 population (3.9%). Predictive factors of transfor-
mation have been previously investigated, such as maximum 
standardized uptake value (SUVmax), but with contradictory 
results [26–29]. We found that DS4–5 patients’ transforma-
tion risk was about 8 times higher than that of patients with 

DS1–2, with a higher value in the first 12 months (Fig. 6). 
In their retrospective analysis of the Aristotele consortium 
database, Alonso-Alvarez S. et al. [30] demonstrated that the 
cumulative incidence of histological transformation in FL is 
higher (7.1%) in patients not achieving a CT-based complete 
response, and it is much higher (34%) in primary refrac-
tory FL. Although there are substantial differences between 
the Aristotele database and the FOLL12 study population, 
particularly in terms of response assessment, the data of the 
FOLL12 trial indicate the potential predictive role of EOI 
PET for histological transformation; this information could 
help clinicians to better manage patients during follow-up, 
as EOI PET results are readily available and can help to 
better predict histological transformation versus relapse of 
follicular lymphoma.

Currently, there is much interest in investigating other 
prognosticators in lymphoma patients. It has recently been 
shown that baseline total metabolic tumor volume (TMTV) 
calculated from FDG PET/CT is a promising prognostic 
biomarker in various types of lymphoma, including FL [31, 
32], but its value is still not completely clear. In this con-
text, the FOLL12 trial provides an opportunity to investigate 
the other quantitative prognostic parameters (TMTV, SUV, 
deltaSUV) in a well-defined, homogeneous, prospectively 
enrolled patient population with follicular lymphoma.

Limitations of the study

While our study provides valuable insights into the reli-
ability and prognostic role of EOI PET in patients with 
high tumor burden follicular lymphoma, some limitations 
should be pointed out. First, the FOLL12 trial included only 
patients with advanced-stage FL. Therefore, our results 
may not apply to patients with low tumor burden. Secondly, 
although the inter-reviewer agreement was very good when 
categorizing patients as PET-negative or PET-positive, 
there was a weaker consensus when considering the specific 
Deauville score (DS) values. However, it is important to note 
that the weaker agreement derived primarily from variations 
in DS1 and DS2, which is not of significant concern for the 
aims of this study, whereas the reliability of DS3 and DS4 
was validated by Fleiss kappa analysis. Finally, although a 
statistically significant increase in the risk of histological 
transformation in patients with DS4–5 has been highlighted, 
this observation is based on preliminary data that need to be 
validated in a larger, more focused population.

Conclusions

The present study confirms the reliability and the prog-
nostic value of EOI PET in advanced stage high tumor 
burden follicular lymphoma in a prospective PET-oriented 

Table 4   Logistic regression analysis correlating DS and POD 24 in 
the whole population. AUC-ROC 0.735; Linear trend p < 0.001

DS % POD24 OR 95%CI p

1 7 1
2 13 2.07 1.12–3.82 0.019
3 19 3.19 1.70–6.00  < 0.001
4 35 7.33 3.56–15.1  < 0.001
5 68 29.00 13.0–64.5  < 0.001
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multicentre trial. Prognostic value was maintained both in 
the standard and the experimental arms, making metabolic 
imaging a robust tool to assess response in FL. Moreover, 
although preliminary, this study provides further informa-
tion on DS3 patients (CMR), who appear to have a less 
favourable prognosis than do DS1–2 patients. Finally, 
DS could assume an important role in predicting POD24 
and histological transformation into aggressive lympho-
mas; these data, however, need to be validated in a larger 
population.
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