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Abstract
Up to 25% of patients with classical Hodgkin lymphoma (cHL) and a negative interim PET/CT will progress. Unfortunately, 
there are few published studies on the predictive value of PET/CT performed after finishing treatment. The objective of our 
study was to assess the role of the final PET/CT (fPET/CT) in predicting progression in a retrospective series of patients 
treated in the last 10 years with a homogeneous protocol (ABVD + / − radiotherapy). We reviewed a cohort of 227 patients 
with newly diagnosed cHL. fPET/CT was performed on 212 patients (93%). In patients with a positive fPET, progression-
free survival at 60 months was 17% (94% if fPET was negative, p = 0.000). The positive and negative predictive values for 
the fPET were 76% and 94%, respectively (Fisher’s exact test, p = 0.000). In the subgroup of patients with advanced-stage 
cHL, progression-free survival at 60 months was 91% with negative fPET and 0% with positive fPET (p = 0.000). However, 
fPET was negative in 19 of the 29 patients with a positive interim PET/CT (only 2 showed progression). In conclusion, 
fPET is a useful tool to predict treatment failure in patients with newly diagnosed cHL, especially advanced-stage disease.
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Introduction

Classical Hodgkin’s lymphoma (cHL) affects preferentially 
young people and first-line treatment achieves the cure of 
75–80% of cases [1, 2]. Such therapeutic effectiveness, along 
with the aggressiveness of treatment and the early age of 
most patients, leads to the main cause of death being not the 
lymphoma itself, but the late toxicity of the treatment, which 
usually appears after the fifth year of follow-up, mostly sec-
ond neoplasms (specially breast cancer, lung cancer, and 

leukemia) and major cardiovascular events (such as ischemic 
heart disease, cerebrovascular accident, and congestive heart 
failure) [3, 4].

Recent studies have shown that the intensity of treatment 
could be reduced in most patients, maintaining the effec-
tiveness and, therefore, decreasing the toxicity, as shown 
the GATLA LH-05, RAPID, and HD16 trials. These studies 
have shown that an important group of patients (85–90%), 
regardless of stage, remain without progression at 3–5 years 
if after 2–3 cycles of ABVD (doxorubicin, bleomycin, vin-
blastine, dacarbazine) a complete metabolic remission (final 
PET) is obtained and no further treatment is administered 
[5–7]. In this context, tools that allow for the identification 
of patients with a better prognosis are needed so that they 
can receive the minimum required treatment. Furthermore, 
as the treatment does not succeed in 10–15% of early-stage 
cases and in 20–30% of advanced-stage cases, it is important 
to identify those patients with a high risk of progression 
to intensify their treatment early, because only 50% can be 
rescued with second or further line treatments [1, 2].

Since 2007, PET/CT (fluorodeoxyglucose positron emis-
sion tomography/computed tomography) has become the 
tool of choice for the assessment of the response in cHL. 
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Interim PET/CT (iPET, PET performed after the first 2 
cycles of chemotherapy) has been accepted as a tool for 
increasing or decreasing the intensity of the treatment, 
depending on the response obtained [8]. It offers a good 
negative predictive value (NPV) in the assessment of the 
response of cHL, allowing for a decrease of the intensity 
of the treatment and maintaining a high cure rate [9, 10]. 
However, the positive predictive value (PPV) of iPET is far 
from being of clinical utility, due to the fact that it is not suf-
ficiently high (around 40–50% after treatment with ABVD) 
[11–15], with relapse rates of 15–60% [10, 13–16].

Roughly 50% of patients with a positive iPET will remain 
progression-free, and 20–25% of patients with a negative 
iPET will progress [17]. Due to such a rate of false posi-
tives and to more intensive regimens being linked to a higher 
cure rate but also to higher acute and long-term toxicity, 
there is need for a more reliable predictive tool for progres-
sion. Although some researchers have stated that final PET 
(fPET) may not be necessary in the event of a negative iPET 
result, several studies contradict this. Among them, Hindie 
et al. proved a lower sensitivity of iPET compared to fPET. 
Consequently, fPET should not be omitted even in cases of 
a negative iPET [18–20]. Similar results have been obtained 
with the new combination of nivolumab and AVD, where 
a positive iPET does not match the fPET results regarding 
progression rate and progression-free survival (PFS) [21].

The objective of our study was to assess the role of the 
fPET results as a predictive factor for progression in patients 
with cHL treated with a prospectively planned, uniform 
protocol, based on ABVD chemotherapy in real-life treated 
patients.

Materials and methods

This is a retrospective study in a cohort of 227 patients with 
newly diagnosed cHL in Málaga, Spain, from January 2008 
to June 2018. All patients were treated with ABVD chemo-
therapy + / − radiotherapy (Table 1).

Patients were assigned to one of the following prognos-
tic groups (according to the German Hodgkin Study Group 
criteria): early stage (favourable early stage), intermediate 
stage (unfavourable early stage), and advanced stage [22]. 
The International Prognostic Score (IPS) reported by Hasen-
clever and colleagues was used for the prognostic stratifica-
tion of advanced stages [23].

In all cases, it was recommended to use PET/CT for stag-
ing and final assessment of the response to the treatment 
(fPET). The implementation of PET/CT after 2 cycles of 
ABVD (iPET) was optional. PET/CT examinations were 
performed on a General Electric Discovery STE4 hybrid 
PET/CT scanner, approximately 60 min after administra-
tion of FDG (4.75 MBq × kg of weight), and extended from 

the base of the skull to the proximal femurs. Low-dose CT 
(70–80 mA, 140 kVp) was used for attenuation correction 
and anatomical location. The acquisition time by BED was 
2–5 min; 128 × 128 matrix. Data reconstruction was done 
with the iterative reconstruction algorithm (VUE Point HD, 
GE Healthcare) implemented in the scanner software, with 
attenuation correction and measurement of the variables 
to be studied done on an iMac with OsiriX 5.8.5 software. 
Patients were recommended to avoid intense exercise in the 
24 h prior to the PET/CT study, minimum fasting of 6 h and 
abundant hydration (capillary blood glucose was < 200 mg/
dL).

For assessment of the metabolic response with PET/
CT, the five-point Deauville score (DS) was used; DS1: 
no uptake above the background; DS2: uptake equal or 
slightly increased compared to the mediastinum; DS3: 
uptake between mediastinum and liver; DS4: uptake mod-
erately increased compared to the liver; DS5: uptake mark-
edly increased compared to the liver or new lesions [17]. 
Cases with DS1–3 were considered as a complete metabolic 
response (negative PET), and cases with DS4–5 were con-
sidered as an incomplete metabolic response (positive PET). 
For the final assessment of the response, the 2007 Cheson 
criteria were used [24]; fPET was done 4–6 weeks after the 
last chemotherapy dose (8–12 weeks if radiotherapy was 
administered).

To assess the overall survival (OS) and PFS, the 
Kaplan–Meier method was used. All patients who pro-
gressed during or after the ABVD treatment, or those who 
did not obtain a complete metabolic response and required a 
second-line systemic treatment were considered to be in pro-
gression. The administration of limited radiotherapy on posi-
tive PET areas after ABVD was not considered progression. 
PFS was considered from the diagnosis of cHL up to the 
date of progression, exitus or last follow-up of the patient. 
OS was considered from diagnosis up to the date of death or 
last follow-up. The probability of relapse was assessed with 
Fisher’s exact test. A probability (p value) lower than 0.05 
was considered statistically significant.

Table 1   Treatment options according to the GHSG stage

The use of radiotherapy was decided with the patient on the first visit. 
However, in patients with early stage, under 35 years, who obtained 
negative iPET it was recommended to avoid radiotherapy
*Involved-field radiotherapy
**Radiotherapy on positive areas on final PET

Favorable early stages ABVD × 2 cycles + IFRT* 20 Gy, or
ABVD × 4 cycles

Unfavorable early stages ABVD × 4 cycles + IFRT* 30 Gy, or
ABVD × 6 cycles

Stages III–IV ABVD × 6–8 cycles ± consolidation 
RT** 30 Gy
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The Institutional Review Board (IRB) approved the 
conduct of this retrospective study and patient informed 
consent was waived based on the retrospective design.

Results

Two hundred and twenty-seven patients with cHL (128 
males and 99 females) were assessed. Table 2 displays the 
clinicopathological characteristics of the global population, 
as well as the characteristics of the subgroups of patients 
who progressed and those who did not. The median age 

Table 2   Clinicopathological 
characteristics of patients

Global population 
(n = 227)

Subgroup without progres-
sion 196 (86%)

Subgroup with 
progression 31 
(14%)

GHSG prognostic groups
 Early stage 35 (15%) 33 (17%) 2 (7%)
 Intermediate stage 100 (44%) 90 (46%) 10 (32%)
 Advanced stage 92 (41%) 73 (37%) 19 (61%)

Sex
 Male 128 (56%) 113 (58%) 15 (48%)
 Female 99 (44%) 83 (42%) 16 (52%)

Age
 Median 37 years 37 years 42 years
 Range 14–82 14–82 14–76

Stages
 Stage I 17 (8%) 16 (8%) 1 (3%)
 Stage II 118 (52%) 107 (55%) 11 (36%)
 Stage III 32 (14%) 28 (14%) 4 (13%)
 Stage IV 60 (26%) 45 (23%) 15 (48%)

Histological subtype
 Nodular sclerosis 152 (67%) 133 (68%) 19 (61%)
 Mixed cellularity 53 (23%) 44 (21.5%) 9 (29%)
 Lymphocyte-rich 9 (4%) 9 (5%) 0 (0%)
 Lymphocyte depletion 1 (0.5%) 1 (0.5%) 0 (0%)
 Mixed 1 (0.5%) 0 (0%) 1 (3%)
 Unspecified 11 (5%) 9 (5%) 2 (7%)

Extranodal involvement
 Yes 59 (26%) 44 (21.5%) 15 (48%)
 No 166 (73%) 150 (77.5%) 16 (52%)
 Unknown 2 (1%) 2 (1%) 0 (0%)

B symptoms
 Yes 101 (44%) 87 (44%) 14 (45%)
 No 126 (56%) 109 (56%) 17 (55%)

Bulky disease
 Yes 50 (22%) 45 (22%) 5 (16%)
 No 177 (78%) 151 (78%) 26 (84%)

Node areas affected
 < 3 154 (68%) 128 (65%) 26 (84%)
 ≥ 3 64 (28%) 60 (31%) 4 (13%)
 Unknown 9 (4%) 8 (4%) 1 (3%)

RT
 Yes 76 (33%) 69 (35.5%) 7 (22%)
 No 151 (67%) 127 (64.5%) 24 (78%)
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was 37 years (range 14–82 years) (42 years in the subgroup 
who experienced progression). Stages I–II were predomi-
nant (60%); however, in the subgroup with progression, 
stages III–IV prevailed (61%). The most frequent histologi-
cal subtype in the 3 groups was nodular sclerosis, followed 
by mixed cellularity. As for other prognostic risk factors, 
we can highlight, in the global population, 26% extranodal 
involvement, 45% B symptoms, 22% bulky disease and 68% 
more than 2 affected node areas.

fPET was performed on 212 patients (93%). After 
a median follow-up time of 60 months, the PFS and OS 
rates were 86% and 94% for the global population, 94% and 
100% for favourable early stages (n = 35), 90% and 98% for 
unfavourable early stages (n = 100), and 77% and 87% for 
advanced stages (n = 92).

Radiotherapy (RT) was administered to 76 patients (33%), 
with no significant differences in 5-year survival between the 
subgroup that received RT and the subgroup that did not 
(PFS: 90% with RT vs 84% without RT, p = 0.171; OS: 98% 
with RT vs 92% without RT, p = 0.443).

Figure 1 shows the evolution of the 212 patients who 
underwent fPET. Of the 21 patients with a positive fPET, 
10 received localized consolidation RT (without receiving 
a later systemic treatment) and 5 of them showed no further 
progression. The rest of the patients with a positive fPET 
progressed (5 after receiving consolidation RT) and required 
second-line systemic treatment, with the exception of 1 case, 
due to a local relapse treated with IFRT.

Of the 16 patients who progressed after a positive fPET, 
4 were in unfavourable early stages at the time of diagnosis, 
3 of them treated with 4 cycles of ABVD plus RT and 1 case 
with 6 cycles of ABVD. The remaining 12 patients who 
progressed after a positive fPET were in advanced stages at 
the time of diagnosis (9 with IPS ≥ 3). All these progressions 
occurred during the first 2 years after diagnosis (median of 
9.5 months, range 5–23 months).

Twelve patients with a negative fPET progressed after a 
median time of 12 months (range 6–67 months), 6 patients 
with early stages (5 unfavourable and 1 favourable), and 6 
with advanced stages (4 with IPS ≤ 2).

iPET/CT was performed on 174 patients (77%) on day 
25–28 of the second ABVD cycle. All 6 patients with a 
positive fPET after a negative iPET (145 negative of 174 

patients with iPET) progressed and required second-line 
therapy. However, only 2 of 19 patients with a negative fPET 
after a positive iPET (29 positive of 174 patients with iPET) 
showed progression.

The rate of progression in patients with a positive fPET 
was very high, reaching 49% at 12 months and 83% at 
24 months, with no progression observed after 2 years from 
diagnosis. The risk of progression was very low in patients 
with a negative fPET (PFS at 12 and 60 months was 98% 
and 94%, respectively; p = 0.000). Despite the high rate of 
progression of the disease in patients with a positive fPET, 
most of them could be rescued, 70% remaining alive after 
60 months of follow-up. Figure 2 shows the Kaplan–Meier 
curves for PFS according to the fPET results for all stages. 
The sensitivity, specificity, PPV and NPV of the fPET were 
57%, 97%, 76%, and 94%, respectively (Fisher’s exact test, 
p = 0.000).

In the subgroup of patients with advanced stages, highly 
relevant differences were observed between patients with 
positive fPET and negative fPET (PFS at 60 months: 0% 
with positive fPET vs 91% with negative fPET, p = 0.000; 
OS at 60 months: 65% with positive fPET vs 93% with nega-
tive fPET, p = 0.002). Figure 3 displays the Kaplan–Meier 
curves for PFS according to the response obtained on the 
fPET in the subgroup with advanced stage. The sensitivity, 
specificity, PPV and NPV in advanced-stage patients were 
67%, 99%, 92%, and 92%, respectively (Fisher’s exact test, 
p = 0.000).

fPET was performed on 123 of 135 patients with early-
stage disease (91%). In this subgroup, significant differ-
ences in survival according to the fPET were obtained as 
well. However, the differences were less impressive (PFS at 
60 months: 41% with positive fPET vs 95% with negative 

Fig. 1   Relationship of final PET results with progression of disease
Fig. 2   Progression-free survival according to fPET results in all 
stages
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fPET, p = 0.000; OS at 60 months: 80% with positive fPET 
vs 99% with negative fPET, p = 0.008).

Among patients with favourable early stages, no differ-
ences in progression according to the fPET results (n = 30) 
were observed, as only 1 patient progressed (with negative 
fPET). Nonetheless, in unfavourable early-stage patients, dif-
ferences in survival were observed (PFS at 60 months: 95% 
with negative fPET vs 35% with positive fPET, p = 0.000; 
OS at 60 months: 99% with negative fPET vs 80% with posi-
tive fPET, p = 0.019). In unfavourable early-stage patients, 
the sensitivity, specificity, PPV, and NPV for fPET were 
44%, 96%, 57%, and 94%, respectively (Fisher’s exact test, 
p = 0.001).

Discussion and conclusions

This study showed PFS and OS rates at 5 years comparable 
to the survival reported in recent clinical trials (94% and 
100% for favourable early stage, 90% and 98% for unfavour-
able early stage, and 77% and 87% for advanced stages) [5, 
25, 26]; and the results highlight the high predictive value 
of fPET to predict disease progression. Patients with a posi-
tive fPET showed a progression rate of 83% (all occurring 
in the first 2 years of follow-up), and only 6% experienced 
progressive disease after a negative fPET (PPV and NPV of 
76% and 94%, respectively).

There are few published data on cHL about the role of 
fPET as a predictive factor for progression using the DS, as 
most studies focus on the role of iPET. A retrospective study 
of 128 HL patients with residual masses after the end of the 
treatment, using a tumour to background ratio > 3 to define 
PET positivity, reported a sensitivity, specificity, PPV, and 
NPV for fPET of 83%, 93%, 74%, and 93%, respectively 

[27]. Another retrospective study reported in 2006 also 
obtained high PPV and NPV (82% and 89% respectively), 
although only in 38 patients, without the use of the DS and 
without clearly defining the treatments administered [28]. In 
2011, Barnes et al. concluded that iPET scans were not pre-
dictive of outcome, compared with scans carried out at com-
pletion of therapy. They studied a cohort of 96 patients with 
early-stage, non-bulky HL treated with ABVD + / − IFRT; no 
significant differences were found between the iPET results 
and PFS (87% vs 91%, p = 0.57), whereas it was found that 
fPET was highly predictive for survival, regardless of the 
iPET (PFS at 4 years: 94% with negative fPET vs 54% with 
positive fPET, p < 0.0001; OS at 4 years: 100% with negative 
fPET vs 84% with positive fPET, p < 0.0001) [29]. However, 
that study did not use the DS and performed most of the 
iPETs after the third cycle of ABVD. Finally, using DS, 
Mesguich et al. in a small retrospective study reported a sen-
sitivity, specificity, PPV and NPV for iPET of 46.7%, 85.2%, 
43.8%, and 86.7%, respectively. For fPET, the results were 
80%, 93.4%, 75%, and 95%, respectively [20]. Our results 
confirm these data in a larger and more recent population 
of patients, including all stages and using the current DS, 
obtaining a higher PPV for fPET. We observed a recurrence 
rate in positive fPET patients of 100% for advanced-stage 
and 59% for early-stage patients.

The role of iPET to predict progression is more unclear, 
with very different results regarding PPV. The meta-analysis 
of Adams et al. studied the role of iPET in the assessment of 
response, including a total of 1389 patients from 10 studies, 
and reported a progression rate in patients with a positive 
iPET (true positive) from 0 to 86%; the reported false nega-
tive rate was 1.6–15.6% [25]. Furthermore, a recent retro-
spective study that included 246 early-stage patients treated 
with 4 cycles of ABVD plus IFRT showed that patients with 
a positive fPET presented a lower OS (69% vs 98%); in con-
trast, iPET predicted PFS but not OS [30]. These data, along 
with the results of our study, support the use of fPET, regard-
less of the iPET results. Although fPET cannot be used as a 
tool for the escalation or de-escalation of treatment, it could 
be used for design studies with a shorter treatment duration, 
with the objective of reducing acute and long-term toxicity 
in negative fPET patients without compromising PFS. In 
this scenario, new therapeutic strategies can be offered to 
positive-fPET patients, trying not to compromise Hodgkin 
lymphoma-specific survival.

The GATLA LH-05 trial, recruiting patients with cHL 
in all stages, revealed a 3-year PFS of 90% in those patients 
with a negative PET after only 3 cycles of ABVD (with no 
further RT or chemotherapy). A 3-year PFS of 65% was 
observed in patients with a positive PET after 3 cycles 
of ABVD (p < 0.0001), despite having received 3 more 
ABVD cycles and complementary RT [5]. The RAPID 
study reported a PFS and OS at 3 years of 90.8% and 99%, 

Fig. 3   Progression-free survival according to fPET results in 
advanced stage patients
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respectively, in those patients with early stages and a nega-
tive PET treated only with 3 cycles of ABVD [7]. Reducing 
the intensity of the treatment even more, the results of the 
HD16 study showed a PFS at 5 years of 86% in patients 
with favourable early stages and a negative PET after only 2 
cycles of ABVD and no further treatment [6].

Our data support, in real life, the excellent predictive 
value of fPET in patients with advanced stages (PPV 92%, 
NPV 92%) and unfavourable early stages (PPV 57%, NPV 
94%). However, it is not the case for favourable early stages 
(PPV 0%, NPV 97%), because only 1 patient with fPET and 
favourable early stage progressed (with negative fPET). Pro-
spective clinical trials are needed to assess the real role of 
fPET as a tool for the development of treatment reduction 
strategies.

A strategy based on a short treatment with ABVD (2–4 
cycles, depending on the prognostic group) followed by 
fPET would also allow us to plan an early escalation of the 
treatment for patients who will not achieve a complete meta-
bolic remission on fPET. For that matter, some evidence 
shows that the use of the escalated BEACOPP scheme in 
patients with advanced-stage disease and a positive PET 
after 2 cycles of ABVD could improve the PFS of these 
patients [31–33].

The low PPV of iPET in all stages and the low PPV of 
fPET in early stages requires the search for new factors to 
replace or improve the capacity of PET to predict progres-
sion. At this point, the genotyping of circulating tumour 
DNA (ctDNA) could have a significant role. Spina et al. 
conducted a retrospective study to assess the mutational 
status of ctDNA in patients with cHL. A 100-fold or 2-log 
drop in ctDNA after 2 cycles of ABVD was confirmed as the 
best cut-off to predict progression and cure in this cohort. 
Quantification of ctDNA complemented the results of early 
PET/CT for the outline of the residual disease. Indeed, cured 
patients who were assessed as having a positive iPET experi-
enced a greater than 2-log drop in ctDNA, whereas patients 
with a negative iPET and later relapse experienced a less 
than 2-log drop in ctDNA [34].

Among the main limitations of our study, we can high-
light its retrospective nature (even though the treatment 
protocol was designed prospectively), and that the iPET 
was done in just over three-quarters of the patients (n = 174, 
77%). Nevertheless, it is a large cohort of patients treated 
with a uniform protocol in real life with very relevant results 
for fPET as a predictive tool for progression. In conclusion, 
our study highlights the high PPV and NPV of fPET in real 
life, with a very high progression rate in the subgroup of 
patients with positive results, allowing for the selection of 
patients who require a closer follow-up (for at least 2 years) 
and those with a negative fPET who could have their follow-
up reduced. New prospective studies and/or clinical trials 
should be designed to evaluate the role of fPET (associated 

or not with biological factors, such as ctDNA) to help iden-
tify patients who could receive shorter therapeutic regimens.
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