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Introduction
Hodgkin lymphoma (HL) is considered as a highly curable 

malignancy, but successful treatment can be associated with significant 
long-term toxicity [1]. Traditional treatment modalities include 
chemotherapy, radiotherapy (RT) and salvage chemotherapy 
with autologous stem cell transplantation (ASCT). The goal of 
modern treatment is focused on tailoring each patient’s approach 
according to age, risk of relapse and risk of short- and long-term 
toxicity.

Recent major advances in HL include the use of positron emission 
tomography/computed tomography (PET/CT) for individualization 
of first-line therapy and the development of novel agents for patients 
with relapsed/refractory disease. PET/CT-based individualization 
of treatment aims to select high-risk patients who would benefit 
from intensified chemotherapy and avoid overtreatment of low risk 
patients, a strategy possibly contributing to the reduction of long-
term complications.

The role of PET/CT in First-line Treatment
Early stages

Despite the high success rate in the treatment of early stage HL 
by the combination of ABVD (doxorubicin, bleomycin, vinblastine, 
dacarbazine) and involved field radiotherapy (IFRT), long-term 
treatment-related complications remain a significant concern, with 
mortality unrelated to HL exceeding that directly attributed to the 
disease beyond 10 years from diagnosis [1]. Accordingly, it has 
long ago proposed to omit RT in patients without bulky disease in 
an attempt to avoid occurrence of secondary solid tumors as well 
as cardiovascular and other important complications [1]. Indeed, 
omission of RT in stage I/IIA patients with non-bulky disease was 
rather associated with lower than increased overall 12-year mortality, 
despite significantly higher relapse rates compared to extended field 
RT [2]. Two recent randomized trials, the RAPID [3] and the EORTC 
H10 study [4], evaluated the omission of IF [3] or involved node (IN) 
RT [4] in patients with complete metabolic response, i.e. a negative 
PET/CT, after 3 or 2 ABVD cycles, respectively. In the RAPID trial, 
3 cycles of ABVD were administered in all PET/CT-negative patients 
[defined as Deauville 5-point scale score (D5PS) 1 or 2]. In the H10 
trial, a total of 3 or 4 ABVD cycles were administered in patients 
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randomized in the RT arms and 4 or 6 in those randomized to 
ABVD alone, depending on the initial prognostic classification (early 
favorable or early unfavorable stages respectively). Notably, while 
the RAPID trial included only non-bulky CS IA/IIA patients, H10 
did include patients with bulky disease and/or B-symptoms. Both 
trials have shown that, even if PET/CT converts to negative after 3 
or 2 cycles of ABVD, the omission of IF(IN)RT is associated with 
higher relapse rates in patients with localized HL. However, short-
term overall survival (OS) is not compromised. In addition, most 
patients do not really need RT, since the 3-year progression free 
survival (PFS) can be as high as 91% in non-irradiated patients 
with non-bulky disease who become PET/CT-negative after 
ABVD [3]. Therefore, even in the PET/CT era, the need of IF or 
INRT in the treatment of PET/CT-negative early stage HL without 
bulky disease appears to be a matter of physician’s choice and 
patients’ informed decision. The long-term results of the above 
trials as well as those of the ongoing HD16 study by the German 
Hodgkin Study Group (GHSG) are expected to shed more light in 
this area [5].

Advanced stages

In advanced-stage HL, GHSG data suggest that 6 cycles of the 
more intensive combination BEACOPP-escalated (bleomycin, 
etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, 
and prednisone) provide better disease control than 6-8 cycles of 
ABVD. However, the effect on OS remains controversial, while the 
resulting acute and late toxicity is much higher than ABVD [6-8]. 
Moreover, robust clinical data show that PET/CT performed after 2 
cycles of ABVD (PET2) may effectively discriminate patients with 
advanced-stage HL (and even early-stage patients with unfavorable 
risk profile) into 2 groups with highly different 2-year PFS: 85-
90% in PET2-negative versus 25-35% in PET2-positive cases [7,9-
11]. Therefore, administration of BEACOPP-escalated and its 
variants could be limited to PET2-positive patients, producing 
long-term remissions in 65% of cases as compared to 25-35% 
with continued ABVD. However, no randomized controlled trials 
are available to prove this benefit, especially regarding OS. A major 
limitation of the PET2-based strategy remains its relatively low 
negative predictive value. Indeed, while in early unfavorable HL a 
negative PET2 is associated with 2-year PFS of approximately 90%, 
in advanced stage (III/IV) HL the 2-year PFS may be even less than 
80-85% [10,11]. Therefore, the reverse treatment strategy is also being 
tested in advanced stage HL, i.e. initial administration of 2 cycles of 
BEACOPP-escalated is followed by either 4 further cycles in patients 
with persistently positive PET2, or de-escalation to 4 ABVD cycles 
in patients achieving a negative PET2 [12]. Ongoing and future trials 
will hopefully provide definitive answers.

Although much more clinical experience with PET2 has been 
accumulated in advanced stage HL, only one randomized trial has 
been reported thus far, which included only early stage patients with 
adverse prognostic factors. In the EORTC H10 study, patients who 
remained PET2-positive after 2 cycles of ABVD were randomized to 
receive either 2 more ABVD cycles or 2 cycles of BEACOPP-escalated 
before scheduled INRT. Preliminary results presented in the 2015 
Lugano International Conference on Malignant Lymphomas have 
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shown that BEACOPP-escalated improved disease control and 
marginally OS compared to continue ABVD. Detailed final results of 
the trial have not been published yet.

Novel Agents in Relapsed/Refractory HL
Despite usually successful first-line treatment, 20-30% of HL 

patients progress or relapse. Most of them are eligible for salvage 
chemotherapy and autologous stem cell transplantation (ASCT), but 
chemorefractory, elderly and unfit patients cannot be selected for 
this procedure and typically have a poor outcome. Most importantly, 
almost half of chemosensitive, young and fit patients who are treated 
with ASCT experience further disease progression or relapse and also 
have poor outcomes with a median survival of 2-3 years. These poor 
prognosis patients are in urgent need for novel treatment strategies, 
mostly targeted therapies. 

Several targeted agents were tested with moderate or promising 
efficacy during the last 10 years, but did not enter into phase 3 trials, 
probably because of the development of other highly active agents 
[13]. Everolimus, an orally administered mTOR kinase inhibitor, 
was active in relapsed/refractory HL in a phase II study of 52 heavily 
pretreated patients (58% after ASCT), in which 42% responded (9% 
CRs) and 35% had stable disease, with a median PFS of 9 months 
[14]. Panobinostat, a histone deacetylase inhibitor, was active in a 
phase 2 trial of 129 heavily pretreated patients (median of 4 previous 
therapies) who had failed ASCT: The overall response rate (ORR) was 
27% including 4% CRs and 55% of the patients had stable disease; the 
median duration of response was 6.9 months and the median PFS 6.1 
months [15]. However, a trial comparing panobinostat with placebo 
as consolidation therapy in patients at high risk of relapse/progression 
after ASCT was prematurely terminated due to slow recruitment 
[16]. Two other histone deacetylase inhibitors, mocetinostat and 
resminostat, have been administered in heavily pretreated patients, 
mostly after ASCT failure, with reported response rates of 25-35% 
including cases of CR. Lenalidomide, an immunomodulatory and 
antiangiogenic factor, also appears effective in multiply pretreated 
patients, although with heterogeneous results that require further 
confirmation [13]. Except of targeted therapies, bendamustine, a 
conventional cytotoxic agent, appears to be active in phase II trials of 
relapsed/refractory Hodgkin lymphoma, but has not received official 
approval for this indication at the time being [17]. Despite the above 
results, the promises gained from these agents and their development 
have been overdriven by the rapid emergence of highly active CD30 
and Programmed Death-1 (PD-1) targeted agents, as discussed below.

The first very important progress in relapsed/refractory classical 
HL was achieved with the development of Bentuximab Vedotin (BV), 
an antibody-drug conjugate formed by the conjunction of an anti-
CD30 monoclonal antibody (cAC10) with monomethyl Auristatin 
E (MMAE), a microtubule-disrupting cytotoxic agent [18]. In the 
pivotal phase II trial of 102 patients, in whom ASCT had failed 
and had received a median of 3.5 lines of treatment, BV was given 
intravenously at a dose of 1.8 mg/kg (maximum 180 mg) every 3 
weeks for a total of 16 infusions [19]. The ORR was 75% including 
34% complete remissions (CR) were achieved in 34% of cases [19]. 
The median PFS was 9.3 months and the 5-year PFS 22% [20], while 
the median duration of response was 11.2 months, but has not yet 
been reached for complete responders [20,21]. It should be noted 
that 9% of patients (9/102) remain in CR for >5 years without any 
further treatment (i.e. allogeneic SCT), suggesting that BV might 
ultimately cure a subgroup of heavily pretreated patients with HL 

[20]. Furthermore, BV was tested as consolidation therapy in ASCT-
treated patients with relapsed/refractory HL, who were considered 
to be at high risk of relapse/progression after ASCT based on 
established conventional prognostic factors [21]. In the AETHERA 
study, 329 HL patients who had been treated with ASCT and were 
considered at high-risk of further relapse (primary refractory disease, 
early relapse or relapse beyond 1 year with extranodal disease) were 
randomized to receive either BV (at the dose and duration described 
above) or placebo within 45 days after ASCT [21]. Treatment with 
BV improved PFS compared with placebo (hazard ratio [HR] 0·57, 
95% CI 0·40-0·81; p=0·0013). The benefits were higher in higher-risk 
patients. However, OS was not different between BV and placebo at 
the time of study publication [22]. Moreover, BV can be successfully 
combined with salvage chemotherapy such as the combination of 
ifosfamide, carboplatine and etoposide (ICE) before ASCT [23], 
with bendamustin in relapsed/refractory disease [24], and can be 
administered as bridge to allogeneic SCT [25]. In an attempt to 
further improve the efficacy of first-line treatment, BV was shown 
to be safely combined with ABVD, if bleomycin was omitted due to 
unacceptably high incidence of pulmonary toxicity [26]. Thus, the 
combination BV-AVD is currently being compared against ABVD 
in the ongoing ECHELON-1 study in patients with advanced HL. It 
should however be noted that, despite the encouraging results from 
the above combinations of chemotherapy with BV, its indications in 
HL are limited to: (a) relapsed/refractory CD30+ HL after ASCT; (b) 
relapsed/refractory CD30+ HL after at least 2 prior lines of therapy, 
when ASCT or multi-agent chemotherapy is not an option; and (c) 
CD30+ HL at increased risk of relapse/progression following ASCT.

In the recent two years, a new category of targeted therapies have 
been developed with impressive results in relapsed/refractory HL. 
The monoclonal antibodies nivolumab and pembrolizumab inhibit 
PD-1, which is expressed in the surface of cytotoxic T-lymphocytes. 
In classical HL, PD-1 ligands (PDL-1 and PDL-2) are overexpressed 
by Hodgkin-Reed-Sternberg (HRS) cells due to the presence of copy 
number gains in the 9p24.1 locus [27]. PD-1/PDL interaction inhibits 
T-cell function allowing immune escape of HRS cells. Inhibition of 
PD-1 by nivolumab or pembrolizumab is blocking this deleterious 
interaction between the HRS cells and T-cells and restores immune 
responses against the neoplastic cells. In phase I trials these drugs 
have shown high response rates in heavily pretreated patients 
with an acceptable safety profile [28,29]. In one of the four arms 
of the CHECKMATE-205 phase II study, 80 patients with ECOG 
performance status 0-1 in whom both ASCT and BV had failed and had 
received a median of 4 prior lines of therapy (range; 3-15), nivolumab 
was administered intravenously at a dose of 3mg/kg every 2 weeks up 
to disease progression or unacceptable toxicity [30]. The ORR was 
66% according to an independent committee and 73% according to 
the investigators, while CR rates were 9% and 28%, respectively. The 
median PFS was 10.0 months and the median duration of response 
was 7.8 months. Similarly, in one of the 3 arms of the KEYNOTE-87 
phase II study, approximately 60 patients with ECOG performance 
status 0-1 in whom both ASCT and BV had failed, were scheduled 
to receive intravenous pembrolizumab at a dose of 200 mg every 3 
weeks up to disease progression or unacceptable toxicity or up to 2 
years [31]. In a preliminary analysis of 30 patients who had received 
a median of 5 cycles (range; 3-12), the ORR was 73% according to the 
investigators, while the CR rate was 27%. Similar response rates were 
reported in the other two treatment arms, each including 30 patients: 
One of these arms recruited patients not suitable for ASCT (mostly 
chemo-resistant); while the other included patients who had relapsed 
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after ASCT but had not received BV thereafter (BV prior to ASCT 
was permitted). The final results of KEYNOTE-87 in >180 patients 
across all three arms including data for PFS and duration of remission 
are expected soon. However, all these results are quite preliminary 
and cannot fully define the expected response rates and, more 
importantly, response duration in various specific patient subgroups. 
Overall, nivolumab and pembrolizumab appear highly effective in 
heavily pretreated patients with relapsed/refractory HL and urgently 
deserve further evaluation.

Conclusions
In the recent years, considerable progress has been made in 

the management of patients with HL and will hopefully result 
in improvements of survival. Ongoing and future large clinical 
trials will lead to the expansion of the indications of currently 
available agents. Enrolment of patients in well-designed clinical 
trials is expected to permit the rational incorporation of PET/CT 
and novel agents in treatment approaches of HL aiming to achieve 
maximal efficacy, minimal short- and long-term toxicity and cost-
effectiveness [32].
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