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Abstract In the past decades, Hodgkin lymphoma (HL)
has turned from an incurable disease to one with the most
favorable prognosis among adult malignancies. This is due
to the introduction of effective multi-agent chemotherapy
and the optimization of radiation techniques. At present,
80-90 % of patients achieve long-term remission when
receiving appropriate first-line treatment. Even in case of
relapse, up to 50 % can be successfully salvaged with high-
dose chemotherapy and autologous stem cell transplanta-
tion. Thus, current studies do not necessarily aim at
increasing treatment efficacy but rather focus on a possible
reduction of acute and late toxicity by decreasing treatment
intensity if possible. One promising strategy to spare
therapy in good-risk patients is early response-adapted
treatment stratification according to the result of interim
positron emission tomography. The evaluation of novel
drugs and the optimization of treatment for elderly HL
patients and those with nodular lymphocyte-predominant
HL are further aspects that are currently being addressed in
ongoing trials. This review will give an overview on more
recent clinical trials and discuss possible future strategies
for the treatment of HL.
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Introduction

Hodgkin lymphoma (HL) is a B cell-derived malignancy of
the lymphatic system mainly affecting young adults in their
third and fourth decade of life. The disease commonly pre-
sents with indolent lymphadenopathy and can be accompa-
nied by B-symptoms (i.e., undulating fever >38 °C,
drenching night sweats, unintended weight loss >10 %).
Staging procedures include computed tomography (CT) of
neck, chest and abdomen, bone marrow biopsy, organ
function tests and laboratory tests. Thereafter, patients are
allocated to different risk groups (early favorable, early
unfavorable, advanced) according to their clinical stage and
the presence or absence of adverse clinical features
(Table 1). The latter include involvement of three or more
nodal areas, elevated erythrocyte sedimentation rate (ESR),
large mediastinal mass of more than one-third of maximum
chest diameter and extranodal disease [1]. Treatment of HL
consists of chemotherapy and/or radiotherapy (RT). Patients
with early stages are usually treated with a brief chemo-
therapy followed by involved-field RT (IF-RT) while
patients with more advanced stages receive aggressive che-
motherapy optionally followed by localized RT. More than
80 % of patients can be cured with these approaches. How-
ever, there are still areas of unmet medical need. For
instance, patients diagnosed with their first relapse can be
successfully rescued in about 50 % of cases. In contrast, cure
is rare among patients with multiple relapses and their situ-
ation is commonly palliative. Furthermore, patients older
than 60 years have a significantly worse clinical outcome
than younger patients. Thus, novel targeted drugs and new
treatment strategies for these patients are needed. This
review summarizes recent key publications defining the
present standard of care in the treatment of HL and gives an
overview on the current efforts to optimize HL treatment.
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Table 1 Definition of risk

groups by the EORTC/GELA Trr;e;tment EORTC/GELA GHSG
and the GHSG grotp
Early CS I-II without risk factors CS I-II without risk factors
favorable (supradiaphragmatic)
Early CS I-II with >1 risk factors CS I, CS IIA with >1 risk factors; CS IIB with risk
unfavorable  (supradiaphragmatic) factors C/D, but not A/B
Advanced CS HI-1v CS IIB with risk factors A/B, CS III/IV

Risk factors  (A) Large mediastinal mass
(B) Age > 50 years
(C) Elevated ESR

(D) >4 nodal areas

(A) Large mediastinal mass
(B) Extranodal disease
(C) Elevated ESR

(D) >3 nodal areas

Treatment of early favorable HL

For decades, standard treatment for patients with early
favorable HL (i.e., patients with stage I/II disease without
clinical risk factors) was RT alone. More than 90 % of
patients achieved complete remission (CR) with this
approach, but relapse rate was unacceptably high with
30 % and more. Thus, groups such as the German Hodgkin
Study Group (GHSG) and the European Organisation for
Research and Treatment of Cancer (EORTC) conducted
randomized clinical trials comparing RT alone with com-
bined-modality strategies with the aim to improve the
clinical outcome of patients with early favorable HL.

In the GHSG HD7 trial, patients were randomly
assigned to receive either 30 Gy extended-field RT (EF-
RT) alone or two cycles of ABVD (adriamycin, bleomycin,
vinblastine, dacarbazine) followed by the same RT [2].
Response rates did not differ between treatment arms.
However, at a median follow-up of 87 months, the 7-year
freedom from treatment failure (FFTF) rate was signifi-
cantly better in the combined-modality arm (88 vs. 67 %).
The advantage in tumor control had not yet translated into
a superior overall survival (OS) (94 vs. 92 %) at 7 years
and future analyses with longer follow-up are required for a
definite answer to this question.

The results of the randomized EORTC HSF trial were
similar. Treatment arms consisted of three cycles of MOPP
(mechlorethamine, vincristine, procarbazine, prednisone)/
ABV followed by IF-RT or subtotal nodal irradiation
(STNI) alone [3]. With a median observation of 92 months,
patients receiving combined-modality treatment had a
significantly superior 5-year event-free survival (EFS) (98
vs. 74 %) and—in contrast to the GHSG HD?7 trial—also
better 10-year OS estimates (97 vs. 92 %).

On the basis of these two large controlled randomized
trials, combined-modality treatment consisting of a brief
chemotherapy followed by IF-RT was adopted as standard
of care for the treatment of early favorable HL by most
institutions worldwide.
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In the randomized GHSG follow-up study (HD10), 1370
patients received either two or four cycles of ABVD fol-
lowed by IF-RT at 20 or 30 Gy. At a median follow-up of
90 months, FFTF and OS rates exceeded 90 and 95 %,
respectively, irrespective of the treatment arm (Fig. 1).
Thus, the least toxic approach consisting of two cycles of
ABVD followed by 20 Gy IF-RT has been adopted as
standard of care within the GHSG and an increasing
number of centers worldwide [4].

The more recent HDI13 trial aimed at detoxifying
treatment by reducing the number of drugs given. Patients
were randomized between two cycles of ABVD, ABV,
AVD or AV chemotherapy followed by 30 Gy IF-RT [5].
Both, the ABV and the AV arm were closed prematurely
since tumor control with these regimens was significantly
worse than with ABVD. The 4-year FFTF rates were 84.5
and 75.3 % with ABV and AV, respectively, compared
with a 4-year FFTF beyond 90 % with ABVD; OS at
4 years did not differ between treatment arms. Thus,
dacarbazine appears to be an essential component in the
ABVD protocol when used in early favorable HL. The
question whether AVD and ABVD are equally effective
cannot be answered to date and needs further follow-up.

Ongoing trials such as the GHSG HDI16 trial and the
EORTC HIOF study evaluate interim positron emission
tomography (PET) for treatment stratification. In the ran-
domized HD16 trial (NCT00736320), all patients initially
receive two cycles of ABVD before interim PET is per-
formed. Then, patients in the standard arm have 20 Gy IF-
RT irrespective of their PET result. In the experimental
arm, 20 Gy IF-RT is only applied to patients with an
incomplete metabolic response while patients with a neg-
ative PET are not irradiated. In the HIOF trial
(NCTO00433433) conducted by the EORTC and the Groupe
d’Etude des Lymphomes de I’ Adulte (GELA), treatment in
the experimental arm is also stratified according to the
result of an interim PET performed after two cycles of
ABVD. While patients assigned to the standard arm receive
a total of three cycles of ABVD followed by involved-node
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Fig. 1 Progression-free survival curves for patients within the HD10
trial for early favorable HL according to treatment arm
(A 4 x ABVD + 30 Gy IF-RT, B 4 x ABVD + 20 Gy IF-RT,
C 2 x ABVD + 30 Gy IF-RT, D 2 x ABVD + 20 Gy IF-RT)
(adopted from Engert et al. [4])

RT (IN-RT) irrespective of the PET result, patients ran-
domized to the experimental arm received two additional
cycles of ABVD without additional irradiation in case of a
complete metabolic response when the trial started
recruitment; patients with a positive interim PET continued
treatment with two cycles of escalated BEACOPP (bleo-
mycin, etoposide, adriamycin, cyclophosphamide, vincris-
tine, procarbazine, prednisone) followed by involved-node
RT (IN-RT). However, after an interim analysis revealed
an increased frequency of events among patients receiving
chemotherapy only, this treatment arm was closed early so
that all patients with a negative PET now receive consol-
idating IN-RT. Although longer follow-up is required for
final conclusions, the premature closure of the chemo-
therapy-only arm underscores the fact that treatment
stratification according to interim PET in patients with
early favorable HL should be restricted to clinical trials.
In summary, a brief chemotherapy with ABVD followed
by IF-RT represents a safe and highly active treatment that
is widely being adopted as standard of care for patients
with early favorable HL. The question whether treatment
can be further reduced in order to decrease the risk of
adverse effects such as lung failure or RT-associated sec-
ondary solid tumors will be answered by future analyses of
recently completed and ongoing randomized clinical trials.

Early unfavorable HL

Combined-modality approaches consisting of four cycles
of chemotherapy followed by IF-RT represent the standard
of care for patients with early unfavorable HL (i.e., those
with stage I/II disease presenting with clinical risk factors).
However, the optimal chemotherapy is still undefined.

In the EORTC HB8U trial, three different regimens were
randomly compared [3]. Patients were assigned to receive
either six cycles of MOPP/ABV plus IF-RT, four cycles of

MOPP/ABV plus IF-RT or four cycles of MOPP/ABYV plus
STNI. There were no differences with respect to the 5-year
EFS and the 10-year OS estimates. Thus, it was concluded
that four courses of chemotherapy followed by IF-RT
should be the standard of care for patients with early
unfavorable HL.

In order to improve the tumor control in this patient group,
the GHSG and the EORTC both incorporated BEA-
COPPyaseline into their next trial generation. In the GHSG
HD11 trial, 1395 patients received either four cycles of
ABVD or four cycles of BEACOPPy,,sejine followed by IF-
RT at 20 or 30 Gy [6]. Freedom from treatment failure with
BEACOPPy,,4c1ine Was superior in patients who had 20 Gy IF-
RT after chemotherapy while there were no differences
between BEACOPP,e1ine and ABVD in patients who
received 30 Gy IF-RT. Overall survival did not differ
between the four treatment arms. Thus, BEACOPPy .ine
was not adopted as novel standard chemotherapy regimen for
patients with early unfavorable HL due to increased toxicity
observed in comparison with ABVD. Preliminary results
from the EORTC H9U trial were similar [7]. Within this trial,
patients were randomized between six cycles of ABVD, four
cycles of ABVD and four cycles of BEACOPP}scjine- Che-
motherapy was followed by 30 Gy IF-RT. Event-free sur-
vival rates were comparable for patients from all treatment
arms but increased toxicity was observed with BEA-
COPPyaseline- Final results of this trial are pending.

The GHSG follow-up HDI4 trial further intensified
treatment by introducing BEACOPP,ateq 1n this group of
patients [8]. This regimen was originally developed for
patients with advanced HL and is associated with more
hematotoxicity necessitating the administration of granu-
locyte-colony stimulating factor (G-CSF) [9]. Patients
enrolled in the HD14 trial had four cycles of ABVD fol-
lowed by 30 Gy IF-RT or two cycles of BEACOPPca1ated
followed by two cycles of ABVD (“2 + 2”) and 30 Gy IF-
RT. The final analysis at a median follow-up of 43 months
revealed a better tumor control with 5-year FFTF estimates
of 94.8 % for the “2 + 2” protocol as compared with
87.7 % for the standard arm. However, the advantage in
terms of FFTF has not translated into a better OS so far.
Thus, follow-up analyses of the HDI14 trial especially
addressing the question of long-term safety in the “2 + 2”
arm are needed for final conclusions.

Similar to early favorable HL, current trials including
patients with early unfavorable HL such as the GHSG
HD17 (NCT01356680) and the EORTC/GELA HI10U
(NCTO00433433) trial aim at tailoring treatment according
to the results of an interim PET. In the HD17 trial, all
patients receive chemotherapy according to the “2 + 2~
regimen before a PET is performed. In the standard arm,
patients receive additional 30 Gy IF-RT irrespective of the
PET result. In the experimental arm, patients with a
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complete metabolic response do not receive further treat-
ment while patients with residual PET-positive lymphoma
have 30 Gy IN-RT. Aim of the study is to evaluate whether
it is possible to spare RT in patients with a negative PET
after intensive BEACOPP, ,1aq-containing chemother-
apy. The standard arm in the EORTC/GELA HI10U trial
consists of four cycles of ABVD followed by IN-RT irre-
spective of the result of an interim PET performed after the
second chemotherapy cycle. In the experimental arm of the
study, patients with a negative PET initially received a total
of six cycles of ABVD without consolidating RT while
patients with a positive PET continued treatment with two
cycles of escalated BEACOPP before receiving IN-RT.
However, the chemotherapy-only arm was closed on the
basis of an interim analysis due to an increased number of
events so that all patients with a negative PET now receive
additional RT.

Long-term results from a trial conducted by the
National Cancer Institute of Canada (NCIC) and the
Eastern Cooperative Oncology Group (ECOG) indicate
that chemotherapy-only approaches appear possible in
patients with early unfavorable HL, at least in those with
non-bulky disease [10]. The 276 patients with early HL
presenting with unfavorable clinical features included in
this trial were randomized to receive either 4-6 cycles of
ABVD alone or two cycles of ABVD followed by STNI.
At a median follow-up of 11.3 years, freedom from dis-
ease progression was clearly better in the group receiving
combined-modality treatment. However, this did not
translate into a superior OS. In contrast, OS was better for
patients treated with chemotherapy alone. This fact was
mainly attributed to the increased number of deaths from
secondary neoplasia among patients who had received
combined-modality treatment. Nevertheless, one should
keep in mind that the RT technique used in this trial is
outdated and no longer used. In addition, five deaths in the
combined-modality group were due to reasons very likely
not associated with RT such as drowning, suicide and
Alzheimer’s disease while there was no death due to such
reasons in the chemotherapy-only arm. In summary, che-
motherapy only might represent a treatment option in
patients with non-bulky early unfavorable HL refusing
radiation but combined-modality should remain standard
until further data from larger randomized trials supporting
chemotherapy-only approaches for this patient group are
available.

Treatment of advanced stages

Treatment of advanced HL usually consists of 68 cycles
of chemotherapy followed by localized RT. The protocols

@ Springer

= 1.0 -

g = 2] -Wh___‘-F_“_'“—r-—.—l-__

E = 71

@ = o |

28

= o .64

E 2 .54

= e Log-rank tests

E 2 3 Arm A AvBvC P<. 0001

s = - Arm B AvE P =.040

B.F 21 —amc BvC P <.0001

L‘-l.l:-" PR AvC P = .0001
=] 12 3 4 5 & 7 8 9 10 1M 12 13 14 15

Time (years)

Meo. of patients at risk

Arm A 261 194 173 146 110 75 19 o

Arm B 4GS 378 332 282 222 106 26 o

Arm C 466 a1z 384 321 234 92 14 o

B 1.0 -
S

g ¥

EE .

==

a2 s

_—= A Log-rank tests

s =5 S Arm A AvBvC P=.0005

S""’ % - Arm B AvE P=.19
294 —armc Bve F= .0053
-1 Pe .00l AvC P = .0001
[+] 1 2 3 4 5 -] 7 8 2 10 11 12 12 14 15

Time (years)
Mo, of patients at risk

Arm A 261 238 218 196 147 107 30 o
Arm B 469 436 392 344 272 134 36 o
Arm C 466 aa1 a1z 357 270 113 18 o
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(b) curves for patients within the HD9 trial for advanced HL
according to treatment arm (a 8 x COPP/ABVD, b 8 x BEA-
COPPpysctines € 8 X BEACOPP s ,1aea) (adopted from Engert et al.

(15D

most often used are ABVD and BEACOPP,jaca- The
question whether one of these protocols may be more
suitable for the treatment of advanced HL is an ongoing
subject of debate since more than 10 years.

ABVD was shown to be equally effective and less toxic
than MOPP and MOPP/ABVD in a randomized clinical
trial by Cancer and Leukemia Group B (CALGB). With
ABVD, MOPP and MOPP/ABVD, S5-year failure-free
survival rates were 61, 50 and 65 %, and 5-year OS rates
were 73, 66 and 75 %, respectively [11]. These results
were confirmed by two follow-up analyses of the trial [12,
13]. Since MOPP-containing regimens are associated with
a substantially higher risk for the development of adverse
late effects, secondary leukemia in particular, 68 cycles of
ABVD have been widely adopted as standard of care for
the treatment of advanced HL.

With the aim of improving the treatment for patients with
advanced HL, the dose-intensified BEACOPP g a1aea P1O-
tocol was developed by the GHSG. Within the pivotal HD9
trial, the novel regimen was randomly compared with a
rapidly alternating combination of COPP (cyclophospha-
mide, vincristine, procarbazine, prednisone) and ABVD
(COPP/ABVD), the standard at that time, and BEA-
COPPyasetine [14]. The final analysis revealed significantly
better 5-year FFTF and OS rates for BEACOPP . jateq @S
compared to COPP/ABVD and BEACOPP,,,jine (87 vs. 69
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Table 2 Causes of death within
the HD15 trial for advanced HL

8 x BEACOPPescalated (%)

6 x BEACOPP, yiuca (%) 8 x BEACOPP-14 (%)

according to treatment arm HL 1.8

Tox first-line 2.1

Tox salvage 0.3
2nd neoplasia 1.8
Others 1.3
Overall 7.5

1.5 2.1
0.8 0.8
0.3 0.1
0.7 1.1
1.2 0.9
4.6 5.2

vs. 76 % and 91 vs. 83 vs. 88 %, respectively). This supe-
riority was confirmed and became even more significant in
the 10-year update analysis (Fig. 2) [15]. Thus, eight cycles
of BEACOPP,a1aea Was adopted as standard chemotherapy
for advanced HL within the GHSG and an increasing number
of other cooperative groups. Additional localized RT was
applied to residual lymphoma larger than 1.5 cm.

The randomized GHSG HDI15 trial aimed at reducing
treatment toxicity without compromising efficacy [16].
Chemotherapy within this trial consisted of eight cycles of
BEACOPP s a1aed, SiX cycles of BEACOPP . a1aieq OF €ight
cycles of BEACOPP-14, a time-dense variant of the
BEACOPP,scjine protocol. Additional localized RT was
only applied to patients who had PET-positive residual
lymphoma larger than 2.5 cm after the end of chemother-
apy. At 5 years, FFTF rates with eight cycles of BEA-
COPPescalateds Six cycles of BEACOPPgcq1aeq and eight
cycles of BEACOPP-14 were 84.4, 89.3 and 85.4 %; OS
rates were 91.9, 953 and 94.5 %, respectively. This
superiority for six cycles of BEACOPP, 4 a1aeq Was mainly
attributed to the lower rate of treatment-related adverse
events and fewer deaths due to secondary neoplasia
(Table 2). The negative predictive value for the PET was
excellent with 94.1 % at 12 months. Thus, six cycles of
escalated BEACOPP followed by localized RT of PET-
positive residual lymphoma larger than 2.5 cm became the
novel standard of care for the treatment of advanced HL
within the GHSG. With this approach, only 11 % of
patients still require RT after chemotherapy.

Ongoing studies including patients with advanced HL
aim at tailoring treatment according to early interim PET.
Two different strategies are evaluated. Some groups such
as the GITIL (Gruppo Italiano Terapie Innovative nei
Linfomie) start with ABVD chemotherapy and intensify
treatment in case of no complete metabolic response in the
interim PET. Other groups such as the GHSG start with the
more intensive BEACOPP.s aacqa protocol and reduce
treatment in patients with a negative interim PET. In the
GITIL HDO0607 trial (NCT00795613), all patients initially
receive two cycles of ABVD. Then, interim PET is per-
formed. Patients with a negative PET continue treatment
with ABVD, patients with PET-positive residual disease
switch to the BEACOPP,.,1aeq protocol. After four cycles

of either ABVD or BEACOPP. aaeq, another PET is
performed. Depending on the result, further treatment
procedures vary between observation and allogeneic stem
cell transplantation (aSCT). Within the GHSG HD18 trial
(NCT00515554), patients initially receive two cycles of
BEACOPPca1aea. Then, interim PET is performed and
patients are randomized. The standard arm consists of a
total of six cycles of BEACOPP s a1aeq ifTespective of the
result of the interim PET. In the experimental treatment
arm, patients with a complete metabolic response receive a
total of only four cycles of BEACOPP,1aeq- Patients with
PET-positive residual disease after two cycles of chemo-
therapy received a total of six cycles of escalated BEA-
COPP supplemented by the anti-CD20 antibody rituximab
in the cycles applied after the interim PET until this study
arm was recently closed according to plan.

Since results with current approaches are difficult to
improve, future studies will probably aim at developing more
personalized treatment strategies in order to spare treatment
whenever possible. In addition to interim PET, biomarkers
such as the thymus and activation-regulated chemokine
(TARC), the number of CD68-positive macrophages in the
tumor tissue or others might be included in a score predicting
the individual patient’s risk [17-20]. Furthermore, treatment
could be optimized by combining conventional chemother-
apy with novel targeted and less toxic drugs. Ongoing phase
I/II studies such as the GHSG “Targeted BEACOPP” study
(NCT01569204) combining a BEACOPP backbone with the
antibody—drug conjugate (ADC) brentuximab vedotin
(SGN-35) currently evaluate such combinations in terms of
activity, feasibility and toxicity.

Despite these recent developments, the question whether
ABVD or BEACOPP,,1atca Should be the standard of care
in the first-line treatment of advanced HL is still being
discussed controversially.

Treatment of relapsed HL
The standard treatment for the majority of patients with
relapsed HL consists in high-dose chemotherapy followed

by autologous stem cell transplantation (ASCT). Two
randomized clinical trials showed the superiority of this
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approach in comparison with conventional chemotherapy.
The first trial came from British National Lymphoma
Investigation (BNLI) [21]. Patients with relapsed HL. were
randomly assigned to receive high-dose BEAM (BCNU,
etoposide, ara-C, melphalan) followed by autologous bone
marrow transplantation (ABMT) or the same chemotherapy
protocol at a lower dose without subsequent autograft.
Tumor control was better among patients who received
high-dose chemotherapy followed by ABMT resulting in
significantly better EFS and progression-free survival
(PFS) rates. However, OS did not significantly differ
between study arms. The second, larger study was con-
ducted by the GHSG and the Lymphoma Working Party of
the European Group for Blood and Marrow Transplantation
(EBMT) [22]. All 161 patients included initially received
two cycles of Dexa-BEAM. Chemosensitive patients were
then randomized between two additional cycles of the same
chemotherapy or high-dose BEAM followed by ASCT. At
a median follow-up of 39 months, 3-year FFTF was
superior for patients receiving high-dose chemotherapy and
ASCT. However, similar to the British trial, OS did not
significantly differ between patient groups.

In the follow-up trial conducted by the GSHG, the
EORTC, the EBMT and the Spanish Grup per I’Estudi dels
Linfomes de Catalunya i Balears (GELCAB), all patients
enrolled initially received two cycles of DHAP (dexa-
methasone, high-dose ara-C, cisplatin) [23]. Patients
responding to DHAP were randomized between high-dose
BEAM followed by ASCT and a sequential high-dose
program consisting of cyclophosphamide, methotrexate/
vincristine, etoposide and BEAM followed by ASCT. At a
median observation of 42 months, no differences between
treatment arms in terms of FFTF and OS were detectable.
Thus, the less toxic approach consisting of two cycles of
DHAP or other salvage protocols such as IGEV (ifospha-
mide, gemcitabine, etoposide, vinblastine) and ICE (ifos-
phamide, carboplatin, etoposide) followed by high-dose
chemotherapy and ASCT remains standard of care in the
treatment of patients with relapsed HL [24, 25].

Ongoing trials aim at optimizing salvage therapy by
combining established re-induction protocols with novel
drugs such as antibodies or small molecules on the one
hand and aim at identifying risk groups by the use of
interim PET on the other hand. Outcome of high-risk
patients may be improved by maintenance therapy, an
approach that is currently evaluated.

Treatment of elderly patients with HL.
HL patients aged 60 years or older are considered elderly.

Treatment of this age group represents a challenge since
outcome is significantly worse than in younger patients

@ Springer

[26]. This is mainly due to comorbidity and an increased
rate of treatment-related toxic events precluding aggressive
treatment in many cases. Thus, novel strategies are needed.
Several groups recently evaluated approaches particularly
developed for this age group. These approaches aimed at
being equally or more effective and less toxic than the
ABVD regimen which is considered standard of care
although increased toxicity was also observed with this
protocol in elderly patients [27]. The GHSG conducted a
phase II study including 59 patients with early unfavorable
and advanced HL aged 60-75 years. Patients were treated
with 6-8 cycles of the PVAG (prednisone, vinblastine,
adriamycin, gemcitabine) regimen optionally followed by
RT [28]. Response rates were comparable to those
observed with ABVD, toxicity was acceptable. At a med-
ian follow-up of 37 months, 3-year PFS and OS rates were
58 and 66 %, respectively. These results justify further
evaluation of this protocol. The Scotland and Newcastle
Lymphoma Group (SNLG) recently published results of a
study investigating the VEPEMB (vinblastine, cyclophos-
phamide, prednisone, procarbazine, etoposide, mitoxan-
trone, bleomycin) regimen in 103 elderly HL patients. With
this protocol, 3-year PFS rates for patients with early and
advanced HL were 74 and 58 %, 3-year OS rates were 80.7
and 66.2 %, respectively. Thus, this regimen might also
represent an option in elderly HL patients [29]. An ongoing
phase I study by the GHSG combines AVD with lenalid-
omide (NCT01056679). Bleomycin is not given to reduce
the risk for pulmonary toxicity. However, results from this
trial are pending. In case of relapse, treatment of elderly
HL patients is mostly palliative since only few patients
from this age group are candidates for high-dose chemo-
therapy followed by ASCT. In the majority of cases, sin-
gle-agent chemotherapy with drugs such as gemcitabine is
given [30]. Alternatively, patients can be included in phase
I/IT studies evaluating novel targeted drugs.

Treatment of nodular lymphocyte-predominant HL
(NLPHL)

Nodular lymphocyte-predominant HL. (NLPHL) is a rare
subtype representing about 5 % of HL cases [1]. When
compared with classical HL (cHL), NLPHL is character-
ized by a more indolent clinical course often resembling
indolent B cell non-Hodgkin lymphoma (NHL) and a
substantially different immunophenotype with consistent
positivity for CD20 [31, 32]. Due to its mostly indolent
clinical course, the standard treatment for early favorable
NLPHL recommended by most cooperative groups consists
of RT alone [33, 34]. Results with this approach are
excellent with remission rates close to 100 % and long-
term survival in about 95 % [35]. A recent GHSG study
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evaluated the anti-CD20 antibody rituximab in the treat-
ment of stage IA NLPHL patients with the aim to reduce
the risk of long-term toxicity such as RT-associated sec-
ondary solid tumors [36]. Patients received four weekly
standard doses (375 mg/m?) of the antibody. All 28
patients included in the study responded to treatment.
However, relapse rate at a median follow-up of 43 months
was 25 % and thus significantly higher than with RT only
so that this approach cannot be recommended for the
majority of patients with early favorable NLPHL. Early
unfavorable and advanced NLPHL are usually treated very
similar to cHL since no mature data on alternative treat-
ment approaches for NLPHL are available to date. In
relapsed NLPHL, the standard of care for cHL consisting
of high-dose chemotherapy followed by ASCT appears to
be less effective resulting in higher relapse rates [37]. Thus,
anti-CD20 antibody treatment represents an alternative in
this situation. A study including 15 patients with relapsed
NLPHL reported a response rate of 94 % and durable
remissions in a relevant proportion of patients after treat-
ment with rituximab [38]. Given the low toxicity of the
antibody, rituximab can therefore be considered treatment
of choice in relapsed NLPHL, at least in patients with more
localized disease. An ongoing trial by the GHSG evaluates
the tolerability and efficacy of the fully human second-
generation anti-CD20 antibody ofatumumab in relapsed
NLPHL (NCTO01187303).

Fig. 3 Mechanism of action of
the antibody—drug conjugate
brentuximab vedotin (SGN-35)
(I ADC binds to CD30, 2 ADC-
CD30 complex traffics to

Novel drugs

Despite the high cure rates achieved with first-line and
second-line approaches, treatment of patients with relapse
after high-dose chemotherapy and ASCT still represents a
field of unmet medical need since most of these patients
finally succumb to their disease [39]. Thus, a plethora of
novel targeted drugs including antibodies, small molecules
and ADC were evaluated in recent years to improve
treatment of this patient group. The most advanced of these
drugs is the ADC brentuximab vedotin consisting of the
synthetic chemotherapeutic agent monomethyl-auristatin E
(MMAE) linked to an anti-CD30 antibody (Fig. 3). After
efficacy was shown in a phase I trial including 45 patients
with relapsed and refractory CD30-positive hematologic
malignancies, a pivotal trial with 102 HL patients who had
relapsed after high-dose chemotherapy and ASCT was
conducted [40, 41]. Patients received brentuximab vedotin
at a dose of 1.8 mg/kg every 3 weeks up to a maximum of
16 cycles. The overall response rate (ORR) reported was
75 % with CR in 34 % of patients. These excellent data led
to the approval of the drug in the US and in Europe. A
report by the GHSG on patients with multiple relapses
treated within a named patient program confirmed the
excellent efficacy and tolerability of brentuximab vedotin
[42]. Additional analyses on the use prior to aSCT, at
relapse after aSCT and in transplant-naive patients extend

lysosome, 3 MMAE is released,

monomethyl auristatin E (MMAE), potent antitubulin agent
prot leavable linker

4 MMAE disrupts microtubule
network, 5 G2/M cell cycle
arrest, 6 apoptosis)

anti-CD30 monoclonal antibody

(6]
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the promising findings on brentuximab vedotin [43-45].
Other novel drugs that were recently shown to be active in
HL include the immunomodulatory drug lenalidomide, the
mTOR inhibitor everolimus and HDAC inhibitor panobi-
nostat [46—49]. However, all of them appear to be either
less effective or more toxic or both when compared with
brentuximab vedotin. Nonetheless, they might also have a
role in the treatment of HL, either alone or in combination
with conventional chemotherapy.
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