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ABSTRACT

Despite the relatively high long-term disease-free survival
(DFS) rate for patients with Hodgkin lymphoma (HL) with
modern combination chemotherapy or combined modality
regimens, ~20% of patients die from progressive or re-
lapsed disease. The standard treatment for relapsed and
primary refractory HL is salvage chemotherapy followed
by high-dose chemotherapy and autologous stem cell
transplantation (ASCT), which has shown a 5-year pro-
gression-free survival rate of ~50%-60%. Recent devel-
opments in a number of diagnostic and therapeutic
modalities have begun to improve these results. Functional

imaging, refinement of clinical prognostic factors, and de-
velopment of novel biomarkers have improved the predic-
tive algorithms, allowing better patient selection and
timing for ASCT. In addition, these algorithms have begun
to identify a group of patients who are candidates for more
aggressive treatment beyond standard ASCT. Novel sal-
vage regimens may potentially improve the rate of com-
plete remission prior to ASCT, and the use of maintenance
therapy after ASCT has become a subject of current inves-
tigation. We present a summary of developments in each of
these areas. The Oncologist 2012;17:80-90

INTRODUCTION

Over the last 20 years, sequential generations of clinical trials
honing in on the appropriate use of chemotherapy and radio-
therapy (RT) for both limited and advanced stage Hodgkin’s
lymphoma (HL) have allowed the development of treatment
strategies that achieve excellent response rates and long pro-
gression-free survival (PFS) intervals while also decreasing
the late effects of therapy [1, 2]. However, up to 15% of pa-
tients with limited stage disease and 35%—40% of patients
with advanced stage disease either do not achieve complete re-
mission (CR) initially or relapse within the first few years after
initial treatment [3]. To maximize the efficacy of initial ther-
apy, more intensive therapeutic regimens have been tested by

the German Hodgkin Study Group (GHSG) [4, 5]. In a com-
peting trend, positron emission tomography (PET) response—
adapted therapy is currently being tested in an effort to
decrease therapeutic intensity in patients with an early disease
response [6].

Although no overall survival (OS) benefit has ever been
demonstrated in a prospective, randomized clinical trial, sal-
vage chemotherapy followed by high-dose chemotherapy and
autologous stem cell transplantation (HDT-ASCT) is the treat-
ment of choice for patients with chemosensitive refractory or
relapsed HL. [7-9]. For patients able to undergo HDT-ASCT,
several clinical trials and single-center series have suggested a
long-term disease-free survival (DFS) rate of ~50%—-60% [7,
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8, 10—-13]. Patients who relapse after HDT-ASCT have tradi-
tionally had a poor prognosis. In the context of improvements
in initial therapy, significant research in the last few years has
focused on maximizing outcomes with HDT—ASCT. These ef-
forts, which are summarized here, include defining better prog-
nostic factors at relapse and the incorporation of functional
imaging (FI) and biomarkers to improve patient selection and tim-
ing of HDT-ASCT, the development of novel salvage chemo-
therapy and conditioning regimens prior to ASCT, and the first
trials to test maintenance therapy after ASCT.

PROGNOSTIC FACTORS AT RELAPSE

Clinical Prognostic Factors

The International Prognostic Score developed by Hasenclever
and Diehl [14] has been a useful tool for risk stratification at
initial presentation of advanced stage HL but has not been
shown to be useful for predicting prognosis in refractory and
relapsed HL patients [15]. Other retrospective and prospective
studies have identified prognostic factors in patients with re-
lapsed and primary refractory HL. The Société Francaise de
Greffe de Moelle (SFGM) performed a retrospective analysis
on 218 patients who underwent ASCT for relapsed HL and de-
veloped a prognostic model based on risk factors of duration of
initial remission (=12 months or >12 months) and nodal or
extranodal relapse. In the presence of zero, one, or two risk fac-
tors, the 4-year OS rates were 93%, 59%, and 43%, respec-
tively [16]. The GHSG developed a prognostic score based on
422 patients enrolled in sequential clinical trials who relapsed
after standard treatment. With multivariate analysis, three sig-
nificant prognostic factors for OS at relapse were identified:
the presence of anemia, advanced clinical stage at relapse (III
or IV), and duration of initial remission (=12 months or >12
months). The freedom from second treatment failure (FF2F)
rates were 45%, 32%, and 18% with zero or one, two, or three
prognostic factors, respectively [17]. In a smaller retrospective
analysis of 100 patients treated with HDT—ASCT for failure or
progression after initial therapy, the need for more than one
chemotherapy regimen before HDT-ASCT and the presence
of extranodal disease at relapse were independent risk factors
for outcome in patients at first relapse (after >3 months fol-
lowing the completion of first-line treatment) [13].

In another series of 357 patients who underwent ASCT for
HL at first relapse, advanced stage at diagnosis, the use of RT
during initial treatment, duration of CR, and the presence of
disease at the time of transplant were indicators of a poor out-
come after transplant. For patients with zero or one risk factor,
the 5-year time to failure (TTF) rate was 71%, but in the pres-
ence of three or more risk factors, the 5-year TTF rate was 18%
[18]. A Memorial Sloan-Kettering Cancer Center prospective
study on salvage therapy for relapsed and refractory HL found
that the presence of B symptoms at relapse, extranodal disease,
and duration of initial response <12 months independently
predicted worse outcome. The event-free survival (EFS) rates
were 83%, 27%, and 10% for patients with zero or one, two, or
three factors, respectively [11]. To improve outcomes in the
high-risk relapsed patient cohort, the same group developed a
risk-adapted strategy with intensified salvage and transplant

www.TheOncologist.com

81

procedures for less favorable patients and this seemed to elim-
inate the differences between the high- and low-risk groups
[19]. In summary, there is no single standard prognostic sys-
tem for relapsed HL though the most common factors appear to
be a short duration of initial remission and advanced clinical
stage at relapse. The development of such a consensus tool val-
idated in large numbers of patients would be helpful for future
clinical trials, either in developing risk-adapted approaches or
for enrollment into trials testing novel strategies beyond
ASCT.

Role of Functional Imaging in Predicting Outcome
after ASCT

In addition to clinical factors, the expanded use of FI (most
commonly PET scanning) after salvage therapy and before
ASCT has been clearly identified as a critical predictor of out-
come. A retrospective analysis of 211 patients with relapsed
HL demonstrated significant differences in terms of both PFS
and OS outcomes based on pretransplant FI status. The 3-year
PFS rate were 69% and 23% for FI~ and FI" patients, respec-
tively, and the 3-year OS rates were 87% and 58%, respec-
tively [20]. Other series have demonstrated similar results,
although some of these are confounded by the inclusion of both
HL and non-Hodgkin lymphoma (NHL) patients [21-25].
More recently, an analysis performed on 153 patients with re-
lapsed and refractory HL proceeding to ASCT after ifosfa-
mide, carboplatin, and etoposide (ICE)-based salvage therapy
revealed a 5-year EFS rate of 31% for FI' patients before
ASCT, compared with 75% for FI™ patients [26]. From these
studies, it is clear that FI status prior to HDT-ASCT is a very
powerful predictor of outcome after HDT-ASCT, and some in-
stitutions have already altered their standard practice to continu-
ing with salvage chemotherapy until FI is negative before
proceeding to ASCT. However, it is unclear how FI status inter-
acts with the clinical prognostic factors mentioned above, and
proceeding with further potentially ineffective salvage chemo-
therapy may allow the disease to progress in the interim. Given
the widespread availability of FI, it would be ideal to conduct a
prospective trial to attempt to answer this question before chang-
ing standard practice. Currently, we routinely attempt to achieve
an FI™ status before ASCT, but do proceed with ASCT in certain
FI* cases as well.

Novel Biologic Markers
In addition to clinical risk factors and FI status, specific bio-
markers expressed by malignant Reed-Sternberg (RS) cells or
by the tumor microenvironment have been identified as pre-
dictors of outcome, either at the time of initial diagnosis or af-
ter primary treatment failure [27]. In the microenvironment,
greater expression of CD68 on tumor-infiltrating macrophages
was associated with a shorter survival duration and the failure
of second-line treatment [28]. Several centers are now pursu-
ing routine measurement of CD68 on resection specimens, but
prospective trials are needed before this can be widely adopted.
The prognostic importance of novel biomarkers has not
been assessed in a population undergoing ASCT. In addition, it
is not clear if previously identified prognostic factors will
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maintain their relevance as initial and salvage treatment strat-
egies evolve [29]. The real challenge, of course, in identifying
all these different prognostic factors is how to incorporate
them along with clinical factors and FI into a consensus index
that can accurately predict the outcome of patients with re-
lapsed or refractory HL. The ability to translate this type of in-
dex into therapeutic improvements in the care of relapsed
patients also requires prospective clinical trials that demon-
strate that stratification by such an index into different risk
groups with different therapies can lead to better outcomes and
less toxicity.

TREATMENT OPTIONS

Salvage Chemotherapy Regimens Prior to ASCT

As we discussed, disease status before HDT-ASCT by both
clinical and PET metrics has been proven to be one of the most
important predictors of outcome [26]. In spite of a multitude of
phase II studies reporting the results of various salvage regi-
mens, no prospective randomized trials have compared one
salvage regimen with another. The optimal salvage regimen
should be highly effective with acceptable hematological and
nonhematological toxicities, but should also ideally not inhibit
future peripheral blood stem cell (PBSC) mobilization. Tradi-
tional regimens can be divided into intensive conventional
therapies, such as low-dose etoposide, carmustine, cytarabine,
and melphalan (mini-BEAM) or dexamethasone plus BEAM
(dexa-BEAM) [8, 30, 31]; platinum-based regimens, such as
etoposide, methylprednisolone, cytarabine, and cisplatin (the
ESHAP regimen), dexamethasone, cytarabine, and cisplatin
(the DHAP regimen), and doxorubicin, methylprednisolone,
cisplatin, and cytarabine (the ASHAP regimen) [32-34]; ifos-
famide and etoposide—based protocols (ICE; ifosfamide, epi-
rubicin, and etoposide [the IEV regimen]; mesna, ifosfamide,
novantrone, and etoposide [the MINE regimen]) [11, 35-39];
and, more recently, gemcitabine-based combinations (gemcit-
abine, dexamethasone, and cisplatin [GDP]; gemcitabine, cis-
platin, and methylprednisolone [GEM-P]; gemcitabine,
navelbine (vinorelbine), and pegylated liposomal doxorubicin
[GND]; gemcitabine plus vinorelbine; ifosfamide, gemcit-
abine, vinorelbine, and prednisolone [IGEV]) [40—44]. Inten-
sive conventional regimens are effective but are associated
with severe hematological toxicity and significant treatment-
related mortality. Indeed, a retrospective analysis comparing
an intensive conventional regimen (mini-BEAM) with a gem-
citabine-based regimen (GDP) demonstrated a superior PFS
outcome with GDP, although there was no difference in the OS
outcome. In addition, adequate stem cell collection was more
likely after GDP [45]. Another retrospective study of plati-
num-based regimens in a relapsed and refractory population,
which included some HL patients, suggested that ICE seemed
to be more effective than DHAP, with a similar toxicity profile
[46], yet a large German study showed an impressive response
rate and relatively low toxicity with a time-intensified DHAP
regimen [47]. An oxaliplatin-based regimen combining ifosfa-
mide, etoposide, and oxaliplatin (IVOx) showed promising ac-
tivity in a series of 34 HL patients in first relapse and refractory
patients, with a relatively low toxicity profile and PBSC mo-
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bilization failure rate [48]. Remarkably, the overall response
rate (ORR) and CR rate after two cycles of IVOx were 76%
and 32%, respectively, and 26 patients were able to proceed to
the HDT-ASCT. Most recently, an interim analysis of an on-
going phase II trial evaluating the activity of single-agent ben-
damustine in patients with relapsed or primary refractory HL
showed very promising activity, with a 75% ORR in highly
pretreated patients [49]. Longer follow-up and complete data
on the ORR, toxicity, and rate of mobilization failure are
awaited before bendamustine can be accepted as a standard op-
tion for salvage. Results with most of the commonly used sal-
vage chemotherapy regimens are summarized in Table 1.

Some centers have explored intensive sequential chemo-
therapeutic combinations prior to HDT-ASCT. A prospective
trial investigated the feasibility and efficacy of sequential
high-dose ifosfamide, carboplatin, and etoposide in patients
with relapsed or refractory NHL and HL. That regimen was
more toxic but no more effective than the same drugs admin-
istered at standard doses (the ICE regimen) [50]. A multicenter
Italian retrospective study using a high-dose sequential che-
motherapy regimen prior to ASCT reported a benefit in terms
of PFS for patients at first relapse, with no differences between
patients who had an early (<12 months) and those who had a
late (>12 months) relapse, suggesting that this poor prognostic
factor can be overcome [51]. More recently, a prospective ran-
domized trial from the GHSG randomized patients with re-
lapsed HL who had been treated with two cycles of DHAP to a
standard arm and an intensified arm. Patients in the intensified
arm were treated with sequential HDT consisting of high-dose
cyclophosphamide, methotrexate, and etoposide before BEAM—
ASCT, whereas the standard arm proceeded directly to
BEAM-ASCT. At 3 years, the OS rates were 87% and 80%,
the PFS rates were 72% and 67%, and the freedom from treat-
ment failure rates were 71% and 65%, respectively, thus fail-
ing to demonstrate any benefit from intensified therapy [52].
Overall, there is no clear prospective evidence showing the su-
periority of one salvage regimen over another, and choice
should be based on institutional experience, preference, and in-
dividual patient characteristics. We routinely use either ICE or
GND at first relapse, although we eagerly await further data on
the use of bendamustine and future clinical trials with brentux-
imab vedotin in this setting (see below). There is no evidence
to suggest that intensive sequential chemotherapy prior to
ASCT adds any benefit.

HDT Regimens

There have been no prospective trials comparing HDT regi-
mens as part of ASCT and the choice is usually based on insti-
tutional preference and experience. Total body irradiation
(TBI)-based regimens for patients with HL. have been largely
abandoned in favor of chemotherapy-based regimens because
of a high incidence of secondary malignancies and transplant-
related mortality [53-55]. The two early randomized trials that
compared traditional salvage chemotherapy with HDT-ASCT
both used BEAM as conditioning for ASCT [7, 8], and BEAM
remains the most popular regimen used worldwide. Other con-
ditioning regimens with comparable toxicities and outcomes
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Table 1. Salvage chemotherapy regimens in relapsed or refractory Hodgkin lymphoma

Grade 3 or 4 Grade 3 or 4 Stem cell
maximum maximum collection rate,
nof CR,* hematological nonhematological X 10° CD34* Toxic death,
Regimen Study patients ORR,% % toxicity, % toxicity, % cells’kg %
Intensive Dexa-BEAM Schmitz et al. 144 81 27 NS 3° NS 5
regimen (2002) [8]
Mini-BEAM Martin et al. (2001) 55 84 51 86 61°¢ NS¢ 2
[30]
Platinum ESHAP Aparicio et al. 22 73 41 59 NS NS 5
based (1999) [32]
ASHAP Rodriguez et al. 56 70 34 100 None NS None
(1999) [33]
DHAP Josting et al. (2005) 102 88 21 48¢ 24¢ NS None
[34]
Ifosfamide ICE Moskowitz et al. 65 88 26 NS NS 7.0% None
based (2001) [11]
IEV Proctor et al. (2003) 51 84 76 100 10" NS None
[37]
MINE Fermé et al. (2002) 157 75 NS NS NS NS
[39]
IVOx Sibon et al. (2011) 34 76 32 9 NS NS! 5
[48]
Gemcitabine ~ GDP Baetz et al. (2003) 23 69 17 13 13 11 None
based [40]
GEM-P Chau et al. (2003) 21 80 24 71 None 2.6 None
[41]
GVD Bartlett et al. 91 70 19 63 8 NS <1
(2007) [42]
Gem/Vin Suyani et al. (2011) 31 72 34 49 13 5.63% None
[43]
IGEV Santoro et al. 91 81 54 28 5 10.5' <1
(2007) [44]
New Bendamustine Moskowitz et al. 18 75 38 NS™ NS NS None
regimens (2009) [49]
MINE-ESHAP  Fernandez de 61 79 41 46 18 2.4° None
Larrea et al. (2010)
[95]
DHAOx Rigacci et al. 23 74 43 27 2 6.35 None

(2010) [96]

*The restaging procedures included gallium imaging for the ICE regimen and positron emission tomography scans for the
IGEV, IVOx, and bendamustine regimens.
bDevelopment of serious infections precluding further treatment by protocol.
CPercent of patients requiring hospitalization for fever and i.v. antibiotic treatment.

YEighty-two percent of patients mobilized peripheral blood stem cells, all but one received G-CSF alone (97.2%), whereas
the other patient received cyclophosphamide + G-CSF + GM-CSF as a mobilization protocol.
“Grade 3 or 4 neutropenia and grade 4 thrombocytopenia occurred in 43% and 48% of all courses administered,
respectively.
‘Grade 3 or 4 nausea and vomiting occurred in 24% of all courses.
€Range, 0.1-80.0, in a median of three apheresis procedures.
"Percentage of patients developing a grade 3 infection.

'Failure rate for peripheral blood stem cell harvest, 3.6%.
JTox1c death rate included patients undergoing autologous stem cell transplant.

Elghty seven percent of patients had adequate CD34 cell collection with a median of one apheresis procedure.
'Eighty-seven percent of patients had adequate CD34™" cell collection with a median of one apheresis procedure.
"During the treatment protocol, there were four treatment delays and three treatment reductions as a result of
thrombocytopenia and neutropenia.
"During the treatment protocol, there were two treatment delays and one treatment reduction resulting from pneumonia and
nausea, respectively.
°Twenty-one patients underwent mobilization with G-CSF and 37 underwent mobilization with ESHAP plus G-CSF.
Abbreviations: ASHAP, doxorubicin, methylprednisolone, cytarabine, and cisplatin; CR, complete remission; Dexa-BEAM,
dexamethasone plus carmustine, etoposide, cytarabine, and melphalan; DHAOx, dexamethasone, cytarabine, oxaliplatin;
DHAP, dexamethasone, cytarabine, and cisplatin; ESHAP, etoposide, methylprednisolone, cytarabine, and cisplatin; GDP,
gemcitabine, dexamethasone, and cisplatin; GEM-P, gemcitabine, cisplatin, and methylprednisolone; Gem/Vin, gemcitabine
and vinorelbine; GVD, gemcitabine, vinorelbine, and pegylated liposomal doxorubicin; ICE, ifosfamide, etoposide, and
carboplatin; IEV, ifosfamide, etoposide (VP-16), and epirubicin; IGEV, ifosfamide, gemcitabine, vinorelbine, and
prednisolone; IVOX, ifosfamide, etoposide, and oxaliplatin; MINE, mitoguazone, ifosfamide, vinorelbine, and etoposide;
Mini-BEAM: carmustine, etoposide, cytarabine, and melphalan; NS, not stated; ORR, overall response rate.
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have been reported in single-institution studies and include cy-
clophosphamide, carmustine, and etoposide (CBV) and CBV
with reduced doses of carmustine with cisplatin (CBVP) [13];
lomustine, cytarabine, cyclophosphamide, and etoposide (the
LACE regimen) [56]1 and intensified VCB (a CBV modifica-
tion) [57] (Table 2). Although busulfan-based regimens are
commonly used for conditioning prior to allogeneic SCT and
have been described in ASCT for NHL [58], there are limited
data regarding its use in HDT regimens for patients with HL.
The combination of busulfan, cyclophosphamide, and etopo-
side (BuCyE) was investigated in patients with relapsed and
refractory HL, with results reported from the Cleveland Clinic
in 2006. With a median follow-up of 6.7 years, the 5-year PFS
rate was 48% and the 5-year OS rate was 51% [59]. A more
recent report from Emory University showed comparable re-
sults [60].

Newer conditioning regimens have incorporated agents
shown to have high activity against HL. Nieto et al. [61] re-
ported on 51 patients who underwent ASCT after gemcitabine,
busulfan, and melphalan (GemBuMel) and suggested an out-
come superior to that of patients receiving BEAM or BuMel in
a single-institution retrospective cohort comparison. Recently,
a phase I/II study for relapsed lymphoma patients, including 15
with HL, evaluated the safety and efficacy of bendamustine as
a component of conditioning for ASCT. This new conditioning
regimen combined high doses of bendamustine with etoposide,
cytarabine, and melphalan (the BeEAM regimen) and ap-
peared to be safe and efficacious in heavily pretreated lym-
phoma patients [62].

Much like the experience with salvage chemotherapy,
there are no prospective data to suggest the superiority of one
conditioning regimen over another. Given that the therapeutic
value of HDT-ASCT is the inherent cytotoxicity of HDT, a
logical regimen would include agents that have been shown to
be active in HL patients. Choice at this time should be based on
institutional experience, preference, individual patient comor-
bidities, and exhibited responsiveness to specific agents for the
individual patient. Like many other institutions, we no longer
use TBI-based regimens because of concerns over long-term
toxicity in this population. Our standard regimen remains CBV
and we have experience with busulfan-based regimens [63],
especially in the elderly population. We look forward to more
data regarding newer regimens incorporating active agents
such as bendamustine and gemcitabine.

Role of RT

Salvage RT alone is a treatment option in selected patients. In
a retrospective analysis of 100 patients with localized relapsed
disease without clinical risk factors treated with RT alone, 77%
achieved a CR, the 5-year OS rate was 51%, and the FF2F rate
was 28% [64]. However, given the current safety of ASCT, we
rarely offer RT alone for relapsed or refractory disease, with
the exceptions being if a patient is not fit for ASCT or if only
one refractory site of disease remains after initial therapy. RT
was investigated in combination with chemotherapy in order to
obtain maximal cytoreduction before ASCT or consolidate re-
sponse after ASCT. The traditional concern with adding RT
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has been toxicity, both acute and long term, given that ASCT
itself has been shown to predispose HL patients to secondary
malignancies [65].

With modern combined-modality therapy using signifi-
cantly lower doses and smaller fields of involved-field radio-
therapy (IFRT), both acute and chronic toxicities have
diminished. Several single-institution retrospective series sug-
gested that the use of IFRT in the peritransplant period (imme-
diately before or after ASCT) results in lower rates of relapse
and longer DFS times. However, other reports have not defin-
itively confirmed these results [66—-68]. A Memorial Sloan-
Kettering Cancer Center dose-dense and dose-intense
multimodality program for refractory and relapsed HL patients
included IFRT to nodal sites of disease that initially measured
=5 cm or to sites of residual disease after two cycles of ICE
chemotherapy. Previously unirradiated patients received total
lymphoid irradiation (TLI) on completion of IFRT, prior to
high-dose cyclophosphamide plus etoposide, whereas high-
dose carmustine was given to patients who had previous RT. In
65 patients, 88% responded to ICE-IFRT and almost all un-
derwent HDT-ASCT. At a median follow-up of 43 months,
the EFS and OS rates of those who responded to ICE-IFRT
were 68% and 83%, respectively. Most failures occurred in
unirradiated extranodal sites or in nodal sites that could not be
irradiated, suggesting a benefit with IFRT [11]. As previously
mentioned, the same group conducted a phase II study of risk-
adapted salvage treatment including IFRT and TLI in previ-
ously unirradiated patients, which appeared to lead to a longer
EFS interval in high-risk patients, without a higher treatment-
related mortality rate [19]. In our practice, we routinely offer
consolidative IFRT either before or after ASCT to patients
with limited-stage relapse, with sites of residual fluorodeoxy-
glucose (FDG) avidity on PET scans, and with initial bulky
sites of disease. Ideally, large, randomized clinical trials, de-
signed in a risk-adapted fashion, can be conducted to deter-
mine whether integrating RT into the peri-ASCT period is
beneficial.

STRATEGIES TO IMPROVE OUTCOME

AFTER HDT-ASCT

Long-term outcomes after HDT-ASCT of patients who re-
main in remission for =2 years following transplantation are
favorable, with a 10-year OS rate of 77% [69]. The majority of
patients who relapse after HDT-ASCT do so within one year,
with a median time to progression of 5.7 months and a median
survival time from second-line treatment failure of only 25
months [70]. Relapse within 6 months after ASCT is especially
worrisome and is associated with a median OS time in the
range of 4-22 months [71]. Novel therapeutic strategies be-
yond HDT-ASCT for patients who are predicted to have early
relapse are clearly needed.

Tandem Autologous Transplantation

Tandem autologous transplantation has been used successfully
in multiple myeloma patients and in the therapy of patients
with germ cell tumors [72, 73] and has been attempted in a few
trials with patients with HL. The Groupe d’Etude des Lym-
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Table 2. High-dose chemotherapy regimens used with autologous stem cell transplantation
Median
n of follow-up, TRM,
Regimen Study patients  yrs 0S, % PFS, % %
CBV Reece et al. (1991) [97] 56 3.5 53 (5-yr) 47 (5-yr) 21
CBV Bierman et al. (1993) [98] 128 6.4 45 (4-yr) 25 (4-yr) 9
BEAM Chopra et al. (1993) [99] 155 5 55 (5-yr) 50 (5-yr) 10
BEAM Linch et al. (1993) [7] 20 2.8 75 (3-yr) 53 (3-yr) 10
CV + TLI Yahalomon et al. (1993) [55] 47 33 50 (6.5-yr) 50 (6.5-yr) 17
CBV or CBVP Reece et al. (1994) [12] 58 2.3 72 (2.3-yr) 64 (2.3-yr) 6.6
CBV or CV + TBI Nademanee et al. (1995) [10] 85 2.1 75 (2-yr) 58 (2-yr) 13
CBV Bierman et al. (1996) [100] 85 5 51 (5-yr) 40 (5-yr) 4
BEAM, BEAC, or CBV Brice et al. (1997) [16] 280 3 66 (4-yr) 60 (4-yr) 6
BEAM Caballero et al. (1997) [101] 36 2.5 78 (3-yr) 81 (3-yr) 5.4
CV + TBI, CBV, or CCV Horning et al. (1997) [102] 119 33 52 (4-yr) 48 (4-yr) 9.2
BEAM or CBV Sweetenham et al. (1997) [103] 139 2.75 49 (5-yr) 45 (5-yr) 8.5
CBV Wheeler et al. (1997) [104] 102 4.1 65 (3-yr) 42 (3-yr) 12
CBV Arranz et al. (1998) [105] 47 3 52 (7.2-yr) 34 (7.2-yr) 8.5
CBYV or other (with or Lazarus et al. (1999) [106] 122 2.3 50 (3-yr) 38 (3-yr) 12
without TBI)
CBYV or other (with or Lazarus et al. (2001) [107] 414 3.8 58 (3-yr) 46 (3-yr) 7
without TBI)
CBV or CV + TBI Moskowitz et al. (2001) [11] 65 3.6 83 (3.6-yr) 68 (3-yr) 3.6
CBV, BEAM, or BEAC Sureda et al. (2001) [54] 494 2.5 54.5 (5-yr) 45 (5-yr) 8.5°
(with or without TBI)
BEAM (with or without TBI) Ferme et al. (2002) [39] 101 4.2 71 (5-yr) 60 (5-yr) 14
BEAM Schmitz et al. (2002) [8] 61 33 71 (3-yr) 55 (3-yr) 1.6
CBV or CV + TBI Moskowitz et al. (2004) [108] 75 10 48 (10-yr) 45 (10-yr) 9.3
CBV or CBVP Lavoie et al. (2005) [13] 100 114 54 (15-yr) 51 (15-yr) 17
CBV, BEAM, or BEAC Sureda et al. (2005) [18] 357 3.3 57 (5-yr) 49 (5-yr) 8
(with or without TBI)
BuCyE Wadehra et al. (2006) [59] 127 6.7 51 (5-yr) 48 (5-yr) 5.5¢
CVP (with or without TLI) Evens et al. (2007) [109] 48 2.2 48 (5-yr) 44 (5-yr) 8.3
LACE Pertz et al. (2007) [56] 67 5.6 60 (10-yr) 51 (10-yr) 34
Intensive VCB Benekli et al. (2007) [57] 43 49 63 (5-yr) 57 (5-yr) 7
GemBuMel Nieto et al. (2010) [61] 51 10 mos 94 (10-mo) 70 (10-mo) 0
BeEAM Visani et al. (2010) [62] 44 11 mos NS NS 0
BEAM (with or without SHDCT)  Josting et al. (2010) [52] 284 3.5 80 (3-yr) 67 (3-yr) 2
BuMel Kebriaei et al. (2011) [110] 49 2.1 85 (2-yr) 57 (2-yr) 1

“Overall percentage of toxic deaths, including patients transplanted by infusion of bone marrow. TRM for patients
transplanted with peripheral blood stem cells, 1.3%.
"Five-year cumulative incidence of secondary malignancies, 4.3%.

°TRM at 100 days after transplant; 8-year actuarial risk for secondary malignancies, 9%.

ITRM at 100 days after transplant; 10-year cumulative probability of developing a secondary malignancy, 17%.
Abbreviations: BEAC, carmustine, etoposide, cytarabine, and cyclophosphamide; BEAM, carmustine, etoposide,
cytarabine, and melphalan; BeEAM, bendamustine, etoposide, cytarabine, and melphalan; BuCyE, busulfan,

cyclophosphamide, and etoposide; BuMel, busulfan and melphalan; CBV, cyclophosphamide, carmustine, and etoposide;
CBVP, cyclophosphamide, carmustine, etoposide, and cisplatin; CCV, carmustine, cyclophosphamide, and etoposide; CV,
cyclophosphamide and etoposide; CVP, cyclophosphamide, etoposide, and a platinum; GemBuMel, gemcitabine, busulfan,
and melphalan; LACE, lomustine, cytarabine, cyclophosphamide, and etoposide; NS, not stated; OS, overall survival; PFS,
progression-free survival; SHDCT, sequential high-dose chemotherapy; TBI, total body irradiation; TLI, total lymphoid
irradiation; TRM, treatment-related mortality; VCB, etoposide, cyclophosphamide, and carmustine.
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phomes de I’ Adulte (GELA)-SFGM study group conducted a
prospective study of 43 patients with induction failure, early
relapse, or disseminated relapse. Conditioning was with cyclo-
phosphamide, carmustine, etoposide, and mitoxantrone
(CBVMX) for the first ASCT, followed by TBI (or busulfan in
previously irradiated patients) plus cytarabine and melphalan
for the second ASCT, with a median interval of 58 days be-
tween the two transplants. Seventy-four percent of patients
completed the tandem transplantation procedure and the
2-year survival rate was 74% for those who were able to toler-
ate both transplants, versus 40% for patients who received only
one ASCT [74]. In another multicenter study involving 46 pa-
tients with recurrent HL, patients were treated first with high-
dose melphalan and then with TBI (or carmustine for prior
irradiated patients) in combination with etoposide and cyclo-
phosphamide, with a median of 64 days between the two pro-
cedures. The majority of patients (83%) completed the entire
treatment program, and at a median follow-up of 5.3 years, the
5-year PES and OS rates were 49% and 54%, respectively [75].

Subsequently, the GELA-SFGM study group used a risk-
adapted approach, reserving tandem ASCT for patients with
two or more adverse risk factors, namely, short time to relapse
or progression <12 months, stage III or stage IV at relapse, and
relapse in a previously irradiated site. The outcomes for these
patients were compared with those of low-risk patients who
underwent a single BEAM—ASCT. In the intensified group,
the first conditioning regimen consisted of CBVMx and the
second conditioning regimen consisted of TBI (or busulfan for
patients who had received prior dose-limiting radiation) and
melphalan. Despite the intensified strategy, the outcomes for
the poor-risk patients remained inferior to those of the inter-
mediate-risk patients, with 5-year FF2F rates of 46% and 73%
and OS rates of 57% and 85%, respectively [76]. Most re-
cently, a large single-arm multicenter U.S. clinical trial of tan-
dem ASCT was completed through the Bone Marrow
Transplant Clinical Trials Network (BMT CTN) (BMT CTN
protocol 0703/SWOG 0410). Conditioning was with mel-
phalan for the first ASCT and TBI (or carmustine) plus etopo-
side and cyclophosphamide for the second ASCT. The results
of that trial are not yet available. Ultimately, a prospective ran-
domized trial will be required to compare tandem ASCT with a
single ASCT; however, we do not foresee enthusiasm for tan-
dem ASCT and do not recommend this approach outside a
clinical trial given the additional toxicity involved. Rather,
adding novel agents as maintenance therapy will likely occupy
research avenues in the near future as post-ASCT intervention,
especially in the population who are at increased risk for re-
lapse.

Limited subsets of patients who relapse after ASCT are
candidates for allogeneic SCT. The role for allogeneic SCT in
patients with relapsed HL is beyond the scope of this review,
but it is worth mentioning that recent series have substantiated
a potent graft-versus-lymphoma effect [77]. In accordance, our
institution has an ongoing clinical trial using a tandem ASCT—
reduced intensity allogeneic SCT approach for patients with
poor risk lymphoma, including patients with HL. who have
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been refractory to at least one salvage regimen (Chen, personal
communication).

Role of New Agents in Salvage Therapy and HDT
Several novel therapeutic agents are currently under clinical
investigation as single agents or in combination with conven-
tional therapies in patients with relapsed and refractory HL. All
of these therapies are generally less toxic than conventional
chemotherapy and, thus, could either be added to current sal-
vage therapy or HDT regimens or considered as candidates for
use as maintenance therapy after ASCT. The historical expe-
rience with delivering cytotoxic therapy after HDT-ASCT has
not been compelling. One early study investigated the role of
consolidative chemoradiotherapy after HDT-ASCT in 37 pa-
tients with relapsed or refractory HL. Treatment consisted of
high-dose gemcitabine, carmustine, and melphalan with
ASCT, followed by IFRT to any pre-existing mass >2 cm.
This was then followed by up to four cycles of consolidative
chemotherapy, alternating the DCEP-G regimen, consisting of
dexamethasone, cyclophosphamide, etoposide, cisplatin, and
gemcitabine), with dexamethasone, cisplatin, and paclitaxel
(the DPP regimen), administered at 3 months, 6 months, 9
months, and 12 months post-transplant. The 2.5-year PFS and
OS rates were 59.1% and 86.3%, respectively. Of note, the ma-
jority of patients did not receive the planned post-ASCT ther-
apy because of refusal, early relapse, or other complications
[78].

Brentuximab vedotin (SGN-35) is an antibody—drug con-
jugate (anti-CD30 conjugated to the antitubulin agent aurista-
tin E) that has shown remarkable activity in relapsed and
refractory HL patients and was recently approved by the U.S.
Food and Drug Administration. A phase I, open-label trial in
42 HL patients who had failed a median of three previous che-
motherapies, including 73% with prior ASCT, showed durable
objective responses, with mild toxicity in the majority of pa-
tients [79]. Recently a pivotal phase II study confirmed the ef-
ficacy and safety of this agent in 102 patients with relapsed or
refractory HL after ASCT [80]. An ongoing, randomized, pla-
cebo-controlled, multicenter phase II trial is evaluating the ef-
ficacy and safety of brentuximab vedotin in patients who have
received ASCT in the previous 30—45 days and are at high risk
for residual HL post-ASCT, defined as those with a history
of refractory disease who relapse or progress within 1 year
from receiving frontline chemotherapy and those who have
extranodal disease at the time of relapse (ClinicalTrials.gov
identifier, NCT01100502). Future studies incorporating bren-
tuximab vedotin into earlier phases of therapy, ASCT condi-
tioning regimens, and allogeneic SCT are planned.

A variety of histone deacetylase inhibitors (HDACIs) are
currently being evaluated in patients with relapsed HL. Epige-
netic changes are thought to be partly responsible for the loss
of B-cell phenotype in RS cells and may allow RS cells to
evade immunosurveillance [81]. Givinostat is a selective class
I and class I HDACT with encouraging activity as a single
agent. A phase II trial of givinostat combined with mechloret-
amine in patients with relapsed or refractory HL was con-
ducted at the National Tumors Institute of Milan and showed a
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median survival duration of 28 months with a projected 2-year
survival rate of 52%. Interestingly, decreased serum thymus
and activation-regulated cytokine (TARC) levels after the first
cycle of therapy were very predictive of responsiveness [82].
Sureda et al. [83] presented preliminary results of a phase II
trial using single-agent panobinostat in 129 heavily pretreated
patients who had all failed ASCT, reporting a disease control
rate (CR rate plus partial response rate plus stable disease rate)
of 82% and estimated duration of response of 6.9 months.
Based on this promising activity as a single agent, a phase I/I
trial is evaluating the combination of the pan-HDACI panobi-
nostat and ICE chemotherapy in the salvage setting (Clinical-
Trials gov identifier, NCT01169636). A phase III trial,
designed to evaluate the efficacy of maintenance panobinostat
in patients with HL who achieved a CR following ASCT
(ClinicalTrials.gov identifier, NCT01034163), was closed as a
result of slow accrual.

Mammalian target of rapamycin (mTOR) is another prom-
ising therapeutic target because the phosphoinositide 3-ki-
nase—AKT-mTOR signaling pathway is constitutively active
in HL cell lines [84]. Everolimus is an oral antineoplastic agent
that targets mTOR, and phase II studies using everolimus dem-
onstrated promising results in patients with relapsed or refrac-
tory HL, as a single agent [85] and in combination with
panobinostat [86]. If this activity is confirmed, everolimus
may also be a candidate for use in salvage therapy or as main-
tenance therapy after HDT-ASCT.

Lenalidomide is an immunomodulatory drug that is ap-
proved for the treatment of 5q-myelodysplastic syndrome and
multiple myeloma. Lenalidomide has multiple proposed
modes of action, including direct induction of apoptosis, anti-
angiogenic effects, and activation of T cells and natural killer
cells. There have been small studies using lenalidomide in pa-
tients with relapsed or refractory HL. Boll et al. [87] described
12 patients, all of whom derived some clinical benefit in terms
of disease stabilization, including one CR. Other preliminary
results have been presented as well using single-agent lena-
lidomide in the relapsed or refractory setting [88, 89], which
have shown evidence of some activity, and larger studies are
being planned.

Preliminary data have shown that the anti-CD20 monoclo-
nal antibody rituximab may have therapeutic potential in pa-
tients who have recurrent, classic HL regardless of the
expression of CD20 by RS cells, as a single agent [90] and in
combination with gemcitabine [91], or with the multidrug
combination of gemcitabine, ifosfamide, and oxaliplatin may
also have therapeutic potential [92]. Moreover, clonotypic
small B cells can be found in the blood of HL patients and
could constitute “cancer stem cells” [93]. A phase I/II study of
HDT and immunotherapy for relapsed HL patients is currently
under way using high-dose cyclophosphamide, rituximab, and
anovel HL vaccine as an alternative regimen to HDT-ASCT.
On preliminary analysis, that regimen produced encouraging
outcomes in relapsed HL patients and could be an alternative
approach for patients not eligible for conventional ASCT [94].
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The immediate future of novel agents in the therapy of pa-
tients with relapsed HL is bright. We expect to see widespread
use of brentuximab vedotin, initially as a single agent both as a
bridge to transplantation in relapsed or chemotherapy-refrac-
tory patients and as salvage therapy after ASCT. This will be
followed rapidly by trials exploring combination regimens
with chemotherapy in conjunction with brentuximab both as
salvage therapy and in the frontline setting for HL. Some cau-
tion will need to be paid to the potential for synergistic neu-
ropathy combining this agent with vinca alkaloids. The
maintenance question is currently being explored in a phase III
clinical trial. The apparent dramatic responses to this agent will
set the bar high for HDACTs, inhibitors of the mTOR pathway,
lenalidomide, and other novel agents. These agents will likely
enter clinical practice in the limited arena of brentuximab fail-
ure.

CONCLUSIONS

HDT-ASCT for patients with relapsed and refractory HL pro-
vides a 50%—-60% chance for a long DFS time. Historically,
the outcome is better for patients in chemosensitive relapse and
those whose duration of first remission has been relatively
long. Large studies have suggested that early relapse, chemo-
therapy-refractory disease, and the presence of extranodal dis-
ease are all clinical factors associated with a high risk for
relapse after ASCT. Recently, the presence of residual FDG
avidity after salvage chemotherapy and prior to ASCT was
shown to have a remarkable ability to stratify risk, and novel
biomarkers are also being analyzed for their ability to predict
prognosis. A prognostic index incorporating a clinical risk
score, FI, and biological measures of intrinsic chemotherapy
resistance as well as microenvironmental response still needs
to be developed. If we are able to better predict prognosis after
HDT-ASCT then risk-adapted protocols can be developed and
higher risk patients can be entered into clinical trials beyond
conventional ASCT. More effective salvage regimens incor-
porating newer agents including gemcitabine, bendamustine,
and brentuximab vedotin will allow patients to proceed to
ASCT in minimal residual disease states, and this will likely
translate to superior outcomes. Similarly, using these agents in
HDT regimens with ASCT may also improve outcomes over
those seen with traditional regimens. Lastly, given that less
toxic and more specific agents such as brentuximab vedotin
and panobinostat are being developed, the concept of mainte-
nance therapy after HDT-ASCT is actively being tested and
may one day become a reality.
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