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21.1 Introduction

Hodgkin lymphoma (HL) is highly responsive to

conventional chemotherapy (CT). Close to 90%

of patients even with advanced disease are cured
with modern treatment which is often followed
by radiation [1, 2]. Patients who are refractory or

IRCCS Istituto

relapse after first-line therapy do significantly

worse. High-dose therapy (HDT) followed by

autologous stem cell transplantation (ASCT) is

the standard of care for medically fit patients
with relapsed HL [3, 4]. The results of ASCT,
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however, vary significantly depending on a num-
ber of prognostic factors—the most important of
which are the time interval between first-line
treatment and relapse, the clinical stage at
relapse, and the sensitivity of the tumor to sal-
vage CT [5-9]. The most recent analysis on
prognostic factors indicates that accurate and
reliable risk stratification in patients with
relapsed/refractory HL  who successfully
undergo ASCT can be achieved with five easily
available clinical risk factors: stage IV disease,
time to treatment failure of <3 months, bulky
disease >5 cm, ECOG status >1, and nonre-
sponse to salvage treatment, either measured as
achieving less than partial remission (PR) by CT
scan or PET positivity [10]. In the setting of
high-risk disease, consolidation therapy with
brentuximab vedotin (BV) single dose up to
16 cycles after ASCT has demonstrated to sig-
nificantly improve progression-free survival
(PFS) in this subgroup of patients with the
potential to avoid exposure to subsequent toxic
therapies [11]. Despite all these efforts, a signifi-
cant proportion of patients with relapsed or
refractory HL fail to achieve a continuous com-
plete remission (CR) after ASCT; these patients
might be candidates for other treatment strate-
gies such as allogeneic stem cell transplantation
(allo-SCT).

21.2 Myeloablative Allogeneic
Stem Cell Transplantation
in Hodgkin Lymphoma:

A Historical Perspective

The first reports on allo-SCT in patients with HL
appeared in the mid-1980s [12, 13]. Two large
registry-based studies published in 1996 gave
disappointing results. Gajewski et al. analyzed
100 HL patients allografted from HLA identical
siblings and reported to the International Bone
Marrow Transplant Registry (IBMTR) [14]. A
significant proportion of these patients was not in
remission before transplant and had a poor per-
formance status (PS) as well as active infections
before transplantation. Almost 50% of the
patients received total body irradiation (TBI)-

containing regimens. The 3-year rates for overall
survival (OS), disease-free survival (DFS), and
the probability of relapse were 21%, 15%, and
65%, respectively. The major problems after
transplantation were persistent or recurrent dis-
ease as well as respiratory complications, which
accounted for 35-51% of deaths. Acute and/or
chronic graft-versus-host disease (GVHD) did
not significantly reduce the risk of relapse. At the
same time, a case-matched analysis including 45
allografts and 45 autografts reported to the
European Group for Blood and Marrow
Transplantation (EBMT) was performed by
Milpied et al. [15]. The matching criteria were
sex, age at time of transplantation, stage of dis-
ease at diagnosis, bone marrow involvement at
diagnosis and at transplantation, year of trans-
plantation, disease status at time of transplanta-
tion, time from diagnosis to transplantation, and
conditioning regimen with or without TBI. The
4-year actuarial probabilities of survival, PFS,
relapse, and non-relapse mortality (NRM) were
25%, 15%, 61%, and 48% and 37%, 24%, 61%,
and 27% after allo-SCT and ASCT, respectively.
The toxic death rate at 4 years was significantly
higher for allo-SCT patients (p = 0.04). Even for
patients with sensitive disease at the time of
transplantation, the 4-year actuarial probability
of survival was 30% after allo-SCT and 64%
after ASCT (p = 0.007). This difference was
mainly due to a higher NRM rate after allo-SCT
(65% vs. 12%, p = 0.005) that was basically
associated with the development of acute GVHD
after transplantation and/or concomitant infec-
tious episodes. Although a GVHD >grade I was
associated with a significantly lower risk
of relapse, it was also associated with a lower OS
rate.

A number of reports confirmed the registry
data: allo-SCT resulted in lower relapse rates but
significantly higher toxicity with no improve-
ment over ASCT when PFS or OS were consid-
ered [16-18]. Although the poor results after
myeloablative conditioning could at least partly
be explained by the very poor risk features of
many individuals included in these early studies,
the high procedure-related morbidity and mortal-
ity prevented the widespread use of allo-SCT.
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21.3 Reduced-Intensity Regimens

Given the high NRM seen in adults with HL fol-
lowing myeloablative allo-SCT, the use of
reduced-intensity (RIC) or nonmyeloablative
conditioning regimens was found to be an attrac-
tive therapeutic option. The goal of these thera-
pies was to reduce regimen-related toxicity while
still providing sufficient immunosuppression to
facilitate donor engraftment and a subsequent
graft versus lymphoma (GVL) effect. The aim of
all these regimens was to shift the balance from
the antilymphoma activity of the conditioning
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regimen to the immune cells transferred with the
donor graft which may mediate a GVL response.
The marked reduction in upfront toxicity of these
regimens has extended the applicability of allo-
SCT to older patients, those with comorbidities,
and patients who had previously failed a prior
ASCT (Fig. 21.1).

There are many reports detailing the outcomes
of RIC transplants of patients with relapsed HL
[19-31]. These results can be difficult to compare
due to the difference in patient populations and
conditioning regimens; however, in general, the
NRM has been impressively reduced when com-
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Fig. 21.1 Number of allo-SCT reported to the EBMT
Lymphoma database over time (EBMT Lymphoma data-
base, with permission). (a) Evolution of numbers of allo-
SCT over time (reduced intensity conditioning regimens
(RIC) vs. myeloablative conditioning protocols (MAC)).
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(b) Allo-SCT activity over time: type of donors (HLA
identical sibling donor (Hla-id sib) vs. matched unrelated
donor (MUD) vs. haploidentical stem cell donor (Haplo-
SCT) vs. cord blood transplants (CBT))
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pared to myeloablative conditioning regimens.
This reduction in transplant mortality was con-
firmed by the lymphoma working party (LWP) of
the EBMT which compared HL patients having
standard myeloablative conditioning to those
having RIC between 1997 and 2002 [19].
Transplant-related mortality was 48% at 3 years
in the myeloablative group and 24% in the RIC
group (p = 0.003).

Although RIC has allowed allo-SCT to be per-
formed more safely, relapse is now the most com-
mon cause of treatment failure. Conditioning
intensity/antilymphoma activity may be an impor-
tant factor in determining relapse rates. This may
be secondary to the requirement for a lengthy
period of clinical remission to allow the incoming
donor immune system to eradicate residual dis-
ease. An early GVL response is often delayed by
the use of immunosuppressive drugs to prevent
GVHD following T-cell-depleted transplantation
or by the use of a T-cell-depleted graft which
often necessitates the use of posttransplant donor
lymphocyte infusions (DLI). Some of the truly
nonmyeloablative (NMA) regimens have been
associated with particularly high relapse rates [20,
21]. This concept of regimen intensity being
important is also supported by the EBMT analysis
which showed a 32% relapse rate following mye-
loablative conditioning compared to 58% with
reduced-intensity regimens [19]. Furthermore,
within the reduced-intensity group, there was a
higher relapse and lower OS rate in patients who
were conditioned with low-dose TBI which is one
of the regimens with the least toxicity (p < 0.04).
Other studies have also shown better outcomes
using more intensive regimens such as the combi-
nation of fludarabine and melphalan when com-
pared to less intensive regimens [22]; the
BEAM-alemtuzumab regimen has also demon-
strated good disease control [23]. Finally, overall
results have improved over time: in an updated
retrospective analysis of the LWP of the EBMT
comparing RIC with myeloablative procedures
[32], NRM was not different between MAC and
RIC. Due to a higher relapse rate of RIC in front
of MAC, both PES and OS were better for those
patients being allografted with myeloablative pro-
cedures than with RIC protocols.

There is mounting evidence that successful
allogeneic transplantation for HL needs a combi-
nation of effective salvage CT and a moderately
intensive pretransplant conditioning regimen to
keep the disease under control for several months
allowing the withdrawal of immunosuppression
and/or the use of DLI to mount an effective GVL
response.

21.4 Prognostic Factors of Long-
Term Outcome for Allogeneic
SCT

The introduction of RIC regimens in the alloge-
neic field allowed a significant reduction in the
NRM associated with the procedure in HL
patients [19]. The identification of independent
prognostic factors better allowed to guide physi-
cians in the choice of therapy for individual
patients. However, the reported experience of
RIC-allo in HL has been limited by the number
of patients included [19-31], making it difficult
to identify independent predictors of outcome.
The largest prospective study published to date
includes 78 patients with relapsed/refractory HL,
most of them being treated with an allo-SCT due
to a relapse after an ASCT [33].

The LWP of the EBMT performed a retro-
spective analysis comprising a population of 285
patients with relapsed or refractory HL treated
with reduced-intensity allo-SCT in order to try to
identify prognostic factors for long-term out-
come [34]. Sixty patients died of NRM at a
median of 91 days (range 1 day—20 months) fol-
lowing transplantation. The cumulative incidence
estimates a NRM at 100 days and 1 and 3 years
posttransplant were 10.9%, 19.5%, and 21.1%,
respectively. In multivariate analysis, NRM was
associated with PS, chemorefractory disease at
transplantation, age greater than 45, and trans-
plantation before 2002. Identifying poor PS, che-
morefractory disease, and older age as adverse
risk factors for NRM, patients with no adverse
risk factors had a 3-year NRM rate of 12.5%
compared with 46.2% for those with two or three
risk factors. With a median follow-up of
26 months (range 3-94 months), 126 patients
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remained alive and 159 have died. The Kaplan-
Meier estimates of OS and PFS at 1, 2, and
3 years were 67% and 52%, 43% and 39%, and
29% and 25% respectively. In multivariate analy-
sis, patients in CR or with chemosensitive dis-
ease, those with a good PS, transplants other than
sex-mismatched male recipients, and CMV—/—
transplants had a significantly better OS. For PFS
good PS, CR, or chemosensitive disease at trans-
plantation and transplants other than male recipi-
ents from female donors was associated with a
significantly better PFS in the multivariate analy-
sis. Considering chemorefractory disease and
poor PS as risk factors for a poor PFS and OS,
patients with neither of these risk factors have a
3-year PFS and OS of 42% and 56% compared to
8% and 25% for patients with one or two of these
risk factors. In an analysis restricted to patients
who had relapsed after prior ASCT, relapse
within 6 months of the autograft was associated
with a significantly poorer disease progression
rate (RR = 1.9 (1.2-3.1) p = 0.01) and PFS
(RR=1.9(1.2-2.9) p=0.003) following reduced-
intensity allo-SCT. Reduced-intensity allo-SCT
is an effective salvage strategy for patients with
good risk features who relapse after ASCT
(Fig. 21.2), and those outcomes are similar for
both sibling and matched unrelated donor (MUD)
transplants. Conversely for patients with chemo-
refractory disease or PS, the overall outcome is
poor, and nowadays these patients should not be
considered candidates to receive this treatment
strategy.

These results are in agreement with what was
also published in smaller series of patients. The
UK Cooperative Group reported that disease sta-
tus before allo-SCT was the strongest prognostic
factor for PFS and OS, the results being signifi-
cantly better for those patients allografted in CR
[25]. In the HDR-Allo trial [33], chemosensitiv-
ity was the most important prognostic factor
(HR = 2.3; 95% CI = 1.3-3.1; P = 0.001) for
PFS. Patients allografted in CR had the best out-
come, with PFS rates at 1 and 4 years of 70%
(95% CI = 67-73) and 50% (95% CI = 47-53),
respectively. Refractory disease and a poor PS
were associated with a significantly worse OS
(HR=1.9,95% CI=1.0-2.7, and P = 0.001 and

HR = 2.5, 95% CI = 1.3-4.2, and P = 0.01,
respectively) in the same study. Disease status
was the strongest factor predicting for survival in
virtually the rest of the retrospective analyses
published in the literature [19-24, 26-31, 36].

21.5 Evidence for Graft Versus
Hodgkin Lymphoma

Despite the theoretical reliance of reduced-
intensity RIC transplantation on a GVL effect,
there are relatively few studies which convinc-
ingly demonstrate this activity in patients with
HL. Many of the myeloablative transplants done
in adults had such a high NRM that it would have
been almost impossible to see a GVL effect if one
had existed. In the context of RIC transplanta-
tion, there is some evidence of a reduction in
relapse in association with GVHD. Conversely,
the apparent lack of impact of T-cell depletion on
relapse risk is unexpected. This finding might
simply be a function of the relatively small num-
bers of patients reported or it is possible that the
in vivo monoclonal antibody used to facilitate
T-cell depletion may have anti-Hodgkin lym-
phoma activity.

The most convincing evidence of GVL activ-
ity in HL comes from the use of DLI to treat
patients who relapse following allo-SCT
(Table 21.1). Response rates to DLI have been
reported to be between 15% and 60%, with CR
seen in around 30% of patients. Many of these
patients had received concurrent CT or radiother-
apy but responses have been seen to DLI alone
and some of these have been durable. There
appears to be a higher response rate in the two
series coming from the UK [25, 38] and it is not
known whether the high incidence of mixed chi-
merism seen in patients who received alemtu-
zumab promotes GVL responses as it does in
some animal models. The optimal T-cell dose for
GVL remains unclear, although many groups use
an escalating dose schedule to try and reduce the
risk of severe graft-versus-host disease. Unlike
follicular lymphoma, there is preliminary
evidence that in relapsed HL, GVL responses are
unlikely in the absence of GVHD. However,
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Table 21.1 Donor leukocyte infusions for relapse

Study and regimen Reference Patient number CR/PR Response at last follow-up
UK [25] 24 14/5 12 CR/2 PR at 2+ years
Houston [36] 14 3/3 1 PR at 3+ years
GEL/TAMO [26] 20 6/5 None ongoing

SFGM/TC [37] 30 3/5 Not reported

EBMT [19] 41 13/4 Not reported

UK [38] 24 14/5 9 out of 19 patients

CR complete remission, PR partial remission

when DLI are given for mixed chimerism, there
appears to be a GVL effect that is independent of
GVHD [38]. There are a number of factors that
may increase the toxicity of DLI including:
increasing age of the patient, HLA mismatching,
use of unrelated donors, and short time interval
from transplant to DLI infusion. Although the
DLI responses are impressive in some patients,
the majority of patients will not achieve long-
term benefit from DLI and further study is needed
to optimize this potential effect. Recent data indi-
cate some potential benefit of the use of BV
before DLI in order to exert some immunomodu-
latory effect that would enhance the effectiveness
of donor lymphocytes [39] or to simply act as an
effective antitumoral strategy [40].

21.6 Role of Allogeneic SCT
in Autograft Failures

Allogeneic stem cell transplantation is consid-
ered an adequate treatment strategy for patients
who relapse or progress after ASCT [41].
Nevertheless, the potential benefit of allo-SCT in
front other non-transplant-based strategies has
never been demonstrated in a prospective ran-
domized clinical trial, and the evidence of a
potential benefit of this therapy in front of others
is based on our knowledge on small phase II pro-
spective clinical trials [33] and single center or
multicenter retrospective analysis [19-31, 36].
Although there are no randomized trials com-
paring the results of CT + radiotherapy in patients
who relapse post autograft, comparisons have
been made with the outcomes of historical con-
trols. The UK group identified a group of patients
who had relapsed following a BEAM autograft,
who were chemosensitive at relapse and had sur-

vived at least 12 months from relapse, and who
would therefore have been eligible for a RIC
transplant [42]. This was a highly selected group
representing 44% of all relapses who were pre-
dicted to have the best survival. These conven-
tionally treated patients were compared to more
recently treated patients who received a reduced-
intensity allograft. Despite the selection of a con-
trol group with a relatively good prognosis, both
OS from time of diagnosis and time of autograft
were significantly improved following allogeneic
transplant, when compared to the historical con-
trol group. The estimated current PES for the allo-
grafted patients was 34% at 5 years and 42% if in
chemosensitive relapse at the time of transplant,
suggesting the early promising results might
translate into a favorable long-term outcome. A
donor versus no donor comparison performed by
Sarina et al. [43] indicated that, in patients relaps-
ing after ASCT, if there was a donor available and
they were able to proceed to allo-CST, both PFS
and OS were significantly better than in the non-
allografted population of patients, thus suggesting
that allo-SCT was partially able to overcome the
negative impact of disease relapse after the autol-
ogous procedure. Nowadays, the role of allo-SCT
in this setting is increasingly being challenged, at
least in some subgroups of patients, by the advent
of new drugs: BV and checkpoint inhibitors (see
Sect. 21.9 of this chapter).

21.7 Moving Allogeneic Stem Cell
Transplantation to Earlier
Stages of the Disease

The more recent investigation of a response-
adjusted transplantation algorithm identifies a
potential strategy for evaluation of allo-SCT in
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those deemed to be at high risk of failure of ASCT,
targeting the intensification to those who have
residual FDG-avid disease following salvage
therapy [44]. The 3-year PFS of 68% in this high-
risk group was encouraging, with 80% current
PFS following DLI. These results constituted the
basis for a phase II prospective clinical trial
(CRUK-PAIReD, EUDRACT-2008-004956-60)
already closed for recruitment that analyzes long-
term outcome of relapsed/refractory HL patients
that do not achieve a metabolic CR with first-line
salvage chemotherapy and undergo an allo-SCT
with BEAM protocol as conditioning regimen
and the use of Campath-1H as GVHD prophy-
laxis. Final results of this trial have not been pub-
lished in full so far. However, the lack of clear
evidence of the potential benefit of allo-SCT as
first transplant as well as the incapacity to be able
to identify a subgroup of patients mostly benefit-
ing from this approach together with the introduc-
tion of new drugs in the treatment armamentarium
of these patients renders the role of allo-SCT quite
blurred in this setting.

21.8 Role of Allogeneic SCT
in the Pediatric Population

Information regarding the role of allo-SCT for
HL in the pediatric population is very limited.
Children undergoing allogeneic transplantation
have been occasionally included in series of
adult patients [16-19], whereas exclusively
pediatric series were limited to fewer than ten
patients [45].

The most extensive analysis of allo-SCT in
the pediatric population comes from the LWP
of the EBMT, and it comprises a group of 91
children and adolescents 18 years or younger
treated with an allograft (myeloablative, n = 40;
reduced intensity, n = 51) for relapsed or refrac-
tory HL [46]. NRM at 1 year was 21%, with
comparable results after RIC or myeloablative
allo-SCT. Probabilities of relapse at 2 and
5 years were 36% and 44%, respectively.
Reduced-intensity conditioning allo-SCT was
associated with an increased relapse risk com-
pared with myeloablative transplantation,

which was most apparent beginning 9 months
after allo-SCT (p = 0.01). PFS was 40% and
30% and OS was 54% and 45% at 2 and 5 years,
respectively. Beyond 9 months, PFS after RIC
allograft was lower compared with myeloabla-
tive protocols (p = 0.02). The development of
GVHD did not have any impact on PFS after
allo-SCT. Of note, the 26 patients with sensitive
disease and good PS who underwent transplan-
tation between 2002 and 2005 showed a PFS of
60% (95% CI = 33-87%) and OS of 83% (95%
CI = 67-98%), respectively, at 3 years. Fifteen
of these patients (58% of the group) had previ-
ously failed ASCT. This retrospective analysis
in a pediatric population of patients again raises
the question of the exact dose intensity needed
in HL patients. Because relapse now is the
major problem after allogeneic transplantation
for HL in pediatric as well as in adult patients,
it may be wise to use myeloablative or “inter-
mediate” conditioning at least in those children
and adolescents who have a good PS. Nowadays,
the improvement in first-line therapies also in
the pediatric population as well as the introduc-
tion of BV [47] and eventually checkpoint
inhibitors in this setting [48] has significantly
reduced the need to allo-SCT in this specific
group of patients.

21.9 Alternative Donor
Transplants

In Europe and North America, only around a
third of patients will have an HLA-matched sib-
ling donor; therefore the use of alternative donors
is essential to expand the number of patients eli-
gible for the procedure. The advent of molecular
techniques has improved the accuracy of tissue
typing reports but the associated increase in HLA
polymorphism has made finding an exact
molecularly matched donor more difficult.
Howeyver, the increase in unrelated donor num-
bers, the availability of cord blood, and the devel-
opment of efficacious GVHD prophylaxis in
haploidentical transplantation have significantly
allowed a rise in the number of alternative donor
transplants to be performed.
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The transplant outcomes using unrelated
donors appear similar to those reported using sib-
ling donors [19, 25, 36, 49]. Not surprisingly,
rates of GVHD may be higher and many groups
have used T-cell depletion strategies with either
alemtuzumab or ATG to reduce the incidence of
this complication. Interestingly, unrelated donor
transplants in patients with HL appear to have a
similar overall survival and PFS to sibling donor
transplants [19, 25]. Therefore, consideration of
an unrelated allogeneic transplant is an adequate
alternative for patients that do not have a HLA
identical sibling donor [41].

The published experience with cord blood
donors in HL is much more limited, but some ret-
rospective analyses indicate that it may be feasi-
ble [50, 51]. A Eurocord-Netcord study showed a
30% PFS at 1 year in patients with relapsed HL
[52]. A more recent retrospective analysis from
Eurocord and EBMT Lymphoma and Cellular
Therapy & Immunobiology Working Party that
included 113 patients [53] demonstrates a 4-year
PFS and OS of 26% and 46%, respectively, with
significantly better results in those patients under-
going transplant in CR. A recently published
French study showed that use of a cord blood
donor was associated with inferior survival [37].
Because of the questionable results of cord blood
transplants in terms of relapse rate after the pro-
cedure and high NRM but mostly because of the
widespread use of haploidentical donors, the use
of cord blood as stem cell source in patients with
relapsed/refractory HL is almost nonexistent.

Finally, the introduction of posttransplantation
cyclophosphamide (PT-Cy) for GVHD prophy-
laxis following NMA conditioning regimen has
ameliorated survival and toxicity rates of haploi-
dentical transplantation in hematologic malignan-
cies [54]. In 2008, Burroughs et al. compared
the outcome of NMA allo-SCT for 90 patients
with relapsed HL based on donor cell source
(38 matched related, 24 unrelated, 28 HLA-
haploidentical related donors). Interestingly, the
authors found no significant differences in grade
III-IV aGVHD or ¢cGVHD among the three
groups, confirming a role for selective depletion
of alloreactive T cells induced by PT-Cy in reduc-
ing the risk of GVHD in haploidentical trans-

plants. Moreover, they reported no differences in
2-year OS (58% vs. 53% vs. 58%) with better
2-year PFS rates (51% vs. 23% vs. 29%) and
lower 2-year cumulative incidence (CI) of relapse/
progression (40% vs. 56% vs. 63%) in HLA-
haploidentical related compared to matched
related and unrelated recipients [21]. Subsequently,
other groups reproduced promising outcomes for
haploidentical allo-SCT, with reasonable grade
I[I-IV aGVHD rates (range 23-39%) and low
incidence of cGVHD (range 9-19%) [55-57].
Recently, the French Society of Bone Marrow
Transplantation reported a significantly higher
probability of GVHD-free relapse-free survival
(GRFS) in HL patients who underwent allo-SCT
with RIC or NMA conditioning from a haploiden-
tical related donor, when compared with mis-
matched unrelated and cord blood donors (52%
vs. 31% vs. 22%), indicating that haploidentical
donors may be a valuable stem cell source in the
absence of an HLA-matched donor [58].
Thereafter, the largest retrospective series of 709
adult HL patients recently published by the LWP
of the EBMT reported similar survival outcomes
in PT-Cy-based haploidentical allo-SCT com-
pared with HLA-matched related and unrelated
allo-SCT (1-year CI of NRM 17% vs. 13% vs.
21%; 2-year CI of relapse/progression 39% vs.
49% vs. 32%; 2-year OS 67% vs. T1% vs. 62%;
2-year PFS 43% vs. 38% vs. 45%), with a risk of
chronic GVHD lower than that observed in
matched unrelated transplants (1-year CI 26% vs.
41%), confirming the significant role of haploi-
dentical allo-SCT in HL patients six [35]
(Fig. 21.2).

21.10 Role of Allogeneic Stem Cell
Transplantation in the Era
of New Drugs

Brentuximab vedotin (BV) is an antibody-drug
conjugate that selectively delivers monomethyl
auristatin E, an antimicrotubule agent, into
CD30-expressing cells. In phase I studies, BV
demonstrated significant activity with a favor-
able safety profile in patients with relapsed/
refractory CD30-positive lymphomas. The
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interesting results seen in the phase I trial lead to
a phase II that evaluated the efficacy and safety
of BV. The drug was given at doses of 1.8 mg/kg
by intravenous infusion every 3 weeks up to a
maximum number of 16 cycles in 102 patients
with relapsed or refractory HL after ASCT [59].
Overall response rate (ORR) was 75% with a CR
in 34% of patients. The median PFS for all
patients was 5.6 months, and the median dura-
tion of response for those in CR 40.5 months.
After a median observation of 3 years, 31
patients were alive and free of documented pro-
gressive disease. The drug was quite well toler-
ated: the most common treatment-related adverse
events were peripheral sensory neuropathy, nau-
sea, fatigue, neutropenia, and diarrhea.
Subsequently, the use of BV has been anticipated
in the clinical setting of selected high-risk HL
patients with primary refractory, initial remis-
sion duration shorter than 1 year, and extranodal
or advanced-stage disease at relapse. In these
patients BV was administered as consolidation
after ASCT for up to 16 cycles, with a significant
improvement in PFS and no additional toxicities
other than peripheral sensory neuropathy as
compared to patients who received no consolida-
tion (42.9 vs. 24.1 months) [11]. This observa-
tion prompted the approval of BV by FDA and
EMA in patients at high risk of relapse or pro-
gression after ASCT. At 5-year follow-up the
survival advantage of consolidation BV has been
confirmed with 5-year PES of 59% vs. 41% [60].

BV has also been used in the pre-allo-SCT
setting, as a “bridge to allo,” and in the post-
allogeneic setting to treat patients with relapsed/
progressive disease after the allogeneic proce-
dure. In 2012 Chen et al. [61] published their
experience on 18 patients with multiply relapsed
HL undergoing a RIC/allo-SCT after being
treated with BV as salvage therapy. NRM and
acute and chronic GVHD preferred incidence
after the allogeneic procedure were not signifi-
cantly different from what was previously
described. With a median follow-up of only
12 months, PFS was 100%. In a retrospective
analysis comparing outcomes after allo-SCT in
relapsed/refractory HL patients, Chen et al. [62]

also showed that the administration of BV as a
bridge to transplant significantly increased the
percentage of patients achieving a CR. Indeed,
disease status at transplantation is a known sig-
nificant prognostic factor for both long-term OS
and GRFS [28]. Recently the LWP of the EBMT
compared the outcomes of 210 patients who
received BV prior to allo-SCT with that of 218
patients who did not receive BV. Differently from
previous reports, in multivariate analysis pre-
allo-SCT BV had no impact on aGVHD, NRM,
CI of relapse, PFS, or OS, but significantly
reduced the risk of cGVHD (hazard ratio = 0.64).
Nevertheless, it must be noted that, while there
were no differences between the two groups in
disease status prior to ASCT, the population who
received BV as pre-allo-SCT salvage was more
heavily pretreated (median previous lines of
treatment 4 vs. 3 of patients who did not receive
BV). This might indicate that BV has a role in
inducing favorable disease responses in other-
wise refractory patients, therefore improving
allo-SCT outcome [63] (Fig. 21.3). Moreover,
the role of BV after allo-SCT has been reported
in a recent registry study published by the LWP
of the EBMT demonstrating encouraging results
with ORR 76% (CR 29%) and with 34% of
patients alive and in CR after a median follow-up
of 33-month outcome [64].

The increasing anticipate use of BV before
ASCT in clinical trials and the introduction of
anti-programmed death 1 (PD-1) checkpoint
inhibitors in the post-ASCT setting will most cer-
tainly change the treatment paradigm of these
patients, either avoiding the allogeneic procedure
in some patients or by increasing the group of
potential candidates to allo-SCT. Recently, the
PD-1 blocking antibodies nivolumab and
pembrolizumab were shown to have significant
therapeutic activity with an acceptable safety
profile in patients with R/R classical HL. Based
on the results of the phase II studies Checkmate
205 and Keynote 087, nivolumab and pembroli-
zumab have been approved by EMA and FDA for
patients who failed ASCT and pre- and/or post-
ASCT BV [65, 66]. The role of allo-SCT in cHL
has become less clear after nivolumab and
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Fig. 21.3 Effect of pretransplant BV as last salvage ther-
apy before allo-SCT on posttransplant outcomes. (a)
Cumulative incidence of relapse; (b) cumulative inci-
dence of non-relapse mortality; (¢) progression-free sur-

pembrolizumab became available. A recent retro-
spective analysis of 39 patients who underwent
allo-SCT after a median of 62 days following
anti-PD-1 therapy showed encouraging results
with 1-year PFS and OS of 76% and 89%, respec-
tively. However, a high rate of GVHD was
reported, especially acute (1-year incidence of
grade 2-4 aGVHD, grade 4 aGVHD, and cGVHD
were 44%, 13%, and 41%, respectively), with
four treatment-related deaths (three acute GVHD
and one hepatic VOD) [67]. In the extended fol-
low-up analysis of CheckMate 205 Trial, 44 over
243 patients proceeded to allo-SCT after a
median time of 49 days from last nivolumab
administration. Six-month PFS and OS estimates
were 82% and 87%, respectively, with 13% of
transplant-related mortality and four over five

vival; (d) overall survival. BV brentuximab vedotin, NRM
non-relapse mortality, SCT allogeneic stem cell transplant
(Bazarbachi A et al. [63], with permission)

deaths from acute GVHD [66] (Fig. 21.4).
Interestingly, in both studies no clear correlation
has been identified between time from last anti-
PD-1 administration to allo-SCT and onset of
GVHD or NRM. Although the follow-up is lim-
ited, these studies indicate that allo-SCT after
PD-1 therapy is feasible, but with an increased
risk of toxicity. Nevertheless, since anti-PD-1
inhibitors have a very favorable toxicity profile,
some responding patients could not benefit from
anti-PD-1 discontinuation to proceed to a highly
more toxic procedure as allo-SCT; thus the area
of uncertainty is growing, making clinical deci-
sions very difficult, especially for patients in CR
[68, 69].

Recently, a retrospective multicenter study was
conducted in 31 lymphoma patients undergoing
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Fig. 21.4 Results of allo-SCT after nivolumab treatment
in patients with relapsed/refractory HL. Cumulative inci-
dence of (a) transplant-related mortality (TRM) and dis-
ease progression, (b) acute graft-versus-host disease
(aGVHD) and chronic graft-versus-host disease
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transplantation (allo-HCT). Cumulative incidence (95%
CI) at 100 days and 6 months for TRM, disease progres-
sion, and GVHD and median (95% CI) PES and OS are
shown. Death was considered a competing risk to GVHD,
and posttransplant disease progression was considered a
competing event to TRM. G grade, NA not available, NE
not estimable. (Armand P et al. [66], with permission)
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anti-PD-1 treatment for relapse after allo-
SCT. The majority of patients in the study (29
over 31) had HL, of which 27 had already received
at least one salvage treatment after allo-SCT and
before PD-1 blockade. Response rates were very
promising, with ORR 77% (15 CRs and 8 PRs).
After a median follow-up of 428 days from the
first anti-PD-1 administration, 68% of patients
were alive, while eight patients died because of
GVHD (26%). Overall, 17 patients (55%) devel-
oped GVHD (six acute, four overlap, and seven
chronic), after a median of 1-2 anti-PD-1 doses.
GVHD was acute grade 3—4 or chronic severe in
nine patients and was frequently steroid refrac-
tory, with the majority of patients requiring two or
more systemic therapies and only two patients
achieving CR. Interestingly, 12 over 17 patients
had already experienced GVHD. Among these,
six patients had active chronic GVHD at time of
anti-PD-1 administration, three of which devel-
oped GVHD worsening after PD-1 blockade [70].
Similarly, in a French series, prior history of
GVHD was reported in all GVHD cases occurred
after anti-PD-1 administration. Moreover, median
time from allo-SCT to PD-1 blockade was signifi-
cantly shorter in patients who presented PD-1-
related GVHD compared to GVHD-free patients
(8 vs. 28 months) suggesting a role for anti-PD-1
blockade in triggering of GVHD [71]. These two
retrospective studies and other reports infer that
PD-1 blockade is feasible and highly effective
also in the context of relapse after allo-SCT,
although frequently complicated by severe and
refractory GVHD [72-77]. Either in “bridge to
allo-SCT” or in post-allo-SCT salvage contexts,
further and larger studies are needed to clarify the
combined role of PD-1 blockade, conditioning
chemotherapy and GVHD prophylaxis (ATG,
posttransplant cyclophosphamide, etc.) in the
development of GVHD, and to optimize the man-
agement of these complications.
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