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Background
The management of patients with relapsed or refractory Hodgkin’s lymphoma who achieve
less than a partial response to first-line salvage chemotherapy is unclear.  The objective of this
study was to evaluate response and outcomes to second-line salvage and autologous stem cell
transplantation in patients not achieving a complete or partial response to platinum-containing
first-line salvage chemotherapy.

Design and Methods
Consecutively referred transplant-eligible patients with relapsed/refractory Hodgkin’s lym-
phoma after primary chemotherapy received gemcitabine, dexamethasone, and cisplatin as
first salvage chemotherapy.  Those achieving a complete or partial response, and those with a
negative gallium scan and stable disease with bulk <5 cm proceeded to high-dose chemother-
apy and autologous stem cell transplantation. Patients with progressive disease or stable dis-
ease with a positive gallium scan or bulk ≥5 cm were given second salvage chemotherapy with
mini-BEAM (carmustine, etoposide, cytarabine, melphalan). Patients who responded (accord-
ing to the same definition) proceeded to autologous stem cell transplantation.

Results
One hundred and thirty-one patients with relapsed/refractory Hodgkin’s lymphoma received
first-line salvage gemcitabine, dexamethasone, and cisplatin; of these patients 99 had at least a
partial response (overall response rate 76%). One hundred and twelve (85.5%) patients pro-
ceeded to autologous stem cell transplantation, while the remaining 19 (14.5%) patients
received mini-BEAM. Among these 19 patients, six had at least a partial response (overall
response rate 32%), and nine proceeded to autologous stem cell transplantation. The remaining
ten patients received palliative care. Seven of the nine patients transplanted after mini-BEAM
had a subsequent relapse. Patients receiving second salvage mini-BEAM had poor outcomes,
with a 5-year progression-free survival rate of 11% and a 5-year overall survival rate of 20%.  

Conclusions
Patients who require a second salvage regimen to achieve disease control prior to autologous
stem cell transplantation have a relatively poor outcome and should be considered for alterna-
tive treatment strategies. 

Key words: autologous transplantation, GDP, Hodgkin’s lymphoma, miniBEAM, salvage
chemotherapy.
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Introduction

The current standard of care for patients with Hodgkin’s
lymphoma (HL) who relapse from or are refractory to pri-
mary chemotherapy is salvage (or second-line) chemother-
apy, and in those who demonstrate chemotherapy-sensi-
tive disease, autologous stem cell transplantation (ASCT).1-
4 The commonly used salvage regimens are platinum-con-
taining,5-8 although there is no gold standard regimen due
to the lack of randomized comparative trials.
Although there are no controlled trials to support the

use of one salvage regimen over another, the combination
of gemcitabine, dexamethasone, and cisplatin (GDP) has
become the preferred chemotherapy for relapsed and
refractory HL at our center.9,10 We had previously
employed mini-BEAM (carmustine, etoposide, cytarabine,
melphalan) as our regimen of choice with acceptable
response rates and post-ASCT outcomes.11 GDP has simi-
lar activity to other salvage regimens, with the advantages
of outpatient administration, a favorable toxicity profile,
and minimal impact on the ability to mobilize peripheral
blood stem cells. The response rate to GDP is 60-70%,
although only 17-28% patients achieve a complete
response.9,10
The optimal management of patients with HL that does

not respond to platinum-containing chemotherapy is
unknown. Options include proceeding to single or tandem
ASCT, alternative aggressive combination chemotherapy
(second salvage) before ASCT, allogeneic stem cell trans-
plantation, or non-curative approaches such as involved
field radiotherapy, or experimental systemic therapy.
The mini-BEAM combination is a non-platinum-

containing salvage regimen that produces a high response
rate when used as first-line salvage for patients with
relapsed/refractory HL (68-85%).11-14 However, mini-
BEAM must be administered in an inpatient setting, caus-
es significant myelosuppression with severe infections
and need for blood product support, impairs peripheral
stem cell mobilization, and increases the risk of secondary
myeloid leukemia.11-14 After adopting GDP as our first sal-
vage regimen in HL and since mini-BEAM is relatively
non-cross resistant with GDP, it has been used at our cen-
ter as a second salvage regimen in patients in whom GDP
fails and who are otherwise fit and eligible for transplan-
tation.
The objective of this study was to evaluate response and

outcomes to second-line salvage and ASCT in patients not
achieving a complete or partial response to GDP. 

Design and Methods

Patients
This was a retrospective review of prospectively collected data

stored in a computerized database and the medical records of all
transplant-eligible patients referred to the Autologous Blood and
Marrow Transplant Program at Princess Margaret Hospital with
relapsed/refractory HL between January 2001 and December
2008. Additional data were collected from the patients’ electronic
records, and supplemented with information from the referring or
primary care physicians, as necessary. This study was approved by
the University Health Network Research Ethics Board.
Patients 18-65 years of age with biopsy-proven HL who had

recurrent/refractory disease to first-line chemotherapy, and who
received second-line (i.e., first salvage) GDP chemotherapy with

the intention of performing ASCT were included. A central
pathology review was not routinely performed. Primary refractory
HL was defined as progressive disease during primary chemother-
apy or within 3 months of its completion.15,16

Patients underwent restaging investigations at the time of pro-
gression with computed tomography scans of the chest, abdomen,
and pelvis and with magnetic resonance imaging when appropri-
ate, as well as bone marrow aspirate and biopsy in all patients.
Gallium scans were recommended, especially for patients with
disease bulk ≥5 cm at relapse, but were not mandatory, and
positron emission scans (PET) were not routinely performed.
Repeat biopsy was not mandatory in all patients but was per-
formed if the original biopsy was unclear, if the relapse was late
(4-5 years after primary therapy) or if clinically there was suspicion
of an alternative diagnosis.

Salvage chemotherapy and response assessment
GDP chemotherapy consisted of gemcitabine 1000 mg/m2 intra-

venously (IV) on days 1 and 8, dexamethasone 40 mg IV on day 1,
40 mg orally on days 2-4, and cisplatin 75 mg/m2 IV on day 1.
GDP was administered every 21 days in an outpatient setting.
Response was evaluated by physical examination and computed
tomography scans in all patients after two cycles of GDP. Bone
marrow biopsy was only repeated in patients with documented
bone marrow involvement prior to salvage chemotherapy.
Similarly, gallium scans were only repeated if performed and pos-
itive prior to salvage chemotherapy.
Responses were defined according to the 1999 International

Working Group criteria.17 The overall response rate was the sum
of patients achieving a complete remission, unconfirmed complete
remission, and partial remission. These patients proceeded to stem
cell mobilization and ASCT. In addition, patients with stable dis-
ease after GDP with gallium-negative residual mass(es) measuring
<5 cm were considered to have a sufficiently adequate response to
salvage chemotherapy to proceed directly to stem cell mobiliza-
tion and ASCT.
All other patients with stable disease (i.e., positive gallium scan

or with disease ≥5 cm) and all patients with progressive disease
after GDP with a good performance status received mini-BEAM as
second salvage chemotherapy (Figure 1).  Mini-BEAM consists of
carmustine 60 mg/m2 IV on day 1, etoposide 75 mg/m2 IV on days
2-5, cytarabine 100 mg/m2 twice daily IV on days 2-5, and melpha-
lan 30 mg/m2 IV on day 5, given as inpatient treatment every 21-
28 days depending on hematologic recovery. Response was usual-
ly assessed after one cycle of mini-BEAM; patients rarely received
two cycles. Patients achieving a partial remission or stable disease
(gallium negative or bulk <5 cm) in response to mini-BEAM pro-
ceeded to stem cell collection and ASCT.
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Figure 1. Patients’ management following GDP.  Numbers in paren-
theses refer to patients’ status after primary chemotherapy.
(relapsed + refractory = total).
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Stem cell collection, high-dose chemotherapy 
and autologous stem cell transplantation
Patients responding to first- or second-line salvage chemothera-

py underwent peripheral stem cell mobilization with cyclophos-
phamide 2 g/m2 IV on day 1, etoposide 200 mg/m2 IV on days 1-
3, and filgrastim 10 µg/kg/day subcutaneously starting on day 6
and continued until the completion of leukapheresis. If peripheral
blood stem cell collection was inadequate (<2.0¥106/kg CD34+

cells), peripheral stem cells were mobilized with pleraxifor or bone
marrow was harvested.
The high-dose chemotherapy regimen contained etoposide 60

mg/kg IV on day -4 and melphalan 180 mg/m2 IV on day -3, fol-
lowed by stem cell infusion on day 0, and inpatient supportive
care. This regimen was adopted at our institution based on earlier
data showing that response rates to this regimen compare favor-
ably with those of three or four other high-dose drug combination
regimens.18 Consolidative involved-field radiotherapy (30-35 Gy
in 20 fractions) was given 6-12 weeks after ASCT to patients with
bulky (≥5 cm) disease prior to GDP.19 Patients were monitored fre-
quently after completion of all treatments, with the follow-up
including imaging studies at 3 months and 1 year after transplan-
tation, or sooner if clinically indicated.

Statistical methods
The primary end-point of this study was the overall response

rate (complete remission + unconfirmed complete remission + par-
tial remission) to mini-BEAM. Outcomes and characteristics at
diagnosis and relapse were compared using Fisher’s exact test for
discrete variables, and the Wilcoxon rank sum test for continuous
variables.
Secondary end-points were progression-free and overall sur-

vival. The progression-free survival was calculated from the date
of ASCT to progression or last follow-up. Overall survival was cal-
culated from the date of ASCT to death or last follow-up. For
patients not undergoing ASCT, progression-free and overall sur-
vival were calculated from the date the decision was made not to
proceed with ASCT, which in most instances occurred during clin-
ical and radiologic reassessment after mini-BEAM. Survival calcu-
lations were estimated using the Kaplan-Meier method20 and dif-
ferences between groups were compared with the log-rank test.
Data were analyzed with SPSS Statistics 17.0 software (SPSS

Inc, Chicago IL, USA).

Results

Baseline characteristics
A total of 131 patients receiving first salvage chemother-

apy with GDP were identified (Table 1).  Their median age
was 37 years (range, 18-65), 60% patients were male, and
79% had nodular sclerosis histology. At diagnosis, most
patients had advanced stage HL, and 65% had achieved at
least a partial remission in response to primary chemother-
apy, which was ABVD (doxorubicin, bleomycin, vinblas-
tine, dacarbazine) in the majority of patients. Forty per-
cent of patients had primary refractory HL, and 60% had
relapsed disease (27% relapsed within 12 months and
33% relapsed ≥12 months after completion of primary
chemotherapy). Most relapses were also advanced stage;
28% patients had B symptoms and a minority had bulky
disease.

Responses to first-line salvage gemcitabine,
dexamethasone and cisplatin
Figure 1 displays the responses to GDP, and the subse-

quent management of patients according to the aforemen-

tioned treatment algorithm. After two cycles of GDP,
19/131 (15%) patients achieved a complete remission and
80 (61%) achieved a partial remission (overall response
rate, 76%), and all proceeded to ASCT. Twenty-two
(17%) patients achieved stable disease, of whom 13 pro-
ceeded directly to ASCT on the basis of gallium scan neg-
ativity and disease bulk <5 cm, in accordance with the
local treatment algorithm. The remaining nine patients
whose disease remained stable despite treatment with
GDP (4 gallium-positive, 4 bulk ≥5 cm, 1 both) as well as
the ten patients with disease progression on GDP (all gal-
lium-positive) received second salvage with mini-BEAM
as their disease was felt to be resistant to platinum-based
chemotherapy.

Responses to second-line salvage mini-BEAM therapy
A total of 19 patients received second salvage

chemotherapy with mini-BEAM (Table 1). The median
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Table 1. Comparison of baseline characteristics and outcomes
between different cohort subsets.
Characteristics Lines of salvage chemotherapy

First salvage GDP First salvage GDP, then
(n=131) second salvage with

mini-BEAM (n=19)
N. % N. %

Characteristics at initial diagnosis

Age, years
Median 37 30
Range 18-65 19-64

Male gender 78 60 13 68
Histology
Nodular sclerosis 103 79 11 58
Mixed cellularity 5 4 1 5
Nodular LP 4 3 0 0
Not classified 19 14 7 37
or unknown

Stage
Limited 27 21 1 5
Advanced 104 79 18 95
Primary radiotherapy 36 28 3 16

Characteristics at relapse

Stage
Limited 47 36 3 16
Advanced 84 64 16 84
B symptoms 37 28 10 53
Largest mass, cm
Median 4 6
Range 1-12 2-10
Bulky mass* 7/112 6 1/17 6
Response to primary therapy
Primary refractory 53 40 13 68
Relapsed disease
Early (<12 months) 35 27 6 32
Late (≥12 months) 43 33 0 0

ASCT after last salvage 112 85 9 47
Consolidative 33/112 29 1/9 11
radiotherapy 
post-ASCT**

* Number of patients/total number of patients with data; ** Number of patients/total
number of patients after ASCT; LP: lymphocyte predominant.



age of these patients was 30 years (range, 19-64), 68%
were male, and 58% had nodular sclerosis histology. The
majority of patients had advanced stage HL both at diag-
nosis and progression, with 53% patients experiencing B
symptoms during the latter. Sixty-eight percent of patients
had primary refractory HL, and 32% had relapsed disease
(all relapsed within 12 months of primary chemotherapy).
Patients receiving mini-BEAM were similar, with regards
to age, gender, use of primary radiotherapy, and stage at
diagnosis and progression, to those who had responded to
GDP and proceeded directly to ASCT (n=112). However,
compared to this latter subgroup, in the group receiving
mini-BEAM there was a lower proportion of patients with
nodular sclerosis histology (58% versus 82%, P=0.030),
more B symptoms at progression (53% versus 24%,
P=0.024), bulkier masses (median 6 cm versus 4 cm,
P=0.049), and lower rates of chemosensitivity to primary
therapy including primary refractory disease (68% versus
36%, P=0.011) and late relapses (0 versus 38%, P=0.006).
Patients received a median of one cycle of mini-BEAM

(range, 1-3), and over 50% received only one cycle.
Following mini-BEAM, six of 19 patients achieved a par-
tial remission; no complete remissions were documented
(overall response rate 32%). Five patients achieved stable
disease, as determined by computed tomography imaging,
of whom three proceeded directly to ASCT on the basis of
negative functional imaging by gallium scans and disease
bulk <5 cm, while the other two patients remained galli-
um avid and were felt to have chemo-refractory disease.
The remaining eight of 19 patients who received mini-
BEAM had progressive disease and did not proceed to
ASCT. The majority (68%) of the patients treated with
mini-BEAM had primary refractory disease, and their
overall response rate to mini-BEAM was lower than that
of patients with relapsed disease (15% versus 67%,
P=0.046) (Figure 1 and Table 2).
Nine of the 19 patients who received second salvage

with mini-BEAM underwent ASCT, while the other ten
patients did not proceed to ASCT. Compared to patients
who underwent ASCT following mini-BEAM, these ten
patients had a higher proportion of primary refractory HL
(100% versus 33%, P=0.003) and a greater median mass

size at progression (7 cm versus 4 cm, P=0.040). All other
characteristics were similar between these two subgroups.
Seven patients subsequently received palliative radiother-
apy, and four patients received palliative systemic therapy.
All patients have died, with a median overall survival of 3
months (range, 0 – 1.3 years), and 2-year progression-free
survival of 0%.

Outcomes following salvage chemotherapy
With a median follow-up of 3.3 years (range, 0.4-8.5),

the 5-year progression-free and overall survival rates were
11% and 20%, respectively, for the 19 patients treated
with mini-BEAM (Figure 3). In addition to the ten patients
with progressive disease, seven of nine patients trans-
planted after mini-BEAM relapsed. Two of these seven
patients (one with relapsed and the other with refractory
HL) received salvage radiotherapy upon disease progres-
sion, and remain alive 6.6 and 4.8 years after ASCT.
Finally, only two of 19 patients transplanted after mini-
BEAM required no further treatment (both had refractory
HL) and remain in remission with 1.8 and 3.5 years of fol-
low-up.  Consolidative radiotherapy was given to the for-
mer patient. The latter patient received no further treat-
ment after ASCT, and died of an unrelated cause without
known progression of HL.
In patients transplanted after second salvage therapy the

median progression-free survival was 4 months (range, 0 –
3.5 years) and the median overall survival was 3.5 years
(range, 4 months – 6.6 years) (Figure 3). These outcomes
are significantly worse than those of patients transplanted
after first salvage, for whom the median progression-free
and overall survivals have not been reached. To date, one
patient transplanted after GDP has developed myelodys-
plastic syndrome, and no cases of acute myeloid leukemia
have been documented.

Discussion

We observed an overall response rate of 32% to mini-
BEAM as a second salvage treatment in patients who did

Figure 2. Progression-free survival (solid line) and overall survival
(dotted line) of the 19 patients receiving mini-BEAM. Because ten
patients developed progressive disease immediately after mini-
BEAM, the progression-free survival curve does not begin at 1.0.

Table 2. Response rates to first and second salvage regimens. The term “pri-
mary refractory” and “relapsed disease” refer to the patients’ status after pri-
mary chemotherapy.
Regimen Relapse type Total CR/PR SD/PD ORR P

(n) (n) (n) (%)

GDP
Overall 131 99 32 76 N/A

Primary refractory 53 32 21 60
Relapsed disease 86 0.020
Early (<12 months) 35 28 7
Late (≥12 months) 43 39 4

Mini-BEAM
Overall 19 6 13 32 N/A

Primary refractory 13 2 11 15
Relapsed disease 67
Early (<12 months) 6 4 2 0.046
Early (>12 months) 0 0 0

CR. complete remission; PR: partial remission; SD: stable disease; PD: progressive disease; ORR:
overall response rate; N/A: not applicable.
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not respond adequately to GDP, a platinum-containing sal-
vage regimen. As would be expected, this rate appears
much lower than the overall response rate for mini-
BEAM as first salvage therapy reported in the literature,11-
14 and is likely a reflection of the high proportion of
patients with advanced stage and disease refractory to
anthracycline-based and subsequent platinum-based sal-
vage therapy. These two characteristics have been previ-
ously described as negative prognostic factors for free-
dom from treatment failure and overall survival in
prospective21,22 and retrospective23 studies of patients with
relapsed/refractory HL receiving salvage chemotherapy
and ASCT. In these studies, the prognostic impact of
chemoresistance was shown for patients with an initial
remission lasting less than 12 months, as well as those
with primary refractory HL.
Even though some platinum-refractory patients

responding to third-line mini-BEAM were able to proceed
to ASCT, their outcomes were suboptimal. Patients
receiving two or more lines of chemotherapy before
ASCT are known to have higher rates of treatment failure,
higher transplant-related mortality, and decreased sur-
vival.11,21,24-27 For example, by multivariate analyses, in the
study by Sureda et al. (n=494), patients with
relapsed/refractory HL who received two or more lines of
chemotherapy prior to ASCT had a worse overall survival
(HR 2.58, P<0.001),26 and in the study by Nademanee et al.
(n=85), the number of chemotherapy regimens prior to
ASCT was associated with worse overall survival (HR 3.9,
P=0.003).25 In the present study, the utility of mini-BEAM
prior to ASCT appears modest, with a disappointing
median progression-free survival of 4 months and only
two of nine (22%) patients remaining disease-free after
transplantation. It is, therefore, debatable whether the low
probability of long-term benefit from such treatment
intensity in the form of ASCT outweighs its morbidity
and risks. 
Functional imaging by gallium and PET scanning after

first-line salvage chemotherapy (and prior to ASCT) in
patients with relapsed/refractory HL predicts both pro-
gression/event-free and overall survival.28-33 Although PET
has largely replaced gallium scanning for response assess-
ment in many centers, limited data suggest that both
modalities are similarly effective at predicting outcome
prior to ASCT.28,30,31 However, it is unknown whether
functional imaging, in particular PET, could be used to
identify those patients who may benefit from ASCT after
more than one line of salvage therapy. In the present
study, gallium status was only known for five of ten
patients undergoing ASCT after mini-BEAM. Given the
poor outcomes experienced by this small group of
patients, it is possible that functional imaging has less
prognostic significance in this setting because this is a
more heavily pre-treated group of patients than many
reported in the PET series.28-33 Larger prospective studies
are needed to determine whether functional imaging is
able to determine which groups of patients defined by
PET-determined response may benefit from ASCT. While
a treatment algorithm adapted according to PET-deter-
mined response could be utilized to improve outcomes for
these poor prognosis patients, there are no published
reports evaluating this strategy.
There is a paucity of published data describing the

response rate and outcomes to second salvage chemother-
apy given with the intent to proceed to ASCT. In an earlier

cohort study of 37 patients with relapsed/refractory HL
receiving first-line salvage therapy with DHAP, ten
patients had a suboptimal response and received alterna-
tive salvage regimens (mini-BEAM, CEP, augmented CVP),
of whom six achieved at least a partial remission and pro-
ceeded to ASCT.34 In a similar cohort, mini-BEAM allowed
eight of 11 patients with an insufficient response to first
salvage therapy with DHAP to proceed to ASCT, and four
of them achieved a durable complete remission.35 In a
small study by Ardeshna et al., six of 17 HL patients given
second-line salvage chemotherapy had a satisfactory
response and proceeded to stem cell transplantation (3
allotransplants, 3 ASCT), which resulted in complete
remission and long-term remission in five patients.36 The
results presented in these studies are of limited value, as
they include small, mixed populations (non-Hodgkin’s
lymphoma and HL) of highly-selected patients receiving
heterogeneous treatments for which detailed outcome
data are not provided. These studies provided the ration-
ale for the present study, which is the largest published
series evaluating response to second-line chemotherapy in
this population of patients.
Our results are limited by the small number of patients

studied due to the rarity of the condition under investiga-
tion, as well as to the favorable response rates with sec-
ond-line regimens in HL.  Given the lack of phase III data
examining stem cell transplantation in patients in whom
salvage chemotherapy has failed (mini-BEAM or dexa-
BEAM in the published trials testing ASCT as the experi-
mental arm), it is relevant to compare patients who do and
do not undergo ASCT; if post-ASCT patients had favor-
able outcomes, this would validate the strategy of pursu-
ing aggressive salvage chemotherapy in cases of platinum
failure in an attempt to proceed to ASCT. However,
because of the higher rate of treatment failure in this
group, further modification to this strategy, such as alter-
native salvage therapy incorporating novel agents, mainte-
nance therapy or tandem ASCT should be studied.
Strategies employing successive intensive systemic ther-

apies should be abandoned and these patients should be
offered alternative treatment modalities in lieu of conven-
tional cytotoxic chemotherapy. The incorporation of
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Figure 3. Overall survival of patients transplanted after first salvage
(GDP) versus second salvage (mini-BEAM).
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novel agents as part of salvage or maintenance (such as
brentuximab vedotin, panobinostat, and lenalidomide)
should be considered. Alternatively, tandem ASCT may
be considered in patients in whom salvage chemotherapy
was failed. Four prospective studies have evaluated tan-
dem ASCT in patients with primary refractory and high-
risk relapsed HL selected for different poor prognostic fac-
tors, suggesting that this strategy compares favorably to
single ASCT, with high response rates and the potential
for durable remissions while maintaining an acceptable
toxicity profile.22,37-39 Additionally, allogeneic stem cell
transplantation following reduced intensity conditioning
(RIC-allogeneic SCT) may also be useful in patients with
relapsed/refractory HL in whom salvage therapy, includ-
ing ASCT, has failed. The reported relatively low relapse
rate, presumably as a result of a graft-versus-tumor effect,
comes at the expense of high morbidity and mortality
associated with this procedure.40-45 Furthermore, RIC-allo-
geneic SCT has been demonstrated to produce inferior
outcomes in patients with chemorefractory disease and
thus is not likely to be a successful strategy in this popula-
tion.

In summary, patients with HL resistant to GDP are
infrequently rescued by second-line salvage mini-BEAM
therapy, even when they eventually proceed to ASCT.
Data in this area will continue to be limited due to the
small number of patients reported in series and the retro-
spective nature of the analyses. In these patients, prospec-
tive evaluation of alternative treatment modalities should
be considered, including the incorporation of novel agents
into the patients’ management, as well as dose-intensive
strategies that could include tandem autografting or RIC-
allogeneic SCT, and innovative strategies to reduce relapse
after stem cell transplantation.
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