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Background and Objectives. In this work we examine
the characteristics and outcome of patients with Hodgk-
in’s disease (HD) treated with high-dose therapy (HDT)
and autologous transplantation at our Institute between
1982 to 2000.

Design and Methods. A retrospective analysis was per-
formed examining patients’ characteristics, prior chemo-
therapy regimens, pre-transplant disease status, HDT reg-
imen, source of stem cells, time for hematopoietic recov-
ery, complications of transplantation, response rates,
overall survival (OS) and relapse-free survival (RFS).

Results. Ninety-seven patients with HD were treated
and had estimated 10-year OS and RFS rates of 32% and
60%, respectively. Disease status (sensitive vs. refracto-
ry) before HDT was the most powerful predictive parame-
ter for OS and RFS in both univariate and multivariate
analyses. The rate of transplant-related mortality in the
whole cohort was only 1% whereas the rate of second
malignancies was 3%.

Interpretation and Conclusions. Our results confirm
that HDT with autologous transplantation is associated
with a durable RFS in a remarkable proportion of HD
patients and that the procedure has a very low global ear-
ly and late toxicity.

Key words: chemotherapy, ABMT, Hodgkin’s disease,
relapse-free survival.
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In advanced Hodgkin’s disease (HD), current conven-
tional chemotherapy regimens with/without radia-
tion therapy can provide overall  complete remission

(CR) rates of over 80%.1,2 However, this approach has
two limits. On the one hand, overtreatment of favorable
cases needs to be avoided (because of unacceptable
side-effects). On the other, alternative approaches are
necessary for markedly unfavorable subgroups that are
associated with very high rates of failure and/or relapse.
In fact, 30% to 50% of such patients undergo disease
progression during initial therapy or relapse after hav-
ing obtained a CR.3-5 Those patients who are primarily
refractory to chemotherapy or who relapse after more
than one chemotherapy regimen have a poor progno-
sis, and only about 20% of them have a long-term
relapse-free survival (RFS).6,7 High-dose therapy (HDT)
with autologous transplantation can provide sustained
remissions in patients with advanced refractory or
recurrent HD, as reported in retrospective series.8-22

Among the few prospective studies that have evaluat-
ed the role of HDT in this setting,23-26 both randomized
trials did not demonstrate a clear advantage in terms
of RFS over conventional-dose treatment.25,26 Response
to first-line conventional chemotherapy has been
shown to constitute a good predictor of outcome, and
early restaging may help to identify poor responders to
such treatment.27,28 The patients most likely to benefit
from HDT are those who have received limited prior
chemotherapy, lack constitutional symptoms and have
disease that is chemotherapy-sensitive, non-bulky and
does not involve extranodal sites.29-32

Herein, we report on our experience with a large
series of patients with HD who received autologous
transplantation in our institution between 1982 and
2000.

Design and Methods

Patients
We performed a retrospective analysis of 97 consec-

utive HD patients who were submitted to HDT with
autologous transplantation at the Seràgnoli Institute
of Hematology and Medical Oncology between 1982
and 2000. Patients’ records were independently
reviewed and the diagnosis confirmed by two investi-
gators (MT and AG). Radiological investigations per-
formed pre- and post-transplant were centrally
reviewed (by MZ). All patients had biopsy-proven HD,
and all specimens underwent central pathology review
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(by SP). All patients were transplanted using  Insti-
tutional review board-approved protocols and gave
written informed consent. Patients had received
either ABVD (doxorubicin, bleomycin, vinblastine
and dacarbazine), MOPP (mustine hydrochloride,
vincristine, procarbazine and prednisolone) or both,
with/without radiation therapy as first-line treat-
ment. CEP (CCNU, etoposide and prednimustine)
and IEV (ifosfamide, epirubicin and etoposide) were
used as second- and third-line regimens. Staging
and restaging investigations (according to the Ann
Arbor staging system) included chest X-ray and
computed tomography scans and bone marrow
biopsy (which was repeated if previously positive);
gallium scans were performed when clinically indi-
cated. Bulky disease was defined as the presence of
a lesion with a maximum dimension exceeding 10
cm.

Conditioning regimen for transplantation
All patients were conditioned with chemothera-

py: 89 received BEAM (carmustine 300 mg/m2, day
-7; etoposide 200 mg/m2 and cytarabine 200
mg/m2 given twice a day, day -6 to day -3; mel-
phalan 140 mg/m2, day -2), and 8 received CVB
(cyclophosphamide 1500 mg/m2, day -6 to -3; eto-
poside 250 mg/m2, day -6 to -4; carmustine 300
mg/m2, day -6).

Source of stem cells
Stem cell were obtained from bone marrow for

69 patients (71%). A median number of 2.23×
108/kg (0.70-16.8) nucleated cells were infused.
Mobilized peripheral blood was used for the
remaining 28 (29%) patients; all these patients
received IEV salvage chemotherapy (ifosfamide
2,500 mg/m2/day, days 1 to 3; epirubicin 100
mg/m2 on day 1; etoposide 150 mg/m2, days 1 to
3) plus granulocyte colony-stimulating factor (G-
CSF),33 and achieved the defined minimum trans-
plant dose of 2×106 CD34+ cells/kg with one (20
cases) or two (8 cases) aphereses. Eighty-three
(86%) patients were given G-CSF 5 µg/kg/day s.c.
from day +1 post-transplant until engraftment.

Response criteria and statistical analysis
CR and partial response (PR) were defined

according to international criteria.34 Patients were
classified as having resistant disease if their HD
progressed through their initial combination che-
motherapy treatment (refractory) or if their
relapsed disease showed less than a PR to conven-
tional salvage therapy immediately before trans-
plant (resistant relapse). Overall survival (OS),
relapse-free survival (RFS), and progression-free
survival (PFS) curves were calculated according to
the method of Kaplan and Meier.35 OS was mea-
sured from the time of stem-cell infusion until
death or last follow-up; RFS was calculated from

the time of infusion until date of relapse; PFS was
calculated from the time of infusion until date of
progression (for this end-point, toxic deaths and
second malignancies were censored).

Comparison of the survival curves in univariate
analysis was performed using the log-rank test.36

Comparison of continuous variables was performed
by Mann-Whitney’s U test and linear regression
analysis. Multivariate analysis was performed using
a forward stepwise Cox proportional hazards mod-
el. The prognostic factors analyzed for both RFS and
OS were sex, histology, conditioning regimen, dis-
ease status at transplant (sensitive vs. refractory),
stem cell source, age, stage (limited vs. advanced),
B symptoms, mediastinal involvement, bone mar-
row involvement, bulky disease, and extranodal
involvement (the last six characteristics were eval-
uated both at diagnosis and transplant). All p val-
ues reported are two-sided and statistical signifi-
cance was defined as a p value less than 0.05. The
statistical analyses were computed with SPSS sta-
tistical software (SPSS, Inc, Chicago, IL, USA).

Results

The patients’ characteristics at diagnosis and
before HDT are detailed in Tables 1 and 2, respec-
tively. The majority of patients had advanced dis-
ease at presentation, with more 80% having either
stage III or IV disease. The median time from diag-
nosis to transplantation was 2.5 years (range 0.6-
6.7 years) and patients had received a median of
two prior chemotherapy regimens. At the time of
HDT, 18 (19%) patients had primary refractory dis-
ease while 10 (10%) patients were in second CR.
The median time to absolute neutrophil count
(ANC) recovery to ≥ 0.5×109/L was 13 days (range
9-17 days) in the peripheral blood subset and 18
days (range 9-30 days) in the bone marrow subset.
The median time to recovery of platelets to ≥ 20
×109/L was 16 days (range 11-37 days) in the
peripheral blood subset and 21 days (range 15-67
days) in the bone marrow subset.

Response to HDT
A total of 71 (73%) patients responded to HDT,

with 65 (67%) CR and  6 (6%) PR. Table 3 summa-
rizes the clinical response to HDT according to the
pre-transplant status. As shown in Figures 1 and 2,
the probabilities of RFS and OS after a median fol-
low-up of 45 months (range 2-205 months)  from
HDT were 60% and 32% at 10 years, respectively.
Beyond the 6-year mark, no event has been
observed. Figures 3 and 4 show OS and PFS curves
according to chemosensitivity prior to transplant
(sensitive versus resistant patients). At 10 years the
OS was 58% for the sensitive subset and 28% for
the resistant subset (p = 0.0000); the PFS was 75%
for the sensitive subset and 50% for the resistant
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subset (p=0.05). Of the 65 patients who obtained
CR, 44 (68%) are still in CR, while the remaining 21
patients relapsed within 5 years of receiving HDT
(Figure 5).

Events
The rate of transplant-related mortality (within

90 days of transplant) was 1%, as this event
occurred in 1/97 patients. At the time of writing,
44/97 (45%) patients are in continuous CR (11 in

first CR and 33 in second or further CR), 16 are
alive with lymphoma and 37 have died. Concern-
ing the causes of death, 33 patients died of pro-
gressive disease, one patient of infection (at day
+78), and 3 patients died from other hematologic
malignancies: one case of high-grade non-Hodgk-
in’s lymphoma 22 months post-HDT and 2 cases of
acute myeloid leukemia (AML) at 32 and 45
months. The 6-year incidence of second malignan-
cies is thus 3% (3/97). The two patients who devel-
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Table 1. Characteristics  of the patients at diagnosis.

Characteristics No.

Sex (M/F) 56/41 (58/42%)

Age (Years)

Median 29

Range 11-59

Ann Arbor stage

II 29 (30%)

III 40 (41%)

IV 28 (29%)

Mediastinal Involvement 74 (76%)

Histology

NS 84 (87%)

MC 7 (7%)

LP 2 (2%)

LD 4 (4%)

Bone marrow involvement 20 (21%)

B symptoms 56 (58%)

Bulky disease 22 (23%)

Extranodal involvement ≥ 2 26 (27%)

Splenectomy 21 (22%)

Front line chemotherapy

MOPP 11 (11%)

ABVD 39 (40%)

MOPP+ABVD 47 (48%)

Radiation therapy 52 (54%)

Time to first progression

≤ 12 months 30 (31%)

> 12 months 67 (69%)

NS: nodular sclerosis; MC: mixed cellularity; LP: lymphocyte predominant
disease; LD: lymphocyte depleted disease.

Table 2. Characteristics of the patients before HDT.

Characteristics No.

Ann Arbor stage

II 17 (18%)

III 52 (54%)

IV 28 (29%)

Mediastinal involvement 50 (52%)

Bone marrow involvement 10 (10%)

B symptoms 50 (52%)

Bulky disease 20 (21%)

Extranodal involvement ≥ 2 23 (24%)

Conditioning regimen

BEAM 89 (92%)

CVB 8 (8%)

Stem cell source

Bone marrow 69 (71%)

Peripheral blood 28 (29%)

Disease status

II CR 10 (10%)

PR 10 (10%)

Refractory 18 (19%)

Responding relapse 26 (27%)

Resistant relapse 19 (20%)

Untested relapse 14 (14%)

Number of therapies

1 3 (3%)

2 64 (66%)

3 25 (26%)

4 5 (50%)
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oped AML had been globally treated with MOPP (×
4 or 10 courses) plus ABVD (× 4 courses) and with
HDT (BEAM as conditioning regimen). The current
status of the entire population with respect to pre-
HDT status is summarized in Table 4.

Statistical analysis
On univariate analysis, four factors were found to

influence OS and RFS: sex (female advantage) (p=
0.02 and p= 0.04, respectively); B symptoms (p=
0.04 and p= 0.05); mediastinal involvement (p=
0.02 and p= 0.04); pre-HDT status (p= 0.0006 and
p= 0.003). At multivariate analysis only the pre-
HDT status (sensitive vs. refractory) remained sig-
nificant for OS (p= 0.0007) and RFS (p= 0.004).

Discussion

HDT with autologous transplantation for HD is a
continually evolving field. Since its introduction 20
years ago, HDT has become the treatment of choice
for the many patients who either fail to respond to
induction therapy or who subsequently relapse. In

Table 3. Clinical response to HDT according to the pre-trans-
plant status.

Status pre-HDT No. Patients CR (%)

II CR 10 10(100)

PR 10 9 (90)

Refractory 18 8 (45)

Responding relapse 26 19 (73)

Resistant relapse 19 8 (42)

Untested relapse 14 11 (79)

Table 4. Actual status of all patients according to the pre-
HDT status.

Status Pre-HDT Actual status

CCR (%) AWL LRD DOC

Second CR 5/10 (50) 1 3 1

PR 5/10 (50) 2 2 1

Refractory 4/18 (22) 4 10 −

Responding relapse 18/26 (69) 3 5 −

Resistant relapse 3/19 (16) 5 10 1

Untested relapse 9/14 (64) 1 3 1

CCR: continuous CR; AWL: alive with lymphoma; LRD: lymphoma-related death;
DOC: death from other causes.

Figure 1. RFS curve of 65 patients who obtained CR with
HDT and autologous transplantation.

Figure 2. OS curve of all patients.

Figure 3. OS curves comparing the subset of sensitive
patients versus the subset of resistant patients.
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particular, conventional chemotherapy remains the
treatment of choice for patients who relapse after
radiation therapy for early stage HD.5,37,38 Increas-
ing adoption of  HDT with transplantation has also
been encouraged worldwide by the reductions in
treatment-related mortality achieved over recent
years. Although only two randomized controlled
trials25,26 and two historical cohort studies14,39 are
available to support the use of HDT with trans-
plantation in HD patients, the reproducibility of
results from many single-center and registry stud-
ies, and their superiority over historical control data
regarding conventional chemotherapy, highlight
the efficacy of this approach. Many studies confirm
5-year RFS rates of 40%-60% following HDT, along
with OS rates of 30%-40%.8-22,40

Our results highlight how HDT with transplanta-
tion can induce long-term disease control in a
cohort of patients with refractory/relapsed HD.
Subsets of patients treated while in PR or with
untested or responding relapses showed CR rates
greater than 70%. On the other hand, the resistant
relapse subgroup had a CR rate of only 42%. Glob-
ally, 65% of patients obtained CR, and with a medi-
an follow-up of 4 years 45% of all patients and
68% of those who had CR are in CCR with 10-year
RFS and OS curves of 60% and 32%, respectively.
The treatment-related mortality rate in this series
was 1%, a very low rate considering the range
reported by other centers. The 6-year cumulative
incidence of second malignancies was 3%, and the
actuarial incidence is similar to that found in other
reports.41,42 Despite the low number of patients, the
only prognostic factor influencing both RFS and OS
that remained significant at both univariate and
multivariate analysis was pre-HDT status. These
findings underline the positive influence of
chemosensitive disease on the outcome of autolo-

gous transplantation.
We have probably cured almost half the HD

patients we submitted to HDT and  transplantation,
with very low risks of treatment-related mortality or
second malignancies. It should be noted that 80%
of our patients were refractory or had relapsed: such
patients have little or no chance of cure with con-
ventional chemotherapy.22,33

The therapeutic alternatives for patients who
relapse after HDT with transplantation are limited.
This is a setting in which new drugs (such as gem-
citabine)43,44 or therapeutic approaches (such as
monoclonal antibodies), may be tested as alterna-
tives to the difficult and unsatisfactory option of
allogeneic bone marrow transplantation or the less
toxic approach of non-myeloablative allogeneic
transplantation.

An important role for extrapolating the identik-
it of relapsed/refractory patients who can benefit
from autologous transplant is played by the Inter-
national Prognostic Factors Project score.45 Bier-
man et al. recently demonstrated that the score is
useful also in this subset of patients.46 For upcom-
ing prospective trials it will be essential to include
all the score factors in the patients’ records.

In conclusion, autologous transplantation
appears to increase the RFS of HD in patients who
fail to enter CR after induction therapy. When a
patient relapses after a CR, HDT with transplanta-
tion is probably the best option, especially if the
remission lasted for less than 1 year and in patients
with late relapses.26 Open questions regarding the
role of HDT in patients with multiple relapses or in
high-risk newly diagnosed patients would ideally
be answered by randomized control trials. It is
important, however, to be aware of the changes
that are occurring in the therapy of newly diag-
nosed and relapsed/refractory HD patients (stan-

Figure 4. PFS curves comparing the subset of sensitive
patients versus the subset of resistant patients.

Figure 5. Relapse curve following HDT with autologous
transplantation.
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dard and escalated BEACOPP, Stanford V),47,48 and
of the impact that these changes may or may not
have on the possibilities and the role of autolo-
gous transplantation. 
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What is already known on this topic
High-dose cytotoxic therapy followed by blood or

marrow transplantation has become the treatment of
choice for refractory of relapsed Hodgkin's disease.
Both retrospective and prospective randomized tri-
als have shown it to provide a better long-term dis-
ease-free survival for these patients than conven-
tional dose salvage therapy. 

What this study adds
This study confirms the safety (transplant-related

mortality of 1%) and effectiveness of transplantation
in relapsed/refractory Hodgkin's disease in a series
with one of the longest follow-ups on record.

Caveats 
The role of allogeneic transplantation in a disease

affecting young patients still needs to be defined.
There are data suggesting that the allogeneic trans-
plantation may  significantly decrease relapse and
prevent secondary leukemia compared to autologous
transplantation; thus, some patients with matched
sibling donors may benefit from consideration of this
approach.




