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Autologous stem cell transplantation with selected CD34+ cells
and unmanipulated peripheral blood stem cells in patients with relapsed
and refractory Hodgkin’s lymphoma: a single centre experience
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With the aim to evaluate the long term outcome after high-dose chemotherapy and autologous stem cell transplantation
(HDCT+ASCT) in patients with relapsed or refractory Hodgkin’s lymphoma (HL) we performed a retrospective analysis of
patients transplanted at our centre. Between January 1993 and December 2005, 126 consecutive patients with relapsed or
refractory HL in the age of 16 to 65 years underwent HDCT+ASCT at our centre and were enrolled in this retrospective
analysis. Patients were autografted with either CD34+ positively selected or unmanipulated periferal blood stem cells (PBSC).
With a median follow up of 69 months (3-162 months), the actuarial 5-y PFS and OS for all patients after HDCT+ASCT
were 59% and 72%, respectively. In patients transplanted from 1996 the actuarial 5-y PFS and OS for CD34+ selected group
were 64% and 79% and for unmanipulated PBSC group 63% and 66%, respectively. A total of 42/126 (33%) patients died.
Treatment related mortality (TRM) was 3% (4 patients). In univariate analysis, chemosensitive disease and increased LDH
were the strongest prognostic factors for PFS and OS. Our results confirm the efficacy of HDCT+ASCT in relapsed or
refractory HL with acceptable toxicity. The use of CD34+ positively selected stem cells for autografting is feasible, safe and
effective procedure.
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High-dose therapy with autologous stem cell transplantation
has been tested extensively in the last years in patients with re-
lapsed and refractory HL. The results of two randomized studies
have demonstrated significant improvement in event free and
progression free survival for patients treated with HDCT+ASCT
compared with standard-dose second line chemotherapy. Nei-
ther of the trials was powered to show OS advantage [1, 2].

In the recent years PBSC have replaced bone marrow (BM)
as the stem cell source, because of faster haematological re-
covery when the PBSC were reinfused [3]. The EBMT registry
data indicated a less favourable outcome in patients supported
with PBSC when compared to those supported with BM [4].
It has been shown that tumor cells from various tumors are
mobilised together with the CD34+ stem cells [5, 6]. More-
over, the presence of circulating CD30+ clonogenic tumor
cells in patients with HL has been demonstrated [5–7]. Con-
tamination of the graft with Hodgkin’s tumor cells might be
one of the factors contributing to relapse. The positive selec-

tion of CD34+ cells from PBSC has been proven to be an
effective in-vitro purging method in diverse cancer types. The
reduction of 3-4 logs tumor cells in the graft can be achieved
without a negative effect on the haematological recovery af-
ter HDCT [8, 9]. There have been reported encouraging results
in patients with HL, when positively selected CD34+ stem
cells were used [10, 24]. However a correlation between the
contamination of the graft with the CD30+ tumor cells and
the incidence of relapse after transplantation has not been
tested in the setting of a randomised trial.

We performed a retrospective analysis of 126 HL patients
transplanted at our centre to determine the long term outcome
and toxicity of this treatment strategy We assessed also the
role of use of CD34+ positively selected stem cells in patients
with relapsed or refractory HL.

Patients and methods

Patient selection. Between January 1993 and December
2005, 126 consecutive adult patients with relapsed or refrac-



429AUTOLOGOUS STEM CELL TRANSPLANTATION IN HODGKIN’S LYMPHOMA

tory HL received HDCT+ASCT at our centre and were in-
cluded in this retrospective analysis. To be eligible for
HDCT+ASCT, patients between the age of 16 and 65 years
had to have either failed to enter a complete remission (CR)
or relapsed after conventional multiagent chemotherapy.
Rebiopsy at the time of disease progression or relapse was
recommended. Other criteria for eligibility were Eastern Co-
operative Oncology Group (ECOG) performance status ≤ 2;
adequate cardiac, pulmonary, renal, and liver function. Pa-
tients were required to test negative for antibody against HIV
and to be free of active infection. Pre-treatment evaluation
included medical history; physical examination; complete
blood count; liver and renal function tests; erythrocyte sedi-
mentation rate; computed tomography (CT) of chest,
abdomen, and pelvis; bone marrow biopsy. In addition, lung
function test and echocardiography were routinely performed
before treatment. Each patient signed informed consent.

All patients had received front-line conventional chemo-
therapy with ABVD (adriamycine, bleomycine, vinblastine,
dacarbazine), modified hybrid protocol (lomustine, vincris-
tine, procarbazine, prednisone, adriamycine, bleomycine,
vinblastine), COPP/ABVD (cyslophosphamide, vincristine,
procarbazine, prednisone, adriamycine, bleomycine, vinblas-
tine, dacarbazine) or similar regimens.

Primary progressive disease was defined as either disease
progression during the first-line chemotherapy, or only
a transient response lasting ≤ 90 days after completion of the
first-line treatment. Progression was defined as either ≥ 25%
increase from nadir in the sum of the products of the greatest
diameter of any previously identified abnormal lesion for
partial responders or non-responders, and/or appearance of
any new lesion within ≤ 90 days after the end of therapy. Per-
sistent disease was defined as failure to achieve CR/CRu
(complete remission unconfirmed), based on routine radio-
logical assessment, after the first-line treatment. Patients with
PR, SD or with biopsy-proven persisting HL after the first
line therapy were allocated to this group. Patients with re-
lapsed HL had to have achieved CR/CRu for at least 3 months.
Early relapse required a CR lasting 3 to 12 months. Late re-
lapse was defined as relapse after CR lasting >12 months.
Multiple relapse was defined as the second or later relapse.

Treatment procedures. Before high-dose therapy patients
received cytoreductive chemotherapy, usually 2-3 cycles. In
not responding patients or, if progression occurred, alterna-
tive regimen was instituted. Cytoreductive regimens used were
DHAP (cisplatin, cytarabine, dexamethasone), mini-BEAM
(carmustine, etoposide, cytarabine, melphalan), IMED
(ifosphamide, methotrexate, etoposide, dexamethasone) and
ICE (ifosphamide, carboplatin, etoposide).

The conditioning regimen used was BEM (carmustine
300mg/m2 on day-7, melphalan 140mg/m2 on day -3 and
etoposide 100mg/m2 every 12 hours on day -6 to -3) or CBV
(cyclophosphamide 1.6g/m2 on day -5 to -3, etoposide 100mg/
m2 every 12 hours on day -6 to -3, and carmustine 300mg/m2

on day -6). Unmanipulated PBSC or positively selected CD34+

cells were reinfused on day 0 and G-CSF (filgrastim) was
administered from the day 0 until haematological recovery.
PBSC were mobilized after the second or third cycle of
cytoreductive chemotherapy using G-CSF (5μg/kg per day)
beginning on day 10–13 and continuing until the completion
of leukapheresis. Leukapheresis was performed daily until
1–2x106 CD34+ cells/kg were collected. From January 1996
protocol of positive CD34+ selection was introduced in pa-
tients with HL and the procedure was intended in all patients
with sufficient number of CD34+ cells in two apheresis prod-
ucts (at least 3x106 CD34+ cells/kg). The two apheresis products
were positively CD34+ selected according to the manufac-
turer. The mean purity of the positively selected CD34+ cells
was 90% (range 64–99%). The cells were stored in the pres-
ence of 7.5% DMSO in the vapour phase of a liquid nitrogen
tank at -196°C. The third, unmanipulated apheresis product
was stored as a back-up. Patients unable to mobilize suffi-
cient number of CD34+ cells for purging procedure (at least
3x106 CD34+ cells/kg) were autografted with unmanipulated
PBSC.

From the first day of conditioning regimen patients re-
ceived prophylactic antimicrobial treatment containing
ofloxacin, fluconazole and acyclovir. All blood products
were irradiated with 30 Gy to prevent transfusion-associ-
ated graft-versus-host disease. Prophylactic transfusion of
single-donor platelets was given if patient’s platelet count
was bellow 20x109/L or in the event of bleeding. Red blood
cells were transfused to maintain a haemoglobin level of
80 g/L or more, if clinically indicated. Consolidating in-
volved-field radiotherapy was indicated for residual masses
and was delivered after HDCT+ASCT to patients not previ-
ously irradiated.

Response assessment. Patients were restaged after
cytoreductive chemotherapy. All sites of initial disease were
reassessed by CT, and bone marrow (BM) biopsy, if BM
was involved. Chemoresistant disease was defined as a failure
to achieve at least PR. Patients with chemoresistant disease
were not excluded from HDCT+ASCT. The final response
evaluation was performed 2-3 months after transplantation.
Routine follow-up was carried out every 3 months during
the first two years, then every 6 months up to 5 years and
then yearly or whenever clinically indicated.

Definition of response. CR was defined as the complete
disappearance of all measurable clinical and radiographic
evidence of disease for at least 3 months. CRu was defined by
residual lymph-node presence >1.5 cm in greatest transverse
dimension that regressed by ≥ 75%. PR was defined as
a reduction in tumor mass by ≥ 50%, measured as the sum of
the product of the two largest perpendicular diameters of the
lesions.

Statistics. All statistical analysis and graphic was performed
using SPSS 12.0.1 for Windows (SPSS Inc., Chicago, IL,
USA). Demographics and disease characteristics were sum-
marized using descriptive statistics. Survival analyses were
performed according to the method of Kaplan and Maier and
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compared using the log-rank test. PFS was calculated from
the date of ASCT until one of the following events occurred:
relapse/progression, deaths from any cause, if none of these
occurred, to the date of last information on complete remis-
sion. OS was calculated from the date of ASCT up to the date
of death from any cause, or if no death occurred, to the last
documented information on the patient. Cause of death was
classified as progressive HL (including death from treatment
for relapse after transplantation), toxic death, classified as
death from any reason within 100 days after autografting and
other causes. A separate survival analysis for patients trans-
planted from 1996 was performed and the two groups, CD34+

positively selected and unmanipulated PBSC, were compared.
The prognostic significance of various factors was tested by
univariate Cox proportional hazards model using pre-defined
level α = 0.05. The following variables were evaluated as po-
tential prognostic factors for PFS and OS (at the time of
relapse/progression): age; stage; B-symptoms; extranodal in-

volvement; lung involvement, liver involvement; LDH;
autografting with positively CD34+ selected stem cells; num-
ber of cytoreductive regimens before HDCT+ASCT; number
of cycles of cytoreductive therapy; response to cytoreductive
therapy.

Results

Patient characteristics. One hundred twenty six patients
were included in this analysis. Patient characteristics at the
time of relapse/ progression are listed in Table 1. The median
age was 27 years (range 16–64 years). Twenty one patients
(17%) had persistent disease, 32 patients (25%) primary pro-
gressive disease, 30 patients (24%) early relapse, 23 patients
(18%) late relapse and 19 patients (15%) had multiple relapse.
Most of the patients, 79 (63%) had advanced stage (stage III/
IV) at the time of relapse/ progression. Sixty six patients (52%)
had extranodal involvement, 43 patients (34%) had lung in-
volvement and 15 patients (12%) had liver involvement. The
B-symptoms were present in 65 patients (52%). First-line
therapy consisted of modified hybrid regimen in 68 patients
(54%), ABVD in 38 patients (30%), other regimen in 15 pa-
tients (12%) and unknown therapy received 5 patients (4%).
Sixty two patients (49%) had been treated with combined
chemo-radiotherapy. Primary histology was as follows: nodu-
lar sclerosis (NS) in 87 patients (69%), mixed cellularity (MC)
in 28 patients (22%), lymphocyte predominance (LP) in 5 pa-
tients (4%) and lymphocyte depletion (LD) in 5 patients (4%).
Relapse or progression was biopsy-proven in 70 patients
(56 %).

Cytoreductive therapy. After documented relapse, pro-
gression or persistent disease all, but two patients received
cytoreductive therapy. Ninety one patients (72%) received
one cytoreductive regimen, 20 patients (16%) 2 regimens
and 13 patients (10%) received ≥ 3 regimens before
HDCT+ASCT. Fifty seven patients (45%) received 1-2
cycles of cytoreductive therapy, 47 patients (37%) received
3-4 cycles, and 20 patients (16%) received ≥ 5 cycles. The
most frequently regimen used was DHAP in 106 patients
(84%), thereinafter mini-BEAM in patients 25 (20%), IMED
in 11 patients (9%), ICE in 10 patients (8%), and other regi-
mens in 18 patients (14%).

HDCT+ASCT. All patients planned for transplantation,
underwent HDCT+ASCT irrespective of the effect of
cytoreductive therapy. Ninety one patients (72%) received
BEM, 21 patients (17%) received CBV and 14 patients
(11%) received other conditioning regimen. Eighty eight
patients (70%) received positively selected CD34+ cells, 38
patients (30%) received unmanipulated PBSC. A total of
31 patients (25%) had consolidating radiotherapy. At the
final evaluation the response rate for the entire group was
86% (109 patients). Sixty three patients (50%) achieved
CR/CRu, 46 patients (36%) PR, 14 patients (11%) SD and
in 2 patients (2%) PD was seen. Response rates are sum-
marized in Table 2.

Table 1. Patient characteristics of the whole set of patients at the time of
relapse/ progression

Patient characteristics n %

Gender
Men 69 55
Women 57 45

Median age (range)  27 (16-64) years
Duration of first remission 

Persistent disease 21 17
Primary progression 32 25
Early relapse 30 24
Late relapse 23 18
Multiple relapse 19 15
Unknown 1 1

Stage
I 3 2
II 44 35
III 11 9
IV 68 54

Extranodal involvement 66 52
Lung involvement 43 34
Liver involvement 15 12
B-symptoms 65 52
Chemotherapy

ABVD 38 30
Hybrid 68 54
Other 15 12
Unknown 5 4

Radiotherapy 62 49
Primary histology

LD 5 4
LP 5 4
MC 28 22
NS 87 69
Unknown 1 1

Histology at relapse 70 56

ABVD: adriamycine, bleomycine, vinblastine, dacarbazine; LD: lymphocyte
depletion; LP: lymphocyte predominance; MC: mixed cellularity; NS:
nodular sclerosis
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Haematological recovery after transplantation. Patients
autografted with unmanipulated PBSC received a median
number of 1.3x 106 (range 1.0–2.2) CD34+ cells/kg, the CD34+

positively selected group received a median number of 1.2x106

(range 0.2-6.8) CD34+ cells/kg. All 126 patients experienced
grade 4 neutropenia and thrombocytopenia. Recovery of ANC
>0.5x109/L occurred at a median of 12 days (range 6-63 days).
The unsupported platelet count of 30 x109 /L was reached at
a median of 24 days (range 10–220 days). Four patients died
of treatment toxicity and failed to achieve a complete engraft-
ment. As a late complication we observed autoimmune
thrombocytopenia (ITP) in 3 patients 14, 17 and 18 months
after transplantation and Evans syndrome in one patient 17
months after transplantation.

Survival and causes of death. With a median follow up
of 69 months (3–162 months) from diagnosis, the actuarial
5-y PFS and OS for all patients were 59% (95% CI [confi-
dence intervals], 50–68%) and 72% (95% CI, 63-82%),
respectively. The Kaplan-Meier plots for PFS and OS are
shown in Figure 1.

There are currently 82/126 (65%) patients alive, of them
70 patients (55%) are alive in durable remission after
HDCT+ASCT, 12 patients (10%) are alive after relapse, 2 pa-
tients (2%) are lost of follow up. A total of 42/126 (33%)
patients died during the observation period. The most fre-
quent cause of death was HL, in 31/42 patients (74%).
Secondary malignancy was the cause of death in 6/42 pa-
tients (14%) and pneumonia in 1/42 patient (2%). Toxic death
occurred in 4/126 patients resulting in 3% TRM. Forty seven
patients (37%) relapsed from 1 to 74 months (median
6 months) after transplantation. The majority of patients, 36/
47 patients (77%), relapsed within the first year after trans-
plantation. In 7/47 patients (15%) relapse occurred during
the second year and in 3/47 patients (7%) relapse occurred
more than two years after transplantation. Time to relapse,

causes of death and secondary malignancies are summarized
in Table 3. Figure 2 shows survival curves with respect to
the initial remission duration. The actuarial 5-y PFS and OS
for patients with persistent disease were 72% and 81%, for
primary progressive disease 55% and 64%, for early relapse

Table 2. Final response after HDCT+ASCT

  n %

Final response
Complete remission 63 50
Partial remission 46 36
Stable disease 14 11
Progressive disease 2 2
Unknown 1 1
Total 126 100

Table 3. Time to relapse, secondary malignancies and causes of death

n %

Time to relapse (n=47)
≤ 3 months 15 32
4 - 12 months 21 45
13 – 24 months 7 15
> 24 months 3 6
Unknown 1 2

Secondary malignancies 7 6
Secondary NHL 4 -
MDS/sAML 2 -
Soft tissue sarcoma 1 -

Causes of death (n=42)
Hodgkin’s lymphoma 31 74
Treatment related mortality 4 9
Secondary malignancy 6 14
Pneumonia 1 2

NHL: non-hodgkin’s lymphoma; MDS/sAML: myelodysplastic syndrome/
secondary acute myeloblastic leukaemia;
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Figure 1. Overall survival (OS) and progression free survival (PFS) for all patients (n=126)
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65% and 74%, for late relapse 48% and 75% and for mul-
tiple relapse 40% and 54%, respectively (Table 4). There
was no difference in terms of survival between the patients
with early and late relapse. The survival of patients with
primary progressive disease is worse compared with patients
with persistent disease; however the difference has not
reached statistical significance.

Kaplan Mayer curves for PFS and OS of patients trans-
planted from 1996 supported with CD34+ positively selected

stem cells (88 patients) and unmanipulated PBSC (19 patients)
are shown on Figure 3. Median follow of the entire subgroup
is 61 months (3–131 months).The actuarial 5-y PFS and OS
for the CD34+ selected group were 64% and 79%, and for
unmaniplated PBSC group 63% and 66%, respectively (Table
5). Table 6 shows a comparison of risk factors between the
CD34+ selected and unmanipulated PBSC group. There were
more patients with advanced stage of disease in the
unmanipulated PBSC group (84%) compared with CD34+ se-

Figure 2 Overall survival (OS) and progression free survival (PFS) with respect to duration of the first remission
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Figure 3. Overall survival (OS) and progression free survival (PFS) of the patients transplanted after 1996 given either selected CD 34+ cells or
unmanipulated PBSC.
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lected group (57%; P= 0.021). Other factors did not differ
significantly.

Prognostic factors. Results of univariate analysis of prognos-
tic factors for PFS and OS using Cox regression model are listed
in Table 7. In univariate analysis chemosensitive disease at the
time of relapse (P <0.001) and using of CD34+ positively se-
lected stem cells (P=0.010 and P=0.002, respectively) were
significant prognostic variables associated with improved PFS
and OS. Increased LDH level (P<0.001) and lung involvement
(P=0.010 and P=0.005, respectively) at the time of relapse were
associated with decreased PFS and OS. Moreover, extranodal
involvement was an adverse prognostic factor for OS (P=0.033).

Discussion

The objective of this analysis was to assess results of
HDCT+ASCT in 126 patients with relapsed or progressive
HL transplanted at our centre. Our aim was to determine the
long term outcome, clinical risk factors, toxicity of the treat-
ment and the role of use of the CD34+ positively selected stem
cells in patients with relapsed or refractory HL.

The following results emerge from this analysis: (i) The
complete program is feasible with acceptable acute toxicity
rate and low TRM (3%). (ii) There is no outcome difference
in terms of PFS and OS between early and late relapsed HL.

Table 4. Progression free survival (PFS) and overall survival (OS) at 5 years of the whole group of patients and according to duration of the first
remission

5 years PFS (95% CI) 5 years OS (95% CI)
n n

All patients 126 59% (50 – 68%) 124 72% (63 – 81%)
Persistent disease 22 72% (48 – 95%) 21  81% (61 – 100%)
Primary progressive disease 31 55% (37 – 72%) 31 64% (46 – 83%)
Early relapse 30 65% (46 – 83%) 30 74.% (56 – 92%)
Late relapse 23 48% (26 – 71%) 23 75% (56 – 95%)
Multiple relapses 19 40% (17 – 63%) 18 54% (29 – 80%)

Table 5. Progression free survival (PFS) and overall survival (OS) at 5 years of the patients transplanted from 1996 with CD34+selected and
unmanipulated stem cells

5 years PFS (95% CI) 5 years OS (95% CI)
n n

CD34+ selected group 87 64% (54 – 75%) 87 79% (69 – 89%)
PBSC unmanipulated group 19 63% (41 – 84%) 19 66% (43 – 88%)

PBSC: peripheral blood stem cells

Table 6. Comparison of factors between the CD34+ selected and unmanipulated group (patients transplanted from 1996

CD34+  (n=88) PBSC (n=19) P
n % n %

Duration of first remission 0.931
Persistent/primary progressive disease 39 44% 8 42%
Early/late relapse 39 44% 9 47%
Multiple relapses 9 10% 2 10%
Secondary HL 1 1% 0 0%

Stage 0.021
I + II 38 43% 3 16%
III + IV 50 57% 16 84%

Extranodal involvement 40 45% 13 68% 0.058
Lung involvement at the time of relapse 24 27% 9 47% 0.077
Liver involvement at the time of relapse 7 8% 4 21% 0.104
B-symptoms 40 45% 12 63% 0.126
Response at the final evaluation 0.938

Complete remission 47 53% 11 58%
Partial remission 31 35% 6 32%
Stable/persistent disease 10 11% 2 10%

Relapse after ASCT 29 33% 7 34% 0.496

HL: Hodgkin’s lymphoma; ASCT: autologous stem cell transplantation
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The outcome of patients with primary progressive disease is
worse than in patients with persistent disease, though the dif-
ference is marginal. The outcome of patients with multiple
relapses is dismal. (iii) In univariate analysis chemoresistant
disease, use of unmanipulated PBSC, increased LDH and lung
involvement at the time of relapse/progression were adverse
prognostic factors for PFS and OS. Moreover, extranodal in-
volvement was an additional risk factor for OS. (iv) The use
of CD34+ positively selected stem cells for autografting is
feasible, safe and effective procedure.

HDCT+ASCT has been shown to produce long term OS
of 50-80% and PFS of 45–77% in patients with relapsed/re-
fractory HL [2, 11–15]. The outcome of this group of patients
transplanted at our centre compares favourably with the re-
ported results in terms of 5-y OS (72%) and 5-y PFS (59%).
Moreover the sensitivity to cytoreductive chemotherapy was
not the requisition in order to proceed to HDCT+ASCT. In
our study we carried out a subgroup analysis according to the
duration of the first remission. The results of this subanalysis
must be interpreted with caution because of a low number of
patients in the cohorts. The outcome of patients with early
and late relapse was similar in terms of OS (74% vs. 75%),
with trend toward a better PFS in patients with early relapse
(65% vs. 48%), though the difference was not statistically
significant. This observation is in line with data reported re-
cently by other groups [13, 16]. The outcome results of patients
with primary progressive disease indicate that in a substantial
proportion of these unfavourable patients a long term OS
(64%) and PFS (55%) can be achieved after HDCT+ASCT.
Variability in reported survival results in patients with pri-
mary refractory disease is obvious. There has been reported
OS of 30–50% and PFS of 20-30% [14, 16–19] in these pa-
tients. The differences could be explained by a non-uniform
definition of primary progressive disease. Unlike others [14,
18, 19], we included into this subgroup also patients with tran-
sient CR and relapse within 3 months after the end of first-line

treatment. Patients with multiple relapses proved to have the
worst outcome in terms of OS (54%) and PFS (40%). Based
on the herein presented and previously published results [12,
13, 16, 17, 19], HDCT+ASCT should be performed early in
HL patients failing the first-line treatment. The outcome of
patients transplanted because of persistent disease after the
front line therapy in terms of OS (81%) and PFS (72%) com-
pares favourably with the rest of the group. This subset of
patients was frequently affiliated in one group with patients
with primary progressive disease as induction failure, whereas
we evaluated this subgroup separately. In the past we used for
the response assessment routine radiological methods (X-ray
and CT scanning). It is therefore possible that some patients
with persistent disease according to the CT criteria under-
went intensification followed with HDCT+ASCT with already
non-viable residual masses. This suggestion confirms the
importance of assessment of both, radiological and metabolic
response after the initial treatment by means of CT and positron
emission tomography (PET).

Several groups have evaluated prognostic factors identifi-
able before transplantation affecting adversely the outcome
after transplantation [12, 13–15, 17, 19], including duration
of the first remission, chemoresistance, poor performance sta-
tus, elevated LDH, extranodal disease, B-symptoms and failure
of more than two prior regimens. In our analysis the strongest
adverse prognostic factors for OS and PFS were the lack of
response to the cytoreductive chemotherapy and elevated LDH
at the time of relapse/ progression. Chemosensitivity to the
salvage therapy, assessed radiologically, has been previously
reported as the most important prognostic factor. Most re-
cently Jabbour et al. confirmed in a retrospective analysis that
incomplete metabolic response to cytoreductive chemotherapy
as indicated by positive PET appeared to be predictive of poor
outcome after HDCT+ASCT [20]. Such chemoresistant pa-
tients with positive 18F-fluorodeoxyglucose (FDG) uptake may
benefit from more intensive pre-transplantation chemotherapy
or from innovative approaches. Additional risk factor for OS
and PFS emerging from our analysis was lung involvement.
A speculative explanation for this finding, reported also by
Horning and colleagues [11], may be an inferior efficacy of
chemotherapy, yet in high doses, in the lung tissue.

We observed a remarkable decline in TRM during the ob-
servation period. In the group of 19 patients transplanted within
the earlier period (1993–1995), toxic death occurred in 3 pa-
tients, while in the group of 107 patients transplanted later
(1996–2005) only 1 toxic death occurred. This reflects an
improvement in supportive treatment and increased transplan-
tation experience. Considering infections, no difference in the
incidence and severity of infections between the CD34+ se-
lected and unmanipulated PBSC groups has been seen (data
not shown). Immune haematological disorders occurred in
4 patients. Three patients had ITP and one patient had Evans
syndrome. After the standard therapy all the 4 patients com-
pletely recovered. Up to now, with the median follow up of 69
months, we have noted 7 secondary malignancies. Of them

Table 7. Potential risk factors and associated relative risk for OS and
PFS in univariate proportional hazards Cox model (n=126).

Factor PFS OS
p-value p-value

Age at ASCT 0.926 0.647
Stage before transplantation 0.283 0.054
B-symptoms before transplantation 0.331 0.068
Extranodal involvement 0.077 0.033
Lung involvement 0.010 0.005
Liver involvement 0.489 0.173
Increased LDH level <0.001 <0.001
Selection of CD34+ stem cells 0.010 0.002
Number of cytoreductive regimens before
transplantation 0.059 0.164
Number of cycles of cytoreductive chemotherapy 0.114 0.310
Disease status at the time ASCT <0.001 <0.001

ASCT: autologous stem cell transplantation; PFS: progression free survival;
OS: overall survival; LDH: lactate dehydrogenasis
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4 secondary NHL, 2 sAML/MDS and 1 soft tissue sarcoma
in previously irradiated field. The outcome of our patients
with secondary malignancies after transplantation was very
poor.

Despite of encouraging results, disease relapse/progression
remains the major cause of death and occurs in about 40–45%
of transplanted HL patients. To reduce the relapse and progres-
sion incidence, several strategies have been tested, such as
introduction of new cytoreductive regimen [15], sequential
HDCT [16, 21], tandem auto-allo SCT [22] and also the use of
positively selected CD34+ stem cells [10, 25, 26]. The last
mentioned strategy is based on the evidence of the circulating
clonogenic CD30+ tumor cells in peripheral blood [5–7] and
in harvested PBSC in HL patients [23]. The positive selection
of CD 34+ cells has been proven to be an effective purging
method without a negative effect on the haematological and
immunological recovery [9, 23]. In 1996 we started to use the
positive CD34+ selection of stem cells. Based on the encour-
aging results in the first 10 HL patients [24], the purging became
a routine method used in patients with relapsed/refractory HL
at our centre. The actuarial 5-y OS and PFS of the 88 patients
supported with CD34+ selected stem cells were 79% and 64%,
and of the 19 patients supported with unmanipulated PBSC
were 66% and 63%, respectively. We observed a trend toward
a better OS in CD34+ positively selected group. This is indica-
tive of a better outcome in the case of relapse after HDCT+
ASCT in this group. However, a comparison of the outcome
results between the two groups is hampered because of imbal-
ances in patient characteristics, lower number of patients in
unmanipulated group and of non-random allocation to
a treatment group. Differences in risk factors profile between
the two groups may reflect the inability of some patients to
mobilise a sufficient number of stem cells to perform the purg-
ing procedure and also the retrospective nature of the analysis.
The use of CD34+ positively selected stem cells for autografting
is feasible, safe and effective. However, to demonstrate
a potential survival advantage for patients supported with posi-
tively selected CD34+ stem cells over those supported with
unmanipulated PBSC, the two strategies should be assessed
within a randomised trial.
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