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Introduction

High-dose chemotherapy (HDT) with autologous stem cell
transplantation (ASCT) is a potentially curative treatment for
several hematologic malignancies, including Hodgkin’s lym-
phoma (HL) and non-Hodgkin’s lymphoma (NHL), with
peripheral blood as the preferred hematopoietic stem cell
(SC) source.1,2 The lowest SC dose to safely support HDT
conditioning regimens in patients with lymphoma is consid-
ered to be 2 x 106 CD34+ cells/kg3-7 and although this is achiev-
able in most patients, there are cases of stem cell harvest fail-
ure. In the HIV-negative population, failure rates are estimat-
ed to be between 5% and 30%, with different mobilization
regimens and patient populations, and up to 60% in high-risk
patients such as those exposed to fludarabine.8-10 Indeed, there
is much interest in novel agents and strategies to minimize
mobilization failure.9,11 The chance of cure for HIV-infected
patients with lymphoma has greatly increased after the
advent of combination antiretroviral therapy (cART) in
1996,12,13 and, more recently, HDT with ASCT in HIV-positive
patients with lymphoma has been reported to be as feasible
and effective as in HIV-negative counterparts.14-18 However,

although the mechanism is not completely understood,
depletion of hematopoietic progenitor cells has been
described in HIV-infected subjects, as measured by reduction
in long-term colony-initiating cell (LTCIC) numbers and
increased rate of hematopoietic SC apoptosis.19,20 Moreover,
reduced CD34+ cell mobilization using G-CSF has been
reported in patients with severe immunodeficiency.21 Several
groups reported successful SC mobilization and ASCT in
HIV-positive patients receiving cART as either rescue or con-
solidation of treatment for NHL or HL, usually in small series
of selected patients. Effective antiretroviral therapy could
help to correct the defective hematopoiesis and finally protect
from mobilization failure.22 In the HIV-negative patients, sev-
eral parameters have been identified predicting poor SC col-
lections (including older age, type and status of underlying
hematologic disease, number and type of prior treatments,
prior radiotherapy, marrow involvement and thrombocy-
topenia at mobilization).23-26 Proper analyses in an HIV setting
are missing. The purpose of the present study was to describe
the mobilization policies used in HIV-associated lymphoma,
to evaluate the failure rate, and identify factors influencing
mobilization results. Moreover, the role of ‘ongoing’ parame-
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High-dose chemotherapy with autologous peripheral blood stem cell rescue has been reported as feasible and effec-
tive in HIV-associated lymphoma. Although a sufficient number of stem cells seems achievable in most patients,
there are cases of stem cell harvest failure. The aim of this study was to describe the mobilization policies used in
HIV-associated lymphoma, evaluate the failure rate and identify factors influencing mobilization results. We ana-
lyzed 155 patients who underwent attempted stem cell mobilization at 10 European centers from 2000-2012. One
hundred and twenty patients had non-Hodgkin lymphoma and 35 Hodgkin lymphoma; 31% had complete remis-
sion, 57% chemosensitive disease, 10% refractory disease, 2% untested relapse. Patients were mobilized with
chemotherapy + G-CSF (86%) or G-CSF alone (14%); 73% of patients collected >2 and 48% >5 x 106 CD34+ cells/kg.
Low CD4+ count and refractory disease were associated with mobilization failure. Low CD4+ count, low platelet
count and mobilization with G-CSF correlated with lower probability to achieve >5 x 106 CD34+ cells/kg, whereas
cyclophosphamide ≥3 g/m2 + G-CSF predicted higher collections. Circulating CD34+ cells and CD34/WBC ratio were
strongly associated with collection result. HIV infection alone should not preclude an attempt to obtain stem cells in
candidates for autologous transplant as the results are comparable to the HIV-negative population.
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Table 1. Characteristics of 155 patients at first mobilization and distribution among successful mobilization and failure.
Patients’ characteristic Total number of pts Mobilization P^

Successful Failure
155 113 42
n. (%) n. (%) n. (%)

Age, years° 42 (24-71) 41.5 (28-65) 42 (27-71) 0.76
Sex
Male 114 (86) 89 (88) 25 (81) 0.29
Female 18 (14) 12 (12) 6 (19)
Histopathology (WHO)
Hodgkin lymphoma 35 (25) 23 (22) 12 (32) 0.27
DLBCL 58 (42) 45 (44) 13 (34) 0.24
Burkitt lymphoma 23 (16) 18 (18) 5 (13) 0.52
Plasmablastic lymphoma 13 (9) 8 (8) 5 (13) 0.33
Anaplastic lymphoma 6 (4) 3 (3 3 (8) 0.20
Others 5 (4) 5 (5) 0 (0) 0.16
Status of lymphoma
Complete remission 43 (31) 35 (35) 8 (22) 0.17
Chemosensitive disease 78 (57) 60 (59) 18 (50) 0.33
Refractory disease 14 (10) 5 (5) 9 (25) <0.001
Untested relapse 2 (2) 1 (1) 1 (3) 0.47
Bone marrow involvement
No 107 (77) 78 (77) 29 (76) 0.91
Previous 28 (20) 22 (22) 6 (16) 0.43
At mobilization 4 (3) 1 (1) 3 (8) 0.03
Prior extended radiotherapy
No 117 (92) 80 (90) 37 (97) 0.15
Yes 10 (8) 9 (10) 1 (3)
Number of prior lines of CT
1 46 (33) 38 (37) 8 (21) 0.07
2 77 (55) 53 (52) 24 (63) 0.24
> 3 17 (12) 11 (11) 6 (16) 0.42
Plt x109/L 199 (30-689) 206 (30-473) 85 (63-689) 0.17
PMN x109/L 2.7 (0.5-23.1) 2.8 (0.6-23.1) 2.6 (0.5-17.7) 0.59
Time from HIV Dx, months° 67.8 (1.6-376) 69.5 (1.6-376) 64.5 (3.4-289) 0.77
Pts on HAART
Yes 136 (97) 99 (97) 37 (97) 0.92
No 4 (3) 3 (3) 1 (3)
CD4+/mcL° 237 (9-1146) 245 (9-1146) 207 (64-918) 0.07
HIV-viremia
Detectable 35 (28) 28 (30) 7 (21) 0.34
Undetectable 92 (72) 66 (70) 26 (79)
HIV-viremia, cp/mL° 0 (0-750000) 0 (0-750000) 0 (0-896) 0.76
Type of mobilization
CT + G-CSF 133 (86) 100 (89) 33 (79) 0.12
G-CSF alone 22 (14) 13 (11) 9 (21)
G-CSF dosage
5 mcg/kg 11 (8) 9 (9) 2 (5) 0.46
10 mcg/kg 107 (78) 78 (79) 29 (76) 0.75
> 10 mcg/kg 19 (14) 12 (12) 7 (19) 0.34
Mobilizing CT regimen 3 (3) 7 (22) <0.001
CTX > 3g/m2 34 (26) 27 (27) 7 (22) 0.56
Platinum-based 32 (24) 23 (23) 9 (28) 0.55
Ifosfamide-based 18 (13) 16 (16) 2 (6) 0.16
Etoposide-based 13 (10) 11 (11) 2 (6) 0.43
HD ARA-C 12 (9) 10 (10) 2 (6) 0.52
Others 13 (10) 10 (10) 3 (10) 0.92

*For several parameters the sum does not add to the total due to missing values. ^Association between mobilization failure and characteristics are tested using Mann-Whitney and
�χ2-test when appropriate. °Continuous variables are expressed as median value (range).



ters (circulating pre-apheresis peripheral blood CD34+ cells
and the ratio between CD34+ count/WBC count evaluated
the same day) in predicting the collection outcome was
assessed as potential early markers of failure. 

Methods

This is a retrospective multicenter analysis of mobilization (and
remobilization) attempts in HIV-positive patients with lym-
phoma, performed consecutively and registered in the ASCT data-
base of 10 European centers from April 2000 to May 2012. All
HIV-positive patients diagnosed with HL or NHL who were
potential candidates for ASCT and who had started SC mobilizing
procedures were eligible; at least one CD34+ cell measurement on
peripheral blood should have been performed on the predicted
day of collection.
This study is a collaborative effort within the Cooperative

European Group on AIDS and Tumors (GECAT). All patients had
given written informed consent to PBSC mobilization and collec-
tion either within Ethical Committee approved clinical trials or in
the context of standard clinical practice. 
Data regarding SC collection attempts were analyzed on clinical

records to evaluate mobilization and remobilization success/fail-
ure rates and to identify predicting factors. “Mobilization failure”
was defined as a collection of <2 x 106 CD34+ cells/kg and “optimal
mobilization” when >5 x 106 CD34+ cells/kg were collected. The
variables evaluated at the time of mobilization and considered for
correlation with mobilization results (including demographic,
lymphoma and HIV infection-related factors and mobilization-
related parameters) and the parameters registered during mobi-
lization attempt (“ongoing parameters”) as predictors of SC yield
are reported in the Online Supplementary Appendix. The impact of
all these variables was evaluated both for the probability of mobi-
lization failure and for the capability to achieve an optimal SC col-
lection. A mobilization attempt was defined as “first mobilization”
when patients had never undergone a mobilization attempt before
or “remobilization” when patients had previously experienced a
mobilization failure. Stem cell harvest by apheresis was performed
according to the policies of the center concerned. Collection pro-
cedures started after a peripheral blood CD34+ cell count of
<20/mcL was reached.

Statistical analysis
Standard descriptive statistics, such as median, range and pro-

portions were used to summarize the patient sample. The χ2 test
was used to compare differences in percentage, and the Mann-
Whitney U test was used to compare continuous values. Logistical
regression model was used for univariate and multivariate analysis
of predictor variables for minimal (>2 x 106 CD34+ cells/kg) and
optimal (>5 x 106 CD34+ cells/kg) SC collection. Continuous vari-
ables were categorized as follows: each variable was first divided
into 4 categories at approximately the 25th, 50th, and 75th percentile.
If the Odds Ratios (OR) in 2 or more adjacent categories were not
substantially different, these categories were grouped together. If
no clear pattern was observed, the median was taken as the cut-
off point. Variables found to be significant (P<0.1) in univariate
analysis were tested in multivariate analysis, which was per-
formed using a stepwise logistical regression model. P<0.05 was
considered statistically significant. 

Results

Patient population and CD34+ cells yield at first 
mobilization attempt
We analyzed 155 HIV-positive patients who underwent

initial SC mobilization. One hundred and twenty patients
had NHL and 35 HL. Thirty-one percent of patients were
in complete remission, 57% had chemosensitive disease,
10% refractory disease and 2% untested relapse. The
majority of patients were mobilized with CT + G-CSF
(86%) and the remainder with G-CSF alone (14%). All
patients but 4 were on cART (including zidovudine, which
is known for hematopoietic toxicity, in 10) 27 and 2 of
them started cART at mobilization. Overall, in 73% of
patients (113 of 155) a collection of >2 x 106 CD34+ cells/kg
was achieved and in 48% (74 of 155) an optimal yield (>5
x 106 CD34+ cells/kg) was obtained. The median number
of CD34+ cells collected was 6.12 x 106/kg (range 2-33 x
106/kg), after a median of 2 aphereses (range 1-4).
Interestingly, a higher number of CD34+ cells was collect-
ed after CT + G-CSF compared to G-CSF alone: 6.55 x 106
CD34+ cells/kg (range 2.0-33.0) and 3.85 x 106 CD34+
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Table 2. Univariate and multivariate statistical analysis of factors influ-
encing mobilization failure (CD34+ < 2x106/kg) in 155 first mobiliza-
tion attempts.
Prognostic factor*   Mobilization failure
                                                        Univariate                Multivariate
                                                               P                              P 
                                                       OR (95%CI)               OR (95%CI)

Lymphoma refractory                                  0.001                                0.03
                                                                  4.8 (1.9-12.1)                3.7 (1.1-12.4)
Platelet < 160 x 109/L                                 < 0.001                               NS
                                                                   3.1 (1.9-5.0)
CD4+ count < 237/mcL                                 0.08                                0.009
                                                                   2.8 (1.3-5.8)                  2.8 (1.3-6.2)
CTX 1.5 gr/m2 as mobilizing tx                    0.008                                 NS
                                                                   4.2 (1.4-12)
Prior lines of therapy (> 2)                       0.01                                  NS
                                                                1.28 (1.06-1.55)
Bone marrow disease at mobiliz.              0.03                                  NS
                                                                 10.4 (1.2-90.6)
*Only those parameters that achieved statistical significance (P<0.05) are listed.

Table 3. Univariate and multivariate statistical analysis of factors influ-
encing optimal mobilization (CD34+ >5x106/kg) in 155 first mobiliza-
tion attempts.
                                  Optimal mobilization
Prognostic factor*                          Univariate                Multivariate
                                                              P                              P 
                                                    OR  (95% CI)            OR  (95% CI)

Lymphoma refractory                                  0.04                                  NS
                                                               0.34 (0.11-0.98)
Platelet < 160 x 109/L                                  0.001                               0.004
                                                                 0.37 (0.2-0.7)                0.33 (0.1-0.7)
CD4+ count < 237/mcL                                0.08                                0.001
                                                               0.55 (0.30-1.05)             0.52 (0.26-0.8)
Mobilizing strategy                                       0.02                                0.008
(G-CSF vs. G-CSF + CT)                  0.31 (0.12-0.80)             0.21 (0.07-0.7)
CTX > 3 g/m2 as mobilizing tx                    0.01                                0.006
                                                                2.1 (1.20-3.80)                3.1 (1.4-6.8)
CTX 1.5 g/m2 as mobilizing tx                     0.03                                  NS
                                                               0.20 (0.05-0.90)
*Only those parameters that achieved statistical significance (P<0.05) are listed.



cells/kg (range 2.3-31.0), respectively (P=0.01).
Mobilization failure occurred in 27% of patients (42 of
155). Patients’ characteristics and their distribution among
successful (>2 x 106 CD34+ cells/kg) and failed (<2 x 106
CD34+ cells/kg) mobilization are reported in Table 1.
Interestingly, 6 of 10 (60%) patients receiving zidovudine
collected >2 x 106 CD34+ cells/kg, with optimal collection
in 4 (40%).

Univariate and multivariate analysis for mobilization
failure and for optimal mobilization
Logistical regression analysis of predictive factors for

mobilization failure is reported in Table 2.
In univariate analysis, refractory disease, platelet count

less than 160 x 109/L, CD4+ count less than 237/mcL,
cyclophosphamide 1.5 g/m2 as mobilizing treatment, two
or more lines of prior therapies and bone marrow disease
at mobilization were significantly associated with the risk
of mobilization failure. In multivariate analysis, only low
CD4+ cell count and refractory disease remained signifi-
cant. Indeed, 44% of patients with CD4+ count below
100/mcL failed mobilization, as did 64% of patients with
refractory disease. Univariate and multivarite analyses for
optimal mobilization are reported in Table 3. In univariate
analysis, refractory disease, platelet count <160 x 109/L,
CD4+ count <237/mcL, G-CSF alone as mobilizing treat-
ment compared to G-CSF + CT and cyclophosphamide
1.5 g/m2 were associated with failure to achieve a collec-
tion of >5 x 106 CD34+ cells/kg, while cyclophosphamide
>3 g/m2 correlated with optimal collection. In multivariate
analysis, only low CD4+ cell count, low platelet count and
mobilization with G-CSF alone remained significantly
associated with lower probability of optimal collection,
whereas cyclophosphamide >3 g/m2 + G-CSF remained
significantly correlated with optimal collection.

Peripheral CD34+ cell counts and CD34+ cells/WBC
counts ratio
Table 4 shows the peripheral blood WBC counts, circu-

lating CD34+ cells and their ratio (CD34/WBC ratio) meas-
ured at predicted day of collection in the whole series of
155 first mobilization cases and their distribution in the 2
groups of mobilization success and failure. A clear differ-
ence was seen in absolute CD34+ count and in
CD34/WBC ratio between the 2 groups. To verify if pre-
apheresis CD34+ count and CD34+/WBC ratio could over-
come the predictive significance of ‘base-line parameters’
on collection results, we performed the logistical regres-
sion multivariate analysis for collection failure and for
optimal collection including the ‘ongoing parameters’.
Both CD34+ absolute count and CD34+/WBC ratio were
independently associated with the probability of mobi-

lization failure (P<0.001 for both) and CD34/WBC ratio
alone (P<0.001) with the probability of optimal collection.
However, low CD4+ count and refractory disease main-
tained their independent impact on mobilization failure,
and low platelet count maintained its adverse impact in
obtaining an optimal collection (data not shown). To further
examine the correlation between ‘ongoing parameters’
and the probability of SC collection, we segregated the
CD34/WBC ratio into quartiles. The lowest quartile was
for ratio <0.7 and the higher for >5.4. The percentage of
patients who failed SC harvest correlated with the quar-
tile, with 68%, 24%, 9% and 0% of failure rate, respec-
tively, for lower to higher quartile.

Remobilization
A total of 42 of 155 patients failed initial mobilization

and 23 of these 42 patients were remobilized, in 15 cases
with CT + G-CSF, in 7 cases with G-CSF alone and in one
case with plerixafor + G-CSF. Following remobilization,
only 7 of 23 (30%) patients achieved at least 2 x 106 CD34+
cells/kg. Two more patients achieved >2 x 106 CD34+
cells/kg after pooling first and second attempts. Few
patients proceeded to further attempts (Table 5). Among
remobilization strategies, G-CSF alone and cyclophos-
phamide 1.5 g/m2 had the highest failure rates, respective-
ly 86% (6 of 7 patients) and 83% (5 of 6 patients), com-
pared to 44% (4 of 9 patients) for other CT regimens plus
G-CSF. The only patient who received plerixafor + G-CSF
failed collection. Multivariate analysis of factors influenc-
ing failure at remobilization was limited by the small
number of cases, but showed a low CD4+ count as the
only independent significant factor correlated to failure
(OR 2.9; P=0.02); however, adding the ‘ongoing parame-
ters’ to the analysis, only CD34/WBC ratio resulted signif-
icantly correlated with collection (OR 0.17; P=0.03) (data
not shown). 
Then, of the whole series of 155 patients who under-

went SC mobilization, 113 collected enough CD34+ cells
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Table 4. Circulating CD34+ cells, WBC and CD34/WBC ratio in 155 patients at first mobilization and their distribution among successful mobi-
lization and failure.
Parameters                                               Total number of pts                             Mobilization                                                  P
                                                                                                    Successful Failure
                                                                          n. 155                n. 113 n.42
                                                                   median (range)         median (range) median (range)

Median WBC x109/L*                                               6.9 (0.7-97.1)              6.6 (0.7-97.1) 11.2 (0.7-85.3) 0.7
Median CD34+ cells/mcL*                                      21.2 (0-684)               32.6 (0-684) 4.4 (0.07-37) <0.0
Median CD34/WBC ratio*                                       2.2 (0-59.1)               3.55 (0-59.1) 0.4 (0.1-3.8) <0.0001

*Measured at predicted day of collection (with circulating WBC of at least 1000/mcL).

Table 5. Stem cell mobilization and remobilization attempts in 155 HIV
positive patients.
Attempt N pts            N success           N optimal

1 155                        113                            74
2 25*                        9#                            2*
3 3                            0                                
4 2                            0                                
*Including 2 patients in whom > 2 x 106 CD34+ cells/kg had been obtained at the 1st

attempt and had a second one to achieve >5. # including 2 patients in whom > 2 x 106

CD34+ cells/kg was obtained after pooling 1st + 2nd attempts.



at first mobilization attempt, plus 9 after remobilization
and pooling harvests (total 122 of 155, 79%), while 33 of
155 (21%) failed to collect enough cells to perform ASCT
even after repeated attempts. Finally, 104 patients actually
received HDT with SC rescue. Neutrophil engraftment,
defined as an absolute neutrophil count >0.5 x 109/L,
occurred in all patients at a median of 11 days (range 8-33
days). Platelet engraftment, defined as self-supporting
platelet count >20 x 109/L, occurred in all evaluable
patients (4 patients died early before platelet engraftment),
except in 2 who were lost to follow up five and nine
months after transplant, at a median of 14 days (range 7-
455 days). 

Discussion

This is the first study to address SC mobilization and
collection in HIV-positive patients with lymphoma.
Despite prior concerns that HIV might inhibit
hematopoiesis and reduce SC mobilization,19-21 in a series
of 155 consecutive HIV-associated lymphoma, the majori-
ty of patients (73%) achieved enough CD34+ cells to pro-
ceed to transplant at the first mobilization attempt and
almost half (48%) reached an optimal SC collection.
Moreover, engraftment kinetics in patients who actually
received ASCT appear reassuring and comparable with
the general HIV-negative population.2 The 27% rate of
mobilization failure, with no difference between HL and
NHL, is still troublesome, but it does not appear much dif-
ferent from the HIV-negative counterpart, where a wide
range of failure rate is reported, and might depend on dif-
ferent mobilization strategies and patient populations.8-10 
The widespread use of cART, which seems capable of

correcting the defective hematopoiesis of HIV-infected
subjects,22 might play a pivotal role in this. The mechanism
by which antiretroviral therapy favorably impacts on
hematopoiesis in HIV-infected subjects is not completely
understood, since HIV does not directly infect the CD34+
cells.28 In vitro studies showed that Ritonavir, a protease
inhibitor frequently used in antiretroviral combination
treatments, markedly decreased apoptosis and increased
colony formation if added to CD34+ cells cultures from
HIV-infected patients and even from HIV-negative con-
trols. Thus, it has been hypothesized that cART could
overcome inhibition of hematopoiesis with a mechanism
unrelated to its antiviral activity.29 
In our series, only two factors were independently asso-

ciated with mobilization failure: chemo-refractory disease
and a low CD4+ count, which can be regarded as the
expression of patients’ immune status and of responsive-
ness to antiretroviral therapy. Numerous previous studies
have demonstrated the influence of patients’ immune sta-
tus (expressed by the number of CD4+ cells) on clinical
aggressiveness of HIV-associated lymphoma, response to
treatment and risk of relapse.30-32 In addition, a recent study
from the GICAT (Gruppo Italiano Cooperativo AIDS e
Tumori) showed a correlation between CD4+ count and
the chance for HIV-positive patients with lymphoma to
receive HDT and SC transplantation in the salvage
setting.33 The present study further shows that the CD4+
count correlates even with the possibility of mobilizing
and harvesting hematopoietic SC.
Our data also emphasize that different methods of

hematopoietic SC mobilization are in use without an

established standard. The majority of patients were mobi-
lized after CT + G-CSF (with a wide variety of CT regi-
mens) and only a small proportion received G-CSF alone.
Mobilization after CT + G-CSF, a strategy widely used in
Europe, has, in this study, allowed higher CD34+ cell
yields compared to G-CSF alone, as previously reported in
the general HIV-negative population.34 While the use of G-
CSF alone has been advocated to reduce toxicity and
costs,10 adding chemotherapy to G-CSF as mobilizing
agent allows further tumor cytoreduction and in vivo purg-
ing of mobilized tumor cells, besides allowing higher
CD34 yield.9,35 Even if a target of 2 x 106/Kg CD34+ cells is
considered appropriate to ensure engraftment after mye-
loablative treatment, in the HIV-negative population, a
higher amount of CD34+ cells reinfused has a favorable
impact on patient’s outcome, mainly in terms of prompt
engraftment.36,37 Such a correlation between CD34+ cell
dose and quality of engraftment has been suggested for
both neutrophil and platelet delayed engraftment also in a
small series of HIV-associated lymphoma.17 Thus, achiev-
ing an optimal CD34 collection, defined as a CD34 cell
number >5 x 106/kg, might be preferred, particularly in a
subset of patients, such as HIV-positive patients with lym-
phoma, potentially at higher risk of delayed engraftment
and infectious complication.
Other than the use of G-CSF alone, a lower likelihood of

achieving an optimal SC collection was predicted in our
series by a low platelet count at the time of mobilization,
a potential indicator of a reduced bone marrow reserve,
which is a well known predictor of poor collection also in
HIV-negative populations.23-26 Moreover, the use of
cyclophosphamide at the dosage of 1.5 g/m2 as mobilizing
regimen predicted a lower yield of CD34+ cells as already
reported in lymphoma series in the general population.38
On the other hand, high-dose cyclophosphamide (at least
3 g/m2) correlated with higher CD34+ cell collection com-
pared to the other CT regimens.
Cyclophosphamide monotherapy was the most used

regimen in this series, and its mobilization potential is
well known, since it was the traditional regimen
employed in seminal studies on PBSC collection.39 Its ret-
rospective comparison with other CT mobilizing pro-
grams in our study is hampered by the wide variety of reg-
imens used, which leads to an excessive fragmentation of
data.
On the whole, our study shows that, as in the HIV-neg-

ative population, also in HIV-positive subjects the identi-
fied prognostic factors, available before starting mobiliza-
tion, were not strong enough to accurately predict the col-
lection result. The impact of pre-apheresis peripheral
blood CD34+ cell count and CD34+/WBC ratio was also
evaluated as potentially useful ongoing indicators of col-
lection success or failure. Indeed, both CD34+ cell count
and CD34+/WBC ratio resulted strongly associated to
subsequent SC yield. Given the recent availability of
mobilizing agents like plerixafor, whose use ‘on demand’
might boost ‘ongoing’ CD34+ cell mobilization, in cases at
risk of failure such parameters may be shown to be clini-
cally useful. Accordingly, within the HIV-negative popu-
lation, standard definition of “predicted poor mobilizers”
has been recently proposed to identify patients who may
potentially benefit from early intervention with new
mobilizing agents.40 While the results of plerixafor in HIV-
negative populations seem encouraging,9,10,11,41 no experi-
ences have been reported so far on its use as mobilizing
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agent in HIV-positive patients, although it was originally
introduced as a potentially useful anti-HIV agent.42 Our
results would support a trial on plerixafor in HIV-positive
subjects predicted to be at high risk of mobilization fail-
ure. The rarity of the use of plerixafor in the present series
might lie in the small number of patients who received a
second mobilization attempt and on the limited availabil-
ity of this agent in Europe during the study period. Only
55% of our patients who failed first mobilization went
forward for a second attempt, and overall, only 21%
reached a sufficient number of CD34+ cells after the sec-
ond attempt. That means that HIV-positive patients fail-
ing a first mobilization are actually very unlikely to pro-
ceed to autologous transplant. There could be several rea-
sons for this, including early disease progression, but it is
also due to the difficulty of harvesting SC after a first col-
lection failure.
Taken together, our data suggest that HIV should not

preclude an attempt to obtain SC in candidates for autolo-

gous transplant as the results are comparable to the HIV-
negative population. CT + plus G-CSF seems to mobilize
better than G-CSF alone and, if using cyclophosphamide,
at least 3 g/m2 seems recommendable. However, we need
to optimize current mobilization protocols, and more
effective mobilization agents are welcome in HIV-positive
patients, as in the general population. Improving antiretro-
viral therapy is highly advisable even to improve SC col-
lection, and a better understanding of variables associated
with mobilization success may further optimize SC collec-
tion. The results of this study might help to decide optimal
mobilizing strategy in HIV-related lymphoma and could
provide the framework for a rational investigation into the
use of new mobilizing agents. 
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