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with red blood cells. ET-3 could play a role in the cycle of
ischemia and inflammation by deregulating vascular tone, and
by increasing ET-1 and IL-6 production. The early decrease of
ET-3 levels, at a time when HbF elevation was not evident in
most patients, is a particularly interesting finding of this study.
It indicates that increased HbF is not the only mechanism by
which hydroxyurea can affect SCD and this is in concert with
previous studies, as it has been shown that the beneficial clin-
ical effect of HU precedes any significant increase in HbF and
is not correlated with the achieved level of HbF.6 At a molec-
ular level, HU reduces the expression of adhesion molecules
on the surface of red blood cells, lymphocytes, monocytes and
neutrophils before HbF increases.7,8,9 In addition, it downreg-
ulates ET-1 gene expression on endothelial cells.10

In summary, the elevated steady state plasma ET-3 levels
and their early decrease during HU treatment, indicate that ET-
3 may have a role in endothelial deregulation and inflamma-
tion in SCD patients. More studies are needed to determine ET-
3 levels and their correlation with the extent of vascular dam-
age and the severity of SCD.
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Table 1. Hematologic parameters, fetal hemoglobin (HbF) and endothelin-3 (ET-3) concentrations in 19 patients with
sickle cell disease before and during hydroxyurea treatment.

Before treatment 1st month 5th month Controls Mann-Whitney Wilcoxon 
(mean±SD) (mean±SD) (mean±SD) (mean±SD) (p) (p)

Hb (mmol/L) 1.10±0.28 1.18±0.19 1.32±0.28 NS
WBC (×109/L) 12.2±2.7 11.9±2.4 11.1±3.8 NS
Reticulocytes (×109/L) 335±155 280±135 210±180 NS
HbF (%) 7.6±3.8 8.1±2.9 15.8±7.2 < 0.05
ET-3 (pmol/L) 5.66±2.23 2.16±1.21 1.05±0.46 0.99±0.58 < 0.005 < 0.005

Hb: hemoglobin; WBC: white blood cell count; NS: non significant.

Phagocytes

High incidence of neutropenia in patients treated with
rituximab after autologous stem cell transplantation

We report a high incidence of neutropenia in patients
treated with rituximab prior to and following autologous
stem cell transplantation (ASCT). Fourteen patients with
follicular or mantle-cell lymphoma were treated with high
dose (HD) therapy followed by an  in vivo-purged autol-
ogous graft. Ten of these patients received two addition-
al courses of rituximab after the transplant. Seven expe-
rienced severe neutropenia after the second administra-
tion. Our data suggest that early administration of ritux-
imab following a transplant may favor the onset of  neu-
tropenia. 
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Rituximab is a chimeric IgG-1 monoclonal antibody which
binds to the CD20 antigen with high affinity.1 When used in
the pretransplant regimen, it can be considered an in-vivo
purging agent that can remove CD20+ lymphoma cells from
the graft.2 The occurrence of neutropenia has rarely been
reported in patients exposed to rituximab,3-6 although this
complication seems more frequent in the setting of autol-
ogous stem cell transplantation (ASCT).7 From 1999 to 2003,
14 consecutive patients with confirmed histologic diagno-
sis of follicular (n=9) or mantle cell (n=5) lymphomas were
referred to our institution and treated with a protocol inte-
grating chemotherapy, rituximab  and  ASCT8 (Table 1). After
a phase of debulking with VACOP-B, the patients received
rituximab, vincristine and cyclophosphamide and underwent
mobilization and harvest of CD34+ cells after high dose
cytarabine and rituximab. The final phase of the protocol
consisted of ASCT, using BEAM as the conditioning regimen,
followed by two courses of rituximab (375 mg/m2). 

All 14 patients underwent  ASCT using peripheral blood as
the source of stem cells. In 13 cases the apheresis products
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were negative for Bcl-2/IgH and Bcl-1/IgH rearrangements.
The median number of CD34+ cells infused was 17.15
×106/kg (range 6.21-32). Engraftment was rapid in all
patients. The median time to a neutrophil count >0.5×109/L
was  9 days (range 8-18) and a self-sustained platelet count
>20 ×109/L was reached after 9 days (range 0-25). Ten out
of 14 patients (71%) received rituximab at a median of 52
days (range 34-63) post-transplant while the median neu-
trophil count was 2.35×109/L (range 1.2-4.2). A second dose
of rituximab was administered two weeks later. Seven out
of the 10 patients who received post-transplant rituximab
developed  severe neutropenia at a median of 38 days (range
14-84) after the second administration. The median neu-
trophil nadir was 0.38×109/L (range 0.1-0.8) while the medi-
an duration of the neutropenic phase was 12 days ( range
7-145 ). Two patients experienced multiple episodes of neu-
tropenia; one of them responded to granulocyte colony-
stimulating factor given after 14 days with a neutrophil
count <0.5×109/L. The neutrophil count recovered sponta-
neously in the other 6 patients. There were no episodes of

infections during the neutropenia. An evaluation of bone
marrow in the neutropenic period showed hypocellular mar-
row with normal trilineage hematopoiesis consistent with
the recent transplant. Cytogenetic analysis demonstrated a
normal karyotype in all cases. In 5 cases the bone marrow
was evaluated by flow cytometry and a predominance of
cells reactive to CD3, CD4, CD8, CD16-56 was not found. An
infectious etiology of the neutropenia was excluded in all
cases.  In particular cytomegalovirus antigenemia and Par-
vovirus B19 tests were negative.

Published reports of agranulocytosis possibly related to
rituximab use are scanty. In a study of  an in vivo purging
with rituximab, Flinn et al., observed 6 cases of transient
neutropenia occurring at a median of 99.5 days after ASCT
in patients with indolent non-Hodgkin’s disease. All patients
had received rituximab early after their transplant. Unfor-
tunately, a systematic evaluation of these cases was not
reported.9 Papadaki et al. reported on 34 NHL patients of
whom 15 developed profound neutropenia following ritux-
imab, often associated with T-cell large granular lymphocyte
(T-LGL) proliferation. The authors postulated a  rituximab-
induced T-LGL proliferation that secretes large amounts of
Fas and Fas-ligand leading to apoptosis of mature neu-
trophils.10 Voog et al. described 8 cases of neutropenia in
patients previously treated with rituximab. An IgG-type
antibody, bound to the neutrophil surface, was detected in
two patients. The authors speculated that rituximab-
induced B-cell depletion may favor autoantibody production
in the context of a new immune repertoire.11 Horwitz et al.
reported that 54% of patients with aggressive NHL devel-
oped severe neutropenia following ASCT. Patients were
scheduled to receive four weekly infusions of rituximab
starting on day +40; a second 4-week course of rituximab
was repeated 6 months after transplant. Serious infections
were not observed despite delayed B-cell recovery in all
patients.7 In our study we found an incidence of 70% of
severe neutropenia after ASCT in patients treated with rit-
uximab prior to and following transplantation. All episodes
either resolved spontaneously or responded to a few days of
treatment with granulocyte colony-stimulating factor.  No
severe infections occurred during the neutropenia. In all
cases bone marrow biopsies at the time of neutropenia were
hypocellular with myeloid precursors present; no LGL infil-
tration was noted in bone marrow specimens or by flow
cytometry. In conclusion our experience suggests that ear-
ly administration of rituximab during the post-transplant
period  may favor the onset of severe neutropenia. Further
studies are warranted  to define the best dose and sched-
ule for rituximab administration  after  transplantation. 
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Table 1. Patients’ characteristics and outcomes.

No. of patients 14 

Male:Female 9:5
Median age  (range) 48 years  (32-60)
Disease characteristics

Follicular lymphoma grade 1-2 9
Mantle cell lymphoma 5
Status at protocol enrollment

relapse/progression 10
at diagnosis 4

Patients with bone marrow 11
involvement at diagnosis
Patients with bone marrow 0
involvement at transplant (histologic)
Patients with bone marrow 0
involvement at transplant (molecular)

Post-transplant rituximab
Patients receiving rituximab after transplant 10
Median neutrophil count at first 2.35×109/L 
rituximab administration (range) (1.2-4.2)
Median time from transplantation to 52 days
first rituximab administration (range) (34-63)

Post-transplant neutropenia
Patients developing neutropenia 7 (70%)
Median time from 2nd rituximab course 38 days 
to neutrophil <1.0×109/L (range) (14-84)
Median  neutrophil count nadir 0.38×109/L
(range) (0.1-0.8)
Median duration of 12 days
neutrophil count <1.0×109/L
(range) (7-145)
Episodes of fever during neutropenia None
Findings on bone marrow biopsy Hypocellular 
at time of neutropenia
(all patients studied)

Follow-up
Median time from ASCT 15 months
(range) (4-40)
Patients in continuous complete remission 14
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Acute Myeloid Leukemia

Differences in the expression pattern of apoptosis-related
molecules between childhood and adult de novo acute
myeloid leukemia

Distinct expression patterns of pro- and anti-apoptot-
ic proteins may contribute to different prognoses and
therapy outcomes in adult versus childhood acute myeloid
leukemia (AML). Therefore, we investigated whether
expression levels of apoptosis-related proteins CD95, Bcl-
2, Bax, Bcl-xL, procaspase-3, XIAP, cIAP-1, and survivin
differ between children and adults with de novo AML.

haematologica 2004; 89:363-364
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Prognosis in acute myeloid leukemia (AML) is age-relat-
ed, with childhood AML having a better treatment out-
come than adult AML. Within adults, patients < 60 years
old have a better prognosis than patients ≥60 years old. For
the current chemotherapy regimens, these prognostic dif-
ferences are valid for response to induction chemothera-
py, event-free survival (EFS) as well as overall survival
(OS).1-4

It has been speculated that differences in the expression
patterns of anti- and pro-apoptotic molecules between
childhood and adult acute leukemia might contribute to
the different treatment outcomes of age-stratified
leukemia groups.5 However, systematic investigations on
possible expression differences of apoptosis-related mol-
ecules in children and adults with acute leukemia are rare.
To evaluate this hypothesis, we examined consecutively
collected leukemic cell samples from children (n=45) and
adults (n=92; < 60 years: n=44, ≥ 60 years: n=48) with de
novo AML for the expression levels of several apoptosis-
related molecules (CD95, Bcl-2, Bax, Bcl-xL, caspase-3,
XIAP, cIAP-1, survivin). All samples contained more than
80% leukemic cells based on morphologic criteria. 

Surface CD95 expression and intracellular expression of
Bcl-2 and Bax were determined by flow cytometry, as
described previously, using the PE-conjugated anti-CD95
monoclonal antibody DX2, the FITC-conjugated anti-Bcl-
2 monoclonal antibody 124, and the polyclonal rabbit-
anti-human antibody I-19 raised against Bax-specific pep-
tide sequences.6 Antigen expression distribution in indi-
vidual cell samples was quantified as relative fluorescence
intensity (RFI), determined by the ratio of mean fluores-
cence intensity of cells stained for the respective antigen
to mean fluorescence intensity of the corresponding neg-

ative control. Expression levels of Bcl-xL, caspase-3, XIAP,
cIAP-1 and survivin were determined by Western blotting
using monoclonal antibodies specific for XIAP (Transduc-
tion Laboratories, Lexington, KY, USA), cIAP-1, survivin
(R&D Systems, Minneapolis, MN, USA), procaspase-3
(Pharmingen, San Diego, CA, USA), and Bcl-xL (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Data on X-ray films
were quantified by scanning-densitometry using the NIH
Image analysis system. To normalize for variation in anti-
body concentration or time of exposure, the protein signal
from the respective patient was normalized against the
protein signal of the control cell line BJAB (human Burkitt-
like lymphoma cell line). Western blot results are expressed
in terms of this ratio (relative optical density, ROD).7 Dif-
ferences in the expression levels of apoptosis-related mol-
ecules between childhood and adult AML were evaluated
using the Mann Whitney-test.

As outlined in Table 1, expression of Bax, procaspase-3,
XIAP and c-IAP1 differed between the age groups. The
most striking finding in our study was the much higher
expression of cIAP-1 in childhood AML than in adult AML.
In contrast, all other observed statistically significant age-
related expression differences (Bax, procaspase-3, XIAP)
were for higher protein levels among the adults than
among the children. However, neither the higher expres-
sion of cIAP-1 nor the lower expression levels of Bax and
procaspase-3 in childhood AML observed in this series fits
with the general expectation that expression levels of anti-
apoptotic proteins (e.g. cIAP-1) would be lower and expres-
sion levels of pro-apoptotic proteins (e.g. Bax, Procaspase-
3) would be higher in the prognostically more favorable
pediatric AML group.5

Only the higher expression of the anti-apoptotic mole-
cule XIAP in the prognostically more unfavorable adult
AML matches this expectation.7 Possible explanations for
these rather unexpected findings may include: (i): the
intracellular location of these molecules influences their
apoptotic activity. For example, to be pro-apoptotic, Bax
must translocate from the cytoplasm to mitochondria,
where it triggers cytochrome c release; (ii) post-transla-
tional modifications (e.g. phosphorylation) of Bcl-2 fami-
ly members might be of importance for their functional
activity; (iii) measurement of the active form of caspase-
3 rather than the inactive proform might be more inform-
ative as a potential prognostic marker; (iv) expression
analysis of recently characterized molecules (e.g. Diabo-
lo/Smac) counteracting the anti-apoptotic activity of IAP
molecules might be helpful to understand the observed
expression pattern of apoptosis-related molecules within
this study; (v) protein families other than apoptosis-regu-

 




