Cancer Chemother Pharmacol (1997) 40 (Suppl): S51-S57 O Springer-Verlag 1997

ORIGINAL ARTICLE

Michinori Ogura - Yoshitoyo Kagami - Ritsuro Suzuki
Kazuhisa Miura - Kazutaka Uehira

Toshiro Kurokawa - Tatsuya Ito - Tomohiro Kinoshita
Nobuhiko Emi - Yasuo Morishima - Yoshihisa Kodera
Ryuzo Ueda- Nagoya CD34+ PBSCT Study Group

Phase I/l trial of cure-oriented high-dose chemoradiotherapy with
transplantation of CD34+ peripheral blood stem cells purified by the
immunomagnetic bead method for refractory hematological malignancies

Abstract A multicenter phase /Il clinical trial was con-bone marrow or peripheral blood involvement. Lack of
ducted to evaluate the safety of a device (Isolex Syste@D34 expression by tumor cells was an important selection
Baxter Health Corporation, Irvine, Calif., USA) using thdactor. Eight patients with hematological malignancies (six
immunomagnetic bead method to purify CD3tem cells NHL patients, one ATLL patient, and one APL patient)
from peripheral blood and to assess the efficacy amebre enrolled; their median age was 41 years (range 26—49
toxicity of high-dose chemoradiotherapy with peripheralears). After consolidation and mobilization chemotherapy,
blood stem-cell transplantation (PBSCT) using purifietivo or three courses of apheresis were performed in
CD34+ stem cells in patients with refractory hematologicadach patient. After high-dose chemo(radio)therapy, in
malignancies. Patients eligible for the study included thosach patient a median of 1x80 cells/kg (range
who had T-cell acute lymphoblastic leukemia (T-ALL)8.2x10p—5.1x10¢ cells/kg) purified CD34 PBSCs were
lymphoblastic lymphoma (LBL), mantle-cell lymphomanfused; granulocyte colony-stimulating factor was given
(MCL), high-risk aggressive non-Hodgkin’s lymphomdrom day 1. Median times to hematopoietic recovery were
(NHL), and adult T-cell leukemia/lymphoma (ATLL) inas follows: WBC of=1,0004l, day 11; platelet count of
first complete remission (CR) and those who had standael50,0000l, day 19; and reticulocyte count af10%o., day
risk aggressive NHL, indolent lymphoma, Hodgkin's disi5. Two NHL patients relapsed at 23 and 9 months after
ease, or acute promyelocytic leukemia (APL) in second GMBSCT, respectively; the remaining six patients are alive
or first partial remission (PR) after the completion of firstand in CR. No severe toxicity was observed in any patient.
line chemotherapy and were chemosensitive to salva@mor contamination as measured using a polymerase
chemotherapy, in whom tumor contamination of harvestetiain reaction-mediated RNase protection assay at the 10
peripheral blood stem cells (PBSCs) was possible due4ttevel was detected in the CD84urified fractions of 2 of
the 5 samples analyzed; however, a reduction in contam-

inating lymphoma cells from the autograft of at least 1,000
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adult T-cell Ieukemiallymphoma (ATLL), acute T-cell leudfractions were prepared from peripheral blood harvested from eight
kemia (ATL), and mantle-cell lymphoma (MCL), have ver HL and APL patients in preparation for PBSCT. All patients under-
poor prognosis, even if an initial complete remission (C ent PBSCT.

is achieved [10, 18, 28, 32]. Similarly, postchemotherapy-

relapsed Hodgkin's disease, NHL, and acute myeloid leggibility criteria

kemias also have a poor prognosis [7]. High-dose intensi-

fication followed by autologous bone marrow (ABMT) orE'igFif:t'iigr]gimir?TinAcl'_lfeldnihiggllg"tiig?3m homa (LBL), MCL, high
peripheral blood Stem.-ce” transplantation (.PBSCT.) IS Cu]r- risk aggressive NHI’_,yanEI ATLL in f)i/rstppartial remission (’PRE); or
rently used to consolidate or salvage patients with thesecr.

diseases, particularly those with malignant lymphomas. Patients with standard-risk aggressive NHL, indolent lymphoma,
This approach has been shown to improve prognosis inHodgkin’s disease, and APL in second CR or first PR (after the

patients with intermediate- or high-grade NHL or multiple completion of first-line chemotherapy;, chemosensitive to salvage
chemotherapy).

myeloma when used in chemosensitive relapses or in figstrhe possibility of tumor contamination of harvested PBSCs due to
remission [1, 16, 24, 27, 31]. Similarly, several ongoing bone marrow or peripheral blood involvement, including patients
studies are investigating the impact of high-dose intensifi- with relapsed or refractory NHL histologically diagnosed to be of

; ; . i icci _ low, intermediate, or high grade according to the Working For-
Eﬁzgﬂc\;\r’:g [Sigmlgellzree]scue in early remission of low-grade mulation [22] and those with histologically proven APL, T-ALL,

. . . . and ATL. Involvement of bone marrow or peripheral blood was
Infusion of stem cells into NHL patients carries the critical, but patients with tumor involvement of 5% of bone

intrinsic risk of also infusing tumor cells, even when tumor marrow cells or peripheral blood cells were excluded.

contamination of the graft has not been detected histologi-The absence of a donor for allogeneic bone marrow transplantation.
. - Tumor cells negative for CD34 antigen.

cally. Effective purging of the bone marrow autograft h S Age was restricted to the range of 15-54 years.

been shown to correlate with a lower relapse rate [14]. The performance status had to be 0 or 1.

Current methods of purging lymphoma cells in NHL consigt Renal (serum creatinine values ef1.5 mg/dl and creatinine

of lysis using monoclonal antibodies (mAbs) and comple- clearance of>60 ml/min) and hepatic (aspartate transaminase

ment [31] and incubation with a cyclophosphamide deriva- and alanine transaminase levels af3 times normal and serum

. . . levels of total bilirubin of < 2.0 mg/dl) function had to be adequate,

tive, mafosfamide [9, 11]. However, these technlques'areas did the left ventricular ejection fraction-60%).

cumbersome and potentially harmful to normal progenitor written informed consent had to be obtained.

cells. Recent studies have shown that bone marrow and

peripheral blood progenitor cells bearing the CD34 antigen

can be isolated and concentrated using a biotin-avidftuction treatment

imm%‘”oa‘?sorption methoq and can reconstitute hematoﬂﬂ'ﬁuction treatment for NHL patients was CHOP-like chemotherapy.
esis in animals [3, 4] and in neuroblastoma, breast cangei; patient 2, VEPA-L [600 mg/fcyclophosphamide (CPA) given on
NHL, and multiple myeloma patients [5, 14, 27, 30]days 1 and 15, 40 mgAdoxorubicin (ADR) given on days 8 and 22,
Lymphoma tumor cells [6] and some acute promyelocytt 4 mg/n? vincristine (VCR), (to a maximum of 2 mg) given weekly

. . . or 4 weeks, 60 mg prednisolone (PSL) given for 28 days, 6,000@U/m
leukemia (APL), T-cell acute lymphocytic leukemia (Tl-asparaginase given from day 25 to day 34, and 10 mg intrathecal (i.t.)

ALL), and ATL cells do not usually bear the CD34 antigenxethotrexate (MTX) and 20 mgAwSL given on day 15] therapy was
therefore, positive selection may be of benefit in NHL anchrried out; for patient 1, the VEPA regimen was used; and for patients

other CD34 refractory lymphoma/leukemia patients, witi$, 4, and 6-8, biweekly treatment with the CHOP [750 mig@iPA

potential benefits including a reduction in tumor contamj"’e” on day 1, 50 mg/MADR given on day 1, 1.4 mg/MVCR

. . maximum of 2 mg total) given on day 1, 100 mg PSL given on days
nation of the graft. We report on the preparation of CB34 5 and granulocyte colony-stimulating factor (G-CSF) given from

peripheral blood stem-cell (PBSC) concentrates using t 3 to day 13] regimen was carried out. For the APL patient (patient
immunomagnetic bead method, engraftment data obtairfédhe second induction treatment consisted of 70 m¢raiisretinoic
i ; i ; id (Bethanoid; Nihon Roche, Tokyo, Japan) given for 10 weeks and
gfter hlgz dose C?]emoradllmherapfy’ ar;]d mlrl]/llrlnal I‘Ie_SIdL% DCV [40 mg/m daunorubicin (DNR) given on days 1-3, 200 mg/
Isease data as the conclusion of a phase MUItICeN{Rr o tarabine (Ara-C) given on days 1-5, and 2 mgMindesine
clinical trial conducted by the Nagoya CD34#BSCT (vDS) given on day 1] regimen.

Study Group.

Mobilization chemotherapy

Patients with a wide variety of hematological malignancies were

Patients and methods eligible for this trial; thus a strict mobilizing chemotherapy regimen
was not defined in the protocol. However, to enhance the mobilizing
Patients effect, several kinds of combination chemotherapy, all including Ara-

C, CPA, or etoposide (VP-16) and recombinant human G-CSF, were
Eight patients aged 26-49 years (median 44 years) and bearnrsgd. These included mitoxantrone (MIT)/Ara-C (7 mgMiT given
refractory hematological malignancies defined using the protocobs days 1 and 2, 200 mgAwra-C given on days 1-5, 60 mg#iPSL
eligibility criteria were enrolled between August 1994 and Marchiven on days 1-5, and 25Qg lenograstim given s.c. daily after
1996. The study design, the primary and secondary end pointscbemotherapy; used in the follicular mixed-cell lymphoma patient),
which were recognition of hematopoietic reconstitution after CD34CHASE (1,200 mg/rh CPA given on day 1, 2 g/&@Ara-C given on
PBSCT and assessment of therapeutic effects, respectively, wasdgys 2 and 3, 100 mgAnVP-16 given on days 1-3, 40 mg dex-
proved by the institutional review boards of all participating instituamethasone given on days 1-3, and G-CSF given from day 5 until
tions. All patients gave written informed consent. Purified CD34recovery of the WBC to>10,0000l; used in the follicular small
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cleaved-cell lymphoma patient), or biweekly CHOP (used in MCL an#30. Purified peripheral progenitor cells were rapidly thawed atG7
ATLL patients). The mobilizing effect of biweekly CHOP with at 24 h after the completion of pretransplant conditioning and were
lenograstim has been confirmed and reported elsewhere [23]. Baren i.v., after which all patients received [fg/kg G-CSF given
two patients with LBL in first CR and one patient (patient 5) with.v. from day 1 until neutrophil recovery (defined as a WBC of
APL in second CR, consolidation regimens MEVP (6 mg/miT > 10,0000l).
given on day 1, 100 mg/AVP-16 given from day 1 to day 5, 1.4 mg/
m2 VDS given on day 1, and 40 mgARSL given from day 1 to day 5)
and DCVP (40 mg/mDNR given from day 1 to day 3, 80 mgA#ra- Response criteria
C given from day 1 to day 6, and 2.4 m@MDS given from day 1 to
day 6) or behenoyl Ara-C (BHAC)/DNR (200 mg?fBHAC given Malignant lymphomas
from day 1 to day 5 and 40 mgMDNR given from day 1 to day 3,
with G-CSF) and BHAC/MIT with G-CSF (250 mgABHAC given  Patients surviving for>1 month posttransplantation were evaluated
from day 1 to day 5 and 7.5 mgAMIT given on days 1 and day 2), for response by computed tomography scanning, gallium scintigram,
respectively, were used to mobilize PBSCs. and, if necessary, bone marrow aspiration. These tests were done
pretransplantation, every 3 months for the 1st year, and every 4 months
thereafter or until disease progression or relapse. A CR was defined as
PBSC harvesting, CD34selection, and cryopreservation the disappearance of all clinical evidence of disease and the normal-
ization of all laboratory values and radiography results that had been
Autologous blood progenitor cells were obtained after mobilizingbnormal before treatment fae4 weeks. A PR was defined as a
chemotherapy with G-CSF as described above. Blood progenitor-geitluction of=50% in the sum of the products of the cross-sectional
apheresis was begun at 11-14 days after the beginning of chemothé&meters of all known lesions that lasted fod4 weeks. No response
apy. Continuous-flow leukapheresis was performed using AS10¥R) was defined as any response less extensive than a PR. Disease
(Fresenius AG, Bad Homburg, Germany). The blood volume procesg&dgression (PD) was defined as the occurrence of new lesions or as an
per run was 10 | at a flow rate of 50 ml/min. increase of=25% in the sum of the products of the cross-sectional
After this procedure, mononuclear cells were collected and ED3diameters of all known lesions.
cells were isolated using an immunomagnetic bead method (Isolex 50
Magnetic Cell Separator; Baxter Health Corporation, Irvine, Calif.,
USA). This concentration technique includes the following majofcute leukemias
steps:
1. Harvested cells were treated with Ficoll-Paque (Pharmacia Biote&'CR was defined as the disappearance of leukemic cells from bone
AB, Uppsala, Sweden) for 30 min at 1500 rpm at room temperatur@arrow and peripheral blood and the normalizationsfdrweeks of all
2. Target cells were sensitized using a mouse anti-human CDi3#oratory values and radiography results that had been abnormal
antibody and unbound antibody was removed by centrifugation. before treatment. A PR was defined as a reduction in leukemia cells
3. Sensitized cells were rosetted using Dynal (Dynal AS, Oslo, Nas <5% in bone marrow and peripheral blood that lasted ot
Wayg zaramagnetic microspheres coated with sheep anti-mowggeks. Failure was defined as any response less significant than a PR.
antibodies.
4. CD34 cells were then captured using a magnet.
5. Paramagnetic beads were released from the cells by treatment wigRicity assessment
chymopapain and, as of January 1996, PR&ém cell-releasing-

agent. Released CD84ells were concentrated by centrifugation. Toxicity during and after infusion was assessed and graded according
CD34 cells were cryopreserved with 25% human serum albumig the Japan Clinical Oncology Group toxicity criteria [34].

and extracellular cryoprotectant solution (CP-1; Kyokuto Seiyaku

Kogyo Co. Ltd., Tokyo, Japan) with final concentrations of 4%

albumin, 5% dimethylsulfoxide (DMSO), and 6% hydroxyethyl starci_cvt tri lvsi Il sorti

(HES) and were stored frozen at —135. A nonpurged backup ow-cytometric analysis and cell sorting

peripheral-blood harvest sample was cryopreserved for all patientSpesity-separated cells were stained using fluorescein isothiocyanate
(FITC)-conjugated anti-CD45 antibody (Fujisawa Pharmaceuticals Co.
) o ) Ltd., Osaka, Japan) and phycoerythrin (PE)-conjugated anti-CD34
Transplantation conditioning regimen antibody HPCA-2 (Becton-Dickinson Immunocytometry Systems,
o ) . ) San Jose, Calif., USA). Samples were run on a FACScan flow
Two conditioning regimens were planned. Regimen 1, designatggtometer (Becton-Dickinson), and 10,000 events were acquired;
CEM, comprised 60 mg/kg CPA given daily and 300 mgMP-16 data were analyzed using Lysis 11 software (Becton-Dickinson).
given daily in two divided doses for 3 days (day —4 to day —2) and 13b34- cells were defined using histogram analysis and analysis,
mg/n? melphalan (-PAM) given on day —1. Regimen 2, designategjates were set using the CD34 bright cluster obtained after immu-
L-PAM/TBI, comprised 60 mg/@L-PAM given for 3 days (days -5 to npadsorption. To detect B-cell lymphoma cells the Simultest (Becton-
—3) and total body irradiation (TBI) applied at 3 Gy twice daily for 2jckinson), which contains a combination of two monoclonal
days (days —2 and —1). Mesna was used in patients treated with CEMtibodies, was used. Anti-kappa is conjugated to FITC, whereas
anti-lambda is linked to PE. These conjugates bind to the kappa light
chains and lambda light chains, respectively.
Supportive care

All patients were housed in individual rooms with a high-efficiency.
particulate air-filtration system. Gut decontamination was acColesults

plished with oral nonabsorbable antibiotics (vancomycin and poly-

myxin-B), oral trimethoprim-sulfamethoxazole, and a heated low- . o .
bacteria diet starting approximately on day —14. Reverse-isolatiftatients’ characteristics, response, and survival
techniques with masks and gowns were used when neutrophil counts

decreased to<5004l. Broad-spectrum antibiotics were used for thiable 1 shows the type, stage, and status of disease

first febrile episode, and all patients received amphotericin B syrup. All : : . : :
blood products were irradiated with 25 Gy before infusion and we etermined in the eight patients. At the time of PBSCT,

infused with filters to capture lymphocytes. Immunoglobulin was givetf\"’o_individuaIS (patients 1 f_ind_4) were in _PR, andaCR was
i.v. to all patients at a dose of 500 mg/kg per week from day -7 to dachieved after transplantation in both patients. The other six
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Table 1 Patients’ characteristicdi@v M3 variant) Table 2 CD34 cell selection
Patient  Diagnosis Status  Age (yearsfime between Patient Course  Number Number Purity Yield Number
gender diagnosis and of cells of cells (%) (%) of cells
entry (months) harvestedselected infused
, , (x109) (%107 (x108/kg)
1 Follicular mixed  PR2 29/M 77
2 T-LBL CR1 41/M 3 1 1 11.4 2.8 795 112 0.82
3 NK CR2 46/M 21 2 8.9 2.0 782 111
4 MCL PR1 49/F 3 3 10.2 2.9 63.6 46
5 AML (M3v) CR2 39/M 31
6 Follicular small  CR2  41/M 41 2 ! 8.5 82 916 124 517
cleaved 2 9.3 18.8 97.4 17
7 T-LBL CR1 26/M 2 3 1 12.0 3.7 92.9 31 0.95
8 ATLL CR1 47M 6 3 10.0 25 82.0 42
4 1 3.3 0.43 92.0 11 1.85
. - , 2 6.6 9.1 96.0 48
patients were in first or second CR at the time of PBSCT.
The median duration of survival from the time of trans? 1 15.3 44 92.2 44 125
; . 2 11.3 2.6 95.5 87
plantation was 9 months (range 2—-25 months). Patients 1
and 3 relapsed at 5 and 9 months after transplantatién, % %g-g %;(2) gg-é 257; 5.00
respectively. All eight patients were alive at the time of the ' ' '
study. 7 1 6.1 5.0 93.7 67 1.73
2 12.3 6.5 87.4 45
8a 3 3.6 1.6 84.8 24 1.76
Peripheral blood processing and cell-purification results 4 6.8 3.9 916 25
5 6.9 3.7 91.2 33
Results of cell harvesting and purification are listed iMedian 2 9.7 3.8 92 46 175

Table 2. The number of total peripheral-blood nucleatedpesence of CD34selection inhibitor
cells harvested ranged from %30° to 1.56x1010 cells/
apheresis (median 9x7.0° cells/apheresis) and from A patients experienced mucositis and received i.v.
1.0x100 to 3.06x10 cells/patient (median 2.0210° 5jimentation routinely and, if pain was severe, i.v. opiate
cells/patient). After CD34 cell selection using micro- gngigesia. All patients had profound myelosuppression, and
spheres the number of purified CD34ells ranged from associated fevers were treated empirically with i.v. anti-
4.3x106 to 1.88<1(8 cells/apheresis (median X80 piotics. However, severe infection, defined as infections of
ceIIs/gphereSB) and from 5¢107 to 3.4x108 cells/patient severity exceeding grade 3, was not observed, and no
(median 9.3k 107 cells/patient). _patient had a blood culture that was positive for bacteria
Positive selection after the second course of apheres%ynfungi_
patient 3 was not performed, but apheresis for unprocessedy,q patients (2 and 4) had grade 3 hypoxemia with
back-up peripheral-blood graft preparation was done. Thferstitial pneumonia (IP). The IP occurring as of day 39
f|r_st and second courses of apher_e_S|s atte_mpted in patieRfi@r PBSCT in patient 2 was probably attributable to TBI;
failed, probably due to a nonspecific reaction between anfiatient 4 had idiopathic IP (no evidence of cytomegalo-
CD34 antibody and platelets and/or monocytes (data Rgfys) beginning at 4 months after PBSCT. Both patients
shown). The 21 purified CD34cell preparations obtained ecovered fully after administration of 50 mg/kg PSL.
were of median purity 92% (range 63.6-99.1%). Theatient 4 had grade 3 pericarditis, probably attributable to
median percentage of recovery of CD3dells from the TB| peginning at 8 months after PBSCT and recovered
starting peripheral blood nucleated cells (CB3:ll re- fully on PSL treatment.
covery, yield) was 46% (range 11-100%; values calculated | symmary, most patients experienced only transient
to be >100% were defined as 100%). The CD3eriph- toxicities previously observed with the preparative chemo-
eral-blood grafts transplanted into these eight patiem{gjiotherapy regimens used. There was no episode of
contained a median of 1.K405 CD34+ cells’/kg body yenoocclusive disease of the liver, and no patient developed
weight (range 0.828105 to 5.17x 106 cells/kg). grade 4 or fatal toxicities in the immediate peritransplant
period.

Toxicity

Hematopoietic engraftment
All eight patients transplanted with CD84cell grafts
tolerated infusion of CD34cells without suffering brady- All transplanted patients were engrafted (Table 3). The
cardia, hypotension, hypertension, or signs of anaphylaxisedian time until posttransplantation recovery of the
Although patients 2 and 8 had grade 3 and 2 hemorrhadBC to =1000{1l was 11 days (range 8-12 days). The
cystitis attributed to adenovirus infection as of day 47 amlatelet count recovered t&50,0000l by a median of 19
day 97 after transplant, respectively, they recovered fullydays [range 13 days to not yet reached (patient 5 with
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Table 3 Hematopoietic recovery after CD84PBSCE® (NR Not multiple techniques aimed at the removal or destruction of

reached) occult tumor cells that potentially contaminate the graft.
Patient Recovery of: The level of toxicity of these methods (referred to as
negative selection) toward the normal stem cell compart-
Number of WBC Reticulocyte Platelet count ment required to ensure engraftment is variable but poten-
CD34+ cells =~ >10004 count>10% >50,0004 a1y high, particularly when CPA derivatives (e.g., mafos-
infused (x 106/kg) (day) (day) (day) .
famide) are used.
1 0.82 12 14 29 Positive selection of CD34stem cells reduces the risk
g (5);; 13 ig éi of damaging stem cells and, if needed, would facilitate
2 185 11 13 13 further manipulation of the graft for purposes such as gene
5 1.25 11 16 NR transfer. With the notable exception of acute leukemias,
6 5.00 9 15 15 most hematological tumor cells do not express CD34
27; %;g ﬁ ig ‘l‘é antigen on their surfaces [19]. However, one APL patient
Median 1.75 11 15 19 was included in this study because his leukemia cells were

demonstrated to possess no CD34 antigen. Low-grade
follicular lymphoma and MCL are particular challenges
because they generally present as disseminated diseases

APL)]. The median time until posttransplant recovery of th\é!it_h high rates.of bone marrow _and blood infiltra}tion,
which are easily detectable using molecular biology

reticulocyte count to=10% was 15 days (range 13-18 ) .
days). As can be seen from Table 3, the most raptﬁchnlques, and both dlse'ases have been reported to be
urable with conservative chemotherapy [15, 28].

engraftment was seen in the 2 patients (2 and 6) in wh ) ,

the number of CD3#4cells infused was=5x 106 cells/kg. urthermore, although controversial, a recent analys!s o.f

However, delayed recovery of the platelet count aft@utcome h_as sh(_)wn lower relapse rates posttransplantion in

transplantion did not correlate with the number of nucleat@gtients with follicular lymphomas and the traceable bcl-2

cells infused. rearrangement after effective purging of the bone marrow
using a cocktail of mAbs [15].

Several techniques have been developed to concentrate
CD34+ stem cells for autografting. All rely first on the
Discussion recognition of these cells through their immunophenotype,

including CD34 alone [17, 21] or, for example, CD34
This paper reports the results of a phase I/l trial designedtby1* [2] or CD34*/CD38- [33]. Subsequently, cells are
test the feasibility of using CD34PBSCs selected by theselected using panning [21], avidin columns with a bioti-
immunomagnetic bead method for PBSCT after the adminylated anti-CD34 antibody system [14], highly efficient
istration of myeloablative high-dose chemoradiotherapell sorting [2], or the Isolex device with immunomagnetic
regimens for consolidation in patients with high-risk obeads used in the current study [8].
chemosensitive relapsed NHL or APL. Considerable in vitro data have been reported on the

The superiority of high-dose chemotherapy with ABMTCD34" and the CD34 subpopulations obtained using these
over salvage chemotherapy has clearly been establishedifferent approaches. These results indicate that the €D34
patients with chemosensitive relapsed NHL [25]. Althoughiaction is heterogeneous and contains both mature com-
the role of myeloablative therapy as first-line therapy fanitted progenitors (granulocyte-macrophage colony-form-
first-CR or first-PR patients with diseases of poor progag units and erythrocyte blast-forming units), ensuring
nosis, such as high-risk aggressive or indolent NHL, LBlgarly recovery from aplasia, and immature progenitors,
MCL, and ATLL, has not been established, some trials haeasuring long-lasting hematopoietic reconstitution. Suc-
been reported [13, 26]. Three patients had highly aggressogssful engraftment has been obtained in several animal
NHL (two TLBL and one ATLL), and all were in first CR. models, including monkeys, using the CB3¢action [3, 4]

One other patient in first CR with stage IV MCL wasbut not the CD34fraction. In humans, consistent engraft-
included due to the poor prognosis of the disease, as werent in a large series of patients has been reported using the
two patients with chemosensitive relapsed follicular NHhbiotin-avidin immunoadsorption technique and the immu-
and one patient with chemosensitive relapsed APL. nomagnetic bead method [8]. The simplicity of these

Transplantation of concentrated CD3tem cells, rather techniques makes them easy to use in a hematology labora-
than infusion of autologous bone marrow cells or leukaery.
pheresis products, has the advantage of reducing the voin a comparative study of engraftment kinetics in 44
lume, which facilitates storage and decreases the amounbugast cancer patients who received ablative chemotherapy
DMSO and cell-lysis products. This decreased volume htmdlowed by infusion of CD34 cells concentrated from
been shown to reduce cardiovascular side effects (spedifdone marrow with or without infusion of growth factors,
cally effects on the maximal heart rate and blood pressuf&)pall et al. [30] have reported median times to neutrophil
that are observed with standard bone-marrow cell infusiorecovery to 0.5%10° cells/| of 23 days with bone marrow
[29]. More importantly, the risk of infusing tumor cellsalone, 16 days when granulocyte-macrophage colony-stim-
while performing an autograft has led to the development blating factor is added, and 10 days when G-CSF is added

a All patients received G-CSF after PBSCT
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posttransplantion. Civin et al. [8] have reported a mediad. Berenson RJ, Bensinger WI, Kalamasz T, Schuening D, Deeg HJ,

time to neutrophil recovery to 1,0Q0/of 32 days after Graham T, Storb R (1987) Engraftment of dogs with la-positive

transplantation of CD34cells purified using the immuno- 6m9a:ar:(3)(\;\écells isolated by avidin-biotin immunoadsorption. Blood

magnEt!C be?‘d technique without hematODOie“C growth. Berenson RJ, Andrews RG, Bensinger WI, Kalamasz D, Knitter G,
factors in patients with advanced solid tumors [8]. Buckner CD, Bernstein ID (1988) Antigen CD34+ marrow cells

Our study provides further evidence that CB3zell engraft lethally irradiated baboons. J Clin Invest 81:951

.- P Berenson RJ, Bensinger WI, Hill RS, Andrews G, Garcia-Lopez J,
concentrates are capable of reconstituting hematopmess%Kalamasz DF, Still BJ, Spieer G, Buckner CD, Bemstein ID,

patients receiv_ing myeloablative chemo_radiotherapy. The Thomas ED (1991) Engraftment after infusion of CD34+ marrow
study also provides data on several practical aspects regardells in patients with breast cancer or neuroblastoma. Blood

ing the preparation of the concentrates. The purity and 77:1717

; ; ; 6. Berenson RJ, Andrews RG, Bensinger WI, Kalamasz DF, Hill RS,
recqvery of CD34 cells Vé?r'ed fr(.)m patl_ent to paﬂent,' Still BJ, Weiden P, Shulman HM, Wamke R, Buckner CD,
similar to other results obtained using the imnmunomagnetic gernstein ID (1994) Selection of CD34+ marrow cells for autol-

bead method [8] and other techniques [19]. These results ogous marrow transplantation. Hematol Oncol Ann 2:78
are probably related to our observation that the purity of th@. Cabanillas F, Jagannath S, Philip T (1989) Management of
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