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CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

A Phase I-1l Clinical Trial to Evaluate Removal of CD4 Cells and Partial
Depletion of CD8 Cells From Donor Marrow for HLA-Mismatched
Unrelated Recipients

By Paul J. Martin, Scott D. Rowley, Claudio Anasetti, Thomas R. Chauncey, Ted Gooley, Effie W. Petersdorf,
Jo-Anne van Burik, Mary E.D. Flowers, Rainer Storb, Frederick R. Appelbaum, and John A. Hansen

We conducted a phase I-ll clinical trial to test the hypothesis
that removal of CD4 cells from an HLA-mismatched unre-
lated marrow graft would substantially reduce the risk of
grades llI-1V graft-versus-host disease (GVHD) and that reten-
tion of a specified number of CD8 cells in the graft would be
sufficient to prevent rejection. Patients were eligible for this
study when an HLA-A, -B, or -DRB1-matched unrelated
donor could not be identified. HLA matching of the donor
and recipient was based on typing of HLA-A and -B antigens
by serologic methods and by typing of HLA-DRB1 alleles by
molecular methods, and donors were selected when dispar-
ity was limited to a single HLA-DRB1 allele or a single HLA-A
or -B antigen. Twenty-seven patients with hematologic
malignancy or aplastic anemia were prepared to receive a
transplant with conventional regimens of cyclophospha-
mide and fractionated total body irradiation, and a standard
regimen of methotrexate and cyclosporine was given for
GVHD prophylaxis. CD4 cells were removed from the donor

marrow, and the numbers of CD8 cells were adjusted system-
atically in graded steps for successive patients, depending
on the occurrence of grades llI-lV GVHD or graft failure in
previously enrolled patients. Removal of CD4 cells did not
cause graft rejection or appreciably decrease the risk of
grades llI-lV GVHD. Depletion of CD8 cells was associated
with an increased risk of rejection with either HLA-DRB1
disparity or with HLA-A or -B disparity. With either type of
disparity, the risk of grades lll-IV GVHD is likely to be higher
than 15% at any dose of CD8 cells associated with less than
5% risk of graft failure. The absence of graft failure associ-
ated with CD4 depletion supports the hypothesis that donor
CD4 cells are not essential for preventing marrow graft
rejection in humans. The correlation between graft failure
and the number of CD8 cells in the donor marrow supports
the hypothesis that donor CD8 cells help to prevent marrow
graft rejection.

© 1999 by The American Society of Hematology.

URRENTLY AVAILABLE posttransplantimmunosuppres- In murine marrow transplant models, both CD4 cells and
sive regimens do not provide optimal protection againstCD8 cells of the donor can cause GVHD, but donor CD8 cells

graft-versus-host disease (GVHD) after marrow transplantatiorwere at least 5-fold more effective than donor CD4 cells for
from an HLA-nonidentical family member or from an unrelated preventing marrow graft rejection mediated by recipient T
donor!2 Clinical studies have shown that GVHD can be cells# In humans, removal of CD8 cells from the donor marrow
prevented by removing T cells from the donor marrow, but thisis associated with an increased risk of graft failure in HLA-
approach has been associated with an increased risk of graifientical sibling recipient$. Taken together, these studies
failure, among other significant complications affecting sur-suggest that donor CD8 cells play a critically important role in
vival.® Immunologic rejection mediated by small numbers of preventing allogeneic marrow graft rejection. Based on these
recipient lymphoid cells that survive the conditioning regimen considerations, we designed a clinical trial to determine whether
is a likely cause of graft failure associated with removal of T removal of CD4 cells from HLA-mismatched unrelated donor
cells from the donor marrowLaboratory studies have shown marrow could safely and substantially reduce the risk of grades
that donor T cells prevent rejection by eliminating or inactivat- 1ll-IlV GVHD when a specified number of CD8 cells is retained
ing recipient T cells that survive the conditioning regintén. in the graft to prevent rejection.
This occurs primarily _through the generatlon_ qf cytotoxic effectors MATERIALS AND METHODS
that recognize alloantigens expressed by recipient T«ells.
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Patient and donor selection.Patients were eligible for this study if
they had a hematologic malignancy deemed to have less than 5%
From the Division of Clinical Research, Fred Hutchinson Cancer chance of cure by conventional therapy but potentially curable by
Research Center and Department of Medicine, University of Washingtreatment with high-dose cyclophosphamide and total body irradiation
ton, Seattle, WA. followed by allogeneic marrow transplantation. Patients with severe
Submitted October 26, 1998; accepted April 21, 1999. aplastic anemia were also eligible. Patients were ineligible if they were
Supported by Grant Nos. Al33484, CA15074, CA18029, HL36444plder than 55 years of age or had previously received greater than 3,000
and CA18221 from the National Institutes of Health, Department of cGy whole brain irradiation or greater than 1,500 cGy to the chest or
Health and Human Services. abdomen, or any involved field irradiation to these areas within 6
Address reprint requests to Paul J. Martin, MD, Fred Hutchinson months before transplantation.
Cancer Research Center, 1100 Fairview Ave N, D2-100, Seattle, WA HLA matching of the donor and recipient was based on typing of
98109-1024; e-mail: pmartin@fhcrc.org. HLA-A and -B antigens by serologic methods and by typing of DRB1
The publication costs of this article were defrayed in part by page alleles by DNA hybridization with sequence-specific oligonucleotide
charge payment. This article must therefore be hereby mdikeder- probes® Patients with an HLA-identical sibling, an HLA-haploidentical
tisement”in accordance with 18 U.S.C. section 1734 solely to indicate relative with no HLA-A, -B, or -DRB1 disparity, an HLA-haploidentical
this fact. relative with disparity for a single HLA-A, -B or -DR antigen, or an
© 1999 by The American Society of Hematology. HLA-A, -B, or -DRB1-matched unrelated donor were eligible for other
0006-4971/99/9407-0037$3.00/0 protocols and were excluded from this study. Unrelated donors were
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selected for patients in this study if disparity was limited to a single was given at the discretion of the attending physician if the absolute
HLA-DRBL1 allele or a single HLA-A or -B antigen. To minimize the neutrophil count did not surpass 100/uL by day 21 after transplantation.
risk of rejection, donor disparity was not allowed at any HLA-A, -B or  Marrow treatment. Marrow was aspirated by conventional methods
-DRB1 locus for which the patient was homozygous. Donors with at the donor center and transported to the Fred Hutchinson Cancer
positive lymphocyte crossmatching tests against patient serum werBesearch Center (FHCRC; Seattle, WA) according to procedures of the
excluded. Our institutional review board approved the protocols andNational Marrow Donor Program (Minneapolis, MN). At the time of
consent forms used for this study, and all patients provided written@'fival, red blood cells were depleted and mononuclear cells were
informed consent. The study enrolled 22 men, 4 women, and 1 chilhriched by centrifugation using a COBE Spectra machine (Cobe,
with a median age of 42 years (range, 9 to 55 years). Lakewood, CO). CD4 cells and CD8 cells were depleted by an

The study enrolled 14 patients with disparity for an HLA-DRB1 immunomagnetic procedure using clinical grade monoclonal antibodies

allele. Nine of these patients also had recipient HLA-DQB1 disparity, prepared in the FHCRC Biologics Production Shared Resource. Antibod-

which is known to increase the risk of acute GVEDhree had acute <> W€'® used with paramagnetic pglystyr_ene beads (Dynal, Lake
myeloid leukemia (AML) in relapse, 1 had myelodysplasia, 1 had acuteSuccess, NY) and the MaxSep device (kindly donated by Baxter

. ) N L Healthcare Corporation, Irvine, CA) under an Investigational Device
lymphoblastic leukemia (ALL) in relapse, 1 had lymphoma in rEIamse'Exemption from the Food and Drug Administration. The CD4-specific
and 8 had chronic myeloid leukemia (CML), 3 in chronic phase, 3 in murine IgM antibody 663 was conjugated to Dynabeads M-450
accelerated phase, 1 in blast crisis and 1 in chronic phase after blast crisis. F(%ynal) by overnight incubation at pH 9.5. The CD8-specific murine
patients with CML, as opposed to other diseases, the risk of rejection witl'igGZa antibody 514 was bound to Dyﬁabeads M-450 coated with
T-cell-replete marrow is increased when an unrelated dondisarity for sheep antimouse IgG. The immunomagnetic separation steps are
more than one HLA-A, -C, or -B allel€. Posttransplant typing of  symmarized in Fig 1. CD34 cells, CD4-bright cells, and CD8-bright
HLA-A, -C, and -B alleles by DNA sequenciffgshowed that 7 of the 8

donors for patients with CML had no HLA-A, -C, or -B disparity, and 1

had disparity at both HLA-A and -C. HLA class | sequences were not Aspirated Marrow
analyzed when patients had diseases other than CML.
The study enrolled 13 patients with disparity for an HLA-A or -B 1. Buffy coat separation
antigen. Two of these patients also had recipient HLA-DQB1 disparity.
Three had AML (2 in relapse and 1 in second remission), 2 had ALL (1 Mononuclear Cells

in relapse and 1 in third remission), 1 had chronic lymphocytic
leukemia, 1 had aplastic anemia, and 6 had CML, 1 in chronic phase,
in accelerated phase, and 1 in blast crisis. Posttransplant typing c CD4 Partially-depleted Marrow
HLA-A, C and B alleles by DNA sequencing showed that 2 of the 6

donors for patients with CML had a single HLA-A, -C or -B disparity,

and 3 had multiple class | disparities. One donor was homozygous &

2, First cycle CD4 depletion

HLA-A, resulting in recipient disparity without donor disparity. Bulk Marrow Graft Preliminary CD8 Aliquot
Transplantation procedures and supportive car@®atients were

prepared to receive a transplant with 60 mg of cyclophosphamide per ki 3b. Second cycle

body weight for 2 days and either 13.2 Gy total body irradiation (TBI) CD4 depletion

given in 1.2 Gy fractions 3 times daily (a 12) or 13.5 Gy TBI given in v

1.5 Gy fractions twice daily ( 15). Intrathecal methotrexate was Finished CD8 Aliquot

given for prevention of central nervous system (CNS) malignancy anc ~ 3a. CD4/CD8 second .

local field irradiation was given for prevention of testicular relapse in cycle depletion 4. CD8 enumeration

patients who were at risk of these complications. Cyclosporine anc | v

methotrexate were given for GVHD prophylatis Trimethoprim- ~ CD4/CD8-Depleted Bulk Marrow Counted CD8 Aliquot

sulfamethoxazole was given before transplantation and after engrafi ‘
ment for prophylaxis againgneumocystis carinipneumonia. Nine-
teen patients were hospitalized in isolation rooms with laminar airflow
and received oral nonabsorable antibiotics for prevention of bacteria Final Graft Containing the

and fungal infection. Six of the remaining eight patients were hospital- Desired Number of CD8 Celis

ized in rooms with high-efficiency particulate airfiltered air and

positive-pressure ventilation. Antibiotics were given intravenously for Fig 1. Procedure for immunomagnetic removal of CD4 cells and
prevention of bacterial infection whenever the absolute neutrophil counpartial depletion of CD8 cells from the marrow. Erythrocytes were
was less than 500/pL. All patients received fluconazole for preventiorf’emm""i and mononuclear cells were enriched by centrifugation

ff | infection’2 Amphoterici . h f linf using a Cobe Spectra (Step 1). Cells were incubated with CD4-specific
Of fungal intection-= Amphotericin was given whenever fungal infec- immunomagnetic beads and exposed to a magnetic field in a first

tion was suspected. Acyclovir was given during the first 30 days an‘terwde of CD4 depletion (Step 2). A preliminary aliquot containing the
transplantation to prevent herpes simplex reactivation in seropositivejesired number of CD8 cells was removed from the CD4 partially
patientst3 Patients who were seronegative for cytomegalovirus (CMV) depleted marrow and subjected to a second cycle of CD4 depletion
received leukopoor filtered blood products or blood products from (Step 3b), and the remaining CD8 cells were enumerated (Step 4). The
donors who were CMV-seronegati#&CMV-seropositive patients were bIL_'"‘ ":armw gb’f’"t“:imtai“ing aﬁ:’ re';“°“:‘::gzt:e :’r:"mi“a’\{)_c'):
. : . aliquot was subjecte 0 a second cycle o epletion combine
trea.ted with ganc!c_lowr whenever wegkly bIOOFi tes_ts for CMV pp65 wi?h CcD8 deple:ion (Step 3a). The (‘)ID4/CD8-depIe’1):ed bulk marrow
antlgen_were positive’ Qamma globulin was given |qtravenously at was combined with the counted CD8 aliquot (Step 5) to yield the final
weekly intervals for the first 90 days after transplantation whenever thegraﬂ containing the desired number of CD8 cells. For dose level 0, the
serum immunoglobulin G (IgG) level was less than 400 mg/dL. entire marrow was subjected to 2 cycles of CD4 depletion with no
Recombinant human granulocyte colony-stimulating factor (G-CSF)removal of CD8 cells.

5. Fractions Combined
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cells were enumerated before and after the immunomagnetic separatiorpeat assays with approximately 1% sensititftplatelet reconstitu-

by flow cytometry after directimmunofluorescent staining with commer- tion in engrafted patients, the development of chronic GVHD in patients
cially available antibodies (Becton Dickinson, San Jose, CA). Forwho survived for at least 100 days, development of recurrent malig-
enumeration of CD4-bright cells, 100,000 events were analyzed withnancy, and immune deficiency manifested by the development of
subtraction for 0% to 0.021% (mean, 0.0048%) background afteropportunistic infections or Epstein-Barr virus—induced lymphoprolifer-
staining with an isotype-matched irrelevant control antibody. ative disorders.

Study design, endpoints, and statistical analysithis phase I-1I Correlations between outcome after transplantation and the numbers
clinical trial was undertaken to determine whether removal of CD4 cellsof nucleated cells, CD34 cells, CD4 cells, and CD8 cells in the marrow
from the marrow graft can substantially reduce the risk of grades I1I-IV were evaluated by Wilcoxon rank-sum tests. No correction was made
acute GVHD after transplantation from an unrelated donor with for multiple comparisons. An exact logistic regression model was used
MHC-class Il (HLA-DRB1) or MHC-class | (HLA-A or -B) disparity.  to test correlation between graft failure and the numbers of CD8 cells in
Because we anticipated that removal of CD4 cells might not bethe donor marrow. Odds ratios were estimated with exact methods to
sufficient to prevent grades Ill-IV GVHD, the study was further evaluate correlation between T-cell depletion and graft failure with
designed to determine whether the number of CD8 cells in the grafstratification according to pretransplant diagnosis and donor HLA allele
could be adjusted in a way that reduced the risk of grades IlI-IV GVHD disparity. Inferences with single proportions were evaluated according
to 15% or less (equivalent to results with HLA-identical sibling donors) to the binomial distribution.
without increasing the risk of rejection to more than 5% in patients RESULTS
given conventional regimens of cyclophosphamide and fractionated
TBI before transplantation together with methotrexate and cyclosporine Results of marrow treatment.From the immunomagnetic
after transplantation. separation procedure, the mean recovery of nucleated cells was

Patients with HLA-DRB1 disparity and those with HLA-A or -B  46.8% (range, 17% to 73%), and the mean recovery of
disparity were enrolled in 2 separate, parallel phase I-Il trials based orCD34-positive cells was 67.8% (range, 34% to 110%). The final
the supposition that don‘or CD8 cells_ might _have‘d‘if'_ferent biolog?c processed grafts contained 5.88 (range, 1.3 to 28.3)0
effects in the 2 groups. Briefly st_Jmmarlzed, patients initially enrolled iN hyucleated cells and 2.75 (range, 0.4 to 6¢3)0° CD34-positive
each group during phase | received marrow depleted of cb4 Ce"S. Withpg|is per kg recipient body weight. Before the immunomagnetic
no depletion of CD8 cells (dose level “0”). For patients with . .

HLA-DRBL1 disparity, dose levels+1" and “ —2" were, respectively, separat}on, the grafts contalneq 16.6 (rangez 5.4 to 4.10P
defined as 5.0< 1Cf and 1.25X 10° CD8 cells/kg recipient body CD4-bright cells per kg reC|p|gnt body weight. In 7 of the
weight. For patients with HLA-A or -B disparity, dose leve+1” was processed marrows, no CD4-bright cells were detected by flow
defined as 2.5 10° CD8 cells/kg recipient body weight. During phase Cytometric analysis of 1.&x 10° events (Tables 1 and 2). In the

I, the number of CD8 cells in the graft was decreased by 1 dose levefemaining 20 marrows, the immunomagnetic separation proce-
whenever at least 1 patient developed grades lll-IV GVHD. De- dure achieved an average 3.37 (range, 1.5 to 5.0) log depletion
escalation was stopped whenever any 2 of 2 to 8 patients at any giveof CD4-bright cells. The median number of residual CD4-bright
dose of CD8 cells developed graft failure, and phase Il was initiatedce|ls in the graft was 3.x 10%kg recipient body weight, and the
Wi_th marrow containi_ng twice the number of CD8 cells at which graft highest number administered was . 1.(F/kg (Tables 1 and 2).

failure occurred. During phase Il, the nun_wber of CD8 (;ells in the graft Before the immunomagnetic separation, the grafts contained
was doubled whenever any 2 of 2 to 8 patients at any given dose of CD(;EZ.S (range, 2.7 to 32.3) 10° CD8-bright cells per kg recipient

cells developed graft failure. Enrollment during phase Il was stoppe )
when 3 of 3 to 12 patients at any given dose of CD8 cells develope ody weight. In 2 of the 7 cases where no CD8 cells were

grades IlI-IV GVHD. Decisions regarding CD8 dose were made on the"®moved from the marrow, the graft contained less thans.0
basis of information available at the time with no requirement for 10° CD8 cells/kg recipient body weight after processing (Tables
waiting to determine outcome in previously enrolled patients. A1 and 2). In addition, the marrow for unique patient number
complete description of a similar study design has been publishedUPN) 8286 was intended to contain 5:0 10° CD8-bright
previously*® With 4 different hypothetical scenarios concerning the cells/kg but actually contained only 226 10° CD8-bright cells
relationship between the number of CD8 cells and the risks of rejectionafter the first cycle of CD4 depletion. In all other cases, the
and grades lll-IV GVHD, we estimated that the stopping rules had lessytal numbers of CD8-bright cells in the processed marrows

S s o ltn et ortesponded losely wilh he intended numbers. For 11 gafs
the scenarios tested, there was a 67% to 88% chance that the stuI tended to contain 5.6 10° CD8-bright cells/kg (excluding

design would correctly identify a dose of CD8 cells where the risks of PN 8286), the mean number _Of CD8 cells was 4_'65 (range, 3.1

rejection and grades IlI-IV GVHD met the desired specifications. to 5.9) X 10°/kg. For 5 grafts intended to contain 2:5 10°
Primary endpoints were graft failure and grades Ill-lv GvHD. CD8-bright cells/kg, the mean number of CD8 cells was 2.64

Patients who died without evidence of rising granulocyte counts and ndrange, 2.2 to 3.1x 10°/kg, and for 3 grafts intended to contain

evidence of engraftment in the marrow were considered as having graft.25 X 10° CD8-bright cells/kg, the mean number of CD8 cells

failure. Two patients who died, respectively, on days 4 and 12 afterwas 1.26 (range, 1.1 to 1.4 10f/kg.

transplantation were not evaluated for rejection. Other manifestations of |ncidence of graft failure and grades lll-IV GVHD as

graft failure were autologous reconstitution with no donor cells, or thecorrelated with the numbers of various cell types in the

disappearance of myeloid cells in the blood with marrow aplasia aﬁerprocessed marrow. Engraftment could not be evaluated in 2

evidence of initial eng_raftment n the ?bsen.ce of any Othe.r .Obv'ouspatients (UPN 8650 and 8125) who died, respectively, on days 4
causes of pancytopenia such as viral infection or drug toxicity. The

severity of acute GVHD was judged according to previously publishedand 12 after tranleame_‘tlon' Ar.n(.)rjg the 25 patients who could
criterial® with allowances made for hepatic and gastrointestinal abnor-2€ €valuated, 5 had failure of initial engraftment, and 20 had
malities caused by complications other than GVHD. Secondary end€vidence of initial engraftment manifested by an increase in
points were persistence of recipient-derived cells in the blood orabsolute neutrophil counts to levels greater than 500/pL for at
marrow as detected by in situ hybridization or variable number tandereast 3 days (Tables 1 and 2). The median interval time from the
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Table 1. Patients With Disparity for an HLA-DRB1 Allele

No. of CD8
Ngéﬁ;i? w Graft GVHD Survival

UPN (x1074) Given Intended Failure Grade (d) Cause of Death

8399 BL 13.0 NA No \% 118 GVHD

8343 BL 9.1 NA No 1l 39 Bacterial infection

8358 0.069 5.6 5.0 No 1] 68 Bacterial infection

8634 BL 5.0 5.0 No 1 166 CMV infection; chronic
GVHD

8650 0.35 4.6 5.0 NE NE 4 Cardiomyopathy

9303 3.7 4.3 5.0 No 1] 57 CMV infection

8441 BL 3.9 5.0 No 1l 465 P cariniiinfection; chronic
GVHD

9363 0.24 3.1 5.0 No 1] 499 Recurrent malignancy

8670 0.49 2.8 25 No 1l >988

9202 2.0 2.7 25 Yes NE >956

8286 BL 2.6 5.0 Yes NE 173 Fungal infection

8532 20 1.4 1.25 No | >1,133

8940 0.58 1.3 1.25 Yes NE 26 Bacterial infection; hemor-
rhage

8371 0.046 1.1 1.25 Yes NE 508 Recurrent malignancy

Patients are listed according to the number of CD8 cells in the graft.

Abbreviations: UPN, unique patient number; BL, below limits of detection; NA, not applicable because CD8 cells were not removed from the
marrow for these patients; NE, not evaluable for graft failure because of early death, or not evaluable for acute GVHD because donor cells did not
engraft.

marrow infusion to granulocyte recovery in these 20 patientspatients, the risk of GVHD appeared to correlate more closely
was 23.5 days (range, 18 to 28 days). Five of these patients wergith the number of CD8 cells in the marrow than with the
treated with G-CSF to accelerate engraftment. One patienhumber of CD4 cells. Four of the 7 engrafted patients with
(UPN 9022) had initial engraftment followed by graft failure at HLA-DRB1 disparity who developed grades IlI-IV GVHD had
63 days after transplantation (Table 2). no CD4-bright cells detectable in the final processed marrow.
Table 1 summarizes the incidence of graft failure and GVHD The 2 engrafted patients who received the lowest doses of CD8
at each CD8 cell dose among patients with HLA-DRBL1 cells had grade | (UPN 8532) and grade Il (UPN 8670) GVHD
disparity. All 6 patients who could be evaluated after transplan{Table 1), whereas all 7 engrafted patients who received higher
tation with marrow containing 3.9 to 1322 10° CD8 cells’/kg  doses of CD8 cells developed grades IlI-IV GVHD. The grafts
had durable engraftment and developed grades IlI-IV GVHD,for UPN 8532 and UPN 8670, respectively, contained>2 D0
whereas 4 of 7 patients who were given marrow containing lesand 4.9X 10° CD4 cells/kg recipient body weight.
than 3.9x 10° CD8 cells/kg had graft failure. Among engrafted  Table 2 summarizes the incidence of graft failure and GVHD

Table 2. Patients With Disparity for an HLA-A or -B Antigen

No. of CD8

Ngéﬁ;/is ) Colistkg (x1079) Graft GVHD Survival
UPN (X1074) Given Intended Failure Grade (d) Cause of Death
8351 BL 171 NA No 1l 54 Recurrent malignancy
8268 0.13 8.7 NA No 1l 180 Chronic GVHD
7911 21 8.7 NA No 1l 48 Fungal infection
7850 1.9 5.9 5.0 No 1l >896
9478 BL 5.4 5.0 No 1l 817 Unknown
8945 0.59 4.7 5.0 No 1l 42 Fungal infection
9994 0.13 4.6 5.0 No 1l 243 Recurrent malignancy
8125 0.45 4.6 NA NE NE 12 Fungal infection
9542 0.30 4.1 5.0 No 1l 648 Chronic GVHD
8553 0.046 3.9 NA No 1l 77 Bacterial infection
7872 0.61 3.1 2.5 Yes NE 111 Fungal infection
8765 1.6 2.4 25 No 1l 156 Recurrent malignancy
9022 1.9 2.2 2.5 Yes* \% 67 Bacterial infection

Patients are listed according to the number of CD8 cells in the graft.

Abbreviations: UPN, unique patient number; BL, below limits of detection; NA, not applicable because CD8 cells were not removed from the
marrow for these patients; NE, not evaluable for graft failure because of early death, or not evaluable for acute GVHD because donor cells did not
engraft.

*This patient had graft failure after initial engraftment.
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at each CD8 cell dose among patients with HLA-A or -B  Platelet engraftment. Nine of the 20 patients who had
disparity. All 9 patients who could be evaluated after transplan-neutrophil engraftment also had recovery of self-sustained
tation with marrow containing 3.9 to 172 10° CD8 cells/kg  platelet counts at levels greater than 20,000/uL during the first 3
recipient body weight had durable engraftment, and 3 of the 9months after transplantation and were independent of platelet
had grade Ill GVHD, whereas 2 of 3 patients who were giventransfusion support. Five of these patients later developed
marrow containing less than 39 10° CD8 cells/kg had graft thrombocytopenia, which could have been related to CMV
failure. The occurrence of grades IlI-IV GVHD in engrafted infection or chronic GVHD. Eleven of the 20 patients who had
patients with HLA-A or -B disparity showed no correlation with neutrophil engraftment remained persistently thrombocytope-
the numbers of CD4 cells or CD8 cells in the final processednic and required continued platelet transfusion support. Seven
marrow. of the 11 died between days 39 and 77 after transplantation
Among the 25 patients who could be evaluated, graft failurewithout having recovered self-sustained platelet counts at levels
did not correlate with the number of nucleated cells, CD34 cells greater than 20,000/uL, and 1 patient with recurrent malignancy
or CD4 cells in the final processed marrows. In an exactremained thrombocytopenic until he died on day 243 after
univariate logistic regression model with log-transformed cell transplantation. In the remaining 3 patients, platelet counts
numbers, a lower CD8 dose was associated with a higher risk oéventually recovered to levels greater than 20,000 pL between 4
graft failure @ = .0017), as might be expected from the design and 12 months after transplantation. Recovery of self-sustained
of the study. To determine whether graft failure in the presentplatelet counts correlated strongly with higher numbers of
study might be explained by donor HLA disparity, we comparednucleated cells in the final processed marréw=(.009) and

results withthose for unrelated transplant recipients whoserow  showed a trend for correlation with the number of CD34 cells
grafts were not T-cell-deplet&#! (and E.W.P. et al, unpub- (P=.12).

lished observations, November 1998) (Table 3). The common |nfections. No patient developed a lymphoproliferative

odds ratio for the association between T-cell depletion and graffiisorder caused by Epstein-Barr virus. Fungal infections were
failure across both risk groups in Table Big5 (95% confidence notably frequent among patients in this study. One of the 2
interval 2.18 to 29.46P = .002). Taken together, these results patients who died during the first 2 weeks after transplantation
indicate that increased incidence of graft failure in the presenhad pulmonary infection witiCandida glabrataand Aspergil-
study was caused by depletion of CD8 cells from the donorys with no pretransplant history of fungal infection. Three of
marrow and not by undetected disparity for HLA class | alleles. ine 5 patients with failure of initial engraftment hAdpergillus
Chimerism studies. In 1 of the 5 patients with failure of o Fysariuminfection. One of these patients had a pretransplant
initial engraftment, blood cells were predominantly of donor history of pulmonaryAspergillusinfection. Eight of the 20
origin, and in the other 4, blood cells were predominantly of patients with initial engraftment had documented fungal infec-
recipient origin. Chimerism studies documented the presence gy, Three hadCandidainfection, 3 hadAspergillusinfection,
donor cells in the peripheral blood or marrow during the first 1 54 bothCandidaand Aspergillusinfection, and 1 had both
100 days after transplantation in each of the 20 patients who hag g gidaandNocardiainfection. Only 1 of these 8 patients had
initial engraftment. In 7 of the;e cases, recipient cells were alsg pretransplant history of suspected fungal infection. Two of the
detected on at least 1 occasion. In 2 of the 7, the presence @fses with isolateGandidainfection were related to a nosoco-
recipient cells was associated with evidence of recurréniyia| outhreak caused by contamination of parenteral fluids with
malignancy after transplantation. In the other 5 cases, th@ parapsilosis Development of fungal infection in engrafted
persistence of recipient cells was not associated with eithepatients showed a trend for correlation with lower numbers of
recurrent malignancy or graft failure. The patient with late graft cp4 cells in the final processed marro £ .14).
failure had only donor cells detectable in the marrow 4 days Recurrent malignancy. Six of the 20 patients with initial

before he died. engraftment had recurrent malignancy after transplantation.
Two patients with acute leukemia in relapse at the time of
Table 3. Association of Graft Failure With T-Cell Depletion transplantation had recurrent disease diagnosed on days 47 and
With Stratification According to Underlying Disease 145 after transplantation. Among the other 7 patients with acute
and Donor HLA Disparity leukemia, 6 died without recurrent malignancy between 4 and
_ Graft Failure 118 days after transplantation, and 1 died without recurrent
sk T-Cell malignancy on day 817. The other 4 patients with recurrent
roup Depletion Yes No ) i ) )
- malignancy after transplantation had CML. One was in first
High Yes 2 2 chronic phase at the time of transplantation, 2 were in acceler-
No 1 41 . . -
Low Ves 4 17 ated phase, and 1 was in chronic phase after blast crisis. In 2 of
No 10 501 these 4 patients, the disease progressed despite discontinuation

of immunosuppressive treatment. In 1 patient, the disease
resolved after immunosuppressive treatment was stopped, and
in 1 patient the disease was controlled by treatment with
without T-cell depletion in patients with CML have been reported interferon. Amon_g the other 7 patle_nts with CML who en-
previously.' Graft failure in controls was defined according to pub- grafted, 6 died without recurrent ma“gnancy between 39 and
lished criteria.2' All patients were prepared for transplantation with a 180 days after transplantation, and 1 remains alive and well
conditioning regimen of cyclophosphamide and 12.0 to 15.75 Gy TBI without recurrent malignancy nearly 3 years after transplanta-
and received methotrexate plus cyclosporine for GVHD prophylaxis. tion.

The high-risk group includes patients with CML who had a donor
with disparity for multiple class | alleles. All other patients are
categorized in the low-risk group. Results for marrow transplantation
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Causes of death, chronic GVHD, and current statuSour ~ GVHD, especially in recipients with MHC class Il disparity.
of the 5 patients with failure of initial engraftment died: 1 with Instead, we found that nearly complete removal of CD4 cells
fungal infection after a successful second transplant; 1 withwas not sufficient to prevent GVHD in MHC class ll-disparate
fungal infection after unsuccessful second and third transplantsiecipients when the graft contained large numbers of CD8 cells.
1 with recurrent CML after spontaneous autologous reconstituMoreover, the risk of grades IllI-lV GVHD in MHC class
tion; and 1 with hemorrhage and bacterial enteritis. The patientl-disparate recipients appeared to correlate with the numbers
with late graft failure died with systemieseudomonasfec- of CD8 cells in the graft. The unexpected ability of CD8 cells to
tion. Sixteen of the 19 durably engrafted patients died: 8 withcause severe GVHD in MHC class lI-disparate recipients might
infection (3 bacterial, 2 fungal, 2 CMV, andPLcarinii); 1 with be explained in several ways. First, unprimed CD8 cells can
acute GVHD; 2 with chronic GVHD (and 2 with chronic generate in vitro cytotoxic responses against class Il alloanti-
GVHD as a contributing cause of death in patients who diedgens??23 Second, MHC class | allospecific CD8 cells can
with infection); 4 with recurrent malignancy (2 CML, 1 ALL, crossreact with MHC class Il alloantige#fsThird, the GVHD
and 1 AML); and 1 with unknown causes. Excluding UPN 9994 in these recipients might have been caused by recognition of
who was diagnosed with recurrent malignancy on day 82, 8minor histocompatibility antigens presented by MHC class |
(73%) of 11 engrafted patients who survived for at least 100molecules. Because unprimed CD8 cells are activated by MHC
days after transplantation developed clinical extensive chroniglass | alloantigen® we expected that CD8 cells would cause
GVHD. Four patients remain alive: 1 with donor engraftment severe GVHD in recipients with MHC class | disparity. Instead,
and chronic GVHD after a second transplant following rejectionwe found no correlation between the number of CD8 cells in the
of the first transplant (UPN 9202); 1 with donor engraftment graft and the risk of grades Ill-IV GVHD, and the occurrence of
and resolved GVHD without recurrent CML (UPN 8670); 1 grades Ill-IV GVHD in 4 of 11 engrafted patients in this group
with donor engraftment and cytogenetic recurrence of CML,was similar to the 33% incidence observed without T-cell
which resolved after immunosuppressive treatment was discoruep|etion in recipients with no HLA-A, -C, -B, -DRB1, or
tinued (UPN 8532); and 1 with donor engraftment and cytoge--pQB1 allele disparity® Taken together, these results suggest
netic evidence of recurrent CML currently being treated with that the risk of GVHD is influenced more by the type of genetic
interferon (UPN 7850). disparity in the recipient than by the types of T cells in the graft.

We found no evidence that depletion of CD4 cells decreased
DISCUSSION the incidence of chronic GVHD. The 73% incidence of chronic

Results of this study suggest that with the use of conventionalGVHD observed in the present study is similar to the 67%
pretransplant and posttransplant immunosuppressive regimensymulative incidence among patients who survived for at least
removal of CD4 cells from the graft does not cause rejection buB0 days after unrelated marrow transplantation without T-cell
also does not appreciably decrease the risk of grades llI-I\epletion for treatment of CMES The potential effect of CD4
GVHD after HLA-mismatched unrelated marrow transplanta- depletion on risk of recurrent malignancy remains difficult to
tion. Depletion of CD8 cells was associated with an increasedqudge. Approximately 10% of patients develop recurrent CML
risk of rejection with either DRB1 disparity or with HLA-A or by morphologic criteria within 2 years after unrelated marrow
-B disparity. In both groups, the risk of grades IlI-IV GVHD is transplantation without T-cell depletion during chronic phase,
likely to be higher than 15% at any dose of CD8 cells associatediccelerated phase, or chronic phase after blast éfidsy.
with less than 5% risk of graft failure. The correlation betweencomparison, the recurrence of CML in 4 of 5 engrafted patients
graft failure and the number of CD8 cells in the donor marrow who survived for more than 6 months after transplantation in the
supports the hypothesis that donor CD8 cells help to prevenpresent study is possibly higher than expected, suggesting that
marrow graft rejection. With the conditioning regimens of CD4 cells might be needed to mediate an optimal antileukemic
cyclophosphamide and 13.2 to 13.5 Gy TBI and the posttranseffect. This suggestion is consistent with observations that
plant immunosuppressive regimen of methotrexate and cyclos€D8-depleted donor cells can induce remission in patients who
porine used for patients enrolled in this study, however, at leashave recurrent CML after T-cell-depleted marrow transplanta-
5.0 X 10° donor CD8 cells/kg recipient body weight were tion from an HLA-identical sibling”
needed to prevent rejection of a marrow graft with either We did not examine immune reconstitution by measuring the
HLA-DRB1 or HLA-A or -B disparity. With the use of more number of CD4 cells, CD8 cells, and B cells after transplanta-
intensive conditioning regimens, more effective posttransplantion. In a similar study with HLA-identical sibling donors at
immunosuppression, or possibly with larger numbers of stemanother center, however, immune reconstitution after transplan-
cells in the graft, lower numbers of donor CD8 cells might be tation with CD4-depleted marrow was not notably different
sufficient to prevent rejection without causing acute GVHD.  from the patterns reported with other methods of T-cell deple-

In unrelated marrow transplantation for treatment of CML, tion?8 To some extent, T-cell reconstitution after marrow
the risk of grades llI-IV GVHD is highest in recipients with transplantation may depend on the presence of mature T cells in
MHC-class Il disparity and lowest in recipients with no the graft, especially in older patients with impaired thymic
HLA-A, -C, -B, -DRB1, or -DQB1 allele disparity and in function2%3° The high incidence of fungal infections in the
recipients with disparity limited to a single HLA-A, -C, or -B  present study raises concern that CD4 depletion might have had
allele1° Because unprimed CD4 cells are activated by recipienta detrimental effect on immune reconstitution after transplanta-
MHC class Il alloantigens and by minor antigens presented irtion. Approximately 10% of patients develdspergillusinfec-
the context of MHC class Il molecules, we expected thattion documented by microbiology or histopathology after
depletion of donor CD4 cells would greatly diminish the risk of unrelated marrow transplantation without T-cell deplefibn,
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and approximately 7% of marrow transplant recipients develop 7. Champlin R, Ho W, Gajewski J, Feig S, Burnison M, Holley G,
documentedCandidainfection when fluconazole is used for Greenberg P, Lee K, Schmid |, Giorgi J: Selective depletion of €08
prophylaxis during the first 75 days after transplantatfonith lymphocytes for preventiop of graft-versus-host disease after allogeneic
an estimated overall 15% risk of fungal infection after unrelatedP©ne marrow transplantation. Blood 76:418, 1990 _

marrow transplantation, the probability of 6 or more patients '\;3' S'De_tirifjé’”HEW' Loggtlophe'v_" A,?_asem C'f mf:'ggé'l M'Cke"fo”
with this complication among a total of 18 engrafted patients atM: >mit - hansen A the significance ot HLA- matching

. . . . L on clinical outcome after HLA-A, B, DR identical unrelated donor
risk (excluding the 2 patients with nosocom@lparapsilosi¥

. L . arrow transplantation. Blood 86:1606, 1995
is 0.042. The association between T-cell depletion and funga'in 9. Petersdorf EW, Longton GM, Anasetti C, Mickelson EM, Smith

infection in .the p.resent study is consistent with resu“? of aNaG, Martin PJ, Hansen JA: Definition of HLA-DQ as a transplantation
early study in which marrow was depleted of T cells with the gntigen. Proc Natl Acad Sci USA 93:15358, 1996
use of a CD2-specific antibody.The observations from these  10. Petersdorf EW, Gooley TA, Anasetti C, Martin PJ, Smith AG,
and other studi€&3334 highlight the importance of T-helper Mickelson EM, Woolfrey AE, Hansen JA: Optimizing outcome after
function in host defense against fungal organisms, especially imnrelated marrow transplantation by comprehensive matching of HLA
patients with other risk factors such as neutropenia and glucocoslass I and Il alleles in the donor and recipient. Blood 92:3515, 1998
ticoid treatment. More effective antifungal prophylaxis may be 11. Storb R, Deeg HJ, Whitehead J, Appelbaum F, Beatty P,
needed when T-cell depletion is used to prevent GVHD. Bensinger W, Buckner CD, Clift R, Doney K, Farewell V, Hansen J, Hill
Our results show the importance of donor CD8 cells for R: Lum L, Martin P, McGuffin R, Sanders J, Stewart P, Sulivan K,
preventing allogeneic marrow graft rejection in humans. Unfor-W'therSpgontE’ Yele G, Thon;as I?D' Metquloltregatef anc: cycl?tsporme
tunately, clinical outcome after HLA-mismatched marrow trans- compared with cyclosporine alone for prophiylaxis ot acute graft versus
: . . host disease after marrow transplantation for leukemia. N Engl J Med
plantation was not improved by removing CD4 cells from the

S 314:729, 1986
graft. The number of CD8 cells needed to prevent rejection was 15 gjavin MA, Osborne B, Adams R, Levenstein MJ, Schoch HG,

sufficient to cause unacceptably high risks of acute and chronigg|gman AR, Meyers JD, Bowden RA: Efficacy and safety of flucona-

GVHD. Exhaustive removal of CD4 cells from the graft may zole for fungal infections after marrow transplant—A prospective,

diminish graft-versus-leukemia effects in patients with CML randomized, double-blind study. J Infect Dis 171:1545, 1995

and may impair immune reconstitution after transplantation. 13. Wade JC, Newton B, Flournoy N, Myers JD: Oral acyclovir for

Alternative methods will be needed to improve results whenthe prevention of herpes simplex virus reactivation after marrow

optimal HLA matching of the donor and recipient is not transplantation. Ann Intern Med 100:823, 1984

possible. 14. Bowden RA, Slichter SJ, Sayers M, Weisdorf D, Cays M, Schoch

G, Banaji M, Haake R, Welk K, Fisher L: A comparison of filtered
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