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Bone Marrow Transplantation 

Tolerance and Immune Modulation 
D 001 NEW APPROACHES T O  TRANSPLANTATION TOLERANCE, David H. Sachsl, David M. Bodine', Arthur W. Nienhuis', Christian 

LeGuern', and Megan Sykes'. 'Massachusetts General Hospital/Harvard Medical School, Boston and W3LBI. NIH. Bethesda. MD. 
Induction of bone marrow chimerism is a reliable means of inducing 

lasting donor-specific tolerance across major histocompatibility (MHC) 
barriers while avoiding the need for chronic immunosuppressive drugs. 
Mixed chimerism is preferable to full allogeneic chimerism when 
completely MHC-mismatched BMT is performed, as host bone marrow 
cells (BMC) provide a continuous source of antigen-presenting cells (APC) 
which are needed to maintain normal immunocompetence. However, the 
use of lethal irradiation prior to BMT is associated with marked toxicity 
and other complications. We have therefore developed rodent models 
utilizing relatively non-toxic conditioning regimens to permit the induction 
of mixed chimerism across allogeneic and xenogeneic barriers. The  
allogeneic model involves recipient pre-treatment with anti-CD4 and 
antiLCD8 mAbs followed by  a low dose (3 Gy) of whole body irradiation 
(WBI) and 7 Gy of local thymic irradiation prior to BMT. This regimen 
permits the induction of mixed chimerism and skin graft tolerance across 
MHC barriers in mice I,  but is insufficient to permit BMC engraftment in 
the xenogeneic rat-vnouse combination. However, the addition of 
anti-Thyl.2 and anti-NK1 mAbs to the regimen induced mixed xenogeneic 
chimerism and donor-specific skin graft tolerance in this xenogeneic 
combination '. 

DO02 NEW APPROACHES TO TOLERANCE, Samuel Strober, Varghese 

Cloned lines of murine CD4- CD8- aB+ T cells, as well as CD4- 
CD8- aB+ T cells in the fresh bone marrow appear to play a 
critical role in regulating graft versus host disease (GVHD), 
allogeneic bone marrow engraftment, and immune tolerance. In 
the case of allogeneic bone marrow transplantation, co-injec- 
tion of enriched or highly purified donor CD4- CD8- UB+ cells 
blocks acute lethal GVHD induced by typical donor CD4+ and 
CDB+ T cells in sublethally irradiated (400 rads, whole body 
irradiation) H-2 incompatible recipients. The enriched donor 
CD4- CD8- aB+ T cells also promote the engraftment of donor 
marrow cells which ordinarily would be rejected by the reci- 
pients. The chimeric recipients are tolerant of donor tissue, 
and will reject third-party, but not donor skin grafts. 

Dejbakhsh-Jones, Stanford University, Stanford. 

A recent approach which uses BMT for the induction of donor-specific 
tolerance involves transplantation of autologous BMC which have been 
modified so as to express alloantigens. This approach minimizes the nsks 
of graft-versus-host disease (GVHD) and of engraftment failure associated 
with allogeneic BMT. W e  have utilized retroviral gene transduction for 
this purpose. BIO.AKM mice were pre-treated with anti-CD8 mAb, 
received a lethal dose of WBI, and were then reconstituted with autologous 
BMC which had been transduced with a recombinant retrovirus containing 
the Kb gene linked to a B19 parvovirus promoter and a neomycin resistance 
gene. Twelve weeks post-BMT, quantitative PCR was used to demonstrate 
that proviral sequences were present in 5.30% of PBL in all recipients. 
These animals demonstrated specific prolongation of BIO.MBR skin grafts, 
which express Kb. These grafts survived 90 to 130 days, while third party 
class I dtsparate BlO.BR skin grafts were rejected within 20 to 40 days. 
A similar approach is now being tested in our pre-clinical miniature swine 
model. 

1. Sharabi, Y. & Sachs, D. H. J. Exu. Med. 169, 493-502 (1989). 
2. Sharabi, Y., Aksentijevich, I., Sundt 111, T. M., Sachs, D. H. & 

Sykes, M: J. Exu. Med. 172, 195-202 (1990). 

Palathumpat, Tamotsu Niki, Ingo Schmidt-Wolf, and Sussan 

The cloned lines and fresh orarrow CD4- CD8- aB+ cells show a 
limited diversity of the B chain genes of the TcR which pre- 
ferentially use the Vgl5 and V57 genes associated with the 
J ~ 2 . 6  segment. These receptors recognize antigens on the sur- 
face of autologous T and B cells. The cloned lines of CD4- 
CD8- aB+ cells secrete a 20 Kd immunosuppressive cytokine 
with a unique N-terminal amino acid sequenca. The latter cy- 
tokine inhibits IL-2 secretion in the mixed leukocyte reac- 
tion (MLR). Thus, the CD4- CD8- a%+ cells may promote toler- 
ance induction after allogeneic marrow transplantation by 
regulation of IL-2 secretion by both host and donor h u n o -  
competent cells. 

D 003 MIXED AUTOLOGOUSIALLOGENEIC BONE MARROW TRANSPLANTATIONFOR THEINHIBITION OF GVHD. Megan Sykes, Massachusetts 
General Hospital, Harvard Medical School, Boston, MA 02129. 

Prevention of graft-versus-host disease (GVHD) by T celldepletion of 
allogeneic marrow is associated with an increased incidence of failure of 
alloengraftment and increased leukemic relapse rates. Increased relapse rates have 
also been observed in patients receiving potent immunosuppressive therapy 
following bone marrow transplantation (BMT). New approaches to avoiding 
GVHD while preserving the beneficial effects of allogeneic T cells are therefore 
needed. The addition of T celldepleted (TCD) autologous bone marrow cells 
(BMC) to the inoculum can delay GVHD mortality in murine allogeneic BMT'. 
This protective effect can be augmented by instituting an eight day delay between 
administration of irradiation plus TCD syngeneic BMC and the time of allogeneic 
BM'P. Complete allogeneic lymphoid reconstitution is achieved in such animals. 

In an attempt to identify the element in syngeneic BMC which confers GVHD 
protection, we expanded host-type BMC in vitro and co-administered these 
cultured cell populations with allogeneic GVHD-producing inocula to lethally 
irradiated recipients. Culture of BMC in IL-2 generated CD3'. NKI', CD4-, 
CDK- cell lines with the capacity to delay GVHD mortality'. However, much 
greater and more lasting GVHD protection could be produced by administering 
high doses of IL-2 along with TCD syngeneic BMC at the time of allogeneic 
BMT. While treatment with IL-2 alone decreases both acute and chronic GVHD 
mortality, maximal early protection is observed when TCD syngeneic BMC are 
co-administered'. Surprisingly, NKL' precursor or effector cells do not appear 
to be required for this protective effect. All surviving animals demonstrate allo- 

geneic lymphohematopoietic reconstitution. Timing of IL-2 administration is 
critical in determining whether or not protection is observed; IL-2 is protective 
if begun on the day of allogeneic BMT, but accelerates GVHD if begun instead 
on day 7 following BMT. 

In addition to permitting normal alloengraftment, GVHD prophylaxis with 
IL-2 plus TCD syngeneic BMC preserved the graft-vs-leukemia (GVL) effect of 
allogeneic T cells against the host-type leukernidlymphoma EL4'. Allogeneic 
CD8' T cells are the sole mediators of this GVL effect. The mechanism of 
IL-2-induced suppression of GVHD appears to involve inhibition of donor CD4 
T cell activity, and not inhibition of CD8 cells, thus explaining the preservation 
of GVL against EL4. The mechanism of this CD4 inactivation and of the additive 
protective role played by TCD syngeneic BMC is currently being investigated. 

I .  

2. 
3. 

4. 

5. 

S .  T. Ildstad, S .  M. Wren, J .  A. Bluestone, S.  A. Barbieri, D. Stephany, 
D. H. Sachs, 1. Immunol, 13628 (1986). 
M. Sykes, C. H. Chester, D. H. Sachs. Transu- 46:327 (1988). 
M. Sykes, K. A. Hoyles, M. L. Romick, D. H. Sachs. cellular ImmunQ1. 
129:478 (1990). 
M. Sykes, M. L. Romick, K. A. Hoyles, D. H. Sachs. I. Exu. M a  
171:645 (1990). 
M. Sykes, M. L. Romick, D. H. Sachs, Proc. Natl. Acad. Sci. ltse 
875633 (1990). 
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Immunology 
D 004 ADVANCES IN GVHD: CYTOKINE DYSREGULATION AND NOVEL LYMPHOCYTE SUBSETS 

James L.M. Ferrara, Division of Hematobgy/Oncology, Dana Farber Cancer Inst. and Children’s Hosp., Boston, MA 
Graft versus host disease ( G W )  is a complex immunopathologic 
process with at least two phases. During the first or afferent phase, 
mature T lymphocytes in the donor bone marrow recognize recipient 
alloantigens. Elimination of all mature T cells from the bone marrow 
decreases clinical GVHD, but rates of graft rejection and leukemic 
relapse have increased; more precise understanding of the 
pathophysiologic mechanisms of GVHD is therefore required. Recent 
research in murine models has focussed on subclasses of donor T cells 
bearing specific T cell receptor-beta (TCR-beta) chains. Phenotypic 
analyses of T cells expanding early during GVHD have shown a 
predominance of certain TCR-beta families. This suggests that 
elimination of some, but not all of the TCR-beta families could reduce 
GVHD. This prediction is supported by studies with lymphocytes from 
TCR-beta transgenic mice, in which endogenous beta and gamma TCR 
gene rearrangements are restricted. Lymphocytes from these mice fail to 
initiate GVHD, despite theii ability to recognize alloantigens in vim. 

The second or efferent phase of GVHD consists of dysregulated cytokine 
secretion, the subsequent recruitment of secondary effector cells and 
target organ destruction. The nature of effector cells during the efferent 
phase of GVHD has been investigated in a murine BMT model to minor 

histocompatibilty antigens (B1O.BR -> -A). Examination of the skin by 
two color immunofluorescence has revealed an effector lymphocyte of 
donor origin with a novel phenotype: CD4+CD8-CD3-. Laser cytomeq 
demonstrates that these cells are negative for cytoplasmic and cell surface 
CD3. Isolation and transfer of these cells to secondary recipients reproduce 
GVHD epidermal damage, implicating them as effector cells in GVHD of 
the skin. 

Dysregulated cyokine secretion is of pivotal importance in GVHD 
pathophysiology. Current studies of inflammatory cytokines active during 
GVHD have focused on Interleukin 1 (IL 1). In the (BlO.BR -> CBA) 
murine model, both IL 1 and tumor necrosis factor have been demonstrated 
in the skin of mice with GVHD using PCR. The systemic administration of 
an IL 1 receptor antagonist during the first ten days aftex transplant r e d u d  
the mortality and the immunosuppression of GVHD. IL 1 is also an 
important hematopoietic growth factor, but engraftment of donor bone 
marrow was not impeded by use of the receptor antagonist; in fact, 
hematopoietic stem cells were spared from GVHD damage. IL 1 is thus a 
critical mediator of the systemic inflammation of GVHD and the data focus 
attention on the role of monokines during this process. An IL 1 receptor 
antagonist offers new oppunities to understand and to control GVHD. 

D 005 LYMPHOCYTES FUNCTIONS AND ONTOGENY IN GENE-TARGEITED MUTANT MICE, Tak W. Mak, Amin 
Rahemtulla, Marco Schilham, Dow R. Koh, Drew Wakeham, Julia Potter. Kenji Kishihara, Dawn Gray, Christopher Paige, 

Richard Miller, Wai-Ping Fung-hung, The Ontario Cancer Institute, 500 Sherboume Street, Toronto, Ontario M4X 1K9 
T lymptrocyes recognize their antigen peptidcs and Major the mles of these molecules in T lymphocyte functions and ontogeny. 
Histocompatibility Complex products with the use of their T cell we generated a series of mutant mice with disruptions in these genes. 
antigen receptors (TcR). In addition to the a and p chains of TcR, These mutant mice an being analysed in order that we can evaluate 
the interaction between T cells and their target cells or antigen the importances of these genes in T cell development 
presenting cells is also assisted by a series of other cell surface 
polypeptides. Most notable of these are CD4 and CD8, which an In addition to studying development, the roles of these mokcules in 
selectively expressed on mature helperhnducer and killer/suppressor autoimmune diseases, transplant rejection and nunor injection can 
T cells. respectively. Upon engagement of their ligands, a series also be analysed in the appropriate experimental mouse suains 
signals are being uansduced innacytoplasmically via some of these carrying mutations of these genes. 
molecules and their associated proteins. Perhaps the most important 
enzyme in this signal transduction process is the lymphocytes specific 
tyrosine kinase &. In an attempt to gain better understanding on 

~ 0 0 6  now DO B CELLS DEVELOP? Dennis G. Osmond, McGill university, Montreal. Canada. 
The B cell system in humans and mice develops as a 

result of two major waves of cellular proliferation and 
selection. A primary genesis of B cells occurs continuously 
from stem cells in the bone marrow. In vivo imnunolabeling 
reveals many early B lineage precursors in microenvironments 
near the surrounding bone, adhering to resident stromal cells 
which provide obligatory stimuli for B cell developnent. In 
subsequent stages of differentiation, pro-B cells (pre-pre-B 
cells) transiently express nuclear terminal deoxynucleotidyl 
transferase (TdT) during the rearrangement of IgM heavy chain 
genes and develop B lineage-associated cell surface antigens 
before expressing cytoplasmic p chains to become pre-B cells; 
these finally rearrange light chain genes and divide to give 
rise to B cells bearing surface Ign molecules. Studies of cell 
population dynamics in mice reveal a series of mitoses and an 
expansion of cell production during successive stages of B 
cell genesis. This is accompanied by considerable cell loss. 
Many precursor B cells with defective gene rearrangements or 
autoreactive specificities appear to undergo apoptotic cell 
death and are eliminated by resident macrophages, selecting 
out dysregulated or unacceptable B cell clones. In systemic 
graft-versus-host disease, B cell genesis in the bone marrow 
is ablated from the earliest detectable pro-8 cells onwards. 
B cell development is regulated by both local and systemic 
factors. Cell adhesion molecules (including vwL4, VCAl41, CD44 
and hyaluronate) maintain precursor B cells in close 
association with stromal cells which release short range 
cytokines. Some stromal cell products are localized solely at 
the interface with B precursor cells, forming restricted 
molecular microenvironments. Interleukin (1L)-7, a cytokine 
produced by B cell-supportive strmal cells, stimulates 

proliferation if early precursor B cells both in vitro and 
when administered systemically in recombinant form in vivo. 
Products of macrophage activation in vivo also elevate pro-B 
cell proliferation and, if prolonged, may predispose to 
dysregulation of B cell clones. Terminal msturation of 
newly-formed B cells is hastened by inflanmatory mediators 
(IL-1, IL-4, IFN). Newly formed virgin B lymphocytes migrate 
to the spleen, lymph nodes and mucosal lymphoid tissues where 
most die after a pre-progremmed short lifespan. Activation 
of virgin B cell clones by antigen, however, initiates the 
second wave of proliferation and differentiation to form 
antibody-producing cells and B memory cells. Germinal centers, 
arising from oligoclonal B cell proliferation, are sites of 
isotype switching, hypermutation of inmunoglobulin genes, 
massive cell loss selecting for enhanced antigen-binding 
affinities, and the production of memory B cells; these can 
exhibit a long life span in the continuing presence of antigen 
and they recirculate repeatedly between lymphoid organs and 
the blood. Memory B small lymphocytes traffic through the bone 
marrow, forming a small fraction of the intramyeloid B lineage 
cells. Some memory B cells activated by antigens in the spleen 
also migrate to the bone marrow which becomes the major site 
of long-lived plasma cells. Bone marrow inocula can thus 
contain some secondary B cells capable of adoptively 
transferring some antibody production and responsiveness to 
recall antigens. In addition, however, bone marrow 
transplantation offers opportunities to define the 
reconstitution of de novo genesis of B cells in recipient bone 
marrow and to assess regulatory factors which may 
therapeutically modify this process. 
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DO07 

Response Modifiers Program. NCI-FCRDC, Frederick, MD 21702 and'iiospital Jean Minjoz. Besancon, France. 

THE ROLE OF NATURAL KILLER (NK) CELLS IN HEMATOPOIETIC ENGRAFTMENT AND IMMUNE RECONSTITIITION FOLLOWING BONE MARROW 
TRANSPIANTATION. Craig W. Reynolds', Pierre Tiberghien', William J. Murphy' and Dan L. Longo'. 'Biological 

Natural Killer (NK) cells are reported to have an important 
role in the resistance of recipients to bone marrow 
transplantation (BMTT). However, these same cells have also 
been shown to produce a variety of cytokines which could 
enhance the engraftment and growth of hematopoietic stem 
cells, as well as the functional activity of newly produced 
effector cells. The present series of studies in rats and 
mice were undertaken to examine these potential positive and 
negative regulatory roles for NK cells following syngeneic 
and allogeneic BMT. Consistent with a negative regulatory 
role for NK cells, isolated large granular lymphocytes 
(LGL), with high levels of NK activity, were shown to 
effectively lyse allogeneic but not syngeneic stem cell- 
enriched BM preparations. Depletion of NK activity in 
recipients receiving allogenic BMT resulted in: (1) an 
increase in spleen colony-forming units (CFU-s) and 
extramedullary hematopoiesis; (2 )  an acceleration in che 
appearance of donor-derived cells, especially platelets, red 
blood cells and granulocytes; and ( 3 )  a reduction in the 
number of transfused BM cells needed for survival. This 
enhanced survival was independent of the recipient's genetic 
susceptibility to transplant using allogeneic Balb/C BM. 

Furthermore, the addition of activated NK cells to fn vitro 
BM cultures, in the presence of exogenous cytokines. 
resulted in the inhibition of hematopoietic colony 
formation. Antibody to IFN-7 partially reversed this 
inhibitory effect, suggesting a role for this cytokine in 
the negative regulation of BM stem cells. In contrast to 
the negative regulatory effects of NK cells, we also 
observed in vitro that, in the absence of added 
hematopoietic growth factors, activated NK cells could 
support the hematopoietic growth of syngeneic BM stem 
cells. Furthermore, the addition of syngeneic NK cells to 
the BM used for reconstitution of lethally irradiated hosts 
resulted in greater hematopoietic engraftment. These data 
are consistent with both a positive and negative regulatory 
role for NK cells in hematopoiesis. Although NK cells are 
most commonly associated with a role in the rejection of 
allogeneic BMT, the data here suggest that the transfer of 
activated NK cells, syngeneic with the donor BM cells, 
could provide a significant positive effect on 
hematopoiesis pnd subsequent immune reconstitution 
following BMT. 

Hemaropoiesis 
D 008 IN VIVO INFUSIONS OF CYTOKINES IN MURINE RECIPIENTS OF T-CELL DEPLETED BONE MARROW ALLOGRAFI'S, Bruce R. 

Blazarl. Pam& Taylorl, Daniel A. Valleraz, Depamnents of lPediatrics and ZTherapeutic Radiology, University of Minnesota, Mpls., MN 
55455 

Our laboratory has tested the effect of the in vivo administration of 
recombinant cpkines  on survival, hematopoiesis. and chimerism in the 
context of irradtatcd murine C57BU6 (H-Zb) recipients of T-cell depleted 
fully allogenuc BALB/c (H-2*) bone m a m w  grafts. In prwious studies, 
we have observed that a 14 day continuous s u ~ t a n e o u s  adminisaation of 
granulocyte/marrophage colony-sfhulating factor (GM-CSF) at 1 pglday 
significantly increased survival, resulted in a variable effect on 
hematopoietic recovery, and significantly in& the predilection toward 
rswcry of host cells. To further our understanding of these data, we have 
separately studied 2 lineage-restricted cytokines, granulocyte colony- 
stimulating factor (G-CSF) and macrophage colony-stimulating factor (M- 
CSF). G-CSF ( 1  pg/day) significantly improved survival, accelerated 
granulocyte recovery, and had no impact on engrafhnent. M-CSF (20 
pg/day) had no impact on survival, decreased leukocyte and erythroid 
ncovery. and decrcascd allocngraftment. Taken together, these data suggest 
that cytokine induced stimulation of granulocytes is associated with 
improved survival, whde stimulation of monocytes is associated with a 
pTDpensity toward host cell npopulation. In orda to evaluate the effects of a 
cytokine which can also stimulate earlier prgenitor cells, we have tested 
interleukin-1 (IL-1) alone and in combination with GM-CSF as a means of 
stimulating early highly proliferative colony forming cells. Recipients of L 

1 had significantly improved survival, a striking neuuophilia (%fold), and 
significantly higher levels of donor engraftment. Recipients of IL-I (1 
puday) had a higher proportion of day 7 splenic-localized donor 
gmnulocytes and a 7-fold mcrease in day 11 splenic-localized donor T-cells, 
without changes in the number of host T-cells. Despite the donor T-cell 
expansion, graft-versus-host disease did not occur suggesting that donor T- 
cells had been educated in the thymus. IL-1 (0.3 pg/day) was synergistic in 
combination with GM-CSF (0.3 pglday) for acceleration of leukocyte 
recovery and promotion of allangraftment. Sequential adminstration of IL- 
1 followed by GM-CSF was not beneficial. Syngeneic experiments revealed 
that JL-1 administration could improve the sunrival of recipient's limited 
numbers of bone m w  cells. Secondary transfer experiments using 
m w  from controls of IL-1 treated recipients showed that IL-1 did not 
alter the number of day 12 CFU-S cells suggesting that IL-1 stimulated 
more committed progenitor cells. These data demonstrate the potent 
hematopoietic and engraftment promoting effects of IL-1 which is most 
evident in stimulation of donor committed myeloid lineage and T-lineage 
populations. In addition to these studies, a review of the cumnt status and 
future directions of cytokine studies in inadiated mice and in irradiated and 
non-irradiated recipients of allogeneic or syngeneic bone mamow will be 
pnsented. 

Concepts Behind Transplants 
HOW DO TRANSPLANTS CURE CANCER. R.P. Gale, UCLA school of Medicine, L o s  Angeles, CA. 

'!!?e marrow transplants are frequently used to For example, data from twin receiving transplants 
treat cancer. The underlying notion is that the for AKL suggest no further dose with increased 
intensive pretransplant chemotherapy andfor doses. In contrast, twin transplants in ALL show 
radiation will be more effective than conventional fewer relapses with higher doses. Data in 
chemotherapy in eradicating cancer. Here I lymphoma, breast cancer and myeloma are 
consider three issues central to this approach: (1) contradictory; these will be discussed. 
is necessary to eradicate all malignant cells to Is a transplant needed after the doses required 
cure cancer; ( 2 )  is more intensive treatment for successful transplants. This is unknown since 
better; and (3) is a transplant necessary. dose-exploration studies of conditioning regimens 
considerable data suggest that complete are not reported. Also, most transplant dntn show 

eradication is of cancer may not be necessary for no dose-response relationship between conditioning 
cure. For example, clonal remissions are reported with relapse or cure. Finally, there is little 
in AML indicating persistence of cells related to doubt that stem cells survive currently used 
the leukemia clone. Analyses of leukemia-related conditioning regimens and that bone marrow recovery 
gene markers in ALL and lymphomas also indicate is accelerated by giving hematopoietic growth 
persistence of cells related to the malignant clone factors posttransplant. Whether the degree of 
in persons in remission for prolonged intervals. acceleration achieved will be sufficient without a 
similar conclusions apply to persons receiving transplant requires prospective studies. 
transplants for CHI.. In sumary, these data Preliminary data suggest this approach may be 
suggest that complete eradication of cancer cells possible. This strategy may be especially 
may be unnecessary for cure. applicable if the trend towards multiple courses of 
A second issue is whether more intensive therapy less intensive pretransplant conditioning 

increases remissions andfor cures. These data are continues. 
controversial and may differ for different cancers. 
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The term "graft failure" encompasses a variety of 
pathophysiologic states characterized by inadequate 
hematopoietic function after marrow transplantation. Implicit 
in the definition are mnce ts of a minimally acceptable level of 
marrow function for eacg lineage and time intervals after 
transplantation when such threshold levels should initially be 
reached and thereafter surpassed. The term "primary" graft 
failure indicates a lack of adequate marrow function at any time 
after transplantation, whereas the term "secondary" graft 
failure indicates the development of inadequate marrow 
function after initial engraftment has already been achieved. 
Arbitrary thresholds of marrow function and time after 
transplantation cannot accurately measure the incidence of 
primary graft failure because some patients show successful 
engraftment later than expected, while others die before 
engraftment can be achieved. In particular, Kaplan-Meier plots 
of time to engraftment underestimate the true incidence of 
primary graft failure because of censoring. As an alternative 
approach, time to initial engraftment can be modeled as a func- 

D 010 WHAT IS GRAI"I' FAILURE?. Paul J. Martin, Fred Hutchinson Cancer Research Center, Seattle, WA. 
tion of the number of hematopoietic stem cells in the graft, 
their doubling time, and the time required for maturation. 
Data will be Dresented to analyze the utility of such models 
in understaiding parameters of initial kagraftment in 
different marrow transplant situations. 
graft failure, secondary graft failure can be precisely define3 
although assessment of whether inadequate marrow function 
is due to reversible or irreversible causes often remains 
extremely difficult. Data will be presented to analyze the 
frequency of secondary graft failure and to describe the 
subsequent clinical outcome in different marrow transplant 
situations. Mechanisms of primary and secondary graft 
failure remain elusive in many cases. Causes to be 
considered include stem cell damage mediated by ex uiuo 
manipulation, drugs, viral infection or rejechon, inadequate 
cellular microenvironment, deficiency of growth factors 
necessary for proliferation and maturation of hematopoietic 
stem cells, or excessive levels of cytokines that inhibit 
hematopoiesis. 

Unlike prima 

Leukemia 

Jagannath,  Un ive r s i ty  of Arkansas f o r  Medical Sc iences ,  Arkansas Cancer Research Center ,  L i t t l e  Rock, 
DO11 AUTOTRANSPLANTS ( T X )  FOR MULTIPLE MYEMMA (MM) - A PROGRESS REPORT. Ba r t  Barlogie and Sundar 

Arkansas 72205 
S ince  1983,  2 0 4  p a t i e n t s  w i t h  MM have rece ived  high 
dose the rapy ,  8 3  without  and 1 2 1  w i t h  Tx. Among 
persons w i t h  r e f r a c t o r y  MM, melphalan a t  doses  5 
100 mg/M2 (MEL-100) without Tx was as e f f e c t i v e  a s  
t h e  CBV regimen w i t h  p e r i p h e r a l  blood s t e m  cells 
(PBSC) and s u p e r i o r  t o  HD-CTX a t  MTD. Because of 
l i m i t e d  ex t ramedul la ry  t o x i c i t y ,  t h i s  j u s t i f i e d  
f u r t h e r  dose  e s c a l a t i o n  of MEL and a d d i t i o n  of T B I .  
With T B I  850 cGy, MEL-140 w a s  s u p e r i o r  t o  t h i o t e p a  
(750 mg/M2) w i t h  s i g n i f i c a n t l y  h ighe r  CR r a t e s ,  
p rogress ion- f ree  and o v e r a l l  s u r v i v a l  f o r  VAD- 
respons ive  MM. MEL-TBI ( t h e  s u p e r i o r  regimen) was 
m o r e  b e n e f i c i a l  f o r  remission conso l ida t ion  than  
f o r  sa lvage  t r ea tmen t .  To f u r t h e r  ' increase  tumor 
cy to reduc t ion ,  a double t r a n s p l a n t  (DTx) w a s  
developed w i t h  2 cyc le s  of MEL-200 3 t o  6 months 
a p a r t ,  w i t h  bone marrow a u t o g r a f t s  c o l l e c t e d  p r i o r  
t o  t h e  first Tx and usua l ly  suppor ted  i n  a d d i t i o n  
by PBSC mobilized w i t h  HD-CTX and GM-CSF. Post-HD- 
CTX p l a t e l e t  recovery and PBSC mob i l i za t ion  both 
w e r e  r e l i a b l e  i n d i c a t o r s  of hemopoietic s t e m  cel l  
reserve, a s  both  parameters c o r r e l a t e d  w i t h  pos t -  
t r a n s p l a n t  engraftment k i n e t i c s .  Compared wi th  
MEL-TBI, MEL-200 caused less s t o m a t i t i s  and no mor- 

t a l i t y  (0  o u t  of 4 0 )  even when appl ied  twice t o  20 
p a t i e n t s .  Engraftment k i n e t i c s  w e r e  s imilar  a f t e r  
1st and 2nd Tx. DTx is now used as conso l ida t ion  
therapy  a f t e r  i n t ens ive  remiss ion  induct ion  i n  
newly diagnosed MM (median age ,  55 years:  range 29- 
68 y e a r s ) .  Median tumor cy to reduc t ion  increased  
f r o m  85% af ter  VAD x 3 ( r ange  12-99%) to >99.9% 
a f t e r  one Tx (range 80-99.9%) : t h e  corresponding 
cumulative response rates us ing  2 7 5 %  tumor 
r eg res s ion  (2  9 0 % )  w e r e  53% (32%) f o r  t h e  34 
p a t i e n t s  completing VAD x 2-3; 63% (53%) f o r  t h e  19 
p a t i e n t s  having completed induct ion  therapy: and 
100% ( 9 0 % )  f o r  t h e  1 0  p a t i e n t s  completing one 
t r a n s p l a n t  inc luding  4 true CR' s .  There  was one 
s t e r o i d - r e l a t e d  s u i c i d e  bu t  no o t h e r  t rea tment -  
r e l a t e d  mor t a l i t y .  T h i s  " t o t a l  therapy" effects 
p rogres s ive  cy toreduct ion  so t h a t  tumor r eg res s ion  
by >90% was obta ined  i n  v i r t u a l l y  a l l  p a t i e n t s  
a f t e r  one Tx. Thus, Tx permi ts  t h e  safe p u r s u i t  of 
h igh  dose therapy  f o r  e l d e r l y  p a t i e n t s  o f t e n  
i n i t i a l l y  w i t h  impaired performance. I t  is hoped 
t h a t  DTx w i l l  effect CR r a t e s  > 50% and durab le  
d i s e a s e  c o n t r o l  no t  achieved previous ly  wi th  
s t anda rd  melphalan-prednisone. 

D 012 BMT FOR ACUTE LWHOBLASTIC LEUKAEMIA, John Barrett , RPMS, Hammersmith Hospital, 
London, U.K 

The management of pwr risk ALL IS beset w t h  problems of treatment 
selection related to the nature of the leukaemia itself: 
1) ALL is  heterogeneous both in its antogeny, and in its potential for cure. 
The small number of patients in individual subgroups means that there is little 
reliable data on outcome for uncommon disease subtypes. 
2) Chemotherapy cures the majority of children and some adults. Only a few 
poor risk patients are therefore considered sultable BMT candidates. 
3) Poor risk diagnostic criteria for chemotherapy outcome apply equally to BMT. 
4) Although BMT may be more efficient at curing ALL than chemotherapy, the 
advantage is offset by a progressive increase in transplant related mortality with 
age. 

5) In relapsed patients achieving second remission the * m e  risk factors for 
further relapse apply to chemotherapy and BMT. 
Because of this disease free survival results for chemotherapy and BMT tend to 
overlap in any ALL disease category. Possible solutions to the impasse are: 
1) Retrospective comparative studies of large chemotherapy and BMT databases: 
Several recent studies have done this and others are underway. 
2)  Decreasing transplant mortaliry - a  10% improvement in BMT outcome would 
make BMT clearly more favourable in many currently controversial situations: 
There is some evidence that BMT outcome has improved over the last decade. 
3) improving the anti-leukaemir effect of BMT In chemoreslstant ALL: New 
developments in understanding the graft-versus-leukaemia effect may be helpful. 
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D 013 BONE MARROW TRANSPLANTATION FOR CML. Richard E. Champlin, M.D., U.T., M.D. Anderson Cancer Center, Houston, 
Texas 
Allogene&c bone r m ~ o w  trnnsplmtntion from HLA-idmflcal siblmgs 

has been extensively evaluated for tmtmmt of CML. Long term d i m f r e e  
sluvlval hns been Icheved m50 70% of 111 c b c  phase md approxzmptely 20% 
afier tmnsfommtxon Clmcal data have demoostrpteed several imporunt biologxc 
principles Kgb dose Chemotherapy md TBI usually does not e d u t e  the 
malignnncy mce the majonty of patients rceivmg identical hvln or Tcell depleted 
tnosplmts relapse Pallens rceiv~ng dlogeneic non-Tell depleted tmnsplmts 
genenlly do not relapse, although m y  have Pb'- posntive cells identified by 
cytogeoetlcs or moleculsr methods over extended penods Together, these data 
mdicate that a presumably immune-medrsted graft-versus-leukerma effect is cnticol 
to prevent nlapse Marrow transplants usmg m a m w  depleted of CDS-positivecells 
ere not associated wth M tncreased rate of relapse tn tn&catIng that these cells are 
not reqlured for GVL m h s  &sease 

Alternative forms of BMT have bpn evaluated for patients lacking pn 

HLA-idenbd siblmg Marrow transplants from HLAslosely matched unrelated 

donors ere rrsociated wth a hrghcr nsk of acute GVHD, but possthly lower rate of 
relapse wmpared to matched srblmg gnhs. overall survival .ppeus r a d d  
for c h c  phase pflents but mrmlar m p.ttats mth wre dvm& &ease. 
Autologous trpnsplmts usmg mumw deplctrd of leukcmtn cells by long Lnm d t u m  or 
by 'purgmg' technrqucs may restore Ph'megntrve hematopoiesis and p o s ~ l a n t  
mterferon therapy m y  delay recurrence of the &seasc A umtrovcrsy hna emrged 
regerdmg the mle of alpha mterfem versus allogeneic BMT for management of newly 
d ~ a g n o d  patients wth CML Alpha mterfemn can climtnnte dctectPble Pb' 
chromosom-positive cells md restore &ploid hematoporesis tn up to 20% of pattents 
wth newly &sgnod CML, and m m  mvesbgetors rdvocote UI mflal tnd of tnterfem 
reservmg allogeneic trnnsplantntron for patients wbo fad Lo ncheve a wmplcte 
cytogenetic response w h n  one year W s  approach hns the potenfld nsk of pmgrmion 
of CML wble on Interferon therapy md its impact on tmmphnt oufcome md overall 
survival 1s uncertam 

Do14 TRANSPLANTS IN ACUTE MYELOGENOUS LEUKEMI 

Allogeneic and autotransplants are widely used to 
treat AML. Their role is controversial. HLA- 
identical sibling transplants in 1st remission have 
fewer relapses than chemotherapy and perhaps 
slightly better leukemia-free survival even after 
adjusting for selection biases. Results of 
alternative donor transplants (HLA-matched related 
or unrelated) are inferior to HLA-identical sibling 
transplants. Host data suggest that similar LFS is 
achieved by reserving allotransplante for persons 
failing chemotherapy. There are no convincing data 
that adjusted results of autotransplant are 
euperror to chemotherapy in remission or LFS or 
that in vitro bone marrow treatment is effective. 
Different conditioning regimens seem to result in 
similar LFS. Cyclosporine alone or with 

CA . 
:A. R.P. Gale, UCLA School of Medicine, Los Angeles, 

methotrexate results in comparable relapse and 
LFS.Risk factors for different treatments are 
generally similar; high-risk subjects do poorly 
with transplants and chemotherapy. 
Allotransplant in 2nd remission results fewer 

relapses but comparable 2y LFS to chemotherapy. 
Results of both strategies are similar to 
autotraneplants. Longer followup is needed to know 
if there are different outcomes. 
Persons never achieving remission and those with 

advanced leukemia have fewer relapses and better 
LFS with allotransplants than chemotherapy or 
autotransplants. 
Critical review of these data should help define 

the role of transplants in AKC. 

Transplants 
DO15 ALLOGENEIC BONE HARROW TRANSPLANTATION IN FANCONI ANEMIA. E. Cluckman', AJD. A&?rbachz, M. Horowitz3, for the IBMTR, 

1 .  Hospital Saint-Louis. Paris France, 2. The Rockfeller University, New-York, 3 .  IBMTR, Milwaukee, Wisconsin. 

Fanconi anemia is a rare autosomal recessive disorder 
characterized by progressive pancytopenia, diverse 
congenital abnormalities and predisposition to malignancy. 
Although the molecular basis of this syndrome remains 
unknown, occurrence of FA can now be detected routinely by 
study of induced chromosomal breakage in cultured 
lymphocytes, fibroblasts. amniocytes or chorionic villus 
cells after exposure of these cells to low concentration of 
DNA cross-linking agents. Bone marrow clonal cytogenetic 
abnormalities have been reported in these patients. as well 
as in some FA patients with no evidence of leukemia at the 
time of study. Bone marrow transplantation is the best 
treatment of this Lethal disease. It is known that high dose 
Cyclophosphamide or high dose chemotherapy is highly toxic 
due to the cell's sensitivity to DNA cross-linking agents. 
In a previous analysis of the IBMTR, it was shown that 
regimens with low dose Cyclophosphamide and limited field 
irradiation gave a higher survival compared to regimens with 
high dose Cyclophosphamide with a long term survival of 7 5  X 
versus 27 X .  The analysis of the registry will focus on 
several points. The most important is the accuracy of the 

diagnosis which is based on the cytogenetics, because of the 
possible absence of phenotypic abnormalities in children or 
even in young adults presenting as aplasia or leukemia. 
Other non FA familial aplastic anemia must be differentiated 
because of difference of conditioning. The date of 
transplant, the influence of previous androgens and 
transfusions are significant prognostic factors. BMT with 
HLA identical siblings gives good results but very little is 
known about the outcome and the conditioning in 
myelodysplastic syndrome or leukemia associated with Fanconi 
anemia. In the absence of HLA identical donor several 
possibilities can be discussed a new pregnancy is possible 
at the condition to perform a prenatal diagnosis and an 
abortion if the foetus is affected. Cord blood can be frozen 
at birth. Until now, 4 Fanconi anemia patients have been 
transplanted with HLA matched sibling cord blood, 3 are 
doing well with a complete engraftment. Matched unrelated 
transplants are another option, the results seem poorer than 
with HLA id sib transplants because of the increased risk of 
rejection and GVH. 
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D 016 NEW THERAPIES FOR APLASTIC ANEMIA. Edward C. 
Andrew Laurie, St. George's Hospital Medical 

The pathogenesis of aplastic anemia (AA) remains 
uncertain though recent in vitro studies suggest that 
the major defect lies in the haemopoietic stem cell and 
not in the stroma.'*2 The role of immune responses 
whether cellular or humoral in mediating the damage to 
the stem cell is unknown and in vitro studies produce 
comflicting results. Imbalances of growth factor and 
inhibitor production have been implicated in the 
pathogenesis of AA3" but proof of their importance in 
vivo is lacking. It is thus not surprising that most 
therapies for AA are empirical or are based on rather 
shaky premises. The two most recent approaches have 
been the addition of cyclosporin to treatment 
 schedule^^,^ and the use of ic growth factors. The 
addition of cyclosporin to ALG improved response rates 
at 3 and 6 months (65% vs 39%) but did not affect long 
term survival superficially5. A randomised study of 
cyclosporin alone suggests that it is as effective as 
ALG6. These results should not be taken to indicate a 
major immune mechanism for AA since cyclosporin and ALG 
each have marked effects on cytokine production. The 
use of rh-CSF's seems a logical step in the management 
of AA. A multicentre trial with GM-CSF post ALG shows 
that GM-CSF to capable of raising the neutrophil and 
eosinophil counts in the 2 8  d following ALG, that 
infection and antibiotic usage are less, that the 

Gordon-Smith, Fran Gibson, Alison Milne and 
School, London, UK. 
response is proportional to the initial 
neutrophil count and disappears once the GM-CSF 
is discontinued. Bleeding episodes were not 
increased. In this relatively small trial (13 
pts GM-CSF, 14 placebo) long term survival was 
not significantly different in the two groups 
though the trend was for the treatment arm to do 
better. Trials with G-CSF are also under way and 
confirm the responsiveness of the stem cell in 
most AA. IL-3 on the other hand, on its own, has 
been disappointing in its action. These 
operations confirm that stem cells, or at least 
committed precursor cells, do remain in AA and 
are capable of responding at least to later 
acting CSF's. Whether long term administration 
will help achieve remission and whether survival 
will be accompanied by an increase in clonal 
disorders remains to be seen. 

1) Marsh JCW, et al. Blood 76;1748:1990. 2) 
Gibson FM, et al. Br J Haematol 75;421:1990. 3) 
Zoumbos N.C. et al. NEJM 312;257:1985. 4) Nakao 
S. et al. Br J Haematol 71;431:1989. 5) 
Frickhofen N. et al. NEJM 324;1297:1991. 
6) Gluckman E. et al. Blood Suppl 11;A78:1988. 

D 017 BONE MARROW TRANSPLANTATION IN SICKLE CELL DISEASE. Sergio Piomelli, Columbia University, College of Physicians and 
Surgeons, New Yo&, N.Y. 10032 

It has been known for several years that patients with sickle cell syndromes 
can be aflected by devastating strokes Recent evidence, however, suggests 
that neurological damage, evidenced by MRI of the brain, occurs in a 
significant percentage of asymptomatic patients Moreover. recent studies 
suggest that these disorders influence the neuropsychological function of the 
patient Thus, from a neurological point of view. all patients with sickle cell 
syndrome are at risk of some damage If the neurological adverse effects, 
obvious or subclinical. are added to the unnumerable complications of sickle 
cell disease. it appears obvious that, on the basis of our current knowledge. 
sickle cell syndromes are associated with significant risks to ail patients 
Therefore there appears to be a need for active and preventive intewention 

At the current state-of the-art. prevention can be achieved by chronic 
transfusion. by pharmacological intervention (hydroxyurea) or by bone 
marrow transplantation Several patients with sickle cell syndromes have 
already been transplanted and in them the disease has been eradicated Bone 
marrow transplantation can thus cure sickle cell disease Current 
controversy deals. however, with the precise indication and choice of 
patient In order to assess the riskhenefit of this procedure it appears 
advisable lo perform a randomized study, comparing bone marrow transplant 
with these other available modalities This should preferably be done in the 
youngest patient, where the risk of bone marrow transplantation appears to 
be minimal 

D 018 

Allogeneic marrow grafts from HLA-identical siblings have proven to be complications including chronic GVHD. retardation of growth and 
effective therapy for severe aplastic anemia with restoration of normal development, and secondary malignancies. More recently, a combination 
hematopoiesis and long-term survival for up to  more than 20 years in 70 of cyclophosphamide and antithymocyte globulin has been used to reducQ 
to 80% of recipients. Younger patients survive better than older patients. the risk of graft rejection further, thus obviating the need for additional 
Marrow grafts from HLA-nonidentical family and unrelated donors have donor buffy coat infusions. Accordingly, most recent results of marrow 
been less successful and are the focus of ongoing clinical research. Graft transplantation from HLA-identical siblings show survivals in excess of 
rejection and graft-versus-host disease (GVHD) have remained major 9056. GVHD is an immune disorder caused by donor lymphoid cells 
problems. Many pre- and posttransplant immunosuppressive regimens to reacting with host histocompatibility antigens. Moderate to severe GVHD 
prevent these complications have been studied. The risk of graft rejection is seen in 18 to 40% of HLA-identical sibling recipients. Previous 
is increased in patients who have been transfused before transplant. This pregnancy in female donors and increasing age of the patient are factors 
risk can be reduced by the infusion of larger numbers of transplanted predictive of its development. Methotrexate combined with cyclosporine 
marrow cells. The incidence of graft rejection is 10 to 32% when cyclo- has been the most effective prophylactic immunosuppressive agent. 
phosphamide alone is used as the conditioning regimen. The addition of Extensive chronic GVHD occurs in approximately one-quarter of recipients. 
donor buffy coat cells and total body or limited field irradiation have Cyclosporine and prednisone are used to treat thls disorder. 
reduced the risk of graft rejection. but increased the incidence of 

MARROW TRANSPLANTS IN APLASTIC ANEMIA. R. Storb. Fred Hutchinson Cancer Research Center and the  University of 
Washington School of Medicine, Seattle, Washington. 
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D 01 9 DOSE LN7wSIVE THERAPY IN BREAST CANCER, Karen Anunan, Scott I. Bearman, Nancy Davidson, Elisabeth de Vnes, A Massimo Gianni, 

Peters, Giovanni Rosti, Roben B Slease, Gary Spitzer, Tomoo Tajima, William P. Vaughan, & Stephanie Williams. Harvard Medical School, Boston 
Christian Gisselbrecht, Herb Kaiser, Hillard Lazarus, Robert B Livingston. Dominique Maraninchi. T. J. McElwain, Makoto Ogawa, William 

Breast cancer currently develops in one of nine American women. 
Relapse rates at 10 years correlate with the number of axillary lymph 
nodes, from -20% for no+ lymph nodes, 60% for 1-3 nodes & >85% for 
- >4 nodes. Metastatic breast cancer is essentially incurable with conven- 
tional therapy wirh a median survival of -2 years after diagnosis of 
metastases. The median survival of women with metasratlc disease has 
not changed in the 5 decades for which statistics are available. In labora- 
tory models of breast cancer, delivery of the highest possible doses of 
chemotherapy is essential to achieve cure. In the laboratory, resistance to 
alkylating agents can often be overcome using a 5-10 fold higher dose. 
Because the limiting toxicity of higher chemotherapy doses is myelosup- 
pression, many authors have used automnsplants to ensure prompt mar- 
row recovery. 

Metastatic Disease: Theoretically an induction regimen could reduce 
tumor bulk, decrease the number of resistant cells. & allow the selection 
of patients with sensitive tumors for high dose therapy. Alternatively, 
conventional dose therapy could induce multidrug or specfic resistance or 
allow the growth of partially resistant clones. There are at least 4 studies 
of combination chemotherapy in 53 previously unrrearedpurienrs with in- 
jlammarory or metastatic breast cuncer fie no inducrion therapy). Twenty- 
five (47% achieved a complete response & 9 (17%) were disease free at 
the time of analysis. Multiple regimens have been used in 306 stage 4 pa- 
tienrs responding 10 induction therapy. A total of 58% of these patients 
have achieved complete responses & 28% were in continuous complete 

response at the time of data analysis. The mortality was 9% overall (range 
3.24%). 
Primary therapy: Five regimens have been used in 56 women with 
srage I1 or inflammarory breast cancer responding to conventional dose 
(induction therap;) at the time of transplant. A total of 79% of these pa- 
tients were in CR after conventional dose therapy prior to the mnsplant, 
& 89% were in complete response after high dose therapy. Of the total, 
54% were in continuous complete response at the time of data analysts 
with relatively short follow up times of 1 to 37 months. Four institutions 
are studying aa'juvanr high dose therapy in parients wirh 10 or more in- 
volved lymph nodes at the time of primary treatment. A total 88% were m 
continuous complete response at the time of data analysis. 

Summary: Thus several regimens designed for breast cancer yield both 
a high complete response rate &durable remissions in patients responding 
to conventional dose chemotherapy. Transplant early in the course of the 
illness, after a good response to conventional dose therapy yields a com- 
plete response rate higher than the 10 to 20% reported with conventional 
dose therapy. With follow-up of 24-60 months from the time of nans- 
plant, these unmnintained responses appear to be relatively durable (16 to 
25% in continuous complete response). Mortality for dose intensive 
therapy in breast cancer have ranged from 3 to 24% (compared to 3.4% 
for conventional dose therapy). Randomized trials in stage I1 (wirh 10 or 
more positive nodes), III & IV breast cancer are currently planned or 
under way. 

Do20 AUTOLOGOUS BONE MAFAOW TRANSPLANTATION IN AGGRESSIVE LYKPHOMA, James 0. Armitage, University of Nebraska 
Medical Center, Omaha, NE. 

Autologous bone marrow transplantation has become a widely 
accepted therapy for certain patients with aggressive non- 
Hodgkin's lymphoma. Previous studies have documented that 
patients with aggressive non-Hodgkin's lymphoma can be 
cured utilizing high doses of chemotherapy andfor 
radiotherapy followed by reinfusion of autologous bone 
marrow cells or hemopoietic stem cells derived from the 
peripheral blood. This treatment can be performed with a 
fairly low mortality (i.e. less than 10%) in young, healthy 
patients who have minimal preceding therapy and a low tumor 
burden. It has also been shown that a major prognostic 
factor is the responsiveness of the lymphoma to preceding 
Chemotherapy. However, when even the best subgroups of 
patients with relapsed aggressive lymphoma undergo high 
dose therapy and autologous bone marrow transplantation, 
the long tern survival rates are only 30%--40%. 

A number of trials have utilized high dose therapy and 
autologous bone marrow transplantation earlrer in the 
course of patients with aggressive non-Hodgkin's lymphoma. 
These trials have involved transplantatron in patients who 
have failed to achieve complete remission quickly wrth 
"traditional" chemotherapy or patients who have achieved 
remission but had adverse prognostic factors which in 
historical controls have suggested a high chance for 

relapse. The results with autologous bone marrow 
transplantation in these patients have been remarkably 
similar. Long term disease-free survival has been 
reported in 60%--80% of patients and the treatment 
related to the mortality has been low. These results 
suggest that autologous bone marrow transplantation 
should be offered to "high risk" patients as part of 
their primary therapy. However, there are a number of 
reasons for caution. When autologous bone marrow 
transplantation is done as part of primary therapy, some 
of the patients undergoing the transplant process will 
already be cured or would be able to be cured with 
further standard therapy. In this setting transplant 
related mortalities are least acceptable. It is also 
true that no completed prospective trial has documented 
the superiority of autologous bone marrow transplantation 
over traditional chemotherapy in any high risk group of 
patrents. However, two prospective trials are currently 
underway. 

Autologous bone marrow transplantation for patients with 
aggressive non-Hodgkin's lymphoma has bacome a standard 
therapy after relapse. However, this might not be the 
best strategy and further clinical trials are urgently 
needed. 

D 021 

Oncology, British Columbia Cancer Agency, Vancouver General Hospital, and University of British Columbia. Vancouver, British Columbia VSZ 4E3 Canada. 
Since the 1980s. the use of myeloablative therapy and either allogeneic (allo-) or 
especially autologous (Au) BMT has become an accepted therapy for selected 
patients with Hodgkin's disease (HD). mainly those who progressed after 
pnmary chemotherapy. Results from these AuBMT have been much bener than 
the historical experience using conventional salvage Chemotherapy; a limited 
experience suggests that patient selection is unlikely to be the reason for this 
result. Consequently. Phase 111 studies may never be performed. Currently. the 
main questions in BMT for HD are as follows: I )  Should BMT be performed rn 
some HD patients during CR-I; 2) in others. is the first sign of fzlure of primaly 

BONE W O W  TRANSPLANTATTON (BMT) IN THE MANAGEMENT OF ADVANCED HODGKIN'S DISEASE. Gordon L. Phillips, Donna E. 
Reece, Joesph M. Connors. LeukemidBone Marrow Transplantation Program of British Columbia: Division of Hematology, Division of Medical 

Chemotherapy the optimal time to perform BMT. 3) Should patients who fail 
primary chemotherapy receive chemosensitivity testing prior to BMT; 4) Can 
lymphablation be improved by newer conditioning regimens - -  or novel 
approaches such as radioimmunoconjugates; 5 )  Should allo-BMT or Au 
peripheral blood cells be used in preference to AuBMT; 6 )  Is post-BMT 
immunomodulation worthwhile; 7) What is the role of currently-available 
hematopietic growth factors in this sening. AU of these questions lead to one 
final question -- how can more HD patients be cured? These and other points 
will be discussed. 
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Alternative Donor Transplants 
D 022 

The effect of donor HLA lncompatlbllity on the outcome of marrow transplantation grades Ill-IV were the degree of donor w patient incompatibiihy for HLA and older 
was analyzed in 570 patients with hematdogic neoplasms. Each patient received patient age; posnransplant Immunosuppression with rnethotrexate @Us 
marrow from a family member who shared one HLA haplotype with the patient but cydospcfine was assockted A h  a lower risk of GVHD when compared to other 
differed to a variable degree for the HIA-A, B and D antigens. Of the haplolype immunosuppressive regimens. in patients transplanted from phenotypic or one 
not shared: 51 were phenotyplcally identical, 261 were incompatible for one locus, iocus mismatched donors, suwival was similar to the survival of patients with the 
196 for two loci. and 62 for three loci. For 229 patients the donor was a sluing, same type and stage d leukemia who were transplanted from HLA genotypically 
for 270 a parent. for 40 a child, and for 31 other relatives. All but 18 patients were identical siblings at our institution. Patients transplanted from donors mismatched 
treated wth cydophosphamide and total body irradiation. Conditioning was for two or three HLA loci have lower suNivai rates than patients transplanted from 
fdlowed by the Infusion of unmodified donor marrow cells. Graft failure occurred matched donors because of complications resulting from acute and chronic 
in 9% of the patients surviving a minimum of 21 days after transplantation. The GVHD. We condude that transplantation from a donor mismatched for one single 
risk factors for graft failure were: a posltive crossmatch of patient serum against HLA locus should be considered standard therapy for any patient with a 
donor lymphocytes. patient homozygosity for the mismatched HLA iocus, and malignancy who is a candiiate for marrow grafting. Novel and more effective 
posnransplant immunosuppression with methotrexate alone as compared to approaches to prevent GVHD are needed for patients whose best available donor 
methotrexate plus cyclosporine. Occurrence of acute GVHD was evaluated in is incompatible for two or three HLA loci and the only potential curative treatment 
patients who achieved sustained engraftment. The risk factors for acute GVHD of is ailogeneic marrow transplantation. 

MARROW TRANSPLANTATION FROM RELATED DONORS OTHER THAN HLA GENOTYPICALLY iDENTiCAL SIBLINGS. Uaudio Anaseni for the Seattle 
Marrow Transplant Team. Fred Hutchinson Cancer Research Center. Seattle Washington. 

D 023 BONE HARROW TRANSPLANTS FROM UNRELATED DONORS FOR LEUKEHIA. H.H. Horowitz, International Bone 
Marrow Transplant Registry (IBHTR), Medical college of Wisconsin, WI. 

Large registries of volunteer donors now permit shown below: 
unrelated donor bone marrow transplants for Relationship and Acute Chronic 
patients without HLA-identical siblings. We HistocomDatibilitv N GVHD G W  LFS' 
studied 219 transplants from unrelated donors done HLA-identical sib 1501 31 5 28 38 2 3% 50 5 18 
for leukemia between 1985 and 1990 and reported to or 1-locus mis- 
the IBMTR by 42 teams. One hundred fifty-nine were matched relative 172 36 5 88 33 2 13% 27 2 108 
serologically matched at six HLA-A, 8, and DR loci. matched unrelated 
Sixty were disparate at one locus: 29 at HLA-A, 15 donor 159 51 5 98 55 f 138 33 5 128 
at HLA-B and 16 at HLA-Dr. Results were compared 1-antigen mismatched 
to 1501 HLA-identical sibling transplants and 172 unrelated donor 60 63 5 13% 87 2 198 21: 168 
transplants from related donors, other than HLA- 
identical siblings, mismatched at zero or one HLA- *For patients with acute leukemia in remission or 
A, 8, or DR locus. Controls were transplanted for CUL in chronic phase only. 
the same diseases at the same centers during the Results of unrelated donor transplants are 
same time period. Two-year probabilities (2 958 significantly worse than HLA-identical sibling 
confidence level) of grade 11-IV acute graft- transplants but similar to transplants from 0 to 1- 
versus-host disease (GVHD), chronic GVHD and antigen mismatched relatives other than m,A- 
leukemia-free survival according to donor type are identical siblings. 

D 024 UNRELATED DONOR TRANSPLANTS FOR SEVERE ACQUIRED APLASTIC ANEMIA (SAA), Jill M. Hows, on behalf of the Severe Aplastic 
Anaemia Workmg Party of the EBMTG, and the IMUST Study Group, Royal Postgraduate Medical School, Hammersmith Hosoital, London. UK. 

Severe acquired aplastic anemia (SAA) as defined by the International 
Aplastic Anemia Study Group criteria is best treated by BMT when the 
patient is below 35-40 years old and has a HLA identical sibling. Studies 
from the SAA Working Party of the EBMT group indicate that in the 
medium term survival is equivalent for patients treated by 
immunosuppression (IS) or BMT. An important exception is patients with 
very severe a p h h c  anemia (VSAA). defined by < 0.2 x 10'11 peripheral 
blood neuuophils, who are under the age of 20 yrs. This group has a 
significantly supenor medium rerm survival after BMT compared with I S .  
Of relevance to all patients with SAA is the fact that patients are not cured 
by IS. Their intrinsic "stem" cell defect remains and in up to S7% of cases 
clonal evolution into myelodysplasia and/or acute myelogenous leukemia, 
leads to late deaths. Unrelated donor BMT (UD-BMT) should therefore be 
considered in younger patients with SAA, who do not have a suitable family 
donor. i n  the past results of UD-BMT for SAA have been poor due to 
multiple factors: the length of time taken to find unrelated donors, poor 
patient selection and inadequate pre BMT immunosuppression. Pooled 
retrospective survival figures kindly provided by Seattle, Wisconsin, 
Hammersmith and the French Transplant group (GEGMO) for patients 
receiving UD-BMT between 1982-90 are summarised. For HLA-A, B, DR 
serologically matched UD-BMT 9/29 (31%) of patients are surviving. For 
HLA-A, B, DR partially mismatched UD-BMT 6/17 (35%) survive. There 
were more p d a u i c  cases in the mismatched group. Currently, the 

International Marrow Unrelated Search and Transplait (IMUST) Study 
includes patients with SAA receiving UD-BMT. These patients are 
prospectively compared with a cohort of H L A  identical sibling transplants 
(ID-BMT), matched for nasplant center, recipient age, and presence/ahsence 
of infectiodsensitization at the time of BMT. Since February 1989,14 UD- 
BMT have been carried out by IMUST Study Centers, with 12 cohorted ;D- 
BMT conuols. UD-BMT donors were older 33 (24-43) years than ID-BMT 
donors 23 (10-37) years. Mean recipient age was similar, 18 (12-31) years 
for UD-BMT and 21 (6-38) years for ID-BMT 5/12 ID-BMT and 8/14 
UD-BMT recipients were infected/sensitized at time of BMT. 50% of UD- 
BMT, and 27% of ID-BMT recipients received intensive irradiation 
containing con&tioning protocols. 7 patients, 5 UD-BMT and 2 ID-BMT 
either failed to engraft or died within 28 days of BMT. Of evaluable 
recipients, 2/11 after UD-BMT and 4/10 after ID-BMT developed grade II- 
IV acute GVHD. 10/14 UD-BMT and 7/12 D B M T  recipients survive > 
3/12 after BMT. The presence of infection/sensitization at BMT correlated 
with poor survival at > 3/12 post BMT, both in ID-BMT and UD-BMT 
groups. From these preliminary results we conclude that when UD-BMT IS 

carried out in non infected, non sensitized panenrs results are acceptable. 
In the future better patient selecuon, more intensive IS protocols and 
improved donor selection routines will improve the outlook of patients with 
SAA who lack family donors. Perhaps the use of a ready accessible cord 
blood bank will be particularly relevant to this group of pahents. 
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D 025 CYCLOSPORINE INDUCED SYNGENEIC/AUTOLOGOUS GRAFT-VS-HOST DISEASE: AN IMMUNOTUEUAPEUTIC APPROACH A m U  AUTOLOGOUS BONE 
MARROW TAANSPLANTATION. Ailan D. Hess. Stephen J. Noga. Richard J. Jones. Andrew M. Yeager, Georgia B. Vogeisang, and George W. Santos. Oncology 
Center. The Johns Hopkins Universityy, 600 North Woife Street. Baltimore. Maryland. 
Graft-vs-host disease (GVHD) is an immunologic process which deveiopa 
in the majority of aiiogeneic BMT recipients despite HIA identity. 
Although morbidity and mortality due to GVHD limits BMT, there appears 
to be a therapeutic anti-tumor effect. Decreased leukemic relapse rates 
and prolonged disease free survival are apparent in BMT patients who 
survive a severe episode of GVHD. Conversely, the lack of GVHD in 
autologous BMT recipients is associated with Increased leukemic relapse 
rates. Therefore. additional therapy is required to reduce relapse. An 
autoimmune. T cell mediated GVHDiike syndrome (Syngeneic GVHD) can 
be reproducibly induced in rats and in man if a limited course of CsA is 
administered following autologous or syngeneic BMT. The induction of 
syngeneic GVHD appears to correlate with the production of MHC class 
Ii specific autocytotoxic T cells. Since many hematopoietic malignancies 
express class II MHC antigens and the syngeneic GVHD has been shown 
to be MHC class ii restricted, this autoimmune response may provide a 
therapeutic advantage for elimination of residual leukemia in autologous 
BMT recipients. A rat (Lou M) model for studying the effects of syngeneic 
GVHD effector cells on the CRL1662 myeloma (which expresses MHC 
class ii antigen) was developed. A series of studies in this animal model 
revealed that ilsyngeneic GVHD mediated an anti-tumor effect with an 
estimated 1-2 log tumor cell kill, 2)administration of yinterferon 
potentiated the anti-tumor effect of syngeneic GVHD resulting in cure in 
40% of the animals, and 3)the effect of y-interferon was due to 
upregulation of class II antigen expression on the tumor cells making 

them more susceptible to Immune recognltlon. Based on the results In the 
animal model, cllnicai trlais were Inltiated in patients with non-Hodgkins's 
lymphoma (NHL. diffuse Intermediate or hlgh grade) or with acute myelogenoua 
leukemia (AML). Al l  patlents received marrow purged with 4- 
hydroperoxycyclophosphamide and I.V. CsA therapy Initiated on the day of 
transplant and continued for 28 days. Overall 19/23 NHL patients and 15/19 AML 
patient8 developed cutaneous autologous GVHD confirmed by skin biopsy (grade 
2). Autologous GVHD developed st a median of 18 (range 1348) days for NHL 
patients and 33 (range 1449) days for AML patients and was confined to the skin 
wlth no patients exhlbiting gastrointestinal or hepatic dysfunction due to 
autologous GVHD. The skin autologous GVHD resolved spontaneously within 2 
weeks (range 1-5 weeks) or with s short course of steroids. Further, the onwt 
of autologous GVHD was associated with the appearance of class ii specific 
cytofytic T cells similar to the animal model. Overall 16/23 NHL patients survive 
disease-free for an aduarlai event-free survival at 34 months of 62%. compared 
to 40% in 34 consecutive historical controls treated similarly. but without CPA, 
between May 1981 and Nov. 1988 (p=0.05). The relapse rate was 2996 in the CsA 
NHL patients compared to 50% in the hlstoricai controls (p=0.03). Comparatively 
13 AML patients (10 CRI, 2CR2, 1CR3) are alive without relapse at a median of 
12 months (range 3.2' - 21.6') after transplant. Although the dinicai r -ub 
appear promising, prospective randomlred trials will be needed to confirm a 
signlficant anti-tumor effect of autoiogouslsyngeneic GVHD. CnA induced GVHD 
appears to be a promising immunoiherapeutic approach following autologous 
BMT. Further, this approach may be coupled with cytoklne therapy. 

D 026 PERIPHERAL BLOOD VERSUS (plus) BONE MARROW CELLS FOR AUTOLOGOUS TRANSPLANTATION. Anne Kessinger, 
Universitv of Nebraska Medical Center. Omaha. Nebraska 68198. 

Throughout the -last decade, autologous transplantation of 
hematopoietic stem cells collected from peripheral blood to restore 
manow function damaged with high doses of anti-cancer therapy has 
been used with increasing frequency. As the indications for peripheral 
stem cell transplantation (PSCT) evolve, questions regarding the 
intercalation PSCT in the framework established for autologous bone 
marrow transplantation (ABMT) have become an issue. To date, PSCT 
has been used rather than ABMT in two clinical scenarios. The first 
involves patients who are candidates for high dose therapy and an 
autologous transplant, but have bone marrow abnormalities that make 
ABMT undesirable or impossible. These abnormalities have included 
hypocellular or acellular bone marrow in harvestable sites, usually as 
a result of prior pelvic irradiation or prior chemotherapy. 
Histopathologic evidence of bone marrow metastases is another 
abnormality that can preclude ABMT The second clinical situation in 
which PSCT might be preferable to ABMT concerns the expectation 
that PSCT would result in a shorter period of aplasia following high 
dose therapy than ABMT. This expectation can be met if the stem 

cells are collected while their numbers are deliberately expanded in 
the circulation (mobilized). Even though successful mobilization cannot 
be achieved in every patient, transplantation of mobilized peripheral 
stem cells decreases the period of aplasia about one week compared 
to ABMT. This shortened aplasia effect can also be realized when 
mobilized peripheral stem cells are added to autologous bone marrow 
at the time of transplantation. Additional benefits of PSCT have been 
hypothesized, although supporting data is immature or not yet 
available. Some of these potential benefits include the possibility that 
PSCT results in a more rapid immune reconstitution after marrow 
injury than ABMT. Other possible benefits include a decreased 
potential of occult tumor cell reinfusion with PSCT. That PSCT might 
have a therapeutic as well as a restorative capability has also been 
pondered. Even though the entire potential of peripheral stem cell 
transplantation has not yet been explored, with the availability of 
ABMT and PSCT, nearly every patient in need of an autologous 
hematopoietic stem cell transplant can be accommodated. 
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Chemotherapy. 

178 



Bone Marrow Transplantation 

Issues in Transplants -I1 
D 028 WHO SHOULD GET SECOND TRANSPLANTS? Kerry Atkinson, Department of Haematology, St. Vincenis HospBl, Sydney, NSW. 2010, Ausualia. 

Second transplants need to be considered in two clinical situations 
after marrow transplantation. Firstly, failure of sustained engraftment; secondly, approximately 30%. Transplant-related mortality, particularly from 
recurreme of the underlying malignancy. In patients with failure of sustained 
engraftment a trial of recombinant human GMCSF is indicated first with a 
chance of improving Mood counts in a sgnificant proportion of patients. If this is 
unsuccesstul a second transplant utiliiing a preparative regime aimed primarily 
at further minimising host immune competence such as a combination of anti- 
thymocyte globulin (ATG) and cyclophosphamide or ATG alone followed by a 
T-replete marrow infusion should be employed. A second marrow transplant can 
also be u t i l i  for recurreme of the underlying haematolcgical maligMncy 
after first transplant However, several large multi-institutional studies have 
now shown a sbiking difference in long-term leukemiafee survival rate between 
those relapsing early (for example, c six months) after first transplant 

compared to W e  relapsing later after first transplant. Leukemia-free survival 
post second traansplaot for those relapsing within six months of first transplant 

is c 10%. whereas for those relapsing > six months from first transplant it is 

complica~ons influenced by chemotherapy, such as interstitial pneumonitis and 
hepatic venwcdwive disease. are more common after second than after first 
transplant. If a T-cell depleted transplant has been utilised for first transplant 
a T-replete transplant should be utilised for second transplant and is probably 
worth employing a less stringent graft-versus-host disease prophylactic regime 
after second than after first transpiant in order to harness a greater graft- 
versus-leukemia effect after second transplant Additional factors associated 
with a favourable outcome after second transplant include good risk leukemia 
(chronic myelcid leukemia in chronic phase, acute leukemia in complete remission) 
and a high Karnovsky pefonarce score pre second transplant The ideal 
candidate for second transplant should thus be a fit, young person with good 
risk leukemia, relapsing six months or later after first transplant. 

DO29 APPLICATIONS OF GENE MARKING PRIOR TO AUTOLOGOUS BONE MARROW TRANSPIANTATION, Malcolm K.  Brenner,' Donna R. Rill'. 
Robert C. Moen', Michael Buschle', Chris Bartholomew', Nicholas K. Foreman', Joseph Mirro, Jr.3, Robert J .  Krance', 

and James N. Ihle'. lSt. Jude Children's Research Hospital, Memphis, TN 38101, 'Genetic Therapy, Inc., Gaithersberg, MD, 
%hildren's Hospital of Pittsburgh, Pittsburgh, PA. 
Autologous bone marrow transplantation (ABMT) is widely used 
as treatment for malignant disease. Although the major cause 
of treatment failure is relapse, it is unknown if this arises 
entirely because of residual disease in the patient or whether 
contaminating cells in the rescuing marrow contribute. 
Attempts to purge marrow of its putative residual malignant 
cells may delay hemopoietic reconstitution and are of 
uncertain efficacy. We will discuss how retrovirus mediated 
gene transfer may be used to elucidate the source of relapse 
following ABMT for acute myeloid leukemia and for neuro- 
blastoma, to evaluate the efficacy of purging and to analyze 
the responses of the autograft to exogenous hemopoietic growrh 
factors. Clonogenic neuroblastoma and myeloid leukemic blast 
cells in patient marrow can be transduced with the NeoR gene- 
containing helper-free retroviruses, with median efficacy of 
>4%. Transduced colonies grow in selective media and the 
presence of the marker gene can be confirmed in individual 
malignant colonies by PCR. If such malignant cells remain in 

harvested "remission" marrow, they will therefore be mar'ted 
following exposure to retroviruses. Detection of the marker 
gene in the malignant cells present at any later relapse would 
be firm evidence that residual disease contributed t o  disease 
recurrence. Use of tvo retroviruses with separate restriction 
sites to mark a purged and unpurged aliquot would readily 
allow the assessment of the efficacy of purging in a single 
patient, so permitting rapid subsequent evaluation of purging 
techniques. The technique also marks normal marrow pro- 
genitors from AML and neuroblastoma patients. These colony 
forming cells can be detected in long-term marrow cultures at 
a frequency of 1 to 18% for up to 10 weeks after exposure to 
the vector. Animal models and analysis of probability tables 
suggested that these levels of marking in vitro would be 
sufficient to provide information about the mechanisms of 
relapse and the biology of marrow regeneration in vivo. 
Clinical studies began in September 1991 ,  and preliminary 
results are now available. 

DO30 IN UTERO TRANSPLANTATION OF FETAL HEMATOPOIETIC STEM CELLS (HSC), Esmail D. Zanjani'. Michael R Harrison', and Mehdi 
Tavassoli', 'VA Medical Center, Reno, N V ,  hiversity of California, San Francisco, CA, and 'VA Medical Center, Jackson, 

MS. 
The preimmune status of the early gestational age fetus 
provides a permissive environment that surmounts the 
immunological barrier and permits the engraftment and 
expression of allogeneic or xenogeneic HSC. Previously we 
used the in utero approach to allogeneic HSC transplantation 
to achieve hematopoietic chimerism in large animal models. 
These chimeric animals have shown significant engraftment and 
multilineage expression of donor lymphoid, myeloid and 
erythroid cells for 5 years without significant graft loss or  
GVHD We now report on a similar in utero approach to 
establish long term (>Z  years) engraftment and expression of 
human fetal liver HSC in sheep. Engraftment occurred in 40% 
(13 of 33) of recipients. Of 5 live born sheep, all were 
chimeric, showing human cells in the marrow, with 3 also 
exhibiting human cells in the blood Engraftment was 
multilineage, involving lymphoid, myeloid and erythroid donor 
(human) cells. Donor (human) hematopoietic progenitors 
(CN-Mix, C N -  GM, BFI-E, CN-E) capable of forming colonies 
in vitro were presenc in marrow of all chimeric lambs. 
Interestingly, these progenitors have continued to exhibit 
responsiveness to human specific growth factors both in vitro 

and in vivo. Thus the administration of rHuIL-3 and GM-CSF to 
chimeric sheep resulted in a 2.1-3.4 fold increase in the 
relative expression of donor (human) cells Therefore, the 
integration of human HSC into the hematopoietic framework of 
the host appears to be incomplete, with donor progenitors 
retaining certain phenotypic characteristics that can be 
exploited to preferentially manipulate the donor (human) cell 
population in these animals. In both the allogeneic and 
xenogeneic in utero transplantations, donor HSC primarily 
seeded in host bone marrow. Since the donor cells were of 
liver origin and the hosr liver at the time of transplantation 
was the major hematopoietic organ, this near exclusive seeding 
to the marrow indicates the greater affinity of marrow for the 
homing HSC. Nonetheless, no cells of donor origin appeared in 
the circulation of the host until the perinatal period, 
suggesting that donor HSC that engraft in host marrow, while 
able to expand with the developing marrow spaces, do not 
undergo terminal differentiation. The absence of a 
significant immunological barrier and the availability of 
expanding marrow homing sites renders the fetus an ideal host 
(and donor) for HSC transplantation. 
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BONE MARROW TRANSPLANTATION IN CHILDREN AND IN ADULTS WITH THALASSEMIA. Lucarelli G, Galimberti 
M. Polchi P, Angelucci E .  Baronciani D. Giardini C. Donati M. Giorgi C and Filocamo M. 

Divisione Ehatologica e Centro Trapianto di Midollo Osseo. Ospedale di Pesaro, 61100 Pesaro, Italy. 
From Dec. 17, 1981 through Sept. 10. 1991 in Pesaro 
470 consecutive thalasiemic- patients have- been 
transplanted from HLA identical donors. Survival 
and event-free survival (EFS) leveled off about one 
year post.-transplant at 82 and 74 percent, 
respectively. Moving through different AGVHD 
prophylaxis from 1981. in January 1983 we adopted a 
regimen that includes Bu 1 4 ,  Cy 200 and 
Cyclosporine alone from day -2. This Protocol. 
denominated as Protocol 6. appeared as the less 
toxic and reduced the rejection rate from 12% to 
6%. Univariate and mu1tivariat.e analysis of pre- 
transplant charact.eristics done on 172 patients 
consecutively transplanted with Protocol 6 from 
January 1983 through March 1989. indicated that 
hepatomegaly. portal fibrosis and t.he poor quality 
of chelation given through the years before 
transplant significantly affected survival and EFS. 
Patients have therefore been categorized into three 
Classes of risk: Class 1 has none. Class 3 has all 
and Class 2 has one or different association of two 
of the three risk fact.ors. 
Probabi1it.y of survival were found t.o be 97%. 86% 
and 58% respectively for Class 1. Class 2 and Class 

3. Probability of EFS were 94%, 83% and 53% while 
probability of rejection were 3%. 6% and 12% for 
Class 1, Class 2 and Class 3 . Since March 1989 
Class 1 and Class 2 thalassemic patients continued 
to be transplanted using the Protocol 6. For 
thalassemic patients belonging to Class 3 a new 
preparatory regimen was introduced in March 1989 
consisting of Bu 14, Cy 1 2 0 ,  Anti-lymphocyte 
Globulin 10 mg/kg form day - 5  through day +5, 
Cyclosporine from day - 2 .  Cyclophosphamide 7.5 
mgkg on day +1, MTX 10 mg/kg on day +3 and on day 
+ 7  (Protocol 12). An update of results in 53 
patients of Class 1 and in 170 patients of Class 2 
shows 98% and 86% probability of survival and 94% 
and 84% probability of EFS respectively. In 19 
Class 3 patients aged less than 17 years 
transplanted since March 1989 with Protocol 12 
survival and EFS were 100% and 70% respectively. 
After the individuation of the three Classes of 
risk, thalassemic patients are included in the 
transplant program independently of the age. but 
according to the Class to which they belong. 
Preliminary results in 24 adult patients indicate 
80% survival and 75% EFS. 

ANTI-VIRAL THERAPY AND ALLOGENEIC BONE MARROW TRANSPLANTATION (BMT) FOR HIV-1 RELATED 
MALIGNANCIES, K. Holland and R. Saral, Emory University, P.O. Drawer AR, Atlanta, GA 30322. 

It is postulated that for patients with HIV-1 patients who have hematopoietic malignancy and who 
infection, the use of a marrow ablative chemo- are otherwise candidates for allogeneic BMT. Data 
radiation therapy in preparation for allogeneic BMT from a pilot trial evaluating the toxicity of 
combined with anti-HIV-1 viral chemotherapy has the azidothymidine administered to patient who are HIV- 
potential advantage of destroying the host's 1 seropositive with hematopoietic malignancies 
hematopoietic-lymphoid-monocyte reservoir for H I V - 1  undergoing allogeneic BMT will be presented. 
and of inhibiting the proviral infection of Strategies to enhance retroviral therapy including 
transplanted uninfected donor cells. A well suited combinations of anti-viral agents and interferon will 
population to examine this biologic effect is in be discussed. 
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D 100 MIXED XENOGENEIC CHIMERAS (MOUSE + RAT - MOUSE) : 

THE MOUSE THYMUS IS  SUFFICIENT TO SUPPORT 
XENOGENEIC RAT T-CELL MATURATION. Ashraf Y. Abou E l  Ezz,  Mary 
L .  Hronakes, Sher ry  M. Wren, S a l l i e  S .  Boggs, Suzanne T. 
I l d s t a d  We r e c e n t l y  r e p o r t e d  a model for  p r e p a r a t i o n  of 
mixed xenogeneic chimeras i n  which r e c o n s t i t u t i o n  of B10 
mouse r e c i p i e n t s  wi th  T-cell  d e p l e t e d  syngeneic  mouse p l u s  
40 x l o 6  u n t r e a t e d  r a t  bone marrow c e l l s  r e s u l t e d  i n  s t a b l e  
lymphoid chimerism ( 2 %  - 6 2 %  r a t ) ,  e x c e l l e n t  s u r v i v a l  (86% 
s u r v i v e  a t  >180 d a y s ) ,  and t h e  i n d u c t i o n  of donor-spec i f ic  
t r a n s p l a n t a t i o n  t o l e r a n c e  f o r  r a t  s k i n  and i s l e e  c e l l  
x e n o g r a f t s .  W e  observed t h a t  whi le  p l a t e l e t  and lymphoid 
chimerism was mixed (both  mouse and r a t ) ,  r e d  blood c e l l  
p roduct ion  w a s  e x c l u s i v e l y  mouse. W e  have now examined r a t  
T-cell  development and matura t ion  i n  mixed xenogeneic 
chimeras.  For t h e  most p a r t ,  matura t ion  of T-lymphocytes 
occurs  i n  t h e  thymus, r e q u i r e s  i n t e r a c t i o n  wi th  t h e  thymic 
s t roma,  and i s  r e f l e c t e d  by an a c q u i s i t i o n  o f  a number of 
s u r f a c e  markers c h a r a c t e r i s t i c  f o r  mature T-ce l l s .  I n  t h e  
r a t ,  immature rat T-lymphocytes a r e  Thy 1. lbr”sht p l u s  double- 
p o s i t i v e  f o r  bo th  CD4 p l u s  CD8 (CD4’CDB’). I n  s t r i k i n g  
c o n t r a s t ,  mature r a t  T-cells a r e  Thy 1.1 n e g a t i v e  and 
p o s i t i v e  f o r  either CDlr (CDlrfCD8-) o r  CDB (CD4-DBf). I n  a l l  
mixed xenogeneic chimeras examined f r o m  8 weeks t o  28 weeks 
fo l lowing  r e c o n s t i t u t i o n ,  an immature ra t  T-cell  p r o f i l e  w a s  
p r e s e n t  i n  t h e  thymus (Thy l.lbright, CD4‘, CDS+). I n  s t r i k i n g  
c o n t r a s t ,  a l l  r a t  s p l e n i c  lymphoid c e l l s  were of mature (Thy 
l . l - ,  CD4’, or CD8’) phenotype. S i m i l a r l y ,  mouse T-cell  
matura t ion  proceeded i n  a normal phenotypic f a s h i o n ,  wi th  
immature mouse T-lymphocytes i n  thymus (Thy 1.2br’gh‘, CD4*, 
CD8’) and phenotypica l ly  mature mouse T-ce l l s  i n  t h e  
p e r i p h e r y .  Taken t o g e t h e r ,  t h e s e  d a t a  sugges t  t h a t  t h e  
xenogeneic mouse thymus is  s u f f i c i e n t  t o  s u p p o r t  matura t ion  
of r a t  T-lymphocytes and t h a t  t h e  presence  of developing  
mouse T-lymphocytes i n  t h e  thymus does n o t  i n t e r f e r e  wi th  
xenogeneic r a t  T-lymphocyte matura t ion  

D 102 STRONG DONOR MONONUCLEAR CELL REACTIVITY 
FOR HERPES SIMPLEX VIRUS (HSV) ANTIGEN IN HSV 
IMMUNE DONORS COMBINED WITH HSV IMMUNITY 
IN PATIENTS IS ASSOCIATED WITH ACUTE GRAFT- 
VERSUS HOST DISEASE 

L. Bostr6m, 0. Ringden, M. Forsgren. Departments of Clinical Immunol- 
ogy and Transplantation Surgery, Karolinska Institute, Huddinge Hospi- 
tal, and Central Laboratory of Microbiology, Stockholm, Sweden. 

Prior to bone marrow transplantation (BMT) the IgG antibody titres 
for cytomegalovirus (CMV), herpes simplex virus (HSV) and varicella 
mster virus (VZV) wereanalysed in 51 donorsand recipientsofallogeneic 
bone marrow. Simultaneously the DNA synthesis of the peripheral blood 
mononuclear cells and bone marrow cells from the donors were measured 
after stimulation with antigen prepared from CMV, HSV and VZV. ?he 
patientmedianagewas31 years(]-58yrs)inthe 19femalesand32males. 
Eighteen patients had chronic myeloid leukaemia, 11 acute lymphoblastic 
leukaemia, 7 acute myeloid leukaemia, 5 myeloma and 10 others. 
Prophylaxis against graft-versus-host disease (GVHD) was: methotrexate 
(MTX) + cyclosporine (CSA) 32 patients, MTX single therapy 1, CSA 
single therapy 2, T cell depleted bone marrow 15 and two patients with 
HLA identical twin donors received no prophylaxis. Fortyme of the 
donors were HLA identical and 10 were partially HLA identical. Fony- 
seven of the 51 patients had engraftmenf and were evaluable for acute 
GVHD. Ten patients developed grade 11-IV acute GVHD (8 grade 11, 2 
grade III), 21 had grade I and 16 no acute GVHD. In student’s t-test it was 
found that a high IgG-titre for HSV in the recipient prior to BMT was 
associated with grade 11-IV acute GVHD (p=0.05). When comparing 
different groups with Chi-2-test the combination: HSV seropositive 
patients with HSV seropositive donors, and a strong donor mononuclear 
cell reactivity for HSV antigen, 7/17 (41 %) developed grade 11-IV acute 
GVHD compared to 3/25 (12%) in the remaining patients @=O.oQ). 
Conclusion. Thereported data indicate that HSV immunedonormononuclear 
cells in peripheral blood may initiate a graft-versus-host reaction. 

D 101 IN-VITRO CLONOGENIC MONITORING OF PERIPHERAL 
STEM CELL GROWTH BEFORE AND DURING 

INTERLEUKIN-3 ADMINISTRATION. Roxanne Alter. tisbeth 
A.Welniak, John D.Jackson, Julie M.Vose, Leslie Garrison, 
Dennis D.Weisenberger, and Anne Kessinger, University Of 
Nebraska Medical Center, Omaha, NE. 68198 and lmmtinex 
Corporation, Seattle, WA. 
As a part of an ongoing phase I study, we are investigating the 
effect of fnlerteukin-3 (IL-3) administration on peripheral blood Stem 
cells (PBSC) collected for autologous transplantation following high 
dose chemotherapy. We report here the results of h &Q 
clonogenic assays and mononudear cell (MNC) counts of PBSCS 
collected with escalating doses of IL-3. 11-3 was administered 
subcutaneously for 14 days after the first PBSC collection, which 
served as the baseline control. During IL-3 administration, PBSCS 
were collected on days 5, 8, 11, 13, and 14. At the present time, 
eight patients and three dose escalations have been studied. A 
significant increase of CFU-GM number was seen on both days 11 
and 13, with a 2.5 and 3.3 fold increases respectively, as compared 
to the baseline. Significant increases of CFU-MEG colonies were 
seen on day five. Changes were seen in the CFU-MIX and BFU-E 
but did not reach statistical significance. Dose escalation and the 
effects of 11-3 administration on h &Q cultures will continue. It is 
apparent from the first three dosage levels (125ug/mZ. 250 ug/m2, 
and 500ug/mz) of 11-3, however, that IL-3 can increase the number 
of available hematopoietic cells, including progenitor cells. Future 
studies will determine the appropriate dosage for maximum 
efficiency. 

D 103 REVENTION OF GRAFT-VERSUS-HOST DISEASE AND 
JOSSIBLY GRAFT REJECTION IN A MHC 

INCOMPATIBLE MURINE MODEL BY SPECIFIC DESTRUCTION 
OF HOST-REACTIVE MATURE T CELLS FROM THE DQNOR. 
M .  ‘ :avazzwa-Calvo ’, C. Fromont , D. Guy-Grand a n d  
A .  F i s c h e r  . INSERM U 132, Hapita1 Necker-Enfants 
Malades .  * CTS, Hbpital  Necker-Enfants Malades.  1L9 
r u e  d e  SPvres .  757L3 PARIS CEDEX 15, F r a n c e .  

We h a v e  p r e v i o u s l y  shown in  a human c e l l  
model t h a t  a n t i - I L 2  receptor  A c h a i n  spec i f ic  a n t i b o d y  
(3383.1)  c o n l u g a t e d  to  t h e  A c h a i n  of r ic in  i n h i b i t s  
p r i m a r y  mixed  lymphocyte  c u l t u r e  (MLC) a n d  human 
leucocyte  a n t i g e n  HLA-restricted 7 ce l l - spec t f lc  cy to toxic  
a c t i v i t y  i n  v i t r o .  In  o r d e r  to i n v e s t i g a t e  the b io logica l  
e f f e c t s  of s u c h  a deple t ion  we h a v e  used  a rnurine 
model in  which  a c u t e  GVHD 1s i n d u c e d  by  i n j e c t i n g  
p a r e n t a l  (C3H/eB) lymphocytes  IV in to  l e t h a l l y  
i r r a d i a t e d  (C3H/eB x DBA/Z)Fl mice. In t h i s  GT‘riD 
model,  we h a v e  s t u d i e d  t h r e e  main  t y p e s  of gut  
a l t e r a t i o n s  d o n o r  T-cell i n f i l t r a t i o n  of the i n t e s t i n a l  
c r y p t s ,  i n c r e a s e  i n  c r y p t  h e i g h t  a n d  a c c e l e r a t e d  
e p i t h e l i a l  r e n e w a l .  Our r e s u l t s  h a v e  shown t h a t  
a l l o r e a c t i v e  T-cell deple ted  p r e p a r a t i o n - i n d u c e d  l i t t l e ,  
if a n v .  G V H D  i n  t h e  g u t .  c o n t r a r y  to u n t r e a t e d  
p r e p a r a t i o n s .  On t h e  b a s i s  of t h e s e  p r e l i m l n a r  r e s u l t s  
we a r e  r e s t i n g  whether  t h e  a d d i t i o n  of T c e l l s  
s p e c i f i c a l l y  d e p l e t e d  of a l i o r r a c t i v e  T c e l l s  c a n  prevent  
g r a f t  r e j e c t i o n  without I n d u c i n g  GVHD in  a n  
h a p l o i d e n t i c a l  s e t t i n g .  
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D104 ANTI-CD6-bR:AN ANTI-PAN T CELL IMMUNOTOXIN, 
Collinson A.R.,Goldmacher V.G.,Rassmussen 

R,Lambert J.M., ImmunoGen Inc. and Dana-Farber 
Cancer Institute, Cambridge,MA 02139, Anti-T-cell 
antibodies used together with complement have 
been extensively applied for purging T cells from 
donor marrow in allogeneic BMT for the prevention 
of GVHD. In this study we report the development 
of a potent anti-pan T cell immunotoxin capable 
of killing cells in an antigen dependent manner. 
The immunotoxin is composed of a high affinity 
anti-CD6 antibody (IgGZa Kd=2x10-10 M) 
conjugated to the plant toxin ricin which has 
been chemically modified in a manner which blocks 
the lectin binding sites of the B-chain (blocked 
ricin) . Conjugation of blocked ricin (bR) to the 
antibody has minimal effect on the avidity of the 
antibody and no effect on the ribosome 
inactivating activity of ricin. Anti-CD6-bR is a 
specific and highly toxic immunoconjugate killing 
the anti en positive MOLT4 cell line with an IC37 
of 4~10-'~ M using a clonogenic assay and 24 h 
exposure of immunotoxin. Nonspecific toxicity was 
assessed on the antigen negative namalwa cell 
line, which had an IC37 of 1.6x10-' M.Specific 
toxicity of the immunoconjugate can be completely 
blocked by addition of excess free anti-CD6 
antibody during the exposure period. The toxicity 
of the imunoconjugate is dose dependent: at 
5x10-'I M conjugate, 2.5 logs of MOLT4 cells are 
killed by 24 hour exposure to conjugate while 
greater than 5 logs of cells are killed when 
continuously exposed (11 days) to conjugate. 
Anti-CD6-bR is also capable of killing CD6 
positive cells in human PBL. Continuous exposure 
of PBL to 1x10-10 M immunotoxin killed > 3  logs of 
cells reaching the lower limit of sensitivity of 
this assay due to outgrowth of CD6- cells. An 
application of this immunoconjugate for the 
prevention and treatment of GVHD is suggested. 

D 106 RECONSTITUTION OF B CELL FUNCTION IN SClD 
MICE WITH CELLS FROM BALBlc ADULT BONE 

MARROW DEPLETED OF LINEAGE COMMllTED CELLS, Meenal 
Elliott and John F. Kearney. Department of Microbiology, University 
of Alabama at Birmingham, Birmingham. AL 35294 
It has been shown that normal adult bone marrow is capable of long 
term reconstitution of normal numbers of lymphocytes and cells of 
other hemopoietic lineages in mice as well as in humans following 
high dose irradiation. However, human bone marrow transplant 
recipients are susceptible to serious infections by invasive bacteria 
such as H. influenzae type b. N. meninaitidis, and S.  pneumoniae for 
upto one year or longer following transplantation. This reflects a lack 
of capacity to respond to bacterial polysaccharide antigens during 
this period. In inbred strains of mice, it has been observed that the 
capacity to respond to S.  pneumoniae with antibodies expressing the 
optimally protective TI  5 idiotype is lost following lethal irradiation and 
bone marrow reconstitution. 
AduR bone marrow cells were stained with anti-CD4. anti-CD8. anti- 
Mac1 , and anti-B220 antibodies and sorted by flow cytometry on the 
basis of size and light scatter properties as well as lack of staining. 
Sorted cells were infused into adult SCID mice some of which also 
received 50 uI of anti-asialoGM1 antibody. The recipient mice were 
monitored at two week intervals to detect donor derived 
immunoglobulin in the serum. Four months post transplant, they were 
immunized with S .  pneumoniae vaccine, bacterial levan. group A 
Streptococcal vaccine or, NP-CG. Reconstitution of responses to (i) 
the PC determinant of S. pneumoniae with the expression of the TI 5 
idiotype, (ii) thep2,l linkages of bacterial levan and (iii) the GlucNAC 
determinants of group A Streptococcus were observed only in the 
anti-asialoGMl treated and not in the untreated recipients. The 
primary IgM response to NP-CG in both groups of mice was normal 
but they failed to mount an appreciable secondary IgG response to 
this antigen. It is postulated that depletion of NK cells in the recipient 
SClD mice allowed the emergence and establishment of B cell 
specificities that failed to reconstitute in previous experiments. This 
work was supported by NIH grants A130879. A123694 and CA13148. 

D 105 TOTAL SKIN ELECTRON BEAM THERAPY 
(TSEBT) FOR SEVERE SKIN ACUTE GRAFT 

VERSUS HOST DISEASE (GVHD): A CASE REPORT, KE 
Dusenbery, PM Anderson, FC Deibel, DJ Weisdorf, AH 
Filipovich. Departments of Radiation Oncology, Pediatric 
Oncology, and the Bone Marrow Transplant Program, University 
of Minnesota, Minneapolis, MN 55455. 
Acute GVHD. mediated by donor T Lymphocytes, occurs with 
high frequency after unrelated allogeneic bone marrow 
transplantation. Although lymphocytes are extremely sensitive to 
irradiation, irradiation has not been systematically investigated 
for treatment of skin GVHD. We report the use of high dose rate 
total skin electron beam therapy (TSEBT) in a 13 year-old boy 
with acute Grade IV skin GVHD developing after unrelated donor 
transplantation for CML. The skin GVHD in this case was 
previously unresponsive to topical steroids, intravenous high 
dose steroids, and two courses of anti-thymocyte globulin in 
addition to continuous use of cyclosporin A. TSEBT was then 
initiated, using a 9 MeV electron beam at an average whole skin 
dose rate of 9 cGy/minute. The technique involved treating 12 
partial skin fields arranged to give a total skin dose of 200 cGy 
over 2 days. Daily treatment and set-up time averaged only 30 
minutes. Dramatic improvement occurred after the first 100 cGy 
fraction. Treatments were discontinued after a total skin dose of 
800 cGy over 11 days with steady improvement. Subsequent 
staphylococcal septicemia 4 days later was associated with a 
flare of the skin GVHD, and a second course of TSEBT was 
initiated, again with improvement after 200 cGy. Uniortunately, 
the patient expired of complications (acute renal failure and 
pulmonary hemorrhage), so no conclusions regarding the 
duration of response could be drawn. In addition to its clinical 
effectiveness, TSEBT was well tolerated by the patient. The use 
of TSEBT for acute skin GVHD deserves further study, and may 
provide a selective treatment with minimal toxicity. Diagrams 
illustrating the technique of high dose rate TSEBT and patient 
photographs documenting response will be presented. 

D 107 

INVOLV S INTERRUPTION OF THE Ik-2 PATHWAY. 
Field*! and Gail C. Becker*. 
of Medicine and *Department of Veterans Affairs Medical 
Center, Iowa City, IA 52242. 
Treatment with Total Lymphoid Irradiation (TLI) prior to 
organ transplantation results in high incidences of donor 
specific tolerance. However, the exact mechanism of how 
TLI induces or maintains tolerance is not known. In many 
experimental systems of tolerance, lack of IL-2 plays a 
central role in tolerance induction, as stimulation of 
inmunocompetent cells with antigen in an insufficient IL-2 
environment results in tolerance. T o  examine whether 
tolerance induction by TLI involves the IL-2 pathway, we 
examined how TLI cells affect the ability of 
imunocompetent cells to produce IL-2 and express IL-2 
receptor in an in vitro model of tolerance, the MLR (mixed 
lymphocyte reaction). Responder cells from MLF7 cultures in 
which cells from TLI treated mice were added proliferated 
50-10% less and produced 68.94% less IL-2 than responder 
cells from control cultures. However, co-culture of TLI 
cells into MLRs did not alter IL-2 receptor expression on 
responder cells, as measured by two color FACS analysis. 
We found no evidence that TLI cells deleted NLR responder 
cells. Interestingly, exogenous IL-2 did not restore 
proliferation of M L R  responder cells. These results 
suggest that TLI may induce tolerance by interrupting the 
IL-2 pathway in inmunocompetent cells. Moreover, that 
exogenous IL-2 failed to restore immunocompetence suggests 
that tolerance in the TLI model may be easy to induce and 
very stable and provides rationale for the high incidences 
of donor specific tolerance after TLI treatment. 

BLOCKING OF MIXED LYMPHOCYTE REACTION BY SPLEEN 
CELLS FROM TOTAL LYMPHOID IRRADIATED MICE 

Elizabeth H. 
University of Iowa College 
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D108 Bone Marrow Veto Cells Mediate Clonal 
D e l e t i o n  of P r e c u r s o r  C y t o t o x i c  T 

L y m p h o c y t e s ,  Ronald E. Gress and Kiyoshi Hiruma, 
Experimental Immunology Branch, NCI, NIH Bethesda, 
MD 20892. 
Veto cell mediated suppression of CTL responses has 
been proposed as  one mechanism by which self 
tolerance is maintained in mature T cell populations. We 
have reported that rnurine bone marrow cells cultured 
in the presence of high-dose IL-2 (activated bone 
marrow cells, ABM) mediate strong veto suppressor 
function in vitro and enhance allogeneic T cell-depleted 
marrow engrafts in vivo. We found that fresh bone 
marrow (BM) cells from athymic NCr-nu mice (H-2d), 
also mediated strong veto cell activity. To examine 
mechanisms by which these veto cell population in BM 
suppress precursor CTL (p-CTL) responses, we used as a 
responding cell population spleen cells of transgenic 
mice expressing at high frequency TCR specific for H-2 
L d ;  these cells were stimulated by H-2 Ld antigens in 
MLC. Flow cytometric analysis was performed by 
staining the responding cell population in MLC with the 
mAb 1B2 specific for the transgene-encoded TCR and 
determined changes of 1B2 positive T cells. Such 
experiments demonstrated that the anti-H-2d cytotoxic 
response by these cell populations was specifically 
suppressed by H-2d ABM and NCr-nu BM, and that 1B2 
positive p-CTL were in fact deleted from the responding 
cell population by incubation with veto cells expressing 
the target antigen. Veto cells therefore exert their effect 
by clonal deletion of p-CTL. 

D 11 0 INFLUENCE OF ANTI-INTERFERON-'Y MONOCLONAL 
ANTIBODIES ON GRAFT-VERSUS-.HOST DISEASE 
AFTER ALLOGENElC BONE MARROW TRANSPLAN- 
TATION IN MICE 

Peter J. Heidtl. Herbert P.M. Brok1.3, Peter H. van der Meidel, Chris 
Zurcherz and Jaak M. VossenJ, ITNO Institute of Applied Radiobiol- 
ogy and Immunology, Rijswijk, The Netherlands; 2TNO Institute of 
Ageing and Vascular Research, Leiden, The Netherlands; 3Lkpamnent 
of Pediatrics, University Hospital, Leiden, The Netherlands. 

One of the major complications of allogeneic bone marrow trans- 
plantation (BMT) is Graft-versus-Host disease (GvHD). This disease is 
the result of an immunological attack of donor-type T lymphocytes. di- 
rected against the recipient tissues. We investigated the influence of in- 
hibition of the cytokine-cascade by an anti-interferon-rmonoclonal an- 
tibody (DB-1) on GvHD in a H-2 mismatched murine BMT-model. 
Recipient mice (C3HLaw; H-29 received a bone marrow graft (107 
BM cells) from C57BURij (H-2b) donors, after being conditioned with 
total body irradiation (9 Gy, X-rays). The experimental group was in- 
jected i.p. with DB- 1 (1.4 mg/mouse) once weekly during the first 6 
weeks after BMT, starting on the day of BMT. The control group re- 
ceived a BMT alone. Per group, the survival during the ftrst 80 days 
after BMT was studied in 10 animals, while an extra number of 8 ani- 
mals were used for histological confirmarion of the results. Of the latter 
animals, as well as of the animals that died during the experiment, his- 
tology was performed on the liver, the spleen, the skin, and on different 
parts of the gastrointestinal tract. 

The 80-day survival of the experimental group was 67% (mean 
survival: 62 d. * 6 s.e.m.). versus 30% of the control group (mean 
survival: 46 d. f 8 s.e.m.). The difference in survival was significant 
(p<O.Ol, Kaplan-Meyer). The animals that died during the experiment 
showed macroscopically signs typical for GvHD. This diagnosis was 
confimed by histological examination of fhe diffmnt organs. On histo- 
logical examination, all animals that were sacrificed during the experi- 
ment, showed signs typical for GvHD; being it that some of the lesions 
observed in the experimental group were less extended and less severe. 

From the results it can be concluded that by using the DB-1 anti- 
body, the severity of GvHD is mitigated, but cannot be completely pre- 
vented, as was expected. This can be the result of an incomplete inhibi- 
tion of the T cell response by this monoclonal antibody. In v i m  exper- 
iments seem to confm this hypothesis. Further studies, using a more 
potent polyclonal anti-interferon-7 antibody which showed a better in 
v i m  activity on the T cell response are undenvay. 

D 109 

RECEPTOR Vg POPULATIONS REACTIVE WITH THE HOST. 

REDUCTION IN THE SEVERITY OF GVHD BY 
SELECTIVE DEPLETION OF DONOR T CELL 

Frances T. Hakim, Susan M. Payne and Gene M. Shearer, 
Experimental Immunology Branch, NCI. NIH, Bethesda, MD 
20892. 
One goal of transplantation research has been to selectively 
remove donor T cell populations reactive with the host, in order 
to minimize graft-vs-host disease (GVHD), while enhancing 
immune functional recovery. A munne model of allogeneic 
transplantation of bone marrow and lymph node cells, matched 
to the host at major histocompatibility loci but disparate at 
minor loci, was used to analyze the T cell receptor Vg 
populations involved in GVHD. In MIS disparate transplants, 
selective expansion of elements of the splenic T cell receptor 
Vg repertoire indicated that MIS reactivity might play an 
important role in early GVHD. One week after transplantation 
of BALBIc (H-Zd, Mlsc) cells into irradiated DBN2 (H-2d, Mlsa) 
hosts (BALB/c+DBNZ), 65% of the CD4 and 29% of the CD8 
splenic T cells expressed the Mlsa-reactive vp6 and Vp8.i T cell 
receptors (compared with 169& and 7% respectively in 
syngeneic BALC/c transplants). T cells expressing Vp subpop- 
ulations not reactive with Mlsa (vp14 and Vpa.2). however, were 
reduced in the BALB/c+DBN2 population as compared with 
the syngeneic transplant. To assess the dependence of GVHD 
upon Mls-reactivity. V 6 and Vp8.1 ,~  expressing T cells were 
removed from the BAEBIc donor inocula by antibody and 
magnetic bead treatment prior to injection into DBN2 hosts. 
More than 90% of BALB/c+DBA/2 mice died by 3-5 weeks after 
undepleted transplants, but >70% survived to 15 weeks after 
Vb depleted transplants. In contrast, BALB/c+C57BU6 grafts 
(H-2 disparity) produced a marked expansion of donor T cells, 
but no selective expansion of V p  or Vgs.1. Furthermore, 
C57BU6 hosts died at 6-10 days, whether or not the donor 
BALB/c vp6 and vp8.1,2 subsets had been depleted. These 
results suggest that it may be possible to reduce the severity of 
GVHD without removing all donor T cells, thus increasing the 
rate of post-transplant immune recovery. 

D 111 A n t L C D 3  Monoclonal  Antibody T r e a t m e n t  
E n h a n c e s  E n g r a f t m e n t  of  T cell-depleted 

Bone M a r r o w  Allografts in Mice, Kiyoshi Hiruma 
and Ronald E. Gress, Experimental Immunology Branch, 
NCI, NIH Bethesda, MD 20892. 
In order to investigate the role of CD3 positive T cells in 
allogeneic marrow rejection in mice and to examine the 
effects of anti-CD3 monoclonal antibody (mAb) on 
allogeneic marrow engraftment, a hamster mAb, 145- 
2Cl1,  with specificity for the C D ~ E  portion of the murine 
T cell receptor complex was administered to B6 (H-2b) 
mice which had been sublethally irradiated with 626 
cGy and injected with 10x106 T cell-depleted B6C3F1 
( H - 2 b / k )  bone marrow cells. Chimerism status was 
assessed by flow cytometric analysis of peripheral bllrod 
lymphocytes using H-2k-specific mAb 5-6 weeks after 
bone marrow transplantation. When hosts were treated 
with 400pg of anti-CD3 mAb at  the time of marrow 
injection, the percentage of donor-type cells was 
75.2+15.0%, while it was 1.9+1.2% in untreated mice. We 
also found that colony stimulating factor(s) (CSF) was 
produced in the sera of anti-CD3 mAb-treated mice and 
that factor-neutralizing antibody inhibited enhancement 
of engraftment by anti-CD3 mAb stimulated spleen cell 
supernatants. These results demonstrate that anti-CD3 
mAb not only suppressed T cell function, but also 
induced CSF in host mice, and that enhancement of 
marrow engraftment in anti-CD3 mAb-treated mice was 
due to the production of factors as well as suppression 
of host T cell function. 
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D112 ACUTE HUMAN VERSUS MOUSE GRAFT- 

DEFICIENT MICE, W.Huppes, C. Zurcher and D.W. van 
Bekkum, TNO Institute for Applied Radiobiology and 
Immunology, Lange Kleiweg 151, P.O. Box 5815, 2288 HV 
Rijswijk, The Netherlands. 
Reports of persistent engraftment of human lymphocytes and 
myeloid cells in hereditary immune-deficient (h.i.d,) SCID 
and Bg/Nu/XID mice have raised the question why all 
attempts to graft human cells into artificially immune- 
suppressed (is.) normal mice have failed so far. We provide 
evidence that this difference is due to the absence of natural 
antibodies (Nab) in the mutant mice. We demonstrate that 
human PBL can be grafted in normal mice i s .  by heavy 
doses of TBI, provided the transplant is performed when the 
recipients lack Nab in their serum, eg. as in newborn normal 
mice, in mice treated with anti-mouse IgM antibody from 
birth, and in three week old B-cell deficient CBA/N mice. In 
all cases, large numbers of human PBL were required, i.e. 
2x107 cells per gram body weight. Under these conditions 
acute and fatal GvHD developed in the recipients, regardless 
whether these were artificially i s .  or h i d .  The clinical 
manifestations and the histopathology of this xenogeneic 
acute GvHD are quite different from those of allogeneic 
GvHD. The former is primarily confined to the 
hematolymphoid tissues and locations close to accumulations 
of proliferating lymphoblasts. The discordant xenogeneic 
GvHD is induced by T-lymphocytes and can be abrogated by 
treatment with anti-human T-cell serum. In the latter 
experiment surviving animals were found to be long term hu- 
mouse chimaeras. 

VERSUS-HOST DISEASE IN NORMAL AND IMMUNE- 

D 114 SELECTIVE DEPLETION OF DONOR NK CELLS 1N VIVO 
DECREASES GVHD WITHOUT LOSS OF GVL 

REACTIVITY A F E R  MHC-MATCHED BONE MARROW 
TRANSPLANTATION, Bryon D. Johnson and Robert L. Truitt, 
Department of Pediatrics, Medical College of Wisconsin, Milwaukee, 
WI 53226. 
It is thought that natural killer (NK) cells may play a role in graft-vs- 
host (GVH) readions after allogeneic bone marrow transplantation 
(BMT), but the use of NK cell-specific reagents has been limited. An 
NK allele-specific monoclonal antibody, anti-NK 1.1, was used to 
study the impact of in vivo donor NK cell depletion on GVH disease 
(GVHD), graft-vs-leukemia (GVL) reactivity and donor T cell 
chimerism after allogeneic mutine BMT. AKRN (H-29 recipient mice 
were preconditioned with suboptimal irradiation (9 Gy = LD50) and 
transplanted with major histocompatibility complex (MHC)-matched 
B1O.BR (H-29 BM cells with or without added spleen cells as a source 
of T cells. The addition of increasing numbers of spleen cells to the BM 
inoculum produced GVHD of varying intensities. The beneficial effect 
of NK-depletion on GVHD was dependent on the intensity of the GVH 
reaction. Donor NK cell-depletion had no effect on the survival of mice 
with severe GVHD after MHC-matched BMT(BIO.BR into AKR) or 
after MHC-mismatched BMT(BIO.BR info DBA& H-2k into H-Zd). 
However, donor NK-depletion increased survival of AKR hosts given 
sufficient B1O.BR splenic T cells to induce mild-to-moderate GVHD. 
Ex vivo depletion of donor CD8+ T cell also reduced GVH-associated 
mortality, but the use of both CD8 and NK-depletion offered no 
improvement over either alone, suggesting an interaction between CD8+ 
and NK 1.1+ cells. In contraSt to CD8-depletion, donor NK-depletion 
did not compromise the rapid and complete establishment of donor T 
cell chimerism nor the ability of chimeras to mount an effective GVL 
reaction. Thus, elimination of donor NK cells may provide an alternate 
slrategy for reducing GVHD without loss of GVL reactivity following 
MHC-matched allogeneic BMT. 

D 113 THE FULLY XENOGENEIC CHIMERA (RAT-MOUSE) IS AN 
IN VIVO CULTURE MODEL FOR RAT NATURAL KILLER 

CELLS EARLY AFTER TRANSPLANTATION. Suzanne T. Ildstad. 
Traci P. Beck, Marcel Van den Brink, Ashraf Y. Abou El Ezz, 
Sherry M. Wren, Mary Lynn Hronakes, William H. Chambers. 
University of Pittsburgh, Department of Surgery, and the 
Pittsburgh Cancer Institute Pittsburgh, PA 15261. 
We have developed a model to induce stable fullv xenoeeneic 
chimerism through transplantation of untreated rat bone 
marrow into lethally irradiated mouse recipients (40 x lo6 
WF rat -B10 mouse). In this model, survival of animals was 
excellent (85% survive at 120 days), and there was no 
evidence of CVH disease. We previously characterized 
production of multiple rat-stem-cell derived lineages and 
reported that rat-derived NK cells in a xenogeneic 
environment are present and functional after full 
repopulation. We have now examined the kinetics of 
repopulation for rat-derived NK cells. We report here for 
the first time that the fullv xenoeeneic chimera is in 
effect an in vivo culture model for NK development early 
after bone marrow transplantation. In one color flow 
cytometric analysis using a species-specific anti-rat NK 
cell monoclonal antibody ( 3 . 2 . 3 ) ,  we examined the kinetics 
of rat NK cell repopulation in mouse recipients early after 
bone marrow transplantation. Rat-derived NK cells 
approximated 1 2 . 5 %  - 16.2% of total splenic lymphoid cells 
at week 1, increased to 48% to 52% at week 2 ,  declined to 
21% to 11% by week 3, and normalized to range from 9.7% to 
12% by week 6 (Figure 1). The rat NK cells were functional 
in both YAC tunor lysis and ADCC assays, suggesting that 
the xenogeneic mouse host environment was sufficient to 
support the generation, maturation, and function of rat- 
derived natural killer cells, KINE~~=SOFRATNK CEUAEPOPUL4nON 

IN SPLEEN OF F U U Y  XfNOGEHEH: CHIHEWS 
-E, I -x 2 s n  . -. 

D 115 TUMOR RESISTANCE INDUCED BY SYNGENElC 
BONE MARROW TRANSPLANTATION AND ENHANCED 

BY I"I%~EUKIN-Z! A MODEL FOR THE GRAFT VERSUS 
LEUKEMIALYMPHOMA REACTION, Lany W.Kwak and Ronald 
Levy, Division of Oncology, Department of Medicine, Stanford 
University School of Medicine, Stanford, CA 94305. 

Lethally irradiated C3WHeN mice reconstituted with normal 
syngeneic bone m m w  survived significantly longer than unmanipulated 
conml mice following challenge with a lethal dose of 38C13 lymphoma 
cells two to three weeks post-bone marrow transplantation (BMT). 
Although the magnitude of this effect was modest, it was highly 
reproducible. This resistance producing effect of BMT could be 
enhanced by interleukin-2 (IL-2) admnistrarion and could be abrogated 
by anti-asialo-GM1 antiserum treatment of recipients. These findings are 
consistent with the hypothesis that cells with natural killer phenotype are 
activated by BMT and can mediate tumor resistance. These studies 
provide a model to dissect the cellular mechanism, independent of donor 
alloreactivity, of the graft-anti-tumor effect of BMT and, in addition, 
guide clinical trials exploring L - 2  therapy as a form of 
immunomodulation post-autologous BMT. 
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D 116 Selectively Expanded Vp3+ Donor T-Cells From Acute 
Bone Marrow Transplant Recipients Can Produce IFN-y. R.B. 
Levy, M. Jones, D. Sarapata, D. Perez, B.L. Hamilton, and R. 
Riley. Department of Microbiology and Immunology, University 
of Miami School of Medicine, Miami, F'L 33101. 
We recently found that a marked and selective expansion of Vp3+ 
T-cells occurs within 10-12 days following transplant of allogeneic 
MHC matched, non-MHC mismatched bone marrow plus T-cells 
into lethally irradiated Mlslb2*3' BALBlc, BALB.K and C3wHeJ 
recipients when the donor is M l ~ 1 ~ 2 ~ 3 ~ .  Donor Vp3+ T-cells 
rapidly expand (>20 fold) within "GvHR (allogeneic BM., plus 
3x106 CD3+ allogeneic T-cells) but not "Control" (allogeneic BM.r 
plus 3x106 CD3+ syngeneic T-cells) recipients to comprise 40-60% 
of Thyl.2+ spleen and LNC. Examination of IL-2. IL-4, and IFN-y 
mRNA following PCR analysis indicated that although IL-2 could 
be detected i n  day 4 and 10 GvHR spleen cells using high (i.e. 1od) 
cell numbers, IL-4 and IM-y  mRNA were readily detectable using 
minimal (lo3) cell numbers at both time points post-transplant in 
GvHR but not control recipients. Bioassay of these spleen cells for 
IL-2, IL-4, and IFN-y at 4 and 10 days indicated little spontaneous 
production. However, following anti-CD3 stimulation at day 10, 
although little E-2 or IL-4 were produced by either "Controt" or 
"GvH" spleen cells. both produced high levels of IFN-y. In 
contrast, anti-VP3 mAb stimulation failed to stimulate IFN-y 
production by "Control" spleen cells but readily stimulated E N - y  
production by "GvH" cells, These results demonsuate: 1) despite 
the presence of mRNA for IL-2, L-4 ,  and IFN-y, there appeared 
to be little of these cytokine proteins spontaneously secreted by 
acute GvH spleen cells, and 2) the selectively expanded donor 
VP3+ cells in  transplant recipients are clearly functional 10- 12 days 
post transplant as determined by the ability to produce IFN-y. 
Thus, despite MIS "superantigen" stimulation of this Vp TcR 
family, these cells are neither clonally deleted nor anergic in BMT 
recipients during the first two weeks post transplant. 

D 118 LYMPHOID RECONSTITUTION FROM MATURE T 
CELL POPULATIONS AFTER SYNGENEIC BMT, 

Crystal L. Mackall and Ronald E. Gress, Experimental 
Immunology Branch, NCI. NIH, Bethesda, MD 20892. 
Previous studies have emphasized the role of marrow (pre- 
thymic) T cell precursors in the generation of peripheral T cell 
populations following BMT. In order to investigate the role of 
mature T cell populations in immune reconstitution after BMT, 
the source and phenotypic characteristics of reconstituting T 
cells were studied in lethally irradiated mice receiving 
syngeneic T cell depleted (TCD) BM containing Thy congenic 
lymph node cells. In thymectomized mice given 5 x 105 lymph 
node cells and TCD marrow, the majority of reconstituting T 
cells were lymph node derived, in contrast to thymus bearing 
mice in which T cells were nearly entirely bone marrow 
derived. Lymph node derived cells were exclusively up T cell 
receptor (TCR) positive with normal Vp family diversity; 
expansion was not due to a graft-vs-host reaction. TCD bone 
marrow derived cells in thymectomized mice were both ap and 
yS TCR+ and were predominantly CD4+ cells. During the time 
of greatest expansion in T cell number, both populations 
displayed evidence of increased numbers of activated (H1.2F3 
positive) cells and loss of CD45RB expression in the CD4+ 
subset consistent with activation. This work provides evidence 
for the existence of mature (lymph node derived) progenitor 
cells that are capable of expanding into a diverse population 
after BMT and which under certain conditions may be the 
predominant source for T cell reconstitution. As well, the data 
suggests that polyclonal activation of T cells may be important 
in the peripheral expansion of these T cell populations. 

D 117 PROCESS-SCALE AND ANALYTICAL CELL 
SEPARATION WITH BIORECEPTOR FERROFLUIDS 

AND HIGH-GRADIENT MAGNETIC SEPARATION, P. A. 
Liberti and Y. Wang, Immunicon Corp., 1310 Masons Mill 11, 
Huntingdon Valley, PA 19006 

Recently we reported the development of antibody coated ferroflu- 
ids [magnetic liquids which are colloids composed of small 
(<O.OSp) coated magnetic particles] and novel internal and external 
high gradient magnetic [HGMS] devices for use in all separations 
[p. A. Liberti and B. P. Feeley, ACS Symposium Series No. 464, 
"Cell Separation Science and Technology" Am Chem Soc Wash., 
DC 19911. Using microtitre well volumes of cells we demonstrated 
efficient negative depletion of T-cell subsets [CD4, CDS+] directly 
from blood employing a two-step incubation where cells are first in- 
cubated with specific MAb followed by incubation with goat anti- 
mouse Fc ferrofluid [GAMFcFF]. Separation of labelled cells re- 
quires three minute HGMS; the entire procedure can be done in ten 
minutes or less. By comparing this procedure with one employing 
MAb directly immobilized on ferrofluid, it has been found that the 
kinetics and efficiency of the two-step incubation procedure are 
remarkably better. Further, for the latter unbound MAb in the first 
incubation surprisingly need not be removed prior to addition of 
GAMFcFF. The economics and convenience of using common 
capture ferrofluids as well as the kinetics and simplicity make the 
two-step approach the method of choice. We have employed this 
approach in scaling up the separation process and have developed 
batch [ 15mlI and flow through internal gradient cell separation 
devices which can remove 10' - lo9 cells and are suitable for 
negative and positive depletions. As above, separations can be 
performed in 10-15 minutes or less. Cell recoveries range from 6@ 
85% and viability is excellent. With improvements in ferrofluid 
chemistry which permits use of lower levels of labelling MAb and 
capture ferrofluid as well as improvements in device design and 
methodology it is anticipated that 95 % positive cell recovery can be 
routinely obtained. The use of these methods for analysis of cells 
and cell surface receptors will also be described. 

D 119 MECHANISMS INVOLVED IN TOLERANCE AFTER 
HAPLOCOMPATIBLE T CELL DEPLETED BONE 

MARROW TRANSPLANTATION (TCD-Bh.m. Anna Merino, Yaara 
Dror, Mallika Benkerrou, Beth Colombe and Morton J. Cowan. 
Division of Pediatric Bone Marrow Transplantation, University of 
California. San Francisco, CA 94143-0105. 
We have evaluated the engraftment and the development of tolerance in 
14 recipients of haplocompatible parental TCD-BMT. 11 for the 
treatment of severe combined immunodeficiency (SCID), 2 for leukemia 
and 1 for Wiskott-Aldrich syndrome. All donorlrecipient pairs were at 
least 2/6 HLA antigen disparate and mixed lymphocyte culture (MLC) 
reactive pre BMT. No patient had GVHD>grade I and all were more 
than 1 year post BMT. 10114 patients developed a split lymphoid 
chimerism with donor T cells and host B cells and monocytes. Both 
leukemic and 2 SCID patienu were full chimeras with donor T. B and 
monocytes. We performed MLC using purified responder cell 
populations: engrafted T cells all of donor origin (Teng) or freshly 
isolated donor T cells Vdon), and recipient irradiared (*) stimulator cell 
populations which were T depleted (E-1. In the split chimeras the Tfng 
cells had low or no responses in MLC to HLA mismatched E- recipient 
cells compared to fresh Tdon cells. The data are expressed as '% of 
maximum response to a 3rd party stimulator ( e S D ) :  

TdonxE-rec* Tengfi-rec* P 
Full (4) 7k4 653 >0.2 
Split (10) 158rt24 17i6 c.001 

However, in 4 of 8 of the split chimera patients the addition of small 
numbers (SX103) of freshly isolated Tdon cells resulted in an average 2 
fold increase (p<.OO1) in the Teng cell response to host E- cells, even 
when the Tdon cells were irradiated. 5x103 Tdon alone had minimal 
responses to E- host cells in the MLC. In 3/3 full chimeras the addition 
of fresh Tdon cells to the MLC had no effect on the response. 
Phenotyping resulu of the responding cells were similar to control MLC 
and there was no evidence for a suppression mechanism of tolerance. 
Our results are consistent with either deletion of a TceU subpopulation 
responsive to recipient alloantigens and/or an anergy model where 
engrafted T cells do not respond to class II MHC antigens because they 
fail to produce a necessary cytokine. 
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D 120 

MONONUCLEAR CELLS WITH THE AIS CELLECTORTM 
CD3, AIS CELLECTORm CD8, AND THE AIS 

T CELL DEPLETION OF HUMAN BONE 
MARROW AND HUMAN PERIPHERAL BLOOD 

CELLECTOR~ GOAT ANTI-MOUSE. 
v M i m u 3 m m  LblmNa&*, s.uasmE 
and -. Applied lmmune Sciences, Inc., Menlo 
Park, CA; *Hadassah University Hospital, Jerusalem, Israel. 

The AIS CELLectorm technology incorporates a polystyrene 
surface which has been chemically modified to covalently attach 
monoclonal antibodies or other receptors capable of binding to 
specific cell surface antigens on subpopulations of blood and 
bone marrow cells. We have evaluated AIS CELLectors for their 
ability to deplete CD3+ and CD8+ celI subsets from human 
peripheral blood mononuclear cells (PBMC) and human bone 
marrow mononuclear cells (BMMC). A cell load of 4x109 PBMC 
was processed serially in two 3OOO cmz AIS CELLector CD3, AIS 
CELLector CD8, or AIS CELLector Goat anti-Mouse devices. 
Anti-CD3 and anti-CD8 monoclonal antibodies were used to coat 
and target the CD3+ or CD8t  cell subsets from PBMC and 
BMMC for capture by the AIS CELLector Goat anti-Mouse. 
With PBMC, the AIS CELLector CD3 t gave a 1.4 log reduction 
of CD3+ cells; the AIS CELLector CD8+ gave a 1.6 log 
reduction of CD3+ CD8+ cells. Results with the AIS 
CELLector Goat anti-Mouse device were similar to those 
obtained by the direct capture method of T depletion. BMMC 
processed by the devices showed similar T cell depletion as that 
attained with PBMC, with corresponding enrichment of 
CFU-GM, CFU-GEMM, and BFU-E proportional to the amount 
of T ceil depletion. 

D 122 CYTOKINES VERSUS CYTOTOXIC 

OF ACUTE GRAFT-VERSUS-HOST DISEASE (GVHD), 
Robertson Parkman, Carl Lenarsky, Bernadette Barrantes, 
Reynaldo Santos and Kenneth I. Weinberg, Division of Research 
ImmunologylBone Marrow Transplantation, Childrens Hospital 
Los Angeles, Los Angeles, CA 90027 
The classic hypothesis is that acute GVHD is due to CTL with 
specificity for histocompatibility antigens uniquely expressed on 
recipient cells. Recent evidence from both animal models and 
human transplant recipients has implicated a role for cytokines 
in the pathogenesis of acute GVHD. To determine the role of 
cytokines in acute GVHD, recipients of histocompatible, T cell 
depleted haploidentical, and matched unrelated donor (MUD) 
transplants were assessed for cytokine production. Plasma 
cytokine levels were determined by ELISA assays, and leukocyte 
cytokine by reverse polymerase chain reaction (PCR) to detect 
cytokine RNA. Patients with acute GVHD were compared to 
patients without GVHD (both autologous and allogeneic 
transplant recipients) and to the same patients after the 
resolution of their acute GVHD. 

Patients were assessed for IL-la, IL-lp, IL-2, IL-4, IL-6, T N F a ,  
TNF-p and y-INF. Cytokines were demonstrated in the serum 
of all MUD patients with acute GVHD: IL-la, 616; IL-2, 0/6; 
IL-4, 0/6; IL-6, 2/6; TNF-a, 116; and y-INF, 6/6. Cytokine 
RNA was detected in the same patients' leukocytes: IL-la, 5/6; 

0/6; and y-INF, 216. The two assays were confirmatory for the 
presence of IL-la, TNF-a, and y-INF in patients with acute 
GVHD, while IL-2 and IL-4 were found in no patients. Thus, 
cytokines derived from either monocytes or T lymphocytes may 
have an important role in the pathogenesis of acute GVHD. 

T LYMPHOCYTES (CTL) IN THE PATHOGENESIS 

IL-lP, 5/6; IL-2, 016; IL-4, 0/6; IL-6, 2/6; TNF-u, 516; TNF-8, 

D 121 DIFFERENT SUBSETS OF T CELLS IN THE ADULT 
MQUSE BONE MARROW (BM) AND SPLEEN INDUCE 

OR SUPPRESS ACUTE GRAFT VERSUS HOST DISEASE, 
Varghese Palathumpat, Sussan Dejbakhsh-Jones, Bari 
Holm, and Samuel Strober, Department of Medicine, 
Division of Immunology & Rheumatology, Stanford 
University School of Medicine, Stanford, CA 94305 
Fractionation of normal adult mouse spleen or BM 
cells (C57BL/Ka) was performed by discontinuous 
percoll density gradients. The fractionated low 
density C57BL/Ka spleen cells completely suppressed 
acute lethal GVHD when coinjected with unfraction- 
ated C57BL/Ka spleen cells into sublethally irra- 
diated BALB/c mice but the high density spleen 
fractions induced acute GVHD. All the BM fractions 
protected the BALB/c recipients but unfractionated 
BM cells showed only modest protection. The low 
density fractions of both BM and spleen cells had 
a marked depletion of typical apTcR*CD4+ or CD8' T 
cells, and a predominant population of apTcR'CD4-CD8- 
T cells. Purified populations of the latter cells 
suppressed GVHD. The protected recipients were 
chimeric. 
Unfractionated BM and spleen cell mixtures (1: 1) , 
or high density fractions of these cells induced 
acute GVHD in lethally irradiated BALB/c reci- 
pients. In contrast, low density fractions of BM 
and spleen cell mixtures reconstituted the irradia- 
ted hosts. BALB/c mice injected with the BCL, B cell 
leukemia/lymphoma were lethally irradiated and 
transplanted with unfractionated BALB/c or C57BL/Ka 
BM and spleen mixtures or low density fractions of 
C57BL/Ka mixtures. The survival of BALB/c mice 
given BCL, cells, irradiation, and a low density 
fraction of the C57BL/Ka mixture was markedly 
prolonged as compared to those recipients given 
unfractionated allogeneic or syngeneic mixtures. 
Similar results were obtained with leukemic 
C57BL/Ka x BALB/c F, hybrid mice. Thus, the lOW 
density fraction fails to induce acute lethal GVHD, 
but retains graft versus leukemia activity. 

D 123 ENGRAFTMENT AND GRAFT-VS-HOST DISEASE AFTER 
S E Q U E N T l A L  A U T O L O G O U S / A L L O G E N E I C  BONE 

MARROW TRANSPLANTATION IN PATIENTS WITH LYMPHOMA, 
D. Przepiorka, S. Giralt, M. Andreeff, Y. 0. Huh, M. Luna, C.  Reading, 
M. Thomas, R .  E. Champlin, University of Texas. M.D. Anderson Cancer 
Center, Houston, T X  77030 
I n  several animal models, T-cell-depleted autologous marrow has been 
used successfully as a source of natural suppressor cells to prevent GVHD 
following subsequent transplantation of allogeneic marrow We report 2 
patients with relapsed lymphoblastic lymphoma treated using this 
approach without other posttransplant immunosuppression. The patients 
received cyclophosphamide 60  mg/kg IV daily X 2 and total body 
irradiation 2.0 Gy twice daily for  6 fractions (total dose 12.0 Gy)  followed 
on Day 0 by infusion of autologous marrow depleted of cells positive for  
CD2, CD3, CD4 and CD8 by immunomagnetic separation. On Day 8 ,  
unmanipulated marrow from an HLA-matched sibling was infused. The 
ratio of allogeneic to autologous cells infused was 22:l for Patient I and 
6 1  for Patient 2. No additional immunosuppressive drugs were 
administered initially. Patient I developed G r  2 GVHD with onset on Day 
14. On Day 20, the peripheral blood lymphocytes (PBLs) were positive for 
CD2, CD3, CD8. CD38 and DR by flow cytometry and were 95% donor 
in origin by RFLP. The absolute lymphocyte count (ALC) decreased 
when the patient was treated with high-dose steroids for GVHD but 
remained donor in origin when last tested on Day 46 Patient I had an  
absolute neutrophil count (ANC) of I I2 on Day 29. and the marrow was 
>95% donor in origin by RFLP. GM-CSF was started, and the ANC was 
>I000 by Day 39. He was never transfusion-independent and required 
GM- or G-CSF to support engraftment through Day 89 when he died with 
disseminated Aspergillus. Patient 2 developed Gr 3 GVHD with onset on 
Day 11. The skin rash resolved with high-dose steroids, but the bilirubin 
continued to rise A liver biopsy showed ductopenia. Administration of 
cyclosporine was followed by exacerbation of the hyperbilirubinemia. On 
Day 20, the PBLs had the same phenotype as above and were 97% donor 
in origin by $& hybridization (ISH) for the Y chromosome. Patient 2 
had an  ANC of 60 on Day 28, and the marrow was 98% donor in origin by 
ISH. G-CSF was given, and the ANC was >I000 by Day 36. Off G-CSF, 
the ANC was 8118 on Day 53, and the marrow was still 98% donor- 
Dositive by ISH, but she remained transfusion-dependent until death on 
Day 58 from a GI bleed At autopsy, evidence of both GVHD and VOD 
was present in the liver. This experience indicates that sequential 
autologous/allogeneic marrow transplantation is feasible in man, but this 
approach alone is not sufficient to prevent acute GVHD. 
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D 124 ROLE OF THE CD4* CELLS IN GVHD: GENERATION 
OF CD4-DEFICIENT MICE BY GENE TARGETING 

A.Rahemtulla, A.Arabian and T.W. Mak. The Ontario Cancer Institute, 
Toronto. Ont. Canada M4X 1K9. 

Preliminary evidence from studies using antibodies to the CD4 
molecule suggest that the CD4' cells are involved in anti-class II Graft 
versus Host disease. This role of the CD4+ cells would become more 
clear if we were to mutate. the cD4 gene in the germ line and generate 
a strain of mice that did not have any cD4+ helper T cells. It is 
possible to mutate the mouse CD4 gene in the pluripotent embryonic 
stem (ES)  cells through a targeted mutation of the CD4 gene by 
homologous recombination. We have achieved this by electroporating 
ES cells with a genomic consmct of the CD4 gene in which the coding 
ngion is disrupted by insertion of the neomycin resistance gene. The 
G418 resistant ES cell colonies were screened by the polymerase chain 
reaction (F'CR) to detect those that had undergone a homologous 
recombination event. We have established eight independent ES cell 
lines in which the CD4 gene has been mutated. We have generated 3 
independent suains of mice that do not express CD4. Functional studies 
have shown that these mice have markedly reduced helper function and 
further studies to characterize these mice are under way. These mice are 
being backcrossed to C57BV6 and C57BV10 backgrounds so that bone 
marrow transplantation experiments could be camed out in these animals. 
Mice lacking CD4' cells would provide important information about the 
role of these cells in the pathogenesis of Graft versus Host disease. 
References: 
Rahemtulla, A. et af .  Nature (in press) 1991 
Komgold, R. and Sprent, J. in Graft vs Host Disease: immunology, 
parhophysiology and treatment. (ed Burakoff, S.J., Deeg, H.J., Ferrara, 
J. and Atkinson, K.) 31-49 (Marcel Dekker, New York. 1990) 

D 126 DEMONSTRATION OF A BONE MARROW 
PRECURSOR OF THE T-CELL IN ANTI-TCR V5 MAb 
TREATED TCRV08.2 TRANSGENIC MICE. Smith, R.T., 
Lincoln, G . ,  Sheng, B.D., Odebralski, J. 
Whisenant Tumor Biology Unit, Dept. of Pathology, 
U. of Florida HSC., Gainesville FL, 32610. 
TG8 transgenic mice suppress rearrangement of all 
other VR and some Vr genes in constructing 
functional TCR molecules (Von Boehmer, et. al. 
1989). 
was reversible by cross linking the TG TCR, 
purified MAb to the transgene product was 
administered in large amounts to TGV08.2 mice. 
When IP injection was started at birth, 100 
mgc./week, complete deletion of all T-cells 
occurred, and partial depletion lasted up to 16 
weeks. 7-12 days after last injection at 5 
weeks, a population of cells was found first in 
the BM, and then in PBL having the phenotype 
TCRVR8.2+, Thyl-, B220-, T200+, TCRT-, Sca-1+, 
CD3-, CD4-, CDB-, FcR2a-. An average of 8% (range 
2-17%) of BM Cells were found of this type, over a 
5-14 day period after cessation of injection, 
after which the level rapidly returned to the low 
but detectable levels found in normal TCRVR 
transgenic mouse BM. These putative T-stem cells 
were sorted by FACS and placed in two syngeneic 
thymic environments to determine whether they 
would undergo normal T-cell development. 
syngeneic C57L mice, introduced by intrathymlc 
injection in vivo, and (b), in culture with a 
thymic stromal cell line, in vitro, they developed 
in sequence over a 3-7 day period, with the 
TGV08.2+, the thymus phenotypes Thy-1+, HSA+, 
CD3+, CD4+/8+, and CD8+/4-, CD8-/4+. 
Normal TCRak3 rearrangement occurs only after entry 
into the thymus. Therefore, these findings 
indicate that TCRVE transgene expresses in a T- 
cell precursor generated in the BM. In this model, 
the TG appears to provide a marker for a T-stem 
cell. 

In order to determine whether this process 

In.(a) 

D 125 ADDITION OF FOLINIC ACID TO A 
METHOTREXATE/CYCLOSPORINE REGIMEN 

FOR PREVENTION OF ACUTE GRAFT-VERSUS-HOST 
DISEASE, J.A Russell, AR. Jones, M.C. Poon, R.C. Woodman, 
B . k  Ruether, Foothills Hospital, Calgary, Alberta, Canada. 

When used to prevent acute graft-versus-host disease (GvHD) after 
bone marrow transplantation (BMT) methotrexate (MTX) may 
exacerbate myelosuppression and stomatitis. Its toxicity may be 
potentiated not only by renal dysfunction but also by 
Trimethopnm/Sulfamethoxazole (TMP/SMX). Folinic Acid (FA) 
reverses the effect of both MTX and TMP/SMX in human cells and 
is often used to allow the safe administration of high doses of MTX. 
The present study was to ascertain whether FA allows the 
administration of all doses of MTX without increasing the incidence 
of GvHD. 

Sixty patients @ts) aged 18-54 years (median 37) who engrafted after 
a first BMT from a sibling or unrelated donor (6 pts) were studied. 
They received MTX 15 mg/mz on D t 1, 10 mg/m2 on D +3, t 5 
and + 11. Cyclosporine A (CSA) 2.5 mg/kg i.v. or 6.25 mg/kg p.0. 
b.i.d. was started on D -1 and adjusted thereafter to therapeutic 
levels. FA 5 mg q.6 h. p.0. or i.v. was given 24 h. after each MTX 
dose until 24 h. before the next dose. After D t 12 FA was 
continued until granulocyte count > 0.5 x 109/L or discharge from 
hospital. All patients receiving sibling BMT received TMP 160 mg 
and SMX 800 mg p.0. twice daily. The 6 unrelated BMT pts were 
given twice weekly TMP/SMX. No MTX doses were omitted 
because of renal dysfunction or severe stomatitis. Grade I1 to IV 
acute GvHD occurred in 19 pts (32%) and contributed to death in 
one. The incidence of GvHD is similar to reported rates using 
MTX/CSA as prophylaxis. We conclude that FA does not seem to 
abrogate the effect of MTX in preventing GvHD and that it allows 
the administration of full doses of MTX. The degree to which it 
may help prevent stomatitis and accelerate engraftment could only 
be established in a randomized study. 

D 127 IMMUNOLOGIC EFFECTS OF PROLONGED INFUSION 

BMT. R.J. Soiffer, C. Murray and J. Ritz. Dana-Farber Cancer 
Institute. Boston, MA 021 15 
Experimental and clinical studies have shown that immunologic 
factors play a role in preventing relapse post-BMT. This 
phenomenon has been termed the graft-versus-leukemia (GVL) 
effect. IL-2 has been shown to induce GVL in vitro but high dose 
IL-2 administration is often associated with significant toxicity in 
vivo. We have conducted a clinical trial to assess the 
immunologic effects of rlL-2 given by continuous infusion at very 
low doses for 3 months post-BMT. 22 pts (12M. lOF, ages 22- 
50y) received rlL-2 at doses of 2-4 x 105U/m2/day. 11 pts 
received autologous marrow, 10 CD6-T cell depleted allogeneic 
marrow, and 1 syngeneic marrow. 11-2 was infused through an 
indwelling catheter with a portable pump in an outpatient setting, 
beginning a median of 73 days post-BMT. Infusions were 
generally well tolerated and only one pt required hospitalization 
for rlL-2 related toxicity. Side effects included: fatigue (9 pis), 
weight gain (7 pts), cough (6 pts). nausedvomiting (5 pts), fever 
>390 C (4 pts), rash (3 pts), thyroid dysfunction (3 pts) and 
hypotension (2 pts). No pts developed azotemia. jaundice, 
pulmonary capillary leak syndrome or GVHD. Platelet counts fell 
by 9 5 %  within one week in 16/22 pts but then stabilized. All pts 
developed marked eosinophilia. At least a 2-fold increase in 
circulating lymphocytes occurred in 20/22 prs and NK cells 
(CD56bright+CD16+CD3-CD8+) became the predominant 
circulating lymphoid subset in all pts. After 3 months of therapy, 
the median NK cell count increased 15-fold. Cytolytic activity 
against NK sensitive (K562) and NK resistant (COLO) tumor cells 
increased in all pts tested and was markedly enhanced after 
overnight incubation with additional rlL-2 in vitro. Effects of rlL-2 
were similar following either autologous or allogeneic BMT. We 
conclude that prolonged infusion of low dose rlL-2 can be safely 
administered post-BMT and can selectively increase NK cell 
number and activity without inducing GVHD. Further studies to 
assess the impact of these immunologic effects on disease 
relapse post-BMT should be undertaken. 

OF IL-2 FOLLOWING ALLOGENEIC AND AUTOLOGOUS 
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D 128 PRETMNSPLANT ASSESSMENT OF HUMAN MINOR HISTO- 
COMPATIBILITY ANTIGEN-REACTIVE MEMORY AND NATIVE INTER- 
LEUKIN-2-SECRETING T HELPER CELL PRECURSOR WITHIN CLASS I 
MHC-RESTRICTED CD8+ AND CLASS II MHC-RESTRICTED CD4+ T 
CEU WBSElS. Matthias Theobald. DonaM Bunjes and Renote 
Arnold, Department Internal Medicine Ill, BMT-Unit. Uim Universdy 
Hospital. D-79Q) Ulrn. F.R.G. 
Nine HLA-identical MLC-negutive sibling donor-host-pairs were 
investigated for pretranspiant expression of anti-donor and anti- 
host mH-reactive IL-2-secreting T helper ceii (Th) function. Anti- 
donor rnH-reactive host-Th-precursor m-p) (HvG-direction) 
occurred in 6/9 sibling pairs (f 1/906 - 1/31 113). whereas anti- 
host mH-reactive donor-Th-p (GvH-direction) were detectable in 
lower frequency (f. 1/18.049 - 1/53.882) among 5/9 pairs. Since 
8/9 recipients suffering from acute leukemia have been 
previously transfused wrth rnuitipie blood products. this 
difference may in part result from in vivo priming of the host. In 
fact, circulating anti-donor rnH-reactive host-Th-p were 
enriched within the CD45RO+ rnernoly T cell subset as 
compared to naive CD45RO- T cells in contrast, unprimed anti- 
host rnH-reactive donor-Th-p as weli as olbMHC-reactive 
normal control m-p occurred in almost equal frequencies within 
CD45RO+ and CD45RO' T cell subsets. Extensive specificity 
analyses sustained the specificity (poab) of responding Th-p for 
rnHUntlQen recognition. Both, CD8+ and CD4+ T celk 
contributed in substantial frequency and exclusive specificity $0 

rnH-reactive Th-p Based on panel studies and inhibtion 
expenrnents wdh apprapnde monoclonal antibodies. the 
analysed mH-specific CD8+ Th-p appeared to be class i MHC- 
restricted whereas rnH-specific CD4+ Th-p operuted in a class I 1  
MHC-restricted fashion. 

~ 1 3 0  CYTOTOXIC T CELLS (CTC) ACTIVATED WITH OKT3 AND 
IL-2 PROVIDE HELP FOR IG SYNTHESIS AND EXPRESS mRNA 

LEVELS FOR LYnPHOKINES AND PERFORIN (CITOLYTIC PORE- 
FORMING PROTEIN): IMPLICATIONS FOR IMMlNE RECOVERY. 
Mikio Ueda, Lawrence G. Lum, Neng-Ren Jin, Indira D. 
Joshi. Joseph P .  Uberti, Frank Martilotti, Ta-Hsu Chou.  
and Lyle L. Sensenbrenner. Wayne State University and DMC 
EMT Program. Detroit, MI 48202 
The prevention of relapse remains a major clinical problem 
in BMT. Similar to murine models, we demonstrated that 
human CTC activated with OKT3/lL-2 have strong non-MHC 
restricted cytotoxicity against Daudi and K562 and 
inhibited the development of allospecific cytotoxic 
lymphocytes similar to the activity of IAK cells 
maintained in high dose IL-2 (1500 IU/ml) (Uberti et &, 
Am SOC Hemat Abst, 1991). This study asks whether CTC 
generated by activating PBL with OKT3 in the presence of 
IL-2 (50-300 IU/ml) provides help to normal E cells for Ig 
synthesis or suppresses Ig synthesis by normal T and B 
cells stimulated by pokeweed mitogen (PW); and whether the 
activated CTC produce factors (IL-2, IL-3. IL-6, and 
perforin) that help B cell differentiation or mediate 
cytotoxic functions. Activated CTC provided help to 
autologous or allogeneic B cells after PW stimulation as 
measured by an ELISA-Plaque assay. Activated CTC did not 
suppress Ig synthesis when cocultured with normal T and B 
cells after PW stimulation. The helper activity mediated 
by activated CTC was radioresistant. 
IL-2, IL-3. IL-6, and perforin in activated CTC were 
increased as detected with a reverse transcriptase-PCR 
procedure. In summary, activated CTC helped B cells 
produce Ig and did not suppress Ig synthesis by normal T 
and B cells. The helper activity observed in activated 
CTC may be due to increased levels of mRNAs for IL-2, 
IL-3, and IL-6. Additionally, the increased expression of 
mRNA for perforin may be responsible for the cytotoxicity 
mediated by activated CTC. 
suggest that activated CTC may be clinically useful after 
BMT to mediate a graft-vs-leukemia effect or to accelerate 
immune reconstitution. 

mRNA levels for 

The results of our studies 

D 129 ACUTE GRAFT-VERSUS-HOST DISEASE INDUCED BY HUMAN 
CD56(+),CD16(+1,CDE(+),CD3(-) CELLS IN SCID NICE. 

JS Thompson, CQ Xun, SA Brown, CD Jennings, VA Medical 
Center and Department of Uedicine, University of 
Kentucky, Lexington, KY 40511. 

induction of aGVHD, we isolated NK and T cells from 
human Peripheral blood by complement-mediated lysis with 

or group B antibodies (Go22/CD16 + Leu19/CD56) 
respectively. Each isolated cell group was pulsed for 
16 hours with ionomycin and phorbol 12,13-dibutyrate 
followed by continuous culture for 2 weeks with KIL-2. 
The phenotype and NK activity were assayed before IV 
iniection into 3-4 month old SCID mice previously 
irradiated with 400 rad. The phenotype of group A 
treated cells was CD16(+)65%,CD56(+)52%,CD8-dim(+)59%, 
CD41+)5.6%,CD3(+)14% and specific lysis to K562 target 
cells was 84.5%(1:40),95.9%(1:20~,96.4%(1:10~ and 
59.0%(1:4). The phenotype of group B treated cells was 
CD3(+)97.7%,CD4(+)42.5%,CDE(t)39%,CDI6(+)5% and 
CD56(+)8.6%. Minor to severe skin lesions, diarrhea and 
weight loss appeared 24 hours to 10  days after injection 
of 1~106,1~107 or 5x10' group A cells, but not group B 
cells nor in control mice 1400 rad, no cell injection). 
The mice were sacrificed by day 12 if they did not dle. 
Histological examination of group A mice revealed 
cellular infiltration, crypt OK single cell necrosis and 
vili architecture disorder in gastrointestinal tissue; 
epithelial necrosis and cellular infiltration in the 
skin; nodular proliferation of small lymphocytes 
underneath the capsule of spleen. These findings were 
not present in gfOUp B cell injected animals. Thus, in 
this SCID mice animal model. human CD16(+).CD56(+). 
cDE(+),CD3(-) cells produced BGVHD-like lesions that are 
seen in clinical aGVHD. This is additional evidence 
that NK cells, not T cells are the direct effector cells 
in aGVHD. 

TO study the effect of NK cells and T cells on the 

either group A antibodies (T1089/CD3,TCR t T12AlO/CD6) 

Dl31 TOLERANCE INDUCTION IN THE HUMAN T CELL 
COMPARTMENT OF SCID-HU MICE, Bart 

Vandekerckhove, Reiko Nawikawa. and Maria-Grazia Roncarolo. 
DNAX Research Institute, Palo Alto, CA 94304 and 'Systemix, 
Inc., Palo Alto. CA 94304 
Animal studies have shown that tolerance induction by clonal 
deletion and/or anergy occurs predominantly in the thymus. 
Macrophage (MI$) and dendritic cells (DC) are thought to induce 
tolerance by clonal deletion, whereas thymic epithelium seems to 
mediate tolerance by clonal anergy. It is unclear whether these 
findings also apply in man. To address this question we used 
SCID-hu mice constructed with fetal liver (FL) and fetal thymus 
(FT) co-implanted under the kidney capsule and obtained from the 
same or from 2 different donors. HLA phenotyping of the resuiting 
thymus-like organ showed that all thymocytes are of liver origin. In 
addition, immunohistological studies demonstrated that all DC and 
most of the Mg are of FL origin. whereas thymic epithelium 
remains of FT origin. Thymocytes or human T cells in the 
peripheral blood of SCID-hu mice transplanted with donor A 
(FLAIFTA animals) did not proliferate upon stimulation with the 
autologous B cell line (B-LCL), but responded vigorously upon 
stimulation with various allogeneic B-LCL. Furthermore, 
thymocytes or human T cells from the blood of SCID-hu mice 
transplanted with fetal liver and fetal thymus from 2 different 
donors (FLAIFTB animals) are nonresponsive to A and B B-LCL, 
whereas the proliferation against allogeneic B-LCL was normal. 
No suppressive activity was observed in mixing experiments. 
However, limiting dilution analysis of CD4+ or CD8+ thymocytes 
activated with PHA and expanded in IL-2, showed specific 
reactivity against the HLA antigens expressed on the B-LCL 
derived from the thymus donor. The frequencies of these cells 
was 1.5 to 3 times lower than those observed for T cells reactive 
against allogeneic B-LCL. Collectively, these data Indicate that 
human T cells become tolerant for the HLA antigens expressed in 
the thymus in which they mature. This tolerance is not or only 
partially due to clonal deletion, suggesting that clonal anergy may 
play a role. 
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DI32  ADHESION MOLECULE-MEDIATED EFFECTOR- 
EFFECTOR INTERACTIONS REGULATE THE 
LYTIC ABILITY OF LAK CELLS. 

"Andrea Velardi, 'Ricciarda Galandrini, "Nicola 
Albi, *Adelmo Terenzi, "Fausto Grignani, 
*Massirno F. Martelli, and +Carlo E. Grossi. 
Depts of 'Medicine and *Hematology, Univ. of 
perugia and +Anatomy, Univ. of Genova. Italy. 

Adhesion molecules are known to play a 
central role in effector cell to tumor target 
adhesive interactions. In addition, adhesion 
molecule-mediated signals between T lymphocytes 
and APC are known to promote T-cell 
proliferation. Here, we show that adhesion 
molecule-mediated homotypic interactions among 
effector cells can regulate the cytolytic 
functions of CD3+ and CD3- LAK cells. Pre- 
treatment of effectors with Ab to LFAl and 
LFA3, o r  to ICAMl. downregulated or, 
respectively, upregulated the cytolytic ability 
of CD3- L A K  cells or CD3+/CD8+ cytolytic clones 
against tumor targets. In order to focus on 
effector-effector homotypic interactions and 
avoid interference on the effector to target 
cell adhesion, targets were selected according 
to their negativity for the complementary 
ligands, e-g. anti-LFA3-treated effectors were 
tested against CD2- targets and anti-LFAl- 
treated effectors were tested against ICAM1- 
/ICAMZ- targets. Therefore, interactions 
occurring among cytolytic effectors are able to 
modulate their lytic ability against tumor 
targets. 

This work was suppported by grants awarded 
by "Associazione Italiana per la Ricerca sul 
Cancro" to A. Velardi and C.E. Grossi. 

R. Galandrini is a recipient of a 
fellowship from "Associazione Italiana per la 
Ricerca sul Cancro" . 

Hematopoiesis 
D 200 PERIPHERAL BLOOD STEM CELL MOBILIZATION: 

RAPID ENRICHMENT OF PROGENITOR CELLS USING 
A UNIQUE BIOTIN-AVIDIN IMMUNOAFFINITY SEPARATION 
SYSTEM, Ronald Berenson, Robert Andrews, William 
Bensinger, Barbra Fogarty, Kirsten McGuire, Sheryl Williams 
and Shelly Heimfeld, CellPro, Inc., Bothell, WA 98021 and 
Fred Hutchinson Cancer Research Center, Seattle, WA 98104 
Treatment of patients with chemotherapy and/or growth 
factors leads to significant increases in the level of progenitor 
cells in the blood, which makes possible the use of blood as a 
source of precursor cells for transplantation. Analyses have 
been done on peripheral blood samples from baboons being 
given Stem Cell Factor, and from human patients given G- 
CSF. Methylcellulose culture indicates a 10-1000 fold increase 
in colony-forming cell (CFC) progenitors per ml of blood 
following treatment with either growth factor. We have 
developed a CD34 antibody and a biotin-avidin column 
immunoadsorption system to provide rapid enrichment of 
these progenitor cells. Up to lo9 white blood cells have been 
processed on a small 1.5 ml research device, with a total 
processing time of 2-3 hours. By FACS analysis the separated 
cells are between 50-90% CD34+. Colony assays indicate a 
50-100 fold enrichment for CFC, with >SO% recovery of the 
total CFC activity. These results indicate that the biotin-avidin 
immunoaffinity system can be used to rapidly enrich for 
peripheral blood stem cells, both for basic research and for 
transplantation. 

D 133 RABBIT ANTI HOUSE BRAIN I S  NOT A T CELL DEPLETING 
AGENT Sherry N. Wren, Mary Lynn Hronakes. and 

Suzanne T. Ildstad. University of Pittsburgh, Department of 
Surgery. Pittsburgh, PA 15261. 

Rabbit Anti House Brain (RAMB), has been utilized as an 
agent for T cell depletion since it was first described in the 
1950's. It is a polyclonal antisera prepared by immunizing 
rabbits with homogenized mouse brain. R A M  binds to the theta 
( 6 )  antigen on T cells and is capable of mediating antibody 
and complement(C') depletion. It is cross-reactive on a 
number of other cell types which are Thy 1 positive. RAMB has 
been frequently utilized in animal models of bone marrov 
transplantation for T cell depletion of bone marrow. We 
previously reported that RAMB treatment of mouse bone marrow 
removes cells vhich facilitate allogeneic stem cell engraft- 
ment in lethally irradiated recipient mice. Classically. RAMB 
activity has been assessed in vitro by documentation of loss 
of Con A mitogenic responses after RAMB and C' treatment. 

We have now performed flow cytometric analysis of both 
bone marrow and spleen after treatment with RAMB and guinea 
pig complement (CPC') co determine vhich cellular subsets are 
depleted by RAMB treatment. In both splean and bone marrow 
there was no significant reduction in the T cell population 
(CD4, CD8, and Thyl.2 positive cells) after RAMB+CPC' treax- 
ment (Table 1). However. when the same RAMB+GPC' treated 
spleen cells were tested in Con A assays there was total 
abrogation of the Con A response. In striking Contrast, the 
a l l 0  NLR response w a s  intact. These data suggest that RAMB 
may be depleting an Antigen Presenting Cell (APC) since there 
vas loss of the Con A response in RAMB+GPC' treated splen- 
ocytes but full preservation of the anti-allo response vhen an 
alternative source of APC and/or cytokines were provided by 
the stimulator population. Therefore, these data suggest that 
the phenotype of the cell type which facilitates allogeneic 
stem cell engraftment is in fact, not a CD4+ OK CDE' cell, but 
instead a cell which can function a an APC (ie. dendritic 
cell). Studies are in progress to further characterize the 
cell phenotype. RELATIVE PERCENTAGE T CELLS 

I, I I BONEMARROWTRFKTMENT 1 :6", I ;;; 1 T1:k.l 1 
UNTREATED 

RAMB + GPC' 1.5% 4.7% 

THY 1 + RC' 0.0% 0.0% 0.0% 

D 201 RECOMBINANT HUMAN ERYTHROPOIETIN (rHuEP0) 
ADMINISTRATION DOES NOT AFFECT PERIPHERAL 

LEUKOCYTE COUNTS IN PATIENTS WITH DELAYED 
ERYTHROPOIETIN AFER BONE MARROW TRANSPLANTATION. 
M.R. Bishop, P.J. Stiff, R.S. McKenzie, J.A. Sosman, and D. Koch 
Loyola University - Chicago BMT Program, Ma- lL. 
Anemia (Hb<8.0 gm/dl) requiring REX transfusions is a c o m n  problem 
post-BMT. Recent data suggests that EFQ levels are inappropriately low 
post-BMT and may not normalize for up to 6 months. Experience in 
dialysis-dependent patients with anemia demonstrates a decrease in 
transfusion requirements with supplemental rHuEP0 administration. 
However, there is a theoretical concem that rHuEP0 administration may 
adversely affect leukocyte and platelet production in BMT patients. We 
undertook a pilot study to determine the potential benefit o f  rHuEP0 in 
patients requiring RBC transfusions beyond 21 days post-BMT. Six 
patients (3-allogeneic, 3-autologous) were treated with 150 U k g  rHuEPO 
t.i.w. for 3 wks. If there was less than 1.0 gm/dl rise in Hgb at the end of 
this period, the dose was increased to 300 Ukg  t i w .  for 3 wks. Prior to 
therapy the median EPO level was 154 U/ml(32-298). One patient Z ~ e d  
from septic shock during therapy. 

1 wk post 1 wkpost 
PtRx* R e R x  Re& DICofRx DIC of Rx 

StartDav WBC Dlt WBC nlt 
1 +21 0.4 2: 

4 +21 i .6 
~. 
84 

_ .  
3.7 

5 +30 1 . 1  12 1.2 5 

* Day 0 =day of BM infusion 

These data suggest that rHuEPO administration has little effect on 
peripheral leukocyte or platelet numbers. There were no adverse affects of 
SQ rHuEPO administration. Data suggests that RBC transfusion 
requirements were decreased during the period of rHuEP0 administration. 
Platelet transfusion requirements did not change, and patients who were 
refractory to platelet transfusions prior to Rx remained refractory. These 
data suggest that rHuEP0 can be administered safely and has minimal 
effect on peripheral leukocyte or platelet number. 
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D202 HUHAN HERPESVIRUS SIX (HHV-6) AND BONE MARROW 
TRANSPIANTATION: SUPPRESSION OF G R O W  FACTOR 

INDUCED MACROPHAGE MATURATION IN HUHAN BONE HARROW 
CULTURES. Eileen M. Burd and Donald R. Carrigan. Department 
of Pathology. Medical College of Wisconsin; Milwaukee, 
Wisconsin 53226.  

Seroprevalence of HHV-6 in adult marrow transplant 
patients is at least eighty percent, and reactivation of 
latent HIP-6 is common after transplantation. These 
reactivations are associated with a variety of clinical 
manifestations, including interstitial pneumonitis. 
However, a more common complication associated with HHV-6 
infection in these patients is poor marrow function or 
marrow failure. Patients with this viral syndrome respond 
poorly to growth factors such as GM-CSF. To explore 
suppression of marrow cell responses to such growth factors 
by HHV-6 infection, marrow mononuclear cell cultures were 
infected with several different strains of HHV-6 
immediately prior to the addition of GM-CSF. Infection by 
all strains of virus suppressed the outgrowth of 
nonspecific esterase positive adherent macrophages induced 
by the factors by more than 90%. Nonadherent cell 
populations in the infected cultures, which were 
numerically similar to those in uninfected control 
cultures, contained only rare cells expressing HHV-6 
antigens. Infectious virus could not be isolated from the 
infected marrow cultures, and infectious center assays with 
infected marrow cells demonstrated that fewer than one cell 
in ten million was productively infected. Treatment of 
infected marrow cell cultures with ganciclovir or foscarnet 
at concentrations sufficient to completely block HHV-6 
replication failed to abrogate suppression of macrophage 
outgrowth in response to GH-CSF. Therefore, full 
replication of the virus in the marrow cultures was not 
necessary for the inhibition of the growth factor 
responses. Preliminary experiments have indicated that 
alpha, beta and gamma interferons and tumor necrosis factor 
are not involved. The interference of HHV-6 infection with 
the responses of marrow cells to growth factors may play 
roles in both the poor marrow function seen in the patients 
and in their weak responses to growth factor therapy. 

D204 A NEW SERIES OF CD34 MONOCLONAL ANTlBODlES 
DESIGNED FOR IMMUNOMAGNETIC ISOLATION OF HUMAN 
AND RnESuS MONKEY BONE MARROW STEM CEUS. 

Torstein Egeland and Gustav Gaudernack. Institute of Trans- 
plantation Immunology, Rikshospitalet National Hospital, Oslo. 
Norway. 
Isolation of human bone marrow CD34+ cells by means of para- 
magnetic beads (Dynal) coupled with a monoclonal antibody 
(Mab) against CD34 is an established technique, but is limited by 
the availability of suitable CD34 Mabs. High purity CD34+ cells 
can be recovered from the bead-rosetting population after 
detachment with anti-murine Fab antibodies (1). We wanted to 
generate new antLCD34 Mabs that could a) further increase 
purity and recovery of human CD34' cells after isolation and b) 
that could also be used for isolation of Rhesus monkey CD34' 
cells. 

A series of hybridomas were generated after hyper- 
immunization of BALB/c mice with KGlA and were screeened for 
optimal reactivity in a bead-rosetting assay. After screeening of 
KGIA-reactive Mabs with a panei of 23 cellsfcell lines including 
HL-60 and HL-60 transfected with the gene encoding for CD34, 8 
candidate CD34 Mabs were used for immunomagnetic isolation 
of CD34+ cells from human and Rhesus monkey bone marrow. 
Mabs 553-A1 0. 563-A1 0, and 581 -69 yielded cell populations 
that displayed a bright staining with the reference CD34 Mabs 
12.8. MylO, and 613C5 in flow cytometry. Beads coupled with 
553-A10 and 563-A10 can also be used to isolate Rhesus 
monkey bone marrgw-derived cells. All cells are positive with 
12.8 aiter isolation. The purity and recovery after isolation are 
comparable to or higher than for cells isolated with other anti- 
CD34 Mabs. 

1. E. Smeland et al, in prep. 

D 203 MOBlLlZATlON AND TRANSPLANTATION OF PERIPHERAL 
STEM CELLS IN MlCE FOLLOWING IN VlVO iL3TREATMENT. 

David A. Crouse, J. Graham Sharp, John D. Jackson, Jim Rogers, 
Bruce Gordon. Univ. Nebraska Med. Center, Omaha, NE 68198. 
Patients with tumor in the marrow or marrow hypocellularity are not 
candidates for autologous marrow transplantation. The collection 
of circulating hernatopoietic stem cells (HSC) and progenitor cells 
may be an alternative in these patients and exogenous 
hematopoietic cytokines may raise the numbers in blood, allowing 
more efficient harvest and transplantation. The objective of this 
project was to determine, in a mouse model, if 113 was effective in 
promoting the mobilization of HSC and progenitor cells into the 
blood and if the post-transplantation recovery was improved when 
such mobilized peripheral stem cells were used for transplantation. 
We evaluated mobilization during and after cytokine treatment 
(rmlL3. BioSource; 0.71 pgm, s.q. twice a day for 7 days) in 
normal BDF, mice. The number of progenitors and stem cells 
were assayed usina in vitro assays (Meg-CFC, M-CFC, Eo-CFC, 
GM-CFC, HPP-CFC, LTC-IC) as well as spleen colony assays (day 
8 & 12 CFUs) to allow the assessment of the relative content of 
more differentiated versus primitive HSC. We found that there 
were small increases (1.2 to 1.5 fold) in marrow HSC and 
progenitor cell frequencies with much larger increases observed 
in the spleen (8 to 30 fold) and the blood (4 to 6 fold). Although 
both progenitor cells and HSC were elevated in number, the more 
primitive classes appeared to be relatively enriched in the post-I13 
animals. Lethally irradiated mice transplanted with 113 mobilized 
peripheral stem and progenitor cells exhibited more rapid and 
complete recovery than animals transplanted with unmobilized 
cells. Enhanced recovery for some endpoints was evident as early 
as seven days post-transplantation. These experiments support the 
use of the mouse model to develop rational and efficient in vivo 
cytokine applications, including combinations for mobilization 
which may have use in the clinical setting. (Supported by NIH 
Grant CA46686 and the Edna lttner Pediatric Research Fund) 

D205 SYNERGISTIC ACTION OF IL-1, IL-6, AND B-FGF ON 
ABNORMAL BONE MARROW HISTIOCYTES IN A 

PATIENT WITH HURLER'S SYNDROME (HS) RECEIVING GM-CSF 
THERAPY UNDERGOING BONE MARROW TRANSPLANTATION. 
Vincent S. Gallicchio, Ned& K. Hughes, Eric Lang, Michael L. Cibull, 
and P. Jean Henslee-Downey, Bone Marrow Transplant Program, 
Departments of Medicine and Pathology, University of Kentucky Medical 
Center, Lexington, KY 40536-0084. 
We investigated a 2-yr old male with HS who received 8 mcg/kg/day GM- 
CSF for allogeneic bone marrow engrafrment. After 3 wks of therapy pre- 
and post morterm bone marrow samples showed the almost complete 
replacement of marrow space with abnormal histiocytes demonstrating 
merachromatic cytoplasmic granules. In v i m  culture of bone marrow from 
a second HS patient revealed a GM-CSF dose-related increase. in colony 
formation that peaked at 250 U/ml. Microscopic examination of these 
colonies revealed the presence of histiocytes identical to what was 
observed in the patient's marrow. We report additional data that 
demonstrates these. abnormal histiocytes when cultured in the presence of 
optimal doses of IL-1, IL-6 and B-FGF, the number of histiocyte 
containing colonies was increased significantly compared to cell cultures 
with GM-CSF alone. These results indicate GM-CSF, and factors known 
to act synergistically with GM-CSF, increase the number of abnormal 
histiocyte derived colonies in culture and highlight the need for caution in 
the use of these factors in patients with HS and perhaps other metabolic 
disorders associated with the potential proliferation of abnormal storage 
cells. 

1.7 + 0.6 
24 + 3.2 

GEPUP 
Neg. control 
GM-CSF. 250 U/ml 
i-1.30 n&lI . 
IL-6.30 ng/ml 
B-FGF, 10 ndml 

39 + 5.8 
59 + 11.8 
45 + 2.1 
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D 206 

MISMATCHED MICE USING PURIFIED BONE MARROW 

KxlQbeL- w a n d - .  
Applied Immune Sciences, Inc. Menlo Park, CA 94025. 
Based on the clinical need to extend allogeneic bone marrow 
transplantation to recipients with mismatched donors, we 
examined the capacity of purified murine stem cell populations to 
reconstitute lethally irradiated haplotype mismatched mice. 
Murine stem cell populations were purified by cell sorting 
nonadherent nucleated total bone marrow (TBM) cells for the 
presence of the antigen Thy12 and the absence of lineage- 
specific antigens B220, Lyt-2, Macl ,  JllD.2, and U T 4  
(Thyl 'Lin-). Three types of transplants were performed: B6D2Fl - B6C3Fl; B6C3F1 - B6D2F,; and CByB6F, - C3D2Fl. The data 
show that both TBM and Thyl +Lid enriched stem ceU 
populations are capable of rescuing all three lethally irradiated 
haplotype mismatched strains of mice for greater than six months. 
Thy1 'Lin. sorted stem celh a w e  effective both at hematopoietic 
lineage reconstitution and rescue from lethal irradiation at doses 
ten fold lower than TBM cells. 50% survival was achieved with 
2 . 5 ~ 1 6  TBM cells, but required only 2 .5~10~ Thyl 'Lin- sorted 
stem cells in allogeneic recipients. 50% survival was achieved 
with 5.0Xl@ TBM cells, but required only 5.0~10) Thyl*Lin. 
sorted stem cells in syngeneic recipients. Both TBM and 
Thyl *Lin- sorted stem cells facilitated the long term engraftment 
of all hematopoietic lineages. In > 95% of the allogeneic 
reconstituted chimeras, the majority of the hematopoietic cells 
was of donor origin. There was no significant change in the 
percent donor hematopoietic engrafment in mice transplanted 
with mismatched bone marrow between two and six months post 
transplant. This data indicates that purified stem cells can be. 
successfully used in murine bone marrow transplants to rescue 
one full haplotype mismatched recipients. 

LONG TERM RECONSTITUTION OF ALL 
HEMATOPOETIC LINEAGES IN HAPLOTYPE 

STEMCELLS. .-- 

D 208 RAPID ISOLATION OF HUMAN HEMATO- 
POIETIC CD34+ CELLS: PURGING OF HUMAN 

TUMOR CELLS. LkS&&l, 'MarkHmw 
David Okr- and -. 
Applied Immune Sciences, Inc. Menlo Park, CA and *Institute 
for Child Health, London UK. 
Human CD34' cells were isolated in over 65 experiments from 
bone marrow samples using a prcess wttich employs sterile 
polystyrene devices containing covalently immobilized soybean 
agglutinin (SBA) or the CD34 monoclonal antibody, ICH3. IR 
this process, bone marrow mononuclear cells (BMMC) were first 
depleted of many differentiated cells such as B, myeloid, certain 
T, fibroblasts, and stromal cells, by capture on SBA devices. The 
nonadherent SBA- population, which was thereby 1.5-5.0 fold 
enriched in CD34' cells, was then loaded into similar devices 
containing covalently attached ICH3. After CD34' ceU capture, 
the nonadherent CD34 cells were removed, and the CD34' cells 
released by physical agitation. The purified 034' cells, 
representing 0.3-2.2% of the input BMMC, were greater than 
90% viable, had low to high forward and low 90 degree light 
scatter properties, were 10-50 fold enriched in CFU-C and long 
term bone marrow culture initiating (LTBMIG), and lacked 
detectable CD34 mAB on their surface. 0 3 4 '  cells purified 
from bone marrow samples deliberately seeded with 5 different 
tumor cell lines were 99.0->99.9% depleted of these 
contaminants. This sterile closed system offers a convenient 
means to separate '3334' cells from even up to 1 . 5 ~ 1 0 ~ ~  BMMC 
allowing the recovery of all fractionated ceIls and yielding 
functional CD34' cells of high purity. 

D 207 NORMAL BLOOD AS A CONVENIENT 
HIGHL Y PlfRlFlFD HFMATOPOIETIC 

' SOURCE FOR 
PROGENITOR . . . _. . - . . -. . . . . . __ . .. . . - - - . - 

CELLS, Dale Peterson, Dale Kalamasz, Barbra ~ Fogarty, 
Shelly Heimfeld, Ron Berninger, Ron Berenson, Pat Maloney, 
Hod Namdaran, and Tony Goffe, CellPro Inc.. Bothell. WA 

Research into human hematopoiesis, growth factors, and 
many other topics has been inhibited by the limited supply Of 
bone marrow for research use. Using an affinity separation 
method, we have successfully obtained large numbers of 
purified progenitor and stem cells from blood components 
obtained from regional blood banks, Ten 1-2 day old units Of 
buffy coat cells were ficolled. yielding roughly 10 billion 
nucleated cells. The cells were incubated with biotinylated 
anti-CD34 monoclonal antibody at 2x108 cells/ml and 
separated using 5-7 CEPRATFM LC avidin columns (1.5-2 
billion cells/column). The captured cells, 2045% CD34+, 
were released from the columns, pooled, re-incubated with 
biotinylated anti-CD34 antibody, and then separated again on 
a single CEPRATETM LC column. The captured cells were 
analyzed by FACS and short term colony-forming assays. 
The complete procedure requires only 5 hours and yields 
approximately one million cells which are up to 96% CD34 + . 
This represents over a 20,000-fold enrichment of CD34 cells. 
The short term colony forming assays show a similarly 
dramatic enrichment of colony-forming cells. Such cells can 
be a valuable research tool for those who do not have access 
to bone marrow samples or who are interested in the 
differences between the progenitor pools in marrow and 
peripheral blood. 

98021 

D 209 GRANULOCYTE MACROPHAGE COLONY 

CELL COLLECTION FOR TRANSPLANTATION: HlGH 
INCIDENCE OF APHERESIS CATHETER THROMBOSIS. 
L.Stephens. W.D. Haire, G. Kotulak, K. Schmit-Pokorny, 
A. Kessinger. Department of Internal Medicine, University 
of Nebraska Medical Center, Omaha NE. 68198 
Most patients requiring peripheral stem cell (PSC) 
transplant have inadequate peripheral venous access for 
repeated apheresis procedures. Apheresis catheters placed 
in the inferior vena cava (IVC) via the percutaneous, 
translumbar route are highly effective for PSC collection. 
Aspirin (AS& (325 mg daily), reduces the frequency of 
IVC catheter thrombosis from 12/60 without ASA to 2/40 
with ASA (p= .007). Since introducing Granulocyte 
Macrophage Colony Stimulating Factor (GMCSF) for 
mobilization of committed hematopoietic precursors, our 
thrombotic catheter occlusion rate has increased. Patients 
on GMCSF continue to take ASA as before, but when 
compared to historical controls receiving ASA but no 
GMCSF, the thrombosis rate rose from 2/40 (5%) to 11/21 
(52%) (p = .0005). Kaplan-Meyer curves of thrombus-free 
apheresis procedures indicate the ASA only users had 
significantly more thrombus free apheresis procedures than 
the ASA plus GMCSF users (p = .0001). The GMCSF user's 
occluding thrombi appear physically unusual as 9/1 1 (81 %) 
cleared with mechanical aspiration and did not require lytic 
agents. Histological examination of one thrombus revealed 
accumulations of fibrin and peripheral blood leukocytes. 
Conclusions: 1 )  GMCSF is associated with an increased 
rate of thrombotic catheter occlusions despite ASA use. 2) 
Occluding thrombi can often be mechanically removed 
without lytic agents. Further study into thrombosis 
prophylaxis in this population is indicated. 

STIMULATING FACTOR IN PERIPHERAL STEM 
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D 210 MYELOTOXICIlY IN A PHASE I TRIAL OF RADIOLABELED 

Joshi, G .  Dalrymple, S .  Augustine, K. Harrison, K. Holdeman, 
D. Jacobson, J .  Jackson, and D. Colcher. Depts of Internal 
Medicine, Cell Biology and Anatomy, Pathology and 
Microbiology, Radiology and Radiation Safety, University of 
Nebraska Medical Center, Omaha, Nebraska, 68198-3330. 
Myelosuppression is a dose limiting feature in therapeutic 
trials with radioimmunoconjugates. 
to tumor, we have incorporated autologous bone marrow 
transplant (ABMT) into a phase I rrial of monoclonal 
antibody 872.3 (recognizing TAG-72 antigen) labeled with 
"'Iodine (13'1 MAb 872.3) given inrravenously to patients 
with metastatic gastrointestinal cancer (>30% tissue TAG-72 
positive). Prior treatment was limited to 5 - N  (+ / -  
leucovorin). Blood counts were followed weekly and bone 
marrow cultures (expressed as X surviving fraction) were 
performed before treatment and at week +2 Two of six 
planned dose levels are completed. 

P T I  Dose Prior  Rx CFU-GW BFU-E Toxicity Grade BW Tx 
1 50 mCi/MZ yes 5% 22% IV AGC. IV plts no 
2 50 mCi/M2 yes 19% 14% 0 AGC, 0 plts no 
3 50 mCi/MZ no 8 %  14% IV ACC. 111 plts no 
4 100 mCi/MZ no 0.1% 17% IV AGC, I11 p l t s  no 
5 100 mCi/MZ no 0 7% 15% IV AGC, IV plts yes 
6 100 mCi/MZ yes 0.5% 0 . 8 %  IV AGC. IV plts no 

When bone marrow colony cultures were obtained, peripheral 
counts were normal. In all cases, myelotoxicity became 
evident after week +3 and reached a nadir between 4 and 6 
weeks. CN-GM cultures appear to be a sensitive indicator 
of myelotoxicity and the effect on the X surviving fraction 
is dose dependent. These results suggest that the maximum 
tolerated dose based on myelotoxicity with 13'1 MAb 872.3 
was exceeded at 50 mCi/MZ. 
autologous bone marrow transplant will be necessary fo r  all 
remaining patients in this trial. 

MONOCLONAL ANTIBODY 872.3. M. Tempero, S .  

Hoping to optimize dose 

It is anticipated that 

Leukemia 
D 300 IMPROVED SURVIVAL IN AML A F E R  AN 

INTENSIVE INDUCTION A N D  CONSOLIDATION 
REGIMEN FOLLOWED BY ALLOGENEIC OR AUTOLOGOUS 
BONE MARROW TRANSPLANTATION. Joseph H. Antin, Anna J. 
Mitus, David P. Schenkein, Richard 7. Grapski. Kenneth B. Miller. 
Division of Hematology, Brigham and Women's Hospital, Harvard 
Medical School, Boston, MA; New England Medical Center, Tufts 
School of Medicine, Boston, MA; University of Massachusetts School 
of Medicine, Worcester, MA 
The  role of marrow grafting in the therapy of AML in first 
remission remains unsettled. Both allogeneic and autologous bone 
marrow transplantation (BMT) can provide effective consolidation, 
but each is associated with unique advantages and disadvantages. In 
1987. we initiated a prospective, multi-institution study to evaluate a 
novel induction regimen and to compare allogeneic to autologous 
BMT. Induction chemotherapy consisted of daunorubicin 45 mg/m' 
(dl-3). ara-c 100 mg/m1(dl-7) followed by high-dose ara-c 2 gm/m' 
x 6 doses (d7-10). Patients entering complete remission received 2-3 
cycles o f  daunorubicin 60 mg/mz (dl-2) and am-c 200 mg/ml (dl-5) 
alternating with ara-c 2 gm/mz x 6 doses (dl-3) and etoposide 100 
mg/mz (d4-S). All patients under age 55 with an HLA compatible 
donor were offered allogeneic BMT, while those patients without a 
histocompatible donor or between 55-65 yrs of age were offered 
autologous BMT. To date, 64 patients have been enrolled. The 
median age is 43 yrs (range 19-63). 53/60 (88%) evaluable patients 
achieved CR. Survival data were analyzed by &ention to t reat. 27 
patients (median age 43) were assigned to autologous BMT and 22 
(median age 31.5) to allogeneic BMT. Actuarial event-free survival 
(EFS) for the autologous arm is 85 % 8% at the median follow-up of 
514 days (range 41-1522) and 57 t 13% at 2 yrs. Actuarial EFS for 
the allogeneic group is 65 % I I %  at the median follow-up of 421 days 
(range 129-1378) and 53 12% at 2 yrs. 11 patients have relapsed 7 
in the autologous arm and 4 in the allogeneic arm. Only 2 patients 
actually receiving autografts relapsed a t  days 193 and 202. 
respectively, and no recipient of an allogeneic BMT has relapsed. If 
only transplanted patients are considered, actuarial EFS at 2 yrs is 71 
& 18% for the autologous arm and 66 5 12% for the allogeneic arm. 
Thus, intensive induction and consolidation therapy followed by 
allogeneic or autologous BMT can result in substantial improvements 
in EFS compared to historical data. Further accrual and follow-up 
will help to establish the relative roles of autologous and allogeneic 
BMT. 

D211 ISOLATION AN0 ENRICHMENT OF PRIMITIVE CO34+/HLA-DR- 

RIATION FOLLOWED BY A SOYBEAN AGGLUTININ OEPLETIGN AND C034+ 
POSITIVE SELECTION. John Waqner, Jane Lebkowski , Shawn Fahey 
and Tom Okarma. The University of Minnesota nedical School, 
Minneapolis, HN and Applied Imnune Sciences, nenlo Park. CA. 
Murine pluripotential hematopoietic stem cells have been sep- 
arated from CFU-S and CFU-GM by counterflow elutriation (CE) 
(Nature 1990, 347:188-9) and then enriched on the basis of 
surface antigen expression. Using the same approach, we 
attempted to isolate human hematopoietic stem cells. Low- 
density bone marrow (BM) mononuclear cells (2.8-7.7 x 10') 
were injected into a Beckman JE5.0 elutriator at 15 mL/min, 
rotor speed 3000 rpm. Cells were collected at 29 mL/min 
(FR29), 37 mL/min (FR37) and by turning the rotor off (R/O). 
Cells from each fraction (FR) were first incubated in AIS 
CELLector devices coated with soybean agglutinin (SBA) with 
the SBA- cells subsequently incubated in AIS CELLector 
devices coated with murine anti-CD34 (ICH3). In 7 separate 
experiments, adherent (C034+) cells were collected and 
evaluated for coexpression of CD19, C033, CD38 and YLA-DR as 
well as clonoqenicitv in short-term culture (oer 10 cells). 

UNS 100 7+3 725 2122 9+1 185~23 113+10 
FR29 1221 321 0 4+1 221 0 
34+ .06+.01 0 0 9+2 1854 6+1 14+1 

FR37 2822 8+1 120 17+3 5+2 4+2 16+6 
34+ .40+.20 1327 3+2 33+10 3 9 ~ 1 0  2 4 8 ~ 2 7  142+46 

R/O 6025 4+1 21+4 3 9 ~ 1 4  15+3 170+13 410+98 
34+ .80+.18 4+1 62+11 83+2 80+3 3220+420 5300t512 

As with murine BM, most committed progenitors are found in 
the R/O C034+ FR with a 20-59 fold enrichment of mature CFCs. 
These cells represent most of the C034+ cells in the BM, have 
an intermediate nuc1ear:cytoplasmic ratio, have rare nucleoli 
and frequently coexpress HLA-OR. In contrast, FR29 C034+ 
cells represent only a minor fraction of the C034+ BM cells, 
have scant cytoplasm, contain 1-2 prominent nucleoli, rarely 
co-express HLA-OR ( i e ,  76-90% OR-) and produce few colonies. 
Thus, CE followed by SBA depletion and CD34 selection is a 
useful method for separating primitive stem cells from com- 
mitted hematopoietic progenitors. The self-renewal o f  FR29 
34+ cells in long-term BM culture is currently under study. 

HUMAN HEMATOPOIETIC STEMCELLS BYCOUNTERFLOWELUT- 

BM FR %RECOV %CD19+ %C033+ %C038+ %DR+ CFU-GM BFU-E 

0 
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R. Arnold, M. Theobald, D. Wlnjes, B. Hertenstein, 
G. Kepes, 0. prihnrer, I. Funke, E. S~Zth-SchWalbe, 
M. Wiesneth, H. Heimpel. 
tkprts.  In-1Medicine 111 adT~ansfusion&dicine, 
University of Ulm, D 79 Ulm, FFG. 
A 21 years old mle with AML (FAB M2) was i n d u d  with 
high dose AraK after fail- of first line induction 
chamtherapy. After 1. remission was IBached, he 
imnediately underwent canbined T depleted allcgeneic h e  
m a ~ ~ o w  transplantation after conditioning w i t h  TBI and 
cyCl*os&amide. 4 mths later leukaemic relapse 
occurei. Relapse was regarded as r e f r ac to ry  to ch- 
therapy and -2 therapy .ras started ( 3  cycles of IL-2 
x 106/rn2 d 1-5). Under IL-2 therapy the patient clean33 
the leukaenic blasts fran peripheral blccxi and bone 
rmnwd evaluation 6 weeks later s h d  no increase of 
leukaemic burden now infiltrated by lyqhtic cells. 
PhenoQping of the peripheral b l d  s h d  increasing 
nurkrs of NKH 1 (c3) 56) psitive cells. We tested in 
vim expressed IAK activity by cr51 release assay with M( 
sensitive and resistant targets as ~ 1 1  as the patient's 
leukaemic blast target cells fran diagnosis. Follwing 
IL-2 therapy leukaemic blasts a d  NK resistant w e t s  
mre lysed efficiently. Surprisingly, the sarre lysis 
pattern was endcgenously expressed in vim at diagnosis 
of relapse prior to I L 2  therapy. w r ,  hefore relapse 
no IAK activity was found at all. In vim expressed 
cytotoxic anti-leuka6nia reaaivity is pmtnbly induced 
by the expansion of the leukaemic clone. 

I X l E  m C  RELAPSE INDUCE THE EXPRESSION OF 
ANTI LEUKREMIA r3"mKIxIC EFFECICW MKHANIms? 

9 
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D302 T-DEPLETED BMT FOR ACUTE LEUKEMIA. EVALUATION 
OF A NEW CONDITIONING REGIMEN THAT INCLUDES 

THIOTEPA. Franc0 Rversa, Adelao Terenz i .  Alessandra 
C a r o t t i ,  R1ta F e l i c i n i ,  Paolo Lat in i ' ,  Cynthia A r l s t e i .  
F a i l  Reisner ' and Massiirio i. M a r t e l l i .  I S t i t u t o  d i  
E h i t o l o g i a ,  Lnibersit!  of Peruyia.  Radioterapia 
Oncologica, P o l i c l i n i c o  Monteluce 06100 Peruyla,  T t a l ) .  

Dept. of Biophis1rs k'eizniail I i i s t i t u t e ,  Rehobot, 76100 
I s r a e l .  

3 3  p a t i e n t s  ( ? 5 Y .  BF), n r d i a n  age ? 7  y e a i s  (rdnge 1 4 -  
5 0 1 .  with acute  leuhenbia (18 A X L L ,  ISALL), received a 
H1.4-identical BY1 deple ted  of T-lyntphocYtes h! t h e  
sokbean a g g l u t i n i n  a n d  E- rose t t i l ig  techiilque betkeen 
Ju:! 1985 arid J u l ?  1 9 9 1 .  
25 ( 7 5 % )  % e r e  high r i s k  because of d i s e a s e  s t a t u s  ( 1 C  
r e l a p s e s ,  11 CRII and 3 seconddry l euhent ias ) .  The f i r s t  
1 3  p a t i e n t s  (Group I )  were conditioned with A'IG. 36 
nLg/LI] procarhdzirle. i J . 4  G I  h ~ p e r f r a c t i o n a t e d  TBI 
(HFTBI)  arid 120 ing/hy Cyclophosphaiiiide (Ci) ; t h e  l a s t  
30 (Group 11) received 14.4 GI  HFTAI, 10 my/hg 
Thiotepa,  ATG and 100 mg/kg C!. A 1 1  p a t i e n t s  achiebecl a 
full-donor chimerism eriyraftment a t  DXA polyniorphisu 
a n a l y s i s .  Neither acute  nor chronic  GVHD were observed. 
8 (61.5%) Group 1 p a t i e n t s  surv ive  leukernla-free a t  a 
median fo l lo*-up  of 68 months ( range  55-72]  ; 5 (38.5%) 
relapsed. I ?  Group I1 p a t i e n t s  ( 6 0 % )  surbibe leukemia- 
f r ? e  a t  a median f o l l o r - u p  of 11 iiioiiths (range 2 - 3 0 ) ,  ? 
. I l l  re lapsed;  6 nori-relapse dea ths  occurred ( 1  VOD. I 
CYi-II', 1 Lyiphoiua. 3 i n f e c t i o n s )  
I n  \ i ? b  of t h e  f a c t  t h a t  the  major i t i  of (.mi p a t i e n t s  
Yerr h i g h - r i s h ,  the  r rmr ta l i t>  and t h r  r e l a p s r  iua! be 
corisidered low. Furthermore,  we be l ieve  tha t  t h e  
i i i t roduct ion  of the  s t rong  nlveloablatibe drug th io tepa  
111 t h e  condi t ion ing  regimen cont r ibu ted  t o  e r a d i c a t i n g  
thp n e o p l a s t i c  c e l l s  and s o ,  t o  reducing the  inc idence  
O t  r e l a p s e  f requenc) ,  d e s p i t e  t h e  t o t a l  absence of 
G L H I I .  

D 304 STRATEGY TO IMPROVE THE UTILITY OF BONE MARROW 
TRANSPLANTATION (BMT) FOR PATIENTS (PTS) WITH 

CHRONIC MYELOID LEUKEMIA (CML) IN BRITISH COLUMBIA (BC). 
Michael Barnett, Stephen Nantel, Allen Eaves, Connie Eaves, Donna 
Reece, Hans Klingemann. John Shepherd, Daphne Brockington, and 
Gordon Phillips. The LeukemialBone Marrow Transplant Program of 
British Columbia, Division of Hematology. Vancouver General Hospital, 
Brit ish Columbia Cancer Agency, Terry Fox Laboratory,  and  t h e  
University of British Columbia. Vancouver, BC V5Z 4E3 
The Leukemia/BMT Program of BC is the  sole BMT facility for t h e  
province (population - 3 million). The incidence of CML in the < 60 age 
group i s  - 25/year (BC Cancer Agency Annual Report, 1990-91). Our 
strategy for CML (Can Med Assoc J 143:187-193.1990) involves early (i,e., 
5 1 year of diagnosis) BMT for chronic phase (CP) disease with either: 1) 
related donor (RD) marrow (preferably) or 2) unrelated donor (UD) marrow 
for those aged 6 50 years o r  3) cultured autologous (Au) marrow for 
selected patients aged 5 50 years who lack a donor and those aged 51-60 
years [Blood 76 (Suppl 1):526a, 19901. Seventy-three BC residents (57 
aged 6 50 years, 16 aged 51-60 years), diagnosed between 01/87 and 04/91 
as  having CML in CP-I, were referred. Fifty-five of 57 pts aged 5 50 years 
were HLA typed: 27 had a suitable RD -- 22 underwent RD-BMT and 5 
are about to; 26 of the other 28 had an UD search and an UD was found for 
15 -- 9 underwent UD-BMT (1 whose CML transformed in the interval is 
not included in the results) and 3 are about to, 2 declined (1 chose Au- 
BMT), and 1 had a medical contraindication to BMT. Twelve pts aged 5 50 
years lacking a donor and 16 aged 51-60 years were screened for Au-BMT. 
8 of the former were eligible -- all underwent Au-BMT (1 screened in CP-2 
is not included in the results); 10 of the latter were eligible -- 6 underwent 
Au-BMT, 3 declined, and 1 died of transformed CML. 

RELAPSE 2-YEAR 2-YEAR 
HEM. CYTO. SURVIVAL EFS 

1) RD-BMT(n=22) 1 1 68% 577c 
2) UD-BMT(n:8) 0 0 432  4 3 8  
3) Au-BMT(n=13) 4' 4 85% 48% 
4) NoBMT(n=ZO) - 668 

* 2 after infusion of unmanipulated cells for graft failure 

This strategy has allowed the majority of pts with CML aged 6 60 years to 
undergo early BMT; its impact on the disease remains to be determined. 

0 303 AUTOLOGOUS BONE MARROW TRANSPLANTATION 
FOR ACIJTE M Y E L O I D  L E U K E M I A  USING 

MONOCLONAL ANTIBODY-PURGED BONE MARROW. Edward D. 
Ball, Witold Rybkd, Letha Mills, David Hurd. Robert McMillan, Roger 
Gingrich, Bradley Slease, and Eric Martin. Departments of Medicine, 
University of Pittsburgh School of Medicine, Pittsburgh, PA 15213, 
Dartmouth-Hitchcock Medical Center, Hanover, NH 03756, Bowman- 
Gray School of Medicine, Winston-Salem, NC 27 103, and Scripps Clinic 
and Research Foundation, La Jolla, C A  92037, U. of Iowa Medical 
Center, Iowa City, I 0  52242, and Medical Center of Delaware, Newark, 
DE 19713. 

Fifty-four patients with acute niyeloid leukemia (AML) were treated 
from August, 1984 until June, 1991 using high-dose chemotherapy and 
autologous bone marrow transplantation (ABMT) with monoclona! 
antibody (mAb) (PM-81 and AML-2-23. antiLCD15 and 14, respectively) 
and complement treated bone marrow. At the time of transplant seven 
patients were in first complete remission (CR). 36 in second CR, seven in 
third CR, and five in first relapse. The median age of all patients was 33 
years (range 11-57 years). Preparative regimens included busulfan (64 
mgikg) and  cyciophosphamide (120  mgikg) (18 patients),  
cyclophosphamide (120 m a g )  and total body irradiation (1200 cGy) (36 
patients) and VP-16 (60 mg/kg) and busulfan (64 m@g) (1 patient). 
Median overall and relapse-free survival of first CR patients (n=7) was 24 
months post-ABMT and the two and three-year actuarial overall and 
relapse-free survival was 68% and 51%. Median survival for 43  patients 
in second or third CR was 7.9 months post-ABMT and 10.9 months since 
CR. Fifteen patients survive disease-free from 9 to 86  months post-ABMT 
(median followup=30 mo). In the second and thud CR group, 11 patients 
showed "inversions", where their post ABMT remission lasted longer than 
the previous one. Actuarial two and three year disease-free and overall 
survival of patients in second and third CR was 34% & 8%) and 30% & 
9%), and 34% & 8%) and 30% (2 8%). respectively. Of 14 patients age 
30 years or under, 9 are disease-free at times ranging from 9 to 86 months 
(median followup=24 mo) with a 64% (+ 13%) actuarial disease-free 
survival. Of four patients treated with mAb-purged marrow at early f r s t  
relapse after induction/ablation with busulfan (64  mg/kg) and 
cyclophosphamide (120 m a g ) ,  three survive disease-free in CR2 at 4,20  
and 29 months post-ABMT. One patient died in CR two months post- 
ABMT of CNS hemorrhage. ABMT avoids the problems of graft-versus- 
host disease, of finding suitable donors for aflogeneic marrow 
transplantation, and yields outcomes, especia!!y in younger age groups, 
that are comparable to allogeneic BMT. 

D305 LOW DOSE METHOTREXATE WITH CYCLOSPORINE AND 
METHYLPREDNISOLONE AS GRAFT VERSUS HOST 

DISEASE PROPHYYLXIS FOR PATIENTS WITH CHRONIC W E -  
IDGENOUS LEUXEHIA RECEIVING ALLOGENEIC 3ONE HARROW 
TRANSPLANTS. Stephen Bulova, DavidTopolsky, Pamela 
Crilley, Uichael Styler, and Isadore Brodsky, 
Department of NeoplasticDiseases, HahnemannUniver- 
sity, Philadelphia, PA, 19102. 
Thirty-five patients with chronic myelogenous leuk- 
emia (CUL) received unmanipulated allogeneic bone 
marrow transplants fromHLAidenticalsiblings using 
a conditioning regimen of Busulfan - 16 mg/kg and 
Cytoxan - 120 mg/kg. The first 20 patients received 
graft versus host disease (GVHD) prophylaxis with 
cyctosporine (CSA) and methylprednisolone (UP). 
Nine patients (45%) developed 2 grade I1 acute GVHD. 
GVHD was the major cause of death in 8 of these 9 
patients (89%) which occurred a median of 90 days 
(56-118) post-transplant. One patient expired wi2h 
an early relapse. Of the 11 other patients, 4 
developed extensive and 4 limited chronic GVH (73%) 
causing death in 1. The incidence and severity of 
GVH was significantly higher than in patients trans- 
planted for AML Using identical conditioning and GVH 
prophylaxis regimens. Low-dose methotrexate (mx) 
7.5 mg/d IV day 1, and 5 mg/d IV day 3 and 6 was 
added to the CSA, MP regimen for the next 15 pa- 
tients. There was no difference in the rate of 
engraftment or incidence of infection, butthere was 
an increase in mucositis. One of 15 patients (7%) 
developed 2 grade 11 acute GVHD which led to his 
death with all patients being followed for >120 
days. One patient expired with relapsed disease. 
Of the 13 other patients, 3 developed extensive and 
4 limited chronic GVH (54%) leading to death in 1 
patient. Low dose methotrexate appears to enhance 
the effectiveness of CSA and UP and reduces the 
incidence and severity of acute and chronic GVHD in 
patients receiving allogeneic bone marrow trans- 
plants for CUL. 
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D306 G R A F T - V E X X J S - ~  EE'FEZI IN VI'IRO: ANALYSIS OF 
CELLS BY LDETIN;rDILXTrION ANALYSIS 

Lhmld Bmjes, Dieter Schaarschmidt, ?.??Mas Tbeobald, 
Gerhard Heil, Renate Amold and Hemam Heinpel. 
De-t of Internal &&cine I11 Ulm University, 
D 7900 Ulm, E. 
The theraptic efficacy of allcgeneic has km 
partially attributed to the graft-versus-leukmia effect 
extended by graft lyn@ccytes, especially T-lynphmytes. 
We have analysed the effector cells in a limiting- 
dilution culture systen using HLn-mimtched donor- 
recipient pairs (n-7). In all cases the leukaanic blasts 
w z e  capable of stindating proliferation and -2 
secretion byt =re not susceptible to lysis by cytotoxic 
T-ce l l s .  Segregation analysis and blocking expr-ts 
demnstrated that the T-ce l l s  induced by the leukaenic 
blasts e r e  responding to allamtigens and not leukaenia 
specific antigens. Since the leukamic blasts wze not 
intrinsically resistant to lysis by cytotoxic T-ce l l s  e 
investigated whether this resistance a u l d  be due to a 
lcw expression of adhesion mlecules. Using a large panel 
of mAb !e were able to demnstrate no or a lcw level 
expression of adhesion mlecules and M upregulation by 
g m - i n t e r f a  and/or "+?-alpha could be deimnstrated. 
Since cytotnxic T-cells seen to be p r  effeztor cells in 
this &el, v.e are investigating the effects of all- 
antigen-specific T-helper cells on cloncgenic leukaenic 
cells in coculture studies. 

D308 A COMPARISON OF ALLOGENEIC BONE MARROW 
T R A N S P L A N T A T I O N ,  A U T O L O G O U S  

TRANSPLANTATION, OR MAINTENANCE CHEMOTHERAPY FOR 
THE TREATMENT OF CHILDHOOD ACUTE LYMPHOCYTIC 
LEUKEMIA IN SECOND REMISSION, William F. Cassano, William 
Treloar, and the U.F. Pediatric Marrow Transplant Team, Department o f  
Pediatric Hematology-Oncology University of Florida College o f  
Medicine, Gainesville, Florida 32610 
We compared three treatment options in  31 patients @Is) to determine 
optimal therapy for relapsed, childhood acute lymphocytic leukemia 
(ALL). Patients who had a bone marrow relapse on or less than 6 months 
off therapy (18 pts) or more than 6 months after completing therapy (13 
pts) were enrolled in this study at the time of achieving second remission 
of ALL. 13 pts were treated with maintenance chemotherapy (chemo), 12 
pts with allogeneic transplantation (allo), and 8 pts with autologous 
transplantation (auto). A statistical comparison of means in  all three 
treatment groups failed to identify any significant differences between the 
groups' mean age at diagnosis, mean leukocyte count at diagnosis, or 
mean duration of first remission. Analysis of relapse free survival data 
by log rank analysis did show a signtficant survival advantage for all0 
over chemo and auto over chemo, but no significant difference between 
auto versus all0 treatment arms. Proportional hazards regression analysis 
revealed that treatment modality (allo, auto, or chemo) was the most 
significant prognostic variable (P<O.OOl) followed by age at diagnosis 
(P=0.013), duration of first remission (P=0.017) and leukocyte count at 
diagnosis (P=O.O4). Analysis of financial data indicates that patient 
charges are not significantly different for all0 and auto treatment arms, but 
both are about twice zs costly as the maintenance chemotherapy arm. We 
conclude that both allogeneic and autologous bone marrow transplantation 
are superior to maintenance chemotherapy for the treatment of childhood 
ALL  i n  second bone marrow remission. 

D 307 VERAPAMIL MODUIATION FOR PURGING MULTIPLE 
DRUG RESISTANT ACUTE LYMPHOBIASTIC LEUKEMIA 

(ALL) AND PREPARATIVE THERAPY FOR AUTOLOGOUS BONE MARROW 
TRANSPLANTATION (ABMT): A PILOT STUDY, Mitchell S. Cairo, J. 
Michael Plunkett. Eva Knoppel. Carmella van de Ven, and Leonard 
Sender, Children's Hospital of Orange County, Orange. CA 92668. 
ABMT for ALL is associated wilh a high relapse rate (70.75%) and is 
in part limited by ineffective methods of bone marrow purging. 
Recently, Rothenberg, et al (Blood 74, 1989) and Cairo, et al (AACR 
32,1991) have demonstrated an increased expression of the multiple 
drug resistant gene (MDR) at relapse in patients with ALL. Verapamil 
(VPL) (2-10 pM) has been shown in vifro to reverse multiple drug 
resistance associated with chemotherapeutic agents, but is in part 
limited in vivo (~3pM)  by cardiac toxicity (Cairo, el al, Cancer 
Research 49, 1989). Lioo, a T-lineage ALL line, was developed after 
repeated passages of Lo to sub-lethal concentrations of Vincristine 
(V). Lioo was determined to be an MDR line by expression of MDRl 
mRNA by Northern blot analysis (pHDR5A kindly provided by Michael 
Gottesman. NCI) and p-glycoprotein by Western blot analysis (C219 
monoclonal antibody). VPL (10 pM) significantly reduced the V-IC50 
of LIOO from 251 i 93 pM to 79 i 10 pM (p<.OOl) and VP-16 IC50 
from 18.5 2 3.3 pM to 7.5 k 2 4 pM ( ~ ~ 0 5 ) .  Bone marrow CFU-GM 
ICgo for V was 7.3 pM and for VP-16 80 pglrnl. VPL (10 pM) only 
increased V and VP-16 BM CFU-GM toxicity by 11.1 and 9.4% 
respectively (6-fOId selective cytotoxicity) (p.c.001). Dose limiting 
BM CFU-GM ICgo cytotoxicity with VPL (10 a) was 1.5 pM of V and 
50 pg/ml of VP-16. 5 patients with ALL (9.8 ? 2.3)(5 to 19 yrs) 
(four 2nd CR and one 4th CR) have undergone ABMT with purged bone 
marrow utilizing the above doses of V. VP-16. and VPL. Preparative 
treatment consisted of 1200 TBI, VPL (bolus 0.15 mglkg + 0.005 
mglkgimin x 4 hr infusion) + VP-16 (1800 mg/m2) (4 hr 
infusion) and Cytoxan (50 mg/kg x 2). 1 palient relapsed 4 months 
from ABMT (4th CR), 1 patient died on day 60 secondary to 
aspergillosis pneumonia, and 3 patients are engrafted and NED 2-6 
months post-ABMT. Recovery of ANC 2500imm3 x 2 days was 28.8 + 
6.0 days and platelets 2 20.000/mm3 was 32 t 9.7 days. I.V. VPL 
during VP-16 infusion was tolerated well and resulted in 15' level of 
65.6 i 16.3 nglml, 1 hr level of 449 i 130 ngiml, and 5 hr (1 hr 
post) was 180 f 100 nglml. The addition of VPL may provide a unique 
method to ex vivo purge MDR-positive leukemia and modulate 
preparative therapy during ABMT for ALL. 

D 309 COI\TENTIONAL VERSUS T-CELL DEPLETED ALLOGEI\F.IC 
BONE MARROW TRANSPIAKCATION FOR EARLY 

REMISSION A C L T E  LEUKEMIA B. ChilL. H Catro-Malaspina. N. Kernan. 
N COUIN, J .  Brochstein. N. flomenberg. 1. YOUR, F: Papadopodor, M 
Carabs i ,  D. Emanucl, A GilLo. T Small, 1. Cunningham, P. Black, R J .  O R c U y  
Bone Marrow Transplantation Sernce, Departments of Medicine and Pedatrics. 
Memonal Sloan.Kcttering Cancer Center. S e w  York h?'. 
From 19%-90. 43 pts., agrd 2-43, with earl) remission acutc leukemia and an 
HLA.identical sibling werr prospectively randomued to receivc cither a T a l l  
deplctcd (ma soybean lectin appllltinatioo and E-rosette formation) or a 
wnventional (unlractionaled) allogeneic marrow graft The 21 pts. randomwrd 
to r c w w  a conventional transplant consisted ol. 12 m t h  ANLL/Ist CR. 4 with 
ANLL/Znd C R  and 5 with ALL/Znd CR. The 22 pts reccinng T-cell depleted 
grafts included 10 with ANLLjlsl  CR, 5 wth ANI.L/Znd CR and 7 wth 
ALL/2nd CK. Ay,c and sex dislributions of the two groups werc ramparablc AU 
pts were conditroned prior to transplant w t h  hyperfractionated TBt 1su) c G y  
followed b) cyclophosphamidc 120 mgJkg Sloe of 17 recipients of T-cell depleted 
grafts from malc donors received graft rejection prophylaas Recipients of 
unmcdlfied g d t s  received GvHD pruphylxk with mctholrexate and cyclosporin- 
A. Of the 22 recipients of 'T-cell depleted marrou; 3 pts developcd acutc GvHD 
(one Grade t and [no g d d e  II) ,  whde among the 1R cvaluab!c wnventional grdft 
recipients, 11 pts developed acute CvHU (Grade I, J; Grade 144,  Grade 111. 4) 
Enensivr chronic CvHD developed m three of 13 c\aluable conventional 
transplanl recipients So  cases uf chronic C;! H D  were observed among reopicnls 
of T-ccl i  depicted grafts suhmng greater than 1137 days posi-BMT. In thc group 
receimng T-cell depleted marrou, 2 pts died of bactcrial sepsls w t h  1 death 
attributable to mterstitirl pncumonitu In the group recrinng con\entional grafts, 
thcrc were h sr.pttc death5 and 2 deaths due to interstitial pneumonia No 
signrbcant difference u1 suniLal, discase-free  SUM\^, o r  relapse r a k  casts 
k r u e e n  the conrcotional and T-cell dcplction arms. There arc 10 suninng P I S .  
in Ihc con.rcntiona1 arm (median F/U 31 months). while 11 recipients of T-cell 
depleted mdrrow have survived. disease-free. a median of 31 month following 
BhlT Onc pt (ALL/?nd remission) in the conventional arm relapsed 12 months 
fdlowng BhlT. uhilr 4 pts (2 with AI\lL/Znd CR. 1 with ALL/Znd CR and 1 
uith AYLL, 1st CRJ in the 1-ccll depletion arm relapsed, all within Lhc fu\t su 
months of iran~plrntatrun Discare free surnval IS 4'1% for the conventional 
transplant rccipientr and 46%. for the T-cell depletion PIS. In thi\ trial. advmtagcs 
achicved through the abrogation of C v H D  were offset b) lncreavd rejection of 
T-ccll deplctcd g r d t s  Houever. the antileukemrc eflicacy of uroventrooal and 
T-cell depleted marrou grafts uas equivalent. Reccntly wc have Identified 
treatmrni approaches prc\cntmg graft rclectron The impact of thcse approaches 
un the cflicaq oi T-cell depleted g a f t s  IS now under study. 
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D 310 BONE MARROW TRANSPLANTATION FOR 
CHILDHOOD HODGKIN'S DISEASE AND NON- 

HODGKIN'S LYMPHOMA, Kenneth B. De Santes. Finn Bo 
Petersen. Frederick R. Appelbaum, C. Dean Buckner and Jean E. 
Sanders, Fred Hutchinson Cancer Research Center. Seattle, W A 
98104. Sixty-five children with malignant lymphoma were 
transplanted at the Fred Hutchinson Cancer Research Center between 
February 1973 and December 1989. Fifty-four patients (83%) had 
non-Hodgkin's lymphoma and 1 1  had Hodgkin's disease. Twelve 
patients are currently surviving free of disease with a median follow- 
up of 36 months (range 9 - 1 14 mo). The 5 year actuarial probabilities 
of disease-free and overall survival were 16.4% and 19.3%. 
respectively. Patients who were transplanted while in complete 
remission had a greater probability of disease-free survival than 
patients who had residual tumor at the time conditioning was initiated 
(33.9% vs 5.310, p=.0007). Improved survival was also noted 
among children whose initial relapse occurred 2 6 months after 
diagnosis (19.3% vs 10.3% p=.02). Recurrent lymphoma was the 
most frequent cause of treatment failure with the 5 year actuanal 
probability of relapse being 71.4%. Children transplanted in complete 
remission had a 56.5% probability of relapse, compared to 88.9% for 
all other patients (p=.03). The type of marrow graft (i.e. autologous 
vs allogeneic) and the Occurrence of acute graft vs host disease did not 
significantly affect the risk of relapse. Twenty-one patients died of 
transplant-related toxicity. CMV pneumonia and idiopathic interstitial 
pneumonitis accounted for the majority of transplant-associated 
deaths. The risk of developing a fatal pulmonary complication was 
greater among children previously exposed to 2 15 Gy of chest 
radiotherapy (61.3% vs 20.8%, p=.OS). Transplant-related mortality 
was also higher among patients whose initial relapse Occurred c 6 mo 
after diagnosis (79.1% vs 35.5%. p=.03) and for those who had 
persistent disease at the start of conditioning (61.5% vs 30.5%, 
p=.005). Bone marrow transplantation can be successfully employed 
to salvage children with recurrent lymphoma. especially if 
implemented early in the disease course. Methods to reduce the 
incidence of post-transplant relapse are required. 

D312 ALLOGENEIC BMT FOR ACUTE NON 
LYMPHOBLASTlC LEUKEMIA (ANL) IN CHILDREN: 

ITALIAN EXPERIENCE, G. Dini, E. Lanino, 0. Ahla, C. Udeno,  
P. Polchi, F. Locatelli, P. Di Bartolomeo, W. Arcese, F. Rossetti, G. 
Rosti, M. Andolina, L. Boni, P. Paolucci, M.T. Van Lint, A. 
Bacigalupo for the AIEOP BMT group and the GITMO. 
Between '80 and '89, 70 children (43 males, 27 females), 12-180 mos 
old with ANL received matched allo BMT at one of the Italian 
Centres participatin in this study. At diagnosis (dx )  WBC count was 
higher than 100x10 /I in 13 children, lower in 57. According to the 
FAB classification, 12 children had ANL M1.24 M2.9 M3.8 M4, 14 
M5, 1 M6, 2 M7. Forty-nine children were grafted in first CR, 21 in 
"advanced disease (3 in 2nd CR, 18 in relapse). Conditioning 
regimens prior to BMT included TBI in 56 children; 14 children 
received a non- containing TBI regimen. Prophylaxis for GVHD 
included CSA alone in 58 children, other regimens in 12 children. 
Twenty-six children (37%) developed grade 11-111 acute GVHD, 
while one child developed grade IV. 
Twenty children out of the 57 surviving more than 100 days (35%) 
developed chronic GVHD. The overall survival ( 0 s )  from the date 
of BMT was 55% at 121 mos. The progression-free survival was 47% 
at 121 mos, with a median of 66 mos. In detail i t  was 57% for the 49 
children grafted in 1st CR, while it was 28% for the other 21 children 
(p = 0.006). 
We analyzed 8 prognostic factors. including sex, FAB classification, 
WBC count at dx, conditioning regimen, sex matching, age, status at 
BMT and the dx-BMT interval. In univariate analysis the FAB 
classification (FAB M 1,2,3) the number of WBC (<  100x109/l), the 
dx-BMT interval ( 1 4  mos) and the status at BMT (1st CR)  
favourahly influenced the 0s. In multivariate analysis only FAB 
classification and status at BMT favourably influenced the 0s. 

8 .  

~ 3 1 1  IS BUSULFAN-CYCLOSPHAMIDE REGIMEN FOR TRANSPLANT 
I N  CHRONIC MYELOID LEUKEMIA BETTER THAN 

CYCLOPHOSPKAMIDE TOTAL BODY IRRADIATION 7 RESULTS OF A 
RANDOMIZED FRENCH MULTICENTRIC TRIAL, A .  Devergie, J.P 
J o u e t ,  D .  Guyotat, D. Blaise ,  M .  A t t a l  and the  members of 
GEGMO. C e n t r e  Hayem. H o s p i t a l  SAINT-LOUIS, 1 avenue C 1 .  
Vellefaux 75475 PARIS CEDEX 10, FRANCE. 
There is a genera l  agreement t h a t  cure  of chronic myeloid 
leukemia (CML) i n  chronic  phase can be achieved i n  a 
r e l a t i v e l y  h i g h  proportion of pa t i en t s  receiving a n  
a l l o g e n e i c  bone m a r r o w  t ransplant  (BMT) a f t e r  conditioning 
regimen w i t h  cyclophosphamide and t o t a l  body i r r a d i a t i o n  
(CY T B I ) .  There are  now data  regarding eff icacy of 
Busu l f an  and cyclophosphamide (BUCY) in  BMT fo r  acute  o r  
chronic myeloid leukemias.  BU CY associat ion has been 
shown t o  have a good antileukemic a c t i v i t y  w i t h  a good 
to le rance .  We i n i t i a t e d  a prospective randomized 
mult icentr ic  study comparing e f f ec t s  of BU 16 mg/kg and CY 
120 mg/kg versus CY 120 mg/kg and TBI 10 Gy i n  CML i n  1 s t  
chronic phase. 127 p a t i e n t s  were randomized and 105 w e r e  
evaluable (BU CY 56 - CY TBI  49).  No s ign i f i can t  
difference was observed between the  2 groups i n  t e r m s  of 
age,  sex, i n t e r v a l  between diagnosis and BMT. A l l  p a t i e n t s  
were g r a f t e d  w i t h  an HLA i d e n t i c a l  s ib l ing  donor  and 
received cyclosporin A and "short" Methotrexate f o r  
prophylaxis of GVH. Overall  ac tua r i a l  s u r v i v a l  is 6 5 , s  %, 
r e s p e c t i v e l y  69 % ( C Y  TBI) and 62 % (BU CY) w i t h  a median 
follow up of 18 months. No difference was observed in 
terms of e a r l y  t o x i c i t y ,  infect ion,  acute O K  chronic GVHD. 
No r e j ec t ion  w a s  observed a f te r  CY TBI .  On t h e  contrary,  4 
pa t i en t s ,  i n  t he  BU CY arm presented e i t h e r  no take ( 1  
p a t i e n t )  OK l a te  r e j ec t ion  ( 3  pa t i en t s ) .  Longer follow up 
w i l l  be necessary t o  evaluate relapse rate. The ocurrence 
of marrow f a i l u r e  a f te r  " l i t t l e "  BU CY could indicate  t h a t  
t h i s  conditioning regimen is  in su f f i c i en t  ; a subsequent 
t r i a l  could compare CY-TBI t o  "big" BU CY (BU 16 mglkg and 
CY 200 mglkg). 

D313 AUTOLOGOUS BONE MARROW TRANSPLAWTATIW (ABHT) FOR 
ACUTE LYMPHOBLASTIC L E W U  ( A L L )  It4 IST  OR 2ND 

REMISSION (REH): FACTORS AFFECTING SWIVAt Am RELAPSE. 
Kris t ine Doney, Jean Sanders, Finn Ba Petersen, Frederick 
Appelbaum and C .  Dean Buckner f o r  the Sea t t l e  Bane Marrow 
Transplant Team, Fred Hutchinson Cancer Research Center, 
Sea t t l e ,  WA 98104 
We have analyzed the r e s u l t s  of ABMT a t  our i n s t i t u t i o n  for  55 
pa t i en t s  ( p t s )  with A L L  in 1st (n=22) o r  2nd (n=33) marrow rem 
who received a preparat ive regimen which included 12-15.75 Gy 
fract ionated t o t a l  body i r r ad ia t ion  (TBI). Median age was 
18.5 y r s  (2-45 y r s )  and median time from diagnosis t o  BMT was 
27 mos (4-122 mos). 31 of t he  33 p t s  in 2nd rem had t h e i r  
marrow harvested while in 2nd rem. Pr ior  t o  cryopreservation, 
34 pts had t h e i r  marrows t r ea t ed  with anti-T (n-6), anti-B 
(n=13),  anti-CALLA (n=13), o r  anti-T and anti-B (n=2) c e l l  
monoclonal ant ibodies .  Median times t o  achieving 200 and 500 
granulocytes/mm3 were 18 and 22 days post-ABMT, respe t i ve ly .  

days. Currently,  18 pat ients  a r e  a l ive  and 37 have died.  The 
major cause of death was relapse (27 p t s ) .  Event-free 
survival a t  2 years  i s  26% ( 1 s t  rem pts  = 36%, 2nd rem pts = 
18%). The actuar ia l  probabi l i ty  of re lapse a t  2 years i s  68% 
( 1 s t  rem p t s  = 50%, 2nd rem pts = 7%). Pre- and post-ABMT 
variables  were evaluated fo r  t h e i r  e f f ec t  on survival and 
relapse.  Variables s ign i f i can t ly  associated ( ~ ~ 0 . 0 5 )  with 
improved survival in univar ia te  analyses include preparative 
regimens using 14.4 o r  15.75 Gy TBI, no extramedullary disease 
a t  t he  time of ABMT, and a shorter  time t o  achieving 200 
granulocytes/mm3. In a proportional hazards regression model, 
only the absence of extramedullary disease a t  the time of ABMT 
was s ign i f i can t ly  associated with improved survival .  None of 
these var iables  was s ign i f i can t ly  associated with relapse 
post-ABMT. These analyses were a1 so performed a f t e r  
redefining each pat ient ' s  rem/relapse s t a tus  by counting 
extramedullary relapses  a s  independent re lapses .  Using t h i s  
de f in i t i on  o f  disease phase, only 8 p t s  were transplanted in 
1 s t  overall  rem and 27 i n  2nd rem. Improved survival was 
s ign i f i can t ly  associated with no act ive extramedullary disease 
a t  the time of ABMT and with a shorter  time t o  achieving 200 
granulocytes/mm3, whereas re lapse post-ABMT did not co r re l a t e  
with any of the var iables  analyzed. 

Median time t o  achieving a p l a t e l e t  count 120,00O/mm s Wac. 39 
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D 314 BUSULFAN (BU) - CYCLOPHOSPHAMIDE (CY) CONDITIONING 
A N D  ALLOGENEIC BONE MARROW TRANSPLANTATION (BMT) 

FOR CHRONIC MYELOID LEUKEMIA (CML). Mohamed B. Elmongy, John 
0. Shepherd, Michael J. Barnett, Donna E.  Reece, Stephen H. Nantel. 
Hans-G. Klingemann. and Gordon L. Phillips. The LeukerniaiBone 
Marrow Transplant Program of British Columbia, Division of Hematology, 
Vancouver General Hospital. British Columbia Cancer Agency, and the 
University of British Columbia. Vancouver, BC V5Z 4E3 
Between 3/87-5/91,35 patients (pts) with CML underwent BMT following 
a BU (16 mg/kg) and CY (120 mg/kg) conditioning regimen. Marrow 
source was HLA-identical related (33) or one-antigen mismatched 
related donors (2) Graft-vs-host disease (GVHD) prophylaxis was with 
cyclosporine (CSP) and methotrexate (MTX) in all pts. Ten pts received 
folinic acid rescue following MTX (Blood 76 Suppl 1 :569A, 1990). Two 
other pts who received marrow from parous female donors received 
XomaZyme (0.1 mgikg x 14) in addition to CSA and MTX as a part of a 
pilot study for pts at high risk for acute GVHD. There were 15 females 
and 20 males; median age 40 (range 13-50). Thirty-one pts were in first 
stable phase (SP), and two were in accelerated phase. One pi was In 
second SP. and one was in myeloid blast phase. Of the 31 pis in SP1, 
one pt received prior BU. and 27 were transplanted within one year from 
dia nosis. All pts engrafted wit median day (range) to PMN > 0.5 x 

respectively. Sixteen pts (45%) developed grade t 11 acute GVHD; 48% 
of the pts developed grade I I  mucositis, and 31% of the pts developed t 
grade 11 hepatic toxicity. Only 4 pts developed grade 111 or IV regimen- 
related organ toxicity (2 hepatic, 1 bladder. and 1 pulmonary). Three pts 
died of early complications; 1 of acute GVHD, 1 of hepatic toxicity, and 1 
of lung toxicity. Four pts died of chronic GVHD complications at +6. +9, 
+12. and +21 months. Two pts relapsed; probability of relapse is 7% 5 
10%. Twenty-six pts (74%) are alive and disease free (median follow-up 
of 17 months, range3-39). The two year actuarial event-free survival is 
69%+ 17%. We conclude that: 1)  BUCY is a well-tolerated regimen and 
its toxicity is not excessive when used with CSA and MTX for GVHD 
prophylaxis, and 2) BUCY has an excellent antileukemic effect against 
CML and should be considered as an alternative preparative regimen for 
this disease. 

108/L and platelets > 20 x 10 3 /L was 17 (12-32) and 12 (0-31) 

D 316 REPRODUCIBILITY OF PCR FOR DETECTION OF 

PLANTED FOR CML, G Gehly, J Gabert. C Haskovek and E D 
Thomas, Exp Path, Fred Hutchinson Cancer Research Center, Seattle, 
WA and Dept. of Biology, Institut Paoli-Calmettes, Marseille, FR. 
Reproducibility of PCR results will be increasingly important as the use 
of the technique becomes more widespread. We evaluated PCR 
reproducibility by assaying for minimal residual disease in two 
independent laboratories. Thirty-seven marrow and 30 blwd specimens 
from twenty posttransplant, remission CML patients were evaluated in a 
blinded fashion by both laboratories. The time after transplant ranged 
from 3 yr to 9 yr. Both laboratories employed a single-step PCR 
method followed by Southern transfer and oligonucleotide probing. 
Assay sensitivity was between and as determined by diluting 
chronic phase CML cells into BCR-abl negative HLM) cells. 
Comparative results for marrow specimens are summarized below. 

MINIMAL RESIDUAL DISEASE IN PATIENTS TRANS- 

& Positive Neeative Equivocal Inadequatp 
USA I 11 0 1 
FR 5 12 1 0 
Total 12 23 1 I 

& Positive Neeative Eouivocal Inadeouate 
USA 4 8 3 0 
FR 3 8 2 2 
Total 7 16 5 2 

The results for blood specimens were: 

Equivocal specimens had signals too famt to be clearly positive or gave 
conflicting results on two repeat experiments. Inadequate specimens 
were those failing to amplify a control gene such as beta 2 
microglobulin or c-abl. The results in Seattle and Marseille were 
identical in 14/20 patients. In three cases, the results were identical 
except one laboratory found a single specimen to be inadequate. These 
results indicate that for a majority of patients, PCR results can be 
obtained reproducibly by two laboratories usmg similar methods. 

D315 IMPROVED RSSULTS IN ALLOGENEIC BIT FOR LEUKEMIA BY 
F Frassoni.A 

BacigaluP0.A Marmont. Centro Traptanti Midollo Osaeo, 
Divfafone Ematologia 2,Ospedale Ban Martino, Genova Italy 
The outcome of allogeniec BMT depends upon many factor.: 
among them the TBI dose and the allograft(inc1uding GVHD . 
immunodaiiciency , imunosuppreaaive therapy ,etc.)affect 
substantially either the relapse and the transplant related 
complications. We were concerned that increased doaes of TBI 
were amsociared with high transplant related mortality and 
threfore We deliberately have choomen to use 5ild TBI donas 
as conditioning regimen for allogeneic aM~.The done we have 
used is probably a threshold one and small variations 
produce major effects in term of relapse and survival . The 
results are the following. Uaing fractionated TBI(fTB1) 
consisting of 333 cGyx3(effective dose 1000-1100 c ~ y )  the 
incidence of interstitial pneumonitis was 5%. We observed an 
actuarial eight years relapme incidence(R1) of 0% and 10% in 
CML chronic phasa(CP) and in AML firmt completa 
remission(1CR) respectively but with doses of TBI lower than 
990 cGy the RX wam around 50% i n  both diaeascs. Being the 
above schedule a threshold doan. different GVHD prevention 
schemes produce great variations in the resulta. In fact, 
providing a TBI dose of 1000-1100 cGy ,in AML 1CR Img/kg vs 
5mg/kg of Cyclosporin A(CS)as GVHD prophilaxis produced 68% 
and 0% versus 30% and 50% DFS and RI ranpectively. 
Conversely in CML ICP 5mg/kg of CS produced <lo% relapae 
rate only. From these data it is suggested that the GvHD 
protocol have a different impact on different dineases 
probably becauae remimmion and cure of AML and CML in 
chronic phase is achieved and maintained with BMT by 
non-superimposible mechanisms. Concerning AML 1CR we have 
initiated a trial comparing two different schemes of GVHD 
prevention: CS lmg/kg vs CS lmg/kg+Mathotrexate xo evaluate 
whether we can improve the transplant related mortality 
without increasing RI. Twenty patients have been enrolled 
and the DFS is until now >90% in both arms with a median 
follow-up of IS months. Until new methods of eradicating 
leukaernia, free from the toxicity associated with currently 
used conditiong regimen., will become availbale, a 
modulation of the present therapeutic tools provide 
significant improvement of reaulta in allogeneic BMT. 

HODULATING TBI DOSE AND GVHD PREVENTION 

D317 COMPLETE R E M I S 5 1 0 N  A F T E R  TREATMENT WITH 
TRETINOIN ( A L L - T R A N S - R E T I N O I C  ACID)  I N  A 

PRELIMINARY R E P O R T ,  Teodosio Izzi. Giuseppe 
Rossi, Bruno Roncoli, Pierinu Ferremi, .?aria 
Adele Capucci, Nariarosa nariano, Cecilia 
Carbone, Vittorio Ferrari. Albert0 Zaniboni. 
Sezione Autonoma di Ematologia e Trapianto di 
nidollo Osseo, I 1 1  Divisione di medicina 
Generale. Spedali Civili di Brescia, Italia. 
A 32 year old man affected by AFIL(FI3). achieved 
a complete remission after DNB+ARAC and relapsed 
after one year during the maintenance treatment 
( D N B + 6 T H I O G + A R A C + ~ I T O X I V P 1 6 ) .  
The paeient achieved a 1 1  C R  and underwent an 
autologous bone marrow Kransplant (ABET) with 
the frozen bone marrow harvested in I CR. The 
transplant was performed after Busulfan 1 4  mg/kg 
and CY 2@@mg/kg and the patient left the 
isolation ac + 2 0  days from BmT. 
15 monchs after ABmT the patient relapsed In 
bone marrow and treatment with tretinoin was 
s~arted at h dose of 4 5 m g / m 2  per day. For 20 
days r.he drug was given once in che morning and 
for the following 30 days divided into two equal 
closes of 4 5 r n g l m 2  adminisrered s i x  hours aDart 
After 50 days of trearment a bone marrow biopsy 
showed a complece remission with normal 
trilinear cellular proliferation. 
The peripherai blood count shows a complete 
recovery in UEC with 3 x 7 0 ^ 5 ' / 1  neutrophils and a 
low piatelet count. No adverse side effects were 
observed during che rreatmenr. 
Tretinoin is an effective agent for inducing 
complete remission in patients with acute 
promyelociric leukemia, our report shows the 
possibility of achieving a CR also in paciencs 
relapsed after an ABNT. 

A M L ( M ~ )  PATIENT RELAPSED POST ABMT I N  11 CR. 
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D 318 lg- AND TCR-REARRANGEMENTS IN BONE MARROW 

TRANSPLANTATION (ABMT) - A PROGNOSTIC PARAMETER. 
HARVESTED FOR AUTOLOGOUS BONE MARROW 

Hanne Jsrgensen, Peter Hokland, Arne Willy Jensen and 
Marianne Hokland. Department of Immunology, University 
of Aarhus and Department of Hematology and Medicine, 
Aarhus Amtssygehus, Denmark. 
Given the fact that about 40% of patients relapse after 
ABMT it was interesting to know, whether detection of 
minimal residual disease (MRD) in the bone marrow (BM) 
harvested was useful as a prognostic parameter. We 
therefore analysed 50 consecutively harvested BMs from 
patients with various malignant diseases for rearrange- 
ments of the genes encoding the lg- and/or T-cell 
receptor. This kind of rearranged genes demonstrate the 
presence of clonally derived cells, and thus indicates 
MRD. Surprisingly, we demonstrated rearrangements in 
16 (32%) of these 50 BMs even though they were judged 
by immmunophenotyping not to include malignant cells. 
Rearrangements of the lg-genes were rarely seen, while 
TCR-!3 rearrangements were seen in 50% of AML patients 
and in 27% of ALL patients. As expected, the presence of 
rearrangements clearly indicated a higher probability of 
relapse. However, despite the presence of rearrange- 
ments, 6 patients (37%) still remained in complete 
remission 2 years after BM harvest. From our results it 
appeared, that very few of the patients receiving bone 
marrows with the presence of TCR-b rearrangements 
(when present as the only rearrangement) developed 
overt disease. Thus, our results clearly demonstrate, 
that a) the presence of clonally derived cells in the BM 
does not necessarily imply early relapse, and b) that the 
type of rearrangement is of great importance. 

DQ2OG-CSF-combined conditioning regimen for acute 

Koichi A k a s h i .  H i s a s h i  G o n d o .  # M i n e  H a r a d a .  S h i n  
Hayashi. XYasushi Takamatsu. UTakanori Teshima. UYoshi- 
yuki Niho. Dept. o f  Hematology. Sanshinkai Hara Hospi- 
tai, XFirst Dept of Internal Medicine. Kyushu U n i v e r -  
sity. Fukuoka. Japan. 

myelogenous leukemia 

W e  conducted high doses of granulocyte colony- 
stimulating factor (G-CSFI-combined conditioning for 
autoiogous blood stem cell transplantation (ABSCT) in 
an attempt to increase the chemosensitivity of myeloge- 
nous leukemia cells to cell cycle-specific cytotoxic 
drug. cytosine arabinoside (Ara-Cl. Consecutive 9 AML 
patients r e c e i v e d  t h e  c o n t i n o u s  infusion of A r a - C  
(100mg/sqm/24h x 6dl following b y  the high doses of 
Ara-C (3g/sqm/lh x 2/d x 2 d l  in addition t o  busulfun 
(4mg/kg/d x 4dl and enocitabine (IOmg/kg/d x 2d) (BU- 
AraC-VP16). G-CSF was escalated U P  to 20 ug/kg during 
Ara-C administration. Five patients received ABSCT with 
this conditioning during 1st CR. and the other 3 cases 
during 2nd or 3rd CR. G-CSF could support the colony 
formation of leukemic blast cells from all of 5 pa- 
t i e n t s  e x a m i n e d .  O n e  c a f e  ( C a s e  2 )  w a s  c o n d u c t e d  
G - C S F - c o m b i n e d  B U - A r a C - V P 1 6  a s  a 2nd c o n d i t i o n i n g  
because he had relapsed 8 months after ABSCT with BU- 
AraC-VP16 without G-CSF. Two cases has relapsed and the 
remaining 7 cases are now continuing complete remission 
(median f o i i o w  U P :  5 months). Notably. C a s e  2 has 
already retained 2nd CR for 9 months. N o  additional 
adverse e f f e c t s  w e r e  seen a5 compared to BU-AraC-VPI6 
without G-CSF. Despite a limited number o f  Patients. 
G-CSF-combined BU-AraC-VPIS is worth trying as a condi- 
tlonlng f o r  not only ABSCT but allogeneic bone marrow 
transplantation in the treatment of AML. 

D319 HIGH DOSE BUSULFAN AND ETOPOSID 
AS A CONDITIONING FOR THE BONE MARROW 

TRANSPLANTATION. K. Kogure, H . Nakamura, 
N-Aotsuka, T-Asai, H.Oh. 2nd Department of 
Internal Medicine, Chiba University School 
of Medicine, Chiba, Japan. 
The relapse of the primary disease is one 
of the major complications in autologous 
and syngeneic bone marrow transplantation 
(BMT). The second BMT against relapsed 
disease after allogeneic BMT also faces 
hi h frequency of relapse. We studied the 
efqicacy and safety of high dose busulfan 
and etoposid as a conditioning regimen for 
autologous, syngeneic and the second 
allogeneic BMT. Six patients with 
hematological malignancies were treated 
with this regimen. The median age of 
patients was 29 (range 18-38) - One patient 
was transplanted with autologous marrow 
graft and two patients were grafted from 
monozygous twin siblings. Three atients 
with relaps underwent the 2nd BMT prom the 
same donor as the first allogeneic BMT 
conditioned with endoxan and total body 
irradiation. Busulfan (l6mg/k ) was given 
oraly over 4 days, followed %y continuous 
infusion of etoposide (60m /kg) for two 
days. In the second al(iogeneic BMT. 
c closporin A and methylpredonisolone were 
aLinistered as a prophylaxis against graft 
versus host disease. All the atients were 
tolerable to this regimen an$ major side 
effects were transient fever and mucositis. 
Immediate hematological recovery was 
observed. Four patients had been disease 
free(2-21 mo.: median 13mo.) and two 
patients relapsed; one in earl phase after 
syngeneic BMT and the other 2fO days after 
autologous BMT. This conditioning re imen 
seems to be effective and safe especqally 
in the setting where we may not need to 
consider graft rejection. 

D 321 MICROSATELLITE DETECTION OF DONOR 
LEUKEMIA FOLLOWING ALLOGENEIC BMT. 

Mark Lawler. Andrea Bacigalupo. Shaun R. McCann, 
Peter Humphries, Paul V. Browne, Marina Podesta, 
Francesco Frassoni. Maria Teresa Van Lint, Albert0 
Marmont. Department of GeneticslHaematology. St. 
James Hospital and Trinity College Dublin,lreland. 
Department of Haematology.Ospedale San Martino 
Genova Italy. 
Donor Leukemia is a rare event following allogeneic 
Bone Marrow Transplantation(BMT). We report on two 
cases where PCR analysis of dinucleotide repeats 
(microsatellites) combined with cytogenetics 
confirmed the donor origin of cells post BMT. 
In the first case a patient was transplanted for severe 
aplastic anaemia from his HLA identical female cousin. 
Successful engraftment was achieved at day 28 with 
donor haematopoiesis. Nine months post transplant, 
blast cells were documented and cytogenetic analysis 
indicated a 9; 1 1 translocation characteristic of acute 
monocytic leukemia. However the abnormality was in 
donor (female) cells only. PCR of microsatellites 
confirmed the donor origin of the cells.ln the second 
case archival slide material from a patient who had 
been transplanted in 1984 for Chronic Myeloid 
Leukemia was examined retrospectively using PCR. At 
the time of transplant.in situ hybridisation suggested a 
leukemic relapse in donor cells. Our retrospective 
analysis seven years later using microsatellites 
confirmed that the relapse was indeed of donor 
origin-In both cases the donor remains hematologically 
normal. PCR of microsatellites is a novel highly 
reliable method of assessing chimerism following 
BMT and has allowed us to confirm the donor origin 
of cells in two cases of leukemic relapse. 
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D 322 BUSULFANETOPOSIDE PREPARATlVE REGIMEN FOR 
AUTOLOGOUS PURGED BONE MARROW TRANSPLANT- 

ATlON FOR TREATMENT OF ANLL. C. A. L inker, I.. E. Damon, 
C. A. Ries, p. S. Rueo* 
University of California, San Francisco, CA 

We evaluated the efficacy and toxicity of a new preparative regimen in 
the treatment of patients in remission of ANLL with high dose 
chemotherapy and autologous bone marrow rescue. Chemotherapy 
consisted of busulfan 1 mgkg q 6h for 4 days (total dose 16 mg/kg) on 
days -7 to 4 followed by an IV infusion over 6 - 10h of etoposide 60 
mglkg on day -3. Autologous bone marrow, treated in vitro with 100 
pglml of 4-hydroperoxycyclophosphamide, was infused on day 0. We 
have treated 46 patients, 27 in first CR and 19 in second or subsequent 
CR. Twenty three of the 27 first remission patients acheived CR with 
high dose Ara-C combined with either daunorubicin or mitoxantrone and 
4 received srandard dose regimens. One patient required two courses of 
therapy to achieve initial remission. and two patients received one cnurse 
of consolidation therapy, which in neither case included high dose Ara-C, 
prior to BMT. Median age was 39 (17 - 59) and median time from CR 
to BMT was 3 months (1.5 - 7). Of the first CR patients, one died of 
diffuse gut injury and 4 of 26 survivors have relapsed (at 8, 12, 14, 23 
months). One patient died of unrelated causes and 21 remain in CCR. 
With median follow-up of 20 months (2' - 57') and ten patients in CCR 
over 2 years, actuarial DFS is projected to be 72 k 11 %. Included in 
this group are 14 patients with favorable FAB types M3 and M4EO who 
all remain in CCR with median follow-up of 20' months. Median time 
to 100 and 500 neutrophils was 24 and 38 days respectively, time to 
hospital discharge was 41 days, and time to platelet independence was 55 
days. Of the 19 second or subsequent remission patients, 7 died during 
treatment and 3 of 13 survivors have relapsed (at 2, 3, 9 months). Ten 
patients remain in CCR. With median follow-up of 34 months (3' - 46') 
actuarial DFS is projected to be 45 f 12%. Busulfantetoposide is an 
effective and acceptably toxic regimen whose use with autologous purged 
BMT may improve the long term DFS of patients with ANLL. 

D 324 CYTOGENETIC AND MOLECULAR REMISSION OF 
CML AFTER T-DEPLETED BMT. THE ROLE OF A NEW 

MYELOABLATIVE REGIMEN THAT INCLUDES THIOTEPA. Yasslnio 
F. 3 a r t e l l i .  Franco Aversa. Piergiuseppe f e l l c c i  # ,  
Adelnao Terenz i ,  Alessandra Carotti, f i c o l a  A l b i ,  Antedea 
Yencarell i  # ,  Eei l io  Donti # ,  I 'aolo L a t l n ~  ' ,  f r a n r o  
Chewagl in i  ', Tail-  Reisner * _  I s t i t u t o  d l  Eliiatolorjia e 
#Clinics Medica I ,  Lnivers i ty  of Perugia.  
Radiot e rap ia  flncologica, Policl i n i r o  Yon t e lnce 06100 
Yeiugia, l tal! .  * Department of Biophysics. heizlhan 
I n s t i t u t e ,  Reiio\ot, 76100 I s r a e l .  

The majority of CML p a t i e n t s  t rea ted  with standard 
conditioriiiig regimeris a n d  donor niai I ' O ~  depieter! P\ YlLo 
of  7 lymphocytes re lapse  a f t e r  RYT. i t p  report  the  
chine1 ism p a t t e r n ,  Ph-chronnson,e s t a t u s  and moleriilar 
gene t ics  of 1 2  C3L p a t i e n t s  (16 Y .  6 F ;  i i ;edlai l  d(JC 36 
years ,  range 16-49)  htio r e c e l \ e d  a lec t in-separa ted  B\IT 
a f t e r  a conditioning regimen tha t  included 1 4 . 4  Gi 
h!per-fractiondted T B I ,  10 nq/l;g Ttiic.tepa. A X  and 100 
mg/kg C!clophosphawide. One pa t ien t  xas ntismatched a t  
1 locus.  X I 1  hut one,  rho kds  111 second C P ,  &.ere i n  1st 
c r .  411 p a t i e n t s  achiebed a full-doiic~i cliiri,erisn 
enyraftment a t  DSA poi!ntorpliisn, a i i d l ~ s i s .  S e l t h e r  acilte 
nor chronic GVHD were observed. 1 6  ( 7 2 % )  s u r r i i e  event 
f r e e  a t  a wean f o l l o w - u p  01 !? months (iaiige 1 - 1 5 ) .  
Yolecular a n d  c !  togenet ic  re lapse  \ a s  documented i n  one 
pa t ien t  7 months a f t e r  t r a n s p l a n t .  5 non-ielapsr deaths 
occurred (1 a s p e r g i l l u s  If', 1 C ' l - T f ' ,  i i d i o p d t i r  If ' ,  I 
sepsis and I Lbell syndrome). Three n~ont ! i l~  cliech-ups 
h a i r  f a i l e d  t o  reveal Ph-clironcosonie oi  PCK p c i s J t 1 \ 1 t !  
i n  e i t h e r  per iphera l  bl(iod 01 hone u,arrm of t h e  16 
surv iyors .  
I t  seesls reasonable t o  hope t h a t ,  d e s u i t e  t h e  t o t a l  
absenre of GVHD. 0111 roiidit ioniny sclii_.diilc tha t  
included the n ~ y e l o a b l a t i i e  agent th io tepa  h i 1 1  be 
accompained h! a r e l a p s e - r a t e  a5  lo* a s  tha t  
encountered k i t h  unmanipulated bonr n ia i ruh .  

D 323 ALLOGENEIC BMT FOR HUMAN T-LYMPHOTROPIC 
VIRUS TYPE 1 (HTLV-1) POSITIVE ADULT T-CELL 

LEUKEMIA (ATL): A CASE REPORT. Per Liunman. Johan Aschm. 
Karin Karlsson, Bent Unnqvist, Claes Ma~m,~Ol le 'RingdCn.~Oi l~  
Vikrot, Birgttta Asjo, Gasta G a b o n .  Deps. of Medicine, Clinical 
Immunology, and Transplantation Surgery, Huddinge Hospital, 
Huddinge; Dep of Medicine, University Hospital, Linkoping; Dep of 
Virology, National Bacteriological Laboratory, Stockholm, Sweden. 
The patient was a 48 year old female of japanese origin who in January 
1990 developed leukocytosis, fever and hypercalcemia. She was HTLV- 
1 positive. Morphology, cytochemish-y and immunology supported the 
diagnosis of ATL. BMT was performed in  first complete remission July 
13,1990 with an HLA-identical, HLTV-I negative sister as donor. The 
conditioning regimen was TLI 3 x 2 Gy, cyclophosphamide 60 mg / kg x 
2, and TBI 7.5 Gy. T-cell depletion was performed with monoclonal 
antibodies. The patient received foscamet from day -10 to day +49 after 
BMT, in an attempt to reduce the risk for infection of the marrow graft 
with HTLV-I. She had an uncomplicated course with engraftment on day 
+I6 and developed acute GVHD grade I and later limited chronic GVHD, 
which both were treated with corticosteroids and resolved. Blood group 
antigens showed only donor etythropoesis. She remained healthy until 
the end of May, 1991 when she developed intermittent fever up to 39OC. 
No explanation could be found for the fever. She remajned intermittently 
febrile until June, 30 when she was readmitted due to confusion and 
signs of encephalitis. An extensive search for the cause of the 
encephalitis was negative. Neuroradiologic examinations were normal. 
CSF did not contain any leukemic cells and the bone marrow was 
normal. The patient rapidly deteriorated despite antiviral, antibacterial and 
antifungal treatment and died on July, 20. Autopsy showed slight 
atrophy of the cerebral cortex, gliosis, and penvascular lymhocyte 
infiltration. No infectious agent was found. The patient was after BMT 
followed repeatedly with serology for HTLV-I (ELISA). All serum 
samples tested showed presence of HTLV-I antibody. However, there 
was no HTLV-I antibody detected in !he cerebrospinal fluid. Bone 
marrow and PEL specimens were examined by PCR and cecultivation 
experiments with normal PBL. All bone marrow samples and PBL 
samples was positive for HTLV-1. This case indicates that HTLV-1 can 
not be erradicated by allogeneic BMT despite antiviral prophylaxis with 
foscarnet. Whether another anti-retmviral agent would give better results 
is unknown. 

D 325 COMPARISON OF CYTOGENETICS. RFLPS AND 
PCR FOR ASSESSING CHIMERISM FOLLOWING 

BMT FOR CML. Shaun R. McCann. Mark Lawler, Peter 
Humphries, Philip McGlave and Bruce Blazar. Depts of 
HaematologyIGenetics St. James's Hospital and Trinity 
College Dublin Ireland. Depts of Pediatrics and 
Hematology, University of Minnesota, Minneapolis. 
We conducted a blind study between 2 institutions to 
assess the relative sensitivities of cytogenetics.RFLPs 
and PCR in the assessment of chimerism post BMT in 
a cohort of 17 patients who had received allogeneic 
BMT for CML. In all cases recipients were male and 
donors were female.All patients were conditioned with 
fractionated TBI and cyclophospharnide.Fol1ow up time 
ranged from 27-744 days. Cytogenetic markers of 
engraftment were the Y andlor Philadelphia 
chromosomes.For RFLP analysis a panel of DNA 
markers which were informative for donor I recipient 
were used to assess chimerism post BMT. PCR was 
performed on archival slide material following rapid 
lysis after scraping of slide material into an tube using 
a sterile scalpel blade.PCR was executed with a panel 
of 3 Ychromosome specific oligonucleotide primer sets 
and autosomal material was coamplified to allow levels 
of recipient cells to be estimated. The results of 
cytogenetics and RFLP analysis were unknown at the 
time of PCR study.Results indicated that MC was 
detectable in one patient using cytogenetics. in a 
second patient using RFLPs and in a further three 
patients using PCR In no case did we fail to detect MC 
by PCR. The earliest detection of MC was by PCR at 
day 27.This study indicates that PCR is more sensitive 
than RFLP analysis which in turn is more sensitive than 
cytogenetics in the detection of MC in sex mismatched 
transplants. 
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D 326 ALLOGENEIC BONE MARROW TRANSPLANTATION (BMT) FOR 

45--T,W. Ratliff, G.S. Harman, R.D. Halvorson, U . J .  Snyder, 
J . H .  Essell, and J.M. Thompson, Dept. Hematology SGHMUH, 
Wilford Hall USAF Yedical Center, San Antonio, Texas 78236. 
Advanced age has been used as a factor in denying allogeneic 
bone marrow transplantation. Contraindications to the 
procedure in older patients were thought to include 
excessive toxicity of the preparative regimen and excessive 
risk o f  severe graft-versus-host disease (GVHD). From July 
1987 thru Aug 1990, we performed allogeneic BYT on 1 7  
patients, aKes 45-61, all with good performance  tatu us, no 
severe organ dysfunction, and lack of excessive prior 
cytotoxic chemotherapy. Underlying diagnoses included 
chronic myelogenous leukemia (CML) in chronic phase (7 pts), 
CML in advanced phase ( 4  pts), acute myelogenous leukemia 
(AM.) in complete remission ( 2  pts), AUL in relapse (2 pts), 
and agnogenic myeloid metaplasia (1 pt). 7/17 (412) 
p;i:ier.ts are alive currenrly, 348-15OR days poat-BKr. 
Causes of death included bacterial infection (1 pt), fungal 
infection (1 pt), cytomegalovirus pneumonitis (3 pts), mixed 
infection ( 1  pt), veno-occlusive disease of the liver (VOD) 
( 1  pt), cerebrovascular accident (1 pt), and relapsed 
disease (1 pt with CML in blast crisis and 1 pt with AML in 
relapse). 3 / 7  living patients and 3/13 dead patients had > 
grade 2 GVHD. 3/17 patients (all dead) had > grade 2 VOD: 
Our results indicate that allogeneic BYT can-be offered to 
selected patients over age 4 5 .  Theee results will he 
fllrther coepared to our results in younger patients and 
reported results in older patients. 

H E W T O L O G I C  MALIGNANCIES I N  PATIENTS (PTS) OVEIl  AGE 

D 328 SECOND BONE MARROW TRANSPLANTS (BMT) 
Marcus Vowels, Mathew Shing, 

Reg Lam Po Tang, Hedy Mameghan, David Ford and Annette 
Trickett. Pediatric Bone Marrow Transplant Unit, Prince of 
Wales Children’s Hospital, Sydney, 2031, Australia. 

Nine patients with ALL (n=2), AML (6) and CML (1) 
received a second BMT and one of these a third BMT, 
following failure of sustained engraftment (4) or relapse (6). 
The initial transplant utilised matched (7), one antigen 
mismatched (2) and autologous (AUTO) (1) marrow. Four 
patients who failed to have sustained engraftrnent received an 
AUTO BMT. These patients had had an AUTO marrow 
collected as a backup prior to their first BMT because of 
increased risk of rejection. No conditioning therapy was 
given. Two patients died before engraftment, one relapsed at 
17 mths and one remains relapse free for 62+ mths. Six 
patients who relapsed 13 to 47 mths (median 18 mfhs) from 
first BMT received a second allogeneic (ALLO) BMT. Source 
of donor marrow was from the same donor (5) as the first 
BMT or an ALLO instead of an AUTO ( 1 ) .  Conditioning 
consisted of chemotherapy alone (3) if total body irradiation 
(TBI) was used for the first BMT, or TBI and melphalan 2 
antilymphocyte globulin (3). Successful engraftment occurred 
in all six patients. Acute graft versus host disease (GVHD) 
was more frequent as compared with the first BMT. Three 
patients given chemotherapy conditioning relapsed at 7, 8 and 
16 mths whereas of three patients given TBI, two are relapse 
free for 20+ and 25+ mths (both longer than there first 
renmission) and one died from pneumonitis after BMT. One 
patient has severe chronic GVHD and pneumonitis. Thus, 
collection of an AUTO backup marrow rescues patients who 
are at increased risk of failure of sustained engraftment and 
second ALLO BMT leads to relapse free survival in a 
significant number of patients. 

FOR LEUKAEMIA. 

D327 AVIDLMXXTS EWT FOLLOWING AN “ad hoc” CLNDITIONING 
REGIMEN FDR MTRAEIEDULWIRY RELAPSES OF CHILDHCOD 
ALL: A PRELIMINARY REPORT, 

Rossetti F., Colleselli P., Messina C., C e S a r O  S., Sotti 
G. and Zanesco L. ,  Department of Pediatrics, University of 
Padova, Padova Ttaly 
INTRODUCTION. Early extramedullary ALL relapses treated 
vith second-line chemotherapy have resulted in 20-40% 
long-term survival. We planned to treat CNS and testis 
relapses with ABW folioving hirjhilose cytosine 
arabinosije ~ I U S  hyperfractionated TRT to test efficacy 
aiid !,,xicity of sue:-, conditioning regimen. PATIENTS 6 
MFTHCDS. From J d y  1987 to July 1991, ten children who 
relapsed in a J S  (8 patients) or testis (2 boys) during 
front-line chemotherdpy or vithin the 6th month from the 
cessdt ion of chemotherapy, underwent ABKl’ followirig one 
dosr intrathecal mrthotrexate, HD Ara-C ( 3  gr/mZ twice 
daily for 4 consecutive days) and TBi (1,Z Gy three times 
daily for 4 futher cunsecutive days). No further CNS 
prophylaxis w a s  administered folloving ABKT. Their ages at 
tinir of diagnosi$. ranged from 0,7 to 14,8 yeras and, at 
time of ABMT, from :,1 to 16 ,7  yrdrs. The 1st 
remissiori-to-ielapse intervals ranged from 13 to 33 months 
and th relpase tu ABMT intervals from 5 to 10,s months. 
RESULTS. O r e  patient died due to streptococcus plus 
Cdndida Albicans sepsis on day t5 and another one died due 
to bone marrov r e l p s e  occurred 4 months after ABMT. The 
remaining 8 patients are alive and veli 2 to 48 (median 
16) nioni.hs folloving ARW. In particular, nrr CJG relapse 
has k e n  SO far observed even though we did not perform 
any CNS prophylaxis fulioving ABMT. The toxicity of this 
conditioning regimen vas acceptable. A slight to moderate 
conjunctivitis, nausea and diarrhea were the most frequent 
complications. N o  patient had evidence of CNS toxicity. 
CONCIJJSION. This prel imirury report would suggest a 
possitle eificacy of Hi, Ara-C plus hyFPrfr-TBI as a 
cnnditioning reyimen to children udergoing ABKT for an 
earlyextramedullary ALL relapse. A longer follov-up and 
more cases could he ahle to confirm this hypothesis. 

D 329 INTEFSEUKIN-2 AS ADJUNCT IMMLRVOTHERAW 
FOLLQWJNGAUTOUXiOUS MARROW 

TRANSPLANTATION FOR ACUTE LYMPHOBLASTTC LEUKEMIA 
Daniel J. Weisdorf, Peter M. Anderson, John H. Kersey, Norma K.C 
Ramsay UnivaSity of Minnesota Bone Marrow Transplant Pmgram, 

Despite intensive chemoradiothaapy conditioning and ex vivo marrow 
purging, leukemia relapse remains the most frequent cause of failure 
following autologous BMT for acute lymphoblastic leukemia (ALL,). In 
order to induce in vivo antileukemic immunologic activity which could 
prevent relapse, we have performd a phase I study infusing recombinant 
human Interleukin-2 (IL-2) in the immediate post-uansplant pesicd. This 
early time period was chosen because the disease burden is lowest. After 
conditioning with hyperfractionated total body irradiation and 
cyclophosphamide and reinfusion of cryopreserved. purged autologous 
marrow, we initiated continuous infusion IL-2 therapy (96 hrs/weck x 3 
weeks) on day +l .  Fourteen patients with high-risk, relapsed ALL were 
treated at 3 dose levels of IL-2; 0.5, 1.0 and 2.0 x 106U/m2/day 
(supplied by Hoffman LaRoche). Of the patients evaluable, those treaed 
with IL-2 had more rapid neumphil recovery, earlier platelet and RBC 
transfusion independence, and earlier hospital discharge compared to 
control ABMT recipients not receiving IL-2. However, toxicity 
associated with the combination of IL-2 and the inherent toxicity of the 
BMT conditioning regimen was substantial. Grade rmrV liver, renal and 
pulmonary toxicity was observed in approximately 20% of patients. IL 
2/Bm toxicity was excessive at the higher doses resulting in 2 deaths at 2 
x 106 U/m2 and may have contributed to 2 others (one at 1.0 and one at 
2.0 x 106 U/mz). Assessment of immune activation induced by in vivo 
IL-2 demonstrated no axeleratcd recovery of narural killer function. In 
conhas& proliferation of CD8+, HW\-DR+ T cells with enhanced in vitro 
cytotoxicity against leukemia targets was seen in the majority of IL-2 
patients studied. These data suggest that IL-2 given immediately post- 
transplant is associated with variable. but significant clinical toxicity at 
lower doses than in the non-BMT setting. This toxicity may possibly 
retlect T cell rather than NK cell activation in conjunction with the. toxicity 
of pre-BMT conditioning. IL-2 therapy after BMT. though associated 
with rapid engrafonenr, must be undutaken cautiously and its use requires 
further study of appmpriate doses, schedules and measures to reduce 

?~fiMC%pofiS. 55455. 

toxiciry. 
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Lymphoma and Solid Tumors 
D400 MARROW TRANSPLANTATION FOR HOXKIN'S 

DISEASE RESULTS OF SEQUENTIAL TRIALS. 
T. Ahmed, P. Cook, E. Feldman, D. Ciavarella, 
D. Wuest, L. nelson, J. Perchick, H. Harper, 
W. Lerner, J. Ascensao, G. Gerstein, M. Xatz, 
C. Puccio, H. chun, A. Mittelman, M. Coleman and 
Z. Arlin. N.Y. Medical College, Valhalla, NY 
10595 
108 consecutive patients with advanced Hodgkin's 
Disease unresponsive to or relapsing after initial 
therapy were stratified into high risk (resistant 
relapse or primary refractory HD, HR) and good 
risk (sensitive relapse, SR) qroups. 91 pts were 
treated with BCNU 400-600mg/m, Etoposide 1.8- 
2g/m2 and Cytoxan 5g/m2 (BEC). The initial 24 
pts, including 17 HR and 7 SR, were treated with 
BEC alone. 17 pts relapsed and 1/24 pts is in CCR 
for 60 months. The next cohort of 67 patients was 
followed for a minimum of 13 months. 21/67 pts 
had SR and were treated in subsequent CR/PR. 
10/21 relapsed and 9/21 are alive in CCR. 46/67 
pts had HR HD and were eligible for a BMT2 using 
either ThioTEPA 900/m2, Velban 0.4-0.6mg/kg and 
Ara-C 3-6 gm/m2, STAVe) or ThioTEPA 750mg/mz, 
Mitoxantrone 40/m and Carboplatinum (JM8) 1000/m2 
( T M J ) .  30/46 pts underwent BMT2. 14/46 pts 
(including 10/30 BMTZ pts) are alive in CCR up to 
54 months. 6/30 pts undergoing sequential BMT 
relapsed post BMT2. The final cohort of 17 pts 
was treated with TMJ initially and HR patients 
were offered BMT2 after Cytoxan 7.5g/m and VP-16 
2400 mg/m2. 3/17 pts have relapsed. Sequential 
BMT is associated with a lower risk of relapse in 
pts with HR HD compared with pts receiving a 
single BMT for SR HD. TMJ is associated with less 
toxicity when given as the initial conditioning 
regimen rather than prior to BMTZ. Given the lack 
of pulmonary toxicity with TUJ, it should be 
evaluated further in patients with HD. 

D 402 
AUTOLOGOUS TRANSPLANTATION OF MULTIPLE MYELOMA, 

MOLECULAR DETECTION OF TUMOR SPECIFIC 
1MMUNOGLOBULIN GENE SEQUENCES FOLLOWING 

D.D. Biggs, K.C. Anderson, and L.E. Silberstein. Univ. of Penn., 
Philadelphia, PA and Dana-Farber Cancer Insrimre, Boston, MA 
Autologous transplantation is increasingly being investigated in the 
treaunent of multiple myeloma (MM). To identify tumr specific 
molecular markers for sensitive detection of residual malignant cells, we 
performed nucleotide sequence analysis of the expressed immunoglobulin 
(Ig) variable region (V) heavy chain in two cases of Ig A MM. The fxst 
MM sequence, Alpha 6.3, demonstrated 94% homology to a germline 
W - I  gene, HG3 which was originally identified in a human fetaI liver 
DNA library. The second MM sequence, 914.18, demonstrated its 
greatest homology (88.8%) with the VH-3 gene V-H-1.9 I11 which is a 
ferally expressed V-region gene known to encode for anti-DNA reactivity. 
R e  V-region gene sequence of both MM cases (alpha 6.3,914.18) 
appeared highly diversified from germline with a non-random dismbudon 
of amino acid substitutions which were clustered in the CDR regions. To 
verify that these MM VH genes were in fact somatically mutated, specific 
oligonucleotide (oligo) primer pairs corresponding to mutated regions of 
the CDR and the likely germline precursor sequence were made. With 
granulocyte DNA from each patient as a template, FCR analysis 
demonstrated appropriate amplification products using the "germline" 
primers, but no amplification using the "mutated" primers. These 
preliminary data suggest that the B cells of MM may be heavily mutated 
from germline in a pattern consistent with an anrigen driven response. 
The patient with MM sequence 914.18 was treated on an autologous 
rnnsplantation protocol previously described by the Dana-Farber Cancer 
Institute. Following this treatment, DNA extracted from a peripheral 
blood buffy coat was used as a template in a PCR reaction with tumor 
specific primer pairs denved from the Ig gene sequence. In one reaction 
the "mutated" CDR2 oligo (sense primer) and a joining region consensus 
oligo (anti-sense primer) were used. In a 2nd reaction a consensus 
framework 1 oligo (sense primer) and a tumor specific oligo 
corresponding to the junctional sequence of the diversity @) and joining 
(I) regions of this neoplasac clone were used (anti-sense primer) . In both 
reactions an amplification product of the appropriate size was obtained 
indicating the presence of residual disease. Sequencing of these 
amplification products is in progress to further confirm their tumor origin. 
These data suggest that oligonucleotide primers made from either 
somatically mutated CDR regions or D-J junctional sequences can be used 
in PCR reactions to identify minimal residual disease in multiple myeloma. 

D 401 PEMDXIFYLLINE WEQ, CYCLOPHOSPHAMIDE (W. 
CARMUSINE 1BCNU). AND FTOPOSlDE (vp-16) "CBV 

REGIMEN IS AN EFFECTIVE BONE MARROW TRANSPIANT ( B m  
REGIMEN FOR REIAF'SED LYMPHOMA J. A. Bianco. J. NemunaitIs. 
D. F. And-. M. my. ASMelds. F.B.Petascn. C. D. Buclmer and 
J. W. Singer. The Marrow Transplant Program. V.A Med Ctr. Fred 
Hutchlnson Cancer Ctr and University of Washington School of 
Medickc. Seattle. WA 
A recent analysis of Seattle patients wth advanced lymphoid 
mallgnancy treated with CBV showed a 32% day 100 non-relapse 
mortality (NRM) In autologous (A) BMT patients and a 40% NRM in 
allograft recipients. The development of reghen related toxkity 
(RRT) has been assodated with elevations in assayable levels of 
tumor necrosis factor iTNF). The methylxanthlne derivative PTX 
reduces the production of TNF in response to a variety of stimuli in 
vitro and in vivo. W e  therefore administered prophylactic PTX 
I2000mg/day) to 10 patients with advanced lymphoid malignancy 
receiving the CBV regimen (CY 7200mg/m2. BCNU 300-600mg/m*, 
VP-16 2400mg/m2). The median age was 37 years. range 25-56: 4 
recelved ABm. 5 had dograffs and I had a syngenelc donor. Wth a 
median follow up of 270 days (range 60-502) 8 patients sunwe. 7 are 
disease free. The day 100 NRM was 10% with 1 patlent dyhg of 
aspergillus on day 52. Ovaall toxicity of thh regmen was low with 
no patlent experiencing 2 grade 11 R F 3  (see table) while historical 
data suggests an expected grade Ill-IV RRT of > 50% . These data 
suggest that PTX can reduce NRM among high risk patients receiving 
CBV and that the maximum tolerated doses of these agents may be 
Mgher than the standard regimen when PIX is added. 

= PTX amuD h=LIU 
Bilirubin* 1.5 i 0.5 (1.6) 

MS04@ 0.4 f 0.4 (0.0) 
Fever (days)" 1.6i3.7(0.0) 

w m e d l a n )  t Maxlmum value days 0-28. @Days morphine 
n. Temperature 2 38.3OC days 0-28 . - 1 patient died prior to dscharge 

..................................................................................... 

Creatinine t 1.2f0.3 (1.1) 

19.6 f 6.7118.01 

D403 AN ANALYSIS OF COMPLICATIONS OF OUTPATIENT BONE 
MAFXOW HARVESTING, Brian Bolwell, Alan Lichtin. 

Karen Sands, Amy Murar, Renee Burwell, Cleveland Clinic 
Foundation, Cleveland, OH 44195 
Bone marrow transplantation reqaires an adequate marrow 
harvest, yet there are little data concerning the side 
effects of the procedure itself. We routinely send 
patients a quality assurance questionnaire ahout po- 
tential side effects of the bone marrow harvest, in an 
effort to quantitate the complications of the procedure. 
From January of 1990 through July of 1991 64% of 211 
patients undergoing bone marrow harvest(l35 total 
patients) responded. The median age of the patients was 
35 years old. There were 72 males and 63 females. All 
patients underwent outpatient bone marrow harvesting 
using a posterior iliac crest approach. 95% of patients 
underwent general anesthesia and 5% epidural anesthesia. 
All patients received autologous red cell transfusions 
obtained at the time of harvest using a cell separator; 
only one patient required homologous red blood cell 
transfusion. 
nucleated cells per kilogram(range 0.67-5.87). The most 
common side effect was pain at the site of donation(90% 
of respondents). Other symptoms noted were low back 
pain-60%. nausea-43%. vomiting-31%. sore throat-43%. 
Less  frequent complications included fever-l8% and 
bleeding at the donation site-6%. After an average time 
of two weeks post-harvest, 39% of patients stated that 
they were still unable to perform all normal physical 
activities. We conclude that 1) outpatient bone marrow 
harvesting is feasible; 2)  homologous red blood cell 
transfusions can be reduced by utilizing the red blood 
cells collected at the time of harvest; 3) while bone 
marrow harvesting has few major complications, a variety 
of minor problems persist for weeks and merit continued 
study . 

The median harvest yield was 3.27 X lo8 
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D 404 RENAL DYSFUNCTION (RD) DURING HIGH DOSE 
CISPLATIN THERAPY (HDCP) AND AUTOLOGOUS BONE 

MARROW TRANSPLANTATION (ABMT): EFFECT OF 
AMINOGLYCOSIDES (AG), Brenda W. Cooper, Hillard M. Lazarus, 
Wida Soegiarso, Richard J. Creger, Ireland Cancer Center, 
University Hospitals of Cleveland, Case Western Reserve University, 
Cleveland, OH 44106. 
Aminoglycoside antibiotics often are avoided in pts who have 
recently received cisplatin-based chemotherapy because of possible 
synergistic nephrotoxicity. We reviewed the incidence of RD in 102 
consecutive pts who received HDCP-containing regimens followed 
by ABMT at our institution between 1985 and 1991. RD was 
defined as an increase in serum creatinine 2 0.5 mg/dl. All pts 
received HDCP administered as 40 mg/rnz for 5 consecutive days 
in 3% saline with saline hydration and mannitol diuresis. Other 
high-dose chemotherapy administered included BCNU and VP-16 
m 56 pts with lymphoma, VP-16 in 28 pts with lung cancer, and 
BCNU in 18 pts with other non-hematologic malignancies. 41% Of 
the pts received AG for fever and neutropenia after HDCP. 
Characteristics of pts who did or did not receive AG were similar 
with respect to age, sex, duration of neutropenia, cancer type, and 
previous cisplatin therapy. Mean increase in serum creatinine was 
1.1 1 mg/dl in pts who received AG and 0.62 mg/dl in pts who did 
not receive AG. A logistic regression analysis was performed to 
determine independent risk factors for RD: 

Variable Multivariate Effect fa value) 
Aminoglycosides 0.537 
Amphotericin B 0.004 
Vancomycin 0.534 
Cephalosporin 0.232 
Cancer Type 0.829 

Days Neutropenic 0.037 
Age 0.006 

Age, duration of neutropenia, and amphotericin B were independent 
predictors of developing RD. AG antibiotics did not significantly 
increase the risk of developing RD. Our data suggest that AG can 
be safely administered to febrile, neutropenic ABMT pts who have 
recently received HDCP administered in this fashion. 

D 406 aCJD-(CY), --(a), 
~ ~ C N ( f T B I ) ,  A PW m C N  RD=IMpI KR CWlFAL 
NmvuE sysw -(as) (w -(Nb) 
RE merst, A FskeMzi, H W e i n s t e i n ,  P Savina, and A 
cuaspari. Univ. of Ilrhester school of Medicine, 
Rochester, NY, univ. of Maqlard schml of Medicine, 
Wtilmre, m, mna Fa-txr cancer Inst. Boston, MA, and 
Bxraqhs-Wellocsne tamer 'Iherapy Dept, iiesearch Triangle 

A regimen employing cy (1800 q / m 2 )  Days -4 ard -3, cb 
(400  q/m2 initial dose level) bys -4 and -3, and L-PAM 
(130 q/&) Day -2 was developed for t r e a b t  of patients 
( ~ 2 1  yo) with recurrent or pmgressive a s  tunnrs. ?he a, 
W A ~  b~ d a t e d  in LOO wx? intervals every 4 patients 
to a dosage of 800 mj/& d y .  ?his regimen w a s  based on a 
regimen consisting of g, continu- infusion Cisplatinum, 
W 6 ,  and L-PAM follmed by FIB1 for children with 
mtastatic Nb (DFCI 84-011). Five patieqts (2-19 yo) with 
raarrrmt CXS 
nqimen. ( D X . E l e d u l l & l a s t c m a  -2, EpendymcoM, glicblastcpna 
multiform atxi dlomid plexus carcham). 
treat& at the initial dose level, one at cb, 500 q/m2. 
TYIere has tcen one toxic death following development of 
I?& insufficiency, payreatitis an3 pneumnitis. 
have developed prcqressive disease after stable disease 
perids of 3 mnths duration. 

Four children (2-8 yo) with Nb have been treated w i t h  the 
ide?tical ch&eraputic regimen (bys -6, -5 and -4) 
followed by FIB1 (6x200 Ccy = 1200 Ccy total). As of 9/91, 
C:ese patierts are in remission 3,4,6 an3 8 mnths f TOW 
ET. Imcokinetic studies of L-PAY are be* 
perfozmxl. Senrm concentrations o b t a d  within one hour 
after the erd of a ophour infusion, m e  fm 1-6 
ms/ml. CSF samples (at 60 min) have been obtained f m  4 
patients; 3 have .had levels frw 60-120 -2. ?his 
rfqimen appe~s to be k.41 tolerat& at the initial dme 
level of a. 
dcxment its efficacy. 

lmmArAN(bm\nt +/- €wcrI- m 83M 

R x k ,  NC. 

have been -td with this 

Four were 

Tnree 

brqer follcwup will be required to 

D 405 OUTCOME OF AUTOLOGOUS (AUTO) VS ALLOGENEIC 
(ALLO) BONE MARROW TRANSPLANTATION (BMT) IN 

25 CHILDREN WITH NEUROBLASTOM (NB) AND UNFAVOR- 
ABLE FEATURES (UPF). P Dinndorf, L Johnson, P 
Gaynon, J Nachman, E Morgan, R Quinones, Chil- 
dren's National Medical Center, Wash,DC, 20010 and 
University of Chicago Med Ctr, Chicago, I1 60637. 
25 children with NB and UPF (defined by age, 
stage, Shimada classification, amplified n-myc) 
were treated with an intensive chemotherapy regi- 
men (23 received 3-8 courses of 6-in-1 CCG-321 P4; 
2 received CCG-321 ~ 2 ) .  Patients (pts) were re- 
staged and surgical removal of residual tumor was 
attempted. 13 pts were treated with radiotherapy 
(XRT) to the tumor bed and areas of suspected 
residual disease. BMT conditioning consisted of 
cy (50/kg x 4 days) and fractionated TBI (200 cGy 
BID x 3 days). 8 pts with matched sibs were 
rescued with allo marrow; 4 received auto purged 
(au p) marrow; 13 received auto nonpurged (au np) 
marrow. Follow-up ranges from 2-59 mos. Estimated 
DFS at 24 mos by Kaplan-Heier analysis of the all0 
group is 672; of the auto group is 412; and of the 
entire cohort is 518. There were two early deaths 
due to transplant related toxicity (sepsis, CMV 
pneumonitis). Relapse occurred in 7 patients from 
6-18 mos post BMT (118 all0 pts; 214 au p pts; and 
4/13 au np pts). We conclude: [I] This multi- 
modality approach to the treatment of NB pts with 
UPF, using aggressive initial chemotherapy, 
surgical excision, +I- XRT and BMT with cytoxan 
and TBI improved the DFS of children at 2 years 
compared to historical controls. [ z ]  4 of 5 
relapses which occurred in sites of old bulk 
disease were in pts who did not receive boost XRT 
to these sites. This suggests the need for XRT to 
potential sites of residual disease prior to B m .  
[31 None Of 6 pts in CR at time of BMT relapsed. 
4/13 in VGPR and 314 in PR have relapsed. This 
suggests pts with a greater amount of residual 
tumor at the time of BMT were more likely to 
relapse. 

D 407 "PRIMING" FOR PERIPHERAL BLOOD STEM CELL 

Gerald J. Elfenbein, William E. Janssen, Paul E. 
Zorsky, Karen K. Fields, John W. Hiemenz. Bone 
Marrow Transplant Program, n. Lee Moffitt Cancer 
Center, Univ. of South Florida. Tampa, FL 33612. 
Autologous bone marrov mtransplant" (ABMT) 
following high dose cytotoxic therapy is proving to 
be a useful therapeutic modality in the treatment 
of a variety of metastatic diseases. The usefulness 
of ABMT is limited by the quality and quantity of 
bone marrow which may be harvested from the 
candidate patient. For patients whose marrow is 
non-collectable (hypocellular or fibrotic) or non- 
usable (metastatic disease in marrow), we have 
instituted a program in which stem cells are 
collected from the peripheral circulation and used 
as a substitute for autologous bone marrow. From 
July 1990 to July 1991, 19 patients have had 
peripheral blood stem cells (PBSC) harvested. To 
elicit stem cells into the peripheral circulation, 
we have "primed" patients with cytoxan (50mg/Kg/day 
x 2 days), cytoxan followed by administration of 
leucovorin, or cytoxan followed by administration 
of G-CSF. The number of nucleated cells, 
granulocyte-macrophage colony forming cells (GM- 
CFC) and CD34+ Cells collected was followed. 
Similarly, the course of hematologic recovery 
following high dose cytotoxic therapy and 
peripheral blood stem cell "transplant" was 
followed. We cannot demonstrate any significant 
difference in CFU-GM or CD34+ cell production 
following priming with cytoxan alone o r  with 
cytoxan combined with either leucovorin or G-CSF. 
Moreover, we cannot demonstrate any difference in 
rates of hematologic recovery with these different 
priming modalities. We have found that using any of 
these priming techniques, that with a reasonable 
number of pheresis procedures (6-8) we can collect 
sufficient PBSC for hematopoietic reconstitution in 
80% of patients who can not be treated by ABMT. 

COLLECTION: A COMPARISON OF METHODS. 
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D 408 RELATIONSHIP BETWEEN GRAFT PROGENITOR CONTENT 
AND HEMOFOlETiC ENG-NT FOLLOWING 

AUTOLOGOUS BONE MARROW TRANSPLANTATION FOR 
LYMPHOMA. Helen U. Emieht Elizabeth H. Penv. Susan K. Fautsch 
Lany C. Lasky. Daniel J. W&&f. Bone Marrow %&plant Pro&, 
University of Minnesota, Minneapolis, MN 55455. 
The influence of gmti progenitor content on kmopietic engraftment 
following autologous bone marrow transplantation (BMT) was analysed for 
99 patients with lymphoma (30 with Hodgkin's disease and 69 with non- 
Hodgkin's lymphoma (NHL)). Grafts were assayed for progenitor content 
before (fresh) and after cryopreservation (thawed). Correlations were 
sought (Pearson's correlation coefficient) between the logarithii of the graft 
progenitor content of CFUGM, CFU-GEMM, BFU-E and CFU-E and the 
following engraftmcnt end-points: days to achieving a WBC > 1 x l@/L for 
3 consecutive days (time to WBC); days to an absolute neumphil count > 
0.5 x 109/L (timc to ANC); and time to red blood cell and platelet 
transfusion independence. All but 5 patients who died before engrafrment 
wem evaluable and achieved an ANC of 0.5 x 10g/l following BMT (at a 
median of 21 days; range 9-50), although 4 patients with NHL required 
second infusions of bone maxmw (at 35.44.45 and 62 days) before 
successful complete engrafmni occurred. The median time to WBC was 
23 days (range 11-86). There was no statistically significant correlation 
between bone marrow dose (nucleated cells/kg infused) and any 
engmftment end-pint. The CFUGM progenitor content of the fresh 
samples did not correlate. with the time to ANC or to WBC. However, there 
was a statistically significant correlation between the CFUGM and CFU- 
GEMM contents of the thawed samples and time to ANC (r=.307, p=.025 
and 1=-.418, p.008 respectively). The CFU-GEMM content of the thawed 
samples was a better predictor of time to ANC and WBC than the CFUGM 
content of the same samples. There was no statistically significant 
conelation betwcen the BN-E. CN-E or CFU-GEMM progenitor content 
of either fresh or thawed samples and time to red blcad cell transfusion 
independence. Similarly, CFUGEMM contents did not correlate with 
platelet transfusion independence. These data suggest that W G E M M  
cultures, especially cultures of bone maxmw samples after cryopreservation 
may be the most useful predictors of engraftment following autologous 
BMT for lymphoma. 

D 410 IFOSFAMIDE, CARBOPLATIN AND ETDPOSIDE (ICE) WITH 
AUTOLOGOUS STEM CELL RESCUE (ASCR): PHASE I 

RESULTS. Karen K Fields, Gerald J Elfenbein, Paul E Zorsky, 
John W Hiemenz, Ramy A Saleh, Brenda W Cooper, Janelle B 
Perkins, Lori E Kronish, Mary C Machak. Div of Bone Marrow 
Transplantation, Univ of S Florida, Tampa, Fla 
We have treated 58 patients(pts) in a Phase 1-11 study with 
escalating doses of ICE with ASCR at the following doses: 
Ifosfamide 6-17.1g/M2, Carboplatin 1.2-2.1g/MZ, and Etoposide 
1.8-2.1g/M2. Mesna was dosed equivalently with Ifosfamide. 
Autologous stem cells were reinfused 48 hours after completion 
of chemotherapy. 4 pts received peripheral blood stem 
cells(PBSC); 52 received autologous bone marrow. At least 4 
pts per dose level were evaluated for toxicity(tox). Pt 
characteristics follow: median(med) age=41 (range 15-56); 
females=48, males=B; breast cancer(ca)=37, non-Hodgkin's 
disease=9, ovarian ca=5, acute leukemia=3, Hodgkin's 
lymphoma=2, germ cell ca ovary-I , osteosarcoma=l , and 
sarcoma=l. For the 30 pts not receiving growth factors(CSF) or 
PBSC, the med time to granulocyte (AGC) recovery was 23 
days(d) (range 15-47) for AGC >500 and 24d (range 17-58) for 
AGC >1000. The med time to platelet recovery >20,000 and 
>50,000 was 20d (range 13-46) and 24d (range 15-108), 
respectively. The med time to discharge(d/c) from the hospital 
following transplant was 27d (range 19-95). With the addition 
of CSF, med d/c day decreased from 27d to 25d despite increase 
in other tox. 4 pts(7%) died during therapy, 3 from sepsis and 
1 from acute renal failure(ARF). Other grade 3/4 tox included: 
21 pts with reversible(rev) enteritis, 5 with rev hepatic tox, 
and 7 with fluid overload associated with rev cardiopulmonary 
tox. Severe metabolic acidosis and electrolyte wasting was 
prominent at upper dose levels. Carboplatin doses of 2.1g/MZ 
were associated with grade 3/4 ototox and symptomatic 
peripheral neuropathy in 4/6 pts; therefore the maximum 
tolerated dose(M1D) of Carboplatin in ICE was determined to be 
l.8g/MZ. The present dose of Ifosfamide in ICE is 17.1g/Mz due 
to the development of irrev coma and ARF with death in 1 pt 
and rev  gr 4 CNS tox and grade 2 ARF in another pt at this 
dose level; both pts had been heavily pretreated with 
cisplatin. None of the other 6 pts at this dose level 
exhibited this tox. The present dose of Etoposide is 2.1g/M2. 
Further dose escalations are ongoing to determine the MTD of 
lfosfamide and Etoposide in ICE. 

33612 

D409 CTTOTOXIC AND CYTOTOXIC/G-CSF MOBILIZATION OF 
AUTOLOGOUS BLOOD STEM CELL AND THEIR AUTOGRAFTING 

Tetsuva Etoh. Takanori Teshima, Sine Harada. \asushi 
Takamatsu, S e i ~ i  Rondo, Stmichi Inaba, \oshiyuki Niho 
F i r s t  D e p a r t m e n t  o f  I n t e r n a l  >ledicine a n d  B l o o d  
T r a n s f u s i o n  S e r \ i c e .  F a c u l t y  o f  X e d i c i n e ,  R y u s h u  
tiniversi ty Fukuoka 81 2 ,  Japan. 
Ye analyzed a total of 90 c o u r s e s  of leukapheresis 
consisting of 305 collections of peripheral blood stem 
c e l l s  I P B S C I  m o b i l l z e d  by c h e m o t h e r a p y  o r  
chemotherapy/G-CSF from 60 patients with hematologic 
tumors or solid malignancies. The mean yields of CfU- 
G S  c o l l e c t e d  w i t h  c y t o t o x ~ c  m o b i l i z a t i o n  w a s  
8.13x104/kg in 49 courses of leukapheresis. T h e  
cytotoxic/G-CSF mobilization significantly expanded 
CFU-63 yields up to 16.4sIO4/kg in 11 courses .  Khen 
CFU-G!l yields were compared betb-een cytotoxic and 
c?totoxlc/G-CSF mobilization ~n a single patient, in 
w h o m  2 s u c c e s s i ~ e  c o u r s e s  o f  l e u k a p h e r e s i s  w e r e  
performed: the first course with cytotoxic mobilization 
and the second one with cytotoxic/G-CSF mobilization, 
CFU-GH yields with cytotosic/G-CSF mobilization were 
greater than those with crtotoric mobilizatxon i n  10 
out of 1 1  patients. These results indicate the 
effectlxeness of G-CSF for the expansion o f  a P B S C  
pool. Next, we analyzed factors affecting the efficacy 
of PBSC collections. S r n c h r o n o u s  recover) of both 
leuliocytes a n d  p l a t e l e t s  d u r i n g  B c o u r s e  o f  
leukapheresis was significant for achieving a high CFU- 
G*i y i e l d  i n  b o t h  c y t o t o ~ z ~  a n d  c y t o t o ~ i c / G - C S F  
mobilizaion. The 3 N C  yield w a s  not signrficantlr 
different among the hemopoletic recoxer? patterns. I n  
such successful collections from patients showlng rapid 
iecoveri of both leukocytes and platelets, increasing 
ages o f  the patients decreased CFU-G!l  yields. The 
optimum timing of collection b a s  different between 
cytotoxic and cytotoric/G-CSF mobllization; VBC levels 
on the day of maximum CFC-G>! collection yere hiqher in 
cytotoxic/G-CSF mobilization than in ~ s t o t o X l c  
mobilization. followins PBSC transplantation, 
l k e u ~ ~ p v i e L i ~  ieLoiistiLuLioii has o b s t i r t - d  ~ i r  d11 or tile 

cases and the rate of trilineage reconstitution was 
significantly correlated with the dose of CFC-GM 
insfused. 

D 411 PROTEIN C DEFICIENCY IN CHILDREN UNDERGOING 
AUTOLOGOUS BONE MARROWTRANSPLANTATION (ABMT), B.G. 

Gordon, W.D. Haire and R. Bagin, Departments of Pediatrics, 
Internal Medicine, and Societal and Preventive Medicine, 
University of Nebraska Medical Center, Omaha, NE 68198. 
Protein C (PC) i s  an important i n  vivo regulator of 
coagulation. Decreases in PC anticoagulant activity (PCClot) 
and antigen (PCAg) occur in adults undergoing ABMT, which may 
contribute to the morbidity of ABMT. We studied 7 children 
(4 yrs-16 yrs) undergoing ABMT, on the day of ABMT and weekly 
thereafter. PCClot and PCAg were decreased below the normal 
range by day 0 in 8 patients, and continued to drop by day 7 

40% i 7 d7, p=0.02). The fall in PCClot from day 0 to 7 
correlated very strongly with decrease in PCAg (p=0.0002). 
Since the PCClot assay can yield spuriously low values in the 
face of high factor V (FV) and VIII (FVIII) levels, we also 
assayed these factors. Neither FV nor FVIII rose from day 0 
to day 7, suggesting that the fall in PC was not an artifact 
of the assay. The low PC levels may reflect decreased hepatic 
synthesis or synthesis of a poorly carboxylated PC molecule 
with impaired function. Factor VII (FVII), which is also 
carboxylated during hepatic synthesis, decreased from day 0 
to day 7 (86% + 8 dO to 41% + 5 d7, p-0.01). and this fall 
correlated wlth both PCClot and PCAg (p=0.007 and p=0.013 
respectively). Prealbumin, an index of hepatic synthetic 
function, also decreased significantly (19.2 f 2.7 mg/dl dO 
to 11.9 + 2.4 mg/dl d7, p=O.D4), but the decrease in 
prealbumin did not correlate with PCClot or PCAg (p=O.14 and 
p=O.18 respectively) with this small number of patients, 
suggesting that decreased hepatic synthesis was not the sole 
cause of decreased PC. In summary, both PCClot and PCAg 
decreased after ABMT in children, and the decrease was not 
an artifact of the functional anticoagulant assay. Lack of 
correlation with prealbumin suggest that decreased synthesis 
is not the sole cause of PC deficiency. The correlation with 
FVII suggests defects of a similar nature in synthesis of 
both proteins. Since both require gamma carboxylation, 
defects in this system may partially explain the PC 
deficiency. However, a component of increased peripheral 
consumption or altered extravascular distribution of the 
protein cannot be ruled out. 

(PCAg 66% f 6 dO to 39% f 7 d7, p-0.01; PCClot 64% i 6 dO to 
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D 412 MINIMAL DISEASE DETECTION B Y  PCR PREDICTS FOR 
RELAPSE AFTER ABMT IN B-CELL NHL. John G 

Gribben, Arnold S Freedman, Sunhee Woo, Kelly Blake and Lee M 
Nadler. Division of Tumor Immunology. Dana Farber Cancer 
Institute, Harvard Medical School, Boston, M A  021 15. 
PCR amplification o f  bcl-2 translocations were performed to 
assess i f  detection o f  minimal residual disease in the bone marrow 
predicted for relapse after h igh dose therapy and purged 
autologous bone marrow transplantation. Criteria for inclusion 
in the present study were that patients had a PCR amplifiable 
breakpoint at bcl-2 in diagnostic tissue and that samples were 
available for analysis at least six months after ABMT. 113 pts have 
been included in the study to date. Samples were repeatedly 
negative by PCR from 47 pts. (42%) all o f  whom remain disease 
free at a median o f  27 months (range 7-103 months) after ABMT. 
PCR detected bone marrow involvement at six months after ABMT 
in  an additional 9 PIS, but subsequent samples had no evidence of 
residual disease although these patients received no further 
therapy. A l l  9 of these pts remain disease free. Samples from 12 
pts were init ially negative when assessed by PCR, but later 
samples developed evidence o f  disease infiltration. 5 o f  these 
patients (42%) subsequently relapsed. Samples from 45 pts have 
consistently shown evidence o f  infi l tration with cells bearing 
the bcl-2 translocation. 24 o f  these pts (53%) relapsed at a median 
of 13 months after ABMT. 21 pts have had consistent evidence o f  
bone marrow infiltration without evidence o f  relapse from 6 to 
104 months after ABMT. A l l  patients to date who have relapsed 
after ABMT had PCR delectable evidence o f  bone marrow 
infi ltration prior to relapse. The detection of cells wi th the 
translocation was associated with the re-infusion o f  autologous 
marrow which contained residual lymphoma cells after 
immunologic purging. These data suggest that PCR detection o f  
minimal disease in the bone marrow is a prognostic indicator o f  
disease free survival following ABMT. The finding o f  a number 
of residual cells with the bcl-2 translocation at prolonged periods 
after ABMT in pts who remain disease free lends evidence to the 
hypothesis that the bcl-2 translocation is necessary, though 
insufficient for the induction o f  tumor cell growth. 

D 414 

TRANSPLANTATION: A STUDY OF 45 CONSECUTIVE PATIENTS. 
W.D. Haire. B.G. Gordon, R. Bagin. L. Stephens, G. Kotulak, P.C. 
Comp. Departments of Internal Medicine, Pediatrics and 
Societal/Preventive Medicine, University of Nebraska Medical 
Center, Omaha, NE 68198 and University of Oklahoma Health 
Sciences Center, Oklahoma City, OK 73104 
To determine if deficiency of the naturally-occurring anticoagulant 

protein C (PC) may contribute to thrombotic complications of stem 
cell transplantation, we assayed PC (antigenic assay, PCAg: and 
anticoagulant activity, PCClot) and prothrombin fragment 1.2 
(PF1.2, the prothrombin activation peptide) prior to and weekly 
after starting treatment in 37 adult autologous and 8 adult 
allogeneic transplants patients. Enzymatic actbity of PC was 
determined with a chromogenic substrate (PCChrom) assay on 
day 0 and 14 with the first 20 patients. 

day 0 104+5% 100&4% 105+4% 1.02+.09 ng/ml 

day 14 6954%' 57&4%* 7053%' l.OO+.OS 
day21 5633%' 46+3%' --- 1.26+.14# 

'p<O.oOOl, #p=O.o6 compared to day 0 
The ratio of PCChrom to PCClot rose from 1.01 to 1.40 by day 14; 
the ratio of PCAg to PCClot rose from 1.05 to 1.31 (p<O.OOl). 
This suggests production of a PC molecule that is more active in 
the chromogenic than the clot-based assay. This pattem of activity 
is characteristic of incompletely carboxybted PC. In summary, 
significant PC deficiency, due both to a drop in PCAg and 
production of a dysfunctional molecule, occurs during 
transplantation. The rise in PFl.2 indicates that prothrombin 
activation, possibly related to the drop in PC levels, also occurs 
during transplantation. These data support the hypothesis that 
acquired PC deficiency may contribute to thrombotic 
complications of stem cell transplantation. 

PROTEIN C DEFICIENCY AND PROTHROMBIN 
ACTIVATION IN ADULT HEMATOPOETIC STEM CELL 

PCAg PCClot PCChrom PF1.2 

day7 1 1 5 ~ 6 %  98+5% --- 1.23L.09 

D 413 IMMUNOTHERAPY WITH ANTI-B4-BLOCKED 
RlCiN AFTER AUTOLOGOUS BONE MARROW 

TRANSPLANTATION (ABMT) FOR B-CELL NON-HODGKINS LYMPHOMA: 
PHASE I TRIAL OF 7 DAY CONTINUOUS INFUSION, Michael L Grossbard. 
John G. Gribben, Jeanne M. Kinsella, Walter A. Blattler and Lee M. 
Nadler. Division of Tumor Immunology. Dana-Farber Cancer Institute. 
Boston. MA 02115, and ImmunoGen, Inc.. Cambridge, MA, 02139 
Although ABMT yields high rates of complete remission in B-cell NHL. 
only 25.40% of these patients have 2 yr disease free survival. Anti- 
B4-blocked Ricin (Anti-84-bR) is an immunotoxin (IT) comprised Of 
the anti-B4 (CD19) monoclonal antibody and blocked ricin. a modified 
toxin derived from native ricin. The CD19 antigen is expressed on 
nearly all normal and neoplastic B-cells. In blocked ricin. the non- 
specific binding capability and toxicity of whole ricin is blocked. In a 
Phase I dose escalation trial we are administering Anti-B4-bR by 7d 
continuous infusion to pts who are in clinical CR 60 to 210 days post- 
ABMT. Because AntibB4-bR exerts its cytotoxicity by inhibiting 
protein synthesis, we hypothesize that it may kill residual NHL Cells 
resistant to high dose therapy. These pts also present an optimal Setting 
for the delivery of IT to sites of minimal residual disease (MRD). In 
order to detect MRD and assess its eradication. we have employed 
polymerase chain reaction (PCR) analysis using oligonucleotide 
primers and probes for bcl-2 to detect 1(14:18) seen in 85% of 
follicular and 30% of diffuse NHL. To date, 9 pts have been treated. 
Three pts received Anti-84-bR at 20 uglkgld x7d. 5 at 40 uglkgld X 
7d. and 2 at 50 uglkgld X 7d and 5d respectively. Serum levels were 
0.25-0.37nM in the pts treated at 20 uglkg. 1.4-1.8nM in the pts 
treated at 40 uglkg, and 1.8-2.7nM in the pts treated at 50 ug/kg. 
Based on in vltro cytotoxicity studies. these levels are therapeutic. 
Serum leveh were remarkably uniform in pls treated at a given dose 
level. Toxicity has included transient Grade 2-4 elevations of 
SGOTlSGPT, hypoalbuminemia. peripheral edema, fatigue, nausea, and 
fever. Despite initial plt counts as low as 32K, only 3 of 9 pts required 
plt transfusions for counts < 20K lasting 5- lod following therapy. At a 
dose of 50 uglkgld, we have exceeded the MTD as defined by the 
development of Grade 4 thrombocytopenia. We continue to treat patients 
at 40 uglkgld to clarify the toxicities of therapy post-ABMT. 
Moreover. PCR analysis of bone marrow samples obtained from patients 
indicates that 6 of 7 evaluable patients had a detectable breakpoint at 
the major breakpoint region of bcl-2 prior to ABMT. Following Antl- 
B4-bR therapy. all 6 pts no longer had a PCR detectable breakpoint. Of 
note, all 9 pts remain in CR at 5 to 14 months post-ABMT. 

D415 ACTOLOGOL'S BLOOD STEX CELL TRANSPLAST.AT1ON AS A 
POSTREYISSIOS THERAPY IN THE TREATXENT OF LY.\I- 

PHOID CIALIGSAXCT, >line Harada, Takanori Teshrma, Yasushi 
Takamatsu, Iioichi Akashi, Shuichi Taniguchi, Clasehiro 
Elurakaha, a e i j ~  i<orrdo,  S l r o i c l l i  I n a b x ,  Tnl;;lshi 
Okamura,Tsunefumi Shibusa and Y o s h i y u k ~  hiho, First 
Department of Internal Xedecine and Blood Transfusion 
Service, Facult)- o f  Medicine, li)-ushu University, Fukuoka 
812,  Japan 
Thirteen patients( 10 A L L  and 3 malignant lymphoma) were 
treated vitii m*rtu.-dLlaLi\e cliemzt>.;rapy f z l l o l ' e d  b :  
autologous blood stem cell transplantationi ABSCT I .  
Peripheral blood stem cells were collected during a 
recovers phase after consolodation chemotherapy of 1st 
o r  2nd c o m p l e t e  r e m i s s i o n (  CR ) .  P r e t r a n s p l a nt 
conditioning regimen consisted of 4 mg/kg of busulfan on 
d a - s  - 8  to -5, lO-ZOmg/kg of rtoposide on days -4 and -3 
arid 3 g / m 2  o f  Ara-C every 12 hour on days - 3  and -2. A11 
patients xere maintained i n  a protective en\ironment 
vith partial gut decontamination. O n  da\ 0, pa ti en,^ 
%ere infused with ABSC which had been rrropreserved at - 
8O'C. 4 of 5 patients, who receired ABSCT during 1st CR, 
are nok snrvivinq in continuing CR f o r  3-24 mo. 4 
p a t i e n t s  r e c e i v e d  A B S C T  d u r i n g  2nd C R ;  2 o f  t h e m  
dexeloped relapse at 8 and 10 mo while 2 other patients 
are continuing CR for 12 and 3 mo. The remaining 1 
p a t i e n t s  r e c e i v e d  A B S C T  w h e n  t h e i r  d i s e a s e s  w ere 
r e f r a c t o r y .  2 d i e d  o f  r e g i m e n - r e l a t e d  toxititi- ( 
congestibe heart failure and veno-occlosi\e disease of 
the li\.er ) shortly after ABSCT; 2 other patients with 
malignant histocytosis and Burkitt's lymphoma are now 
s i i r ~ i v i r i g  in CR for 16 and 3 mo respectixelj-. From these 
observations, it is lndicated that our conditioning 
regimen( BEA ) 1s actix-e for lymphoid malignancies and 
that ABSCT can be safely performed except for heavily- 
treated patients. Despite a limited number of patients. 
our data suggest that marrow-ablative chemotherapy and 
ABSCT are useful as a postremission therapy in the 
treatment of lymphoid malignancy. 

203 



Bone Marrow Transplantation 

D 416 

CISPLATIN, AND BCNU. H. M. Lazarus, P. Cri l ley,  N.  
Ciobanu, R. Creger, R .  Fox, 0. Shina, S. Bulova, R. 
Gucalp, 0. Topolsky, U. Soegiarso, 6. Cooper, I .  Brodsky. 
Ireland Cancer Center, Case Western Reserve University, 
Cleveland, OH 44106; Hahnemann University,  Philadelphia,  
PA 19102; Albert Einstein Cancer Center, New York, NY 
10467. 
79 pts age 15-64 y r  with relapsed o r  refractory non- 
Hodgkin's lymphoma (NHL) (N=36) L Hodgkin's Disease (HD) 
(N-43) were t reated.  
involved-field radiotherapy t o  ac t ive  or  previously bulky 
(>5 cm diameter) disease immediately before high-dose 
chemotherapy. A l l  p t s  received I V  BCNU 600-1050 ng/m2, 
VP-16 2400-3000 mg/mz, c i s p l a t i n  200 mg/m', and ABMT. 
Toxici t ies  included fever ,  nausea/vomiting, hearing loss ,  
s toma t i t i s ,  esophagi t is ,  d iarrhea,  pneumonitis, hepatic 
veno-occlusive disease,  bacteremia (N=17) L fungemia 
(N-7). One p t  died within 30 d of marrow infusion. 56 pts  
(71%) achieved complete response (CR) "-25 HD; N-31 NHL].  
40 p t s  (51%) "=I6 HD; N-24 NHL) remain i n  continuous CR a 
median of 13 (4-53) mo a f t e r  ABMT (see Kaplan-Meier plot  
below). This regimen i s  e f f e c t i v e  f o r  relapsed lymphoma, 
even f o r  primary refractory disease (p t s  never i n  CR). 

MULTICENTER AUTOLOGOUS BONE MARROW TRANSPLANTATION 
(ABMT) TRIAL FOR RELAPSED LYMPHOMA USING VP-16, 

59 pts received 1500-2000 cGy 

Lib,,.#<,,; 
1 e. 

;- 
c o f  
I Lt 

m (I m 1' 1. * a  * 40 4. 4. ucontinuous Duration 
Status  a t  ABMT ".*'* N 0 - U  CR Median (range2 
Primary Refractory 22 15 9 13 (5-42) mo 
Untreated Relapse 16 12 10 8 (4-44) mo 
Resistant Relapse 18 9 6 30 (7-53) mo 
Sensi t ive Relapse 23 20 15 13 (5-47) mo 

D 418 RADIOLABELED ANTIBODY THERAPY FOLLOWED BY 
AUTOLOGOUS MARROW TRANSPLANTATION FOR 

RELAPSED B CELL LYMPHOMAS, Press O.W., Janet F. Eary, 
Christopher C. Badger, Paul J. Martin, Frederick R. Appelbaum, Ron 
Levy, Richard Miller, Wil B. Nelp, Darrell R. Fisher, Greg Wiseman, 
Dana Matthews, and Irwin D. Bemstein. University of Washington, 
Seattle, WA 98195, The Fred Hutchinson Cancer Research Center, 
Seattle, WA 98104, Stanford University, Stanford, CA 94305, Battelle 
Pacific Northwest Laboratories. Richland WA 99352, and IDEC 
Pharmaceuticals, Mountain View, CA 94043 
Despite dramatic advances in curative combination chemotherapy for 
newly diagnosed patients with aggressive non-Hodgkin's lymphomas 
(NHL), few patients with low-grade lymphomas or relapsed NHL can be 
cured with conventional therapy. We have evaluated the therapeutic 
potential of radiolabeled anti-idiotypic, anti-CD20 & anti-CD37 
monoclonal antibodies (MoAbs) followed by autologous marrow 
reinfusion in 33 patients with advanced NHL who failed conventional 
chemotherapy. On successive weeks, patients were infused with 
escalating amounts of antibody (0.5.2.5. 10 mglkg) trace-labeled with 5- 
10 mCi 1-131. Absorbed radiation doses to tumor sites and normal 
organs were estimated by standard MIRD techniques based on data 
obtained by serial whole body gamma camera imaging, serial tumor 
biopsies, and computed tomography. In 16 of the 33 patients. every 
assessable tumor site received more radiation than any critical normal 
organ, and these patients were considered candidates for therapeutic 
infusions of I-131-MoAbs. The 17 patients who did not achieve favorable 
MoAb bidismbutions generally had large tumor burdens (AS kg, 11 pt) 
or massive splenomegaly (13 pt). To date, 14 patients have received high 
dose radioimmunotherapy with 211-1 168 mg of MoAbs labeled with 
232-628 mCi of 1-131. Acute toxicity was limited to transient mild 
nausea, pruritis, and low grade fever. All treated patients experienced 
significant myelosuppression 2-4 weeks following treatment and 10 had 
elective reinfusion of autologous, purged marrow. Eleven patients 
achieved clinical complete remissions, one a partial response, one a 
minor response and one is too early to evaluate. Response durations have 
varied from 4-37+ months. 

We conclude that the tolerable toxicity and encouraging efficacy 
warrant further dose escalation in this phase I mal. In addition, future 
studies will attempt to improve the proportion of patients who achieve 
favorable MoAb bidismbutions by performing splenectomies in patients 
with splenomegaly and administering cytoreductive chemotherapy to 
patients with tumor burdens 9 . 5  kg. 

D417 Y-90 LABELED B1 IMMUNOCONJUGATES IN 
LYMPHOMA AUTOTRANSPLANTATION: 

Roger M. Macklis, S. Glenn, 6. Beresford, J. 
Humm and L. Nadler, Harvard Medical School 
and Dana Farber Cancer Institute, Boston MA 
and Coulter Immunology Co, Hialeah, FL 
We are evaluating the radiochemistry, radiobiology 
and pharmacokinetics of murine tgG2a MoAbs specific 
for the CD20 (BI) antigen. These MoAbs have been 
labeled with the high energy beta emitting radiometal 
Y-90 (particle range approximately 1 cm in tissue) 
through a SCN-Benz-Alk-DTPA chelate system. The 
resulting radioiommunoconjugates (RICs) recognize 
more than 90% of human B cell NHL. TLC and HPLC 
studies show that this radiochemical linkage is 
extremely stable under physiologic conditions, and 
radiobiological studies show that CD20+ B cell NHL 
lines are extremely sensitive to this form of targeted 
radiation. This high radiosensitivity may be due to 2 
unusual features of this form of protracted low dose- 
rate radiation exposure: (1) shifts in cell cycle 
kinetics into the radiosensitive G2M phase of the cell 
cycle, and (2) the induction of endonuclease-mediated 
DNA fragmentation and programmed cell death 
(apoptosis) in susceptible cell types. Animal models 
of malignant lymphoma show that the RlCs are 
distributed very heterogeneously in target tissue, 
though the long-range beta particles from Y-90 
partially correct for this inhomogeneity. Based on 
these preclinical data, we are now initiating a phase I 
dose-escalation trial in which these RlCs will be used 
to deliver biologically targeted TBI as preparation for 
autotransplants in relapsed CD20+ NHL patients. 

D 419 Autotransplant for lymphoma: The University of Rochester 
experience, Aaron P. Rapoport, M.D., Jacob M. Rowe, 

M.D., Peter A. Kouldes, M.D., and John F. DiPersio, M.D., Ph.D, 
Bone Marrow Transplant Unit, University of Rochester Medical 
Center, Rochester, NY 14642. 
72 patients with relapsed or refractory Hodgkin's disease (HD) or 
non-Hodgkin's lymphoma (NHL) underwent autologous marrow 
(62) or blood stem cell (10) transplants between November 1988 
and September 1991. 43 patients entered with "minimal" disease 
or in complete remission, following 1 or more courses of salvage 
therapy and 29 patients entered with "bulky" disease (at least one 
disease area >2 cm). 67 patients (93%) received the BEAC 
preparative regimen consisting of BCNU (300 mg/m*) on day -7, 
etoposide (200 mg/m2) days -6 to -3, cytarabine (200 mg/m2) days 
-6 to -3, and cyclophosphamide (35 mg/kg) days -6 to-3. Five 
patients (7%) received TBI. Of 35 patients with HD, 20 (57%) are 
surviving event-free at a median follow-up of 331 days (29-945). 7 
patients (20%) died from transplant-related complications; all had 
bulky disease on admission. 8 patients (23%) have relapsed at a 
median of 157 days post-transplant (71-250), all in sites of prior 
disease. Of the 19 patients with "minimal" disease, 15 (79%) are 
surviving event-free as are 5 of 16 (30%) with "bulky" disease. Of 
37 patients with NHL, 18 (49%) are surviving event-free at a median 
of 194 days post-transplant (21-1022). 3 patients (9%) died during 
the transplant procedure, and 4 patients died after discharge from 
non-relapse causes. 12 patients (33%) have relapsed, 9 in sites of 
previous disease. Of 24 patients with "minimal" disease, 15 (63%) 
are surviving event-free as are 3 of 13 patients (23%) with "bulky" 
disease. While additional follow-up is needed, this database 
supports previous reports suggesting that patients with "bulky" 
residual disease are more likely to die from complications of 
therapy or suffer early relapse. In addition, the BEAC regimen was 
well-tolerated by the 43 patients with "minimal" disease as only 2 
(5%) succumbed to complications of transplant. A significant 
proportion of these patients may be long-term survivors. 
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CHEMOTHERAPY AND AUTOLOGOUS BONE MARROW 
TRANSPLANT, Elizabeth Reed, James Annitage, William Vaughn, 
Julie Vose, Philip Biirman, Anne Kessinger and Karel Dicke. 
Section of Oncology/Hematology, University of Nebraska Medical 
Center, Omaha, NE 68198 
Seventeen patients treated with high dose chemotherapy and 
autologous bone marrow transplant for Hodgkin disease (6 
patients), nonHodgkin lymphoma (2 patients), breast cancer (6 
patients) and other solid tumors (3 patients), received GM-CSF by 
continuous infusion at the dose of 125 ug/M/day. GM-CSF was 
started within 2 hours after marrow infusion and was continued a 
median of 14 days (range 2-30 days). Absolute neutrophil counts 
reached 100 x 10' cells/lter and 500 x 10s cells/liter a median of 
11 days (range 8-20 days), and 13 days (range 10-30 days) after 
transplant, respectively. All patients survived the transplant 
hospitalition and were discharged a median of 22 days (range 
14-40 days) after marrow infusion. Proven infections occurred in 7 
patients. Weight gain of 2 5 kg. occurred in 8 patients. New 
pleural effusions occuned in 7 patients a median of 10 days 
(range 3-19 days) after transplant. Three patients had 
symptomatic effusions and GM-CSF was discontinued after 2, 4, 
and 13 days of continuous infusion. Two of the patients had 
malignant effusions and the other patients were thought to have 
effusions secondary to GM-CSF. These patients had recovery of 
neutrophils that was comparable to previous reports in transplant 
patients using GM-CSF as a bolus at twice the dose. However, 
there may be an increased incidence of weight gain and pleural 
effusions when GM-CSF is given by continuous infusion. 

THE EFFECTS OF CONTINUOUS INFUSION GM-CSF IN 
ADULT PATIENTS RECEIVING HIGH DOSE 

D 422 INTERSTITIAL PNEUMONITS (IP) FOLLOWING HIGH- 
D O S E  C H E M O T H E R A P Y  ( C T )  W I T H  

CYCLOPHOSPHAMIDE, BCNU, ETOPOSIDE CISPLATW (CBV 
A P) AND AUTOLOGOUS BONE MARROW TRANSPLANTATION 
( AuBMT) FOR ADVANCED HODGKIN'S DISEASE (HD): 
INCIDENCE, RISK FACTORS AND OUTCOME, Antoine Sayegh, 
Donna Reece, Michael Barnett, Joseph Connors, John Shepherd, 
Randal l  Fairey,  S u s a n  O'Reilly, S tephen  Nante l ,  Hans-G. 
Klingemann. John Spinelli, Nicholas Voss, Gordon Phillips. The 
LeukemiaBone Marrow Transplant Program of British Columbia, 
Division of Hematology, Bri t ish Columbia Cancer  Agency, 
Vancouver General  Hospital, a n d  the  University of Bri t ish 
Columbia, 910 West loth Avenue, Vancouver, BC V5E 4E3. 
Between 03185-08/91,90 consecutive patients (pts) with advanced 
HD were treated with high-dose CT and AuBMT. All patients had 
evidence of disease progression following multiagent primary 
therapy. CT consisted of CBV (C:1.8 g/m2 x 4; B:600 mg/m2; V:2.4 
g/m2) in 26 pts and CBVP (C and V in same doses as above with V 
given as a 34-hour continuous infusion; B:500 &ma; P 5 0  mg/m2 x 
3) in 59 pts. Five pts  received other CT. 6 pts had previous B 
exposure, and  54 pts had received chest radiotherapy (RT) -- 
including 19 pts who received chest RT immediately before high- 
dose CT. Median age was 28 years (yrs) (range: 13-35). IP occurred 
in 16 pts and was fatal in 6. The actuarial cumulative incidence of 
IP was 19% 195% confidence interval: 11-2870) with a median follow- 
up of 22 months (range: 0.5-75 mod. Median time to onset of IF' was 
53 days  post AuBMT (range:  8-160). Fif teen p ts  received 
corticosteroid therapy early in the development of IP, and 10 of 
these recovered. In a preliminary statistical analysis, the only 
predicting factor for IP was prior B exposure (p=.0002; chi-square). 
The incidence of IP  was not influenced by prior chest RT (p=.33) or 
by dose of B used with high-dose CT (p=.58). I P  is a serious 
complication in pts receiving high-dose CVB 5 P and  AuBMT, 
particularly in pts with a history of B exposure, and therapeutic 
alternatives should be considered in such pts. Rapid recognition of 
I P  and  early t reatment  with corticosteroids a r e  essential in 
preventing irreversible pulmonary failure. 

~ 4 2 1  HIGH-DOSE CARBOPLATIN, ETOPOSIDE AND 
CYCLOPHOSPHAMIDE WITH AUTOLOGOUS BONE MARROW 

TRANSPMTATION (ABHT) FOR REFRACTORY MALIGNANCIES: 
EXPERIENCE WITH 63 PATIENTS. Saez R, Selby G. Strnad C. 
Slease R and Epstein R, University of Oklahoma, 
Presbyterian Hospital, Veterans Administration Medical 
Center, Oklahorsa City, OK, Tulsa Medical Center, Tulsa, 
OK. 
Last year we completed a Phase I study vith high-dose 
continuous infusion carboplatin (1.2-2 g/M') d-7 to d-4. 
etoposide (1.2-2.4 g/M2) d-7 to d-5 and cyclophosphamide 
(120 mg/kg) d-9. d-8 in 32 patients with refractory 
malignancies. 
Uucositis/enterocolitis was dose limiting. Hepatic and 
pulmonary dysfunctions were minimal. MTD was etoposide 
2.1 gfl and carboplatin 2.0 g/W in combination with 
cyclophosphamide (120 mg/kg). We have extended our 
experience to 63 patients: breast (24). Hodgkin's disease 
( 1 2 ) .  ovarian ( 9 ) .  NHL (7). testicular ( 5 )  and others 
( 6 ) .  
Responses were seen in 26 of 31 patients with measurable 
disease, including 7/8 with tescicular/ovarlan cancer, 
7/8 with breast cancer and 6/8 vith Hodgkin's disease. 
Twenty-seven patients reroain free from progression 1-22+ 
months post ABMT. 
Detailed data on toxicity and responses per disease type 
will be presented. 
CpILElusion: high-dose carboplatin when combined with 
etoposide and cyclophosphamide has significant anti-tumor 
activity in testicular, ovarian and breast cancer and in 
Hodgkin's disease. 

D 423 EFFECTS OF INTERLEUKIN-3 ON LONG-TERM CULTURES 
OF HUMAN BONE MARROW AND APHERESlS HARVESTS 

FROM LYMPHOMA PATIENTS. JG Sharp, SL Mann. DA Crouse. DD 
Weisenburger, A Kessinger, L Garrison. University of Nebraska 
Medical Center, Omaha, NE and lmmunex Corp, Seattle, WA. 
The risk of stimulating tumor growth is an important wnmn in the 
use of cytokines to ameliorate hematopoietic aplasia and to 
mobilize stem cells into the arculation for more efficient collection 
of peripheral stem cells. We have employed a sensitive culture 
technique which detects occult lymphoma cells to monitor the 
bone marrow and apheresis harvests of lymphoma patients 
receiving 125.250 or 500 pg/m'of recombinant human interleukin- 
3 (IL-3) to facilitate peripheral stem cell collections. Samples of 
both marrow and apheresis harvests obtained prior to IL-3 
administration (PRE) and similar harvests following administration 
(POST) were placed into long-term culture with or without 11-3 (200 
U/ml). In 6 fully evaluable Hodgkin's disease patients studied to 
date, suspected tumor cells were found in the aphereses harvests 
of 2 (33%) which is the predicted frequency in such harvests. 
However, these cells were present in the PRE as well as POST 
apheresis harvests and did not show dfferential growth in the 
presence of IL-3. Consequently, we concluded that in this small 
sample, IL-3 did not stimulate lymphoma growth. Administration 
of 11-3 to the patients changed the yield of harvested cells by 
increasing the POST apheresis and decreasing the POST marrow 
harvests. Addtion of 11-3 to the cultures leads to a greater 
cumulative production of cells from all harvests. Lymphocytes 
showed a relative increase in the POST apheresis harvests at the 
expense of granulocytes. In contrast, culture of both PRE and 
POST apheresis and marrow cultures with 11-3 was associated with 
a relatively greater production of granulocytes. This increase 
occurred at the expense of both lymphocyte and monocyte/ 
histiocyte production. Therefore, IL-3 is able to modulate 
hematopoiesis in lymphoma patients with no evidence of an 
increased risk of lymphoma growth. (Supported by the lmmunex 
Corporation.) 
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D 424 PHASE I TRIAL OF HIGH-DOSE CYCLOPHOS- 
PHA)(IDE(CPA), VP-16. CARBOPIATIN(CBDCA) AND 

TOTAL BODY IRRADIATION (TBI), WITH AUTOLOGOUS STEM CELL 
SUPPORT, IN PATIENTS WITH ADVANCED MALIGNANCIES. All 
Stornioio,  JR Mason, BA Newton, MD Mullen, SL Seagren, and 
TC Shea. University o f  California,  San Diego, CA 92103. 
Four previously t reated pa t i en t s (p t s ) ,  3 with relapsed non- 
Hodgkin's lymphoma and 1 with relapsed metastat ic  cervical  
cancer, received CPA(6g/m2), VP-16( 1 .8g/mz), CBDCA( lg/m'), 
and escalat ing doses of TBI(8 Gy - 3 pts; 10 Gy - 1 p t ) .  
Because p t s  had documented bone marrow involvement ( 2 ) ,  
skeletal  involvement ( I ) ,  o r  had received extensive pelvic  
radiat ion ( I ) ,  the conditioning regimen was followed by i n -  
fusion of peripheral  blood stem c e l l s  (PSSC) which were 
col lected during G-CSF administration (3 p t s )  o r  during 
steady s t a t e  (1 p t ) .  PBSC reinfusion was followed by d a i l y  
administration of e i t h e r  G-CSF (3) o r  GM-CSF(1). Median 
time t o  >500 neutrophils - 11.5 days (d ) ;  t o  >20,000 
p l a t e l e t s  ( p l t )  - 52.5d; and number of hospital  days - 27. 
P t  I1 remains pl t - t ransfusion dependent >180 days. P t  # 2  
demonstrated prolonged thrombocytopenia which resolved 
following splenectomy. Maximum tolerated dose has not been 
reached. Reversible grade 3 tox ic i ty  was l imited t o  
mucositis in 2 pts. No s ign i f i can t  hepatic,  renal o r  
neurologic tox ic i ty  was observed. Two p t s  had t r ans i en t  
drops i n  l e f t  ventr icular  e ject ion f r ac t ion  which 
subsequently normalized. Three of 4 p t s  were evaluable f o r  
response; a l l  3 achieved CR and a re  a l ive  and progression- 
f r e e  4-6 months post treatment. Day 14 colony counts and 
CD34+ c e l l s  reinfused per Kg are  sumnarized below: 

CFU- CFU- CD34t Mononuc. A N C S O O  Plts>ZDK 
P t  GM/Kg GEMM/Kg cells/Kg cells/Kg (d) (d) 

1 0.75~10' 0.49~10' 0.70~10' 10.2~10' 19 >I80 
2 10.7~10' 2.12~10' 1.46~10' 4.51~10' 14 92 
3 1.53~10'  1.26~10'  1 . 2 3 ~ 1 0 ~  3.64~10'  9 13 
4 205x10' 11.6~10'  ll.2x107 1 3 . 9 ~ 1 0 ~  8 8 
~ 

This regimen appears e f f ec t ive  and well t o l e ra t ed ,  
especial ly  i n  heavily pretreated hematologic malignancies. 

D 4 2 6  AUTOLOGOUS BLOOD STEM CELL TRANSPLANTATION IN 

Takanori Teshima. Eiichi Ishii. Mine Harada. Ikuko 
Minamishima, Akinobu Matsuzaki. Yasushi Takamatsu. 
Shoichi Inaba, Kohji Ueda, Yoshiyuki, Niho. First 
Department of Internal Medicine. Department of 
Pediatrics and Blood Transfusion Service. Faculty Of 
Medicine. Kyushu University, Fukuoka 812. Japan. 
Recent clinical trials indicate that survival Of 
patients with advanced neuroblasroma can be improved 
with the use of marrow-ablative chemotherapy plus 
autologous hone marrow transplantation (ABMT). 
Accordingly. autologous blood stem cell transplantation 
(ABSCT) will prfvide a chance of long-term survival or 
cure for bad-prognosis patients with neuroblastoma. 
Seven patients with stage 4 neuroblastoma were treated 
with marrow-ablative chemotherapy followed by ABSCT. 
Peripheral blood stem cells (PBSC) were collected by 
apheresis during a recovery phase after chemotherapy. 
when tumor cells disappeared morphologically in the 
blood and the marrow. Collected PBSC were 
CrvoDreserved without DurKlnK by a simplified method at 

ADVANCED KEUROBLASTOMA, 

-8b"b; Psetransplant conditioning regimen cqnsisted of 
400 mg/m of CBDCA on day -7 tg -5. 200mg/m of VP-16 
on dav -7 to -4 and 180 ma/m of 1-PAM on day -2. 
Rapid -reconstitution of t;ilineage hemopoiesis was 
observed in all of the patients. Four of the 7 
patients, who received ABSCT at complete remission 
( C R ) .  are now surviving in continuing CR for 6 to 17 
DO. The remainding 3 patients. who received ABSCT at 
relapse. died of progression of the disease. All 
patients tolerated well the conditioning regimen 
without severe regimen relsted-toxicity. These results 
suggest that marrow-ablative chemotherapy with ABSCT 
can be performed safely and this treatment modality may 
be effcetive in the treatment of advanced 
neuroblastoIJIa. 

D 4 2 5 R O L E  O F  INTERLEUKIN-6 IN VNO DURING 
H E M A T O P O I E T I C  R E C O V E R Y  A F T E R  

CHEMOTHERAPY AND AUTOLOGOUS BLOOD STEM 
CELL TRANSPUNTATION.  Yasushl Takamatsu. Koichl 
Akashl. Mlne Harada. Takanori Teshtma. Kazuya Shlmoda. Sholchi 
Inaba. Tetsuya Eto. Koji Nagafuji. Yoshlyuki Niho. The First 
Departnicnt of Internal Medicine. Blood Transfusion Service. 
Faculty of Medlclne. Kyushu University, Fukuoka. Japan. 

We studied i n t e r l e u k i n ( I L ) - 6  production by 
peripheral blood monocytes during h e m a t o p o i e t i c  
recovery a f t e r  chemotherapy-induced m a r r o w  aplasia. 
Thirteen adult patients with hematological 
malignancies including 8 AML. 3 ALL and 2 NHL were 
studied in c o m p l e t e  r emis s ion .  During a recovery 
phase fol lowing intensive chemotherapy. peripheral 
b l o o d  mononuclear cel ls(PBMC) were co l l ec t ed  by 
leukapheresis. Monocytes  were s e p a r a t e d  as adherent 
cells and i n c u b a t e d  in culture m e d i u m  with 10% FCS 
for  24 hours. High concentrations of IL-6 could be 
d e t e c t e d  in these m o n o c y t e  c u l t u r e  supernatants. 
Furthermore. plasma IL-6 levels  were also e leva ted .  
These data indicate that monocytes were activated to 
produce IL-6 in vivo during the hematopoietic recovery. 

P B M C  collected during the hematopoietic 
recovery include a large number of hematopoietic stem 
ce l l s  and are used fo r  autologous blood s t e m  cell 
t ransplantat ion(ABSCT).  Morphological  examination 
of the PBMC revealed that a ha l f  of them consisted of 
monocytes. Since prevlous data s h o w e d  that these 
monocytes produced IL-6 in vivo. we investigated 
plasma IL-6 levels a f t e r  ABSCT in 5 patients. Plasma 
IL-6 levels began to increase f r o m  day 3 a f t e r  
transplantation and reached peak leve l s  on day 7- 
9(madian 186pg /ml ) .  Hematopo ie t i c  recovery w a s  
usually rapid after ABSCT compared with those af ter  
allo- and auto-BMT. Therefore ,  it is suggested that 
these monocytes i n f u s e d  w i t h  stem cells may 
accelerate hematopoietic reconstitution through 
producing IL-6. 

D 427 PILOT TRIAL OF URSODIOL TO PREVENT VENO- 
OCCLUSIVE DISEASE OF THE LIVER (VOD) IN 

PHAMIDE. J.M. Thompson, J. H. Essell, G.S. Harman, R. D. 
Halvorson, and M. J. Snyder. Dept. Hematology SGHMMH, Wilford 
Hall USAF Medical Center, San Antonio, Texas 78236. 
Ursodiol is a hydrophilic, nonhepatotoxic bile salt indicated for the 
treatment of cholesterol gallstones. We are performing a pilot study to 
determine if the prophylactic use of ursodiol is effective in decreasing 
the incidence and seventy of VOD following allogeneic bone marrow 
transplantation (BMT). Fifteen consecutive pts undergoing BMT for 
hematologic malignancies were prepared with busulfan 4mg/kg/day x 4 
days and cyclophosphamide 60mglkg x 2 days between 2/91 and 7/91. 
All received cyclosporine and methotrexate (MTX) (10mg/M2) 
D+ 1,3,6 for GVHD prophylaxis. Ursodiol 3OOmg po bid was begun 
at least one day prior to beginning the preparative regimen. Clinical 
parameters for this group were compared to 28 consecutive pts 
transplanted 6/89-1/91 with an identical regrmen without ursodiol. 
There were no significant pre-transplant differences in disease or 
clinical status between the groups. However, pre-transplant AST levels 
were significantly different, 31.5mg/dl in the ursodiol group, vs 
18.lmg/dl in the historical control group (p = O.ooO1). MTX doses 
were held in either group for hyperbilirubinemia (22mg/dl). The 
mean total dose of MTX given was 28.7mg/M2 in the ursodiol group 
and 27.5mg/M2 in controls. The median maximum bilirubin was 
1.9mg/dl (range 0.945) in the ursodiol group and 5.05mg/dl (range 
0.7-29.4) In controls. The incidence of VOD was 2/15 (13.3%) in the 
ursodlol group and 18/28 (64.3%) in controls (p =O.W). Lkath due 
to VOD occurred in 1/15 (6.7%) in the u r d i o l  group and 6/28 
(21.4%) in controls (p=0.41). Overall survival was 13/15 (86.7%) in 
the ursodiol group and 15/28 (53.6%) in conmls (p=0.067). Our data 
suggest that ursodiol may decrease the incidence. of VOD in pts 
receiving this regimen. When this pilot study is concluded, we plan a 
double-blind randomized trial to further investigate this possibility. 

PATIENTS (FTS) RECEIVING BUSULFANICYCLOPHOS- 
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D428 PHARMACOKINETICS OF HIGH DOSE PO AND IV 
HYDROXYUREA (HU) IN BMT PREPARATIVE REGIMENS, 

William P. Vaughan, Edward S. Kris, Peter R. Gwilt, U of NE Med 
Center, Omaha, NE 69198 
Short term PO or iv HU single agent produces only marrow toxicity. 
This toxicity pattern, its broad spectrum of clinical activity, and its 
potential for synergy with other drugs makes HU worthy of 
investigation in BMT preparative regimens. Pharmacokinetic 
studies were done in a phase VIV trial of iv HU (6-12 g/mz over 72 
h) with BCNU (B), VP-16 (E), and Cytoxan (C) followed ABMT for 
large cell lymphoma, and a phase I clinical trial of iv single agent 
HU (loading doses of 600 or 900 mg/m2 followed by 200 or 300 
mg/mz/h, respectively for 48, 60 or 72 h). At the same time, we 
studied the pharmacokinetics of fixed dose PO HU (18 g/m2 over 72 
h) combined with C and thiotepa (T) followed by ABMT for breast 
cancer, In the phase l/lV trial combining iv HU with BEC. mucositis 
was dose limiting and was also seen in the trial using PO HU 
combined with CT. Average steady state serum levels and AUC in 
pts receiving iv infusion HU increased in a non-linear fashion. 
Average steady state concentrations achieved with 72 h iv infusions 
of6,8, 10.2, 12.6, 17.5, 18.9,and22.5g/m2were0.11,0.31,0.52, 
0.53, 0.60, 0.58, 0.79, and 0.8/ mM, respectively. Mean serum 
levels and AUC/dose in pts receiving PO HU were not statistically 
different from pts receiving continuous infusion. However, peak 
levels achieved with PO HU ranged widely from 0.55 to 1.65 mM 
with a mean of 0.96 0.33 mM. The pharmacokinetics appeared 
to be zero-order uptake and first-order elimination. The half-life 
was 2.4 2 0.7 h. However, there were peaks observed following 
the primary peak that might indicate atypical absorption or 
disposition. The recommended dose of iv HU for use in other high 
dose chemotherapy/ABMT combinations is 10 g/m2 total dose over 
72 h. Our data are consistent with a completely available PO 
dosage form, but difficulty of PO administration during nausea and 
vomiting from other high dose chemotherapy and more erratic 
pharmacokinetics favors the iv formulation in this setting. 

D 430 DOSE VERSUS TREATMENT OUTCOME WITH HIGH 
DOSE CYCLOPHOSPHAMIDE (C), CARMUSTINE (B), 

ETOPOSIDE (V) IN H O D G m S  DISEASE (HD) AM) NON- 
HODGIUN’S LYMPHOMA (NHL): OBSERVATIONS IN A 
CONSECUTIVE SERIES OF 160 PATIENTS UNDERGOING 
AUTOLOGOUS STEM CELL TRANSPLANTATION. C. 
Wheeler, J.P. Eder, L. Ayash, K. Ault, K. Antman, A. Elias, 
R. Mazanet, G. Schwartz, P. Mauch, L. Gaynes, I. 
Tep1er.W.H. Churchill, C. Brugnara, LSchnipper and 
J.H.Antin. Beth Israel and Brigham and Women‘s 
Hospitals, Harvard Medical School, Boston Ma. and Maine 
Medical Center, Portland, Maine. 
Since 1986 we have treated 160 patients (pts) with HD 
(83) and NHL (77) with CBV.at seven dose levels..Of the 
entire group, histology was NHL high gradel3, 
intermediate grade 63, low grade 1; HD, NS 74, HD other 
7. 4 pts with NHL were transplanted in first complete 
response . 
All but 2 HD pts had failed at least 7 concommitant or 
sequential agents. 29 pts with HD and 30 with NHL were 
primarily refractory to therapy. C(6 gm/m2) B(450 
mglm2) V(1600 mg/m2) (dose level 111) appeared to 
define a breakpoint in the tradeoff of dose vs response. 
There were 5/90 early deaths at dose level 111 or below 
(3/50 NHL, 2/40 HD) and 12/70 at dose levels greater 
than 111 (3/27 NHL, 9/43 HD) (p=.0221. Kaplan-Meier 
curves of time to failure are not statistically different for 
the two groups. 
different with respect to the major prognostic variable of 
chemotherapy sensitivity These data suggest that, within 
the high dose range, moderate doses are as effective as 
very high doses with more manageable toxicity. 

All other had relapsed or refractory disease. 

Patient groups at were nor statistically 

D 429 CONTINUOUS INFUSION VP-I6 AND CYTOXAN 

TATION OF HIGH RISK PATIENTS WITH LYMPHOMA, RS 
Weiner, RB Mowat, W Cassano, DJ Oblon, AM Miller, WD 
Noyes, NS Conley, L Myers, P Phillips, N Mendenhall, Univer- 
sity of Florida College of Medicine, Gainesville, FL 32610 
Prior use of multi-modality therapy to treat high risk pts with 
Hodgkin’s Disease and non-Hodgkin’s lymphoma presents 
challenges when contemplating ablative therapy for relapse. 
Too often total body irradiation (TBI) is unsafe and options 
limited for involved field radiotherapy as well. As a result of 
extensive institutional experience with continuous infusion (CI) 
VP-16 and intermittent cytoxan in a broad based phase 1-11 
study, we developed a preparative regimen consisting of CI VP- 
16 150-200 mg/ml over 11 hrs q 12 hrs x 12 doses and inter- 
mittent cytoxan 350-500 mg/ml q 12 hrs x 12 doses for use in 
pts for whom involved field radiation therapy followed by 
cytoxan and TBI was inappropriate. Sixteen pts with lympho- 
ma (4 pts with intermediate to high grade non-Hodgkin’s l ym 
phoma and 12 pts with Hodgkin’s Disease) were treated with 
this regimen between 1987 and 1991. All pts presented in fvst 
or subsequent relapse. AU pts had responding disease as judged 
by objective tumor regression after combination chemotherapy. 
Two pts (both with Hodgkin’s disease) died in the peri-trans- 
plant period. Six of 12 pts with Hodgkin’s disease remain in 
continuing complete remission from 8 - 25 months with a 
median of 11 months. Relapses occurred 3, 5, and 12 months in 
relapsed Hodgkin’s disease pts. Two of 4 pts treated for non- 
Hodgkin’s lymphoma are in continuing complete response at 8 
and 32 months. One pt relapsed at 11 months and the second 
pt relapsed after 2 months and died after a second transplant. 
CI VP-16 and cytoxan is a safe and effective transplant regimen 
for previously irradiated pts with Hodgkin’s dsease who re- 
lapse. Further studies are warranted in non-Hodgkin’s lym- 
phoma as well. 

FOR AUTOLOGOUS BONE MARROW TRANSPLAN- 
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Alternative Donors 
D500 HAPLOIDENTICAL BMT IN CHILDREN: AN 

ITALIAN EXPERIENCE. Andolina M . .  Agosti E. 
de Manzini A., Locatelli F., Zecca M . ,  Bonetti 
F., Rossi R., Porta F. Istituto per 1'Infanzia 
di Trieste, Clinica Pediatrica di Pavia, Clinica 
Pediatrica di Brescia. Italy. 
If a patient has no other choice but a BMT, 
effort should be done in order to find a donor. 
A minority of children has a compatible sibling 
and few acute leukemias can wait months 
searching a MUD. Within the pediatric italian 
group for BMT an experience of mismatched BMT 
using haploidentical parents and siblings as 
donors is being developed. Up to now 37 children 
underwent such BMT, mismatched for 2-3 loci. 24 
marrows were treated in vitro with vincristine 
and methylprednisolone, 5 were T depleted with 
Campath 1, 2 with soy bean lectins; 6 were not 
treated ex vivo. Cyclosporin was given to all 
patients. 22 received also I.V.1.g. (100 
mg/kg/day!. Acute and chronic GVHD were a minor 
problem in most patients and were direct or 
indirect cause of death in 6. A marrow rejection 
was a problem in a first series of genetic 
disease and chronic leukemias: recently an 
increased immune-suppression (TAX) before the 
transplant seemed to facilitate the take. 
Since most patients had advanced disease the 
overall survival is poor due to early deaths and 
relapses. 7 patients are alive 3-56 months 
without GVHD. 3 patients survived more than 1 
year (and relapsed) with no or irrelevant 
problems of chronic GVHD. 
In conclusion we can state that an haplo- 
identical BMT is a concrete chance for children 
in whom an autologous or an HLA matched BMT is 
not feasible. 

any 

~ 5 0 2  AN IMPROVED MLR TEST FOR DETECTION OF NON-MHC 

TRANSPLANTATION (BMT). A. Bishara. B. Leshem. C. 
Brautbar, 5. Slavln, I. Coheii, E. Rosenkovitch, and E. 
Kedar. The Tissue Typing Unit and the Dept. of Bone 
Marrow Transplantation, Hadassah Hospital, and The 
Lautenberg Center of Immunology, Hebl-ew Unlverslty, 
Jerusalem, Israel. 
Selection of donors for BMT is based on serological 
determination of MHC class I and class I 1  antlgens and 
on the mixed leukocyte reaction (MLR). The standard MLR 
assay, which is used as the final inaicator of donor- 
patient compatibility. is both time-consuming (6 days, 
and relatively insensitive since it does not detect 
non-MHC antlgen differences. Such differences may be 
the major cause for graft versus host disease IGVHD) 
and graft relection in BMT performed between HLA 
genotypically identical siblings or in phenotypically 
identical unrelated combinations. Therefore, the alms 
of OUT sttidy have been: a) to shorten the MLA test, and 
b) to increase its Sensitivity for better selection of 
compatible donors, and for Tredicting BMT outcon~e more 
accurately. Three modificarions were employe? in The 
MLR rest: a !  measurxg IL-2 secretion ir: the MLR 
supernatants as an early- T-cell actlvatlon signal: i;J 

addition of lympbokines ( I L - I ,  I i - 2 ,  I;-<! ti the 
cultures, to amplify weak proliferative responses: an@ 
c! using stimvlator cells prrtrezted for 24 P.r with 
IFN 1, T N F ~ O T  00th. to enhance MHC and non-MHC antigen 
expression. With these mo.'^illcations, results couid De 
obtained atter 3 days: weak responses i n  
hisroincompatiole combinatlons were markedly erihanceo. 
and positive responses were observed in several MHC 
matzhed recipient-donor pairs that were not reactlve in 
the standard MLR test. The positive reactions in ?he 
modified test correlated 180%) with post BMT 
complications in recipients of graf?s from HLA 
"matched" siblings. 

ANTIGEN DIFFERENCES IN BONE MARROW 

D 501 THE ROLE OF HLA DISPARITY IN TRANSPLANT 
OUTCOME IMPORTANCE OF MOLECULAR 

ANALYSIS OF HLA POLYMORPHISM, Lee Ann Baxter-Lowe, 
James Casper, Jack Gorski, David Eckels, and Robert Ash, The 
Blood Center of Southeastern Wisconsin and The Medical College 
of Wiscopsin, Milwaukee WI 53233 
HLA disparity between bone marrow recipients and donors has 
been associated with graft rejection, graft-versus-host disease 
(GVHD), and inadequate immune reconstitution. This study 
examines the effect of differences among HLA molecules, including 
single amino acid differences, on transplant outcome. These subtle 
differences among HLA molecules were detected using the 
polymerase chain reaction to amplify HLA genes and sequence- 
specific oligonucleotide probe hybridization to detect polymorphic 
sequences in the amplified products. This method was utilized to 
detect oligotypes that correspond to all known alleles for HLA-DRB 
and -DQB. HLA-DR polymorphism was correlated with response in 
mixed lymphocyre cultures (MLC) and with the incidence and 
severity of acute GVHD following bone marrow transplantation. 
There was a highly significant relationship between HLA-DR 
mismatching and reactive MLC (p<O.OOOOl). Further, the 
magnitude of relative responses was influenced by the nature of the 
HL4-DR polymorphism. In preliminaIy studies of the HLA-DR 
matched samples, reactivity in MLC was also associated with HLA- 
DQ and/or -DP disparity. HLA-DR and -DQ matching was 
evaluated in 66 donor/recipient pairs and the results were compared 
with the incidence and severity of acute GVHD. Univariate analysis 
revealed that HLA-DR disparity was significantly associated with 
severe aGVHD (grades 111 and IV, p=G.004). In contrast, HLA-A, 
-B, or -DQ disparity were not significantly associated with the most 
severe forms of acute GVHD. Empirical studies based upon 
molecular analysis of HLA polymorphism along with theoretical 
considerations of HLA structure and function may permit the 
development of systems for predicting the impact of HLA disparity 
on the outcome of marrow transplants. 

D503 UNRELATED DONORS FOR BONE MARROW TRANSPLANTATION IN 
CHILDREN. .I. Casper, L.A. Baxter-Lowe, R .  Truitt, K. 

Murray, C. Lawton, N. Bunin. J .  Hunter, B. Camitta. R .  Ash. 
Medical College of Wisconsin, Children's Hospital and The 
Blood Center of SE Wisconsin, Milwaukee, WI 53226 

Two-thirds of children in need of a bone marrow transplant 
(BMT) lack an HIA-matched sibling. Since 1986 we have 
performed 60 BMTs utilizing matched and mismatched unrelated 
donors. There were 41 male and 19 females who ranged in age 
from 6 months - 18 years (median-7). Malignant diseases 
included: ALL-23. AHL-3, CML-9, JCML-3 and myelodysplasia-9. 
Non-malignant diseases were: SAA-7, SCID-2, WAS-2, 
congenital neutropenia-1 and metachromatic leukodystrophy-1. 
Histocompatibility was determined using serologic analysis, 
oligotyping and mixed lymphocyte cultures (MLC) . An HLA- 
A.B,DR.DQ match was located for 17 patients, an A mismatch 
for 16, a B mismatch for 12 and a D-region mismatch for 7. 
The median percent relative response index in the donor to 
host direction was 15% (0-56) and in the host to donor 
direction 8% (0-98). The conditioning regimen included: 
cytosine arabinoside 3 gm/m* ql2hr x 6 ;  cyclophosphamide 
(CY) 45mg/kg/ day x2; methylprednisolone lgm/m2 ql2hr x 4 
and total body irradiation 14 GY/9 fractions/3 da s with 
lung, liver and kidney attenuation. Patients w i d  higher 
risk leukemia also received busulfan 2-4mg/kg/day x2 .  
Marrows were T-cell depleted (=1.5 log) using a monoclonal 
CD3 antibody and normal rabbit serum. I V  cyclosporine (3 
mg/kg/day) was begun on day-1. The median number of 
mononuclear cells infused was 1.6 x 108/kg recipient weight. 
Fifty-nine of the 60 patients engrafted. Median times to 
PMN >500 nun3 and platelets >25,0DO/mm3 were 17 and 17 days 
respectively. Acute GVHD occurred in the majority of the 
patients but it was > grade I1 in only 24%. Similarly, 
chronic GVHD was seen in 67% of the evaluable patients but 
was extensive in only 4 .  The 23 deaths were attributed to: 
infection-5, infection/GVHD-7, CVHD-1, lymphoma-2, recurrent 
ALL-2, pancreatitis-1, VOD-3, interstitial pneumonia-1 and 
non-engraftment-1. Disease free survival for lower risk 
leukemia (ALL or AML in 1st or 2nd CR. CML in chronic 
phase), higher risk leukemia (ALL or AKL > 2nd CR, CML in 
accelerated or blast phase, JCML and myelodysplasia) and 
non-malignant disease are 70%. 35% and 73% (overall 5 5 %  at 
20 months). These results compare favorably with matched 
sibling transplants. 
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D504 RETROSPECnVE ANALYSIS OF BONE MARROW 
TRANSPLANTS (BMT) USING EITHER MATCHED 

1INREI.ATED DONORS (MIID) OR PARTIALLY MISMATCHED -. - - - -- - - - - 
RELATED DONORS (PMRD) IN PATIENTS (PTS) WITH ~~~~ ~~ 

HEMATOLOGIC MALIGNANCkS. Jan Gyarfas, P.Jean 'Henslee- 
Downey, Edward Romond, Edward Hardex, Michael Bishop, Gil Ciocci. 
Ewa Marciniak, John Thompson and the Bone Marrow Transplant 
Program, University of Kentucky, Lexington, KY 40356. 
Alternative donors have been swght since a histocompatible HLA matched 
sibling donor is available for only 25% of pts who could benefit from 
allogeneic BMT. The ability to identify a MUD has improved but the 
development of such a donor in a timely fashion appears to be limited. 
Therefore, a more readily available alternative source might be a PMRD. 
Over the last five years, 90 pts with hematologic malignancy have 
undergone BMT using either a MUD (N=20) or a PMRD (N=70). 
Serological typing demonstrated similar antigens (ag) at all 6 major HLA 
loci for all except 2 (5/6) of the MUD group. Genotypic identity was 
present for one haplotype in all of the PMRD group with 1 (N=21), 2 
(N=34), or 3 (N=15) ag mismatched on the unshared haplotype. Both 
groups were treated with the same conditioning regimen including 14 Gy 
hyperfractionated total body irradiation followed by high dose chemo- 
therapy with VP-16, AraC, Cytoxan and Methylprednisolone (MPD). All 
grafts were depleted using a complement mediated, IgM, anti CD-3 mono- 
clonal antibody (MoAb), T10B9, achieving between 1.5-2.0 log depletion 
of mature T-lymphocytes. Post grafting immunosuppression was given 
with either Onhozyme CD-5+, Cyclosporine or both in combination with 
MPD. The MUD group had a mean age of 32 yrs (14-46) consisting of 6 
pts with chronic myelogenous leukemia(CML), 6 with acute myelogenous 
leukemia(AML), 6 with acute lymphoblastic leukemia(ALL) and 3 with 
myelodysplastic syndrome in leukemic transformation(MDSLT). The PMR 
group had a mean age of 19 yrs  (1-49) consisting of 22 pts with CML. 11 
with AML, 32 with ALL and 5 with MDSLT. All evaluable pts in the 
MUD group and 90% in the PMR p u p  engrafted. No obvious difference 
in the risk for aGVHD was seen in the two groups: grade ¶-I1 occurred in 
53% and grade In-IV in 6% of pts in the MUD group and 44% and 17% in 
the PMR group, respectively. Likewise no obvious difference in chronic 
GVHD was seen: 57% vs 46% Six pts (30%) in the MUD and 34 (49%) 
in PMR group are alive at a median observation time of+453 days (89-929) 
and +335 days (7-1.293) respectively. Since no difference in outcome 
could be correlated with the degree of mismatch in the PMR group, this 
analysis suggests that results with either alternative donor are comparable 
and therefore the donor most readily available might be the best choice. 

D506 EFFICACY OF COMBINED CYCLOSPORINE (CSP), 

PROPHYLAXIS FOR PATIENTS (ITS) AT HIGH RISK OF ACUTE 
GRAFT-VERSUS-HOST DISEASE (GVHD) AFTER ALLOGENEIC 
BONE MARROW TRANSPLANTATION (BMT), Thomas Nevill, 
Michael Barnett, Ka-wah Chan, Hans-G. Klingemann, Stephen Nantel. 
Donna Reece, John Shepherd, Hans Messner. Jacinta Meharchand, and 
Gordon Phillips. The LeukemialBMT Program of British Columbia: 
Division of Hematology. Vancouver General Hospital, British Columbia 
Cancer Agency, the University of British Columbia. British Columbia 
Children's Hospital, Vancouver, British Columbia and The BMT Program of 
the Ontario Cancer Institute, Toronto, Ontario, Canada. 
Between la190 and U91.20 pts a t  high risk for acute GVHD after allogeneic 
BMT received as GVHD prophylaxis: continuous infusion CSP 5 mg/kg/d x 
7 days and then 3 mgkdd; MTX 10 mdm2 x 3; and XomaZyme-H65 0.1 
mg/kg/d x 14 doses. As well, 16 pts received Pentoxifylline 2 g/d until day 
+lo0 as tolerated. There were 11 males (M) and 9 females (F), median age 
(range) 33 years (1-48). High-risk features were: unrelated donor (18 pts; 
15 seromatched, 3 one-antigen mismatched) or M recipient with related 
parous F donor (2 pts). Nine pts had chronic myeloid leukemia (CML), 7 
acute leukemia and 4 other. Conditioning was cyclophosphamide (Cy)/total 
body irradiation (TBI) (17 pts), BusulfanlCy (2 pts), or other (1  pt). There 
was 1 early death (candidal sepsis, day +19) hut all others engrafted. 
Median days to WBC > 1.0 x log& ANC > 0.5 x 109fi. and platelets > 20 x 
109/L were 19, 18 and 17. respectively. XomaZyme was moderately well 
tolerated. Seven pts (35%) experienced significant fluid retention (2 10% of 
baseline weight), and 2 pts had XomaZyme discontinued due to  side effects 
[anaphylaxis (1 pt) and renat failure (1 pt)]. Five pts required CSP dose 
modification due to nephrotoxicity with 1 pt remaining dialysis-dependent. 
Six pts also had MTX doses reduced because of renal impairment (4 pts) or 
mucosibs (2 pt). Although 14 pts (70%) developed P grade 11 acute GVHD. 
only 3 (15%) had grade 111-IV disease. Seven of 12 evaluable pts (58%) 
experienced chronic GVHD (5 limited, 2 extensive). There have been 5 post- 
engraftment deaths (2 acute GVHD. 1 chronic GVHD. 2 pneumonitis), and 
one pt has relapsed CML. Fourteen other pts remain alive with a median 
follow-up (range) of 236 days (19-327). Although toxicity is significant, the 
addition of XomaZyme-H65 to standard CSP/MTX GVHD prophylaxis 
appears to decrease the severity of acute GVHD in high-risk pts 

M E T H O T R E X A T E  (MTX)  A N D  XOMAZYME-H65  

0505 SUCCESSFUL BONE MARROW TRANSPLANT (BMT) 
UTILIZING DONORS RECOGNIZING A FULL HAPLO- 

TYPE HLA MISMATCH IN PATIENTS WITH FAR ADVANCED 
HEMATOLOGIC MALIGNANCY. P. Jean Henslee-Downey, Edward 
Romond, Edward Harder. Michael Bishop, Jan Gyarfas, Ewa Marciniak, 
and John Thompson, Department of Medicine and Pediatrics, University 
of Kentucky, Lexington, KY 40536. 
Patients (pts) with a hematologic malignancy who have relapsed have little 
hope for cure with conventional dose chemotherapy. Allogeneic BMT may 
provide a hope for disease free survival but a HLA histocompatible sibling 
donor or a HLA phenotypically similar unrelated donor is only available 
for up to half of the pts who could benefit. If a related haploidentical 
donor with complete lack of sharing for one chromosome could be used, 
then the majority of patients would have a donor readily available as this 
would be the relationship between parents and children as well as many 
first degree relatives. In June 1990. we began a study to evaluate the use 
of such donors. Eleven pts between 2 and 42 years of age (mean 22 yrs) 
have been transplanted following conditioning therapy with 14 Gy total 
body irradiation followed by high dose chemotherapy including VP-16, 
Cytosine Arabinoside, Cyclophosphamide, and Methylprednisolone 
(MPD). Five pts had acute lymphoblastic leukemia. 3 in refractory relapse 
(RR) & 2 in 3rd remission; 5 had chronic myelogenous leukemia, 3 in 
blast crises and 2 in accelerated phase; and 1 had acute myelogenous 
leukemia in RR. As prophylaxis against graft versus host dirasc(GVHD) 
a combination of immunomodulating techniques were employed. All 
marrow grafts were incubated with a complement mediated, IgM, anti- 
CD3. monoclonal antibody (MoAb), T10B9. to achieve an approximate 2 
log depletion of mature T lymphocytes. Post grafting systemic 
immunosuppression commenced with constant infusion Cyclosporin on 
day -2 followed by in vivo administration of an anti-CD5 MoAb- - 
conjugated to ricin A chain, Onhozyme CD-5+, given in combination with 
moderate dose MPD beginning on day +5 for a twelve day course. Ten pts 
engrafted with a mean day to a peripheral count > 500 occurring on day 
+12.6. Failure to engraft occurred in a p t  with persistent leukemia. Four 
pts demonstrated signs of GVHD consisting of skin only in three pts 
(Grade I) and involving skin and gut (Grade 11) in one pt. Seven pts 
(64%) are surviving between 37 and 445 days (median 235 days). Deaths 
appear to be correlated with the far advanced stage of malignancy: 2 with 
aspergillus and 2 with relapse. These surprising results show promise that 
3 antigen mismatched related donors can be successfully used for marrow 
transplantation. Results may be further improved if the transplant is pa-  
formed before the pt reaches an end-stage of the underlying malignancy. 

D507CORRELATION O F  O L I G O N U C L E O T I D E  H L A  T Y P I N G  

T R A N S P L A N T A T I O N .  A f z a l  N i k a e i n ,  R o b e r t  C o l l i n s ,  
J o s e p h  Fay,  T r a n s p l a n t a t i o n  Immunology. B a y l o r  
U n i v e r s i t y  M e d i c a l  C e n t e r ,  D a l l a s ,  TX 7 5 2 4 6  
O l i g o n u c l e o t i d e  t y p i n g  ( O G )  was c o r r e l a t e d  w i t h  
MLC i n  116  u n r e l a t e d  bone marrow d o n o r - r e c i p i e n t  
c o m b i n a t i o n s .  1 9 / 6 3  ( 3 0 % )  H L A - D R  and  1 2 / 5 6  
(21%) HLA-DQ ma tched  p a i r s  by s e r o l o g y  were 
mismatched (MM)  by OG. The  misma tch ing  w a s  due  
t o  d i f - f e r e n c e s  i n  g e n e  s u b t y p e s  among s e r o l o g i c  
HLA-matched a n t i g e n s .  MLC c o m p a t i b i l i t y  i n  
v a r i o u s  d e g r e e s  of m a t c h e s  for D R ,  D Q ,  and  DP 
o c c u r r e d  a s  f o l l o w s :  

W I T H  MLC I N  U N R E L A T E D  BONE HARROW 

# OG DR OG DP 

2 7 5  5 5 ( 7 2 % )  8 5  5 7 ( 6 7 % )  1 5  1 0 ( 6 7 % )  
1 3 7  15(41%f 2 3  8 ( 3 5 % 1  3 8  2 8 ( 7 4 % )  
0 4 O ( O % t  0 - 6 6(100%) 
A s  s h o w n  above, t h e  d e g r e e  of  m a t c h i n g  f o r  DR 
a n d  DQ w a s  p r e d i c t i v e  of MLC c o m p a t i b i l i t y .  By 
c o n t r a s t ,  t h e  d e g r e e  of HLA-DP m a t c h i n g  was n o t  
p r e d i c t i v e  of MLC r e s u l t s .  S i m i l a r l y ,  HLA-DP 
c o m p a t i b i l i t y  had no  e f f e c t  o n  t h e  d e g r e e  or  
i n c i d e n c e  o f  a c u t e  GVHD i n  3 2  p a t i e n t s  w h o  
r e c e i v e d  UBMT. T c e l l  c l o n e s  (111 t o t a l )  
g e n e r a t e d  f r o m  s k i n  b i o p s i e s  o f  t w o  p a t i e n t s  
w i t h  a c u t e  GVHD s h o w e d  n o  r e s t r i c t i o n  t o w a r d  
d o n o r ' s  n o r  r e c i p i e n t ' s  C l a s s  I o r  C l a s s  I1 ( D R ,  
D Q ,  D P )  a n t i g e n s .  One of  t h e s e  t w o  p a t i e n t s  
r e c e i v e d  HLA-DP m i s m a t c h e d  bone m a r r o w .  5 0 %  o f  T 
c e l l  c l o n e s  of t h i s  p a t i e n t  e x p r e s s e d  d o n o r ' s  
and  40% e x p r e s s e d  r e c i p i e n t ' s  HLA-DP p h e n o t y p e  
w i t h  10% of  t h e  c l o n e s  u n d e t e r m i n e d .  T h e  above  
s t u d i e s  s u g g e s t  t h a t :  1) OG i s  a r e l i a b l e  
t e c h n i q u e  for  a c c u r a t e  HLA t y p i n g  and  c a n  
s u c c e s s f u l l y  b e  a p p l i e d  t o  s e l e c t  f u l l y  matched 
d o n o r s  f o r  UBMT 2 )  HLA-DP m a t c h i n g  does n o t  
p r e d i c t  MLC c o m p a t i b i l i t y  o r  i n c i d e n c e  and 
s e v e r i t y  o f  GVHD and  3 )  t h e  n a t u r e  o f  t h e  
a n t i g e n  r e s p o n s i b l e  f o r  a c u t e  GVHD r e m a i n s  
u n d e t e r m i n e d .  
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D 508 HIGH DOSE METHYLPREDNISOLONE (MP) THERAPY FOR 
ACUTE GRAFT VERSUS HOST DISEASE (aGVHD) 

ASSOCIATED WITH MATCHED UNRELATED (MU) BONE 
MARROW TRANSPLANTATION (BMT). David J. Oblon, David 
Felker, Kathy Coyle, Lesley Myers, Division of Medical Oncology, 
University of Florida School of Medicine, Gainesville, FI. 32610 
There is a high incidence of aGVHD associated with matched, 
unrelated (MU) BMT. We have treated aGVHD in 7 patients (pts) 
undergoing MU BMT with high dose MP, an extremely efficacious 
regimen for aGVHD in matched, sibling BMT. Our regimen is: MP 
[5mg/kg/day (D) x 4D]; - response: R, x 8 D, then taper 20% 0 
8 D; If no response by D 4, then escalate to 10 mg/kg/d x 4 D. 
Response Rx as detailed above. If no response by D 4, pts go off 
study. Nine pts underwent MU BMT. The median age was 29 years 
(range 21-36) Male: Female, 6:3; Diagnosis was acute leukemia 1 
pt; Chronic myeloid leukemia 8 pts. m e  conditioning regimen was 
cytoxan/total body irradiation in 9/9 pts and aGVHD prophylaxis 
was cyclosporin and methotrexate for 9/9 pts. One pt died of 
sepsis on day 5. Eight of 8 pts at risk developed severe aGVHD 
(grade 211). One died of sepsis before therapy for aGVHD was 
instituted. The median time of onset of aGVHD was 13 days (range 
11-53) All (100%) pts responded to MP; 5/7 pts at 5mg/kg, and 
2/2 prs at 10 mg/kg. Three of 7 pts experienced a flare of aGVHD 
during the MP taper. None responded to re escalation of MP. All 3 
pts died with aGVHD and /or aGVHD associated complications, 
such as sepsis. Four pts underwent taper of MP without a flare of 
aGVHD. All 4 pts are alive at 3', 17', 19' and 19' months after 
BMT. Two pts underwent taper at 10% /week and did not flare. 
Although the number of pts is small, we could not detect any 
relationship between the following factors and the development of 
a flare of aGVHD: Sex or age of donor; MLC reaction (+ or - ); 
previous therapy; or duration of leukemia. We conclude that 1) MP 
can control aGVHD associated with MU BMT; 2) Flare of aGVHD 
during MP taper is frequent and contributes to a fatal outcome; 3) 
A slower (10% /week) MP taper may yield fewer flare reactions. 

D510 T-CELL ADD-BACK AFTER T CELL DEPLETION BY 
ELUTRIATION USING nm DISPARATE ALLOGENEIC 

BMT: PILOT STUDIES. R. Quinones, R. Gutierrez, C. 
Carter, S. Karandish, N. Luban, R. Gress, P. 
Dinndorf, G. Reaman, Children's National Medical 
Center, George Washington University, Washington, 
D.C. and National Institutes of Health, Bethesda, 
MD . 
T cell depletion (TCD) can abrogate the severe 
graft-versus-host disease (GVHD) that limits HLA 
disparate BMT, but with high risk of rejection and 
relapse. We show durable engraftment following 
add-back of donor T cells and in vivo 
immunosuppression. We treated 10 children with 
refractory leukemia with TBI, Ara-C, 
cyclophosphamide (CY), ATG, and steroids, followed 
by hematopoietic rescue with TCD, HLA disparate, 
related BMT. TCD by double elutriation 
reproducibly separated 2 3 logs of T cells from 
marrow, to which 0.8 to 6.5 x lo5  donor T cells/kg 
were added back. All patients (pt) engrafted (ANC 
> 500 by Day (D) 31 2 16 and platelet > 2 x 10 by 
D 77 5 59). No pt rejected, 1 pt required a boost. 
Three pt developed grade I1 AGVHD; 1, grade 111. 
Two pt have CGVHD (quiescent on therapy). Only 1 
pt relapsed (juvenile CML, Zd blast crisis). 
Disease-free survival is 58% (6/10 pt, D 100 to 
810). A second group of pt (N=5) was treated with 
Busulfan, Ara-C, CY. ATG, and steroids. 
Hematopoietic rescue was with elutriated HLA 
disparate related BMT with 0.1 to 2.5 x l o 5  donor 
T cells/kg. Two pt engrafted: a SCID pt as a mixed 
chimera and an infant with ALL, who relapsed on D 
32. with congenital aplasia failed to 
engra:t.PtA SCID variant pt and a Chediak-Higashi 
pt had autologous reconstitution. We conclude that 
TCD by double elutriation with T cell add-back is 
an effective means of using HLA disparate related 
marrow to allow BMT in patients with refractory 
leukemia. TBI appeared superior to Busulfan for 
achieving sustained engraftment. 

D 509 INFLUENCE OF GENDER AND MINOR HISTOCOMPATIBILITY 
FACTORS ON GVHD IN ALTERNATIVE DONOR TRANSPLANT- 

ATION. James P .  OKunewick, Deborah L .  Kociban, Laurie 
L .  Machen and Mary J .  Buffo. Allegheny-Singer Research 
I n s t i t u t e  .5 Medical College of PA, Pit tsburgh, PA 15212. 

Using a aur ine model f o r  matched unrelated-donor transplan- 
t a t ion  we have compared the e f f e c t  of differences between 
the sex of the donors and of the recipients  on the inciden- 
ce and seve r i ty  of GvHD i n  several d i f f e ren t  MHC-matched, 
but minor his tocompatibi l i ty  mismatched, mouse s t r a i n  
combinations. For each s t r a i n  combination examined paired 
s e t s  of pooled marrow and spleen c e l l s  were prepared 
according t o  the respective sexes of the donors. These 
were then injected in to  paired male and female recipients ,  
such tha t  GvHD occurence could be d i r e c t l y  compared f o r  
each of the four possible combinations: male to  male, 
male t o  female, female t o  female, and female t o  male. 
The r e su l t s  indicated t h a t  while in some cases i t  was 
possible t o  de t ec t  a s ign i f i can t  difference i n  the inciden- 
ce of GvHD based on donor/t-ecipient gender d i s p a r i t i e s  
( i n  pa r t i cu la r  w i t h  male versus female A K R  recipients  
of c e l l s  from female B1O.BR donors),  the  occurence of 
such differences was by no means predictable  so l e ly  on 
the basis  of gender f ac to r s  alone. To the contrary,  
w i t h  the  other  s t r a i n  combinations tes ted e i t h e r  no s ignif-  
icant  gender re la ted differences could be found o r  the 
e f f e c t s  were reversed w i t h  respect t o  r e l a t ive  sexes 
of t he  donors and recipients .  Furthermore, i n  a l l  cases 
the e f f e c t s  of these gender re la ted differences were 
much smaller than those t h a t  could be a t t r i bu ted  t o  other 
non-MHC ant igenic  d i spa r i t i e s .  These r e s u l t s  suggest 
t h a t  other  minor histocompatibli ty f ac to r s ,  r a the r  than 
the sex-chromosome related f ac to r s ,  may exe r t  a much 
greater  influence on the incidence and in t ens i ty  of GvHD, 
and may i n  f a c t  a f f e c t  the expression of any such sex-chro- 
mosome fac to r s  i n  GvHD development across minor histocompa- 
t i b i l i t y  ba r r i e r s .  (Supported by NIH/NIAID Grant X l R O l  
A1 28425. ) 

D 511 ALLOGENEIC BONE MARROW TRANSPLANTATION 
(BMT) USING UNRELATED DONORS (UDS): THE 

VANCOUVER EXPERIENCE. Donna E. Reece, John D. Shepherd, 
Hans-G. Klingernann. Michael J. Barnett, Ka-Wah Chan, Stephen H. 
Nantel. Gordon L. Phillips. LeukemidBone Marrow Transplantation 
Program of British Columbia, Division of Hematology, British Columbia 
Cancer Agency, Vancouver General Hospital. B.C. Children's Hospital 
and University of British Columbia, Vancouver, B.C. V5Z 4E3 Canada. 
Between 07/85 and 08/91, searches for UDs were carried out in 195 
patients (pts), of whom 51 (26%) have undergone allogeneic BMT. The 
median pt age was 33 (range 1-51) years. In general, selection criteria 
and management techniques were similar to those used for pts with 
matched related donors. Diagnoses included: chronic myelogenous 
leukemia (21 pts), acute myelogenous leukemia (1 1 pts) ,  acute 
lymphoblastic leukemia (10 pts), myelodysplasia (4 pts), severe aplastic 
anemia (2 pts), other (3 pts). Median interval from initation of search to 
BMT was 5.5 (range 1.2-69.3) months (mos). HLA matching included 
serologic 6/6 antigen identity (HLA-A,-B;DR) in 41 pts; mixed 
leukocyte reaction was nonreactive (515% relative response index) in 31. 
Eighteen pts received conditioning with VP-16 (1 .2-1.8g/m2) + CY (180 
mg/kg) + total body irradiation (TBI) (1000-1200 cGy) while 26 pts 
received CY(180 m a g )  + TBI (1200 cGy), 3 pts CY (200 mgkg) + TBI 
(300 cGy), 3 pis busulfan (BU) + CY, and 1 pt BU + CY + total nodal 
irradiation (750 cGy). Prophylaxis for acute graft-versus-host disease 
(AGVHD) included cyclosporine and rnethouexate in all pts; 17 pts also 
received pentoxifylline and/or XomaZyme. Neunophil recovery (2 0.5 x 
109/L) occurred on a median of day 20 (range 15-37) post-BMT while 
the last platelet transfusion was given on a median of day 26 (range 12- 
128). At a median follow-up of 12 (range 0-36) mos, the actuarial event- 
free survival is 40% (95% confidence interval [CI] 26 to 55%). The 
cumulative incidence of grades 11-IV AGVHD was 75% (95% CI 62 to 
88%) while the cumulative incidence of relapse was 17% (95% CI 2 to 
32%). Chronic GVHD has occurred in 13 of 33 evaluable pts. Twenty- 
three pts are alive; 16 of 17 pts 2 6 mos post-BMT have a normal 
performance status. Two pts died < day 28 without evidence of 
engraftrnent while 3 died > day 28 with inadequate graft function. Other 
causes of death included the following: AGVHD (9 pts). regimen-related 
toxicity (4 pts), infection ( I  pt), chronic GVHD (3 pts), relapse (4 pts), 
other (1 pt). We conclude that UD-BMT is an acceptable technique in 
pts lacking related donors. Strategies to improve the therapeutic index 
will be helpful. 
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D512 HLA-MISMATCHED CORD BLOOD TRANSPLRNTATION 
I N  A PATIENT WITH ADVANCED LEUKEMIA- 

V i l m e r  E, B r o y a r t  A ,  Lescoeur  B, Rahimy C !  
Denamur E ,  B l o t  P.Services d*hemato-immunologle, 
biochimie g e n e t i w e ,  obstetrique, H6pital Robert 
D e b r e  75 019 PARIS 
A 3 y e a r  old boy p r e s e n t e d  an ALL w i t h  a W o r s t  
p r o g n o s i s  : t h e  first CR l a s t e d  2 months and t h e  
second CR w a s  d i f f i c u l t  t o  achieve. No HLA 
matched donor  was a v a i l a b l e .  A cord blood (CB) 
t r a n s p l a n t a t i o n  w a s  c o n s i d e r e d  i n  t h i s  p a t i e n t  
whose mother w a s  p r e g n a n t  a f t e r  a u t o l o g o u s  BM 
had been  cryopreserved. The procedure  O f  CB 
c o l l e c t i o n  w a s  s i m i l a r  t o  t h a t  described by 
B R O ~ Y E R .  Pr ior  t o  t h i s  a c t u a l  CB c o l l e c t i o n  
m a t e r n a l  cell contaminat ion  w a s  s o u g h t  by PCR 
a m p l i f i c a t i o n  of HLA DQBl exon 2 .  R e s u l t s  On t w o  
s e p a r a t e  p r e v i o u s  sampl ings  i n d i c a t e  t ha t  i n  
both cases, c o n t a m i n a t i o n  w a s  l o w e r  t h a n t  
The r e c i p i e n t  and h i s  s i b l i n g  ( the CB) have 
i n h e r i t e d  d i f f e r e n t  m a t e r n a l  HLA haplo type .  The 
c o n d i t i o n i n g  regimen c o n s i s t e d  of T B I ,  ARA-C, 
MELPHALAN. The p a t i e n t  r e c e i v e d  0 , 6 .  104Cfv-GM 
per kg. The complete e n g r a f t m e n t  was s l o w  and 
showed an i n t e n s i v e  erythropoiesis w i t h  a n  
i n c r e a s e d  l e v e l  of fetal  haemoglobin. D i f f e r e n t  
c h i m e r i s m  s t u d i e s  demonst ra ted  o n l y  the  p r e s e n c e  
of donor lymphocytes  and hematopoietic cells. 
Despite HLA d i s p a r i t y ,  the  p a t i e n t  p r e s e n t e d  
o n l y  grade I GVHD and t r a n s i e n t l y  some f e a t u r e s  
of l i m i t e d  c h r o n i c  GVHD. The immune 
r e c o n s t i t u t i o n  w a s  d e l a y e d  . Lymphocyte 
p r o l i f e r a t i v e  r e s p o n s e  t o  a n t i g e n s  w a s  a c h i e v e d  
a t  36 week p o s t - g r a f t .  Th i s  p a t i e n t  remains  w e l l  
and disease free w i t h  a Karnofsky i n d e x  a t  90% 
15 months post g r a f t .  Concerning the  possible 
GVL e f f e c t  o f  CB t r a n s p l a n t ,  o ther  s i m i l a r  
t r a n s p l a n t a t i o n s  w i l l  p r o v i d e  c l u e s  t o  t h i s  
q u e s t i o n .  

Issues 
D 600 PROPHYLACTIC VANCOMYCIN PREVENTS 

8ACTERENIA BY GRAM POSITIVE ORGANISMS 
IN NEUTROPENIC BONE MARROW TRANSPIAUT PATIENTS, 
Luke Akard ,  Fran  Newton, John Black ,  and Jan 
Jansen ,  Methodis t  Hospital  of I n d i a n e  and  I n d i a n a  
U n i v e r s i t y  School of Medicine. I n d i a n a p o l i s .  IN. 
S i n c e  gram p o s i t i v e  (GP) i n f e c t i o n s  are t h e  major 
bacterial c a u s e s  of m o r b i d i t y  and m o r t a l i t y  i n  
bone marrow t r a n s p l a n t  p a t i e n t s  ( p t s f ,  n o n t o x i c  
therapiefi t o  p r e v e n t  GP i n f e c t i o n s  are needed. 
Based  on r e t s u l t s  of our Prior s t u d y  t h a t  showed 
c i p r o f l o x a c i n  5OC mg PO bid d i d  n o t  p r e v e n t  3P 
i n f e c t i o n s ,  w e  t r e a t e d  c o n s e c u t i v e  BMT p a t i e n t s  
w i t h  t h e  a d d i t i o n  of  vancomycin 15 mg/kg/d 
i n t r a v e n o u s l y  begtnning t h e  day after marrow 
i n f u s i o n  and c o n t i n u i n g  14 d a y s .  Only 3 of 53 
p a t i e n t s  ( 1 3  a l l o g e n e i c ,  40 a u t o i o g o u s )  developed 
GP bacteremia (6%) d u r i n g  i n i t i a l  n e u t r o p e n i a .  
I n  t h e s e  3 p a t i e n t s ,  n e u t r o p e n i a  and bacteremia 
occurred pr ior  t o  t h e  p lanned  a d m i n i s t r a t i o n  of 
vancomycin. Organisms i d e n t i f i e d  were: p a t i e n t  
1-Staph c o h n i i ,  Strep o a n g u i s ,  and Staph 
haemolyt icus ;  p a t i e n t  2-Staph ep ide rmid i s ;  
p a t i e n t  3-Strep v i r i d a n s .  No gram n e g a t i v e  
i n f e c t i o n s  o c c u r r e d  a n d  t h e r e  were no i n f e c t i o u s  
dea ths .  Despite i n t r a v e n o u s  vancomycin, a l l  53 
p a t i e n t s  demonstrated p e r s i s t e n t  GP organisms i n  
posterior pnaryngeal  and n a s a l  s u r v e i l l a n c e  
c u l t u r e s .  in o u r  p r e v i o u s  s t u d y  o f  c l p r o f ? o x a c i n  
p r o p h y l a x i s ,  24 o u t  of 63 pat ients  (35%) 
developed GP bacteremia ( 1  d e a t h  due  t o  v i r q d a n s  
s t r e p t o c o c c u s )  an6 no p a t i e n t  developed ON 
bacteremia. These  d a t a  s t r o n g l y  s u p p o r t  t h a t  
S - o D h y l a c t i c  vancomycin decreases GP i n f e c t i m  i n  
BMT p a t i e n t s  and t h e r e b y  reduces  t h e  n o r b i j i t y  
and m o r t a l i t y  of  t h i s  p rocedure .  

D 601 FOSCARNET FOR TREATMENT OF 
CYTOMEGALOVIRUS INFECTION IN BONE 
MARROW TRANSPLANT RECIPIENTS. 

J. Aschan. 0. RingdBn, P. Ljungman. B. Lonnqvist and J. 
Tollemar. Dept. of Clinical Immunology, Transplantation Surgery 
and Medicine, Karolinska Institute. Huddinge Hospital, S 1 4 1  86 
Huddinge, Sweden. 

Forty-two episodes of verified or clinically suspected 
cytomegalovirus (CMV) infection in 40 bone marrow transplant 
(BMT) recipients were treated with foscarnet (trisodium 
phosphonophormate hexahydrate). CMV infection was verified in 
31 out of 42 treatment episodes by immunofluoroscence. serology 
and/or isolation from blood, urine, bronchoalveolar lavage fluid or 
autopsy material. Symptoms treated were pneumonia (n=17). 
pancytopenia with or without fever (n=12), enteritis ( n 4 ,  fever 
(n=4). encephalitis (n=2), retinitis (n=1) and hepatitis (n=l). 
Foscarnet was given as a continous intravenous infusion. Daily 
dose ranged from 69-300 mgkg (median 162). treatment duration 
from 1-49 days (median 14), total dose from 4.4-510 g (median 
92.5) and the average steady state level was 55-240 pg/ml 
(median 95). 
Side-effects observed were increase in serum creatinine (38%), 
decrease in serum calcium (19%), increase in serum bilirubin 
(12%), decrease in hemoglobin concentration (7%). increase in 
serum calcium (5%). increase in serum transaminase (5%). 
hypophosphataemia (2%) and tremor (2%). 
CMV was eradicated from blood and/or urine in 11/25 (44%) of 
assessable treatment episodes with infection verified by isolation. 
Overall clinical improvements including eradication of CMV, 
afebrility and/or improvements in laboratory abnormalities were 
seen in 14/31 (45%) episodes of verified infection. 
AN 15 patients with CMV interstitial pneumonia (CMV IP) died. 
We conclude that foscarnet is nephrotoxic but otherwise well 
tolerated with moderate clinical and virostatic effects on CMV 
infection. The effect on CMV IP is discouraging. 
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D 602 UPDATE ON OUTCOME FOLLOWING W O G E N E I C  BONE 
MARROW TRANSPLANT (ABMT) FOR PATIENTS WITH 

HURLERS SYNDROME (HS) USING ALTERNATIVE MARROW 
DONORS. Gil H. Ciocci, P. Jean Henslee-Downey, Anjana L. Pettigrew, 
Chris Miara, Jennifer Morrow, and the Bone Marrow Transplant hogram, 
University of Kentucky, Lexington. KY 40536. 
Between 1987 and 1991, fourteen patients (pts) with absence of serum 
alpha-L-iduronidase resulting in accumulation of glycosaminoglycans 
(GAG) producing characteristic manifestations of HS who did not have 
HLA histocompatible siblings underwent BMT from alternative donors: 10 
from partially mismatched related donors (PMRD) and 4 from 
phenotypically similar unrelated donors (PSUD). Amongst recipients of 
PMRD, 4 presented 1; 5.2; and 1.3 major HLA antigen mismatches in the 
graft versus host disease (GVHD) direction and all recipients of PSUD 
grafts presented no serologic difference. At the time of BMT, the pts 
ranged from 12 to 44 months of age (mean 23.6). All pts received 
conditioning therapy with 14 Gy fractionated total body irradiation followed 
by high dose chemotherapy including Ara-C, Cytoxan and Methyl- 
prednisolone (MPD). All marrow grafts were incubated with an anti-CD3 
monoclonal antibody, T10B9, to produce between 1.5 to 2 log reduction in 
mature T lymphocytes. Additional GVHD prophylaxis included systemic 
post grafting therapy with Onhozyme CD-5+ in 10, cyclosporine in 3. and 
both in 1 pt. Thirteen prs (93%) demonstrated evidence of engraftment 
with a peripheral white count >So0 at mean of +13.8 days. However, 3 of 
these pts experienced graft failure, 1 within 3, & 2 by 12 mas post BMT. 
Most pts were protected from GVHD with minimal manifestations of skin 
only (Grade I) in 4, skin and gut (Grade 11-III) in 2, and severe (Grade IV) 
multi-rgan involvement in 1 pt. Eleven pts (79%) are surviving but 3 have 
autologus recovery. Of 8 pts surviving with sustained engraftment, all 
have demonstrated biochemical correction of urinary GAG and white cell 
enzyme production comparable to donor levels. In addition, morphologic 
signs of substrate removal has been observed including disappearance of 
organomegaly, gum hypertrophy and upper airway obstruction, increased 
mobility, cornea clearing, relief of hydrocephalus, correction of glaucoma, 
and softening of course facial features. Several pts do have persistent 
orthopedic abnormalities. Serial developmental testing in some of the pts 
has demonstrated progress at a rate similar to normal development and in 
the pt with longest follow up (4 yrs) the intellectual quotient has advanced 
from a moderate-severe to low normal level. At this time, favorable out- 
comes appear to be appreciated in about half of the pts. These results might 
be improved with earlier ABMT but also provide support for the future 
promise of less toxic autologous transplantation with genetic gene transfer. 

D6W APPLICATION OF PCR TO EARLY DIAGNOSE CMV INFEC- 
TION AND TO RAPIDLY DETECT TREATMENT 

FAILURES OF ANTIVIRAL THERAPY. Hermann Einsele,  ~ _. 
Helmuth Schmidt, Michael S t e id l e ,  'Michael Muller, Ger- 
hard Ehninger, Hans Dierck Waller, Claudia A.Muller, 
Medizinische k l in ik  und Pol ikl inik,  Abteilung 11, und 
Sektion Transplantationsimunologie und Inunhamatolo- 
g i e ,  University of Tubingen, D-7400 Tubingen, Germany 
63 pa t i en t s  undergoing allogeneic bone marrow 
transplantat ion were followed up f o r  t he  development of 
CMV infect ion and CMV disease.  In 46 out of these 63 
pa t i en t s  CMV could be detected in the  blood and urine 
samples a median of 29 days a f t e r  BMT. In 36 of these 
pa t i en t s  t he  virus  could be addi t ional ly  cu l t i va t ed  
from blood and/or ur ine samples a median of 45 days 
a f t e r  BMT. Antiviral  therapy of 18 episodes of CMV 
disease were followed-up c l i n i c a l l y  and by virus  
cu l tu re  and PCR technique. Cl inical  improvement, 
negative cu l tu re  and PCR assays were assessed f o r  t h e i r  
a b i l i t y  t o  predict  t h e  eff icacy o f  ganciclovir therapy 
in  the individual pa t i en t .  In 11 successfully t r ea t ed  
episodes of CMV disease c l in i ca l  improvement was 
associated with an e f f ec t ive  suppression of virus  
repl icat ion as  demonstrated by negative cu l tu re  and PCR 
technique. One pat ient  who did not improve c l i n i c a l l y  
when receiving an t iv i r a l  therapy remained posi t ive f o r  
CMV as  demonstrated by cu l tu re  and PCR technique. Six 
pat ients  with e i t h e r  ear ly  re lapse of o r  f a t a l  CMV 
disease a f t e r  an i n i t i a l  improvement were found t o  be 
PCR-positive a f t e r  termination of therapy. I n  
con t r a s t ,  these pa t i en t s  were cul ture-negat ive fo r  CMV 
a f t e r  cessat ion of an t iv i r a l  therapy. 
Demonstration of CMV in blood and urine by PCR 
technique a f t e r  cessation of an t iv i r a l  therapy - in 
s p i t e  of negative f indings in the  cu l tu re  technique- 
indicates  incomplete suppression of virus  r ep l i ca t ion .  
Thus PCR technique not only allows e a r l i e r  detect ion of 
CMV a f t e r  BMT, but was a l so  found t o  b e t t e r  predict  t he  
eff icacy of an t iv i r a l  therapy than cu l tu re  assays o r  
c l in i ca l  assessment. 

D603 HLJUAN HERPESVIRUS-6 (HHV-6): A NEW PATHOGEN IN 

RECIPIENTS, William R. Drobyski, Eileen Burd, W. Uichael 
Dunne, Konstance K. b o x ,  and Donald R. Carrigan, 
Departments of Uedicine and Pathology and the Bone Uarrow 
Traneplant Program, Uedical College of Wisconsin, 
Uilwaukse, WI 53226. 
Human herpesvirus-6 ( H W - 6 )  is a recently described member 
of the herpesvirus family, which bears close homology to 
cytomegalovirus (CXV). Early studies revealed HHV-6 to be 
the etiologic agent in exantbem subitum, a self-limited 
childhood illness. Whether HHV-6 is ahle to infect and 
cause clinically significant disease in bone marrow 
transplant recipients, however, is largely unknown, 
although recently we have shown that HHV-6 appears to play 
an etiologic role in selected cases of interstitial 
pneumonitis after BUT. 
underwent allogeneic bone marrow transplantation were 
prospectively followed for the first 100 days 
posttransplant to define the incidence and severity of 
infection due to HEW-6. HW-6, as documented by Igu 
seroconversion or viral isolation, occurred in 80% of 
patients. HHV-6 was directly isolated from the blood of 
five patients, one of whom also had virus cultured from the 
bone marrow. Concurrent HHV-6 and CEN infection were 
documented in four of 16 patients, suggesting that these 
viruses might be capable of coreactivation. 
infection was temporally associated with the developnent of 
specific clinical syndromes in these patients. The most 
serious of these was marrow suppression or marrow graft 
failure which was not due to graft rejection or 
attributable to any other known etiology. Interstitial 
pneumonitis and meningoencephalitis were also observed in 
several patients. This study identifies HW-6 as a new 
pathogen in allogeneic marrow transplant recipients and 
implicates it as the etiologic agent in potentially life- 
threatening infections. 

ALLCGENEIC BONE -OW TRANSPLANT (BUT) 

In this study 20 adult patients who 

HHV-6 

D 605 COMPARISON OF CIRCULATING CMV 
NEUTRALIZING ACIIVITY (CMVNA) IN A RAN- 

DOMIZED DOUBLE-BLINDED STUDY OF FOUR IWgG PRO- 
DUCTS IN BONE MARROW TRANSPLANT fBBM?1 

. I  ~ -~ ~ ~~~~ 

REcrPrENTs 
A.H. Fitipovich, M. H. Peltier, M. BshteI, C. L. Dirksen, J.A. 
Englund, University of Minmsota. Minneapolis, MN, University of 
Arizona. Tempe, A Z  Baylor College of Medicine, Houston, TX. 
Forty-two CMV seronegatwe BMT recipients were randomized to 
receive 1 of 4 commercially available IVIgG products (Gammim- 
mune N , ARC-Hyland . Gammagad , or Sandoglobulin ,) at a dose 
of 500 mgkg every other week starting the wcek prior to BMT. The 
4 groups were comparable in dstribution of patient ages, weights, 
autologous vs. allogeneic donors and underlying diseases. Every 
other week dosing provided total IgG levels within the physiologic 
range for age and stable CMV t ims by latex agglutination (average 
geometric mean tint of 4.2 after the second IVlgG dose). with no 
smtistically significant diffamces among the 4 product groups for 
these parameters. CMVNA and ELISA tims were determined on a 
s u m  of sm fmm 27 study patients representing the 4 product 
groups. Serum samples obtained prior to IVIgG infusions @resumed 
negative controls) and samples obtained 2 weeks. after IVIgG dose 
#2 (ie. 3 weeks post BMT) were assayed in a bhndcd manner and 
the identity of products remains unknown until all analyses have 
been completed. CMVNA was assessed by inhibition of plaque 
formation in a standardized human fibroblast culturc inoculated with 
HCMV, Towne strain. Mean tilres of CMVNA varied among pro- 
duct groups. The highest mean 50% CMVNA was 1:43 (with 
pndicted range at 95% confidence level of 1% - 1:61) whereas the 
lowest mean 50% CMVNA was 1:14 (1:6 -122); two of the IVlgG 
product groups showed intermediate 50% mcan tims of 1:27 (1:14 - 
1:39) and 1:26 (1:14 - 1:38) for an ovcrall p=O.02. Comparison of 
50% CMVNA with ELISA values yielded a linear correlation, 
Rd.566. However, this d e w  of correlation docs not appear to be 
adequate to nxonunend substitution of the simpler ELISA 
determination of circulating CMV tims for the actual measurement 
of CMVNA. We conclude that commercially available IVIgG pro- 
ducts provide passive CMVNA. and that the level of circulating 
CMVNA may be affected by the IVIgG product uscd. 
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D 606 ALLOGENEIC -OW TRANSPIANTAXON IN CATS. 
FW Gasper. MA Thrall. R Fulton, BJ Rose. TN 

Thomas, and the CSU Marrow Transplant Team. 
Marrow Transplant Lab.. Pathology Dept., CVMBS, 
Colorado State University. Fort Collins. CO 80523. 

One hundred and eight allogeneic marrow transplants 
were performed in cats with two objectives: 
1) as therapy for inherited metabolic diseases- cats af- 
fected with Chediak Higashi Syndrome. GMI Gangliosi- 
dosis. Mucopolysaccharidosis types I and VI, a-man- 
nosidosis. and Niemann-Pick type C- and, 
2) as therapy for retrovirus infections- cats infected 
with feline leukemia virus or with feline immunodefi- 
ciency vtrus). The overall rate of stable donor-origin 
lymphohematopoietic engraftment was  79%. The 
longest living BMT-recipients are over seven years post- 
transplantation. The incidence of graft-versus-host dis- 
ease was 19%. Our present preferred regime is pre- 
transplant enrofloxacin for gastrointestinal decontami- 
nation(from day -6 through day +14 or onset of fever), 
total body irradiation (TBI) (10.00 Gy divided into six 
1.67 Gy fractions delivered twice, six hours apart  o n  
days -2. -1, and 0 via a 6 MeV. linear accelerator). and 
cyclosporin (15 mg/kg once daily on days -1. 0. and +1 
and then from the day of engraftment unW day +loo). 
Marrow is harvested from the  donor and  administered 
to  the recipient cat on day 0 [following TBI) and again 
on day +5. We house the cats conventionally, provide 
food and  water ad  lib.. evaluate them a t  least twice daily. 
provide nutritional support, fluids. and  antibiotics as 
needed. 
Cats appear uniquely suited for marrow transplantation. 
Although one can identify the usual components of the 
histocompatibility complex in cats. our  results suggest 
that cats have a lower incidence of graft-versus-host 
disease and they are more likely to accept nonsibling 
marrow grafts than other outbred mammals. 

D608 PROPHYLACTIC INTRAVENOUS IMMUNOGLOBULIN (1VIG)AFTER 
ALLOGENEIC MARROW TRANSPLANT (BMT): PRELIMINARY 

ANALYSIS OF A DOSE-RANDOMIZING STUDY, J Graham-Pole, M Amylon, 
G Elfenbein, J Gallo, S Gross, J Jansen, M Klemperer, H 
Lazarus, T Pick, W Spruce, R Weiner, Bone Marrow Unit, 
University of Florida, Gainesville, FL 32610. We randomized 
patients ( p t )  transplanted at  9 centers t o  receive either 250 
mq/kg (gp 1) or 500 mg/kg (gp 2)  IVIG weekly for 17 weeks 
(wk).  P t  were stratif ied by age, cytomegalovirus (CMV) 
serology and HLA match. We have compared the f i r s t  122 p t  for 
frequency, duration and severity of bacterial, viral ,  fungal 
and protozoal infections (inf) and frequency of acute graft-vs 
host disease (GVHO). There were 57 gp 1 and 65 gp 2 p t ;  34 
had A L L ,  34 A N L ,  31 CML, and 23 other diseases. 67 were aged 
0-18 years, 70 were male, 78 CMV+ and 109 HLA-matched. A t  24 
wk post-BMT 81 (66%) had developed 1-5 inf (27 fatal);  20 
(16%) had died of other cause or  had primary disease recur- 
rence; 75 (61%) remained well. 49 developed bacterial (4 
fa ta l ) ,  31 viral (7  fa ta l ) ,  37 fungal or protozoal (7  fa ta l )  
inf; 9 mixed inf were fatal .  70% gp 1 and 63% gp 2 developed 
inf (p-NS). 55 p t  (45%) developed GVHD (53% gp 1, 38% gp 2, 
p=NS). More C M V t  t h a n  CMV- p t  developed inf (p.037); more gp 
1 than gp 2 (p.053) and more black t h a n  white p t  (p.017) 
developed viral inf; more p t  aged 18t t h a n  p t  aged 0-18 
(p.012) and more mismatched than  matched p t  (p.020) developed 
fungal or protozoal inf. More p t  aged 0-18 (73%) and more 
HLA-matched p t  (68%) survived t o  24 wk post-BMT t h a n  p t  aged 
18+ (47%) or  HLA mismatched p t  (8%)(p.001). There was no 
intergroup difference in duration of inf o r  GVHD. This 
preliminary analysis suggests p t  variables are more signifi-  
cant predictors t h a n  IVIG dose for patterns of inf after BMT. 
We are conducting a multivariate analysis of a larger p t  
cohort to  identify factors independently predicting for 
frequency, duration and severity of inf and of GVHD in this 
population. 
Supported by a grant from Baxter-Travenol. 

D 607 REDUCTION OF GRAFT VERSUS HOST DISEASE (GVHD) 
INCIDENCE AND SEVERITY LOWERS COST OF BONE 

MARROW TRANSPLANTATiON.-K. Gorman. P.J. Henslee-Downey. G. 
Carey, K. Longson, B.J. Ransil. Putnam Associates. Burlington, MA, 
Universtty of Kentucky EMT Program, Lexirglon, KY, Ortho Biotech. Raritan. 
NJ and Harvard Mediil School. Beth Israel Hospilal, Boston. MA. 
In order to measure the effect of acute GvHD and the effect of prophylactic 
use of Orthozyme-CDS+ (CD5+) on the charges for allcgeneic bone marrow 
transplantation (BMT), we studied the costs of services provided to 57 BMT 
patients (pts) during thew initil inpatient period at the University of Kentucky. 
pts underwent BMT between January 1986 and January 1990, and prices Of 
services were adjusted to 1989 dollars. All pts received T cell depleted, 
partially matched related donor grafts. No additional GvHD prophylaxis was 
given to the first 17 pts who COnstilute the control group. All subsequent pts 
included in the cost analysis (0~36) received CD5+. an immonotoxin 
composed of an anti-CD 5 MoAb conjugated to ricin A chain. The CD5+ 
group had a significant reduction in the Occurrence and severity of acute 
GvHD when compared to the control group. We found the occurrence of 
acute GvHD in pts prolonged inpatient length of stay and increased the costs 
associated with the following: pharmaceutical products, lab fees, blood 
products. medical products and physician fees. Increased severiiy of acute 
GvHD resulted in higher initial inpatient costs. For the total patient sample, 
each incremental level of aCUte GvHD severity. from no GvHD to mild GvHD to 
severe GvHD, increased inpatient costs by approximately $56.400. The 
costs per level of acute GvHD increased at a rate 3 times greater for the 
control group than for the CD5+ group. as shown bebw. 
GvHD 
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Because the CD5+ group had a lower Occurrence and severity of acute 
GvHD. the CD5+ group had a bwer average iniliil inpatient BMT cost by 
approximately $73,900 and a shorter average length of inpatient stay by 20 
days (62.4 i 20.6 days vs. 82.4 _+ 25.4 days; p<O.Ol). The reduction in 
average costs for the CD5+ group was associated wilh signifcant reductions 
in r w m  costs, pharmaceutical products, lab tests. blood products. medical 
supplies and physician fees. We concbda that CD5+ was a cost-effective 
GvHD prophylactic agent and that it produced a significant cost benefit when 
utilized in t h s  manner. 

D 609 THE ASSOCIATION BETWEEN HUMAN HERPES 

MARROW TRANSPLANT PATIENTS. RC Hackmanl.2. 
VIRUS 6 (HHV-6) AND PNEUMONIA IN 

RW Cones, D MyersonL2, M-L Huang3, R Bowden1.4, L 
Corey3; (1) Fred Hutchinson Cancer Research Center, 
Seattle, Washington 98104; (21, (3), (4) Departments of 
Pathology, Laboratory Medicine, and Pediatrics, University 
of Washington, Seattle, Washington 98105 

Pneumonia remains a significant complication of bone 
marrow transplantation and is frequently unassociated 
with an identified infectious agent (idiopathic pneumonia). 
We evaluated the hypothesis that HHV-6 plays a role in 
post transplant pneumonia by retrospective polymerase 
chain reaction analysis of lung tissue from 15 patients who 
had undergone open lung biopsy for diffuse pneumonia in 
comparison to analysis of lung tissue from 15 non- 
transplant normal individuals. HHV-6 DNA was preseilt 
in 15/15 patients and 14/15 controls. The mean HHV-6 
DNA level in 7 of the 15 transplant recipients was 400.000 
HHV-6 genomes per million cells in comparison with a 
mean of 500 genomes in the controls. In situ hybridization 
for HHV-6 demonstrated scattered infected cells in the 
lung tissue most positive by PCR analysis. Six of the 7 
transplant recipients which were highly positive for HHV- 
6 by PCR had pneumonia previously classified as 
idiopathic, suggesting a causal role for HHV-6 in this 
disorder. 
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D 610 BONE MARROW TRANSPLANTATION (BMT) FOR 

Peter M.Hoogerbrugge', Oebo F.Brouwer', Alain 
Fischer', Dept. of Pediatrics' and Pediatric 
Neurology', Univ. Hospital, 2300 RC, Leiden, 
The Netherlands; Hopital Necker Enfants Mala- 
des' , Paris, France. 
Successful BMT for metabolic diseases results 
in replacement of enzymatically deficient blood 
cells and tissue macrophages of the recipient 
by those of an enzymatically competent donor. 
Since 1981, patients with metabolic dieseases 
have been transplanted. In the present survey, 
updated results of the EBMT will be reported. 
Special attention will be focussed on patients 
with metabolic diseases primarily affecting the 
CNS. So far, 12 patients transplanted for meta- 
bolic diseases with severe neurological invol- 
vement were reported. At the time of submission 
of the abstract, detailed questionaires are 
send, the results of which will be presented. 
At least 4 patients (age 3 to 9 years) were 
transplanted for Adrenoleukodystrophy (ALD). 
Two patients. hardly showing neurological symp- 
toms at BMT, remained asymptomatic during a 
follow-up period of 6 and 27 months. One pa- 
tient deteriorated rapidly following BMT, the 
fourth patient improved. Five patients were 
transplanted for Netachromatic Leukodystrophy 
(IUD). In three patients, the effect of BMT 
could not be evaluated due to graft rejection 
or short follow-up. In one patient, neurologi- 
cal deterioration was present 2 years after 
BMT, in the other patient, the disease process 
stabilized following BMT. Of two patients with 
Sanfilippo-A disease, the disease process con- 
tinued in one and stabilized in the other pa- 
tient. In a patient with Sanfilippo-B disease, 
the neurological deterioration continued follo- 
wing BMT. Additional follow-up of these pa- 
tients will be shown; the relevance of trans- 
plantation - in the disease process, which 
was also observed in animal model studies, will 
be discussed as well. 

METABOLIC DISEASES: RESULTS OF THE EBMT. 

D612 LATE PSYCHOSOCIAL EFFECTS OF ALLOGENEIC 
BONE MARROW TRASSPLMITATIO24 (BXT), 

Michael L. Nieder, Howard R.  Hall and Jeffrey 
Margolis, Department of Pediatrics, Case Western 
Reserve University Uedical School, Cleveland, OH 
44106 
Serious medical complications often occur during 
BMT and have immediate ramifications for the 
patients and their families. Occasionally, these 
problems lead to lifelong physical disabilities. 
Just as important but more difficult to assess are 
the emotional and psychosocial problems which may 
result from these medical problems. In 1991, 4 6  
surviving patients (median age 13.5 years, range 5- 
30) who had BMT from 1980-90 were examined and 
queried about their present emotional and psycho- 
logical condition. In addition to a specially 
created questionnaire, the Child Behavior Checklist 
(Achenbach, 1988) was used for patients presently 
aged 5-11 years and the Symptom Checklist-90-R 
(Derogatis, 1975) was used for patients aged 12 and 
older. Results were compared to standard norms and 
standard cancer patient norms. The results suggest 
that those patients who suffered more complications 
during the transplant now display more global 
personality distress than other BMT or cancer 
patients. Patients who had chronic graft versus 
host disease (CGVH) also exhibit more chronic 
emotional distress. Patients who had no serious 
complications during BMT and no CGVH do not seem to 
manifest signs or symptoms of significant 
psychological or emotional distress as compared to 
standard norms. In this group of all BMT patients, 
95% were either in school or had completed at least 
high school. This data reinforces the need for 
early psycho- logical support for children 
undergoing BMT. For patients with CGVH or who had 
serious complications during the BMT, ongoing 
counseling or psychotherapy should be considered. 

D 611 THE ADVERSE EFFECT OF AZOTEMIA UPON 
GRANULOCYTOPENIC SURVIVAL IN BONE MARROW 

TRANSPLANTATION. P . J . Manno, W . D .Ha i re , 
J.R.Campbel1, L.Stephens, A.Kessinger, Department 
of Internal Medicine, University of Nebraska 
Medical Center, Omaha, NE 68198 
Serum from uremic patiepts can suppress CFU-GM and 
megakaryocytic proliferation in vitro (Kidney Int 
29:641 1984). Azotemia is often encountered during 
the bone marrow transplantation process. To 
investigate the possible relationship of azotemia 
to engraftment time and survival, we reviewed the 
records of 419 consecutive marrow and perpheral 
stem cell transplant patients at our  institution. 
We employed the proportional odds model (Bone 
Marrow Transplantation 199C. 6, 185-191) in our 
analysis. An absolute granulocyte count of 0.5 x 
10'JL for two consecutlve days was used to define 
bone marrow recovery. Deaths occurring in the first 
seven days of transplant were censored. The 71 
patients who survived the first week but died prior 
to marrow engraftment were assigned an endpoint of 
500 days for recovery. Patients were stratified 
according to the peak serum creatinine during the 
week foliowing sten cell infusion. A serum 
creatinine of 1 1 . 5  mgidi in 7 4  patients during this 
time was associated with a decreased 
granulocytopenic survivai compared with 345 
patients with a peak of ~ 1 . 5  mg/dl (pc.05 lag 
rank). We conclude tnat early onset of azotemia 
had an adverse effect upon granulocytopenic 
survival, but the precise contribution cannot be 
ascertained from this data due to other factors 
that also influence outcome. Further study is 
needed to determine whether early dialysis for 
transplant patients with mild azotemia would 
improve survival. 

D613 SClD PATIENTS RECONSTITUTED BY FETAL LIVER 

PLANTATION TOLERANCE. Maria-Grazia Roncarolo. Rosa 
STEM CELLS:POSSIBLE ROLE OF IL-10 IN TRANS- 

- __ ._  
6acchetta.- Jean-L&is Touraine'. Mike Bialer and Bart 
Vandekerckhove, ONAX Research Institue, Palo'klto, CA 94304 
and 'INSERM U80, Lyon, France 69374 
Severe combined immunodeficiencies can be treated by fetal liver 
and thymus transplant when HLA identical donors are, not 
available. We studied the mechanisms of tolerance in two patients 
in whom stable engraftment of T cells of donor origin was obtained 
after transplantation, whereas B cells, monocytes and NK cells 
were of recipient origin. Despite the HLA mismatch between 
donor and recipient cells, no acute or chronic graft versus host 
disease was observed and the patients acquired normal T and B 
cell responses against different antigens. The phenotype of 
PBMC showed normal percentages of B cells, monocytes, NK 
cells and T cells, although the CD4/CD8 ratio was consistently 
inverted. In vifro experiments with PBMC stimulated by the 
recipient EBV-LCL showed specific unresponsiveness for the HLA 
antigens expressed by the recipient cells, whereas the 
proliferative and cytotoxic responses against allogeneic EBV-LCL 
were normal. However, polyclonally activated PBMC responded 
normally to recipient EBV-LCL, indicating that donor T cells 
reacting against the recipient HLA antigens were present in the 
peripheral blood of both patients. An extensive clonal analysis 
showed that CD4+ and CD8+ hostreactive T cell clones 
recognized class II and class I HLA molecules of the recipient, 
respectively. Limiting dilution experiments indicated that the 
frequency of CD8+ hostreactive cells was in the same range as 
that observed for. CD8+ alloreactive T cell clones. In contrast no 
selfreactive (anti-donor HLA) CD8+ T cells could be isolated. 
Hostreactive CD4+ clones were normal in their capacity to 
produce IL-2, IFN-y, GM-CSF and IL-5. but they failed completely 
to synthesize IL-4. In addition these cells secreted very high levels 
of IL-10. Interestingly, exogenous IL-10 was able to inhibit the 
proliferative responses of the CD4+ hostreactive T cell clones. Our 
data demonstrate that hostreactive cells are not deleted from the 
donor T cell repertoire following allogenic fetal liver tranplantation. 
Therefore, in vivo tolerance between the host and the recipient is 
maintained by clonal anergy or suppression in which IL-10 may 
play a role. 
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D 614 ENZYME REPLACEMENT IN HURLERS 

TRANSPLANTATION. E. F. Saunders, M.A. Kirby, H.S. 
Solh, J.T.R. Clarke. Division of Hematology-Oncology and 
Clinical Genetics, The Hospital for Sick Children, Toronto. 
Two female infants aged 20 mo (Pt 1) and 23 mo (Pt 2) with 
Hurlers Syndrome (a iduronidase deficiency) received 
bone marrow from HLA-MLC matched siblings 
heterozygous for a iduronidase deficiency. Pts were 
condi t ioned with Busul fan 16 mgiKg and 
Cyclophosphamide 200 mg/Kg. GVHD prophylaxis 
consisted of Cyclosporin A and Methotrexate. 
Hematopoietic recovery was prompt with no GVHD. Both 
pts showed mixed hematopoietic chimerism. Pt f had 75% 
donor cells 2 mo post BMT based on RFLP analysis of 
peripheral leukocytes decreasing to 25% by 19 mo. Pt 2 
had a progressive increase in donor leukocytes from 45% 
at 2 mo post BMT to 80% at 8 mo. based on sex 
chromosome analysis of peripheral lymphocytes (male 
donor). Follow-up is 24 mo for Pt 1 and ’17 rno for Pt 2. 
Both had marked improvement in general health. Upper 
airway obstruction and sleep apnea disappeared. Liver 
and spleen size decreased to normal. Alder-Reilly bodies 
disappeared from marrow cells and liver biopsies became 
normal. The a iduronidase level of peripheral leukocytes 
was 4.10 nmoles/mg/hr 24 mo post BMT in Pt. 1 and 13.9 
9 mo post BMT in Pt. 2 (normal control 26-63). MRI of the 
brain showed normal progression of rnyelinization and 
improvement in white matter lesions. Both pts had no 
change in corneal clouding, rate of head and linear growth 
or spinal deformity. Neuropsychological development has 
continued below normal. Although these pts had a 
systemic improvement in their disease any effect on CNS 
function is not yet evident. 

SYNDROME USING BONE MARROW 

D 616 IMMUNE RESPONSE TO CAh!DIDA ALBIWNS BE- 
FORE, DURING AND UP TO 5 YEARS AFTER ALLO- 
GENEIC BONE MARROW TRANSPLANTATION 

J .  Tollemar, B. Sundberg, L. Marlling and 0. Ringden. Depamnents of 
Transplantation Surgery and Clinical Immunology, Karolinska Institute, 
Huddinge Hospital, S-1412 86 Huddinge. Sweden 

The aim of the present study was to follow the immunologic r e e o v q  
against Gzndida after bone marrow transplantation (BMT), since invasive 
W i d a  infections contribute to the monality and morbidity among allo- 
geneic BMT recipients. 
Maten’al. We followed 133 consecutive BMT recipients with in virro 
lymphocyte stimulations, before BhU, after engraftment, at 1,2, 3, 6 and 
12 months and at annual controls after BMT. During the fmst year, 213 
stimulations were performed in 96 patients and between the 2nd to 5th year, 
64 patients were followed with 99 stimulations. The n o d  range of 
stimulation was calculated as ageometric mean f 2  SE from 45 healthy bone 
marrow donors and 8 healthy volunteers. Peripheral blood lymphocytes 
were stimulated by condido protein antigen (CP) and Wi& mannan 
mitogen (CM) prepared from an isolate of W i d a  olbicans group A. As a 
control mitogen Sfaphylococcus aureus protein A (SPA) was used. DNA 
synthesis was measured hy’H-thymidine incorporation at day 7 in culture. 
Results. In all patients lymphocyte responses to CP and SPA normalized 
within 6-12 months, while CM responses were within the normal range 
already one month after BMT. Patients colonized with W i d a  regained 
cellular stimulation capacity to CP and CM within 1-3 months after BMT 
while non-colonized patients required > 6 months. There was a tendency for 
low CP stimulation among patients receiving T cell depleted bone marrow 
as compared to patien& receiving methotrexate + cyclosporin as graft- 
versus-host disease (GVHD) prophylaxis. Patients who later developed 
graden-IVofacuteGVHDhadsignificantly higherrespmstoCPand CM 
before BMT @=0.02 for both) compared to patients with grade 0-1 of acute 
GVHD. No impact on stimulation was recorded by chronic GVHD or by 
cytomegalovirus seropositivity. 
Conclusion. Cellular immune response to Gzndida is restored early after 
BMT and was mainly influenced by superfiscial fungal colonization. High 
cellular response to Gzndida before BMT was associated with a higher 
incdience of 2 grade JI acute GVHD. 

D 615 POST-BMT HUMORAL IMMUNODEFICIENCY - 
PATHOGENETIC INSIGHTS, Jan Storek B Andrew 
Saxon, Dep. of Medicine, UCLA. L.A.. CA 90024. 

B-cell immunity is impaired for 1-2 years in healthy BMT survivors and 
even longer in patients with chronic GVHD. Can this IOng-kSting 
reconstitution be simply explained by the repetition of B-cell 
ontogeny? 

posttransplant and normal neonatalhfant cells were large, 
underexpressed CD21 (C3dlEBV receptor), Leu6 (addressin for high 
endothelial venules) and overexpressed CD36 (marker of immaturity 
in this setting). Activation markers like CD23 (FccRII) or CD25 (IL-2R) 
were not overexpressed in either neonatesfinfants or BMT recipients. 
Interesting. yet unexplained differences were also found: CD71 
(transferrin receptor) was overexpressed on posttransplant but not on 
neonatalhnfant B-cells. The percentage of CD5+ B-cells was high in 
neonateshnfants and after autografting but not after allografting. 

2. -t steD of the 8-a-n 

decreased Ca++ flux into the B-cell cytosol upon membrane lg 
crosslinking in comparison to normal adults. Nevertheless the number 
of membrane lg molecules per cell was not decreased. By inference, 
immaturity of the signaling pathway may account for the activation 
defect. 

. .  . .  
~~e . .  1. . .  

-+ . .  

’ This was shown by . .  orollferatron + . .  

cytometric analysis of bone marrow at the time of neutrophilic 
engraftment (usually 3-5 weeks posttransplant) - no CD19+ cells 
were found in the marrow at that time. Circulating CD19+ cells 
reached normal numbers only 2-4 months after autologous BMT and 
at >4 months after allogeneic EMT. Contrary to EMT recipients, the 
number of bone marrow and circulating B-cells in neonatedinfants 
was reported not to be decreased compared to normal adults 
(Caldwell CW et al: Am J Clin Pathol. 1991, 95:616). 

L%MIZySummarv. the humoral immunodeficiency in BMT recipients 
results from both relative immaturity ( i.e. ontogenic recapituation) and 
superimposed defects in B-cell maturation. 

D 617 TREATMENT OF EAE WITH BONE MARROW 
TRANSPLANTATION, D.W. van Bekkum, M. van 

Gelder, E.P.M. Kinwel-Bohre, TNO Institute for Applied 
Radiobiology and Immunology, Lange Kleiweg 151, P.O. 
Box 5815, 2288 HV Rijswijk, The Netherlands. 
W e  have shown previously that complete and lasting 
regression of the autoimmune disease adjuvant arthritis (AA) 
can be obtained in rats by treatment w i th  high dose total 
body irradiation (TBI) and transplantation o f  syngeneic or 
autologous bone marrow. Analogous experiments have been 
performed in Buffalo rats suffering from severe paralysis 
f o l l o w i n g  i nduc t i on  o f  Exper imenta l  A l l e r g i c  
Encephalomyelitis (EAE). On day 20 after immunisation 
w i th  spinal cord and complete Freund adjuvant - when 
paralysis was progressive - rats were subjected to 9 or 10 Gy  
o f  TBI and syngeneic bone marrow. Shortly after treatment 
the paralysis aggravated causing the death o f  a variable 
proportion o f  the animals. The survivors showed complete 
regression of a l l  symptoms within 10 days, whi le 
spontaneous regression in the controls took 30 days. 
Rechallenge with spinal cord and adjuvant at 20 days after 
bone marrow transplantation resulted in relapses in both the 
treated and non treated groups, but the incidence o f  the 
relapses as we l l  as the associated paralytic score and 
mortality were considerably less in the treated animals. 
These results are encouraging in that they indicate a 
comparable response o f  EAE to  bone mar row 
transplantation as was seen in AA. Modification o f  TBI 
conditioning and numbers o f  bone marrow cells grafted are 
presently under investigation. 
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D 618 TESTICOM FDK'CLoX AFTER BOSULFM (BD) PLUS CYCLoPEOSpBIJ(IDE (CY), 
John R. Yinqard, Dam F. Hiller, Georqe Y. Santos, hory University 

School of Micine, Atlanta, 4 30322 and Johns Xopkins University School of 
Iledicine, Wtilore, w 21205 
Testidar function uas assessed in 45 adult males after bne marrow trans- 
plantation (W using Bu 16 q / k q  plus CY 200 q / k q .  dssays were p e r f o w  
singly or on multiple occasions (428) 0.5 to 6.5 years after em. sem 
testosterone levels uere 586 f 226 nq/dl with subnoml levels in only 1 of 
42 patients (2.48). ?.em luteinizinq honone levels (UE) uere elevated in 
12 of 34 patients tested (35.3t) .  %nu follicle stiiulatinq hormone levels 
(BE) uere elevated in 32 of 38 patients (848)  and n o m l  in the remainder. 
Tbese findings are comparable to data from 68 len treated by CY plus total 
body irradiation. There were no significant correlations between U, FSE, 
testosterone, tile out from &m' and aqe except for an association between LB 
and FSB (r = 0.91, p' O.woO1). Spen counts were obtained in 21 patients. 
No detectable spen uere found in all but two. One had one visible spen on 
srear 3 years after BIIT: tbe second bad no spen at 2 years, but counts of 
10 and 12 million/ll at 3 and 4 years respectively. Pour of the 6 men uith 
semen analysis 2i years &sonstrated no spen. l'vo men reported fatheriag 
w m 1  children after full-ten pregnancy (at 2.5 and 3 years respectively 
after em). The foner had a spen count of 0 at 6 months (no assays 
subseC(uent1y) and the latter ten dllionili at 3 years after EiQ. None of 
the progeny were IILA typed. We conclude that although luteal function is 
relatively uell preserved uith nonal senu I5 and testosterone levels, 
follidar function is larkedly impaired, resultinq in aspenia in most men 
treated by 80 plus CY. Eouever, sole recovery of spenatoqenesis appears 
possible with the of time (zt years after BKf), apparently enablinq 
some individuals to father children. 

Late Abstracts 
GRAFT-VERSUS-LEUKEMIA EFFECT IN ALLOGENEIC BONE 
MARROW TRANSPLANTATION OF RADIATION-INDUCED 

LEUKEMIA-BEARING MICE. Shi ro  Aizawa and Toshihiko Sado. 
Division of Physiology and Pathology, National I n s t i t u t e  
of Radiological Sciences,  Chiba 260, Japan 

Mani fes ta t ion  of graft-versus-leukemia (GVL) e f f e c t  i n  
MHC-compatible and -incompatible.  a l l o g e n e i c  bone marrow 
t r a n s p l a n t a t i o n  (BMT) and t h e  r o l e s  of T c e l l  s u b s e t s  
contaminated i n  t h e  donor bone marrow were s t u d i e d  using 
radiation-induced leukemia-bearing C3H mice maintained 
under spec i f ic -pa thogen-f ree  (SPF) condi t ion .  
ind ica ted  t h a t  BMT from MHC-~ncompatible a l logenexc  (B10) 
donor s i g n i f i c a n t l y  improved t h e  s u r v i v a l  of t h e  t r e a t e d  
mice a s  compared t o  t h a t  from syngeneic (C3H) donor. 
donor (B10) bone marrow c e l l s  were t r e a t e d  with e i t h e r  
anti-Thy 1.2 o r  ant i -Lyt  2.2 an t ibody p lus  complement 
p r i o r  t o  BMT, a b e n e f i c i a l  G V L  e f f e c t  was completely 
abol i shed .  On t h e  o t h e r  hand, BMT from MHC-compatible 
a l l o g e n e i c  donors (B1O.BR. CBA. AKR) f a i l e d  t o  show an 
improvement i n  s u r v i v a l .  However, i n t e n t i o n a l  enhancement 
o f  GVH r e a c t i o n  by pre-immunization of B1O.BR donor mice 
w i t h  r e l a t i v e l y  small number of C3H sp leen  c e l l s  o r  by an 
addi t ion  of B1O.BR lymph node c e l l s  t o  t h e  donor bone 
marrow r e s u l t e d  i n  a s i g n i f i c a n t  improvement i n  s u r v i v a l .  
The deple t ion  of a l l  T c e l l s  completely abrogated t h e  G V L  
e f f e c t ,  while t h e  d e p l e t i o n  of e i t h e r  Lyt 2' o r  L3T4' T 
c e l l s  from donor (61O.BR) bone marrow r e s u l t e d  i n  on ly  
p a r t i a l .  i f  any. abrogat ion  of G V L  e f f e c t .  The r e s u l t s  
i n d i c a t e  t h a t  GVL e f f e c t  observed i n  leukemic mice t r e a t e d  
with a l l o g e n e i c  BMT from MHC-compatible and -incompatible 
donors was t o t a l l y  dependent on T c e l l s  and sugges t  t h a t  
the  r o l e s  of T c e l l  s u b s e t s  i n  t h e  induct ion  o f  G V L  e f f e c t  
were d i f f e r e n t  between MHC-compatible and -incompatible.  
a l l o g e n e i c  BMT. 

In f u r t h e r  e x p e r m e n t s .  G V L  e f f e c t  was s t u d i e d  wi th  
o t h e r  radiation-induced leukemia i s o l a t e d  from C3H mice i n  
our  labora tory .  The r e s u l t s  i n d i c a t e  t h a t  G V L  e f f e c t  can 
be observed i n  BMT from MHC-compatible a l l o g e n e i c  
donor but  t h e  degree of GVL e f f e c t  observed i n  MHC- 
compatible a l l o g e n e i c  BMT i s  v a r i a b l e  among types  of 
leukemia and s t r a i n s  o f  bone marrow donors. 

The r e s u l t s  

When 

D 619 THE MONOCLONAL ANTIBODY HA-IA AS ADJUNCTIVE 
THERAPY FOR IMMUNOCOMPROMISED PATIENTS WITH 

SEPTIC SHOCK, J. Wood, D. Przepiorka, M. Kessler, C. Ippoliti, R.O. 
Wallerstein, A.B. Deisseroth, S. Giralt, B.S. Andersson, R.E. Champlin. 
University of Texas, M. D. Anderson Cancer Center, Houston, TX 77030 
HA-IA, a human monoclonal IgM with specificity for bacterial 
endotoxic, has been shown to improve outcome for nontransplant patients 
with gram-negative bacteremia and septic shock when used in conjunctton 
with appropriate antibiotics. We have used HA-I A ar, adjunctive therapy 
for treatment of 19 episodes of septic shock in 16 immunocompromised 
adults. The study group included 7 autologous marrow recipients, 6 
allogeneic marrow recipients, and 3 patients receiving growth factor 
support following high-dose chemotherapy without marrow rescue. The 
median time from transplantation (or treatment) was 22 days (range 2- 
1 1  14). All allogeneic recipients had received a course of steroids. The 
absolute neutrophil count was <I000 i n  12/19 episodes (<200 in 8/19), 
creatinine ~ 2 . 0  in 7/19, and total bilirubin ~ 2 . 0  in 10/18. Pressors were 
required during 15/19 episodes and mechanical ventilation during 12/19. 
Within 24 hours prior to receiving HA-IA, the mean APACHE score was 
30 8 (+ SD). Gram-negative bacteremia was documented during 7 
episodes, gram-positive bacteremia during 6, and no bacteremia during 6. 
All patients were treated with broad spectrum antibiotics. Each patient 
received 100 mg HA-IA IV over 30 minutes at a median of 18 hours 
(range 1-101) from the diagnosis of sepsis. There were no complications 
noted during the infusion of HA-IA. Survival exceeded 6 hours after 
infusion of HA-IA for 17/19 episodes. At 6 hours, 9/13 had a decrease 
in pressor requirements, and 10/17 had an increase in blood pressure 
and/or systemic vascular resistance. Survival exceeded I week for 12/19, 
and sepsis was the cause of death for 6 patients. For those patients with 
documented gram-negative bacteremia, at  6 hours 4/6 had a decrease in 
pressor requirements, and 517 had an increase in blood pressure and/or 
systemic vascular resistance. Survival exceeded I week for 517, but 3/7 
had persistant or recurrent gram-negative bacteremia. There was no 
excess early mortality amongst those with gram-positive bacteremia. 
Overall, survival was best for those with an APACHE score less than 30 
(9/9 vs 3/10. p<O.OI). HA-IA was tolerated well, but the single-dose 
schedule may not be sufficient for neutropenic patients when given late 
after the onset of sepsis. 

ICAM-I: A CENTRAL MEDIATOR OF GvHD 

*U Behrends, *R Hintermaier-Knabe, +N Hunzelmann , + T  &no, *E 
Holler, +T Krieg, *G Hoffmann-Fezer, *S Thierfelder, *G Bornkamm, 
'H Kolb, 'Hamatologikum der GSF, Marchioninistrasse 25, 8 Miinchen 
70 and +Dermatologische K h i k  der Universitalt zu Koln, Germany. 

Microangiopathic changes are fundamental components of early 
complications after BMT. The underlying endothelial cell damage is 
suggested to be a result of HLA dependent donor T-cell stimulation and 
early activation of host macrophages. Cytokines such as IFNg and TNFa 
mediate both the specific and unspecific immune response. They induce 
the expression of histocompatibility antigens and adhesion molecules on 
a variety of cells thereby enhancing leucocyte cooperation and 
interaction with target tissue. 
We demonsmte here, that in GvHD cytoldne producer cells and cellular 
targets are localized in close neighbourhood. Skin biopsies taken from 
patients with acute dermal GvHD lesions showed significantly increased 
TNFa-mRNA and -protein as well as ICAM-1 expression compared to 
pretransplant specimens. The  extent to which TNFa as well as ICAM-I 
levels were increased varied markedly between biopsies of different 
patients although clinically they presented with similar disease. When 
chronic disease developed these increased levels declined to  pretransplant 
levels. 
Using a BMT-mouse-model we have shown that ICAM-1-mRNA 
upregulation may preceed overt GvHD. Detection of ICAM-1-mRNA 
might therefore serve a s  a predictive parameter of GvHD development. 
Time kinetics of ICAM-1-rnRNA expression revealed a significant 
increase in organs of allogeneic compared to syngeneic mice as early as 
day two after BMT. ICAM-I-mRNA levels in allogeneic transplanted 
mice increased with time after BMT and correlated with development of 
symptoms. Immunohistological smning showed enhanced ICAM- 1 
expression in allogeneic mice only when symptoms of GvHD were 
apparent. 
In summary our findings suppon the cenual role for adhesion molecules 
in the GvHD pathogenesis and suggest ICAM-I-mRNA as a predictive 
parameter. 
Experiments are under way to test the protective value of anti-ICAM-1- 
antibodies in GvHD therapy and prevention. 
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DNA CROSSHATCHING FOR RAPID SELECTION OF HLA-DR 
IDENTICAL UNRELATED XAKROV DONORS AND ITS APPLICATION 

IN DR-Dw TYPING. B A Bradley, T Clay, N Vood, and J Bidvell. 

PCR amplification products of HLA-DRB gene second exons show 
HLA-DR/Dw phenotype-specific patterns (PCR fingerprints) 
when electrophoresed on non-denaturing polyacrylamide gels 
( 1 , 2 ) .  Ye recently applied this technique to selecting 
HLA-DR/Dw-matched marrow donors ( 3 ) .  PCR fingerprinting and 
its supplementary technique DNA crossmatching are more 
accurate, faster, and cheaper than DNA-RFLP typing ( 2 . 3 ) .  
Fingerprinting, requires no expensive equipment, restriction 
enzymes, probes, radio-isotopes, or Southern blotting and 
results can be obtained in less than eight hours. In 
assessment of the technique ( 3 )  in 53 unrelated HLA-A and 
HLA-B matched patient-donor pairs, 42 pairs gave the same 
results with PCR fingerprinting as vith DNA-RFLP analysis. 
In the eleven other pairs DR-Dv mismatches vere detected 
vith PCR fingerprinting but not by the standard DNA-RFLP 
method; PCR-SSO typing with selected sequence-specific 
oligonucleotides (SSO) confirmed that mismatches that passed 
unrecognised in DNA-RFLP vere due to different subtypes of 
HLA-DR4. These methods have potential as tissue typing 
techniques. Ue demonstrate that crossmatching a test DNA 
vith DNA from a range of homozygous typing cells (HTC) can 
reveal the HLA-DR type of the individual. HLA-DR phenotypes 
can be deduced both from the unique pattern of the PCR 
fingerprint and from DNA crossmatches with a range of HTCs. 
Incompatible HTC vill give additional bands as a consequence 
of interaction vith non-self DRB gene products whereas 
compatible HTC will give no bands over and above those seen 
in the test DNA PCR fingerprint. Thus the HLA-DR type may be 
deduced. These methods are being developed for typing 
unrelated donor-recipient pairs for marrow transplantation. 
1 .  Bidvell 3L and Hui K, 1990. 2 .  Vood N et al, 1991. 
3. Clay T et al, 1991 

UKTSSA, BriStol, UK. 

GRANULOCYTE-HACROPBE COLONY-BTIUULATING 
FACTOR and ERYTHROPOIETIN VS PLAACEBO IN 
AUTO OGOUS BONE UARROW T B P ~ A T I O N  

UR BCh star 3 , U Flonl, I S a h d e r K  
Godder , A JameS-Eel y2 
RB Vaughan', R Abels , 'Don Uonti Division 

'Pediatrics, North shore university 
Bospital-Cornell Univ rsity nedical College, 
Uanhasset, New York, 'achering-Plough 
Corporation, Kenilworth, New Jersey, 'The RW 
Johnson Research Institute, Raritan, ~ e w  Jersey, 
USA. 

12 patients with lymphoma (7 Bodgkin's and 5 
non-Eodgkin's) were enrolled and randomized to 
GI-CSF plus EPO (9 patients) or to OM-CSF and 
placebo (3 patients). rhGH-CBF was administered 
at lomglkgla as a 4-6 hour IV infusion for up to 
30 days. EPO was given intravenously at 150 
units/kg/d for up to 30 days. The mean time for 
patients on the GM-CSP/EPO arm to reach an 
absolute neutrophil count of 500 cells/ul was 
15.3 days (range 10-29) and 14 days (range 10-18) 
for patients on the GU-CSF/placebo arm. Patients 
receiving OM-CSP/EPO had a mean of 11 red blood 
cell transfusions (range 4-31 excluding a patient 
who developed hemorrhagic cystitis) while 
patients on the GU-CSFlplacebO arm had a mean 
transfusion requirement of 8 units (range 6-12). 
~ l l  patients experienced fevers and were treated 
with broad spectrum antibiotics including 
Amphotericin B. One patient discontinued GI(-CSF 
because of possible adverse effects. with a 
median follow-up of 8 months, two poor-risk 
patients (on OM-CSF/EPO arm) vith Bodgkin's 
disease have relapsed. These preliminary data 
suggest that the combination of OH-CSF and EPO is 
well tolerated in patients undergoing autologous 
bone marrow transplantation. The number of 
patients is too small to conclude that the 
combination of the two growth factors leads to 
clinical benefit. Large scale clinical trials are 
nom warranted. 

5 Y 
f oncology, Department of nedicine and 

HIGH DOSE BUSULFAN- CY CLOPHOSPHAMI DE WITH 
AUTOLOGOUS BONE MARROW OR BLOOD STEM CELL 

RESCUE FOR CHEMOSENSITIVE STAGE I V  BREAST CANCER. _..._ ~ ~ - ~ ~ ~ ~ 

Mangan K.F., Klumpp T.R., Glenn L.D. and Macdonald J.S., 
Bone Marrow Transplantation Program. 
School of Medicine, Philadelphia, PA 19140. 
Alkylating agents are among the most active agents in the 
treatment of breast cancer. Although the high dose alky- 
lating agent combination Busulfan and Cyclophosphamide 
(BuCy) is routinely used to prepare patients with myeloid 
malignancies for bone marrow transplantation (BMT), the 
activity and toxicity of BuCy in the treatment of stage I V  
breast cancer has not been reported. 
study, we administered Bu (16  mg/kg total dose, p.0.) and 
Cy (6 gm/MZ total dose, i.v.) over eight days to 13 patients 
with measurable and chemosensitive stage IV breast cancer. 
Patients were rescued with either autologous unpurged bone 
marrow (n=lO) or peripheral blood stem cells ( n = 3 ) .  Five 
patients received yeast-derived GM-CSF post transplant to 
accelerate marrow recovery. All patients showed evidence of 
engraftment by serial marrow biopsies. 
count >SOO/mm recovered at 16.5% days (mean 2 1 S.D.) 
(range, 11-28 days). Platelets recovered to greater than 
20,000/mm3 unsupported at 25.5213 days (range, 9-47 days). 
There were two toxic deaths, one at day t57 (hepatic 
venocclusive disease) and another at day t 1 9  (diffuse 
alveolar hemorrhage). Eleven other patients experienced 
only grade I or I 1  toxicity and were discharged after an 
average hospital stay of 40 days (range 28-59 days). Ten 
patients were evaluable for response. 
achieved a 50% or greater reduction of visceral metasta- 
ses and/or stable bone disease defined as loss  of bone 
pain and no progression on bone scans. Five patients 
relapsed between days 164 to 244 post transplant (mean 191 
days). Four other patients remain in progression-free 
survival at 347, 304, 70 and 63 days post transplant. 
We conclude that BuCy has acceptable toxicity (15% toxic 
deaths) and activity (90% complete and partial remission 
rates). However, further follow-up i s  required to assess 
durability of response. 
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HIGH-DOSE WZKLY INTRAVENOUS IMMUNOGLOBULINS 
(IVIG) FOR THE PREVENTION OF INFECTION IN PATIENTS 

(PTS) U N D E R G O I N G  AUTOLOGOUS BONE MARROW 
TRANSPLANTATION (ABMT) AND INTENSE THERAPY FOR 
ACUE LEUKEMIA: A STUDY OF THF. N O R T H  AMERJCAN BOhZ 
MARROW TRANSPLANT GROUP. Steven N. Wolff. Joseph H'. Fay. 
John P. Grerr, Randy A. Brown, Geoffrey P. Herzig and Roger 
H. Herzig. Vanderbilr University, Nashville, TN 37232, Baylor 
University Medical Center, Dallas, TX 75246, Washington University, St. 
Louis, MO 631 10 and the University of Louisville. Louisville, KY 40292. 
lVlG can prevent bacterial and fungal infections in pts with hypo- 
gammaglobulinemia and possibly in pts undergoing allogeneic bone 
marrow transplantation. Based on these observations, we designed a 
prospectively randomized study to evaluate whether weekly IVIG could 
prevent infections in pts with severe myelosuppresuon Eligible pis could 
not have an active infection and were to undergo ABMT or intewc 
therapy for acute leukemia. Pts were randomized to receive IVlC or 
Serve control IVIG was begun pnor to beginning cytotoxic therapy 
and administered once weekly at a dose of 500 mg/kg until recover) of 
neutrophils to >500/ul The study was designed 10 detect a 20% 
reduction in infection with a power of 80%. The study end-points are 
proven infections. bacteremia and fungemid. Since 1190, 165 patients 
have entered the tnal. The lVlG group and the control group are com- 
parable for diagnosis, treatment, age, baseline IgG level, use of 
prophylactic antibiotics and duration of neutropenia. The median (range) 
of serum IgG pnor to treatment was 921 mg/dl (336-1848) for the IVlG 
group and 900 mg/dl (402.1995) for the control group. 75% ot all 
patients entered underwent ABMT.  All patients entered will be evaluable. 
Both the IVIC group and the control group had a similar (p > .05) 
incidence of proven infection (45% vs. 46%) and hacieremia ( 3 5 %  vs. 
35%). Gram-negative and gram-positive bacteremia occund in 12% and 
23% of each group. Fungemia occurred in 7% of the IVIG group and 9% 
of the control group (p > .05). Death from infection occurred in 5 %  of 
the IVIG group and 2% of the control group (p > .05). This completed 
study demonslrates no benefit for the prevention of severe infection with 
the use of high-dose weekly IVIG in pis with severe inyelosuppression. 
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