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Myeloablative conditioning associated with hazardous imme-
diate and late complications is considered as a mandatory
first step in preparation for allogeneic blood or marrow
transplantation (allogeneic BMT) for the treatment of malig-
nant hematologic disorders and genetic diseases. Immune-
mediated graft-versus-leukemia (GVL) effects constitute the
major benefit of allogeneic BMT. Therefore, we have intro-
duced the use of relatively nonmyeloablative conditioning
before allogeneic BMT aiming for establishing host-versus-
graft tolerance for engraftment of donor immunohematopoi-
etic cells for induction of GVL effects to displace residual
malignant or genetically abnormal host cells. Our prelimi-
nary data in 26 patients with standard indications for alloge-
neic BMT, including acute leukemia (n = 10); chronic leuke-
mia (n = 8), non-Hodgkin’s lymphoma (n = 2), myelody-
splastic syndrome (n = 1), multiple myeloma (n = 1), and
genetic diseases (n = 4) suggest that nonmyeloablative con-
ditioning including fludarabine, anti-T-lymphocyte globulin,
and low-dose busulfan (8 mg/kg) is extremely well tolerated,
with no severe procedure-related toxicity. Granulocyte
colony-stimulating factor mobilized blood stem cell trans-
plantation with standard dose of cyclosporin A as the sole
anti-graft-versus-host disease (GVHD) prophylaxis resulted
in stable partial (n = 9) or complete (n = 17) chimerism. In 9
patients absolute neutrophil count (ANC) did not decrease to
below 0.1 x 10°%/L whereas 2 patients never experienced
ANC <0.5 x 10°%L. ANC = 0.5 x 10%L was accomplished

YELOABLATIVE COMBINATIONS of high-dose

within 10 to 32 (median, 15) days. Platelet counts did not
decrease to below 20 x 10%L in 4 patients requiring no
platelet support at all; overall platelet counts >20 x 10%L
were achieved within 0 to 35 (median 12) days. Fourteen
patients experienced no GVHD at all; severe GVHD (grades 3
and 4) was the single major complication and the cause of
death in 4 patients, occurring after early discontinuation of
cyclosporine A. Relapse was reversed by allogeneic cell
therapy in 2/3 cases, currently with no residual host DNA
(male) by cytogenetic analysis and polymerase chain reac-
tion. To date, with an observation period extending over 1
year (median 8 months), 22 of 26 patients (85%) treated by
allogeneic nonmyeloablative stem cell transplantation are
alive, and 21 (81%) are disease-free. The actuarial probability
of disease-free survival at 14 months is 77.5% (95% confi-
dence interval, 53% to 90%). Successful eradication of malig-
nant and genetically abnormal host hematopoietic cells by
allogeneic nonmyeloablative stem cell transplantation repre-
sents a potential new approach for safer treatment of a large
variety of clinical syndromes with an indication for alloge-
neic BMT. Transient mixed chimerism which may protect the
host from severe acute GVHD may be successfully reversed
postallogeneic BMT with graded increments of donor lym-
phocyte infusions, thus resulting in eradication of malignant
or genetically abnormal progenitor cells of host origin.
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choice. The use of myeloablative doses of chemotherapy with

chemo-radiotherapy followed by rescue with autolo- or without total body irradiation (TBI) followed by rescue with
gous or allogeneic bone marrow transplantation (BMT) bloodallogeneic BMT offers an important advantage in the form of
or marrow-derived stem cell transplantation are common modalialloreactivity against host leukemia cells, the so-called graft-
ties to treat various hematologic malignancies resistant toversus-leukemia (GVL) effects?and perhaps even graft-versus-
conventional doses of chemotherapy. For patients relapsingumor (GVT) effects’* which may be associated with undesir-
after conventional front-line chemotherapy protocols or forable graft-versus-host disease (GVHD). For patients with
patients that are considered at high risk to relapse as well as farnderlying malignancies, the transplant procedure is considered
patients with genetic diseases, alloBMT is the treatment ofmostly as a rescue procedure following myeloablative treatment
to eradicate the basic malignancy by the cytoreductive agents
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tumor cell kill. Moreover, by comparing numerous protocols
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cytoreductive components used for over 20,000 transplantsinimal procedure-related toxicity. This approach may be

reported to the International Bone Marrow Transplant Registry,safely offered to patients of all age groups with low anticipated

no difference or clear advantage could be documented fomcidence of immediate and long-term complications.

different regimens administered as preparation for autologous

BMT or allogeneic BMT, including or excluding TBI.The PATIENTS AND METHODS

potential benefits of more intensive chemo-radiotherapy may be A cohort of 26 consecutive patients undergoing allogeneic nonmyelo-

further exploited in the future by using targeted chemotherapygblative stem cell transplantation is presented, all of whom were given a

or targeted radiolabeled tumor-seeking compounds. combination of fludarabine and ATG. Patients’ characteristics are described
Over the years, the importance of immune reactions betweel Table 1. All patients would have been considered eligible candidates for

o . ~ onventional myeloablative allogeneic BMT, including 6 with chronic
?uomng: ii:;;ﬁ?;??::ﬁﬁg?g;;g: dTtlgn;zhggyrf;:}n?hI;?:;gﬁigmyelogenous leukemia in first chronic phase (CML/CP); 1 with CML in

. . o ) Gccelerated phase (CML/AP); 1 with juvenile CML (JCML); 7 with acute
Importqnce, accounting for_the significantly be.tter alnt'tumormyelogenous leukemia (AML) in first complete remission (CR), 1 of whom
effects induced by allogeneic BMT compared with autologousyjith secondary leukemia (AML, M5) 3 years after treatment for carcinoma
BMT and transplants from an identical twid.Moreover, we  of the ovary and 1 with AML in second CR; 1 with acute lymphoblastic
have shown in early 1987, as confirmed in many transplanteukemia (ALL) in first CR and 1 in second CR; 2 with non-Hodgkin's
centers worldwide since, that relapse after allogeneic BMT inlymphoma (NHL) resistant to chemotherapy; 1 with myelodysplastic syn-
patients considered incurable can be frequently reversed bgffome (MDS) with excess blasts; and 1 with multiple myeloma (MM). The
donor lymphocyte infusion (DLI§:1 Al this indicates that the series also included 4 patients with nonmalignant disorders including 1 child

- : - with severeB-thalassemia major, 1 child with Fanconi’s anemia, 1 child with
m_aln therapeutic component of allogeneic BMT may be .aS-Gaucher’segisease, and 1adju|twith Blackfan Diamond syndrome (Table 1).
Cr!bgd t(_) T-cell-mediated GVL effgcts rather than to phys_lcal Patient age ranged between 1 and 61 (median, 31) years. Conditioning before
elimination of all tumor cells by high doses of cytoreductive infusion of allogeneic stem cells included immunosuppressive treatment with
agents given as part of the conditioning before transplantationsiy daily infusions of fludarabine (Fludara; Schering AG, Berlin, Germany)
The possibility to completely eradicate tumor cells by adoptive3o mg/n# (in adults the dose was adjusted to ideal body weight) for 6
allogeneic cell therapy induced by DLI in patients failing all consecutive days (days10 to —5); oral busulfan 4 mg/kg/d for 2
alternative modalities suggests that alloreactive T lymphocytesonsecutive days (days6 to —5); and anti~T-lymphocyte globulin (ATG-
of donor origin may be the strongest tool available againsttresenius AG, Munich, Germany) 10 mg/kg/d for 4 consecutive
tumor cells of hematopoietic origin. Hence, the main role of the
transplant procedure may be in the induction of a state of
host-versus-graft tolerance giving donor-derived T lymphocytesTable 1. Characteristics of the First Cohort of Standard-Risk Patients
the Opportunity to recognize and eradicate host-derived tumokndergoing Allogeneic Nonmyeloablative Stem Cell Transplantation
cells or abnormal stem cells without immunosuppressive treat- With Matched Related Donors

ment as anti-GVHD prophylaxis. This working hypothesis UPN Age Diagnosis D—H
prompted us to develop a new approach to the treatment of 131 50 CML/CP M— M
diseases generally referred to conventional allogeneic BMT, 1052 51 2°AML 1st CR M—F
focusing on the use of donor T cells to eradicate both 1053 56 CML/CP M—M
nonmalignant and malignant cells of host origin, thus avoiding 1057 16 B-Thalassemia major M—F
the need for myeloablative conditioning, to improve the imme- 1073 19 AML 2nd CR F—F
diate and long-term outcome of the patients. Our working 1077 19 AML Ist CR M—F

1080 12 ALL 2nd CR F—M

hypothesis is based on experiments in animal models of

. : . 1088 37 NHL, chemoth ist. M— M
lymphocytic leukemia/lymphom&3and acute myeloid leuke- 1093 o6 AML ;teg;f erapy resis M F

14 L .
mia and. on clinical qbservatlons over the past 1Q years, e 61 NHL, chemotherapy resist. El M
documenting that the efficacy of allogeneic cell therapy induced ;g9 " MDS M—M
by the allograft is the key element in accomplishing the benefits 1799 1 AML 1st CR M—F
the alloBMT proceduré? A protocol was designed based on 1111t 51 Multiple myeloma F—M
minimizing the intensity of the conditioning regimen to the 1114 10 Fanconi’s anemia M—F
range of nonmyeloablative treatment, followed by infusion of 1119 2 JCML M—M
granulocyte colony-stimulating factor (G-CSF)-mobilized do- 1123 31 Blackfan Diamond anemia F—F
nor stem cells enriched with circulating T lymphocytes col- 1124 20 AML Ist CR M—F
lected by apheresis using Baxter's CS 3860The main focus 1131 34 CMLU/AP F=M
. . . : . . . 1133 29 AML 1st CR F—M
is on intensive short-term immunosuppression with fludarabine

d anti-T- hoovie dlobulin (ATG) with low-d | 1135 33 CML/CP F—F
and anti-T-lymphocyte globulin ( ) with low-dose ora 1137 38 CML/CP Mo M
busulfan before infusion of blood stem cells. GVL effects are ;49 3 Gaucher’s disease M—E
mediated by the large number of donor-derived immunocompe- 1141 39 AML 1st CR M— M
tent T lymphocytes given together with donor stem cells. GVL 1143 36 CML/CP FoM
effects may be increased later on, by allogeneic cell therapy 1156 46 ALL 1st CR M—M
with DLI on an outpatient basis. As will be shown below, our 1158 46 CML/CP M—M

preliminary experience seems promising and suggests that *Donor (brother) was incompatible at one A and one C loci, with
allogeneic nonmyeloablative stem cells may result in completeositive MLR in the direction of host-versus-graft.
elimination of malignant or abnormal host cells with no or tpatient conditioned with cytoxan instead of busulfan.
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days (days-4 to —1). One patient (unique patient number [UPN] 111 veno-occlusive disease (VOD) of the liver was observed in 2
with Fanconi’s anemia) received cytoxan 10 mg/kg instead of busulfancases whereas 11 developed mild to moderate manifestations of

G-CSF-mobilized blood stem cells were collected once after 5 days of;op and 13 patients showed no evidence of hepatic abnormal-
administration of G-CSF 10 pg/kg/d. HLA-A,B,C,DR,DRB1 matched ity. No pulmonary toxicity was observed in this cohort of
siblings were used as donors, with one exception: UPN 1109 was

grafted with Aand C locus mismatches with positive mixed lymphocyte pag(ejr;s.. li linical follow .
reaction in the direction of host-versus-donor. The total number of itional important clinical parameters following alloge-

nucleated cells infused on day 0 ranged between 3.38 and 16.39 (meafi€iC nonmyeloablative stem cell transplantation in the first
8.60) X 10%Kkg. Prophylaxis against GVHD included cyclosporine A cohort of patients who entered our study is shown in Table 3 and
(CSA) 1.5 mg/kg twice daily intravenously starting on dayl, Fig 1. In 9 patients (34%) ANC did not decrease to belowX0.1
switching to an oral dose of 3 mg/kg twice daily as soon as the patients.0°/L, and for the entire group it took a median of 10 days for
were off intravenous therapy or as soon as they were discharged, witthe ANC to drop below 0.1x 10°%L (Fig 1A). Two patients
early tapering off, starting as soon as engraftment with no GVHD waspeyer experienced AN€0.5 X 10°L (Table 3). The number of
confirmed (around 4 to 6 weeks) and the patient's condition stabilizeddays with ANC <0.1 X 10%L in the remaining 17 patients
Prophylaxis againstPneumocistis cariniiincluded trimethoprim/ ranged between O and 20, with a median of 4 days. ANC

sulfamethoxazole (10 mg/kg/d trimethoprin) administered pretransplan- . - :
tation (days—10 to —1) and as soon as the absolute neutrophil counts>0'5 X 10°/L was accomplished within 10 to 32 (median, 15)

(ANCs) exceeded 0.78 10F/L (7 mg/kg/d trimethoprim) twice weekly. days (Fig 1B). Platelet counts did not decrease to below20
Prophylaxis against Herpes simplex virus included low-dose orallOP/L in 4 patients (Table 3), therefore requiring no platelet
acyclovir 200 mgx 3/d starting on day- 10 for 4 months. support at all. Among the remaining 22 patients, a decrease of
Chimerism was assessed by standard cytogenetic analysis in malglatelet count to below 2& 10°/L was observed after a median
female donor-recipient combinations and in patients with CML, searchof 7 days, with 11% probability of remaining with a low
ing for the proportion of Ph cells, to assess the actual proportions of (<20 x 10°/L) platelet count after day 11 (95% confidence
host and donor cells in marrow aspirates, representing hematopoietiﬁterval of 3% to 27%) (Fig 1C). Spontaneous platelet counts
cells in mitosis. Residual male cells in female to male chimeras Were>20 X 10P/L were achieved within 0 to 35 (median 12) days.

detected by the amelogenine gene method as previously described oy
detail’> In sex-matched donor-recipient combinations, the variouslgnsUpported platelet counts20 X 10°/L was observed within

number of tandem repeats (VNTR)-polymerase chain reaction (PCR$6 days in 85% of the patients (95% confidence interval, 69% to
test with a sensitivity of detection of 5% was used to assess the presen&r)%) (Fig 1D).
of residual host or donor cells as previously descritfed. GVHD = grade 1 was observed in 12 of 26 patients (Table
Statistical evaluation. The Kaplan-Meier method was used to 3). Severe GVHD (grades 3 and 4) was the single major
calculate the probability of disease-free survival as a function of time ascomplication, diagnosed in 6 cases (25%) and was the only
well as for determining the time to recovery of hematopoietic reconsti-cg . se of mortality in 4 patients, all of whom developed the first
tution. signs of disease while off of CSA. Interestingly, acute GVHD
developed in only 4 patients while on regular CSA maintenance
) ) _ therapy (only 1 patient with grade 3 GVHD, UPN 1109,
The allogeneic nonmyeloablative stem cell transplantationrrently alive and well). In 8 cases initiation of GVHD was
protocol was much better tolerated in comparison with thegpserved only following sudden discontinuation of CSA in an
anticipated side effects following a standard myeloablativettempt to enhance engraftment or displace residual host cells,
regimen. As can be seen in Table 2, listing common procedureggecymented by molecular or cytogenetic analysis. The 4
related toxic manifestations, following allogeneic nonmyeloab-patiems who died from severe GVHD, considered protocol
lative stem cell transplantation no grade 3 or 4 toxicity (World fajjyre, account for all the losses observed in the entire series,
Health Organization [WHO] criteria) were observed in any of ith an observation period exceeding 1 year (median 8 months).
the recipients. Grade 2 mucositis was documented in only 3, gne of the patients (UPN 1093) who died of grade 4 GVHD,
cases. All patients maintained oral intake throughout theyhich developed while she was off of CSA in a foreign country,
procedure, with 8 (31%) never requiring any parenteral caloricaccess to follow-up or further CSA treatment was denied;
supplements. Septic fever episodes with positive blood CU|tureﬁ1erefore, her death may not be considered a protocol failure.
were observed in 4 cases, whereas 22 patients experienced Re second patient (UPN 1124) died of GVHD grade 4 that
evidence of severe culture-positive systemic infection. Severgieyeloped immediately after discontinuation of CSA and re-

infusion of a second inoculum of mobilized stem cells enriched

RESULTS

Table 2. Common Transplant Related Complications in the First with blood T cells given intentionally without CSA on day22
Cohort of Patients Undergoing Allogeneic Nonmyeloablative in an attempt to enhance delayed granulocyte engraftment.
Stem Cell Transplantation Subsequently, granulocyte counts increased within less than a
Common Complications Incidence week after the second inoculum and reached AN@.5 X
Mucosal (mucositis = grade 2) 2/26 10°/L on day +35, suggesting that stem cell top-up may not
Hepatic (veno-occlusive disease) only have been redundant, but most likely may have contributed
Mild 9/26 to the severity of GVHD, which could be also due in part to the
Moderate 2/26 first BMT procedure, which resulted in unavoidable fatal
Severe 2126 outcome. The third and forth patients with CML (UPNs 1131
Pulmonary 0/26 and 1135) also developed grade 4 GVHD after sudden discontin-
Sepsis with positive blood culture 4126 uation of CSA. All the other 8 patients who developed GVHD,
Systemic toxicity with multi-organ failure 0/26

of which only 3 manifested>grade 2 GVHD, responded to
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Table 3. Pertinent Clinical Data on the Outcome Following Allogeneic Nonmyeloablative Stem Cell Transplantation, Including Evidence for
Engraftment, Acute and Chronic GVHD, Mixed Chimerism, and Outcome in Response to Allogeneic Cell-Mediated Immunotherapy

ANC Relapse or
ANC PLT >500% pLT Acute GVHD Chronic Residual
UPN <100* <20,000t Grade >20,0008 On CSA| Off CSAY Mixed Chimerism GVHD Disease Qutcome

1031 - 4 +15 22 1 + + + A & W**
1052 - - +14 - 2 + + A&W
1053 +11 - +19 - 1 + + + A&W
1057 +8 +9 +11 +12 3 + + + A&W
1073 +6 +8 +15 +12 2 + + + Relapse (allotCT)tt
1077 +10 +10 +15 +13 0 A&W
1080 + 11 +18 - 0 + A&W (alloCT)tF
1088 +5 +5 +10 +12 0 A&W
1093 +10 +7 +14 +10 4 + Died of GVHD
1098 +5 +6 +11 +11 0 + + + A & W (alloCT)88
1099 +6 +6 +15 +12 0 A&W
1109# +2 0 +28 +36 3 + + A&W
1111 - - +15 - 0 A&W
1114 0 +0 +15 +22 0 + A&W
1119 - +5 - +22 4 + + + A&W
1123 +8 +5 +13 +15 2 + + A&W
1124 +11 +9 +32 +35 4 + + Died of GVHD
1131 - +3 - +8 4 + + Died of GVHD
1133 +9 +4 +18 +12 0 A&W
1135 — +8 +18 +10 4 + Died of GVHD
1137 - +9 +12 +13 0 + + A&W (alloCT)||
1140 - +8 +9 +17 0 A&W
1141 +7 +7 —-14 +15 0 A&W
1143 +10 +7 +18 +11 0 A&W
1156 +4 0 +13 +13 0 A&W
1158 +6 +8 +10 0 0 A&W

*First day when ANC dropped below 0.1 X 109/L.

tFirst day when platelets dropped below 20 X 109/L.

fFirst day when ANC rose above 0.5 X 109/L.

§First day platelet count rose above 20 X 109L; transfusion independent.

||GVHD initiated when patient was on CSA therapy.

GVHD initiated when patient was off CSA therapy.

#Donor was a single locus A and C mismatched sibling, with a positive one way host anti-donor mixed lymphocyte culture.

**Alive and well, including patients with chronic GVHD, which was not extensive in any of the patients.

ttPatient with hematologic relapse 8 months following allogeneic nonmyeloablative stem cell transplantation currently under remission
induction with a combination of chemotherapy for tumor debulking and allogeneic cell therapy (alloCT), in parallel with development of grade 2
GVHD.

FfPatient with overt hematologic relapse at 4 months following allogeneic nonmyeloblative stem cell transplantation successfully treated by a
combination of chemotherapy for tumor debulking and allogeneic cell therapy T, in parallel with development of grade 2 GVHD, with no evidence
of diseases, with 100% donor-type (female) cells by cytogenetic analysis and no male cells by PCR.

§§Male patient with tumor cells completely resistant to all chemotherapy at the time of admission, with residual disease following allogeneic
non-myeloablative stem cell transplantation with marrow infiltration with lymphoma cells, successfully treated with allogeneic cell therapy in
parallel with development of grade 2 GVHD, currently with no evidence of diseases, with 100% donor-type (female) cells by cytogenetic analysis
and no male cells by PCR.

|lIPatient with no hematologic evidence of disease treated with allogeneic cell therapy for cytogenetic relapse with positive bcr-abl RT-PCR.

standard prednisone treatment starting with 2 mg/kg with slowcells. In 9 of 26 evaluable patients, a transient stage of mixed
tapering off, as clinically indicated. chimerism was confirmed by documenting minimal residual
Engraftment was documented in all patients by increasinghost cells by cytogenetic analysis, PCR, or disease-specific
blood counts as shown in Table 2, using either amelogenin-PCReverse transcriptase (RT)-PCR (eg, bcr-abl in CML). In
for detection of residual male cells in a female recipientconfirmed mixed chimeras with no GVHD CSA was rapidly
(sensitivity of 1 male cell in 1©female cells) as well as for discontinued, within 2 to 4 weeks.
detectio of mixed chimerism on a semiquantitative basis in No conclusive data can be given at this point to assess the
sex-mismatched host-donors, because using this assay we coutatal incidence of chronic GVHD in allogeneic nonmyeloabla-
detect the presence of 1% to 30% male cells compared withive stem cell transplantation—treated recipients because of the
greater than 30% male cels.VNTR-PCR was used in relatively short observation period ranging from several months
sex-matched donor-recipient pairs with a sensitivity of 1 in 20to over 1 year. As can be seen in Table 3, chronic GVHD was
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diagnosed in 9 patients, in 2 of which (UPNs 1073 and 1098)male DNA by PCR and documentation of 100% female
signs of GVHD appeared only after initiation of allogeneic cell karyotype, in parallel with onset of mild acute GVHD grade 2
therapy. that evolved to mild limited chronic GVHD. Another patient
Relapse was observed in 2 patients with acute leukemigUPN 1073) with AML in second CR relapsed 9 months
(UPNs 1073 and 1080) whereas rapidly progressive residudollowing allogeneic nonmyeloablative stem cell transplanta-
disease was observed in 1 patient with NHL totally resistant tation. She is currently under combined treatment with chemother-
chemotherapy (UPN 1098). Cytogenetic relapse with normakpy and allogeneic cell therapy.
blood counts was diagnosed in 1 patient with CML who All 4 patients with nonmalignant indication for alloBMT are
developed no spontaneous GVHD even after discontinuation ofurrently alive and well, with a Karnofsky score of 100% with
CSA. The patient is now under allogeneic cell therapy (UPNno evidence of the basic disease, fully reconstituted with donor
1137). cells and no residual host cells by male-specific PCR or
Successful displacement of tumor cells by allogeneic celVNTR-PCR.
therapy was already accomplished in 2 cases (UPNs 1080 and To date, with an observation period extending over 1 year
1098) while 1 patient is still under treatment, too early for (median, 8 months), 22 of 26 patients (85%) treated by
evaluation (Table 2). UPN 1080, a male recipient originally allogeneic nonmyeloablative stem cell transplantation are alive,
treated for ALL in second CR, featured no GVHD after 21 (81%) disease-free by all measurable criteria, including
allogeneic nonmyeloablative stem cell transplantation, develPCR, with excellent quality of life, and a Karnofsky score of
oped overt hematologic relapse at 4 months with the number 0£00%. It is too early to assess the actuarial disease-free survival
blasts doubling within 1 to 2 days. The large tumor mass wasat the present time, but the actual disease-free survival at a
successfully debulked using a combination of cytosine arabinomedian follow-up of 8 months was 80.7% (at 14 months the
side 3 g/m/d in two split doses for 4 days and a single dose of actuarial disease-free survival was 77.5% with a 95% confi-
mitoxantron 12 mg/f followed by re-infusion of lymphocyte- dence interval of 53% to 90%) (Fig 2). The data should be
enriched donor (female) blood stem cells with no CSA. carefully interpreted in view of the short observation period
Elimination of detectable male cells was confirmed by PCRavailable.
analysis in parallel with GVHD (grade 1-2) induced after DLI, Mild and limited chronic GVHD developed in 9 of 25
with stable CR being maintained to date with no further patients with an observation period greater than 100 days, but
treatment. Because this patient received chemotherapy fahus far none have developed clinically significant disease
debulking of rapidly developing leukemia cells before DLI, the manifestations.
data should be interpreted with some reservations because
chemotherapy, rather than allogeneic cell-mediated immuno-
therapy, may have played a major role as well. In UPN 1098, an Our study shows that elimination of malignant and geneti-
elderly male patient with chemotherapy-resistant NHL, with cally abnormal hematopoietic cells of host origin can be
rapidly progressive malignant lymphoid infiltrate in the marrow achieved with a safe and well-tolerated nonmyeloablative
and bone neuralgia, with no spontaneous GVHD following conditioning in patients with acute and chronic leukemia,
allogeneic nonmyeloablative stem cell transplantation, eliminalymphoma, multiple myeloma, and nonmalignant diseases
tion of all disease manifestations was confirmed after allogeneiincluding p-thalassemia major, Blackfan Diamond anemia,
cell therapy with DLI in parallel with disappearance of host/ Fanconi’s anemia, and Gaucher’s disease. The principle behind

DISCUSSION
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of donor-derived immune cells. Development of host-versus-
graft tolerance allows optimal secondary adoptive immuno-

1 -
——_\—\_X__r_\ therapy with immunocompetent donor T lymphocytes in case
0.8 - x alloreactive donor T cells present in the graft leave tumor cells

behind. Although induction of GVL can be initially accom-

0.6 1 plished by T-lymphocyte—enriched donor-derived stem cells,

0.4 due to concomitant administration of CSA as mandatory
anti-GVHD prophylaxis some of the GVL effect may be

0.2 1 suppressed. After induction of donor-specific transplantation

tolerance by allogeneic nonmyeloablative stem cell transplanta-
tion, pending absence of GVHD following discontinuation of
CSA or other immunosuppressive agents, immunocompetent T
lymphocytes obtained from the donor can be added in graded
Fig 2. Kaplan-Meier actuarial disease-free survival at 14 months of increments while controlling for disappearance of tumor/host

the entire group of 26 patients treated with allogeneic nonmyeloabla- cells on the one hand and signs of GVHD on the other.

tive stem cell transplantation. Our working hypothesis is supported by many observations
in rodents. The use of allogeneic cell therapy for eradication of

the new allogeneic nonmyeloablative stem cell transplantatioiumor cells in tolerant recipients is well establisti&é! Like-
protocol, presented here for the first time, is to maximizewise, Quesenberry et *&° have already documented the
transient immunosuppression with nonmyeloablative agentdeasibility of engraftment of BM cells with establishment of
rather to attempt to eradicate all tumor cells or geneticallymixed chimerism in nonmyeloablated recipients when no
abnormal stem cells which are expected to be eliminated oveallogeneic barriers exist, although with a much lower proportion
time by alloreactive T cells of donor origin. Thus, we have of donor-derived cells. Furthermore, we have more than 10
chosen a combination of fludarabine and anti—T-lymphocyteyears of clinical experience with patients relapsing after alloge-
globulin raised in rabbits against Jurkat cell line with reproduc-neic BMT, suggesting that allogeneic cell therapy may displace
ible and stable expression of cell-surface proteins which inducé@nd eradicate malignant and normal stem cells of host origin,
more specific activity against activated T lymphocytes. Noeven in patients who were considered incurable until re-
procedure-related mortality was reported thus far and all 4cently®8° Many of these patients can now be rescued, most
deaths observed were due to acute GVHD, which may haverobably cured, by DLI or more aggressive allogeneic cell
resulted in part from inadequate preventive measures with CSAtherapy programi provided that alloreactive immunocompetent
including early withdrawal and a possibly redundant top-updonor-type blood lymphocytes are given to chimeric, tolerant
with a second blood stem cell allograft with no CSA prophy- recipients, sometimes even patients failing myeloablative doses
laxis (UPN 1124). At least 2 of the 4 relapses observed, inof common anti-cancer modalities who receive no immunosup-
patients with rapidly progressive chemotherapy-resistant dispressive agents such as C8#2The negative effects of CSAon
ease, responded to allogeneic cell therapy, which furtheGVL effects were previously documented in experimental
supports the important role and efficacy of T-cell-mediatedanimalg® and humang! The success rate of allogeneic cell
immunotherapy in recipients rendered tolerant to donor cellgherapy increases if DLI is administered as soon as relapse is
without interference of immunosuppressive agents such aapparent, preferably at the stage of minimal residual disease
CSA. It should be taken into consideration that early molecularMRD).? Because the use of DLI was accepted as a standard
or cytogenetic relapse within 4 to 6 months of allogeneicrescue proceduf@®in patients relapsing after allogeneic BMT,
nonmyeloablative stem cell transplantation would not be considit follows that relapse may not only be treated but be more
ered a relapse at such an early stage, even after lethaffectively prevented by DL#? Thus, prevention rather than
conditioning?” treatment of relapse can become the standard goal in treating
Because of the short observation period and the relativelhigh-risk hematologic malignancies as soon as remission is
small cohort of recipients, our data have to be carefullyestablished. The present clinical study indicates that allogeneic
evaluated with no over-interpretation. However, our working nonmyeloablative stem cell transplantation may become one of
hypothesis, based on earlier observatidtsseems to be the protocols to accomplish this goal, because treatment of
supported by the encouraging data. Until recently it wasMRD instead of bulky disease is certainly easier, much more
believed that the main goal of allogeneic BMT and especiallypromising, and cost-effective.
autologous BMT is to enable abrogation of host-derived tumor Recently, we have shown that adoptive allogeneic cell
cells or genetically abnormal hematopoietic cells by administratherapy based on DLI may also successfully displace residual
tion of maximally tolerated doses of myeloablative chemo-hematopoietic cells of host origin in patients undergoing
radiotherapy, while the transplant merely serves as a rescuallogeneic BMT for nonmalignant diseases sucp-@élsalassemia
procedure. Hence, over the years the goal has been to maximizeajo2? and infantile osteopetrosis (M. Aker, S. Slavin, unpub-
the intensity of the conditioning, to kill all or as many tumor lished observations, 1995). Immunocompetent T lymphocytes,
cells or genetically abnormal host cells as possible. We suggegiresent in mobilized blood stem cells, may also displace
that the main role of the transplant procedure is induction ofresidual host-type genetically abnormal hematopoietic cells
donor-specific unresponsiveness in the host that can be effeéellowing allogeneic nonmyeloablative stem cell transplanta-
tively induced by donor stem cells, thereby enabling acceptancéon. The proportion of donor cells may be increased by
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allogeneic cell therapy if needed to further displace host-typeshown in Table 3, may help reduce the incidence and severity of
hematopoietic cells and increase the proportion of donor stenGVHD. Based on animal data, mixed chimerism seems to be a
cells. Indeed, as shown here, allogeneic nonmyeloablative stemeliable recipe for engraftment of allogeneic hematopoietic cells
cell transplantation was successful in all 4 cases attemptedhile avoiding GVHD, as was previously shown by our earlier
(Tables 1 and 3), suggesting that this approach may successfullyork2425and confirmed by othe”8:2” Apparently, as suggested
replace the need for aggressive conditioning, especially irby experimental data in mice, host hematopoietic cells can veto
infants and children, thus possibly reducing late complicationsdonor antihost alloreactivity while donor hematopoietic cells
that are inevitable following conventional myeloablative condi- can veto residual alloreactive host cells, hence explaining why
tioning. Interestingly, as can be seen in Table 3, severe GVHDnixed chimeras can result in bilateral transplantation toler-
was not an essential requirement for replacement of all hosjnceg24-27

with donor hematopoietic cells, suggesting that in principle, Following a similar rationale, the M.D. Anderson group has
successful allogeneic BMT may be accomplished with reduceciso attempted the use of low-toxicity regimen, confirming the
conditioning while avoiding severe GVHD. Attention must now feasibility to induce chimerism without the use of myeloabla-
be given to improve the technology by careful prevention oftive regimen using different compounds in the course of the
GVHD by more carefully controlling post-BMT immunosup-  ¢onditioning?® Their engraftment rate appears significantly
pression, or alternatively by improving the conditioning or the |5yer, most likely due to lack of use of anti-T-lymphocyte Ig, as
composition of the graft (ie, reducing the T-cell number or yone in the present series.

inactivating their alloreactive potential). Availability of a relatively safe protocol for adoptive cell

The protocol described here seems to be effective for allyerapy using matched allogeneic stem cells and T cells may
candidates eligible for any standard allogeneic BMT procedure ., treating physicians another therapeutic tool that may be
Furthermore, allogeneic nonmyeloablative stem cell transplang o <idered with fewer hesitations for a larger number of

tation Was_well tole_r_ate_d, cer_tainly bett_er than any standardpatients in need at an optimal stage of their disease. Many
myglpablatlve °°”d"'°”'”9’ ,W'th no mayor procedure-relatedC“nicians would agree that as far as using chemotherapy and
toxicity. Based on our preliminary experience, that needs to beother available cytoreductive anticancer agents, whatever can-

confirmed in a larger series of patients observed for a Iongehot be achieved at an early stage of treatment is unlikely to be

t'me. period, major adv:_mtages are to b_e expected if it can be{;lccompllshed later. In addition to preventing the development
confirmed that allogeneic nonmyeloablative stem cell transplan- . .

. . of resistant tumor cell clones by continuous courses of conven-
tation can safely replace allogeneic BMT. Because of the

. - tional doses of chemotherapy, clinical application of a final
patients’ excellent general feeling throughout the procedure by op

; . . - urative modality at an earlier stage of disease may avoid the
independence of hyperalimentation and the low incidence o . .

i . S S need for repeated courses of chemotherapy with cumulative
common immediate complications (mucositis; fever due to

. } . . . multi-organ toxicity, while preventing development of platelet
intercurrent infections with no or shorter period of agranulocy- esistance induced by repeated sensitization with blood prod
tosis; shorter period of platelet dependence; smaller risk of Y Tep P

. . . . L .ucts and development of resistant strains of various infective
severe veno-occlusive disease of the liver, interstitial pneumoni- P

tis, and multi-organ failure resulting from combination of some agents that_ frequently develop; in th_e course of antimic_:robial
or all of the above) we anticipate that allogeneic nonmyeloablapro,tOCOIS given for treatment of |nfegt|ons thét are unavmdgple
tive stem cell transplantation may eventually become andurlng repeated courses of conve_ntlonal anticancer m_odahnes.
outpatient procedure. Perhaps even more important, the state of !N Summary, we propose that immunotherapy mediated by
transient or stable mixed chimerism that results from allogeneic@!09€neic lymphocytes in tolerant hosts at an early stage of the
nonmyeloablative stem cell transplantation may help deSigrfJISeasg, for every patl_ent with a fully m_atched sibling, may
newer strategies for better control of GVHD. result in a significant improvement of disease-free survival,
The use of allogeneic nonmyeloablative stem cell transplantaduality of life, and cost-effectiveness for candidates of alloge-
tion may also help bypass frequent late complications that resuff€ic BMT. Once confirmed, these observations may open new
from the combined effects of high-dose chemo-radiotherapy irfvenues for the treatment of hematologic malignancies and
addition to prior conventional treatments, especially in the low-g€netic diseases at an earlier stage of the disease, avoiding the
and high-age groups. In the low-age group, in contrast toheed for repeated courses of chemotherapy or alternative
myeloablative allogeneic BMT, allogeneic nonmyeloablative feplacement therapy, respectively. Tumor cells or genetically
stem cell transplantation may reduce the incidence of growtrRbnormal stem cells may be effectively eliminated by an
retardation and infertility due to the unique sensitivity to optimal combination of intense immunosuppression with rela-
chemoradiotherapy of the growth centers in the bones, théively low-dose chemotherapy, followed by infusion of donor
gonads, and testicles. Indeed, early recovery of menstrugtem cells enriched with immunocompotent T cells, aiming for
bleeding observed in a 19-year-old woman (data not shownjnduction of bilateral transplantation tolerance, thus enabling
was encouraging in this regard. In elderly individuals, who gradual elimination of all host-type cells by donor T cells over
normally may not be eligible for a standard alloBMT, allogeneic time, while controlling for GVHD. It remains to be seen
nonmyeloablative stem cell transplantation may permit a relawhether a similar therapeutic approach can be developed for
tively safe clinical application of a potentially curative proce- patients with matched unrelated donor available and whether a
dure based primarily on adoptive immunotherapy rather tharsimilar modality may be extrapolated for a large number of
high-dose chemo-radiotherapy. malignancies other than those originating from hematopoietic
In the long run, induction of a state of mixed chimerism, as stem cells.
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