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Hematopoietic Cell Transplantation for
Benign Hematological Disorders and Solid Tumors

Rainer F. Sorb, Guido Lucarelli, Peter A. McSweeney, and Richard W. Childs

Allogeneic hematopoietic cell transplantation
(HCT) has been successfully used as replacement
therapy for patients with aplastic anemia and
hemoglobinopathies. Both autologous and alloge-
neic HCT following high-dose chemotherapy can
correct manifestations of autoimmune diseases.
The impressive allogeneic graft-versus-tumor
effects seen in patients given HCT for hematologi-
cal malignancies have stimulated trials of alloge-
neic immunotherapy in patients with otherwise
refractory metastatic solid tumors. This session
will update the status of HCT in the treatment of
benign hematological diseases and solid tumors.

In Section I, Dr. Rainer Storb reviews the
development of nonmyeloablative conditioning for
patients with severe aplastic anemia who have
HLA-matched family members. He also describes
the results in patients with aplastic anemia given
HCT from unrelated donors after failure of re-
sponding to immunosuppressive therapy. The
importance of leuko-poor and in vitro irradiated
blood product transfusions for avoiding graft
rejection will be discussed.

In Section II, Dr. Guido Lucarelli  reviews the
status of marrow transplantation for thalassemia
major and updates results obtained in children

with class | and class Il severity of thalassemia. He
also describes results of new protocols for class

Il patients and efforts to extend HCT to thalas-
semic patients without HLA-matched family
members.

In Section Ill, Dr. Peter McSweeney reviews the
current status of HCT for severe autoimmune
diseases. He summarizes the results of autolo-
gous HCT for systemic sclerosis, multiple sclero-
sis, rheumatoid arthritis, and systemic lupus
erythematosus, and reviews the status of planned
Phase Il studies for autologous HCT for these
diseases in North America and Europe. He also
discusses a possible role of allogeneic HCT in the
treatment of these diseases.

In Section IV, Dr. Richard Childs discusses the
development and application of nonmyeloablative
HCT as allogeneic immunotherapy for treatment-
refractory solid tumors. He reviews the results of
pilot clinical trials demonstrating graft-versus-
solid tumor effects in a variety of metastatic
cancers and describes efforts to characterize the
immune cell populations mediating these effects,
as well as newer methods to target the donor
immune system to the tumor.

cytes (corrected) of < 1%Approximately 1000 new
cases are diagnosed annually in the United States, and
they have a high fatality rate without definitive therapy.
The age-adjusted case rate in the United States is 2.2
per million population per yed#.The rate in European
Aplastic anemia is a group of rare disorders that, igpuntries is similar to that in the United States while in
their severe form, are characterized by profoundlorea, Japan, and other Asian countries, the rate is 11
hypocellular marrow with 2 or 3 of the following pe-age-adjusted cases per million population per 3/ear.
ripheral blood cell parameters: neutrophil counts of The exact pathogenic mechanisms for aplastic ane-
< 500/{IL, platelet counts of < 20,0Qdl, and reticulo- mia are unknown, and potential mechanisms include
intrinsic defects of hematopoietic stem cells, defects in
the marrow microenvironment, and abnormal humoral
and cellular immune controls of hematopoiesis. Most
patients have aplastic anemia of unknown etiology;
however, infectious agents, drugs, and chemicals, as

Grant support: CA78902, CA18029, CA15704, CA18221, well as hereditary causes, have been implicated in the
HL36444 from the National Institutes of Health, Bethesda, MDetiology of this diseasélable 1 shows the etiologies

|. ALLoGENEIC HEMATOPOIETIC CELL
TRANSPLANTATION FOR APLASTIC ANEMIA

Rainer F. Sorb, MD

* Fred Hutchinson Cancer Research Center, 1100 Fairview
North, D1-100, PO Box 19024, Seattle WA 98108-1024

372 American Society of Hematology

20z aunr g0 uo 3senb Aq ypd-e.6€” 2L€/L¥8E L LLIZLEILIE00Z/Pd-0INE/ABOjOjeWBYAaU suoledlqndyse//:diy woly pepeojumoq


https://crossmark.crossref.org/dialog/?doi=10.1182/asheducation-2003.1.372&domain=pdf&date_stamp=2003-01-01

Table 1. Etiologies among aplastic anemia patients referred to immunosuppressive drug that enabled stable engraft-
Fred Hutchinson Cancer Research Center (as of 2/14/97). . .

dren ( ) ment of transplanted allogeneic hematopoietic cells.
Given these properties and the fact that aplastic ane-

Number
Etiology of P atients Percent ~Mia is a nonmalignant disease characterized by an
Idiopathic 536 78 empty marrow, CY seemed well suited to prepare pa-
Hepatitis 34 5 tients with that disorder for allogeneic marrow grafts.
Chemical 24 3 CY was introduced into the clinical practice of marrow
Drugs 26 4 grafting in 1969 and has remained a major component
Gold 17 2 of many transplantation protocols (reviewe)in
Paroxysmal nocturnal hemoglobinuria (PNH) 7 1
Pregnancy 1 HLA-matched related marrow grafts
. . The largest number of transplants for aplastic anemia

Fanconi anemia 13 2
Dvskeratosis conaenita 1 performed to date have been from HLA-matched re-
Py 4 cell 2ol o X lated donors. Major hurdles encountered have been graft

ureredeetapiasia rejection, acute graft-versus-host disease (GVHD),
Miscellaneous 13 2 chronic GVHD, and late sequelae from conditioning
TOTAL 693 100

regimens and transfusion support. As the following
paragraphs will show, the incidence of graft rejection
has decreased, in part due to the use of more effective
among almost 700 patients referred to the Frethmunosuppressive conditioning regimens and in part
Hutchinson Cancer Research Center (FHCRC) througlue to changes in transfusion practices. The incidence
February of 1997. of acute GVHD has also decreased owing to improved
A very effective treatment for aplastic anemia ha&VHD prevention protocols. Both the incidence and
been marrow transplantation. The idea of replacing diszortality of chronic GVHD also have declined slightly.
eased marrow with marrow from a healthy donor goddy avoiding irradiation, late sequelae including im-
back to the 1960s with the first successful transplaptired growth and development among children and
from a monozygous twifiThe current chapter will re- secondary malignancies have decreased. Also, im-
view the results of marrow transplantation for sevengroved screening of transfusion donors has virtually

aplastic anemia. eliminated one major long-term consequence, hepati-
tis C—associated liver disease. These changes in turn
Syngeneic Marrow Grafts have resulted in significant improvements of survival.

Approximately 50% of patients with severe aplastic

anemia who received a simple marrow infusion from @&raft rejection

monozygous twin without pretransplant conditioningsraft rejection may occur owing to minor histocom-
showed complete recovery of their hematopoiesipatibility disparities between donor and recipient. Pri-
consistent with the notion that the disease in these paary rejection is defined by the absence of any signs
tients was due to a stem cell defetin the remaining of hematologic function of the graft, and late rejection
half of the patients, second marrow transplants were pas a graft loss after initial graft function. Patients with
formed after conditioning with cyclophospham{@®Y), primary or late graft rejection can often be rescued with
50 mg/kg on each of 4 successive days. The etiologgcond marrow grafts.

of aplasia in these patients may be immune or the re- The early experience with CY conditioning in
sult of unknown factors whereby the dysfunction of maplastic anemia patients showed allograft rejection to
row can be overcome by conditioning with CY and a sebe a major problem seen in 35-60% of patié&htsThe

ond marrow graft. Overall survivals with twin transplantprincipal cause of graft rejection has been sensitization

have been reported to range from 70% to 90%. of recipients to donor minor histocompatibility antigens
by way of preceding blood product transfusions, as
Allogeneic Marrow Grafts shown by extensive animal studfé8 and confirmed

A major hurdle that needs to be overcome in the allén clinical trials?® Data in a canine model have shown
geneic transplant setting is the host-versus-graft rejedendritic cells in the transfusion product to play an
tion. This has been accomplished with the help of imimportant role in sensitizing recipients to minor histo-
munosuppressive conditioning regimens. Studies gompatibility antigens! Exposing blood products to

ratsi®dogs!! and rhesus monkeysn the 1960s showed 2000 cGy of gamma irradiation in vitro before transfu-
that CY, although nonmyeloablative, was a powerfudion almost eliminated sensitization to minor histocom-
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Table 2. Characteristics of aplastic anemia patients given
cyclophosphamide/antithymocyte globulin (CY/ATG)
conditioning and HLA-matched related grafts. Data from Fred
Hutchinson Cancer Research Center, Seattle VA Medical
Center, Stanford University, and City of Hope. %

Patients studied, number of patients (n) 94
Median age (range), yrs 26 (2-59)
Gender (F/M), n 38/56
Possible causes, n
Unknown 76
Hepatitis 7
Pregnancy 4
Drugs or chemicals 5
Dyskeratosis congenita 1
Fanconi anemia 1
Transfused before transplant, % 94
History of treatment, n
Antithymocyte globulin 22
Cyclosporine 21
Steroids 32
Androgens 11
Any immunosuppression 38
Granulocyte colony-stimulating factor 17

Median duration of aplastic anemia (range), mo 2.4 (0.2-146.6)

Subsequent canine studies showed a combination
of an alkylating agent and antithymocyte globulin
(ATG) to be effective in overcoming transfusion-in-
duced sensitizatiol:*> Based on these results, a com-
bination of CY, 50 mg/kg/day 4 days, and horse ATG,

30 mg/kg/dayx 3 days, was introduced into clinical
transplantation in the late 1970s. First, the regimen was
demonstrated to be successful in conditioning patients
for second marrow grafts after rejection of their first
grafts?® Encouraged by these results, CY/ATG was used
as conditioning for first marrow transplantation begin-
ning in 1988’ Table 2 summarizes the characteristics
of aplastic anemia patients conditioned with CY/ATG
and given HLA-matched related grafts at 4 transplant
centers® Median patient age was 26 with a range of 2-
59 years. Most patients had received previous transfu-
sions. Approximately one third of the patients had re-
ceived unsuccessful preceding therapy with immuno-
suppressive agents. The median duration of aplastic
anemia was 2.4 months with a range of 0.2—146 months.
Figure 1 shows the survival to be at 88% with a me-
dian follow-up of 6 years. Four patients (4%) rejected
their marrow graftsKigure 2A). Graft rejections oc-

patibility antigens and prevented rejection of dog lewcurred between 2 and 7 months after transplant. All 4
kocyte antigen (DLA)-identical graftd?® Other ways patients had received previous blood transfusions. All
of reducing rejection in the canine model included thé underwent second transplantations from the same
use of platelet and red blood cell transfusions that wetlenors, and 3 are alive between 6.5 and 10 years after
leukocyte-depletedf. These data strongly suggested thahe initial transplantation. One patient who was not
human patients with aplastic anemia who were candienditioned for second transplantation died from in-
dates for marrow grafting should be managed with ifection 6.5 months after the first transplant and within

radiated, leukocyte-poor blood products.
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Figure 1. Kaplan-Meier curve of survival among the 94
patients who underwent transplantation. The event-free
survival rate was 85% (data not shown).

Reprinted with permission from Storb R, Blume KG, O’'Donnell
MR, et al. Cyclophosphamide and antithymocyte globulin to
condition patients with aplastic anemia for allogeneic transplanta-

tions: the experience in four centers. Biol Blood Marrow Transplant.

2001,7:39-44.
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a day of second transplantation. Chimerism evaluations
in surviving patients were carried out between 1 and
6.5 years after transplant and showed a median of 100%
donor cells (range 50%—-100%).

Other investigators have used conditioning regi-
mens that included CY combined with either whole-
body or limited-field irradiation, and these have also
resulted in lower rates of graft rejection. Comprehen-
sive recent reports from the International Bone Mar-
row Transplant Registry (IBMTR) reviewed results in
more than 1300 patients transplanted over various time
periods Table 3). For the most part, conditioning con-
sisted of CY given either alone or in combination with
total body irradiation (TBI) or limited-field irradiatiof.
Most recently, several centers have also begun using
CY/ATG. During the various time periods beginning
in 1976, rejection rates ranged from 11% to 20%. Even
though patients were young, acute GVHD in the ear-
lier series was seen in between 37% and 39% of pa-
tients. In a more recent series of patients transplanted
between 1988 and 1992, the acute GVHD had declined
to 19% and survivals ranged from 48% to 66%. The
most recent IBMTR repcftdescribed data in patients
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S0H transplanted between 1991 and 1997 and reported sur-
é‘ Graft Rejection vivals of 75% for patients 20 years and younger, 68%
o - for those between 21 and 40 years, and 35% for those
s above 40 years.
e e 04
v 0 T p 5 GVHD
Months In the early years of marrow transplantation, preven-
50 tion of acute GVHD consisted of monotherapy with
= .
= Acute Grade |I-IV GVHD - long-term methotrexate (MTX}. Acute GVHD was
& 25 ’ seen in 35% of the caséLomparative trials showed
nE_ MTX and cyclosporine (CSP) to be equivalent in re-
o i . i i i gard to preventing acute GVHD. Both a reduced inci-
0 20 40 &0 80 100 dence of acute GVHD and improved survival were seen
304 Days when a combination of a short course of MTX and CSP
was used both in adults and in childféft. Results
© : o .
8 20 Chronic GYHD among thg 94 patients conditioned with CY/ATG and
o treated with MTX and CSP after transplantation are
b _ summarized ifrigure 2B.2 The overall cumulative in-
g0 L cidence of grades 1I-IV acute GVHD was 29%. Spe-
cifically, grade 1l disease was seen in 21%, grade Ill in
o 13 4 & B 10 12 7%, and grade IV in 1% of the patients. The cumula-
Years tive incidence of chronic GVHD was 32%. In most
1.00 4 | D‘ patients, chronic GVHD responded to therapy with
_\, Surviving g3 complete response§igures 2C and2D). Of the pa-
804 73 tients who developed chronic GVHD, 83% are surviv-
2 apd . o ing (Figure 2D). At a median of 2.6 years (range 1.5—
E= Discontinuing 10 years) after transplantation, 8 patients still required
2 401 Immunosuppression immunosuppressive therapy for chronic GVHD. The
o overall incidence of chronic GVHD appeared to be
204 comparable to those in the IBMTR analysEab(e 3).
o - v v v . v Late sequelae
o Yearszmter D‘:‘Sm of ghmnic {SUHD 1o .I\Ieuro.endocrine.f'unction 'and growth and development
in patients conditioned with CY have been reported to
be normal while patients conditioned with irradiation-
Figure 2. Cumulative incidences of (A) graft rejection, (B) based regimens, in particular TBI, showed impairment
developing acute grade II-IV GVHD in patients with aplastic of endocrine functions as well as decreased growth
a”gm‘a given HhAl'ide”“Ci' Ao, gra‘(ﬂs)fo”o‘”‘lng CY”:TG velocity among childre?t. Similar findings were made
and GVHD prophylaxis with MTX/CSP, (C) prevalence o . . .
chronic GVHD, and (D) probability of survival among the 29 with respect to gonadal function during or after puberty
patients with chronic GVHD and probability of discontinuing as well as fertility® Furthermore, the risks of second-
immunosuppression given for chronic GVHD. ary malignancies appear to be decreased after CY con-
Reprinted with permission from Storb R, Blume KG, O’Donnell ditioning. Specifically, a report on 330 patients with

MR, et al. Cyclophosphamide and antithymocyte globulin to . . . :
condition patients with aplastic anemia for allogeneic transplanta- apIaStIC anemia conditioned with CY and followed for

tions: the experience in four centers. Biol Blood Marrow Transplant. up to 20 years after transplantation showed a cumula-

2001;7:39-44. tive cancer incidence at 15 years of 3.8%hree quar-
ters of these tumors were carcinomas of skin or oral
cavity which are curable by surgery. In contrast, pa-
tients conditioned with CY and thoracoabdominal irra-
diation were reported to have a cumulative cancer inci-
dence of 22% at 8 yeafsResults showed that irradia-
tion-based regimens should be avoided in HLA-
matched marrow transplant recipients because of the
associated risk of late canéér.
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Table 3. IBMTR results of HLA-matched related grafts for aplastic anemia.

Age,Yrs
Year of Year of #of M edian GVHD Rejection GVHD Survival
Report Transplant Pts (rang e)  Conditioning Regimen Pre vention % Acute Chronic %

IBMTR?® 1997  1976-80 186  19(2-56) CY, CY/TBI/CY/Limited Field Rad. Varied 20 39 37 48

1981-87 648 20 (1-57) CY,CY/TBI/CY/Limited Field Rad. Varied 11 37 47 61

1988-92 471  20(1-51) CY,CY/TBI/CY/Limited Field Rad. Varied 16 19 32 66

CY/IATG

IBMTR30 2000 1991-97 874 1-20 — — — — — 753
696  21-40 — — — — — 68+4
129  >40 — — — — — 35+18

Abbreviations: IBMTR, International Bone Marrow Transplant Registry; CY, cyclophosphamide; TBI, total body irradiation; LNI, lymph
node irradiation; ATG, antithymocyte globulin

Grafts from unrelated marrow donors tial conditioning regimens used varied, ranging from
Generally, the results of marrow grafts from unrelate@Y and high-dose fractionated TBI to CY combined
donors have been less encouraging than those witfith various forms of lymph node irradiation (LNI).
grafts from HLA-matched siblings. In part, this has beelMore recently, an NMDP-sponsored study evaluated
related to the fact that marrow grafts from unrelate@Y/ATG combined with de-escalating doses of TBI,
donors were carried out only after a failure of one drom 6 Gy to 2 Gy. Postgrafting immunosuppression
several courses of immunosuppressive therapy, usuadligo varied, although most frequently the combination
ATG combined with CSP. By the time a marrow transaf a short course of MTX combined with CSP was used.
plant was carried out, patients were often infected ai@raft failure rates ranged from 2% to 11%. The inci-
refractory to platelet transfusions, complications thatence of acute GVHD ranged from 29% to 52%.
adversely influence the outcome of marrow grafts. I@hronic GVHD was seen in approximately one-third
part, results of marrow grafts from alternative donorsf patients. Overall survivals ranged from 36% to 58%.
have been worse because of increased risks of both gitius, while not quite at the level of the results in HLA-
rejection and GVHD due to the greater genetic dispamatched related grafts, outcomes of grafts from unre-
ity between donors and recipients. Results of sevetated donors have steadily improved, even though pa-
large cooperative studies sponsored by the Natiortédnts were transplanted only after immunosuppressive
Marrow Donor Program (NMDP), the Japanese Matherapy had failed. Further improvements are likely with
row Donor Program (JMDP), and retrospective analyransplants carried out earlier in the course of the
ses by the IBMTR are shown Trable 43341 The ini- patient’s disease, with improved donor selection through

Table 4. Recent results with unrelated grafts.

Year No. Age,Yrs Graft
of Year of of M edian GVHD Failure GVHD Survival
Reference Report Transplant Pts (range) Conditioning Prevention % Acute Chronic %
NMDP39 1999 1988-95 141 17 (0.9-47) CY/TBI MTX/CSP 11% 52 31 36%
CY/LNI CSP, others
CYIATG
IBMTR30 2000 1991-97 298 0-40 — — — — — 44%<20yrs
35% 21-40yrs
NMDP40 2001 1994-99 50 14 (1.3-46) CY/ATG/2-6 Gy TBI MTX/CSP 2% 61 37 58
JMDP41 2002  1993-2000 154 17 (1-46) CY/ATG/TBI MTX/CSP 11% 29 30 56
or LNI FK506

Abbreviations: NMDP, National Marrow Donor Program; IBMTR, International Bone Marrow Transplant Registry; JIMDP, Japanese Marrow
Donor Program; CY, cyclophosphamide; TBI, total body irradiation; LNI, lymph node irradiation; ATG, antithymocyte globulin; MTX,
methotrexate; CSP, cyclosporine
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state-of-the-art HLA matching, further refinements of |I. Stem CELL TRANSPLANT IN THALASSEMIA:
the conditioning regimens (a very effective regimen ALLOGENEIC GENE THERAPY
consists of CY/ATG and 2 Gy of TBI), and further im-
provements in GVHD prevention through better Guido Lucarelli, MD,* Pietro Sodani, MD,
postgrafting immunosuppression. Marco Andreani, PhD, Paola Polchi, MD,

and Claudio Giardini, MD
Conclusions
The improved survival of patients with aplastic anemighe cure of thalassemia comes from the correction of
who were treated by HLA-matched related marrowhe genetic hemopoietic stem cell defect that leads to
transplantation has been, in large part, due to decreag@ormal globin chain synthesis and thus hemolytic
incidences of both graft rejection and acute GVHDanemia. After the eradication of the thalassemic mar-
The decline in rejection rates, in turn, resulted from thew with the conditioning regimen, the allogeneic nor-
more judicious use of transfusions before marrow grafinal or heterozygous stem cells infused into the patient
ing, the removal of sensitizing white blood cells fronare the vectors of a functioning gene that regulates
transfusion products, the decrease in immunogenicigfobin chain synthesis. The allogeneic stem cell must
(against minor histocompatibility antigens) of transfuevercome the immunological barrier and therefore must
sion products by in vitro irradiation, and improvementpe HLA genotypically or phenotypically identical. The
in the immunosuppressive qualities of the conditioningream to use autologous genetically engineered stem
regimens used to prepare patients for marrow graftingells as the vector of an in vitro corrected gene is at the
In regard to the latter, irradiation-based programs havieoment far from clinical application.
been effective; however, CY/ATG conditioning ap-  We report here the Pesaro experience on bone mar-
peared equally effective. Owing to its lessened immeow transplantation in 1003 patients with hemoglobino-
diate and long-term toxicities and the fact that it ipathies. The results obtained in subgroups of patients
nonmyeloablative, CY/ATG appears preferable ovesccording to the degree of HLA matching, age at the
irradiation-based regimens. Both incidence and seveime of transplant, risk class, and protocol used for trans-
ity of acute GVHD have declined with the introductiorplant preparation have been described previdédiie
of the MTX/CSP regimen, and this also has contriteurrent report focuses on results obtained with ongo-
uted to improved survival. Chronic GVHD is difficult ing protocols.
to treat, and better therapies are needed. One way to
guard against further increases in chronic GVHD is tBone marrow transplantation procedure
use marrow instead of G-CSF-mobilized peripher@rerequisite to transplant for thalassemia is the avail-
blood mononuclear cell graft3.As more and more ability of an HLA-identical donor. The probability of 1
patients become long-term survivors, the problem &fbling being HLA identical to the patient is 25%, 1 of
long-term sequelae from the initial conditioning pro2 siblings 43.7%, and 1 of 3 siblings 57.8%. The aver-
gram and from postgrafting immunosuppression muaie probability of having an HLA-identical family
be considered, in particular secondary cancer. Radi@ember is 30%—-36% in thalassemic families in Italy.
tion-based regimens have a significantly higher likelionce a compatible donor has been identified, the pa-
hood than CY/ATG of inducing secondary cancer, afent is assigned to 1 of the 3 “Pesaro” risk classes. This
slowing growth and development for pediatric patientgjassification is based on patient characteristics and liver
and causing sterility. Unrelated grafts are currently comiopsy? The transplant protocols for Classes 1 and 2
sidered only for patients who have failed immunosugare the same and based on busulfan, 14 mg/kg total
pressive therapy, and this has adversely influenced odbse, followed by cyclophosphamide, 200 mg/kg total
comes. The least toxic current conditioning regimedose. The elaboration of the protocols for Class 3 pa-
for unrelated grafts consists of CY/ATG combined withients, those patients who have more advanced disease,
2 Gy TBI. Better selection of donors through improvetas required more time and experience. There are two
HLA typing, earlier transplantation, and improvedundamental steps in the pretransplant preparation:
GVHD prevention are likely to lead to better outcomesradication of the diseased hemopoietic system by
administration of total doses of 14 to 16 mg/kg of busul-
fan,and suppression of the immune system by admin-
istration of a total dose of 200 mg/kg of cyclophospha-
* Director, International Project on Transplantation in m'd?' Howe_ver’ there is an overlgp of the antiprolif-
Thalassemia, Hospital of Pesaro, Lombroso Street, 61100 €rative activity of busulfan on the immune cell system
Pesaro, Italy and of cyclophosphamide on the hemopoietic stem cell
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system. The combined toxicities of busulfan and cy 1003 TRANSPLANTS IN THALASSEMIA
clophosphamide reach the tolerability threshold, ar AGE 1 THROUGH 35 YEARS
therefore doses cannot be increased. When the allo
neic graft starts to proliferate in the recipient, an imr !
munological graft-versus-host reaction (which leads1 08 '*f%;rl“};lﬁll_ASSEMIA-FREE SURVIVAL
GVHD) may occur, affecting 1 or more organs to varyz IR S 6807,
ing degrees. GVHD, a serious complication of bon$§
marrow transplantation, can be prevented in most casé 041
by the prophylactic administration of cyclosporine
Three or 4 doses of methotrexate may be given in ad

tion to cyclosporine in the first 15 days after transplan 0 r T T T ]
0 5 10 15 20 25
YEARS

0.6 1

0.2 1

Results of the Transplant
We report the results of a consecutive series of 10B8@ure 3. All protocols used in 1003 consecutive transplants

transplants for patients with thalassemia, ages 1 throug)ﬁ‘a'assemia from December 17, 1981, through January 30,
. 03, and calculated as of March 1, 2003: 42 partially matched,
35 years at the t'me Of the t_ra_nsplant, from dOI’lOI’S. er@ second transplants, 11 HLA-identical matched unrelated
were either HLA-identical siblings or parents, partiallydonors.
HLA-identical relatives, or HLA-identical unrelated
in(.jiViduals. The series includes 15 second tran§p|ar“ 951 TRANSPLANTS IN THALASSEMIA
(Figure 3). In Figure 4 we report the results obtained AGE 1 THROUGH 35 YEARS
in the 951 transplants in thalassemia from HLA-identi .
cal siblings or parents, including the 15 second tran ;
plants. We also report separately the results of trar 08 MI.:'ALASSE.,.M.'A..'.F.R. EE SURVIVAL
> - . | - ILLITIRE RSN 1 RS IR TN e 71Cy
plantin Class 1 and in Class 2 patients using a prepaz 0
tive regimen unmodified since 1985, without the se
ond transplantsHigure 5). Patients aged less than 178 0.4 1
years and included in Class 3, which began in Apr
1997, received a preparative regimen that was dev
oped to increase eradication of disease marrow and i 0 . r y y
munosuppression by adding azathioprine, hydroxyure 0 5 Y ears 2 %
and fludarabine to busulfan 14 mg/kg and cyclophos-
phamide 160 mg/kg. Unpublished data, calculated Gayure 4. il protocols used in 951 consecutive transplants
the basis of results in 38 patients as of March 2008m HLA-identical donors in thalassemia from December 17,
show a survival of 94% and a thalassemia-free survivig81. through January 30, 2003, and calculated as of March 1,
f 80% with l f 7% d . . .. 2003: 15 second transplants and 11 HLA-identical matched
0 o with a mortality of 7% and a rejection inCi-,,ejated donors.
dence of 14%.

0.6 1

0.2 9

THALASSEMIA-FREE SURVIVAL

Persistent Donor/Host Mixed Chimerism BU 14 - CY 200

Ablation of all of the host hematopoietic cells is neces 1

sary to establish conditions for complete marrow er M&&mﬁm
graftment of donor stem cells or complete chimerisn %27 334 CLASS 2 84%

However, we have observed that mixed chimerism £ 444
not unusual in our group of transplanted thalasser £

patients; it may be transient and evolve into comples %47
engraftment or into graft rejection, or may persist. Th
latter is present when the coexistence of donor and |

4]

0.2 7

cipient cells lasts longer than 2 years, producing a “fun 0 5 . o s 2'0
tional graft” with high Hb levels sufficient to correct YEARS

the genetic defect and to abolish the need for red blood _ .

. Figure 5. Patients younger than 17 years old at the time of the
(Ee” trar_lsfu5|on§.ln a group of 335 mOStly Consecu'transplantwho received bone marrow from HLA-identical
tive patients, all with 2 or more years of posttransplarblings or parents, from June 20, 1985, through January 30,
follow-up, we observed that 108 individuals had mixed©03. and calculated as of March 1, 2003.

chimerism 2 months after transplantation. Thirty-fivgibbreviations: BU, busulfan; CY, cyclophosphamide.
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of the 108 patients rejected their grafts, while none of 1. HEmaTorolETIC STEM CELL TRANSPLANTATION
the remaining 227 patients with complete chimerism FOR SEVERE AUTOIMMUNE DISEASES
rejected their grafts. Among the 227 patients with com-
plete chimerism 2 months after transplant, 4% showed Peter A. McSweeney, FRACP, FRCPA*
persistent mixed chimerism 2 years after transplant.
Perhaps the percentages of host cells early after maitroduction and Background
row grafting in these patients were below the limits oAutoimmune diseases arise when tolerance to self-an-
our chimerism testing. Thirty-four patients cured ofigens is lost and self-directed immune reactions are
thalassemia (ex-thalassemics) after transplant have ggdficient to damage host tissues. In experimental mod-
mained mixed chimeras for periods of 2-13 years angls, tolerance to self-antigens may be broken by immu-
are transfusion independent with hemoglobin levelsization with self-antigens combined with adjuvants that
ranging from 8.3 g/dL to 14.7 g/dL. enhance immune recognition. Human autoimmunity
This finding suggests that, while high percentagasay arise after environmental exposure to foreign an-
of recipient cells early after transplant reliably predictigen leading to development or activation of T and B
rejection, mixed donor/host chimerism present beyongklls that cross-react against self-peptides. Autoreactive
2 years or later after transplantation may representGb4 T cells appear to be involved in the development
state of mutual tolerance between donor and recipiesit most autoimmune diseasemfectious agents may
cells. The reasons why mixed chimerism in some pénitiate autoimmunity via molecular mimicry where
tients is transient, while in others it persists, are stiymphocytes reacting against foreign antigens attack
unknown. Perhaps clones of T regulatory cells, whickhared host determinants. Epitope spreading may
maintain mutual donor/host tolerance, in the latter p&roaden the autoimmune respoA&gugs may induce
tients are presefit. Further investigation is needed toautoimmune disease but are rarely implicated in chronic
better understand the mechanisms underlying toleransigvere autoimmunity. Other hypotheses for autoimmu-
in order to develop transplant protocols that would allowity include perturbed regulation of otherwise protec-
us to produce persistent mixed chimerism predictably.tive self-reactive lymphocyte populations, development
of anti-idiotype reactions and apoptosis induced alter-
Results of Transplantation from ations in self-peptides. Fetal microchimerism also has
HLA-Matched Unrelated Donors been implicated as a possible factor in development of
Thirty thalassemic patients, 14 with Class 1 and 16 withutoimmunity? Genetic susceptibility to autoimmunity
Class 2 disease (median age of 8 years, range 2+20ies among individuals. Concordance for autoimmu-
years) were given transplants from unrelated donoxity between monozygotic twins exceeds that between
who were matched by high-resolution molecular typdizygotic twins but is well short of complete. Hormonal
ing for HLA Class | and Class Il alleles. Patients wergactors are clearly important because of the preponder-
prepared for transplantation with busulfan, thiotepa, arghce of autoimmune diseases in females. Certain ma-
cyclophosphamide followed by cyclosporine and mether histocompatibility genes are associated with autoim-
otrexate as GVHD prophylaxis. With relatively shorimunity and other susceptibility genes have been impli-
follow-up, they showed 96% survival and 85% thalaszated! Because genetic factors are overall weakly pre-
semia-free survival. Eleven percent rejected their grafictive, environmental exposures combined with genetic
with return to the pretransplant conditions. It is likelysusceptibility likely cooperate in generating autoim-
that bone marrow transplantation from HLA-matche@une disease.
unrelated donors offers results similar to those obtained Autoimmune diseases encompass a broad range of

using HLA-matched family donofs. clinical entities with disease manifestations being de-
pendent on the nature of self-antigen(s) involved. Con-
Conclusions ventional therapies for aggressive autoimmunity have

The treatment of thalassemias with bone marrow trarigcreasingly used intensive immunosuppression such
plantation has become an accepted form of treatmegy high-dose methylprednisolone and pulse CY. Appli-
worldwide!* Perhaps in the future the use of genetieation of high-dose immunosuppressive therapy (HDIT)
cally engineered autologous stem cells will allow auwith or without autologous stem cell transplantation

tologous transplant to cure thalassemia in the majority

of thalassemic patients. At present, thalassemic patients

with HLA-matched donors who are younger than 17

years should receive allogeneic bone marrow transplanJniversity of Colorado Health Sciences Center, 4200 E
tation, given the high cure rate. Ninth Avenue, B190, Denver CO 80262
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(ASCT) can further intensify immunosuppressive treaffable 5. Diagnoses and numbers of transplants for autoim-
ment. In the mid-1990s pivotal meetings set the stalin® fiseases as reported o the European Bone Marrow

. . . . ransplantation/European League Against Rheumatism
for HDIT®>®and guidelines for initial studies were agreeg=gmT/EULAR)* or the International Bone Marrow Transplant
upon. Experimental animal studies and several repoRegistry (IBMTR).t
concerning human allografting recipients with coex-
isting malignancy and autoimmune disédadwad pro-
vided encouraging preliminary data. For safety reasor!mper
initial emphasis was on testing ASCT despite evidendensplanttype
suggesting that allografting would be more effectiveiutologous/syngeneic 481 200
Hypothetically, autoimmune disease might simplisti4llogeneic 18 26
cally be viewed as being mediated largely by clonal dliseases
oligoclonal populations of self-reactive lymphocytesneurological
with T cells being particularly importahccordingly, Multiple sclerosis (MS)
active disease might be eliminated or ameliorated if Myasthenia
these cells can be destroyed and normal immune func- Neuropathy
tion restored. This review will summarize preclinical ~ Amyotrophic lateral sclerosis (ALS)
data and results of larger clinical studies of HDIT and Guillain-Barré syndrome (GBS)
ASCT for autoimmunity. To date, a relatively small  Other not specified 1
number of trials have been published and larger lesgseumatological
detailed analyses have been reported from the registry systemic sclerosis (SSc) 76 28
database established by the European Group for Blood systemic lupus erythematosus (SLE) 62 44
and Marrow Transplantation (EBMT) and the European  rheumatoid arthritis (RA) 71 7
League Against Rheumatism (EULAR). While the reg-  psoriatic arthritis 5
istry studies have significant limitations, they have pro- 5 yenie idiopathic arthritis (J1A) 51
vided important data as to potential risks and benefits
of HDIT. Registry databases show that a wide range of
autoimmune diseases has been tredtabl ¢ 5). Most
experience has been with systemic sclerosis (SSc), sys-
temic lupus erythematosus (SLE), rheumatoid arthritis
(RA), juvenile idiopathic arthritis (JIA), and multiple scle-
rosis (MS), on which this review will primarily focus.

EBMT IBMTR
499 226

148 72

= N NN

Ankylosing spondylitis

Sjoégren Syndrome

Vasculitis

Dermatomyositis

Mixed connective tissue disease (MCTD)
Cryoglobulinemia

Behget's syndrome

Transplantsin Animal Models of Autoimmunity Wegeners

Studies in rodents provided an experimental basis for

transplants in autoimmune diseases and extensive re- Othernotspecified

views are available elsewheéfé?Early studies showed Hematological

that bone marrow transplants could transfer murine SLE  !diopathic thrombocytopenic purpura (ITP) -~ 11 6

to nonaffected animdfsand that allogeneic transplants  Autoimmune hemolytic anemia (AIHA) 5

could prevent disease. These experiments suggested thatPure red cell aplasia (PRCA) 4
1
3

Polychondritis

AP W DA DD I DNDEDN

hematopoietic elements played a critical role in autoim-  Pure white cell aplasia (PWCA)
munity and that disease might be targeted through the Evan's syndrome

hematopoietic system. High-dose cytotoxic therapy with  Thrombotic thrombocytopenic purpura
hematopoietic cell transplants from self (autologous or (TTP)
“pseudo-autologous”), syngeneic, or allogeneic donorgflammatory bowel disease 3 9
have been tested in a variety of animal models of a@ther not specified 2 39
toimmunity including those for SLE, RA, and MS. Cure

or .prevent|o'n of autoimmunity was possible althoug’h ata as of May 2003 kindly provided by Dr. Alan Tyndall, includes
efficacy varied among models and among stem Ceﬁportsfrom countries outside North and South America
sources. Allogeneic transplants were much more el](Data as of May 2003 kindly provided by Dr. Chris Bredeson
fective than autologous transplants in hereditary @fcludes reports from countries within North and South America
spontaneous models with a strong genetic predisposi-

tion to autoimmunity, e.g., the MRL/lpr SLE mouse. In

models where autoimmunity was induced with exog-

w
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enous antigen, e.g., experimental allergic encephaleestigated the value of CD34-selection. In RA patients
myelitis or adjuvant arthritis, autografting, and syngethere was no advantage to CD34 selection over no
neic transplants were effective. It has been propos€@iD34-selectioff possibly because patients were con-
that the latter are more appropriate models for humalitioned with high-dose CY, a regimen associated with
autoimmunity!? a high relapse risk in RE.Whether these findings
would hold true in the context of more intensive condi-
HDIT and ASCT for Severe Autoimmune disease tioning regimens and/or in other disease settings is un-
certain. A potential drawback of high-level graft deple-
Callection of cellsfor transplant tion of lymphocytes is a higher risk of opportunistic
Investigators have generally chosen to use periphemafections. While the need for graft manipulation re-
blood stem cells (PBSC) except in pediatric studies afiains unproven, the main underlying hypothesis for
JIA where bone marrow has been prefetfédPBSC these transplants supports continued attempts to eradi-
have usually been collected after mobilization witltate graft lymphocytes through either graft manipula-
granulocyte colony stimulating factor (G-CSF) or aftetion or in vivo antibody administration. Currently
priming with CY and then administering G-CSF. Gplanned Phase Il trialsT@ble 6) use one or both of
CSF used alone for PBSC collection has caused itiese approaches.
creased disease activity in some patients with autoim-
mune diseas#;!%* including significant neurological Conditioning Regimens
deterioration in patients with M8.Prednisone may Conditioning regimens are given to ablate autoimmu-
prevent G-CSF-related MS flares without impairingnity within the recipient, and the infused graft provides
progenitor cell yieldd® CY-based mobilization may rapid hematopoietic recovery and, it is hoped, gener-
suppress disease, prevent G-CSF-related disease flaa¢ss a self-tolerant immune system. The efficacy of dif-
and enhance progenitor cell yieltlbut is more toxic ferent conditioning regimens has not yet been compared
and expensive than G-CSF alone and has been assotilinical trials. Experimental animal studies showed
ated with fatal outcomes in S8and SLE® Efficacy that more intensive regimens using total body irradia-
of PBSC mobilization may relate to underlying diagnation (TBI) were superior to CY or busulfan alone, likely
sis, disease activity, the nature of prior therapy, and thecause of more effective eradication of memory T
use of CY for mobilizatio Overall, when G-CSF mo- cells?* Safety concerns, including those of secondary
bilization can be undertaken with the expectation of adhalignancy, have discouraged some investigators from
equate progenitor cell yields, it is to be preferred over ClYsing more intensive myeloablative regimens that in-
mobilization for cost and safety reasons. However, thecerporate TBI or busulfan. However, the risks of sec-
may be advantages to either approach based on undeolyelary malignancy as determined primarily in patients
ing disease and disease activity; and without definitiwgith underlying malignancy, do not appear to be in-
comparative studies firm recommendations are difficulcreased with TBI used at < 12 Gy as compared to che-
motherapy-only regimen#:2¢
Graft manipulation A variety of regimens have been used for initial
Lymphocyte depletion of autografts has been performédals of HDIT. CY + antithymocyte globulin (ATG)
to prevent infusion of auto-reactive cells that may prdiave been preferred particularly for SLE and RA.
mote return of autoimmunity. By analogy, GVHD, arBEAM (BCNU, etoposide, cytosine arabinoside,
immunologically-mediated condition occurring after almelphalan) + ATG or CY/TBI + ATG have been pre-
logeneic transplants, can be prevented by removing férred in MS'®282°CY + TBI £ ATG have been used in
lymphocytes from hematopoietic cell allografts. In arsSc and JIA>8Safety concerns together with the pres-
autologous transplant setting any potential benefits froemce of disease-related organ dysfunction have in gen-
graft-manipulation may be lost if conditioning therapyeral led investigators to use less intensive regimens than
does not control the underlying disease and to datéen treating malignancy. ATG or other antibodies fre-
autografting studies for malignancy have not demomuently have been incorporated into regimens to inten-
strated a convincing role for in vitro tumor purging. sify immunosuppression and provide in vivo graft purg-
In a study of patients with malignancy and concuiing, while not increasing toxicities. However, there are
rent autoimmunity, a high rate of recurrent autoimmurisks from excessive immunosuppression with these an-
nity was found using unmodified autograt<CD34- tibodies. In 2 patients conditioned with CY/TBI/ATG,
selection has been the most frequently used technigaugbstitution of rabbit ATG for equine ATG was associ-
for lymphocyte depletion due to its commercial availated with profound T-cell depletion that may have pre-
ability. Only one prospective randomized study has irtipitated fatal Epstein-Barr virus-related posttransplant
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Table 6. Ongoing and proposed Phase Ill trials of HDIT and autologous transplantation for severe autoimmune disease.*

Disease Location Status Control Arm PBSC Mobilization  / Graft HDIT Regimen
SSc International  Open CY 750 mg/m? g month x 12 CY 4 gm/m?2 + G-CSF/ CY 200mg/kg + ATG
CD34-selected graft
SSc USA Proposed CY 750 mg/m2 g month x 12 G-CSF/ CD34-selected graft TBI 8 Gy/CY 120mg/kg/ATG
SLE USA Proposed CY 1000 mg/m2 g month X 6, CY 4 gm/m?2 + G-CSF/ CY 200mg/kg + ATG
then g 3 months x 4 CD34-selected graft
RA International  Open Methotrexate 15-25 mg qweek.  CY 4 gm/m?2 + G-CSF/ CY 200mg/kg + ATG
or leflunomide 100mg q week unpurged graft then maintenance with
and 20mg qd for 3 weeks, methotrexate or
then 20mg qd leflunomide
ms T International  Open Mitoxantrone 20mg/month x 6 CY 4 gm/m? + G-CSF/ BEAM + ATG
unpurged graft

*Trials listed as “proposed” are at an advanced stage of planning and are expected to open in late 2003 or early 2004.

TA proposed randomized Phase Il study in the US will compare mitoxantrone against 2 arms of HDIT with either Cy/ATG or Cy/TBI/ATG
followed by autologous transplant

Abbreviations: HDIT, high-dose immunosuppressive therapy; PBSC, peripheral blood stem cells; Ssc, systemic sclerosis; CY , cyclo-
phosphamide; ATG, antithymocyte globulin; G-CSF, granulocyte colony-stimulating factor; SLE, systemic lupus erythematosus; RA,
rheumatoid arthritis; MS, multiple sclerosis; BEAM, BCNU, etoposide, cytosine arabinoside, melphalan; TBI, total body irradiation.

lymphoproliferative disorder (PTLD¥. Fatal macro- MS are each different, and studies are best done with
phage activation syndrome has occurred in JIA patientaultidisciplinary teams that include investigators fa-

possibly related to T cell depletién. miliar with performing clinical trials in these diseases.
Table 7 summarizes some of these scales. Valid out-
Assessing Outcomes After HDIT come assessments need to include not only survival,

Demonstrating disease responses depends on the @sponse and quality of life, but also the need for con-
tential for reversing disease-related abnormalities. Fix¢ithued drug therapy. Follow-up by transplant physicians
organ deficits such as lung fibrosis in SSc or neuron@l necessary to evaluate late toxicities with which dis-
degeneration in MS would not be expected to improvease subspecialists may not be familiar. Relapses of
whereas dysfunction due to inflammatory lesions, e.cautoimmunity after HDIT may provoke additional im-
swollen joints in RA, might be expected to improvemunosuppressive treatment that could promote late tox-
Disease evaluation scales for SSC, SLE, RA, JIA arndities such as infections and myelodysplasia.

Table 7. Frequently-used disease assessment tools for clinical trials of autoimmune diseases.

Disease Assessments of Disease Activity

Systemic sclerosis (SSc) Modified Rodnan Skin Score (mRSS): skin thickness assessed by palpation: score = 0-51
Modified health assessment questionnaire—disability index (m-HAQ-DI): functional index
based on questionnaire about daily activities with scale of 0-3.

Systemic lupus erythematosus (SLE) Systemic Lupus Erythematosus disease activity index (SLEDAI)
British Isles Lupus Activity Group scale (BILAG): 8 system evaluation with each system graded
A (active disease) to E (system never involved)

Rheumatoid arthritis (RA) American College of Rheumatology (ACR) score e.g., ACR 20%, ACR-50%, ACR 70%.
Composite score including A. (1) swollen joint count and (2) tender joint count combined with B:
(1) Physician assessment scale—visual analogue scale, (2) Patients global assessment—
visual analogue scale, (3) Pain—visual analogue scale, (4) Patients self-assess disability, (5)
acute phase reactant (ESR or CRP). Example: ACR20 requires 20% or greater improvement in
A(1) and A(2) together with 20% or greater improvement in 3 of 5 B parameters.

Juvenile idiopathic arthritis (JIA) Physician’s global assessment—visual analogue scale (0-3)
Parent/child assessment of well-being—child health assessment questionnaire (CHAQ—scale
of 0-3)
Functional ability child health assessment questionnaire (CHAQ—scale of 0-3)
Number of joints with arthritis (active joint count)
Number of joints with limited range of motion (EPM-ROM)
Erythrocyte sedimentation rate

Multiple sclerosis (MS) Extended Disability Status Scale (EDSS)
Scripps Neurological Rating Scale (SNRS)
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Mortality Risks patients showed that among survivors, pulmonary func-
Transplant-related mortality among patients reportdibn tests, cardiac function, and renal function were
to EBMT was 8.6%° There was considerable varia-overall stablé® Major responses were found in 2 im-
tion and in early reports mortality was < 10% in M$ortant parameters commonly used in clinical trials of
and RA, and 10%-20% in SLE, SSc and #iAhese SSc. Among 12 patients, the modified Rodnan skin
differences most likely reflect the effects of underlyingcore change at 12 months was -13 (-8 to -P3¥ [
organ function and prior therapy related to the disease8005], with a median decrease of 39%. The mHAQ-
Improved patient selection and modified treatmer®l (range 0-3) changed by a median of -1.675 (0 to
methods may have improved outcomes in recent year2.26) [P = .002] at 12 months. HDIT produced rapid
Because of the relatively small numbers treated so fakin and mHAQ-DI responses of a greater magnitude
many transplant physicians remain unfamiliar with théhan in previous SSc triat$2findings confirmed with
unusual challenges these patients present. Outconfiggher follow-up and accruaF{gure 6).

might be expected to be best and to improve most A French multicenter study used high-dose CY 200

quickly in centers treating the most patients. mg/kg and ATG followed by ASCT with CY-mobilized
CD34-selected PBS€ Eleven of 12 patients who un-
Results of Autologous Stem Cell Transplantation derwent PBSC collection also underwent HDIT and 8/
for Specific Diseases 11 had disease response at some time after transplant.
With 18 (1-26) months follow-up, 4/11 (36%) patients
Systemic Sclerosis had died including 1 from treatment toxicity and 3 from

Diffuse SSc is a rare multisystem disese characterized
by generalized, frequently debilitating skin thickening
and may affect the lungs, heart, kidneys, and gastroint
tinal tract. It is thought to be immunologic in nature -
with secondary fibroblast involvement and has bee g
treated with immunosuppressive and other agenid
Mortality at 5 years is about 40%—50% in patients wit £
high skin scores and cardiac, pulmonary, or renal i
volvementi>*® Skin thickening and changes in skin &
scores have been reported as surrogates for disease-5
verity and survival. The lack of effective therapies toncf_’
gether with well-defined prognostic factors for early
mortality allowed identification of appropriate candi-
dates for evaluation of HDFF.

The first major report included 41 patients reporte
to the EBMT/EULAR registry® Patients were treated
on multiple protocols and assessments were not st
dardized. With follow-up at a median of 12 month:
(range 3-55) improved skin scores45% improve-
ment) in 69% of patients and an overall trend towai@
stable lung functions were found. Survival at 1 yeeg
was 73% with 17% dying of treatment complication=
and 10% of disease. E

The largest single study was a US collaborativ
study that included 19 patiertt?BSC were mobilized
with G-CSF and grafts were CD34 selected. HDIT cor
sisted of TBI 8 Gy, CY 120 mg/kg and equine ATG 9(
mg/kg. In an initial cohort of 8 patients, 2 died of regi
men-related pulmonary injury, a complication avoideu
in 22 subsequent patients by introducing lung shield- . . . . .
ing with the TBI. Two other patients died of transplan%ﬁg\;ﬁfbife iplo;eszrs in systemic sclerosis (SSc) patients with
complications and 2 from progressive SSc. With a M&-The modified Rodnan skin score which measures skin
dian follow-up of 36 (8—-65) months, 24 (75%) of 3QGhickness at multiple sites by palpation and has a range of 0-51.
patients were surviving. Observations from the first 18. The mHAQ-DI, a functional index with a scale of 0-3.

Months after HDIT
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SSc progression. Four additional patients had progrdssur of 12 evaluable patients were nonresponders, and
sive or nonresponsive SSc requiring further drug therapynong the remainder all patients relapsed and required
between 6 and 12 months posttransplant. The patiemMARDs within 24 months after HDI%*° Synovial

in this study had similar baseline characteristics to thob@psy studies showed that T cell infiltrates regressed
in the US study yet disease control and survival apfter HDIT coincident with clinical remissions. In an

peared inferior. Australian study, 31 patients were randomized to re-
ceive G-CSF mobilized unmodified grafts or CD34-se-
Systemic lupus erythematosus lected grafts after CY 200 mg/kgAn ACR20 response

SLE is considered the prototypical systemic autoinwas observed in 70%, an ACR50 in 45.4% and an ACR70
mune disease because of the spectrum of autoantib@u39.4%. Median time to recurrence was 180 days. There
ies, diverse clinical manifestations and responsivenesgre no treatment-related mortalities and no significant
to immunosuppressive agents. Overall survival at ldutcome differences between the two arms.
years is approximately 90% with early deaths gener- A report from EBMT and ABMTR included 76 pa-
ally related to disease activity and treatment whereéients with a median follow-up of 16 (3-55) months.
the majority of late deaths relate to atherosclerosiSixty-six (87%) patients received CY 200 mg/kg = ATG
Intensive CY-based or corticosteroid-based protocols hafgg conditioning therapy. An ACR50 or better was ob-
been effective at suppressing severe SLE, but a small pegrved in 67% after HDIT. Significant responses in ten-
centage of patients has disease resistant to this therager joint counts and HAQ scores were found and these
A study from the Northwestern University grouppersisted for at least 18 months after HDIT. These sus-
showed that refractory SLE will respond to HBfT. tained improvements were found despite the fact that
CD34-selected grafts were infused after conditioninpMARDs were restarted 73% of patients by 12 months
with CY 200 mg/kg, equine ATG 90 mg/kg and methafter transplant. There was no treatment mortality indi-
ylprednisolone 3 mg/kg. Of 17 patients, 2 (11%) diedating that RA patients have a low risk of severe com-
after CY-based PBSC mobilization. Among the remairplications after high-dose CY. Overall, these data show
ing 15 patients there were no deaths and follow-upkat high-dose CY regimens can produce major re-
were 2—66 months including 8 with > 24 months folsponses in RA but that these are of relatively short du-
low-up. Patients initially responded well to therapy withration. Future investigation of HDIT for RA may focus
reductions in auto-antibody titers, improved SLEDAbn improving conditioning therapy and attempting to
scores, improved serum complement levels, reducedstain remissions by adding posttransplant therapies.
prednisone requirements, reduced proteinuria, and in
some cases improved serum creatinine. Prednisone wasenile idiopathic arthritis
tapered off at 2—18 months post transplant. After initigh small proportion of children with JIA have disease
responses 2 of 7 patients with greater than 30 montiefractory to intensive conventional therapy with non-
follow-up relapsed and required further CY therapysteroidal anti-inflammatory drugs and immunosuppres-
Data from EBMT included 51 patients with SEBVhile  sive agents. Such children can develop severe joint de-
detailed analyses were not reported, 27 patients improvsttuction, growth retardation, and complications of long-
14 improved initially and then relapsed, and 7 died. Overa#irm immunosuppressive therapy. Core evaluation cri-

mortality was 11%, similar to the US study. teria established for use in clinical trials of JIA are sum-
marized inTable 7. An initial report of 4 patients sug-
Rheumatoid arthritis gested efficacy of HDI*? and a larger study included

RA is the most prevalent autoimmune disease, affe@1 patients reported to EBMTInclusion criteria were
ing 1% of the population. Only a small proportion ofailure to respond to high-dose methotrexate and at least
RA patients have disease resistant to disease modi&DMARDSs, steroid dependency, and unacceptable
ing antirheumatic drug (DMARD) therapy and sever&eatment toxicity. Bone marrow € 23) or PBSC col-
enough to be considered for HDIT. This population hdected after CY + G-CSF mobilization € 8) were T
shrunk since the advent of anti-TNF therapy. Severetll depleted using T-cell antibodies or CD34 selec-
small pilot studies showed that HDIT could be givetion. Patients were conditioned with CY 200 mg/kg,
safely and induced profound disease responses but tAaG 20 mg/kg and, in 21 of the children, with an addi-
early relapses were common. These observations wémmal 4 Gy of TBI. Median follow-up after HDIT was
confirmed in several larger series. A Dutch study of 131 (range 8-80) months. Two patients died of macroph-
patients reported significant improvements in diseasgje activation syndrome, postulated to be due to T-cell
activity in the first year after HDIT using CY 200 mg/depletion resulting in inadequate control of macroph-
kg and infusion of CY-mobilized CD34-selected PBSCage activation. Disease recurred in 7 children with mild

384 American Society of Hematology

20z aunr g0 uo 3senb Aq ypd-e.6€” 2L€/L¥8E L LLIZLEILIE00Z/Pd-0INE/ABOjOjeWBYAaU suoledlqndyse//:diy woly pepeojumoq



relapses that were controllable with low-dose predturred with G-CSF mobilization and with an engraft-
nisone and nonsteroidal anti-inflammatory drugs. Sewent syndrome, both of which appeared to be prevented
enteen patients were treatment-free at 8 to 60 monthslater patients with prednisone prophylaxis. With a
with marked reductions in scores of the CHAQmedian follow-up of 24 (3—-36) months, the 3-year esti-
physician’s global assessment, and joint swelling. mates of survival and MS progression were 91% and
27% respectivelyHigure 7A), with stable EDSS scores
Multiple sclerosis (< 1.0 point increase) found in 19 of 25 evaluable pa-
Multiple sclerosis has a highly variable course, a longients. The distribution of EDSS scores at various time
natural history in many patients, and a severe coursegaints after HDIT is shown iRigure 7B.
relatively few. Major subtypes include relapsing-remit-  An EBMT registry study included 85 MS patients
ting (RR-MS) disease, secondary progressive (SP-M8gated at 20 centetfsMedian age was 39 (20-58) years
disease, and primary progressive (PP-MS) diseassd median EDSS 6.5 (4.5-8.5). Most patients (86%)
About 85% of patients have RR-MS at diagnosis arttad PBSC mobilized with CY + G- or GM-CSF and
15% have PP-MS. The extended disability status scaiegimens were BEAM = ATG (63%), CY + ATG (12%)),
(EDSS), a 10-point “nonlinear” scale that measures MEY-TBI + ATG (6%), Bu-CY (18%) and fludarabine-
related neurological dysfunctidfis used in many clini- ATG (1%). Seven patients died, including 5 from trans-
cal trials to determine eligibility and monitor outcomesplant complications and 2 from early neurological pro-
MRI studies are also frequently performed in trials tgression that may have been treatment-related. At 3
guantify active lesions in the central nervous systergears, progression-free survival (< 1 point EDSS pro-
Treatment for RR-MS includes immunosuppressivgression) was 74% + 12% and survival 90% + 7%. Age
agents, interferon-beta and glatiramer acetate (Copaxore}0 years was an adverse factor and there was a trend
Interferon-beta, mitoxantrone, and cladribine may slofor worse outcomes in PP-MS versus RR-MS and SP-
SP-MS and no established therapy exists for PP-MS. UdMS. Overall, these studies have suggested that HDIT
fortunately the magnitude of benefits of these therapiean be applied with reasonable safety in MS. Future
found in large trials is relatively small. studies will test this approach at earlier stages of dis-
Because initial studies of HDIT in MS were per-ease in patients at high risk of rapid progression.
formed primarily to evaluate safety, they included many
patients with higher EDSS scores (e.g., 5.0 to 8.0) whutoimmune cytopenias
may have had low potential for treatment benefitSSeveralsmall series documented mixed results after
Nonetheless, MS was stabilized in approximately 70%ttempts to treat autoimmune hemolytic anemia or
of patients for periods of up to at least 4 yéa#s**In  thrombocytopenia with HDIT and ASCT. The largest
aggregate data from 2 studies using TBI/CY = ATG, feport included 14 patients with autoimmune thromb-
(1.8%) of 53 of patients died of transplant complicaecytopenia (5 had concurrent autoimmune hemolytic
tions1°?° whereas EBMT reported 5 (6%) transplantanemia—Evans syndrom®&)Six patients experienced
related deaths among 85 patients receiving mainly chdurable responses of 9-41 months, 2 partial responses
motherapy-only regimerfs. and 6 no response. There were 2 late deaths from cath-
The first major report of 15 patients came froneter sepsis and multiple myeloma.
Fassas et al in 1997 and their updated experience with
24 patients was reported in 2080BSC were mobi- Phase |ll Studies of Autologous Transplantation
lized with CY 4 gm/mand G- or GM-CSF. BEAM + Despite having relatively limited Phase |l data, investi-
ATG was used for conditioning and unmodified< gators have initiated Phase Il studies in Europe and
15) or CD34-selected cella € 9) were used for trans- North America. This is because of the promising initial
plants. Probabilities of progression-free survival (< tesults observed with HDIT, the relatively slow accrual
point increase in EDSS or < 0.5 point for baseline EDS8 date for optimizing transplant approaches in Phase
> 5.0) were 92% for SP-MSh (= 13) at 3 years and Il settings, and the prolonged periods that will be re-
39% for PP-MS1f = 8) at 3.7 years. quired to complete Phase Il studies. Designing con-
Nash et al reported a multicenter study of 26 M8ol arms for some of these studies has been somewhat
patients conditioned with TBI 8 Gy, CY 120 mg/kg andlifficult because of the lack of established effective
equine ATG 90 mg followed by infusion of G-CSFtherapies for advanced autoimmune diseases. Current
mobilized CD34-selected PBSEPRatients had SP-MS and proposed studies are summarizetiable 6. The
(n = 16), PP-MS1{ = 8), and RR-MSn(= 1). Median SSc studies in Europe and North America were designed
age was 41 (27-60) years and median EDSS 7.0 (5i@-<ollaboration to match each other closely in terms of
8.0). In some patients neurological deterioration o@ligibility and control arms, with the anticipation that
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Figure 7. High-dose immunosuppressive therapy (HDIT) for multiple
sclerosis (MS).

A. Survival and MS progression after HDIT. Estimated survival was 91% and MS
progression was 27% at 3 years. B. Distribution of changes in Extended Disability
Status Scale (EDSS) scores at 3, 12, and 24 months after HDIT as compared to
baseline.

From Nash RA, Bowen JD, McSweeney PA, et al. High-dose immunosuppressive
therapy and autologous peripheral blood stem cell transplantation for severe
multiple sclerosis. Blood. In press. Copyright American Society of Hematology,
used with permission.

genitor cells and avoiding infusion of
autoreactive cells after HDIT. A disadvan-
tage is that the lack of progenitor cell sup-
port may lengthen the period of pancy-
topenia. Based on studies in aplastic ane-
mia, positive outcomes have been re-
ported in SLE¢ autoimmune cytopenias,
and myasthenia gravis.

Allogeneic transplants for autoimmune
diseases

Data from animal studies and a scatter-
ing of small retrospective clinical stud-
ies™® suggest that allografting would be
effective and likely curative of many hu-
man autoimmune diseases. If one views
aplastic anemia as relevant to other au-
toimmunity then there is ample evidence
for this# According to registry databases,
a small number of allografts have been
performed Table5), primarily for hema-
tological autoimmunity. While long-term
control of RA and Crohn’s disease in pa-
tients transplanted for malignancy has
been reported? a relapse of RA sug-
gests that disease control will not be in-
variable. Reduced-intensity allografts pro-
vide an opportunity for investigating al-
lografting because of reduced toxicity.
However, mortality risks have generally
exceeded 10%, a risk that is too high for
most patients with severe autoimmune
diseases. It is likely that a “graft-versus-
autoimmunity” effect from full-donor
chimerism would be required for success
unless donor immune cells can control
autoimmunity in a setting of mixed chi-
merism# The potential importance of
donor alloreactivity has been suggested
by reports where GVHD induction or
donor leukocyte infusion suppressed au-
toimmunity previously unresponsive to al-
logeneic transplartt. Given the hazards
of allografting, selected poor-prognosis
patients with SSc, SLE, and JIA might be
the best candidates for investigational

comparison of the respective transplant approachggdies® Initial experience in a patient transplanted for
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might be possible after completion of the trials. severe SSc demonstrated sustained complete disappear-

ance of all active disease associated with full-donor

High-dose CY without HCT chimerism now with 4 years of follow-up (personal
This approach, which uses CY 200 mg/kg withou¢ommunication, R Nash).

ASCT, is similar to the use of CY 200 mg/kg with ASCT.
Potential advantages include not having to collect pro-
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Summary and Conclusions petus for the development of immune-based treatment
Initial studies have demonstrated some of the promigpproaches for solid tumors. Initial efforts were directed
and shortcomings of HDIT for severe autoimmune dist nonspecific enhancement of innate immunity through
eases. A higher than anticipated relapse rate has higfiie administration of immuno-modulatory cytokines.
lighted deficiencies in conditioning regimens, grafffhe regression of metastatic melanoma and renal cell
manipulation, and perhaps our concepts regarding thesgcinoma (RCC) in 10%-20% of patients receiving
diseases. It has become clear that treatment approadhésrleukin-2 (IL-2) or interferon-alpha has shown that
need to be tailored to specific diseases and that effébe immune system can be used to complement che-
tiveness of HDIT will vary among autoimmune dis-motherapy in the treatment of advanced catidgn-
eases. High response rates seen in SLE, SSc, RA, #ordunately, cytokine therapy is inactive in most solid
JIA, and disease stabilization in MS provide optimisntumors. Furthermore, it can have significant toxicities
that improved survival and quality of life may resulwhen given in high doses. The identification of tumor
from HDIT. Because of this, somewhat of a paradigrantigens that induce T-cell mediated tumor rejection in
shift may have occurred in the field whereby excellenitro (e.g., MART-1, WT-1, etc) has led to the develop-
and prolonged responses of severe autoimmune diseasesit of cancer vaccine trials intended to magnify immu-
that fall short of a cure may be acceptable providadty specifically against the tum®t.This remains a dy-
toxicities of HDIT are not excessive. Furthermore, theamic area of investigation that holds promise for the fu-
idea has emerged that responses from HDIT might ba&e. At present, however, only a handful of patients have
sustained by other therapy given after HDIT. Finallygained clinical benefit from cancer vaccine therapy.
Phase Il studies will evaluate HDIT as compared to A number of factors limit conventional approaches
conventional therapy in various autoimmune diseasdgssigned to enhance innate antitumor immunity. Most

to more fully define the role of this therapy. vaccine trials have used a major histocompatibility com-
plex (MHC) class | restricted peptide-based strategy.
I'V. NONMYELOABLATIVE TRANSPLANTATION FOR As a consequence, immune responses are limited to
SoLip TuMOoRSs single antigenic epitopes without an important €D4
helper T-cell componentEven if effective, approaches
Richard W. Childs, MD* targeting a single peptide may select for tumor cells

lacking the targeted antigen, a process known as “anti-
The graft-versus-leukemia reaction mediated througyen escape.Perhaps an even greater limitation of con-
transplanted donor immune cells can cure patients wientional immunotherapy regimens is that they attempt
a variety of hematological malignanciegvhile allo- to enhance a dysfunctional immune system rendered
geneic hematopoietic cell transplantation (HCT) has b#competent by prior chemotherapy treatment or long-
come an accepted form of “immunotherapy” for thétanding exposure to the immunosuppressive effects of
treatment of hematological malignancies, its ability téumors2®
induce antitumor effects in nonhematological cancers There are a number of reasons to speculate that
has only recently been explored. The investigationallogeneic HCT, a procedure that culminates in com-
use of nonmyeloablative HCT in solid tumors is th@lete immune replacement, could overcome some of
logical consequence of the increased understandingtbeése problemsT@ble 8). First, allogeneic transplanta-
the immunological basis for the cure of hematologicdion provides an opportunity to attack the tumor with a
malignancies following allogeneic transplantation. Alchemotherapy-naive and healthy donor immune sys-
though pilot trials are ongoing, graft-versus-tumor eftem without tolerance to tumor antigens. Second, even
fects powerful enough to induce complete or partiaf tolerance to the tumor were to develop, infusions of
remission of some metastatic solid tumors have recengignor lymphocytes could be given to enhance a graft-
been described.
The Immune System and Solid Tumors :;bsla?d tPuor;eonrtial advantages of allogeneic immunotherapy
The failure of conventional chemotherapy to improve

survival in many metastatic cancers has provided IM5onor immune system healthy/chemotherapy naive

« DonorT cells can target minor histocompatibility antigen (mHa)
expressed on the tumor

* Hematology Branch, National Heart, Lung, and Blood * Donor T cells not tolerized to tumor antigens
Institute, National Institutes of Health, 10 Center Drive, « Donor lymphocyte infusions (DLI) can be given should T cells
10/7/c103, MSC 1652, Bethesda MD 20892-1652 become tolerized to the tumor
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versus-tumor (GVT) effectFinally, and perhaps most mors originating from tissues that are damaged as a
importantly, the repertoire of immune cells capable afonsequence of GVHD might express similar mHa, thus
recognizing tumor antigens is much greater in the allornaking them a target of the donor allo-response. Fur-
geneic setting and potentially includes tumor-reactivililermore, tumor specific antigens potentially could be
T cells that recognize polymorphic variants of minotargeted by donor T cells, in contrast to T cells that

histocompatibility antigens (mH&}° have been tolerized to these same antigens in the pa-
tient. However, one can only speculate which tumors
The Graft-Versus-Tumor Effect would be most susceptible to a GVT effect since the

Trials investigating myeloablative allogeneic HCT irfactors dictating the wide variability in susceptibility
patients with chemotherapy-resistant leukemia led tf hematological malignancies to GVL effects are not
the discovery that graft-versus-leukemia (GVL) or GVWwell understood.

effects occur in a variety of hematological malignan- The first evidence supporting the existence of a
cies!t GVT effects are now known to occur not onlygraft-versus—solid tumor effect came from murine stud-
in acute and chronic leukemias, but also myelodygs showing a reduction in the incidence of spontane-
plastic syndromes, Hodgkin’s and non-Hodgkin's lymeusly occurring lympho-sarcoma in NZ B/W hybrid
phomas, Epstein-Barr virus related lymphoproliferativenice receiving an allogeneic bone marrow transgfant.
disorder (LPD), and multiple myelom#&® The ability Subsequent experiments demonstrated that antitumor
of donor lymphocyte infusions (DLI) to induce remis-effects could be generated against murine mammary
sion in patients with relapsed chronic myelogenous leaarcinoma cells after allogeneic but not autologous bone
kemia (CML) has proven that the GVL effect can benarrow transplantatiof?” These murine experiments
curative®'* These observations have recently shiftedrovide preliminary evidence that mHa that are ex-
the focus of allogeneic HCT away from studies explopressed on tumor cells and in the allogeneic transplant
ing “high-dose” conditioning to transplant approachesetting are potential targets for a GVT effect.

that capitalize on donor immune-mediated GVT effects. Some of the first reports of graft-versus—solid tu-
Subsequently, nonmyeloablative transplants were dewor effects in humans came from anecdotal observa-
veloped to test the hypothesis that that GVT alone couiidns of metastatic breast cancer regressing concomi-
cure some hematological malignancies. Nonmyeldantly with GVHD in recipients of a myeloablative
ablative regimens are designed to have low toxicity byCT.282° Subsequently, these observations were con-
using well tolerated, highly immunosuppressive corfirmed in a small pilot trial of HCT for metastatic breast
ditioning agents that facilitate donor lympho-hematoearcinoma? Unfortunately, enthusiasm for these ob-
poietic engraftment. Pilot trials of this transplant apservations was tempered by the significant morbidity
proach were first tested in hematologic malignancieglated to myeloablative therapy.

with a track record of sensitivity to GVT effeéts’

Early clinical results have been encouraging, showiridonmyeloablative HCT as a Platform

nonmyeloablative conditioning is well tolerated, asso- to Test for GVT Effectsin Solid Tumors

ciated with a high likelihood of engraftment, and a low

risk of morbidity and mortality even in high-risk pa-Trial design

tients'®2'Several studies have shown that striking antMWithout evidence to support its efficacy, and with a 25%
tumor responses can be induced in a variety of hematw-higher risk of transplant-related mortality, many con-
logical malignancie®2* Importantly, the lower risk of sidered experimental studies of myeloablative alloge-
toxicity with this approach has provided a safer transieic HCT in solid tumors too risky. The preliminary
plant modality to test whether GVT effects can be insuccess and improved safety of nonmyeloablative trans-

duced in solid tumors. plant regimens provided the basis for applying alloge-
neic immunotherapy to patients with treatment-refrac-

Graft-versus-Solid Tumor Effects tory solid tumors. Anticipating a lower risk of trans-
after Allogeneic HCT plant-related mortality, studies of nonmyeloablative

GVT effects in hematological malignancies and thelCT in patients with metastatic solid tumors were ini-
regression of disease following treatment withiated in the late 1990s. Given their investigational na-
immunomodulators led to the hypothesis that some solidre, pilot trials have been limited to patients with treat-
tumors might be susceptible to allogeneic immune atent-refractory metastatic disease who have HLA iden-
tack. As previously discussed, the transplanted dontical siblings to serve as donors. Most trials have been
immune system is able to target mHa that differ balesigned with the same two general goals of (1) mini-
tween the patient and donor. Hypothetically, solid tumizing toxicity through the use of reduced intensity con-
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Figure 8. Strategies to
enhance graft-versus-tumor
(GVT) effects in solid
tumors after
nonmyeloablative
hematopoietic cell
transplantation (HCT).
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. - - Abbreviations: DLI, donor
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interleukin-2; GVHD, graft-
versus-host disease.

ditioning and (2) optimizing the induction of a GVTnor T cell chimerism on day 30 initiated a 6-week cyclo-
effect by the early withdrawal of GVHD prophylaxissporine taper beginning 2 months after the transplant.
and administration of posttransplant donor lymphocyt@ contrast, those with mixed T-cell chimerism or disease

infusions and/or immuno-modulatory cytokindsg-

progression had their cyclosporine withdrawn earlier.

ure 8). Patient and tumor characteristics hypothesized RCC was quickly identified as a target for a GVT
to be optimal for investigational allogeneic immunoeffect3! Ten of the first 19 patients had disease responses

therapy trials are shown ifable 9.

Preliminary clinical results

including 7 partial and 3 complete respon&dshe first
patient treated remains without evidence of disease 5%
years after transplantatioRigure 9). Remarkably, all

Renal Cell Carcinoma (RCC): Regression of treatment- responding patients had failed prior treatment with

refractory metastatic solid tumors following nonmyeloeytokine-based therapy. Disease responses occurred

ablative HCT has recently been described in a numb@ostly commonly in patients with pulmonary-restricted
of different tumors. We chose to first test for GVT efmetastatic disease, although regression of bulky tumors
fects in metastatic melanoma and RCC because th@senultiple metastatic locations has occasionally been
tumors are considered “immuno-responsive.” Furtheobserved. Disease responses were typically delayed,
more, both are resistant to chemotherapy, and oneecurring 4 or more months after the transplant only
metastatic, offer virtually no chance for long-term surafter T-cell chimerism had converted from mixed to full
vival. Patients received conditioning with cyclophoselonor in origin. Representative lineage, specific engraft-
phamide (60 mg/kg x 2 days) and fludarabine (25 mghent profiles, and their relationship to clinical outcome
m? x 5 days), followed by infusion of unmanipulatedare shown in 2 patients who underwent nonmyelo-
G-CSF mobilized peripheral blood hematopoetic celblative transplantation and had graft-versus-RCC ef-
grafts from 6/6 or 5/6 HLA-matched sibling donorsfects Figure 10). Although GVHD was favorably as-
Decisions regarding the timing of GVHD prophylaxissociated with a disease resporfSigire 11), some pa-
withdrawal were based on disease status and T-cééints had dramatic regression of metastatic disease
chimerism?® Patients with stable disease and full dowithout having acute or chronic GVHD. Disease pro-

Table 9. Optimal candidates for studies evaluating graft-
versus-tumor (GVT) effect in solid tumors

» Good performance status (ECOG 0-1)

» Younger patient age (i.e., < 65 years)

« Life expectancy of at least 6 months

» Absence of central nervous system (CNS) metastatic disease
» Tumor volume small with slow proliferative kinetics

» Tumor tissue of origin a target for acute or chronic graft-versus-
host disease

* Invitro or clinical evidence that tumor is susceptible to
immune-attack

Hematology 2003

gression in the first few months after the transplant did
not necessarily preclude a GVT effect; a unique pat-
tern of tumor growth followed by subsequent disease
stabilization or regression was observed in several pa-
tients. Furthermore, some patients who did not respond
to cyclosporine withdrawal had tumor shrinkage after
a donor lymphocyte infusion or following treatment with
low-dose subcutaneous interferon-alpha.

Several groups have recently reported GVT effects
in metastatic RCC using a variety of different condi-
tioning approachesTable 10).33%¢ Although these tri-
als have had small patient numbers, the observation of
disease regression in cytokine-refractory patients, in-
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Figure 9. Delayed regression of metastatic renal cell carcinoma (RCC) following a nonmyeloablative transplant.

A) Extensive metastatic renal cell carcinoma (clear cell histology) involving the lungs had grown slightly 1 month after a nonmyeloablative
transplant. B) Complete regression of metastatic disease following cyclosporine withdrawal 4 months after transplantation consistent with
a graft-versus-tumor (GVT) effect. Disease remission is ongoing more than 5 years after the transplant.
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Figure 10. Engraftment profiles and clinical outcome in two renal cell carcinoma (RCC) patients with a delayed graft-versus-
tumor (GVT) effect after nonmyeloablative transplantation

Patient A had a delayed GVT effect in the absence of acute or chronic graft-versus-host disease (GVHD), while patient B had disease
regression following a donor lymphocyte infusion (DLI) in association with acute GVHD.

Abbreviations: CSA, cyclosporine.
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1.0 7] ' ' Table 10. Published reports of hematopoietic cell

o) History of AGVHD transplantation (HCT) for renal cell carcinoma (RCC).
=
a 8
% Number of  Conditioning GVT Effect/
_ . . . 0
% . - P=0.005 All patients Investigator Patients Regimen %
i Childs®32 19 Flu+Cy Yes - 53%
5 4 ’_,—'_’7 Rini36 15 Flu+Cy Yes - 33%
F Pedrazzolli¥? 7 Flu+Cy No - 0%
g 2 1 No AGVHD Bregni34 7 Thio+Flu+Cy Yes - 71%
& [ Hentschke35 10 Flu+TBI Yes -30%
0 T i . . .
o 60 120 180 240 300 360 ApbreV|at|0ns: Flu, fluda'rabln'e;'Cy, cyclophosphamide; Thio,
thiotepa; TBI, total body irradiation; Bu, busulfan; GVT, graft-
DAYS POST TRANSPLANT versus-tumor

Figure 11. Association of acute graft-versus-host disease tigens shared by both the tumor and normal tissues (i.e.,

AGVHD) with a di in renal cell carci : ;
ERCC) (n) Z‘"lg)"f‘ Isease response in renal cetl carcinoma mHa) may be involved in these GVT effects.

Reprinted with permission from Childs R, Chernoff A, Contentin N, Meta,StatIC melanoma: While Some patients with .
et al. Regression of metastatic renal-cell carcinoma after metastatic RCC have clearly benefited from allogeneic
nonmyeloablative allogeneic peripheral-blood stem-cell transplan- immunotherapy, the results of nonmyeloablative HCT
tation. N Engl J Med. 2000;343:750. 14 in patients with metastatic melanoma have thus far been
disappointing’“?**Anecdotal reports of metastatic dis-
cluding those who had previously failed high dose ILease progressing at “explosive” rates after allogeneic
2, highlights the powerful nature of the GVT effect irHCT are particularly distressing. In an analysis of 25
this tumor. It is clear from all these studies that carefplatients with metastatic melanoma undergoing
patient selection is a prerequisite for transplantationpnmyeloablative HCT at 4 transplant centers, median
as patients with rapidly progressing metastatic diseaservival was only 100 days with rapid disease progres-
are likely to succumb to disease progression beforesmn being the major cause of de&tBeveral patients
GVT effect can occuf. were observed to have tumor regression in the immedi-
Advances in understanding the tumor targets arade posttransplant period, although these responses were
effector populations responsible for GVT effects irransient and almost certainly the consequence of che-
RCC are necessary for the development of more effemotherapy. One patient had delayed regression of sub-
tive transplant approaches. Disease regression assacitaneous metastasis consistent with a GVT effect;
ated with cyclosporine withdrawal, full donor T cellunfortunately, death from CNS metastasis occurred
chimerism, and GVHD all provide strong indirect evi-shortly thereafter. The demonstration of clinically ben-
dence that donor T cells play an important role in thesdicial GVT effects in RCC make these results at first
responses. The observation that tumor regression cs@em perplexing. However, they highlight potential limi-
occur with or without acute GVHD suggests that bottations of nonmyeloablative HCT in treating solid tu-
broadly expressed minor histocompatibility antigensnors, where rapid growth kinetics associated with short
as well as antigens that are restricted to the tumor, aarvival may preclude the opportunity for a delayed
potential targets for allogeneic immune effectors. Pr&VT effect®”
liminary in vitro data have shown that RCC cells ex- Other solid tumors: The observation of GVT ef-
press a broad range of mHa that could render them steszts in patients with RCC has led to a rise in the num-
ceptible to a GVT effect in the setting of GVHE?® ber of investigational transplants being conducted for
Along these lines, T-cell clones that kill both patienbther types of metastatic solid tumors. However, at this
RCC and hematopoetic cells have been isolated fraime, insufficient data are available to comment whether
responding patient$*! Furthermore, in a few patients GVT effects can occur in most solid tumors. The dis-
without GVHD, MHC class | restricted T-cell lines with appointing results of autologous transplantation in breast
tumor-specific cytotoxicity have been expanded in vitroancer have inspired studies of nonmyeloablative allo-
from the patient’s blood at the time of tumor regressiogeneic transplantation in this malignancy. GVT effects,
(Figure 12; see Appendix, page 605). Studies to idersften in association with GVHD, have recently been
tify potential RCC-restricted antigens using these allalescribed in a number of small case series and ab-
geneic T-cell populations are being pursued. These petractsi*#4Investigators from Milan reported 2 delayed
liminary findings suggest that distinct T cell populaGVT effects among 6 women with metastatic breast
tions recognizing tumor restricted antigens and/or amancer receiving a thiotepa/fludarabine-based transplant
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approach. In both cases, responses occurred afteallageneic HCT to treat solid tumors will likely remain
donor lymphocyte infusioff.Furthermore, unpublished limited until both the safety and efficacy of the approach
retrospective data from the International Bone Marroware improved Table 11). Concerns over transplant-as-
Transplant Registry suggest the risk of relapse/progresaciated complications continue to make referring
sion may be improved in breast cancer patients wlimcologists reluctant to send patients for these investi-
develop GVHD after nonmyeloablative HCT. gational studies. As a consequence, the approach is fur-

GVT effects have also been described in treatmettiter limited by its obligate enroliment of patients with
resistant ovarian canc&r® A GVT effect was sug- advanced, treatment refractory disease, often with life
gested from a case report of a patient with treatmeskpectancies far too short to benefit from a delayed
resistant ovarian cancer undergoing a myeloablativ&VvT effect.

HCT who had a delayed normalization in CA-125 lev-  Further progress in the field will require the devel-
els associated with a durable (> 2 year) complete repment of strategies that limit GVHD while targeting
sponsé€’ Subsequently, 2 of 4 patients with metastatithe allo-response to the tumor. Murine models have al-
ovarian cancer were reported to have disease regremady demonstrated that tumor-specific immunity can
sion after a buslphan-based nonmyeloablative transe boosted by posttransplant tumor immunizatioh.
plant, although the proximity of these responses to tlsgmilar strategy incorporating posttransplant vaccina-
conditioning regimen makes it difficult to conclude withtion or the adoptive infusion of tumor specific donor
certainty that disease regression occurred as the corlgaiphocytes could be used in humans to enhance the
guence of an immune effeét. efficacy of the procedure.

Anecdotal reports of GVT effects occurring after  Another promising approach would be to exploit
allogeneic HCT have also recently been described the ability of natural killer (NK) cells to mediate anti-
patients with metastatic adeno-carcinoma of the colotumor responses in the setting of HLA-mismatched
pancreas, squamous cell lung carcinoma, neurobldsansplantation. NK cells are known to induce GVL
toma, or refractory sarcom&s®>2Results from larger effects in patients with acute myelogenous leukemia
case series in these malignancies will likely be forthconfAML) receiving transplants from mismatched donors
ing. Because even low-dose chemotherapy can occasiaen killer immunoglobulin-like receptor (KIR) ligand
ally have surprising activity in many solid tumors, sequemrcompatibility exists in the graft-versus-host direc-
tial radiographic imaging studies are required to help dison.>* We have recently shown that NK lines gener-
cern whether tumor regression is related to the conditioated from KIR mismatched allogeneic donors can kill

ing regimen or the consequence of a GVT effect. both melanoma and RCC tumor cells in vitro, specifi-
cally through KIR/KIR ligand incompatibilit}? These
Future Directions preliminary data suggest the antitumor effects seen

Nonmyeloablative allogeneic HCT trials showing GVTagainst AML following KIR incompatible allo-trans-
effects in metastatic solid tumors have provided fuplantation might also occur in a similar setting against
ther proof of the strength of allogeneic immunotherapgelect solid tmors. Refinements such as these hold prom-
Studies evaluating nonmyeloablative approaches usiisg that allogeneic immunotherapy will be used more suc-
unrelated donors for RCC have recently been initiatedessfully in the future. For now, however, nonmyelo-
and if effective, could expand the application of alloablative allogeneic HCT is a promising approach for some
geneic immunotherapy to a far greater number of paelid tumors that should remain restricted to investiga-
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