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PREFACE

In just over two days, the Tenth International Symposium on Blood and Marrow
Transplantation provided an outstanding and extraordinarily dynamic overview of the
field, including new and exciting treatment modalities specifically targeted on tumor
inhibition. The enthusiasm for the developing field of new strategies, such as tyrosine
kinase inhibition, specific receptor blockers, and radiolabelled antibodies, was evident
in the Symposium, and we hope that these Proceedings reflect our excitement.

During the Symposium, Dr. Rainer Storb was honored as the fourth recipient of
the van Bekkum Stem Cell Award, in recognition of his outstanding contributions to
the field.

These Proceedings are dedicated to our colleague and beloved friend, Dr.
George Santos, who contributed so much to medicine.

Karel A. Dicke Armand Keating
Arlington Cancer Center The Toronto and Princess Margaret Hospitals
Arlington, Texas University of Toronto

Toronto, Ontario
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THE VAN BEKKUM STEM CELL AWARD

Rainer Storb is the fourth recipient of this award that is bestowed on
individuals who have made major contributions for a prolonged period of time to
the field of hematopoietic stem cells and transplantation.







Gerge W. Santos
1928-2001

The Proceedings of the Tenth International Symposium on Autologous Blood and
Marrow Transplantation, held in Dallas, Texas, July 2000, is dedicated to George
Santos, MD, who died January 21, 2001, after a brave battle with cancer. We knew
him for over three decades as a great professor and a very fine human being.

After George’s graduation from MIT and a relatively short career in the U.S. Navy,
it was medicine that became his intellectual and emotional focus. With his background
in physics, it was no surprise that he chose a path in medicine where he could com-
bine research and clinical medicine to bring the latest developments in the laborato-
ry to the patient, and that hematopoiesis and transplantation of hematopoietic cells
became his field in the sixties. On the basis of his research, he established the bone
marrow transplant program in Johns Hopkins in the early seventies, and George and
his team became key players in the development of bone marrow transplantation. His
and his team’s contributions, such as the world-renowned busulphan/cyclophos-
phamide conditioning regimen and the introduction of cyclosporine as prophylaxis
of GVHD after transplantation, were milestones in the field of bone marrow trans-
plantation.

George was one of the founders of the International Society of Experimental
Hematology, and we will never forget the founding meeting held in one of the theaters
in the middle of Paris in 1970 with Don Thomas, George Matthé, Derk van Bekkum,
Rainer Storb, and thirty others. His heart was already set on how to prevent GVHD.
He initiated many experimental programs in rodents; and, therefore, it was no surprise
that it was George and his team who were first to recognize and develop the
cyclosporine approach.
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George attended the first five meetings of the ABMT symposia beginning in 1984,
The contributions from him and his team were outstanding, especially the AML study
in second remission with 4-HC purged marrow presented for the first time in 1986 at
the third ABMT symposium.

When he retired in 1995, the bone marrow transplant unit in Johns Hopkins was
among the leading programs in the world. He mentored many of the leaders in the field
and on retiring he passed the torch to Dr. Rick Jones, who is keeping his legacy alive
by continuing and renewing the program. His patients loved him because of his com-
passion and his positive and innovative thinking.

To his many friends and colleagues he will be remembered most for his generos-
ity, his integrity, his persisting intellectual curiosity, and his extraordinary ability to
translate laboratory findings to the clinic. He was a wise counselor and good friend to
all his colleagues in the field he helped to create.

Thank you for what you did for medicine. It was a great journey!

Karel Dicke and Armand Keating
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Ex Vivo Expansion of Hematopoietic Cells:
What Cells Are Needed?
lan McNiece, E.J. Shpall

BMT Program, University of Colorado Health Sciences Center,
Denver, Colorado

ABSTRACT

Hematopoietic cells have the potential for providing clinical benefit in a variety
of clinical settings. These include cells for support of patients undergoing high-
dose chemotherapy, as a target for replacement gene therapy, and as a source of
cells for immunotherapy, to name just a few. The limitation to many of these
applications has been the total absolute number of defined populations of cells.
Therefore, many investigators have explored methods to culture hematopoietic
cells in vitro. A major question remains: which cell populations are responsible for
rapid engraftment of neutrophils and platelets? Some reports have suggested that
stem cells provide both short- and long-term engraftment. Alternatively, mature
progenitors or late-stage cells are responsible for rapid engraftment, and stem cells
are required for durable long-term engraftment. Clinical studies are currently in
progress that explore the use of ex vivo expanded cells, and some of the data from
these studies suggest that mature cells are responsible for rapid engraftment.

INTRODUCTION

Ex vivo expansion of hematopoietic cells has been proposed for a number of
clinical applications, including (1) supplementing stem cell grafts with more
mature precursors to shorten or potentially prevent chemotherapy-induced
pancytopenia; (2) obtaining a sufficient number of cells from a single marrow
aspirate or apheresis procedure, thus reducing the need for large-scale harvesting
of marrow or multiple leukaphereses; (3) generating sufficient cells from a single
umbilical cord blood harvest to reconstitute an adult following high-dose
chemotherapy; (4) purging stem cell products of contaminating tumor cells; and
(5) increasing the number of target stem cells for gene therapy. Therefore, it is
important to consider the clinical application when discussing ex vivo expansion
approaches and to define culture conditions that are relevant to the particular cell
type being expanded.
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Historically, the different hematopoietic compartments have been thought to
contribute to different aspects of blood cell production. Stem cells provide long-
term engraftment, progenitor cells provide intermediate engraftment and may
contribute to short-term engraftment, and mature cells provide short-term
engraftment.’> However, recent publications have claimed that stem cells alone are
able to provide short-term, intermediate, and long-term engraftment. This would
suggest that purified stem cells do it all! But how can this be? The literature teaches
us that stem cells give rise to multipotential progenitor cells that further differ-
entiate to generate committed progenitor cells and ultimately mature cells. The
doubling time of a stem cell has been reported to be 16-20 hours. Furthermore, in
vitro assays of committed progenitor cells demonstrate that committed progenitor
cells under optimal in vitro conditions require at least 7 days to produce mature
neutrophils. So how can a stem cell differentiate into progenitor cells and then to
mature cells in 7 to 10 days? Obviously, this would require redefining many
parameters that have been described in detail in many previous reports. The simple
solution is that mature progenitor cells or mature cells are the cells that produce
rapid hematopoietic engraftment, and therefore the previous dogmas still hold true.

SELF-RENEWAL OF STEM CELLS

The focus of many groups has been to expand stem cells; however, to date no
data have been published demonstrating significant expansion of stem cells. It is
possible that under the culture conditions employed, stimulation of division of
stem cells results in differentiation of the progeny cells compared to the parental
cell and leads ultimately to maturation of the progeny cells. Several investigators
have used in vitro assays such as the long-term culture—initiating cell assay,’ the
cobblestone area—forming cell assay,* and the high proliferative potential colony-
forming cell (HPP-CFC) assay® as surrogate assays for stem cells. These assays
measure a heterogeneous population of cells within a stem cell compartment. If
true self-renewal of stem cells were capable in vitro, it would be possible to
generate increased numbers of stem cells so that they could be further renewed
and give rise to more stem cells. Some studies have shown an initial expansion of
stem cell numbers based on the in vitro assays; however, repeated culture of these
cells does not result in the generation of more stem cells, demonstrating the
commitment of these cells and thus failing in the strict definition of self-renewal.
Thus, one must be careful in interpreting data on self-renewal, as it is possible to
generate increased numbers of cells that may have properties still within the stem
cell compartment, but this process is associated with commitment and does not
represent self-renewal.
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THE GENERATION-AGE HYPOTHESIS

It has been proposed by several studies®’ that the proliferative potential of a
stem cell is inversely related to its generation-age within the stem cell population,
whereas its cycling rate is directly related to its generation-age. A cell that has
undergone few generations since its origin would thus be regarded as a young
(more primitive) stem cell that has a higher proliferative capacity and cycles more
slowly than an older (less primitive) stem cell that has undergone more
generations.®?

Alternatively, it has been proposed that stem cells have limited self-renewal
capacity and that a sufficient number of stem cells are laid down during embryo-
genesis. These stem cells are maintained in a quiescent state until they are required
for mature cell production. The proliferative capacity of the stem cells (up to 50 cell
divisions) provides for the blood cell requirements for the normal life span of a
human. Stress on the production of blood cells, such as multiple cycles of
chemotherapy, may lead to exhaustion of the stem cell reserve. Clearly, there are
many questions about the properties of human stem cells that remain to be
answered that will provide important information on how to expand the numbers
of stem cells for future clinical applications.

DO STEM CELLS CONTRIBUTE TO SHORT-TERM ENGRAFTMENT?

Studies by Baum et al.l® described human stem cells as CD34*Thy-1*Lin~
phenotype. Following from these reports, several clinical studies were performed
to evaluate the potential of these cells to support patients receiving high-dose
chemotherapy. Two of these studies were recently published!!!? and claimed that
CD34*Thy-1*Lin~ cells were capable of providing rapid engraftment of neutrophils
and platelets. However, the data presented in those articles raise some questions
about the validity of these claims. In the publication by Michallet et al.,!! data are
presented that 48.7% of the CD34* cells are Thy-1*. In other words, half of the
CD34* cells are stem cells. This is much higher than would be expected for stem
cell content and contrasts with other reports defining primitive cell populations as
CD34*CD38™ and CD34*HLA-DR~, which represent less than 10% of the CD34*
population.'? In addition, the levels of CD34*Thy-1* cells required for rapid
engraftment are in the range of 1X10° cells/kg. At these levels, it is more likely that
significant numbers of progenitor cells are present, which are most likely
responsible for the rapid engraftment. It can be concluded from these studies that
CD34*Thy-1* cells contain stem cells; however, not all CD34*Thy-1* cells are
stem cells.
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EXPANSION OF HEMATOPOIETIC CELLS BY GROWTH FACTORS

The first demonstration of the use of growth factors to generate increased
numbers of specific cell populations was performed by Bradley et al.'* in the early
1980s using crude conditioned medium (CM) as a source of hematopoietic growth
factors (HGFs). In these studies, it was shown that incubation of postfluorouracil
bone marrow cells in WEHI-3 CM for 7 days resulted in a 60-fold increase of
primitive progenitor cells (13-day spleen colony-forming units [CFU-S;]) and a
53-fold increase in committed progenitor cells (granulocyte-macrophage colony-
forming cells [GM-CFC]). In subsequent studies from this group, it was shown
that preincubation with HGFs (also using crude CM) could expand primitive
murine progenitor cells (HPP-CFC) and cells with in vivo marrow repopulating
ability.'>!® Using a similar culture system of human bone marrow cells in Teflon
bottles, it was shown in 1988 that the combination of recombinant human
granulocyte-macrophage colony-stimulating factor (thGM-CSF) plus
recombinant human interleukin-3 (rhIL-3) could generate a 7-fold increase in
committed progenitor cells (GM-CFC).!” In 1991, Bernstein et al.!® showed that
incubation of single CD34*Lin~ cells in the combination of IL-3, granulocyte
colony-stimulating factor (G-CSF), and stem cell factor (SCF) gave rise to a
10-fold increase of colonies in vitro.

The use of ex vivo expansion to generate mature neutrophil precursors was
proposed in 1992 by Haylock et al.!® These authors demonstrated that the
combination of IL-1, IL-3, IL-6, GM-CSF, and SCF could generate a 1324-fold
increase in nucleated cells and a 66-fold increase in GM-CFC. The cells produced
under these conditions were predominantly neutrophil precursors. The culture
conditions used were static and used CD34* cells as the starting population. Several
investigators have demonstrated the requirement for CD34 selection of the starting
cells for optimal expansion.!®2? Subsequent studies were performed on a clinical
scale using optimal culture conditions in Teflon bags with fully defined media
appropriate for clinical applications.?® This work used the growth factor cocktail
comprising SCF, G-CSF, and megakaryocyte growth and development factor
(MGDF).2 Other cocktails of growth factors are effective in expanding CD34*
cells; however, the availability of clinical-grade growth factors has been limited
due to commercial considerations.

The in vivo potential of ex vivo expanded cells was first reported in murine
studies by Muench et al.?* This study demonstrated that bone marrow cells
expanded in SCF plus IL-1 engrafted lethally irradiated mice and were capable of
sustaining long-term hematopoiesis in these animals. In addition, the bone marrow
from these engrafted mice could repopulate secondary recipients. The authors
concluded that the expansion of mouse bone marrow cells did not adversely effect
the proliferative capacity and lineage potential of the stem cell compartment.?*
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PRECLINICAL STUDIES OF EX VIVO EXPANDED CELLS IN BABOONS

Recent studies in normal baboons have demonstrated the potential clinical
benefit of ex vivo expanded cells. Andrews et al.?> harvested peripheral blood
progenitor cells (PBPCs) from G-CSF-mobilized normal baboons and expanded
the CD34* cells for 10 days in SCF, G-CSF, and MGDF. After the culture period,
the cells were washed and infused into the baboons after lethal irradiation. The fold
expansion obtained was low compared with human CD34* cells and probably due
to species variations of the growth factors and cell behavior in culture conditions
developed for expansion of human cells. GM-CFC were expanded 7- to 8-fold.

Group IV, transplanted with expanded CD34* cells and given posttransplant
G-CSF and MGDF, had a significantly shorter duration of neutropenia and signifi-
cantly higher white blood cell count and polymorphonuclear cell nadirs compared
with animals in the other groups. In fact, 2 of the 3 animals had no days with
neutrophils <500/uL, a clinical end point used for neutrophil engraftment. In these
studies, in vitro expansion did not influence platelet recovery, despite the use of
MGDF in both cultures and after transplantation. Further studies will be needed to
determine the culture conditions that will enhance platelet recovery of PBPCs.

An important point highlighted by these studies is the requirement for growth
factors after the transplantation of the ex vivo expanded cells.”> The animals in
group II received expanded cells without growth factors posttransplant and had no
significant improvement in engraftment compared with control animals. The
animals in group IV that received expanded cells and growth factors posttransplant
had faster recovery of neutrophils. We know that the culture of hematopoietic cells
in vitro requires growth factors for survival and proliferation, and if we remove the
growth factors, the cells go into an apoptotic state and die. It is possible that the
transplantation of expanded cells in the absence of growth factor treatment of the
recipients results in apoptosis of the expanded cells after infusion.

EX VIVO EXPANDED PBPCs ENHANCE NEUTROPHIL RECOVERY
IN BREAST CANCER PATIENTS

At the University of Colorado, we have treated patients (n = 21) with high-risk
stage II, III, or IV breast cancer using ex vivo expanded PBPCs.2%?" All patients
were mobilized with rhG-CSF (filgrastim; Amgen) 10 ug/kg per day for 9 days and
underwent leukapheresis on days S through 9. Following mobilization, all patients
received high-dose chemotherapy. A group of historical control patients were
identified with similar stage of disease, prior therapy, and high-dose chemotherapy
regimens.

Leukapheresis products (LPs) were harvested on days 5 through 9, with CD34*
cell selection performed on the first 4 LP. The fifth LP was frozen unselected as a



8 Chapter 1: Graft Engineering

backup product. CD34* selection was performed using the Isolex 300i (Nexell,
Irvine, CA). After selection, each product was frozen in liquid nitrogen. On day
—10 of treatment, 2 LP were thawed and placed into ex vivo expansion culture. The
cells were diluted in defined medium (DM) (Amgen) supplemented with
100 ng/mL each of rhSCF, rhMGDF, and thG-CSF to 20,000 cells/mL in 800 mL
of media and transferred into Teflon bags (American Fluoroceal). The bags were
incubated at 37°C for 10 days in a 5% CO, incubator. On day 0 of treatment, the
cultures were harvested using a cell washer (Cobe) and the media and growth
factors removed with washing,

Following ex vivo expansion of the CD34-selected cells, patients in cohort 1
(rn = 10) were reinfused with expanded cells on day 0 followed by the unexpanded
CD34* cells. Patients in cohort 2 (n = 11) received only ex vivo expanded cells, and
the unexpanded CD34* cells were maintained frozen in liquid nitrogen as a backup
source of hematopoietic cells. The expanded PBPC autografts resulted in more
rapid median time to engraftment of neutrophils (P=.02 for both cohort 1 and 2 vs.
the historical group) with a number of patients engrafting between days 4 and 6,
compared with the earliest time of engraftment of day 7 in our historical controls
(n = 100). Analysis of the engraftment data of study and control patients by
chemotherapy regimen demonstrated that the conditioning regimen did not
influence the time to neutrophil engraftment. Similar improved rates of neutrophil
engraftment have been reported by Reiffers et al.?® using the same conditions
employed in this study to culture the autologous PBPC fractions of myeloma
patients. The patients in cohort 2 were transplanted with only expanded cells, and
the patients are now >18 months posttransplant, with each patient maintaining a
durable graft. These patients will be monitored long term to determine if the
expansion of the cells compromises the long-term engrafting cells in these
products. No effect on platelet recovery has been observed.

To date, the major predictor of time to engraftment for patients receiving
nonexpanded PBPCs has been the number of CD34+ cells/kg transplanted. Several
studies using nonexpanded products have demonstrated that there is a correlation
of the time to engraftment to the number of CD34 cells/kg infused up to a threshold
level, above which even a 10-fold higher dose of CD34* cells does not result in
faster recovery.?® For neutrophil recovery, doses of CD34* cells/kg from 2 to
2.5X10% up to 20X 10° CD34+* cells/kg result in recovery of neutrophils at day 7 at
the earliest.® We therefore evaluated the numbers of CD34* cells/kg from the
expanded products reinfused in this study and a median of 3.8X 10° CD34* cells/kg
and 6.6X10° CD34* cells/kg were transplanted for cohorts 1 and 2, respectively.
The total number of CD34* cells infused (expanded plus unexpanded products) for
cohort 1 was a median of 8.5X10° CD34+ cells/kg. No significant correlation was
obtained between the time to absolute neutrophil count (ANC) >500/uL and the
dose of total CD34* cells/kg infused (r? = 0.24). Similarly, the dose of expanded
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CD34* cells/kg infused showed little correlation to the time to neutrophil
engraftment (r2 = 0.24). However, comparison of the expanded total nucleated
cells (TNCs)/kg to time to ANC recovery resulted in a highly significant
correlation (r2 = 0.79). All patients who received a minimum of 40X 105 TNCs/kg
engrafted neutrophils in 8 days or less. Patients who received <40X10% TNCs/kg
all had slower neutrophil recovery (9 to 16 days). This level of TNC is lower than
the minimal cell numbers recommended for unmanipulated bone marrow
transplantation (2X108 MNCs/kg) and suggests that the expanded cell products
contain a higher frequency of cells capable of providing rapid neutrophil
engraftment. Alternatively, ex vivo culture regenerates these cells which are killed
during the freezing of bone marrow (BM) or PBPCs used for autologous transplan-
tation. These cells may be committed mature neutrophil precursors, which may be
killed during freezing along with mature neutrophils. It will be of interest to
evaluate the engraftment potential of ex vivo expanded allogeneic PBPC products
where a direct comparison could be made to BM or PBPC that has not been
cryopreserved.

EX VIVO EXPANSION OF CORD BLOOD CELLS

Bone marrow transplantation (BMT) from HLA-matched related and unrelated
donors has been successfully used to treat patients with hematologic malignancies.
The major limitation to BMT is the availability of a suitable donor. The National
Marrow Donor Program {NMDP) has identified a pool of 2 million potential
donors, and as of December 1995, had facilitated ~4000 unrelated donor BM
transplants. However, the availability of unrelated donor BM is still limited due to
(1) the length of time for the donor search process (range, 1 month to 6 years),’!
(2) donor availability at the time of request, and (3) limited availability of donors
in certain racial and ethnic populations. Because of these reasons, <40% of patients
who could benefit from BMT have a suitable donor identified, and of those who
do, <40% receive a transplant. Over the past 10 years, cord blood has been
clinically investigated as an alternative source of hematopoietic tissue for
allogeneic transplantation of patients lacking an HLA-matched marrow donor.*
The first transplant using cord blood was performed by Gluckman et al. in 1989.33

The ease of collection and potential availability to groups that are underrepre-
sented in the NMDP Registry are advantages of cord blood compared with BM.
Also, it has been proposed that cord blood contains fewer T cells and/or more naive
T cells than BM and may permit a greater degree of mismatch with less graft-vs.-
host disease (GVHD).?* The total number of cells in cord blood is low compared
with BM or PBPC harvests; because of this, the vast majority of cord blood
recipients have been children with an average weight of 20 kg. The progression-
free survival rates reported thus far are comparable to the results achieved with
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allogeneic BM transplantation, with a suggestion of decreased GVHD.? However,
the time to neutrophil and platelet engraftment in cord blood recipients has been
delayed compared with that of BM recipients.

Kurtzberg et al.3 reported on 25 patients who received unrelated donor cord
blood transplants. Twenty-three of the 25 transplant patients had evidence of donor
engraftment, achieving an ANC >500/uL at a median of 22 days (range, 14-37
days) and platelet engraftment at a median of 56 days (range, 35-89 days). The
overall event-free survival rate was 48% at a median follow-up of 12.5 months. In
another report by Wagner et al.,>” 18 patients with malignant and nonmalignant
diseases received unrelated cord blood transplants. All patients demonstrated donor
engraftment with an ANC >500/uL at a median of 24 days (range, 16-53 days) and
platelet engraftment at a median of 54 days (range, 39-130 days). The probability
of survival was 65% at a median follow-up of 6 months.

CORD BLOOD NUCLEATED CELL DOSE CORRELATES
WITH NEUTROPHIL ENGRAFTMENT

Gluckman et al.*® have reported on the importance of the nucleated cell dose of
the cord blood products transplanted. Higher nucleated cell dose was reported to
have a positive impact on neutrophil engraftment, and one of the factors that
predicted for better survival included a nucleated cell dose >3.7X107/kg. These
results have led to the recommendation of transplanting cord blood units only
where the nucleated cell dose is >3.7X 107/kg. Obviously, this limits the number of
patients who have an appropriate-sized graft, and therefore, the majority of cord
blood transplants to date have been primarily in small pediatric patients.

CLINICAL STUDIES UTILIZING EX VIVO EXPANDED CORD BLOOD CELLS

At the University of Colorado BMT Program we have transplanted cancer
patients (chronic myeloid leukemia, n = 3; chronic lymphoblastic leukemia, n = 3;
non-Hodgkin’s lymphoma, n = 4; acute lymphoblastic leukemia, n = 5; acute
myeloid leukemia, n = 1; Hodgkin’s disease, n = 1; breast cancer, n = 2) with ex
vivo expanded cord blood. Patients who were appropriate candidates for high-dose
chemotherapy requiring cellular support were eligible.*® The cord blood products
were frozen as a single product (n = 11), in aliquots of 2X50% (n = 2), or in 40%
and 60% aliquots (n = 6).The cord blood products frozen in a single product were
thawed on day 0 and 60% reinfused unmanipulated; the remaining 40% were
CD34-selected and placed into ex vivo expansion culture. The other cord blood
products were thawed at different times with a 50% or 40% aliquot thawed on day
—10 for expansion culture and the remaining aliquot thawed on day 0 and reinfused
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without manipulation. All fractions for expansion were CD34-selected using the
Nexell Isolex 300i, and the CD34-selected cells were placed into a single Teflon
bag (American Fluoroceal) containing 800 mL DM (Amgen) with 100 ng/mL each
of thSCF, rhG-CSF, and thMGDF. The bags were incubated for 10 days in a 5%
CO2 incubator, after which time the cells were harvested, washed, and reinfused.
Following transplantation, all patients received GVHD prophylaxis consisting of
(1) cyclosporine 5 mg/kg intravenously (IV) 12 h starting day 2 and high-dose
steroids (n = 8) or (2) cyclosporine 5 mg/kg IV 12 h starting day 2 and moderate-
dose steroids (n = 11).

All patients achieved neutrophil engraftment and platelet engraftment, with
median times of 25 days (range, 15 to 35 days) and 58 days (range, 27-91 days),
respectively. Considering the low numbers of cells infused per kilogram in these
patients, the time to neutrophil engraftment was faster than in previous reports of
patients with weights >45 kg.%

Cytospins of the expanded cord blood cells demonstrated an immature
phenotype with very few mature neutrophil cells visible. In contrast, expanded
PBPCs contained mature segmented neutrophils and bands. We hypothesized that
extended culture of cord blood cells would result in further maturation of cord
blood cells and provide a product more similar to ex vivo expanded PBPCs. This
expanded cord blood product may decrease the time to neutrophil engraftment
when transplanted into patients. However, as the present expansion conditions used
10 days of culture without refeeding, extending the culture period under the current
conditions resulted in decreased viability and overall expansion due to exhaustion
of growth factors and media components, as demonstrated comparing 14 days in
culture without refeeding to the 2-step conditions. Therefore, we evaluated the use
of a 2-step culture approach designed to limit the cell manipulation required.
CD34* cells were cultured in 50 mL DM plus SCF, G-CSF, and MGDF for 7 days.
Following this incubation, the cells were transferred to 1-liter bags with DM plus
the same growth factors and incubated for a further 7 days. A 4- to 5-fold increase
in expansion of cord blood nucleated cells resulted with the 2-step culture
conditions compared to the 10-day 1-step conditions. In addition, increased
expansion of both committed and primitive progenitor cells was obtained with the
2-step conditions. Of particular note was the increased expansion of CD34* cells,
with a median 29-fold increase in total CD34* cells after 14-day culture in the
2-step conditions. In the clinical studies performed to date, the median expansion
of CD34* cells was only 5-fold.?® These data suggest that the 2-step culture
conditions may be more effective in expanding CD34* cells than the 1-step
cultures. We are currently modifying our clinical protocol to incorporate the culture
conditions for clinical application.
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CONCLUSIONS

The studies outlined above demonstrate the potential clinical utility of ex vivo
expanded cells. The optimal growth factor cocktails for expansion of different cell
types is yet to be determined. Several studies show a very significant effect on
neutrophil engraftment; however, it is still unclear what cells are responsible for this
more rapid recovery. Studies are needed to determine how to evaluate expanded
products to define the cell type that leads to more rapid neutrophil engraftment.
Also, culture conditions still need to be identified that will allow for the expansion
of a megakaryocytic/platelet precursor that will provide more rapid platelet
engraftment. In summary, there are exciting clinical results that suggest expanded
cells have a major application in cellular support for high-dose chemotherapy.
Further clinical studies are needed to better define what cells are required and what
culture conditions will enable suitable expansion of these cell types.
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Peptide-Pulsed Dendritic Cell Vaccinations
for Treatment of Cancer
Wolfram Brugger, Peter Brossart
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The identification of tumor-associated antigens (TAA) has provided new
opportunities for the treatment of patients with malignant disease. For the potential
treatment of breast and ovarian cancer, however, only a few T-cell epitopes have
been identified, including those derived from the HER-2/neu protooncogene and
the epithelial mucin MUC1. HER-2/neu is overexpressed in 20-30% of patients
with breast and ovarian cancer and correlates with a poor prognosis. Two HLA-A2
binding peptides (E75 and GP2) derived from the HER-2/neu protein have been
identified, and in vitro studies in our laboratory using these peptides for CTL
induction demonstrated that these epitopes efficiently elicit antigen-specific T-cell
responses against a variety of solid tumors, including renal cell and colon
carcinoma, when loaded on dentritic cells (DCs). In contrast to the restricted
expression of HER-2/neu, the MUCI protein is overexpressed on more than 90%
of breast and ovarian cancer and is therefore a suitable candidate for broadly
applicable vaccine therapies. Mucins are transmembrane type I glycoproteins with
a unique extracellular domain consisting mostly of 20 to 60 tandem repeats
(variable number of tandem repeats [VNTR]). We recently identified 2 novel 9-mer
peptides, M1.1 and M1.2, with a high binding probability to HLA-A2; the M1.1
peptide is derived from the VNTR domain of the MUCI1 protein, and the M1.2
peptide is located in the leader sequence. Cytotoxic T lymphocytes (CTL) induced
with these peptides efficiently lysed target cells pulsed with the cognate peptide or
tumor cells naturally expressing MUCI1 in a major histocompatibility complex
(MHC)-restricted and antigen-specific manner.

Dendritic cells are the most potent antigen-presenting cells, with the unique
ability to initiate and maintain primary immune responses when pulsed with
antigens. They originate from the bone marrow, and their precursors migrate via
the bloodstream to almost all organs, where they can be found in an immature state
characterized by a high rate of antigen uptake. Upon stimulation with bacterial
products, cytokines, or CD40 ligation, DCs undergo characteristic modulations of
the phenotype, antigen-presenting function, and ability to migrate to the secondary
lymphoid organs. These mature DCs express high levels of costimulatory and
MHC molecules and are regarded as the initiators of primary immune responses. In
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vitro, DCs can develop from peripheral blood CD14* monocytes when grown in
the presence of granulocyte-macrophage colony-stimulating factor (GM-CSF) and
interleukin (IL)-4. These cells have the characteristics of immature DCs and can be
further induced to mature by inflammatory stimuli such as tumor necrosis factor
(TNF)-a, IL-1, lipopolysaccharide (LPS), or CD40 ligation.

Vaccinations using DCs pulsed with TAA were shown to be effective for
patients with B-cell lymphoma and malignant melanoma for which spontaneous
remissions due to immunologic reactions as well as responses to immunotherapy-
based treatments were reported. In contrast, no clinical and immunological
responses have been reported in less immunogenic tumors such as breast and
ovarian cancer. Therefore, we analyzed the feasibility and efficacy of HER-2/neu—
or MUC1 peptide-pulsed DC vaccinations in patients with metastatic breast and
ovarian cancer refractory to previous treatment including several chemotherapies,
radiation, and hormone therapies. DCs were generated from peripheral blood
monocytes in serum-free medium using GM-CSF, IL-4, and TNF-a. After 7 days
of culture, DCs were pulsed with the antigenic peptides and injected subcuta-
neously (Figure 1). Ten patients were included in this pilot study. Each patient
received approximately 6X10° DCs per vaccination (range, 2 to 17X 106 DCs).

In the present study, we show for the first time that a vaccination approach using
HLA-A2-restricted HER-2/neu— or MUCI1 peptide—pulsed DCs can safely be
applied in patients with advanced metastatic breast and ovarian cancer. No side
effects were observed in these patients — particularly, no clinically relevant anemia—
although we have shown recently that normal erythroid bone marrow progenitor and
precursor cells coexpress MUC1 molecules. However, most of the more mature
erythroid progenitor cells are MHC class I-negative and are therefore not targets for
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Figure 1. Pilot study with HER-2/neu or MUCI peptide-pulsed dendritic cells (DCs).
PD, progressive disease.
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MUC-1 peptide-specific CTLs. In addition, no autoimmune phenomena were
observed in our study patients upon vaccination with these self peptides.

In 5 of 10 patients, peptide-specific CTLs could be detected in the peripheral
blood after 3 vaccinations using both intracellular interferon (IFN)-y staining and
standard >'Cr-release assays. The major CTL response in vivo was induced with the
HER-2/neu—derived E75 and the MUCI1-derived M1.2 peptide, suggesting that
these peptides might be immunodominant. In addition, in 1 patient vaccinated with
the MUC1-derived peptides, CEA- and MAGE-3 peptide—specific T-cell responses
were detected after several vaccinations. In a second patient immunized with the
HER-2/neu peptides, MUC1-specific T lymphocytes were induced after 7
immunizations, suggesting that antigen spreading in vivo might occur after
successful immunization with a single tumor antigen. One possible explanation for
this phenomenon is that the destruction of the tumor cells by the in vivo-induced
peptide-specific T-cells leads to the induction of other tumor antigen—specific
CTLs as a result of tumor cell uptake and processing by APCs, such as DCs or
macrophages that were demonstrated to be involved in the cross-priming
phenomenon.

In summary, we have shown here that vaccination therapy using DCs pulsed
with HER-2/neu— or MUC-1—derived peptides can be effective in patients with
advanced metastatic breast and ovarian cancer. Immunological responses were
induced in patients with advanced diseases that had been pretreated by multiple
cycles of chemotherapy including high-dose chemotherapy and autologous stem
cell transplantation, indicating that peptide-pulsed DC vaccinations could also be
successfully applied after intensive or even high-dose chemotherapy to eliminate
minimal residual disease. Furthermore, this study may be relevant to the design of
future clinical studies for the treatment of a variety of other tumors expressing
HER-2/neu or MUCI, including renal cell carcinoma, non—small cell lung cancer,
and colon and pancreatic carcinoma.
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ABSTRACT

Ex vivo processing of autologous cells for hematopoietic rescue poses
numerous challenges to physicians, scientists, and technologists. These challenges
include choosing the source of the graft, monitoring tumor involvement,
determining whether to purge tumor cells from the graft and what purging method
to use, quantitating purging efficacy, evaluating hematopoietic potential in vitro,
utilizing cryopreservation techniques and posttransplant immunotherapy, and
complying with an evolving strategy on how to regulate these technologies.

Although the addition of growth factors to chemotherapy regimens has
improved the reproducibility of blood progenitor cell mobilization kinetics, it is
clear that it is generally more difficult to harvest cells from patients than from
normal donors. There are data to suggest that comobilization of tumor cells may
occur, which becomes of increasing concern in poor mobilizers, in whom large
numbers of aphereses must be used to achieve a target CD34* cell dose.

The impact of purging on clinical outcome is still disputed, although emerging
data show a trend toward benefit. Techniques have generally moved from negative
selection to a combination of enrichment of CD34* cells and tumor-directed
negative selection. This can add $5000 to $15,000 to the cost of processing, at a
time when managed health care is “unwilling to underwrite research” and has
capitated transplantation costs. Molecular purging approaches are now appearing,
but are unlikely to be less costly.

Central to evaluating the use of purging is accurate quantitation of tumor
involvement. Substantial progress has been made in this area with the use of high-
sensitivity immunocytochemical and molecular biology techniques. These should
allow us to study, in a more quantitative fashion, the relationship between graft
contamination, purging efficacy, and clinical outcome. Evaluation of engraftment
potential in vitro and cryopreservation techniques have been under-studied,
although they could radically improve or simplify autograft processing.

Resurgence of interest in immunotherapy posttransplant in allograft recipients
is based largely on the minimal residual disease model. If tumor cells found within
grafts are inherently more metastatic, their contribution to relapse posttransplant
may be out of proportion to their numbers. This would reinforce the need to purge
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autografts and, potentially, combine purging with posttransplant immunotherapy
using “ex vivo educated” autologous or allogeneic cytotoxic cells. Finally,
processing laboratories are now expected to operate according to good manufac-
turing practices (GMP), and good tissue practices (GTP) are on the horizon. This
involves rigorous documentation, validation of procedures, competency and
proficiency testing, filing of applications with the US Food and Drug
Administration (FDA), extensive quality assurance and quality control, etc, all at
added cost. The field of cellular and gene therapy is also under particularly close
scrutiny at the present time. The challenge will be to develop these technologies in
a scientific, cost-effective manner that recognizes their experimental nature, poses
no unnecessary risk to patients, and meets regulatory expectations.

AUTOLOGOUS GRAFT MANIPULATION

Introduction

The use of autologous grafts was originally proposed as the potentially perfect
solution to finding a source of hematopoietic progenitor cells for patients who
lacked an HLA-matched sibling donor. The proponents of this approach cited the
universal availability of these cells and removal of the barriers of graft rejection
and graft-vs.-host disease that had plagued allogeneic transplantation.

As is true for many developments in medicine, however, these advantages were
achieved at a cost, in that the use of autologous grafts brought its own particular set
of issues and problems. Although access to transplantation was extended dramat-
ically, there were still certain patients from whom autologous cells could not be
collected, because of prior pelvic irradiation, necrosis, or metastatic disease. A few
of these individuals can now be harvested using apheresis techniques, but the
quality of these harvests may be less than optimal.

Graft Quality

In autologous recipients, engraftment problems shifted from graft rejection,
seen in allogeneic recipients, to failure to engraft. Autologous recipients who
received apparently adequate numbers of nucleated marrow cells showed either
complete failure to engraft or a small engraftment that was not sustained. This has
been attributed again to the quality of harvests obtained from autologous donors.
These patients have often received extensive therapy for their disease, using agents
that are myelosuppressive. The traditional measure of an adequate marrow graft,
namely nucleated cells infused per kilogram body weight, did not take into account
the functional capacity of these cells or their composition. As our understanding of
these parameters has increased, it is clear that engraftment is a complex process,
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involving multiple cells of different lineages. The discovery of the CD34 antigen
provided an additional measure of adequacy, but also illustrated that patients may
receive large doses of these cells and still not achieve stable engraftment. This has
prompted studies into the identity of so-called accessory cell populations that may
facilitate and sustain engraftment, eg, stromal cells. The theory is that in autologous
recipients who fail to engraft, these populations may be damaged or eradicated by
prior therapy, and insufficient numbers are infused in the graft to compensate. This
concern was reinforced when transplants were performed using CD34-selected
progenitor cells, since it was not clear whether accessory cells would be removed
by the selection procedure. To date, the engraftment times of selected and non-
selected grafts are generally similar, although an extensive survey in comparable
groups of patients has yet to be reported.

Tumor Contamination

Whereas hematopoietic progenitor cell quantity and quality were, and remain,
an issue in autologous transplants, the major area for controversy was the potential
for reinfusing tumor cells with autologous grafts. It was feared that many
autologous harvests would contain occult viable tumor, and that this could act as a
source for relapse of disease posttransplant. Camps arose on both sides of the
debate, making plausible arguments for and against ex vivo purging of tumor cells
from autografts. Opponents of purging predominantly argued that the number of
cells likely to be reinfused in a graft that was free of tumor by conventional
histology was clinically irrelevant, compared with the number of cells in the
recipient that may escape high-dose therapy. They believed that the time, effort,
and cost devoted to developing purging technologies would not result in any
measurable clinical benefit to the patient. In addition, they believed that ex vivo
manipulation of the cells for purging could pose a significant risk, in both the
potential to contaminate the graft and the ability of the cells to engraft the recipient.
Purging proponents countered that it did not make sense to infuse tumor knowingly
into a patient if there was an effective means of removing it from the graft. They
believed that this could even be considered unethical. Unfortunately, this debate
raged in the absence of almost any hard data to support either side.

The generation of information to assess the value of ex vivo purging has been a
long and tortuous task, one that is still not complete. It has revealed the complexity
of the problem and made us return to the basics of how we tackle such issues. It
was clear relatively early on in the debate that there were methods available for
removing tumor cells from complex cell mixtures. However, the model systems
and quantitation methods used were often less than rigorous. Laboratory model
systems were often chosen to optimize the chances of success, rather than reflect
clinical reality. For example, cultured cells expressing large amounts of the tumor-
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associated target molecule were seeded into blood or marrow substitutes at levels
that were well beyond those that would normally be considered for purging.
Quantitation methods were usually not validated, and the sensitivities of the
techniques were not cited. As a result, investigators bandied around log-depletion
values for specific procedures that were difficult to compare and whose clinical
relevance was questionable.

Tumor Detection Technology

This confused situation was to be partially resolved by the involvement of
experts in tumor detection.! Over the last few years, we have seen a renewed
emphasis on the development of techniques to detect tumor for diagnosis and
staging. Gradually, a consensus has been reached on which reagents should be used
and how to score positive events. These methods have also been applied to
validation of purging methods and have established new expectations as to how to
monitor tumor involvement. Currently, immunocytochemical techniques
predominate. In the right hands, these have reported sensitivities of as high as |
tumor cell in >100,000 cells. Automation of readout also allows very large
numbers of cells to be scanned, resulting in more representative results. Molecular
approaches promise to extend the range of sensitivity, once quantitation becomes
more reliable, and the incidence of false positives and false negatives can be
satisfactorily reduced.

The availability of reliable, quantitative, and sensitive tumor detection assays was
an essential prerequisite if it was ever to be possible to determine the efficacy of any
purging method, and if the clinical value of purging was to be determined. In the
interim, there was an ongoing debate with the regulatory agencies on how to design
purging trials. Traditional randomized designs would have required very large
numbers of patients on the purge and no-purge arms, with extensive follow-up, to
achieve statistical significance. It became clear that this would be prohibitively
expensive and time-consuming and may not even be possible for some diseases.

The Purging Debate

Data from gene-marking studies, in which marked tumor cells were infused in
autologous grafts and detected at sites of relapse, supported the role of purging.
Laboratory data demonstrated that purging techniques could remove tumor to the
detection limits of relatively sensitive detection assays. Clinical data were also
reported showing an advantage to lymphoma patients who received effectively vs.
noneffectively purged grafts. Taken together, this information may have provided
a sufficient degree of assurance to the regulatory agencies to allow them to abandon
the traditional requirement for a randomized study design. European trials on
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lymphoma purging are ongoing, however, and preliminary data suggest a marginal,
non-statistically significant benefit in the purging arm.

In terms of purging methodology, technologies have generally moved from the
use of chemotherapeutic agents and antibodies and complement toward physical
separation techniques employing combined approaches. Some of this has been
encouraged by pending regulatory requirements that discourage the use of animal
sera, etc. Molecular methods are already in pilot studies and will probably become
the method of choice for diseases in which there is a suitable molecular target. For
the remainder, it seems likely that there will be a move toward including a positive
selection step, in which tumor is depleted by default during the enrichment of
CD34* hematopoietic progenitors. The present methods for CD34 selection are
inadequate to provide the very high purities required to achieve substantial tumor
depletion. Usually, positive selection results in 1 to 2.5 logs of tumor removal. This
can be improved by combining selection with a tumor-directed depletion
technique. Immunomagnetic methods currently predominate for positive selection,
and FDA-approved devices are now available. This technology can be modified to
include a simultaneous or follow-up tumor-purging step, resulting in grafts that are
essentially tumor-free by immunocytochemical detection techniques or polymerase
chain reaction.

Bone Marrow vs. Peripheral Blood

A challenge to the graft manipulation laboratory has been the move away from
bone marrow and toward peripheral blood progenitor cells (PBPCs) collected by
apheresis. It is-clear that this change is permanent and brings significant advantages
in terms of speed of engraftment, decreased hospital stay, etc. For autologous
donors, the practice has been to mobilize PBPCs ‘by a combination of
chemotherapy and recombinant growth factors. This approach is less predictable
than use of growth factors alone, and certain patients may fail to mobilize at all. For
poor mobilizers, the laboratory is faced with having to process multiple apheresis
products collected over several days. If these are to be purged, the decision has to
be made whether to pool the collections to save cost. Initially, it was believed that
PBPC collections would contain fewer tumor cells than marrow harvests, and as a
proportion of the cells collected this may be true in many cases. This benefit is
counteracted, however, by the fact that many more cells are collected, particularly
from autologous donors, to attain the target CD34* cell dose, and that the
mobilization regimens may also drive tumor cells into the peripheral circulation.
The laboratory is then faced with the decision as to how such collections should be
manipulated to provide an optimal graft at manageable cost. Once again, the
availability of sensitive and quantitative assays for tumor detection is critical for
making these types of decisions.
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Progenitor Cell Assays

A missing component in autologous graft evaluation, however, is still a reliable
measure of engraftment potential. The move away from nucleated cell dose to
CD34* cells has helped, especially now that some of the variability in the assay
system has been resolved. Every center, however, has cases in which CD34 doses
did not predict engraftment kinetics, and the assay provides no measure of the
functional activity of the cells. In addition, it is clear that the CD34* population
does not represent the true pluripotent stem cell, which some believe may be
CD34-, For routine clinical patient management, it may be irrelevant to try to
measure true stem cell numbers, when what is sought is an in vitro marker for
engraftment time, but even then, CD34+ cells provide only a partial answer. In vitro
colony-forming assays do provide an indication of functional activity of progenitor
cells; however, they have prolonged read-out times, which makes them of limited
value in many cases. Routine colony assays measure lineage-committed
progenitors, which are not an absolute prerequisite for engraftment. We are,
therefore, still somewhat handicapped in determining how graft manipulation and
storage may potentially compromise normal hematopoietic potential. When
dealing with autologous grafts from pretreated donors, this information could be of
tremendous value.

Cryopreservation

A much-neglected feature that distinguishes autograft manipulation from
allogeneic graft processing is cryopreservation. It is standard practice to freeze
autologous grafts after processing so that they can be stored while the patient
receives high-dose conditioning therapy. The standard technique is to suspend the
cells in a tissue culture medium containing 10% vol/vol dimethylsulfoxide
(DMSO) and to reduce the temperature in a controlled manner with eutectic point
compensation, using a programmable freezing device. For storage, the cells are
transferred to liquid nitrogen, usually in the vapor phase to minimize the potential
for cross-contamination by infectious organisms. The only real development in
recent years in this technology has been to use a mixture of 5% DMSO and
hydroxyethyl starch as the freezing medium and to transfer the cells directly to a
—-80°C freezer for storage. It is evident that both techniques adequately preserve the
hematopoietic potential of cells, but it is not clear whether they are truly optimal.
There have been isolated reports that cryopreservation may have the potential to
destroy leukemic cells selectively, thereby providing a form of purging. We have
also tended to neglect quality measurements of the thawed products, relying on
simple dye exclusion assays to assess the viability of products coming out of
storage. This has been in part because infusions are usually performed at some
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distance from the laboratory, and thawed cells may sit for some time at ambient
temperature in the presence of cryoprotectants before they can be tested. We are
likely to see encouragement from regulatory agencies to improve this area and to
generate more comprehensive data on the effects of long-term storage under
varying conditions, thawing, holding, and transporting cellular products before
infusion.

Minimal Residual Disease and Immunotherapy

It is true to say that some of the heat has gone out of the purging debate, as
improved tumor detection assays have provided a framework within which we
should be able to reach a conclusion on the value of tumor purging for certain
diseases. This has been aided by the finding, in allogeneic graft recipients, that
minimal residual disease can be effectively treated by immunotherapy. This
stemmed from observations of decreased relapse of chronic myeloid leukemia in
patients who developed graft-vs.-host disease, progressed to the infusion of donor
leukocytes posttransplant both therapeutically and prophylactically, and has now
spawned a major effort to grow tumor-directed immune effector cells. These
developments have supported the concept that immunotherapy is most effective in
the context of minimal residual disease. In the case of autologous transplant
recipients, this concept would be favored by reducing tumor burden in the graft by
purging. One could also argue that these particular tumor cells may be potentially
more tumorigenic, since they have already metastasized to the marrow, and gene-
marking experiments have shown that they can home to sites of disease relapse.
Their potential to restore disease, therefore, may be disproportionate to their
numbers, compared with tumor cells found in association with the primary. It
remains to be seen whether effective immunotherapy can be developed for
autologous graft recipients by using targeted autologous effectors or modified
allogeneic cells.

Economic Concerns

In the United States, two developments have had a tremendous impact on how
transplantation is performed. The first is managed health care. Managed care has
caused us to try to reduce costs and introduce savings at every stage of the
procedure, including the laboratory. Third-party payers are unwilling to underwrite
the cost of anything they perceive as research, and this, for the majority, includes
autologous tumor purging. In addition, the cost of the entire transplant may be
capitated, making it possible to include extensive manipulation if deemed
necessary, but only if the cost can be recovered within the cap or covered through
other means. The debate as to when a procedure transitions from research to
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standard of care within rapidly moving fields, such as transplantation and cellular
therapy, will continue for the foreseeable future.

Regulation

The second development is impending regulation of the field of cellular and
gene therapy. The FDA has indicated its intent to regulate this area for several
years?? and has published a number of proposed approaches. Although there have
been changes, there are a number of common themes. The first is that cell
processing should be performed under current good manufacturing practices
(cGMP).* These are a series of regulations initially developed for manufacturers of
pharmaceuticals and more recently extended into the blood-banking industry. They
cover facilities, training, documentation, quality assurance and controls, labeling,
etc, but essentially provide a method for control of the manufacturing process and
traceability of the manufactured component from the start to its eventual
disposition.

Implementation of cGMP, particularly in an academic environment unused to
considering itself to be a product manufacturer, has caused some consternation.
Much of this has focused on the design of the facility. Institutions have been
concerned that they must build expensive clean rooms to process cells for
transplantation. This has not, at this time, been a requirement of cGMP as applied
to this area, although some organizations have anticipated it as a future require-
ment, particularly for the manufacture of extensively manipulated or genetically
modified products. At this stage, the emphasis of the agency has been more on
ensuring that there are systems in place for thorough documentation, validation of
procedures, quality assurance/quality control, tracking of reagents and materials
used in manufacturing, etc. It has been recognized that hematopoietic progenitor
cell (HPC) processing and manipulation does not fit the traditional drug manufac-
turing format and that this fit is liable to become worse as newer cellular therapies
are developed. The FDA, therefore, has proposed a new system to be named
current good tissue practices (cGTP) that would be specifically designed for the
field. The exact contents of cGTP were not available at the time of publication.

In addition to cGMP, the FDA has indicated that it will impose regulations that
are based on the perceived risks posed by the procedure to the donor and the
recipient. Included among factors that are considered when assessing risk are the
potential for transmission of infectious agents,? how closely related the donor and
recipient are, and the degree to which cells will be manipulated ex vivo. The
regulations cover PBPCs and umbilical cord blood cells, but not bone marrow.
Under the proposal, autologous cells would be less stringently regulated than those
from allogeneic sources, and investigational new drug (IND) applications or
investigational device exemptions (IDEs) would be required only if the product
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was extensively manipulated ex vivo. Extensive manipulation would include
procedures such as genetic modification, ex vivo culture, and purging/selection
with nonapproved reagents or devices. These regulations have yet to be finalized,
and investigators are encouraged to contact the Center for Biological Evaluation
and Research to determine whether an IND or IDE is required for a particular
procedure.

Commercial Concerns

This raises another difficult issue, that of access to new technologies. As
regulation of this area has increased, it has become almost impossible for academic
institutions to shoulder the cost of bringing a new therapy from the laboratory into
early clinical trials, Stringent testing requirements and production controls for
biologicals mean that most centers will look to a commercial organization to assist
with the process. Funding from the biotechnology industry has made possible some
of the procedures that are now in use in the area of cellular therapies. At present,
however, this is still a relatively small market, and we have seen many companies
fall by the wayside or be driven from business by legal action. This makes it
increasingly difficult to pilot any new form of therapy that is not of direct interest
to a company or that requires products from competing companies. The
diminishing number of commercial players also restricts the availability of
technologies, and those that survive may not be optimal for use in every
application. There is no doubt that the problem has been exacerbated by regulatory
requirements designed primarily to ensure patient safety. The struggle will be to
recognize that there will always be a risk-benefit ratio for experimental therapies,
and attempts to eliminate all risk will ultimately make it virtually impossible for
investigators to develop procedures that are not of direct interest to commercial
entities. In return, the investigator has an obligation to ensure that every reasonable
step is taken to protect the patient from unnecessary risk.

Representation

Recent incidents in gene therapy in the United States have alarmed the public
and regulatory agencies and have resulted in imposition of more extensive testing
and reporting requirements. The rationale, scientific value, and potential for
improving safety that can be achieved by these can be debated; however, it is likely
that cellular therapies will also be viewed with increasing scrutiny. As profes-
sionals, we need to support any effort that truly will ensure that patients are offered
safe and potentially effective therapies; however, we also must recognize that these
procedures inherently carry an associated risk by the very fact that they are experi-
mental. It is the responsibility of the field and its professional organizations to
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represent the potential risks and benefits in an accurate manner and to assist in
developing regulations that protect the patient appropriately. This must, however,
be achieved in a manner that does not fossilize the potential for a therapy to reach
its full potential.

One way that this has been addressed in the transplant community has been by
the development and publication of Standards for Hematopoietic Progenitor Cell
Collection, Processing and Transplantation by the Foundation for the
Accreditation of Hematopoietic Cell Therapy (FAHCT).? These standards cover all
aspects of therapeutic HPC use and are implemented through a voluntary
inspection and accreditation process. Similar standards are being implemented in
Europe through a joint program between the International Society for
Hematotherapy and Graft Engineering and the European Group for Blood and
Marrow Transplantation.® Organizations such as these have an invaluable role in
interacting with regulatory agencies to develop laws appropriate for therapies that
are in rapid evolution. Failure to provide such input will probably result in
implementation of draconian regulations that may be questionable both scientif-
ically and in their potential to provide added safety to the patient. In addition, the
added cost of complying with such requirements is likely to be beyond the reach of
most academic organizations, which have historically been the cradle for the most
important developments in medicine.

CONCLUSIONS

Autologous graft manipulation presents a number of unique challenges to the
cell processing laboratory. These include the quality of the HPC product, the
change in source from marrow to mobilized peripheral blood, and the use of
cryopreservation. The predominant debate on whether grafts should be purged has
somewhat abated as sensitive and accurate techniques have evolved for tracking
tumor incidence in both the graft and the patient. Purging can be seen as one more
tool to achieve minimal residual disease posttransplant, with the hope that immuno-
therapy may then provide an additional means for cure. The challenge will be to
develop these new strategies in an increasingly regulated environment where
commercial considerations may ultimately determine whether a new approach ever
leaves the laboratory bench.
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ABSTRACT

Between February 1996 and March 2000, using chemotherapy and granulocyte
colony-stimulating factor (G-CSF) for mobilization, we performed 302 peripheral
stem cell collections (PSCCs) on 147 solid tumor patients and 83 PSCCs on 30
hematologic patients. Our goal was to collect 2 transplants of 4-5X10¢ CD34*
cells’kg per transplant. Based on our experience harvesting bone marrow, we
collected cells from patients before therapy with fludarabine, BCNU, melphalan, or
mitomycin and either before or at least 1 year after radiation therapy. We mobilized
patients using standard induction chemotherapy appropriate for their disease
(rather than intensive-dose cyclophosphamide), followed by 5 pg/kg G-CSF daily
throughout apheresis.

Standard-volume procedures, 10-14 L, were carried out on either a Fenwal
CS3000 (Baxter) or Cobe Spectra (Gambro BCT). Large-volume leukapheresis
(LVL), 15-20 L, was performed using the Spectra because it is capable of
processing 100-120 mL/min and accommodates >150 mL product volume. LVL
produced superior results in solid tumor patients.

Liters Blood Volumes  CD34* Cells Total CD34*

Procedure n Processed Processed /uL Blood Cells X10/kg
Large volume 222 19+1 47+06 48 + 39 40£3.1
Standard volume 80 11+1 2704 40 £ 35 24+22

P <.001 392 023

The impact in hematologic patients was not statistically significant; however,
analysis of a subset of patients with >20 CD34+ cells/uL in the blood did reveal an
advantage for LVL.

30
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Liters Blood Volumes  CD34* Cells Total CD34*

Procedure n Processed Processed /uL Blood Cells X10%kg
Large volume 25 201 41x0.38 73£51 60+34
Standard volume 15 12+1 23+03 60 £ 32 27+1.1

P <.001 460 007

In 28 consecutive patients, we identified additional mobilization of CD34* cells
at between 15 and 20 L of processed blood.

Apheresis Product, L
Patient’s Circulation 5 10 15 20

Mean number of CD34* cells, X10% 81 34 98 92 193

Patient management during LVL included a blood warmer and calcium
gluconate, plus potassium chloride and magnesium sulfate spiked into the return
line as needed. Only 1 of 287 patients undergoing LVL experienced side effects
requiring medical intervention. LVL can be performed safely and result in the
collection of 3—4 X 10% CD34* cells/kg in a single procedure.

INTRODUCTION

Peripheral blood, after mobilization with chemotherapy and/or growth factors,
has become the primary source of CD34* progenitor cells for autologous transplant
support following intensive-dose chemotherapy.! Although a minimal threshold
has not been established, it has been suggested that 2-5X10° CD34* cells/kg will
provide rapid and sustained multilineage engraftment.>* The number of apheresis
procedures to obtain adequate CD34* cells for transplant is influenced by the
patient’s disease state, previous treatment history, mobilization regimen, and
timing and efficiency of collection.** The level of circulating CD34* cells can
predict the progenitor content in the final apheresis product,®’ thereby providing a
measurable parameter to identify the best time to commence collection. Large-
volume leukapheresis, defined as processing 3 or more blood volumes, can
increase the efficiency of collection, resulting in fewer procedures and more
patients achieving their threshold number of CD34* cells for transplant.®°
Performing fewer leukaphereses not only conserves tangible resources but also
reduces the risks to the patient during collection and at transplant through the
infusion of smaller volumes of cells and less dimethylsulfoxide.

PATIENTS AND METHODS

Using a 10- to 14-liter standard-volume leukapheresis (SVL) or LVL of
15-20 L, 385 leukapheresis procedures were performed on 177 consecutive
patients (Table 1).
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Table 1. Leukapheresis Procedures

Number of Number of
Patients Procedures
Solid tumor patients 147 302
Breast cancer 140
Ovarian cancer 7
10-14 L processed 80
15-20 L processed 222
Hematologic patients 30 83
Non-Hodgkin’s lymphoma 17
Multiple myeloma 11
Chronic lymphocytic leukemia 2
10-14 L processed 18
15-20 L processed 65
Total 177 385

Patients either had no history of radiation therapy or had completed radiation
therapy more than 12 months before. Patients had no detectable brain metastases at
the time of collection and no history of chemotherapy involving BCNU,
mitomycin, melphalan, or fludarabine. All patients met the eligibility criteria for
their disease-specific high-dose chemotherapy and transplant protocol and gave

Table 2. Mobilization Chemotherapy

Indication
and Regimen Total Chemotherapy Drug Doses
Breast cancer
FAC 500 mg/m? fluorouracil, 50 mg/m? adriamycin,
500 mg/m? cyclophosphamide
CAVe 500 mg/m? cyclophosphamide, 50 mg/m? adriamycin,
80 mg/m? VP-16
CAT 500 mg/m? cyclophosphamide, 50 mg/m? adriamycin,

175 mg/m? paclitaxel
Ovarian cancer

CTX/CDDP 2 g/m? cyclophosphamide, 90 mg/m? cisplatin
Lymphoma
CHOP 800 mg/m? cyclophosphamide, 50 mg/m? adriamycin,
2 mg vincristine
DHAP 160 mg dexamethasone, 300 mg/m? cytosine arabinoside,

90 mg/m? cisplatin
Multiple myeloma
CVAD 1 g/m? cyclophosphamide, 1.6 mg vincristine, 32 mg/m? adriamycin
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Table 3. Timing of Apheresis From Start of Mobilization Chemotherapy*

Number of Days Median CD34* Cells

Regimen for Apheresis X10%Procedure (Range)
FAC 12-16 110 (62-461)
CAVe 12-16 319 (162-738)
CAT 12-15 124 (56-1054)
CTX/CDDP 13-17 100 (55-553)
CHOP 15-18 319 (162-738)
DHAP 15-18 243 (171-314)
CVAD 14-17 109 (68-521)

*For definitions of regimens, see Table 2.

written informed consent for treatment, including the mobilization and collection
of their peripheral blood stem cells (PBSCs).

Mobilization was accomplished using standard-dose induction chemotherapy
appropriate for the diagnosis (Table 2) followed by G-CSF (Neupogen; Amgen,
Thousand Oaks, CA) 5 ug/kg subcutaneously every day beginning 48 hours after
chemotherapy and continuing until apheresis was completed.

Mobilization patterns for a specific disease and treatment regimen were so
consistent, we were able to identify “windows of opportunity” for leukapheresis
that were invaluable for planning the start of chemotherapy and scheduling
instrument time (Table 3).

Leukapheresis procedures were performed on an outpatient basis using the Fenwal
CS3000 (Baxter) or Cobe Spectra (BCT Gambro) instruments. The ratio of acid-
citrate-dextrose (ACD) to blood was held constant throughout the procedure at 1:18
without any additional systemic anticoagulation, eg, heparin. Performance differences
between the 2 instruments were related to the maximum processing speed, 85 mL/min
for the Fenwal and 120 mL/min for the Cobe. Large-volume procedures, 18-20 L,
took 2.8 hours on the Cobe compared with 3.9 hours on the Fenwal.

Diuretics and systemic anticoagulants were stopped 48-72 hours before the first
anticipated procedure. Complete blood counts were performed on a daily basis with
transfusion support to maintain hemoglobin >9.5 g/dL and platelets >40,000/xL. Serum
electrolytes were monitored daily throughout apheresis. Intravenous electrolytes, 30-60
mEq KCl and 14-28 mEq MgSO,, were given during the leukapheresis through the
return line to maintain the levels of potassium and magnesium above 3.0 and 1.5 mEq/L,
respectively. Serum calcium was maintained at 10.0 mEq/L or higher with continuous
intravenous calcium gluconate, 9.6 mEq, through the return line. The return line was run
through a blood warmer set at 37°C. Breakthrongh symptoms, consisting mainly of
peripheral tingling, numbness, and chills, were handled with oral calcium supplements.
Persistent or worsening symptoms required slower and/or shortened procedures.
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PBSCs were identified in the blood and apheresis products using flow
cytometry following the Milan-Mulhouse protocol. Briefly, samples were labeled
with 20 uL of an anti-CD34 phycoerythrin-conjugated monoclonal antibody
(HPCA-2; Becton Dickinson, Mountain View, CA). Red cells were lysed, samples
were washed once, and 7.5X 10* cells were acquired on a FACSort flow cytometer
(Becton Dickinson). Analysis of CD34 expression vs. side scatter was performed
using Cellquest and Paint-a-Gate software. Events with low side scatter and CD34
fluorescence in the third to fourth decade were considered positive.

RESULTS

As illustrated in Table 4, there was no difference in the number of peripheral
CD34~ cells in either the solid tumor or hematologic patients undergoing SVL vs.
LVL. The number of blood volumes processed was increased from approximately 3
to 5 for the predominantly female solid tumor patients and from 2 to 4 for the
predominantly male hematologic patients. This resulted in a significantly higher
level of CD34* progenitors in the final apheresis product of the solid tumor patients,
2.4X10° vs. 4.0X10° CD34* cells/kg. Patients with hematologic malignancies also
had somewhat higher numbers of CD34* cells in the final product; however, the
difference did not reach statistical significance, possibly because of the nature of
their disease and the relatively small number of patients in the SVL group.

Considering the difficulty inherent in mobilizing hematologic patients, we
examined the outcome for patients who achieved >20 CD34* cells/uL peripheral
blood and were considered to be good mobilizers. Increasing the number of blood
volumes processed significantly improved the CD34* content of the final apheresis
product from a mean of 2.7X105 to 6.0X10% CD34* cells’kg (Table 5), thereby
permitting the collection of enough CD34* progenitors for multiple transplants
from a single apheresis.

Table 4. Impact of Large-Volume Apheresis: All Procedures
Liters  Blood Volumes CD34* Cells  Total CD34*

Procedure n  Processed  Processed /uL Blood Cells xX10/kg
Solid tumor patients
Standard volume 80 11+1 27+04 40 + 35 24422
Large volume 222 19+1 4.7x0.6 48 + 39 40+3.1
P <.001 .392 .023
Hematologic patients
Standard volume 18 12+1 22+03 51 +31 24+1.1
Large volume 65 201 39+0.6 35+31 3.0+£24

P <.001 .203 .359
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Table 5. Impact of Large-Volume Apheresis on Hematologic Patients

>20 CD34* cells/uL Blood
Liters  Blood Volumes CD34* Cells  Total CD34*

Procedure n  Processed  Processed /uL Blood Cells X10°kg
Standard volume 15 12+1 23+03 60 + 32 2711
Large volume 25 201 41+0.8 73 +51 60+34

P 0.460 0.007

The question remains if there is a benefit to applying this approach in poor-
mobilizing patients. A substantial number of procedures (Table 6) in both groups
of patients were performed on individuals who mobilized considerably less than 20
CD34* cells/uL. blood. In spite of the less-than-optimal number of circulating
CD34* cells, it was possible to collect 1.1X10° CD34* cells/kg per procedure,
thereby making it possible to harvest a transplant of >3X 105 CD34* cells/kg in 3
procedures. Solid tumor patients considered to be poor mobilizers had a mean of
0.6X10% CD34* cells/kg per procedure with standard-volume apheresis, a value
significantly lower than 1.1X106 CD34%/kg (P=.002).

In an attempt to understand mobilization kinetics during LVL, we analyzed
samples from the product bag of 28 consecutive patients at defined time points
during the procedure (Figure 1). The mean total number of peripheral CD34* cells
was just under 100X 10 before starting the collection. After processing 10 L of
blood, virtually the entire circulating progenitor population was identified in the
product bag, with no further accumulation between 10 and 15 L of total processing
volume. Continued collection past 15 L produced an additional mobilization of
progenitors, permitting the harvest of more CD34* cells than was originally
demonstrated in the patient’s circulation.*10:!1

Regardless of the number of blood volumes processed, commencement of
apheresis is ideally based on the level of circulating CD34* progenitors.%’ However,
many facilities must rely on the white blood cell count (WBC) as a surrogate signal
and begin collecting the day (or the day after) the WBC reaches 1000 or 10,000/uL..
We retrospectively examined each patient’s first harvest as it related to the day of
chemotherapy, the number of circulating CD34* cells/uL, and their WBC (Table 7).

Table 6. Impact of Large-Volume Apheresis on Poor-Mobilizing Patients

<20 CD34* cells/uL Blood
Liters  Blood Volumes CD34* Cells  Total CD34*
Patient n  Processed  Processed /uL Blood Cells X10%kg
Hematologic 40 201 3.8+0.5 11+4.0 1.1£04
Solid tumor 86 19+1 49+0.5 10+4.2 1.1+0.5
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Figure 1. Number of CD34" cells collected as a function of liters of blood processed.

Poor mobilizers, <20 CD34*/uL blood, in both groups of patients typically took
2 weeks from the start of chemotherapy to begin apheresis and had WBCs substan-
tially higher than 1000 or 10,000/uL on the first day of collection. A pattern of
higher WBC at 2 weeks into therapy or recovery faster than 14 days was noted in
solid tumor patients who had higher numbers of circulating progenitors. This was
not as evident in the hematologic group, with no apparent difference between
patients with <20 and 20-50 CD34* cells/uL blood. Strong mobilizers among the
hematologic patients still began collection on day 15, but their WBC was 2.5-3
times higher.

DISCUSSION

Consistent, successful mobilization and collection of peripheral progenitor cells
is dependent on a number of factors relating to the nature of the patient’s disease,
previous treatment history, priming regimen, timing of collection, and method and
efficiency of leukapheresis within the context of patient safety.

Early identification of candidates for high-dose therapy and transplant
facilitates progenitor collection before large-field radiotherapy and/or treatment
with stem cell-toxic agents such as BCNU and fludarabine. Adequate mobilization
is intimately linked to a balance between the amount of cytoreductive therapy used
to reduce tumor load and risk of graft contamination and the amount of damage
incurred by the hematopoietic stem cell compartment. At our facility, standard
induction chemotherapy with growth factor support is not only effective for
mobilizing adequate numbers of progenitors, it also avoids the morbidity so often
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Table 7. White Blood Cell Count on Day 1 of Collection*

CD34* Cells/uL Blood
<20 20-50 51-100 >100

Solid tumor patients

WBC, X10%/uL 184+84 22.6+10.5 23.0+10.7 32.0+10.0

Day of chemotherapy 14 14 13 12
Hematologic patients

WBC, X10%/uL 17.1+£79 155+ 6.0 No data 44.1+5.8

Day of chemotherapy 15 15 15

*WBC, white blood cell count.

associated with intensive regimens such as 4 g/m? cyclophosphamide. The impact
may manifest not only in the quantity but also in the quality of stem cells harvested.

Collecting the maximum number of progenitors in the minimal number of
procedures depends on the timing and efficiency of apheresis. Optimal timing of
the first procedure is most effectively determined by measuring the circulating
progenitor pool, and the efficiency of collection can be improved by taking
advantage of the additional mobilization that occurs during large-volume apheresis.
Knudsen et al. identified a cut-off value of 20X 103 CD34+* cells/mL, above which
81% of their standard 10-L leukapheresis procedures yielded at least 105 CD34*
cells’kg. The question was raised whether harvesting should be performed when
patients are below this value. By applying LVL at our facility, both solid tumor and
hematologic patients who mobilized an average of only 10~11X 103 CD34* cells/uL
had final products containing a mean of 1.1X10°® CD34* cells’kg. Hematologic
patients capable of mobilizing more than 20X 10°> CD34* cells/uL also benefited
from large-volume procedures, as demonstrated by their final product, which
contained an average of 6X 10 CD34* cells/kg after 20-L procedures compared with
only 2.7X10¢ CD34* cells/kg after 12-L collections. The benefit for solid tumor
patients who are good mobilizers was not as clear: 5.8 X10° CD34* cells/kg after 19-
L collections compared with 4.3X10% CD34* cells/kg after 11-L collections.

It is important to define the total transplant dose needed and correlate this with
the circulating stem cell pool to determine whether standard- or large-volume
leukapheresis will achieve the desired end point. Large-volume apheresis should
not be universally applied, because it is a procedure wrought with physiologic
stresses during a time when the patient is trying to recover from the insult of
chemotherapy. Patients are typically challenged with 1.5-2.0 L of fluid, half of
which is anticoagulant, during a large-volume procedure, thereby requiring more
rigorous management of electrolytes, hemoglobin, and platelets. Only 1 of the 177
patients in this report experienced side effects requiring physician intervention.
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At Arlington Cancer Center, our goal is 8—10X 106 CD34* cells/kg, which histor-

ically took 4--5 standard-volume procedures to accomplish. With the introduction of
large-volume apheresis, this goal can be achieved in only 2 procedures.

10.

11.
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ABSTRACT

Every year in Europe, nearly 2500 patients receive high-dose chemotherapy for
breast carcinoma. The majority of patients in recent years have been treated for
high-risk operable breast disease. The European Group for Blood and Marrow
Transplantation (EBMT) Breast Cancer Registry includes >6000 patients; from
such a large database, some observations emerge.

The maximum age for an autotransplant for breast cancer has been increasing in
the recent past, and the toxic death rate has declined to <1% for adjuvant patients.
From the EBMT Registry analysis, patients with metastatic disease in complete
remission at the time of graft experience a 3-year disease-free survival of nearly
30%, which compares favorably with standard chemotherapy data, even though we
are still waiting for mature data from randomized trials in this cohort. High-risk
operable breast cancer patients show a disease-free survival of ~50% at 4 years, and
the same results also apply to the population with the worst prognosis (with >20
positive axillary nodes). Several ongoing phase 3 randomized trials are under way
in Europe in metastatic as well as high-risk patients, and they will be producing
data on >1500 patients a few years from now.

INTRODUCTION

In the past few years, high-dose chemotherapy for breast carcinoma patients has
been widely used in Europe. According to the most recent survey taken by the
EBMT,! >2500 patients were treated in 1997, with a slight reduction in 1999 to the
extent of ~10%—15%. The vast majority of patients received peripheral blood
progenitor cells (PBPCs), and autologous bone marrow transplantation (autoBMT)
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has been nearly universally abandoned as a source of hematopoietic stem cell rescue.
The survey allows us just to make demographic observations; to evaluate results on
big numbers, the only possible way is to look at registries. In 1984, the EBMT Solid
Tumors Working Party set up a registry including patients from Europe as well as
some non-European countries. By March 2000, 6572 breast cancer patients had been
registered.? The aim of this article is to present the EBMT database as well as some
results; a detailed analysis of the major ongoing randomized studies is also presented.

THE EBMT DATABASE

As mentioned in the introduction, 6572 patients with breast carcinoma were
registered by March 2000 (only 26 are male). The mean age at transplantation is
45 + 8 years; median, 45 years (range, 18-70 years). The majority of registered
patients were treated for metastatic disease (2889 patients receiving 3482 grafts),
whereas 2046 had high-dose adjuvant therapy (2289 grafts). Eight-hundred forty-
six patients were treated for inflammatory breast cancer (1072 grafts). As shown in
Figure 1, there was a constant increase in the number of patients treated with high-
risk operable breast carcinoma.

NUMBER OF PATIENTS PER YEAR:
ADJUVANT vs. METASTATIC

1999
1998
1997
1996
1995
1994
1993
1992
1991
1990
1989
1988

N Adjuvant
Metastatic

t T T T T T T —

(1] 100 200 300 400 500 600 700
* not definitive data

Figure 1. Proportion of patients treated for metastatic or adjuvant disease in the European
Group for Blood and Marrow Transplantation Registry database.
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TOXIC DEATHS:
METASTATIC vs. ADJUVANT PATIENTS
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Figure 2. Toxic death rate for patients with breast cancer. Source: European Group for
Blood and Marrow database.

Interestingly, 32% of patients were >50 years old and 3% >60 years old at the
time of graft among those treated in 1997-1998, whereas in the period 1992-1999
only 16% and 1% of the treated patients were older than 50 and 60 years of age,
respectively. As mentioned before, 95% of the patients received PBPC support,
whereas the use of autoBMT was extremely rare. In Europe, the combination of
autoBMT plus PBPCs was employed only anecdotally because the shift toward
peripheral cells was immediate around 1995.2

Toxic Death Rate

In the majority of articles published in the 1980s, the mortality rate for high-
dose chemotherapy was 10%—-15% and higher, whereas in recent reports it has
declined dramatically to 0%-2%. The regimen employed plays an important role
in outcome, as do disease status and performance status.>* In the EBMT database,
the toxic death rate for metastatic breast cancer is ~2%, whereas for the adjuvant
setting it is 0.9% (Figure 2). These figures compare favorably with some issued in
recent trials not employing BCNU at high doses.
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METASTATIC BREAST CARCINOMA
Status at graft: CR1 vs. Others
1527 evaluable patients (until 31/12/96)
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Figure 3. Disease-free survival for patients with metastatic breast cancer. Source: European
Group for Blood and Marrow database. CR, complete remission; PFS, progression-free survival,

Metastatic Disease

Despite the fact that patients with metastatic disease are nowadays less likely to
undergo autografting compared with high-risk operable breast cancer patients in
Europe, metastatic disease is still widely accepted as a possible setting for high-
dose treatment. The “ASCO 1999 effect” (ie, the PBT-1 trial presentation’® that was
incorrectly considered by several medical oncologists worldwide to be the last
word on autografting for metastatic breast cancer) has not yet shown its effects in
Europe; however, in the next 2 years, we are going to observe a steep decline in the
number of patients treated for advanced disease. From the EBMT breast cancer
registry, 428 patients with an adequate follow-up (ie, treated until December 31,
1996) receiving high-dose chemotherapy and hematopoietic stem cell rescue in
first remission show a highly significant progression-free survival (PFS) compared
with those treated in other disease status (stable disease, partial remission,
progression) (Figure 3); median PFS is 49 months vs. only 11 months. If we look
at the data published by the Autologous Blood and Marrow Transplant Registry
(ABMTR), a similar curve has been presented®; moreover, from one of the largest
databases of patients treated with FAC (fluorouracil, adriamycin, and cyclophos-
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phamide) standard chemotherapy (M.D. Anderson Cancer Center),’ the proportion
of patients in complete remission achieving a long-term disease-free progression
was nearly reduced to half. But of course, apples cannot be compared with oranges,
and the final word has to come out of phase 3 randomized studies. Unfortunately,
the PBT-1 trial, because of the small sample, was unable to show any difference
between STAMP V (cyclophosphamide, thiotepa, and carboplatin) and prolonged
CMF (cyclophosphamide, methotrexate, and fluorouracil) in patients in complete
remission.’ '

inflammatory Breast Carcinoma

The EBMT Registry includes the largest series of patients treated with high-
dose chemotherapy for inflammatory breast carcinoma. Median age for 846
patients is 44 years (range, 2265 years), with a mean age of 44 + 9 years. The vast
majority received a single graft, whereas 144 patients underwent double grafts, and
36, 3 or more grafts, for a total of 1072 autotransplants. Disease-free survival is
~40% at 3 years (Figure 4), and toxic death rate is 1%. In this rare disease, the role
of high-dose or intensified treatments is still very controversial, and it will be

INFLAMMATORY BREAST CARCINOMA

771 evaluable patients
Median progression-free survival 42 months
8.9 Median follow-up 20 months

8.8
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Figure 4. Progression-free survival for patients with inflammatory breast cancer. Source:
European Group for Blood and Marrow database.
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Figure 5. Progression-free survival for 1274 patients with operable high-risk breast cancer.
Source: European Group for Blood and Marrow database.

difficult, if not impossible, to set up randomized studies. Recently, the Pegase 02
study was published on behalf of a French collaborative group with EBMT
support.3 Four courses are administered, the first 2 including doxorubicin and
cyclophosphamide, and the second 2, the same drugs plus fluorouracil. Pathologic
complete remission rate on the breast is high (32%), 3-year disease-free survival
rate is 45%, and overall survival is 70%.

Adjuvant Therapy

As mentioned above, high-risk operable breast carcinoma has become the
favorite setting for high-dose chemotherapy in Europe, overtaking advanced
disease in the very recent past. The EBMT database includes 2046 patients
receiving a total of 2289 grafts. Median age is 45 years (range, 18-70 years), with
a mean of 46 + 9 years. Ninety-two percent of the patients received a single
autotransplant; 8% had multiple grafts. The majority of adjuvant patients received
PBPC transplantation, and only 1% had the combination of autoBMT and PBPC as
hematopoietic support, slightly lower than in the North American Registry.?
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EBMT 99 - BREAST CARCINOMA
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Figure 6. Progression-free survival according to number of positive nodes. Source:
European Group for Blood and Marrow database.

EBMT 99 - BREAST CARCINOMA

Adjuvant breast carcinoma (> 20 pos. ax. nodes)
(excluding patients receiving neoadjuvant chemotherapy)

Radiotherapy plus high-dose chemotherapy

1]
= 8.9 Radiotherapy yes: Median follow-up 50 months
= Radiotherapy no: Median follow-up 14 months
g 8.8
» 8.7 Radioth
v adiotherapy yes N=19
& e.s r s
T |
s Radiotherapy no N=56
U
s 8.4
5
8.3
a.2
8.1
a
o 0 o ® =+ © v ol )
— — o™ L) m <+ <+
Months from graft

Figure 7. High-dose chemotherapy for patients with >20 positive axillary nodes: role of
postsurgical radiation. Source: European Group for Blood and Marrow database.
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The complete data set on 1274 patients is available, and median disease-free
survival is 60 months (Figure 5). When stratifying for number of involved axillary
nodes (<9 or >9), no differences are present (Figure 6). The data available in the
literature on the possible benefit (randomized phase 3 studies) of high-dose
treatment in breast cancer are limited, and no study has an adequate follow-up. At
the 1999 American Society of Clinical Oncology (ASCO) meeting, 2 major
studies were presented (the South African study will not be taken into consid-
eration because of clinical misconduct). The CALGB/SWOG/NCIC trial* did not
show any difference between high-dose (STAMP 1) vs. intermediate-dose
cisplatin, BCNU, and cyclophosphamide, except for a trend in the cohort of
patients with a 3-year follow-up. The trial will be represented in 2001 with
adequate follow-up. The Interscandinavian study!® is a very difficult one to
understand, as patients with no disease and bone-marrow metastases have been
accrued. The follow-up was too short (2 years) to draw any conclusion, and there
was some concern about which was really the high-dose arm; moreover, the risk
of secondary leukemia and myelodysplastic syndrome in the intensified and
tailored FEC (fluorouracil, epirubicin, cyclophosphamide) arm was not negligible.
At ASCO 2000, the first cohort of 284 patients of the Dutch National Trial were
presented''; with a follow-up of 3 years, high-dose chemotherapy (STAMP V
European version with double dose of carboplatin) was significantly better than
standard FEC in terms of disease-free and overall survival. We are waiting for the
final presentation including all patients, which will be available in 2002. No data
are available in the literature for patients with very high risk of relapse, ie, those
with axillary burden (>20 positive axillary nodes). The EBMT launched a
retrospective registry-based analysis to evaluate the PFS for patients bearing such
a dismal prognosis.

Seventy-five patients treated until December 1997 have been evaluated, and
those receiving primary chemotherapy were excluded to avoid possible incorrect
comparisons—the vast majority received high-dose sequential chemotherapy as
published by National Cancer Institute in Milan in 1997.!} Toxic death rate was
0%, and disease-free survival was 50% at 4 years, suggesting a possible role of
high-dose chemotherapy in this particular cohort of patients. Figure 7 shows the
curves for patients with =20 positive nodes receiving postsurgical radiation
therapy and those who did not receive such treatment. From Figure 7 (even if the
number of patients is rather limited), the bulk of the axilla seems to be so
important that the risk of relapse overcomes the benefits of radiation therapy. In
2000, a retrospective study was launched that includes patients from the
International Blood and Marrow Transplant Registry (IBMTR) (study BC 99-04),
so we will shortly have data on nearly 200 patients with >20 positive axillary
nodes at surgery. ‘
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ONGOING TRIALS

Several ongoing studies are underway in Europe in the field of high-dose
chemotherapy and hematopoietic support for breast cancer patients; some of them
have just completed their accrual.

As mentioned, in the Dutch National Study,'! 885 patients with =4 positive
axillary nodes have been randomized between the standard FEC regimen for 5
courses vs. 4 courses of FEC followed by 1 course of modified STAMP V
(carboplatin 1600 mg/m?). In the first cohort of 284 patients, a clear significant
benefit for the high-dose arm has been observed in terms of overall and disease-
free survival (see Rodenhuis €t al. in this volume for detailed results).

In 1999 at ASCO, a small randomized study was presented by Dr. Lotz on
behalf of the Pegase group (Pegase 04 study).!? Patients with advanced disease
chemosensitive to first-line therapy were randomized between CMA (high-dose
cyclophosphamide, mitoxantrone, and melphalan) and the same chemotherapy in
standard doses. The median PFS rates were 15.7 and 26.9 months in the standard
and intensive groups (P=.04), whereas overall survival was not statistically
different, even though patients in the high-dose arm experienced a nearly double
survival from randomization. The study (and all the others from the Pegase Group)
is undergoing a self-requested audit before being published.

In Italy in August 1998, a phase 3 randomized study (386 patients) was closed
that compared standard therapy (which in Italy is epirubicin followed by CMF)
with high-dose sequential chemotherapy (basically the same schedule as published
by Gianni,'? but with the incorporation of 2 doses of epirubicin and the exclusion
of cisplatin). The first evaluation was to be performed in late 2000.

The Anglo-Celtic study has just stopped its accrual, with 600 patients with >4
positive axillary nodes randomized. The standard arm consists of adriamycin for 4
courses followed by CMF; the experimental arm is adriamycin as in the standard
arm followed by cyclophosphamide for PBPC collection and cyclophosphamide
and thiotepa at high doses. At the present time, no data are available. Another trial,
Pegase 01, was closed in December 1998 with 314 randomized patients: standard
FEC with high-dose epirubicin (100 mg/m?) was compared with FEC followed by
cyclophosphamide, mitoxantrone, and melphalan in patients with =8 positive
lymph nodes.

In July 2000, several trials were ongoing, and below we discuss the major or
more mature ones. In 1997, the EBMT Solid Tumors Working Party launched in
collaboration with the European Breast Dose Intensity Study (EBDIS) Group a
study called EDBIS1/EBMT in patients with naive metastatic disease. The standard
arm consists of adriamycin and docetaxel followed by CMF vs. adriamycin and
docetaxel and subsequently a tandem transplant with VIC (etoposide, ifosfamide,
and carboplatin) and then cyclophosphamide and thiotepa. One hundred patients
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have been randomized. A similar study ongoing in Germany (GEBDIS study) is
nearly superimposable to the EBDIS/EBMT study in terms of employed regimens
and end points. Another similar study in Italy, on behalf of the Italian Group for
Blood and Marrow Transplantation (GITMO), compares epirubicin and docetaxel
vs. the same combination followed by a tandem course of ICE (ifosfamide,
carboplatin, and etoposide) and thiotepa/melphalan at high doses (the study started
in February 2000).

A multi-institutional German study is comparing 1 course of STAMP V vs. 2
courses of the same regimen in patients responding to standard up-front
chemotherapy; >200 patients have been accrued so far.

In the scenario of high-dose therapy for operable breast cancer, several studies
are approaching the final accrual. A trial on behalf of the International Breast
Cancer Study Group (IBCSG 15-95) has accrued nearly 300 patients; it compares
an anthracycline-based chemotherapy with an intensified therapy consisting of
epirubicin 200 mg/m? and cyclophosphamide 4 g/m? for 3 courses, each of them
supported with PBPCs. Entry criteria request =8 positive nodes or =5 in case of T3
or negative receptor status,

In Germany, a multi-institutional study is comparing standard chemotherapy
(epirubicin followed by CMF [EC]) vs. EC followed by high doses of
mitoxantrone, thiotepa, and cyclophosphamide. Three hundred forty patients have
already been included, and the trial was to be completed by the end of 2000 with
400 cases.

All these major studies and several others not reported here will allow the
scientific community to have data on homogeneous large groups of patients in the
years to come, to try to answer the still unanswered question: is more better?
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ABSTRACT

The use of high-dose chemotherapy and peripheral blood stem cell transplant
for the treatment of patients with metastatic breast cancer remains an area of active
controversy. We have developed a novel high-dose chemotherapy regimen
consisting of thiotepa, mitoxantrone, and paclitaxel (TNT) in an attempt to define
a regimen with increased antitumor activity. We have previously defined the
maximum tolerated doses of this regimen to be thiotepa 720 mg/m?, mitoxantrone
48 mg/m?, and paclitaxel 360 mg/m?. Stem cell reinfusion follows 7 days after
completion of the high-dose regimen. All patients received peripheral blood stem
cells harvested following mobilization with 2 cycles of cyclophosphamide
100 mg/kg and paclitaxel 250 mg/m? administered with granulocyte colony-
stimulating factor (G-CSF). We have treated a total of 32 patients with chemosen-
sitive metastatic breast cancer, median age 45 years (range, 31-56 years), on this
regimen. Chemosensitivity before transplant was as follows: 9 patients were
transplanted in complete remission, 12 patients were in partial remission, and 11
patients had bone as their only site of metastasis. There were no treatment-related
deaths. Grade 3 or 4 mucositis and enteritis were the most frequent treatment-
related toxicities, occurring in 86% and 66% of the patients, respectively. The
median time to engraftment of neutrophils >500/uL was day 11 (range, 9-17 days)
and platelets to >20,000, day 18 (range, 9-106 days). All patients who were
transplanted in complete remission remained in complete remission; 25% of the
patients transplanted in partial remission and 36% of the patients transplanted with
bone-only disease had further responses to high-dose therapy; the remainder of the
patients had stable disease or progressed after transplant. Overall and event-free
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survival rates at 24 months were 56% + 10% and 25% * 8%, respectively. No
significant differences in overall or event-free survival were seen among the
various groups based on chemosensitivity. We conclude that TNT is active in
patients with metastatic breast cancer. Attempts to decrease treatment-related
toxicities are needed to improve the suitability of this regimen for administration in
the outpatient setting.

INTRODUCTION

The use of high-dose chemotherapy and hematopoietic stem cell transplant in
the treatment of patients with metastatic breast cancer remains an area of active
controversy. To date, there have been 5 randomized clinical trials comparing high-
dose therapy to standard therapy in patients with metastatic breast cancer.' All of
these clinical trials suffer from statistical concerns, and most include small
numbers of patients, limiting definitive conclusions. Among all of these
randomized clinical trials, a total of only 502 patients have completed therapy and
had their outcomes reported. Additionally, the first of these published clinical trials
to demonstrate an advantage for high-dose therapy was reported by investigators
from South Africa in 1995, and the results of this study will require further scrutiny
to determine their validity, given the problems associated with a later study
reported by one of these investigators.! On balance, no firm conclusions
concerning the role of high-dose therapy in the treatment of metastatic breast
cancer can be drawn based on the data from these randomized trials.

Unfortunately, among the limited number of chemotherapeutic agents available
for dose escalation due to known toxicity profiles, few are extremely active against
breast cancer in standard doses. We have previously conducted a phase 1 trial
evaluating the combination of thiotepa, mitoxantrone, and paclitaxel (TNT)
followed by autologous stem cell reinfusion in patients with refractory metastatic
breast cancer.® These agents were chosen because of their activity in breast cancer
and their lack of overlapping nonhematologic toxicities in standard doses. The
dose-limiting toxicity of TNT was found to be cardiomyopathy, necessitating a
decrease in the total dose of mitoxantrone. Additionally, in patients receiving prior
therapy with taxanes, grade 3 or 4 central nervous system toxicity was noted and
found, in some instances, to be irreversible. A subsequent decrease in the total dose
of thiotepa resulted in improvement of this toxicity with no long-term sequelae.
The maximum tolerated doses were determined to be thiotepa 720 mg/m?,
mitoxantrone 48 mg/m?, and paclitaxel 360 mg/m>.

Because of the promising activity of this regimen in patients with refractory
metastatic breast cancer, a phase 2 trial evaluating TNT in patients with chemosen-
sitive metastatic breast cancer was undertaken. In this report, we present the results
of the phase 2 trial in patients with metastatic breast responsive to anthracyclines
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or taxanes or patients rendered disease-free by surgery or radiation therapy.
Treatment-related toxicities, response rates, and overall and progression-free
survival rates are included.

PATIENTS AND METHODS

Patients

From April 1997 through December 1998, we treated 32 patients with
chemosensitive metastatic breast cancer on a phase 2 clinical trial of high-dose
TNT followed by autologous peripheral blood stem cell reinfusion. All patients
gave written informed consent for the study that was approved and reviewed
annually by the Institutional Review Board of the University of South Florida.

Patients with biopsy-proven metastatic breast cancer were eligible if they were
up to 65 years of age with an adequate performance status, defined as a Karnofsky
score of >80% or an Eastern Cooperative Oncology Group performance status of
<2. All patients were required to have adequate organ function, including a cardiac
ejection fraction of >50% measured by nuclear medicine scanning or 2-dimen-
sional echocardiography, adequate pulmonary function with a diffusion capacity of
>60%, adequate renal function with a measured creatinine clearance of
>60 mL/min, and liver function tests of <2.5 times the upper limit of normal.
Patients with brain metastases were excluded. Additionally, patients were required
to demonstrate at least a partial response, defined as a =50% decrease in
measurable disease, to an anthracycline- or taxane-containing regimen. In the case
of patients with bone-only disease, patients were required to have no progression
of disease on nuclear medicine bone scans after an anthracycline- or taxane-
containing regimen. Patients with metastatic breast cancer rendered free of disease
with surgery or radiation therapy were also included. They were considered to be
inevaluable for responsiveness to anthracyclines, taxanes, or high-dose therapy.

Treatment Regimen

Before receiving high-dose therapy, all patients received 2 cycles of cyclophos-
phamide (50 mg/kg per day for 2 days) and paclitaxel (125 mg/m?/day for 2 days)
with a goal to further reduce tumor burden as well as mobilize peripheral blood
stem cells. Following the completion of each course of chemotherapy, patients
were treated with G-CSF at a dose of 5 pg/kg per day (generally rounded to 300 or
480 pg/day) starting 24 hours after completion of chemotherapy and continuing
until evidence of hematopoietic recovery. Stem cells were harvested following the
second cycle of chemotherapy at the time of hematopoietic recovery to a targeted
minimum of 2X10% CD34* cells/kg. Patients with evidence of progressive disease



Fields et al. 55

following completion of 2 cycles of cyclophosphamide and paclitaxel were
considered ineligible for high-dose therapy.

TNT was administered in the following manner. Mitoxantrone was
administered over 1 hour at 16 mg/m? on days -9, -8, and -7 to a total dose of
48 mg/m?. Thiotepa was administered over 2 hours at 240 mg/m? on days -9, -8,
and -7 to a total dose of 720 mg/m?. Paclitaxel was administered as a 21-hour
continuous infusion at 120 mg/m? on days -9, -8, and ~7 to a total dose of
360 mg/m?. Stem cell reinfusion occurred on day 0.

All patients received antimicrobial prophylaxis with fluconazole and a
quinolone antibiotic beginning on day —2 and continuing through first neutropenic
fever or until evidence of engraftment. At the time of first neutropenic fever,
patients received antibiotics according to the clinical situation. All patients that
were herpes simplex virus—seropositive received prophylactic acyclovir. All
patients received G-CSF administered at 5 ug/kg per day beginning on day 7 and
continuing until absolute neutrophil count was >1000/xL for 3 days.

Statistical Considerations

Overall survival and event-free survival rates were calculated using Kaplan-
Meier methods. An event was defined as progression of disease or death due to
therapy or any other cause. Differences in overall and event-free survival were
calculated using the 2-tailed value of probability from the log-rank method.

RESULTS

Table 1 illustrates the patients’ characteristics. A total of 32 patients were
treated; all received peripheral blood stem cell transplants. The majority of patients
(75%) were treated for metastatic breast cancer that recurred after adjuvant therapy.
All patients received anthracyclines, 50% in the adjuvant setting and the remaining
50% for the treatment of metastatic disease. All patients received taxanes before
high-dose therapy. The majority of patients were refractory to anthracyclines and
responsive to second-line therapy with taxanes. As can be seen in Table 1, of 16
patients evaluable for chemosensitivity to chemotherapy, only 25% were
responsive to first-line therapy with anthracycline-based therapy; 75% were
responsive to second-line chemotherapy with taxane-based therapy. Five of the 32
patients were not evaluable for response to high-dose therapy because they were
rendered disease-free following surgery or radiation therapy before high-dose
therapy. An additional 11 patients had bone-only disease and were not evaluable
for response to high-dose therapy.

Hematologic toxicity was acceptable. The median time to neutrophil
engraftment, defined as a neutrophil count of >500/uL, was day 11 (range,
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Table 1. Patient Characteristics

N 32
Age,y
Median 45
Range 31-56
Disease history
Relapsed after early-stage disease 24
Metastatic at diagnosis 8
Estrogen receptor status at diagnosis
Negative 16
Positive 11
Unknown 5
Prior therapies
Adjuvant anthracyclines 16
Anthracyclines for metastatic disease only 16
Taxanes for metastatic disease 32

Disease status at transplant
Response to anthracyclines

Complete response 0
Partial response 4
Response to taxanes
Complete response 4
Partial response 8
No evidence of disease following 5
surgery or radiation therapy
Bone-only metastatic disease 11
Dominant site of metastatic disease
Viscera 12
Bone 11
Lymph nodes/soft tissue 9

9-17 days). The median time to platelet engraftment, defined as a platelet count of
>20,000/uL, was day 18 (range, 9-106 days). The median length of stay for all
patients was 23 days (range, 1841 days). Grade 3 or 4 treatment-related toxicities
were as follows: mucositis (86%), enteritis (66%), central nervous system toxicity
manifested as severe confusion (9%), cardiac toxicity (9%), and peripheral
neuropathy (9%). There was no treatment-related mortality. No other grade 3 or 4
organ toxicities were noted.

Response rates were evaluated at 3 months after the completion of high-dose
therapy. All patients who received high-dose therapy in complete remission
remained in complete remission after completion of high-dose therapy. Of patients
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Table 2. Chemosensitivity Status Before High-Dose Therapy and Peripheral Blood Stem
Cell Transplant (PBSCT) and Outcome After PBSCT*

Overall Survival Event-Free Survival
Disease Status Before PBSCT at2y, % a2y, %
Complete remission 29+ 17 13+£12
Partial remission 6015 33+ 14
Bone-only disease 71+£16 22+ 14

*Data are mean + SE.

treated in a partial remission, none were converted to a complete remission, 25%
had a further response, 33% had stable disease, and 42% progressed. Of patients
with bone-only disease, 36% had a further response, 55% had stable disease, and
9% progressed. Overall survival at 24 months was 56% + 10% (mean + SE); event-
free survival at 24 months was 24% + 8%. Overall and event-free survival rates
based on chemosensitivity before high-dose therapy are illustrated in Table 2.
Figures 1 and 2 illustrate the Kaplan-Meier survival curves for overall and event-
free survival for all patients. Figures 3 and 4 represent Kaplan-Meier survival
curves for overall and event-free survival for all patients according to chemosensi-
tivity before high-dose therapy. As can be seen, there was no difference in overall
survival (P=.52) or event-free survival (P=.38) among any of the groups studied
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Figure 1. Overall survival for all patients.
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Figure 2. Event-free survival for all patients.

(complete responders before transplant, partial responders before transplant, and
patients with bone-only disease).

DISCUSSION

This study defines a novel high-dose regimen for the treatment of breast cancer
that employs chemotherapeutic agents with specific activity for breast cancer in
standard doses. We demonstrate that TNT is active in patients with chemosensitive
metastatic breast cancer and that the treatment-related toxicities of the regimen are
tolerable.

Although the patients in this study were defined as chemosensitive, it must be
noted that a minority of the patients with evaluable disease were responsive to first-
line therapy with anthracyclines (25%). The majority of patients (75%) in this trial
with evaluable disease were sensitive to second-line therapy with taxanes. Thus,
this group of patients represents a group of more heavily pretreated patients than
the majority of those enrolled in published randomized clinical trials that compare
standard-dose therapy to high-dose therapy with stem cell rescue. Therefore,
comparison of this regimen with other published high-dose regimens is problematic.
Additionally, a minority of patients in this trial (28%) were transplanted in complete
remission, another factor known to positively influence the outcome of patients
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undergoing high-dose therapy in several trials.” There are no clinically significant
differences in outcome based on disease status before transplant among the patients
treated in this trial, due in large part to the limited number of patients enrolled.

Treatment-related toxicities are tolerable with this regimen. Hematologic
toxicity is comparable to that seen with other high-dose therapy regimens used in
the treatment of breast cancer. Mucositis and enteritis currently limit the utility of
this regimen in the outpatient setting, and further attempts to decrease these side
effects are needed to improve the acceptance of this regimen in the high-dose
setting.

Clinical outcomes for patients with metastatic breast cancer remain
disappointing. Although the number of therapeutic agents with activity against
breast cancer continues to increase, data continue to suggest that few patients enjoy
long-term responses to any of the currently available agents. The patients treated
on this trial are typical of patients that present with metastatic breast cancer
following adjuvant therapy, failing adjuvant anthracyclines but responsive to
salvage therapy with taxanes. Thus, prolonged progression-free survival in this
group of patients is encouraging. Ultimately, high-dose therapy and autologous
stem cell transplant represents a viable strategy to decrease overall tumor burden,
with a long-term goal of employing agents aimed at the eradication of minimal
residual disease, such as immunotherapies and other biological response modifiers.
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ABSTRACT

Neoadjuvant chemotherapy with anthracycline-containing regimens is often
used in breast cancer to reduce the primary tumor and allow breast conservation. Not
achieving a complete remission is associated with worse prognosis, especially when
several lymph nodes are involved. No information has been reported on the best way
to treat this unfavorable subgroup of patients. Their poor prognosis may justify
multiple high-dose chemotherapy (HDCT) with peripheral blood stem cell (PBSC)
support as adjuvant treatment after surgery to overcome tumor cell resistance.

The purpose of this study was to assess the feasibility and efficacy of multiple
high-dose ICE (ifosfamide, carboplatin, and etoposide) chemotherapy in patients
who received an anthracycline-containing regimen as neoadjuvant therapy and who
still had a large tumor burden at surgery.

Forty-three patients were considered eligible. Median age was 44 years (range,
26-60 years). All patients received a median of 4 cycles of anthracycline-
containing chemotherapy as preoperative treatment because of tumor size. Thirty-
two patients (74%) underwent total mastectomy because of insufficient clinical
response, whereas 9 (21%) had some clinical reduction to allow breast conser-
vation but presented at surgery with =5 axillary lymph nodes involved.

62
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All patients, after surgery, received 3 additional cycles of high-dose ICE
(ifosfamide 10 g/m?, carboplatin 1200 mg/m?, and etoposide 1200 mg/m? over
4 days) with subsequent PBSC reinfusion and granulocyte colony-stimulating
factor (G-CSF) support.

The most relevant toxicity recorded was febrile neutropenia and gastrointestinal
toxicity. Mild mucositis and transient liver test function modification occurred in 37%
and 40% of cases, respectively. One toxic death occurred on day 30 after the third
transplantation because of acute heart failure likely, due to deep vein thrombosis.

After a median follow-up of 30 months (range, 6-51 months) from diagnosis,
27 patients were alive and disease free. Relapse occurred in 16 patients. Seven
patients died, 6 of their disease and 1 of toxicity. Calculated disease-free survival
and overall survival rates were 52% (95% confidence interval [CI], 36%—75%) and
83% (95% CI, 71%-96%) at 40 months, respectively.

Multiple high-dose ICE cycles with multiple PBSC reinfusions in pretreated
patients seems safe and feasible. HDCT may play a role in the treatment of patients
with high-risk breast cancer with dire prognosis . Thus, these results provide justifi-
cation for a randomized study in this setting comparing multiple high-dose
non-anthracycline-containing regimens versus a standard postoperative adjuvant
program.

INTRODUCTION

The use of neoadjuvant chemotherapy has become widely used in stage II-111
breast cancer patients.!™ The aim of such a treatment modality is to reduce tumor
size, allowing a more conservative surgery and anticipating a systemic treatment
achieving an earlier eradication of micrometastases. In 1998, Fisher et al.’
published the clinical results of a randomized trial comparing adjuvant
chemotherapy with the same treatment administered before surgery
(neoadjuvant) in patients with operable breast cancer. One of the most relevant
conclusions of this study was that in patients treated with neoadjuvant
chemotherapy, response to therapy correlated with outcome, and such responses
were independent from other biological baseline characteristics. Thus, clinical
response to neoadjuvant chemotherapy may be considered an additive
independent prognostic factor: chemoresistant tumor cells may be suggestive of
tumor persistence and subsequent relapse.®® The use of non—cross-resistant
drugs, possibly at the maximum dosage allowed, might overcome such chemore-
sistance and improve clinical outcome.®!2

The high-dose ICE regimen has already been used in metastatic breast cancer
patients, with good clinical activity!*>-15; in addition, the repeated submyeloablative
HDCT seems to achieve similar results to those achieved with a single chemo-
therapy course, without additional toxicity.
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The aim of this phase 2 study was to verify the feasibility and the clinical results
of multiple transplants using a non—cross-resistant, submyeloablative chemo-
therapy in high-risk breast cancer patients who did not respond to a neoadjuvant
anthracycline-containing regimen and who still need further chemotherapy because
of important tumor persistence after surgery.

MATERIALS AND METHODS

Patients aged =18 and <65 years with a good Karnofsky performance status
(>60%), all with histologically/cytologically proven invasive breast cancer not
suitable for conservative surgery, were considered for the study. All had to have
normal renal and liver function, a cardiac ejection fraction >50%, white blood cell
count (WBC) >3.500X10%L, platelet count >100,000X 10%L, and hemoglobin
>10 g/dL before starting treatment.

An anthracycline-containing regimen as primary chemotherapy was planned for
all patients. Patients were clinically reevaluated after 2 and 4 cycles. Those patients
with a clinical response continued chemotherapy for a maximum of 6 cycles,
whereas patients showing no change or tumor progression immediately underwent
surgery. After surgery, 3 additional cycles of high-dose ICE were considered for
those patients who presented with a pathological tumor size >2 cm and/or >5
axillary lymph nodes involved. Thus, 43 patients were considered eligible for the
program (Table 1).

Human immunodeficiency virus (HIV) positivity and severe chronic disease
constituted exclusion criteria. Clinical examination, chest X-ray, abdominal
ultrasound, bone scintigraphy, blood count, and blood chemistry were performed
before conventional chemotherapy and immediately repeated before starting
HDCT. Clinical examination, blood count, and blood chemistry evaluations were
performed before and after each cycle of HDCT. Cardiac function was evaluated
before each cycle by echocardiography and every year thereafter.

Follow-up was performed every 3 months during the first 2 years by clinical
examination, blood count, and blood chemistry evaluation. Chest X-ray and
abdominal echography were performed every 6 months. Bone scintigraphy was
performed as clinically indicated.

CD34* cells were mobilized using G-CSF alone (5 ug/kg twice per day) for at
least 5 days. Apheresis was performed when the CD34* cell count was 20/uL.
From day -5 to day -2, patients received carboplatin 300 mg/m?, etoposide (VP-
16) 300 mg/m?, ifosfamide 2500 mg/m? daily every 28 days. A median of
2.1X10%kg PBSCs were reinfused on day 0. G-CSF was given at the daily dose of
5 pg/kg from day 5 until hematologic recovery (WBC >10,000/mm?> for 1 day or
>1,000/mm? neutrophils for 3 consecutive days).
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Table 1. Patient Characteristics*

Patients, n 43
Median age, y (range) 44 (26-60)
Menopausal status
Premenopause 31
Postmenopause 12
Clinical stage
First or second therapy 15
Third or fourth therapy 25
Transplant 3
Positive axillary lymph nodes
0 10
1 26
2 2
Unknown 5
Median number of neoadjuvant chemotherapy cycles (range) 4 (2-6)
Chemotherapy schedule
AC/EC 16
FAC/FEC 9
Epirubicin/adriamycin 10
Epirubicin and taxanes 6
Other 2
Surgery
Mastectomy 32
Lumpectomy 9
Bilateral surgery 2
Pathological stage
A 8
IIB 16
1A 13
B 3
Tx N1 2
Tis N1 1
Bilateral invasive tumor 1
Median number of positive axillary lymph nodes involved (range) 15 (3-59)
Receptor status (after surgery)
ER*/PR* 19
ER*/PR~ 12
ER/PR~ 9
ER/PR* 3

*ER, estrogen receptor; FAC, fluorouracil, adriamycin, cyclophosphamide; FEC, fluo-
rouracil, epirubicin, cyclophosphamide; PR, progesterone receptor.
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Table 2. Hematologic Toxicity*

Cycle 1 Cycle 2 Cycle 3
White blood cell and platelet rescue
Time to WBC >1000/mm?, d 10 (8-12) 11 (9-11) 11 (8-14)
Time to platelets >10,000/mm?>, d 10 (7-12) 11 (0-14) 11 (8-21)
Transfusional support
Number of red blood cell transfusions 2 (0-6) 2(0-6) 2 (0-16)
Number of platelet transfusions 1 (0-8) 1(0-4) 1(0-5)

*Data are median (range). WBC, white blood cell count.

During aplasia, patients received prophylactic therapy with ciprofloxacin
500 mg twice per day, fluconazole 100 mg daily, and acyclovir 200 mg 3 times per
day. Tamoxifen 20 mg daily started 1 month after the final cycle of chemotherapy
and continued for 5 years or until relapse.

Disease-free survival (DFS) and overall survival (OS) were calculated
according to Kaplan-Meier product-limit survival functions. The progression-free
survival time is defined as the time from surgery to progression, and the overall
survival time as the time from diagnosis to death.

RESULTS

Forty-three patients were fully evaluable. Toxicity was assessed according
to National Cancer Institute of Canada Clinical Trials Group (NCIC-CTG)

Table 3. Nonhematologic Toxicity According to National Cancer Institute of Canada
Clinical Trials Group Criteria*

Grade 1-2 Grade 3—4
Nausea/vomiting 66 1
Diarrhea 15 1
Mucositis 36 0
Constipation 19 0
Abdominal pain 24 1
Renal (creatinine) 2 0
Hepatic (enzymes) 40 1
Hypotension 19 1
Metabolic (hypocalemia) 33 1
Fever of unknown origin — 39
Infection 0 1

*Data are %.
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criteria. Median number of hospital inpatient days was 19 (range, 16-27), 17
(range, 11-27), and 17 (range, 14-46) for the first, second, and third cycle,
respectively.

The median number of days to achieve >1000/mm?® WBC was 11; for
>10,000/mm?3 platelets, it was 11. No differences were observed on subsequent
cycles. Patients received a median of 2 packed red blood cell infusions and 1
platelet concentrate infusion for each cycle (Table 2).

Main nonhematologic toxicity is shown in Table 3. Febrile neutropenia
occurred in 48% of cases, all treated with empiric systemic antibiotic therapy with
complete resolution. Eight episodes of documented clinical infections were
successfully treated with specific antimicrobial therapy. During the third cycle, 1
patient developed a severe Candida albicans sepsis, with gastrointestinal and
pulmonary involvement requiring intensive care from day 8; the patient was
discharged on day 38. Transient increases in liver enzymes were observed in 40%
of cases, most likely because of chemotherapy and dimethylsulfoxide (DMSO)
reinfusion. Mucositis was generally mild, and no patient required total parenteral
nutrition. Severe nausea/vomiting was observed in <1% of cases.

At a median follow-up of 30 months (range, 651 months) from diagnosis, 27
patients were alive and disease free. Relapse occurred in 16 patients; 3 patients had
locoregional relapse, and 13 developed metastatic disease. Death occurred in 7
patients, 6 of their disease; 1 patient died on day 30 after the third transplantation
because of acute heart failure, probably related to deep vein thrombosis.

Calculated DFS and OS rates were 52% (95% Cl, 36%—75%) and 83% (95%
CI, 71%-96%), respectively, at 40 months (Figure 1).

DISCUSSION

Neoadjuvant chemotherapy regimens may induce only a 10%-15%
pathological complete remission rate. Thus, the majority of patients present at
surgery with tumor persistence and axillary lymph node involvement. The
prognosis for this subgroup is very poor, and ~80% may relapse within 2
years.»16-18 For this reason, pathological complete response to primary chemo-
therapy is considered the most favorable prognostic factor, independent of other
tumor characteristics. Primary or induced resistance may lead to tumor cell
persistence after primary chemotherapy and explain subsequent relapse.

The treatment of choice for these patients remains unclear. Our study suggests
the possible role of triple HDCT with PBSC rescue for those patients who need
further therapy after neoadjuvant chemotherapy and surgery. It is difficult to
compare the OS and DFS (83% and 52%, respectively) observed in our study with
the data from the literature, because of a lack of clinical studies on patients with
similar characteristics.
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Figure 1. Calculated disease-free survival (DFS) and overall survival (OS) of 52% (95%
confidence interval, 36%—75%) and 83% (95% confidence interval, 71%—96%) at 40 months,
respectively.

The addition of conventional chemotherapy seems ineffective in overcoming
chemoresistances, which are probably the cause of tumor persistence after anthra-
cycline-containing treatments,'? Other drugs such as taxanes may be an alternative
option because of demonstrated clinical activity after the failure of anthracycline-
containing regimens. However, despite high response rates, their efficacy in
improving overall survival remains ill-defined; their use in the adjuvant setting is
under investigation,?-2?

The role of HDCT in the adjuvant setting is also unclear. Conflicting results have
been reported.>?* Two published studies failed to demonstrated a clear benefit, 226
whereas preliminary results of another trial seem to indicate a possible improvement in
DFS for patients who present with poor prognostic factors.”’ In addition, multiple
HDCT may represent a new strategy for high-risk breast cancer patients,?® and this
interesting modality is actually under investigation in the adjuvant setting.?%30

In conclusion, the results of our study with multiple high-dose ICE chemo-
therapy and the relatively low toxicity observed in our patients indicate that this
approach is suitable for patients who did not reach a pathological complete
remission after neoadjuvant chemotherapy. The magnitude of the benefit from this
treatment will be determined by randomized trials.
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High-Dose Chemotherapy in Breast Cancer:
Current Status of Ongoing German Trials
Nicolaus Kréger, William Kriiger, Axel Rolf Zander

Bone Marrow Transplantation,
University Hospital Hamburg-Eppendorf, Germany

BACKGROUND

Early trials of high-dose chemotherapy followed by autologous bone marrow
transplantation suggested that this approach might have a major impact on the
course of disease in breast cancer patients.! Despite the expansion of high-dose
chemotherapy (HDCT) to breast cancer, few randomized studies comparing high-
dose chemotherapy with standard chemotherapy have been performed to date. Two
small randomized studies, with 81 and 78 patients, have been performed by M.D.
Anderson? and by a Dutch group.® Neither trial observed a difference in overall or
disease-free survival between high-dose and standard-dose chemotherapy.
However, due to the small number of patients included, the statistical power of
these studies was relatively low. At the American Society of Clinical Oncology
(ASCO) meeting in 1999, 3 further studies were presented. One trial by Bezwoda
from South Africa has been excluded because of severe irregularities.

In the Scandinavian trial, patients received either high-dose chemotherapy or
accelerated-dose (tailored) anthracyline-containing standard chemotherapy (Table 1).
This trial failed to show a survival benefit for high-dose chemotherapy, but patients
in the standard arm did not receive a truly standard protocol —they received higher
cumulative doses of alkylating agents and suffered a higher incidence of secondary
leukemia.* In the Intergroup trial, high-risk stage II/III patients received FAC
(fluorouracil, adriamycin, and cyclophosphamide) followed by HDCT (STAMP-1)
or a intermediate dose of cyclophosphamide, carmustine, and cisplatin. After a
short follow-up of 37 months, no difference in overall survival was observed, but
the event-free survival was 68% in the HDCT group and 64% in the control arm.
The higher relapse rate of the standard arm was counterbalanced by the high
mortality (7%) of the high-dose regimen, probably due to BCNU-induced
pulmonary toxicity.’> A third Dutch study presented at the ASCO meeting in 2000
included >800 patients (with >4 involved lymph nodes), and an interim analysis of
the first 284 was presented.S In this trial, after 4 cycles of FEC (fluorouracil,
epirubicin, and cyclophosphamide) induction chemotherapy, patients were
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randomized to receive another FEC cycle or HDCT (STAMP V [cyclophos-
phamide, thiotepa, and carboplatin]) followed by autologous stem cell support. At
3 years, event-free survival was 77% in HDCT and 62% in the control group
(P=.009). The overall survival showed a 10% difference in favor of HDCT. The
final analysis of all 885 patients will be presented in 2002.

In metastatic disease, a study from South Africa showed a survival benefit for
HDCT,” whereas in a small French study, HDCT was superior only in terms of time
to progression compared with standard therapy (Table 2).® The Philadelphia
Intergroup reported no difference in overall survival between patients with
complete remission (CR)/partial remission (PR) after induction chemotherapy
followed by 1 cycle of HDCT (STAMP V) and those patients with PR/CR after
induction chemotherapy followed by up to 24 cycles CMF conventional therapy.’

There is still a need for longer follow-up and further studies to determine the true
value of high-dose chemotherapy in breast cancer. Here we report on current
German activities in randomized HDCT studies for breast cancer patients (Table 3).

GERMAN ADJUVANT HIGH-DOSE CHEMOTHERAPY TRIAL

Currently, there are 2 large ongoing trials investigating the role of high-dose
chemotherapy in adjuvant high-risk breast cancer (>9 involved lymph nodes). The
trial of the German Adjuvant Breast Cancer Study Group (GABG-4/EH93)
compares induction consisting of 4 cycles epirubicin (90 mg/m?) and cyclophos-
phamide (600 mg/m?) then HDCT (CTM: cyclophosphamide 6000 mg/m?2, thiotepa
600 mg/m?, and mitoxantrone 40 mg/m?) followed by peripheral blood stem cell
support with 3 cycles of standard-dose of CMF (cyclophosphamide, methotrexate,
and fluorouracil). Blood stem cells are mobilized with granulocyte colony-
stimulating factor.!® The CTM high-dose protocol has been shown to be an

Table 1. Randomized High-Dose Chemotherapy Adjuvant Studies in Breast Cancer*

TRM, % 3-y EFS, % 3-y OS, %
Study Reference n . HDCT Standard HDCT Standard HDCT Standard
CALGB 4 783 7.4 0 71 64 79 79
Scandinavian 4 525 0.7 0 68 62 79 76
Dutch I 3 81 0 0 70 65 82 75
Dutch I 6 284 1 0 77 62% 89 79t
M.D. Anderson 2 78 2.5 0 48 55 60 68

*CALGB, Cancer and Leukemia Group B; EFS, event-free survival; HDCT, high-dose
chemotherapy; OS, overall survival; TRM, treatment-related mortality. #Statistically sig-
nificant difference.
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Table 2. Randomized High-Dose Chemotherapy Studies in Metastatic Breast Cancer*

TRM, % 3-y EFS, % 3-yO0S, %
Study Reference n  HDCT Standard HDCT Standard HDCT Standard
Philadelphia 9 184 1 0 6 12 32 38
South Africa 7 % 0 0 18 4% 18 4%
French 8 61 0 0 49 21 55 28

*EFS, event-free survival; HDCT, high-dose chemotherapy; OS, overall survival; TRM,
treatment-related mortality. 1Statistically significant difference.

effective conditioning regimen with less toxicity.!! Up to the summer of 2000, 310
patients had been randomized, with an expected accrual of 320 patients. The study
was to be closed in the autumn of 2000, and the first results will be presented in
mid-2001. An interim analysis showed a manageable toxicity and a treatment-
related mortality of <2%.!? The impact of tumor cell contamination of the bone
marrow and the apheresis product will be presented at the final analysis."* Further
purging strategies are focusing on immunological elimination of tumor cells from
leukapheresis products with bispecific monoclonal antibodies.

A second study from the Westdeutsche Study Group (WSG) enrolls patients
with >10 involved lymph nodes. After 2 cycles of dose-intensified epirubicin
(90 mg/m?) and cyclophosphamide (600 mg/m?) with a 14-day interval, patients
were randomized to 2 cycles of high-dose chemotherapy consisting of epirubicin
(90 mg/m?), cyclophosphamide (3000 mg/m?), and thiotepa (440 mg/m?) or to
standard therapy consisting of 4 cycles of epirubicin/cyclophosphamide followed
by 3 cycles of CMF. To date, 335 patients are randomized, and an accrual of 400
was expected at the end of 2000. No treatment-related mortality has been observed
in this study.

GERMAN HIGH-DOSE CHEMOTHERAPY TRIAL
IN METASTATIC BREAST CANCER

To investigate the question whether 2 cycles of HDCT are better than 1, the
Hamburg group (GABG) and WSG conducted a randomized trial for patients with
metastatic breast cancer and PR or CR after 6 cycles of induction chemotherapy.
These patients will be randomized to either 1 or 2 cycles of HDCT according the
STAMP V protocol. Two hundred patients have been randomized, with an
expected accrual of 320. A second study by the GEBDIS (German Breast Cancer
Dose Intensity Study) randomizes patients with metastatic breast cancer after
3 cycles of induction chemotherapy to tandem HDCT (ICE [ifosfamide,
carboplatin, and etoposide] and cyclophosphamide/thiotepa) or 3 further cycles of
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Table 3. Ongoing German Adjuvant High-Dose Chemotherapy Trials in Breast Cancer*

Study Patients Needed Induction Randomization Results
GABG-4/EH93  310f 320 4XEC HDCT (CTM) vs. 3X CMF 2001
WSG 335+ 400 2X EC 2X HDCT (ECT) vs. 2001

4X EC—3X CMF
Hamburg/WSG  180% 320 Max. 6X IX HDCT (STAMP V) vs. 2002
standard 2X HDCT (STAMP V)
GEBDIS 160% 320 3X ADM/  2X HDCT (ICE + 2002
docetaxel cyclophosphamide/thiotepa)
vs. 3X ADM/docetaxel
Berlin 79% 400  None 2X HDCT (CNV) vs. 2001§
6X ADM/docetaxel

*ADM, adriamycin; CMF, cyclophosphamide, methotrexate, fluorouracil; CNV, cyclophos-
phamide, mitoxantrone, vincristine; CTM, cyclophosphamide, thiotepa, mitoxantrone; EC,
epirubicin, cyclophosphamide; ECT, cisplatin, epirubicin, raltitrexed; GABG-4, German
Adjuvant Breast Cancer Study Group; GEBDIS, German Breast Cancer Dose Intensity
Study; HDCT, high-dose chemotherapy; ICE, ifosfamide, carboplatin, etoposide; STAMP
V, cyclophosphamide, thiotepa, and carboplatin; WSG, Westdeutsche Study Group.
tEnrolled; frandomized; §interim.

standard chemotherapy consisting of adriamycin and docetaxel. One hundred sixty
patients have been randomized, and 320 are planned.!* Two treatment-related
deaths were observed (<2%). A third study from Berlin compares up-front tandem
high-dose chemotherapy (CNV [cyclophosphamide, mitoxantrone, and
vincristine]) according to the Bezwoda scheme with 6 cycles of standard
chemotherapy consisting of adriamycin and paclitaxel. Seventy-nine of planned
400 patients have been randomized.

Despite the decreasing accrual of patients since the 1999 ASCO meeting, the
German randomized trial will be completed within the next year and should help
address the question of the true value of high-dose chemotherapy in breast cancer.
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Intermediate High-Dose Chemotherapy
in Metastatic Breast Cancer

Karel A. Dicke

Arlington Cancer Center, Arlington, Texas

INTRODUCTION

The prognosis of metastatic breast cancer with conventional chemotherapy is
poor; median survival of 19 months and <5% 5-year survival have been reported.'?
The use of higher doses of chemotherapy has increased response rates; survival,
however, has hardly been influenced.? Since the mid-1980s, several intensive-dose
chemotherapy protocols with hematopoietic stem cell rescue have been initiated;
S-year disease-free survival rates of 20% were reported, whereas the median
survival did not change significantly.* In those series, the relapse rate was up to
80%, with the majority of relapses occurring within 2 years after high-dose therapy.
We initiated, 7 years ago, a program in metastatic disease of aggressive standard-
dose chemotherapy of 3 different non—cross-resistant chemotherapy protocols
followed by intensive chemotherapy consisting of 3 different protocols over a
period of 2 years. The results of 100 patients are presented.

MATERIALS AND METHODS

Informed consent of Institutional Review Board-approved protocols was
obtained. One hundred patients with metastatic breast cancer were treated with
standard-dose chemotherapy consisting of 3 consecutive non—cross-resistant
protocols: 3 to 6 courses of CAVe (cyclophosphamide, adriamycin, and VP-16), 3 to
6 courses of adriamycin/vinblastine (Velban), and 2 to 4 courses of FuMEP
(fluorouracil, mitomycin, VP-16, and cisplatin [Platinol]) with a median duration of
12 months. After that, 2 schemas of treatment were used. Schema A consisted of a
2-year intensive program with CVP (cyclophosphamide [Cytoxan] 2 g/m?, VP-16
600 mg/m?, and cisplatin 90 mg/m?) alternated with TIP (paclitaxel [Taxol]
300 mg/m?, ifosfamide 7.5 g/m?, and cisplatin 90 mg/m?) with a 5-week interval
between the first 2 courses, followed by a 2- to 3-month interval for 2 years. The last
course was followed by MTB (mitoxantrone 30 mg/m?, thiotepa 300 mg/m?, and
BCNU 300 mg/m?) with bone marrow support. Later, schema B was initiated and
consisted of 1 course of CVP and TIP followed by 1 course of MTB with peripheral
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blood stem cell support; the interval between courses was 5-6 weeks. After that, a
2-year maintenance chemotherapy program was used consisting of standard-dose
chemotherapy. The interval between courses was 6-8 weeks. In schema A, bone
marrow support was used at the end of the program because hematopoietic recovery
was relatively slow and often incomplete. In contrast, with the availability of
mobilized peripheral blood cells, after which hematopoietic recovery was fast and
complete, patients could tolerate further chemotherapy; therefore, the MTB protocol
was used earlier and followed by maintenance chemotherapy. Because the number
of patients is small, results of schemas A and B are combined. The program is done
on an outpatient basis; when the white blood cell count (WBC) was <2000/mm3,
prophylactic intravenous antibiotics were started and continued until the count was
>2000/mm?3. Less than 10% of the courses were complicated by infections necessi-
tating hospital admission. Collection of bone marrow and peripheral blood stem
cells, storage of cells, and infusion of cells have been reported elsewhere.>®7 The
total treatment program of stage IV breast cancer has been documented in Table 1.

Responses were measured by progression-free survival estimates. Also, overall
survival was determined as response to treatment, because progression of disease
was determined as early as possible by using the cytokeratin assay measuring small
numbers of breast cancer cells in the marrow and peripheral blood® as well as by
changes in tumor markers in the serum without radiographic changes.

RESULTS

Patients were divided into 3 groups according to tumor load and response to
aggressive standard-dose chemotherapy, as outlined in Table 2.

Patients in category A respond to chemotherapy with minimal residual disease,
category B patients respond to chemotherapy but still have measurable disease
after treatment, and category C patients have progression of disease during and
after standard-dose chemotherapy. Progression-free survival (PFS) of 21 patients in
category A is shown in Figure 1. The median PFS is 34 months; 10 of 21 patients
relapsed; the overall survival of these 10 patients is shown in Figure 2. It appears
that their survival is not different from the overall survival of the entire category A
patient population, 90%, with a median follow-up of 3 years (Figure 3). This is in
contrast to the survival rate of the category B population (Figure 4): a median

Table 1. Total Treatment Program of Stage IV Breast Cancer in Arlington Cancer Center

e Multiple doses of 2 or more aggressive, non—cross-resistant, normal-dose regimens
¢ Involved-field radiation and/or surgery

¢ High-dose therapy

»  Posttransplant therapy for 2 years
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Table 2. Stage IV Patient Groups According to Tumor Load and Response to Aggressive
Standard-Dose Chemotherapy

Category Patients

A Minimal residual disease

B Chemotherapy-responsive but with measurable residual disease

C Progression of disease after aggressive standard-dose chemotherapy

survival of 30 months. Thirteen of the 36 patients in category B are alive, of whom
5 are alive >5 years. The survival results of category A, B, and C patients have been
plotted in Figure 5. Note the difference in survival, the longest in category A and
the shortest in category C, with a median survival of 12 months.

DISCUSSION

It is clear from the results that patients with disease completely responding to
standard-dose chemotherapy do better than patients with a partial response and those
with progression of disease. This is consistent with results and the concept published by
Philip et al.” The overall survival of the 100 patients is 42 months, which is superior to
the median survival of 19 months of metastatic breast cancer patients in the Cancer and
Leukemia Group B (CALGB) study as published by Mick et al.2 Patient selection
cannot be excluded as a factor and may account for the favorable results. Our program
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Figure 1. Stage IV breast cancer, category A. FU, follow-up; PFS, progression-free
survival.
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Figure 2. Stage IV breast cancer, category A. Overall survival of relapsed patients. FU,
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is totally outpatient based and therefore patient-friendly and cost-effective. The
frequency of infectious episodes that necessitate hospitalization is <10%. The program
with 3 courses of high-dose followed by maintenance (schema B) is more patient-
friendly than schema A, in which intensive chemotherapy regimens, CVP and TIP, are
alternated for 2 years. The maintenance program does not interfere with day-to-day life,
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Figure 3. Stage 1V Breast Cancer, category A. Overall survival. FU, follow-up.
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Figure 4. Stage IV breast cancer, category B. Overall survival. FU, Jollow-up.

which is not the case in schema A; the CVP and TIP protocols are aggressive, cause
severe neutropenia, and tie the patients to Arlington for 3-week periods. The difference
in hematopoietic recovery between bone marrow and peripheral blood stem cells is
striking: 2-3 times more stem cells could be harvested from the peripheral blood; not
only was hematopoietic recovery hastened, but also the recovery was complete in that
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Figure 5. Stage IV breast cancer, categories (Cat) A, B, and C. Difference in survival after
high-dose therapy.
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WBCs as well as platelet counts normalized. These patients tolerated maintenance
chemotherapy very well, without major neutropenia or thrombocytopenia.

We have incorporated the use of herceptin in the maintenance program in schema B.
It is difficult in our treatment design to establish the role of herceptin as a single agent,
rather than the efficacy of a combination of this drug with single-agent chemotherapy.

Key to prevention of major progression in patients is treatment of minimal
disease. This is possible with the help of sensitive detection methods such as the
cytokeratin assay as well as serological tumor markers. With these methods, small
numbers of tumor cells can be detected without significant changes on computed
tomography scans, magnetic resonance imaging, or bone scan.
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High-Dose Chemotherapy as an Integrated Program
With Normal-Dose Chemotherapy and Irradiation
in Poor-Prognosis Primary Breast Cancer
Karel A. Dicke, George R. Blumenschein
Arlington Cancer Center, Arlington, Texas

The treatment of stage IIB (>9 positive lymph nodes), IIIA, and IIIB breast
cancer with conventional-dose chemotherapy, surgery, and irradiation has resulted
in a 45% disease-free survival (DFS) at 5 years.! The reason that 55% of patients
relapse is most likely the failure to eliminate all of the microscopic tumor burden,
which may contain drug-resistant clones of breast cancer. Recently, Blumenschein
et al. studied a non—cross-resistant combination of drugs following treatment of
stage IIB, IIIA, and IIIB breast cancer. After or before mastectomy, the patients
received 6 courses of a doxorubicin combination, followed by irradiation, and then
a cyclophosphamide (Cytoxan)/methotrexate/fluorouracil/dexamethasone plus
cisplatin combination (McCFUD). This resulted in a 62% DFS rate at 7 years.? The
late relapses observed provided a reason to initiate a study to add high-dose
chemotherapy to this treatment regimen. We were encouraged by the 74% 4-year
DFS rate in poor-prognosis breast cancer published by Peters et al.> We report here
the results of 40 patients treated with high-dose chemotherapy in conjunction with
the Blumenschein treatment regimen.

METHODS

Forty patients diagnosed with stage I1IB (>9 positive lymph nodes), ITIA, and
IIIB breast cancer were entered in the study for 1992-1999 as approved by the
Arlington Cancer Center Institutional Review Board. Patient characteristics are
depicted in Table 1.

Generally, stage IIB and IIIA patients were seen after mastectomy and started
on chemotherapy. Stage IIIB patients were started on chemotherapy and had
mastectomy after receiving 2 or 3 courses of induction chemotherapy. The initial
program consisted of CAVe (cyclophosphamide 500 mg/m? intravenously [IV] on
day 1, VP-16 80 mg/m? IV on days 1, 2, and 3, and adriamycin 50 mg/m?
continuous infusion over 72 hours). After 6 courses of CAVe, the patients received
radiation therapy to the chest wall and peripheral lymphatics; they then started on
MCcCFUD therapy for 3 courses. McCFUD consisted of methotrexate 120 mg/m?,
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Table 1. Adjuvant Patient Characteristics*

Number of patients 40

Median age, y 46

ER/PR* 26 (2 unknown)
Her-2/neu* 7/20 (20 unknown)
Tumor status Stage I1 >10 LN*

Stage IIIA, 11IB

*ER, estrogen receptor; LN, lymph node; PR, progesterone receptor.

decadron 10 mg IV every 6 hours X 8 doses, fluorouracil 1000 mg/m? IV over
1 hour 6 hours after methotrexate, cisplatin 60 mg/m? on day 2, leucovorin 15 mg
po every 6 hours X 8 doses starting 24 hours after methotrexate, and cyclophos-
phamide 300 mg/m? continuous infusion from day 3 to day 5. After finishing the
McCFUD protocol, patients started the high-dose (HD) program. This consisted of
1 course of CVP (cyclophosphamide, VP-16, and cisplatin) followed 5 weeks later
by a course of TIP (paclitaxel, ifosfamide, and cisplatin) as depicted in Table 2.

These regimens are dose-intensive, nonmyeloablative, and growth factor—
dependent but not dependent on stem cell support.

RESULTS

Figure 1 presents DFS from diagnosis. The projected 5-year DFS is 70%.
Thirty-one patients are still disease-free, with a median follow-up of 54 months.
We studied the effect of Her-2/neu positivity on DFS. Of the 20 patients tested, 7
were positive, whereas 13 were negative (Table 3). It can be noted in Table 3 that
only 2 patients who were Her-2/neu—negative relapsed, whereas 4 of the 7 positive
patients relapsed. A Kaplan-Meier survival estimate of Her-2/neu* and Her-2/neu~
patients is depicted in Figure 2.

Table 2. The High-Dose Program in Adjuvant Bad-Prognosis Breast Cancer

Level I Intensity
CVP
Cyclophosphamide, g/m? 2-3
VP-16, mg/m? 600750
Cisplatin, mg/m? 90
TIP
Paclitaxel, mg/m? 300
Ifosfamide, g/m? 7.5-9

Cisplatin, mg/m? 90
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Figure 1. Disease-free survival (DFS). FU, follow-up; pt, patient.

DISCUSSION

The addition of HD to the Blumenschein aggressive normal-dose program does
not increase the 5-year DFS of 70% but may extend the rate to 8 years. Longer-
term follow-up is needed to confirm this statement. The treatment-related mortality
is 0%, and quality of life is excellent. Long-term side effects were observed in 1
patient with hemorrhagic cystitis after ifosfamide.

Our results confirm the data of Peters et al.? in that patients treated with an
intermediate high-dose regimen had a 5-year DFS rate similar to that of patients
treated with stem cell-dependent doses.* In the study of Peters et al., however, the
mortality rate in the stem cell-dependent dose arm was 7%, which may account for
the lack of difference between the 2 arms. The use of stem cells may introduce
additional malignant cells from the graft into the recipient. The risk of relapse due
to infused malignant cells is a realistic danger unless sensitive detection tests
identify the presence of malignant cells in the apheresis product before infusion.
Such tests have been developed by us and others.>®

Table 3. Influence of Her-2/neu on Disease-Free Survival (DES) (n = 20)*
Her-2/neu* Her-2/neu

n 7 13
DFS 3 11
Relapse 4 2

*The data confirm results of DeAraujo,” lower DFS rate in Her-2/neu* patients.
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Figure 2, Survival according to Her-2/neu status. DFS, disease-free survival; pt, patient.

Overexpression of Her-2/neu is a bad prognostic factor, and Her-2/neu* patients
with breast cancer have a shorter DFS after HD and stem cell support, as reported
by DeAraujo.” The introduction of Herceptin as part of the overall treatment plan
is investigated to limit relapses in patients who have Her-2/neu* disease.
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ABSTRACT

The high-dose chemotherapy regimen CTC incorporates cyclophosphamide
6 g/m?, thiotepa 480 mg/m?, and carboplatin 1600 mg/m?. CTC is related to the
frequently used CTCb regimen, but contains twice as much carboplatin and is
administered in short-term infusions over 4 days rather than as a continuous
infusion. The regimen has been used extensively in the Netherlands, mainly in
breast cancer and germ cell cancer.

CTC has been employed in 2 randomized studies of high-dose chemotherapy in
breast cancer. The first was a randomized phase 2 single-center study in 81 patients
that did not show a (relapse-free) survival benefit for the high-dose arm. The
second trial was a randomized phase 3 study in 885 patients with 4 or more axillary
lymph node metastases. A preliminary analysis of this study revealed a non-
significant trend toward improved recurrence-free survival (P=.057) for the high-
dose regimen. A more definitive analysis is expected in 2002.

INTRODUCTION

A variety of high-dose chemotherapy regimens have been used in the treatment
of solid tumors.! For breast cancer, the STAMP-I and STAMP-V regimens have
received most attention. The STAMP-I (or CPB) regimen contains cyclophos-
phamide, BCNU, and cisplatin. Its use has been described in several key
publications by Peters and colleagues, including the study showing that a single
course of STAMP-I may result in long-term disease-free survival in some patients
with advanced breast cancer’ and the uncontrolled study of high-dose
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chemotherapy in primary breast cancer with 10 or more positive axillary lymph
nodes.” The CPB regimen has also been used in the large American Intergroup
Study that evaluated the efficacy of high-dose chemotherapy in primary breast
cancer.* The preliminary information from this presentation indicates that CPB
may reduce the relapse rate in high-risk breast cancer but is also associated with a
significant treatment-related mortality of 7.4%.

The other type of high-dose chemotherapy regimen that has been used
frequently in breast cancer is the STAMP-V (or CTCb) regimen,' containing
cyclophosphamide 6 g/m?, thiotepa 500 mg/m?, and carboplatin 800 mg/m?2. The
use of the CTCb regimen has been reported in advanced breast cancer in a recently
published randomized study.’ This so-called Philadelphia trial compared a late
intensification strategy with CTCb and continued conventional-dose chemotherapy
with the CMF (cyclophosphamide, methotrexate, and fluorouracil) regimen. No
advantage for the high-dose regimen over conventional-dose chemotherapy could
be demonstrated. CTCb has also been used in a randomized study in high-risk
primary breast cancer.® In that trial, CTCb was used as a late intensification after
4 courses of conventional-dose adjuvant chemotherapy with FEC (fluorouracil,
epirubicin, and cyclophosphamide). Again, the high-dose regimen was randomized
against continued conventional-dose therapy, this time with multiple courses of
intensified FEC. The outcome of this study was reported with a median follow-up
of only 20 months, and there was no indication that CTCb was superior to conven-
tional-dose therapy at this early time point.

THE CTC REGIMEN

A high-dose chemotherapy regimen that is similar to the CTCb regimen’ has
been used in 2 Dutch randomized studies in breast cancer. This regimen, called
CTC, incorporates cyclophosphamide 6 g/m?, thiotepa 480 mg/m?, and carboplatin
1600 mg/m?. Thus, the carboplatin dose is twice as high as that in the CTCb
regimen. In addition, the drugs in the CTC regimen are administered as short-term
(30- to 60-minute) infusions divided over 4 days, whereas the drugs in the CTCb
regimen are administered as a continuous intravenous infusion over 4 days.

It is currently uncertain whether the differences between CTC and CTCb are of
clinical significance. Recent findings suggest, however, that the way in which
thiotepa and cyclophosphamide are infused may significantly influence the activation
of the prodrug, cyclophosphamide. Cyclophosphamide itself is inactive, but must be
metabolized into its active form, 4-hydroxycyclophosphamide, by a cytochrome
P450 (CYP450) enzyme. 4-Hydroxycyclophosphamide is in equilibrium with its
tautomeric form aldophosphamide, which rapidly degrades into the alkylating
metabolite phosphoramide mustard. This activation route of cyclophosphamide is
effectively inhibited by thiotepa, which blocks the CYP450 enzyme at very low
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concentrations.® As a result, a continuous infusion of thiotepa may lead to sustained
thiotepa concentrations that continuously inhibit the cyclophosphamide-activating
enzyme. Pharmacokinetic modeling studies using the NONMEM program suggest
that this may not importantly alter the area under the curve of the 4-hydroxycy-
clophosphamide concentration but does significantly decrease the 4-hydroxycy-
clophosphamide peak concentrations. Whether these changes lead to decreased
efficacy, decreased toxicity, or both is at this point unclear.

The CTC regimen has been used extensively as a high-dose regimen in breast
cancer and in other solid tumors.>!! Double and even triple administrations of CTC
have been investigated as well.'>!*> After second or third courses of CTC, end-
organ toxicity has been observed that does not occur or is exceedingly rare after a
single administration. These toxicities include hemorrhagic cystitis (despite the
administration of mesna), veno-occlusive disease, and hemolytic uremic syndrome.
The frequency of these toxicities is clearly dose dependent, and 3 subsequent
administrations of CTC in a dose that has been decreased by one third have been
shown to be both feasible and effective in advanced breast cancer.'4

THE CTC REGIMEN IN RANDOMIZED STUDIES
OF HIGH-RISK BREAST CANCER

In 1998, we published the results of a small randomized study of CTC in
81 patients.'> All patients had received up-front FEC chemotherapy for breast
tumors with extensive axillary node metastases, and all had undergone surgery.
The patients were then randomized to receive either a fourth course of FEC
followed by radiotherapy and tamoxifen or the same treatment followed by high-
dose chemotherapy with CTC and peripheral blood stem cell transplantation
between the FEC course and the radiotherapy (Figure 1). The CTC regimen was
well tolerated, and there were no toxic deaths. With a median follow-up of
49 months (range, 21-76 months), there was no difference in progression-free or
overall survival between the groups.

Although clearly negative, it must be kept in mind that this study was small and
was powered to detect only a 30% difference in relapse-free survival. Thus, a
smaller but still clinically important advantage for the high-dose regimen could
easily have been missed.

The approach developed in the small randomized phase 2 study was
subsequently used to design a Dutch national study.!® For this trial, patients
younger than 56 years, who had undergone either a mastectomy or breast
conserving surgery for stage II or III breast cancer, and who had no distant
metastases were eligible if they had at least 4 tumor-positive axillary lymph nodes.
All Dutch university hospitals, the 2 cancer institutes, and 1 large regional hospital
participated. The study was funded by the Dutch Health Insurers Council (College
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Figure 1. Study design of the randomized phase 2 study in patients with primary breast can-
cer and extensive axillary node metastases.’> CTC, high-dose cyclophosphamide, thiotepa,
and carboplatin; FEC,.C, fluorouracil 500 mg/m?, epirubicin 120 mg/m’, and cyclophos-
phamide 500 mg/m? q 3 weeks; G-CSF, granulocyte colony-stimulating factor; PBPC, periph-
eral blood progenitor cell; R, randomization.

voor Zorgverzekeringen). This arrangement precluded crossing over from the
conventional treatment arm to the high-dose treatment arm: high-dose chemo-
therapy was not available outside clinical studies.!”

The study design is depicted in Figure 2. Patients in the conventional treatment
arm received 5 courses of FEC, underwent radiation therapy, and were started on
tamoxifen. Patients in the high-dose arm received identical treatment, except that
the fifth course of FEC was replaced by high-dose chemotherapy with CTC. In
these patients, the second FEC course was used to mobilize and harvest stem cells.
For this purpose, granulocyte colony-stimulating factor (G-CSF) (filgrastim) was
used following the second FEC course as described.®

A total of 885 patients were randomized between August 1993 and July 1999.
Preliminary outcome data have been reported at the 2000 American Society of
Clinical Oncology meeting in New Orleans.!s With a median follow-up of 35 months,
the 3-year recurrence-free survival (RFS) for the conventional-dose arm was 65%,
and that for the high-dose arm was 72%. This apparent benefit for high-dose
chemotherapy was of borderline significance (2-sided P value, .057, log-rank test).
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Figure 2. Study design of the Dutch national study of high-dose chemotherapy in high-risk
breast cancer.'® CTC, high-dose cyclophosphamide, thiotepa, and carboplatin; G-CSF, gran-
ulocyte colony-stimulating factor; PBPC, peripheral blood progenitor cell; R, randomization;
RT, radiotherapy; Tx, transplant.

At the time of the analysis, however, only half of the events required for a statis-
tically reliable analysis had taken place.

A subgroup analysis of the first 284 patients was planned for the year 2000
at the request of the sponsor of the study. For this part of the study, a significant
recurrence-free and overall survival benefit was apparent at a median follow-up
of 53 months. Because the RFS benefit for the whole patient population is not
statistically significant at this point in time, the results should be interpreted
with caution.!8

Consequently, these data certainly do not prove the superiority of high-dose
chemotherapy over conventional therapy.

DISCUSSION

At this time it is clearly impossible to know whether high-dose chemotherapy is
superior to standard-dose chemotherapy in breast cancer. The randomized studies
that have been reported in primary breast cancer were either severely
underpowered'>!? or have insufficient follow-up to be analyzed reliably.'6-'8

The outcome of the Philadelphia study,’ which focused on advanced breast
cancer, is a special case; because it was relatively large, it has sufficient follow-up
and was clearly negative. The results of this study should, however, not be overin-
terpreted. Two specific points deserve particular attention:

1. Patients in the conventional chemotherapy group received a substantially
higher (!) cumulative dose of chemotherapy than those randomized to the
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high-dose group. A median of 8 additional courses of CMF were given to

patients randomized to the conventional arm of the study. For cyclophos-

phamide alone, this amounts to 11.2 g/m?, which is almost twice the dose of
cyclophosphamide in the CTCb regimen.

2. Patients were randomized at a maximum of 8 weeks after the last dose of
conventional chemotherapy. Following these 8 weeks, a bone marrow
harvest and/or stem cell mobilization and harvest had to take place and the
patients had to be scheduled for high-dose therapy. As a result, patients
could have had up to 3 months’ delay between their last chemotherapy and
the actual start of the high-dose therapy. This could very well be detrimental
to the results of high-dose therapy, since regrowth of tumor must have taken
place in the chemotherapy-free interval.

These points of criticism certainly do not invalidate the findings of the
Philadelphia study, which clearly argue against the previously common practice of
administering CTCb chemotherapy routinely several months after a response to
conventional chemotherapy. It is, however, conceivable that any benefit of high-
dose therapy could have been missed as a result of the study design.

CONCLUSION

In the adjuvant chemotherapy setting, a fairly large number of randomized
studies, in both the United States and Europe, have recently completed patient
accrual or will shortly do so, and many of these will have adequate follow-up by
2002 or 2003. Studies of adjuvant therapy in high-risk breast cancer require many
years of follow-up before a definitive analysis can be done. Until that time, a case
can be made to initiate studies that directly compare the efficacy and toxicities of
the different high-dose regimens. One such study is already in progress in North
America, in which the CTCb regimen is compared with a high-dose regimen
incorporating busulfan, melphalan, and thiotepa. Similar comparative studies
involving the CTC regimen are being considered in the Netherlands.
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ABSTRACT

Nontoxic approaches are needed to improve overall survival (OS) and
progression-free survival (PFS) for patients with stage IIIb/IV breast cancer
because conventional and high-dose chemotherapy (HDC) with peripheral blood
stem cell transplant (PBSCT) has reached limiting toxicities. Patients were given
multiple infusions of anti-CD3 (OKT3)-activated T cells (ATCs), interleukin
(IL)-2, and granulocyte-macrophage colony-stimulating factor (GM-CSF) after
PBSCT. ATCs were produced by activating peripheral blood T cells with OKT3
and IL-2. Phenotyping showed that ATCs were >95% CD3*, with roughly a 50:50
mix of CD4* and CD8* cells after culture. In the phase 1/2 immunotherapy trial
(PBSCT and combination immunotherapy [IT]), 23 women with stage IIIb/IV
breast cancer were given multiple infusions (3 doses of 1X10'° 3 times per week
for the first 3 weeks and 2X10!0 per week for an additional 6 weeks), totaling up
to 21X 10!0 ATCs each. They also received low-dose IL-2 (300,000 U/m? per day)
between days 1 and 65 and GM-CSF between days 5 and 21 after PBSCT. Twenty
patients received HDC, and 3 patients received dose-dense sequential chemo-
therapy. GM-CSF was given between 5 and 21 days after PBSCT. The patients
received (1) carboplatin, cyclophosphamide, and thiotepa or (2) paclitaxel (Taxol),
carboplatin, and cyclophosphamide followed by PBSCT. There were no treatment-
limiting toxicities. OS was 70% and PFS was 50% after 32 months of follow-up in
23 patients. In a historical control group of 22 patients, OS was 50% and PFS was
10% at 32 months. The differences between those who received PBSCT and IT and
those who received PBSCT are nearly significant (2-tailed P=.09 for OS and PFS).
In summary, the results from this approach are encouraging and warrant further
investigation.
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INTRODUCTION

Breast cancer patients with >4 positive axillary lymph nodes are at high risk for
local recurrence and metastasis.! The risk of recurrence correlates with the number
of positive axillary lymph nodes.>® Roughly half of these patients will develop
metastatic disease within 18 months.* Although 60%-70% of patients achieve a
complete remission after PBSCT and 30% of patients survive disease-free off
therapy with 3-year follow-up,>® long-term PFS remains low. Patients with high-
risk metastatic or recurrent breast cancer are incurable using conventional therapies.
Because conventional and high-dose chemotherapy regimens with PBSCT have
reached dose-limiting toxicities, nontoxic immunologic approaches are needed to
provide additional antitumor effect to improve OS and PFS for such patients.

Binding of anti-CD3 monoclonal antibody (mAb) to the human T-cell receptor
triggers proliferation, cytokine secretion, and cytotoxicity.”'® Anti-CD3 ATCs are
produced by OKT3 stimulation of peripheral blood mononuclear cells (PBMCs) in
the presence of low-dose IL-2. ATCs can be expanded from PBMCs from normal
subjects or patients with malignancy and mediate non—-major histocompatibility
complex (MHC)-restricted cytotoxicity.!!-2! Preclinical studies show that ATCs
mediate non-MHC-restricted cytotoxicity to Daudi cells (lymphocyte-activated
killer [LAK] targets), K562 cells (natural killer [NK] targets), leukemic blasts,22:23
neuroblastomas,!? and plasma cells in multiple myeloma.?* Cytokines such as
interferon (IFN)-y, tumor necrosis factor (TNF)-a, or GM-CSF, which may
enhance antitumor activity, are produced by ATCs. ATCs exhibit both LAK
cell-like and NK celi-like cytotoxic activity. They serve as vehicles for targeting
antibodies or gene therapy products.?

In preclinical models, ATCs reduced MCA-38-L.D liver metastases in C57BL/6
mice more effectively than the same number of activated NK cells.2¢ Studies of human
ATC:s injected into SCID mice to treat human HT29 carcinoma tumors showed that
ATCs could prevent deaths due to tumor.2” ATCs infused at the time of syngeneic
bone marrow transplant increased the survival of mice with syngeneic lymphoma.?

A clinical trial using ATCs in renal cell carcinoma and multiple myeloma
patients has been reported in which peripheral blood lymphocytes (PBLs) activated
with OKT3 were then infused with IL-2.° The therapy led to lymphocytosis with
mild and tolerable toxicities, which were likely due to high-dose IL-2 therapy. A
second study suggested that infusing the T cells during the white blood cell nadir
after cyclophosphamide, enriching for CD4* cells, and using IL-2 may be
important for obtaining clinical responses.’® The phase 1 clinical trial using anti-
CD3-activated CD4* cells and IL-2 after 300 or 1000 mg/m? intravenous cyclo-
phosphamide showed promise, with the induction of 1 complete response, 2 partial
responses, and 8 minor responses in patients with advanced cancers and non-
Hodgkin’s lymphoma.?' These studies showed that ATCs can provide antitumor or
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antilymphoma effects. Finally, donor lymphocyte infusions (DLIs) have been
shown to provide antileukemia effects in patients who have relapsed after
allogeneic bone marrow transplant for chronic myelogenous leukemia.*233

This study presents clinical data on women with stage IIIb/I'V breast cancer who were
given IT consisting of ATCs, IL-2, and GM-CSF after PBSCT. We hypothesized that IT
would provide the maximal antitumor effect when given after HDC and PBSCT.

METHODS

Generation and Expansion of ATCs

ATCs were produced by activating leukapheresis products containing from 1.5
to 28.0X10? PBMCs with OKT3 (20 ng/mL) and culturing the PBMCs in 100 U/mL
of IL-2 for 14 days. ATCs were harvested, washed, and cryopreserved in liquid
nitrogen. Fluorescein isothiocyanate (FITC)- or phycoerythrin (PE)-conjugated
mAbs (Becton Dickinson, San Jose, CA) were used to detect the expression of CD3,
CD4, CD8, CD45R0O/CD3, CD25, CD56, CD3/CD56, and CD16/CD56. Cytokine
kits from R&D Systems were used to detect IFN-y, TNF-a,, and GM-CSF.

Clinical Protocol

This study was conducted at St. Luke’s Medical Center in Milwaukee,
Wisconsin, with a protocol that was approved by the US Food and Drug
Administration and the St. Luke’s Medical Center Human Subjects Committee.
Informed consent was obtained on consent forms approved by the St. Luke’s
Medical Center Human Subjects Committee. The study was conducted between
April 5, 1996, and February 1, 1999. The eligibility criteria included (1) women
with histologically documented metastatic adenocarcinoma of the breast;
(2) measurable or evaluable recurrent metastatic disease (stage IlIb or IV)
documented by radiograph, computed tomography scan, nuclear medicine scan, or
physical exam; and (3) refractory disease (lack of response to =2 regimens).

In the phase 1/2 IT clinical trial, 23 women with stage IIIb/IV breast cancer
were given multiple infusions of ATCs totaling up to 21X10'© ATCs. The
treatment schema is shown in Figure 1. Three doses of 1X10'° 3 times per week
were given for the first 3 weeks and 2X10'° per week were given for an additional
6 weeks. Low-dose IL-2 (300,000 U/m? per day) was given between days 1 and 65,
and GM-CSF (125 ug/m? twice a week) was given between days 5 and 21. Twenty
patients received PBSCT and IT after HDC, and 3 patients who had relapse after
PBSCT received dose-dense sequential chemotherapy followed by IT. PBSCs were
collected by leukapheresis after priming with G-CSF (10 pg/kg) for 5 days. When
the target number of PBSCs was reached, pheresis was continued to obtain the
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ATC + IL-2 + GM-CSF Infusions after PBSCT
for Stage lilb or Metastatic Breast Cancer
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Figure 1. Protocol schema. The schema shows the collection of peripheral blood stem cells
(PBSCs) for transplantation (PBSCT) and mononuclear cells (PBMCs) for activated T-cell
(ATC) expansions followed by PBSCT, infusions of ATC, interleukin (IL)-2, and granulocyte-
macrophage colony-stimulating factor (GM-CSF). G-CSF, granulocyte colony-stimulating
Sactor; SQ, subcutaneously.

starting number of T cells (10-15X10°). Seven of 20 patients received paclitaxel
(300-600 mg/m?), cisplatin (55 mg/m?), and cyclophosphamide (1875 mg/m?) as a
preparative regimen for PBSCT, and 13 of 20 patients received carboplatin
(200 mg/m?), cyclophosphamide (1500 mg/m?), and thiotepa (125 mg/m?). Three
patients received a dose-dense sequential regimen of doxorubicin, paclitaxel, and
cyclophosphamide before PBSCT and IT.

RESULTS

Phenotyping showed that ATCs were >95% CD3*, 50% CD4*, 50% CD8*, and
<5% CD56* after 2 weeks of ex vivo expansion. No B cells were detected. The
ATCs from normal subjects produce IFN-y, TNF-a, and GM-CSF. Expansion of
patient ATCs ranged from 6.29- to 34.5-fold, with the total ATCs harvested
ranging from 17.6 to 380 billion.
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Table 1 summarizes the clinical data including the patient’s age, stage, presence
or absence of disease at the time of PBSCT, survival in days after PBSCT, survival
free of progression after PBSCT, number of ATCs harvested, fold expansion, and
toxicities related to ATC infusions. All patients were given at least 4X 108 G-
CSF-primed peripheral blood mononuclear cells at the time of PBSCT. All patients
were engrafted, and there were no delays in engraftment. There were no deaths due
to regimen-related toxicities or dose-limiting toxicities of IT. The patients received
continuous-infusion IL-2 or daily subcutaneous IL-2 injections. All patients
finished the IT portion of the protocol. OS was 70% and PFS was 50% after 32
months of follow-up in 23 patients (Figures 2 and 3). In an historical control group
of 22 patients who received PBSCT alone, OS was 50% and PFS was 10% at 32
months. The difference between those who received PBSCT and IT and those who
received PBSCT alone is nearly significant, with a 2-tailed P value of .09 for OS
and PFS.

In vitro immune function tests show that anti-CD3/anti-CD28-costimulated
proliferative responses could be detected 3 months after PBSCT, whereas anti-
CD3-stimulated proliferative responses remained depressed. Sequentially pheno-
typing for T cells, B cells, and NK cells using monoclonal antibodies directed at
CD3, CD4, CD8, and CD56 cells was not revealing. Standard 5!Cr release assays
were used to measure the cytotoxic ability of ATCs directed at Daudi cells (LAK
targets) and K562 cells (NK targets) before the infusions and of PBLs from the
patients during and after ATC infusions. There was no correlation between the
presence/absence of cytotoxicity or magnitude of cytotoxicity with clinical
responses in the patients.

DISCUSSION

The clinical results using combination IT and PBSCT after HDC or dose-dense
sequential chemotherapy for metastatic breast cancer are remarkable. Fifteen of 20
patients in the PBSCT and IT group had measurable disease at the time of
transplant. Even though most patients had bulky disease, it is encouraging that
more patients who had measurable disease did not progress immediately after
PBSCT. It is important to note that the historical controls were transplanted only
after they had been treated into remission using 4 cycles of cyclophosphamide,
adriamycin, and fluorouracil (CAF), whereas those who received PBSCT and IT
did not always enter remission after 4 cycles of CAF. If all things were equal, the
group that received PBSCT and IT should have been at a much higher risk for
relapse or progressive disease. The statistical comparisons with the historical
control group of 22 patients who received PBSCT after Stamp V (cyclophos-
phamide, thiotepa, and carboplatin) conditioning showed that improvements in OS
and PFS in the PBSCT and IT group were better than in the group that received
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Figure 2. Survival curves. PBSCT+IT shows the overall survival for 23 patients who
received peripheral blood stem cell transplantation (PBSCT) followed by combination
immunotherapy (IT) for stage HIb/IV breast cancer; the PBSCT curve shows 22 patients with
stage IV breast cancer who received PBSCT after Stamp V (cyclophosphamide, thiotepa, and

carboplatin) conditioning alone.

PBSCT alone (near statistical significance, P=.09). This was surprising and quite
encouraging, because the original study was designed to find a 20% improvement
in OS or PFS in a group of 60 patients with stage IIIb or IV disease. The differences
between the 2 groups occurred despite the fact that the historical control group was
treated with adjuvant CAF chemotherapy until they achieved a state of minimal
residual disease before PBSCT. Therefore, if the study group had less disease at the
time of transplant, the overall survival and progression-free survival data may have
been better.

Data from the 3 patients who received PBSCT and IT after dose-dense
sequential chemotherapy provide useful clinical information, because the patients
had relapsed after PBSCT following Stamp V conditioning. These 3 patients
included in the PBSCT and IT group received stem cell support and IT after
sequential chemotherapy with adriamycin, paclitaxel, and cyclophosphamide
(Cytoxan) instead of Stamp V. The dose-dense sequential approach was used
because a second round of HDC was deemed to be excessively toxic for those who
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Progression-Free Survival

1.0
09—

0.8 -

07 - PBSCT+IT
L1

06 -
05 -
04
03
02
0.1

Fraction

0 5 10 15 20 25 30 35 40
Months

Figure 3. Progression-free survival curves. PBSCT+IT shows the progression-free survival
Jfor 23 patients with stage I1Ib/IV breast cancer who received peripheral blood stem cell trans-
plantation (PBSCT) followed by combination immunotherapy (IT); the PBSCT curve repre-
sents 22 patients who received PBSCT after Stamp V (cyclophosphamide, thiotepa, and
carboplatin) conditioning alone.

had relapsed within a year after PBSCT. All 3 patients had measurable disease at
the time of transplant, and 2 of the 3 did not progress during the period of
observation.

In vitro immune monitoring data show that anti-CD3 (OKT3)-induced prolif-
erative responses remain depressed >3 months after PBSCT, and these responses
could be corrected or partially corrected in anti-CD3/anti-CD28—costimulated
cultures in a manner similar to that reported earlier in autologous and allogeneic
bone marrow transplantation (BMT) recipients.>* Sequentially phenotyping for
T cells, B cells, and NK cells using monoclonal antibodies directed at CD3, CD4,
CD8, and CD56 cells was not revealing. Nearly all of the patients had inverted
CD4/CDS8 ratios early after PBSCT. The proportions of CD4 and CDS8 cells
gradually normalized over a period of 6-12 months. Because there was no
correlation between the proportions of CD4 and CD8 subsets or non-MHC-
restricted cytotoxicity directed at Daudi or K562 targets and clinical responses,
other factors that were not assessed may be responsible for the clinical responses.

OS and PFS data obtained from this phase 1/2 clinical trial are encouraging. If
the trend continues and the data can be confirmed in a larger group of patients, this
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may be the first demonstration that autologous ex vivo expanded ATCs can produce
a durable antitumor effect when given after autologous PBSCT. Our earlier studies
using ATCs without the use of HDC or dose-dense sequential chemotherapy were
not successful in inducing even partial remissions. These results suggest that IT
immediately after PBSCT or dose-dense sequential chemotherapy may indeed take
advantage of the minimal tumor burden that exists after HDC or dose-dense
chemotherapy to provide an antitumor effect. Longer follow-up and a larger cohort
of patients would help confirm these encouraging findings.
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ABSTRACT

The evidence for use of high-dose chemotherapy (HDCT) and autologous stem
cell transplantation (autoSCT) for breast cancer still remains inconclusive at best. A
number of randomized prospective controlled phase 3 trials (RCTs) have been either
published or presented recently or are under way in North America and Europe. It
will be crucial to complete the RCTs and obtain the data when all studies reach
mature status. Only then will level I evidence become available to determine the
efficacy and effectiveness of HDCT and autoSCT in breast cancer.! Unfortunately,
level I evidence (using RCTs) has not been a focus for clinical investigations. More
than 20,000 patients underwent this treatment worldwide, but only 8 phase 3 studies
(with participation of far fewer than 1000 patients with metastatic breast cancer and
little more than 1500 patients with high-risk early breast cancer) have been either
reported or published. A definite answer is still not available. Therefore, it remains
extremely important that patients with metastatic and high-risk early breast cancer
participate in RCTs. In Canada, the National Cancer Institute Clinical Trials Group
started such a study in 1997: NCI-C CTG MA.16. The objectives of the study are to
compare overall survival, response rates, toxicity, and quality of life. Women 16
years of age and older with responding metastatic breast cancer and no prior
chemotherapy with an Eastern Cooperative Oncology Group (ECOG) performance
status of 0-2 are eligible for this study, using either standard-dose chemotherapy
(SDCT) or HDCT with autoSCT. The calculated sample size (300 randomized
patients) has the power of 80% to detect a difference of 13% at 2 years for overall
survival. The patients are randomized after 4 cycles of conventional SDCT to
receive further SDCT at the discretion of the oncologist and patient or 1 cycle of
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HDCT. The SDCT is either anthracycline based (for patients not exposed to anthra-
cyclines) or a taxane-based combination (for patients who were given anthracyclines
in the adjuvant setting). High-dose mitoxantrone (70 mg/m? intravenously {IV]),
cyclophosphamide (6000 mg/m? IV), and carboplatin (1600 mg/m? IV) are used as
the HDCT protocol. This treatment was delivered in 4 equal doses over 4 days,
followed by autoSCT infusion. Patients were stratified according to induction
chemotherapy (ID), response to ID, metastatic distribution, and receptor status. The
study is continuing accrual. The median overall survival is not yet reached. Only
after a full analysis with a sufficient number of events (analysis planned for the end
of 2000), can conclusions regarding differences between arms be drawn.

INTRODUCTION

The use of HDCT and autoSCT for breast cancer has steadily increased over the
last decade. The Autologous Blood and Marrow Transplantation Registry
(ABMTR) reported >3000 cases in 1996.2 This increase is due to encouraging
results from a variety of phase 1 and phase 2 studies, one RCT published in 19953
and a number of retrospective and contemporary analyses.* At the same time,
mortality due to the treatment steadily decreased from >15% to 2-3%.2 Toxicity
also decreased, mainly because of the use of peripheral blood (rather than bone
marrow) as a source of stem cells, the use of modemn supportive care including
hematopoietic growth factors, and better patient selection. A number of phase 3
studies were initiated in the early and mid-1990s, but accrual was slow because in
the United States this promising treatment was offered to patients outside of
clinical trials long before enough evidence became available to support such
decisions. European and Canadian institutions demanded more evidence' to justify
the rather toxic and potentially dangerous treatment. Results from a number of
phase 3 trials evaluating HDCT and autoSCT for breast cancer have recently
become available. These results are summarized below.

Metastatic Breast Cancer

A study presented by Lotz et al.’ shows a median time to progression of 15.7
vs. 26.9 months (P=.04). After 2 years, a lower proportion of patients treated with
HDCT had relapsed compared with those treated with conventional chemotherapy
(27% vs. 52%). Overall survival was not significantly different between the
groups; however, a trend for longer median overall survival (16 vs. 36 months) was
observed with the intensive regimen. These differences are clinically relevant but
statistically not significant because the sample size is too low (only 61 patients
accrued into the study, PEGASE 04) to have the power to detect any statistically
meaningful difference in survival.
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Stadtmauer et al.% recently published a study of 199 patients with metastatic
breast cancer that has enough power to detect a difference of survival of 20% at 2
years. The median follow-up was reported to be 37 months. This trial did not show
any benefit of the alkylator-based HDCT over SDCT in terms of event-free (6 vs.
10 months) or overall (24 vs. 26 months) survival.

The study published by Bezwoda et al® in 1995 clearly demonstrates the
advantage of mitoxantrone-based HDCT and autoSCT over the standard treatment,
as used by the South African authors. Both progression-free and overall survival
were statistically better, with clinically meaningful advantage. Obviously, this
study has a few flaws, eg, unusual standard treatment that is not being used in
North America or Europe, a rather small sample size of 45 patients in each arm,
and tamoxifen intervention more common in the HDCT arm.

Peters et al.” presented a randomized prospective study of alkylator-based
HDCT for patients with metastatic breast cancer at the 1996 American Society of
Clinical Oncology meeting. Although the study found a statistically significant
difference in outcome between treatment arms, it did not compare standard
treatment with HDCT but instead compared immediate vs. delayed HDCT and
autoSCT after reaching complete remission to AFM (doxorubicin, fluorouracil, and
methotrexate) nonalkylator induction chemotherapy. Interestingly, delayed HDCT
(providing a treatment-free interval) resulted in superior survival to high-dose
consolidation immediately after induction chemotherapy.

One of the abovementioned studies is positive; one is negative, showing only
minimal differences in outcomes; one shows a positive trend (with statistically
significant difference for time to progression) but does not have enough power to
detect any significant differences; and one does not compare HDCT vs. SDCT. In
spite of these results, the question regarding the use of HDCT and autoSCT in patients
with metastatic breast cancer remains unanswered and therefore controversial. The
National Cancer Institute of Canada Clinical Trials Group designed a study, NCI-C
CTG MA. 16,2 to answer the question of whether consolidation treatment with HDCT
and autoSCT can improve survival. This treatment is being compared with what
presently in North America and Europe is considered standard treatment for first-line
therapy of metastatic breast cancer. The study was initially designed to have a power
of 80% to detect a difference of 20% in overall survival at 2 years. By June 1999,
approximately 1 year ahead of time, the fully calculated sample size was reached;
therefore, it was agreed to increase the sample size by an additional 100 patients. A
smaller, 13% difference in survival at 2 years could then be detected with a power of
80%. Currently, no other active study in North America has the potential to scientif-
ically solve the question of consolidation treatment with HDCT and autoSCT for
patients with metastatic breast cancer. The extended NCIC-CTG MA. 16 does have the
potential to answer this highly important clinical question.
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HDCT and AutoSCT as Adjuvant Treatment

Results from 4 different randomized prospective phase 3 studies in patients with
high-risk stage II breast cancer (usually =10 axillary lymph nodes involved with
metastatic disease) have been presented or published.

Peters et al.® presented data on 783 randomized patients, treated with 4 cycles of
CAF (cyclophosphamide, doxorubicin, and fluorouracil) followed by 1 cycle of
CDDP (cisplatin)/cyclophosphamide/BCNU using either high doses and autologous
stem cell rescue or doses that require only granulocyte colony-stimulating factor
(G-CSF) support. At 3 years, the differences in event-free and overall survival were
statistically not different (68% vs. 64% and 78 vs. 80%, respectively). In this patient
population, clinical studies require a much longer follow-up time. As an example,
results of studies that eventually proved the effectiveness of HDCT and autoSCT in
multiple myeloma or non-Hodgkin’s lymphoma initially were negative at 2- to 3-year
follow-up. In the adjuvant setting, many studies in patients with breast cancer often
have shown positive results only after 5 or more years of observation time. The study
of Peters et al.” is too early to deliver final results. Very high incidence of treatment-
related deaths (7.5%) in the high-dose arm were observed in the first year. Recently,
Peters et al.? reported an evaluation of the first 341 patients who were followed up
for at least 3 years. Although a statistically significant difference could not be
detected, the event-free survival at 3 years identified a difference of 12% in favor of
the HDCT arm. The number of relapses was 126 in the intermediate-therapy arm vs.
85 in the HDCT arm.'®

Bergh et al.,!! representing the Scandinavian Breast Cancer Study Group, reported
on their trial of 525 patients in the same patient population as that of Peters et al. They
compared directly 3 cycles of FEC (fluorouracil, epirubicin, and cyclophosphamide)
followed by 1 cycle of high-dose CTCb (cyclophosphamide, thiotepa, and
carboplatin) and autoSCT to a so-called standard arm, consisting of 9 cycles of
“tailored FEC” supported by G-CSF. At 20 months, they reported 78 relapses in the
tailored FEC and 50 relapses in the HDCT arm (differences not significant). At the
same time, 40 deaths have been observed in each arm. In the nontransplant arm, a few
patients developed secondary acute leukemia and myelodysplasias. This very
balanced study is obviously comparing 2 different dose-intensified regimens rather
than 1 HDCT and autoSCT to conventional/standard treatments. The total dose as
well as the dose intensity is higher in the FEC arm than in the transplantation arm.
The observation of secondary hematologic malignancies in the standard arm is
worrisome. Follow-up is again too short to draw final conclusions.

Rodenhuis et al.!2 published a study comparing 4 cycles of FEC at a standard
dose to 1 cycle of FEC plus 1 cycle of CTCb followed by autoSCT. The patients
all had apex of the axilla lymph nodes positive for involvement with breast cancer.
In another study, Rodenhuis et al.!3 reported that 885 patients with high-risk breast
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cancer were randomized to receive or not receive HDCT and autoSCT and are
evaluable: 72% of patients on the HDCT arm remain free of recurrence vs. 65% on
the standard arm (P=.057). At 3 years, the overall survival is 84% and 80%, respec-
tively (not significant). The follow-up for the study remains short, but the interim
analysis of the first 284 patients (which was required by the Dutch regulatory body)
identified a statistically significant improvement of overall survival (P<.039).!3

Hortobagyi et al.!* studied 78 patients with high-risk breast cancer (as defined
by either >10 lymph nodes positive after resectable breast cancer or >4 lymph
nodes positive after neoadjuvant chemotherapy). All patients received 8 cycles of
FAC (fluorouracil, doxorubicin, and cyclophosphamide), and 50% were
randomized to receive 2 cycles of HDCT (using VP-16, cyclophosphamide, and
cisplatin) followed by autoSCT. The 4-year disease-free survival was 52% vs. 51%
(by actual treatment received; P=.84), and overall survival was 64% vs. 63% (by
actual treatment received; P=.66), which is statistically not different between the
groups. The authors concluded that because of the modest sample size this trial has
a limited statistical power; however, the data suggest that HDCT with autoSCT as
consolidation after 8 cycles of adjuvant chemotherapy is unlikely to produce major
improvements over FAC alone.

Bezwoda'> presented a study randomizing 154 patients with stage 11 breast
cancer involving 210 Iymph nodes. Patients who received chemotherapy with
autoSCT fared significantly better than those in the control arm. However,
according to the article by Horton,'® this study was reevaluated, and the presented
data could not be confirmed. The study may have indeed have been carried out in
a fraudulent manner. Thus, this should be considered when referring to the data and
conclusions of the article.

In the adjuvant setting, more and better-designed studies are necessary to clearly
show whether HDCT and autoSCT is superior treatment to standard chemotherapy
in patients with high-risk stage II breast cancer.

CONCLUSIONS

To date, no definite answers are available to the initial question, whether HDCT
and autoSCT can improve quantity or quality of life. Paramount requirements to
answer this question successfully include completing the available prospective,
randomized phase 3 studies; using HDCT earlier in the course of treatment;
applying drugs that are active in breast cancer; comparing the experimental
treatment to true standard therapy; and using appropriate sample size to detect
clinically meaningful and statistically significant differences. Within the next few
years, a number of European'’ and 2 Canadian®'® studies that are currently
accruing patients will contribute toward the important information regarding the
role of HDCT and autoSCT for breast cancer.
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Epirubicin/Paclitaxel Combination Mobilizes Adequate
Amounts of Peripheral Blood Progenitor Cells
to Support 3 Courses of High-Dose Dense
Chemotherapy in Patients With Breast Cancer
Ugo De Giorgi, Giovanni Rosti, Maurizio Marangolo

Department of Oncology and Hematology, City Hospital, Ravenna, Italy

ABSTRACT

We are evaluating high-dose dense chemotherapy (HDDCT) in patients with
breast cancer using 3 cycles of epirubicin 150 mg/m? (as a 2-hour infusion) and
paclitaxel 400 mg/m? (as a 6-hour infusion) with peripheral blood progenitor cell
(PBPC) support and filgrastim every 16-19 days. In this ongoing study, we are
verifying the possibility of collecting large amounts of PBPCs to obtain a sufficient
number of cells for 3 courses of HDDCT. The threshold fixed in our study
was >6X 10 CD34* cells’kg body weight. Our mobilizing regimen consisted of
epirubicin 150 mg/m? given as a 2-hour infusion (day 1) and paclitaxel 175 mg/m?
as a 3-hour infusion (day 2) plus colony-stimulating factor (CSF) (starting 24 hours
after paclitaxel). Seventeen patients with stage II-IV breast cancer have been
evaluated. In 16 patients (95%), adequate numbers of PBPCs were collected from
a single leukapheresis, whereas 1 patient (5%) required 2 procedures. The majority
of leukaphereses (59%) were performed on day 11 after epirubicin administration;
all procedures were conducted on an outpatient basis. The median numbers of
CD34*, CD34*CD33", and CD34*CD38" cells/kg collected per patient were
15.4X106, 10.2X10%, and 0.5X 108, respectively. The mobilizing regimen was
quite well tolerated: neutropenia grade 4 was recorded in 16 of 17 patients, with a
median duration of 3 days (range, 1-5 days). Results of 48 HDDCT courses
showed grade 4 neutropenia for a median of 2 days (range, 0—4 days); no patient
developed grade 4 thrombocytopenia, but grade 3 anemia was present in 18 courses
of HDDCT. These preliminary data show that epirubicin and paclitaxel in
combination with CSF are effective in releasing adequate amounts of PBPCs,
which can then be safely employed to support multiple courses of HDDCT.
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INTRODUCTION

In the last few years, several thousand patients around the world have been
treated with different types of dose-intensification strategies. This term usually
refers to an increase in drug dosages. Several different approaches exist, and high-
dose chemotherapy with autologous bone marrow transplantation (nowadays
substituted with peripheral blood progenitor cells) is one possible strategy that has
been extensively employed for breast cancer patients. Promising data from phase 2
studies have not been reproduced to date in controlled phase 3 randomized trials,
even bearing in mind that some of the studies reported at the 1999 meeting of the
American Society of Clinical Oncology (ASCO 99) had inadequate follow-up or
used an unusual standard arm. At present, therefore, there is still much room to
exploit the role of peak dose, a term that refers to high doses of drugs (generally
alkylators) delivered once or twice within a 3- to 5-week period. Peak-dose strategy
has been included in more recent programs, eg, the High-Dose Sequential Chemo-
therapy trials launched at the National Cancer Institute in Milan.! In those trials,
active drugs are rapidly recycled, some at the maximum tolerated dose (eg,
cyclophosphamide 7 g/m?) or medium dose (eg, epidoxorubicin 120 mg/m?), with
the final segment generally comprising peak-dose bialkylators. Mature follow-up
in patients with 10 or more positive nodes treated in the adjuvant setting shows a
very impressive 49% disease-free survival. In recent years, after the failure in the
clinical setting of the so-called Goldie and Coldman hypothesis of alternating
chemotherapy, new theories have been generated. One of the most promising is the
dose-dense delivery. With dose-dense delivery, the time intervals are reduced and
the drug is delivered at ideal dose levels; thus, dose intensification is achieved by
rapidly recycled treatment, rather than by dramatic dose escalation as is the case for
peak dose. Some promising results have been published, such as those from the
Memorial Sloan-Kettering Cancer Center in patients with high-risk breast cancer
(median positive axillary nodes, 8; range, 4-25) who received sequential dose-
dense therapy with adriamycin, paclitaxel, and cyclophosphamide.? The median
intertreatment interval was 14 days (range, 13-36 days), and the median delivered
dose-intensity was 92% of the planned level.> At a median follow-up of 48 months
(range, 3-57 months), the actuarial disease-free survival rate is 78%. Other
ongoing trials compared ATC (adriamycin followed by paclitaxel and cyclophos-
phamide at medium doses) with standard programs.* High-dose dense therapy is an
evolution of the dose-dense concept (reduced intervals), but with an increase in
density of the delivered drugs. This report deals with the phase 2 feasibility study
conducted at the Department of Oncology and Hematology in Ravenna, Italy.
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MATERIALS AND METHODS

Seventeen patients underwent the high-dose dense regimen from February 1999
until June 2000; treated in the adjuvant setting were 12 with =9 positive axillary
nodes (median, 14; range, 9-24), 4 with advanced disease, and 1 with inflammatory
breast carcinoma arising in previous quadrantectomy. Median age was 47 years
(range, 3060 years). Sites of metastatic disease were lymph nodes in 2 cases and
pleura in 1. Performance status was O (Eastern Cooperative Oncology group
[ECOG] scale) for all patients. Five cases had estrogen receptor (ER)-negative
tumors at diagnosis. The mobilizing treatment schedule was epirubicin 150 mg/m?
in a 2-hour infusion followed the next day by paclitaxel 175 mg/m? in a 3-hour
infusion. Twenty-four hours after paclitaxel infusion, patients received
granulocyte-macrophage colony-stimulating factor (GM-CSF) (molgramostim, 3
patients) or G-CSF (filgrastim, 11 patients; lenograstim, 3 patients) at the dose of
5 ug/kg subcutaneously until the final leukapheresis. The choice for hematopoietic
growth factor was based on an ongoing randomized protocol at our institution.
Patients were checked daily with blood counts. When white blood cell count
(WBC) increased >3000 uL, CD34* cells were evaluated, and apheresis started
when the peripheral circulating CD34* cells exceeded 40/uL, except for 1 case at
37.2 CD34*/uL.

RESULTS

A total of 18 apheretic procedures were performed in 17 patients. The median
number of CD34* cells collected was 15.4X10%kg (range, 4.5-31.6X10%kg),
whereas the median number of circulating CD34* cells/uL at the day of apheresis
was 267 (range, 37.2-717). The mobilizing regimen was well tolerated: no
nonhematologic toxicities higher than grade 1 (Common Toxicity Criteria [CTC]
version 2.0) occurred; neutropenia grade 4 was recorded in 16 of 17 patients, with
a median duration of 3 days (range, 1-5 days); in 1 case, fever occurred. All
patients were on ciprofloxacin prophylactic therapy, 500 mg po bid. Aphereses
were performed a median of 11 days (range, 11-13 days) after the day of epirubicin
treatment. A few days after the last apheresis (median, 7; range, 4-11 days),
patients received the first of 3 courses of dose-dense chemotherapy, consisting of
epirubicin 150 mg/m? as a 2-hour infusion followed the next day by paclitaxel
400 mg/m? as a 3-hour infusion. Thirty minutes before the administration of
epirubicin, patients received dexrazoxane 1000 mg/m?. Peripheral blood progenitor
cells were thawed and reinfused 48—72 hours after paclitaxel, and the next day,
filgrastim 5 wg/kg was added until polymorphonuclear cells (PMNs)
were >1000/uL for 3 consecutive days or >10,000/uL. (Figure 1). The first 2
patients were treated as inpatients until hematopoietic recovery; the others were
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Epirubicin 150 mg/m? Day 0
Paclitaxel 175 mg/m? Day 1
G-CSF or GM-CSF From day 2

4

Leukapheresis (>6X10%kg)

4

Epirubicin 150 mg/m? Day 0
; 2
Pacllta-xel . 400 mg/m Day 1 q 16-19 days X 3
PBPC infusion Day 3 or 4
G-CSF 5 ug/kg Day 4 or5

Figure 1. High-dose dense treatment schedule. G-CSF, granulocyte colony-stimulating
Jactor; GM-CSF, granulocyte-macrophage CSF; PBPC, peripheral blood progenitor cell.

allowed to return home and were checked at the outpatient clinic at our department.
Blood counts were performed daily to provide continuous monitoring of
hematologic toxicity. The mandatory criterion for returning home was to have a
general practitioner participating in the study.

Seventeen patients received a total of 48 courses of high-dose dense chemo-
therapy. Reasons for not receiving the planned 3 courses were the following:
neurotoxicity grade 3 (after the first high-dose cycle) in 1 patient and surgical
option in the case of inflammatory disease.

The intertreatment interval was not fixed ab initio but was suggested to recycle
at 16-19 days. In our study, the time between first and second course was a median
of 18 days (range, 17-23 days), and between the second and third was also 18 days
(range, 16-23 days).

Hematologic Toxicity of the High-Dose Dense Regimen

Median dose of reinfused CD34* cells was 5.1X10%kg (range, 1.5-
10.5X10%kg). In terms of neutropenia, no significant differences were observed
among the 3 courses. Grade 4 neutropenia was recorded in 12 of 17 patients
during the first cycle (median duration, 2 days; range, 1-4 days), in 12 of 16
patients during the second (median, 3 days; range, 1-4 days), and in 10 of 15
patients in the third (median, 2.5 days; range, 1-4 days). In 5 courses, febrile
neutropenia developed. No patient had grade 4 thrombocytopenia; grade 3 for a
maximum of 4 days (range, 1-4 days) was observed in 9 courses, without any
difference regarding the course (3 for each course). Platelet transfusions were
never requested. Grade 3 anemia was present in 18 courses, and in all cases, 2
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packed red cell (PRC) transfusions were delivered. Grade 2 anemia was registered
in nearly all other cases.

Nonhematologic Toxicity of the High-Dose Dense Regimen

One case of short-lasting (2 days) grade 3 stomatitis was recorded in 1 patient.
Neurotoxicity was one of our main concerns because the paclitaxel dose intensity
was high in our study: 155.55 mg/m? per week for the 3 courses of dose-dense
therapy or 133.68 mg/m? per week for the whole program. According to the CTC
version 2.0, grade 1 neurotoxicity, sensory as well as motor, was recorded in all
patients and developed after the first course of high-dose dense chemotherapy.
After the second course, 8 of 16 patients developed grade 2 sensory and/or motor
toxicity. Six patients showed grade 3 neurotoxicity at the end of the whole program
for a period ranging from 3 days to 1 month. In no case did neurotoxicity higher
than grade 1 persist after 30 days. In 1 patient, grade 3 neurotoxicity after the first
cycle was the cause of withdrawal from the study. All patients who completed 2 or
3 courses of high-dose dense chemotherapy could return to their activities without
neurologic sequelae. A follow-up, including electromyography evaluation, is
ongoing to detect subliminal neurological damage. A prospective evaluation of
ocular neurotoxicity is ongoing; it was partially presented in a recent letter.’

DISCUSSION

No conclusions can yet be drawn with regard to the clinical efficacy of the
high-dose dense program presented here because of the lack of adequate follow-
up (median, 8 months; range, 1-15 months). No patients with high-risk operable
breast cancer have relapsed so far. Four patients with advanced disease achieved
a complete remission, lasting >13 months, 10 months, >8 months, and >6 months.
In terms of feasibility, the primary end point of the study, the high-dose dense
schedule is feasible, and neurotoxicity does not seem to be a limiting factor,
despite the extremely high dose intensity achieved. Anemia was a constant
toxicity in our experience, and erythropoietin will probably be added to the drug
list. Future approaches may include a study comparing high-dose dense programs
with standard chemotherapies in adjuvant, as well as advanced, disease. In the
future, our group will consider the possibility of conducting a phase 2 study
employing stem cells obtained by the ex vivo expansion of a minimal aliquot of
bone marrow.
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High-Dose Chemotherapy With Autologous
Stem Cell Rescue for the Treatment
of Patients With Brain Tumors
Sharon Gardner, Jonathan Finlay

New York University Medical Center, Department of Pediatric Oncology,
New York, New York

ABSTRACT

Despite the use of surgery, irradiation, and standard-dose chemotherapy, the
majority of patients with malignant brain tumors succumb to their disease. Over the
past 15 years, investigators from several institutions have used high-dose chemo-
therapy with autologous stem cell rescue (ASCR) to try to improve survival in these
patients. One of the earliest studies was a 2-drug regimen using thiotepa and
etoposide in patients with recurrent brain tumors (Finlay JL, et al. J Clin Oncol
14:2495-2503, 1996). The overall response rate was 23% in 35 patients with
radiographically measurable disease who survived at least 28 days after autologous
bone marrow rescue. Subsequent studies have used several different combinations of
chemotherapy, including thiotepa/etoposide with and without carboplatin,
thiotepa/busulfan, thiotepa/cyclophosphamide, and cyclophosphamide/melphalan.
Responses have been seen in patients with a variety of recurrent brain tumors
including medulloblastoma, primitive neuroectodermal tumor (PNET), high-grade
glioma, and central nervous system (CNS) germ cell tumors. Because of these
encouraging results, high-dose chemotherapy with ASCR has more recently been
used in young children newly diagnosed with brain tumors to avoid radiation therapy
with its associated long-term sequelae in very young children. Responses with
durable event-free survival were seen in children with medulloblastoma, PNET, and
ependymoma. This approach is presently being examined by cooperative groups.
There are 2 studies using sequential courses of high-dose chemotherapy with ASCR
in children newly diagnosed with brain tumors currently under way within the
Children’s Oncology Group (COG). Future studies include examining the use of
high-dose chemotherapy with ASCR vs. standard-dose therapy in a randomized
setting and incorporating new agents such as temozolomide as part of the cytore-
ductive regimen. In addition, the use of high-dose chemotherapy with ASCR may be
combined with other approaches including immunomodulation and gene therapy.
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INTRODUCTION

Brain tumors are the second most common malignancy in children and the most
common solid tumor. They occur with a frequency of 24.5 per million children per
year.! In adults, the incidence of CNS tumors per 100,000 population is 6.5 at 35
years, increasing to 70 by 70 years of age.? In the past 10 years, the survival rates
for many malignancies, particularly pediatric tumors, have significantly improved.
However, the survival of many children and adults with malignant brain tumors
remains poor.

Over the past 15 years, investigators from several different institutions have used
high-dose chemotherapy with autologous stem cell rescue in the treatment of patients
with malignant brain tumors. The drugs considered to have the best tumoricidal
activity against brain tumors are alkylating agents such as thiotepa, melphalan, BCNU,
cyclophosphamide, and the platinum compounds. These drugs are particularly well
suited for use at high doses with autologous stem cell support because of their steep
linear-log dose-response curve. In addition, the principal dose-limiting toxicity for
many of these drugs is bone marrow suppression. These drugs are cell-cycle
nonspecific and therefore are not schedule dependent. Furthermore, the addition of
nonalkylating agents, such as etoposide, synergistically enhances tumor kill.

One of the earliest studies using combination chemotherapy at high doses was
a 2-drug regimen using thiotepa and etoposide with autologous bone marrow
rescue in patients with recurrent brain tumors.> The study was piloted at the
University of Wisconsin-Madison in 1986 and became a cooperative group study
in the Children’s Cancer Group in 1988. Of 35 patients with radiographically
measurable disease who survived at least 28 days after autologous bone marrow
rescue, the overall response rate (complete and partial responses) was 23%.
Objective responses were seen in 4 of 14 assessable patients with high-grade
glioma and in 2 of 6 patients with PNET.

In 1988, a 3-drug regimen using BCNU in addition to thiotepa and etoposide
was initiated. Although responses were seen, the toxic mortality rate as a result of
multiorgan system failure was unacceptably high.* In 1989, a third study using
carboplatin with thiotepa and etoposide was opened at Memorial Sloan Kettering
Cancer Center. There have been approximately 70 patients with brain tumors
recurrent or refractory after irradiation and/or conventional-dose chemotherapy
treated with this approach. Because of encouraging results seen in patients with
recurrent brain tumors, this approach has more recently been used in infants and
young children newly diagnosed with malignant brain tumors in an attempt to limit
and, if possible, avoid the use of irradiation because of its long-term effects on the
growth and development of young children.

Preliminary results of the 3-drug regimen (carboplatin, thiotepa, and etoposide)
in patients with recurrent brain tumors as well as the use of high-dose
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chemotherapy with ASCR in infants and young children newly diagnosed with
malignant brain tumors are presented. In addition, results of studies using high-
dose chemotherapy performed by other investigators are discussed.

MATERIALS AND METHODS

Recurrent Malignant Brain Tumors in Children and Young Adults:
Study of Carboplatin, Thiotepa, and Etoposide

Patients with high-risk brain tumors that had either recurred or proven resistant
to conventional chemotherapy and radiation therapy were considered eligible for
this study. Patients had to have minimal residual disease before undergoing the
high-dose chemotherapy. This could be achieved with either surgery or standard-
dose chemotherapy.

Cytoreduction consisted of carboplatin as a 4-hour infusion on days -8, -7, and
—6. The carboplatin was initially administered at a dose of 500 mg/m? per day; it
was subsequently dosed using the Calvert formula with an area under the curve of
7 per day calculated from the urine creatinine clearance collected before each dose
of carboplatin.>¢ Thiotepa was administered at a dose of 300 mg/m? per day as a
3-hour infusion on days -5, —4, and -3. The etoposide was administered on the
same days as the thiotepa at a dose of 250 mg/m? per day over 3 hours each day.
Autologous stem cells, initially from bone marrow and more recently from
peripheral blood, were reinfused on day 0.

Newly Diagnosed Malignant Brain Tumors in Children
<6 Years of Age: Intensive Induction Chemotherapy
Followed by Consolidation With High-Dose Carboplatin,
Thiotepa, and Etoposide With Autologous Stem Cell Rescue

Eligibility criteria included all children <3 years of age newly diagnosed with a
malignant brain tumor irrespective of residual disease or neuraxis dissemination. In
addition, children 3 to 6 years of age with poor-risk tumors, including 1) all high-
grade gliomas, brain-stem tumors, and supratentorial PNETSs, 2) medulloblastomas
with neuraxis dissemination, and 3) ependymomas with residual disease and/or
neuraxis dissemination, were eligible.

Patients received 5 cycles of induction chemotherapy including cisplatin,
vincristine (first 3 cycles only), cyclophosphamide, and etoposide. Patients who had
responsive disease or no evidence of disease after completion of the induction phase
proceeded with consolidation chemotherapy. The consolidation phase consisted of
high-dose carboplatin, thiotepa, and etoposide with autologous stem cell rescue as
described above for patients with recurrent brain tumors. Children who had no
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evidence of disease before consolidation did not receive any irradiation. Children
with unresectable disease before consolidation received involved-field irradiation
approximately 6 weeks after the high-dose chemotherapy.

RESULTS

Recurrent Malignant Brain Tumors in Children and Young Adults:
Study of Carboplatin, Thiotepa, and Etoposide

Seventy patients with malignant brain tumors that had recurred or were
refractory to irradiation and/or standard-dose chemotherapy were treated with
carboplatin, thiotepa, and etoposide at Memorial Sloan Kettering Cancer Center or
New York University Medical Center between 1989 and 2000. Diagnoses included
medulloblastoma (n = 17), other PNET (n = 13), malignant glioma (n = 25), germ
cell tumor (n = 6), ependymoma (n = 5), and other (n = 4). Ages ranged from 1 to
45 years (median, 14 years). Thirty-seven patients were rescued with bone marrow,
30 received peripheral blood, and 3 received both bone marrow and peripheral
blood stem cells. Carboplatin was dosed using the Calvert formula in 22 patients
who received bone marrow and in all patients who received peripheral blood stem
cells. Overall, the toxic mortality rate was 11 of 70 (16%); however, in the past 5
years, the toxic mortality rate has been 1 of 33 (3%).

The 4-year event-free survival for patients with recurrent malignant glioma
rescued with bone marrow was 10%. For patients with medulloblastoma and
supratentorial PNET, the 4-year event-free survival was 35%. Five of 6 patients
with recurrent CNS germ cell tumors are alive without evidence of disease, 4, 12,
15, 36, and 45 months after stem cell rescue.

Newly Diagnosed Malignant Brain Tumors in Children
<6 Years of Age: Intensive Induction Chemotherapy
Followed by Consolidation With High-Dose Carboplatin,
Thiotepa, and Etoposide With Autologous Stem Cell Rescue

Between 1992 and 1997, 75 children <6 years of age were enrolled in Head
Start I. Diagnoses included medulloblastoma (r = 17), other PNETs (n = 21), epen-
dymoma (n = 12), high-grade glioma and rhabdoid tumors (n = 19), and brain-stem
tumors (n = 6).

The median overall survival for the entire cohort was 25 months, with an
estimated 6-year overall survival of 32%. The median event-free survival for the
entire cohort was 14 months, with an estimated 3-year event-free survival rate of
29%. Patients with completely resected tumors had a better survival than those with
incomplete resection (4-year overall survival of 57% vs. 30% [P=.03] and 2-year
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event-free survival of 54% vs. 25% [P=.06], respectively). Survival in patients <3
years of age was not inferior to that in older children (median overall survival of
39 vs. 32 months, respectively; P1=.4). Prognosis varied greatly between histologic
subtypes. The estimated 4-year overall survival was 57% for medulloblastoma,
38% for PNET, 47% for ependymoma, and 16% for brain-stem tumors.

DISCUSSION

Most patients with recurrent malignant brain tumors have a dismal outcome
with standard-dose therapy. Not too long ago, some investigators suggested that
routine surveillance scans in patients who had completed therapy for medullo-
blastoma were not even warranted, since no patients with recurrent disease
survived.” However, the use of autologous bone marrow and, more recently,
peripheral blood stem cells has allowed the administration of much higher doses of
chemotherapy. In addition, improvements in supportive care and the use of
autologous peripheral blood stem cells have significantly decreased toxicity
associated with this therapy.

As expected, the best responses in the 3-drug regimen (carboplatin, thiotepa, and
etoposide) were seen in patients with brain tumors, which tend to be more
chemosensitive. These included medulloblastoma, supratentorial PNET, and germ
cell tumors. Other investigators have found similar results. Mahoney et al.? reported
the results of a pilot study from the Pediatric Oncology Group using escalating doses
of cyclophosphamide and fixed doses of melphalan with autologous bone marrow
rescue for children with recurrent or progressive malignant brain tumors. Responses
were seen in 7 of 18 evaluable patients including 4 patients with medulloblastoma,
2 with germinoma, and 1 with ependymoma. The French have also seen responses
in children using the combination of thiotepa and busulfan. Kalifa et al.’ reported a
75% response rate in previously treated patients with medulloblastoma/PNET.
Bouffet et al.!” recently presented the results of the French Pediatric Oncology
Society using high-dose etoposide and thiotepa for patients with refractory and
recurrent malignant intracranial germ cell tumors. Six of 11 evaluable patients had
responses (3 CR and 3 PR).

The treatment of very young children with malignant brain tumors is partic-
ularly challenging because of the aggressive nature of their tumors and also
because of the potential long-term sequelae associated with treating these patients
at such a young age. Preliminary results of the Head Start therapy indicate that a
significant number of children newly diagnosed with malignant brain tumors can
achieve durable remissions without the use of radiotherapy or prolonged
maintenance chemotherapy.!! This is particularly true for children with medullo-
blastoma, supratentorial PNET, and ependymoma. Additional studies are needed to
confirm these results. At the present time there are 2 studies underway in COG for
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children newly diagnosed with malignant brain tumors involving high-dose
chemotherapy with autologous stem cell rescue.

Unfortunately, there are still patients with malignant brain tumors for whom the
use of high-dose chemotherapy has not yet proven to be effective. These include
patients with recurrent ependymoma or recurrent brain stem tumors and patients
newly diagnosed with malignant gliomas. For these patients, modifications in the
present high-dose regimens as well as other approaches are needed. Future studies
include the use of other cytoreductive agents including the new oral alkylating
agent temozolomide as well as intravenous busulfan. In addition, other approaches
including the use of antiangiogenesis agents as well as immunomodulation and
gene therapy, with and without high-dose chemotherapy, are being explored.
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High-Dose Chemotherapy and Autologous
Stem Cell Transplantation for Ovarian Carcinoma
as Part of Initial Therapy
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ABSTRACT

Although high-dose chemotherapy and peripheral blood stem cell (PBSC)
rescue are increasingly being used to treat patients with relapsed advanced
epithelial ovarian cancer, their greatest benefit may be in treating patients before
relapse. Two approaches have been tested: multicycle high-dose therapy with stem
cell support as initial therapy or at the completion of standard-dose induction
chemotherapy for responsive patients only. While conceptually attractive, several
attempts at dose-dense (“double-dose™) chemotherapy with stem cell rescue have
failed to yield a higher rate of pathologic complete remissions (CRs) than conven-
tional-dose chemotherapy. According to data from relapsed patients, in which the
best survivals after transplantation are seen in platinum-sensitive patients with
tumor bulk <1 cm, the alternative approach would be to use high-dose therapy as a
consolidation of initial remission. Phase 2 data from several sources, including a
multicenter, retrospective analysis of 181 patients from France, indicate a survival
and progression-free survival benefit of ~1 year for patients undergoing transplant
in first remission. This approach is currently being investigated prospectively in a
phase 3 trial in France (Groupe Investigation National Etude Cancer Ovaive
[GINECOY), with trial enroliment to have been completed in December 2000. To
take advantage of a favorable dose response for both carboplatin and paclitaxel, our
group is exploring a novel regimen of high-dose paclitaxel (700 mg/m?), carbo-
platin (area under the curve [AUC] 28), and mitoxantrone (90 mg/m?) for high-risk
patients in first remission, defined as suboptimal stage III/IV disease or optimal
miliary stage III disease. At a median follow-up from diagnosis of 40 months of the
first 18 such patients, 52% + 13% were still progression free, and 14 of 18 were
still alive. Whereas this compares favorably to the 20% 3-year progression-free
survival (PFS) for patients treated with conventional paclitaxel and platinum,
especially considering the fact that half had stage IV disease, it cannot be compared
directly with conventional therapy results because our patient group by design
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excludes those 15% or so who would have progressed on conventional therapy
before completing induction therapy. The value of high-dose therapy as consoli-
dation therapy of an initial remission should be verified in a phase 3 trial, and plans
are being made for such a US trial with the assistance of the Autologous Blood and
Marrow Transplant Registry (ABMTR).

INTRODUCTION

Ovarian cancer, although initially chemosensitive, is frequently incurable using
conventional therapies.! New paclitaxel/platinum chemotherapy regimens have
improved the median survival for patients with bulky, advanced disease; however,
they do not increase the proportion of patients with a surgical complete remission,
and thus will likely cure few additional patients.>® Optimal initial therapy for
advanced ovarian carcinoma now appears to be carboplatin and paclitaxel, which,
for suboptimal stage III and IV, produced a median PFS of ~16 months but a 3- to
4-year PFS of <20%.% As expected, patients with optimal stage I disease respond
more favorably to these newer regimens, especially when intraperitoneal (IP) high-
dose chemotherapy is included in the treatment regimen, as recently validated in
two phase 2 trials.*> The median survival for optimal stage III disease treated with
IP therapy now exceeds 50 months. Because of its dismal prognosis, the favorable
IP data, and the fact that ovarian cancer shares some of the features of other initially
chemosensitive tumors that respond favorably to intensive high-dose chemo-
therapy regimens, interest in high-dose therapy has increased over the past
10 years. Data from several sources seem to indicate a benefit of high-dose therapy
for relapsed patients who respond to salvage chemotherapy and have minimal bulk
disease, defined as <1 cm.5® Overall, ~20% of these patients appear to have a PFS
that exceeds 3—4 years, and because of a lengthy PFS of 16-18 months, most who
relapse subsequently respond to conventional salvage therapy.

As in other chemoresponsive diseases, however, the value of transplant therapy
for this disease may be greatest in responding patients in first remission. Two

-approaches have been used: incorporating high-dose therapy into the initial
induction regimen in lieu of conventional-dose therapy or as a consolidation of a
first documented remission. The advantage of the first strategy is that tumors are
treated before the development of acquired drug resistance, with the disadvantage
that there may be as much as a 20% chance of de novo drug resistance that may not
be overcome with the 7- to 10-fold dose increase of high-dose therapy. The
advantage of the second strategy is that the tumors that have demonstrated
chemosensitivity, such as the lymphomas and leukemias, are the only ones to
benefit significantly from high-dose therapy; the disadvantage is that the initial
courses of conventional therapy may induce drug resistance, which may not be
overcome by dose-escalating the same drugs.
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HIGH-DOSE THERAPY AS INDUCTION THERAPY

Starting with Shea et al.,” several groups have reported the feasibility and safety
of administering multiple cycles of high-dose carboplatin at 2- to 4-fold higher than
conventional doses, either alone or with paclitaxel when given in conjunction with
PBSCs. Numerous conventional chemotherapy trials of double-dose platinum have
been performed, and most are negative; however, close inspection reveals that
delivered dose intensity usually fell short of what was planned. In addition, only
1 agent was usually intensified. Administering PBSCs not only permits on-time
drug delivery of the chemotherapy agents, but also several agents can be simulta-
neously administered in double doses. In the report of Shea et al.,” 18 patients
received up to 3 courses of high-dose carboplatin 1200 mg/m? with PBSCs. Of the
5 evaluable patients with relapsed/persistent ovarian cancer, 3 had CRs, lasting 7.5,
8, and 11 months. An additional patient remained disease-free at 27 months, but
she was consolidated with an ablative regimen after initially receiving 2 cycles of
high-dose carboplatin with PBSCs.

Investigators at Sloan-Kettering!® tested a strategy in previously untreated
patients with advanced ovarian cancer of stem cell collection after high-dose
cyclophosphamide and paclitaxel followed by carboplatin 1000 mg/m? with
paclitaxel 250 mg/m? for 4 cycles with PBSC support, or later for 3 cycles,
followed by a single cycle of high-dose melphalan at 140 mg/m?. A total of 55
patients were treated, of whom 44 were assessable for a response. Twelve of 22
patients (55%) with optimal stage IIC/IIIC had a pathologic CR, but only 3 of 15
patients with suboptimal stage III and O of 11 with stage IV had a similar response.
Although surgical restaging was rigorous, the data for suboptimal stage III/IV are
similar overall to that which would be expected for patients treated with conven-
tional chemotherapy, as evidenced by the fact that patients treated with the
cisplatin/paclitaxel arm of Gynecologic Oncology Group (GOG) 111 (suboptimal
stage III and IV) had a pathologic CR rate of 26%. The results appeared to be
slightly better than expected for patients with optimal stage III disease, which led
to the development of a GOG multicenter trial of the regimen that consisted of
3 cycles of carboplatin and paclitaxel followed by the single course of melphalan
in patients with optimal stage III disease. Of the 9 patients who completed the trial
and underwent a second-look surgery, only 1 (11%) had a pathologic CR.!! Thus,
at least for the combination of double-dose carboplatin and paclitaxel, given at
2- to 3-week intervals with PBSCs, there appeared to be no benefit for patients with
ovarian cancer, even for those with optimal disease after primary surgery.

This lack of benefit to this dose-dense, double-dose therapy was also seen in a
more recent report of Shilder et al.,'? using a similar strategy of multiple cycles of
carboplatin at a somewhat higher dose (AUC 16) and paclitaxel 250 mg/m?. Again,
response rates and durations were similar to the other 2 studies reported above.
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Recently, however, this group has added high-dose topotecan (10 mg/m?) to the
high-dose carboplatin and paclitaxel combination and preliminarily reported
improved results.!* A second GOG pilot trial is under way to test this 3-drug
combination, again in patients with optimal stage III disease. A more recent report
of the same strategy, in which the topotecan is given daily over 5 days in an
escalated fashion, produced an encouraging 61% pathologic CR rate for patients
mostly with suboptimal disease.'* One could argue that these more aggressive
regimens are myeloablative, or at least significantly more intensive, to suggest that
it is outside the realm of dose-dense, double-dose chemotherapy. If they are more
effective than the carboplatin/paclitaxel regimens already tested, the next step will
be to determine the optimal number of cycles to achieve this result. In addition,
cumulative toxicity, cost, and frequency of delayed myelodysplasia and secondary
acute leukemias will also need to be determined.

HIGH-DOSE THERAPY AFTER STANDARD INDUCTION THERAPY

Approximately 15%—20% of patients with advanced ovarian cancer will have
de novo drug resistance to conventional platinum-based induction therapy; they do
not appear to benefit from high-dose therapy, similar to others with platinum-
resistant disease. Thus, the rationale of transplanting patients only after responding
to conventional therapy appears appropriate, as these nonresponsive patients would
be excluded. Several pilot studies in the late 1980s suggested that this therapy
could be performed with minimal toxicity and with a suggestion of benefit. The
largest of these early trials, published in 1997 by Legroset al.,'> consisted of 53
patients who were treated with either high-dose melphalan (140 mg/m?) (n = 23) or
carboplatin 1200 mg/m? and cyclophosphamide 6.4 g/m? (n = 30). Patients with
advanced-stage disease were eligible if they responded clinically to 6 cycles of
platinum-based chemotherapy (nontaxane) and underwent a second-look
laparotomy. Of the 53, 37 were stage Illc and had suboptimal III/IV disease, a
positive second-look surgery, or a high-grade tumor; 15 had stage IV disease at
diagnosis; and 22 had macroscopic disease at second look, with 18 undergoing
secondary cytoreductive surgery. Nineteen patients had a negative second-look
procedure, 7 had microscopic disease, and 5 had a clinical CR but refused a second-
look procedure. These 31 were reported separately as having minimal residual
disease (MRD) and compared to the 22 with macroscopic disease at the initiation
of the second-look procedure. At a median follow-up of 81.5 months, 45.3% of the
entire group of high-risk patients were alive, and 23% were progression-free, with
a median disease-free survival (DFS) of 30.4 months. From the time of diagnosis
for the entire group, the 5-year overall survival was 59.9%. For those with MRD at
transplant, the median DFS was 36.7 months, and for the 19 with a negative second
look, the DFS was 42.4 months and the median survival was 78.8 months. For
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those with macroscopic disease, the median DFS was 23.6 months and the median
overall survival was 39 months. The authors found no difference in survival
between melphalan and carboplatin/cyclophosphamide preparative regimens.

Whereas these data appear better than for similar patients treated only with
conventional chemotherapy, 3 major differences separate the patients treated in this
study from those receiving conventional therapy. First, only responding patients
were eligible for transplant, thus eliminating the 15%-20% who would have
progressed during standard induction therapy. This would make the results in this
study look artificially better than standard therapy. The second difference is that
patients with optimal stage III disease with a negative second look were not
eligible, again making comparisons to standard therapy difficult, because
~40%-50% of these patients would have been predicted to have a pathologic CR
to conventional therapy. The transplantation of only patients with a positive second
look or those initially with bulky disease would have made their results look
inferior to that of patients treated conventionally. Finally, the proportion of stage
IV disease of nearly 30% is slightly higher than that seen in a conventionally
treated group; with an estimated survival of only 5% at 5 years, when treated
conventionally, the results here would have been higher with a more typical
(smaller) percentage of patients with stage IV disease. What can be said, however,
is that those with a macroscopically positive second look appeared to do better than
expected, with a median survival of 39 months compared with the expected
survival of at best 20-24 months when treated with conventional salvage
chemotherapy alone.

A follow-up retrospective study of 181 patients treated at multiple French centers
has recently been reported, including the patients initially reported in 1997. The
same selection criteria were used, again with optimal stage III patients with a
negative second look generally excluded.!® The 5-year survival for optimal stage III
disease was 51%, and for suboptimal III/IV disease, 25%. Compared with what
would be expected for patients treated with conventional platinum-based therapy at
the time, the median PFS and overall survival rates appear to be 1 year longer, with
the best results perhaps in the optimal stage III patients. This result would have been
predicted from our data for chemosensitive relapsed disease, documenting a
favorable outcome only for those with maximal bulk at transplant of <1 cm disease.
Murakomi et al.!? also treated a small cohort of patients with high-dose doxorubicin,
cyclophosphamide, and cisplatin and autologous marrow transplants as consoli-
dation therapy after a second-look procedure. In that report, those with microscopic
disease at second look had a 70% survival at 4 years; however, those transplanted
for macroscopic disease had only a 14% survival at the same time point.

Our group has treated 54 patients with a novel regimen of high-dose paclitaxel
700 mg/m? over 24 hours on day 1 of a 6-day cycle, carboplatin AUC 28 over a
5-day infusion starting on day 2, and mitoxantrone 90 mg/m? in 3 divided doses on
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days 2, 4, and 6. The goal was to explore both high-dose carboplatin and paclitaxel
at their maximal tolerated doses (MTDs) with stem cell support along with
mitoxantrone, the most active agent in vitro, at escalated doses for platinum-
resistant disease. Of the 54 patients, 18 were transplanted in first remission. All had
adverse prognostic factors similar to those of the French investigation. Fifty
percent had stage IV disease, with only 1 patient transplanted in clinical remission
with optimal III disease; however, her disease was miliary at diagnosis. Of the
11 undergoing second-look surgery, 10 (90%) were positive, with 9 having disease
<1 cm at the time of transplant. At a median follow-up from diagnosis of
40 months, 52% + 13% were progression free, and 14 (78%) were alive.
Considering that all but one had either suboptimal III or IV disease, one would
have expected a median PFS of only 16 months and, at 40 months, only
~10%-15% would still be progression free. As with the French data, however,
direct comparison to conventionally treated patients cannot be made, as only
responding patients were considered eligible for this therapy.

THE FUTURE

These promising data suggest a benefit of high-dose therapy as a consolidative
therapy for patients with ovarian cancer, but valid direct comparisons cannot be
made, as indicated above. The optimal strategy is to perform phase 3 trials. One
such trial, sponsored by the GOG in the United States, closed prematurely because
of lack of accrual, primarily due to lack of referrals to transplant centers. However,
based on the favorable single-center and later multicenter retrospective data from
France, GINECO is nearing completion of a similar trial. Patients with stage III/IV
disease without a pathologic CR at second look or poor prognostic factors (stage
IV, suboptimal primary surgery, and high-grade tumors) are randomized after
second look to either high-dose therapy with cyclophosphamide 6 g/m?, carboplatin
1600 mg/m?, and stem cell transplant or 3 monthly courses of cyclophosphamide
600 mg/m? and carboplatin 300 mg/m?. Their accrual goal is 140 patients, with a
goal of detecting a 25% difference in survival at 3 years. Additional trials are
ongoing in Germany and through the European Group for Blood and Marrow
Transplantation (EBMT) that explore up-front, multicycle, high-dose therapy as
done by the investigators at Sloan Kettering and later the GOG.

A renewed effort at conducting a phase 3 trial in the US is under way, through
the assistance of the ABMTR. The proposed design will be similar to the French
study in that only responders will be eligible; however, it will differ in that, at the
completion of induction therapy, responding patients will be randomized to either
a single ablative transplant or 2 additional cycles of conventional paclitaxel and
carboplatin therapy. Following completion of assigned therapy, a second-look
procedure will be performed. The primary end point will be a 25% increase in those
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with a pathologically negative second look. Those treated on the standard-dose arm
with residual disease will then be permitted to undergo a transplant as consolidation
of their documented response to conventional therapy, making this potentially
more attractive to patients. The goal is to initiate this protocol in early 2001.
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High-Dose Therapy With Stem Cell Support
for Small Cell Lung Cancer
Anthony Elias

Dana-Farber Cancer Institute, Harvard Medical School, Boston, Massachusetts

ABSTRACT

The principles of dose and combination therapy are strongly supported by
preclinical and clinical evidence. However, clinical success requires eradication of
all clonogenic tumor if solely cytotoxic strategies are employed. The kinetics of
tumor regrowth, particularly for small cell lung cancer (SCLC), suggests that near-
eradication may be unimportant. Many established chemotherapeutic agents—
including etoposide or teniposide, cisplatin or carboplatin, ifosfamide,
cyclophosphamide, vincristine, and doxorubicin—have major activity against
SCLC and strong preclinical rationales for dose escalation. Whether dose-intensive
therapy can achieve greater survival and whether this benefit can outweigh the
enhanced toxicities generated is the major unanswered question.

Methods to deliver dose-intensive therapy include shortening cycle length,
increasing dose and/or number of agents over multiple cycles, or increasing dose
as consolidation of clinical response. In many phase 2 trials evaluating high-dose
therapy with hematopoietic cellular support, outcomes are frequently better than
those reported by conventional-dose approaches. However, patient selection and
perhaps staging biases contribute to these results. It is also questionable whether
the possible benefit is generalizable to the entire population of patients with that
disease and/or stage of disease, or if the treatment strategy is applicable only for the
best of the best.

At the Dana-Farber Cancer Institute and Beth Israel Deaconess Medical Center,
more than 55 patients with limited-stage and more than 30 with extensive-stage
SCLC have been treated with high-dose combination alkylating agents (high-dose
cyclophosphamide, carmustine, and cisplatin [CBP] or ifosfamide, carboplatin, and
etoposide [ICE]) after response to conventional-dose induction therapy. Of the
original cohort of 36 limited-stage SCLC (stages IIIA or B), 29 were in or near
complete remission (CR) before treatment with high-dose CBP with marrow and
peripheral blood progenitor cell (PBPC) support followed by chest and prophy-
lactic cranial radiotherapy. For this group, the 5-year event-free survival is 53%
(minimum follow-up, 40 months; range, to 11 years). By multivariate analysis,
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response to induction was most important (CR/near CR best vs. partial remission
[PR]), but short induction (<4 cycles), which included ifosfamide also, was
associated with better prognosis. The updated results of the limited- and extensive-
stage patients, as well as our experience with extrapulmonary small cell carcinoma,
will be provided.

Two major complementary strategies to administer high-dose therapy for SCLC
include a dose-intensive multicycle approach as initial treatment and the “later”
intensification in responders. The advantages and disadvantages for each approach
will be discussed. It may be optimal to merge the two strategies: a brief dose-
intensive induction followed by a single or double cycle of stem cell-supported
therapy followed by thoracic radiotherapy (TRT) and prophylactic cranial
irradiation (PCI). Ultimately, randomized trials for patients with limited
comorbidity will be necessary to determine whether the increased toxicity is
worthwhile and for which subsets of patients this approach is curative. In most
cases, if the treatment is deemed worthwhile, technological advances in supportive
therapy will develop to increase feasibility and decrease cost. At present, high-dose
therapy for patients with SCLC should be administered as part of an approved
research protocol.

RATIONALE FOR DOSE-INTENSIVE THERAPY IN SCLC

The principles of dose and combination therapy are strongly supported by
preclinical and clinical evidence. Increased dose intensity of certain chemothera-
peutic agents has greater cytotoxicity against the overall tumor cell population and is
more likely to kill drug-resistant tumor cells. Which agents are chosen depends on
pharmacology/mode of action and schedule/dose relationships to cytotoxicity. For
these reasons, alkylating agents usually form the backbone of most high-dose
regimens, because near log-linear dose-response relationships are consistently
demonstrated for the alkylating agents and radiation in preclinical in vitro and in vivo
experiments.'~ Clinical success requires eradication of all clonogenic tumor if solely
cytotoxic strategies are employed. The kinetics of tumor regrowth (Gompertzian
model) suggests that near-eradication might yield fairly similar clinical outcomes
compared with more modest antitumoral effects delivered over longer periods. The
ability to detect clinical benefits from high-dose therapy would be greatest in clinical
settings with high risk of systemic relapse but low tumor burden. Increased
cytotoxicity may be unimportant if tumor burden is great. Chemosensitivity, partic-
ularly the shape of the dose-response relationship for the drug-resistant tumor cell
subpopulations, is also critical. Dose escalation of agents inactive against a particular
disease is not a likely strategy to generate significant clinical success.

Many established chemotherapeutic agents—including etoposide or teniposide,
cisplatin or carboplatin, ifosfamide, cyclophosphamide, vincristine, and doxo-
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rubicin—have major activity against SCLC. Many of these agents, particularly the
oxazaphosphorines and the platinums, have strong preclinical rationales for dose
escalation. There is also extensive clinical evidence to support a dose-response
relationship with these agents against a variety of tumor types, including SCLC.
The major controversy surrounding dose-intensive therapy is whether this increase
in tumor response can translate into prolonged survival and whether this benefit can
outweigh the enhanced toxicities generated. Methods to deliver dose-intensive
therapy include shortening cycle length, increasing dose and/or number of agents
over multiple cycles, or increasing dose as consolidation of clinical response.

Upon review of the phase 2 trials evaluating high-dose therapy with hemato-
poietic cellular support, outcomes are frequently better than those reported by
conventional-dose approaches. However, patient selection (low patient
comorbidity) and staging biases clearly contribute to these results. Even if
randomized data support the use of high-dose therapy, one may still ask whether
the benefit is generalizable to the entire population of patients with that disease
and/or stage of disease, or if the treatment strategy is applicable only for the best
of the best. In most cases, if the treatment is deemed worthwhile, technological
advances in supportive therapy will develop to increase feasibility.

A further question concerning dose-intensive strategies is whether they can be
combined with other modalities. For example, dose-intensive therapy does improve
overall response and complete response rates. Therefore, this approach may serve
as a suitable foundation to generate minimal residual tumor burdens and potentially
render other therapeutic strategies more effective. The use of combinations of
treatment modalities becomes more compelling given the generic properties of
tumors, namely plasticity, adaptability, and heterogeneity.

CONVENTIONAL-DOSE THERAPY IN SCLC

Approximately 15%-20% of all bronchogenic carcinomas, small cell lung
cancers are the fourth leading cause of death from cancer in both men and women
in the United States.®> Systemic metastatic disease is present in almost all patients at
diagnosis: overt in two thirds (extensive-stage disease [ED]) and subclinical in one
third (limited-stage disease [LDjJ). Established chemotherapeutic agents include
etoposide, cisplatin, carboplatin, ifosfamide, cyclophosphamide, vincristine, and
doxorubicin. Consensus conventional-dose treatment consists of 4-6 cycles of
platinum/etoposide alone for ED or with concurrent chest radiation therapy for LD.®
Complete response rates are 50%-70% for LD patients and 10%-20% for ED
patients. By 2 years, however, 20%-40% of LD patients and <5% of ED patients
remain alive”8; S-year survival is about half that. Although ifosfamide improved
survival in ED patients in conjunction with cisplatin and etoposide,” this lead has not
been tested in LD patients. New agents with promising activity include the taxanes,
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gemcitabine, and the topoisomerase I inhibitors. The role of these new agents are
being evaluated in ongoing first-line therapy trials. The underlying cardiovascular
and pulmonary comorbidity, median age of 60-65 years, and enhanced risk of
secondary smoking-related malignancies inherent in lung cancer patients contribute
to an increased risk when applying dose-intensive therapy.

Dose Intensity: Without Cellular Support

Klasa et al.' analyzed dose intensity (expressed in drug dose administered
per square meter per week) of individual agents or regimens delivered in ED SCLC
trials. Higher dose intensities of cyclophosphamide and doxorubicin with
vincristine (CAV) and with etoposide (CAE), but not etoposide and cisplatin (EP),
were associated with a longer median survival. The relative range of doses
administered and the response and survival advantages were small.!?

Six randomized trials have evaluated dose intensity in ED SCLC with or
without cytokine support.!!~16 The actual delivered doses, when reported, were
significantly less different between the arms than the planned dose intensity
differences (1.2- to 2-fold). Two of these trials showed a modest survival advantage
for the higher-dose therapy. Arriagada et al.'” treated LD patients with 6 cycles of
conventional-dose chemotherapy wherein the first cycle only was randomly
assigned conventional dose vs. modest intensification. A complete response and
survival advantage for the patients receiving the intensified chemotherapy was
observed. This result was somewhat unexpected, since the relative difference in the
two groups was so small. It is possible that dose intensity, particularly if given early
in the course of treatment, may be more effective in the LD rather than the ED
setting. Early intensification and treatment of earlier-stage disease are two themes
to consider when designing new trials.

Multidrug cyclic weekly therapy was designed to increase the dose intensity of
treatment by taking into account the differing toxicities of the weekly agents. Early
phase 2 results were promising, although patient selection effects were evident.'819
None of the randomized trials demonstrated survival benefits,?*-23 perhaps because
of the greater morbidity, dose reductions, and delays required for the weekly
schedules; thus the actual delivered dose intensities were not that different.
Moreover, not only were doses and schedules varied, but so were the regimens,
leading to interpretation obstacles.*

Currently established cytokines (eg, granulocyte-macrophage colony-stimulating
factor [GM-CSF] and G-CSF) were able to maintain dose intensity across multiple
cycles.?S Fukuoka et al.?® documented a statistically significant survival advantage
for the use of G-CSF to support the CODE (cyclophosphamide, vincristine,
doxorubicin, and etoposide) regimen (59 vs. 32 weeks). With cytokine use, a
modest increment in dose intensity, limited by cumulative thrombocytopenia, can
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be achieved (1.5- to 2-fold). The effectiveness of various thrombopoietins or other
cytokines to increase achievable dose intensity remains uncertain,

Dose Intensity: With Cellular Support

Trials reported before 1995 of patients with SCLC undergoing autologous bone
marrow transplantation were reviewed by Elias and Cohen?’ if specifics about their
response status (relapsed or refractory, untreated, or responding to first-line
chemotherapy [partial or complete response]) and their extent of disease (LD or
ED) had been provided. Patients in these various categories were pooled for
aggregated relapse-free and overall survival characteristics.

Complete and overall responses in 52 patients with relapsed or refractory
disease were 19% and 56%,28*! but lasted only 2—4 months. Although combination
chemotherapy, especially regimens containing multiple alkylating agents,
produced slightly higher response rates, these regimens were more toxic (18% vs.
6% deaths). The high complete-response rate substantiated a dose-response
relationship but was insufficient for cure.

Complete and overall responses in 103 patients with untreated SCLC (71%
limited disease) who received single- or double-cycle high-dose therapy as initial
treatment were 42% and 84%, respectively.*>*® Relapse-free, 2-year, and overall
survival rates were comparable to treatment with conventional multicycle regimens.
Transplantation in the newly diagnosed SCLC setting is potentially hazardous
because of the frequency of life-threatening complications from uncontrolled
disease and the likelihood of tumor cell contamination in untreated autografts.
Theoretically, early intensification may have greater impact on the disease.

High-dose chemotherapy with autologous hematopoietic support has been
given to approximately 466 patients in response to first-line chemotherapy as
consolidation.*-% About 40%-50% of partial responders converted to complete
response, but without durable effect. Of patients with limited disease in complete
response at the time of high-dose therapy, about 35% remained progression free at
a median follow-up of >3 years at the time of publication.

Brugger and colleagues®% administered 2 cycles of mobilization chemo-
therapy to 18 LD patients. Thirteen (72%) received high-dose ICE with epirubicin
as consolidation. Event-free survival was 56% (median follow-up, 44 months).
About 25% had stage I or II SCLC, and surgical resection was performed in
7 patients. PBPCs collected after the second cycle of mobilization chemotherapy
contained no microscopic tumor cells as measured by immunocytochemistry using
keratin and EMA-125 antibodies.

At the Dana-Farber Cancer Institute and Beth Israel Deaconess Medical Center,
more than 55 patients with limited-stage and more than 30 with extensive-stage
SCLC have been treated with high-dose combination alkylating agents (high-dose
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CBP or ICE) following response to conventional-dose induction therapy. Of the
original cohort of 36 limited-stage SCLC (stage IIIA or B), 29 were in or near CR
before treatment with high-dose CBP with bone marrow and PBPC support
followed by chest and prophylactic cranial radiotherapy.®>% For this group, the
5-year event-free survival is 53% (range of follow-up, 40 months to 11 years). By
multivariate analysis, response to induction was most important (CR or near CR
best vs. PR), but short induction (<4 cycles) and the use of ifosfamide during
induction also impart better prognosis. Of the ED patients, 17% remain progression
free >2 years after high-dose therapy, largely patients with oligometastatic disease.

Humblet et al.% performed the only randomized trial to be reported. Five cycles
of conventional chemotherapy with prophylactic cranial irradiation were given to
101 patients with SCLC. Of these, 45 were randomized to 1 further cycle of either
high- or conventional-dose therapy using cyclophosphamide, etoposide, and car-
mustine.® Dose response was demonstrated. Complete response was achieved in
T7% of partial responders after high-dose therapy, but in none after conventional-
dose treatment. High-dose therapy enhanced disease-free survival and tended to
improve survival. However, since overall outcomes were mediocre, with an 18%
toxic death rate on the high-dose arm, the investigators concluded that dose-
intensive therapy should not be considered a standard therapy in SCLC. Almost all
patients recurred in the chest, reflecting the fact that chest radiotherapy was not
given in this trial.

Sites of prior tumor involvement are most likely to be sites of first relapse
because of the greater tumor burden, drug-resistant clones in the chest, poorer drug
delivery, intratumoral resistance factors such as hypoxia in areas of bulk tumor, or
in the case of autograft contamination, the possibility of homing with microenvi-
ronmental support for the tumor in local-regional sites.**¢ Using 50 Gy radio-
therapy with conventional-dose therapy, chest relapse is reduced from 90% to 60%.
Thus, high-dose curative treatment approaches should include radiotherapy to sites
of bulk disease.

In many of the older trials, doses were attenuated and treatment-related
morbidity and mortality were higher than currently expected. Many trials employed
either single high-dose chemotherapeutic agents (plus low-dose agents),47-5267.68 op
single alkylating agents.**4”>*7 Combination alkylating agents were employed in
a minority of patients.?9-32.38.43.58-66

FUTURE DIRECTIONS
Intensify Involved Field Radiotherapy

Thoracic radiotherapy provides a 25%-30% improvement in local-regional
control and a 5% increase in long-term progression-free survival for limited-stage
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SCLC.%7 Local-regional relapse still remains high (~60% actuarial risk of local
relapse by 3 years) with the typical 45-50 Gy TRT7!-"% and may be underestimated
because of the competing risk of systemic relapse.’ Further enhancement of local-
regional control might increase the proportion of long-term survivors.

Dose intensity of chest radiotherapy has not been sufficiently studied. The
Eastern Cooperative Oncology Group and the Radiation Therapy Oncology Group
compared 45-Gy TRT given either daily over 5 weeks or twice a day over 3 weeks
concurrent with cisplatin and etoposide chemotherapy.’> Tumor recurrence in the
chest was reduced from 61% to 48% at 2 years with the more intense TRT. A
survival advantage for the more-intensive radiotherapy has been reported.”® Many
investigators have pointed to this trial as establishing a new benchmark for SCLC
treatment outcomes. However, as in high-dose trials, a patient selection bias is
evident. Patients who were too sick (not suited for up-front combined modality
therapy) or who had bilateral bulky mediastinal adenopathy (too large a radio-
therapy port) were not generally enrolled onto the trial. Thus, a full 40% of patients
enrolled in this trial had no apparent mediastinal adenopathy on computerized
tomography, distinctly unusual for SCLC populations. This observation in no way
undermines the demonstrated benefit of more intense radiotherapy, but caution is
required in applying this advance to the general population of SCLC.

Using a shrinking-field technique, Choi et al.”’ gave escalating doses of TRT
concurrently with cisplatin and etoposide either as daily 180-cGy fractions or as
twice-a-day 150 ¢Gy fractions in LD SCLC. The maximal tolerated doses defined
by acute esophagitis were 45 Gy for twice-a-day administration and >70 Gy for
daily administration. Intensification of TRT dose is feasible and should be
evaluated in a randomized setting. Since most relapses occur in-field, a more
focused port may be feasible to reduce morbidity of more intense TRT.

Intensify Induction

Induction therapy may reduce tumor burden, stabilize rapidly progressive
systemic and local symptoms from SCLC, select patients possessing chemosen-
sitive tumors for subsequent intensification, and diminish micrometastases in the
autograft sources, as discussed below. On the other hand, chemoresistant tumor
cells might proliferate or even be induced across treatment, and may outweigh
these advantages. The Arriagada trial supports initial intensification of induction.!”
A logical extension of this concept is the administration of multicycle dose-
intensive combination therapies supported by cytokines and PBPCs.”-5 Pettengell
et al.® treated good-performance-status SCLC patients with conventional-dose
ICE supported by autologous whole blood cells given on day 3 of chemotherapy
for 6 cycles. Cycle length could be shortened to 2 weeks using either pheresis
products or 750 cc whole blood stored at 4°C. Cycles were repeated upon platelet
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recovery to 30,000/uL, rather than the usual 100,000/uL. In this phase 1 trial of
25 patients, the full planned dose intensity for each of the arms was reached across
the first 3 cycles, and 56% of patients completed all 6 cycles. Mortality was 12%,
and complete response rate was 64%. The authors noted that the collection of
whole blood without cryopreservation substantially reduced the cost and
complexity of cellular support for nonablative therapy.®® In a subsequent
randomized phase 2 study, 50 “good prognosis” patients were given ICE every 2
or 4 weeks.” The median dose intensity delivered over the first 3 cycles was 1.8
(0.99-1.97) vs. 0.99 (0.33-1.02) on the 2-week vs. 4-week cycles, respectively.
Paradoxically, more hematopoietic and infectious events occurred on the standard-
dose 4-week arm. A phase 3 trial is ongoing.

In the European Group for Blood and Marrow Transplantation, 47 patients
underwent mobilization with epirubicin and G-CSF followed by 3 cycles of
moderately intensive ICE.3! Radiation to chest and head was recommended. Of
35 evaluable patients, the complete and near-complete response rate was 69%.
Mortality was 14%. A phase 3 trial is ongoing.

Using an innovative trial design, Humblet et al.%® treated 37 limited-stage
patients with 4 intensive alternating cycles of etoposide with either ifosfamide or
carboplatin with stem cell support. To integrate early chest radiotherapy, bursts of
10 Gy TRT in 5 fractions were given concurrently with each chemotherapy
administration (total dose, 40 Gy). Mortality was 3%. The median event-free
survival was 18 months, and 80% remain alive at 30 months. Eight of 13 relapses
occurred in the brain, perhaps because no PCI was given.

Minimal Residual Tumor/Autograft Involvement

Autograft contamination by tumor cells may cause relapse. Gene marking
studies have definitively proven that residual tumor cells do directly contribute to
relapse in certain hematologic malignancies and neuroblastoma (verbal communi-
cation, Stem Cell Conference, San Diego, March, 1993),86-88 although the concept
has not been adequately tested in solid tumors.?® These cells also serve to indicate
that the patient has increased systemic chemotherapy-resistant tumor burden.

In SCLC, the marrow is a common metastatic site. Subclinical micrometastatic
disease is detected in marrow in 13%—-54% of newly diagnosed limited-stage and
44%-T11% of newly diagnosed extensive-stage SCLC*-* using immunohisto-
chemical techniques with sensitivities of ~1 in 10* cells. Two thirds of patients in
CR may have subclinical disease in marrow,”>*¢ and residual tumor appears to
predict relapse.”® Brugger et al.” detected circulating tumor cells in patients with
metastatic SCLC or breast cancer mobilized with G-CSF and IPE (ifosfamide,
cisplatin, and etoposide) chemotherapy, but not after the second cycle of
chemotherapy. In the short term, in vivo chemotherapy induction may purge the
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patient and the autologous stem cell source.’ In our unpublished data using a
technique with a sensitivity of 1-10 in 108, up to 77% of LD patients in or near
complete response before high-dose therapy have detectable tumor cells in their
marrow by keratin staining.?®

Molecular and antigenic characterization of these residual cancer cells may guide
strategies for further treatment. We are using a fluorescence microscope with
automated computerized scanning with one set of fluorescent probes for detection and
a second set with different fluorophores for biologic characterization to analyze
patterns of coexpression of various markers in these cells.”® Prospective trials to
determine the clinical significance of marrow or peripheral blood tumor contamination
and the impact of novel stem cell sources to support high-dose therapy are underway.

CONCLUSIONS

Two major complementary strategies to administer high-dose therapy for SCLC
include dose-intensive multicycle approach as initial treatment and the “later’
intensification in responders. Advantages for each approach are evident. The
multicycle approach can achieve early dose intensity and maintain it for about 3—4
cycles. Disadvantages to this approach include subtransplant doses, high mortality
rates, late administration of chest radiotherapy (except for the recent trial of
Humblet et al.), and the collection of stem cells early in treatment when they have
a higher potential to be contaminated with tumor cells. Advantages to later intensi-
fication include a patient with decreased tumor burden and tumor-related
symptoms with consequent improved performance status and a partial purge of the
autograft. Early dose-intensive thoracic radiotherapy can be given before high-dose
therapy. The drawback of later administration of the dose-intense cycle can be
surmounted in part by intensification and shortening of induction chemoradio-
therapy. The optimum may be to merge the two strategies into one: a brief dose-
intensive induction followed by a single or double cycle of stem cell-supported
therapy followed by TRT and PCI. Ultimately, a randomized trial in patients with
limited comorbid disease will be necessary to determine whether the increased
toxicity is worthwhile and for which subsets of patients this approach is curative.

High-dose therapy has a strong scientific basis: it kills more tumor cells and
achieves minimal tumor burden in most patients. In clinical situations in which
toxicity has been acceptable, it typically results in prolonged progression-free
survival in a subset of patients. An additional group of patients may be near cure.
High-dose therapy may have increased value if additional targets of residual tumor
cells can be identified for novel treatment strategies and modalities. Most biologic
strategies, such as active or adoptive immunotherapy, gene function replacement
(retinoblastoma gene and/or p53), or interruption of autocrine or paracrine growth
loops, work best against minimal tumor burden.
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ABSTRACT

High-dose chemotherapy for germ cell tumors is alive and well in Europe, with
more than 300 patients treated each year. The mortality rate in 1999 was 3%, and
the majority of patients received peripheral blood progenitor cells (PBPCs) as
hematologic support. Several phase 2 studies and an overview have shown that
patients with sensitive disease are the best candidates to achieve long-term
survival. A phase 3 randomized study (IT-94) is approaching its final accrual (280
patients). It will be the first study addressing the role of high-dose chemotherapy in
this disease.

INTRODUCTION

The outcome of advanced germ cell tumors is extremely good compared with
that of other solid tumors.! Nevertheless, patients in relapse after previous
complete remission (CR) and those not achieving CR with first-line therapy have a
very dismal prognosis.

High-dose chemotherapy treatments for germ cell tumors started in the early
1980s as a modality to circumvent drug resistance, the ultimate cause of treatment
failure. The clinical and biological characteristics of possible candidates for
intensified treatment include young age, clinical good condition, rare bone marrow
involvement, and sensitivity to major drugs even after relapse. This article reports
the present situation in Europe in this field.

THE EUROPEAN SURVEY AND THE EBMT SOLID TUMORS REGISTRY

Despite the fact that germ cell (testicular or extragonadal) cancers represent a
small minority among adult solid tumor types, the number of patients receiving an
autograft recently has been high.
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Figure 1. High-dose chemotherapy for germ cell tumors in Europe. Source: European
Group for Blood and Marrow Transplantation survey.

Figure 1 shows the number of patients (1 patient = 1 graft) during the last
9 years in Europe. In the last few years, a plateau has emerged, with 320-350 cases
per year, and we can foresee that it will not increase in the future. The majority of
transplanted patients are currently reported to the European Group for Blood and
Marrow Transplantation (EBMT) Solid Tumors Registry.? By March 2000, a total
of 1465 cases were included: 691 (47%) in relapse or progression, 574 (39%) as
consolidation; for 200 (14%), disease status at graft has not been reported and a
careful data request is underway.

The majority of relapsing patients (429 of 691) are in sensitive relapse; 1366 are
male; the mean age is 30 + 9 years, median age 30 years (range, 1-63 years). Only
89 patients were <18 years old. More than 90% of these patients received PBPCs as
the sole source of hematopoietic support in 1998 and 1999, after the shift from
autologous bone marrow transplantation (autoBMT) to PBPC beginning in 1993.
Toxic death rate (any death within the first 100 days from graft, not directly related
to the disease) has been dramatically reduced to 3% (Figure 2), which is not higher
than reported with major standard-dose regimens.3 Among 122 female patients with
germ cell tumors, the toxic death rate was 7% (data not shown).

Of the patients, 1068 received 1 autotransplant; 237 had 2 grafts; and 61 had 3
or more grafts. Mean days with polymorphonuclear cells (PMN) <500 uL were
19 + 18 (median, 17; range, 7-68) and 12 + 7 (median, 11; range, 1-70) for
autoBMT and PBPCs, respectively. The median values for thrombocytopenia
(platelets <50,000/uL) were 25 + 19 and 21 + 18 days, respectively.
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Figure 2, Toxic death rate (at 100 days after grafi) for germ cell tumors. Source: European
Group for Blood and Marrow Transplantation database.

RESULTS

Ninety-two evaluable patients were treated with high-dose chemotherapy for
refractory disease and have a median survival of only 7 months (Figure 3). Much
better results have been obtained in patients with sensitive relapse at the time of
transplant (second complete responses are excluded in the analysis reported in
Figure 4). Those data are in accordance with a recent survey from 4 major
European and US centers* showing that status at transplant is one of the most
significant prognostic factors affecting survival.

In a recent report of 37 patients from the Netherlands,’ patients relapsing after
standard chemotherapy have a 44-month median overall survival; our group® has
presented similar data with a smaller cohort of patients and a different high-dose
schedule. Despite several phase 2 studies published in the past decade of high-dose
chemotherapy for relapsing™® or poor-risk’ patients, autotransplantation had been
considered experimental therapy. Although a matched-pair analysis from Germany
and Norway® suggests a benefit from high-dose therapy in ~10% (perhaps lower
than expected), the final word should come from randomized studies.

In 1994, the EBMT launched an international study, named IT-94, for patients with
an incomplete response or those relapsing after a previous complete remission who are
randomized to 4 courses of standard therapy (VelP [vinblastine, ifosfamide, cisplatin] or
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Figure 3. Overall survival for patients with refractory disease. Source: European Group
for Blood and Marrow Transplantation database.
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Figure 4. Progression-free survival for 239 patients with sensitive relapse (second complete
remission excluded). Source: European Group for Blood and Marrow Transplantation database.



Rosti et al. 155

THE EBMT IT-94 STUDY
(GERM CELL TUMORS)

Incomplete remission Relapse after CR

PD off «-----—-—- VelP x 2 VelP x 2 off PD

VelP x 2 VelP x 1 + apheresis

Total accrual 280 pts

Accrual October 2000 251 pts

Figure 5. The European Group for Blood and Marrow Transplantation IT-94 study. Carbopec,
high-dose carboplatin, etoposide, and cyclophosphamide; CR, complete remission; PD, progres-
sive disease; pt, patient; R, randomization; VelP, vinblastine, ifosfamide, cisplatin.

PEI [cisplatin, etoposide, ifosfamide]) or 3 courses of standard therapy followed by high-
dose carboplatin, etoposide, and cyclophosphamide (carbopec) (Figure 5). After a first
interim analysis of 140 patients in 1998, it was decided to continue until 280 patients had
accrued. By June 2000, 243 patients from 10 European countries have been randomized.
This study (scheduled to be closed by the end of 2000) should give the definitive answer
concerning the role of carbopec high-dose chemotherapy in patients relapsing or in
incomplete remission after front-line therapy.
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ABSTRACT

High-dose chemotherapy is more likely to be successful in tumors that have
a high response rate to chemotherapy. Ovarian cancer may be particularly
suited to this treatment, because many patients enter a clinical remission but
relapse because of the emergence of drug resistance. Over the last 18 years, a
large number of patients with ovarian cancer were reported to the solid tumor
registry of the European Group for Blood and Marrow Transplantation
(EBMT). Data on 254 patients with advanced or recurrent disease from 39
centers treated between 1982 and 1996 have been reviewed. One hundred five
patients underwent high-dose therapy in complete remission or after very good
partial response with microscopic disease, 27 in second remission, and the
remainder in the presence of bulky disease after chemotherapy. Most received
melphalan, carboplatin, or a combination, supported by autologous bone
marrow or peripheral blood stem cells.

Survival following transplantation of patients in remission was significantly better
than in other groups (median, 33 months vs. 14 months; P=.0001). The durability of
remission was longer after transplantation in first compared with second remission.
With a median follow-up of 76 months from diagnosis, the median disease-free and
overall survival rates in stage III disease transplanted in remission are 42 and 59
months, and for stage IV disease, 26 and 40 months, respectively.

High-dose chemotherapy is beneficial only when used to consolidate a
remission or to help overcome the adverse effect of residual disease after initial
surgery. These results compare favorably with those seen following standard-
dose chemotherapy but need to be confirmed in a randomized trial. OVCAT
(Ovarian Cancer Trial) is a randomized EBMT trial of sequential high-dose
chemotherapy compared with standard chemotherapy following initial surgery
for ovarian cancer.
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INTRODUCTION

Ovarian cancer is the fourth most common cause of cancer death in women.
Early stages of the disease are often asymptomatic and, at the time of diagnosis, the
majority of women have advanced disease. Control of the disease has improved
over the last 20 years with the use of aggressive cytoreduction and platinum-based
chemotherapy. The introduction of taxanes suggests that survival may be further
increased.! However, the majority of patients still relapse and die of their disease;
only 25%-30% of patients with advanced disease (International Federation of
Gynaecological Oncologists [FIGO] stage I1I or [V) remain alive at 5 years.>* Drug
resistance remains the principal obstacle to successful therapy, and dose intensifi-
cation of chemotherapy, which has been shown to be effective in some chemosen-
sitive tumors, is one strategy that might overcome relative drug resistance. Ovarian
cancer is very chemosensitive; typically more than 70% of patients will respond to
chemotherapy, and a retrospective analysis has shown that tumor response and
survival are related to drug dose intensity.*> Prospective randomized studies have
generally not supported this view, however; but the level of dose escalation has
been small, usually about twice the standard dose of platinum.®

High-dose chemotherapy has been studied in ovarian cancer, but early reports
were mainly confined to the treatment of small numbers of patients with disease
that usually was resistant to standard chemotherapy. More recently, results have
been reported from centers treating larger cohorts of patients.”!! The Solid Tumor
Registry for the EBMT was set up in 1981, and the Solid Tumor Working Party,
established in 1984, now has data on more than 14,000 patients treated with high-
dose chemotherapy.

Between 1982 and 1996, 254 patients with ovarian cancer were reported to the
Solid Tumor Registry. This article describes the outcome of this group and the
current prospective EBMT randomized study that has been initiated as a result of
the analysis of the registry data.

PATIENTS AND METHODS

The patients with ovarian cancer diagnosed between September 1975 and
December 1995 were given high-dose chemotherapy between October 1982 and
January 1996. The data submitted to the registry from 39 centers were reviewed.
The median age was 46 years (range, 14 to 63 years). More than 90% of patients
had FIGO stage III or IV disease, and the distribution of histologic subtype was
typical for advanced disease. Cytoreductive surgery was performed in 64.1% of
patients; in 64 patients (25.2%), there was either no residual disease or residual
disease was microscopic. Macroscopic disease was known to be present in 42.5%
of patients. At least 10.6% had no surgery, and in 21.7%, there were no details of
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the diagnostic procedure. Most patients received initial chemotherapy, and 75% of
the group received platinum-based therapy. The overall survival (OS) and disease-
free survival (DFS) rates were estimated using the Kaplan-Meier method.
Differences between groups were assessed by the log-rank test.

Patient Characteristics at the Time of Graft and High-Dose Therapy

The disease status before high-dose therapy is summarized in Table 1. There
were 288 grafts (18 patients received either double or triple grafts). In the group
transplanted in first complete remission (CR1) or very good partial remission
(VGPR1), defined as microscopic residual disease at a second-look procedure,
there were only 3 patients with early disease (stage I or II). The CR1 or VGPR1
group contained 29 of the 64 patients with microscopic or no residual disease after
initial surgery. We do not know how many of the remaining 76 patients in CR1 or
VGPR1 had little disease at the end of their operation, because surgical details were
not recorded in 55 patients.

The group transplanted in second remission (CR2) contained 13 patients who
relapsed after stage I or II disease. The remaining 116 patients (45.6%) were not in
remission when they received high-dose chemotherapy. Some were in sensitive
relapse, but the majority had resistant bulky relapse.

Graft and High-Dose Therapy Regimens

There was a shift from autologous bone marrow transplantation (autoBMT) to
peripheral blood stem cell transplantation (PBSCT) with time. AutoBMT was
performed in 155 patients, 8 patients received autoBMT and PBSCT, and 120
received PBSCT (data were unavailable for 5 grafts). Two hundred forty-seven
procedures (85.8%) used a regimen that included platinum-based drugs, chiefly

Table 1. Disease Status Before High-Dose Therapy*

Status n %

First CR 88 350
VGPR1 17 6.7
First PR 67 264
Second CR 27 10.6
SD/RD/SR/RR/relapse 49 19.3
Unknown 6 2.0

*CR, complete response; PR, partial response; RD, primary refractory; RR, resistant
relapse; SD, stable disease (<50%); SR, sensitive relapse; VGPR, very good partial
response.



160 Chapter 3: Solid Tumors

carboplatin, melphalan, or both. Cyclophosphamide was a part of the 23 regimens
with agents other than cisplatin or carboplatin and melphalan. Most patients in first
complete or partial remission received the transplant within 12 months of
diagnosis. The time to transplantation was much more variable, as expected in
patients transplanted in second CR. Overall, 174 patients received high-dose
chemotherapy within 12 months of diagnosis.

OUTCOME

The data were frozen on October 1, 1998. The overall survival and duration of
remission (DFS following transplantation) were significantly longer in patients
given high-dose chemotherapy in remission (CR1, second CR, or VGPR1) than in
those receiving high-dose chemotherapy in a partial remission or with stable or
resistant disease. The median survival of 132 patients transplanted in remission was
33 months (from the time of the graft) compared with 14 months in those who were
not in remission (P=.0001). The median follow up is >5 years, and no patient in the
CR group has relapsed beyond 3.5 years (Figure 1). Patients who received high-
dose therapy in first remission or VGPR1 had a more durable remission than those
transplanted in second CR. The median disease-free survival was 18 vs. 9 months
(P=.005). Although the DFS was significantly lengthened, there was no significant
difference in OS following the graft (P=.15). The median follow-up was 76 months
from diagnosis for the 76 stage III and 24 stage IV patients transplanted in first
remission. The median DFS was 42 months for stage III and 26 months for stage
IV patients, and the median OS was 59 months for stage III and 40 months for stage
IV patients. These differences are not statistically significant.

TOXICITY

One hundred sixty-nine patients relapsed or progressed after the last transplant
(no information is available on 6 patients). One hundred fifty-seven patients died,
and the cause of death was available for 124 patients. The cause of death was
original disease alone in 97 patients and other causes including original disease in a
further 8 patients. Procedure-related deaths within 90 days occurred in 18 patients
(7.0%), principally infection, hematologic toxicity, and multiorgan failure. Original
disease contributed to the cause of death in 3 patients who died within 90 days.

DISCUSSION

The large number of patients reported to the solid tumor registry of the EBMT
over the last decade reflects the growing interest in high-dose chemotherapy.
Ovarian cancer is a disease with a high response rate to platinum-based chemo-
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Figure 1. A, Overall survival. B, Disease-free survival for patients in first clinical remis-
sion (CR1), first very good partial remission, and CR2 (n = 132) vs. others (partial remis-
sion and residual disease sensitive or resistant to chemotherapy) (n = 116).

therapy.'>!> A common theme from centers with experience in treating large
numbers of patients with high-dose chemotherapy is that only the patients in
remission or with small-volume drug-sensitive disease appear likely to benefit.!%!!
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A median survival of 14 months after high-dose chemotherapy in the EBMT series
shows that many patients died soon after therapy. Less than 20% survived more
than 5 years after the procedure; these are probably the few patients with drug-
sensitive disease who were given high-dose therapy.

There is, however, a group of patients given high-dose therapy to consolidate
remissions that fared significantly better. This group, comprising just over half the
total patients in the EBMT series, had a 5-year survival after transplantation of just
under 40%. Their median survival of 33 months following consolidation therapy
suggests that high-dose treatment may favorably affect the natural history of
advanced ovarian cancer. Furthermore, half the patients have been followed for
more than 5 years, and late relapse is uncommon.

The best results are seen in patients transplanted in remission. Transplantation
in first remission produces a more stable response than transplantation following a
second remission. Interestingly, the overall survival of the 2 groups was not
different, probably reflecting the presence of continuing drug sensitivity in a
proportion of patients who attain a second remission. The median survival from
diagnosis of patients in CR1 or VGPR1 was 54 months (4.5 years), and the disease-
free survival was 32 months. These results are similar to the largest series
published so far from Clermont-Ferrand, France. (It should be noted that some of
the patients in the series by Legros et al.!? are included in the EBMT registry.)

Patient selection is a common and valid criticism of the beneficial results in
survival following high-dose therapy. In a case study from the Netherlands,
prognostic factor analysis has identified small-volume disease after surgery as a
favorable indicator of outcome in stage III or IV disease.? In that group, the median
survival was 7.8 years, falling to 4.2 years in patients who had either no residual
disease or microscopic disease after platinum-based chemotherapy. The 5-year
survival of the 2 groups was 64% and 35%. Whereas attainment of CR or VGPR
clearly favors good outcome, the majority of patients in the EBMT series did not
have a surgically defined response. At least 17 patients had microscopic disease.
Only 29 patients of 105 were known to have no macroscopic disease at the end of
primary surgery. Even if all the 55 patients in the unknown disease category at the
start of treatment were added to this group, there would still be at least 20% of
patients who started treatment with macroscopic disease. In summary, the group in
clinical remission is heterogeneous— some had a pathological complete remission,
and others had microscopic or larger-volume disease, not clinically detectable.

The 5-year probability of survival for patients transplanted in clinical remission
is 48% for patients with stage III disease and 35% for patients with stage IV
ovarian cancer. Some of these patients had residual disease after surgery, and in
general, such patients do not have a good long-term survival. It appears that high-
dose consolidation therapy may have benefited patients with less favorable
prognostic features to an even greater extent, such that the overall outcome of the
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subset of patients in CR1 and VGPR is as good as those of patients with a
surgically documented remission.

Published randomized studies of dose intensity in ovarian cancer have
examined the effect of an approximately 2-fold increase in dose. That increase was
insufficient to make an impact on outcome and has helped to fuel a widespread
criticism of dose-intense therapy in solid tumors. Melphalan and carboplatin, 2
active drugs in ovarian cancer, may be escalated considerably and may be given
sequentially.'*16 High-dose chemotherapy supported by autoBMT, PBSCT, and
granulocyte colony-stimulating factor results in significant toxicity. Over time,
toxicity has fallen such that the overall procedure-related (90-day) mortality of 7%
is now only about 3%.

There are 2 main conclusions to be drawn from the registry data. First, there can
be no role for consolidation high-dose therapy in patients who are not in remission
after chemotherapy or who have bulky disease after chemotherapy. Second, the
results of treatment of patients in remission appear better than after current standard
therapy. However, a note of caution should be sounded, as the registry data do not
constitute either a cohort or a randomly assigned group. A prospective randomized
study must be conducted to evaluate high-dose chemotherapy in the first-line
treatment of ovarian cancer.

Three randomized trials of consolidation chemotherapy were started a few years
ago. A French GINECO (Groupe des Investigateurs Nationaux pour I’Etude des
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Figure 2. EBMT trial of sequential high-dose chemotherapy for ovarian cancer (OVCAT).
AUC, area under the curve; PBSC, peripheral blood stem cell.
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Cancers de 1’Ovaire) study expects to close this year with 120 patients. A second
study from Finland (FINOVA) continues to recruit slowly, and a third from FIGO
closed early because it was difficult to recruit patients to a consolidation arm that
contained either high-dose or more standard therapy. The EBMT has adopted a
different approach using sequential high-dose chemotherapy. This approach has
been chosen because multiple cycles of treatment may be given at a time when
acquired drug resistance is least likely. Patients are randomized after surgery to
receive either standard platinum-paclitaxel therapy or 2 cycles of cyclophos-
phamide and paclitaxel followed by 3 cycles of paclitaxel, with peripheral blood
stem cell-supported high-dose carboplatin and high-dose melphalan added to the
final cycle (Figure 2). High-dose sequential therapy has been shown to result in
high response rates,!” and a pilot study performed by Wandt et al.!8 showed the
regimen to have acceptable toxicity. OVCAT and a similar study conducted by a
German group will determine whether multicycle high-dose chemotherapy is a
useful step forward in the management of advanced epithelial ovarian cancer.
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ABSTRACT

Despite initial responses, long-term survival for children with high-risk neuro-
blastoma using conventional chemoradiotherapy is only 15%. The recently
completed phase 3 national randomized trial (Children’s Cancer Group [CCG]
3891) demonstrated that myeloablative consolidation using carboplatin, etoposide,
melphalan, and total body irradiation (TBI) with purged autologous bone marrow
infusion (autoBMT) significantly improved 3-year event-free survival (EFS)
compared with nonmyeloablative chemotherapy consolidation (34% + 4% vs. 22%
* 4%; P=.034). Therapy with 13-cis retinoic acid (13-cRA) postconsolidation also
significantly improved EFS (46% + 6% vs. 29% + 5%; P=.027). The best outcome
was achieved with the combination of myeloablative chemotherapy and autoBMT
plus 13-cRA, with an estimated EFS of 38% + 6% from the time of diagnosis. This
approach is now the standard for therapy of high-risk neuroblastoma. However,
relapses indicate the need for more effective primary site control, as well as agents
active against resistant minimal residual disease (MRD).

Our subsequent CEM-LI (carboplatin, etoposide, melphalan, and local
irradiation) pilot study eliminated TBI from the transplant regimen. This allowed
significant dose escalation of carboplatin and etoposide. Stem cell infusion was
either purged autologous marrow or purged peripheral blood stem cells (PBSCs).
Local radiation was given to all primary sites, as well as residual metastatic sites.
Posttransplant therapy was allowed and may have included 13-cRA and/or anti-Gp,
antibody and granulocyte-macrophage colony-stimulating factor (GM-CSF). One
hundred six children were transplanted in first (n = 77) or second (n = 29)
remission. The 3-year EFS for all patients transplanted in first remission was 64%
x 9%; that for stage 4 patients >1 year of age in first remission was 61% + 12%.
Relapses occurred at primary and distant (rn = 3), primary (n = 2), and distant (n =
18) sites; only 3 of 20 reviewed were within the irradiation field. This strategy
appears to have decreased primary site relapse.
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The next phase 3 Children’s Oncology Group (COG) study (A3973) will use
intensive induction chemotherapy, followed by consolidation with CEM-LI and
posttransplant therapy with 13-cRA. Patients will be randomized to receive either
purged or unpurged PBSCs to determine the effect of purging on EFS and MRD.
A second randomization adding anti-G,, antibody (ch14.18) and GM-CSF and
interleukin (IL)-2 (COG-P9842) after autoSCT vs. 13-cRA alone will determine if
EFS can be improved by another therapy directed against MRD.

Future therapies in development include chemotherapy resistance modifiers
(such as glutathione depletion with buthionine sulfoximine [BSO]), targeted radio-
therapy with '*'I-metaiodobenzylguanidine ('*'I-MIBG), and novel retinoids
(fenretinide). Integration of these strategies should further improve the outcome of
children with high-risk neuroblastoma.

INTRODUCTION

Neuroblastoma, the second most common solid tumor in children, can be stratified
into risk groups at diagnosis using age, tumor stage, histopathology, and the presence
of amplification of the MYCN oncogene.!-* Conventional-dose chemoradiotherapy
can achieve a complete response in the majority of high-risk patients; however, the
long-term survival is only 15%.' Pilot studies suggested that high-dose myeloablative
chemotherapy may improve the outcome.*12 This provided the rationale for a national
randomized prospective trial, CCG 3891,'3 to determine if myeloablative
chemotherapy and transplantation with purged autologous bone marrow could achieve
a better EFS than nonmyeloablative chemotherapy. The observation of a high
incidence of relapse in patients who had no measurable tumor posttransplant® led to
another pilot study to determine the toxicity of 13-cRA in the posttransplant setting.'*
It had been shown in the laboratory that 13-cRA could induce differentiation, decrease
proliferation, and downregulate MYCN expression in neuroblastoma tumor cell lines,
including some established from refractory tumors after autoBMT.!>"!® The effect of
13-cRA on EFS when given on a randomized basis posttransplant was also examined
in the CCG 3891 trial. This article summarizes the results of the CCG 3891 study, as
well as preliminary results of a successor pilot transplant study (CEM-LI) that
eliminated total body irradiation from the transplant regimen, escalated doses of the
chemotherapy, and intensified the local radiation therapy. Trials currently in progress
that are piloting novel transplant regimens and/or posttransplant therapies for resistant
minimal residual disease in high-risk neuroblastoma are also summarized.

MATERIALS AND METHODS

For the clinical studies described, written informed consent was obtained from
the parent and/or guardian, and studies were approved by the participating
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institutions’ investigational review boards. Eligible patients were 1-18 years of age
for CCG 3891 and 9 months to 25 years of age for the CEM-LI pilot. High-risk
neuroblastoma was defined as all patients with Evans’ syndrome (ES) stage IV1?
>1 year of age at diagnosis; ES stage IV <1 year of age at diagnosis with MYCN
amplification; ES stage III with MYCN amplification, unfavorable histopathology,
and/or serum ferritin >143 ng/mL; ES stage II with MYCN amplification; or ES
stage I/Il with development of bone metastases after surgical resection alone.
Patients transplanted on both CCG 3891 and the CEM-LI pilot received autologous
stem cells purged at the Neuroblastoma Purging Center of the CCG. Bone marrow
was purged using the previously published method,”?*?! with immunomagnetic
beads. PBSCs were purged with a modification of this method, using an additional
initial step with carbonyl iron?? to remove monocytes and neutrophils. All infused
stem cell products had no evidence of neuroblastoma tumor cells by immuno-
cytology,? as performed by the Neuroblastoma Reference Lab of the CCG, with a
sensitivity of 1 tumor cell per 10° nucleated bone marrow cells.

CCG 3891

Methods for this study have been published previously.'3 The patient population
consisted of children ages 1-18 years with newly diagnosed high-risk neuro-
blastoma entered on a prospective randomized national study from 1991 to 1996,
including 434 with ES stage IV >1 year of age, 72 with ES stage III with high-risk
features, 1 with ES stage II with MYCN amoplification, 13 with ES stage I or IT who
developed bone metastases after surgical resection only, and 19 <1 year of age with
ES stage IV and MYCN amplification. There were no significant differences in the
prognostic features of the randomized groups for either the first randomization (at
8 weeks from diagnosis) to transplant vs. continuation chemotherapy or the second
randomization (at completion of the assigned chemoradiotherapy arm) to 13-cRA
vs. no further therapy. Doses for the transplantation regimen from CCG 3891 are
summarized in Table 1. Carboplatin and etoposide were given on days —7 through
—4 as a continuous intravenous (IV) infusion. Melphalan was given as 140 mg/m?
on day —7 and 70 mg/m? on day —6. The TBI was given as 333 cGy/day on days -3
through ~1. The 13-cRA was given every 28 days as 160 mg/m?%day for 14 days,
followed by a 14-day rest, beginning at day 84 after completion of chemoradio-
therapy. Local radiotherapy (1000 ¢Gy over 5 days) was given at the end of the
induction chemotherapy to persistent metastatic sites and to the primary site only
if there was residual tumor. Further details of the CCG 3891 study and the
statistical analyses used have been published previously.!'?
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Table 1. Comparison of Total Doses of Chemotherapy Drugs and Radiation for
CCG 3891 and CEM-LI Regimens*

CEM-LI CEM-LI
CCG 3891 (GFR >100) (GFR <100)
Carboplatin, mg/m? 1000 1700 AUC 16.4
Etoposide, mg/m? 800 1350 800
Melphalan, mg/m? 210 210 180
Local radiation, cGy 1000+ 2100% 2100%
Total body irradiation, cGy 1000 None None

*AUC, area under the curve; GFR, glomerular filtration rate in cc/min per 1.73 m?. #To
residual measurable tumor sites pretransplant. $To all primary sites and any residual
metastatic sites.

CEM-LI Pilot Study

Analyses reported here include patient accrual from 1991 to 1999. This study is
still open and pending final analysis. Eligible patients included those with high-risk
neuroblastoma who had been treated with any accepted induction therapy (including
CCG 3891,'3 N6,2* or other) in first remission and patients with stage III/IV who
were in at least a partial remission after any reinduction therapy for relapse. One
hundred six children were transplanted in first (n = 77) or second (n = 29) response.
The chemotherapy regimen consisted of continuous-infusion carboplatin (escalated
from 250425 mg/m? per day), etoposide (escalated from 200-375 mg/m? per day)
given IV days —7 through —3, and melphalan (fixed dose of 70 mg/m? per day) by
bolus IV infusion days —7 through —4. Purged autologous bone marrow or peripheral
blood stem cells were infused on day 0, followed by either GM-CSF 250 pg/m? per
day or G-CSF 10 ug/kg per day until neutrophil engraftment occurred. The
carboplatin dosage was calculated based on the pretransplant glomerular filtration
rate (GFR) using the pediatric Calvert formula® for those patients with a GFR <100
cc/min per 1.73 m?, and this group of patients were dose-escalated separately from
those patients with a GFR >100 cc/min per 1.73 m% Local irradiation was given as
two 150-cGy fractions per day, at least 4 hours apart, for a total dose of 1500-2100
cGy to the primary site regardless of extent of residual tumor and to any residual
metastatic sites before transplant. Posttransplant therapy was allowed at the
discretion of the treating physician, and included cRA, anti-G,, antibody plus GM-
CSF, fenretinide, and/or gene therapy. Life-table estimates were calculated
according to the Kaplan-Meier procedure.’® The standard errors of the life-table
estimates of event-free survival were calculated according to the method described
by Peto et al.?’ Events considered were disease progression, death from any cause,
and/or a second neoplasm, whichever occurred first.
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RESULTS
CCG 3891

Myeloablative chemoradiotherapy and purged ABMT significantly improved
the 3-year EFS from the time of the first randomization (8 weeks from
diagnosis) compared with nonmyeloablative chemotherapy consolidation (34%
+ 4% vs. 22% + 4%; P=.034)."® Those patients randomized after completion of
either arm of chemoradiotherapy to receive 13-cRA also had a significantly
improved EFS at 3 years from the time of randomization (46% + 6% vs. 29% +
5%; P=.027). The estimated EFS 3 years from the second randomization was
55% + 10% for those patients assigned to transplantation followed by 13-cRA.
The estimated 3.7-year EFS from the time of diagnosis was 38% + 6% for
patients receiving transplantation and 13-cRA, compared with only 17% + 4%
in the group treated with conventional-dose chemotherapy alone. For patients
undergoing the first randomization treatment, there were 7% (9 of 129)
treatment-related deaths vs. 1% (1 of 150) in those randomized to continuation
chemotherapy (P=.013).

CEM-LI Regimen

The maximal tolerated doses of this regimen determined for patients with a
GFR >100 cc/min per 1.73 m? were carboplatin 1700 mg/m? and etoposide
1350 mg/m? given with melphalan 210 mg/m2. There were no toxic deaths in
58 patients transplanted in first remission with a GFR >100 cc/min per 1.73 m?.
For patients with a GFR <100 cc/min per 1.73 m?, the maximal tolerated
dosage was determined initially as a carboplatin area under the curve (AUC) of
16.4 with etoposide 1000 mg/m?, based on 6 patients treated at these doses.
After further accrual, the etoposide dose was decreased to 800 mg/m? and the
melphalan dose was decreased to 180 mg/m?, based on observation of
additional toxicity. Accrual of patients to evaluate this dose-reduction level is
continuing. Among 18 first-remission patients with a low GFR, there were 2
toxic deaths (11%). Overall, there were 2 of 76 (3%) toxic deaths in first-
remission patients.

The EFS at 3 years from time of transplantation was 64% + 9% for all patients
transplanted in first remission. The 3-year EFS was 61% + 12% for stage 4
patients >1 year of age (n = 56) in first response, of whom 70% received 13-cRA,
20% anti-G,, antibody, and 4% fenretinide posttransplantation. Relapses in the 58
patients transplanted in first response occurred at primary and distant (n = 3),
primary (n = 2), and distant (n = 18) sites. Three of the 20 relapse sites reviewed
were within the irradiation field.
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DISCUSSION

The results of the randomized prospective CCG 3891 trial'3 have established
myeloablative chemoradiotherapy with autologous transplantation followed by
6 months of 13-cRA as the standard of therapy for high-risk neuroblastoma.
However, with an estimated survival from diagnosis of only 38% for patients
treated with this standard, novel approaches are clearly needed to further improve
outcome. The primary site is a common site of relapse posttransplantation,?
indicating that local control needs to be addressed. In addition, CCG 3891 used
total body irradiation, which is associated with increased acute toxicity in the early
posttransplant period, as well as late effects including abnormalities in growth,
thyroid dysfunction, abnormal dental development, and cataracts.?8-32

We hypothesized that eliminating TBI would allow dose escalation of the
chemotherapy used in the CCG 3891 transplant regimen and more intensive local
radiation to the primary site, which would improve the EFS. As shown in Table 1,
the doses of carboplatin and etoposide were successfully escalated in patients with
a GFR >100 cc/min per 1.73 m?; however, this was not possible in the low GFR
cohort due to toxicity. Current neuroblastoma regimens all contain nephrotoxic
agents and, since nephrectomy is not uncommon with primary tumor resection,
tailoring dose escalations based on renal function is an important issue to give most
effective yet tolerable doses to all patients. The CEM-LI regimen had 3% (2 of 76)
toxic deaths in first-remission patients vs. 7% (9 of 129) of patients transplanted
with the CCG 3891 regimen. There were no toxic deaths on the CEM-LI regimen
among patients with a normal GFR. Primary site relapses were observed in only
5 of 23 patients (22%) with the CEM-LI regimen. This suggests an improvement
over previous studies in which radiation was not given consistently to the primary
site, and local relapse occurred in ~50% of patients.® This observation needs to be
confirmed in a larger number of patients. Distant relapses remain a significant
issue, indicating the need for more effective therapy for minimal residual tumor
following transplantation. The outcome with CEM-LI compares favorably with the
CCG 3891 TBI regimen; however, there are differences in the prognostic features
of the 2 patient populations that affect retrospective comparisons. These include
induction therapy before transplant, response status before transplant, time from
diagnosis to transplantation, and posttransplant therapy. We conclude from the
CEM-LI pilot results that this regimen is well tolerated, the elimination of TBI does
not adversely affect outcome, and more consistent intensive local radiation may
decrease relapse at the primary site.

The next cooperative group study, A3973, will open this year in the COG. This
study will use a more aggressive induction than CCG 3891 based on the N6
regimen,?* which has reported the highest response rates to date. All patients will
then be transplanted with the CEM-LI regimen, followed by 6 months of 13-cRA.
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This study will provide a larger patient population to establish the EFS of the CEM-
LI regimen and the incidence of primary site relapse. The A3973 study will use
peripheral blood stem cells instead of bone marrow, based on data showing more
rapid engraftment with PBSCs**-36 and preliminary reports of a lower content of
neuroblastoma tumor cells than in marrow.>’3° Patients will be randomized at
diagnosis to receive either purged or unpurged PBSCs, with the study end point to
determine differences in EFS and overall survival between these 2 groups in
patients with stage IV tumors who are >1 year old at diagnosis. The pilot of purged
PBSC is near completion in the final cohort of patients on the CEM-LI study.
Preliminary data in children with neuroblastoma who have no detectable tumor by
immunocytology have shown the feasibility of collecting sufficient numbers of
PBSC:s after 2-3 cycles of induction chemotherapy and normal engraftment of the
purged PBSCs.

The issue of purging stem cells for transplantation has never been examined in
a randomized study. Previous studies for neuroblastoma have used either purged or
unpurged stem cells. Some data suggest an advantage for purging, but no definitive
conclusion can be made.*7-1%12133%45 Gene marking studies in neuroblastoma*6
have demonstrated that tumor cells infused in marrow grafts can be found at sites
of relapse. The minimum number of neuroblastoma tumor cells required to initiate
tumor regrowth is not known and is likely to vary with the biologic characteristics
of the individual tumor. The A3973 study will determine in a prospective
randomized manner whether purging of PBSCs is associated with a significant
difference in event-free survival in high-risk neuroblastoma.

The clinical standard for using stem cell products is the absence of neuro-
blastoma tumor cells detectable by immunocytologic assay, with a sensitivity of
1 tumor cell in 10° mononuclear cells.?? Recently, more sensitive assays using
reverse transcription—polymerase chain reaction (RT-PCR) methodology with
markers of tyrosine hydroxylase and protein gene product (PGP) 9.5 can detect
as few as 1 tumor cell in 10° mononuclear cells. Approximately 25% of purged
bone marrow samples from the CCG 3891 study that were negative for tumor by
immunocytology had detectable tumor by RT-PCR analysis (R.C.S., personal
communication). The prognostic significance of these RT-PCR findings is not
known, and will require a larger sample of patients. The A3973 study will perform
RT-PCR analysis on all stem cell products to determine if there are differences in
purged vs. unpurged PBSCs and whether tumor detected by RT-PCR has
prognostic significance. Minimal residual tumor will also be assessed by RT-PCR
and MIBG scans at various points during and after completion of therapy to
determine if these assessments can predict outcome.

Other posttransplant therapies for neuroblastoma may further improve EFS when
used in combination with 13-cRA. The ganglioside Gy, is expressed on the surface
of almost all neuroblastoma tumor cells and is involved in the attachment of tumor
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cells to the extracellular matrix. Antibodies against G, have antitumor activity that
can be augmented by GM-CSF and/or IL-2, which activate monocytes and
lymphocyte-activated killer cells and enhance their ability to kill neuroblastoma
tumor cells in combination with antibody.**-52 Both murine and chimeric antibodies
to G, have demonstrated clinical responses in patients with recurrent
neuroblastoma, especially in marrow metastases.**>*58 The CCG 0935A phase 1
study, which is a pilot of the chimeric anti-G,, antibody ch14.18 given with GM-
CSF alternated with IL-2 and concurrent with 13-cRA, will be completed this year.
The successor P9842 phase 3 cooperative group study will randomize patients from
the A3973 COG study described above to 13-cRA alone vs. 13-cRA plus the CCG
0935A regimen, following transplantation with CEM-LI. The study end point will
be differences in EFS and survival between the 2 groups. Differences in minimal
residual tumor in patients treated on either study arm, as measured by RT-PCR of
blood/marrow and MIBG scans, will also be examined as a secondary aim.
Another synthetic retinoid, N-(4-hydroxyphenyl)retinamide or fenretinide,>%
has potential as a future posttransplant therapy for minimal residual tumor.
Fenretinide has demonstrated activity against neuroblastoma cell lines,®'-%
including those resistant to 13-cRA. Unlike 13-cRA, fenretinide induces apoptosis
rather than differentiation.® Its mechanisms of action include an increase in
ceramide levels,® increase in oxidative radicals,®® and antiangiogenesis.® Its major
toxicity is nyctalopia, and no significant hematopoietic toxicity has been
reported®67-69; therefore, it should be well tolerated after intensive chemoradio-
therapy. A pediatric phase 1 study of oral fenretinide on an intermittent high-dose
schedule (given tid for 7 days, followed by a 2-week rest) is currently in progress
in the CCG (study 09709). Toxicity to date has been minimal at doses up to
1395 mg/m? per day, with preliminary analysis demonstrating that plasma levels
can be achieved in patients which are comparable to those required in vitro for
activity against neuroblastoma tumor cell lines (J.G.V., personal communication).
Response data are blinded until completion of the study. A phase 2 study of
fenretinide in neuroblastoma is planned in COG, pending determination of the
maximal tolerated dosage. A future phase 3 study of fenretinide in the
posttransplant setting is possible, pending results of these preliminary studies.
Agents that can reverse resistance to chemotherapy in neuroblastoma relapsing
after myeloablative therapy should provide another avenue to improve outcome.
BSO is a selective inhibitor of -y-glutamylcystein synthetase, the rate-limiting
enzyme in glutathione synthesis.”” BSO causes depletion of intracellular
glutathione levels, which can enhance alkylator activity.”>’> BSO exhibits
cytotoxic activity as a single agent in in vitro neuroblastoma. The combination of
BSO and the alkylator melphalan is synergistic in vitro against neuroblastoma cell
lines, including some derived from patients transplanted with high-dose melphalan
(210 mg/m?) regimens.”7* This synergy is most striking at levels of melphalan that
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can be achieved in patients with myeloablative doses. A phase 1 study of BSO and
melphalan’ given at 15 mg/m? has demonstrated 27% responses in 20 evaluable
patients with recurrent neuroblastoma, including 7 partial responses, 1 minor
response, and 9 stable disease. The major toxicity was hematopoietic. A successor
phase 1 study of BSO with escalating doses of melphalan (40-170 mg/m?) given
with autologous stem cell support is planned to open this year in the New
Approaches to Neuroblastoma Therapy (NANT) Consortium. Pending the toxicity
and response data from the NANT study, the BSO/melphalan regimen may be
incorporated into frontline studies.

Metaiodobenzylguanidine

MIBG is a guanethidine derivative that structurally resembles norepinephrine
and is concentrated in adrenergic tissue.”® MIBG can be labeled with radioactive
isotopes of iodine and used for diagnostic imaging ('?°I) or for both imaging and
therapeutic treatment ('3'I) of neuroblastoma, which is a tumor of neuroectodermal
origin.””-80 Multiple studies using '*'I-MIBG in children with neuroblastoma have
reported response rates from 10% to 50%, and none have observed nonhematologic
dose-limiting toxicity.””7*81-8 A recently completed phase 1 study of 3!I-MIBG
for recurrent neuroblastoma at the University of California-San Francisco®
defined the maximal dose of '>'I-MIBG for hematopoietic toxicity as 12 mCi/kg,
with no significant nonhematologic toxicity at doses up to 18 mCi/kg. The response
rate among the 30 patients treated was 37%, including 1 complete, 10 partial,
3 minor, and 10 stable disease. Based on the response data and the hematopoietic
dose-limiting toxicity that can be abrogated by stem cell support, a phase 1 study
will open this year in the NANT Consortium using 3'I-MIBG in combination with
the CEM-LI regimen and autologous stem cell support. Eligible patients will
include those with poorly responding neuroblastoma after induction chemotherapy
and those who develop progressive disease. *'I-MIBG administration will be
followed 2 weeks later by CEM-LI, with dose escalation of both 3'I-MIBG and
CEM beginning at levels below the maximally defined doses. This study may
provide a more effective myeloablative regimen that uses an agent specifically
targeted to neuroblastoma.

CONCLUSION

Significant progress has been made in the last decade in the therapy of high-risk
neuroblastoma, with improvement in survival from 15% to 40% through the
implementation of more intensive induction regimens, myeloablative consolidation
with autologous transplantation, posttransplant therapy directed against minimal
residual disease, and improvements in supportive care. Future studies are needed to
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design more effective induction and myeloablative regimens with agents that can
reverse chemoradiotherapy resistance and/or have novel mechanisms of action that
are non—cross-resistant with chemoradiotherapy, for maximal reduction of tumor
burden. Novel therapies directed against minimal residual disease will also be
critical. The role of stem cell purging also needs to be defined. Finally, the long-
term effects of these aggressive therapies must be monitored carefully to provide
quality of life for the expected increased number of survivors.
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INTRODUCTION

Estimates of the prevalence of autoimmune diseases (ADs) in Western countries
range from 3%! to 6%—7%? of the population. The list of ADs is increasing, mainly
because of better insight into the pathogenesis of several diseases long considered to
be of unknown origin. Establishing the autoimmune basis of human disease may
occasionally be arduous, but satisfactory criteria have been repeatedly proposed’
and are generally used. Although autoimmunity has been thought of as the persistent
failure of an integrated fabric of components rather than the consequence of specific
forbidden clones,* in practice, diseases may be confidently classified as autoimmune
when they exhibit defined reactions against self-antigens as a major component of
their pathogenesis. The intricacies of distinguishing between intrinsic and extrinsic
etiologic and pathogenic mechanisms are compounded by the diversities inherent in
each AD and even within the subsets of specific diseases.’ It is not known whether
the antibody response in systemic ADs is antigen-driven, such that the immune
system is responding to self-proteins that have become autoantigenic, or if ADs
represent a primary dysfunction of the immune system.” The two hypotheses are not
mutually exclusive, and the prevailing conception is that of a combination of genetic
factors responding to environmental triggers,® these last including both exogenous
and endogenous factors.

The majority of ADs are controlled, more or less satisfactorily, by conventional
therapeutic manipulation of the immune system, but there is a hard core of
refractory/relapsing, treatment-resistant® ADs for which the term “malignant
autoimmunity” has appropriately been proposed.'© As recently remarked by Mackay
and Rose,!! the holy grail of therapy is a targeted treatment that would specifically
destroy the pathogenic clones responsible for ADs. That ideal remains unrealized.
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Intense immunosuppression (immunoablation), followed by allogeneic or
autologous hematolymphopoietic stem cell (HSC) transplantation, is a relatively
new therapeutic approach, which I proposed for the first time for the treatment of
severe, refractory systemic lupus erythematosus (SLE).!? Immunoablation has
produced encouraging results in patients with ADs who have undergone
allogeneic bone marrow transplantation because of coincidental hematologic
malignancies. A great deal of research had already produced impressive results
using transplant-based procedures in experimental animals (see below).
Suggestions to carry these encouraging results into the clinic soon followed, 213
Reports of allogeneic transplants for coincidental diseases (ADs and
malignancies) were published. Phase 1 and 2 clinical studies have followed
through the efforts of the European Group for Blood and Marrow Transplantation
(EBMT), the European League Against Rheumatism (EULAR), and the National
Collaborative Study of Stem Cell Transplantation for Autoimmune Diseases. A
number of exhaustive reviews of the experimental'4-'¢ and clinical®'?-2* aspects of
these approaches have been published.

RESULTS IN ANIMAL MODELS

This preclinical area is very extensive and cannot be discussed in depth here.
Following the first demonstration of transfer/cure of murine SLE in 197425 the
most important results of these experimental studies concern (1) the identity of the
cellular elements responsible for the transfer of autoimmunity, (2) a possible graft-
vs.-autoimmunity effect following allotransplant, and (3) the therapeutic potential
of autologous stem cell transplantation (autoSCT). The first point is still contro-
versial. It has been proposed that ADs, or at least experimental ADs, are polyclonal
stem cell diseases.!>

An important therapeutic effect of allotransplant in leukemia and in other
malignant diseases is the well-known graft-vs.-leukemia effect.”® A putative graft-
vs.-autoimmunity effect is supported by experiments showing that allogeneic
chimerism achieved using a sublethal radiation conditioning regimen followed by
allogeneic transplantation can prevent the onset of diabetes and even reverse
preexisting insulitis in nonobese diabetic mice, whereas the same radiation protocol
without allogeneic HSC is insufficient.”” A similar effect has been shown using
sublethal conditioning and an anti-CD154 monoclonal antibody.?® These experi-
mental findings support low-conditioning preparative regimens for allogeneic
transplants also in ADs.82223

An unexpected but provocative finding!“!%2! was that autologous (and
pseudoautologous) HSC transplantation was equally effective in curing murine
adjuvant arthritis® and experimental autoimmune encephalomyelitis,® although
allogeneic transplants proved superior in curing the latter disease.
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CLINICAL RESULTS
Posttransplant Autoimmunity

The term adoptive autoimmunity was proposed in 1992 to indicate the transfer
of an autoimmune disorder from an HSC donor to a recipient.®! If direct
transmission of either pathogenetic lymphocytes or HSCs that generate auto-
reactive clones from the donor can be demonstrated, the pathogenesis is clear.
However, in many other instances, ADs can be attributed to the “immunological
chaos™?2 or imbalance characterizing the posttransplant setting.

Resolution of Preexisting Autoimmune Disease
Following Allogeneic Bone Marrow Transplantation

In most such instances, patients with preexisting ADs have developed a
malignant disease of the blood requiring transplantation. If acquired aplastic
anemia were classified as a bona fide autoimmune disease,?® then it would
represent the most common autoimmune disorder to be treated by allogeneic trans-
plantation. However, this is a special condition that will be not discussed here.

Nine patients with rheumatoid arthritis (RA) received allo-BMT from HLA-
identical sibling donors for severe aplastic anemia (SAA) occurring after gold salt
therapy. They have been reviewed extensively elsewhere.>*3-6 All patients entered
remission, although 3 died of transplant-related mortality (TRM). Of the remaining
5 patients, 3 are in complete remission from their arthritis (1 has been in complete
remission for 20 years),* 1 developed a positive rheumatoid factor, and 1 relapsed
2 years after transplant even though the patient’s immune system was 98.5% of
donor origin.’” Relapse was also observed in a patient with psoriasis and
arthropathy following allogeneic transplantation.® The occurrence of relapse
despite complete donor hematolymphopoietic reconstitution may be related to
intrinsic susceptibility of the transplanted immune system (HLA-identical to the
patient’s) to powerful autoantigenic stimuli.

Between 1982 and 1992, 6 patients with Crohn’s disease and leukemia
underwent allogeneic marrow transplantation in Seattle, WA.* One patient died of
septicemia 97 days after transplant; the remaining 5 were observed for several
years posttransplant (4.5, 5.8, 8.4, 9.9, and 15.3 years). Four of these 5 evaluable
patients had no signs or symptoms of Crohn’s disease posttransplant. Only 1
patient with mixed donor-host hematopoietic chimerism had a relapse of both
Crohn’s disease and chronic myeloid leukemia 1.5 years after transplantation.

Two patients with Evans’ syndrome (ES), a combination of autoimmune
hemolytic anemia (AIHA) and immune thrombocytopenic purpura, have received
allogeneic transplants.*’ A 5-year-old boy affected from infancy by relapsing, life-
threatening ES was successfully transplanted with HLA-identical sibling cord
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blood.*! There was total disappearance of autoantibodies, but the patient died of
liver failure 9 months posttransplant. A child with thalassemia intermedia
developed AIHA severe enough to promote an autologous transplant, had a short-
lived remission, relapsed with a dramatic recurrence of hemolysis, and finally was
cured following allotransplant from an unrelated volunteer donor.*? This might be
the first clinical demonstration of the superior curing potential of allo- vs. autoSCT.

AUTOLOGOUS TRANSPLANTS FOR THE TREATMENT
OF AUTOIMMUNE DISEASE

Autologous HSC transplants, from marrow or now almost exclusively from
peripheral blood, are much more commonly used to treat ADs than are allogeneic
transplants for 2 reasons: the encouraging experimental results from Rotter-
dam'4?3 and Jerusalem,'>?? and the greater safety of the autologous
procedures.!8-244344 TRM at 2 years posttransplant for ADs was 8.6%, which is
comparable to the procedure-related mortality following transplantation for non-
Hodgkin’s lymphoma (NHL).*

Contributing factors to higher-than-expected TRM may have been a learning
curve for using autoSCT in new diseases, hitherto unrecognized hazard associated
with profound immunodeficiency, especially following intense T-cell depletion,
and unique organ dysfunction, such as heart and lung failure in systemic sclerosis.*6
A brief recapitulation of published reports follows.

Multiple Sclerosis

Multiple sclerosis (MS) is characterized by demyelination, immunophlogistic
lesions around axons, and ultimately axon loss. Pathogenesis is widely held as
autoimmune,*’*® with T-cell activity in the foreground.*® It has become the most
common disease treated by autoSCT, mostly because of extensive pioneering work
by Fassas et al.>* Following an initial report, 24 patients with MS in progressive
phase were conditioned with the BEAM regimen (carmustine, etoposide, cytosine
arabinoside, and melphalan). They then received autologous CD34* progenitors that
had been previously mobilized by cyclophosphamide and granulocyte colony-
stimulating factor (G-CSF). They were also conditioned with antithymocyte
globulin to deplete lymphocytes in vivo. One patient died of aspergillosis in the
posttransplant period; the other 23 patients sustained no severe transplant-related
morbidity. Improvement in disability, as measured with the Kurtzke extended
disability status scale (EDSS), was seen in 10 patients, and stabilization of MS
occurred in 10 patients (43%). Following mobilization, there was a significant
decrease of gadolinium-enhancing lesions on magnetic resonance imaging (MRI),
and after autoSCT, of 132 scans, only 3 active lesions were found in 2 patients.! In
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another clinical study, 6 MS patients were treated with a conditioning regimen of
cyclophosphamide 20 mg/kg and total body irradiation (TBI) 12.6 Gy fractionated
over 4 days. Peripheral blood CD34* cells were mobilized with G-CSF. All patients
experienced subjective and objective neurologic improvement.? There were no new
gadolinium-enhancing lesions detected after transplantation. Eleven patients were
mobilized with cyclophosphamide 4 g/mg and G-CSF, and 8 of them were
autografted following the usual BEAM protocol.>® There were significant
improvements by the EDSS scale and no fatalities. In addition to 2 autologous
transplants, 1 patient with acute myeloid leukemia (AML) plus MS received an
allogeneic transplant with stabilization of MS at 48 months, and another had a
syngeneic transplant with stabilization of disease but no evidence of the oligoclonal
bands in the cerebrospinal fluid that were present before transplantation.>*

In an ongoing study by the Gruppo Italiano Trapianti di Midolio Osseo
(GITMO)-Neuro Intergroup on Autologous Stem Cell Transplantation for Multiple
Sclerosis, 10 cases of secondary progressive MS with EDSS initially between 5 and
6, a documented rapid progression over the last year unresponsive to conventional
therapies, and the presence of gadolinium-enhancing areas on brain MRI using a
triple dose of gadolinium> underwent CD34* mobilization and then autoSCT
following conditioning with BEAM (G.L. Mancardi, R. Saccardi, M. Filippi,
AMM., unpublished data). Ten cases have undergone autoSCT, with a median
follow-up of 9 months (range, 2—-30 months). No major serious adverse events were
observed during or after treatment. Mobilization was successful in all cases, with
a median of 9.06X 106 CD34* cells/kg collected. During the 3-month pretreatment
period, number of gadolinium-enhancing areas/month per patient in the same
period was 10.5 (range 1-38). The number of gadolinium-positive areas decreased
dramatically after mobilization with cyclophosphamide and dropped into 0 in 10
cases within 1 month from conditioning with BEAM. All patients slightly
improved clinically or remained stable. The median EDSS decreased to 6, and the
median Scripps scale increased to 70. In the first case, MRI enhancing was still
completely abrogated 30 months after transplantation. Although clinical amelio-
ration/stabilization was observed, it was concluded that the final impact of this
procedure on the natural history of the disease remains to be established in larger,
possibly prospective randomized trials. Guidelines in a consensus report have
been published.*®

Rheumatoid Arthritis

Following a dramatic amelioration in a single case,’’ 10 patients with RA have
had autografts at St. Vincent’s Hospital in Sydney, Australia, with no transplant-
related mortality or serious toxicity.>® Two cohorts of 4 patients, each with severe,
active RA, received autologous unmanipulated HSCs following conditioning with
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100 or 200 mg/kg cyclophosphamide®®; the subablative doses produced only
transient responses, and superior results were obtained with the highest dose of
cyclophosphamide. However, in a prolonged study of 4 autologous transplant
recipients with ADs (3 psoriasis, 1 RA) complicated by malignancies, ADs
remitted in all patients but recurred at 8-24 months. It was suggested that a single
autograft with non-T-cell-depleted HSC is unlikely to cure ADs.> In 4 patients
with severe RA, mobilization with cyclophosphamide 4 g/mg was sufficient to
confer significant improvement.® Four other patients were treated with cyclophos-
phamide 200 mg/m? and ATG 90 mg/kg, and in 1 patient TBI was administered.
They were autotransplanted with T-cell-depleted (TCD) CD34* cells, but all
relapsed, including the irradiated patient.®’ A 39-year-old patient is in CR
following a syngeneic transplant, and his T-cell repertoire became almost identical
with the donor’s.%? Exhaustive reviews have been published.3436

Juvenile Chronic Arthritis

Although the overall prognosis for children with juvenile chronic arthritis (JCA)
is good, the disease is refractory and severely progressive in a small proportion of
patients. Four such cases autotransplanted with marrow HSCs have been reported,3
but others have followed. The grafts were purged with 2 cycles of TCD cells. The
conditioning regimen included 4 days of ATG, cyclophosphamide 200 mg/kg, and
low-grade (4 Gy) single-dose TBI. This intense conditioning regimen was well
tolerated, and there was a substantial resolution of signs and symptoms of active
disease, but there was also limited recurrence. One death was caused by
posttransplant disseminated toxoplasmosis,* but others have also occurred. A so-
called macrophage-activation syndrome has been described in these patients, but
there is no reason to distinguish it from the well-known hemophagocytic lympho-
histiocytosis.3:66

Systemic Lupus Erythematosus

As originally suggested in 1993,!2 SLE is rapidly becoming another major
target for autologous transplants. Four cases of concomitant SLE and malignancy
have been published. They include chronic myeloid leukemia and SLE,%” NHL and
SLE,® and Hodgkin’s disease and SLE.® In 1 case, the NHL did not relapse, but
autoimmune thrombocytopenic purpura (AITP) supervened in association with an
anticentromere antibody; the autoimmune disease thus appeared more refractory
than the neoplasia.™

A number of nonconcomitant SLE patients have undergone autoSCT. Most of
these cases have been reported in abstract form and will not be discussed here. The
first 2 cases were published in 1997.7172 As of this writing, there are 4 fully
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published cases of severe, relapsing/refractory SLE that have undergone intense
immunosuppression followed by autoSCT. The first case, with a 50-month follow-
up, was transplanted with positively selected CD34* marrow cells after
conditioning with thiotepa and cyclophosphamide 50 mg/kg.”' This patient is still
in clinical remission 4 years after transplant, but there is a slow gradual
reappearance of antinuclear antibodies (ANA), with a shift from a speckled to a
homogeneous pattern. Also, antibodies to double-stranded DNA have appeared. In
all the other cases, PBSCs were used following mobilization with cyclophos-
phamide/G-CSF; the cyclophosphamide dosage varied from 2 to 4 g/mg. In the
Palermo case, the patient had refractory ES secondary to SLE that resolved after
transplant.”3 The Paris case was conditioned with the BEAM regimen and had a
continuous clinical remission, with a gradual reappearance of ANA.” In the most
extensive clinical study published to date,” 9 patients underwent stem cell
mobilization with cyclophosphamide 2 g/m? and G-CSF 10 mg/kg. Two were
excluded from transplantation because of infection (1 death from disseminated
mucormycosis), and 7 were autotransplanted after conditioning with cyclophos-
phamide 200 mg/kg, methylprednisolone 1 g, and equine antithymocyte globulin
90 mg/kg. All patients were seriously ill, with SLE disease activity indices of
17-37, including 1 case with alveolar hemorrhage and 4 with World Health
Organization class III-IV glomerulonephritis and nephrotic syndrome. Lupus
remained in clinical remission in all patients after transplant. ANA became
negative, and spontaneous T-cell activation marker CD69 declined or normalized
after transplantation.

Systemic Sclerosis

Systemic sclerosis (SSc) of the diffuse type is a devastating disease in which
pulmonary interstitial fibrosis is the most frequent cause of death.”® Two
transplants have been performed in Basel, Switzerland, using cyclophosphamide
200 mg/kg and CD34* cell rescue, with moderate benefit.””’® Five patients in
Seattle, WA, received treatment with cyclophosphamide 120 mg/kg, TBI 8 Gy, and
ATG 90 mg/kg followed by CD34* cell-selected autografts. The first 3 patients,
followed for 13, 7, and 4 months, showed no evidence of disease progression. Their
skin scores, mobility, skin ulcers, and arthralgias improved, with a trend toward
improvement in pulmonary function, although in 1 patient renal function deteri-
orated. One patient developed grade III noninfectious pulmonary toxicity.”

To date, the most successful case of autologous transplantation for SSc is that
of a 13-year-old girl with severe, progressive lung involvement who underwent
peripheral HSC transplantation after mobilization with cyclophosphamide and
G-CSF, CD34* selection, conditioning with cyclophosphamide 200 mg/kg, and
infusion of the monoclonal antibody CAMPATH-G. Two years after transplan-
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tation, progressive and marked improvement had occurred; the pulmonary ground-
glass opacities disappeared, the patient was steroid independent, and there was an
impressive improvement in growth velocity.®’ In contrast, antinuclear and anti—
Scl-70 antibody positivity remained substantially unchanged.

Evans’ Syndrome and Autoimmune Thrombocytopenic Purpura

Refractory ES and refractory AITP that relapse after splenectomy and do not
respond to corticosteroids are associated with substantial morbidity and mortality
because of the combined effects of disease and treatment.®! In a case report of a
patient treated with autoSCT, a 25-year-old woman with ES received peripheral
blood stem cell mobilization with routine doses of 4 g/m? cyclophosphamide and
G-CSF,; this was followed by exacerbation of hemolysis and thrombocytopenia,
and the patient died of an intracranial hemorrhage.??

Four cases of refractory postsplenectomy relapsed AITP have been treated with
intensive immunosuppression followed by autoSCT. The first 2 cases responded
dramatically®? but then relapsed (S. Lim, personal communication). The other 2
cases did not respond at all.?#8>

SPECIAL ISSUES
Conditioning

The main conditioning regimens are well known, and include cyclophos-
phamide 200 mg/kg over 4 days, the variant with thiotepa used in Genoa, Italy, and
the equally well-known BEAM protocol, which has been found attractive for MS
because of its intense lympholytic effect and the capability of BCNU and Ara-C
metabolites to cross the (already disrupted) blood-brain barrier. Although the
combination of chemotherapy with TBI has been shown to be a significant risk
factor for developing therapy-related AML/myelodysplastic syndrome (MDS),2¢
van Bekkum? is of the opinion that the combination with moderate-dose TBI is
superior to chemotherapy alone. As already mentioned, this combination has been
used for JCA.%3

Intense Immunosuppression Without HSC Rescue
for Treatment of Autoimmune Disease

Treatment with high-dose cyclophosphamide alone (200 mg/kg) has been used
to treat SAA®® and has subsequently been extended to a spectrum of severe ADs®
including Felty’s syndrome (2 cases), AITP and ES (1 case each), and SLE. One
patient with AITP experienced disease progression and died following high-dose
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cyclophosphamide. A patient with refractory demyelinating polyneuropathy that
had been refractory to plasmapheresis had a complete remission. Hematologic
reconstitution was similar to that generally found after autologous HSC rescue.
This has been attributed to the fact that primitive HSCs express high levels of
aldehyde dehydrogenase, an enzyme responsible for cellular resistance to
cyclophosphamide.®

Six patients with severe, relapsing SLE have also been treated with this
regimen. Two are in complete, steroid-independent remission, 1 is in a partial
remission, and 3 are showing dramatic improvement (although follow-up is
currently less than 6 months). In 1 case of SLE,’! the inadvertent administration of
a single high dose of cyclophosphamide (5 g) resulted in a sustained remission,
further confirming the efficacy of cyclophosphamide alone. However, the use of
high-dose cyclophosphamide without potential backup of cryopreserved stem cells
could turn out to be hazardous in the context of multicenter trials.’6 The ex vivo
expansion of progenitors, on the other hand, could significantly shorten the
duration of neutropenia,” as has been impressively shown in patients autotrans-
planted for multiple myeloma.*®

Use of T-Cell Depletion Before HSC Infusion
in Pafients With Autoimmune Disease

Depletion of T lymphocytes has been widely used in allotransplantation to
reduce the incidence and severity of graft-vs.-host disease following allogeneic
HSC transplants. Unfortunately, TCD is accompanied by many disadvantages,
including rise in graft rejection, leukemic relapse, and delayed immunologic
reconstitution. New approaches that are being studied include the use of a higher
proportion of donor HSCs, selective T-cell subset depletion, and posttransplan-
tation donor lymphocyte infusions (DLIs). Because patients with active ADs are
not in complete remission at the time of transplantation, van Bekkum!®?! considers
it mandatory to deplete the autograft of autoreactive lymphocytes. Most ADs are
T-cell mediated, and B-cell-mediated ADs%* often display prominent T-cell
dependency. Thus, TCD may be useful in the treatment of ADs. Theoretically, both
activated and memory T (and B) lymphocytes should be eradicated, or at least
maximally depleted. This can be achieved either by positive CD34* selection or by
immunologic TCD. In addition, TCD has been performed in vivo by administering
ATG to the recipients. There is no indication of a potential threshold dose of T cells
acceptable for reinfusion. A 3-log depletion has been customary, but further
depletion has been performed recently.®*’* However, marked TCD may be
accompanied by late fungal and viral infections and lymphoproliferative disease.
There seems little point in curing ADs at the cost of profound and permanent
immunosuppression.®
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Immune Reconstitution Following Stem Cell Transplantation

Reconstitution of the immune system following either allogeneic or autologous
transplantation has been studied extensively. Exhaustive reviews have been
published.?%%7

The most common immunologic feature, also seen after intense chemotherapy,
is a severe prolonged depression of CD* T cells,3358.70.998 a]though in some cases
CD3* T cells have returned to pretransplantation levels after 10 months without
disease relapse.®® Age, prior TCD, radiation, and other factors may all modulate
thymic or extrathymic pathways and influence the rate and extent of T-cell
recovery after transplantation. The sites of lymphoid reconstitution, whether
thymic or extrathymic, in young and older patients have been the subject of an
abundant and frequently controversial literature.”"'% The thymic output in adults
following autoSCT has been studied very recently using the numbers of T-cell
receptor—rearrangement excision circles (TRECs) in peripheral blood T cells. ! It
was found that increases in concentrations of TREC posttransplant were associated
with the development of broader CD4 T-cell TREC repertoires, and that patients
with no increases in TRECs had limited and highly skewed repertoires. The relative
importance of thymus-dependent and thymus-independent pathways in adults is
still controversial. The expanding CD4* T-cell population may exhibit increased
susceptibility to apoptosis.' It appears that the infusion of large numbers of
PBSC:s is also not sufficient for T-cell immune competence, with special reference
to the CD4* subpopulation. 03

DISCUSSION

Prevailing concepts of autoimmunity dictate that a stable cure of ADs can be
expected only if the patients’ autoreactive immunocompetent cells are replaced by
healthy, nonautoreactive cells. The healthy immune cells must also remain
unsusceptible to whatever phenomenon provoked the initial breakdown in
tolerance.?? Of the 3 approaches discussed here —allogeneic HSC transplantation,
autologous HSC rescue following intense immunosuppression, and intense
immunosuppression alone—allogeneic HSC transplantation is theoretically the
most promising. Allogeneic transplants have generally been followed by long-term
remissions and possible cures. However, mortality and morbidity associated with
allogeneic transplantation, although decreasing steadily in other disease
contexts,'% are still unacceptable for most ADs. In addition, there are reports of
patients with RA relapsing despite complete or nearly complete donor
immunologic reconstitution following allogeneic transplantation.’”3® Leukemia
relapse in donor cells is rare, but there are established occurrences following
transplantation. Transfection and/or chromosomal fusion have been considered as
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possible explanations, but those seem improbable in the autoimmune setting, where
extrinsic events such as resensitization to autoantigens appear more likely. If
relapses following allogeneic transplantation for ADs continue to be observed, the
theoretical edge of an allogeneic procedure over an autologous transplant would be
considerably weakened.?> However, the case report of a severe autoimmune
hemolytic anemia having relapsed after autoSCT but having achieved long-term
clinical and immunological CR following a matched unrelated donor allo-
transplant® is encouraging.

The recent introduction of minimally myelosuppressive regimens, which avoid
the devastating cytokine storm associated with classic dose-intense conditioning
regimens and - exploit donor lymphocyte immune effects, are a promising
development in the treatment of malignant and nonmalignant diseases.!%197 If a
graft-vs.-autoimmunity effect were to occur clinically, it might also prevent
recapitulation of disease.?*!% The simplest explanation for a similar effect consists
in the progressive substitution of normal T and B cells in the place of autoreactive
lymphocytes. However, a selective elimination by cytotoxic lymphocytes of target
autoimmune progenitor cells could also be envisaged, as has been elegantly shown
in the case of CD34* chronic myeloid leukemia progenitors.'%

In the rare setting of an identical twin nonconcordant for disease, a syngeneic
transplant may be considered. A dramatic result following a syngeneic transplant
in a patient with severe RA has been published.®? In the case of SLE, only 23% of
66 monozygotic twins were found to be concordant for disease,''® although a
higher concordance has also been reported.!!! Concordance of antibody production
is higher than disease concordance.!'? Also, cord blood stem cells** may become
an attractive option for the treatment of ADs.

Autologous transplantation has been hailed as a possible therapy for severe
refractory ADs because of its lower transplant-related mortality and greater
feasibility.>!824%0 In the EBMT registry, the overall survival at 2 years was 89% +
7%, with a median follow-up of 10 months for surviving patients. The transplant-
related mortality at 2 years was 8% + 6%, which is comparable to that associated
with autoSCT for malignant disease.*> Selection of patients with less severe disease
could further reduce mortality, but on the other hand, one must consider that the
procedure is meant for refractory/relapsing patients who often have accumulated
diffuse visceral damage.

Peripheral blood HSCs are generally preferred to marrow HSCs in almost all
clinical situations, but very high doses of cyclophosphamide for mobilization
should be discouraged. A dose of 4 g/m? is generally used with adequate
mobilization and minimal toxicity. These cyclophosphamide doses are immuno-
suppressive and may contribute to the efficacy of transplantation, as was clearly
shown in MS (G.L. Mancardi, R. Saccardi, M. Filippi, A.M.M., unpublished
data)’'53 and RA.%
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A hitherto unsolved but fundamental question is whether intense immune
suppression followed by autoSCT is indeed capable of eradicating autoimmunity
and thus inducing tolerance, or if the immune system remains fundamentally
unaltered and the so-called transplant is nothing more than a hematopoietic rescue.
The first goal appears to have been achieved experimentally,!”-? but in clinical
settings what has been called “reprogramming the immune system”!!3 has not been
yet demonstrated. In SLE, it has been proposed that the conditioning, with
concurrent use of ATG, might provide “a window of time free of memory T-cell
influence, during which the maturation of new lymphocyte progenitors may occur
without recruitment to anti-self reactivity.””> To elucidate whether disease (if
relapses occur) is reinitiated by lymphocytes surviving the conditioning regimen or
from the stem cell compartment, sophisticated studies with gene-marked
autologous stem cells are being performed.!'* If the concept of Shoenfeld,!'S an
idiotypic induction of autoimmunity, is shown as part of the etiology of SLE and
other ADs, the impact of all these treatments would need further evaluation.
Empirically, however, long-term remissions and relapses may also depend on the
single disease and patient, but in most cases there is a distinct lowering of therapy
dependence, in addition to the resolution of severe/acute autoimmune crises.
Whether this effect will prove to be superior to other immunosuppressive and/or
immunomodulating treatments will have to be evaluated in prospective randomized
trials, notwithstanding the problems inherent to recruit sufficient numbers of
homogeneous patients. This may well be feasible in not-infrequent diseases such as
MS and RA, but will present many difficulties in other diseases such as SLE.

Even though the problem of the currently excessive TRM will be almost
certainly solved, the issue of late oncogenicity cannot be ignored, especially in
younger patients with nonmalignant diseases.’® The risk of developing solid
cancers was 3—4 times higher in patients treated with combined modality therapy
during marrow transplantation than in controls.!!6 In 1 study, a higher risk of AML
was found following autoSCT when the conditioning regimens included TBL!'7 In
addition, some of these patients may have already been treated with prior chemo-
therapy, including administration of large doses of alkylating agents, which has
been shown to be the most important risk factor for developing AML/MDS.
Preliminary cytogenetic screening could be useful to exclude patients already
bearing chromosomal abnormalities.

Finally, investigations using prospective randomized studies must be initiated.
For example, in JCA, transplantation results should be compared with the
prolonged cyclophosphamide pulse program that has been used recently.!!8

In other diseases, such as MS, posttransplant treatment with B-interferon could
perhaps prolong transplant-induced remissions.!!” Even if autoSCT has failed to
produce clinical results comparable to the results achieved in animal models, some
significant results have been achieved and future benefits are likely.
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CONCLUSIONS

The excellent experimental results obtained with allogeneic and even
autologous stem cell transplantation for ADs have given considerable impetus to
similar treatments for refractory/relapsing patients with severe ADs. Encouraging
results following allogeneic stem cell transplantation have been reported in small
numbers of patients with coexisting ADs and malignancies. However, a few
relapses have occurred despite donor immune cell engraftment. If a graft-vs.-
autoimmunity effect is confirmed, nonmyeloablative allogeneic procedures could
become extremely useful. In the meantime, autologous transplantation using
peripheral blood stem cells is currently performed worldwide to treat ADs. Results
are encouraging, but remissions, rather than cures, have been obtained. In some
diseases, especially MS, results are superior to those obtained with conventional
therapies. Long-term remissions have also been obtained by intense immunosup-
pression alone, demonstrating that autologous stem cells have mainly a rescue
effect. Further clinical trials are clearly warranted.
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Hematopoietic Stem Cell Transplantation in the
Treatment of Severe Autoimmune Disease

Alan Tyndall, on behalf of the European Group for Blood and
Marrow Transplantation/European League Against Rheumatism
and International Stem Cell Database

University of Basel, Basel, Switzerland

Currently, data on 290 registrations (285 autologous and 5 allogeneic)
hematopoietic stem cell transplantations (HSCTs) are available. Of the autologous
HSCTs, 283 were mobilized (2 double transplants), and 275 were transplanted.
Data are from 64 transplant centers in 22 countries, median age 36 years (range,
2-65 years), and 68% female. Interval diagnosis to HSCT was 6 years (range, 1-28
years) with a median follow-up of 12 months (range, 1-60 months).

Most common autoimmune diseases (ADs) transplanted were multiple sclerosis
(MS) (90 patients) and systemic sclerosis (SSc), also called scleroderma (57 cases).
This probably reflects a lack of viable treatment alternatives in these progressive
diseases. Other target diseases were rheumatoid arthritis (RA) (42), juvenile
idiopathic arthritis (JIA) (formerly called juvenile rheumatoid arthritis) (33),
systemic lupus erythematosus (SLE) (22), dermatomyositis/polymyositis (5),
mixed connective tissue disease (3), cryoglobulinemia (3), Wegener’s granulo-
matosis (3), idiopathic thrombocytopenic purpura (7), autoimmune hemolytic
anemia (2), pure red cell aplasia (4), thrombotic microangiopathy (2), and others
including myasthenia gravis, polyneuropathy, Behget’s disease, relapsing
polychondritis, Evans’ syndrome, and polyarteritis nodosa.

The stem cell source was peripheral blood in 246 patients and bone marrow in
38, mostly in children. Mobilization was with cyclophosphamide (CY) and granu-
locyte colony-stimulating factor (G-CSF) in the majority of cases (153), G-CSF
alone in 64, and CY and GM-CSF in 9.

Four basic conditioning regimens were employed: BEAM (BCNU, etoposide,
cytosine arabinoside, and melphalan) + antithymocyte globulin (ATG) (60), mostly
in MS, CY 200 mg/kg, especially in SSc (71), CY and antibodies (62), CY and
radiation + ATG, and busulfan/CY x ATG. Other regimens were used in 18.

In 141 cases, CD34* selection was used, in 27 CD34+* selection plus T- and
B-cell purging, T-cell purging only in 18, and in 77, a nonselected graft was used.
There is no clear evidence that T-cell depletion leads to a significantly better result,
although a preliminary analysis of the whole data set shows a trend toward a lower
rate of relapse. Given the different immunopathologies of the different ADs,
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subgroup analysis most likely will be needed. For example, in the randomized
study from Australia on RA with unselected vs. CD34*-selected grafts, no benefit
was seen—indeed, a suggestion that more relapses occurred in the selected patients
was noted. In general, patients with heavily T-cell-depleted grafts had more
infectious complications, and some showed prolonged CD4-penia out to 4 years
(SSc patients).

Overall, a 9% transplant-related mortality (TRM) was observed with marked
differences in AD subgroups. Mortality was more common in SSc (6 of 57 cases)
and JIA (5 of 33) and least so in RA (1 of 42). This finding was thought to be
related in part to a generally poorer general medical condition in the higher TRM
groups, with some suggestion that the more ablative regimens were more toxic. A
better outcome, including a lower rate of relapse, was not clearly evident with the
more ablative regimens. At least 3 deaths were attributed to mobilization.

Around two thirds of cases responded or stabilized following HSCT, with some
relapses seen especially in RA (~50%). However, in many of these relapses,
disease control was further achieved with conventional medications that were
ineffective pretransplant. In SSc, 69% of patients achieved an improvement in the
skin score of 25% or more, with a stabilization of lung function in most.

Clearly, more precise and standardized protocols and outcome measurements are
required for a more accurate assessment, and this is currently proceeding.
Internationally agreed outcome measurement for the major ADs are available through
the intense and combined effort of the International Blood and Marrow Transplant
Registry, European Group for Blood and Marrow Transplantation (EBMT), European
League Against Rheumatism (EULAR), and other specialty groups.

Prospective, randomized controlled trials are needed, and such a protocol is
available for SSc. The patients will be selected according to clear inclusion and
exclusion criteria to avoid undue toxicity (mean pulmonary artery pressure <50
mmHg, pulmonary carbon monoxide diffusion capacity >50% predicted, left
ventricular ejection fraction >50 normal, etc), and HSCT will be compared with
monthly CY 750 mg intravenously as often as standard but not proven therapy.
HSCT will consist of mobilization with CY 2X2 g/m?, conditioning with CY
200 mg/kg plus ATG, total 7.5 mg/kg, and CD34* selection. This will be a multi-
center, internationally trial. Similar studies are being planned for MS, based on the
current experience, and SLE and vasculitis protocols are in the discussion phase.

RA studies have been influenced by the advent of anti—tumor necrosis factor-a
(anti-TNF-a) treatment (failed therapy is an inclusion criteria), but already some
such patients have been transplanted (~15%-20% of RA patients do not respond to
anti-TNF treatment).

Other ADs such as Crohn’s disease and ulcerative colitis are under discussion,
and the combined experience will be presented and discussed in plenum during the
upcoming meeting in Basel (October 5-7, 2000), with a view to finding consensus
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on the analysis. So far, no outstanding differences have been seen not previously
observed with immune reconstitution following autologous HSCT for other
diseases. CD8 and CD8 and CD45RO (memory T cells) reappear before CD45RA
(naive) cells, probably reflecting peripheral expansion of residual T cells post-
transplant. So far, the phenotypes of T cells have not predicted relapse or outcome,
apart from infection with prolonged CD4-penia.

It is hoped that such potentially toxic and expensive treatment will not be
needed in the future if more focused and effective options become available,
especially with biologics. In the meantime, for life- or organ-threatening ADs,
HSCT appears to offer another alternative but should be in the context of
prospective, randomized trials rather than small anecdotal series and case reports.
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ABSTRACT

From April 1995 to December 1997, we treated 24 patients with chronic
progressive multiple sclerosis (pMS) using high-dose immuno-/myelosuppressive
chemotherapy (BEAM [BCNU, etoposide, cytosine arabinoside, and melphalan])
followed by infusion of cyclophosphamide/granulocyte colony-stimulating factor
(G-CSF)-mobilized autologous peripheral blood stem cells (autologous stem cell
transplantation [autoSCT]) and antithymocyte globulin (ATG). Here we update
previously reported early results, as the median follow-up time of the patients has
exceeded 40 months (range, 27-60 months). Treatment-related mortality, which is
due to early infection, remains 4%. No serious late complications have developed.
Compared with baseline status, the progression-free survival (PFS) probability is
89% for secondary pMS, an impressive result that no other therapy, including
interferon (IFN)-$, has ever yielded. Results are not as good and are questionable
in primary pMS. Moreover, neurological events following SCT have occurred in
nearly all patients, indicating that MS cannot be cured by autoSCT but can be
brought to a lower activity level. Similar results are accumulating in the European
Group for Blood and Marrow Transplantation (EBMT) Autoimmune Diseases
Working Party Registry database, which contains 80 transplants reported from 21
centers worldwide. A recent comprehensive analysis performed in evaluable cases
with pMS (rn = 85) having a median expanded disability status scale (EDSS) score
of 6.5 (range, 4.5-8.5) has yielded a PFS rate of 72% at 18 months, 78% for
nonprimary pMS cases. Total mortality rate was 8%, with 6% of deaths directly
related to therapy. A degree of neurotoxicity was observed during stem cell
mobilization (4% of cases) and also after stem cell infusion (25% of cases). This
was ascribed to fever and infections during the cytopenic period. The BEAM and
BUCY-2 (busulfan and cyclophosphamide) regimens were usually used for
conditioning, and most patients also received ATG; a few underwent total body
irradiation. Some form of ex vivo T-cell depletion of the graft was performed in
59% of the cases. Lymphopenia was profound and prolonged but was not
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associated with serious late infections, except for in one patient who developed
pneumococcal sepsis and died 17 months after SCT. Despite a somewhat elevated
mortality risk, which could possibly be lowered, these results show that autoSCT
is feasible as treatment for MS and may delay progression of the disease through
the associated intense immunosuppression. They also justify further trials
comparing this kind of therapy with the best available drug—IFN-B —or with high-
dose regimens of acceptable toxicity.

INTRODUCTION

High-dose myelo-/immunosuppressive therapy followed by autoSCT has been
recently introduced in the treatment of severe active autoimmune disease (AD)
refractory to conventional treatment, mainly systemic sclerosis, rheumatoid
arthritis, juvenile chronic arthritis, lupus, and multiple sclerosis.!? The rationale
and experimental basis for the use of this novel potentially dangerous anticancer
treatment against nonmalignant occasionally life-threatening disorders has been
extensively discussed.!® The number of patients undergoing such a treatment for
AD is steadily increasing worldwide, and a special registry for these cases has been
created by EBMT in cooperation with the European League Against Rheumatism
(EULAR).* In this article, we update previously published information about the
first group of patients who received high-dose chemotherapy and autoSCT as
treatment for chronic progressive MS in a single institution.” In addition, we
present results of a preliminary analysis of data from the EBMT/EULAR registry
regarding MS patients who were treated with autoSCT and most recently reported
to the registry.

THE THESSALONIKI STUDY

The first MS study was initiated in April 1995 and closed in December 1997.
The patients’ characteristics and the methods used have been described.>® In short,
24 patients aged 22 to 54 years (median, 40 years) were treated; all had chronic
progressive disease and most had secondary pMS (ie, progressive disease
following the relapsing/remitting phase; 13 cases). Chronic pMS is notorious for its
refractoriness to treatment, and practically all conventional immunosuppressive
therapies, although promising initially, did eventually prove inactive in delaying
progression of disability. The patients were also severely disabled, with a median
score of 6.5 (range, 4.5-8) on the EDSS. Moreover, all had evidence of active
disease either clinically—ie, they had progressed by 1 point on the EDSS in the
year preceding enrollment—or in magnetic resonance imaging (MRI) scans
showing new, enlarging, or gadolinium-enhancing lesions. All patients received the
BEAM chemotherapy for conditioning— which is used in autoSCT for lymphomas,
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as described previously —along with ATG for in vivo T-cell depletion.’ For rescue,
blood stem cells were used, mobilized by cyclophosphamide (CY) 4 g/m? and
G-/granulocyte-macrophage (GM)-CSF 5 or 10 ug/kg. Ex vivo 3-log purging of
T cells was performed in 9 cases (38%) using the CD34* cell selection method.
There were no mobilization or graft failures. Early toxicity included infections,
with 1 death (4%), and a degree of neurological decompensation in 10 cases (42%);
however, this condition was transient and did not seem to influence disease
progression. Currently, at a median follow-up period of 40 months (range, 27-60
months) the confirmed PFS rate is 75% for all patients and 89% for patients with
secondary pMS. No serious late complications have developed apart from one case
of thyroiditis.”

This study has shown that SCT is feasible in treating AD, although it is
potentially dangerous. The results of efficacy are surprisingly good, and no other
treatment, including IFN-B, has ever been proven so effective in respect to PFS.
The neurology community, however, has been very skeptical. Criticisms have
centered on the toxicity, cost, and unblinded assessment of neurological status.’
Nevertheless, two things seem to be clear: confirmatory studies are warranted, and
future trials should also enroll patients at earlier stages of disease—that is, before
the development of irreversible axonal damage in the central nervous system.

THE EBMT STUDY

The analysis was made in a total of 85 patients (including the Thessaloniki
patients) from 20 centers in Europe and the United States reporting their data to the
EBMT/EULAR registry in Basel, Switzerland (Table 1). Patients’ median age was
39 years (range, 20-58 years), and the median EDSS score was 6.5 (range,
4.5-8.5). The majority (95%) had progressive disease —ie, secondary pMS (55%),
relapsing/progressive MS (14%), primary pMS (22%), and progressive/relapsing
MS (5%). Three patients (5%) were still in the relapsing/remitting phase. Active
disease was detected in 34% of patients by MRI.

Seventy-nine of 85 patients received grafts of blood stem cells mobilized with
CY plus G-/GM-CSF or G-CSF alone. In 50 cases (59%), the grafts (including the
marrow ones) were purged ex vivo, mainly with the CD34* cell selection method.
There were 2 failures of mobilization, which necessitated a second attempt with
G-CSF alone. In 3 cases, there was evidence of disease exacerbation (4%), which
was ascribed to G-CSF. Interestingly, CY 4 g/m? for mobilization was beneficial
for some patients: 4 improved clinically by 1 or more EDSS points, and a number
of MRI scans showing active disease at entry improved significantly.

The BEAM regimen, with or without ATG or dexamethasone (dexa-BEAM),
was mostly used for conditioning (65%). Busulfan in combination with ATG
and/or high-dose CY was employed in 18% of cases, but TBI 1000 c¢Gy with CY
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Table 1. EBMT Study on Multiple Sclerosis: Participating Centers

Total centers: 20

Total patients: 85

Barcelona, Spain: Hospital Clinic

Barcelona, Spain: Vall d’Hevron

Basel, Switzerland: Kantonspital Basel

Besangon, France: Jean Minjoz

Cagliari, Italy: Binaghi Hospitals/Multiple Sclerosis Center

Florence, Italy: Careggi Hospital

Genoa, Italy: S. Martino Hospital, Genoa University/Department of Neurology
Haifa: Rambam Medical Center

Hannover, Germany: Medical School of Hannover/Department of Hematology-Oncology
Leuven, Belgium: Gasthuisberg University Hospital

Los Angeles, California: City of Hope Medical Center

Palermo, Italy: La Maddalena Cancer Hospital

Paris, France: St. Antoine Hospital

Pisa, Italy: Azienda Ospedali/Division of Hematology

Poznan, Poland: Marcinkowski University/Department of Hematology

Prague, Czech Republic: Charles University/Department of Clinical Hematology
Rome, Italy: Tor Vergata University/Department of Hematology

Rotterdam, The Netherlands: University Hospital Rotterdam/Department of Hematology
Thessaloniki, Greece: George Papanicolaou Hospital

Trieste, Italy: Children’s Institute

and ATG was used in only 5 cases (6%). It is interesting that the majority of
patients (78%) received ATG as part of the conditioning regimen. Four patients
died in the early posttransplant period of treatment-related toxicities, namely
infection and cardiac failure (Table 2). Another patient died later, 17 months
posttransplant, of sepsis due to prolonged lymphopenia; 2 patients died of disease
progression, probably related to SCT. In all, mortality was 8% (7 of 85), 6% (5 of
85) directly ascribed to SCT. However, 18 patients (21%) were improved after the
procedure by 1 or more EDSS points. Currently, at a median follow-up time of 16
months (range, 2 months to 5 years), confirmed progression of disability has been
detected in only 10 patients, whereas 59 patients (70%) are in stable (n = 47) or
improved (n = 12) neurologic condition. In 9 cases, the last neurologic assessment
disclosed a degree of progression that needed confirmation. The probability of
confirmed PFS at 3 years is 72% (calculating dead patients as progressed) and is
slightly higher (78%) for all cases except those of primary pMS, which is
notoriously refractory to treatment and possibly not an autoimmune disease (Figure 1).
In addition, the results of the Thessaloniki study did not differ statistically from
those of other centers. Because, according to protocols in certain centers, the results
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Table 2. EBMT Study on Multiple Sclerosis: Transplant Toxicity*

Neurotoxicity 21/83 (25%)
* Paresis, visual, confusion, vertigo, fatigue, headache, epilepsy,
ataxia, aphasia
* MS progression in 5 cases (6%); transplant-related?
Medical, early, grade III-1V 35/73 (48%)
» Infection (48%), sepsis and death (1), cardiac failure and death (1),
viral infection and death (1), aspergillosis (1), allergy, bleeding,
liver toxicity and VOD, CMV-reactivation, herpes, TTP
Late complications: zoster 2, thyroiditis 1, CMV?-pneumonitis 1,
sepsis and death 1 (>17 mo)
Mortality 8%
¢ Toxic (6%), disease (2%)

*CMV, cytomegalovirus; EBMT, European Group for Blood and Marrow Transplantation;
MS, multiple sclerosis; TTP, thrombotic microangiopathy; VOD, veno-occlusive disease.

of MRI scanning could not be known to clinicians so as to prevent subjective
influences at the neurological evaluations, the MRI results were available in only
60 cases (71%), of which 5 showed active disease posttransplant. Pretransplant
scans showing active disease in 23 patients disclosed no activity posttransplant, and
of 37 scans that were inactive before transplant, 5 turned active after transplant.

DISCUSSION AND CONCLUSIONS

It may be too early to judge the efficacy of SCT in MS, a chronic disease with
a rather unpredictable course. Traditionally, a follow-up period of 3 years is
needed,; therefore, we still have to wait before reaching conclusions. At the present
time, it seems that the results do not differ among centers.”*!® There are certain
mortality and morbidity risks even at mobilization'' that may compromise success,
but with proper selection of patients—and given the possibility of a high PFS
rate—autoSCT might prove the best available therapy for rapidly evolving MS. It
certainly cannot cure the disease, but it seems to delay progression with its intense
immunosuppressive effect. It appears better than no therapy'? or any other
immunosuppressive treatment, including IFN-.!3

Currently, only phase 1-2 trials are being conducted, but, even if they all
confirm the efficacy of SCT in MS, their results will remain doubtful, no matter
how high the PFS rate might be 3 years after transplantation. MRI findings, being
objective, will be accepted more easily. However, the only proper way to
demonstrate the efficacy of SCT will be to perform a multicenter, randomized trial
comparing autoSCT with the best available MS treatment, most probably IFN-B.
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Figure 1. Progression-free survival (PFS) by disease type for 85 patients with multiple scle-
rosis (MS) undergoing high-dose immunosuppressive therapy and autologous stem cell trans-
plantation; primary progressive MS (Prim Prog; n = 19) vs. all other types (No Prim Prog),
ie, secondary progressive (n = 46), relapsing/progressive (n = 12), relapsing/remitting (n =
3), and progressivelrelapsing (n = 4).

The sooner this is conducted, the better the chance of offering patients an active
therapy or of sparing them a toxic and costly procedure.

REFERENCES

1. Marmont AM. New horizons in the treatment of autoimmune diseases. Annu Rev Med
51:115-134, 2000.

2. Snowden JA, Brooks PM. Hematopoietic stem cell transplantation in theumatic diseases.
Curr Opin Rheumatol 11:167-172, 1999.

3. Van Bekkum DW. New opportunities for the treatment of severe autoimmune diseases:
bone marrow transplantation. Clin Immunol Immunopathol 89:1-10, 1998.

4. Tyndall A, Fassas A, Passweg J, et al. Autologous haematopoietic stem cell transplants
for autoimmune disease: feasibility and transplant-related mortality. Bone Marrow
Transplant 24:729-734, 1999.

5. Fassas A, Anagnostopoulos A, Kazis A, et al. Peripheral blood stem cell transplantation
in the treatment of progressive multiple sclerosis. Bone Marrow Transplant 20:631-638,
1997.

6. Fassas A, Anagnostopoulos A, Kazis A, et al. Autologous blood stem cell therapy for pro-
gressive multiple sclerosis. In Dicke KA, Keating A, eds. Autologous Blood and Marrow



212

10.

11.

12.

13.

Chapter 4: Autoimmune Disease

Transplantation: Proceedings of the Ninth International Symposium, Arlington, Texas.
Charlottesville, VA: Carden Jennings, 1999, p. 452-463.

. Fassas A, Anagnostopoulos A, Kazis A, et al. Autologous stem cell transplantation in pro-

gressive multiple sclerosis: an interim analysis of efficacy. J Clin Immunol 20:24-30,
2000.

. Noseworthy JH. Multiple Sclerosis. In: Bradley WG, Gibbs SR, eds. The Yearbook of

Neurology and Neurosurgery. St. Louis, MO: Mosby, 1999, p. 203-205.

. Burt RK, Traynor AE, Pope R, et al. Treatment of autoimmune disease by intense immuno-

suppressive conditioning and autologous hematopoietic stem cell transplantation. Blood
92:3505-3514, 1998.

Kozak T, Havroda E, Pit’ha J, et al. High-dose immunosuppressive therapy with PBPC
support in the treatment of poor-risk multiple sclerosis. Bone Marrow Transplant 25:
525-531, 2000.

Openshaw H, Stuve O, Antel JP, et al. Multiple sclerosis flares associated with recombi-
nant granulocyte colony-stimulating factor. Neurology 54:2150-2153, 2000.
Weinshenker G, Issa M, Baskerville J. Meta-analysis of the placebo-treated groups in clin-
ical trials of progressive MS. Neurology 46:1613-1619, 1996.

Placebo-controlled multicentre randomised trial of interferon B-1b in treatment of sec-
ondary progressive multiple sclerosis. European Study Group on Interferon 8-1b in
Treatment of Secondary Progressive MS. Lancer 352:1491-1497, 1998.



High-Dose Immunosuppressive Therapy as Treatment
for Severe Systemic Sclerosis

Peter A. McSweeney, Daniel E. Furst, Richard A. Nash,
Leona Holmberg, Federico Viganego, Kevin McDonough,
Leslie Crofford, Roger Dansey, Mauyreen Mayes, Jan Storek,
Grefchen Agee, Kathy Prather, Katherine Ryan, Keith M. Sullivan,
for the National Collaborative Study for SCT in Autoimmune Diseases

University of Colorado (P.AM., G.E.), Virginia Mason Medical Center (D.E.F.),
Fred Hutchinson Cancer Research Center (RAN., LH., F.V,, K.P.,, KR.),
University of Michigan (K.M., L.C.), Wayne State University (R.D., M.M.),

Duke University (J.S., KM.S.)

INTRODUCTION

Severe systemic sclerosis (SSc) is a rare multisystem disease characterized by
skin thickening and hardening together with varying degrees of internal organ
involvement affecting lungs, kidneys, heart, and gastrointestinal tract. Internal
involvement has a poor prognosis, with deaths primarily due to pulmonary failure
and cardiac events. Although the exact pathogenesis remains unclear, it is thought
to be primarily immunologic in nature, with secondary involvement of tissue
fibroblasts, and small-vessel damage leading to fibrotic changes in a variety of
organs. Evidence to support the etiology of autoimmunity includes the presence of
autoantibodies such as Scl-70; overlap syndromes with diseases such as systemic
lupus erythematosus (SLE); finding of T-cell populations in skin lesions; detection
of oligoclonal lymphocyte populations in the blood and bronchoalveolar lavage
fluid; and similarities to chronic graft-vs.-host disease. Conventional-dose
immunosuppression and some other agents have been tried without clear evidence
of success in SSc.

High-dose immunosuppressive therapy (HDIT) followed by autologous stem
cell transplantation has recently been proposed as a potential treatment for severe
autoimmune diseases.'? Impetus for this approach came from animal studies and
anecdotal clinical observations.> Initial results have been reported for multiple
sclerosis® and a number of rheumatologic diseases including systemic sclerosis,
rheumatoid arthritis, SLE, and others.!® The use of high-dose therapy in these
studies was modeled on conditioning regimens that were developed and
extensively tested in the setting of allogeneic and autologous bone marrow trans-
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plants for malignancy and aplastic anemia. Whereas the toxicity profiles have been
defined in patients with cancer with relatively good end organ function, there were
relatively little data to indicate what might be anticipated with the use of high-dose
regimens in patients with preexisting organ damage from an underlying auto-
immune disease.

METHODS

This study was designed to investigate safety and potential efficacy of HDIT for
severe systemic sclerosis. Specifically, we planned to evaluate the toxicity and
potential efficacy of a regimen incorporating total body irradiation 800 cGy,
cyclophosphamide, and horse antithymocyte globulin (ATG). The basis for our
approach!! and for patient selection'? have been reported previously. Eligibility
required disease duration of <3 years, a modified Rodnan skin score (RSS) of >15,
and evidence of internal organ disease affecting lungs, kidney, or heart (group A)
or SSc of longer duration but with clear evidence of progressive lung disease
(group B). The primary end points were regimen-related toxicity (by day 28,
according to the Bearman scale) and engraftment. Secondary end points were
disease response and immune recovery. Eighteen patients underwent treatment

STEM CELL COLLECTION AND CD34 SELECTION
G-CSF 16 ug/kg/d subcutaneously.
CD34 selection of PBSC with Isolex 300i.

CONDITIONING REGIMEN

DAY TREATMENT

-5 TBI 2.0Gyx 2 +ATG*

-4 TBl 20Gyx2

-3 Cyclophosphamide 60 mg/kg + ATG*
-2 Cyclophosphamide 60 mg/kg
-1 ATG *

0 CD34 selected PBSC infusion
+1 ATG*

+3 ATG*

+5 ATG*

*ATG = 15 mg/kg

POST TRANSPLANT GROWTH FACTOR
G-CSF from day 0 to ANC > 500 for 3 days

Figure 1. Treatment schema for high-dose immunosuppressive therapy. ANC, absolute
neutrophil count; ATG, antithymocyte globulin; G-CSF, granulocyte colony—stimulating
factor; PBSC, peripheral blood stem cell; TBI, total body irradiation.
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between January 1997 and February 2000 according to the protocol shown in
Figure 1. Patients underwent peripheral blood stem cell (PBSC) mobilization as
outpatients, with granulocyte colony-stimulating factor (G-CSF) given at 16 pug/kg
per day subcutaneously. Leukaphereses were performed on day 4 of G-CSF, with
a plan to collect PBSCs containing >3.0X10% CD34* cells/kg. Cells were CD34-
selected using an Isolex 300i (Nexell, Irvine, CA). After HDIT and transplant,
G-CSF 5 pugl/kg per day was given until engraftment. Infection prophylaxis
included trimethoprim/sulfamethoxazole (Bactrim) for pneumocystis and
fluconazole for fungal infections, and patients were monitored for cytomegalovirus
(CMV) reactivation with antigenemia testing or polymerase chain reaction.
Reactivation of CMV was treated with ganciclovir.

RESULTS

The median age for the 18 patients was 40.5 years (range, 23-61 years).
Sixteen of the patients were women. Sixteen patients belonged to group A and 2
to group B, as defined previously. The median baseline RSS was 30 (range, 3-50).
Seventeen of 18 patients were treated because of underlying lung disease, and 1
patient, because of kidney disease. Median pulmonary carbon monoxide diffusion
capacity (DLCO) at transplant was 56 (range, 38-76). G-CSF was tolerated well,
without major disease activation. The median number of aphereses to obtain the
target CD34* cell dose together with an unselected backup containing >3 X108
CD34* cells’/kg was 3 (range, 2-7). The median number of CD34* cells infused
was 4.2X10°% with a median purity of 91.5% (range, 55% to 96%). Both
neutrophil and platelet engraftment were prompt with this protocol. The absolute
neutrophil count was <500/uL for a median of 7 days (range, 0-10 days). There
were no life-threatening bacterial or fungal infections. CMV reactivation was
detected in 3 of 10 CMV-seropositive patients and was treated effectively with
ganciclovir in each instance.

Conditioning therapy was well tolerated by most patients, with minimal
mucositis. One patient developed onset of pulmonary failure due to interstitial
pneumonitis ~2 weeks after transplant. A second patient developed a similar
syndrome at 2 months after transplant. Both patients had progressive pulmonary
failure requiring mechanical ventilation and died despite high-dose steroid therapy.
These deaths were attributed to regimen-related toxicity, since there was no clear
evidence of disease progression after HDIT. The protocol was then modified to
include lung shielding to allow a total lung dose of 200 cGy. This has been well
tolerated from a pulmonary standpoint, without obvious regimen-related
pulmonary damage in subsequent patients. Another patient presented with a cardio-
respiratory arrest ~2 months after transplant. This was followed by development
over 2 weeks of rapidly increasing lymphocytosis and rapidly enlarging liver,
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spleen, and lymph nodes. A diagnosis of Epstein-Barr virus—induced lymphopro-
liferative disorder was made on biopsy. The patient died of rapidly progressive
lymphoma. Of note, this patient had previously had a reaction to horse ATG and
received rabbit ATG as a substitute, possibly leading to more profound immuno-
suppression and predisposing to the development of lymphoma.

Median survival of the 15 survivors was 6 months (range, 1-36 months). All
had evidence of disease responses early after transplant as determined by the
Rodnan skin score and/or health assessment questionnaire (HAQ) analyses. Clear
evidence of disease reactivation requiring therapy occurred in 1 patient at ~1 year
after HDIT. Disease reactivation responded well to treatment with tacrolimus,
whereas the disease had not responded to cyclosporine given before HDIT.

Among 6 patients followed for >1 year with a median follow up of 711 days
(range, 431 to 1040 days), the RSS had improved from a median of 32.5
pretransplant to 18.5 at 1 year (P=.03) (Figure 2). In 3 patients with >2 years’
follow up, the RSS improved from 28, 18, and 16 at 1 year to 22, 15, and 10,
respectively, at 2 years after transplant. Pulmonary function tests showed a median
DLCO of 58% at baseline and 53% at 1 year after HDIT. Computed tomography
scans of lungs showed stable findings in most patients after HDIT, and
improvements in alveolitis were observed in some patients. Overall, renal function
remained stable after transplant. Quality-of-life assessments were performed using
a modified scleroderma HAQ, which has a 3-point scale, normal being 0. HAQ
scores were 2.0 (range, 0.25-2.25) at baseline, 0.7 (range, 0.25-1.5) at 3 months,
and 0.2 (range, 0-0.75) at 1 year (P=.06).
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Figure 2, Rodnan skin scores (RSS) after HDIT.



McSweeney et al. 217

SUMMARY

Although follow-up is short and only a small number of patients have been
treated, preliminary data suggest that HDIT produces disease responses in
patients with severe SSc. These may continue to occur for 2 years after HDIT.
Responses have been documented mainly in skin disease and appear primarily
responsible for the improved quality of life after HDIT as determined by HAQ
scores. To date, internal organ functions overall have remained roughly stable
after HDIT.

Multisystem advanced disease in SSc appears to predispose to substantial risk
of toxicity after high-dose therapy. Similar observations with respect to responses
and higher-than-expected toxicity with regimens incorporating mainly high-dose
cyclophosphamide have been reported by the European Transplant Registry.!?
Further modifications of treatment protocols and selection of better-risk candidates
may improve outcomes. The identification of useful prognostic factors that would
allow treatment at an earlier stage, when organ dysfunction and disability are less
severe, may lead to better outcomes. Carefully designed phase 3 studies will be
needed to determine whether HDIT is an effective therapy for SSc.
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ABSTRACT

Autologous hematopoietic stem cell transplantation is becoming more widely
accepted as a potential therapeutic modality for selected patients with severe auto-
immune diseases (SADs). Many aspects of the procedure remain highly contro-
versial; not the least is the choice of conditioning regimen. We have initiated a
retrospective analysis of the Basel database to evaluate the potential risks and
benefits of different conditioning regimens employed in the treatment of SADs. Of
263 patients reported to the registry, 234 are currently evaluable. Fifty-one of these
patients underwent high-intensity conditioning (group 1); 75 underwent
intermediate-intensity (group 2) and 108 low-intensity (group 3) conditioning.
Analysis was performed for 1-year treatment-related mortality (TRM),
progression, and progression-free survival. High-intensity conditioning is
associated with significantly higher 1-year TRM compared with the other 2 groups.
Although disease response was seen in each group at 1 year of actuarial follow-up,
there appears to be no advantage, in terms of disease control, from high-intensity
conditioning. It must be emphasized that this is a preliminary analysis. Completion
of this analysis, with further follow-up, may help guide the choice of conditioning
regimens for the treatment of SADs.

INTRODUCTION

Autologous peripheral blood stem cell transplantation (PBSCT) has emerged as
an investigational therapy for the treatment of severe autoimmune diseases, and the
number of patients undergoing transplantation for these diseases is rising annually.!
However, many aspects of the procedure remain highly controversial, including
disease indication, patient selection, purging, and—not least—the choice of
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conditioning regimen. The latter has to take into account not only the usual potential
short- and long-term risks associated with transplantation in general, but also specific
risks as they apply to individual SADs in this setting. Furthermore, conditioning
regimen toxicities have to be weighed carefully against their potential efficacy, which
is extremely variable in this heterogeneous group of diseases and patients.

Herein, we report the results of a retrospective review of the Basel database,
with a particular emphasis on the conditioning regimens employed, to guide
planning of future clinical trials.

METHODS

We retrospectively reviewed the Basel database, identifying and categorizing
the conditioning regimens employed into 3 groups. These groups were defined
according to their relative immunoablative intensities.

Group 1

Group 1 received high-intensity regimens using agents that are sufficiently
immunoablative to allow a standard allogeneic or matched unrelated donor bone
marrow transplant—specifically, busulfan- or radiation-based conditioning
regimens.

Group 2

Group 2 received intermediate-intensity regimens that have been employed in
the treatment of hematologic malignancies in the autologous transplant setting —
specifically, BEAM (BCNU, etoposide, cytosine arabinoside, and melphalan) or
BEAM-like regimens.

Group 3

Group 3 received lower-intensity regimens that have been used in unique
settings to facilitate transplantation, such as aplastic anemia, or have not been used
as transplant regimens before this experience and are predominantly used as part of
a standard nontransplant chemotherapeutic/immunosuppressive approach—specif-
ically, cyclophosphamide- or fludarabine-based regimens.

Statistical Analysis

Univariate analysis for 1-year TRM, progression, and progression-free survival
was performed.
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RESULTS

Of the 263 patients reported to the Basel database, 234 are currently evaluable.
The primary disease indications for transplantation were multiple sclerosis,
systemic sclerosis, rheumatoid arthritis, and juvenile chronic arthritis. These 4 disorders
comprised more than three quarters of all patients treated.

Fifty-one of the patients (22%) were treated with a high-intensity conditioning
regimen (group 1), 75 (32%) an intermediate-intensity conditioning regimen
(group 2), and 108 (46%) with a low-intensity conditioning regimen (group 3). The
1-year actuarial TRM, progression, and progression-free survival rates are shown
in Table 1. TRM was significantly higher in group 1 compared with the other
groups (P=.008) (Figure 1). Whereas all conditioning regimens appear to have had
an impact on disease, the progression and progression-free survival rates are not
significantly different between the groups.

CONCLUSIONS

This preliminary analysis suggests that high-intensity conditioning in this
patient population may be associated with significant TRM. This may be
acceptable if a greater degree of disease control can be achieved; however, the
present analysis does not support that conclusion. This finding may be due to a
variety of factors, not necessarily a lack of efficacy.

This is a very preliminary analysis and must be interpreted with great caution.
The database is heterogeneous and has been retrospectively analyzed. Furthermore,
analysis for confounding factors, such as diagnosis, disease status, etc, and
subgroup and multivariate analyses are still ongoing. Additionally, although there
appears to be no difference in efficacy among the different regimens at 1 year, the
follow-up for these diseases, which have relatively long natural histories, is far too
short to be conclusive.

Table 1. One-Year Transplant-Related Mortality (TRM), Progression, and Progression-
Free Survival (PFS) Stratified According to Intensity of Conditioning Regimen*

Group Conditioning Regimen TRM  Progression PFS Total

1 (high) fTBI- and busulfan-based  11(22) 17 (33) 23 (45) 51(22)

2 (intermediate) BEAM and BEAM-like 4(5) 17 (23) 54(72)  75(32)

3 (low) Cyclophosphamide- and 70 45 (42) 56 (52) 108 (46)
fludarabine-based

Total 234 (100)

*Data are n (%). BEAM, BCNU, etoposide, cytosine arabinoside, and melphalan; fTBI,
fractionated total body irradiation.
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Figure 1. Treatment-related mortality (TRM) according to treatment regimen intensity.

Theoretical Considerations of Different Conditioning Regimens

Radiation-Based Regimens. Radiation-based regimens are attractive
principally because of efficacy; animal data from Van Bekkum? suggest that they
can be efficacious in this setting. Radiation is known to be highly immunosup-
pressive in humans, with very low graft rejection rates after allogeneic or matched
unrelated donor transplantation, even with some degree of histoincompatibility.>
The main concern with the use of radiation-based regimens is their potential
toxicity. Short-term toxicity is of concern in this group of patients. Preliminary
experience suggests that in patients who have significant underlying organ system
damage (from disease or prior therapy), the use of radiation may accentuate the risk
of toxicity (eg, scleroderma patients suffering lung toxicity) (P. McSweeney.
Worcester Meeting on Transplantation for Auto-Immune Diseases, October 1999).
There are also concerns regarding the serious long-term toxicities of radiation,
especially the development of secondary malignancies such as myelodysplastic
syndrome and solid tumors.*

Oral Busulfan. Oral busulfan has long been used as an allogeneic transplant
conditioning regimen agent because of its profound myeloablative properties.? This
agent is also highly immunoablative—it has been used extensively to overcome
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immunologic barriers and facilitate standard allogeneic and matched unrelated
donor transplants with low graft rejection rates.’ The main disadvantage of this
agent is its very variable bioavailability.® This may be a contributing factor to both
the relatively high incidence of veno-occlusive disease of the liver associated with
this drug and the increased incidence of graft rejection, compared with radiation
based regimens, when plasma levels are either too high or too low, respectively.>’

Cyclophosphamide-Based Regimens. Cyclophosphamide has relatively low
toxicity even in the dose-escalated setting. The cardiotoxicity associated with this
drug is of concern in this patient population, because some patients have pre-
existing cardiac disease related to their underlying disorders. The adequacy of
efficacy is also of some theoretical concern. Initial experiences with aplastic
anemia patients undergoing allogeneic transplantation using cyclophosphamide
alone showed a high graft rejection rate, suggesting a relative lack of immunosup-
pression.? On the other hand, this agent is known to suppress T-cell function and
has been used extensively, palliatively, as a therapy for the treatment of
autoimmune diseases and, more recently, in a dose-escalated manner without stem
cell support for the treatment of selected patients with autoimmune diseases.’

Fludarabine-Based Regimens. Fludarabine is in some respects an attractive, if
somewhat novel, choice. It is relatively nontoxic in low doses, as in therapy for the
treatment of hematologic malignancies (eg, low-grade non-Hodgkin’s lymphoma)
in the nontransplant setting. It is also clearly immunosuppressive, being a key
component of many allogeneic mini-transplant regimens. Unfortunately, the
efficacy of this agent in standard doses for the treatment of autoimmune diseases is
largely untested. Furthermore, there is very little experience with the use of
fludarabine as part of an autologous PBSCT conditioning agent for hematologic
malignancies. Initial experience with fludarabine at higher doses (eg, treatment of
acute myeloid leukemia) suggested that it was relatively toxic, leading to prolonged
neutropenia.'® The cause of this prolonged neutropenia is unclear, and it is also
unclear whether this drawback can be overcome by performing autologous PBSCT.
Furthermore, when dispensed in a dose-escalated manner, this agent does have
other serious toxicity, especially neuropathy.!?

BEAM. This conditioning regimen has been extensively used, particularly in
Europe, for autologous transplantation. It is generally well tolerated; the BCNU
component is of some theoretical concern, because it can cause significant late lung
toxicity which, again, may be additive to other underlying lung problems in this
patient population.!! The ability to give mini-BEAM without stem cell support
suggests that the myeloablative effect of BEAM is also limited compared with
some of the other regimens.!?

Intravenous Busulfan. Because of the limitations of the above regimens, at
City of Hope, we have chosen to use intravenous busulfan in conjunction with
cyclophosphamide and antithymocyte globulin as our conditioning regimen of
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choice for this group of patients. Intravenous busulfan has significantly lower
toxicity —especially VOD —compared with oral busulfan, which may be due to the
lack of a liver first-pass effect.!® The intravenous administration of this drug also
ensures high bioavailability, maximizing the known immunosuppressive effect of
busulfan (W.P. Vaughan, P. Cagnoni, H. Fernandez, et al. Pharmacokinetics of
intravenous busulfan in hematopoietic stem cell transplantation (HSCT). American
Society of Blood and Marrow Transplantation Meeting, Keystone, CO, March
1999, Abstract 78). However, this agent has only recently become widely available
and is currently a relatively novel choice for the treatment of both hematologic
malignancies and autoimmune diseases.

SUMMARY

Autologous peripheral blood stem cell transplantation is becoming established
as an investigational therapy for the treatment of severe autoimmune diseases.
Many aspects of this procedure remain highly controversial. The available data, to
date, are very limited and difficult to interpret. Preliminary analysis suggests that
high-intensity conditioning regimens may be associated with significant treatment-
related mortality with as yet unknown efficacy. Furthermore, all conditioning
regimens employed to date have significant disadvantages that are counter-
balanced by advantages which are as yet largely theoretical,
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ABSTRACT

Conventional treatments for acute myeloid leukemia (AML) have high rates of
toxicity yet fail to cure the majority of patients. Over the past decade, monoclonal
antibodies reactive with hematopoietic antigens have been used to deliver cytotoxic
moieties, including radioisotopes and drugs, to leukemic cells with the goal of
providing effective antileukemic treatment while minimizing toxicity.

The ability to deliver high doses of radiation to leukemic cells using anti-CD33
antibody labeled with iodine-131 (**'I) was limited by internalization of the
antibody-antigen complex and subsequent dehalogenation, as well as by the small
amount of 3! with which saturating doses of antibody could be labeled. Recently,
however, phase 1 studies using anti-CD33 antibody labeled with yttrium-90 (*°Y)
or bismuth-213 (2'*Bi) have demonstrated the delivery of significant doses of
radiation to sites of leukemic involvement without excessive nonhematopoietic
toxicity, and phase 2 studies are planned.

Radiolabeled antibodies have also been used to target CD45, a broadly
expressed hematopoietic antigen found on immature and mature leukocytes and
most acute leukemias. Almost 90% of patients with acute leukemia in remission or
relapse have had favorable biodistribution of ['*'I]anti-CD45 antibody, with higher
estimated radiation doses to marrow and spleen than to normal organs. Appreciable
doses of marrow and spleen radiation have been delivered by ['3'I]anti-CD45
antibody when combined with cyclophosphamide and 12 Gy total body irradiation
(TBI) in patients with advanced AML and acute lymphoblastic leukemia (ALL)
receiving stem cell transplants, a regimen that is currently being studied in phase 2
clinical trials. Patients with AML in first remission receiving ['*'1]BC8 antibody
combined with busulfan and cyclophosphamide have had encouragingly low
relapse rates in an ongoing phase 2 study. Targeted hematopoietic irradiation is
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also being combined with a nonmyeloablative transplant regimen in patients older
than 50 years with relapsed or refractory AML.

For drug-antibody conjugates, the rapid internalization of the CD33 antigen-
antibody complex provides an advantage because it allows rapid access of the toxic
moiety to intracellular machinery. Such a conjugate, gemtuzumab ozogamicin
(CMA-676; Mylotarg), links the potent antitumor antibiotic calicheamicin to a
humanized anti-CD33 antibody. This agent, recently approved for the treatment of
patients older than 60 years with relapsed CD33* AML, has induced remissions in
30% of 142 patients with AML in untreated first relapse treated on 3 phase 2 trials,
with an acceptable toxicity profile. Current clinical trials of antibody-delivered
therapy in AML will better define its efficacy, toxicity, and appropriate place in the
management of these patients.

INTRODUCTION

Acute myeloid leukemia remains a difficult disease to treat. Fewer than half of
newly diagnosed patients can be cured with conventional chemotherapy, and the
most effective chemotherapy regimens require multiple courses of near-myeloab-
lative doses of anthracyclines and cytosine arabinoside. In addition to prolonged
pancytopenia, such treatment is associated with risks of mucositis, typhlitis, and
cardiac damage. For patients achieving a remission of their leukemia, many
undergo hematopoietic stem cell transplantation (HSCT) if an appropriate HLA-
matched related donor is available. Yet despite the intensive myeloablative
systemic therapy administered as a preparative regimen before transplantation and
its associated toxicity, up to 30% of patients relapse following the procedure. For
patients with AML that is refractory to primary treatment or that has relapsed after
conventional chemotherapy, HSCT offers the only chance of cure. However,
relapse rates are high, with a >60% rate predicted for patients transplanted for
chemotherapy-refractory disease.

One general approach to decrease relapse in patients with AML has been to
intensify therapy. For example, the addition of multiple courses of high-dose
cytosine arabinoside has improved the rate of disease-free survival for patients
receiving chemotherapy. For patients undergoing HSCT, higher-intensity
preparative regimens have resulted in decreased relapse rates but higher rates of
transplant-related mortality. For example, in a prospective randomized trial for
patients with AML in first remission receiving HLA-matched related bone marrow
transplants comparing 2 doses of TBI, administered in addition to cyclophos-
phamide, the relapse rate was 12% in patients receiving 15.75 Gy compared with
35% in patients receiving 12 Gy.! In a similar trial in patients with CML in chronic
phase, the relapse rate was 0% in patients receiving 15.75 Gy compared with 25%
in patients receiving 12 Gy.2 However, in each study the higher TBI dose was
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associated with higher rates of transplant-related mortality, and thus there was no
difference in disease-free survival between the TBI dose groups. These studies
suggest that for both chemotherapeutic agents and radiation, there is a fairly steep
dose-response curve for AML which could be exploited if toxicity to normal organs
could be limited.

One means of limiting the toxicity of treatment to normal tissues would be to
target the delivery of toxic moieties directly to leukemic cells. Since the
development of monoclonal antibody technology by Kohler and Milstein? in the
1970s, there has been the hope that antibodies reactive with antigens expressed by
tumor cells would provide effective, nontoxic treatment for malignancies. Initially,
most of the experience using unmodified antibodies was disappointing, with the
extent of tumor cell kill limited by the capacity of the patient’s immune system to
mediate antibody-dependent cellular cytotoxicity. Recently, however, the
development of particular antibodies that have been manipulated to enhance
antibody-mediated cell kill has led to significant disease responses in patients with
lymphoma receiving humanized anti-CD20 antibody*> and those with breast
cancer treated with antibody reactive with the Her-2-neu antigen.%’ Patients with
AML have been treated with a humanized antibody reactive with the myeloid
CD33 antigen, with the suggestion that it may decrease the load of minimal
residual disease in acute promyelocytic leukemia.?

Whereas unlabeled antibodies may be effective in several specific disease
states, an additional use of antibody in patients with bulk disease might be as a
means to deliver a toxic moiety to the cell, thus avoiding the dependence on
antibody-dependent cell cytotoxicity for cell kill. Both radioisotopes and drugs
have been conjugated to antibodies reactive with hematopoietic antigens and used
to treat patients with AML in various stages, with or without transplantation. AML
represents an attractive target for immunoconjugate therapy because the leukemic
cells are rapidly accessible given their presence in well-vascularized tissues such as
marrow and spleen, and because of the steep dose-response curve of AML to many
therapeutic agents.

The principles involved in antibody-directed therapy are different for
radioisotopes as opposed to drugs. When using radiolabeled antibodies, the
radiation from an antibody bound to a given cell may actually be deposited
anywhere within a sphere defined by the pathlength of the isotope. When using an
isotope with a pathlength longer than a few cell diameters, antibody does not
necessarily need to bind to every leukemic cell to kill every cell as long as antibody
is bound regionally. This bystander effect may kill rare leukemic cells that do not
express the target antigen or that are not reached by antibody if the majority of cells
in the involved tissue bind antibody. However, there is also the potential for
nonspecific cell killing if normal cells are near the cells bound by antibody or from
prolonged circulation of radiolabeled antibody. In contrast, drug-antibody
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conjugates must bind to each malignant cell because cell kill requires internal-
ization of the toxic moiety. These differences between radiolabeled antibody and
drug-antibody conjugates may affect the selection of the target antigen, as
described below. The majority of immunoconjugate studies in AML performed to
date have used antibodies reactive with the CD33 or CD45 antigens.

CD33 ANTIGEN

The CD33 antigen is expressed by myeloid progenitor cells in marrow, although
it is absent from the hematopoietic stem cell.” More than 90% of patients with
AML have leukemia blasts that express this antigen.' Its level of expression is
variable, although it is often expressed at fairly low copy numbers. Importantly, the
antibody-CD33 antigen complex internalizes after binding by antibody.!! In
addition to its recent use as an unlabeled antibody, anti-CD33 antibody has been
used both as a radioimmunoconjugate and as a drug-antibody conjugate.

RADIOLABELED ANTI-CD33 ANTIBODY

Initial studies used anti-CD33 antibodies labeled with 311, 131 has a half-life of
8 days, and has both a beta decay with a pathlength of 0.7 mm and a gamma
component that allows the quantitative determination of antibody localization in
patients by gamma camera imaging, but which necessitates that patients be treated
in radiation isolation. Studies by Schwartz et al.'> and Appelbaum et al.!* examined
the biodistribution of trace '*'I-labeled M195 and p67 murine antibodies, respec-
tively, in patients with AML beyond first remission. For each anti-CD33 antibody,
the antibody dose resulting in optimal biodistribution was low (<5 mg/m?2) because
the relative numbers of CD33 antigen sites were rapidly saturated and the
circulation of unbound antibody at higher antibody doses led to increased radiation
delivery to nontarget organs. For [!3']p67 antibody, the retention in marrow was
relatively brief (average half-life 17 hours) because of prompt internalization of the
antibody-antigen complex and dehalogenation of antibody with rapid excretion of
small '*'I-containing moieties. Consequently, only 4 of 9 patients receiving a
biodistribution dose of trace ['3!]p67 antibody had favorable biodistribution of
antibody, defined as a higher estimated radiation dose to marrow and spleen than
to nontarget organs, and the ratios of radiation delivered to target compared with
nontarget organs were low. Although phase 1 transplant studies combining
[**'[]M195 antibody with busulfan and cyclophosphamide'* and ['3!1p67 antibody
with cyclophosphamide and 12 Gy TBI'? were initiated, both groups of investi-
gators have abandoned the use of ['3'I]anti-CD33 antibody because of the
relatively limited radiation doses that can be delivered by 5 mg/m? antibody
without damaging the antigen-binding capacity of the antibody by radiolysis.
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Instead, investigators at Memorial Sloan Kettering Cancer Center have
examined the biodistribution of humanized M195 (HuM195) antibody labeled with
alternative isotopes, ®°Y and 2'*Bi. *°Y has a half-life of 2.7 days and is a pure beta
emitter with a higher energy and thus a longer pathlength, 5 mm, than that of !*!I.
The absence of a gamma component means that patients do not require radiation
isolation during treatment. Because precise quantitation of *Y-antibody locali-
zation by gamma camera imaging is not possible, the biodistribution of *Y-labeled
antibody must be inferred from that of antibody labeled with a surrogate gamma-
emitting isotope, indium-111 ('!'In). In a phase 1 nontransplant study in patients
with relapsed AML, 18 patients received HuM195 antibody labeled with 0.1 to
0.3 mCi ®Y/kg on 3.5 to 6 mg antibody.'> Nine patients received !!!In-labeled
antibody at the same time to allow estimation of antibody biodistribution.
Estimated radiation doses of 2.9 to 7 Gy were delivered to marrow and 1.3 to
3.1 Gy to liver. The maximum tolerated dose (MTD) was estimated to be
0.275 mCi/kg, with prolonged myelosuppression (>35 days) in patients treated at
0.3 mCi/kg. A decrease in peripheral blasts was seen in 12 of 13 patients, with a
decrease in marrow blasts in 12 of 16 patients. Five of 8 patients treated with 0.275
to 0.3 mCi/kg developed transient empty marrow, and 1 of these patients achieved
a complete remission. This group now plans a phase 2 study of 0.275 mCi/kg
[**Y]M195 antibody in patients with relapsed AML not receiving HSCT. For
younger patients with autologous stem cells available, they plan a phase 1 study to
determine the MTD of [**Y]M195 antibody that can be combined with high-dose
etoposide followed by autologous HSCT.

A second study at Memorial Sloan Kettering Cancer Center is the first to use
antibody labeled with an alpha particle emitter in the treatment of AML.'¢ In contrast
to beta particles, alpha particles have high energy but are very large and thus have a
short pathlength, such as the 50- to 80-um pathlength for 2!3Bi. Most available alpha
particles have a very short half-life, and the 46-minute half-life for 2!*Bi necessitates
that the antibody be administered immediately after radiolabeling. It is also critical
that the antibody have rapid access to target cells to reach the cells before
radioisotope decay. In a phase 1 nontransplant trial in 17 patients with relapsed AML,
doses of 0.28 to 1.0 mCi 2*Bi/kg were administered over 2 to 4 days in 3 to 6
fractions. Early scans demonstrated localization of isotope in marrow, spleen, and
liver within 10 minutes of infusion, with better localization to marrow with later as
opposed to earlier infusions. The MTD was 1 mCi/kg, with myelosuppression lasting
up to 34 days in patients treated at the highest dose levels. No complete responses
were observed, but there was a decrease in percentage of blasts in marrow in 12 of
17 patients. Estimated radiation doses were 656 to 4676 centisieverts (cSv) (a
radiation dose equivalent unit equal to 1 rem that incorporates the biologic effect of
alpha particle radiation) to bone marrow, 290 to 4399 cSv to spleen, and 242 to 2752
cSv to liver, with much lower doses to other organs and to the total body. Because of
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the technical difficulties inherent in delivering large doses of alpha-emitting
radioisotopes, these investigators are now focusing on treating patients with less bulk
disease. Therefore, their next phase 1 trial for patients with relapsed AML will
incorporate low-dose cytosine arabinoside immediately before [2*Bi]JHuM195
antibody to allow for debulking before antibody administration. A second study will
use [2PBiJHuM195 antibody as consolidation therapy directed toward minimal
residual disease for patients with AML in second remission. The investigators hope
that the very short pathlength of 2!3Bi will allow relative sparing of stem cells and
thus delivery of substantial doses of radiotherapy to CD33-expressing leukemia cells.

CD45 ANTIGEN

In contrast to the relatively narrow expression and low copy numbers for the
CD33 antigen, CD45 is broadly expressed by all leukocytes and their precursors, !
at an average copy number of ~200,000 per cell. It is expressed by most AML and
the majority of ALL samples'®!® and is not appreciably internalized after binding
by antibody.!! The CD45 antigen is a potential target antigen for ALL in addition
to AML because it is expressed by both lymphoid and myeloid cells, and thus
radiolabeled anti-CD45 antibody should deliver radiation to lymph nodes as well
as bone marrow and spleen. Because it is expressed by both normal and malignant
cells in these tissues, radiolabeled anti-CD45 antibody can be used to deliver
radiation to marrow, spleen, and lymph nodes for patients with acute leukemia
whether in remission or relapse. For patients in remission, even blasts not
expressing CD45 should be killed if surrounded predominantly by nonmalignant
hematopoietic cells, because of the bystander effect.

RADIOLABELED ANTI-CD45 ANTIBODY

Preclinical studies in both mice and macaques demonstrated that [!*'I]anti-
CD4S5 antibody could deliver more radiation to marrow, spleen, and lymph nodes
than to any nontarget organs, with estimated radiation doses to marrow and lymph
nodes that were 2 to 8 times that of the highest normal organs.?2! A phase 1
clinical trial was then performed to determine the biodistribution of trace ['3!I]anti-
CD45 antibody in patients in remission and in relapse, to ascertain factors
influencing antibody biodistribution, and to estimate the MTD of radiation
delivered by antibody that could be combined with the conventional transplant
preparative regimen of cyclophosphamide and 12 Gy TBI.?>?* Eligible patients
were those at high risk of relapsing posttransplant, including those with advanced
(eg, primary refractory or beyond first remission) acute myeloid or lymphoid
leukemia or myelodysplastic syndrome (MDS), with HLA-matched related donors
or autologous HSCs available.
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Figure 1. [lodine-131Janti-CD45 antibody localization: anterior gamma camera image of
pelvis 17 hours after infusion of 0.5 mg/kg trace 13'I-labeled BC8 (anti-CD45) antibody in a
patient with acute myeloid leukemia in first remission.

Patients first received a biodistribution infusion of 0.5 mg/kg BC8 antibody, a
murine immunoglobulin G1 (IgG1) reactive with all human CD45 isoforms, which
was labeled with 5-8 mCi !*!1. This was followed with serial quantitative gamma
camera scanning (Figure 1) and a least 1 bone marrow biopsy. The time-activity
curves for concentration of 31 in marrow, spleen, liver, lungs, kidney, and total
body were used to estimate radiation doses delivered, as ¢Gy per mCi BI, by
applying methods consistent with those recommended by the Society of Nuclear
Medicine’s special committee on Medical Internal Radiation Dose.?#2 Patients
with higher estimated radiation doses to spleen and marrow than to liver, lung, and
kidney (favorable biodistribution of antibody) were eligible to receive a therapy
dose of antibody. The antibody, administered 13~14 days before HSCT, was labeled
with the amount of 13! estimated to deliver a predetermined dose to the normal
organ receiving the highest dose, beginning at 3.5 Gy. The dose delivered by "*'I
was subsequently escalated in cohorts of 3 to 6 patients. Patients were treated in
radiation isolation, where they remained until the amount of radiation measured at
1 meter was less than 5 mR/h. After discharge, they received cyclophosphamide
60 mg/kg per day for 2 days and 2 Gy TBI per day for 6 days followed by
autologous or allogeneic stem cell transplant. Graft-vs.-host disease (GVHD)
prophylaxis for allogeneic recipients consisted of methotrexate and cyclosporine.

Forty-four patients with a median age of 38 years (range, 16-55 years) received
a biodistribution dose of antibody. Thirty-one had AML (9 in remission, 22 in
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relapse), 10 had ALL (S in remission, 5 in relapse), and 3 had MDS. Eighty-four
percent had favorable biodistribution of antibody, with mean estimated radiation
absorbed doses (cGy/mCi "*'I) of 6.5 + 0.5 for marrow, 13.5 + 1.3 for spleen, 2.8 +
0.2 for liver, 1.8 £ 0.1 for lung, 0.6 + 0.04 for kidney, and 0.4 + 0.02 for the total
body. The liver was the normal organ receiving the highest estimated radiation
absorbed dose in all but 1 patient. Antibody administration was associated with
transient side effects including chills, nausea, vomiting, and mild hypotension in
75% of patients, with 25% developing transient respiratory side effects including
sensation of chest or throat tightness or wheezing. Patients with AML in relapse
had the highest estimated radiation dose to marrow because of both higher initial
antibody uptake and longer retention of '*!I in marrow, resulting in a higher ratio
of radiation delivered to marrow than to liver.

Thirty-four patients received a therapy dose of antibody labeled with
76-613 mCi "*'I estimated to deliver from 3.5 to 12.25 Gy to the normal organ
receiving the highest dose. Dose-limiting regimen-related toxicity was seen in 1 of
6 patients (grade III veno-occlusive disease of the liver) treated at dose level 5,
10.5 Gy to liver, and in 2 of 2 patients treated at 12.25 Gy (grade III-IV mucositis),
and thus the MTD was estimated to be 10.5 Gy. Although this phase 1 study was
not designed to determine efficacy of this combined preparative regimen, 30% of
the patients with advanced leukemia (7 of 25 with AML or MDS and 3 of 9 with
ALL) survive disease free 38 to 112 months after transplantation. This study
demonstrated that appreciable doses of supplemental targeted radiation to
hematopoietic tissues (average estimated doses of 24 Gy to marrow and 50 Gy to
spleen with an MTD of 10.5 Gy to liver) can be delivered when combined with
cyclophosphamide and 12 Gy TBL Based on this phase 1 study, parallel phase 2
studies of this preparative regimen are now under way for patients with advanced
AML and advanced ALL with HLA-matched related or unrelated donors.

"!-labeled anti-CD45 antibody has also been used to intensify the antileukemic
therapy administered to patients undergoing HLA-matched related transplantation
for AML in first remission. In an ongoing phase 2 study combining ['3'1]BC8
antibody with busulfan and cyclophosphamide,?” 90% of patients have had
favorable biodistribution of trace-labeled antibody, and 37 patients have received a
therapy dose of antibody labeled with the amount of !3'] estimated to deliver 3.5 Gy
(4 patients) or 5.25 Gy (33 patients) to the liver. Average estimated doses of
10.6 Gy to marrow and 28.6 Gy to spleen have resulted. Grade III mucositis
developed in 2 patients, grade IV pneumonitis thought to be possibly related to the
conditioning regimen was seen in 2 patients, and 1 patient died with multisystem
failure at day 38 after a sepsis-like event and was found at postmortem examination
to have pulmonary cytomegalovirus and hepatic GVHD. Four patients have
relapsed, and 27 (73%) survive disease free 5—78 months (median, 47 months) after
transplant. This study is continuing to accrue patients and is being expanded to
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include 2 additional institutions, City of Hope National Medical Center and
Stanford University Medical Center. The ultimate determination of whether the
addition of targeted hematopoietic irradiation to busulfan/cyclophosphamide can
improve disease-free survival will require a phase 3 randomized trial comparing
this combined regimen with busulfan/cyclophosphamide alone.

The combination of radiolabeled anti-CD45 antibody and conventional
preparative regimens may serve to decrease relapse rates but has not resulted in an
improvement in the toxicities associated with HSCT. The ability to decrease the
proportion of radiation delivered as TBI while increasing the amount delivered by
antibody has the potential to both decrease toxicity and increase the total radiation
dose delivered to hematopoietic tissues by taking advantage of the therapeutic ratio
provided by targeting. In CD45 studies performed to date, full-dose, conventional
therapy was included in part to ensure that the regimen was adequately immunosup-
pressive to prevent rejection of donor hematopoietic cells. However, several investi-
gators have recently developed lower-dose, nonmyeloablative preparative regimens
that have allowed engraftment of donor cells in patients who would be unlikely to
tolerate conventional high-dose regimens.?*? The initial donor engraftment has
resulted in measurable diminution of disease in the majority of patients, presumably
from a graft-vs.-leukemia (GVL) effect, and some patients have received donor
lymphocyte infusions after transplant to augment this effect. One such regimen,
developed by Sandmeier et al’® at Fred Hutchinson Cancer Research Center,
includes fludarabine plus 2 Gy TBI and posttransplant immunosuppression with the
combination of cyclosporine and mycophenolate mofetil (MMF).

The availability of this well-tolerated nonmyeloablative regimen, which can
establish donor engraftment with little toxicity, now provides an opportunity to
increase the dose of radiation delivered by ['*!IJanti-CD45 antibody by
combining it with this low-dose regimen in patients with advanced AML. The
debulking provided by ['3'1]BC8 antibody, followed by 2 Gy TBI, cyclosporine,
and MMF, may allow better control of acute leukemia and optimize the chance
that the subsequent GVL effect will eradicate disease. A phase 1 trial to
determine the MTD of radiation delivered by anti-CD45 antibody that can be
combined with this nonmyeloablative regimen, beginning at a dose level of
12 Gy to liver, has been initiated. Eligible patients are patients with AML that is
either primarily refractory or has recurred and who would be unlikely to tolerate
conventional transplants, eg, patients between the ages of 50 and 70 with
matched related or unrelated donors.

Other investigators have begun to examine the biodistribution and tolerability
of anti-CD45 antibody labeled with Y. In addition, elsewhere in this symposium,
Martin et al. reported on their experience targeting a pan-myeloid antigen, CD66c,
with antibody labeled with rhenium-188. The next several years should further our
understanding of the role of these approaches in the treatment of acute leukemia.
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ANTIBODY-TARGETED CHEMOTHERAPY: GEMTUZUMAB OZOGAMICIN

The rapid internalization of the antibody-CD33 antigen complex makes the
CD33 antigen an excellent target antigen for a drug-antibody conjugate where the
drug must access intracellular contents to damage the cell. The antitumor antibiotic
calicheamicin, which generates double-stranded DNA breaks after undergoing
intracellular trisulfide reduction and molecular rearrangement with the formation
of a diradical species, was thus conjugated to humanized p67.6 antibody3! and was
demonstrated to selectively kill AML blasts in vitro. A phase 1 dose escalation
study in 40 patients with relapsed or refractory AML demonstrated that doses of up
to 9 mg/m? of gemtuzumab ozogamicin (Mylotarg) were reasonably well tolerated.
Reduction of blasts in marrow to <5% was seen in 8 of 40 patients, and the
likelihood of clinical response appeared to be correlated with a low rate of dye
efflux, indicative of low functional drug resistance.3?

Combined results of 3 open-label multicenter phase 2 trials using Mylotarg in
patients with AML in untreated first relapse were recently presented.?® Patients
were eligible for these studies if they were >18 years of age (>60 years in 1 study);
had a first remission that was at least 6 months in duration (>3 months in 1 study);
had blasts that expressed the CD33 antigen, a circulating white blood cell
count <30,000/mm?, and normal renal and hepatic function; and did not have
secondary AML or a history of an antecedent hematologic disorder. Two doses of
Mylotarg at 9 mg/m? were administered intravenously over 2 hours separated by a
2-week interval.

One hundred forty-two patients were treated on these 3 studies (Figure 2).
Remission, defined as <5% blasts in marrow, an absolute neutrophil count
to >1500/mm?, and red cell and platelet transfusion independence, was achieved in
30% of patients, including 34% of the 62 patients <60 years of age and 26% of the
80 patients older than 60 years. The treatment was generally well tolerated. A
postinfusion symptom complex (fever, chills, and, less commonly, hypotension
and dyspnea) was similar to that seen with other antibody-based therapies and
occurred despite prophylactic treatment with acetaminophen and antihistamines.
The incidences of grade 3 or 4 mucositis (4%), nausea and vomiting (11%), and
infections (28%) were relatively low. There was no reported treatment-related
cardiotoxicity, cerebellar toxicity, renal failure, or alopecia.

Grade 3 or 4 hepatic toxicity was seen in 17% (elevated aspartate/alanine
transaminase [AST/ALT]) to 23% (elevated bilirubin) of patients. In most cases,
these changes were transient, allowing delivery of the second dose of drug.
Although the median hospital stay was 24 days, due primarily to the neutropenia
and thrombocytopenia that developed in virtually all patients, 16% of patients had
hospital stays of no more than 1 week. Based on the favorable safety profile of this
therapy when administered as a single agent, Mylotarg was recently approved by
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Figure 2. Response to gemtuzumab ozogamicin (Mylotarg) in acute myeloid leukemia in
untreated first relapse: rates of response to Mylotarg in 3 phase 2 studies. Patients were >18
years old (>60 years in study 203) with an initial remission of at least 6 months (>3 months
in study 203). Responses were scored as either complete response (CR) or complete response
with delayed platelet recovery (CRp).

the US Food and Drug Administration (FDA) for use in patients >60 years of age
with CD33-positive AML in first relapse who are not thought to be candidates for
conventional cytotoxic chemotherapy. Current studies of this agent are under way
in pediatric patients, in combination with other chemotherapeutic agents earlier in
the disease course and as a means of debulking AML in patients immediately
before nonmyeloablative HSCT.

CONCLUSIONS

More than 2 decades after the initial development of monoclonal antibody
technology, several recent studies suggest that antibodies reactive with
hematopoietic antigens and conjugated with cytotoxic moieties such as radio-
isotopes or drugs can improve the selectivity of therapy and thus may offer
important new treatment options for patients with AML. Phase 1 and 2 studies of
radiolabeled antibodies have demonstrated the ability to deliver more radiation to
hematopoietic tissues than to normal organs and that appreciable doses of such
targeted radiation can be tolerated in transplant and nontransplant settings.
Mylotarg is the first antibody-targeted chemotherapeutic agent to receive FDA
approval, and growing experience with its use in several settings will provide more
information regarding its potential roles in AML therapy. Ongoing preclinical
studies may demonstrate better targeting using alternative antibodies, isotopes, or
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approaches designed to decrease nonspecific radiation by clearing residual
circulating antibody. Ultimately, optimum management of AML may include
combinations of antibody-mediated and conventional therapies.
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Nonmyeloablative Allografting
Following a Failed Autograft
Stephen Mackinnon

Department of Haematology, University College Hospital, London, UK

ABSTRACT

We have investigated a novel nonmyeloablative conditioning regimen in 25
patients with hematologic malignancies. The median patient age was 32 years. All
of the patients had failed a previous autologous transplant. Recipient conditioning
consisted of CAMPATH-1H monoclonal antibody, 20 mg/d on days -8 to -4,
fludarabine 30 mg/m? on days —7 to —3, and melphalan 140 mg/m? on day -2.
Seventeen recipients received unmanipulated granulocyte colony-stimulating
factor (G-CSF)-mobilized peripheral blood stem cells from HLA-identical
siblings, and 8 received unmanipulated marrow from matched unrelated donors.
Graft-vs.-host disease (GVHD) prophylaxis was with cyclosporin A (CsA). All
evaluable patients had sustained engraftment. Results of chimerism analysis using
microsatellite polymerase chain reaction (PCR) indicate that approximately half of
the patients studied had full donor chimerism; the other patients had mixed
chimerism in one or more lineages. At a median follow up of 10 months (range, 1
to 25 months) 19 patients remain alive in complete remission (CR) or with no
evidence of disease progression. Three patients relapsed or progressed
posttransplant; 2 of them subsequently died. Three patients died from regimen-
related complications. There were no cases of grades III-1V acute GVHD. Only 2
patients developed grade I acute GVHD, and only 1 had chronic GVHD. Although
longer follow-up is needed to establish the long-term remission rates, this study
demonstrates that this nonmyeloablative preparative regimen is associated with
durable engraftment, minimal toxicity, and low incidence of GVHD and is feasible
in patients who have already failed an autologous stem cell transplant.

INTRODUCTION

High-dose chemoradiotherapy followed by allogeneic stem cell transplantation
(SCT) has been extensively used to treat patients with hematologic malignancies.
This procedure is often limited to patients in good medical condition, due to the
increased transplant-related mortality (TRM) and GVHD that occurs with
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increasing age and poor performance status.'? Patients who have previously failed
an autologous stem cell transplant are at particularly high risk for very high TRM.

The curative potential of transplantation is not solely due to the conditioning
regimen but also to the well-documented graft-vs.-leukemia (GVL) effect.? The
most convincing evidence for this GVL effect is that donor leukocyte infusions
(DLIs) can reinduce remissions in patients who have relapsed following allogeneic
SCT.*> Patients with chronic myeloid leukemia are most likely to respond, but
responses have also been documented in patients with acute leukemia, chronic
lymphocytic leukemia, myeloma, and lymphoma.®’

In an effort to reduce the TRM associated with allogeneic SCT, low-intensity
fludarabine-based regimens have been developed.3-!! These have been designed to
be immunosuppressive rather than myeloablative to facilitate donor engraftment
and thereby limit systemic toxicity. There appears to be a spectrum of hemato-
poietic toxicity associated with these nonmyeloablative regimens, from minimally
cytopenic regimens that use low-dose total body irradiation alone'? to regimens
that combine fludarabine with melphalan or busulfan.!®!3 Although these studies
have demonstrated impressive allogeneic engraftment with minimal nonhema-
tologic toxicity, there is still significant morbidity and mortality from acute and
chronic GVHD 3-!!

We have therefore developed a novel nonmyeloablative regimen for allogeneic
SCT. Our regimen was designed to suppress the recipient immune system enough
to allow allogeneic engraftment without excessive regimen toxicity or GVHD. The
use of fludarabine as an immunosuppressant as part of the conditioning regimen
was similar to previously published studies of nonmyeloablative SCT.3-!!
However, the addition of in vivo CAMPATH-1H to the conditioning regimen was
new and appears to have been crucial in limiting graft-vs.-host reactions.

PATIENTS AND METHODS
Eligibility Criteria

Patients with hematologic malignancies were enrolled at 6 hospitals in the
United Kingdom. The study design was approved by the ethics committees at each
participating site. All patients gave written informed consent to participate. Patients
aged 18 to 60 years with lymphoma, acute leukemia, myelodysplasia, multiple
myeloma, chronic lymphocytic leukemia, and chronic myeloid leukemia were
eligible to participate. Patients required an HLA-identical sibling or unrelated
donor as determined by serological typing for HLA-A/-B and molecular typing for
HLA-DR/-DQ.
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Patient Characteristics

Twenty-five patients were enrolled in the study from June 1997 to September
1999. The patients had high-risk features including the following: all had a
previous failed transplant and 6 had refractory disease. The median interval from
first to second transplant was 24 months (range, 8 to 79 months).

Conditioning Regimen

Treatment consisted of the humanized monoclonal antibody CAMPATH-1H
20 mg/day intravenous (IV) infusion over 8 hours on days -8 to —4, fludarabine
30 mg/m? IV infusion over 30 minutes on days —7 to -3, and melphalan 140 mg/m?
IV infusion over 30 minutes on day —2. Seventeen recipients received unmanip-
ulated peripheral blood stem cells from their siblings, and 8 received unmanip-
ulated marrow from matched unrelated donors.

Stem Cell and Bone Marrow Collection

Sibling donors received G-CSF at 10 pg/kg subcutaneously on days —4 to 0.
Leukaphereses were performed on days 0 and 1 using conventional techniques for
peripheral blood stem cell (PBSC) collection. Unrelated donors had bone marrow
collected on day O under general anesthesia using conventional techniques.
Unmanipulated mobilized peripheral blood (days 0 and 1) or bone marrow (day 0)
cells were infused through central venous catheters.

Supportive Care

Patients were managed in reverse isolation in conventional or laminar airflow
rooms. All patients received prophylaxis with cotrimoxazole or pentamidine against
Pneumocystis carinii infection. Acyclovir and fluconazole or itraconazole
prophylaxis were routinely used. Blood products were irradiated to 25 Gy. Red cell
and platelet transfusions were given to maintain hemoglobin >9 g/dL and platelet
count >10-15X%10%L. Cytomegalovirus (CMV)-seronegative patients received only
CMV-negative blood products; seropositive patients received blood products
unscreened for CMV. Febrile neutropenic patients received broad-spectrum IV
antibiotics according to each hospital’s policy for the management of neutropenic
sepsis. G-CSF 5 pg/kg per day subcutaneously was administered at the discretion of
the transplant physician to speed hematologic recovery in patients until the patient’s
absolute neutrophil count (ANC) was at least 1000/uL for 3 consecutive days.
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GVHD Prophylaxis and Grading

GVHD prophylaxis consisted of CsA 3 mg/kg starting on day —1. IV CsA was
switched to an oral dose as soon as the patients could tolerate medications by
mouth and was continued for a median of 4 months (range, 1 to 8 months). Patients
who survived 100 days or longer were evaluable for chronic GVHD. Acute and
chronic GVHD were graded according to consensus criteria.'*

Study End Points

The primary study end points were successful durable hematopoietic
engraftment and transplant-related mortality. There were secondary end points,
including regimen-related toxicity, incidence and severity of GVHD, and
progression-free survival.

RESULTS

Toxicities

All patients were assessable for toxicity. The conditioning regimen was
generally well tolerated in patients who received only CsA as GVHD prophylaxis.
There were no cases of veno-occlusive disease. Three patients died from regimen-
related toxicity.

Engraftment

One patient was not evaluable for engraftment because of death on day 21. All
other patients had sustained engraftment as defined by ANCs >0.5X10%L and
untransfused platelet counts of >20X10%L for at least 3 consecutive days. The
median time to recover an ANC of 0.5X 10%L was 13 days (range, 8-23 days) and
>1.0X10%L, 17 days (range, 8-47 days). The median time to achieve platelets
>20X 10%/L was 13 days (range, 3-96 days) and >50X 10%L, 17 days (range, 8-118
days).

Graft-vs.-Host Disease
No grade III-IV acute GVHD was observed posttransplant. Two patients

developed grade I GVHD of the skin. Only 1 patient developed chronic GVHD,
limited to skin and liver involvement.
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DISCUSSION

Transplant-related mortality remains a major obstacle to successful allogeneic
SCT. The introduction of nonmyeloablative purine analog conditioning regimens
has facilitated allogeneic engraftment while limiting regimen-related mor-
tality.5113 In spite of this, GVHD remains a significant cause of mortality and
morbidity following nonmyeloablative conditioning. Previously published results
of other nonmyeloablative conditioning regimens have shown a 38% to 60%
incidence of grade II-TIV acute GVHD.3-!'13 This was the primary cause of death
in some patients. In our study, the incidence of GVHD was exceptionally low. No
patients had grade III-IV acute GVHD, and only 2 patients (5%) developed grade I
acute GVHD. The incidence of chronic GVHD was also low, with only 1 patient
developing limited skin involvement.

The use of this conditioning regimen has been relatively safe in a group of
patients who had many high-risk features: prior high-dose therapy, renal or cardiac
impairment, or high-risk diagnoses for allogeneic SCT such as Hodgkin’s disease
and multiple myeloma. Indeed, allogeneic transplant using myeloablative
conditioning after failed autologous transplantation has been associated with a
treatment mortality ranging between 50% and 80%.'>'¢ Undoubtedly, such a high
mortality rate may offset a potential for cure, and therefore, conventional
transplants have generally been avoided in such patients. In our study, all patients
received a second transplant, and only 3 patients died from transplant-related
complications, demonstrating that this nonmyeloablative approach could be
attempted if a second transplant has to be considered.

In summary, our results show that our nonmyeloablative regimen facilitates
allogeneic engraftment with a low incidence of GVHD and TRM. The long-term
antitumor activity of this regimen remains unknown; however, if used in
combination with the prophylactic or preemptive use of DLI, prolonged remissions
might be obtained in some types of hematologic malignancies.
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ABSTRACT

Immunotherapy is beginning to find a place in the treatment of hematologic
malignancies. The intriguing effect of donor lymphocyte infusion in suppressing
tumor growth in a transplant setting has indicated that an active immune attack on
tumor cells can be successfully mounted. To extend this effect and apply it to other
clinical situations, specific vaccines are being developed. DNA vaccines are
vehicles that can deliver genes encoding tumor antigens to the immune response in
a form that engages an appropriate immune response. Many tumor antigens are
being revealed at the gene level, and they can be placed into a DNA plasmid with
a strong promoter. Immunostimulatory sequences in the backbone bacterial DNA
activate cytokine production to drive a T helper 1 (T};1)-dominated response.

We have developed DNA vaccines that contain the V; and V, genes of the tumor
immunoglobulin (Ig) assembled as single-chain Fv (scFv). To promote immunity,
an alert sequence from the fragment C (FrC) of tetanus toxin (TT) has been fused to
the scFv. The fusion gene induces strong anti-idiotypic protection against
lymphoma in models and is now in clinical trials for patients with low-grade
lymphoma. The same design appears to protect against myeloma via a T-cell-
mediated attack. A clinical trial of patients with myeloma postautograft is planned.

The knowledge of new candidate tumor antigens coupled with the relative ease
of manipulation of DNA vaccine design is offering opportunities for immune
attack on cancer. However, the clinical setting is critical, and small clinical trials
will be needed to optimize efficacy of these vaccines.

INTRODUCTION

Vaccination against infectious diseases began more than 200 years ago and has
been remarkably successful. Smallpox has been eliminated. The morbidity and
mortality of polio, measles, rubella, diphtheria, and hepatitis B have been
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massively reduced. Vaccination against cancer is a more recent development.
Some tumors are consequent on infection and may be prevented by immunizing
against the infective agent. The reduction in hepatoma following hepatitis B
vaccination in Taiwan illustrates the potential of the approach.!

For the majority of tumors, however, it will be necessary to immunize a patient
who has already developed a tumor. This tumor may have “sneaked” under any
immune surveillance or may differ from normal tissue only in ways that fail to
interest the immune system. Furthermore, the presence of the tumor may exert an
immunosuppressive effect on the patient that may be compounded by cytotoxic
treatment. The challenge to immunologists is to identify targets for immunotherapy
and develop strategies to maximize the immune response. One of the hoped-for
consequences of the completion of the Human Genome Project will be the identi-
fication of a large number of tumor-specific antigens capable of inducing an
immune attack.

Recently, DNA vaccines have been developed and used with success in murine
models to protect against infectious diseases.? In addition, a DNA vaccine against
heat shock protein has been reported to cure mice chronically infected with
Mycobacterium tuberculosis.® Clinical trials of DNA vaccines against human
immunodeficiency virus and malaria are currently established.*>

DNA VACCINES

Wolff et al.5 made the surprising observation that naked plasmid DNA
containing a gene encoding the enzyme B-galactosidase, when injected intramus-
cularly, generated the production of functional enzyme. Subsequently, Ulmer et al.2
found that DNA encoding nucleoprotein from influenza virus induced antibody and
T-cell responses and protective immunity against a viral challenge.

DNA vaccines constitute a backbone of circular bacterial DNA into which a
variety of mammalian genes may be ligated—not only putative immune targets
under appropriate promoters, but also genes controlling adjunctive functions of the
immune system, including a wide variety of cytokine genes. The net effect is to
give great flexibility in manipulating the immune response.

Bacterial DNA contains immunostimulatory sequences (ISSs) not found in
mammalian DNA. These ISSs contain unmethylated CpG dinucleotide repeats with
appropriate surrounding motifs. The effect of these sequences is to activate the
innate immune system via induction of interferon (IFN)-y, IFN-q, interleukin
(IL)-12, and IL-18 and to direct the immune response down a T, 1-dominated
pathway,™® DNA plasmids, therefore, have 2 components: a transcriptional unit
driven by a powerful cytomegalovirus (CMV) promoter and able to direct the
synthesis of the tumor antigenic protein and an ISS able to direct the nature of the
immune response.
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When the vaccine is injected intramuscularly, the long-lived muscle cells act as
a depot of antigen and release soluble antigen for uptake by antigen-presenting
cells (APCs).? A small number of dendritic cells may also be directly transfected. '
Induction of cytotoxic T lymphocytes appears to occur by cross-priming, a process
whereby antigen is delivered to APCs either in membrane form or via heat shock
proteins (Figure 1).!1:12

DNA VACCINES AGAINST IDIOTYPE

Idiotypic (Id) determinants of the clonal Ig of B-cell tumors are clear-cut tumor-
specific antigens.'’ Ig genes are derived from recombinatorial events involving V,
D, and J segment genes. Imprecision in joining, resulting in gain or loss of
nucleotides at the junctions, provides for unique sequences at the complementarity-
determining region 3 loop, and further sequence diversity is generated by somatic
mutation during the course of lymphocyte maturation. Neoplastic transformation
preserves the unique V-region sequence in the proliferating clone, so that Id can be
considered tumor specific and an ideal target for immunotherapy.

pCMV cDNA

iL-12
iL-18
IFNy

Muscle/Skin Dendritic
cell cell

Antibody  CD4+ Tcels CD8+ Toells
T1>T,2

Figure 1. Following injection of DNA vaccines (which contain the cDNA transcriptional
unit encoding the antigen, driven by a cytomegalovirus promoter [pCMV], and immuno-
stimulatory sequences (ISS) of unmethylated CpG dinucleotide repeats, which stimulate the
production of cytokines) there is either direct transfection of antigen-presenting cells or the
creation of an antigen depot in muscle cells (or keratinocytes if the injection is intradermal.
IFN, interferon; IL, interleukin; T,,, T helper.
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In B-cell lymphomas, Id Ig is capable of inducing protective anti-Id immunity
in mice, especially when conjugated to keyhole limpet hemocyanin with adjuvant
or cytokines as activators.''6 A small clinical trial is showing promising results,!?
but the logistic difficulty of producing bespoke vaccines and the opportunity to use
additional immune pathways drove us to explore a molecular route for vaccine
preparation.

It is relatively simple to obtain Id-encoding Vy, and V| genes from tumor
biopsies by polymerase chain reaction cloning and sequencing. We chose to
assemble the genes as scFv with a 15-amino acid peptide linker.'® These were
ligated into a plasmid with a CMV promoter. Unfortunately, such a vaccine
produces only erratically low levels of anti-Id antibody and no protection against
tumor challenge. Similarly weak responses were reported when DNA encoding
whole Ig was encoded, although stronger responses could be produced if the Ig
constant regions were xenogeneic.!?

Our approach to enhancing the immune response was to fuse a gene encoding
highly immunogenic protein from a pathogen to the 3’ end of scFv. We chose the
FrC of TT, a nontoxic COOH-terminal polypeptide of 50 kDa (Figure 2). This
sequence had been previously shown to induce protective immunity to
Clostridium tetani when delivered as a DNA vaccine. In mice, fusing FrC in this
way strikingly amplified the antibody response against 4 human scFv
sequences.?® The responses included anti-Id antibody, which is consistent with
proper folding of the scFV. Anti-Id could not be generated unless the genes were

Leader

] Linker

(— Pcmv scFv Fragment C

p.scFv-Fragment C

AmpR

J z
—— vAjod HOYg |

(

Figure 2. The plasmid is derived from pcDNA3 and contains the cytomegalovirus (CMV)
immediate/early promoter with the bovine growth hormone (BGH) poly(A) site. The single-
chain Fv (scFv) is assembled with its leader sequence and fused to fragment C of tetanus toxin
vie a GPGP peptide linker. The markers are Hindlll and Notl restriction enzyme sites.
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Figure 3. The single-chain Fvifragment C (scFv-FrC) DNA fusion vaccine promotes anti-
idiotypic (anti-Id) antibody and protective immunity against the surface immunoglobulin
(Ig)-positive A31 lymphoma. Controls of scFv alone or an irrelevant scFV fused to FrC were
ineffective.

fused within the plasmid. This indicates that CD4* T cells specific for FrC are
acting as helper cells for B cells producing anti-Id in a manner similar to a
cognate hapten-carrier effect.?!

To test the performance of this vaccine in protecting against lymphoma, we
used a mouse model of B-cell lymphoma, A31.22 The fusion vaccine induced anti-
Id antibodies in syngeneic mice and conferred protection against tumor cell
challenge. Neither DNA scFv alone nor a control fusion gene from a different
lymphoma conferred protection. From our previous studies using Id protein
vaccination, we believe that protection against this tumor is antibody mediated
(Figure 3).

We also tested a similar vaccine in a myeloma model. 5T33 resembles human
myeloma in secreting high levels of IgG paraprotein, producing osteolytic lesions,
and lacking surface Ig. Because of this, the antibody is unlikely to mediate
protection. In fact, vaccination with Id protein in complete Freund’s adjuvant (CFA)
completely failed to protect against tumor challenge. In contrast, vaccination with
DNA scFv-FrC induced protection against tumor challenge, apparently mediated by
T cells. Anti-Id antibodies were generated and were useful for monitoring, although
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Figure 4. The single-chain Fv/fragment C (scFv-FrC) DNA fusion vaccine promotes anti-
idiotypic (anti-1d) antibody and protective immunity against the surface immunoglobulin
(Ig)-negative, Ig-secreting 5T33 myeloma. A control of scFv alone was ineffective. Injection
of 5T33 IgG Id protein with complete Freund’s adjuvant (CFA) generated high levels of anti-
Id antibody (not shown) but no protective immunity.

they were not protective. As for the lymphoma model, DNA scFv alone was
ineffective (Figure 4).22

The success of the FrC fusion product should not seem too remarkable. The
immune system is not set up to recognize self-antigens such as idiotype; rather, it
is constructed to defend against pathogens. To interest APCs in this antigen, an
alert or danger signal is necessary. The pathogen-derived FrC was in this respect a
fortunate choice, though plainly not the only possible one. One concern about the
use of FrC as a promotional sequence was the possibility that preexisting immunity
against TT (which is present in most individuals) would interfere with the capture
of the fusion protein by Id-specific B cells and abrogate the desired anti-Id
response. This phenomenon of epitope suppression has been described for peptides
coupled to TT.

To investigate, we preimmunized mice with TT and then measured subsequent
anti-Id responses to the DNA scFv-FrC vaccine. We found that even in the
presence of very high levels of anti-FrC, there was no suppression of the protection
against both A31 and 5T33.22
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ALTERNATIVE TUMOR ANTIGENS

Apart from idiotypic Ig on B-cell tumors, similar recombinatorial sequences
produce the T-cell receptor, a target for T-cell tumors. Other glycoproteins include
the mucin family. These heavily glycosylated macromolecules undergo aberrant
glycosylation in some tumors, revealing hidden determinants on the core protein
backbone that can function as tumor-specific antigens. At least one of these,
MUC-1, can be detected on myeloma cells as well as on epithelial cancers.??

The DNA FrC fusion gene approach may well be effective in a number of these
areas. In preliminary unpublished experiments, we have demonstrated enhanced
responses for carcino embryonic antigen and MUC-1 vaccines.

CLINICAL TRIALS OF DNA VACCINES IN HEMATOLOGIC PATIENTS

Although it is difficult to envisage toxic side effects for DNA scFv-FrC
vaccines, we have carried out a small trial of intramuscular injection of DNA scFv
alone in 7 patients with end-stage low-grade non-Hodgkin’s lymphoma.?* There
were no adverse side effects, but as expected in this heavily pretreated group with
stage IV disease, no immune responses. This safe profile accords with the results
of DNA vaccine trials in infectious diseases, which are now being carried out in
normal individuals.2526 The fears of integration into the genome or pathological
anti-DNA antibodies have not materialized, reflecting the fact that bacterial DNA
is harmlessly liberated during infections.

We are currently using the scFv-FrC vaccine in a dose escalation study of
patients with stage III or IV or bulky stage II follicular lymphoma in complete
remission. This phase 2 study admits patients who have been in complete remission
for at least 3 months following treatment with any chemo- or radiotherapy other
than purine analogs or high-dose plus autograft. Patients must have fresh or fresh
frozen tumor tissue from which to extract RNA or DNA and must be willing to
undertake barrier contraception for a year after vaccination. All gene therapy
patients must agree that their case records and those of any children born after the
therapy be monitored by the Department of Health until death.

The primary end points will be the generation of immune responses against Id and
tetanus. The secondary end point will be elimination of minimal residual disease.

Antibodies to TT and Id will be detected by enzyme-linked immunosorbent
assay (ELISA), coating the wells with recombinant FrC and tumor-derived Fab,
respectively. Detection of IgG anti-Id responses will be with horseradish
peroxidase—conjugated anti-y. Specificity will be controlled using Fab obtained
from a different patient or from normal Ig.

Proliferative T-cell responses will be measured before and after vaccination
using mononuclear cells cultured in the presence of the idiotypic Ig or control Id
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Ig. Responses to recombinant FrC protein will also be measured. Production of
cytokines including IFN-y, GM-CSF, and tumor necrosis factor (TNF)-a by
responding T cells will be measured by ELISA. The contribution of CD4* or CD8*
T cells to cytokine release will be assessed by the effects of adding monoclonal
antibodies against major histocompatibility complex (MHC) class I or II antigens
to the wells or by purifying T-cell subsets by negative selection. The ability to
respond to whole tumor cells will be measured, with purified B cells as a control.
CD4* T-cell lines will be cultured using repeated stimulation with Id Ig irradiated
autologous feeder cells and IL-2.

Cytotoxic T-cell activity will be measured using autologous myeloma cells as
targets where it is possible to achieve sufficient uptake of radiolabel. As an
alternative, radiolabeled autologous fibroblasts transfected with scFv or FrC will be
used. Transfection will be by using adenoviral or retroviral gene transfer.
Stimulation in vitro will be with autologous dendritic cells either loaded or
transfected with Id Ig/FrC. CD8* cell lines will be cultured using repeated
stimulation with dendritic cells/antigen and IL-2. Cytokine release by negatively
selected CD8* T cells will also be investigated.

Five patients will be vaccinated with 6 injections of 500 ug DNA on weeks 0,
1,2, 4,8, and 12. Dose escalations will be in 500-ug increments every 5 patients.
If all 5 patients achieve an immune response, then a further 20 patients will be
vaccinated at that dose and the next higher dose. Between 25 and 65 patients will
be required for the trial. Twenty-five have so far been recruited, and 2 vaccinated.
The first has produced an immune response to tetanus.

We now have ethics committee and Gene Therapy Advisory Committee
approval for the use of this vaccination strategy in chronic lymphocytic leukemia
(CLL) and multiple myeloma. In CLL, we are aware of the poor immune function
and have selected early stage A patients whose unmutated Ig V genes imply a poor
prognosis.?” In myeloma, we do not believe immune deficiency to be a problem,
since these patients easily produce human anti-mouse antibody (HAMA) responses
when treated with monoclonal antibodies. We have chosen to vaccinate patients at
maximum response following stem cell autograft.

We also have approval to vaccinate transplant donors. There was some ethical
debate about this, but donor vaccination has a long and honorable tradition in blood
transfusion, and DNA vaccination in volunteers has already begun for infectious
diseases. In myeloma, vaccination using the myeloma protein has been performed
without apparent hazard. Intrinsically, DNA vaccination is less hazardous than
protein vaccination, since there is no risk of viral transmission. The Ig genes within
the plasmid are unrelated to the cause of the tumor and carry no risk of transmitting
it, even to a close relative.

We intend to vaccinate the donors of stem cells to myeloma patients receiving
conventional or nonmyeloablative allografts who have resistant or relapsed disease.
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After vaccination, donors will provide educated donor lymphocytes to generate a
graft-vs.-myeloma effect without graft-vs.-host disease.

ACKNOWLEDGMENTS
We gratefully acknowledge support from Tenovus UK, Leukaemia Research

Fund, Cancer Research Campaign, and the Multiple Myeloma Research Foundation.

10.

11.

12.

13.

14.

15.

REFERENCES

. Chang MH, Chen CJ, Lai MS, et al. Universal hepatitis B vaccination in Taiwan and the

incidence of hepatocellular carcinoma in children. Childhood Hepatoma Study Group.
N Engl J Med 336:1855-1859, 1997.

. Ulmer JB, Donnelly JJ, Parker SE, et al. Heterologous protection against influenza by

injection of DNA encoding a viral protein. Science 259:1745-1749, 1993.

. Lowrie DB, Tascon RE, Bonato VL, et al. Therapy of tuberculosis in mice by DNA vac-

cination. Nature 400:269-271, 1999.

. Wang R, Doolan DL, Le TP, et al. Induction of antigen-specific cytotoxic T lymphocytes

in humans by a malaria DNA vaccine. Science 282:476-480, 1998.

. Boyer JD, Chattergoon MA, Ugen KE, et al. Enhancement of cellular response in HIV-1

seropositive individuals: a DNA-based trial. Clin Immunol 90:100-107, 1999.

. Wolff JA, Malone RW, Williams P, et al. Direct gene transfer into mouse muscle in vivo.

Science 247:1465-1468, 1990.

. Klinman DM, Yi A, Beaucage SL, Conover J, Krieg AM. CpG motifs expressed by bac-

terial DNA rapidly induce lymphocytes to secrete IL-6, IL-12 and IFNy. Proc Natl Acad
Sci U S A 93:2879-2883, 1996.

. Sato Y, Roman M, Tighe H, et al. Non-coding bacterial DNA sequences necessary for

effective intradermal gene immunization. Science 273:352-354, 1996.

. Davis HL, Millan CL, Watkins SC. Immune mediated destruction of transfected muscle

fibres after direct gene transfer with antigen-expressing plasmid DNA. Gene Ther
4:181-188, 1997.

Casares S, Inaba K, Brumeanu TD, Steinman RM, Bona CA. Antigen presentation by den-
dritic cells after immunization with DNA encoding a major histocompatability complex
class II-restricted viral epitope. J Exp Med 186:1481-1486, 1997.

Carbone FR, Bevan MJ. Class-I restricted processing of exogenous cell associated anti-
gen in vivo. J Exp Med 171:377-387, 1990.

Suto R, Sristava PK. A mechanism for the specific immunogenicity of heat shock pro-
tein-chaperoned peptides. Science 269:1585-1588, 1995.

George AJT, Stevenson FK. Prospects for the treatment of B cell tumors using idiotypic
vaccination. Intern Rev Immunol 4:271-310, 1989.

George AJT, Tutt AL, Stevenson FK. Anti-idiotypic mechanisms involved in the sup-
pression of a mouse B-cell lymphoma, BCL,. J Immunol 138:628-634, 1987.

Kaminski MS, Kitamura K, Maloney DG, Levy R. Idiotypic vaccination against a murine



258

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Chapter 5: Posttransplant and Targeted Therapy

B-cell lymphoma: inhibition of tumor immunity by free idiotypic protein. J Immunol
138:1289-1296, 1987.

Chen TT, Tao M-H, Levy R. Idiotype-cytokine fusion proteins as cancer vaccines: rela-
tive efficiency of IL-2, IL-4 and GM-CSF. J Immunol 153:4775-4787, 1994.

Hsu F, Caspar CB, Czerwinski D, et al. Tumor-specific idiotype vaccines in the treatment
of patients with B-cell lymphoma: long term results of a clinical trial. Blood 89:3129-3135,
1997.

Hawkins RE, Zhu D, Ovecka M, et al. Idiotypic vaccination against human B-cell lym-
phoma: rescue of variable region gene sequences from biopsy material for assembly as
single chain Fv “personal” vaccines. Blood 83:3279-3288, 1994.

Syrenglas AD, Chen TT, Levy R. DNA immunization induces protective immunity
against B-cell lymphoma. Nature Med 2:1038-1041, 1996.

Anderson R, Gao X-M, Papakonnstantinopolou A, Roberts M, Dougan G. Immune
response in mice following immunization with DNA encoding fragment C of tetanus toxin.
Infect Immunol 64:3168-3173, 1996.

Spellerberg MB, Zhu D, Thompsett A, King CA, Hamblin TJ, Stevenson FK. DNA vac-
cines against lymphoma: promotion of anti-idiotypic antibody responses induced by sin-
gle chain Fv genes by fusion to tetanus toxin fragment C. J Immunol 159:1885-1892, 1997.
King CA, Spelierberg MB, Zhu D, et al. DNA vaccines with single chain Fv fused to frag-
ment C of tetanus toxin induce protective immunity against lymphoma and myeloma.
Nature Med 4:1281-1286, 1998.

Takahashi T, Makigushi Y, Hinoda Y, et al. Expression of MUC1 on myeloma cells and
induction of HLA unrestricted CTL against MUC! from a multiple myeloma patient.
J Immunol 153:2102-2109, 1994.

Hawkins RE, Russell SJ, Stevenson F, Hamblin T. A pilot study of idiotypic vaccination
for follicular B-cell lymphoma using a genetic approach. CRC NO:92/33. Protocol NO:
PH1/027. Hum Gene Ther 8:1287-1299, 1997.

Kumar A, Arorer R, Kaur P, Chauhan VS, Sharma P. Universal T helper cell determi-
nants enhance immunogenicity of Plasmodium falciparum merozoite surface antigen
peptide. J Immunol 148:1499-1505, 1992.

Davis HL, Millan CL, Mancini M, et al. DNA-based immunization against hepatitis-B
surface antigen (HbsAg) in normal and HbsAg-transgenic mice. Vaccine 15:849-852,
1997.

Hamblin TJ, Davis Z, Gardiner A, Oscier DG, Stevenson FK. Unmutated immunoglob-
ulin VH genes are associated with a more aggressive form of chronic lymphocytic
leukemia. Blood 94:1848-1854, 1999.
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ABSTRACT

The CD20 antigen is expressed on the majority of cases of non-Hodgkin’s
lymphoma (NHL) and is not expressed on other normal tissue cells, making CD20
a suitable target for immunotherapy of NHL. Rituximab is a monoclonal antibody
that has been extensively tested over the past few years and has been demonstrated
to be clinically useful in patients with relapsed CD20* NHL with an overall
response rate (ORR) of ~50% and a time to progression (TTP) of ~1 year.
Ibritumomab is the murine parent anti-CD20 antibody that was engineered to make
rituximab. Tiuxetan is a MX-DTPA linker chelator that is attached to ibritumomab
to form Zevalin (ibritumomab tiuxetan). Zevalin can react with indium-111 (*!!In)
or yttrium-90 (*°Y) to form !''In-Zevalin, which is used for dosimetry, or *Y-
Zevalin, which is used for therapy of B-cell NHL. A multicenter phase 1/2 clinical
trial (J Clin Oncol 17:3793-3803, 1999) was performed that tested single doses of
0.2, 0.3, or 0.4 mCi/kg (maximum 32 mCi) WY -Zevalin; it was found that
0.4 mCi/kg was the maximum tolerated dose (MTD) in patients with a baseline
platelet count =150,000, 0.3 mCi/kg in patients with a baseline platelet count of
100,000-149,000/uL. Prophylactic growth factors or stem cells were not used.
Tumor responses were demonstrated in 67% of all patients and 82% with low-
grade NHL. The phase 1/2 trial was followed by a phase 3 trial that randomized
143 eligible patients to either rituximab or the *Y-Zevalin radioimmunoconjugate.
The specific aim of this trial was to demonstrate that the addition of the *¥Y
radioisotope to the murine anti-CD20 antibody (ibritumomab) provided additional
efficacy over the unconjugated (cold) human chimeric anti-CD20 antibody
(rituximab) alone. A planned interim analysis of the first 90 patients demonstrated
an ORR of 80% with ®Y-Zevalin vs. 44% for rituximab (P<.05). To provide
additional evidence of the benefit of %Y radioimmunotherapy over
immunotherapy, an additional trial enrolled patients who were nonresponsive or

259



260 Chapter 5: Posttransplant and Targeted Therapy

refractory to rituximab and treated them with 0.4 mCi/kg #Y-Zevalin. An ORR of
46% was found in these rituximab-refractory patients; these data provide further
evidence of the added value of Y.

90Y-ZEVALIN RADIOIMMUNOTHERAPY

The CD20 antigen is expressed on nearly all B-cell NHL, making it a suitable
target for immunotherapy. Rituximab (Rituxan from IDEC Pharmaceuticals, San
Diego, CA; MabThera from Genentech, South San Francisco, CA) is a chimeric
monoclonal antibody that reacts with the CD20 cell surface antigen. Rituximab was
the first monoclonal antibody approved by the US Food and Drug Administration
(USFDA) for use in treating a malignancy and the first such drug to be approved
for NHL. The mechanism of rituximab’s ability to produce remissions is not
entirely clear, but in vitro experiments have demonstrated induction of apoptosis in
target cells and antibody-dependent cellular cytotoxicity.! The largest clinical trial
to date studied rituximab use in 166 patients with relapsed B-cell NHL and found
an ORR of 48% with 6% complete remission (CR) and a 13-month TTP.2

Efforts to improve the treatment have led to studies combining immunotherapy
with chemotherapy. This combination is feasible because rituximab usually does
not suppress the bone marrow.® There are several large cooperative group trials
currently under way that address the efficacy of chemotherapy plus rituximab in
newly diagnosed or relapsed NHL.

Another method of improving the efficacy of monoclonal antibodies is to use
the antibody to target radiation to the tumor cell. The most commonly used
radionuclides linked to murine monoclonal antibodies are 3'I, Y, and 8’Cu.4 In
radioimmunotherapy (RIT), the monoclonal antibody is used to focus the radiation
on the target cell population while sparing the effects of radiotherapy on nearby

Table 1. Recently Completed Clinical Trials of *Y-Zevalin*

Trial Number Phase Reference Goal

IDEC 106-03 172 12 * Determine dose of rituximab before !!!In-Zevalin
¢ Determine MTD of *Y-Zevalin

IDEC 106-04 3 13,18 * Randomized trial of rituximab vs. ®Y-Zevalin to
determine if efficacy of *°Y-Zevalin is superior

IDEC 106-05 2 14 » Efficacy and toxicity of 0.3 mCi/kg *Y-Zevalin
for patients with platelet count of 100,000-
149,000/uL

IDEC 106-06 2 15 » Efficacy and toxicity of 0.4 mCi/kg *Y-Zevalin

for patients refractory to rituximab

*90Y, yitrium-90; ' In, indium-111; MTD, maximum tolerated dose.
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normal tissue. Recent studies of RIT have indeed demonstrated tumor regressions
in patients with NHL, with very few side effects in normal organs other than
myelosuppression due to radiation to the bone marrow.*>7-12

Ibritumomab is the murine monoclonal antibody that was engineered to form
the chimeric antibody rituximab. Tiuxetan is a MX-DTPA linker chelator that is
attached to ibritumomab to form Zevalin (ibritumomab tiuxetan). Zevalin is
subsequently reacted with "'In or ®Y to form !!!In-Zevalin, which is used for
dosimetry, or ¥Y-Zevalin, which is used for therapy. There have been 4 recently
completed trials of ®Y-Zevalin (Table 1).12-5 In each study, the complete *Y-
Zevalin radioimmunotherapy program was delivered over an 8-day period on an
outpatient basis. On day 0, the patient received a dose of 250 mg/m? rituximab
followed by 5.5 mCi !!!In-Zevalin. Between days 0 and 6, whole body scans were
performed to predict the amount of radiation the tumor and normal organs would
receive when 2Y-Zevalin was administered. The study protocols allowed the %Y -
Zevalin to be given on day 7 if the predicted dose to normal organs was <2000 cGy
and <300 cGy to the bone marrow. The indium images also provided evidence that
the radioimmunoconjugate was targeting the known tumor sites. The dosimetry
results are summarized elsewhere.'6!7

The initial study performed was a phase 1/2 trial of ®Y-Zevalin that aimed to
learn the dose of rituximab necessary for optimal !''In-Zevalin dosimetry and to
establish the maximum tolerated dose of ®¥Y-Zevalin that could be given to patients
without the use of stem cells or prophylactic growth factors.!? Rituximab was given
before each dose of Zevalin to bind to nonspecific CD20 antigenic sites and to
deplete normal blood B cells; therefore, the infused Zevalin was more likely to bind
to CD20 sites on the malignant cells. The phase 1 trial found that 250 mg/m? was
the optimal dose of rituximab to be used before !!'In-Zevalin imaging and *Y-
Zevalin therapy. Dosimetry predicted that all patients were eligible for Y-
Zevalin; ie, all normal organs were predicted to receive <2000 Gy and the bone
marrow <300 cGy. The median age was 60 years, and 24% of patients were >70
years of age. Sixty-six percent of patients had low-grade histology, 28%

Table 2. Overall Response Rates to °Y-Zevalin for Patients in the Phase 1/2 Trial
(IDEC 106-03)*

Overall Complete Partial
Histology n Response, % Remission, % Remission, %
All patients 51 67 26 41
Low grade 34 82 26 56
Intermediate 14 43 29 14
Mantle cell lymphoma 3 0 0 0

*From Witzig et al.’? Includes all patients treated at 0.2, 0.3, and 0.4 mCilkg.
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Table 3. Response to Therapy From the Interim Analysis of the First 90 Patients Accrued
in the Randomized Trial of **Y-Zevalin vs. Rituximab (IDEC Trial 106-04)*

Rituximab Zevalin P
Overall response rate, % (95% CI) 44 (28.1-58.9) 80 (64.2-89.7) <.001
Complete response, % 7 21 .06
Partial response, % 37 59

*From Witzig et al.!> CI, confidence interval.

intermediate grade histology, and 6% had mantle cell lymphoma. In the low-grade
group, 6% had diffuse small lymphocytic, 27% follicular small cleaved, and 33%
follicular mixed lymphoma. All patients had had prior chemotherapy (median of
2 prior regimens), and 92% had received an anthracycline. Thirty-seven percent
had received prior external-beam radiotherapy; 27% had 22 extranodal sites of
disease; 59% had bulky disease (defined as a mass =5 cm), and 43% had positive
bone marrow. Five patients received 0.2, 15 received 0.3 mCi/kg, and 30 received
0.4 mCi/kg *°Y-Zevalin in the phase 1/2 trial. We found that 0.4 mCi/kg was the
maximum tolerated single dose that could be delivered without the use of stem cells
or prophylactic growth factors. The efficacy portion of the phase 1/2 trial (Table 2)
demonstrated a 67% ORR in all patients, with 26% CR. In patients with low-grade
NHL, the response rate was even higher at 82%, 26% CR.!2 The median time to
progression for responders was 15.4 months.

The phase 1/2 trial'? suggested that °Y-Zevalin had a higher ORR than that
found for rituximab?; therefore, it was necessary to confirm this important finding
in a prospective randomized trial of *Y-Zevalin vs. rituximab. Patients with
relapsed CD20* NHL were randomized to receive either 0.4 mCi/kg (maximum of
32 mCi) Zevalin or rituximab 375 mg/kg per week X 4.!% Patients were eligible for
this trial if they had a biopsy-proven low-grade, follicular, or transformed NHL, a
performance status of 0-2, an absolute neutrophil count of 21500 105/L, and a
platelet count 2150,000/uL. Pretreatment bone marrow was required to have <25%
of the marrow cellularity occupied by NHL. Any prior external-beam radiation
therapy had to have included <25% of the bone marrow. The patients could not
have received prior anti-CD20 antibodies, recent colony-stimulating factors, or
high-dose chemotherapy. They were also ineligible if they had human anti-mouse
or anti-chimeric antibody (HAMA/HACA) or 25000 tumor cells in the blood.
Patients with NHL related to the acquired immunodeficiency syndrome (AIDS)
virus or those with chronic lymphocytic leukemia or central nervous system NHL
were also ineligible.

One-hundred forty-three patients were randomized in IDEC 106-04, and the
trial was closed in August 1999 after reaching its accrual goals. A planned single
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Table 4. Bone Marrow Toxicity Experienced by Patients in 4 Clinical Trials of
IDEC-Y2B8*

Absolute Neutrophil Count Platelet Count
Study Nadir, Grade 4 Median Nadir, Grade 4 Median,
Number Reference XI0°/L %t Duration,d  /uL %3  Duration, d
103 12 1100 27 10.5 49,500 10 14
104 13 900 25 14 42,000 6 12
105 20 600 25 NA 34,000 15 NA
106 15 900 23 14 34,000 8 15

*NA, not available; tgrade 4 neutropenia is <500 X10%/L; ¥grade 4 thrombocytopenia is
<10,000/uL.

interim analysis was performed after 90 patients were enrolled and treated, and the
results are available on this group.!> The patients were stratified by key clinico-
pathologic features so that the treatment arms were balanced. The interim analysis
found an ORR of 80% with *Y-Zevalin compared with 44% for rituximab (P<.05).
The CR rate of 21% in the *°Y-Zevalin arm was also higher than the 7% found with
rituximab (P=.06) (Table 3). Additional data from the other 53 patients and longer
follow-up is necessary to determine if there are any differences between the
treatment arms in TTP or overall survival. Although there were small numbers of
patients in the diffuse small lymphocytic histologic group, the response to Zevalin
was superior at 80% vs. 17% with rituximab. In addition, the ORR to Zevalin in the
group of patients who were chemotherapy resistant was 77% compared with 32%
with rituximab.'8

In this trial, !"'In-Zevalin was used for dosimetry in patients randomized to
Zevalin. An additional goal of the study was to learn if this complex dosimetry was
necessary for routine clinical use. In this trial, the biodistribution and dosimetry
were acceptable in all cases; therefore, no patient was unable to be treated with a
therapeutic dose of Zevalin. The calculated Zevalin half-lives and bone marrow
dosimetry-estimated absorbed radiation doses did not correlate with hematologic
toxicity. Patient tolerance to both Zevalin and rituximab was excellent, and there
were no significant major organ toxicities except for transient and reversible
hematologic toxicity in patients treated with Zevalin (Table 4). The median nadir
platelet count was 42,000/uL; the median absolute neutrophil count was
900X 10%/L; the median hemoglobin was 10.9 g/dL. Six percent of patients
developed grade 4 thrombocytopenia (defined in this study as <10,000/xL) and 25%
developed grade 4 neutropenia (<500X 10%/L). Patients who developed grade 3 or 4
thrombocytopenia or neutropenia recovered their counts in a median of 12 and 14
days, respectively. Infection or hypogammaglobulinemia were uncommon.!® Only 1
patient in each arm of the protocol has developed a HAMA/HACA to date.
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The finding that bone marrow suppression was the main toxicity of Zevalin at
0.4 mCi/kg led to a separate clinical trial of reduced-dose Zevalin (0.3 mCi/kg) for
patients with platelet counts between 100,000 and 149,000/uL.'* Thirty patients
were registered on this study, and it closed in August 1999 after meeting its
targeted accrual. The results of the interim analysis on the first 24 patients were
recently reported.!* The median age of the patients was 61 years, and 25% of the
patients were 275 years old. The tumor histology was 83% follicular, 4% diffuse
small lymphocytic, and 14% transformed from low-grade to intermediate-grade
NHL. All patients had relapsed disease after having received chemotherapy.
Biodistribution of Zevalin was measured by !!'In-Zevalin scans, and all patients
met the dosimetry criteria to receive ®Y-Zevalin. As expected, hematologic
toxicity was the main toxicity. The median nadir absolute neutrophil count was
600X 10°/L, and 25% of patients experienced grade IV neutropenia. The median
platelet count was 34,000/uL, and 15% of the patients experienced grade IV
thrombocytopenia. The overall response rate was 68%, with 23% of patients
obtaining CR and 45% a partial remission (PR). The duration of response and time
to progression are not yet available.

Since the response rate to cold rituximab is ~50% and the duration of response
~1 year, there is a large group of patients who fail rituximab at some point. The
goal of IDEC study 106-06 was to learn whether patients who had failed to respond
with a PR or CR to rituximab or had a response that lasted <6 months would
respond to RIT with *Y-Zevalin. An interim analysis of the first 26 patients has
recently been reported.'> The median age of the treatment population was 56 years;
92% had tumors with a follicular histology, and the patients had received a median
of 3 prior regimens. Forty-six percent of patients had bulky disease (defined as
>7 cm), and 27% had bone marrow involvement. The dosimetry determined by
n-Zevalin was acceptable in all cases. The nadir absolute neutrophil count was
900X 10%L, and in 23% of patients, neutropenia was grade IV. The nadir platelet
count was 34,000/xL, and thrombocytopenia was grade IV in 8%. The ORR was
46% and indicated that indeed the added Y was beneficial.

The interim analysis of the randomized controlled trial of rituximab vs.
Zevalin'? and the ability of Zevalin to produce responses in patients who had failed
rituximab'? indicate that the addition of a radioactive particle to the monoclonal
antibody does in fact improve the response rate vs. essentially the same antibody
used without Y. The only significant toxicity of Zevalin was hematologic, and
this was reversible. The rare development of HAMA/HACA indicates that
retreatment with Zevalin may be feasible; however, no clinical trials to date have
recognized this. The lack of correlation between the special dosimetry performed
in this trial and hematologic toxicity indicates that it may be optional in future trials
of Zevalin. At this point, the first wave of studies on Zevalin have been completed,
and the single-dose MTD and toxicity are now well established. The next
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generation of clinical trials need to address the question of whether multiple doses
of Zevalin can be safely provided and if they result in an increased complete
remission rate and a longer time to progression. In addition, trials to integrate RIT
with chemotherapy with or without stem cell support are needed to learn if these
combinations can be safely given and if the cure rate can be increased.
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ABSTRACT

Multiple myeloma (MM)-produced immunoglobulin (idiotype [Id]) is a tumor-
specific antigen and a stable target for immune-based therapy. Vaccination of
patients with Id can result in immune responses directed against idiotypic
determinants. Multiple strategies have been used to induce or amplify anti-ld
cellular immunity in patients with non-Hodgkin’s lymphoma (NHL) or MM
following treatment with standard-dose or high-dose chemotherapy. However, the
optimal time of immunization with a tumor antigen after autologous bone marrow
transplantation (autoBMT) has not been determined. We are conducting a phase 1
trial of posttransplant vaccination of MM patients with purified Id conjugated to
keyhole limpet hemocyanin (KLH) coadministered with granulocyte-macrophage
colony-stimulating factor (GM-CSF) to determine the feasibility and safety of
idiotype immunization and to assess humoral and cellular immune responses to
KLH and to idiotype. Fourteen patients with disease responsive to high-dose
chemotherapy or chemoradiotherapy have received 4 subcutaneous vaccinations
with 1.0 mg Id-KLH given no earlier than 60 days posttransplant. One patient
received 3 vaccinations. GM-CSF 250 pg was administered with 1d-KLH and was
repeated daily for 3 consecutive days. Serum was analyzed by enzyme-linked
immunosorbent assay (ELISA) to detect antibodies to Id and KLH. T cells were
assayed for response to Id, isotype-matched allogeneic immunoglobulin (Ig), and
KLH. Vaccinations have been well tolerated, and most patients experienced only
minor, transient side effects. Seven of 10 patients vaccinated >100 days after
transplant developed robust humoral and/or cellular immunity to KLH. In contrast,
all 4 patients vaccinated <100 days posttransplant had delayed or blunted humoral
and cellular immune responses to KLH. Anti-KLH antibodies and T cells could be
detected for many months following immunization. Anti-idiotype antibodies have
not been detected. Eight of 10 patients vaccinated >100 days posttransplant
developed a transient cellular response to Id. The 4 patients immunized <100 days
posttransplant did not develop anti-Id cellular responses. Anti-Id cellular immunity

267
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can be amplified by vaccination with Id-KLH conjugate coadministered with
GM-CSF in patients after autoBMT if vaccination is initiated >100 days
posttransplant. The transient nature of the idiotype-reactive T cells suggests that
these cells are downregulated or eliminated shortly after amplification. The clinical
impact of in vivo amplified anti-Id cellular immune responses has not been
determined. Additional approaches to maintain an amplified Id-specific immune
response may be required to affect the disease course.

INTRODUCTION

Multiple myeloma is a clonal disorder of late-stage B cells committed to the
production of a single immunoglobulin (paraprotein). In 1998, an estimated 13,800
new cases of myeloma were diagnosed, and 11,300 people died from the disease.
Myeloma is usually incurable, and median survival is only 30-36 months following
diagnosis. High-dose chemotherapy with autologous stem cell support can improve
the duration of survival, but relapse appears inevitable.! Allogeneic stem cell
transplantation can cure a minority of patients, most likely through a graft-vs.-
myeloma effect,? and infusions of allogeneic lymphocytes following relapse can
induce antitumor responses, proving that MM is amenable to cellular
immunotherapy.>*

Immunoglobulin produced by B-cell malignancies can serve as a tumor-specific
antigen and can be recognized by immune cells. During B-cell ontogeny, immuno-
globulin heavy- and light-chain somatic gene rearrangements occur, and the
variable region hypermutates after immunoglobulin interaction with antigen. The
resultant immunoglobulin has amino acid sequences in the complementarity
determining regions (CDRs) and a structure unique to that of the mature B cell.
These unique antigenic sequences are termed idiotypes. Early clinical studies
showed that monoclonal antibodies directed against Id produced by follicular
lymphoma could result in clinically meaningful disease responses.’ Relapse of
disease was due to outgrowth of lymphoma with mutated Ig that did not react with
the monoclonal antibody.® Vaccines usually generate polyclonal antibody
responses. More recently, clinical trials using idiotype vaccines to circumvent the
problem of Ig mutation suggest that long-term control of follicular lymphoma can
be obtained in some patients who produce anti-idiotype antibodies and/or T cells.”
The importance of anti-idiotype antibodies vs. anti-idiotype T cells in causing
control of lymphoma is not known.

Analyses of MM Ig genes show somatic rearrangement and hypermutation but
no intraclonal variation, implying that no further diversification occurs following
malignant transformation.>!® Myeloma-produced immunoglobulin, therefore, is a
stable target for immune-based therapy. However, there are problems with
targeting myeloma idiotypes. Myeloma cells usually lack surface Ig but contain
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cytoplasmic Ig that is secreted and accumulates in the serum. In patients with
secretory disease, a humoral anti-Id response would likely be blocked from
reaching tumor cells by the paraprotein and may not be active against surface
Ig-negative myeloma cells. However, the induction of T cells directed against
peptide fragments of the Ig presented on HLA class I or II molecules should
provide activity even in the setting of circulating paraprotein and low surface
immunoglobulin expression. Another impediment to the use of idiotype vaccines is
that patients with myeloma may not be able to mount an immune response when
there is a high level of circulating paraprotein. Preclinical studies of myeloma have
shown that high circulating paraprotein levels are associated with unresponsiveness
or anergy to Id vaccines.!! Furthermore, Id-reactive T cells have been found more
often in patients with early-stage than with advanced myeloma, suggesting that
cellular immune responses are downregulated as the disease progresses.!?
Therefore, most trials of myeloma Id vaccines have enrolled patients after
substantial cytoreduction of tumor, usually following high-dose therapy and stem
cell transplantation.

We initiated a phase 1 clinical trial of vaccination with autologous purified
idiotype paraprotein chemically conjugated to KLH coadministered with GM-CSF
in patients with MM following recovery from peripheral blood stem celi
transplants. The primary objectives of this trial are to determine the feasibility of
paraprotein purification and vaccine derivation, the tolerability of repeated
vaccination with idiotype-KLLH administered with GM-CSF, and the ability of
patients to mount detectable anti-idiotype T-cell responses. We report the
preliminary results of the first 15 patients treated in this ongoing clinical trial.

MATERIALS AND METHODS
Patients

Fifteen patients enrolled in protocol 1104 at the Fred Hutchinson Cancer
Research Center, the University of Washington, or the Seattle Veteran’s
Administration Medical Center between November 1997 and January 2000 were
vaccinated with purified, autologous myeloma Ig conjugated to KL.H as described
below. Approval for the protocol was obtained from the Institutional Review
Board, and an investigator sponsored an Investigational New Drug application with
the US Food and Drug Administration. All patients provided written informed
consent before treatment. Fourteen patients completed the planned series of
vaccines; 1 withdrew from the study after receiving 3 vaccines because of rapidly
progressive disease. Five patients underwent tandem autologous peripheral blood
stem cell transplants using busulfan, melphalan, and thiotepa as conditioning for
the first transplant and total body irradiation with lung and liver shielding as
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conditioning for the second transplant. Four patients underwent single autologous
transplants using busulfan, melphalan, and thiotepa for conditioning, and 3 of the
4 patients received infusion of peripheral blood stem cells incubated for 24 hours
with interleukin (IL)-2 followed by continuous intravenous administration of IL-2
for 3 weeks. Four patients were conditioned with 20-40 Gy Holmium-166-
DOTMP delivered to the red marrow with or without total marrow irradiation and
melphalan, and 2 were conditioned with melphalan alone. All of the patients had a
partial remission of disease after high-dose therapy as defined by a >75% reduction
in the serum level of paraprotein 2 months after transplantation compared with the
pretreatment value. Additional criteria to be eligible for vaccination included
successful production of a pure, sterile vaccine, a delay of at least 60 days from the
date of stem cell infusion to administration of the first vaccine, no severe regimen-
related organ toxicities, and no concurrent use of systemic corticosteroids.
Concurrent treatment with interferon-a was allowed.

Treatment Schedule

Patients received subcutaneous injections of 1.0 mg idiotype-KLH conjugate
mixed with 250 ug GM-CSF (sargramostim; Immunex, Seattle, WA) at 0, 2, 6, and
10 weeks, starting no earlier than 60 days after infusion of stem cells (see Figure
1). GM-CSF 250 pg was administered subcutaneously near the site of vaccination
for 3 consecutive days after each dose of idiotype-KLH/GM-CSF. Myeloma was
restaged before vaccination and at week 22. Five patients with disease at week 22
and a diminished immune response to myeloma idiotype received 2-4 booster
immunizations given 1 month apart. Patients were followed every 3—6 months until
disease progression.

Humoral Responses

Microtiter plates (96-well Nunc-Immuno Plate; Nunc, Denmark) were coated
with 40 yg/mL KLH or purified myeloma idiotype overnight at 5°C and blocked
with 1% bovine serum albumin (BSA) (Fraction V; Sigma, St. Louis, MO) in
phosphate-buffered saline (PBS). Preimmune and postimmune serum samples
were diluted in PBS containing 1% BSA and dispensed into wells. Bound Ig was
detected using IgM-specific or IgG-specific goat anti-human antibodies conjugated
to horseradish peroxidase (Caltag Laboratories, Burlingame, CA), 2,2-azino-bis-
3(ethylbenz-thiazoline-6-sulfonic acid) (Sigma), and an ELISA plate reader (SLT
Lab Instruments, Grodig, Austria) set to detect absorbance at a wavelength of
405 nm. The relative antibody titer was the dilution of postimmune serum at the
midpoint of the absorbance curve minus the dilution of preimmune serum at the
midpoint of the absorbance curve.
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Cellular Responses

Heparinized blood was obtained before administration of each vaccine, at 1 and
3 months after the fourth vaccine, and at other times as indicated. Peripheral blood
mononuclear cells (PBMCs) were isolated by centrifugation of blood on a Ficoll-
Hypaque cushion. PBMCs were washed in PBS, resuspended in RPMI-HEPES
medium containing 11% heat-denatured human AB serum (Gemini Bioproducts,
Woodlawn, CA), 4 mM L-glutamine, 100 U/mL penicillin, and 100 pg/mL
streptomycin, and plated at 2-3X 103 cells per well in 96-well, round-bottom tissue
culture plates (Nunc). Cells were cultured with no antigen, 1 pg/mL, 10 pg/mL,
50 pg/mL, and 100 ug/mL of purified idiotype, isotype-matched Ig. and KLH at
37°C in 5% CO, for 6 days. All cultures were performed in triplicate. [*H}thymidine
1 uCi was added to each well for the final 18-20 hours of culture. DNA was
harvested on microfiber filters, and the amount of [*H]thymidine incorporated into
DNA was determined by scintillation counting using Scinti-safe Econo F (Fischer
Scientific) and a Beckman LS 6000 SC counter. A stimulation index (SI) for each
antigen was determined by the following calculation (SI >2 was evidence of
reactivity to antigen):

average cpm of cells cultured with antigen — background cpm in media
cpm of cells cultured without antigen — background cpm in media

Vaccination Schema

day 1 Id-KLH 1.0 mg

® evaluate i
l day 1-4 GM-CSF 250 meg evaluate immune response

bbb

° ° ° ] ) °
collect
serum — SCT — 60d— 0 2 6 10 14 22
* week
restage restage

Figure 1. Schematic of treatment using purified myeloma idiotype ( Id)/keyhole limpet hemo-
cyanin (KLH) vaccines. Each patients’ serum was collected and stored prior 1o high-dose ther-
apy. Sixty or more days after peripheral blood stem cell transplant (SCT), myeloma was staged
and the myeloma idiotype-KLH vaccine was administered with concurrent granulocyte-
macrophage colony-stimulating factor (GM-CSF) at weeks 0, 2, 6, and 10 of treatment.
Before each vaccination and at 1 and 3 months after the fourth immunization, patient inter-
val history was obtained, physical examination and laboratory analysis were performed to
evaluate safety, and immune responses to idiotype and KLH were assayed. Myeloma was
staged 3 months after the fourth vaccine was administered to follow disease response.
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RESULTS

Patient Characteristics

Fourteen patients with multiple myeloma were vaccinated at least 4 times with
purified, autologous myeloma idiotype conjugated to KLH after autologous
peripheral blood stem cell transplants. One patient received 3 vaccines but
withdrew from study because of rapidly progressive disease. All of the patients had
a partial disease remission after autologous transplantation. Patient characteristics
are shown in Table 1. Ten patients had IgG1 myeloma, 3 had IgA myeloma, 1 had
IgG4 myeloma, and 1 had IgM myeloma. Twelve of the 15 patients were male. A
mean of 6.62X10% CD34* cells/kg was infused after high-dose chemotherapy or
chemoradiotherapy. At the time of vaccination, patients’ ages ranged from 39 to 68
years (median, 53 years). The first vaccine was given 65-376 days (median, 129
days) posttransplant. The median level of myeloma paraprotein in the serum was
700 mg/dL, and the level of polyclonal IgG was 428 mg/dL, with ranges of
0-2300 mg/dL and 20-1480 mg/dL, respectively.

Table 1. Patient Characteristics*
UPN Sex Age,y Isotype CD34t Interval, di M-spike, g/dL§ IgG, mg/dL]l

27 F 56 IgAk 4.54 137 0.2 1250
29 M 64 IgGlk 2.78 119 0.9 580
33 M 45 IgG4k 6.91 114 0.5 780
41 M 65 IgGlk 7.51 73 1.9 850
44 M 46 IgGlk 5.90 95 1.8 20
48 M 39 IgGlk 8.71 69 1.0 50
51 M 68 IgGI1A 5.18 65 0.7 410
52 M 61 IgG1x 7.80 167 25 0
64 F 58 IgAM 6.24 376 04 120
66 M 49 IgGlk  20.13 126 0.5 560
78 M 42 IgMk 5.27 171 0.3 500
82 F 46 IgGIN 4.36 132 0.2 1480
86 M 53 IgAx 5.33 143 02 425
88 M 59 IgGlk 3.26 233 1.4 280
96 M 52 IgGlk NA 167 2.3 330

*1g, immunoglobulin; NA, not available; UPN, universal patient number. +Dose of CD34*
cells per kilogram body weight infused for peripheral blood stem cell transplant. $Time
Jrom infusion of stem cells to administration of first vaccine. §Level of paraprotein in
serum at the time of the first vaccine. [[Level of normal immunoglobulin G in serum at the
time of the first vaccine.
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Toxicity

Patients received 4 subcutaneous injections of 0.5 mg purified, autologous
myeloma idiotype conjugated to 0.5 mg KLH and mixed with 250 g GM-
CSF. For 3 consecutive days after each vaccination, patients self-administered
250 ug GM-CSF in the same site as the Id-KLH vaccine. All of the vaccines
were given in the thigh. Side effects were monitored by patient self-report
forms, patient history, physical examinations, analysis of complete blood
counts, comprehensive serum metabolic panels, and urinalysis performed
before each and 1 and 3 months after the fourth immunization. A total of 77
vaccines were given to the 15 patients. Most of the vaccines were well
tolerated, and adverse events were self-limited. Four patients reported no side
effects with the first 4 vaccines. Thirty-three of the vaccines (44%) were
associated with National Cancer Institute (NCI) grades 1-2 local skin
erythema or induration. Twenty-one of the vaccines (28%) were associated
with grades 1-2 arthralgia or bone pain, 19% with grade 1 nausea or diarrhea,
12% with grade 1 headache, and 8% with grade 1 fever or chills. One patient
developed a grade 3 pneumonitis 4 weeks after receiving the fourth vaccine,
and 1 patient developed a grade 4 pneumonitis 2 weeks after receiving a sixth
vaccine. Chest roentgenograms and computed tomography scans showed
diffuse bilateral pulmonary infiltrates. Bronchoalveolar lavage and
transbronchial biopsy failed to identify an infectious etiology. IgM and IgG
anti-GM-CSF antibodies were not detected (data not shown). The grade 3
pneumonitis resolved without treatment, and the grade 4 pneumonitis resolved
with broad-spectrum parenteral antimicrobial agents and systemic corticos-
teroids. One patient developed a central catheter—associated venous thrombus
1 month after receiving the fourth vaccine. The highest grades of the adverse
events experienced by each patient are shown in Table 2. Hematologic adverse
events were determined using the lowest values obtained during study for each
patient regardless of the values obtained before administration of the first
vaccine. The hematologic abnormalities were mostly pre-existing mild to
moderate pancytopenias from stem cell transplant. Two patients with rapidly
progressive disease on study had a significant drop in circulating neutrophils,
and 1 of the patients experienced a decline in circulating platelets accounting
for 2 of the grade 3 neutropenia events and the grade 3 thrombocytopenia. The
1 patient with grade 4 neutropenia and 1 patient with grade 3 neutropenia were
also receiving concurrent interferon. Peripheral neutrophil counts recovered
following discontinuation or dose reduction of interferon. One patient
developed grade 3 neutropenia without an identifiable cause. One case of
acute sinusitis and 1 case of lobar pneumonia occurred and resolved with
antibiotic therapy.



274 Chapter 5: Posttransplant and Targeted Therapy

Table 2. Adverse Events*

Grade 1 Grade 2 Grade 3 Grade 4
Local 1 10 0 0
Skin 1 2 0 0
Headache 5 0 0 0
Bone pain 5 2 0 0
Fever 4 0 0 0
Chills 3 0 0 0
Nausea 5 0 0 0
Diarrhea 1 0 0 0
Neutropenia 1 1 4 1
Anemia 7 7 0 0
Thrombocytopenia 7 2 1 0
Pulmonary 0 0 1 1
Alkaline phosphatase 2 0 0 0
Thrombosis 0 0 0 1

*Toxicities associated with myeloma idiotype—keyhole limpet hemocyanin vaccines and gran-
ulocyte-macrophage colony-stimulating factor. The highest grade toxicity for each patient per
category is listed. Toxicity grading is according to the National Cancer Institute system.

Humoral and Cellular Reponses fo a Neoantigen

Keyhole limpet hemocyanin is a strongly antigenic protein. Anti-KLH IgM and
IgG antibody titers and stimulation indices were determined to assess the
competence of the immune system to a foreign antigen. Five of 15 patients
developed anti-KLH IgM and IgG antibodies by 4 weeks after the second vaccine,
and 11 of 15 patients produced anti-KLH antibodies by 4 weeks after the fourth
vaccine. None of the 4 patients vaccinated earlier than 100 days after transplant
developed anti-KLH antibodies after the second vaccine, compared with 5 of 11
patients vaccinated more than 100 days after transplant. Relative anti-KLH IgM
titers were 100, whereas IgG titers were 1000 at 4 weeks after the second vaccine
and 10,000 at 4 weeks after the fourth vaccine.

A cellular immune response to KLH developed earlier than anti-KLH
antibodies in most patients. One patient who was an avid saltwater fisherman had
a T-cell response to KLH prior to transplant that was significantly boosted by the
myeloma-KLH vaccines. Two patients developed anti-KLH T-cell responses
within 2 weeks of the first vaccine, 8 patients developed cellular anti-KLH
responses within 4 weeks of the second vaccine, 1 patient developed a response
after the fourth vaccine, and 3 patients did not mount anti-KLH T-cell responses.
Overall, 12 of 15 patients had a T-cell response to KLH. Two of 4 patients
immunized <100 days after transplant developed anti-KLH T-cell responses after
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the second vaccine compared with 8 of 11 patients vaccinated >100 days after
infusion of PBMCs. For most of the patients, the SI for KLH increased with each
subsequent vaccine. The median SI for KLH in responders after 2 vaccines was 44,
and after 4 vaccines was 205, with ranges of 7.4-230 and 5.6-895, respectively.
T-cell responses to KLH have been detected for more than 1 year after vaccination
in some patients.

Humoral and Cellular Responses to Purified idiotype

Humoral responses to myeloma idiotype have not been observed. Circulating
myeloma paraprotein would likely bind anti-idiotype antibodies in vivo and
prevent the detection of anti-idiotype antibodies in ELISA. Anti-idiotype IgM
antibodies have not been detected (data not shown). Serum from patients with non-
IgG paraprotein and from patients without detectable paraprotein by protein
electrophoresis was assayed for anti-idiotype IgG antibodies. We were unable to
detect IgG isotype anti-idiotype antibodies in these patients (data not shown).

Cellular responses to purified myeloma idiotype were detected in 10 of 15
patients. Two patients developed a response within 2 weeks of receiving the first
vaccine, 4 patients developed a response within 4 weeks of receiving the second
vaccine, 2 patients developed a response within 4 weeks of the third vaccine,
1 patient developed a response after the fourth vaccine, and 1 patient developed a
response after a fifth vaccine. Seven of 9 patients with a paraprotein level of
<1 g/dL had a detectable T-cell response to idiotype, whereas only 2 of 6 with a
paraprotein level of =1 g/dL had a response. None of the four patients vaccinated
<100 days after transplant had a response. The magnitudes of the SI to idiotype
were substantially lower than to KLH. The median maximal SI to idiotype in
responders was 3.8, with a range of 2.0 to 5.8. T-cell responses to an insoluble
glutaraldehyde conjugated form of idiotype in responders were reproducibly higher
than to soluble antigen and may have been due to more efficient antigen uptake,
processing, and presentation by antigen-presenting cells or to presentation of novel
peptide sequences created through conjugation (data not shown). Cellular
responses to idiotype were transient. In some patients, responses could be detected
within a few days to 2 weeks after vaccination but not at 4 weeks. Long-term
persistence of idiotype-reactive T cells has not been seen.

Clinical Responses

This phase 1 trial of idiotype vaccination was not designed to determine the
response of myeloma to idiotype vaccines. However, myeloma was restaged using
protein electrophoresis, bone marrow biopsy, and fluorescence-activated cell
sorting (FACS) analysis of bone marrow aspirates before administration of the first
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vaccine and 3 months after administration of the fourth vaccine. In 5 patients, there
was a minor response in the serum paraprotein level and/or diminution of myeloma
cells in the marrow, 7 patients had stable disease, and 3 patients had progressive
disease. With longer follow-up, disease has remained stable in 8 patients, and
4 patients have died from progressive myeloma. The Kaplan-Meier estimate of the
median time to progression of myeloma from autologous stem cell transplant for
all vaccinated patients is 800 days.

DISCUSSION

Multiple myeloma is a largely incurable disease despite sensitivity to cortico-
steroids, chemotherapeutics, and radiation. Additional therapies are needed to
eradicate myeloma, because chemotherapy and radiation are already given at
maximally tolerated doses in stem cell transplant conditioning regimens.
Immunotherapy is an attractive approach to treat myeloma, because disease
responses to infusions of allogeneic donor lymphocytes and to nonmyeloablative
allogeneic transplants have been documented, suggesting that myeloma can be
eradicated by components of the immune system. The antigens and immune cells
responsible for the graft-vs.-myeloma effect have not been identified. Myeloma-
produced immunoglobulin is a readily accessible tumor antigen, and studies of
idiotype immunization in follicular lymphoma support the potential role of idiotype
vaccines in B-cell malignancies.

The isolation, conjugation, and administration of myeloma-produced immuno-
globulin as an idiotype vaccine is feasible and safe. Purification of idiotype was
possible in all cases where paraprotein was at least 1 g/dL of serum and when
supplemental polyclonal immunoglobulin was not used before collection of serum.
Administration of myeloma idiotype conjugated to KLH was well tolerated by
most patients. Side effects were usually grades 1 or 2 and were self-limited. The
most frequent adverse event was a local reaction of pain, erythema, and/or
induration that was consistent with an immediate and/or a delayed-type hypersen-
sitivity reaction to the immunogen or to GM-CSF. Local reactions tended to
become more severe with subsequent administrations of the vaccine but never
resulted in skin ulceration. The common systemic symptoms (eg, bone pain,
headache, low-grade fevers, and nausea) were most likely due to GM-CSF. These
symptoms usually occurred on the second day of cytokine administration and
resolved 1-2 days after completion of GM-CSF. Two patients developed
pneumonitis; 1 required corticosteroids for treatment. Bronchoalveolar lavage did
not identify an infectious etiology. The cause of the pulmonary reaction was not
determined. In some patients with high numbers of circulating malignant B cells,
infusions of anti-CD20 antibody have been associated with an acute pulmonary
syndrome.'® In both cases of pneumonitis in our patients, the level of paraprotein
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in the serum was >1 g/dL, but anti-idiotype antibodies were not detected. The
frequent development of nonneutralizing antibodies to GM-CSF in breast cancer
patients vaccinated with a peptide-based vaccine using recombinant human
GM-CSF as an adjuvant has been described,'* but the presence of anti-GM-CSF
antibodies was not associated with any clinical adverse event, and anti-GM-CSF
antibodies were not detected in the 2 patients with pneumonitis (data not shown).
The frequency of side effects from repeated idiotype vaccinations in a similar trial
conducted in Europe were not described, but no World Health Organization
(WHO) grade 3 or 4 toxicities were seen, and most of the WHO grade 1 and 2
toxicities were attributed to cytokines.!> Similar local reactions were described by
Reichardt et al.!® in patients who received infusions of idiotype-pulsed autologous
dendritic cells followed by subcutaneous injections of idiotype conjugated to KLH.
GM-CSF was not used in that study. Infusions of dendritic cells were well
tolerated, although 2 patients developed low-grade fevers and 1 patient developed
a postinfusion thrombophlebitis.

The best immunization strategy and time to administer idiotype vaccines are not
known. Patients gvith a lower burden of disease are probably more able to respond
to antitumor vaccines, but this hypothesis has not been tested. In early-stage
myeloma with low levels of paraprotein, isolation of tumor antigen is more difficult.
Patients who obtain a complete or partial remission of disease to treatment provide
a rational setting to test the potential efficacy of anti-idiotype vaccines. Reichardt et
al.'6 studied the anti-KLH and anti-idiotype cellular responses in 12 patients with
myeloma 3-7 months after autologous peripheral blood stem cell transplant. The
patients’ immune systems were primed with 2 monthly infusions of idiotype-pulsed,
autologous mononuclear cells enriched for dendritic cells by density gradient
centrifugation. Subsequently, patients received 5 monthly subcutaneous adminis-
trations of purified idiotype conjugated to KLH. Anti-KLH T-cell responses were
detected in 11 of 12 patients. The patient who did not mount an anti-KLH response
developed acute myelogenous leukemia shortly after administration of the second
idiotype-KLH vaccine. The 2 patients who had a complete response to high-dose
therapy developed anti-idiotype T-cell responses; in 1 patient, the response was
detected after administration of the first idiotype-KLH vaccine, and in the other
patient, the response was detected after administration of the fifth vaccine. The anti-
idiotype T-cell response was 20-fold less robust than the anti-KLH T-cell response
in the patient for whom a comparison was made. Antibody responses were not
reported. The contribution of the idiotype-pulsed dendritic cell infusions to the
efficacy of the immunization strategy is not known.

Massaia et al.!> used an immunization strategy similar to the regimen we are
studying. They administered a series of 7 idiotype-KLH vaccines to 12 patients
between 2 and 17 months after peripheral blood stem cell transplant. Five of the 12
patients were 2 months posttransplant. The Id-KLH vaccines were administered
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with 5 days of either IL-2 (2 patients) or GM-CSF (10 patients). Immune responses
to idiotype and to KLH were analyzed 1 month after administration of the seventh
vaccine. Anti-KLH antibodies were detected in all of the patients, and T cells were
detected in 9 of the patients. Anti-idiotype antibodies using a sandwich ELISA
were not detected. Anti-idiotype T cells were detected in 1 patient with myeloma
in a partial remission vaccinated 2 months after infusion of stem cells and in
another patient with a complete remission who was immunized 8 months after
transplant.

Immune responses to myeloma idiotype induced by vaccination have been
difficult to detect. Osterborg et al.!? detected low numbers of B cells that expressed
idiotype-reactive IgM following vaccination of myeloma patients with idiotype and
GM-CSF, but anti-Id IgM titers were not reported. We and Massaia et al.'> were
unable to detect anti-idiotype antibodies in serum using 2 different ELISA
methods. If anti-idiotype antibodies were induced by vaccination, it is likely that
myeloma paraprotein circulating in the serum would bind the antibodies and
prevent their detection in assays. The importance of anti-idiotype antibodies in the
control or eradication of residual disease is not known; however, the presence of
anti-idiotype antibodies after vaccination of patients with follicular lymphoma has
been associated with longer control of disease even in the absence of detectable
anti-idiotype T cells.?

In all 3 studies, idiotype-reactive T cells were more difficult to generate or detect
than anti-KLH T cells (Table 3). The SI of lymphocytes exposed to idiotype was
10- to 50-fold less than to KLH, suggesting a much lower frequency of circulating
idiotype-reactive T cells, a lower proliferative capacity upon engaging antigen, or a
~ low-affinity antigen binding site. T cells responding to idiotype were more readily
detected in patients with a lower burden of disease. These findings are consistent
with previous preclinical and clinical observations that idiotype-reactive T cells are
eliminated in advanced myeloma and suggest that antimyeloma vaccines are more
likely to elicit meaningful immune responses in the setting of minimal disease. In
our observations, Id-reactive T cells could be detected within 4 days to 2 weeks but
not at 4 weeks after vaccination in some patients. This may be due to trafficking of
lymphocytes to sites of residual disease. Alternatively, idiotype-reactive T cells may
be deleted by immunoregulatory mechanisms shortly after their generation. The
induction of anti-idiotype T cells in a higher percentage of patients in our study (10
of 15 patients) contrasted with that reported by Reichardt et al.' (2 of 12 patients)
and Massaia et al.!> (2 of 12 patients) and may have been due to the earlier time after
immunization that analyses were performed. Reichardt et al.'® studied T-cell
responses to idiotype 4 weeks after each vaccination with idiotype-KLH, and
Massaia et al.!> looked for anti-idiotype responses 4 weeks after the seventh vaccine
was administered. Anti-idiotype T-cell responses may be only transiently
detectable; thus, the timing of analysis is likely to be important in determining
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Table 3. Induction of Immune Responses to Idiotype-KLH Vaccines*

Anti-KLH Ab Anti-KLH Anti-Idiotype Anti-ldiotype
Study Response T-Cell Response  Ab Response  T-Cell Response
This study 11/15 12/15 0/5 10/15
Massaia et al.1> 12/12 9/11 0/12 2/11
Reichardt et al.'®  Not reported 11/12 Not reported 2/12
Total 23/27 32/38 0/17 14/38

*Ab, antibody; KLH, keyhole limpet hemocyanin.

whether the immunization procedure was successful in eliciting a response.

The optimal vaccine strategy for inducing anti-idiotype responses is not known,
but the 2 reported approaches are the use of protein-pulsed autologous dendritic
cells for primary immunization followed by booster injections of antigen and the
subcutaneous or intradermal administration of antigen with an immunomodulatory
cytokine such as GM-CSF. The collection, isolation or ex vivo differentiation, and
reinfusion of autologous dendritic cells is a labor-intensive, expensive, and
invasive process. GM-CSF is a commercially available cytokine that promotes
differentiation of myeloid precursors into dendritic cells capable of uptake and
processing of antigen.!” Vaccine studies using a mouse model of lymphoma have
shown that GM-CSF administered with a weakly immunogenic idiotype antigen
induced potent CD4 and CD8 responses directed against idiotype.'® Infusions of
peptide or protein-pulsed dendritic cells have not been shown to be superior to the
subcutaneous administration of GM-CSF and antigen for inducing protective
antitumor immune responses in humans. Our ability to stimulate anti-KLH and
anti-idiotype responses and that reported by Massaia et al.,!* using subcutaneous
administration of antigen and GM-CSF, appear to be equivalent to using protein-
pulsed dendritic cells!¢ (Table 3).

The clinical benefit of vaccination with Id-KLH coadministered with GM-CSF
is not yet known. Most of the patients in our study had stable, detectable disease
during the 6 months they were receiving the vaccines and follow-up care. Five
patients had a <50% reduction in the serum level of paraprotein, but it is not known
if this response was due to delayed effects of high-dose therapy or to effects of the
Id-KLH vaccines. One minor disease response was seen by Reichardt et al.'é in
1 patient who was vaccinated 6 months after an autologous stem cell transplant.
Significant clinical responses to idiotype immunization were not seen in the study
reported by Massaia et al.'> Only 4 patients (from the 3 studies) had progressive
disease while receiving the immunizations; therefore, it is unlikely that 1d-KLH
vaccines accelerated myeloma recurrence.

Our results and the findings of Reichardt et al.'® and Massaia et al.!*> show that
myeloma paraprotein can be readily purified and formulated into a tumor-specific
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vaccine and administered safely to patients after high-dose therapy and autologous
peripheral blood stem cell transplants. The challenge is to devise a method of
immunization that results in a greater likelihood and longer persistence of a cellular
anti-idiotype response. We are administering idiotype-KLH vaccines along with
daily, low-dose IL-2 to provide T-cell help to determine whether idiotype-reactive
lymphocytes can be more easily detected and maintained. Additionally, we are
administering idiotype-KLH vaccines to patients after allogeneic transplants with
the hope of avoiding possible deletion of autoreactive T cells. Novel vaccine
strategies may be able to eliminate residual myeloma after substantial cytore-
duction with chemotherapy and radiotherapy.
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ABSTRACT

Although encouraging results in murine hosts were reported more than a decade
ago, the successful widespread clinical application of hematopoietic stem cell-based
gene transfer methods using integrating vectors has been hampered predominantly
by the low percentage of genetically modified cells attainable in large animals and
humans to date. A number of approaches aimed at increasing the chances of vector
and target cell interaction, such as pseudotyping of vector particles with alternative
envelope proteins, colocalization of vector and target cells on recombinant human
fibronectin fragments, and inclusion of various primitively acting hematopoietic
growth factors during transduction, have been proposed based on both in vitro and
murine in vivo data. To develop highly efficient, clinically feasible transduction
methods appropriate for human clinical trials, we have focused on the rhesus
macaque (Macaca mulatta) competitive repopulation model, exploiting the
similarities between rhesus and human cytokine influences, stem cell cycling
kinetics, hematopoietic demand, and retrovirus cell surface receptor distribution. In
this model, using a standard 4-day transduction with daily retrovirus exposure, we
have recently obtained clinically relevant levels of genetically modified circulating
progeny at 10% or higher over a prolonged follow-up period posttransplantation
through the addition of Flt-3 ligand (FL) and autologous stroma to our standard
growth factor combination including interleukin (IL)-3, IL-6, and stem cell factor
(SCF). We have extended our studies to compare transduction on the fibronectin
fragment CH-296 to that performed on autologous stroma and alternative cytokine
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combinations including megakaryocyte growth and development factor (MGDF)
with equivalent, high-level marking. This high-level marking has allowed retroviral
integration site detection using an inverse polymerase chain reaction (PCR)
technique. In 2 animals followed for >1 year posttransplantation, the contribution to
hematopoiesis by genetically modified cells is potyclonal, with common integration
sites among different hematopoietic lineages, suggesting successful transduction of
truly pluripotent hematopoietic progenitors. The stable, high-level in vivo gene
marking derived from multiple transduced clones attainable in our nonhuman
primate model is encouraging for the eventual successful application of
hematopoietic stem cell-based gene transfer in humans.

INTRODUCTION

Despite encouraging results observed in initial studies investigating
hematopoietic progenitor gene transfer in murine and human in vitro models, pilot
human trials using similar techniques were far less encouraging.! Recognizing that
further exploration was required in an animal model that was hematopoietically
more closely related to humans, we focused on a nonhuman primate, the rhesus
macaque. Specifically, we employed a competitive repopulation model.

Our goals have been to optimize hematopoietic stem cell gene transfer to develop
techniques that would be clinically applicable as an approach to curing diseases with
genetic etiologies. By comparing a variety of cytokine combinations and support
media, we have increased engraftment of genetically modified rhesus peripheral
blood (PB) hematopoietic progenitor cells posttransplant from previously
undetectable levels to a not only detectable, but also clinically relevant range
upwards of 10%.2 Engraftment in that range has enabled us to further investigate and
characterize hematopoiesis in the rhesus. We have found that in rhesus monkeys
transplanted with retrovirally transduced PB progenitors, hematopoiesis is derived
from multiple stem or progenitor cells. Furthermore, our work has demonstrated that
those cells give rise to multilineage hematopoietic cells, and certain individual
clones can contribute to hematopoiesis over the course of at least 1 year.

MATERIALS AND METHODS
The Rhesus Competitive Repopulation Model as Applied in These Studies

Methods are described elsewhere in detail; a brief description follows. Figure 1
also summarizes the general model. Young rhesus macaques used in all studies
were handled and housed in accordance with National Institutes of Health (NIH)
guidelines. Peripheral blood progenitors were obtained by mobilization and
apheresis and enriched for the primitive compartment by CD34 selection.?
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Figure 1. Rhesus competitive repopulation model. Rhesus macaques underwent mobiliza-
tion with stem cell factor (SCF) and granulocyte-macrophage colony-stimulating factor
(GM-CSF) for 5 consecutive days. Mobilized peripheral blood progenitors were then collect-
ed by apheresis, enriched for primitive progenitors by CD34 selection, and split into 2 equal
fractions. Each fraction was placed under different transduction conditions and marked with
1 of the 2 phenotypically identical but genotypically differing retroviruses containing the
G418 resistance gene neo. Rhesus monkeys were conditioned with 500 ¢Gy, and on day 3 or
4 following apheresis, both aliquots of transduced cells were simultaneously reinfused into
the same monkey.

The G1Na and LNL6 retroviral vectors used in all studies carry identical
bacterial neomycin phosphotransferase (neo) genes that confer G418 resistance.
The vectors differ by a 16-base-pair polylinker 5 to the neo gene, which enables
differentiation by PCR.!

For each animal, PB progenitor cells were divided equally and transduced for 4
days with freshly collected G1Na or LNL6 retroviral supernatant. Each aliquot was
cultured under unique conditions to test the effects of those conditions on
engraftment by genetically modified cells. On the 2 days following apheresis, the
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animals were conditioned with 500 cGy total body irradiation. Following
transduction, the cells from the 2 aliquots of each animal were collected,
recombined, and infused into the same animal.

Blood and bone marrow samples were collected at regular time intervals up to
1 year posttransplantation and analyzed by PCR and Southern blot for vector
sequences. Colony-forming units-granulocyte/macrophage (CFU-GM) and burst-
forming units—erythroid (BFU-E) from G418-containing as well as G418-free
media were also analyzed by PCR to search for the genomic presence of the neo
gene, and positively marked cells were subjected to inverse PCR analysis for
flanking sequence identification.

Inverse PCR for Insertion Analysis

Colonies containing 500-1000 cells were plucked, and genomic DNA was
isolated as previously described.? The DNA was cut with Tagl and self-ligated
by the addition of T4 ligase. The first round of amplification of circularized DNA
was performed with the primers INVa and INVb. Nested PCR was then done on
the amplified product with the primers INVc and INVd. The resulting PCR
products were electrophoresed on a 2% gel, and the corresponding PCR product
bands were excised. DNA from the excised bands was recovered and sequenced
(Figure 2).

RESULTS
Experimental Design

Our studies have relied on the rhesus competitive repopulation model, which
allows the use of 1 animal to test the engraftment of 2 (or more) populations of
transduced stem and progenitor cells. In a non-inbred animal, individual
differences in PB stem cell mobilization or other variables could make comparison
of results in small groups of individual animals misleading. The competitive
repopulation design remedies this problem. In this model, purified progenitors
from an individual animal were split into 2 aliquots and transduced with either
LNL6 or GINa, 2 vectors containing an identical neomycin phosphotransferase
gene that are distinguishable by differences in the vector backbones. The aliquots
were then cultured under different conditions and infused back into the same
animal. At regular intervals up to a year posttransplant, peripheral blood and bone
marrow samples were obtained for analysis. Lymphocyte and granulocyte fractions
were also isolated from the blood for analysis by semiquantitative PCR. Marrow
samples were grown in G418-containing or G418-free media, and percentage
engraftment by genetically modified cells was calculated from colony PCR



Tisdale et al. 289

Digest DNA
LNLE

Genomic DNA Vector v
A A4 A

Taqi Taq1 Taqt Taq1
Circularize +

il i1
First Round PCR with +
Primersa+b

B mi e

Second Round PCR with *
Primersc +d
Gel Electrophoresis
isolate bands
Sequence DNA

Figure 2. DNA analysis by inverse polymerase chain reaction (PCR). Cellular DNA con-
taining integrated provirus was extracted and digested using Taql. The long terminal repeat
(LTR)-containing fragments were self-ligated and amplified using nested, LTR-specific primers
in an inverse PCR technique. DNA was electrophoresed, and bands were isolated, cloned,
and sequenced to identify unique flanking sequences.

analysis. G418-resistant CFU-GM as well as BFU-E colonies were then analyzed
by means of PCR and inverse PCR to confirm engraftment quantification and
identify individual transduced clones.

Detection of Transduced PB Progenitor Engraftment

In 1 cohort of 4 animals that compared PB progenitors expanded ex vivo after
transduction to progenitors transduced and not further expanded, transduction in the
presence of cytokines IL-3, IL-6, and SCF led to only 0.01% or 1/10,000 of
circulating PB progenitor cells containing the vector. Moreover, marking from
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Figure 3. Engraftment quantification by Southern blot. DNA samples from peripheral blood
mononuclear cells and granulocytes derived from animals numbered RC501 and 95E003 were
isolated at regular intervals, as indicated by the posttransplant week number in this figure, and
analyzed by Southern blot for G1Na proviral DNA content. The hematopoietic contribution of
2 aliquots of progenitor cells transduced with support from fibronectin fragment CH-296 (FN)
or autologous stroma (STR) was thereby quantified and found to be equivalent in 2 animals.

transduced cells in the cohort that had not undergone ex vivo expansion out-
numbered marked cells that had been expanded by a broad margin.

FL and autologous stroma (STR) were then both tested as additions to
transduction media in another cohort to investigate the reported ability of FL to
stimulate division in primitive hematopoietic cells. Ex vivo expanded cells cultured
in the presence of IL-3/IL-6/SCF/FL exhibited an even greater relative def