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Abstract

Purpose—Despite recent advances, multiple myeloma remains incurable and most patients
eventually develop progressive disease. Allogeneic hematopoietic stem cell transplantation (allo
HCT) offers a potentially curative option in 10-20% of patients with relapsed or refractory
disease. We evaluated the outcome of patients undergoing allo HCT with reduced-intensity
conditioning (RIC) for relapsed and/or refractory myeloma at our institution.

Methods—Fifty-one patients with heavily pretreated, relapsed myeloma, who received RIC allo
HCT between 1996 and 2006, were included in this analysis.

Results—Median time from diagnosis to allo HCT was 34 months. Median follow-up in
surviving patients was 27 months (3-98). Cumulative transplant-related mortality (TRM) at 1 year
was 25%. Progression-free survival (PFS) and overall survival (OS) at 2 years were 19% and 32%,
respectively. The incidence of grade 11-1V acute or chronic graft-vs-host disease (GVHD) was
27% and 47%, respectively. At the time of this analysis, 12 patients (24%) were alive 7 of whom
(14%) were in remission for up to 6 years after allo SCT. A lower B2 microglobulin (<3.3) and a
prior autotransplant predicted a lower NRM, longer PFS and OS.

Conclusion—Allo HCT with RIC regimens is associated with acceptable toxicity and durable
remission and survival in relapsed or refractory myeloma. Use of RIC allo HCT earlier in the
course of the disease may offer greater benefit.

Introduction

Multiple myeloma represents approximately 10% of all hematologic malignancies. The
treatment of newly diagnosed multiple myeloma has improved remarkably with the
introduction of novel therapies such as thalidomide, lenalidomide and bortezomib -6, High
dose therapy followed by single or tandem autologous hematopoietic stem cell
transplantation (auto HCT) is a treatment option for patients less than 65 years old’: 8.
Despite these advances, multiple myeloma remains an incurable disease and most patients
develop progressive disease within 5 years of auto HCT .
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Allogeneic hematopoietic stem cell transplantation (allo HCT) offers a potentially curative
option in 10-20% of patients with relapsed or refractory disease 1013, A tumor-free graft
and graft-versus-myeloma (GVM) effect are two major reasons for this curative potential.
The GVVM effect has been well documented and is thought to be mediated by donor-derived
T lymphocytes 10-12, However, the high treatment related mortality (TRM) of up to 55%
with myeloablative (MA) conditioning regimen neutralizes any potential benefit in terms of
progression free survival (PFS) and overall survival (OS), and limits the use of allo HCT in
patients with advanced multiple myeloma 12: 14,15,

RIC allo HCT offers the potential advantage of decreased TRM while preserving the GVM
effect 16: 17, There is, however, limited information on the outcome of RIC regimen in
multiple myeloma patients with advanced and heavily pretreated disease. In this
retrospective single center study, we evaluated the outcomes of RIC allo HCT in 51 heavily
pretreated patients with relapsed and/or refractory disease.

Patients and Methods

Patients

Fifty-one patients with multiple myeloma, who had relapsed disease and received an RIC
allo HCT from a matched related or unrelated donor between 1996 and 2006, were included
in this analysis. Patients were eligible for allo HCT if they were 1870 years old, had a
performance status of 0 or 1, adequate organ function, and no uncontrolled infection.

Hematopoietic Stem Cell Collection

Donor bone marrow or G-CSF-primed peripheral blood progenitor cells were collected
using standard mobilization protocols and apheresis techniques. Bone marrow from
unrelated donors was obtained through the National Marrow Donor Program according to
standard guidelines. All patients signed written informed consent according to our
institutional and the National Marrow Donor Program guidelines. The study was reviewed
and approved by the Institutional Review Board at the University of Texas, MD Anderson
Cancer Center (UT MDACC).

Preparative Regimen and Supportive care

The RIC regimen consisted of fludarabine (90-120 mg/m?) and melphalan (90-140 mg/m?).
The definition of RIC conditioning was based on published guidelines and
recommendations’8. All Patients receiving unrelated donor progenitor cells also received
antithymocyte globulin as part of their preparative regimen 1°. GVHD prophylaxis consisted
of a combination of tacrolimus and methotrexate. Patients received infection prophylaxis
with levaquin or ciprofloxacin, voriconazole or fluconazole and acyclovir or valacyclovir.
Filgrastim 5ug/kg was administered subcutaneously daily from 7 days after allo SCT until
the recovery of absolute neutrophil count (ANC) to >1.5x10%/L for 3 days. Blood products
were irradiated and filtered to remove leukocytes prior to transfusion. After recovery of
neutrophil count, patients received prophylaxis against pneumocystis jiroveci (formerly
pneumocystis carini) infection with oral sulfamethoxazole-trimethoprim given twice weekly
or intravenous pentamidine every 3 weeks.

Engraftment and Chimerism

Engraftment was defined as the first of 3 consecutive days with an ANC > 0.5x10%/L.
Failure to engraft by day 30 was considered primary graft failure. Platelet engraftment was
defined as the first of 7 consecutive days with a platelet of > 20x10%/L without transfusion
support. Peripheral blood or bone marrow donor-recipient chimerism was performed on
days 30 and 100 post transplantation, and as clinically indicated thereafter, by analysis of
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DNA microsatellite polymorphisms by polymerase chain reaction with D6S264, D351282,
D18S62, and D3S1300 fluorescence-labeled primers, and by conventional cytogenetic
analysis by G-banding or fluorescent in situ hybridization studies for Y chromosome in sex-
mismatched cases.

Response and Outcome

Response, relapse and disease progression were defined based on the international uniform
response criteria for multiple myeloma 20. Complete response (CR) was defined as negative
immunofixation on the serum and urine, less than 5% plasma cells in bone marrow and
absence of any plasmacytomas or soft tissue lesions. Very good partial response or major
response (VGPR/MR) was serum and urine Monoclonal-protein (M-protein) detectable by
immunofixation but not by electrophoresis, or at least 90% reduction in serum M-protein,
and urine M-protein less than 100mg/24 hour. Partial response (PR) was defined as at least
50% reduction of serum M-protein, at least 50% reduction in the size of soft tissue
plasmacytomas if present at baseline, and at least 90% reduction in 24hour-urinary M-
protein. Response criteria had to be met on at least 2 assessments, at least six weeks apart.
Progressive disease (PD) was defined as an increase in serum M-protein or urine light chains
of 20% or more in patients with refractory or stable disease. Relapse was the reappearance
of serum M-protein, urine light chains or bone marrow infiltration in patients in previous
CR, or at least a 25% increase in any marker in patients in PR. Stable disease (SD) was not
meeting the criteria for CR, VGPR, PR or PD.

Statistical Methods

Results

Primary endpoints were Kaplan-Meier’s estimates of OS and PFS. Secondary endpoints
were TRM, relapse, and incidence of acute and chronic GVHD. OS was measured from the
day of allogeneic stem cell infusion (day 0) to death from any cause, with censoring
performed at date of last contact. PFS was determined from the day of stem cell infusion to
the day of documented relapse or progression. Death from any cause other than relapse was
classified as TRM. GVHD occurring anytime after day 90 post transplant was termed
chronic GVHD (cGVHD); otherwise it was acute GVHD (aGVHD). Standard criteria were
used for the diagnosis and grading of acute and chronic GVHD?. The incidence of disease
progression, TRM, acute and cGVHD was estimated using the cumulative incidence method
accounting for competing risk. Statistical significance was determined at the 0.05 level.
Analysis was performed using STATA (stataCorp.2001; Stata Statistical Software: Release
7.0.College Station, TX: Stata Corporation).

Patients Characteristics

Between 1996 and 2006, 51 patients with relapsed or refractory multiple myeloma
underwent allo HCT, using RIC regimens. Patient characteristics are summarized in Table 1.
At the time of transplant, 55% of patients were in at least a partial remission (CR 4%, VGPR
6%, PR 45%). Median age was 51 years (range 32-65), and median time from diagnosis to
transplant was 34 months (9-232). Thirty-six (70%) patients had a prior auto HCT,
including 5 (10%) with 2 prior auto HCT. The median number of prior regimen was 5 (range
1-10). Peripheral blood (PB) stem cells were used in 41 (80%) patients and matched related
donor stem cells in 40 (78%) patients. Results of chromosomal analyses were available for
40 of 51 patients prior to allo HCT. Twelve patients had cytogenetic abnormalities
(including 3 patients with deletion 13p; 2 patients with 1q abnormality; and 2 patients with
17p deletion), while 28 patients had normal cytogenetics.
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Engraftment

Response

All 51 patients (100%) achieved engraftment. Median times to neutrophil and platelet
engraftment were 13 (9-25) and 15 days (10-28), respectively. Median percentage of donor
cells at day 30 post transplant was 100% (95-100).

Overall, 12 patients (23%) achieved a CR and 26 patients (51%) achieved a PR, with an
overall response rate of 74% post RIC allo HCT. Three patients (6%) had minimal response
(<50%) and 4 patients (8%) had stable disease. Two out of the 3 patients with a VGPR prior
to transplant achieved a CR post RIC allo HCT. Of the 23 patients in PR prior to allo HCT,
4 (17%) achieved a CR, 1 developed progressive disease (PD) and the rest remained in PR;
and of the 14 patients in SD prior to allo HCT, 3(21%) achieved a CR and 7(50%) achieved
a PR/VGPR. Out of 8 patients with PD at allo HCT, 1 achieved a CR and 3 achieved a PR,
with an overall response of 50% in this group. Seven patients, who received allo HCT from
a matched related donor, received a total of twelve donor lymphocyte infusions (DLI) for
persistent disease, progressive disease (PD), or relapse after allo HCT. One patient with
persistent disease obtained a CR, and one with PD achieved VGPR after one DLI, with the
rest having no response. The cell dose, interval between HCT and DL, interval between
DLI, and response are listed in Table 2.

Graft versus Host Disease

Cumulative Incidence of grade I1-1V aGVHD was 27%, (Table 3). Grade 1l aGVHD was
seen in 16%, while grade I11-1V aGVHD was seen in 11%. Cumulative incidence of cGVHD
was 47%, with limited cGVHD in 23% of patients. The use of unrelated donor or peripheral
blood stem cells as the graft source did not increase the incidence of acute or chronic
GVHD. That may be due to a small number of patients with unrelated donors (11) and bone
marrow stem cells (10).

Transplant-related Mortality

One-hundred day TRM was 12% and 1-year TRM was 25%. At the time of this analysis, 12
patients (24%) were still alive, 7 of whom (14%) were in remission for up to 6 years post
allo SCT. The most common causes of death were recurrent disease (22 patients; 43%),
acute or chronic GVHD (10 patients; 20%) and opportunistic infections (3 patients; 6%;
Table 3).

Survival and Prognostic Features

Median follow-up for surviving patients was 27 months (3-98). Twenty-five patients (49%)
had relapsed at 2 years. Seven patients received a total of twelve DLI. The use of DLI did
not contribute to an improvement in PFS and OS on multivariate and univariate analysis,
perhaps due to the small number of patients who had DLI. The 2-year PFS and OS were
19% and 32%, respectively (Figure 1). On univariate analyses, a lower —2 microglobulin
(<3.3) and a prior auto SCT predicted longer PFS and OS (Table 4). These 2 factors also
emerged as predictors of longer PFS and OS in a multivariate analysis (Table 5). Age,
Immunoglobulin subtype (1G), serum lactate dehydrogenase (LDH), serum albumin, stem
cell source, donor type, use of DLI, interval between diagnosis and allo SCT or interval
between auto and allo SCT did not emerge as statistically significant predictors of outcome.

The major differences between the long-term survivors (12 patients) and others were a lower
-2 microglobulin (median 2.45 versus 3.5, p=0.01) and more prior auto HCT (92% vs
64%, p=0.08) in the long-term survivor group (Table 6).
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Discussion

Even with recent progress in the treatment of multiple myeloma, it remains an incurable
disease. The response duration gets shorter with each successive relapse and salvage,
reflecting acquired drug resistance. Prior to the novel therapies, event free survival (EFS)
was 7 months for patients undergoing a second line regimen, and 3 months for patients
receiving a 6th line regimen 22, Novel therapies have improved this dismal outcome. In 289
relapsed patients who had received thalidomide, lenalidomide or bortezomib at some point
after their relapse, the median and 2-year OS were 23.9 months and 49% compared to 11.8
months and 24% for 98 patients who had not received these novel drugs at relapse®. Despite
this improvement, the EFS in most patients with persistent or refractory disease is only 6-14
months 23-26, These numbers highlight the need for more effective therapy, especially in
patients with good performance status.

Allografting is a potentially curative option for selected patients with relapsed or refractory
disease, in part due to a tumor free graft and GVM effect 10-12. 27. 28 The increased TRM
using myeloablative (MA) regimens offsets any improvement in EFS and OS2 14, 15,29,
Randomized studies using RIC allo HCT in combination with autologous transplant (auto-
RIC allo HCT) have mainly been performed in newly diagnosed patients with matched
related donors39-32, These studies compared tandem auto HCT to auto-RIC allo HCT.
Although there was a higher CR rate in the auto-RIC allo HCT groups, two out of the 3
studies found no difference in EFS and OS, mostly due to increased TRM 3032, The
differences in results may be explained through the differences in the study designs. In the
Spanish trial, only patients failing to achieve a near CR with the first auto HCT were
included and the conditioning regimen was fludarabine and melphalan3C. In the Italian
study, all patients were included irrespective of the prognostic factors and disease status
after the first auto HCT, and the conditioning regimen was 2Gy total body irradiation3L. In
the French study only patients with high-risk features (—2 microglobulin >3mg/L and 13q-)
were included and the conditioning regimen was busulfan, fludarabine and antithymocyte
globulin32. The high TRM has been attributed to profound immunosuppression from the
prior auto HCT, exacerbated further by opportunistic infections and GVHD due to RIC allo
HCT. Because of the lack of an unequivocal benefit, the role of RIC allo HCT in front-line
therapy is considered experimental and these transplants should only be performed as part of
well-designed clinical trials in the highest-risk patients 33,

Retrospective studies in relapsed or refractory multiple myeloma using RIC allo HCT have
shown decrease in TRM while maintaining the GVM effect 16: 17.34-37 However, most of
these reports were based on a small number of patients, with the exception of the EBMT
study®. In this study, 229 patients received RIC allo HCT, with 168 patients beyond first
remission and 74% patients having received a prior auto HCT. The TRM at 100 days and 1
year was 11% and 22%, respectively. The response rate (CR+PR) was 73% and 3 yr OS and
PFS were 41% and 21%, respectively. Ninety-three patients (41 %) relapsed or progressed
and 80 of these patients went on to receive donor lymphocyte infusion (DLI) with 63%
obtaining CR or PR post DLI 16, Other studies have been with much smaller sample size
(19-45 patients), but with similar TRM and response outcomes. Poor prognostic factors for
outcome included chemoresistant disease, disease beyond first remission, more than one
previous auto HCT, and >1 year interval between diagnosis and HCT16: 34,

In our study, the 100 day and one year TRM were 12% and 25%, comparable to the EMBT
series1®, Response rate was 74% (CR23%, PR51%) similar to what was seen in the prior
studies 16:17: 34 The incidence of GVHD was not adversely affected by the use of unrelated
donors or peripheral blood stem cells. This may be attributed to high resolution molecular
HLA typing and the use of ATG for GVHD prophylaxis 1°. The 2- year OS was 32%,
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comparable to earlier series although our patients in general had more advanced disease. We
would like to underscore the fact that patients in our series were more heavily pretreated and
their median time from diagnosis to allo HCT was 34 months, compared to18 months in the
EBMT study. Age, 1G subtype, disease status, serum LDH, serum albumin, stem cell source,
donor type, use of DLI, interval between diagnosis and allo SCT or interval between the
auto and allo SCT did not emerge as statistically significant predictors of outcome. We
recognize that some of these analyses suffer from the known limitations of a retrospective
analysis: a small sample size, heterogeneous patient population and missing data. The
ongoing multicenter BMT-CTN trial comparing tandem auto HCT +/- maintenance therapy
versus single auto HCT followed by RIC allo HCT in newly diagnosed multiple myeloma
patients will help define the role of RIC allo HCT in this patient population.

In conclusion, allo HCT after RIC regimens in selected patients with advanced multiple
myeloma is associated with durable PFS and OS, and a lower TRM as compared to allo
HCT after MA regimens. RIC regimens in advanced multiple myeloma patients do not
increase the risk of relapse or the incidence of acute and chronic GVHD. Utilization of RIC
allo HCT earlier in the course of the disease may offer greater benefit in selected patients.
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Figure 1.

Progression free survival and overall survival of patients receiving reduced-intensity
conditioning regimen allogeneic HCT.
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Patient Characteristics

Table 1

Reduced intensity Conditioning (n=51)

Age, median (range) 51 (32-65)
Gender F/M 24127
Immunoglobulin Class (%) 29 (57)
19G 8 (16)
1gA 1

IgM 10 (20)
Light chain only 2

Non secretory 1
Unknown

Stage at initial diagnosis (%) 5

| 14 (27)
1 30 (59)
11 2
unknown

Disease Status at transplantation | 2 (4)
(%) 3(6)
CR 23 (45)
VGPR 14 (27)
PR 8 (16)
SD 1(2)
PD

Unknown/not evaluated

Median prior regimens (range) 5 (1-10)
Prior Auto HCT (%) 36 (70)
1 31

2 5

Median time from Diagnosis to
allo HCT, months (range)

34.4(9.8-232.2)

HCT source (%) 41 (80)
Peripheral blood (PB) 10 (20)
Bone marrow (BM)

DonorType (%) 40 (78)
Related donor 11(22)
Unrelated donor

Year of allo HCT (%) 15 (29)
1996-2000 36 (71)
Beyond 2000

#DLI (%) 12 (22)

Auto HCT stands for autologous hematopoietic stem cell transplant; allo HCT allogeneic hematopoietic stem cell transplant; CR complete

Page 10

response; VGPR very good partial response; PR partial response; SD stable disease; PD progressive disease; DLI donor lymphocyte infusion.
Staging done according to Durie-salmon staging system.
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Table 3

Response Rate, TRM, Relapse and GVHD

Reduced intensity
Conditioning (n=51)

Time to neutrophil engraftment. Days (range) | 13 (9-25)
Time to platelet engraftment Days (range) 15 (10-28)
100 Day TRM (%6) 6 (12)
Cumulative 1 year TRM (%) 13 (25)

Overall Response Rate

74% (CR 23%, PR 51%)

Relapse at 2 years (%0) 25 (49)
Median PFS -months 6.8

2 year PFS- % 19
Median OS-months 13.9

2 year OS -% 32
Acute GVHD grade I1-1V (%) 14 (27)
Chronic GVHD grade Limited or extensive 47%
Number of death (%) 39 (76)
Recurrence of disease 22 (43)
Acute or chronic GVHD 10 (20)
Infection 3(6)
Other 4(8)

TRM stands for treatment related mortality; GVHD graft versus host disease; OS overall survival; PFS progression free survival
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Table 5

Multivariate Factors affecting OS and PFS in RIC Group

Prior Auto HCT
No
Yes

oS p PFS p
Factors HR (95% CI) HR (95% CI)
B2m
<=3.3
>33 33(1.6-6.9) 0002 2.7(14-53)  0.004

28(1.3-59) 001 19(0.9-39) 0.6

NRM stands for non-relapse mortality; OS overall survival; PFS progression free survival; HR hazard ratio; CI confidence interval; HCT
hematopoietic stem cell transplant; 1gG immunoglobulin; $2m beta-2 microglobulin; LDH lactate dehydrogenase; Auto autologous; Allo

allogeneic; Dx diagnosis.
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Table 6

Characteristics of Long-Term Survivors Compared to Others

Long term Survivors | Others
N=12 N=39
Age, median (range) 51 (32-55) 52 (41-65)
Gender female:male 6:6 18:21
Immunoglobulin Class (%) 6 (50) 23 (59)
19G 2(17) 6 (15)
1gA 1 0
IgM 3(25) 7(18)
Light chain only 0 2
Non secretory 0 1
Unknown
Stage at initial diagnosis (%) 0 5(19)
| 4(33) 10 (25)
1l 7 (58) 23(59)
11 1 1
unknown
Cytogenetics 4(33) 24 (62)
Normal 0 3(8)
Deletion 13p 0 2 (5)
1qg abnormality 0 2 (5)
17p deletion 3 2
Other 5 6
unknown
B2M, median (range) 2.45 (1.8-4.9) 3.5(1.0-8.2)
Disease Status at transplantation | 2 (17) 0
(%) 1(8) 2(5)
CR 4(33) 19 (49)
VGPR 2(17) 12 (31)
PR 2(17) 6 (15)
SD 1 0
PD
Unknown/not evaluated
Median prior regimens (range) 5(2-10) 5 (1-10)
Prior Auto HCT (%) 11(92) 25 (64)
1/2 8/3 23/2
Performance Status 0-1 0-1

Median time from Diagnosis
to allo HCT, months (range)

40.2 (19.8-89.1)

34.0 (9.8-232.2)

HCT source (%) 9 (75) /3 (25) 32(82)/7(18)
PB/BM

DonorType (%) 9 (75) /3 (25) 31(79)/8(21)
Related donor / Unrelated donor

Year of allo HCT (%) 2(17)/10(83) 13 (33) / 26 (66)
1996-2000 / Beyond 2000

#DLI (%) 2(17) 10 (25)

B2M stands for -2 microglobulin; Auto HCT autologous hematopoietic stem cell transplant; allo HCT allogeneic hematopoietic stem cell
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transplant; CR complete response; VGPR very good partial response; PR partial response; SD stable disease; PD progressive disease; DLI donor
lymphocyte infusion; PB peripheral blood; BM bone marrow.
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