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Abstract

Melphalan remains the most widely used agent in preparative regimens for hematopoietic stem-
cell transplantation. From its initial discovery more than 50 years ago, it has been gradually
incorporated in the conditioning regimens for both autologous and allogeneic transplantation due
to its myeloablative properties and broad antitumor effects as a DNA alkylating agent. Melphalan
remains the mainstay conditioning for multiple myeloma and lymphomas; and has been used
successfully in preparative regimens of a variety of other hematological and non-hematological
malignancies. The addition of newer agents to conditioning like bortezomib or lenalidomide for
myeloma, or clofarabine for myeloid malignancies, may improve antitumor effects for
transplantation, while in combination with alemtuzumab may represent a backbone for future
cellular therapy due to reliable engraftment and low toxicity profile. This review summarizes the
development and the current use of this remarkable drug in hematopoietic stem-cell
transplantation.
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INTRODUCTION

Melphalan was first synthesized in 1953 by substituting L-phenylalanine for the methyl
group on nitrogen mustard(1). Since then, it has been used in the treatment of various
malignancies including ovarian cancer, breast cancer, neuroblastoma, lymphomas, acute
leukemias, and multiple myeloma (MM). Due to its broad antitumor activity, ability to
ablate the bone marrow, minimal extramedullary toxicity(2), and potent immunosuppressive
effects, melphalan found a distinctive role in autologous (ASCT) and allogeneic stem cell
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transplantation (allo-SCT). As a single agent, melphalan was found to be adequately
immunosuppressive and myeloablative allowing engraftment with HLA-identical sibling
allografts(3). Here we reviewed the role of melphalan in stem cell transplantation for
hematological malignancies.

A detailed review of melphalan’s clinical pharmacology can be found elsewhere(4). Briefly,
melphalan is a dialkylating agent with two alkyl groups. It is not cell-cycle specific and is
transported into cells by amino acid transport systems(5). In plasma, up to 90% of
melphalan is bound to plasma proteins(6), while penetration into CSF is low(7, 8).
Melphalan is eliminated by spontaneous chemical hydrolysis and renal excretion which may
involve active renal tubular secretion in addition to glomerular filtration(6, 9). Although
variable, melphalan’s biological half-life is approximately 60 minutes, allowing infusion of
stem cells within 8 hours of melphalan administration(10-12). Its clearance is influenced by
the creatinine clearance, fat free mass, and hematocrit(13). However, to what extent renal
dysfunction influences efficacy and toxicity of melphalan remains unclear. At least in one
study, renal insufficiency was found to increase melphalan-induced myelosuppression(14).

Bone marrow suppression is the dose limiting toxicity of melphalan. Although it is
considered to be myeloablative at doses of 140 mg/m? and above(4, 15), neutrophil recovery
is accomplished within 30 days of 140 mg/m2 melphalan in most patients even without stem
cell support(16). With stem cell support, its dose limiting toxicity is mucositis(17).
Administration of ice chips before, during, and after melphalan administration may decrease
the severity of mucositis by vasoconstriction and decreased blood flow to mucosae(18).
Furthermore, amifostine, a cytoprotective agent, may decrease the severity of mucositis and
allow higher doses of melphalan to be given before transplantation(19). Other adverse
effects of melphalan include nausea, vomiting, diarrhea(20), alopecia(21), transaminitis(22),
and interstitial pneumonitis(23). Cardiac arrhythmias have also been observed with greater
incidence after administration of higher doses of melphalan, although its causality remains
unclear (24) (19).

As an alkylating agent, melphalan is recognized as being carcinogenic. Long-term risk of
secondary leukemia/myelodysplastic syndrome after ASCT with melphalan containing
regimens may be as high as 7%(25). However, due to scant number of long-term studies
evaluating the risk of secondary malignancies post-transplantation and frequent utilization of
melphalan with other agents in conditioning, it is difficult to estimate the relative increase, if
any, in cancer incidence post-transplantation attributed to melphalan. Moreover,
leukomogenesis due to pre-transplant chemotherapy may be more substantial than that due
to the conditioning regimen, further diluting the accuracy of the risk estimates(26).

MULTIPLE MYELOMA

Myeloma has been the most common indication for melphalan conditioning in
transplantation. Despite the advent of novel myeloma agents, MM remains an incurable
disease and ASCT is generally recommended for all eligible patients(27). Blokhin and
colleagues reported the earliest clinical use of melphalan for patients with MM in 1958(28).
Six patients were treated and considerable reduction in the tumor size was observed in 3 of
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these patients. The earliest report of high-dose melphalan therapy followed by autologous
stem-cell rescue for myeloma patients came from McElwain and Powels in 1983, who
treated a 34-year old man with plasma cell leukemia with melphalan 140 mg/m2 (29)
leading to complete remission (CR). Subsequently, Selby et al. reported their experience of
high-dose melphalan (140 mg/m?) therapy for 58 myeloma patients(21). The median time to
leukocyte and platelet recovery in previously untreated patients was 28 and 24 days,
respectively. A CR rate of 27% was achieved in previously untreated patients. However,
17% of patients died within the first two months due to sepsis or bleeding, and almost all
patients relapsed after a median duration of remission of 19 months. In 1986, Barlogie and
colleagues from MD Anderson Cancer Center (MDACC) reported their experience with
high-dose melphalan for treatment of 23 refractory myeloma patients(30). Sixteen patients
received a dose of 80-100 mg/m? and 7 were given 140 mg/m? followed by autologous
marrow infusion. While the tumor mass was reduced by more than 75% in 14 patients, 6
melphalan-related deaths occurred in patients who did not receive autologous stem cell
support. Despite higher doses of melphalan, minimal leukocyte recovery to at least 200/pL
occurred significantly faster and more uniformly in patients who received autologous stem
cell support. Furthermore, only one melphalan-related death was encountered in this group.

Single autologous stem cell transplantation

High-dose therapy with melphalan and ASCT for MM was associated with improved CR
rates and prolongation of overall survival (OS)(31, 32). This was first demonstrated by Attal
and colleagues, who randomized 200 previously untreated myeloma patients under the age
of 65 years to receive either conventional chemotherapy or high-dose melphalan therapy and
ASCT(31). Patients randomized to high-dose therapy had significantly higher CR rate,
event-free survival (EFS), and OS (Table 1). In 1998, Fermand et al. reported the results of a
randomized trial of early ASCT versus ASCT performed after relapse(33). The OS was
similar in both groups; however, the investigators favored early ASCT since it was
associated with a shorter duration of chemotherapy and better quality of life. The survival
advantage with high-dose melphalan therapy was later confirmed in another study by Child
et al., where melphalan 200 mg/m? followed by ASCT was associated with significantly
higher CR rate, OS and progression-free survival (PFS)(32). However, several subsequent
randomized trials failed to show a convincing survival advantage for high-dose melphalan
and ASCT over chemotherapy alone(34-36).

Recently, the landscape of myeloma treatment is changing rapidly due to the advent of novel
agents. However, during the same time, the results of ASCT have also improved and the
newer agents are being incorporated into the conditioning regimens, while post-transplant
maintenance strategies are being devised(37). Until further conclusive data becomes
available, ASCT remains the standard treatment of all newly diagnosed myeloma patients
who are deemed fit to undergo high-dose therapy, in most treatment centers(37).

Tandem autologous stem cell transplantation

Barlogie and colleagues pioneered a more intense approach and demonstrated the feasibility
of tandem ASCT with melphalan 200 mg/m? for the first transplant and melphalan 140-200
mg/m? + TBI for the second ASCT(38). Tandem ASCT was associated with significantly
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superior CR rate, EFS, and OS compared to chemotherapy alone (Table 2). In the Bologna
96 trial, Cavo and colleagues randomly assigned patients to single versus tandem ASCT.
Statistically significant superior near-CR rate and EFS were seen with the tandem ASCT.
Although there was no difference in OS between the two arms, the authors noticed that
administration of a second ASCT and the use of novel agents for treating sequential relapses
in up to 50% of patients assigned to receive single ASCT likely contributed to prolonged
survival duration of the entire group(39). Furthermore, the authors noticed a trend toward
improved OS in tandem ASCT arm in patients who failed to achieve near-CR after first
ASCT. Recently, a meta-analysis of six randomized controlled trials concluded that,
although the tandem ASCT was associated with statistically significantly better response
rate; there was no survival benefit, while the treatment-related mortality (TRM) was higher
with the tandem ASCT(40). Based on the currently available data, our approach is to collect
the stem cells for two ASCT after two to four cycles of chemotherapy, after the patient
achieves remission or at the time of maximum cytoreduction. A tandem ASCT is now
offered in the setting of a clinical trial for patients who achieve less than very good partial
response (VGPR) after the first ASCT.

Melphalan dose intensity

Melphalan at the dose 200 mg/m? is the most widely used drug as preparative regimen for
transplantation(27). This regimen was initially reported in 1992 by the Arkansas group
based on administration of two equally divided daily doses(41). In a subsequent report,
further dose escalation to melphalan 220 mg/m2 was studied; however, this was associated
with higher incidence of grade IV mucositis (>60%), delayed platelet engraftment and
cardiac arrhythmias(42). In the randomized Intergroupe Francophone du Myelome (IFM)
9502 trial, melphalan 200 mg/m? was compared with melphalan 140 mg/m 2 plus 8 Gy TBI
before ASCT for newly diagnosed myeloma patients(43). Melphalan 200 mg/m? was
associated with faster hematologic recovery, less transfusion requirement and shorter
duration of hospitalization. While the EFS was similar, the 45-month survival was
significantly superior in the melphalan 200 mg/m?2 arm (65.8% vs. 45.5%; p=.05). In another
randomized trial, Palumbo et al.(44) compared two ASCTs after melphalan 200 mg/m? or
melphalan 100 mg/m2. The OS was similar; however, the median PFS was significantly
better in the higher dose arm (31.4 vs. 26.2 months; P=.01). Median time to progression
(TTP) was also longer with melphalan 200 mg/m? (34.3 vs. 27.0 months; P=.014).

Whether elderly patients, particularly those above age 70 should receive standard dose
melphalan at 200 mg/m? or lower doses, remains unclear. In the IFM 99-06 study(45),
where patients (65 to 75 years) were randomized to treatment with melphalan, prednisone,
and thalidomide (MPT) versus MP versus tandem ASCT using melphalan 100 mg/m?, PFS
and OS were found to be significantly longer in the MPT arm. It is possible that melphalan
100 mg/m? dose was less than optimally effective before ASCT and might have
compromised the treatment outcomes. On the other hand, Mayo Clinic group compared 33
patients = 70 years undergoing high-dose melphalan at 200 mg/m? with a cohort of matched
patients < 65 years(46). Dose reduction to 140 mg/m? was required in 10 patients in the
elderly group; however, there was no difference in the response rate compared to patients
who received melphalan 200 mg/m?2. In another report, melphalan 200 mg/m? was
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associated with excessive early mortality of 16% in patients = 70 years old(47). We have
previously reported that melphalan 200 mg/m? can be safely administered in patients more
than 70 years old; however, the incidence of cardiac and gastrointestinal toxicity may be
higher compared with intermediate-dose melphalan(48).

There is limited data on adjusting melphalan dose based on renal function. First, the
Arkansas group showed that ASCT with high dose melphalan was feasible in patients with
severe renal failure(49). Melphalan clearance was not significantly delayed in patients with
renal insufficiency and melphalan was not detected in the dialysate of patients who
underwent dialysis 6 hours after its infusion. The same group later reported that, although
the EFS and OS were similar in patients with renal insufficiency who received melphalan
200 mg/m?2 or 140 mg/mZ; the gastrointestinal adverse effects, atrial dysrhythmias,
pulmonary complication, and neurological complications were more frequent in the higher
dose group(50). Thirty-eight patients on dialysis were dialyzed before melphalan infusion
and dialysis dependence did not affect survival. A retrospective analysis of dialysis
dependent patients and those without renal insufficiency who underwent ASCT with
melphalan 100 mg/m2 and 200 mg/m2 did not reveal any significant difference in toxicity or
survival(51). We have previously reported that melphalan 200 mg/m? may not be associated
with an increase in toxicity or TRM, and renal function may actually improve after ASCT in
a subset of patients(52).

Our current standard approach for ASCT in MM patients is to use melphalan 200 mg/m?
except in those above age 70 and those with serum creatinine above 2.0 mg/dL or on
hemodialysis, for whom a lower dose of melphalan is used (140mg/m?), if the patient is
otherwise eligible for transplantation. Targeting exposure to melphalan by using area under
the curve (AUC) in the latter setting becomes particularly appealing as recently
reported(53).

Role of induction regimen

A strong association between maximal response after induction therapy and long-term
outcome after ASCT has been shown(54, 55). Accordingly, the advent of novel anti-
myeloma agents and their inclusion in induction regimens led to improved post-induction
and post-transplant response rates compared to induction with VAD (vincristine/
doxorubicin/dexamethasone) chemotherapy(56, 57). The combination of bortezomib,
thalidomide, and dexamethasone (BTD) was found to further improve response rates
compared to thalidomide and dexamethasone (TD)(58). Recently, in a randomized phase 111
trial, BTD was shown to be superior to TD and the combination of alkylator based
chemotherapy and bortezomib in both response rates and PFS(59). CR was achieved post-
induction in 35% of patients with BTD compared to 14% and 21% with TD and
combination chemotherapy, respectively. The median PFS was also significantly longer with
BTD at 56 months compared to < 36 months with others. Although whether these
improvements in response rates and PFS would translate to OS is not clear, we recommend
bortezomib-based induction regimens in MM patients eligible for ASCT.
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Combination with other agents

Combination of high-dose melphalan with TBI or other drugs has generally failed to
improve survival and was frequently associated with additional hematologic and non-
hematologic toxicity (31, 33-35, 60-62). However, as TRM continues to improve, it is
conceivably possible that melphalan in combination, with busulfan for example, could
eventually prove superior to melphalan alone. A study in this regard is ongoing at MDACC.

Incorporation of novel myeloma agents into MM conditioning regimens is promising.
Recently, bortezomib and melphalan was combined in a phase Il IFM trial(63) and results
were compared to that in IFM 2005-01 trial (high-dose melphalan alone) in a matched
control analysis(64). No toxic deaths were observed and the CR rate was significantly higher
in the combination arm (35% vs. 11%; p=.001) regardless of the type of induction therapy
used. We conducted a randomized phase |1 trial comparing pre-ASCT preparative regimen
of ascorbic acid, arsenic trioxide, and high-dose melphalan, with and without
bortezomib(65). The addition of bortezomib was safe and well tolerated; however, no
significant improvement in the CR rate, PFS, or OS was seen. Inclusion of patients with
more advanced disease probably contributed to a lack of clinical benefit noted in our study.
Overall, the combination of melphalan and novel agents for pre-transplant conditioning
appears safe and feasible, and is an area under intense investigation.

Allogeneic stem cell transplantation for multiple myeloma—Allo-SCT can
potentially cure multiple myeloma by virtue of high-dose chemotherapy administration,
absence of tumor contamination of the graft, and potential for a graft-versus-myeloma
effect(66). The initial trials of allo-SCT for MM employed intense myeloablative
conditioning regimens, mostly consisting of TBI and melphalan(67, 68). Despite long-term
disease control in a relatively small number of patients, TRM was unacceptably high
(>35%)(69). To overcome this barrier, reduced-intensity conditioning (RIC) regimens were
developed, which resulted in marked reduction in early mortality at the expense of higher
relapse rates(70).

In order to capitalize on the reduction of TRM with RIC allo-SCT, a strategy of planned
ASCT followed by RIC allo-SCT was developed. Initial ASCT using melphalan 200 mg/m?
followed by RIC allo-SCT using low-dose TBI or low-dose melphalan plus fludarabine was
shown to be safe and also led to a 2-yr OS exceeding 70% in some studies(71-74). Based on
these encouraging results, several prospective randomized trials were conducted, which
compared tandem ASCT with planned ASCT followed by RIC allo-SCT(75-86) (Table 3).
Overall, two randomized trials have shown that ASCT followed by RIC allo-SCT leads to
superior PFS and OS(77, 80) and one randomized trial has shown a trend towards superior
PFS with this approach(76). The majority of other randomized trials showed that, while allo-
SCT is associated with superior CR rate, the PFS and OS were similar to that seen with
tandem ASCT. The lack of superiority despite better response rate with allo-SCT can be at
least partly attributed to a higher TRM with allo-SCT. Until further data becomes available,
we do not recommend allo-SCT in MM patients outside of a clinical trial.
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AMYLOIDOSIS

High-dose melphalan therapy followed by ASCT is an effective treatment for
immunoglobulin light chain (AL) amyloidosis. In a retrospective study including 701
consecutive new AL amyloidosis patients, 5-year OS of 312 patients who started stem cell
mobilization was found to be 47%, while that of patients ineligible for ASCT was only
16%(87). TRM in first 100 days was 13%, mostly cardiac-related. Patients who received
melphalan 200 mg/m? had better outcome compared with patients who received modified
doses (100 or 140 mg/m?), with 5-year OS rate 61% versus 41%, respectively (P<0.001).
Similar results were seen in another large series where 421 patients received high-dose
(55%) or modified dose (45%) of melphalan followed by ASCT(88). While the higher-dose
melphalan may be more effective, the TRM was generally higher than that seen in myeloma
patients. Consequently, a risk-adapted approach was evaluated in a phase Il trial where 45
patients with newly diagnosed AL amyloidosis involving <2 organ systems were assigned to
melphalan 100 mg/m?, 140 mg/m2, or 200 mg/m? stratified based on age, cardiac
involvement, and renal function(89). Only 2 patients (4.4%) had deaths attributable to stem
cell mobilization and/or transplant. Hematological response was seen in 63% with stable
disease in another 37% patients. Twenty patients (44%) had improvement in their primary
involved organ. No significant difference was seen in response rates for different melphalan
doses suggesting dose adaptive approach may not be justified.

Melphalan plus dexamethasone is widely used as standard treatment for patients who are not
candidates for ASCT(90). The response rate with this regimen, however, is low, and CR is
generally achieved in < 20% of the patients(91, 92). The ASCT achieves the highest rates of
response among the currently available regimens for the treatment of AL
amyloidosis(93).However, one lingering question is whether the patients who are selected to
undergo high-dose melphalan plus ASCT have inherently a better prognosis. In a Mayo
Clinic study, the median survival of the patients who were eligible for ASCT, but were
treated with standard chemotherapy was 42 months, which was better than the expected
median survival for all patients with AL amyloidosis(94). The results were compared with a
matched cohort of patients who underwent ASCT, and no difference in survival was seen.
The authors concluded that the patients who were eligible for ASCT represented a good-risk
population who might have had good outcomes with chemotherapy alone. However, in
another report from the same group, 63 patients undergoing melphalan (100-200 mg/m?2)
and ASCT were compared with 63 matched patients not receiving transplantation(95). The
4-year OS was significantly superior for ASCT (70% vs. 40%; P<0.001). There is only one
randomized clinical trial in which high-dose melphalan followed by ASCT was compared to
chemotherapy consisting of melphalan plus dexamethasone(96). One hundred patients were
randomly assigned to each arm. After a median follow up of 3 years, the median OS was
significantly superior in the melphalan plus dexamethasone arm (56.9 vs. 22.2 month;
P=0.004). However, this trial was criticized for the high TRM of 24% with high-dose
therapy, which was higher than expected at centers performing transplants for AL
amyloidosis(97).

Following the footsteps of myeloma treatment, where intensifying treatment with tandem
ASCT might improve response, Sanchorawala et al. conducted a prospective trial of tandem
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courses of high-dose melphalan and ASCT(98). Hematologic CR was seen in 55% of
patients after initial ASCT with TRM of 8% in first 100 days. A second course of high-dose
melphalan was given to 17 patients who did not achieve CR after the initial treatment. The
TRM was 6%, and 31% achieved a CR. Overall, on intention to treat analysis, CR rate was
56%. While these results are remarkable, only a few patients are usually fit enough to
undergo such intense treatment.

Overall, we believe that ASCT has an important role in the treatment of AL amyloidosis;
however, several important issues such as patient selection and melphalan dose intensity
need to be addressed in prospective randomized trials.

MYELOID MALIGNANCIES

Intravenous melphalan was initially evaluated in acute myeloid leukemia (AML) treatment
in Europe. At ablative doses, melphalan, followed by ASCT or in combination with total
body irradiation (TBI) for allo-SCT, was associated with long-term leukemia-free survival
in more than half of AML patients in first complete remission (CR)(99, 100). High-dose
melphalan with autologous stem cell support was also used for relapsed/refractory AML
patients(101).

However, it was not until the pioneering work of the MD Anderson group using melphalan
in combination with fludarabine (FM) when melphalan found a main stream role in
allogeneic transplant conditioning for patients with AML(102, 103). Fludarabine was used
with melphalan primarily due to its immunosuppressive effects(104) and synergy with
alkylating agents through inhibition of DNA damage repair(105). In a retrospective analysis
of 112 patients with AML (n=80) or high-risk myelodysplastic syndrome (MDS) (n=32)
who underwent allo-SCT following FM conditioning at MDACC, the 2-year OS was 44%
despite the presence of active disease in 82 patients at the time of transplantation(106).
While the cumulative incidence of NRM for the whole cohort was 54% at last follow-up, it
was 20% at 2 years among patients in CR at transplantation, demonstrating a relatively
favorable toxicity profile. There was no difference in survival and risk of progression
between patients who received 140 mg/m? and 180 mg/m? of melphalan as part of the
conditioning regimen, thus 140mg/m2 remains to this day the standard dose for allogeneic
transplantation.

To further improve regimen-related morbidity and mortality of the FM regimen, van Besien
et al. incorporated alemtuzumab for GVHD prophylaxis in place of post-transplant
methotrexate(107). Later, a retrospective comparison of AML/MDS patients who received
FM conditioning regimen at the University of Chicago with alemtuzumab, and at our
institution without alemtuzumab, demonstrated no difference in survival, NRM, or relapse
rate between the two cohorts(108). However, GVHD incidences were significantly lower
among patients who received alemtuzumab.

Reduced-intensity conditioning with FM may be a particularly good option for patients with
primary myelofibrosis (PMF), since the average age at PMF diagnosis is approximately 60
years(109). Devine and colleagues were the first to report the use of FM140 in a small
number of myelofibrosis patients(110). Further retrospective studies demonstrated long-term
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disease-free survival in PMF patients after allo-SCT with FM conditioning(111, 112). We
recently reported our experience in PMF patients with leukemic transformation(113). All
patients who received FM conditioning engrafted and all JAK2V617F mutation-positive
patients became negative on day 30 after transplant. Approximately half of the patients
survived long term, suggesting that induction chemotherapy followed by allo-SCT with
FM140 conditioning could be an effective strategy for patients with AML progressed from
myelofibrosis (113).

Apart from fludarabine, melphalan was also combined with busulfan, carmustine, TBI, and
clofarabine in conditioning of AML patients prior to transplantation (Table 4). Of those,
clofarabine-melphalan combination is of particular interest. Clofarabine was designed to
retain antitumor and immunosuppressive properties of fludarabine while providing an
improved safety profile(114, 115). van Besien and colleagues recently published the results
of their phase I-11 study of clofarabine, melphalan and alemtuzumab conditioning in 82
patients with advanced hematological malignancies, of whom 43 had AML or MDS(116).
All patients engrafted. The incidence of grade 1I-1V aGVHD and cGVHD were 22% and
5%. Among 74 patients who received 140 mg/m?2 of melphalan in the phase 11 part, NRM at
day 100 and 1 year were 19% and 26%. One-year OS was 59%.

In summary, fludarabine-melphalan combination is an alternative to busulfan-based
conditioning regimens in myeloid malignancies. Future studies should explore the
combination with clofarabine to enhance its antitumor effects.

LYMPHOID MALIGNANCIES

Although melphalan was not part of the conditioning regimen used in the groundbreaking
study by Philip et al. which showed superior survival with ASCT over salvage
chemotherapy in patients with chemosensitive relapsed/refractory lymphomas(117), it was
subsequently incorporated into the probably most commonly used conditioning regimen for
patients with lymphoma today, BEAM (carmustine, etoposide, arabinoside, melphalan at
140 mg/m?2). BEAM, designed in mid-80s(118, 119), was favored over BEAC (with
cyclophosphamide) in most transplant centers due to its simpler treatment scheme.
Mucositis is almost universal following BEAM chemotherapy, commonly requiring opioids
and sometimes total parenteral nutrition(120-122). Still, BEAM is a fairly well-tolerated
regimen with early NRM rates of less than 5%(122-125).

ASCT with BEAM is effective in treatment of both chemosensitive aggressive NHL and
Hodgkin lymphoma (HL). Among relapsed/refractory aggressive chemosensitive NHL
patients, long-term OS and PFS ranged between 56%—-64% and 49%--51% after ASCT with
BEAM conditioning(120, 122, 123). In retrospective analyses, BEAM was also observed to
be effective in the treatment of anaplastic large cell lymphomas and angioimmunoblastic
lymphomas(126, 127). As in NHL, BEAM is highly effective in patients with
chemosensitive relapsed/refractory HL, with reported long-term OS and PFS rates of 56%—
78% and 49%-69% 54 55(122, 125, 128, 129).

More recently, fotemustine and bendamustine were substituted for carmustine to improve
the antitumor effect of BEAM regimen. In a prospective study including 84 relapsed/
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refractory lymphoma patients who underwent ASCT with FEAM regimen (with
fotemustine), 100 day NRM was 2% with 74 patients (88%) still alive after a median follow-
up of 13 months(130). Meanwhile, in a similar study with BeEAM (with bendamustine
instead of carmustine) which included 43 relapsed/refractory lymphoma patients, none of
the patients died within 100 days of transplant. Thirty-five patients (81%) were still alive
after a median follow-up of 18 months(131).

Melphalan was also used in combination with busulfan prior to ASCT for the treatment of
lymphoid malignancies. First, Srivastava and colleagues demonstrated the feasibility of
melphalan in combination with oral busulfan in 24 patients with a variety of
malignancies(132). Recently, our group reported the results from a phase 11 trial of
pharmacokinetics-guided intravenous busulfan and melphalan conditioning prior to ASCT
for patients with advanced lymphoid malignancies(133). No grade IV regimen-related
toxicity was observed. TRM at day 100 and 3 years were 1% and 3%. Among 49 and 12
patients with HD and NHL beyond first CR, 2-year OS rates were 85% and 67%.

To further improve its anti-tumor effect, our group incorporated gemcitabine into the i.v.
busulfan and melphalan regimen (GemBuMel). In a retrospective comparison of 115
refractory HD patients who underwent ASCT with BEAM (n=26), busulfan-melphalan
(n=38), and GemBuMel (n=51) conditioning during the same period of time, no treatment-
related deaths were observed in any cohort. Patients who received GemBuMel had a
significantly better OS and PFS despite having worse prognostic features(134).

Our group was also the first to demonstrate the feasibility of BEAM as a preparative
regimen for allo-SCT from matched related donors in patients with NHL(135).
Subsequently, its feasibility was shown in patients with matched unrelated donors and
mismatched related donors with the addition of alemtuzumab in the conditioning
regimen(136, 137). In a retrospective analysis of 65 lymphoma patients who relapsed or
were ineligible for ASCT treated with allo-SCT with BEAM-alemtuzumab conditioning,
Faulkner et al. reported a two-year NRM of 13% while primary graft failure occurred in 3
patients. Three-year OS was 63%.

Apart from BEAM, FM combination was also successfully implemented for conditioning of
lymphoma patients prior to allo-SCT. After the report of a case with relapsed HL treated
with allo-SCT using FM conditioning(138), Branson and colleagues reported on allo-SCT
using FM140 in 38 patients with lymphoproliferative malignancies which relapsed after
ASCT(139). At a median follow-up of 14 months, OS, PFS, and NRM were 53%, 50%, and
20%, respectively. Additionally, FM regimen with alemtuzumab was found to be effective
in advanced CLL patients, with relatively low toxicity and a PFS of 45% at 2 years(140).
Recently, Anderlini and colleagues reported our experience with allogeneic transplantation
in HL patients with FM conditioning(141). Fifty-eight patients were treated with a day-100
TRM of 7%. OS at 2 years and last follow-up were 64% and 48%, despite the heavily
treated cohort of patients. Table 5 summarizes the results from studies of allo-SCT with FM
conditioning in lymphoma patients.
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Melphalan has also been used as part of conditioning for patients with acute lymphoblastic
leukemia (ALL) undergoing allo-SCT. Deconinck et al. reported on consolidation allo-SCT
with an intensified conditioning of 12 Gy fractionated TBI, arabinoside 3 g/m2 for 8 doses,
and melphalan 140 mg/m? in 42 high-risk ALL patients in CR1(142). All but one patient
engrafted. OS and EFS at last follow-up were 45% and 40%, similar to those reported with
other conditioning regimens not containing melphalan(143, 144). Reduced-intensity
conditioning with FM140 was also investigated in a prospective trial in 37 patients with
high-risk ALL in CR(145). All patients were engrafted with 16 and 21 (76%) developing
grade I1-1V acute GVHD and chronic GVHD, respectively. At 3 years, NRM, DFS, and OS
were 18%, 63%, and 64%, demonstrating the feasibility of this regimen for patients with
ALL.

BEAM conditioning is still the standard of care for ASCT in patients with lymphoid
malignancies, while newer conditioning regimens are being explored. For allo-SCT, BEAM
and FM regimens may be used successfully in place of TBI-based conditioning.

ALTERNATIVE DONOR TRANSPLANTATION

Melphalan has been incorporated into multiple reduced-intensity conditioning regimens used
in umbilical cord blood transplantation (UCBT)(146-148). Yuji and colleagues reported on
20 advanced lymphoma patients, of whom 12 had relapsed/refractory large B-cell
lymphoma, who underwent single umbilical cord blood transplant (UCBT) with fludarabine
25 mg/m2 for 5 days, melphalan 80 mg/m2, and 4 Gy TBI. Only one patient developed
primary graft failure. NRM at day 100 was relatively high at 41%, and OS and PFS at 1 year
were both 50%. Recently, the Dana-Farber group reported an improved NRM with FM-
ATG regimen and use of double umbilical cord blood units in 32 patients with advanced
hematological malignancies(147). No primary graft failure was reported. Three and four
patients experienced grade I1-1V aGVHD and cGVHD. NRM at 100 days and 2 years were
13% and 34%. At 2 years, PFS and OS were 31% and 53%, demonstrating the safety and
efficacy of this regimen.

Melphalan has also been used as part of conditioning before transplantation from
haploidentical related donors (haploSCT). Lacerda and colleagues treated 14 patients with a
regimen consisting of fludarabine, melphalan, thiotepa, cyclosporine, and rabbit ATG plus
standard doses of CD34+ selected cells(149). All patients engrafted, 8 developed aGVHD
and 6 survived long term. Subsequently, Bethge et al. used the fludarabine 150-200 mg/m2,
melphalan 120 mg/m2 and thiotepa 10 mg/kg (FMT) regimen in 29 patients with
hematological malignancies, of whom 23 had acute leukemia(150). Only one patient
experienced primary graft failure. The regimen was well tolerated with no grade 4 toxicities.
The 100-day NRM was 20% with deaths primarily due to infectious complications related to
T-cell depletion. The incidence of grade 11-1VV aGVHD was 48%, and 1-year OS was 35%.

We have utilized FMT regimen prior to both UCBT and haploSCT(151):187. In a phase 11
trial, 28 patients with hematological malignancies, of whom 22 had AML/MDS, received
FMT-ATG followed by CD34+ selected grafts from haploidentical related donors(152). Six
patients failed to achieve primary engraftment and 5 later received second transplants. Of
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these, 3 out of 4 tested patients were found to have anti-HLA antibodies. No grade 111-1V
aGVHD was observed and 4 patients developed cGVHD. NRM at 100 days and last follow-
up were 18% and 40%, primarily due to infectious complications. OS at last follow-up was
18%. More recently, we presented our early results with haploSCT after FMT conditioning
regimen using T-cell replete grafts and post-transplant cyclophosphamide(153). Primary
engraftment was improved and achieved in 94% of patients, TRM at 100 days was only 9%
and OS at 1 year was 66%, demonstrating improved early outcomes with use of T-cell
replete grafts compared to T-cell depleted haploSCT after conditioning with the same
regimen (FMT).

For alternative donor transplants, we believe melphalan remains the mainstay conditioning
drug. For patients with low grade lymphoid malignancies and older patients with acute
leukemia in remission, reduced doses of melphalan in combination with fludarabine and
thiotepa can be used as an alternative to fludarabine-cyclophosphamide-TBI
conditioning(154).

FUTURE DIRECTIONS

In summary, since its discovery more than 50 years ago, melphalan use has been expanded
to all forms of transplantation. As we move forward, this drug will likely to remain an
essential component of pre-transplant preparative regimens for autologous and allogeneic
stem-cell transplantation, and will probably continue to provide the framework for building
newer and better conditioning regimens in the future. Improving the antitumor activity may
prove effective by adding busulfan to the melphalan-based conditioning for lymphoid
malignancies or by replacing fludarabine with clofarabine for allogeneic stem cell
transplantation. Targeting mephalan dose based on area-under the curve, similar to busuflan,
could be explored to maximize efficacy and minimize toxicity of this drug. Improving
relapse rate could be also foreseen using cellular therapy after allogeneic stem-cell
transplantation in patients conditioned with FM and alemtuzumab regimen, as patients
develop minimal GVHD and immunosuppression can be tapered early post transplant.

REFERENCES

1. Bergel F, Stock JA. Cytotoxic alpha amino acids and endopeptidase. Br Emp Cancer Comp Annu.
1953; 31:6-21.

2. Sarosy G, Leyland-Jones B, Soochan P, Cheson BD. The systemic administration of intravenous
melphalan. J Clin Oncol. 1988; 6:1768-1782. [PubMed: 3054005]

3. Singhal S, Powles R, Treleaven J, Horton C, Swansbury GJ, Mehta J. Melphalan alone prior to
allogeneic bone marrow transplantation from HLA-identical sibling donors for hematologic
malignancies: Alloengraftment with potential preservation of fertility in women. Bone Marrow
Transpl. 1996; 18:1049-1055.

4. Samuels BL, Bitran JD. High-Dose Intravenous Melphalan - a Review. J Clin Oncol. 1995;
13:1786-1799. [PubMed: 7602368]

5. Vistica DT. Cytotoxicity as an indicator for transport mechanism: evidence that melphalan is
transported by two leucine-preferring carrier systems in the L1210 murine leukemia cell.
Biochimica et biophysica acta. 1979; 550:309-317. [PubMed: 569503]

6. Gera S, Musch E, Osterheld HK, Loos U. Relevance of the hydrolysis and protein binding of
melphalan to the treatment of multiple myeloma. Cancer Chemother Pharmacol. 1989; 23:76-80.
[PubMed: 2910515]

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bayraktar et al. Page 13

7. Ardiet C, Tranchand B, Biron P, Rebattu P, Philip T. Pharmacokinetics of high-dose intravenous
melphalan in children and adults with forced diuresis. Report in 26 cases. Cancer Chemother
Pharmacol. 1986; 16:300-305. [PubMed: 3516430]

8. Gouyette A, Hartmann O, Pico JL. Pharmacokinetics of high-dose melphalan in children and adults.
Cancer Chemother Pharmacol. 1986; 16:184-189. [PubMed: 3948304]

9. Reece PA, Hill HS, Green RM, et al. Renal clearance and protein binding of melphalan in patients
with cancer. Cancer Chemother Pharmacol. 1988; 22:348-352. [PubMed: 3168148]

10. Tattersall MH, Jarman M, Newlands ES, Holyhead L, Milstead RA, Weinberg A. Pharmaco-
kinetics of melphalan following oral or intravenous administration in patients with malignant
disease. Eur J Cancer. 1978; 14:507-513. [PubMed: 648565]

11. Bosanquet AG, Gilby ED. Pharmacokinetics of oral and intravenous melphalan during routine
treatment of multiple myeloma. European journal of cancer & clinical oncology. 1982; 18:355—
362. [PubMed: 6889512]

12. Poplin E, Smith H, Behrens B, et al. SWOG 8825: melphalan GM-CSF: a phase | study. Gynecol
Oncol. 1992; 44:66-70. [PubMed: 1730428]

13. Nath CE, Shaw PJ, Trotman J, et al. Population pharmacokinetics of melphalan in patients with
multiple myeloma undergoing high dose therapy. British journal of clinical pharmacology. 2010;
69:484-497. [PubMed: 20573084]

14. Cornwell GG 3rd, Pajak TF, Mcintyre OR, Kochwa S, Dosik H. Influence of renal failure on
myelosuppressive effects of melphalan: Cancer and Leukemia Group B experience. Cancer
treatment reports. 1982; 66:475-481. [PubMed: 7060036]

15. Giralt S. Reduced-intensity conditioning regimens for hematologic malignancies: what have we
learned over the last 10 years? Hematology / the Education Program of the American Society of
Hematology American Society of Hematology Education Program. 2005:384-389. [PubMed:
16304408]

16. Moreau P, Fiere D, Bezwoda WR, et al. Prospective randomized placebo-controlled study of
granulocyte-macrophage colony-stimulating factor without stem-cell transplantation after high-
dose melphalan in patients with multiple myeloma. J Clin Oncol. 1997; 15:660-666. [PubMed:
9053491]

17. Lazarus HM, Herzig RH, Graham-Pole J, et al. Intensive melphalan chemotherapy and
cryopreserved autologous bone marrow transplantation for the treatment of refractory cancer. J
Clin Oncol. 1983; 1:359-367. [PubMed: 6366139]

18. Lilleby K, Garcia P, Gooley T, et al. A prospective, randomized study of cryotherapy during
administration of high-dose melphalan to decrease the severity and duration of oral mucositis in
patients with multiple myeloma undergoing autologous peripheral blood stem cell transplantation.
Bone Marrow Transplant. 2006; 37:1031-1035. [PubMed: 16633359]

19. Phillips GL, Meisenberg B, Reece DE, et al. Amifostine and autologous hematopoietic stem cell
support of escalating-dose melphalan: A phase | study. Biol Blood Marrow Tr. 2004; 10:473-483.

20. Hersh MR, Ludden TM, Kuhn JG, Knight WA 3rd. Pharmacokinetics of high dose melphalan.
Investigational new drugs. 1983; 1:331-334. [PubMed: 6678879]

21. Selby PJ, McElwain TJ, Nandi AC, et al. Multiple myeloma treated with high dose intravenous
melphalan. Br J Haematol. 1987; 66:55-62. [PubMed: 3593657]

22. Pritchard J, McElwain TJ, Graham-Pole J. High-dose melphalan with autologous marrow for
treatment of advanced neuroblastoma. Br J Cancer. 1982; 45:86-94. [PubMed: 7037033]

23. Westerfield BT, Michalski JP, McCombs C, Light RW. Reversible melphalan-induced lung
damage. The American journal of medicine. 1980; 68:767—771. [PubMed: 7377225]

24. Olivieri A, Corvatta L, Montanari M, et al. Paroxysmal atrial fibrillation after high-dose melphalan
in five patients autotransplanted with blood progenitor cells. Bone Marrow Transplant. 1998;
21:1049-1053. [PubMed: 9632280]

25. Sirohi B, Cunningham D, Powles R, et al. Long-term outcome of autologous stem-cell
transplantation in relapsed or refractory Hodgkin's lymphoma. Ann Oncol. 2008; 19:1312-1319.
[PubMed: 18356139]

26. Harrison CN, Gregory W, Hudson GV, et al. High-dose BEAM chemotherapy with autologous
haemopoietic stem cell transplantation for Hodgkin's disease is unlikely to be associated with a

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bayraktar et al.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 14

major increased risk of secondary MDS/AML. Br J Cancer. 1999; 81:476-483. [PubMed:
10507773]

Rajkumar SV. Treatment of multiple myeloma. Nat Rev Clin Oncol. 2011; 8:479-491. [PubMed:
21522124]

Blokhin N, Larionov L, Perevodchikova N, Chebotareva L, Merkulova N. [Clinical experiences
with sarcolysin in neoplastic diseases]. Ann N Y Acad Sci. 1958; 68:1128-1132. [PubMed:
13627766]

McElwain TJ, Powles RL. High-dose intravenous melphalan for plasma-cell leukaemia and
myeloma. Lancet. 1983; 2:822-824. [PubMed: 6137651]

Barlogie B, Hall R, Zander A, Dicke K, Alexanian R. High-dose melphalan with autologous bone
marrow transplantation for multiple myeloma. Blood. 1986; 67:1298-1301. [PubMed: 3516252]

Attal M, Harousseau JL, Stoppa AM, et al. A prospective, randomized trial of autologous bone
marrow transplantation and chemotherapy in multiple myeloma. Intergroupe Francais du
Myelome. N Engl J Med. 1996; 335:91-97. [PubMed: 8649495]

Child JA, Morgan GJ, Davies FE, et al. High-dose chemotherapy with hematopoietic stem-cell
rescue for multiple myeloma. N Engl J Med. 2003; 348:1875-1883. [PubMed: 12736280]

Fermand JP, Ravaud P, Chevret S, et al. High-dose therapy and autologous peripheral blood stem
cell transplantation in multiple myeloma: up-front or rescue treatment? Results of a multicenter
sequential randomized clinical trial. Blood. 1998; 92:3131-3136. [PubMed: 9787148]

Blade J, Rosinol L, Sureda A, et al. High-dose therapy intensification compared with continued
standard chemotherapy in multiple myeloma patients responding to the initial chemotherapy: long-
term results from a prospective randomized trial from the Spanish cooperative group PETHEMA.
Blood. 2005; 106:3755-3759. [PubMed: 16105975]

Fermand JP, Katsahian S, Divine M, et al. High-dose therapy and autologous blood stem-cell
transplantation compared with conventional treatment in myeloma patients aged 55 to 65 years:
long-term results of a randomized control trial from the Group Myelome-Autogreffe. J Clin Oncol.
2005; 23:9227-9233. [PubMed: 16275936]

Barlogie B, Kyle RA, Anderson KC, et al. Standard chemotherapy compared with high-dose
chemoradiotherapy for multiple myeloma: final results of phase 111 US Intergroup Trial S9321. J
Clin Oncol. 2006; 24:929-936. [PubMed: 16432076]

Giralt S. Stem cell transplantation for multiple myeloma: current and future status. Hematology /
the Education Program of the American Society of Hematology American Society of Hematology
Education Program. 2011; 2011:191-196. [PubMed: 22160033]

Barlogie B, Jagannath S, Vesole DH, et al. Superiority of tandem autologous transplantation over
standard therapy for previously untreated multiple myeloma. Blood. 1997; 89:789-793. [PubMed:
9028309]

Cavo M, Tosi P, Zamagni E, et al. Prospective, randomized study of single compared with double
autologous stem-cell transplantation for multiple myeloma: Bologna 96 clinical study. J Clin
Oncol. 2007; 25:2434-2441. [PubMed: 17485707]

Kumar A, Kharfan-Dabaja MA, Glasmacher A, Djulbegovic B. Tandem versus single autologous
hematopoietic cell transplantation for the treatment of multiple myeloma: a systematic review and
meta-analysis. J Natl Cancer Inst. 2009; 101:100-106. [PubMed: 19141779]

Jagannath S, Vesole DH, Glenn L, Crowley J, Barlogie B. Low-risk intensive therapy for multiple
myeloma with combined autologous bone marrow and blood stem cell support. Blood. 1992;
80:1666-1672. [PubMed: 1391937]

Moreau P, Milpied N, Mahe B, et al. Melphalan 220 mg/m2 followed by peripheral blood stem cell
transplantation in 27 patients with advanced multiple myeloma. Bone Marrow Transplant. 1999;
23:1003-1006. [PubMed: 10373065]

Moreau P, Facon T, Attal M, et al. Comparison of 200 mg/m(2) melphalan and 8 Gy total body
irradiation plus 140 mg/m(2) melphalan as conditioning regimens for peripheral blood stem cell
transplantation in patients with newly diagnosed multiple myeloma: final analysis of the
Intergroupe Francophone du Myelome 9502 randomized trial. Blood. 2002; 99:731-735.
[PubMed: 11806971]

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bayraktar et al.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 15

Palumbo A, Bringhen S, Bruno B, et al. Melphalan 200 mg/m(2) versus melphalan 100 mg/m(2) in
newly diagnosed myeloma patients: a prospective, multicenter phase 3 study. Blood. 115:1873—
1879. [PubMed: 19965659]

Facon T, Mary JY, Hulin C, et al. Melphalan and prednisone plus thalidomide versus melphalan
and prednisone alone or reduced-intensity autologous stem cell transplantation in elderly patients
with multiple myeloma (IFM 99-06): a randomised trial. Lancet. 2007; 370:1209-1218. [PubMed:
17920916]

Kumar SK, Dingli D, Lacy MQ, et al. Autologous stem cell transplantation in patients of 70 years
and older with multiple myeloma: Results from a matched pair analysis. Am J Hematol. 2008;
83:614-617. [PubMed: 18429054]

Badros A, Barlogie B, Siegel E, et al. Autologous stem cell transplantation in elderly multiple
myeloma patients over the age of 70 years. Br J Haematol. 2001; 114:600-607. [PubMed:
11552985]

Bashir Q, Shah N, Parmar S, et al. Feasibility of autologous hematopoietic stem cell transplant in
patients aged >/=70 years with multiple myeloma. Leuk Lymphoma. 2012; 53:118-122. [PubMed:
21780997]

Tricot G, ALberts DS, Johnson C, et al. Safety of autotransplants with high-dose melphalan in
renal failure: A pharmacokinetic and toxicity study. Clin Cancer Res. 1996; 2:947-952. [PubMed:
9816255]

Badros A, Barlogie B, Siegel E, et al. Results of autologous stem cell transplant in multiple
myeloma patients with renal failure. Br J Haematol. 2001; 114:822-829. [PubMed: 11564069]

Raab MS, Breitkreutz I, Hundemer M, et al. The outcome of autologous stem cell transplantation
in patients with plasma cell disorders and dialysis-dependent renal failure. Haematologica. 2006;
91:1555-1558. [PubMed: 17082013]

Parikh GC, Amjad Al, Saliba RM, et al. Autologous hematopoietic stem cell transplantation may
reverse renal failure in patients with multiple myeloma. Biology of blood and marrow
transplantation : journal of the American Society for Blood and Marrow Transplantation. 2009;
15:812-816.

Shaw CEN PJ, Nivison-Smith I, et al. Higher Melphalan Exposure Is Associated with Improved
Overall Survival for Myeloma Patients Undergoing Autologous Transplant. Biology of blood and
marrow transplantation : journal of the American Society for Blood and Marrow Transplantation.
2012; 18:S207.

Moreau P, Attal M, Pegourie B, et al. Achievement of VGPR to induction therapy is an important
prognostic factor for longer PFS in the IFM 2005-01 trial. Blood. 2011; 117:3041-3044. [PubMed:
21098740]

van de Velde HJ, Liu X, Chen G, Cakana A, Deraedt W, Bayssas M. Complete response correlates
with long-term survival and progression-free survival in high-dose therapy in multiple myeloma.
Haematologica. 2007; 92:1399-1406. [PubMed: 18024376]

Harousseau JL, Attal M, Avet-Loiseau H, et al. Bortezomib plus dexamethasone is superior to
vincristine plus doxorubicin plus dexamethasone as induction treatment prior to autologous stem-
cell transplantation in newly diagnosed multiple myeloma: results of the IFM 2005-01 phase 111
trial. J Clin Oncol. 2010; 28:4621-4629. [PubMed: 20823406]

Lokhorst HM, Schmidt-Wolf I, Sonneveld P, et al. Thalidomide in induction treatment increases
the very good partial response rate before and after high-dose therapy in previously untreated
multiple myeloma. Haematologica. 2008; 93:124-127. [PubMed: 18166796]

Cavo M, Tacchetti P, Patriarca F, et al. Bortezomib with thalidomide plus dexamethasone
compared with thalidomide plus dexamethasone as induction therapy before, and consolidation
therapy after, double autologous stem-cell transplantation in newly diagnosed multiple myeloma: a
randomised phase 3 study. Lancet. 2010; 376:2075-2085. [PubMed: 21146205]

Rosinol L, Oriol A, Teruel Al, et al. Superiority of bortezomib, thalidomide and dexamethasone
(VTD) as induction pre-transplantation therapy in multiple myeloma: a randomized phase 111
PETHEMA/GEM study. Blood. 2012

Fenk R, Schneider P, Kropff M, et al. High-dose idarubicin, cyclophosphamide and melphalan as
conditioning for autologous stem cell transplantation increases treatment-related mortality in

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bayraktar et al.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Page 16

patients with multiple myeloma: results of a randomised study. Br J Haematol. 2005; 130:588-
594. [PubMed: 16098074]

Qazilbash MH, Saliba RM, Nieto Y, et al. Arsenic trioxide with ascorbic acid and high-dose
melphalan: results of a phase Il randomized trial. Biology of blood and marrow transplantation :
journal of the American Society for Blood and Marrow Transplantation. 2008; 14:1401-1407.

Lahuerta JJ, Mateos MV, Martinez-Lopez J, et al. Busulfan 12 mg/kg plus melphalan 140 mg/m2
versus melphalan 200 mg/m2 as conditioning regimens for autologous transplantation in newly
diagnosed multiple myeloma patients included in the PETHEMA/GEM2000 study.
Haematologica. 2010; 95:1913-1920. [PubMed: 20663944]

Roussel M, Moreau P, Huynh A, et al. Bortezomib and high-dose melphalan as conditioning
regimen before autologous stem cell transplantation in patients with de novo multiple myeloma: a
phase 2 study of the Intergroupe Francophone du Myelome (IFM). Blood. 2010; 115:32-37.
[PubMed: 19884643]

Harousseau JLMC, Attal M, et al. Bortezomib/dexamethasone versus VAD as induction prior to
autologous stem cell transplantation (ASCT) in previously untreated multiple myeloma (MM):
updated data from IFM 2005/01 trial [abstract]. J Clin Oncol (Meeting Abstracts). 2008; 26(15S)
Abstract 8505.

Sharma M, Khan H, Thall PF, et al. A randomized phase 2 trial of a preparative regimen of
bortezomib, high-dose melphalan, arsenic trioxide, and ascorbic acid. Cancer-Am Cancer Soc.
2011

Tricot G, Vesole DH, Jagannath S, Hilton J, Munshi N, Barlogie B. Graft-versus-myeloma effect:
proof of principle. Blood. 1996; 87:1196-1198. [PubMed: 8562947]

BG Durie, JG.; Klein, JP.; Pelz, C.; Nugent, ML.; Horowitz, MM. Allogeneic bone marrow
transplants for multiple myeloma: An IBMTR analysis (Meeting abstract). ASCO Annual Meeting
Abstract (1358); JCO. 1995.

Gahrton G, Tura S, Ljungman P, et al. Prognostic factors in allogeneic bone marrow
transplantation for multiple myeloma. Journal of clinical oncology : official journal of the
American Society of Clinical Oncology. 1995; 13:1312-1322. [PubMed: 7751876]

Crawley C, lacobelli S, Bjorkstrand B, Apperley JF, Niederwieser D, Gahrton G. Reduced-
intensity conditioning for myeloma: lower nonrelapse mortality but higher relapse rates compared
with myeloablative conditioning. Blood. 2007; 109:3588-3594. [PubMed: 17158231]

Giralt S, Aleman A, Anagnostopoulos A, et al. Fludarabine/melphalan conditioning for allogeneic
transplantation in patients with multiple myeloma. Bone Marrow Transpl. 2002; 30:367-373.
Kroger N, Schwerdtfeger R, Kiehl M, et al. Autologous stem cell transplantation followed by a
dose-reduced allograft induces high complete remission rate in multiple myeloma. Blood. 2002;
100:755-760. [PubMed: 12130482]

Rotta M, Storer BE, Sahebi F, et al. Long-term outcome of patients with multiple myeloma after
autologous hematopoietic cell transplantation and nonmyeloablative allografting. Blood. 2009;
113:3383-3391. [PubMed: 19015394]

Bruno B, Rotta M, Patriarca F, et al. Nonmyeloablative allografting for newly diagnosed multiple
myeloma: the experience of the Gruppo Italiano Trapianti di Midollo. Blood. 2009; 113:3375—
3382. [PubMed: 19064724]

Lee CK, Badros A, Barlogie B, et al. Prognostic factors in allogeneic transplantation for patients
with high-risk multiple myeloma after reduced intensity conditioning. Exp Hematol. 2003; 31:73-
80. [PubMed: 12543109]

Garban F, Attal M, Michallet M, et al. Prospective comparison of autologous stem cell
transplantation followed by dose-reduced allograft (IFM99-03 trial) with tandem autologous stem
cell transplantation (IFM99-04 trial) in high-risk de novo multiple myeloma. Blood. 2006;
107:3474-3480. [PubMed: 16397129]

Rosinol L, Perez-Simon JA, Sureda A, et al. A prospective PETHEMA study of tandem autologous
transplantation versus autograft followed by reduced-intensity conditioning allogeneic
transplantation in newly diagnosed multiple myeloma. Blood. 2008; 112:3591-3593. [PubMed:
18612103]

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bayraktar et al.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Page 17

Bruno B, Rotta M, Patriarca F, et al. A comparison of allografting with autografting for newly
diagnosed myeloma. The New England journal of medicine. 2007; 356:1110-1120. [PubMed:
17360989]

Lokhorst HSP, van der Holt B, et al. Donor versus no donor analysis of newly diagnosed
diagnosed myeloma patients included in the HOVON 50/54 study. Blood (abstr). 2008; 112:461.

Gahrton GBB, lacobelli S, et al. Tandem autologous(ASCT)/ allogeneic reduced intensity
conditioning transplantation (RIC) with identical sibling donor versus ASCT in previously
untreated multiple myeloma (MM): Long term follow up of a prospective controlled trial by the
EBMT. Blood (abstr). 2009; 114:52.

Bjorkstrand B, lacobelli S, Hegenbart U, et al. Tandem autologous/reduced-intensity conditioning
allogeneic stem-cell transplantation versus autologous transplantation in myeloma: long-term
follow-up. Journal of clinical oncology : official journal of the American Society of Clinical
Oncology. 2011; 29:3016-3022. [PubMed: 21730266]

Amrita Krishnan MCP, Marian Ewell, Stadtmauer Edward A, Alyea Edwin P 111, Antin Joseph H,
Comenzo Raymond L, Stacey Goodman, Parameswaran Hari, Robert Negrin, Qazilbash Muzaffar
H, Rowley Scott D, Firoozeh Sahebi, George Somlo, Vesole David H, Vogl Dan T, Weisdorf
Daniel J, Nancy Geller, Horowitz Mary M, Sergio Giralt, Maloney David G. Tandem Autologous
Hematopoietic Stem Cell Transplants (AuHCT) with or without Maintenance Therapy (auto-auto)
Versus Single AUHCT Followed by HLA Matched Sibling Non- Myeloablative Allogeneic HCT
(auto-allo) for Patients with Standard Risk (SR) Multiple Myeloma (MM): Results From the Blood
and Marrow Transplant Clinical Trials Network (BMT CTN). Blood (abstr). 2010; 116:41.

Knop SLP, Hebart H, et al. Allogeneic stem cell transplant versus tandem high-dose melphalan for
front-line treatment of deletion 13q14 myeloma: An interim analysis of the German DSMM V
trial. Blood (abstr). 2009; 114:51.

Moreau P, Garban F, Attal M, et al. Long-term follow-up results of IFM99-03 and IFM99-04 trials
comparing nonmyeloablative allotransplantation with autologous transplantation in high-risk de
novo multiple myeloma. Blood. 2008; 112:3914-3915. [PubMed: 18948589]

Krishnan A, Pasquini MC, Logan B, et al. Autologous haemopoietic stem-cell transplantation
followed by allogeneic or autologous haemopoietic stem-cell transplantation in patients with
multiple myeloma (BMT CTN 0102): a phase 3 biological assignment trial. Lancet Oncol. 2011;
12:1195-1203. [PubMed: 21962393]

Lokhorst HM, van der Holt B, Cornelissen JJ, et al. Donor versus no donor comparison of newly
diagnosed myeloma patients included in the HOVON 50 multiple myeloma study. Blood. 2012
Stefan Knop PL, Holger Hebart, Ernst Holler, Monika Engelhardt. Allogeneic Stem Cell
Transplant Versus Tandem High-Dose Melphalan for Front-Line Treatment of Deletion 13q14
Myeloma — An Interim Analysis of the German DSMM V Trial. Blood. 2009; 114 Abstract 51.

Skinner M, Sanchorawala V, Seldin DC, et al. High-dose melphalan and autologous stem-cell
transplantation in patients with AL amyloidosis: an 8-year study. Ann Intern Med. 2004; 140:85—
93. [PubMed: 14734330]

Cibeira MT, Sanchorawala V, Seldin DC, et al. Outcome of AL amyloidosis after high-dose
melphalan and autologous stem cell transplantation: long-term results in a series of 421 patients.
Blood. 2011; 118:4346-4352. [PubMed: 21828140]

Cohen AD, Zhou P, Chou J, et al. Risk-adapted autologous stem cell transplantation with adjuvant
dexamethasone +/- thalidomide for systemic light-chain amyloidosis: results of a phase 11 trial.
Brit J Haematol. 2007; 139:224-233. [PubMed: 17897298]

Gertz MA. | don't know how to treat amyloidosis. Blood. 2010; 116:507-508. [PubMed:
20671130]

Lebovic D, Hoffman J, Levine BM, et al. Predictors of survival in patients with systemic light-
chain amyloidosis and cardiac involvement initially ineligible for stem cell transplantation and
treated with oral melphalan and dexamethasone. Brit J Haematol. 2008; 143:369-373. [PubMed:
18691169]

Dietrich S, Schonland SO, Benner A, et al. Treatment with intravenous melphalan and
dexamethasone is not able to overcome the poor prognosis of patients with newly diagnosed
systemic light chain amyloidosis and severe cardiac involvement. Blood. 2010; 116:522-528.
[PubMed: 20375312]

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bayraktar et al.

93.

94.

95.

96.

97.

98.

99.

Page 18

Wechalekar AD, Hawkins PN, Gillmore JD. Perspectives in treatment of AL amyloidosis. Brit J
Haematol. 2008; 140:365-377. [PubMed: 18162121]

Dispenzieri A, Lacy MQ, Kyle RA, et al. Eligibility for hematopoietic stem-cell transplantation for
primary systemic amyloidosis is a favorable prognostic factor for survival. Journal of clinical
oncology : official journal of the American Society of Clinical Oncology. 2001; 19:3350-3356.
[PubMed: 11454882]

Dispenzieri A, Kyle RA, Lacy MQ, et al. Superior survival in primary systemic amyloidosis
patients undergoing peripheral blood stem cell transplantation: a case-control study. Blood. 2004;
103:3960-3963. [PubMed: 14739213]

Jaccard A, Moreau P, Leblond V, et al. High-dose melphalan versus melphalan plus
dexamethasone for AL amyloidosis. The New England journal of medicine. 2007; 357:1083-1093.
[PubMed: 17855669]

Kumar S, Dispenzieri A, Gertz MA. High-dose melphalan versus melphalan plus dexamethasone
for AL amyloidosis. The New England journal of medicine. 2008; 358:91. author reply 92-93.
[PubMed: 18172183]

Sanchorawala V, Wright DG, Quillen K, et al. Tandem cycles of high-dose melphalan and
autologous stem cell transplantation increases the response rate in AL amyloidosis. Bone Marrow
Transpl. 2007; 40:557-562.

Helenglass G, Powles RL, McElwain TJ, et al. Melphalan and total body irradiation (TBI) versus
cyclophosphamide and TBI as conditioning for allogeneic matched sibling bone marrow
transplants for acute myeloblastic leukaemia in first remission. Bone Marrow Transplant. 1988;
3:21-29. [PubMed: 3048467]

100. Michel G, Maraninchi D, Demeocq F, et al. Repeated courses of high dose melphalan and

101.

unpurged autologous bone marrow transplantation in children with acute non-lymphoblastic
leukemia in first complete remission. Bone Marrow Transplant. 1988; 3:105-111. [PubMed:
3048474]

Maraninchi D, Pico JL, Hartmann O, et al. High-dose melphalan with or without marrow
transplantation: a study of dose-effect in patients with refractory and/or relapsed acute leukemias.
Cancer treatment reports. 1986; 70:445-448. [PubMed: 3516394]

102. Giralt S, Cohen A, Mehra R, et al. Preliminary results of fludarabine/melphalan or 2CDA/

melphalan (2CDA/M) as preparative regimens for allogeneic progenitor cell transplantation (allo-
PCT) in poor candidates for conventional myeloablative conditioning. Blood. 1997; 90:1853-
1853.

103. Giralt S, Thall PF, Khouri I, et al. Melphalan and purine analog-containing preparative regimens:

reduced-intensity conditioning for patients with hematologic malignancies undergoing allogeneic
progenitor cell transplantation. Blood. 2001; 97:631-637. [PubMed: 11157478]

104. Terenzi A, Aristei C, Aversa F, et al. Efficacy of fludarabine as an immunosuppressor for bone

marrow transplantation conditioning: preliminary results. Transplant Proc. 1996; 28:3101.
[PubMed: 8962201]

105. Gandhi V, Plunkett W. Cellular and clinical pharmacology of fludarabine. Clinical

pharmacokinetics. 2002; 41:93-103. [PubMed: 11888330]

106. Oran B, Giralt S, Saliba R, et al. Allogeneic hematopoietic stem cell transplantation for the

treatment of high-risk acute myelogenous leukemia and myelodysplastic syndrome using
reduced-intensity conditioning with fludarabine and melphalan. Biol Blood Marrow Tr. 2007;
13:454-462.

107. van Besien K, Artz A, Smith S, et al. Fludarabine, melphalan, and alemtuzumab conditioning in

adults with standard-risk advanced acute myeloid leukemia and myelodysplastic syndrome. J
Clin Oncol. 2005; 23:5728-5738. [PubMed: 16009946]

108. Van Besien K, Kunavakkam R, Rondon G, et al. Fludarabine-Melphalan Conditioning for AML

and MDS: Alemtuzumab Reduces Acute and Chronic GVHD without Affecting Long-Term
Outcomes. Biol Blood Marrow Tr. 2009; 15:610-617.

109. Mesa RA, Silverstein MN, Jacobsen SJ, Wollan PC, Tefferi A. Population-based incidence and

survival figures in essential thrombocythemia and agnogenic myeloid metaplasia: An Olmsted
County study, 1976-1995. Am J Hematol. 1999; 61:10-15. [PubMed: 10331505]

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bayraktar et al.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Page 19

Devine SM, Hoffman R, Verma A, et al. Allogeneic blood cell transplantation following reduced-
intensity conditioning is effective therapy for older patients with myelofibrosis with myeloid
metaplasia. Blood. 2002; 99:2255-2258. [PubMed: 11877308]

Rondelli D, Barosi G, Bacigalupo A, et al. Allogeneic hematopoietic stem-cell transplantation
with reduced-intensity conditioning in intermediate- or high-risk patients with myelofibrosis with
myeloid metaplasia. Blood. 2005; 105:4115-4119. [PubMed: 15671439]

Snyder DS, Palmer J, Stein AS, et al. Allogeneic hematopoietic cell transplantation following
reduced intensity conditioning for treatment of myelofibrosis. Biol Blood Marrow Tr. 2006;
12:1161-1168.

Ciurea SO, de Lima M, Giralt S, et al. Allogeneic Stem Cell Transplantation for Myelofibrosis
with Leukemic Transformation. Biol Blood Marrow Tr. 2010; 16:555-559.

Bonate PL, Arthaud L, Cantrell WR Jr. Stephenson K, Secrist JA 3rd, Weitman S. Discovery and
development of clofarabine: a nucleoside analogue for treating cancer. Nature reviews Drug
discovery. 2006; 5:855-863.

Long-Boyle J, Huang J, Rydholm N, et al. Pharmacokinetics of clofarabine in patients with high-
risk inherited metabolic disorders undergoing brain-sparing hematopoietic cell transplantation.
Journal of clinical pharmacology. 2011; 51:679-686. [PubMed: 20525919]

van Besien K, Stock W, Rich E, et al. Phase I-11 Study of Clofarabine-Melphalan-Alemtuzumab
Conditioning for Allogeneic Hematopoietic Cell Transplantation. Biology of blood and marrow
transplantation : journal of the American Society for Blood and Marrow Transplantation. 2011

Philip T, Guglielmi C, Hagenbeek A, et al. Autologous Bone-Marrow Transplantation as
Compared with Salvage Chemotherapy in Relapses of Chemotherapy-Sensitive Non-Hodgkins-
Lymphoma. New Engl J Med. 1995; 333:1540-1545. [PubMed: 7477169]

Philip T, Biron P, Philip I, et al. Massive Therapy and Autologous Bone-Marrow Transplantation
in Pediatric and Young-Adults - Burkitts-Lymphoma (30 Courses on 28 Patients - a 5-Year
Experience). European journal of cancer & clinical oncology. 1986; 22:1015-1027. [PubMed:
3533558]

Anderson CC, Goldstone AH, Souhami RL, et al. Very High-Dose Chemotherapy with
Autologous Bone-Marrow Rescue in Adult Patients with Resistant Relapsed Lymphoma. Cancer
Chemoth Pharm. 1986; 16:170-175.

Mills W, Chopra R, Mcmillan A, Pearce R, Linch DC, Goldstone AH. Beam Chemotherapy and
Autologous Bone-Marrow Transplantation for Patients with Relapsed or Refractory Non-
Hodgkins-Lymphoma. J Clin Oncol. 1995; 13:588-595. [PubMed: 7884420]

Gaspard MH, Maraninchi D, Stoppa AM, et al. Intensive Chemotherapy with High-Doses of
Bcnu, Etoposide, Cytosine-Arabinoside, and Melphalan (Beam) Followed by Autologous Bone-
Marrow Transplantation - Toxicity and Antitumor-Activity in 26 Patients with Poor-Risk
Malignancies. Cancer Chemoth Pharm. 1988; 22:256-262.

Caballero MD, Rubio V, Rifon J, et al. BEAM chemotherapy followed by autologous stem cell
support in lymphoma patients: Analysis of efficacy, toxicity and prognostic factors. Bone
Marrow Transpl. 1997; 20:451-458.

Liu HW, Seftel MD, Rubinger M, et al. Total Body Irradiation Compared with Beam: Long-Term
Outcomes of Peripheral Blood Autologous Stem Cell Transplantation for Non-Hodgkin's
Lymphoma. Int J Radiat Oncol. 2010; 78:513-520.

Kim JE, Lee DH, Yoo C, et al. BEAM or BuCyE high-dose chemotherapy followed by
autologous stem cell transplantation in non-Hodgkin's lymphoma patients: A single center
comparative analysis of efficacy and toxicity. Leukemia Res. 2011; 35:183-187. [PubMed:
20684990]

Argiris A, Seropian S, Cooper DL. High-dose BEAM chemotherapy with autologous peripheral
blood progenitor-cell transplantation for unselected patients with primary refractory or relapsed
Hodgkin's disease. Ann Oncol. 2000; 11:665-672. [PubMed: 10942053]

Deconinck E, Lamy T, Foussard C, et al. Autologous stem cell transplantation for anaplastic

large-cell lymphomas: results of a prospective trial. Brit J Haematol. 2000; 109:736-742.
[PubMed: 10929023]

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bayraktar et al.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Page 20

Kyriakou C, Canals C, Goldstone A, et al. High-dose therapy and autologous stem-cell
transplantation in angioimmunoblastic lymphoma: Complete remission at transplantation is the
major determinant of outcome - Lymphoma working party of the European group for blood and
marrow transplantation. J Clin Oncol. 2008; 26:218-224. [PubMed: 18182664]

Nachbaur D, Greinix HT, Koller E, et al. Long-term results of autologous stem cell
transplantation for Hodgkin's disease (HD) and low-/intermediate-grade B non-Hodgkin's
lymphoma (NHL): a report from the Austrian Stem Cell Transplantation Registry (ASCTR). Ann
Hematol. 2005; 84:462-473. [PubMed: 15726362]

Schmitz N, Pfistner B, Sextro M, et al. Aggressive conventional chemotherapy compared with
high-dose chemotherapy with autologous haemopoietic stem-cell transplantation for relapsed
chemosensitive Hodgkin's disease: a randomised trial. Lancet. 2002; 359:2065-2071. [PubMed:
12086759]

Musso M, Scalone R, Marcacci G, et al. Fotemustine plus etoposide, cytarabine and melphalan
(FEAM) as a new conditioning regimen for lymphoma patients undergoing auto-SCT: a
multicenter feasibility study. Bone Marrow Transpl. 2010; 45:1147-1153.

Visani G, Malerba L, Stefani PM, et al. BeEAM (bendamustine, etoposide, cytarabine,
melphalan) before autologous stem cell transplantation is safe and effective for resistant/relapsed
lymphoma patients. Blood. 2011; 118:3419-3425. [PubMed: 21816830]

Srivastava A, Bradstock KF, Szer J, Debortoli L, Gottlieb DJ. Busulfan and Melphalan Prior to
Autologous Bone-Marrow Transplantation. Bone Marrow Transpl. 1993; 12:323-329.

Kebriaei P, Madden T, Kazerooni R, et al. Intravenous Busulfan Plus Melphalan Is a Highly
Effective, Well-Tolerated Preparative Regimen for Autologous Stem Cell Transplantation in
Patients with Advanced Lymphoid Malignancies. Biol Blood Marrow Tr. 2011; 17:412-420.

Nieto Y, Anderlini P, Popat U, et al. Gemcitabine, Busulfan and Melphalan (GemBuMel) Is a
New High-Dose Chemotherapy (HDC) Regimen with High Activity In Refractory Hodgkin's
Lymphoma (HL) Patients Receiving An Autologous Stem-Cell Transplant (ASCT): A
Contemporaneous Comparison with BEAM and Busulfan/Melphalan (BuMel). Blood. 2010;
116:304-304.

Przepiorka D, van Besien K, Khouri I, et al. Carmustine, etoposide, cytarabine and melphalan as a
preparative regimen for allogeneic transplantation for high-risk malignant lymphoma. Ann
Oncol. 1999; 10:527-532. [PubMed: 10416001]

Cull GM, Haynes AP, Byrne JL, et al. Preliminary experience of allogeneic stem cell
transplantation for lymphoproliferative disorders using BEAM-CAMPATH conditioning: an
effective regimen with low procedure-related toxicity. Brit J Haematol. 2000; 108:754-760.
[PubMed: 10792280]

Faulkner RD, Craddock C, Byrne JL, et al. BEAM-alemtuzumab reduced-intensity allogeneic
stem cell transplantation for lymphoproliferative diseases: GVHD, toxicity, and survival in 65
patients. Blood. 2004; 103:428-434. [PubMed: 12969983]

Anderlini P, Giralt S, Andersson B, et al. Allogeneic stem cell transplantation with fludarabine-
based, less intensive conditioning regimens as adoptive immunotherapy in advanced Hodgkin's
disease. Bone Marrow Transplant. 2000; 26:615-620. [PubMed: 11041566]

Branson K, Chopra R, Kottaridis PD, et al. Role of nonmyeloablative allogeneic stem-cell
transplantation after failure of autologous transplantation in patients with lymphoproliferative
malignancies. J Clin Oncol. 2002; 20:4022-4031. [PubMed: 12351600]

Delgado J, Thomson K, Russell N, et al. Results of alemtuzumab-based reduced-intensity
allogeneic transplantation for chronic lymphocytic leukemia: a British Society of Blood and
Marrow Transplantation Study. Blood. 2006; 107:1724-1730. [PubMed: 16239425]

Anderlini P, Saliba R, Acholonu S, et al. Fludarabine-melphalan as a preparative regimen for
reduced-intensity conditioning allogeneic stem cell transplantation in relapsed and refractory
Hodgkin's lymphoma: the updated M.D. Anderson Cancer Center experience. Haematol-Hematol
J. 2008; 93:257-264.

Deconinck E, Cahn JY, Milpied N, et al. Allogeneic bone marrow transplantation for high-risk
acute lymphoblastic leukemia in first remission: long-term results for 42 patients conditioned
with an intensified regimen (TBI, high-dose Ara-C and melphalan). Bone Marrow Transpl. 1997;
20:731-735.

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bayraktar et al.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Page 21

Sebban C, Lepage E, Vernant JP, et al. Allogeneic bone marrow transplantation in adult acute
lymphoblastic leukemia in first complete remission: a comparative study. French Group of
Therapy of Adult Acute Lymphoblastic Leukemia. J Clin Oncol. 1994; 12:2580-2587. [PubMed:
7989932]

Zander AR, Keating M, Dicke K, et al. A comparison of marrow transplantation with
chemotherapy for adults with acute leukemia of poor prognosis in first complete remission. J
Clin Oncol. 1988; 6:1548-1557. [PubMed: 3049949]

Cho BS, Lee S, Kim Y], et al. Reduced-intensity conditioning allogeneic stem cell transplantation
is a potential therapeutic approach for adults with high-risk acute lymphoblastic leukemia in
remission: results of a prospective phase 2 study. Leukemia. 2009; 23:1763-1770. [PubMed:
19440217]

Yuji K, Miyakoshi S, Kato D, et al. Reduced-intensity unrelated cord blood transplantation for
patients with advanced malignant lymphoma. Biol Blood Marrow Tr. 2005; 11:314-318.

Cutler C, Stevenson K, Kim HT, et al. Double umbilical cord blood transplantation with reduced
intensity conditioning and sirolimus-based GVHD prophylaxis. Bone Marrow Transplant. 2011;
46:659-667. [PubMed: 20697368]

Waki F, Masuoka K, Fukuda T, et al. Feasibility of Reduced-Intensity Cord Blood
Transplantation as Salvage Therapy for Graft Failure: Results of a Nationwide Survey of Adult
Patients. Biol Blood Marrow Tr. 2011; 17:841-851.

Lacerda JF, Martins C, Carmo JA, et al. Haploidentical stem cell transplantation with purified
CD34 cells after a chemotherapy-alone conditioning regimen. Biology of blood and marrow
transplantation : journal of the American Society for Blood and Marrow Transplantation. 2003;
9:633-642.

Bethge WA, Faul C, Bornhauster M, et al. Haploidentical allogeneic hematopoietic cell
transplantation in adults using CD3/CD19 depletion and reduced intensity conditioning: An
update. Blood Cell Mol Dis. 2008; 40:13-19.

Ciurea SO, Mulanovich V, Jiang Y, et al. Lymphocyte Recovery Predicts Outcomes in Cord
Blood and T Cell-Depleted Haploidentical Stem Cell Transplantation. Biol Blood Marrow Tr.
2011; 17:1169-1175.

Ciurea SO, Saliba R, Rondon G, et al. Reduced-intensity conditioning using fludarabine,
melphalan and thiotepa for adult patients undergoing haploidentical SCT. Bone Marrow
Transplant. 2010; 45:429-436. [PubMed: 19668237]

Ciurea S, Saliba R, Bayraktar UD, et al. Improved Early Outcomes with T-Cell Replete (TCR)
Compared with T-Cell Depleted (TCD) Haploidentical Stem Cell Transplantation (HaploSCT).
Blood. 2011; 118:a320.

Brunstein CG, Fuchs EJ, Carter SL, et al. Alternative donor transplantation after reduced intensity
conditioning: Results of parallel phase 2 trials using partially HLA-mismatched related bone
marrow or unrelated double umbilical cord blood grafts. Blood. 2011; 118:282-288. [PubMed:
21527516]

de Lima M, Anagnostopoulos A, Munsell M, et al. Nonablative versus reduced-intensity
conditioning regimens in the treatment of acute myeloid leukemia and high-risk myelodysplastic
syndrome: dose is relevant for long-term disease control after allogeneic hematopoietic stem cell
transplantation. Blood. 2004; 104:865-872. [PubMed: 15090449]

Malladi RK, Peniket AJ, Norton AE, et al. Favourable outcome for patients with myeloid
disorders treated with fludarabine-melphalan reduced-intensity conditioning and allogeneic bone
marrow stem cell transplantation without the use of T-lymphocyte-depleting antibodies. Eur J
Haematol. 2004; 73:85-92. [PubMed: 15245506]

Tauro S, Craddock C, Peggs K, et al. Allogeneic stem-cell transplantation using a reduced-
intensity conditioning regimen has the capacity to produce durable remissions and long-term
disease-free survival in patients with high-risk acute myeloid leukemia and myelodysplasia. J
Clin Oncol. 2005; 23:9387-9393. [PubMed: 16314618]

Nakamura R, Rodriguez R, Palmer J, et al. Reduced-intensity conditioning for allogeneic
hematopoietic stem cell transplantation with fludarabine and melphalan is associated with
durable disease control in myelodysplastic syndrome. Bone Marrow Transpl. 2007; 40:843-850.

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bayraktar et al.

159.

160.

161.

162.

163.

164.

165.

166.

167.

Page 22

Small TN, Young JW, Castro-Malaspina H, et al. Intravenous busulfan and melphalan,
tacrolimus, and short-course methotrexate followed by unmodified HLA-matched related or
unrelated hematopoietic stem cell transplantation for the treatment of advanced hematologic
malignancies. Biol Blood Marrow Tr. 2007; 13:235-244.

de Lima M, Champlin RE, Thall PF, et al. Phase I/1l study of gemtuzumab ozogamicin added to
fludarabine, melphalan and allogeneic hematopoietic stem cell transplantation for high-risk
CD33 positive myeloid leukemias and myelodysplastic syndrome. Leukemia. 2008; 22:258-264.
[PubMed: 17989720]

Marks R, Potthoff K, Hahn J, et al. Reduced-toxicity conditioning with fludarabine, BCNU, and
melphalan in allogeneic hematopoietic cell transplantation: particular activity against advanced
hematologic malignancies. Blood. 2008; 112:415-425. [PubMed: 18451310]

Kirschbaum MH, Stein AS, Popplewell L, et al. A Phase | Study in Adults of Clofarabine
Combined with High-Dose Melphalan as Reduced-Intensity Conditioning for Allogeneic
Transplantation. Biology of blood and marrow transplantation : journal of the American Society
for Blood and Marrow Transplantation. 2011

Morris E, Thomson K, Craddock C, et al. Outcomes after alemtuzumab-containing reduced-
intensity allogeneic transplantation regimen for relapsed and refractory non-Hodgkin lymphoma.
Blood. 2004; 104:3865-3871. [PubMed: 15304395]

Rodriguez R, Nademanee A, Ruel N, et al. Comparison of reduced-intensity and conventional
myeloablative regimens for allogeneic transplantation in non-Hodgkin's lymphoma. Biol Blood
Marrow Tr. 2006; 12:1326-1334.

Thomson KJ, Morris EC, Bloor A, et al. Favorable Long-Term Survival After Reduced-Intensity
Allogeneic Transplantation for Multiple-Relapse Aggressive Non-Hodgkin's Lymphoma. J Clin
Oncol. 2009; 27:426-432. [PubMed: 19064981]

Alvarez |, Sureda A, Caballero MD, et al. Nonmyeloablative stem cell transplantation is an
effective therapy for refractory or relapsed Hodgkin lymphoma: Results of a Spanish prospective
cooperative protocol. Biol Blood Marrow Tr. 2006; 12:172-183.

Peggs KS, Sureda A, Qian W, et al. Reduced-intensity conditioning for allogeneic haematopoietic
stem cell transplantation in relapsed and refractory Hodgkin lymphoma: impact of alemtuzumab
and donor lymphocyte infusions on long-term outcomes. Brit J Haematol. 2007; 139:70-80.
[PubMed: 17854309]

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



Page 23

Bayraktar et al.

‘ewojoAw sjdnnw 1oy Adelaylowsayd yum uoneiuejdsued) 139 wais snobojoine pue uejeydjaw asop-ybiy Burredwos saipns

NIH-PA Author Manuscript

16'0=d L0°0=d %867 ng + O¥T13N 10
ow 9Ly ow /°8T 'SA | 00CT13IN < dINVA
££0°0=d 'SA 'SA %9€ <+ U01199]]09
oW 9°9T "SA oW T'S¢ ow gLy ow g | adiN+dD 10§ 4S2-9+dOHD
owayd 'sA | DSV owayd owayd owayd ‘SA
1ISIML | 'SA1DJSV | 'SA LOSV SN 1JSV dOWA | 06T | ev[®18 puewisd
asdejal
[hun xaq + N4I
UlIM doueUBUIRW
panIadal sdnoih
LG'0=d 200'0=d uroq ui syusiyed
68'0=d ow gg %TT Buipuodsay
‘pajjoius ow9g | 'sAow gy "SA 9%0€ (AozT) 19.1+07T
2Jom aseasip | 'sA ow T9 owayd 4o 3N 40 00Z 1AW
AAIISUSS-0WaYD owayd | 'sA 10SV owsyd ‘SA
ynm syusned Aluo | 'sA LOSY Sdd | 'sA 10SV avan/dongA | 98T zv' 1213 9pelg
‘dnoif
10SV Ales ui Jabuoj
sem Adeiaylowayd
noyum
juads spouiad uoIssIWal
J0 uonnguisia 26'0=d u1 sdnoub yjoq
"dOINA ow 9 ow gt %S 01 paiajjo N4I
10 $9]9A0 9 Jayye ‘SA ‘SA 'SA %8T 10SV
aseas|p Juelsisal Jo ow 9'v9 ow 6¢ 4o ® (A92002'T) 19
uoissaiboud 1e dnoib owayd owayd owayd 1+0VTIBN+AD+9T
Adesaylowsyo 01 | 'sA 10SV | 'SA 1DSV 'SA 1DSVY -d/\8UNISNWOT "SA
paJayo LOSY aeT] Ape3 Ae3 Are3 dWNVA | 6LT | 1vIB 39 puewissS
¢L'0=d
1aybiy %0V OrTIAN+IGL
aq Aew 11y8uaq "SA %2 PaAId%al 8=N
[eAIAINS AJJenioe ay} T00°0>d alel-yd sdnouf yoq ui
aouay ‘uoissaiboud $0'0=d ow 96T T00°0>d aourUAUIRW NI
asessip Jaye | ow ey 'SA %8 00Z 13N
Alfensn ‘wie 10V 'SA | owgTe SA %y uopezijiqow 4S9
0} JOAO Pass04d ow T'%S owayd ael-4d -9+AD < dOINA
wire Adelayiowsyd owayd | 'sA 10SVY owsyd ‘SA
ur suaned 0 95/T | "SA LOSV S4d | sA1osv Vo8 | Lov oy [8 38 PIIYD
T00>d
%6 'SA asdejal
£0°0=d %9T 11un 8dueUBUIRW
ow ' Lg 10°0=d HdON B-N4lI
'SA 4N ow %S "SA (A98)
owsyd 8T 'SA LC %¢C 40 191 + 0vT 13N
'SA owayd owayd ‘SA
10SV | 'SA LOSV SN 1JSV dVA9/dONA | 00¢ 6¢ IE 19 [ERV
S310N SO «S33 | asuodsey JusWIeal | N ERIESEIEN]

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



Page 24

Bayraktar et al.

NIH-PA Author Manuscript

San[eA uelpsin
«

[RAIAINS [[E4BA0 ‘SO ‘[EAIAINS 881-1UBAS ‘ST ‘A1191X0] JUBWILa) pue Juswwiess) ‘swoldwAs
NOYIM B JO poriad 8y ‘1 1 SIM] ‘9Seasip [enpisal [ewiuiw ‘GYIAl {[BAIAINS 8314-UoIssalBoid ‘S-d ‘uoissiwal 818)dwod ‘HD ‘Adeiayowayd ‘owsy) ‘uoneiue|dsuel) 1139 Wwas snofojoine ‘| DSy

uejnsng ‘ng ‘(BUnSLIOUIA) UIAODUO ‘O ‘auoseylswiexap ‘xaq ‘eydje-uoapiaiul ‘e-N4| ‘uoneipedst Apog-elol ‘1g.L ‘1o1oey unenwns
-Au0]09 81490jnuelb ‘45D-9 ‘uejeydjaw “TIIA ‘uosapBIul ‘N4 (u1aigniounepAxolpAy ‘H) uldAwerpe ‘v {(NNDG) aunsnwed ‘g ‘auosiupald ‘d ‘apiweydsoydojoko ‘A 79 O ‘uejeydjawl ‘A BUNSLIDUIA ‘A

:puaba]
sqo
‘SA
SIA ¥ x N4I
0} paziwopuel
suaied
%IT Buipuodsay
%8¢ %VT SA %TT dONGA
"SA %8E SA%LT jSle} ‘SA
owayd owayd owayd (AozT1)
'SA1OSV | SA LOSV SA 1OSV 19L+0PT13N | 919 w B3R aibojreg
swie yloq
01 pasodoid e-N4|
S310N SO «S33 | ssuodsey JusWIeal | N 30UaI3JY

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



Page 25

Bayraktar et al.

10SV Z 1o T paAlsdal Ajjenioe oym siuaijed uj

/

‘(sIrerap 104 T 3|qe L 838) AVA "SA ddVEA/DIONA SA dVEA/DDINA [BH) 7298 DOMS ® dVAA-dOINA [BL) 6228 OO>>m,\

D Jeau ‘YU ‘uoissiwal 819]dwod ‘YD {[BAIAINS |20

‘SO ‘[AIAINS 9814-1UBAS ‘ST UBYINSNq ‘ng ‘uoneipe.t Apog-[e1ol ‘|91 ‘eydje-uosapaiul ‘e-N4| ‘auoseyiawexasp ‘q ‘uejeydjaw A ‘unedsio ‘d ‘aulgeselko ‘o tauoseylawexap ‘g ‘apisodos ‘g :pusha

(0T°0=d ‘%.¥ "SA
%09 818l JA-7)
108V
1T Jaye sdno.b yroq
D Jeau 1ses| ul asdejal jiun
12 3A3IL2E 0} 06°0=d 100°0=d aoueUBIUIRW
Buirey sjusned wr.L ow g 800'0=d e-N4|
ur wie 19SY 'SA OW G9 ‘SNOWEZ | %Ly 'SA%ES ng+0zT1aN
wepueyul | SO uelpsw | Sd43 uelpsw dou 00z 1AW
SO panoidwi wiapuey wapuey wapuey ‘SA
Joy pual 'sA 816uIS 'sA 91BuIs 'sA 91BuIS 00213 | T2E 0g'[@ 18 0ABD
goueuaulew
B-N4| paAladal
sdnoib yiog
(A98)
_ 191+0vT1AN
sypuow 10°0=d £0'0=d 100=d uay) 0¥ TT1IN
STSBM | o4z 'sAouTe | %0z SA%OT | Y6E9 SA %6V (wire wapuer)
1OSV puc pue wapue) wapue) wapue} ‘SA
1T Usamiaq ‘s 916UIS 'SA 816uIS sn 816uIs (ko)
awn uelpsiy WKL KL W JUdOA+ED | |gr+opT 13N | 66E 6v' 1219 [eNV
SO asde|al
pue s43 Jood 1111 ®dueUBUIRW
Apueariubis E-NdI
qim 10'=d 1000'=d 7000'=d / owayd
Pa1eI120SSe ow 8y ow¢e %cS ‘SA
€1 pue by SA OW 29 SA OW gy S %98 (Aogz1'T)
3aWwosowo.y9 SO UelpaN S43 ueIpsiN ./ owsyd 191+07T 13N
10 _Jowayd _Jowayd A 10
saifewIouqe 'SA 1OSY 'SA1OSV | 10Sw wepuel 00Z13N
10 30UBSAY wapue] wapue ddz | 002713W/dvaa | €2t | o810 s160LIeg
SjUSLLIWIOD [Ne) [NE asuodsay uswifey N EREIETEN|

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.

eWOoAW ajdn|nw 10} uonejuejdsuell J|82 Wals sSnobojoINe wWapue) YyIm uoleuejdsuel) 139 wals snobojoine a1buis Burredwod saipns
¢39l|qel
NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 26

Bayraktar et al.

yum Adesayp
T6T°0=d 19'0=d £00°0=d 1000">=d 30ueUBIUIEW
%L %EY %85 | teak-g 10 96TT 01 paziwopuel
10S-0lIv 10S-0llvV | 1OS-0Iv 10s-01Iv uay) asam
%08 %9¥ %St Teak syusned) 00z 13N
108V 108V 108V -€ 18 b 108V wapue]
wiopue L wapue wiapue | 10sv 00Z 13N
Teak-g v Tesh-g v 4o wapue | 10SV [emiul | 0TZ (¥8)Ie 18 UBUYSLIY
SO
pue Sdd
J9buo] yum
pajeInosse
Sem
10S-0|pe 900°0=d 100°0=d 020°0=d 100">=d
‘siuaned %S9 %SE %TS | Jeak-g 18 %691 (Ao 2) 191-ni4
su-ybiy 10S-0[IV 10S-0llV | 10S-0IvV 10s-0|Iv 10S-0llvY
Jo sishjeue %85 %8T %TY Teak 00z 1A
Teau1-0 10SV 10SVY 108V -G 1e 051 10SV wapue |
-uonusiul wiopue L wapue L wiapue | 10sv 00Z 13N
uo | syuow-p91v | syuow-09 I 4o wapue | 10SV [eniuy | 2Ge | (08)|e 18 puensiolg
SO 20°0=d
pue s43 10°0=d syuow
Jabuoy yum syuow Ge ¥00°0=d
pareroosse 08 10S-0llv %SG 60'0=d (A9 002) 191
Sem 10S-01lv syjuow 10S-0|IV | 1eak-z 1@ %0T 10S-01lvY
105-0][e syjuow 6¢ %92 10S-011v 00Z - 00T 13N
sisAjeue 7S 108V 10SV | Jesh-z1e 962 10SYV wapue |
aleLieAR|NW 108V wiapue wiapue | 10sVv 00Z 13N
uo wiapue S43 jio) wapue | 108V feniul | z9t (£2)1e 18 ourug
6'0=d 80°0=d 100°0=d 60°0=d 18N+NI4
payoeal-JoN |  payoest-loN %0Y %9T 10S-0llv
dnoib 10s-01lv 10S-0llV 10s-01lv 10S-0||v dA2 10 00Z 13AN
10S-oj[e u syiuow syuow | %TT LOSY %S 10SYV wapue |
u88s S4d 85 10SV 1€ 1OSVY wispue | 10SV avan/dOWEA
ur neare|d wiapue wiapue 4o wiepue . 10SV [emul | 0TT (92)'1e 18 [ouIsoy
95°0=d 91v-ni4-ng
12°0=d syjuow 105-0[1v
syuow 14 83
Ge 10s-0|Iv %229 -g+X8@+02z 1A
105-0[1V syuow 10S-01v %6°0T 10
syjuow 0 %TS 10s-0|Iv X8d+00z 1A
114 10sv 108V %S 10SV wapue|
108V wapue | wiapue | 108V 00Z 13N
wiapue S43 | ¥dOAHD wiapue | 10SV [eniul | +82 (G2)'1e 18 UeQIRD
SJUBLLILLIOD) SO Sdd asuodsay NYL uawibay N BRI EIEN]

NIH-PA Author Manuscript

NIH-PA Author Manuscript

€9l|qel

"ewoldAw sjdinuw yum
syuaired ul uoneyuejdsuea 1192 wals d1duaboje Agq pamojjo) snobojoine yum uonejue|dsue] 182 wiais snobojoine wapue) Buriedwod sjel paziwopuey

NIH-PA Author Manuscript

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



Page 27

Bayraktar et al.

"3SIMIBLI0 PaI4Ioads ssajun ‘SO pue S4d UeIpain
*

T00'0>=d ‘%SE 1SN ‘%E GAD 1SV Wapuel 10§ 8181 4D » ‘[RAIAINS [[RISA0 ‘SO ‘[eAIAINS 831)-U0IssaiB0id ‘SHd ‘uoIssiwal

lered poob AIsA ‘HdOA ‘UoIsSIWal 819]dWod ‘YD ([eAIAINS 8314-1UBAS ‘ST ‘Alljeriow palejal-luswieal) ‘INY L ‘uonejue|dsuel) |90 wals d1suabolle ‘1 DS-o|e ‘uonelueldsues) |99 wals snobojoine ‘| DSV

uoJaaIul ‘N4| ‘uonelpes Apog-1e1ol ‘191 ‘uereydisw 13N {NNDG ‘episodols ‘spiweydsoydojoko :gAD ‘suoseyiswexasp ‘uloAwenpe ‘NNDg

‘BUISLIOUIA Qg A auosiupald ‘apiweydsoydolako ‘uejeydial ‘NNDG ‘BUNSLIDUIA (dDINFA ‘Apognue 9|-nuy ‘83-g ‘auoseyiawexasp ‘xaq ‘uiingoyb a1koowAyl-nue ‘91 v ‘suigesepnyy ‘nj4 ‘ueynsng ‘ng

:puaba
¢¢’0=d €00°0=
%09 %65 (s1ouop pajejaiun 1oj) O1V+BIN+NIH
10S-01Iv 10S-0lIv 13S-01v
%¢L %¢E 00Z 13N
108V 108V 1JSYV wspuel
wispue | wispue | 00¢ 13N
h-gy 4o - 10SV [eniul | 66T (98)[e 10 dou
(500°0=d ‘%L1 'sA
9%G5) dnolb
Jouop
0U SNSIaA
Jouop (Ko 2) 191
e yim 10S-0lIvV
sjuaired (1LOSV wapuey
U1 Jamoj 20°0=d 1T°0=d 19°0=d paAIsoal syuaned
Apueayiubis %SG %82 %EY 100'0>=d € "apiwoplfey} 1o
Sem a|qeiene a|qe|Iene a|qe|Iene %9T NA4I yum Adesayy
1eak-9 10 JouoQ Jlouo@ JouoQ a|qereAe 9ouBURIUIRW
asdeyas Jo %S5 %2z %LE JouoQ Aq pamoyjo4)
20uspIoUI Jouop ON Jlouop oN Jouop ON %€ 00z 13N
SAlle[NWIND 1eak-9 1y Teak-91v 40 Jouop oN 10SV [enul | 09¢ (58)'Ie 19 1510Ux07]
(Ao 2) 191
10S-01Iv
(uonreAsasqo Jo
X8Q-+apluiopijey
SJUBLUIOD S0 »Sdd asuodsay YL uawibay N BRI EIEN]

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



Page 28

Bayraktar et al.

(sann) o1v
+zw/bw 9z 09 (¥) san
%8€ %62 AT F cw/Bw opT 13N (40 (097)d/8002
/N A2 VN %ET :P00T %2S ‘%Y BUON XL +d0L +zw/Bw 0zT N4 26T/1e  (2Z/-€T)€S W g) TNV 8y ‘BWIT 8p
(sann)
/6w o€ 91V
(s1dIAY)  (51d TAY) F cw/bw GeTT1AN (e 1e301)
N/ sid o1 + (Tw/Bu 006-009 (%%} g (65T)d/L00Z
%ET JAg ‘NAT - %8z N4 $)d TT ‘%t 2 XIN+¥oL J0 |9A8] WinJes) Ng 0/S2/8T  (29-T) 9y  UIT) TAV 02 ‘Irews
(@nw yum 1)
9LV ¥ (91) zw/Buw
¥—2 09 F zw/bw (0g) san
%y %S¢ 08T-0vT 13N + (dour (901)d/2002
/ VN Az A2 %S indn %6V ‘%6E ¥ XLAN+d0L  gw/Bw 0sT-00T N4 o/6s/€s  (v/-22) SS 0€) TNV 28 ‘Uelo
(sanw
10} X LINF) (82) saw
%S / %9T  %GE HAZ AN Zw/Bw opT 13N (M0 (85T)4/2002
%TG AZ A2 %.2 :po0T s1d €2 ‘%€E9 8UON +VSD + zw/Bw GzT N4 7/02/6T (T2-08)  wg) TNV ST ‘ednwiexeN
Zw/Bw 00T-0G 31V (02) san
%IV / sid/jz %BT HAT sid g + gw/Bw orT 1IN (4o ut (£8T)4/5002
%LE AE ‘N47 %6 :p00T ‘(AI-111) 8UON 14 VSO +zw/Bw 05T N1 o/ty/se  (12-81) 28 Zv) TNV 95 ‘one .
Zw/Bw 00T 3TV (T1) san
%6E / %0y %EE HAZ + gw/Bw opT 1IN (4o ur (L0T)d/S002
%TE HAZ AT %.T :p0O0T %8T ‘%EE 4 ¥oL +zw/Bw 05T N4 Lzeziee  (T2-11) 2S €T) TNV T ‘ualsag UeA
SAN ¥
%6L | d %9V Zw/buw opT 13N (dour (9T)d/v002
%6. Ay T:NdT %ET Ay (n=11) %Ly T X1IN+VSO + gw/Bw 0ST N4 0/0/9T  (99-12) v TT) 1AV 2T ‘IpelfeiN
Zw/Bw SA 02 (gs1)
VN / %6€ HIAE X1 08T-0vT 13N + (o uw d/rooz
%zE IAE VN %92 :P00T %6€ '%6E 2 +VSOMOL  zw/Bw 0ST-00T N4 8/62/5¢  (S.-22) v 0T) TNV 2v ‘BWIT 8p
. (u)
Ko_co\_cu a1noe) aanjrey (sBued)
ERIVETJRIT]] yeab  sixelAydoad abe  smyeysasesasip  adAy/aesA uonealjgnd
$50/54d 114 $ WEN aHAD  Arewnd QHAD  ,Uewibereaneredald  yoyewsiuyaninaan uelpaln  pue sisoubelq Joyiny

NIH-PA Author Manuscript

v alqeL

NIH-PA Author Manuscript

(TT02-000Z paysijgnd) swoipuAs
anse|dsApojaAw/elwsyna| piojaAw anae yum syusired ul suswibal aanesedsid Buiurejuod uefeydjsw yiim uolrejueldsuely |18 wa)s d1aushio]fe Jo saIpnls

NIH-PA Author Manuscript

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



Page 29

Bayraktar et al.

a|qe[IeAR 10U ‘WN ‘siuaned ‘sid {QHAD 21U0IYD BAISUBIXS ‘1Xa ‘dn-MO]|0) 1Se] ‘N4 ([eAIAINS [[RIBAO0 ‘SO ‘|eAIAINS dal)-uoissalfold ‘S4d ‘@auapioul

asdejal ‘1Y ‘Aujenow asdejal-uou ‘NN ‘aSeasip 1Soy-snsian-yelb ‘QHAD ‘Snwijolis “TYS [18jow alejouaydodAw ‘NN ‘alexalioyiaw ‘X 1IN ‘W 8ulodsojaAd ‘SO ‘snwitjoldel ‘YD1 ‘aunsnwiIed ‘NNOg
‘uejInsng ‘Ng ‘uingojf a1LaowAyl-nue ‘91 v ‘uidiwehozo qewnzmuwsab ‘09 ‘qewnznwsle ‘JV ‘uefeydjaw “TIN ‘auigesepniy ‘N4 HJouop parejaun paysrew ‘NN -Jouop parejal paydlew ‘qyIN
‘uoissiwal 813]dwiod ‘YD ‘awolpuAs onsejdsApojaAw ‘SQIA ‘elwaxna] pIojaAw ande ‘Y ‘aAnoadsoud ‘d ‘aAnoadsollal Sa1edIpul o ‘paredlpul SSajun 1oyod ajoym ayy o3 ajqealjdde si uaAlb uoljewlojul

'SAIN pue TNV Ueyl Jayio sasoubelp yiim syuaized Buipnjoul %Bmm

‘umoys sem sjuailed Jo Jaquuinu ‘ajge|IeAR 10U 8oUapIdUl §| "8duspIoul 0} Joud (1eak 1A ‘Aep :p) umoys sjutod mE_._.H

‘UMOUS 819M Sjualzed JO JaquunuU ‘a|ge|IeAe 10U SI 93UaPIdUL §| “PaledIpUI SSBJUN UMOYS QHAD 21UOIYD BAISUBIXS %9 paliwi| AQ Pamo||oy AHAD 8Inde Al—|| 9pelB Jo seouspioul m>_a_:E:o+

‘UMOUS S3S0P BAIRINWND
%

:puaba]
149s
sid +¥Y01 10 Zw/Bw
21/ sd sid 4NN 0v¥T-00T T3aN + (40 (z9m)d/TT0C
17:n47 Z'N47  swdg :poot sid G 'sid 8UON +VSO  zw/Bw 00z-0ST 010 0/8/8 (99-T€)€9  uI6) TAV 9T ‘wnequasII
(sanw)
(sd 9LV F zw/bw opT (€T 1e30L)
SAN/TAY) -0TT 13N + Zw/Bw (e2) san
%LV /| %¥e HAS NN J0 00v—00€ NNOE (o g (191)d/8002
%0y A VN %9T :P00T (1%3) %EE ‘%eT T X1N+VSO + gw/Bw 0T N4 9/65/89  (v/—¥2) 95 TT) 1AV 85 ‘SSHBN
. (u)
Loy ‘aInve)  5ynyey (ebue)
8ouapIoUl yeab  sixejAydoad abe  smeisasessip  adAaeak uonedlgnd
$50/53d 314 $ WEN aHAD  Arewd QHAD  Uewibereaneredeld  yorewsiuwyanin/aan uelpaN  pue sisoubeig Joyiny

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



Page 30

Bayraktar et al.

*8ouapIoul 0} Joud (Jeak A ‘yuow :ow ‘Aep :p) umoys syutod awi]

§

‘UMOUS 819M SJualted JO JaquunuU ‘a|ge|ieAe 10U SI 83UapIdUL §| “PaledIpUl SSBJUN UMOYS QHAD 21UOIYD BAISUBIXS 79 PaliWi| AQ Pamo||oy AHAD 8Inde Al—|| 9pelB JO SeouspIoul BAlRINWND

%

‘UMOUS S3S0P BAIRINWND

1

‘uonejue|dsuely 1189 Wwas snofiojoine pey Ajsnoinaid oym siusired Jo Jaquinu 8yl MOYS SI18XIeIq Ul JaquinN
*

:puaba]

%9 %ST AZ 91V + Zw/Bw opT (T¥T)4/8002

1%2€ A2 %/ :p00T %EL ‘%82 BUON XL +¥0L 13N +Zw/Bw 5zT N4 o/e/sz  (65-6T) 2€ [s¥] aH 85 ‘lupIspuy
Buw

00T 3TV ¥ zw/Buw opT [es]  (z9T)d/L002

VN VN s1d oz ‘'sid zT iz XLWFVSD T3 +2w/Bw 05T N4 0/0/L9  (95-6T) G¢ d16'DIN G ‘SN /S ‘sbbad

%S AT

%8Y %SZT zw/Buw orT [62]  (991)d/900z

1 %ee Az ‘poO0T %Ly ‘%Y W1 XLA+VSO T3 +zw/Bw 0ST N1 T/eiLe  (€5-97) 1€ a1z 'OWNE'SN L2 ‘Zalenly
Buw

%Ly 00T 31V + gw/Bw oyT (591)d/6002

| %8 Ay %ee Ay s1d 6 ‘sid 8 8UON VSO T3 +z2w/Bw 05T N4 6/0T/62  (Y9-€2) 9F [ve]l 1091a 8v ‘uoswioy |

%ES zw/Buw orT [otl OIS  (#9T)¥/9002

1 %0% :N41 %8¢ IAZ %9/ ‘%G9 VN VYN 13N +zw/Bw 62T N4 VN VN  “THN-T9T “IHN-H 6T  ‘zenbupoy
Buw

%TS %9 IAZ sid 00T 31V + gw/Bw oyT (ovT)d/9002

| %S 1AZ %G :POOT T “(AI-II1) sd ¢ 3UON VSO T3 +z2w/Bw 0T N4 vIETve  (L9-L€) ¥S [o] 11011 ‘opebleg
Buw

%S5 sid 00T 3V + zw/Bw opT [ze] 1o 0T (€9T)d/v002

/ WN HAg T :Ape3 sid g 'sid €T Wt VSO T3 +z2w/Bw 0T N4 8/LT/€9  (€/-8T) 87  “THN-1T¥ “IHN-H L€ ‘SLLION

B [8€]l W ZT 110

%€ES / %0S %02 :0WyT sid 00T 3V + zw/Bw OpT TIHZT TOWZ  (6ET)H/2002

OWyT  %8:p00T G ‘(Al-II) 8uoN VYN XLA+VSD T3 +2w/Bw 0ST N4 0/0/8€ VYN “THN-1T “THN-H 0T ‘uosuelg

4(01uo.yp ‘ainoe) () yorewsiw (eBuea) adfy/1eak

aouaploul  aanpreyyeab  sixejAydoad /a abe « STIBIS 8SE8SID  ope0gng

§ SO/S3d § WaN aHAD Arewiid aHAD | uswibarenneredaid /gy uelpain pue sisoubelq Joyiny

‘sa1oueubIfew proydwA| yum siuaied ul Buiuonnipuod ueeydjaw-aulgelepn]y yiim uonejuejdsue) [192 wials d1auabojfe Jo saipnis

NIH-PA Author Manuscript

NIH-PA Author Manuscript

G 9lqel

NIH-PA Author Manuscript

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



Page 31

Bayraktar et al.

‘a|qe|teAe 10U ‘N ‘siuaned ‘sid {QHAD 91U0IYD BAISUBIXD ‘IX8 ‘QHAD 21U0IYd pauwi] ‘wif ‘dn-mojjos 1se| ‘N4 {[BAIAINS [[BIBAO ‘SO ‘[eAIAINS 8al)-uoissalboid ‘S4d ‘Anferow asdejal-uou ‘YN

{aseasIp 150Y-snsian-yesd ‘QHAD ‘81exanoyisw ‘X 1IN ‘v aulodso[oAd ‘SO ‘snwijoloel ‘YD1 ‘uljngolh alAowAyi-nue ‘9 v ‘qewnzmuwsale ‘v ‘uejeydjaw ‘3N ‘dulgesepn]y ‘N4 ‘douop palejaiun
paydlew ‘anIA ‘Jouop palejas payolew ‘ayIN ‘ewoydwA| uibpoH eulwopald a1kooydwA| ‘g fewoydwA| uybpoH palejdap a1kooydwA| ‘@ fewoydwA| ubpoH Aenjaa paxiw QA fewoydwA|
upjbpoH Buiso.a]as sejnpou ‘SN ‘ewoydwA| 1189-g abre] asnyip ‘109714 ‘ewojpAw ajdinw ‘A ‘elwsxna] ankooydwA| o1uosyd ‘719 ‘ewoydwA| uibpoH ‘1H ‘ewoydwA] |39 sjuew “TOIA ‘ewoydwA|
upBpoH-uou apelb-mo| “THN-T ‘ewoydwA| ubpoH-uou apelb-arelpawalul Jo -ybiy “THN-H ‘8Andadsoid ‘d aA1198ds013al Sa1edlpul ¥ ‘UMOYS Sem Sjualled JO Jaquinu ‘a|ge|ieAe Jou 8duaploul |

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2015 February 23.



