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ABSTRACT

Aim: Melphalan 200 mg/m? (MEL 200) is known as the standard conditioning regimen for Multiple Myeloma (MM) patients
in autologous stem cell transplantation (ASCT). Most of the studies showing the superiority of MEL 200 versus melphalan 140
mg/m? (MEL 140) were performed in the era of conventional chemotherapies. However, today, several novel agents such as
proteasome inhibitors, immunomodulatory agents have been introduced in MM treatment algorithms. There is limited data on
the impact of this dose reduction on progression-free survival (PFS) or overall survival (OS). The present study compares MEL
140 and MEL 200 conditioning for ASCT in patients treated with combination therapy of bortezomib-containing induction.
Material and Method: Results of 84 MM patients who underwent ASCT at our center between 2010 and 2018 were analyzed
retrospectively.

Results: In the MEL 140 group, PFS was 9 months (95% CI 2.2-15.8) and OS was 30 months (95% CI 9.5-50.4), while PES
was 13 months (95% CI 10.5-15.5) and OS was 34 months (95% CI 6.9-61) in the MEL 200 group. There was no statistically
significant difference in PFS and OS between the two groups (p:0.6, p:0.7).

Conclusion: Consequently, MEL 140 and MEL 200 were found similar in terms of engraftment duration, transplant-related
mortality rate, and survival rates. The idea that similar outcomes in both MEL 140 and MEL 200 group in patients who received

combined induction treatment with novel agent suggested that MEL 140 may be used more commonly than the standard
approach of MEL 200.
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INTRODUCTION

For more than 20 years, autologous hematopoietic stem
cell transplantation (ASCT) after high-dose chemotherapy
has been the standard consolidation therapy for newly
diagnosed, fit multiple myeloma (MM) patients. High-dose
chemotherapy following ASCT is superior to conventional
chemotherapy in MM patients (1,2). After high-dose
chemotherapy following induction with novel treatment
approaches such as thalidomide analogs and proteasome
inhibitors, the benefit of ASCT has been confirmed (3-
5). Compared to conventional chemotherapies, ASCT
provides the patient advantages in progression-free
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survival (PFS) and overall survival (OS) (2,4). ASCT is
also widely administered in elderly, fit MM patients (6,7).
Furthermore, some studies also show the superiority
of ASCT versus conventional chemotherapy in elderly
patients (7,8). In these studies, patients were administered
high-dose chemotherapy with the dose of 200 mg/m?
melphalan (MEL 200) (1-4). MEL 200 was found to be less
toxic than other high-dose combination regimens (9,10).
For this reason, MEL 200 has been accepted as the standard
conditioning regimen for ASCT and remains widely used
in current practice (11,12). Otherwise, some studies with
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MEL 200 related increased toxicity in elderly patients and
those with renal failure (13-15). Organ dysfunction and
decreased drug metabolism have been considered causes
of increased melphalan toxicity in elderly MM patients.
As a result, the dose of 140 mg/m? Melphalan (MEL 140)
is widely preferred in elderly patients and patients with
renal failure in clinical practice (15-19). However, in
studies comparing MEL 140 and MEL 200, MEL 140 was
associated with lower response rates and shorter survival
than MEL 200 (17-20). There is limited data on the impact
of reduced dose reduction on progression-free survival
(PFS) or overall survival (OS) in the era of induction with
novel agents. This study aims to compare the efficacy of
the dose of conditioning regimen as melphalan 140 mg/
m?2 or 200 mg/m? in terms of the effect on survival and
transplantation response in MM patients who received a
bortezomib-containing combination as induction therapy
at our center.

MATERIAL AND METHOD

This study was approved by the local human research
ethics committee. All procedures performed in studies
involving human participants were in accordance with
the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.
The study was carried out with the permission of Dr.
Abdurrahman Yurtaslan Oncology Training and Research
Hospital Ethics Committee (date: 06.11.2019, decision no:
2019-11/421).

The results of 84 multiple myeloma patients who
underwent ASCT following induction therapy
between 2010 and 2018 at Dr. Abdurrahman Yurtaslan
Oncology Training and Research Hospital Bone Marrow
Transplantation Center were analyzed retrospectively.
Patients’ age, gender, myeloma subgroup, disease stage,
number of treatments they received before transplantation,
history of radiotherapy, presence of renal failure, the
melphalan dose they received, the quantity of CD 34+
infused, and disease status before transplantation were
recorded. The International Staging System (ISS) calculated
from serum P2-microglobulin and albumin levels at the
time of diagnosis was used for risk classification (21).
Patients treated with bortezomib-containing combination
treatments in induction therapy were enrolled in the study,
while patients who received non-bortezomib induction
treatment were excluded. Patients with tandem transplants,
defined as second transplantation performed within six
months without progression or recurrence after the first
ASCT, were not included in the study. OS was defined as
the time from transplantation to death or the last follow-up
date for those who survived. PES was defined as the time
from transplantation to the date of disease progression or
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death (whichever occurs earlier) or the last follow-up date
for those without death or disease progression. Transplant-
related mortality (TRM) was defined as death within
the first 100 days after ASCT. Assessment of treatment
response was performed according to the guidelines from
the International Multiple Myeloma Working Group
(IMWG) guidelines (22). Patients were stratified into two
groups according to the dose of conditioning regimen
they received, i.e., 140 mg/m? melphalan (MEL140) or
200 mg/m? melphalan (MEL200). Patients receiving doses
other than these were not included in the study. MEL140
was administered for those over 70 years old and/or with
serum creatinine levels equal to or higher than 2 mg/dL. In
contrast, MEL 200 was administered as the conditioning
regimen for the other patients. Glomerular filtration rates
(GFRs) of patients were calculated with chronic kidney
disease epidemiology collaboration (CKD-EPI) equation
using plasma creatinine, age, gender, and race variables
(23). The renal function evaluation was performed by
stratifying glomerular filtration rate (GFR) into two
groups as >50 mL/min and <50 mL/min. Engraftment
definition; for neutrophils, it was defined as the first day
of absolute neutrophil count (ANC) >500/mm? or 1000/
mm? for three consecutive days. It was defined as the first
day of thrombocytes >20000/mm? for three consecutive
days without transfusion for thrombocytes.

Statistical Analysis

All statistical analyses were performed with the SPSS V21.0
(SPSS Inc., Chicago, IL) program. Descriptive statistics were
used to summarize the data. Categorical data were presented
as ratios and numerical data as median and mean + standard
deviation. The chi-square test was used for categorical data
and the Kruskal Wallis test for numerical data in comparing
the groups. Kaplan-Meier was used for PES and OS, and
log-rank tests were used for confounding factors. P values of
<0.05 were considered statistically significant.

RESULTS

Of the 84 patients, 21 patients (25%) were enrolled in the
MEL 140 group, and the median age was 61 years (41-
72) in patients. 63 (75%) patients were in the MEL 200
group, and the median age was 57 years (36-66) in this
group. The clinical characteristics of patients are given in
Table 1. MEL 200 and MEL 140 groups were similar in
the myeloma subgroup and ISS staging (p=0.1, p=0.35,
respectively). GFR was <50 mL/min in (14%) patients
in the MEL 140 group and <50 mL/min in two (3.4%)
patients in the MEL 200 group. In both MEL 140 and MEL
200 groups, neutrophil engraftment occurred on a median
Day 11 (9-21 days in the MEL 140 group, 9-14 days in the
MEL 200 group), and thrombocyte engraftment occurred
on a median Day 12 (10-23 days in the MEL 140 group,
7-24 days in the MEL 200 group).
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Table 1. Clinical characteristics of patients Patients were stratified into subgroups according to

Patient Population (n), disease status at the time of transplantation (complete
edtSi(EnGe) response (CR), very good partial response (VGPR),
ége éyea(rs) ber) . :18/(1\3/'16_172;3/51 partial response (PR), stable disease, progressive
nder (number 11 . . . e . . .
enderiiimbe eHea\e:y C}?;n. - disease). There was no statistically significant difference
x‘glt;EE rr(lg')eloma Light doetiog 15 between MEL 140 and MEL 200 in PFS and OS according
STOuP Non-secretory: 1 to disease status before transplantation (p=0.3; p=0.7,
ISSTI: 19 ;
International Staging ISSII: 26 respectively) (Table 2).
System (ISS) stage (n) NotIILZS\?aII{lI;tZeA(li: 15 When the patients were grouped as those under 60
DSI: 6 years of age and 60 years and above, there was no
Durie Salmon stage (n) 11)38532-:686 statistically significant difference between MEL 140 and
Not Evaluated: 4 MEL 200 conditioning regimens in PFS and OS (p=0.9;
CR: 27 p=0.5, respectively). When GFR was stratified into two
DI atus bef Vg}F{RZ: 222 groups as >50 mL/min and <50 mL/min, there was no
sease status pbelore : . . . . .
trzlmsplantattilon (n) Stable: 8 statistically significant difference between MEL 140 and
Refractory: 2 MEL 200 conditioning regimes in terms of PFS (p=0.7)
Not evaluated: 3 (Table 3)
Mel 140 mg/m?: 21 ’
elphalan dose (n) 200 ma/m? 63 .
Renal failure (GER - 8 L/. In the MEL 140 group, PFS was nine months (95% CI
i * >50 in: 79 .
e e i i 7 2.2-15.8) and OS was 30 months (95% CT 9.5-50.4), while
1:23 PES was 13 months (95% CI 10.5-15.5) and OS was 34
Number of chemotherapy %1 ‘11‘31 months (95% CI 6.9-61) in the MEL 200 group. There
fg;l e 42 was no statistically significant difference in PFS and OS
SRl between the two groups (p=0.6, p=0.7, respectively)
History of radiotherapy (n) Yes/No: 10/74 (Figures 1 and 2). None TRM was observed in both
Quantity of CD34+ infused
(mediar) 4.54x10°/ kg (2.3-9.1) groups.
Abbreviations: International Staging System (ISS), GFR: Glomerular filtration rate,
*GFR was calculated with the Chronic Kidney Disease Epidemiology (CKD-EPI)
Collaboration equation.

Table 3. PFS and OS in Melphalan 140 and Melphalan 200 arms according to age group and renal failure stage

PFS (months) PFS (months)  OS (months)
Age group MEL 140 (n) 959% CI OS (months) 95% CI MEL 200 (n) 959% CI 959% CI p value
7 23 14 42 _
<60 years 9 (1.9-12.1) (7,6-38,4) 38 (0.6-27.4) (138.702) P=0.5(09)
41 12 _
=60 years 12 (22.6-59.4) 47 25 (6.2-17.8) 13 (0-41.8) p=0.9 (PES)
. PFS (months) PFS (months)  OS (months)
GFR (ml/min) MEL 140 (n) 959% CI OS (months) 95% CI MEL 200 (n) 959% CI 959% CI p value
. 9 13 34 N/A (OS)
250 i e (6.1-11.9) I7ie=22) ol (10.1-15.8) (8.4-59.5)  p=0.7 (PES)
<50 ml/min 3 7 30 2 12 =
Mel 140: Melphalan 140 mg/m?; Mel 200: Melphalan 200 mg/m?, PFS: Progression-free survival, OS: Overall survival
GFR: Glomerular filtration rate, GFR was calculated with the Chronic Kidney Disease Epidemiology (CKD-EPI) Collaboration equation.

Table 2. PFS and OS in Melphalan 140 and Melphalan 200 arms according to the disease status before transplant

Disease status before PFS (months) OS (months) PFS (months) OS (months)

transplant MEL140 () ~"g50; cy 95% CI ~ MEL200(n) ““g5g oy 95% CI paraiie
B 12 14 50 _
Complete remission 6 (7.2-16.8) 23 16 (0-40.3) (0-110) p=0.7 (OS)
Very good partial response 6 (0—12.8) 31 16 (7.8}56.2) (0.2}53.8)
. 8 30 12 B
Partial response 7 (0-41.3) (0-60.4) 15 (63-17.7) 34 p=0.3 (PES)
Stable disease 2 7 3 6 13 13

Mel 140: Melphalan 140 mg/m?; Mel 200: Melphalan 200 mg/m?, PES: Progression-free survival, OS: Overall survival
(Those with no response assessment and those with progressive disease were not included in the above OS and PFS subgroup analysis)
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DISCUSSION

The data about the studies showing the superiority of
MEL 200 over MEL 140 for the conditioning regimen of
ASCT in the multiple myeloma patients were performed
in the era of conventional chemotherapies. Currently,
several novel agents such as proteasome inhibitors,
immunomodulatory drugs, monoclonal antibodies
have been included in the treatment of MM. The lack
of significant difference in OS and PFS between MEL
140 and MEL 200 in patients who received combination
therapies containing novel agents for induction therapy
has led to the idea that MEL 140 may be used more
widely than the standard approach, MEL 200.

In the CALM study conducted by Auner et al. (19) MEL
200 was superior to MEL 140 in terms of OS, PFS, and
relapse risk in patients with a response rate less than
the partial response at transplantation time. This result
has been explained by the higher dose dependence
of melphalan-induced anti-myeloma effects in cells
with limited chemosensitivity. However, the study’s
conclusions also support that MEL 140 may be more
administered versus MEL 200 due to the disease response
of VGPR/CR before the ASCT and raise the question of
whether more patients should receive MEL 140 (19).
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This question becomes essential considering that novel
combined induction regimens provide higher rates
of VGPR/CR. Therefore, the remission status of MM
before the first ASCT should be taken into account when
deciding the melphalan dose (19). In our study, when
patients were stratified into subgroups according to their
disease status at the time of transplantation, there was no
statistically significant difference between MEL 140 and
MEL 200 in terms of PFS and OS according to the disease
response before transplantation suggesting that MEL 140
may be preferred since it is associated with a lower risk of
toxicity in ASCT.

In the same study by Auner et al. (19) the superiority
of MEL 200 over MEL 140 could not be demonstrated
in patients with high-risk genetic features or higher
ISS stages. Similarly, in our study, the superiority of
MEL 200 over MEL 140 could not be demonstrated in
patients with higher ISS, and Durie Salmon stages at the
time of diagnosis. Melphalan 200 mg/m? is insufficient
to overcome poor cytogenetic characteristics and high
tumor burden, so that new strategies should be developed
for this high-risk group.

In the studies of myeloma patients treated with high-dose
melphalan following ASCT, higher dose melphalan
exposure has been associated with higher toxicity and
also better disease responses (11,12,24). In a recent study,
exposure to high-dose melphalan was found to increase
overall survival in myeloma patients; however, despite
the net survival benefit, there was no association between
melphalan exposure and progression-free survival (24).
PFS was nine months in our study, and OS was 30 months
in the MEL 140 group, while PFS was 13 months, and
OS was 34 months in the MEL 200 group. There was no
statistically significant difference in PFS and OS between
both groups, and survivors were very similar. Similarly, in
the study by Katragad et al. (16) there was no difference
between MEL 140 and MEL 200 arms in PFS and OS.
In the study conducted by Badros et al. (13) there was
an improvement in event-free survival with MEL 200
compared to MEL 140; however, they did not report any
OS progress.

In a recent The Center For International Blood and
Marrow Transplant Research (CIBMTR) analysis of
elderly patients undergoing ASCT for MM, examined the
effect of the MEL conditioning dose (25). One thousand
two hundred twenty-three patients received reduced dose
(MEL140) conditioning, whereas 868 patients received a
standard dose in patients >70 years. The analysis focused
on the patients aged >70 years, at a dose of MEL 200 was
associated with superior PFS and OS and a lower rate of
non-relapse mortality rate compared with MEL 140 (25).
The authors discussed that sicker patients were expected
to have more complications and TRM. They underlined
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that without understanding the reason for choosing
Mel 140 vs. Mel 200 beyond performance status and
comorbidity score, it was not possible to recommend Mel
200 in the elderly group. The results of CIBMTR analysis
provided MEL 200 safely in some older adults aged >70
years (25). We did not observe the superiority of standard-
dose melphalan in our cohort; the lower patients number
included is a significant limitation of our study. Rather
than age, evaluating the patients’ comorbidities and
performance regarding geriatric assessments are more
critical points when deciding on conditioning.

While some studies suggest that renal failure may be
associated with the excess toxicity of MEL 200, others
have not reported such association (15-17,20,26). In our
study, GFR was stratified into two groups as >50 mL/min
and <50 mL/min; there was no statistically significant
difference between melphalan doses. A study conducted
by Badros et al. (14) demonstrated better tolerability with
MEL 140 than MEL 200, with similar survival in patients
older than 70 years of age. Similarly, we could not
demonstrate any difference between MEL 140 and MEL
200 in terms of OS and PFS according to the age (as those
under 60 years of age, 60 years and above) current study.
In the study by Katragad et al. (16) an increased frequency
of prolonged neutropenia and neutropenic fever was
observed in patients receiving MEL 140, however, in our
study, both in MEL 140 and MEL 200 groups, neutrophil
engraftment was observed on a median Day 11, and
thrombocyte engraftment was observed on a median
Day 12, both with similar frequency.

If Mel 140 becomes more widely used, it will be a more
cost-effective treatment option, predicting that the lower
doses of melphalan will reduce ASCT costs by 30%.
Considering the increased costs associated with novel
myeloma treatment modalities, that is predictable to be
offset costs by a reduced conditioning regimen like MEL
140.

Unlike other studies, the present study has analyzed data
from patients with renal failure or the elderly and data
from all patients who received MEL 140 regardless of the
cause of dose reduction. Patients who had only one ASCT
were analyzed, thus minimizing the confounding effect
of a second ASCT or tandem transplantation. However,
due to MEL 200 as the standard dose in our clinic and
dose reduction is performed just when required clinically
for limited number of patients in the MEL 140 group.

CONCLUSION

Melphalan 140 and MEL 200 were found similar in
terms of engraftment duration, transplant-related
mortality rate, and survival rates in patients who received
combination treatment with new agents in induction

therapy. Reduced dose melphalan (MEL140) may replace
the standard dose melphalan in the group of patients who
do not meet high-risk criteria during the era of novel
induction agents and those who undergo transplantation
with complete response or very good partial response.
On the other hand, more extensive studies are warranted
for MEL 140 to replace MEL 200 in patients with normal
renal function and young patients.
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