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Abstract

Background: The optimal conditioning dose of melphalan for autologous hematopoietic stem cell transplanta-
tion (AHSCT) in multiple myeloma remains a subject of debate. While prior studies have presented conflicting
evidence on whether standard-dose melphalan (SDM, 200 mg/m?) provides a statistically significant survival ad-
vantage over reduced-dose melphalan (RDM, 140 mg/m?), further investigation is necessary to clarify this.

Aim: This systematic review and meta-analysis aimed to consolidate existing studies and assess whether
standard-dose melphalan confers a significant benefit in terms of overall survival (OS) and progression-free sur-
vival (PFS) compared to reduced-dose melphalan, while also evaluating secondary outcomes non-relapse mortal-
ity (NRM), transplant-related mortality (TRM), and engraftment time (ET).

Methods: A comprehensive literature search across four electronic databases (i.e., The Cochrane, ClinicalTrials.
gov, PubMed, Google Scholar) identified six eligible studies published in the last 10 years, with a pooled sample
size of 3,721 patients. The meta-analysis was conducted for the primary outcomes (OS and PFS) using hazard ra-
tios (HRs) and their 95% confidence intervals (Cls), with effect sizes calculated based on reported p-values,
population sizes, and Cohen’s framework for effect size estimation. A fixed-effects model was employed, assum-
ing relative homogeneity of effect sizes across studies.

Results: For overall survival, no significant difference was seen between standard-dose and reduced-dose mel-
phalan (95% Cl: -0.025 to 0.217, p=0.119). Similarly, no significant difference in PFS was observed (95% ClI:
—-0.021 to 0.088, p=0.353). The effect sizes for OS (0.0962) and PFS (0.0337) were small, indicating little clinical
relevance despite trends to advantages in OS (16.9 months) and PFS (2.3 months) for the standard-dose group.
The systematic review of secondary outcomes (NRM, TRM, and ET) demonstrated no significant differences be-
tween the two dose groups. Heterogeneity for primary outcomes was low (OS: I> = 27.36%, p=0.316; PFS: I =
0.03%, p=0.567).

Conclusions: Although standard-dose melphalan shows better survival trends, statistical analysis shows no sig-
nificant difference in overall or progression-free survival. The small effect sizes also suggest these differences
are not clinically meaningful. Due to lack of clear survival benefit between SDM and RDM, choice should be
based on other important patient factors like risk of side effects and ability to tolerate treatment.
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Introduction

Multiple myeloma (MM) is a hematologic malig-
nancy characterized by uncontrolled plasma cell prolif-
eration in the bone marrow, leading to complications
such as anemia, renal failure, and skeletal lesions'. It

causes overpopulation of abnormal clonal plasma B
cells in bone marrow, bringing down regulation of os-
teoblasts and activation of osteoclasts, which induce
malignant bone lesions, kidney injury, anemia, hyper-
calcemia, and painful fractures’.

MM has attracted heightened interest among medical
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scholars and clinical practitioners due to its alarming
global prevalence and the notable trends indicated in re-
cent epidemiological studies. Considered as the second
most common hematologic cancer across the world,
MM accounted for 176,404 cases, representing 14% of
all incidences in leukemia, lymphoma, and MM com-
bined in 2020*‘. The worldwide incidence of MM has
been reported at approximately 160,000 cases, with
mortality reaching around 106,000°. This rising trend is
particularly pronounced in men and individuals aged 50
years or older, especially those residing in high-income
countries, although incidences are also increasing in
low-income nations®.

Autologous hematopoietic stem cell transplantation
(AHSCT) remains a cornerstone in the management of
eligible patients’. AHSCT is a medical procedure where
a patient’s own stem cells are collected, stored, and
then re-infused into their body after a high-dose chemo-
therapy regimen to help repopulate their bone marrow
and immune system. This is typically preceded by con-
ditioning regimens designed to eradicate malignant
plasma cells and facilitate engraftment of the trans-
planted stem cells.

Traditionally, standard-dose melphalan (SDM, mel-
phalan [MEL]-200 mg/m’) has been regarded as the
standard conditioning regimen used in AHSCT®. Its
high toxicity, however, limits its use in certain patient
populations like the elderly. Other potential adverse ef-
fects of SDM include prolonged bone marrow suppres-
sion, nausea, vomiting, diarrhea, alopecia, rash, pruri-
tus, mouth ulceration, hypersensitivity reactions, mu-
cositis, infections (bacteremia, pneumonia, Clostridium
difficile, fungal infection, sepsis, septic shock), vascular
disorders, and thromboembolic events (pulmonary em-
bolism, ischemic cardiopathy, ischemic stroke)’.

In light of these concerns, reduced-dose melphalan
(RDM, MEL-140 mg/m’) has emerged as a potential al-
ternative'. Early studies showed no statistical difference
between SDM and RDM in terms of overall survival
(OS), progression-free survival, cumulative evidence of
relapse, non-relapse mortality, hematopoietic recovery,
and second primary malignancy rates. A retrospective
cohort study also showed that AHSCT among patients
in very good partial response (VGPR) or complete re-
sponse (CR) significantly favored RDM over SDM in
terms of overall survival”.

Nevertheless, the body of evidence comparing RDM
to SDM remains inconclusive. Several studies have re-
ported favorable outcomes with reduced dosage, but in-
consistencies in patient populations, sample sizes, and
treatment protocols make it difficult to draw definitive
conclusions about its comparative efficacy and safety.
To the best of the researchers’ knowledge, there are
also limited large-scale randomized controlled trials

(RCTs) directly comparing the two regimens.

It is therefore necessary to consolidate available evi-
dence. The need for a systematic review and meta-
analysis of the available data is crucial to clarify
whether RDM can serve as a viable alternative to SDM
for patients with multiple myeloma. By synthesizing the
findings from various studies, this study aims to pro-
vide a clearer understanding of the potential advantages
and limitations of RDM, with the goal of informing
clinical decision-making and improving patient out-
comes.

Research questions

1. Is there a significant difference between RDM
compared to SDM in terms of OS and progression-free
survival (PFS) as conditioning regimens for autologous
hematopoietic stem cell transplantation in patients with
multiple myeloma?

2. What are the differences between reduced-dose
and standard-dose melphalan regarding non-relapse
mortality (NRM), transplant-related mortality (TRM),
and engraftment time (ET) in patients undergoing
AHSCT for MM?

Materials and Methods

This paper was guided by the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
(PRISMA) 2020 Expanded Checklist to ensure adher-
ence to standard practice of reporting systematic re-
views and meta-analysis".

Eligibility criteria

In choosing studies for this review, the researchers
established the following criteria: (1) the studies must
compare RDM with SDM as a single-agent condition-
ing regimen in AHSCT for MM, regardless of the dis-
ease status at the time of transplantation; (2) in case of
tandem transplants for MM, only the first autologous
HSCT will be included; (3) subjects of the study must
be adult patients; (4) studies must have been published
in peer-reviewed academic and/or medical journal; and
(5) studies must have been published within the past
decade (2015-2025). Studies not meeting these criteria
were excluded, such as those dealing with younger pa-
tients; focusing on alternative conditioning regimens;
those involving tandem, second, or subsequent trans-
plants; and those published before 2015.

Search strategy and selection process

The systematic search was first conducted for this re-
view on April 14, 2024 and updated on January 25,
2025 and August 11, 2025. The researchers focused on
publications listed in electronic databases such as The
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Figure 1. PRISMA flow

Cochrane Library, ClinicalTrials.gov, PubMed Central,
and Google Scholar. The entire PRISMA Flow is illus-
trated in Figure 1 in the succeeding chapter.

The researchers initially employed a broad search
strategy to maximize the level of sensitivity in identify-
ing potential related literatures about autologous hema-
topoietic stem cell transplantation for multiple myeloma
with two dosage groups. The researchers then nar-
rowed down searches using MeSH terms and Boolean
operators (OR & AND) to combine various components
of the keywords to look for resources in the electronic
databases mentioned above. The keywords included:
multiple myeloma, myeloma, MM, melphalan 200 vs
140/100 conditioning, autologous HSCT, AND/OR au-
tologous stem cell transplantation. The search was lim-
ited to studies in English published within the last 10
years.

The study selection process consisted of two stages:
title/abstract screening and full-text screening. The re-
searchers first looked into the title and read through the
abstract to screen whether the variables involved in the
resources were of any significance to the research at
hand. A total of 335 studies were identified in the in-
itial search but were significantly trimmed after the
two-stage screening process, mainly due to duplicate
copies, unavailability of full text, and not meeting the
inclusion criteria.

The entire process of study selection is illustrated in
Figure 1 covering the database used, the number of re-
cords identified, the number of records screened, the
number of records excluded after screening titles/ab-

stracts, the number of reports retrieved for detailed
evaluation, the number of potentially eligible reports
that were not retrievable, retrieved reports but did not
meet inclusion criteria, and finally, the number of stud-
ies included in the review.

Outcome parameters

The primary outcome measures used to assess the ef-
ficacy of melphalan between two dosage groups (re-
duced vs standard-dose) were OS and PFS. Secondary
outcome parameters included NRM, TRM, ET, and
TRT.

Data collection process

The researchers extracted data by thematically cate-
gorizing the following: reference components (author,
publication year, publisher, research design); participant
characteristics (sample size, demographics); efficacy
comparison in terms of OS and PFS; as well as secon-
dary outcome parameters such as NRM, TRM, ET, and
TRT.

Study risk of bias assessment

The risk of bias was assessed for each included study
using the Cochrane Collaboration’s tool for assessing
risk of bias. The assessment criteria included seven do-
mains: random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, selec-
tive outcome reporting, and other biases. Each study
was meticulously looked into, especially on the meth-
odology section of each paper, to serve as basis for be-
ing graded either as “Low Risk” (LR), “Unclear Risk”
(UC), or “High Risk” (HR). A two-step method that es-
timated the study-specific risk differences followed by a
univariate fixed-effect model was used to resolve differ-
ences in risk assessment.

Synthesis methods

As the primary outcome measure, OS and PFS were
synthesized through meta-analysis owing to it being
consistently reported across all studies included. How-
ever, secondary outcome parameters (NRM, TRM and
ET) were synthesized through a systematic review due
to limited and inconsistent reporting. Available data for
each secondary parameter was summarized in a tabular
format and a narrative synthesis was provided to con-
textualize the findings.
Statistical synthesis methods

The researchers used R with the metafor package, a
well-established software widely used for statistical
computing and conducting meta-analyses. Outcome pa-
rameters including OS and PFS, were synthesized using
quantitative techniques. Effect sizes were computed us-
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Figure 3. Forest plot (progression free survival)

ing hazard ratios and pooled using weighted averages,
with weights proportional to the inverse of the variance,
assuming a fixed-effects model. Hazard ratios were cal-
culated from the raw data or estimates reported by the
authors and their 95% confidence intervals (CIs) were
derived for OS and PFS using reported p-value for sig-
nificance tests, population sizes, and the methodology
outlined by Cohen’s framework for effect size estima-
tion. Variances were derived based on these effect sizes,
and standard errors (SEs) were calculated.
Heterogeneity of studies

In this study, heterogeneity was assessed using multi-
ple statistical methods, including the I-squared (I) sta-
tistic, Tau-squared (7°) estimate, Chi-square test, and a
visual forest plot (see Figure 2 and 3) for each primary
outcome parameter (i.e., OS and PFS). The I’ statistic

measures the percentage of total variation across studies
that is due to heterogeneity rather than chance, with I’
value between 0% and 25% reflecting low heterogene-
ity, while values above 50% suggests high heterogene-
ity. However, said I’ is not an absolute measure of het-
erogeneity"”. Hence, other statistical measures were em-
ployed like T° statistic, which quantifies the variance in
effect sizes across studies, as well as the Chi-squared
test to formally assess the presence of heterogeneity.
Sensitivity analysis

For this study, sensitivity analysis was performed
through Influence Diagnostics complemented with
Cook’s Distance Plot and DFFITS Plot. Influences Di-
agnostics assesses the influence of individual studies on
the results of a statistical model®. These diagnostics are
used to identify influential data points, which, if re-
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moved, could cause a significant change in the model’s
outcome. The results of the Influence Diagnostics were
supported by Cook’s Distance Plot as well as the
DFFITS Plot. The results of the sensitivity analysis in-
dicated that the overall conclusions of the meta-analysis
remained consistent, providing confidence in the robust-
ness of the findings.

Reporting bias assessment

Publication bias was investigated by drawing a funnel
plot and conducting Egger’s Test to assess reporting
bias in this study. The funnel plot and statistical tests
indicated no significant evidence of reporting bias, sug-
gesting that the included studies provide a fairly repre-
sentative sample of available research on the topic.

Ethical Considerations

Informed consent was not needed in the conduct of
this study. This paper only involved a systematic review
and meta-analysis of selected articles that did not con-
tain any patient data, with no direct contact with the
study population. An exception for review by the Uni-
versity of the Philippines Manila Research Ethics Board
(UPMREB) was also applied and granted based on the
criteria for exemption in the National Ethical Guide-
lines for Research Involving Human Participants 2022
(provision 47, page 48), that is, “protocols that neither
involve human participants nor identifiable human tis-
sue, biological samples, and data (e.g., meta-analysis
protocols).”

Results

Included studies

The PRISMA flow diagram (Figure 1) illustrates the
systematic search and selection process undertaken to
identify relevant studies for this review. A total of 335
studies were initially identified in the broad search. Du-
plicate copies were accounted for prior to title/abstract
screening where 12 studies were excluded. The re-
searchers then conducted a title screening, during which
148 studies were excluded; followed by abstract screen-
ing which excluded 166 studies. The exclusion of these
studies was mainly due to unavailability of full text and
failure to meet the specified inclusion criteria. Nine (9)
studies underwent a detailed full-text evaluation, where
the researchers carefully assessed each study to ensure
alignment with the established criteria. However, one
study was excluded in this phase mainly because of
sampling demographics in the study which covered
young patients, unavailability of data required in assess-
ing outcome parameters, and being outdated from the
10-year recency timeframe established in the inclusion
criteria.

Study characteristics

Table 1 summarizes the key attributes of the in-
cluded research studies on the use of reduced versus
standard-dose melphalan as a conditioning regimen in
AHSCT for multiple myeloma. Overall, the studies
span various design methodologies, including cohort (n
=2), observational registry (n=1), and retrospective
analyses (n=5). The combined sample size was 3,721,
with the largest study involving 1,964 participants®.

Primary outcome parameters

The data presented in Table 2 compares the efficacy
of the control group (SDM) and treatment group
(RDM) in terms of OS and PFS. The pooled median
OS values for standard-dose and reduced-dose melpha-
lan are 84.1 months and 67.2 months (95% CI), respec-
tively, which implies a potential 16.9-month survival
benefit for the standard-dose group. Similarly, the
pooled median PFS values for standard-dose and
reduced-dose melphalan are 31.7 months and 29.4
months (95% CI), respectively, suggesting a potential
2.3-month progression-free benefit for the standard-dose
group. However, the observed differences are not statis-
tically significant (p > 0.05) and may be due to chance
rather than a genuine treatment effect. This is also cap-
tured in the pooled Cohen’s d effect sizes of 0.0962 for
OS and 0.0337 for PSF. These effect sizes indicate that
the differences between the standard-dose and reduced-
dose groups are modest at best.

Overall survival

The current evidence—across 3,721 patient outcomes
spanning eight studies included in this meta-analysis—
does not support a statistically significant difference in
OS between standard-dose and reduced-dose melphalan,
with a p-value of 0.119 and an overall pooled effect
size of 0.0962. The confidence interval (—0.025 to
0.217) crosses zero, suggesting that while there may be
a small potential benefit to standard-dose melphalan,
the true effect could be negligible. The Z-score of 1.56
(p > 0.05) also supports that the difference in OS be-
tween standard-dose and reduced-dose melphalan is not
robust enough to support a firm conclusion regarding
the superiority of one dosing regimen over the other.

As illustrated in Figure 2, moderate heterogeneity (I’
=27.36%, p=0.316) was observed among the studies,
indicating that the variability in results between the
control and treatment groups is low-to-moderate and
that the findings are reasonably consistent across all
eight studies.

Progression-free survival

Figure 3 shows no statistically significant difference
between the control group (SDM) and treatment group
(RDM) in terms of PES, as reflected by a p-value of
0.353 and a minimal effect size of 0.0337. While the
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Table 1. Study characteristics

Author (Year) Study Title

Sample

Study Design Size

Auner et al. (2018)
I: Melphalan 140 mg/m?2
C: Melphalan 200 mg/m?
0: 0S, PFS

Ghilardi et al. (2018)

I: Melphalan 140 mg/m?
C: Melphalan 200 mg/m?
0: 0S, PFS

Hunutlu et al. (2023)
I: Melphalan 140 mg/m?
C: Melphalan 200 mg/m?
0: 0S, DFS

P: Autologous transplantation in myeloma

P: Multiple myeloma patients treated with AHSCT

Cohort study 1,964

P: Myeloma patients >65 years of age undergoing high-dose ther- Observational registry study 388
apy and autologous stem cell transplantation

Retrospective analysis 107

Katragadda et al. (2016) P: Multiple myeloma patients undergoing single autologous stem Retrospective cohort study 129

cell transplantation

I: Melphalan 140 mg/m?
C: Melphalan 200 mg/m?
0: 0S, RFS

Marini et al. (2018)
stem cell transplantation
I: Melphalan 140 mg/m?
C: Melphalan 200 mg/m?
O: 0S, EFS

Ulu et al. (2021)
transplantation
I: Melphalan 140 mg/m?
C: Melphalan 200 mg/m?
0: 0S, PFS

Srour et al. (2021)
transplantation
I: Melphalan 140 mg/m?
C: Melphalan 200 mg/m?
0: 0S, PFS

Garderet et al. (2016)
cell transplantation
I: Melphalan 200 mg/m?2
C: Melphalan 140 mg/m2
O: PFS, 0OS, TR

P: Elderly patients with multiple myeloma undergoing autologous Retrospective analysis, meta-anal- 155

ysis

P: Multiple myeloma patients undergoing autologous stem cell Retrospective study 84

P: Multiple myeloma patients undergoing autologous stem cell Retrospective cohort study with 911

propensity score matching

P: Elderly multiple myeloma patients undergoing autologous stem Prospective cohort study 56

P, population; I, intervention; C, comparison; O, outcome; OS, overall survival; PFS, progression-free survival; AHSCT, autologus hematopoietic stem cell
transplantion; DFS, disease-free survival; RFS, relapse-free survival; EFS, event-free survival; TRM, transplant-related mortality; TR, treatment response

calculated effect size suggests a very slight improve-
ment in PFS for the standard-dose group, the standard
error of 0.0363 combined with a confidence interval
ranging from —0.037 to 0.105 indicates that this effect
is not only modest but also includes the possibility of
no difference. This finding suggests that the difference
in PFS between the two dosing regimens is not clini-
cally meaningful, supporting the notion that standard-
dose melphalan does not offer a significant advantage
over reduced-dose melphalan in prolonging the period
before disease progression.

Furthermore, the figure above shows virtually no het-
erogeneity across the eight studies (I’=0.03%, Q0=5.770,
p=0.567), which confirms that the non-significant dif-
ference between the two dosages is consistent across all
eight studies reviewed. There is also no significant pub-
lication bias affecting the study, as indicated by Egger’s
Regression (p=0.176) and Kendall’s Tau (p=0.399).

Secondary outcome parameters
Non-relapse mortality

Among the eight studies included in the review, only
two (2) studies addressed non-relapse mortality as an
outcome parameter'””. In one study, a higher NRM rate
was seen in RDM (1.3%) vs SDM (0.9%). However,
such descriptive difference was not statistically signifi-
cant (p=0.20)". Conversely, another study reported an
opposite trend, with MEL 140 showing lower NRM
(1%) than MEL 200 (3%), also without statistical sig-
nificance (p=0.64)"".
Transplant-related mortality

Four (4) studies have described TRM as an outcome
parameter’*****, Among these studies, only one re-
ported complete values where there were more TRM re-
corded within RDM group (2%) vis-a-vis SDM group
(1.4%)". This difference, however, may not necessarily
be due to dosage but could only be due to chance as
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Table 2. Sample sizes, overall survival, and progression-free survival for reduced and standard dosages

Total Sample Overall Survival (OS)*: Control vs Treatment Progression-Free Survival (PFS)**: Control vs
(n=2,827) Group Treatment Group
Reduced  Standard effect size effect size
Stud Dosage Dosage 0S (140 0S (200 value (Cohen’s PSF (140 PSF (200 value (Cohen’s
Y (140 (200 mg/m?) mg/m?) P mg/m?) mg/m?) p
2 2 d) d)
mg/m?)  mg/m?)
Auner et al. n=245 n=1,719 70.6 mos. 78 mos. 0.73 0.0156 29 mos. 26.3 mos. 0.98 0.0156
(2018)
Ghilardi et al. n=85 n=259 61.2 mos. 91.2 mos. 0.015 0.2481 22.1 mos. 27.7 mos. 0.294 0.2481
(2018)
Hunutlu etal. n=18 n=89 81.03 mos. 121.11 mos. 0.665 0.084 42.87 mos. 5395 mos. 0.882 0.084
(2023)
Katragadda  n=33 n=96 5 years 141 mos. 0.6936 0.0695 31.2 mos. 36.2 mos. 0.4988 0.0695
et al. (2016)
Marini et al. n=29 n=103 45 mos. 59 mos. 0.15 0.2324 36 mos. 45 mos. 0.79 0.2324
(2018)
Ulu et al. n=21 n=63 30 mos. 34 mos. 0.7 0.0844 9 mos. 13 mos. 0.6 0.0844
(2021)
Srour et al. n=97 n=814 83 mos. 92 mos. 0.15 -0.06 36.6 mos. 40.6 mos. 0.56 -0.18
(2021)
Garderet et n=16 n=34 ~38 mos.”** ~60 mos.*™* 0.009 0.79 ~26 mos.”™™* ~42 mos.** 0.02 0.73
al. (2016)
Pooled n=544 n=3,177 67.2 mos. 84.1 mos. 0.119 0.0962 29.4 mos. 31.7 mos. 0.353 0.0337
Estimates

mos., months

*Reported in median 0S, 95% CI; **Reported in median PFS, 95% CI; ***OS and PFS medians were estimated from the Kaplan-Meier curves in Figure 3

of Garderet et al. (2016), since exact values were not reported.

there were no statistically significant difference found
between the two dosage groups in terms of TRM. This
is also supported by two studies which reported 0 TRM
in both dosage groups®*. Meanwhile, one study only
reported the overall TRM rate of 3% but did not differ-
entiate between RDM and SDM groups™.
Engraftment time

Four (4) studies have reported outcomes in terms of
engraftment time. Reports from these studies also made
distinction between neutrophil engraftment and platelet
engraftment expressed in number of days (median)™®.
1. Neutrophil engraftment

In terms of neutrophil engraftment, the average en-
graftment time was at 11.7 days. No significant differ-
ence was reported between RDM and SDM groups (p >
0.05)**. However, one study described a significant
difference (p < 0.05) was observed between the two
groups in terms of neutrophil engraftment”. Meanwhile,
another study reported a median of 12 days for both
groups without differentiating between the two dosage
groups™.
2. Platelet engraftment

For platelet engraftment, the analyses showed varying
times to achieve thresholds of 20,000 and 50,000 plate-
lets per microliter, with platelet recovery taking about
12 to 13 days in several studies. Across all four studies
that reported quantitative details on platelet engraftment
outcomes, no significant difference (p>0.05) was ob-

served™™

Discussion

This paper’s analysis—which covered outcomes from
eight studies (published within the ten years as of to-
day) with a total of 3,721 patients—showed no signifi-
cant differences (p > 0.05) between the two dosage
groups across primary indicators of OS and PFS. Like-
wise, systematic review on secondary outcome parame-
ters, such as NRM, TRM, and ET, consistently showed
no significant difference (p > 0.05). Of note, RDM was
given to older patients, those who were frail, or had re-
nal co-morbidities.

For the primary outcome parameters, analysis com-
paring SDM and RDM showed pooled estimate median
OS at 84.1 months and OS 67.2 months, respectively.
Average median PFS was 31.7 months vs 29.4 months
for SDM vs RDM groups. Descriptive statistics showed
a 16.9-month OS advantage and 2.3-month PFS benefit
in favor of the SDM group. These, however, are statisti-
cally negligible. While there are no previously pub-
lished meta-analyses for comparison of results, our
findings suggest that the RDM remains as effective as
the SDM due to several key factors.

Pharmacokinetics and efficacy at lower doses
Melphalan follows a dose-response relationship
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where higher doses increase cytotoxicity. However,
once the threshold for maximum therapeutic effect is
reached, further increasing the dose may not propor-
tionally enhance efficacy but instead raise toxicity
risks'. RDM may still achieve similar tumor-killing effi-
ciency because the plasma concentration remains within
the effective therapeutic window, ensuring sufficient ex-
posure for myeloablation and disease eradication’.

Engraftment and hematopoietic Recovery

Engraftment success depends on factors beyond mel-
phalan dose, such as stem cell dose, patient condition-
ing, and supportive care. Since engraftment times did
not differ significantly between RDM and SDM, it sug-
gests that a lower dose does not compromise bone mar-
row recovery’.

Reduced toxicity and improved tolerability

While SDM provides a slight numerical advantage in
OS and PFS, the increased toxicity at higher doses may
offset this benefit by leading to treatment-related com-
plications, prolonged hospital stays, or increased mor-
tality. Patients receiving RDM may experience fewer
side effects, allowing for better adherence to post-
transplant therapies and potentially improving long-term
outcomes’.

Patient-specific factors and individualized dosing

RDM may be particularly beneficial for elderly pa-
tients or those with comorbidities, where high-dose che-
motherapy poses significant risks. The lack of signifi-
cant difference in survival outcomes suggests that indi-
vidualized dosing based on patient tolerance can opti-
mize efficacy while minimizing toxicity’.

Important insights on secondary outcome parameters
were also obtained from the systematic review. NRM
and TRM were both descriptively higher in RDM than
in SDM but remained statistically not significant. How-
ever, the overall smaller sample size and inconsistent
reporting of these parameters among the included stud-
ies preclude the researches from statistically analyzing
possible trends and potential effects.

Review of neutrophil engraftment showed contradict-
ing results reported by Hunutlu et al. (2023) and Ulu et
al. (2021) compared to the study of Katragadda et al.
(2016). This inconsistency may be due to the difference
in population characteristics (RDM group in Katragadda
et al. were older, had poorer cardiac and renal status,
and inferior functional capacity). However, correspond-
ing sample sizes of these studies are not enough to
draw strong correlations.

Lastly, platelet engraftment was consistently reported
between RDM and SDM among five studies (no signifi-
cant difference at p > 0.05). While there was a substan-

tial sample size among the five studies (n=525), this
finding may reflect engraftment kinetics after high-dose
melphalan + AHSCT (since both SDM and RDM are
considered high-dose and myeloablative) rather than a
true dose-dependent effect.

Overall, these findings reinforce the potential of
RDM as a viable alternative to SDM, particularly in se-
lect patient populations where balancing efficacy and
toxicity is crucial. The results of this meta-analysis sig-
nificantly add to the growing body of evidence on opti-
mum melphalan dose prior to AHSCT in multiple
myeloma. On one hand, a study by Brioli et al. con-
luded that SDM does not increase toxicity and im-
proves overall survival as opposed to RDM. This study
even went on to argue based on their findings that
SDM is still the standard of care for conditioning prior
to AHSCT in multiple myeloma patients®. On the other
hand, several studies with larger sample sizes have al-
ready challenged this proposition (i.e. Auner et al., n=
1,964). This study showed no significant difference be-
tween the two dosage groups based on OS, PFS, cumu-
lative incidence of relapse, NRM, hematopoietic recov-
ery and second primary malignancy rates”.

However, these studies are primarily empirical in na-
ture and a consolidation of studies across various clini-
cal settings and locales for the past ten years have not
yet been undertaken prior to this. To the best of the re-
searchers’ knowledge, this current meta-analysis, by far,
has the widest sample size concerning this comparative
clinical issue (n=3,721). Given current 10-year data, it
is safe to conclude that there is no statical difference
between patient outcomes of SDM and RDM. Hence,
clinicians may consider patient-specific factors such as
toxicity risk and tolerability when selecting the appro-
priate melphalan dosage, rather than relying on the as-
sumption that higher doses necessarily lead to better pa-
tient outcomes.

Limitations and considerations

Despite the strengths of this meta-analysis such as
its low heterogeneity (I’=27.36% and 0.03% for OS and
PFR, respectively), several limitations warrant discus-
sion.

Firstly, there were limited studies for the past ten
years comparing RDM and SDM as a single-agent con-
ditioning regimen in AHSCT for multiple myeloma. Af-
ter systematic search in four online databases, only
eight studies fit within the inclusion criteria. These
studies did not mention effects of consolidation and/or
maintenance therapies after high-dose melphalan, which
further limits this study.

Secondly, the lack of RCTs raises concerns on selec-
tion bias, confounding, and missing data. Since the
studies reviewed were retrospective cohort studies, such
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limitations which can potentially affect causal inference
is present. RCTs remain as the gold standard for assess-
ing treatment efficacy as they minimize biases through
randomization and controlled conditions.

Lastly, there was an inconsistent reporting of out-
come parameters across studies. As discussed earlier,
only primary outcomes (OS and PFS) were reported
consistently across all studies, hence only these parame-
ters were analyzed through quantitative synthesis/meta-
analysis. Other outcome parameters like NRM, TRM,
and ET could be found in some studies but were not re-
ported in other studies, hence the synthesis was ap-
proached only through systematic review.

Conclusions and future directions

In summary, this systematic review and meta-analysis
suggest that there is no statistically significant differ-
ence in OS or PFS between standard-dose and reduced-
dose melphalan as a single-agent conditioning regiment
prior to autologous stem cell transplantation in multiple
myeloma. While the descriptive analysis points toward
potential advantages linked to the higher dose, the sta-
tistical outcomes indicate that lower doses can be an al-
ternative to minimize toxicity.

Future research is necessary to further explore factors
influencing treatment decisions and outcomes. Large,
randomized controlled trials with heterogeneous popula-
tions may provide clarity on specific subsets of patients
who could benefit from either dosing strategy. Addition-
ally, further analysis addressing long-term quality of life
and the economic implications of treatment regimens
could help guide clinicians in making informed treat-
ment decisions. Ultimately, the choice between standard
and reduced doses of melphalan should be individual-
ized, incorporating patient preferences, health status,
and potential treatment benefits versus risks.
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