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Abstract

Background: There are no standard renal dose adjustments for mel-
phalan conditioning for autologous stem cell transplantation (ASCT) 
in multiple myeloma (MM) patients. The objective of this study was 
to evaluate the effect of melphalan dosing and chronic kidney dis-
ease (CKD) on transplant-related outcomes, progression-free survival 
(PFS), and overall survival (OS).

Methods: A retrospective chart review was performed, and MM pa-
tients who underwent ASCT between February 2016 and September 
2021 were included. Melphalan 200 mg/m2 (Mel200) or 140 mg/m2 
(Mel140) was administered. The cohort was divided based on renal 
function: creatinine clearance (CrCl) ≥ 60 mL/min (no-CKD) and CrCl 
< 60 mL/min (CKD). Outcomes measured include PFS, OS, treatment-
related mortality (TRM), incidence of adverse events, hospitalization 
duration, and hospital readmission within 30 days. Statistical analysis 
included Chi-square test, t-test, and Kaplan-Meier method. Logistic 
regression model was used to account for melphalan dose adjustment.

Results: A total of 124 patients were included (n = 108 no-CKD, and 
n = 16 CKD). Median age was 62 years, majority (62%) were male, 
and 97% had at least a partial response at time of ASCT. Of the 124 
patients, nine (7%) received Mel140. Five of these patients had CKD 
(CrCl range: 26 - 58 mL/min), with one on hemodialysis. Median time 
to neutrophil engraftment was 13.6 vs. 14.9 days and median time to 
platelet engraftment was 18.3 vs. 18.5 days in the CKD group vs. no-
CKD group, respectively (P = 0.03 and P = 0.8). When adjusting for 
melphalan dose reduction, the median time to neutrophil engraftment 
was not statistically significant (P = 0.11). At a median follow-up of 
28.7 months, the median PFS for the CKD vs. no-CKD group was 60 
vs. 46 months (P = 0.3). One-year OS was 93.8% in the CKD group vs. 
97% in the no-CKD group. There was a higher incidence of grade 3 or 

4 mucositis in the CKD group vs. no-CKD group (P = 0.013).

Conclusions: There is no significant difference in engraftment, PFS, 
or OS for MM patients with CKD vs. no-CKD receiving melpha-
lan conditioning for ASCT. Severe mucositis was significantly more 
common in the CKD group, including when accounting for melpha-
lan dose reduction.

Keywords: Renal impairment; Melphalan; Autologous stem cell 
transplantation

Introduction

Melphalan has been a staple in cancer treatment and hematopoi-
etic stem cell transplant for over 60 years [1]. Despite its longev-
ity and wide array of uses over time, there are still no standard 
melphalan renal dose adjustments, particularly when used in 
autologous stem cell transplantation (ASCT) for multiple my-
eloma (MM) [2]. Although melphalan is primarily metabolized 
by the liver and through chemical hydrolysis, renal impairment 
can increase melphalan serum concentration [3]. The extent and 
predictability of this increase is not well defined, and the clini-
cal consequences on treatment-related mortality (TRM), pro-
gression-free survival (PFS), and treatment-related toxicities are 
unknown. Prior studies examining this relationship have shown 
variable creatinine clearance (CrCl) cutoffs and mixed results on 
the safety and efficacy of melphalan conditioning for ASCT in 
MM patients with renal dysfunction; however, there appears to 
be a trend towards increased toxicity and little impact on overall 
survival (OS) [4-6]. Although there have not been significant 
correlations between melphalan dose in renal dysfunction and 
OS, there are studies showing improved treatment response with 
higher melphalan doses in patients with renal dysfunction [7, 
8]. We aimed to evaluate the impact of renal dysfunction on the 
safety and efficacy of melphalan conditioning chemotherapy for 
ASCT in patients with MM.

Materials and Methods

This retrospective cohort study included patients 18 - 89 years 
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old with MM who underwent ASCT at the Allegheny Health 
Network Cancer Institute between February 2016 and Sep-
tember 2021. Melphalan 200 mg/m2 (Mel200) or 140 mg/m2 
(Mel140) was administered in divided doses on day -2 and -1 
prior to cell infusion on day 0. The cohort was divided into two 
groups based on renal function, which was defined by CrCl 
(CrCl ≥ 60 mL/min (no-CKD) and CrCl < 60 mL/min (CKD)). 
CrCl was calculated using the Cockcroft-Gault formula [9]. 
Exclusion criteria included pregnant or incarcerated patients 
and patients with a diagnosis of amyloidosis. Adverse events 
were graded according to the Common Terminology Criteria 
for Adverse Events (CTCAE) version 5.0 [10]. The objec-
tive of this single institution study was to evaluate melphalan 
dosing and renal impairment on transplant-related outcomes, 
PFS, and OS. Neutrophil engraftment was defined as the first 
of three consecutive days of achieving a sustained peripher-
al blood neutrophil count of greater than 500 × 106 cells/L, 
and platelet engraftment was defined as independence from 
platelet transfusion for at least 7 days with a platelet count of 
more than 20 × 109 cells/L [11]. PFS was defined as time from 
ASCT to date of progression or death, whichever occurred 
first. OS was defined as time from ASCT to death. This study 
was approved by the Institutional Review Board at Allegheny 
Health Network Cancer Institute. Ethical compliance with hu-
man study was performed per the Institutional Review Board 
standard for a retrospective study.

Statistics

Summary statistics are presented as percentages for categorical 
data and median with interquartile range (IQR) for quantitative 
data. Univariate and multivariate logistic regression model was 
used to study predictors of grade 3 or 4 toxicities and represented 
as odds ratio (OR) and 95% confidence interval (CI). Survival 
estimates were performed using the Kaplan-Meier method, and 
survival differences were assessed using the log-rank test. The 
Cox regression model was used to adjust for baseline charac-
teristics and assess predictors of PFS and OS and represented 
as hazard ratio (HR) and 95% CI. All statistical analyses were 
conducted with IBM SPSS Statistics Version 23.

Results

A total of 124 patients were included in this study, 108 no-CKD 
patients and 16 CKD patients. Median CrCl was 47 mL/min (7 
- 59) in the CKD group, with one patient on hemodialysis, and 
median CrCl was 106 mL/min (62 - 208) in the no-CKD group 
(95% CI: 52.7 - 84.8; P ≤ 0.001). Baseline patient demograph-
ics are depicted in Table 1. Majority of patients were white 
males, median age 62 years (range 37 - 77), and stage 2 disease 
was categorized using the International Staging System (ISS), 
and standard risk cytogenetics. The median dose of CD34+ 
cells infused was 4.6 (2.1 - 8) × 106 cells/kg. Four patients had 
received prior ASCT, and most patients had at least a partial 
response to their disease at time of ASCT. In the CKD group, 
12/16 (75%) patients had stage 3 CKD. Mel200 is our institu-

Table 1.  Baseline Characteristics

Characteristics No-CKD 
(n = 108)

CKD  
(n = 16)

Age, years, median (range) 60 (37 - 75) 64 (48 - 77)
Sex, n (%)
  Male 69 (64) 8 (50)
  Female 39 (36) 8 (50)
Ethnicity, n (%)
  White 93 (86) 12 (75)
  Black 13 (12) 4 (25)
  Other 2 (2) 0
ISS stagea, n, (%)
  I 24 (22) 0
  II 40 (37) 5 (31)
  III 26 (24) 11 (69)
Paraprotein, n (%)
  Immunoglobulin G 67 (62) 10 (63)
  Non-immunoglobulin G 41 (38) 6 (37)
Cytogeneticsb, n (%)
  High 30 (28) 7 (44)
  Standard 72 (67) 8 (50)
History of prior ASCT, n (%)
  Yes 4 (4) 0
  No 104 (96) 16 (100)
Disease status prior to ASCT, n (%)
  Stringent complete response 0 0
  Complete response 10 (9) 4 (25)
  Very good partial response 30 (28) 2 (13)
  Partial response 64 (59) 10 (62)
  Stable 2 (2) 0
  Progressive 2 (2) 0
Stage of CKD
  1 0 0
  2 0 0
  3 0 12 (75)
  4 0 3 (19)
  5 0 1 (6)
Melphalan dose (mg/m2)
  200 104 (96) 11 (69)
  140 4 (4) 5 (31)

aEight patients did not have staging documented. bSeven patients did 
not have cytogenetics documented/performed. Cytogenetics and dis-
ease status were classified according to the International Myeloma 
Working Group (IMWG) criteria. ASCT: autologous stem cell trans-
plantation; CKD: chronic kidney disease; ISS: International Staging 
System.
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tional standard for MM patients undergoing ASCT; however, 
dose reduction to 140 mg/m2 was permitted for renal dysfunc-
tion, performance status, patient comorbidities, or physician 
discretion. In the no-CKD group (CrCl ≥ 60 mL/min), 104/108 
(96%) of patients received Mel200. In the remaining 4% of 
patients, doses were reduced to Mel140 due to physician dis-
cretion based on patient comorbidities and hypocellular bone 
marrow going into ASCT. In the CKD group (CrCl < 60 mL/
min), 11/16 (69%) of patients received Mel200. The one pa-
tient on hemodialysis received reduced dose of Mel140.

For the CKD vs. no-CKD groups, the median time to neu-
trophil engraftment was 13.6 vs. 14.9 days (95% CI: 0.1 - 2.5; 
P = 0.03) and median time to platelet engraftment was 18.3 vs. 
18.5 days (95% CI: 1.7 - 2.1; P = 0.8). Cox regression model 
was used to further adjust for melphalan dose reduction to 140 
mg/m2, the median time to neutrophil or platelet engraftment 
was not statistically significant (P = 0.11 and 0.74, respectively).

At a median follow-up of 28.7 months, the median PFS 
for the CKD vs. no-CKD group was 60 vs. 46 months (P = 0.3) 
(Fig. 1). Median OS was not reached for both groups (P = 0.22) 
(Fig. 2). One-year OS was 93.8% vs. 97% in the CKD group 
vs. no-CKD group. When further adjusting for melphalan dose 
reduction to 140 mg/m2 and baseline characteristics (age, race, 
sex, and dose of CD34+ infusion), median PFS and OS were 

not statistically significant (P = 0.8 and 0.5, respectively). In-
creasing CD34+ stem cell dose was associated with lower risk 
of relapse (HR: 0.38; 95% CI: 0.21 - 0.68; P = 0.001). No pre-
dictors were found for OS in our study. One TRM event oc-
curred in a CKD patient with a CrCl of 47 mL/min.

No significant differences in grade 3 or higher toxicity for 
diarrhea, nausea, or vomiting were observed between the CKD 
group vs. no-CKD group (P = 1, P = 0.6, P = 0.6, respectively). 
There was a higher incidence of grade 3 or 4 mucositis in the 
CKD group vs. no-CKD group (P = 0.01) (Fig. 3). Female sex 
(OR: 4.2; 95% CI: 1.1 - 16.4; P = 0.04) and having CKD (OR: 
8.2; 95% CI: 1.4 - 47.2; P = 0.02) were associated with in-
creased risk of developing grade 3 or 4 mucositis. Of note, 
melphalan dose was not a predictor of developing mucositis 
based on our statistical analysis using the Cox regression mod-
el. No statistically significant predictors were found for devel-
oping grade 3 or 4 nausea, vomiting, or diarrhea.

Other measures of toxicity included total parenteral nu-
trition (TPN) use, incidence of febrile neutropenia (FN), in-
travenous antibiotic use, and duration of hospitalization. No 
patients received TPN. FN occurred in 9/16 (56%) of patients 
in the CKD versus 53/108 (49%) in the no-CKD group (P = 
0.79). Intravenous antibiotics were administered to 94% of FN 
patients. Hospital length of stay was similar between the CKD 

Figure 1. Kaplan’s survival function in months by renal function. CKD: chronic kidney disease; PFS: progression-free survival.
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vs. no-CKD group (6 vs. 4 days, P = 0.35). Thirty-day readmis-
sions to the hospital occurred in 9/16 (56%) of patients in the 
CKD versus 35/108 (32%) in the no-CKD group (P = 0.09). 
The most common reason for readmission was FN, followed 
by gastrointestinal adverse events, including mucositis.

Discussion

In this retrospective cohort study involving MM undergoing 
ASCT, there is no significant difference in engraftment, PFS, 
or OS between the CKD vs. no-CKD groups who received 
melphalan conditioning. Severe mucositis was significantly 
more common in the CKD group, as demonstrated by the in-
cidence of grade 3 or 4 mucositis in the CKD group vs. no-
CKD group (P = 0.01). Furthermore, female sex and having 
CKD were associated with increased risk of developing grade 
3 or 4 mucositis. There were no other differences in toxici-
ties between CKD and no-CKD group, even after adjusting 
for melphalan dose in our multivariate regression model. Our 
institutional standard is to use Mel200; however, physician 
discretion based on patient’s performance status, age and co-
morbidities was a reason for dose reducing to melphalan 140 
mg/m2 (Mel140) in the setting of normal renal function. This 

occurred in four (4%) patients out of 108.
Autologous stem cell transplant remains standard of care 

in patients with newly diagnosed MM who are deemed trans-
plant eligible. Mel200 is considered the standard condition-
ing dose; however, given concerns of potential toxicity, the 
reduced dose of Mel140 has been used in patients who are 
considered frail or have renal impairment. There are no ran-
domized trials comparing these two regimens, and published 
literature has reported conflicting outcomes.

There are studies that support the use of Mel200 in elderly 
patients and renal impairment. Some studies did not show in-
creased toxicity with melphalan dosing, however other pub-
lished literature suggests the contrary [5, 6, 12, 13]. Results 
from the Collaboration to Collect Autologous Transplant Out-
comes in Lymphoma and Myeloma (CALM) study reported 
there were no significant differences between Mel200 versus 
Mel140 for OS, PFS, cumulative incidence of relapse, no-
relapse mortality, and hematopoietic recovery. However, this 
study noted that disease state remission status at the time of 
transplant may have an impact with melphalan dosing for key 
transplant outcomes [6]. The CALM study also did not show 
any benefit of Mel200 over Mel140 in patients with high-risk 
cytogenetics or a higher ISS stage [6].

Regarding CKD in MM patients undergoing ASCT, only 

Figure 2. Kaplan’s overall survival function in months by renal function. CKD: chronic kidney disease.
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a few small retrospective studies have compared the effects of 
Mel200 vs. Mel140 in patients with renal impairment. A study 
in patients with renal failure showed no difference in renal re-
covery with Mel200 versus Mel140 and no impact on stem 
cell collections nor engraftment outcomes [14]. Another study 
showed mild improvement in event-free survival but no differ-
ence in complete remission or OS; moreover, in this particular 
study the dose of melphalan had to be reduced from 200 mg/m2 
to 140 mg/m2 due to excess toxicities [15]. A study conducted 
by Sweiss et al showed that in patients with moderate renal 
impairment defined as CrCl 30 - 60 mL/min, Mel200 dem-
onstrated improved treatment-free survival when compared to 
Mel140 (37 vs. 17 months) and similar OS, when compared to 
patients with normal CrCl, despite increased toxicity, delayed 
neutrophil, and platelet engraftment [5]. Srour et al in their 
large single-center study of 911 MM patients demonstrated 
that Mel140 had comparable efficacy to Mel200, and in the 
baseline characteristics of the Mel140 group, despite match-
ing, had higher rates of renal insufficiency [16]. A retrospec-
tive cohort study reported that reduced doses of melphalan 140 
or 100 mg/m2 had equivalent safety and efficacy for patients 
who are not candidates for Mel200. Renal impairment (65% of 
patients) was higher in the dose-reduced melphalan arm, but 
still contained some patients with normal renal function [17].

The response rates and OS after ASTCT with melphalan 
conditioning are known to be impacted by many factors in-
cluding disease cytogenetics, ISS stage, and disease response 
at time of transplant. The CALM study results suggest that 
patients with poor response to induction chemotherapy obtain 
greater benefit from Mel200 over Mel140; however, patients 
who have achieved very good partial response (VGPR) or 
complete response (CR) to induction regimen do better with 
Mel140 compared to Mel200. Given the retrospective nature 
of our study, this finding could not be fully explained [6]. One 
possible explanation could be melphalan pharmacokinetics. 

CrCl, fat free mass and hematocrit are some of the factors that 
have been shown to affect melphalan pharmacokinetics and 
may in turn affect toxicity and responses [18]. High melpha-
lan exposure has been linked to improved OS in patients un-
dergoing ASCT, but not to time to progression or PFS. These 
findings suggest that melphalan exposure alone is not a direct 
measure of its anti-myeloma effect [18, 19].

It is important to note that some of these studies were con-
ducted before the availability of novel agents, which have con-
siderably improved response rates in patients prior to ASCT. 
With improved response rates prior to ASCT, providers may 
feel more comfortable reducing melphalan doses compared to 
historical trends. As melphalan is partially renally excreted, 
CrCl will influence toxicity, especially in patients with other 
medical comorbidities [13]. Given the potential toxicity, it is 
not uncommon for transplant centers to use lower doses of 
melphalan in clinical practice for patients with renal impair-
ment and multiple comorbid conditions.

In our study, when comparing disease status prior to un-
dergoing ASCT, six (40%) patients in the CKD group had 
achieved CR or VGPR, and 43 (38%) patients achieved CR 
or VGPR in the no-CKD group. When compared to melpha-
lan dosing, more patients (5/7) in the CKD cohort received 
Mel140 and underwent ASCT in partial response or stable dis-
ease status as compared to only two patients in the no-CKD 
cohort, who received Mel140 and were in CR or VGPR. Since 
the responses to induction regimen were almost similar in both 
the groups, we believe that based on our findings, the depth of 
response when adjusted to melphalan dosing did not alter the 
outcomes following ASCT. This finding also suggests that the 
choice of induction regimen does impact the initial response 
but may have little impact on post-transplant outcomes irre-
spective of the melphalan dosing. Limitations of our study in-
clude small sample size and its retrospective design. The CKD 
group had 16 patients and only one patient was on intermittent 

Figure 3. Grade 3 or 4 toxicities by renal function. CKD: chronic kidney disease.
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hemodialysis prior to ASCT, so it would be difficult to apply 
our results to patients with CKD and on hemodialysis.

In conclusion, Mel140 can be considered a reasonable con-
ditioning regimen in patients with MM who are considered at risk 
of increased toxicity. Remission status at the time of first ASCT 
should also be considered when determining the melphalan dose. 
A randomized control study is needed to compare Mel200 to 
Mel140 in renal impairment to achieve broader applicability.
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